
Series Editors: Adrianne Bendich · Connie W. Bales
Nutrition and Health

Jerrilynn D. Burrowes
Csaba P. Kovesdy
Laura D. Byham-Gray   Editors

Nutrition 
in Kidney 
Disease
Third Edition



Nutrition and Health

Series Editors

Adrianne Bendich
Wellington, FL, USA

Connie W. Bales
Durham VA Medical Center
Duke University School of Medicine
Durham, NC, USA



The Nutrition and Health series has an overriding mission in providing health 
professionals with texts that are considered essential since each is edited by 
the leading researchers in their respective fields. Each volume includes: 1) a 
synthesis of the state of the science, 2) timely, in-depth reviews, 3) extensive, 
up-to-date fully annotated reference lists, 4) a detailed index, 5) relevant 
tables and figures, 6) identification of paradigm shifts and consequences, 7) 
virtually no overlap of information between chapters, but targeted, inter- 
chapter referrals, 8) suggestions of areas for future research and 9) balanced, 
data driven answers to patient/health professionals questions which are based 
upon the totality of evidence rather than the findings of a single study.
Nutrition and Health is a major resource of relevant, clinically based nutrition 
volumes for the professional that serve as a reliable source of data-driven 
reviews and practice guidelines.

More information about this series at http://www.springer.com/series/7659

http://www.springer.com/series/7659


Jerrilynn D. Burrowes 
Csaba P. Kovesdy • Laura D. Byham-Gray
Editors

Nutrition in Kidney 
Disease

Third Edition



Nutrition and Health
ISBN 978-3-030-44857-8    ISBN 978-3-030-44858-5 (eBook)
https://doi.org/10.1007/978-3-030-44858-5

© Springer Nature Switzerland AG 2020
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, expressed or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made. The publisher remains 
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Humana imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Jerrilynn D. Burrowes
School of Health Professions and 
Nursing
Long Island University
Greenvale, NY
USA

Laura D. Byham-Gray
School of Health Professions
Rutgers University–Newark
Newark, NJ
USA

Csaba P. Kovesdy
Division of Nephrology
University of Tennessee Health Science
Memphis, TN
USA

https://doi.org/10.1007/978-3-030-44858-5


Jerrilynn dedicates this book to the millions of people 
worldwide with kidney disease who will benefit from the 
information embedded in these pages. The goal of this book is 
to improve the health and well-being of these individuals 
through optimal nutritional practices. Laura dedicates this 
book to her husband, Steven, and to her daughters, Erin and 
Jillian.
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To have been invited to write the foreword to the third edition of Nutrition in 
Kidney Disease is an honor and a privilege. The editors, Drs. Burrowes, 
Kovesdy, and Byham-Gray, are outstanding experts in the field of nutrition 
and kidney disease, which undoubtedly ensures the high standard of quality 
of the book.

Since its first edition in 2008, Nutrition in Kidney Disease has been recog-
nized as a benchmark for practitioners and researchers interested in kidney 
disease and nutrition-related issues. The third edition has been updated and 
new chapters added that reflect the expanding knowledge in the field.

The book is organized into seven parts covering relevant topics concerning 
diet and nutrition across the full spectrum of kidney disease. The chapters 
have been written by highly respected researchers and professionals with vast 
experience in this area. One of the features that sets the book apart is the 
structure of the chapters. At the beginning of each chapter, the reader can find 
a list of the key words and points that will be addressed, thus providing a 
general overview of the most important information that will be covered in 
the pages that follow. Of special note is that the conclusion of each chapter, 
depending upon the theme addressed, offers information on how to apply the 
theoretical concepts in clinical practice.

In addition to the important issues discussed in the previous editions, this 
edition pays special attention to issues relating to the historical aspects of diet 
in the treatment of patients with chronic kidney disease, such as the low- 
protein diet that was first proposed more than 200 years ago, and also new 
topics that have been the recent focus of studies and discussions amongst 
researchers in this field. Of special importance here are the chapters on gut 
microbiota, advanced glycation end products, and dietary patterns. These 
chapters offer the reader both a general and current overview of the subject, 
while also highlighting those areas that are still in need of research.

A new chapter has been included on drug–nutrient interactions, a matter 
that is of critical importance in the treatment of chronic kidney disease con-
sidering the presence of numerous disorders in the metabolism of nutrients 
that can be aggravated by the improper use of various medicines employed in 
the treatment of the disease.

Recognizing that the complexity of a patient’s diet in chronic kidney dis-
ease has an enormous psychological impact on their nutritional status and 
behavior, the editors have dedicated a number of chapters to this problem. 
These chapters propose strategies for improving the approach to communica-
tion employed by health care providers, particularly dietitians, to nutritional 
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counseling with the intent of improving motivation and adherence by patients 
to dietary recommendations.

One of the last chapters ends the book on a high note, since it addresses the 
challenges faced by researchers in the area of nutrition and kidney diseases, 
while also covering the principles and processes that guide comparative 
effectiveness research.

I am certain that this book will continue to provide an effective learning 
experience and consolidate its reputation as the go-to source of reference for 
every health professional who is dedicated to the care of patients with kidney 
diseases and to research in this field.

  Lilian Cuppari
 Universidade Federal de São Paulo
 São Paulo, Brazil

Foreword
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Approximately 10% of adults worldwide are believed to have chronic kidney 
disease (CKD), which is often associated with obesity, diabetes mellitus, 
hypertension, nephrotic syndrome, or advanced kidney failure. These condi-
tions require intense nutritional support for the health, well-being, and lon-
gevity of the individual. Notwithstanding this need, people with CKD in 
many countries have no or very little access to dietitians. Moreover, it is 
alarming to note that most of these dietitians, particularly those outside of the 
USA, have limited access to cutting-edge, evidence-based information about 
the nutritional management of CKD. In countries where dietitians are avail-
able, many of them cannot obtain specific training regarding the nutritional 
needs of CKD patients. Therefore, this textbook is designed specifically to 
address the educational needs of dietitians around the world who seek current 
information about this topic. Thus, this edition will also be highly informative 
for nephrologists, nutrition scientists, nutritionists, researchers, and students 
whose research, practice, and education includes nutrition and kidney 
disease.

 Organization and Content

This third edition of Nutrition in Kidney Disease is organized into seven parts 
with a variable number of chapters based on the breadth and depth of infor-
mation. Part I addresses the differences in the epidemiology of CKD and 
renal replacement therapy worldwide, such as environmental, ethnic, cul-
tural, political, and macroeconomic factors. Kidney function in health and 
disease and a comprehensive review of the history of dietary protein treat-
ment for non-dialyzed CKD patients are also addressed. Part II includes a 
thorough review of the components of the nutrition assessment, which 
includes information about psychosocial issues affecting nutritional status in 
kidney disease and drug–nutrient interactions. In Parts III and IV, preventa-
tive strategies for common disorders associated with CKD such as hyperten-
sion, type 2 diabetes, obesity, and cardiovascular disease are provided, and 
current evidence-based treatment recommendations for the nutrition manage-
ment of non-dialyzed, dialyzed, and transplanted adults are addressed. Part V 
presents the nutritional concerns of CKD populations with special needs (i.e., 
pregnancy, infancy, childhood, adolescence, and the elderly). The nutrition 
management of other disorders associated with kidney disease is covered in 
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Part VI; these include protein-energy wasting and the inflammatory response, 
bone and mineral disorders, nephrotic syndrome, nephrolithiasis, and acute 
kidney injury. Lastly, Part VII is devoted to cutting-edge research on topics of 
concern in nutrition in kidney disease such as the gut microbiome including 
pre- and probiotics, appetite regulation, advanced glycation end products, 
physical activity and structured exercise, and dietary patterns including plant- 
based diets. When appropriate, the new clinical practice guidelines in nutri-
tion for individuals with CKD are integrated into the chapters. The textbook 
ends with a chapter for the practitioner that comprises an extensive and care-
fully selected list of resources that represent key information for the provision 
of high quality, evidence-based care to patients diagnosed with kidney 
disease.

 Features

This textbook has a logical flow and format. Each part begins with an intro-
duction that was written by the editors. Every chapter includes key points that 
are the learning objectives for the chapter and concludes with a summary. 
Up-to-date references are included for more in-depth review. Several chapters 
end with a case study that may be used to assess knowledge of the content 
area and to evoke critical thinking in the user within the context of didactic 
curricula. They provide thought-provoking, illustrative questions that will 
add to the student’s learning and clinical application of the material. Answers 
to the case studies are provided at the end of select chapters.

Lastly, this textbook represents a collaborative effort between nationally 
and internationally recognized dietitians, professors, researchers, nephrolo-
gists, pharmacists, and exercise specialists in the field of kidney disease and 
clinical nutrition, thereby encouraging an interdisciplinary approach to pro-
viding care to this unique patient population across the globe. This collabora-
tive effort should make this textbook marketable to many diversified 
audiences.

Greenvale, NY, USA  Jerrilynn D. Burrowes
Memphis, TN, USA  Csaba P. Kovesdy
Newark, NJ, USA  Laura D. Byham-Gray
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The great success of the Nutrition and Health Series is the result of the con-
sistent overriding mission of providing health professionals with texts that are 
essential because each includes: (1) a synthesis of the state of the science; (2) 
timely, in-depth reviews by the leading researchers and clinicians in their 
respective fields; (3) extensive, up-to-date fully annotated reference lists; (4) 
a detailed index; (5) relevant tables and figures; (6) identification of paradigm 
shifts and the consequences; (7) virtually no overlap of information between 
chapters, but targeted, inter-chapter referrals; (8) suggestions of areas for 
future research; and (9) balanced, data-driven answers to patients’ as well as 
health professionals’ questions which are based upon the totality of evidence 
rather than the findings of any single study.

The series volumes are not the outcome of a symposium. Rather, each edi-
tor has the potential to examine a chosen area with a broad perspective, both 
in subject matter as well as in the choice of chapter authors. The international 
perspective, especially with regard to public health initiatives, is emphasized 
where appropriate. The editors, whose trainings are both research and prac-
tice oriented, have the opportunity to develop a primary objective for their 
book, define the scope and focus, and then invite the leading authorities from 
around the world to be part of their initiative. The authors are encouraged to 
provide an overview of the field, discuss their own research, and relate the 
research findings to potential human health consequences. Because each 
book is developed de novo, the chapters are coordinated so that the resulting 
volume imparts greater knowledge than the sum of the information contained 
in the individual chapters.

Nutrition in Kidney Disease, Third Edition, edited by Jerrilynn 
D. Burrowes, PhD, RDN, CDN, FNKF; Csaba P. Kovesdy, MD; and Laura 
Byham-Gray, PhD, RDN, FNKF, is a very welcome and timely addition to 
the Nutrition and Health Series and fully exemplifies the series’ goals. The 
highly acclaimed second edition of this volume was published in 2014; 
thus, an update of core chapters as well as the addition of new topics and 
case studies is warranted. The over-arching goal of the third edition is to 
provide clinically relevant and timely, objective guidance to the health pro-
fessionals and advanced students who provide nutrition care for patients 
with renal insufficiency at all stages of the disease. The editors have been 
diligent in covering the newest research areas of medical nutrition therapy 
(MNT) and have added 12 new chapters, and many of the authors of key 
chapters found in the first as well as the second edition have returned to 
update their chapters. The unique inclusion of 17 case studies, each found 
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in their relevant chapter as well as collected in a separate chapter, add fur-
ther value to this excellent volume.

The editors of this informative text are international experts in their 
fields and have been recognized by their peers as outstanding contributors 
as evidenced by their degrees, affiliations, and honors. Dr. Burrowes earned 
her bachelor’s degree from Fisk University in Nashville, TN; her MS degree 
in foods, nutrition, and dietetics from New York University; and her PhD in 
nutrition from New York University. Currently, Dr. Burrowes is Professor 
of Nutrition in the Department of Biomedical, Health and Nutritional 
Sciences at Long Island University, NY. She is a co-editor of the first and 
second editions of this volume, Nutrition in Kidney Disease, which were 
published in 2008 and in 2014, respectively, and she is currently the senior 
editor for the third edition. She is currently a Council Member of the 
International Society of Renal Nutrition and Metabolism (ISRNM) for the 
2018–2020 term. For the past 8 years, Dr. Burrowes served as the Editor-in-
Chief for the Journal of Renal Nutrition. She was also a member of the 
workgroup that developed the initial NKF-DOQI Clinical Practice 
Guidelines for Nutrition in Chronic Renal Failure (2000) and the work-
group that developed the joint NKF and Academy KDOQI/EAL Clinical 
Practice Guidelines in Nutrition in Chronic Kidney Disease (2020). Dr. 
Burrowes received the Recognized Renal Dietitian Award and the Joel 
D.  Kopple Award from the NKF Council on Renal Nutrition and the 
Outstanding Service Award from the Renal Practice Group of the Academy 
of Nutrition and Dietetics.

Dr. Csaba P. Kovesdy, MD, FASN, earned his medical degree Summa cum 
Laude from the University of Pecs Medical School in Pecs, Hungary. He 
completed his residency in Internal Medicine at the Henry Ford Hospital in 
Detroit, Michigan, and a clinical fellowship in Nephrology at the Johns 
Hopkins Bayview Medical Center in Baltimore, Maryland. Dr. Kovesdy is an 
internationally recognized clinical researcher and renal outcomes investiga-
tor. He is the Fred Hatch Professor of Medicine in Nephrology and Director 
of the Clinical Outcomes and Clinical Trials Program at the University of 
Tennessee Health Science Center in Memphis, Tennessee, and Chief of 
Nephrology at the Memphis VA Medical Center in Memphis, Tennessee. Dr. 
Kovesdy’s main research interests are centered on the epidemiology and out-
comes of patients with pre-dialysis chronic kidney disease and end-stage 
renal disease (ESRD), with special emphasis on studying the role played by 
malnutrition and inflammation in driving poor outcomes in these populations. 
He has published his research in over 490 peer-reviewed articles as well as 
numerous abstracts and book chapters. He has been a member of the 
International Society of Renal Nutrition and Metabolism Council since 2012 
and its Treasurer during 2014–2018, a Fellow of the American Society of 
Nephrology, and a member of the European Renal Association – European 
Dialysis and Transplant Association and the International Society of 
Nephrology.

Dr. Laura Byham-Gray received her bachelor of science in nutrition and 
dietetics from Mercyhurst University in Erie, Pennsylvania; her MS in food 
science and human nutrition from the University of Delaware; and her PhD 
in nutrition from the New York University, Steinhardt School of Education 
in the Department of Nutrition, Food Studies, and Public Health. She is 
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Professor and Vice Chair for Research in the Department of Clinical and 
Preventive Nutrition Sciences, School of Health Professions, Rutgers 
University. Prior to teaching, Dr. Byham-Gray practiced in the field of clini-
cal nutrition with specialty practice in nutrition support and kidney disease 
for over 15 years. She received a NIDDK research grant that funded the 
development and validation of the predictive energy equation in hemodialy-
sis, and she has recently completed another research-funded project from 
the Agency of Healthcare Research and Quality that explored protein-
energy wasting in hemodialysis while integrating the patient perspective. 
Dr. Byham-Gray has held numerous elected and appointed positions at the 
national, state, and local levels of National Kidney Foundation (NKF), the 
American Society of Parenteral and Enteral Nutrition, and the Academy of 
Nutrition & Dietetics. Dr. Byham- Gray also chaired the Macronutrients 
Section of the joint NKF and Academy KDOQI/EAL Clinical Practice 
Guidelines in Nutrition in Chronic Kidney Disease. Dr. Byham-Gray has 
served as the associate editor for the National Kidney Foundation publica-
tion The Journal of Renal Nutrition. She has over 100 peer-reviewed arti-
cles and professional presentations related to kidney disease, dietetics 
practice, and clinical decision-making as well as management. Dr. Byham-
Gray has served as the chief editor for three books: Nutrition in Kidney 
Disease (Springer Publications, 2008, 2014), and A Clinical Guide to 
Nutrition Care in Kidney Disease (Academy of Nutrition and Dietetics, 
2013). She has received numerous awards, including the Presidential 
Citation for Outstanding Achievement from the University of Delaware, the 
Susan C. Knapp Excellence in Education Award, and the prestigious Joel 
D. Kopple Award.

 Objectives and Organization of the Volume

The objectives of this comprehensive volume are to provide clinicians, 
dietitians, nutritionists, and related students, both graduate and advanced 
undergraduates, a broad review of the major aspects of kidney disease 
including the nutritional consequences and the nutritional needs of kidney 
disease patients during the various stages of this chronic, progressive dis-
ease. Additionally, there are chapters that address acute kidney diseases 
caused by injury and/or the formation of kidney stones. As the population 
globally ages and gets more overweight, the incidence of kidney disease 
will increase; diabetes and cardiovascular disease are also critical risk fac-
tors for kidney disease and kidney disease significantly increases the risk of 
each of these conditions; the multiple disease effects on nutritional require-
ments are examined in separate chapters. The editors of the third edition of 
Nutrition in Kidney Disease specifically designed this text to address the 
nutritional needs and management of kidney disease patients with regard to 
the issues facing both practicing and academic dietitians and the other 
members of the patient’s clinical team. The volume contains seven parts 
and logically reviews the basics of each chapter’s topic and then provides a 
detailed description of the effects of kidney disease (KD) in each of the 
areas that are reviewed.

Series Editor Page



xiv

 Part I: Foundations for Clinical Practice and Overview

Part I contains three chapters that include discussions of the global demo-
graphics, clinical presentation and diagnostic criteria used to define chronic 
kidney disease (CKD), prevalence of use of renal replacement therapy glob-
ally, the major organizations that have been involved in setting the standards, 
the role of dietary protein in the progression of kidney disease, and the cur-
rent recommendations for protein intake in patients with Stages 1–5 of 
CKD.  Chapter 1 provides and in-depth examination of the prevalence of 
CKD in economically developed and underdeveloped nations around the 
world including an examination of the prevalence of patients with Stages 
1–5 in these countries. On average, over 10% of most adult populations have 
CKD. The reasons for the differences between countries are reviewed includ-
ing the prevalence of diabetes mellitus and hypertension as well as dietary 
habits, smoking, physical inactivity, socioeconomic status, birth weight, and 
genetic factors. The chapter also looks at renal replacement therapy (RRT) 
statistics and informs us that of all incident patients globally in 2016, 87.3% 
initiated RRT with hemodialysis, 9.7% started with peritoneal dialysis, and 
2.8% received a preemptive kidney transplant. The chapter also discusses the 
recent guidelines for the care of senior adults with multiple chronic diseases 
including CKD. Chapter 2 reviews the history of dietary protein recommen-
dations in non-dialyzed patients with CKD from the late 1800s through pres-
ent day. The development of evidence-based guidelines and consensus 
statements during the last 20 years for dietary protein intake in CKD patients 
are presented using tables and figures, and the rationales for the uses of high 
protein diets in kidney disease patients are also addressed. The importance of 
well-controlled clinical nutrition studies and consequent recommendations 
for consumption of high-quality protein at reduced levels, along with essen-
tial amino acids, keto-acids, reduced salt intake, and other diet-specific data, 
are reviewed based upon the recommendations in the 115 references cited. 
There is a detailed discussion of the Modification of Diet in Renal Disease 
(MDRD) Study, which is the largest, most carefully conducted and most 
prominent, NIH funded, randomized, prospective controlled clinical trial of 
the effects of diet on progression of CKD.

Chapter 3 reviews the three major functions of healthy kidneys. Firstly, 
the kidneys precisely control the composition and volume of the body fluids, 
and, by doing so, these organs maintain the acid–base balance as well as the 
body’s blood pressure by varying the excretion of water and solutes. 
Secondly, the kidneys remove various nitrogenous metabolic end products in 
the process of producing urine. In general, the kidneys filter plasma in the 
glomerulus to form a protein-free ultrafiltrate. This ultrafiltrate passes 
through the various tubular segments where reabsorption of essential con-
stituents and secretion of unwanted products occur. Thirdly, as endocrine 
organs, the kidneys produce important hormones, such as renin, erythropoi-
etin, and active vitamin D3 (calcitriol). The kidneys also participate in the 
degradation of various endogenous and exogenous compounds prior to their 
release into the urine. In addition to carefully reviewing the physiology of 
the kidneys, the chapter includes a comprehensive discussion of the anatomy 
of the kidney, its structural unit, the nephron, and the function(s) of each of 
the components. Of great importance, the chapter describes the effects of 
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kidney disease as well as related diseases such as diabetes on the structure 
and functions of the kidney so that we see how each disease impacts this 
organ. It is no wonder that we have evolved with two kidneys as these organs 
are critical to human life.

 Part II: Components of Nutrition Assessment

Part II contains six practice-oriented chapters that review the steps involved 
in anthropomorphic and biochemical nutritional assessment of patients with 
kidney disease. Two new chapters look at the psychosocial aspects of nutri-
tional status and the potential for drug–nutrient interactions. Chapter 4 
defines anthropometry as the science that studies the comparative size, form, 
and proportion of the human body and its regional components. Body part 
measurements and their analyses are described in detail including weight, 
height, skinfold thickness, circumferences, and elbow and wrist breadths; 
depending upon the clinical condition such as CKD, subscapular and triceps 
skinfolds, arm and calf circumference, and other measurements may be 
included in the analyses. Studies using these measures in kidney disease 
patients are reviewed and the five tables provide guidelines and resources. 
Chapter 5 presents an overview of the role of the registered dietitian nutri-
tionist (RDN) in managing patients diagnosed with CKD and those needing 
RRT as it relates to biochemical assessments. The current clinical practice 
guidelines for nutrition in CKD developed by the National Kidney Foundation 
(NKF) Kidney Disease Outcomes Quality Initiative (KDOQI) and the 
Academy of Nutrition and Dietetics (Academy) are reviewed. In addition, 
the International Society of Renal Nutrition and Metabolism (ISRNM) 
updates on biochemical assessment in patients diagnosed with CKD are dis-
cussed with regard to their purpose, strengths, and limitations. The objective 
biochemical criteria used to determine if a CKD patient has protein-energy 
malnutrition (PEM) or protein- energy wasting (PEW) are reviewed. The 
major biochemical assays used to assess nutritional status as well as KD 
stages are tabulated for the reader. Chapter 6 comprehensively discusses the 
Nutrition-Focused Physical Examination (NFPE) which was included as 
part of the overall Medicare assessment for ESRD and became widely used 
by RDNs in 2003. The revised 2014 SOP/SOPP for RDNs in Nephrology 
Nutrition direct the RDN to utilize the standardized NFPE on patients to 
assess for fat and muscle wasting; oral health conditions; hair, skin and nails; 
and signs of edema as well as conditions that impact nutritional status or 
impact the patient’s ability to eat. The core competency standard of the 
NFPE is part of the accrediting standards in dietetic programs by the 
Accreditation Council for Education in Nutrition and Dietetics. CKD popu-
lations are often found to have signs of malnutrition including edema, asci-
tes, weight loss, muscle weakness, muscle and fat wasting, reduced functional 
status, peripheral neuropathy, dry skin, ecchymosis, and pruritus. The prac-
tice-oriented chapter describes the preparation of the RDN prior to the 
NFPE, talking points, empathetic approaches, and systematic, thorough 
examination that does not disturb the patient unnecessarily. Specific nutri-
ents that are adversely affected by RRT are outlined in detail.
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Chapter 7 reviews the national standards used to determine the adequacy 
of the patient’s diet and describes the methodologies used to collect patient 
information about their daily diet or frequency of consumption of foods. 
The national standards, however, were developed for healthy individuals 
and are not specific for patients with kidney disease or any other disease 
state often seen in CKD patients. Fortunately, in addition to describing stan-
dard dietary intake methodologies and values, the chapter explains the 
value of clearly determining protein and sodium status as these are critical 
issues for CKD patients. The five tables and figure and 125 targeted refer-
ences provide clear guidance concerning the other nutrients that are impor-
tant to determining the nutritional status of CKD, RRT, and kidney 
transplant patients.

Chapter 8 is a new chapter in this volume and looks at the major psycho-
social issues that can affect the nutritional status of the patient with KD. The 
chapter examines the effects of depression, anxiety, loneliness, self-efficacy, 
food insecurity, limited health literacy, and social support. The chapter is sen-
sitively written and reminds us that a newly diagnosed KD patient is fre-
quently given new dietary restrictions and loss of freedom to enjoy preferred 
foods. Nutritionally relevant side effects from treatment and especially in 
patients with ESRD on hemodialysis is severe pain which affects 50% to 
60%, and chronic fatigue that impacts 82% of patients. With respect to its 
effects on nutritional status, depression can undermine a patient’s ability to 
adhere to dietary phosphorus (for example) and fluid restrictions. We also 
learn that there is a positive relationship between depression, malnutrition, 
and PEW in CKD patients. Food insecurity is reviewed and the role of pov-
erty, lack of access to more healthful food, and the potential for racial bias are 
discussed. The other psychosocial aspects are reviewed and over 200 refer-
ences are provided in this thoughtful chapter. Chapter 9, also a new chapter, 
provides a basic background in the metabolism and physiological effects of 
pharmaceuticals and describes the role of the liver and related organs, includ-
ing the kidney, in the metabolism of drugs. Also, the chapter reviews common 
food–drug interactions and reviews the most common drugs prescribed for 
KD patients as well as transplant patients, and the potential for drug–nutrient 
as well as drug–herbal supplement interactions.

 Part III: Preventative Strategies for Chronic Kidney 
Disease Among Adults

Chapter 10 examines the consequences of persistent high blood pressure 
(hypertension) and the potential to reduce this risk by making well-
researched changes in dietary intakes. We learn that prolonged hyperten-
sion, along with diabetes mellitus, is the leading cause of CKD and 
prolonged uncontrolled hypertension is a major risk factor for ESRD and 
RRT.  There are two diet programs that have been repeatedly shown to 
reduce blood pressure in hypertensive patients. The Dietary Approaches to 
Stop Hypertension (DASH) diet and the Mediterranean diet have each been 
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shown to be effective in reducing blood pressure, and these programs have 
many similarities and some differences that are carefully reviewed in this 
chapter (see Chap. 31). The Kidney Disease Outcomes Quality Initiative 
(KDOQI) recommends all of the following be undertaken at the same time: 
weight loss in those who are overweight or obese and maintenance of 
weight in those with a body mass index (BMI)  <  25  kg/m2, adopting a 
DASH-type diet with the reduction of dietary sodium, increased physical 
activity, and reduction or moderate consumption of alcohol. Other nutrients 
are also reviewed with regard to reducing blood pressure, but also with 
specific recommendations for patients with CKD. Chapter 11 looks at the 
effects of diabetes on the development of nephropathy and clearly identifies 
the nutrition recommendations for patients with these concurrent comor-
bidities. Diabetic kidney disease (DKD) is the leading cause of ESRD in 
North America and affects Black, Hispanic, and Native American patients 
much more frequently than Caucasians. DKD is also a major risk factor for 
serious CVD and CVD death. The chapter, containing 115 relevant refer-
ences, provides a detailed discussion of the MNT that is recommended for 
patients with both Type 1 and Type 2 diabetes who develop CKD. In addi-
tion to specific nutritional guidelines, the chapter also includes an informa-
tive table that reviews the most commonly used prescription drugs and their 
management during the stages of CKD.

Chapter 12 provides the reader with a broad overview of the epidemiol-
ogy, basic science, and clinical aspects of obesity as it involves patients 
throughout the spectrum of CKD. Of importance, BMI can be used as a 
reasonably good indicator of total body fat content in CKD and dialysis 
patients. The prevalence of obesity continues to increase in patients at all 
stages of KD including transplantation and is obviously an additional bur-
den on the patient’s own kidneys as well as the transplanted kidney. In 
fact, population attributable risk analyses estimate that approximately one-
fifth to one-fourth of kidney disease cases could be prevented by eliminat-
ing overweight and obesity; obesity also increases the risk for ESRD six 
fold compared to normal weight, age, and sex matched individuals. The 
chapter includes over 200 targeted references and 7 important tables and 
figures, as well as an extensive review of the pathology of the kidney as 
well as other organ responses associated with obesity, and reviews the 
effects of bariatric surgery on kidney functions in the obese patient. Chapter 
13 reviews the multifaceted area of nutritional management of patients with 
CVD as well as KD.  Both CKD and CVD share common risk factors, 
including obesity, reviewed in the preceding chapter, dyslipidemia, 
 sedentary lifestyle, and both inadequate blood pressure control and diabetes 
control (see Chap. 11, and multiple dietary factors. CKD doubles the risk of 
developing CVD and increases the risk of stroke, atrial fibrillation, and 
 cardiac failure. The chapter includes a full list of the diagnostic tests and 
criteria for CVD assessment especially in the KD patient. The nutritional 
needs of the patient with both diseases are reviewed throughout the  progress 
of each of the diseases and modulation of recommendations are considered 
based upon the prescription drug(s) used; a relevant case study and related 
tables are included at the end of the chapter).
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 Part IV: Chronic Kidney Disease in Adults Treated 
By Renal Replacement Therapies

The five chapters in this part are focused on practice-based recommendations 
for care of the most seriously affected KD patients. Chapter 14 provides a 
detailed discussion of the five stages of CKD and the nutritional management 
of the patient with the primary goal of reducing the risk of progression of 
kidney disease. The chapter provides an historic perspective on the develop-
ment of nutritional recommendations and reviews current guidelines as well 
as pointing to ongoing controversies regarding protein intake, guidelines in 
obese patients, major nutrient adjustments that are required in CKD Stage 5, 
and nutrient needs in transplant patients; nutritional requirements during the 
aging process that are altered by KD are also discussed. The diagnosis and 
treatment of anemia in CKD is described in detail. IgA nephropathy is 
reviewed with regard to a low-antigen diet and other relevant aspects of 
MNT. MNT programs to prevent malnutrition, electrolyte imbalances, dys-
lipidemia, and bone and mineral metabolism disorders are also discussed and 
a case study is included along with over 100 references and 7 helpful tables. 
Chapter 15 builds on the information in earlier chapters concerning the nutri-
tional status of the hemodialysis (HD) patient and the effects of the types and 
frequency of dialysis, types of equipment used, the inflammatory status, and 
the PEW condition of the patient. Topics including anorexia, acidosis, fluid 
volume, and the specific nutrient effects of dialysis are reviewed. 
Recommendations are provided for nutrient intakes using conventional 
hemodialysis as well as nocturnal hemodialysis/short daily hemodialysis. 
Chapter 16 concentrates on the nutritional needs of the CKD patient who is 
receiving peritoneal dialysis (PD). We learn that the use of PD is increasing 
rapidly, thus the chapter’s emphasis on this RRT is of importance especially 
as this is a new chapter topic for this volume. Patients who receive PD have 
many of the same nutritional issues seen in patients receiving HD. PD patients 
with low baseline serum albumin concentrations had a three-fold or higher 
adjusted risk of all-cause and cardiovascular mortality and 3.4-fold higher 
risk of infection-related mortality compared to HD patients. One difference 
between PD and HD is that PD is considered to be less catabolic than HD; 
however, certain patients may not get this benefit due to individual differ-
ences. The chapter includes recommendations for energy, protein, sodium, 
fluid, potassium, calcium, phosphorus, vitamin D, lipids, fiber, other vitamins 
and minerals, and trace elements intakes as well as a related case study and 
over 100 references.

Chapter 17, also a new chapter, goes beyond the standard dietary recom-
mendations for RRT patients and reviews the nutritional interventions pro-
vided to the ESRD patient with PEW who cannot maintain their weight or 
balanced nutritional status with foods alone and must be given oral nutritional 
supplements, enteral or intradialytic parenteral nutrition. The chapter includes 
a concise discussion of the role of nutrition counseling in this very at-risk 
patient population, with emphasis on the continuum of care as the patient 
requires additional nutritional provision. The five tables and case study pro-
vide further specific guidance to the nutrition health professional. The final 
chapter in this part, Chap. 18, examines the importance of MNT through all 
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stages of kidney transplantation (pre, peri, and post). The chapter includes a 
short history and current status of kidney transplantation in the USA. The 
purpose of the chapter is to provide an up-to-date and practical resource for 
registered dietitians, nutritionists, and other health professionals providing 
nutritional care to kidney transplant candidates and recipients. The chapter 
includes information on nutrition assessment, the nutritional impact of induc-
tion, and maintenance immunosuppressive medications, transplant-specific 
nutrition education, macro- and micronutrient recommendations, and com-
mon nutritional findings in the three phases of transplantation. We learn that 
in 2007, Federal legislation mandated that an RDN be a member of the trans-
plant medical team. In 2017, a Framework for Standardized Transplant 
Specific Competencies was published for dietitians practicing in all solid 
organ transplants. The competencies highlight several key areas including 
transplant-specific MNT, the role of the transplant dietitian in each phase of 
transplant, quality and performance improvement, training including orienta-
tion and continuing education requirements for transplant dietitians, and gen-
eral knowledge of transplant principles and regulations which are reviewed in 
this new chapter. There is a review of the current acceptable nutritional status 
of potential kidney transplant recipients and their use of MNT prior to sur-
gery. Transplantation requires immunosuppression of the patient and this pro-
cess increases the risk of infection and induction of mineral imbalances post 
surgery. The potential for worsening of diabetes following transplantation is 
also discussed. The nutritionally related adverse effects of the commonly 
used drugs during the three phases of transplantation are reviewed and the 
case study examines these phases in a patient evaluation.

 Part V: Nutrition in CKD Among Special Needs 
Populations

Chapter 19 sensitively examines the unique nutritional requirements during 
a high-risk pregnancy complicated by CKD, while on dialysis, during 
breastfeeding, and post kidney transplantation. Currently, there is a paucity 
of data from well-controlled studies involving pregnant women with CKD; 
however, there are observational data that suggest a greater risk of pre-term 
and other birth complications and there may be a further loss of maternal 
kidney function. Both medications and nutrient intakes may need to be 
altered and therefore MNT by a clinical team trained to provide this inten-
sive care is recommended. Dialysis adds an additional need for specialized 
care for both the pregnant woman and her fetus. The frequency of dialysis, 
type of dialysis, and content of the dialysate will require reformulation as 
the pregnancy progresses. These factors are covered in detail in the chapter. 
With regard to breastfeeding, it appears that few women breastfeed while 
on dialysis and post-transplant mothers are advised not to breastfeed due to 
the potential passage of immunosuppressive and other drugs to the infant. 
Chapter 20 describes the complexities of treating children, from infancy to 
early adulthood, that have CKD. The pediatric renal dietitian has expertise 
in childhood nutrition and growth combined with the experience in 

Series Editor Page



xx

providing nutritional guidance to children with kidney dysfunctions. 
Congenital anomalies of the kidney and urinary tract account for about half 
of all causes of early childhood CKD and ESRD whereas glomerular dis-
eases are more common in older children with CKD/ESRD. Normal growth 
is a critical issue in children with CKD. Poor nutritional status may contrib-
ute to reduced growth rate as well as PEW. Age at onset of KD, etiology and 
severity of the primary renal disorder, renal bone disease, fluid and electro-
lyte imbalance, metabolic acidosis, inflammation, anemia, abnormalities of 
the growth hormone-insulin growth factor axis, and suboptimal levels of 
sex hormones also influence growth and many of these factors are also 
influenced by nutritional status. According to the 2017 United States Renal 
Data System (USRDS) report, children receiving dialysis have a high prev-
alence of severe linear stunting, defined as less than the third percentile for 
length or height, compared to US norms. The chapter describes the numer-
ous enzymes, growth factors, and hormones that are affected by the inflam-
mation seen in pediatric CKD patients; most of these molecules are 
metabolic modulators that adversely affect normal hunger cues and further 
increase the risk of PEW and reduced growth rate. This comprehensive 
chapter, covering children from age 0–18, contains 179 relevant references, 
10 helpful tables, and an important assessment form. Chapter 21 provides a 
broad overview of the effects of KD in the population over 65 years of age 
and the role of the nutrition specialist in the care of this at-risk patient popu-
lation. Individuals 60 years of age and older have the highest prevalence of 
CKD and thus, not unexpectedly, the USRDS reports that adults older than 
65 years of age are the most rapidly growing subset of the ESRD patient 
population. Furthermore, aging plus CKD are associated with increased 
frailty and debility, loss of physical function, cognitive changes, psychoso-
cial factors, changes in sensory functions, and loss of appetite that can 
impact nutritional status and quality of life. The chapter begins with a 
description of the physical and physiological changes that result in 
decreased function of the kidneys that begin at about age 50 even in indi-
viduals with normal kidney function. New equations for determining kid-
ney status in the elderly with KD are reviewed and tabulated; other chronic 
diseases common in CKD are also included such as diabetes and CVD. MNT 
is described in the context of aging as well as CKD and RRT.  The case 
study highlights many of these complexities.

 Part VI: Nutritional Management of Other Disorders 
that Impact Kidney Function

Chapter 22 concentrates on the effects of inflammation in CKD, PEW, and 
sarcopenia and provides nutritional guidance based upon the anti- 
inflammatory properties of certain dietary components. The chapter stresses 
data-driven clinical studies that have used well-recognized biomarkers of 
inflammation to define the state of malnutrition (seen in wasting and obesity) 
and sarcopenia in the CKD and RRT patient. There is a discussion of the role 
of the colon’s microbiome, potentials for immunocompromise in HD, and 
other relevant conditions that increase inflammation and adversely affect 
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nutritional status as kidney function diminishes. Diets and dietary compo-
nents that can reduce inflammatory biomarkers are examined. The chapter 
includes 4 helpful tables and 2 important figures as well as over 90 refer-
ences. Chapter 23 tackles the interrelationships between the loss of the kid-
ney’s function of synthesizing the active form of vitamin D; consequent 
effects of altering bone formation and resorption that result in, among other 
adverse effects, calcium deposition in blood vessels; dysregulation of mineral 
homeostasis, PTH, and phosphate; and, finally, significantly increased risk of 
major ESRD and/or CVD events. The chapter includes a detailed review of 
the multifaceted bone and mineral effects of CKD and the critical importance 
of controlling mineral intakes as well as awareness of potential drug–nutrient 
interactions. The 7 tables, case study, and over 100 references are of great use 
in understanding the complexities of bone abnormalities seen in advancing 
KD. Chapter 24 discusses nephrotic syndrome (NS) and the wide range of 
glomerular diseases that can cause this syndrome, the nutritional conse-
quences, and recommended dietary changes to manage the syndrome. The 
NS includes primary (idiopathic), genetically inherited, or secondary causes 
including systemic disease or medication. Primary or idiopathic glomerular 
diseases that result in nephrotic syndrome include minimal change disease 
(MCD), membranous nephropathy, and focal segmental glomerulosclerosis 
(FSGS). The primary diagnosis of NS is loss of protein in the urine. There is 
a detailed description of the multifactorial effects of this protein loss over 
time. Protein and amino acid losses adversely affect muscle, platelets, lym-
phocytes, and bioactive molecules produced throughout the body’s organs 
and tissues. Nutritional therapy in NS paradoxically includes decreased pro-
tein intake especially from meat and increased consumption of protein from 
plants. Dietary and pharmacological treatments are tabulated and the chapter 
includes over 100 references.

Chapter 25 is written by Dr. Han. The author recently (2019) edited an 
entire volume entitled Nutritional and Medical Management of Kidney Stones 
as part of the Nutrition and Health Series. The author provides a concise 
review of nephrolithiasis and current dietary recommendations. Nephrolithiasis 
(kidney stones, urolithiasis) is defined as the formation of stone-like structures 
in the urinary system caused by the precipitation of calcium, phosphate, urate, 
and other molecules. The current prevalence is estimated at about 9% and 
kidney stones are more prevalent in men than women, with a lifetime risk of 
12% in men and 6% in women. Obesity and the metabolic syndrome are 
important risk factors for nephrolithiasis. The types of stones formed and their 
pathophysiology, symptoms and diagnosis, and genetic and dietary risk fac-
tors are reviewed. Dietary components including calcium, oxalate, protein, 
potassium, magnesium, phosphate, phytates, vitamins, and herbals as well as 
types of beverages are discussed. This comprehensive chapter includes 2 case 
studies, 9 informative, detailed tables, and 2 figures as well as over 180 tar-
geted references. Chapter 26 describes the characteristics of acute kidney 
injury (AKI) including an abrupt reduction of kidney function over hours to 
days which results in failure to maintain electrolyte, acid–base, and fluid 
homeostasis. AKI can occur in up to 20% of all hospitalized patients. Several 
complications can occur in AKI including hyperkalemia, hyperphosphatemia, 
glucose intolerance, fluid overload, and azotemia (high blood nitrogen levels). 
Causes of AKI in individuals with prior normal kidney function can include 
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physical kidney injury, burns, certain drugs, cancer treatment, infection, as 
examples. Urinary tract obstruction as seen in prostate disease is another 
cause. The importance of timely nutrition support has recently been recom-
mended and is reviewed in detail including the use of enteral and parenteral 
nutrition support.

 Part VII: Additional Nutritional Considerations 
in Kidney Disease

Chapter 27, a new chapter, examines the role of the gut microbiome in KD 
patients. The chapter begins with a basic description of the microbiome and 
its functions and we learn that nutrients can impact diversity, density, and 
functionality of the gut microbiota, while microbiota-derived metabolites 
connect the gut microbiota with distant organs, impacting health and disease. 
The chapter describes novel applications of nutritional strategies to modulate 
the dysfunctions of the gut microbiota often seen in CKD patients. The 
increased formation of urea in CKD adversely affects the microbiota and 
results in further formation of proinflammatory molecules. The potential use-
fulness of prebiotics and/or probiotics and synbiotics that contain both pre- 
and probiotics is reviewed with the caution that currently there are few 
well-controlled studies in this area. Chapter 28 is also a new chapter and 
looks at appetite regulation in KD. There is a detailed description of the role 
of the central nervous system and its interactions with the gastrointestinal 
system in appetite control. The hormones, enzymes, and other bioactive mol-
ecules are discussed and particular organs and tissues, such as the pancreas 
and adipose tissue, are examined to better understand their role in eating 
behaviors. In CKD, many of the key molecular factors are adversely affected 
resulting in loss of appetite, GI tract discomfort, adverse effects of medica-
tions on taste, as examples. The chapter includes over 100 targeted refer-
ences. Chapter 29 is also a new chapter and discusses the relatively new area 
of research into the effects of advanced glycation end products (AGEs) in 
CKD.  AGEs are formed internally and are sometimes used as biomarkers 
such as hemoglobin A1c for Type 2 diabetes status. AGEs have also been 
found in foods that have been exposed to high heat. The chapter reviews the 
increasing evidence that exogenous AGEs from diet have an important contri-
bution to oxidative processes. Reduction of dietary AGE intake has been 
demonstrated to prevent or diminish pro-oxidant and pro-inflammatory 
responses in several recent clinical trials. The trials have demonstrated that 
dietary AGEs restriction may be of benefit to CKD patients. The chapter 
reviews the evidence that the kidneys are involved in maintaining AGE 
homeostasis. AGE-peptides undergo filtration followed by partial tubular 
reabsorption, and possibly also secretion after tubular uptake from the peritu-
bular blood flow. Normal kidneys catabolize AGEs within the renal tubules. 
An elevation of AGEs in the urine is characteristic of reduction in kidney 
function and is markedly increased in CKD as well as before and after initia-
tion of dialysis, especially HD. With regard to food sources of AGEs, the 
lower the cooking temperature, the lower the amount of AGEs generated. 
Cooking methods that use dry heat, such as broiling, searing, and frying, have 
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been shown to cause the formation of the highest content of AGEs. An acidic 
pH has been shown to limit the formation of AGEs. Marinades made with 
vinegar for high-protein foods such as meats reduce the risk of AGE forma-
tion. The chapter includes reviews of clinical studies in diabetic and KD 
patients and contains over 50 related references including those with tables 
listing food AGE contents.

Chapter 30 begins with an assessment of the physical capabilities of the 
CKD patient. The CKD population is usually older, with increasingly com-
mon comorbidities such as diabetes, hypertension, and CVD. Frailty and low 
levels of physical function and activity are related to morbidity and mortality 
and are well-documented in people with CKD. Obesity is common; however, 
sarcopenic obesity is increasingly recognized. Even with these characteris-
tics, the authors indicate, based upon clinical research, that physical activity 
can benefit the CKD patient. The chapter reviews several types of physical 
activity and exercise including aerobic, muscle strengthening, bone strength-
ening, balance, and flexibility. Several types of physical activity are discussed 
including combinations of endurance, resistance, flexibility, and balance 
exercises at least several days a week. Given the complexity of the disease 
conditions seen with CKD, a professional trainer who has experience with 
KD patients is recommended. Even though the chapter includes over 160 
references, the authors indicate that it is widely acknowledged that there is a 
dearth of high-quality, adequately powered randomized clinical trials (RCT) 
in the exercise literature in CKD.

Chapters 31, 32, and 33 examine the roles of dietary patterns and dietary 
supplements (herbal and natural substances in Chapter 32 and vitamins and 
trace elements in Chap. 33) in patients with KD. Chapter 31 introduces the 
relatively new concept of dietary patterns. Dietary patterns reflect the daily 
intake of all foods over a prolonged period of time. The US National Kidney 
Foundation recommends plant-based diets for their cardioprotective benefits. 
These include the DASH diet and the Mediterranean diet, which are high in 
fiber; low in saturated fat and processed meats; contain sources of potassium, 
phosphorus, magnesium, and calcium; and have low levels of sodium (see 
Chap. 10). Meta-analyses have found that CKD patients who adhere to these 
diets have a decreased mortality risk; however, direct RCT have not been 
undertaken as yet. The observational data associating plant-based diets and 
reduced risk of CKD as well as slower disease progression are reviewed. 
Chapter 32 concentrates on the potential for herbal and other natural products 
sold as supplements that can either help or harm the CKD patient, especially 
those who cannot access dialysis. Specific herbs, fatty acids, and microbes 
are mentioned. The potential interactions with pharmaceutical medicines are 
discussed. Chapter 33 provides a detailed discussion of the changing essen-
tial nutrient needs of the KD and RRT patients. In addition to altered intake, 
metabolic changes in CKD patients may affect absorption, utilization, and 
excretion of micronutrients. Uremic toxicity, comorbidities, and finally the 
treatment of ESRD may all contribute to a heightened inflammatory status 
which affects the status of many micronutrients, especially those with anti-
oxidant properties, such as vitamins C and E and minerals such as selenium. 
The chapter includes three examples of nutrient alterations in advanced CKD 
patients. Deficiency in vitamin K, an increased need for vitamin B6, and a 
reduced tolerance for vitamin A are reviewed. The chapter summarizes the 
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studies that have looked at several single nutrient deficiencies such as thia-
min, folate, and B12 as well as the bioactive molecule, homocysteine. Both 
essential and non-essential (sometimes toxic) minerals and trace elements are 
reviewed in CKD. The data is derived mainly from findings of deficiencies 
and/or toxicities and currently there are no RCT in this area that point to 
effects with long-term interventions.

Chapter 34, written by Dr. Burrowes, examines the need of the CKD 
patient to adhere to the dietary strategies that have been developed to main-
tain kidney function during all stages of the disease. MNT is an integral com-
ponent for successful treatment outcomes in patients with CKD. The chapter 
reviews both positive and negative factors that can influence a patient’s ability 
to follow the recommended diet prescription. Factors that can improve adher-
ence include social support from family and/or caregivers and dietitian/nutri-
tionist and team’s familiarity with the patient’s culture, food habits, beliefs, 
and practices. Inhibitors of dietary adherence include the patient’s lifestyle, 
attitude towards the disease, socioeconomic status, cultural barriers, and 
other factors. The chapter provides evidence-based recommendations from 
the American Heart Association that the renal RD and team can provide to the 
CKD patient, and the new areas of patient-centered web-based programs for 
behavioral modification as well as monitoring progress are reviewed. The 
chapter focuses on the complexity of the dietary program and the difficulties 
that the CKD patient faces especially as the disease worsens and concomitant 
conditions also become a significant issue in meeting the dietary program. 
Chapter 35 provides further guidance on improving patient adherence to their 
dietary requirements through effective communications and counseling. The 
chapter describes several methods that have been shown to increase KD 
patient adherence with their dietary prescriptions. The Transtheoretical 
Model used in identifying the stages of change is reviewed. Also, Cognitive 
Behavioral Therapy, Social Learning Theory, and Motivational Interviewing 
are examined as these have emerged as efficacious models for changing 
patient’s food and lifestyle behaviors. Specific examples of questions and 
communication skills are provided in the text, case study, and relevant tables. 
Chapter 36, written by Dr. Byham-Gray, concentrates on the critical impor-
tance of early dietary intervention in KD patients and the methodologies to 
conduct clinical research studies in this patient population. The chapter pro-
vides a brief overview of the importance of documenting the initial nutri-
tional status of the patient in order to verify the key clinical outcomes of any 
dietary intervention in CKD patients. As examples, bone disease, diabetes, 
dyslipidemias, hypertension, dialysis adequacy, and anemia are all either 
directly or indirectly related to nutritional status and/or intervention. Protein- 
energy malnutrition or PEW are independent contributors to mortality risk; 
however, it is unclear whether the malnutrition or wasting has worsened over 
a period of time or is the result of a suboptimal status at the time of CKD or 
dialysis initiation. The chapter includes a clear description of comparative 
effectiveness research and its related methodology, as well as a discussion of 
the research used to develop evidence-based National clinical guidelines and 
clinical research used to help assure a reduction in practice variation. Chapter 
37 provides the kidney healthcare provider with an up-to-date compilation of 
relevant resource websites and citations, tables, and references. This chapter 
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provides a compilation of professional resources that may be of benefit for 
the RDN and related practitioners. Its primary goal is to be an accessible 
reference for the practitioner who treats patients with CKD. The chapter is 
organized in four basic sections: (1) evidence-based practice guidelines in 
chronic kidney disease, (2) diet-related resources and food lists, (3) critical 
tools for conducting nutrition assessments and delivering quality care, and (4) 
internet websites and applications.

 Conclusions

The above description of the volume’s 37 chapters attests to the depth of 
information provided by the 58 highly respected chapter authors and volume 
editors. Each chapter includes complete definitions of terms with the abbre-
viations fully defined and consistent use of terms between chapters. Key fea-
tures of the comprehensive volume include 134 detailed tables and informative 
figures; an extensive, detailed index; and more than 3350 up-to-date refer-
ences that provide the reader with excellent sources of worthwhile practice- 
oriented information that will be of great value to nephrologists and related 
health providers, specialized nutrition practitioners, and clinical researchers, 
as well as graduate and medical students. In addition to specific data on foods 
and diets, the volume contains important sensitive chapters related to improv-
ing the success of CKD patients in adhering to their complex dietary 
programs.

In conclusion Nutrition in Kidney Disease, Third Edition, edited by 
Jerrilynn D. Burrowes, PhD, RDN, CDN, FNKF; Csaba P. Kovesdy, MD; and 
Laura Byham-Gray, PhD, RDN, FNKF, provides health professionals in 
many areas of kidney disease research and practice with the most current and 
well-referenced volume on importance of evidence-based nutritional inter-
ventions to assure the overall health of the individual with kidney disease 
throughout all stages of the disease. The volume serves the reader as the 
benchmark for integrating the complex interrelationships between nutrition-
ally related risk factors such as hypertension, obesity, diabetes, and cardio-
vascular disease as well as genetic inherited kidney dysfunctions such as 
stone formation and nephron malformations. The new chapters of this valu-
able volume provide unique and concise data on drug–nutrient interactions; 
the psychosocial aspects of CKD and RRT; nutritional management of the 
newly diagnosed KD patient; the CKD patient with concurrent CVD; the 
hemodialysis patient and the peritoneal dialysis patient; the role of the micro-
biome, AGEs, and appetite regulation in KD; and the importance of examin-
ing dietary patterns in addition to single nutrients. Finally, the most relevant 
citations on all aspects of kidney function and diseases as well as recom-
mended resources from National research centers and kidney disease organi-
zations that provide reliable, up-to-date information based upon the totality 
of the research are included in this comprehensive volume. The broad scope 
as well as in-depth reviews found in each chapter makes this excellent vol-
ume a very welcome addition to the Nutrition and Health Series.

Adrianne Bendich, PhD, FACN, FASN
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Adrianne  Bendich, PhD, FASN, FACN has 
served as the Nutrition and Health Series Editor 
for more than 20 years and has provided leader-
ship and guidance to more than 200 editors that 
have developed the 90 well-respected and highly 
recommended volumes in the series.

In addition to Nutrition in Kidney Disease, 
Third Edition, edited by Jerrilynn D. Burrowes, 
PhD, RDN, CDN, FNKF; Csaba P.  Kovesdy, 
MD; and Laura Byham-Gray, PhD, RDN, 
FNKF, major new editions published from 
2012–2020 include:

 1. Nutrition, Fitness, and Mindfulness, edited by Dr. Jaime Uribarri and Dr. 
Joseph A. Vassalotti, 2020

 2. Vitamin E in Human Health, edited by Peter Weber, Marc Birringer, 
Jeffrey B. Blumberg, Manfred Eggersdorfer, Jan Frank, 2019

 3. Handbook of Nutrition and Pregnancy, Second Edition, edited by Carol 
J. Lammi-Keefe, Sarah C. Couch and John P. Kirwan, 2019

 4. Dietary Patterns and Whole Plant Foods in Aging and Disease, edited as 
well as written by Mark L. Dreher, Ph.D, 2018

 5. Dietary Fiber in Health and Disease, edited as well as written by Mark 
L. Dreher, Ph.D., 2017

 6. Clinical Aspects of Natural and Added Phosphorus in Foods, edited by 
Orlando M. Gutierrez, Kamyar Kalantar-Zadeh and Rajnish Mehrotra, 
2017

 7. Nutrition and Fetal Programming, edited by Rajendram Rajkumar, 
Victor R. Preedy and Vinood B. Patel, 2017

 8. Nutrition and Diet in Maternal Diabetes, edited by Rajendram Rajkumar, 
Victor R. Preedy and Vinood B. Patel, 2017

 9. Nitrite and Nitrate in Human Health and Disease, Second Edition, edited 
by Nathan S. Bryan and Joseph Loscalzo, 2017

 10. Nutrition in Lifestyle Medicine, edited by James M. Rippe, 2017
 11. Nutrition Guide for Physicians and Related Healthcare Professionals, 

Second Edition, edited by Norman J. Temple, Ted Wilson and George 
A. Bray, 2016
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 12. Clinical Aspects of Natural and Added Phosphorus in Foods, edited by 
Orlando M. Gutiérrez, Kamyar Kalantar-Zadeh and Rajnish Mehrotra, 
2016

 13. L-Arginine in Clinical Nutrition, edited by Vinood B.  Patel, Victor 
R. Preedy, and Rajkumar Rajendram, 2016

 14. Mediterranean Diet: Impact on Health and Disease, edited by Donato 
F. Romagnolo, Ph.D. and Ornella Selmin, Ph.D., 2016

 15. Nutrition Support for the Critically Ill, edited by David S. Seres, MD and 
Charles W. Van Way, III, MD, 2016

 16. Nutrition in Cystic Fibrosis: A Guide for Clinicians, edited by Elizabeth 
H. Yen, M.D. and Amanda R. Leonard, MPH, RD, CDE, 2016

 17. Preventive Nutrition: The Comprehensive Guide for Health Professionals, 
Fifth Edition, edited by Adrianne Bendich, Ph.D. and Richard 
J. Deckelbaum, M.D., 2016

 18. Glutamine in Clinical Nutrition, edited by Rajkumar Rajendram, Victor 
R. Preedy and Vinood B. Patel, 2015

 19. Nutrition and Bone Health, Second Edition, edited by Michael F. Holick 
and Jeri W. Nieves, 2015

 20. Branched Chain Amino Acids in Clinical Nutrition, Volume 2, edited by 
Rajkumar Rajendram, Victor R. Preedy and Vinood B. Patel, 2015

 21. Branched Chain Amino Acids in Clinical Nutrition, Volume 1, edited by 
Rajkumar Rajendram, Victor R. Preedy and Vinood B. Patel, 2015

 22. Fructose, High Fructose Corn Syrup, Sucrose and Health, edited by 
James M. Rippe, 2014

 23. Handbook of Clinical Nutrition and Aging, Third Edition, edited by 
Connie Watkins Bales, Julie L. Locher and Edward Saltzman, 2014

 24. Nutrition and Pediatric Pulmonary Disease, edited by Dr. Youngran 
Chung and Dr. Robert Dumont, 2014

 25. Integrative Weight Management, edited by Dr. Gerald E.  Mullin, Dr. 
Lawrence J. Cheskin and Dr. Laura E. Matarese, 2014

 26. Nutrition in Kidney Disease, Second Edition, edited by Dr. Laura 
D. Byham-Gray, Dr. Jerrilynn D. Burrowes and Dr. Glenn M. Chertow, 
2014

 27. Handbook of Food Fortification and Health, Volume I, edited by Dr. 
Victor R. Preedy, Dr. Rajaventhan Srirajaskanthan, Dr. Vinood B. Patel, 
2013

 28. Handbook of Food Fortification and Health, Volume II, edited by Dr. 
Victor R. Preedy, Dr. Rajaventhan Srirajaskanthan, Dr. Vinood B. Patel, 
2013

 29. Diet Quality: An Evidence-Based Approach, Volume I, edited by Dr. 
Victor R. Preedy, Dr. Lan-Ahn Hunter and Dr. Vinood B. Patel, 2013

 30. Diet Quality: An Evidence-Based Approach, Volume II, edited by Dr. 
Victor R. Preedy, Dr. Lan-Ahn Hunter and Dr. Vinood B. Patel, 2013

 31. The Handbook of Clinical Nutrition and Stroke, edited by Mandy 
L. Corrigan, MPH, RD Arlene A. Escuro, MS, RD, and Donald F. Kirby, 
MD, FACP, FACN, FACG, 2013

 32. Nutrition in Infancy, Volume I, edited by Dr. Ronald Ross Watson, Dr. 
George Grimble, Dr. Victor Preedy and Dr. Sherma Zibadi, 2013

 33. Nutrition in Infancy, Volume II, edited by Dr. Ronald Ross Watson, Dr. 
George Grimble, Dr. Victor Preedy and Dr. Sherma Zibadi, 2013
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 34. Carotenoids and Human Health, edited by Dr. Sherry A. Tanumihardjo, 
2013

 35. Bioactive Dietary Factors and Plant Extracts in Dermatology, edited by 
Dr. Ronald Ross Watson and Dr. Sherma Zibadi, 2013

 36. Omega 6/3 Fatty Acids, edited by Dr. Fabien De Meester, Dr. Ronald 
Ross Watson and Dr. Sherma Zibadi, 2013

 37. Nutrition in Pediatric Pulmonary Disease, edited by Dr. Robert Dumont 
and Dr. Youngran Chung, 2013

 38. Nutrition and Diet in Menopause, edited by Dr. Caroline J.  Hollins 
Martin, Dr. Ronald Ross Watson and Dr. Victor R. Preedy, 2013

 39. Magnesium and Health, edited by Dr. Ronald Ross Watson and Dr. 
Victor R. Preedy, 2012

 40. Alcohol, Nutrition and Health Consequences, edited by Dr. Ronald Ross 
Watson, Dr. Victor R. Preedy, and Dr. Sherma Zibadi, 2012
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Part I
Foundations for Clinical Practice  

and Overview

Chronic kidney disease (CKD) is a global epidemic, with recent estimates 
suggesting that over 860 million people worldwide suffer from some form of 
kidney disease. With progressive loss of kidney function come hosts of com-
plications, with nutritional derangements featuring prominently among con-
ditions contributing to increased morbidity and mortality in patients with 
CKD and end-stage renal disease (ESRD). Nutritional management is quint-
essential in patients with all stages of CKD, but becomes especially important 
in those with more advanced stages, in whom it is used both to affect disease 
progression and to control metabolic complications such as hyperkalemia or 
hyperphosphatemia. The chapters in this section provide a general introduc-
tion to the disease states discussed in later parts of the book. Stel et al. describe 
the epidemiology of kidney disease, while Kopple and Burrowes summarize 
the history of nutritional interventions in CKD and provide a broad overview 
of its current applications and guideline recommendations. Finally, Reddi 
provides a general description of renal physiology and pathophysiology, 
which, together with the other two introductory chapters, helps to better 
 contextualize subsequent chapters.
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Chapter 1
Epidemiology and Changing Demographics 
of Chronic Kidney Disease in the United States 
and Abroad

Vianda S. Stel, Marlies Noordzij, and Kitty J. Jager

Keywords Epidemiology · Outcome · Chronic kidney disease · Renal replacement therapy  
Conservative care · Risk factors · Prevention

 Introduction

Chronic kidney disease (CKD) is increasingly recognized as a global public health problem; as many 
as 10–15% of the population worldwide is affected by CKD due to multiple causes [1, 2]. Globally, 
the prevalence of CKD increased by 87% between 1990 and 2016 to a total number of patients exceed-
ing 275 million [3, 4].

Also, the prevalence of renal replacement therapy (RRT) for end-stage kidney disease (ESKD) has 
increased tremendously since its introduction in the 1960s. This rise can be explained by the fact that 
nowadays, older and sicker patients are being accepted for RRT when compared to the early days of 

V. S. Stel · M. Noordzij · K. J. Jager (*) 
Department of Medical Informatics, Amsterdam Public Health Research Institute, Amsterdam UMC,  
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the treatment. In addition, patients survive longer on RRT, mostly because the quality of all RRT 
modalities has improved considerably over the past 50 years.

Worldwide, there is a large variation in the epidemiology of both CKD and RRT. The burden of 
CKD is also prominent and shows the fastest growth in low-income and middle-income countries 
[3]. It is evident that disparities in access to RRT exist. In low-income regions, especially in Africa 
and Asia, the access to RRT is limited, and prohibitive out-of-pocket expenditure is not uncom-
mon [5–7].

In this chapter, we describe the changing demographics and outcomes among patients with CKD 
and those receiving RRT, and we discuss potential reasons for international differences in the epide-
miology of CKD and RRT. In addition, we will discuss the prevention of five important risk factors 
for CKD as targeted by the World Health Organization (WHO) action plan, including physical inactiv-
ity, high salt intake, smoking, diabetes mellitus, and hypertension.

 Chronic Kidney Disease

 The Assessment and Definition of CKD Prevalence

According to the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF 
KDOQI) and Kidney Disease: Improving Global Outcomes (KDIGO) guidelines, CKD is defined by the 
presence of kidney damage or decreased kidney function for three or more months [8, 9]. Kidney dam-
age refers to pathologic abnormalities which can, among others, be assessed by increased rates of uri-
nary albumin excretion. Decreased kidney function refers to a decreased glomerular filtration rate (GFR) 
which is usually estimated (eGFR). The KDOQI guidelines recommend to do this by using serum creati-
nine and the Chronic Kidney Disease Epidemiology Collaboration formula (CKD-EPI). There are five 
CKD stages related to the level of kidney damage and kidney function (Table 1.1). As stated by the 
guidelines [8, 9], the persistence of the kidney damage or decreased kidney function should last for at 
least three months to distinguish CKD from acute kidney disease (named “chronicity criterion”).

International comparison of CKD prevalence is challenging due to the different methods for the 
assessment of kidney dysfunction and the use of different definitions of CKD [10, 11]. Numerous stud-
ies reporting on CKD prevalence define CKD as eGFR <60 ml/min/1.73 m2. Other studies define CKD 
as eGFR <60 ml/min/1.73 m2 and/or the presence of albuminuria >30 mg/g or as the presence of albu-
minuria >30 mg/g alone or use absolute creatinine measurement. In addition, studies use various serum 
creatinine-based equations to estimate GFR such as the CKD-EPI formula, the Modification of Diet in 
renal Disease formula (MDRD), and the Cockcroft-Gault formula. So far, the chronicity criterion is 
rarely used in studies on CKD prevalence. Finally, sample selection methods vary across the studies 
and influence the representativeness of the sample. Hence, due to the heterogeneity of studies, the 
results of international comparisons of CKD prevalence should be interpreted with caution.

Table 1.1 GFR categories in CKD according to the KDIGO guidelines 2012

GFR category GFR (ml/min/1.73 m2) Terms

G1 >90a Normal or high
G2 60–89a Mildly decreased
G3a 45–59 Mildly to moderately decreased
G3b 30–44 Moderately to severely decreased
G4 15–29 Severely decreased
G5 <15 Kidney failure

aIn the absence of evidence of kidney damage neither GFR category G1 nor G2 fulfill the criteria for CKD

V. S. Stel et al.
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 International Comparison of CKD Prevalence

Over the last decade, data on the burden of CKD have become increasingly available. These data 
contribute to our understanding of the scale of this public health problem. According to a meta- 
analysis, the global prevalence was 13.4% for CKD stages 1–5 and 10.6% for CKD stages 3–5 
(Table 1.2) [12]. The majority of individuals having CKD are in stage 3 CKD (7.6%), and only few of 
them have ESKD (0.1%).

The burden of CKD varies substantially across the world. Within the United States in 2015–2016, 
14–15% of the adult participants of the National Health and Nutrition Examination Survey (NHANES) 
study had CKD stages 1–4, representing 31–34 million people [13]. About half of them were catego-
rized into CKD stages 3–4. The prevalence of CKD in Japan was similar to that in the United States 
[14]. In China, the estimate of the prevalence of CKD stages 3–5 was much lower, that is, 1.7% [15]. 
A study by the European CKD Burden Consortium also reported lower CKD prevalence estimates for 
Europe with large differences in CKD prevalence across countries, despite the use of one CKD defini-
tion and age and sex standardization to the European standard population [16]. The adjusted preva-
lence of CKD stages 3–5 varied from 1.0% to 5.9%. In Australia, CKD studies used to focus on 
screening of the population in individuals at high risk [17], and only recently, long-term surveillance 
was started to describe CKD prevalence of the general population not on RRT.

Although some developing countries (like South Africa, Senegal, and Congo) seem to have lower 
CKD prevalence estimates than developed countries (see Table 1.2) [12], several systematic reviews 
show that other developing countries have similar or even higher burden of CKD [12, 18]. For example, 
in Africa, the overall CKD prevalence from 21 medium-quality and high-quality studies was similar to 
that of the United States, that is, 13.9% [18]. In South Asian countries, the highest CKD prevalence was 
reported in Pakistan (21.2%) and the lowest in India (10.2%). Data on CKD prevalence in Latin America 
are scarce [19]. A small study in Mexico reported that 9.2% of the individuals had proteinuria, whereas 
in Chile 14.2% had proteinuria and 21% had a creatinine clearance <80 ml/min. A matter of great con-
cern is the limited availability of high-quality data on CKD, in particular for developing countries [18].

 CKD Prevalence in Subgroups

CKD prevalence rises substantially with age. Within the United States, the prevalence of CKD stages 
1–4  in people over 70 years of age (44%) was eight times higher than in those aged 20–39 years 
(5.6%) [13]. In most countries, the prevalence of CKD was higher in females than in males [20]. 

Table 1.2 Mean prevalence of CKD split by geographical region with 95% confidence intervals

Stages 1–5 Stages 3–5
Na Prevalence (%) Na Prevalence (%)

S Africa, Senegal, Congo 5497 8.66 (1.31, 16.01) 1202 7.60 (6.10, 9.10)
India, Bangladesh 1000 13.10 (11.01, 15.19) 12,752 6.76 (3.68, 9.85)
Iran 17,911 17.95 (7.37, 28.53) 20,867 11.68 (4.51, 18.84)
Chile 0 NONE 27,894 12.10 (11.72, 12.48)
China, Taiwan, Mongolia 570,187 13.18 (12.07, 14.30) 62,062 10.06 (6.63, 13.49)
Japan, S Korea, Oceania 654,832 13.74 (10.75, 16.72) 298,000 11.73 (5.36, 18.10)
Australia 12,107 14.71 (11.71, 17.71) 896,941 8.14 (4.48, 11.79)
USA, Canada 20,352 15.45 (11.71, 19.20) 1,319,003 14.44 (8.52, 20.36)
Europe 821,902 18.38 (11.57, 25.20) 2,169,183 11.86 (9.93, 13.79)

Reproduced from Hill et al. [12], page 8, Table 1
aN is number of participants in the sample estimate

1 Epidemiology and Changing Demographics of Chronic Kidney Disease in the United States and Abroad
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Within the United States, this was 16.0% (females) versus 12.4% (males) for CKD stages 1–4 [13]. 
A possible explanation for the higher CKD prevalence in women is their longer life expectancy com-
bined with the natural decline of GFR with age. On the other hand, it may also be due to the potential 
overdiagnosis of CKD in women that may occur when using eGFR equations estimating kidney func-
tion [20]. Furthermore, the burden of CKD prevalence was the highest in Blacks and in persons with 
diabetes and hypertension [13].

 Trends in CKD Prevalence

Papers reporting on time trends in CKD prevalence are scarce. In the United States, the unadjusted 
CKD prevalence for stages 3–4 as estimated by the CKD-EPI equation increased from the early 1990s 
(4.8%) to the early 2000s (6.4%). Interestingly, thereafter, it stabilized (around 6.9%) [13, 21]. The 
stabilization of the CKD prevalence was present in most subgroups defined by age, sex, and diabetic 
status. Also in Norway, the prevalence of CKD stages 1–5 estimated by the CKD-EPI equation 
remained stable for more than a decade from 1995 (11.1%) to 2008 (11.3%) [22]. In contrast, in the 
United Kingdom, the prevalence of CKD stages 3–5 estimated by the CKD-EPI equation declined 
over a 7-year period from 5.7% in 2003 to 5.2% in 2009/2010, despite the rising prevalence of obesity 
and diabetes in the general population [23].

 Reasons for International Differences in CKD Prevalence

There are many factors which may contribute to the differences observed across countries and regions. 
For instance, regional differences in the prevalence of diabetes mellitus and hypertension as well as 
dietary habits, smoking, physical inactivity, socioeconomic status, birth weight, and genetic factors 
could lead to a difference in CKD prevalence [24–29]. The results of a European study indicated that, 
in general, countries with a higher prevalence of CKD also had a higher score on risk factors for CKD 
and vice versa (the average score on risk factors was based on the prevalence of diabetes mellitus, 
raised blood pressure, obesity, physical inactivity, current smoking, and salt intake) [24]. National and 
regional public health initiatives may contribute to differences in the prevalence of underlying causes 
of CKD, such as diabetes, hypertension, and obesity as well as the prevalence of CKD itself [24].

Part of the observed differences in CKD prevalence may also be a result of the heterogeneity of 
studies [10]. As mentioned earlier, studies may use different assessment and definitions of CKD, and 
the quality of the studies may differ. In addition, the age and sex distributions of general populations 
also have an influence on the CKD prevalence. Finally, the difference in CKD prevalence may partly 
be caused by differences in the selection of study samples. Some of these differences in methodology 
can be avoided by, for instance, using the same CKD definition and central measurement of serum 
creatinine and albuminuria in a reference laboratory. However, the sample may not be representative 
and may suffer from response bias. This problem cannot be solved.

 Progression of CKD

So far, the knowledge on progression of CKD is rather limited. Studies on the progression of CKD 
in referred CKD patients have reported declines in the rates of eGFR from 0.35 to 5.16 ml/min per 
1.73 m2 per year [30–32]. Unfortunately, studies on eGFR progression are difficult to compare due 
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to differences in the way CKD progression is expressed as well as the differences in factors influ-
encing the progression of CKD progression, such as baseline eGFR, albuminuria, primary renal 
disease, and comorbidities. In general, studies found that younger age, male sex, and the presence 
of diabetes mellitus are associated with more rapid progression of CKD, even after adjustment for 
mortality risk [32–34].

Many studies have shown that individuals with CKD have a subsequent increased risk of all-cause 
and cardiovascular death [35, 36]. The results of meta-analyses have revealed that the cardiovascular 
mortality risk was about twice as high in patients with stage 3 CKD compared to individuals with 
normal kidney function [37, 38]. In stage 4 CKD, this risk was even three times higher. Of note, due 
to the high mortality risk, the majority of patients with CKD do not progress to advanced stages of 
CKD [39, 40]. In other words, in patients with CKD, the mortality risk is higher than the risk to 
develop ESKD, even in patients with stage 4 CKD. This seems to be even more pronounced in older 
persons with CKD.  A study by Dalrymple [41] has shown that community-dwelling adults aged 
65 years or older with CKD stages 3–5 are 13-fold more likely to die from any cause than to develop 
ESKD.

 Renal Replacement Therapy (RRT)

 RRT Epidemiology

The incidence of RRT for ESKD represents the number of new patients on RRT in a year. Around the 
world, there is a wide variation in the incidence of RRT, with the lowest rates in 2016 in South Africa 
(22 per million population (pmp)), Ukraine (36 pmp), Belarus (51 pmp), and Bangladesh (51 pmp) 
and the highest rates in Taiwan (493 pmp), the United States (378 pmp), and the Jalisco region of 
Mexico (355 pmp) [42]. Of all incident patients in 2016, 87.3% initiated RRT with hemodialysis, 
9.7% started with peritoneal dialysis, and 2.8% received a preemptive kidney transplant.

Since the introduction of RRT in the 1960s, its incidence increased sharply and continuously. 
However, this pattern has changed in the period between 2003 and 2016. There has still been a 
marked increase in the incidence rate in some countries, for example, in Thailand (+19.4%), 
Malaysia (+13.2%), the Republic of Korea (+10.3%), Singapore (+8.8%), the Philippines 
(+8.7%), and the Jalisco region of Mexico (+7.5%). In the same time period, the incidence rate 
showed only a small increase or stabilized in many developed countries, including the United 
States (+2.2%), Japan (+2%), the United Kingdom (+1%), and Australia (+0.9%). Finally, there 
were some countries where the incidence rate has started to decrease, for example, Colombia 
(−2.8%), Austria (−1.5%), and Scotland (−1.4%) [42]. Figure 1.1 shows the trend for the inci-
dence rate of RRT over the period from 2000 to 2016 for a selection of large renal registries on 
different continents.

The stabilizing or even decreasing incidence in some countries during recent years is mostly due 
to a stabilization of (or drop in) the number of dialysis patients, which could be explained by sev-
eral potential factors. Firstly, it could be that more patients choose comprehensive conservative care 
over dialysis treatment. Secondly, better CKD management could lead to postponement of the ini-
tiation of RRT.  Meanwhile, the incidence rate of kidney transplantation, including preemptive 
transplantations and those performed in the first 3 months of RRT, is still rising. This rise is mainly 
caused by a strong increase in the number of transplantations from both related and unrelated living 
donors, because transplantation with kidneys from deceased donors is still limited by the shortage 
of donor organs [48, 49].

Just like the incidence rate, the prevalence of RRT – representing the number of patients treated on 
the 31st of December of a year – shows a substantial variation between countries around the world. 

1 Epidemiology and Changing Demographics of Chronic Kidney Disease in the United States and Abroad
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According to the international comparisons performed by the United States Renal Data System 
(USRDS), the ESKD prevalence in 2016 varied nearly 30-fold across the 36 countries that provided 
data [42]. The highest RRT prevalence was reported by Taiwan (3392 pmp), Japan (2599 pmp), and 
the United States (2196 pmp), whereas the lowest prevalence was reported by Bangladesh (117 pmp), 
South Africa (181 pmp), and Ukraine (188 pmp).

Among all patients prevalent on RRT on December 31, 2016, the largest group (63.1%) was treated 
with hemodialysis, of whom an overwhelming majority of 98% used in-center hemodialysis and 2% 
used home hemodialysis. Of the remaining patients, 7.0% received peritoneal dialysis, and almost 
one-third (29.6%) had a functioning kidney transplant. Again, there were large international differ-
ences with regard to the distribution of the RRT modalities, as is illustrated in Fig. 1.2.

Although the rapid increase of RRT incidence rates has come to an end in some parts of the world, 
the prevalence of RRT – representing the number of patients treated on the 31st of December of that 
year – is still rising in all countries (Fig. 1.3).

This continuing rise of the prevalence of RRT can be explained by the fact that both patient survival 
on RRT and graft survival after kidney transplantation have improved considerably over time as a 
result of better RRT strategies and techniques.

At the same time, the patient profile has changed from predominantly young males with relatively 
few comorbidities to older, multi-comorbid individuals. The causes of this change can be sought in the 
global epidemics of diabetes, obesity, and hypertension, together with an aging population and a 
greater acceptance of these patient groups onto RRT programs [49]. As a result of this more liberal 
acceptance policy, the mean age at the start of RRT has risen from 58.3 years in 1990 to 62.5 years in 
2013 in the United States. Also, the share of diabetic patients in the RRT population has increased 
progressively. In 2016, a large variation was seen across countries in the percentages of incident 
patients with diabetes mellitus as the primary cause of ESKD, ranging from less than 16% in Norway, 
Latvia, and Romania to approximately 66% of patients in Malaysia, Singapore, and the Jalisco region 
of Mexico [42].
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Fig. 1.1 The unadjusted incidence per million population (pmp) of RRT for ESKD in different parts of the world in the 
time period between 2000 and 2016. (Created with data from [42–47])
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The proportion of men treated with RRT is higher than the proportion of women. In contrast to the 
general population, the overall male-to-female ratio for RRT patients ranges between 1.2 and 1.4, 
whereas higher values of 2.0 or higher were observed for older subgroups. Recent data from Europe 
showed that this distribution has been stable for already 50 years in both incident and prevalent RRT 
patients and across all age categories and treatment modalities [50].

Fig. 1.2 Percentage distribution of type of renal replacement therapy modality used by ESKD patients, by country, in 
2016. (Adapted from United States Renal Data System. 2018 USRDS annual data report: Epidemiology of kidney 
disease in the United States. National Institutes of Health, National Institute of Diabetes and Digestive and Kidney 
Diseases, Bethesda, MD, 2018. The data reported here have been supplied by the United States Renal Data System 
(USRDS). The interpretation and reporting of these data are the responsibility of the author(s) and in no way should be 
seen as an official policy or interpretation of the U.S. government)
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 Reasons for International Differences in Access to RRT

Globally, there is huge variation in the epidemiology of both CKD and RRT. A study by Crews and 
colleagues showed that all countries worldwide reported to have long-term hemodialysis services 
and that over 90% of countries reported to have short-term hemodialysis services [5]. It is, how-
ever, evident that disparities in access to and distribution of RRT exist. In low-income regions, 
especially in Africa and Asia, the access to RRT is limited, and prohibitive out-of-pocket expendi-
ture is not uncommon [5, 6]. Based on data from 123 countries over the year 2010, Liyanage and 
colleagues estimated the number of patients needing RRT to be between 4.902 million and 9.701 
million, whereas in reality there were 2.618 million people receiving RRT worldwide in that year, 
suggesting that at least 2.284 million people might have died prematurely because RRT could not 
be accessed [7].

International differences in the access to RRT can be explained by the variation of environmental, 
ethnic, cultural, political, and macroeconomic factors, all of which may impact the criteria of patient 
selection for RRT, the timing of RRT initiation, the choice of dialysis modality, dialysis treatment 
quality, cumulative dialysis times, and the prevalence of non-dialysis-related risk factors [51]. Of 
these factors, national wealth and health expenditure are believed to have the strongest influence on 
the incidence rate of RRT because they have a direct influence on healthcare organization and delivery 
at a national level. This is especially relevant because RRT is an extremely expensive treatment. In 
high-income countries, 1.3% of public health expenditure was spent on reimbursement for dialysis 
care, while this was 2.7% in upper-middle-income countries and 3.0% in lower-middle-income and 
low-income countries combined [52].

Information from renal registries offers the potential of a better understanding of the factors affect-
ing the epidemiology of RRT. However, while most developed countries have established national 
RRT registries, population-based national renal registries are still unavailable for countries that alto-
gether comprise at least half of the world’s population [53]. This leaves a large part of the global 
ESKD population unidentified and healthcare providers uninformed about the size of the treatment 
challenges ahead.
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 RRT Prognosis and Outcomes

Mortality rises with increasing stage of CKD and is highest in patients on RRT. Remaining life expec-
tancies of RRT patients are therefore substantially lower than in the age- and sex-matched general 
population: in dialysis patients, life expectancy is reduced to almost 30% and in transplant recipients 
to 60–70% of those in the general population [42, 43].

For those starting RRT between 2007 and 2011, unadjusted 5-year survival was 43% in the United 
States and 51% in Europe [42, 43]. Determinants of patient survival on RRT include age and sex, the 
cause of ESKD, timing of referral to a nephrologist, genetic factors, general population mortality, 
access to transplantation, and other aspects of quality of RRT care [54].

In the same period, 5-year survival of patients on dialysis was 41% in the United States and 42% in 
Europe [42, 43], but the Japanese Registry reported a much better survival of 60% for those starting 
dialysis in 2007 [55]. Also, other Asian registries provided good 5-year survival results on dialysis in this 
period with 52% in Malaysia [44], 54% in Taiwan [56], and 70% in Korea [45]. The Dialysis Outcomes 
and Practice Patterns Study (DOPPS) has shown that especially the first 3 months on hemodialysis con-
vey a very high risk of death [57, 58]. Excess mortality concerns not only cardiovascular [59, 60] but also 
non-cardiovascular mortality [60, 61]. There is important international variation in the survival of dialy-
sis patients [54]. The reasons for these differences are not fully understood. Only to a small extent can 
the differences be explained by patient age, sex, primary renal disease, and the presence of comorbid 
conditions [62, 63]. Another part seems to be attributable to variability in cardiovascular and all-cause 
background mortality in the general populations, but even if these and differences in treatment charac-
teristics are taken into account, a major part of the variation in dialysis mortality across countries remains 
unexplained [64, 65]. Therefore, the question is to what extent these differences are due to patient selec-
tion. In countries with high transplantation rates, the older and less healthy patients will remain on dialy-
sis, and this will result in lower dialysis population survival. This might explain part of the survival 
advantage of Japanese dialysis patients, as this country has very few transplant patients and thus keeps 
the healthiest patients on dialysis [54, 66]. Another interesting finding was that in general, the mortality 
of dialysis patients is higher in countries with high expenditure on healthcare [54]. This may suggest that 
a more liberal acceptance policy among richer nations together with different patterns of healthcare 
spending may contribute to a higher mortality of dialysis patients in these countries [54].

Patients receiving a kidney transplant have a better prognosis. Risk factors for death are manifold 
and include both patient and graft characteristics. The 5-year survival in those receiving a deceased 
donor kidney in the United States was 85%, and in Europe, it was 88%. Those receiving a kidney from 
a living donor had slightly better prospects: their survival probability was 92% in the United States 
and 94% in Europe [42, 43]. Compared with dialysis, there is less outcomes research on the interna-
tional variation of outcomes in kidney transplantation. Nonetheless, a recent study in four countries 
(Australia, New Zealand, the United Kingdom, and the United States) found the best 1-year adjusted 
graft survival in Australia and the worst graft survival in the United Kingdom. In contrast, with respect 
to long-term kidney graft outcomes, the United States performed approximately 25% worse compared 
to the other countries. Case-mix differences and residual confounding were unlikely explanations, and 
the findings suggested that the differences might be due to potentially modifiable country-specific 
differences in care delivery and/or practice patterns [67].

 Comprehensive Conservative Care

Whereas in developed countries the use of RRT has increased over the previous decades, the 
recent past conservative management as a treatment alternative for ESKD in elderly patients 
with multi- morbidity and poor prognosis has gained acceptance [68]. It has even been 
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speculated that this increased acceptance may have contributed to the decline in the incidence 
of RRT as seen in some countries [68]. KDIGO has made a distinction between conservative 
care that is the result of limited resources (choice-restricted conservative care) and conservative 
care due to unrecognized kidney failure and medically advised conservative care (comprehen-
sive conservative care). The latter is planned patient-centered holistic care for stage 5 CKD not 
including dialysis. It should include interventions to delay the progression of kidney disease and 
decrease the risk of adverse events, shared decision- making, active symptom management, 
advance care planning, psychological support, social and family support, and cultural and spiri-
tual domains of care [69].

Data related to conservative care are scarce. A community-based cohort study of more than 1.8 
million adults in Canada showed that over a median follow-up period of 4.4 years, the incidence 
of treated ESKD was 0.18% and that of untreated ESKD 0.17% [70]. In patients with eGFR 
15–29 ml/min/1.73m2, adjusted rates of untreated kidney failure were more than fivefold higher 
among people older than 85 years of age compared with young adults [70]. This does not imply 
that these elderly were all receiving comprehensive conservative care. In a large number of them, 
ESKD may have gone unrecognized. Australian investigators observed similar findings. For each 
individual starting RRT for ESKD, there was another person dying from ESKD without having 
received RRT [71].

In contrast to RRT, the incidence and prevalence of comprehensive conservative care are not 
known. A survey among nephrologists in 11 European countries found that in 2009, up to 15% of 
patients with ESKD received comprehensive conservative care and that the presence of severe clini-
cal conditions, vascular dementia, and a low physical functional status as well as patient preference 
were important factors in the decision-making not to start RRT [72]. According to a survey that was 
sent to all 71 adult renal units in the United Kingdom in 2013, comprehensive conservative care was 
practiced in almost all UK units, but its scale and organizations varied widely [73]. In a Spanish 
single- center study in the same period, comprehensive conservative care was selected in 39% of the 
ESKD cases [74].

Randomized controlled trials (RCTs) comparing the outcomes of comprehensive conservative 
care and dialysis have not been published. Current evidence therefore comes from observational 
studies. A number of systematic reviews were performed with respect to survival outcomes. The 
most comprehensive one to date reported that the one-year survival of elderly patients on hemo-
dialysis, peritoneal dialysis, and comprehensive conservative management was 78.4%, 77.9%, 
and 70.6%, respectively [75]. The difference between survival on dialysis and that on compre-
hensive conservative management increased with follow-up time [75]. A meta-analysis including 
three studies [76–78] showed that patients choosing dialysis had half the risk of death compared 
to those opting for conservative management (pooled adjusted hazard ratio 0.53 (95%CI 0.30–
0.91)) [79]. In line with this, another recent paper reported a 3-year mortality risk in an elderly 
cohort that was twice as high in comprehensive conservative care compared to dialysis (adjusted 
hazard ratio 2.18 (95% CI 1.39–3.40)). Nevertheless, the paper also showed that survival after 
3 years of comprehensive conservative management was common [80]. Several studies reported 
loss of survival benefit with dialysis in the presence of high comorbidity [76, 77, 81] and in the 
very elderly [82].

However, it is likely that in all these studies the choice for comprehensive conservative man-
agement or dialysis suffers from confounding by indication, which hampers the interpretation 
of study findings. Furthermore, many of these comparisons may suffer from lead-time bias. 
Finally, publication bias may hamper valid conclusions. It can therefore be concluded that the 
literature does not allow a confident estimate of the relative survival benefits of these treatments 
[75]. Only RCTs will be able to provide us with valid answers to this question, and hopefully, 
an ongoing RCT in the UK will help to shed some light on this (https://doi.org/10.1186/
ISRCTN17133653).
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 Prevention of Important Risk Factors for CKD

The prevention of important risk factors for CKD may prevent or delay the development of CKD and 
its complications. The WHO developed a Global Action Plan for the Prevention and Control of 
Noncommunicable Diseases (NCDs) 2013–2020 (Fig. 1.4) [83]. This action plan aims at reducing the 
global burden of NCDs by targeting both lifestyle factors and specific NCDs. The plan yields nine 
public health targets, five of which are important risk factors for CKD including diabetes, hypertension, 
physical inactivity, high salt intake, and smoking. Although these nine public health targets do not 
include CKD, the plan does acknowledge the link between NCDs such as diabetes and hypertension 
and CKD. Of note, lowering one risk factor for CKD may also influence the other risk factors for CKD.

In order to prevent or delay the progression of CKD, screening for kidney disease in people with 
diabetes and hypertension is now generally recommended. Additionally, the treatment of both diabe-
tes and hypertension appears to have improved with increased prescription rate for glycemic control 
medication, angiotensin-converting enzyme inhibitors (ACEi), and antihypertensive medication [84–
87]. However, the impact of the improved treatment of diabetes and hypertension on the development 
of CKD and its complications is, with the current knowledge, difficult to establish. To give an exam-
ple, the decrease in the incidence of RRT for ESKD due to diabetes mellitus in several countries [42] 
could be partly explained by a slower progression of CKD (better prevention) but also by a change in 
RRT initiation practices.

A   25%   relative reduction in risk of premature mortality
from cardiovascular diseases, cancer, diabetes, or chronic
respiratory diseases.

At least  10%   relative reduction in the harmful use of alcohol,
as appropriate, within the national context.

A  10%    relative reduction in prevalence of insufficient
physical activity.

A  30%    relative reduction in mean population intake
of salt/sodium.

A  30%    relative reduction in prevalence of current tobacco use
in persons aged 15+ years.

A  25%    relative reduction in the prevalence of raised blood
pressure or contain the prevalence of raised blood pressure,
according to national circumstances.

At least   50%   of eligible people receive drug therapy and
counselling (including glycaemic control) to prevent heart attacks
and strokes.

An  80%   availability of the affordable basic technologies and
essential medicines, including generics, required to treat major
noncommunicable diseases in both public and private facilities.

Halt the rise in diabetes and obesity.

Fig. 1.4 The nine global voluntary targets from the WHO Global Action Plan for the Prevention and Control of NCDs 
2013–2020. Reprinted from the nine global voluntary targets from the WHO Global Action Plan for the Prevention and 
Control of NCDs 2013–2020. (Reprinted from Global action plan for the prevention and control of noncommunicable 
diseases 2013–2020, World Health Organization, Voluntary Global Targets, page 5, Copyright (2013))
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Several studies have shown that the implementation of nationwide lifestyle measures such as phys-
ical inactivity, smoking, and salt intake can reduce the prevalence of risk factors for CKD [88–90]. 
Implemented lifestyle measures in the general population are, for example, campaigns to increase 
physical activity (e.g., exercise 30 minutes per day and 10,000 steps per day), a law that forbid smok-
ing in public spaces and workspace, and salt restriction in bread and processed food. Unfortunately, 
only few studies have investigated the impact of these and other lifestyle measures on kidney out-
comes. A systematic review has described the effect of salt reduction on both hypertension and pro-
teinuria in people with CKD [91], whereas another review has reported on the association between 
smoking cessation and kidney function [92]. There is a need for these kinds of studies using hard renal 
outcomes such as the start of renal replacement therapy.

As a final comment, it is worthwhile to mention that the effect of the public health policies target-
ing NCDs may likely differ largely among countries which is caused by substantial international dif-
ferences in the prevalence of CKD, the prevalence of the risk factors of CKD, and the public health 
policies targeting NCDs.

 Conclusion

Substantial differences exist in the incidence of RRT and in the prevalence of CKD and RRT 
across the world. Both the prevalence of CKD and RRT are among the highest in the United 
States. Since the start of RRT in 1960s, the incidence of patients starting RRT has increased tre-
mendously with a changing profile over time from predominantly young males with relatively 
few comorbidities to older, multi-comorbid individuals. In some countries, the incidence of RRT 
is now stabilizing or even declining. Unfortunately, many patients with ESKD, in particular in 
developing countries, do not have access to RRT. As a result of limited resources, these patients 
may receive choice-restricted conservative care. In some high-income countries, comprehensive 
conservative care in elderly patients with multi-morbidity and poor prognosis seems to gain more 
acceptance.

There are many potential reasons for the international difference in the epidemiology of CKD and 
RRT, such as the variation of environmental, ethnic, cultural, political, and macroeconomic factors. 
Among those factors, national wealth and health expenditure are believed to have the strongest influence 
on the incidence rate of RRT. In general, countries with a higher prevalence of CKD may also have a 
higher prevalence of risk factors for CKD, such as diabetes mellitus, hypertension, and obesity.

People with CKD have a high mortality risk, and this risk is even higher for patients with 
ESKD. Because of these serious adverse outcomes, it is important to prevent or delay CKD. The 
World Health Organization developed a Global Action Plan for the Prevention and Control of 
Noncommunicable Diseases (NCDs) aimed at reducing the global burden of NCDs by targeting both 
lifestyle factors including physical inactivity, obesity, smoking, and salt intake and specific NCDs 
such as diabetes and hypertension. The impact of this global action plan on the development of CKD 
and its complications is still unclear.
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Key Points
• Protein-modified diets have been recommended for the management of patients with chronic 

kidney disease (CKD) since the last half of the 1800s. Currently, almost all diets recommended 
for non-dialyzed CKD patients (stages 3–5) include some degree of protein restriction.

• In patients with CKD, low-protein diets reduce the accumulation of uremic toxins in the 
body, particularly when CKD is advanced (i.e., stages 4 and 5).

• Low-protein diets (LPDs) generally are also lower in potassium, phosphorus, and often 
sodium content. These diets may delay the need for chronic hemodialysis, peritoneal dialy-
sis, or kidney transplantation, at least by reducing the severity of uremic toxicity and possi-
bly also by slowing the rate of loss of glomerular filtration rate (GFR).

• It has been recommended that non-dialyzed stage 3–5 CKD patients should be prescribed either 
(1) a LPD providing 0.55–0.60 g protein/kg body weight (BW)/day with about 50% high biologi-
cal value (HBV) protein or (2) a very-low-protein diet (VLPD) providing 0.28–0.43 g of protein/
kg BW/day supplemented with additional ketoacid/amino acid analogs (a mixture of four essen-
tial amino acids (histidine, lysine, threonine, and tryptophan), the calcium salts of ketoacid ana-
logs of four other essential amino acids (isoleucine, leucine, phenylalanine, and valine), and the 
hydroxyacid analog of methionine to meet the protein requirements of 0.55–0.60 g/kg BW/day.

• The most recent clinical practice guidelines on nutrition in CKD patients from the National 
Kidney Foundation (NKF) Kidney Disease Outcomes Quality Initiative (KDOQI) and the 
Academy of Nutrition and Dietetics recommend for nondiabetic stage 3–5 CKD patients 
either the abovementioned LPD or a VLPD that provides 0.28–0.43  g protein/kg body 
weight/day that is supplemented with a sufficient amount of essential amino acids and keto-
acid analogs to meet the protein requirements of 0.55–0.60 g/kg body weight/day.

• For CKD patients with large urinary protein losses, it seems reasonable to add 1 g of addi-
tional HBV protein to the diet for each gram of urine protein excretion above 5 g/day.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-44858-5_2&domain=pdf
https://doi.org/10.1007/978-3-030-44858-5_2#ESM
mailto:jkopple@lundquist.org
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 Introduction

Dietary protein restriction has been recommended for the treatment of patients with chronic kidney 
disease (CKD) since at least the latter half of the nineteenth century [1]. Interestingly, and continuing 
to the present day, there have been two different views advanced regarding the benefits of protein 
restriction for CKD patients: (1) protection of the health and function of the diseased kidney and (2) 
preservation or improvement of the overall health of the patient. For over 100 years, the views of 
workers in this field have often fluctuated widely between these two potential benefits of low-protein 
diets (LPDs). This chapter will review the history of dietary protein recommendations in non-dialyzed 
patients with CKD from the late 1800s through present day. In addition, evidence-based guidelines 
and consensus statements published within the last 20 years that address recommendations for dietary 
protein intake (DPI) in CKD patients will be presented. Moreover, a brief discussion about high- 
protein diets and kidney disease is addressed.

 Dietary Protein Intake in CKD from the Late 1800s to 1950s

In 1869, Beale found that blood and urine urea levels were directly related to the quantity of meat 
ingested [2]. By decreasing meat intake, blood urea would decrease, and the amount of urea and con-
stituents in urine would also fall. This was an important goal because renal urea excretion was thought 
to increase the workload and therefore stress on the diseased kidney. However, it is now known that 
renal excretion of urea consumes almost no energy [3, pp.  622–633]. Beale also recognized that 
reducing protein intake could improve the clinical status of patients with kidney disease [2]. There 
was a contrary view held by some researchers that higher protein intakes would have a stimulatory or 
strengthening effect on the kidney [4]. It is possible that support for this latter theory was provided by 
the observations that kidney weight of rats correlated directly with their protein intake and blood urea 
levels [5, 6]. These latter observations might also have been considered to support the abovemen-
tioned view that a higher protein intake, by engendering greater urea excretion, increased the work-
load of the kidney.

In 1914, a prominent German physician, Franz Volhard, postulated that there were two causes of 
the clinical manifestations of kidney failure: the retention of compounds, including urea, which are 
normally excreted in the urine and that cause the “pure” uremic syndrome, and symptoms caused by 
the kidney disease itself [7, 8]. Today, we might ascribe these latter symptoms as the systemic mani-
festations of the renal disease itself or of the illness that caused the renal disease. Examples of these 
latter conditions would include hypertension, nephrotic syndrome, cardiovascular disease, and the 
nonrenal sequelae of such illnesses as diabetes mellitus or lupus erythematosus. In 1918, Volhard 
recommended a LPD, particularly vegetarian, and 2000 kcal/day [8, 9]. He contended that this diet 
could decrease serum urea levels, reduce uremic symptoms, and possibly prolong survival.

In the second, third, and fourth decades of the twentieth century, a number of investigators con-
ducted studies in small animals (e.g., rats and rabbits) who had either no underlying kidney disease or 
specific induced kidney injury, such as Masugi glomerulonephritis or bipolar clamped kidneys [10–
12]. They found that high-protein diets per se could induce progressive kidney disease in these ani-
mals or could accelerate the progression of kidney disease in animals with underlying kidney disease. 
The kidneys of rats with no previous kidney disease that were fed high-protein diets developed pro-
teinuria and abnormal urine sediment and displayed interstitial fibrosis and glomerular scarring. 
Hypertension was not uncommon. Some studies indicated that LPDs prevented or ameliorated these 
effects [11, 12]. Not all investigators confirmed that high-protein diets caused injury to the normal 
kidney of rodents [13]. One group of investigators reported that three factors influenced the 
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 development and progression of kidney disease: (1) a high-protein diet, (2) the source of the protein 
fed (beef liver was reported to be particularly injurious to the kidney), and (3) the duration of feeding 
the diet [11]. Usually, little effort was made in these studies to control the intake of other nutrients 
including sodium, phosphorus, and potassium. Interestingly, Newburgh and Curtis [11] found that 
feeding urea to rats did not cause renal injury, suggesting that the mechanisms of the renal injury from 
high-protein diets were not an increased workload from the urea excretion.

In the 1930s and particularly the 1940s, several sets of studies reported benefits of LPDs for 
people with CKD [14–16]. These benefits included reduction in serum urea, improvement in uremic 
symptoms, and slowing of the progression of kidney failure. Kempner employed a low-salt, rice-
fruit-sugar diet for treatment “in all serious instances of acute and chronic nephritis, in heart failure 
that does not respond to the customary treatment with salt restriction and drugs, and in arterioscle-
rotic and hypertensive vascular disease with cardiac, cerebral, retinal or renal involvement” [14]. 
Kempner reported that this diet provided about 2000 kcal with not more than 5 g fat, 150 mg Na, 
200 mg Cl, and about 20 g protein. Some patients with severe uremia and/or fluid overload under-
went dramatic improvement with the loss of edema fluid, reduced blood pressure, and reduced 
uremic symptoms [14].

Other investigators described clinical benefits in advanced CKD patients with diets providing 
10–25 g protein/day. These diets sometimes were preceded by a period of treatment with no pro-
tein intake [15, 16]. These physicians emphasized the importance of providing adequate calories 
to maintain protein mass and the difficulty of attaining adequate energy intake in patients with 
severely advanced CKD [14–16]. In these studies, which were carried out in the era before dialy-
sis or transplantation, there appeared to be greater interest in treating patients with acute rather 
than chronic kidney failure, presumably because of the better long-term prognosis of the former 
patients [15, 16].

Thomas Addis added substantially to this body of literature [17]. His studies in subtotally nephrec-
tomized rats confirmed that LPDs reduced the increase in their renal mass and were associated with 
less proteinuria, hematuria, and cylindruria and lower blood urea nitrogen (BUN). Addis concluded 
that the osmotic workload from the urea, the major osmolyte in urine, and also chloride and sodium, 
the next two most abundant urinary osmolytes, increased the workload of the diseased kidney with 
reduced functional mass. By decreasing urea production, a LPD would reduce the renal workload, 
thereby protecting the kidney from hypertrophy and ultimately further renal damage [17].

Addis’s theories were not supported by the following observations. As indicated above, urea feed-
ing did not appear to damage the kidney [11]. Renal oxygen consumption does not increase during 
osmotic diuresis [18, 19]. Most of the energy expenditure by the kidney is due to renal tubular reab-
sorption of solutes, particularly sodium and chloride, and is not associated with excretion of osmo-
lytes or concentration of urine [20]. Third, Addis did not perform convincing pathological correlations 
with his dietary studies; his outcome measures included kidney size, urinalyses, and blood urea. In 
addition, he did not conduct controlled clinical trials of different protein diets in humans with kidney 
disease [17]. Investigators were unsure whether other nutrients that are associated with the protein 
content of the diet might be the nephrotoxic factors [1].

Many of the major investigators and thought leaders in renal physiology and renal disease in the 
late 1930s, 1940s, and early 1950s did not accept the thinking of Addis and other researchers who 
contended that LPDs would slow the loss of kidney function. These thought leaders argued that 
severely protein-restricted diets might engender malnutrition [1, 3, 21, 22]. Studies of small numbers 
of patients with acute nephritis did not indicate that high-protein or low-protein diets altered the uri-
nary sediment or change their clinical course [23]. Probably influenced by these previous thinkers, in 
the 1950s, Merrill focused on the role of diet to reduce uremic toxicity and improve metabolism while 
maintaining acceptable nutritional status [24]. He did recommend diets restricted in protein (to about 
0.50–0.60  g protein/kg/day), phosphorus, and other minerals when the glomerular filtration rate 
(GFR) had declined to where retention of substantial amounts of nitrogenous products and other 
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chemicals led to accumulation in the blood. Merrill recognized the importance of high biological 
value (HBV) protein and the protein-sparing effects of a high energy intake. He clearly was familiar 
with many of the relevant principles of clinical nutrition and incorporated this thinking into his dietary 
recommendations for CKD patients [24].

Interestingly, although the mechanistic theories of Addis concerning how LPDs might protect 
the diseased kidney were not confirmed, some of his theories are prototypes of theories that are in 
favor with many investigators today. This is particularly true with regard to why LPDs may be 
protective of rats and probably humans with CKD [25, 26]. For example, in rats with CKD, a nor-
mal or high- protein diet increases GFR which, in turn, leads to increased glomerular filtration of 
solutes and hence increased solute absorption, e.g., sodium and chloride, by the remaining func-
tional renal tubules; as indicated above, this will increase their workload. Higher-protein diets in 
rats also cause glomerular afferent arterial vasodilation, alters the glomerular basement membrane 
physiology, and increases single nephron blood flow and glomerular blood pressure. These diets 
also increase oxidative stress, inflammation, and protein deposition in the kidney. Higher protein 
intakes, by increasing acid production, may stimulate biochemical processes that promote fibrosis. 
In addition, higher protein intakes can also increase proteinuria in the diseased kidney, which 
itself is pathogenic. In CKD rats with reduced functioning nephrons, even a usual protein diet will 
engender these responses. Moreover, the protein and phosphorus contents of the diet are usually 
directly related, and higher phosphorus intakes are also associated with progressive kidney dam-
age [27].

 Dietary Protein Intake in CKD in the 1960s and 1970s

Starting in the early 1960s, there was an outpouring of studies of low-protein, low-phosphorus diets 
for the treatment of people with CKD (see below). What led to this outpouring of research is not 
entirely clear. We suspect that it may have been related to the exciting reports showing that chronic 
dialysis could keep people with end-stage kidney disease (ESKD) alive for extended periods of time. 
Also, successful kidney transplantation began to be reported at almost the same time. Hence, people 
with ESKD, which heretofore was considered to be a quickly and invariably fatal condition, suddenly 
could be kept alive for many years. This led to a reevaluation among healthcare workers of the syn-
drome of advanced CKD and its possible treatments, since it no longer was a terminal condition. One 
result was the exploration of potential treatments to keep advanced CKD patients alive and in a better 
metabolic, nutritional, and clinical state until they developed the need for renal replacement therapy 
(RRT; i.e., chronic dialysis treatment or kidney transplantation). At this time, there was virtually no 
discussion of using LPDs to slow progression of kidney disease. However, diets low in protein and 
minerals, especially sodium, potassium, and phosphorus, were considered to delay the need for RRT 
by maintaining advanced CKD patients in a healthier metabolic and physiological state and, thereby, 
reducing uremic symptoms.

In 1963, Giordano published a study in which advanced CKD patients were prescribed a diet pro-
viding almost no protein that was supplemented with primarily essential amino acids (EAAs), miner-
als, and food sources of energy [28]. He contended that uremic patients were able to reutilize 
endogenous or exogenous urea for protein synthesis, maintain positive nitrogen (N) balance, and 
manifest a reduction in uremic symptoms with a LPD that provided 23 g of HBV protein per day and 
adequate calories. However, this diet was hard to follow because it was unpalatable [28].

One year later, Giovannetti and Maggiore [29] reported the benefits of a very-low-protein diet 
(VLPD) providing about 1.0–1.5 g nitrogen per day that, after a period of days, was supplemented 
with about 12.7 g/day of the eight EAAs (omitting histidine) or about 1.5–2.2 g/day of nitrogen from 
egg protein and amino acids or albumen. This diet was given to eight patients with severe stage 5 
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CKD, six of whom, with urea clearances of 1.8–4.0 mL/min, were able to live without dialysis for up 
to 10 months. Patients sometimes required initial hemodialysis to improve their uremic symptoms to 
the point where they could ingest their entire VLPD. This diet contained 2000–3000 kcal from butter, 
lard, vegetable oil, sugar, honey, maize starch and special wheat starch, and select fruits and vegeta-
bles with the least amount of nitrogen (i.e., low biological value (LBV) proteins). Plasma urea 
improved dramatically. After undergoing rather markedly negative N-balance with the unsupple-
mented VLPD, the patients’ N-balance became positive when the EAAs or egg protein was added 
[29]. This diet was sometimes referred to as the G-G diet [30]. Despite these findings, the use of the 
G-G diet was not widespread among patients with uremia in many countries, including the United 
States, because it was not well accepted by patients and it was likely to cause protein-energy malnutri-
tion [31]. Low-protein, wheat starch products were developed during this time to satisfy dietary 
energy needs without providing additional protein, but many patients did not accept these products or 
other high-calorie, low-protein foods [32].

Although chronic hemodialysis therapy was just beginning to become available in the early 1960s 
for the overwhelming proportion of people with advanced CKD or ESKD, a protein-restricted diet 
that provided adequate amounts of amino acids, energy, and other essential nutrients was the only 
therapeutic option that was widely available to alleviate symptoms and to prolong life [29]. During 
this period of time, there was essentially no consideration of whether these diets could delay the pro-
gression of CKD.

In 1965, Berlyne and Shaw [33] modified the G-G diet to incorporate the preferences of British 
patients with advanced uremia. The Manchester modification of the G-G diet, as it was called, con-
tained 18 g of protein plus 250 mg L-methionine and provided 2300 kcal (1300 kcal as liquid glu-
cose, protein from spaghetti and biscuits, and 1000 kcal from cream and oil) [33]. Kluthe et al. [34, 
35] developed a German modification of the G-G diet that included potatoes and eggs, which 
together provided a combination of proteins that were of HBV. This diet provided 20–25 g of pro-
tein/day with 40% LBV and 60% HBV. Energy was supplied by butter/margarine for a total of 
2000 kcal/day [34, 35].

In 1968, Kopple et al. [32] conducted a prospective, randomized comparison study in far advanced 
CKD patients in which they received either a high-calorie 20-g protein diet with 13 g of HBV protein 
or an isocaloric 40-g mixed protein diet. (Calorie intake was maintained at about 35 kcal/kg/day in 
both groups.) The 40-g mixed protein diet contained at least 1.5 times the minimal daily requirement 
of each EAA. The 20-g protein diet contained about 14 g of HBV protein supplied from two whole 
eggs. Kopple et al. [32] found that both diets relieved uremic symptoms to a similar degree. There was 
a major decrease in serum urea nitrogen (SUN) with both diets, although the SUN decreased further 
with the 20-g protein diet. However, patients were able to maintain body weight better with the 40-g 
mixed protein diet. Moreover, this latter diet was more acceptable to patients because of the greater 
variety of food choices. On the other hand, patients ingesting the 20-g protein diet lost weight; they 
were dissatisfied with the diet and displayed poor dietary adherence. The researchers concluded that 
chronically uremic patients may have better outcomes with a 40-g protein diet with at least 1.5 times 
the minimal daily requirement of EAA [32].

In a subsequent study, Kopple and Coburn [31] compared a 20-g protein diet (about 0.30 g protein/
kg/day) with 67% HBV protein to a 40-g protein diet (about 0.60 g/kg/day) with 79% HBV protein in 
uremic patients. Calorie intake was maintained between 33 and 40 kcal/kg/day in both diets with the 
use of such high-calorie, low-protein foods as wheat starch bread, low-protein puddings, candies, and 
liquid glucose. Results showed that N-balance was consistently positive in uremic patients who 
received the 40-g protein diet and was usually negative with the 20-g protein diet. Nitrogen balance 
was significantly more positive with the 40-g protein diet than with the 20-g protein diet. Moreover, 
mean body weight increased only with the 40-g protein diet [31]. Other studies support the nutritional 
adequacy of the 0.60 g protein/kg/day in stage 4 and 5 CKD patients who are not hypercatabolic and 
do not have large amounts of proteinuria [36].
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 Essential Amino Acid and Ketoacid-Supplemented Very-Low-Protein Diets

In order to maximally reduce uremic toxicity while maintaining good nutritional status, Bergstrom 
and coworkers [37] developed a diet that provided about 16–20 g protein/day from foods that were 
supplemented with EAA. For the amount of protein and amino acids included, this diet should provide 
a much lower amount of potassium, phosphorus, and probably sodium and various other compounds 
(e.g., creatinine, purines, pyrimidines, food additives) that is found in foodstuffs that contain similar 
amounts of protein. Norée and Bergstrom [38] treated uremic patients in Sweden for an average of 
8.4 months with an unselected protein-poor diet (16–20 g/day) plus oral EAAs including histidine. 
Patients demonstrated a reduction in uremic symptoms that persisted for the several months that 
patients followed this diet; patients maintained N-balance with this diet. Moreover, patients with low 
serum albumin, total protein, and total iron binding capacity (TIBC) at baseline showed an increase in 
these values after 1 month of EAA supplementation that persisted during treatment. The authors con-
cluded that uremic symptoms can be resolved, protein depletion counteracted, and nutritional status 
improved with this EAA-supplemented very-low-protein diet (SVLPD) [38]. By modifying the com-
position of the EAA supplement, these investigators were able to obtain more normal plasma and 
intracellular muscle free amino acid concentrations in advanced CKD patients [39, 40]. To our knowl-
edge, they did not conduct studies on the effect of this EAA SVLPD on progression of CKD or sur-
vival in advanced CKD patients.

In another effort to provide adequate protein nutrition to advanced CKD patients while minimiz-
ing uremic toxicity, researchers began to examine the use of alpha ketoacid (KA) or alpha hydroxy-
acid analogs of EAA (Fig. 2.1). With the exception of lysine and threonine, humans can reversibly 
transaminate the EAA at the alpha amino carbon to form the respective EAA analog. Thus, these 
KAs and hydroxyacids offer the benefit that they provide amino acid precursors without the nitro-
gen load (i.e., the alpha amino (NH2) moiety) (see Fig. 2.1). To the extent to which they are ami-
nated, these compounds provide a sink for amino nitrogen which therefore reduces the generation 
of urea and other nitrogen-containing potential toxins. Initially, it was thought that the substantial 
amounts of urea are hydrolyzed in vivo, and the amino groups released from urea can be used for 
amination of KAs and hydroxyacids for synthesis of new amino acids [28, 42]. Subsequent research 
indicated that only small amounts of urea are hydrolyzed. Hence, reduction in urea synthesis, 
decreased amino acid degradation, and recycling of the amino groups in the amino acids, rather 
than urea reutilization, appear to be the main causes for net reduction in urea appearance with these 
diets [43, 44].

In addition to reducing the nitrogen load and generation of potential uremic toxins, KAs and 
hydroxyacid supplements of EAAs offer other potential advantages. The KA analog of leucine, alpha- 
ketoisocaproic acid, appears to reduce protein degradation in skeletal muscle [45]; leucine itself is 
reported to increase muscle protein synthesis [46]. These actions may both promote anabolism and 
reduce synthesis of urea and other toxic nitrogenous compounds. Since the KAs and hydroxyacids are 
strong acids, they are usually provided as calcium salts. As such, they have an alkalinizing effect, 
which might contribute to the ability of SVLPDs to slow the progression of kidney failure (see below). 
A recent review discusses the potential role of KAs and hydroxyacids in greater detail [41].

Walser was the first person to extensively use combinations of KAs and hydroxyacid analogs to 
reduce uremic toxicity in advanced CKD patients [47–49]. After several years of experimentation 
with different combinations and quantities of KAs and hydroxyacid analogs, he used a mixture of the 
KA analogs of four EAAs, valine, leucine, isoleucine, and phenylalanine, the hydroxyacid of methio-
nine, all given as the calcium salts, plus the other four EAAs, tryptophan, lysine, threonine, and histi-
dine, and the semi-EAA, tyrosine, to treat advanced CKD patients [47–49]. Roughly 16–20 g of this 
KA/EAA mixture was fed to advanced CKD patients who were also prescribed a diet providing about 
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20 g/day of protein of miscellaneous quality. Walser and his colleagues demonstrated that the KAs 
and the hydroxyacid were readily transaminated to their respective amino acids. This SVLPD 
 maintained N-balance, reduced uremic symptoms, and appeared to be safe [47–50]. However, not all 
patients accepted this rigorous, unusual diet.

As clinical experience increased, Walser also reported that many CKD patients ingesting this diet 
seemed to experience a slowing in their rate of loss of GFR [47–49]. These anecdotal findings were 
initially received with surprise and much skepticism. But as Walser continued to report these anec-
dotal observations, other investigators began to study this question.

By the 1970s, use of EAA and KA supplements had become more widespread for the treatment of 
chronic renal failure [48]. Numerous studies were conducted by other investigators in the following 
two decades to examine the effectiveness of these EAA/KA SVLPDs on nutritional status, progres-
sion of renal disease and postponement of dialysis [38, 50–54]. It was argued that supplementing a 
protein-restricted diet with a mixture of EAAs and KAs prevented the need for a large amount of HBV 
protein and allowed patients the flexibility to choose from a wider variety of foods [55]. It also ensured 
that adequate EAAs were ingested [56]. However, the 0.60 g protein/kg/day diet was also shown to 
maintain N-balance in CKD patients and provided the recommended dietary allowances for EAAs 

Fig. 2.1 Reversible transamination of a ketoacid (KA) analog of an amino acid (AA) and an AA. The R denotes the 
side chain of the AA, and the subscripts (x) and (y) refer to different AAs or KAs. Transamination is catalyzed by ami-
notransferase enzymes (i.e., transaminases). During this process, there is a substitution of the amino group with either 
a keto group (forming a KA) or a hydroxy group (yielding a hydroxyacid). The α amino group of the essential AA 
(EAA) is commonly transferred to a ketoglutarate or oxalo-acetate to generate the AAs glutamate or aspartate, respec-
tively. Glutamate, a major recipient of these amino groups, can be oxidatively deaminated to generate NH3 and regener-
ate a ketoglutarate. The KA formed by transamination can be degraded by oxidation. KA or hydroxyacid analogs of the 
EAAs, except lysine or threonine, can be transaminated to form their respective EAA. GFR glomerular filtration rate, 
LPD low-protein diet. (Reprinted with permission from Shah et al. [41])
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[31, 36, 57]. This diet should provide about 50% HBV protein and will still contain about as much 
miscellaneous quality protein as did the SVLPD.

Alvestrand et al. [52] treated a group of patients with severe renal insufficiency with 18 g of protein 
of mixed biological value supplemented with EAAs or KAs to postpone the need to start dialysis. The 
patients were treated for an average of 215 days until they received dialysis therapy or a kidney trans-
plant. After commencing the diet, uremic symptoms disappeared, serum urea decreased, and after 
more than 3 months of dietary therapy, they reported N-balance was more positive than in patients fed 
a poorly controlled 40-g protein diet. They also concluded that this EAA or KA SVLPD could be an 
alternative to early dialysis therapy without endangering life expectancy. The authors emphasized that 
the success of conservative dietary therapy (i.e., very-low-protein diet supplemented with EAAs or 
KAs) is dependent on the patient’s adherence to the prescribed diet, which involves proper nutrition 
education, counseling, and close supervision from a registered dietitian (RD) or international equiva-
lent [52].

Mitch et al. [50] treated 24 advanced CKD patients with 20–30 g of mixed quality protein, less 
than 600 mg of phosphorus, and 18 g of an EAA-KA mixture per day for a mean of 20 months. Each 
patient received intensive nutrition education. Fifty-nine percent of patients displayed a reduced rate 
of increase in serum creatinine levels; no patients showed a more rapid rise in serum creatinine. 
These findings supported the contention that an EAA/KA SVLPD can retard the rate of progression 
of CKD. Dialysis was postponed by an accumulated total of 13 patient years. Moreover, nutritional 
status, as assessed by body weight, N-balance, serum albumin, and serum transferrin, was main-
tained [50].

 The Modification of Diet in Renal Disease (MDRD) Study

As a result of a number of clinical trials in CKD patients that suggested LPDs or SVLPDs might slow 
the rate of progression of renal failure, the United States National Institutes of Health (NIH) funded 
the Modification of Diet in Renal Disease (MDRD) Study, which is the largest, most carefully con-
ducted, and most prominent randomized, prospective controlled clinical trial of the effects of diet on 
progression of CKD [58]. The MDRD Study examined the effects of (Study 1) a usual protein and 
phosphorus diet (1.3 g protein/kg/day) vs. a low-protein, low-phosphorus diet (0.58 g protein/kg/day) 
and (Study 2) the low-protein, low-phosphorus diet (0.58 g protein/kg/day) vs. an EAA/KA SVLPD 
and very-low-phosphorus diet (0.3 g miscellaneous protein/kg/day that was supplemented with 0.28 g/
kg/day of EAA and KA). True measured GFR of the patients was 25–55 ml/min/1.73m2 in Study 1 
and 13–24 ml/min/1.73m2 in Study 2. Patients in Study 1 and Study 2 were also randomized indepen-
dently to treatment with moderate vs. more strict blood pressure control (mean arterial blood pressure, 
107 vs. 92 mm Hg). The key questions addressed were whether dietary protein restriction or strict 
blood pressure control would slow the progressive loss of GFR and whether such treatments were safe 
for the patient.

Five hundred and eighty-five patients were evaluated in Study 1 and 255 patients in Study 2 for a 
mean follow-up of 2.2 years. The results were inconclusive. In Study 1, the projected mean decline in 
GFR at 3 years between the diet groups or between the blood pressure groups was not significantly 
different. As compared to the usual protein diet and the moderate blood pressure treatment, the low- 
protein group and the low-blood-pressure group underwent a significantly more rapid decline in GFR 
during the first 4 months after randomization and a significantly slower decline thereafter. In Study 2, 
patients prescribed the EAA/KA SVLPD had a marginally slower decrease in GFR than did patients 
prescribed the LPD (p = 0.07) [58].

Although many nephrologists concluded from the MDRD Study that an LPD providing 0.58 g 
protein/kg/day or an SVLPD had no effect on slowing of GFR in CKD patients, several factors may 
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have inadvertently prejudiced the MDRD Study from finding a difference in GFR loss between the 
two diets. First, the mean follow-up of 2.2 years may have been too short to adequately assess the 
effects of the low protein intakes. Both in Study 1 and especially in Study 2, the rate of GFR decline 
with the lower vs. the higher protein intakes tended to be slower at the time the study ended. In Study 
2, the slower decline of GFR with the SVLPD vs. the LPD was almost statistically significant 
(p = 0.07). As indicated above, in Study 1, the GFR with the LPD decreased significantly more rapidly 
during the first 4 months and significantly more slowly for the rest of the follow-up period [58]. Most 
likely, the initial greater fall in GFR with the LPD probably reflected a decrease in nephron hyperfil-
tration; the decrease in nephron hyperfiltration is a known physiological effect of LPDs. In fact, the 
possibility that this might occur was extensively discussed during the planning of the MDRD Study, 
but at the time the MDRD Study was designed, data that LPDs reduce renal hyperfiltration in CKD 
patients had not yet been published. If the decision had been made that the key method of analysis of 
the rate of decline in GFR would start after the first 4 months of treatment, the conclusion from the 
MDRD Study would be that LPDs do significantly retard the rate of progression of renal failure. 
Another limitation of the MDRD Study was that there was no comparison of an EAA/KA SVLPD to 
a normal protein intake.

Other problems with the MDRD Study were that about 23% (59 of 255) patients in Study 2 had 
polycystic kidney disease, a nonglomerular genetic disease that may be particularly resistant to the 
effects of protein restriction [59]. Also, some CKD patients exhibit slow or no decline in GFR with no 
specific intervention other than perhaps treatment of blood pressure [60]. No attempt was made to 
exclude these patients from the MDRD Study. Moreover, the tryptophan content of the EAA/KA 
supplement was increased in order to reduce the possibility that this diet was insufficient in trypto-
phan content and might induce malnutrition. At that time, it was not realized that tryptophan is a meta-
bolic precursor of indoxyl sulfate, which appears to be a nephrotoxin that might increase the rate of 
CKD progression [61]. Indeed, in the MDRD feasibility study, where additional tryptophan was not 
given, the EAA/KA SVLPD was associated with a slower decline in GFR than the EAA SVLPD 
(p <0.01), but not more slowly than with the 0.58 g protein/kg/day diet (p = 0.15).

Secondary analyses of data from the MDRD Study support the conclusion that a LPD has a benefi-
cial effect on the rate of GFR decline, proteinuria, and onset of ESKD [62, 63]. Each 0.2 g/kg/day 
decrease in protein intake was associated with a decline in the rate of GFR loss and a decrease in risk 
of end stage or death [64]. Although long-term (10-year) follow-up of the EAA/KA SVLPD group 
revealed a higher risk of death [63], interpretation of this finding is unclear since these patients only 
had access to the EAA/KA supplement for about the first 2.2 years of this 10-year follow-up.

Following publication of the results of the MDRD Study, a number of research studies continued 
to support and some nephrologists and dietitians continued to promote the treatment of advanced 
CKD patients with a LPD and EAA/KA SVLPDs. Many clinical trials with EAA/KA SVLPDs were 
conducted in CKD patients [54, 65–70]. Some of these trials were randomized, progressive, and con-
trolled although in smaller numbers of patients. However, some, but not all of these trials, reported a 
reduction in the rate of loss of GFR [66, 70]. Few patients appeared to develop protein-energy wasting 
(PEW) [71]. In those studies where PEW was described in some patients, it was not clear that patients 
were carefully managed with regard to their dietary energy and protein intake.

Several meta-analyses were conducted on the effects of diet on progression of CKD in nondiabetic 
and diabetic adults. In meta-analyses where the time until the start of RRT was used as the criteria for 
reduction in progression of CKD, EAA/KA SVLPDs and LPDs were shown to significantly slow 
progression [71–73]. A meta-analysis by Fouque and Aparicio [56] using eight randomized controlled 
trials (RCTs) with 763 patients prescribed LPDs and SVLPDs (stages 3 and 4) and 751 controls 
showed a 31% reduction in renal death (95% CI: 0.55–0.85). A recent meta-analysis in nondiabetic 
adults with CKD indicated that in comparison to normal protein intakes, EAA/KA SVLPDs increased 
the time to starting RRT but LPDs had little or no effect [71]. In the one meta-analysis where a reduc-
tion in the rate of decline of GFR was used as the criterion, a statistically significant reduction in the 
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rate of progression of CKD was also observed with LPDs and SVLPDs [74]. However, the rate of 
slowing was only 0.53  ml/min/1.73  m2 per year, which was not considered to be clinically 
important.

One must bear in mind that these analyses did not exclude CKD patients who did not adhere to the 
LPDs and SVLPDs. It is possible that the reduction in progressive renal failure would have been more 
pronounced if the analyses had been restricted to patients who adhered to their prescribed diets. Such 
an analysis would be very difficult if not impossible to conduct because patients who adhere more 
closely to LPDs or SVLPDs might be more likely to take their medicines as prescribed, to live a 
healthier lifestyle, and to have other characteristics that might influence progression of CKD, inde-
pendent of their diet.

The findings from these two sets of meta-analyses may not be in conflict. Whether LPDs and 
SVLPDs do or do not slow the loss of GFR, the decreased intake of protein, potassium, phosphorus, 
and possibly sodium with these latter diets may sufficiently reduce uremic toxicity in far advanced 
CKD patients, so that nephrologists may delay the inauguration of RRT [75, 76]. The study by Brunori 
et  al. [77] provides evidence to this effect. These investigators studied elderly, nondiabetic CKD 
patients who, at the start of the study, were >70 years of age and had a GFR, defined as the mean of 
their serum creatinine and urea clearances, of 5–7 ml/min. Patients were randomly assigned to either 
start chronic dialysis therapy (n = 56 patients) or receive treatment with a 0.30 g protein/kg/day vegan 
diet supplemented with EAA/KA (n = 56 patients). The latter patients continued on the SVLPD until 
they exhibited signs indicating a need for dialysis therapy. Median follow-up was 26.5 months, and 
the median time that patients followed the SVLPD was 10.7 months. Forty of the SVLPD patients 
began dialysis treatment due to fluid overload or hyperkalemia. There was no difference in survival 
between the two groups, although hospitalization was significantly lower in the SVLPD patients as 
compared to the dialysis patients (p <0.01), with 41% of hospitalizations due to their dialysis access 
site [77].

LPDs and SVLPDs may also be used to delay the need for thrice-weekly hemodialysis or daily 
chronic peritoneal dialysis (CPD) in patients approaching ESKD [78, 79]. By reducing accumulation 
of toxins with these diets, patients may begin RRT with once or twice weekly dialysis therapy. EAA/
KA SVLPD therapy has also been used in some far advanced CKD patients to successfully avoid the 
need for emergency placement of a vascular access for urgent dialysis. In these patients, uremia was 
controlled with a SVLPD for sufficient time to allow a surgically created vascular fistula or graft to 
mature and be used [80]. Clearly, there is a need for more studies to examine whether dietary therapy 
can safely delay the need for dialysis therapy in advanced CKD patients.

In a recent systematic review of controlled trials, Rhee et al. [81] compared the clinical manage-
ment of CKD patients with different levels of dietary protein intake. The risk of progression to ESKD 
was significantly reduced, and the trend toward all-cause mortality was also lower in patients who 
received the LPD (<0.80 g/kg/day) compared to a higher-protein diet (>0.80 g/kg/day). Moreover, the 
SVLPD (<0.40 g/kg/day) as compared to a dietary protein intake <0.80 g/kg/day was associated with 
greater preservation of kidney function after 1 year and a significant reduction in the rate of progres-
sion to ESKD [81]. The optimal protein intake that may slow the progression of renal damage is 
unknown, but the authors are of the opinion that a EAA/KA SVLPD and possibly a 0.60 g protein/kg/
day diet are probably effective in slowing CKD progression [82, 83]. These diets will not engender 
PEW as long as there is adequate intake of calories, protein, and other essential nutrients. Sufficient 
EAAs must be given either by ensuring adequate HBV protein, provided with the 0.60 g protein/kg/
day diet, or as pure EAAs or their KA or hydroxyacid precursors ingested with the SVLPD.

It is the authors’ opinion that intensive nutrition education, monitoring and evaluation, and an 
assessment of dietary adherence by the RD (or international equivalent), which occurred in the MDRD 
Study and in a number of other clinical trials of dietary therapy for CKD patients, are warranted for 
patients who are prescribed LPDs. Moreover, this surveillance by the RD is necessary to reduce the 
risk of PEW in this population.
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 Variations in Low-Protein Diets

Some investigators involved with the MDRD Study concluded that a diet providing 0.75 g protein/kg/
day, which they rounded out to 0.80 g protein/kg/day, was as effective as lower-protein diets at retard-
ing progression of kidney failure and maintaining adequate nutrition [84]. These conclusions were 
largely based on a post hoc analysis of the MDRD Study data and particularly a linear regression 
analysis of total protein (or total protein plus the EAA/KA supplement). It has been argued that 
examination of this regression analysis is likely to indicate that a 0.60 g protein/kg/day diet might 
lower progression of CKD more effectively. This latter diet appears to maintain nutritional status well 
and to generate less uremic toxicity compared to higher protein intakes [31, 36]. For CKD patients 
who may not be able to ingest adequate calories with the 0.60 g protein/kg/day diet or who find this 
diet too difficult to follow, it may be necessary to prescribe a higher-protein diet. However, even under 
these latter circumstances, we do not recommend a diet providing more than 0.80 g protein/kg/day for 
patients who have stage 4 or 5 CKD.

The original N-balance studies and clinical assessments of nutritional status with the EAA/KA 
SVLPDs that were carried out by Walser and associates evaluated a 0.30 or 0.40 g protein/kg/day diet 
supplemented with about 0.28–0.30 g EAA/KA/kg/day [48, 49, 65]. This diet was demonstrated to 
maintain N-balance and nutritional status [49]. Similar quantities of the EAA/KAs were employed in 
the MDRD Study. However, in recent years, the amount of the EAA/KA supplement that is often used 
and recommended is closer to about 0.12 g/kg/day [55, 66, 67, 69, 85, 86]. To our knowledge, the 
nutritional adequacy of this lower quantity of EAA/KAs has not been evaluated. We suspect that a 
major incentive for reducing the dosages of EAA/KAs is the relatively high cost of this supplement. 
Although a high incidence of PEW has not been reported with these lower doses, this may reflect the 
fact that most CKD patients prescribed the SVLPDs ingest higher amounts of dietary protein.

Recently, there has been much discussion regarding the potential benefits of vegan or vegetarian 
diets for CKD patients [70, 87]. These diets have been recommended for people without CKD, those 
with mild CKD, those with more advanced CKD prescribed the EAA/KA SVLPDs, those receiving 
chronic hemodialysis or peritoneal dialysis, and renal transplant recipients. The potential advantages 
of these diets are nicely summarized by Kalantar-Zadeh and Moore [87]. Potential benefits of these 
diets include the following: (1) Epidemiological studies indicate that people who appear to have nor-
mal kidney function and whose diets consist of a high plant content (e.g., the Mediterranean diet) live 
longer. (2) Diets higher in nuts, low-fat dairy products, and legumes and lower in red meat and pro-
cessed meat are associated with a lower incidence of CKD [88]. (3) These diets can be associated with 
lower sodium intake and higher potassium intake, which may lead to reduced hypertension and oxida-
tive stress. (4) The higher nitrate content of plant-based diets also may reduce blood pressure. (5) 
Dietary phosphorus content and intestinal phosphorus absorption may decrease somewhat, probably 
due to the higher phytate content of these diets [89].

A high plant-based diet may present an alkaline load that, by alkalinizing the kidney and urine, is 
reported to reduce the rate of progression of CKD. Some evidence suggests that animal fat may pro-
mote albuminuria, and choline and carnitine found in meat may increase production of potentially 
toxic trimethylamine, trimethylamine N-oxide, and other compounds in the gastrointestinal tract [90, 
91]. A potential disadvantage of the vegetarian diet is that plant foods are often higher in potassium. 
For patients ingesting 0.60 g protein/kg/day, some vegetarian diets and particularly a vegan diet might 
provide inadequate amounts of some EAAs. Thus, it would seem that those at greatest risk of adverse 
events with a vegetarian/vegan diet may be advanced CKD patients who are not receiving dialysis 
treatment and who are ingesting diets providing about 0.60 g protein/kg/day. It is emphasized that no 
randomized prospective, controlled clinical trials have examined the health benefits and safety of 
vegetarian diets in CKD patients, except for studies that have assessed the ability of such diets to 
alkalinize urine [92].
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 Low-Protein Food Products

In the 1960s, food manufacturers began to produce high-calorie, low-protein food products in order 
to satisfy the energy needs of CKD patients prescribed LPDs. Low-protein wheat starch flour was one 
of the first products produced to make bread, muffins, cookies, cakes, and pancakes. For example, a 
40-g slice of low-protein bread supplied 0.20 g protein and 115 calories compared to a regular slice of 
bread that provides 2 g of protein and 65 calories. The calorie content of the low-protein bread could 
be increased with the addition of butter/margarine and jelly/jam. However, because of the lack of 
gluten in the wheat starch flour, few patients (and dietitians) were able to make an acceptable bread 
product that was palatable and easy to handle. Low-protein pasta was also developed since it could be 
prepared with cream, butter, herbs, and other seasonings to increase the calorie content and the flavor. 
These products made it possible for patients to reduce their intake of LBV protein which, in turn, 
allowed them to consume more HBV proteins. Another available product was a powdered carbohy-
drate, protein-free supplement which could be added to any liquid such as water, soup, juice, or soft 
drinks.

Today, low-protein food products have become more widely available and palatable, which should 
increase patient adherence. Flavis® (Dr. Schar) (Lyndhurst, NJ) (https://www.flavis.com/en) is one 
food manufacturer that has entered the low-protein food market. They have a wide selection of low- 
protein pastas, breads, cookies, and snacks. Cambrooke Therapeutics (Ayer, MA) (https://www.cam-
brooke.com/), another manufacturer of low-protein food products, has developed more than 35 
low-protein foods in 12 different food categories, specifically for the renal diet.

 Dietary Protein Therapy in the Present Day

 Evidence-Based Guidelines and Consensus Statements on Dietary Protein 
Intake in CKD

Since the early 2000s, several professional organizations have developed guidelines and consensus 
statements that include recommendations for protein intake in patients with stage 3–5 CKD (Table 2.1). 
In 2000, the evidence-based National Kidney Foundation (NKF) KDOQI Clinical Practice Guidelines 
for Nutrition in Chronic Renal Failure (hereafter referred to as the KDOQI Nutrition Guidelines) were 
published [93]. These guidelines were the basis for nutrition management of adult predialysis patients 
(CKD stages 4–5) for almost two decades. The KDOQI Nutrition Guidelines recommended that in 
patients with chronic renal failure (i.e., GFR <25 mL/min/1.73 m2), 0.60 g of protein/kg/day should 
be considered. However, for patients who will not accept this protein recommendation or who are 
unable to maintain adequate dietary energy intake with this LPD, a protein intake of up to 0.75 g/kg/
day may be prescribed. Moreover, ≥50% of the dietary protein should come from HBV sources [93].

In 2006, the Australia and New Zealand Renal Guidelines Taskforce published evidence-based 
practice guidelines for the nutritional management of CKD [94]. The taskforce determined the amount 
of dietary protein per day that is appropriate to optimize nutritional status and to prevent malnutrition 
in CKD patients. For patients with stage 3 CKD and patients with stage 4 CKD, they recommend 
0.75–1.0 g/kg body weight (BW)/day. However, they state that the latter group should consume ade-
quate calories and more than 50% HBV protein. As mentioned above, many researchers in this field 
think there is no therapeutic advantage to these higher protein intakes and recommend lower-protein 
diets, particularly for people with stage 4 CKD [31, 32, 36, 37, 47–49, 52, 70]. To our knowledge, 
there were no recommendations made for dietary protein intake of non-dialyzed stage 5 CKD patients 
(see Table 2.1) [94].
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Table 2.1 Daily dietary protein recommendations in non-dialyzed patients with CKD

Guideline Patients Protein intake recommendation

NKF/KDOQI Clinical Practice Guidelines 
for Nutrition in Chronic Renal Failure [93]

GFR <25 mL/min 0.60 g/kg/day
0.75 g/kg/day (for non-adherent patients)
≥50% HBV protein

Australian-New Zealand Clinical Practice 
Guidelines [94]

Stage 3 (GFR 
30–59 ml/min)

0.75–1.0 g/kg IBW/day

Stage 4 (GFR 
15–29 ml/min)

0.75–1.0 g/kg IBW with adequate kilojoule 
intake
>50% HBV

ESPEN Guideline on Enteral Nutrition: 
Adult Renal Failure [95]

GFR 25–70 mL/min 0.55–0.60 g PRO (2/3 HBV)/kg/day
GFR < 25 mL/min 0.55–0.60 g PRO/kg/day (2/3 HBV) OR ~ 

0.30 g/kg/day supplemented with EAA or 
EAA/KA

eGFR <20 mL/min 0.30–0.50 g/kg BW/day with KA (when 
available) to meet PRO requirements

Fresenius Kabi [85] Stage 3a: eGFR 
45–59a

0.80 g/kg/day (KAA not required)

Stage 3b: eGFR 
30–44a

0.60–0.70 g/kg/day + optional: 1 tablet/5 kg 
BW/day (depending on the biological value 
of dietary protein)

Stage 4: eGFR 
15–29a

0.60 g/kg/day + optional: 1 tablet/5 kg BW/
day (depending on the biological value of 
dietary protein) OR
0.30–0.40 g/kg/day +1 tablet/5 kg BW/day

Stage 5: eGFR 
<10–15 (not on 
dialysis)

0.60 g/kg/day + optional: 1 tablet/5 kg BW/
day (depending on the biological value of 
dietary protein) OR
0.30–0.40 g/kg/day +1 tablet/5 kg BW/day

KDIGO [96] GFR < 30 mL/
min/1.73m2

0.80 g/kg/day

Adults at risk of 
progression

Avoid >1.3 g/kg/day

Australian KHA-CARI Guidelines [97] Early CKD (stages 
1–3)

0.75–1.0 g/kg/day with adequate calorie 
intake
<0.60 g/kg/day is not recommended because 
of the risk of malnutrition

ISRNM [98] All CKD 0.60–0.80 g/kg/day (without signs of 
malnutrition)
≥50% HBV
+1.0 g/kg/day (presence of illness)

National Institute for Health and Care 
Excellence [99]

Stages 3–5 Do not prescribe low-protein diets (i.e., 
<0.60–0.80 g/kg/day) to patients with CKD

Italian Society of Nephrology [86] All CKD LPD: 0.60 g/kg/day (animal sources + 
protein-free products)
Vegan diet: 0.70 g/kg/day (plant sources)
VLPD: 0.30–0.40 g/kg/day (plant sources + 
protein-free products + EAA + KA)

KDOQI Guidelines: 2020 Update [100] Stages 3–5 0.55–0.60 g/kg BW/day OR
0.28–0.43 g dietary protein/kg BW/day with 
additional KA/AA analogs to meet protein 
requirements (total: 0.55–0.60 g /kg BW/day)

Stage 3–5 (with 
diabetes)

0.60–0.80 g/kg BW/day

(continued)
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The Australia and New Zealand Renal Guidelines Taskforce specified under what circumstances 
IBW, actual body weight, or adjusted body weight should be used to determine protein requirements. 
Clinicians should aim for weight to be within a body mass index (BMI) of 20–25 kg/m2 if GFR is 
between 15 and 59 mL/min. The taskforce recommended that if the patient is obese (BMI >30 kg/m2), 
IBW can be adjusted using the following formula:

Adjusted body weight actual weight ideal weight= −( )× 0 25. ++ IBW

Actual body weight should be used when (1) weight is within reasonable range of ideal or standard 
body weight (recommended BMI range), (2) recent weight change has not occurred, (3) the patient is 
not malnourished, and (4) the patient has been slightly overweight or underweight almost all of his/
her life. Adjusted body weight should be used when patients are overweight or obese, using clinical 
judgment [94].

More recently, two American organizations, the NKF and the Academy of Nutrition and Dietetics, 
convened a workgroup to update and expand the nutrition guidelines for CKD patients. This docu-
ment is the current KDOQI clinical practice guidelines [100]. For metabolically stable non-dialyzed 
patients (stage 3–5 CKD) without diabetes mellitus, the workgroup recommends a LPD that pro-
vides 0.55–0.60 g dietary protein/kg BW/day or an SVLPD that provides 0.28–0.43 g dietary pro-
tein/kg BW/day plus additional EAAs/KAs to provide a total protein intake of 0.55–0.60 g/kg BW/
day [100]. These recommended dietary protein intakes seem reasonable to us. However, for meta-
bolically stable patients with diabetes mellitus and stage 3–5 CKD, the KDOQI workgroup consid-
ers it reasonable to prescribe 0.60–0.80 g protein/kg BW/day [100]. For CKD patients with large 
urinary protein losses, it seems reasonable to add 1 g of additional HBV protein to the diet for each 
gram of urine protein excretion above 5 g/day. (Refer to Chaps. 15 and 16 for dietary protein recom-
mendations for adult maintenance hemodialysis patients and peritoneal dialysis patients, 
respectively.)

It has been argued that patients who are prescribed and who adhere to LPDs have increased risk of 
developing PEW [90–94, 100, 104–108] (Fig. 2.2). A number of studies indicate that in almost all 
clinically stable non-dialyzed CKD patients, the 0.60 g protein/kg/day diet is nutritionally adequate if 
patients ingest sufficient calories, about 30–35 kcal/kg/day. This energy intake is not always easy for 
advanced CKD patients to attain. It is common for CKD patients with GFR levels of 25–35  ml/
min/1.73  m2 to lose weight [109, 110], probably (at least partly) because they ingest inadequate 
amounts of calories [36, 109]. CKD patients must be carefully monitored and managed to ensure that 

Table 2.1 (continued)

Guideline Patients Protein intake recommendation

Special populations
NKF/KDOQI Guidelines for Hypertension 
and Antihypertensive Agents in CKD [101]

Stages 1–2 1.4 g/kg/day (~ 18% of kcal)
Stages 3–4 0.60–0.80 g/kg/day (~ of 10% kcal)

KDOQI Clinical Practice Guidelines and 
Clinical Practice Recommendations for 
Diabetes and Chronic Kidney Disease [102]

All diabetics with 
CKD

0.80 g/kg/day and ≤20% of total kcal

Canadian Diabetes Association Guidelines 
[103]

All diabetes with 
CKD

0.80 g/kg/day; avoid intakes <1.3 g/kg/day

Abbreviations: IBW ideal body weight, NKF-KDOQI National Kidney Foundation Kidney Disease Outcomes Quality 
Initiative, MHD maintenance hemodialysis, PD peritoneal dialysis, eGFR estimated glomerular filtration rate, HBV 
high biological value, ESPEN Enteral Society for Parenteral and Enteral Nutrition, EAA essential amino acids, KA 
ketoanalogs, KAA keto/amino acids, ISRNM International Society of Renal Nutrition and Metabolism, CKD chronic 
kidney disease, LPD low- protein diet, KDOQI Kidney Disease Outcomes Quality Initiative, BW body weight
aWith increasing serum creatinine
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energy intake is adequate and that they do not lose weight or develop PEW. As stated previously, CKD 
patients require frequent nutrition education, monitoring and evaluation, and an assessment of dietary 
adherence by an RD (or international equivalent). This continuous surveillance is aimed at identifying 
risk factors for and preventing PEW in patients prescribed LPDs and SVLPDs.

 High-Protein Diets and Kidney Disease

Low-carbohydrate, high-protein diets are the fad today for people seeking weight loss; examples of 
this diet are the Atkins diet and the ketogenic diet [111]. The effects of these types of diets on the 
kidneys in people with normal kidney function are inconclusive. In the short term, a high-protein diet 
in people with normal kidney function may not cause deterioration of the kidneys; however, the long- 
term effects have not been examined fully. On the other hand, in people with preexisting kidney dis-
ease or a family history of kidney disease, caution should be taken before consuming a high-protein 
diet (i.e., more than 1.2 g/kg/day). Studies suggest that a high-protein diet in people with preexisting 
kidney damage may result in progressive damage, possibly by increasing renal blood flow and intra-
glomerular pressure, which then leads to higher GFR [112, 113]. Such diets also promote greater 
accumulation of toxic protein-derived nitrogenous metabolites [107, 108] (Fig. 2.3). Therefore, it is 
the recommendation of the authors that before a low-carbohydrate, high-protein diet is considered for 
weight loss, individuals should be evaluated for preexisting kidney disorders to prevent further 
damage.

The mechanisms underlying the effects of a high-protein diet on the progression of CKD has 
been examined. Protein metabolism leads to the production of nitrogenous end products such as 
urea, ammonia, uric acid, and strong acids that are excreted by the kidneys and concentrated in 
the urine at levels higher than in plasma. After consumption of protein or an infusion of amino 
acids, there is a rapid reversible increase in GFR that is dependent on inhibition of tubuloglo-
merular feedback that involves the renin-angiotensin system and nitric oxide that is possibly 

Low protein diet
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Fig. 2.2 Diagram of the role of low-protein diet in management of chronic kidney disease. Reduction in phosphorus 
intake and blood pressure levels are probably due to the lower phosphorus and sodium content of low-protein diets. 
Reduced insulin resistance has been occasionally described in reports of the responses to supplemented very-low- 
protein diets. (Modified with permission from Ko et al. [108])
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influenced by vasopressin and glucagon. Hyperfiltration creates a vicious cycle because of the 
workload on the remaining nephrons in terms of filtration and reabsorption of sodium and other 
electrolytes, glucose, amino acids, and small proteins. This continued process resulting from a 
high-protein diet is considered one of the mechanisms leading to kidney failure [114]. As indi-
cated above, a recent epidemiological study indicates that diets higher in red meat and processed 
meat and lower in nuts, low-fat dairy products, and legumes are associated with a higher inci-
dence of CKD [88].

 Conclusion

Protein-modified diets and particularly LPDs have been recommended for the management of 
patients with CKD since the last half of the 1800s. The characteristics of these diets have varied 
greatly. The potential benefits attributed to these diets include the following: (1) Protein-restricted 
diets reduce the accumulation of uremic toxins in the body and the severity of uremic toxicity, 
particularly when CKD is advanced. (2) LPDs facilitate the reduction in potassium, phosphorus, 
and possibly sodium intake. (3) LPDs may slow the progression of CKD and the loss of GFR; 
however, not all nephrologists believe LPDs have this effect. (4) Certain food sources of protein 
or certain amino acids or amino acid precursors may be less harmful or more beneficial to the 
kidney.

There are basically two types of protein-restricted diets currently recommended for CKD patients. 
One is a LPD that provides 0.55–0.60 g protein/kg BW/day with about 50% HBV protein. Meeting 
energy needs or improving patient acceptance may require the protein content of this diet to be 
increased up to 0.75 g/kg/day. The other diet is a SVLPD that provides about 0.28–0.43 g protein/kg 
BW/day that is supplemented with a mixture of four essential amino acids (histidine, lysine, threo-
nine, and tryptophan) and the calcium salts of the ketoacid analogs of four other essential amino acids 
(isoleucine, leucine, phenylalanine, and valine) and the hydroxyacid analog of methionine to meet the 
total protein requirements of 0.55–0.60 g/kg BW/day. These diets may delay the need for RRT (i.e., 
chronic hemodialysis, peritoneal dialysis, or kidney transplantation) by reducing the severity of ure-
mic toxicity and possibly also by slowing the rate of loss of GFR.

High Dietary Protein Intake

Glomerular Hyperfiltration

Damage to 
Glomerulus Structure

Damage to 
Glomerulus Structure

Increased Intra-Glomerular Pressure

vicious cycle

Fig. 2.3 Diagram of the effect of a high-protein diet on kidney function. (Reprinted with permission from  
Ko et al. [108])
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Kidney Function in Health and Disease
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 Introduction

The kidneys perform three major functions. As regulatory organs, the kidneys precisely control the 
composition and volume of the body fluids and maintain acid-base balance as well as blood pressure 
by varying the excretion of water and solutes. As excretory organs, the kidneys remove various nitrog-
enous metabolic end products in the urine. In general, the kidneys filter plasma in the glomerulus to 
form a protein-free ultrafiltrate. This ultrafiltrate passes through the various tubular segments where 
reabsorption of essential constituents and secretion of unwanted products occur. As endocrine organs, 
the kidneys produce important hormones, such as renin, erythropoietin, and active vitamin D3 (cal-
citriol). In addition, the kidneys participate in the degradation of various endogenous and exogenous 
compounds. In order to understand these functions, it is essential to examine the gross and micro-
scopic structure of the kidneys.
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Key Points
 1. Describe the gross and microscopic structure of the kidney.
 2. Discuss the various functions of the normal kidney.
 3. Define and discuss the various renal syndromes, such as acute kidney injury, chronic kidney 

disease, nephrotic and nephritic syndromes, tubulointerstitial diseases, vascular diseases of 
the kidney, podocytopathies, and IgG4-related diseases.
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 Anatomy of the Kidney

The kidneys are paired, bean-shaped structures located retroperitoneally in the lumbar region, one on 
either side of the vertebral column [1–3]. The lateral edge of the kidney is convex, while the medial 
aspect is concave with a notch called the hilum. The hilum receives the blood and lymphatic vessels, 
the nerves, and the ureter. The hilum contains a cavity, the renal sinus, where the ureter expands to 
form the renal pelvis. The normal adult kidney is about 10–12 cm long, 5–7 cm wide, and 2–3 cm 
thick, and it weighs 125–170 g.

Each kidney is composed of the parenchyma and the collecting system. The parenchyma consists 
of an outer cortex and an inner medulla. The medulla is divided into an outer (toward the cortex) and 
an inner medulla (toward the pelvis). The collecting system includes the calyces, the renal pelvis, and 
the ureters. The major calyces unite to form the renal pelvis. The renal pelvis drains into the ureter, 
which connects the kidney to the bladder.

The basic structural and functional unit of the kidney is the nephron. There are about 600,000 
(range 300,000–1,400,000) nephrons in each kidney. Each nephron contains specialized cells 
that filter the plasma and then selectively remove, reabsorb, and secrete a variety of substances 
into the urine. The nephron consists of a renal corpuscle, the proximal tubule, the loop of Henle, 
and the distal tubule. The collecting duct is not part of the nephron because it is embryologically 
derived from the ureteric bud, whereas the nephron is derived from the metanephric blastema. 
However, the collecting duct is commonly included in the nephron because of its related 
function.

 Renal Corpuscle

The renal corpuscle consists of the glomerulus and Bowman’s capsule. Generally, the term “glomeru-
lus” is widely used for the entire corpuscle. The glomerulus is composed of a capillary network lined 
by an inner thin layer of endothelial cells, a central region of mesangial cells surrounded by collagen- 
like mesangial matrix, and an outer layer of visceral epithelial cells. The endothelial and epithelial 
cells are separated by the glomerular basement membrane (GBM).

The GBM is a dense fibrillar structure, which is the only anatomic barrier between blood and urine. 
Biochemical studies of the GBM showed that it contains predominantly type IV collagen, proteogly-
cans, and laminin. Collagen provides the structural framework, whereas proteoglycans, such as hepa-
ran sulfate, confer a negative charge to the GBM. Because of this negative charge, filtration of albumin 
is curtailed. Bowman’s capsule, which is a double-walled cup surrounding the glomerulus, consists of 
an outer layer of parietal epithelial cells. Between the visceral epithelial and parietal epithelial cells is 
a space called Bowman’s space. The glomeruli are located exclusively in the cortex, which undergo 
pathologic changes in several disease conditions.

The endothelial cells line the glomerular capillaries, and they are separated by large (70 nm) fen-
estrations. These fenestrations limit filtration of only cellular elements such as erythrocytes but not 
water or proteins. The epithelial cells, also called podocytes, represent the visceral layer of Bowman’s 
capsule. The podocytes have foot processes that cover the GBM. These foot processes are separated 
by a thin diaphragmatic structure called the slit diaphragm or slit pore.

The renal corpuscle is responsible for the ultrafiltration of the blood, which is the first step in 
urine formation. In this process, medium- and small-sized molecules are allowed to pass through 
into Bowman’s space, while large-size molecules, such as proteins, are left behind. To enter 
Bowman’s space, the ultrafiltrate must pass through the fenestrae of the endothelial cells, the lay-
ers of the basement membrane, and the slit diaphragms of the foot processes. Podocytes   
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synthesize several cytoskeleton (e.g., actin, synaptopodin) and slit diaphragm (e.g., nephrin, podo-
cin) proteins as well as angiogenic factors such as vascular endothelial growth factor. Discussion 
of these factors in the maintenance of glomerular capillary integrity is beyond the scope of this 
chapter.

In the last 10–15  years, there has been considerable interest in podocyte biology in various 
hereditary and acquired glomerular diseases. Only pathophysiological abnormalities in podocytes 
can cause both functional and structural abnormalities, and these abnormalities have been classified 
as podocytopathies, and a brief discussion of these podocytopathies is presented at the end of this 
chapter.

 Proximal Tubule

Bowman’s capsule continues as the proximal tubule, which is lined by cuboidal or columnar cells 
with a brush border on their luminal surface. The brush border consists of millions of microvilli, 
which markedly increase the surface area available for the absorption of solutes and water through 
cells (transcellular transport) or between cells (paracellular transport) or both. The proximal tubule 
reabsorbs about 60% of the ultrafiltrate. Several electrolytes (Na+, K+, Cl−, HCO3

−, Ca2+, HPO4
3−), 

amino acids, glucose, and water are reabsorbed in the proximal tubule. Also, secretion of organic 
acids and bases occurs in the proximal tubule. The proximal tubule is susceptible to insults such as 
renal ischemia and nephrotoxins, resulting in altered kidney function.

 Thin Limb of Henle’s Loop

The proximal tubule continues into the medulla as the thin descending limb of Henle’s loop. The 
loop then bends back and becomes the thin ascending limb of Henle’s loop. The thin descending 
limb is more permeable to water and less permeable to NaCl. As a result, water moves into the 
interstitium and makes the ultrafiltrate more concentrated than in the proximal tubule. In contrast, 
the thin ascending limb is impermeable to water but permeable to NaCl. Therefore, the ultrafil-
trate becomes dilute and the medullary interstitium hypertonic. Thus, the thin descending and 
ascending limbs participate in the countercurrent multiplication of the urinary concentration 
process.

 Distal Tubule

The distal tubule includes the thick ascending limb of Henle’s loop and the distal convoluted tubule. 
The thick limb runs from the medulla into the cortex up to its parent glomerulus, where it forms the 
macula densa, a component of the juxtaglomerular apparatus that secretes renin. The thick ascending 
limb of Henle’s loop is responsible for the reabsorption of Na+, K+, and Cl− in the ratio of 1:1:2. The 
reabsorption of these electrolytes is dependent on the Na/K-ATPase located in the basolateral mem-
brane. NaCl reabsorption also occurs in the distal convoluted tubule. Both segments of the distal 
tubule are normally impermeable to water, and thus, the fluid formed in the distal tubule is hypotonic. 
The impermeability of the distal tubule to water, combined with active transport of Na+ and Cl− out of 
the thick ascending limb, makes the medullary interstitium hypertonic. The distal tubule is connected 
to the collecting duct by the connecting tubule.
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 Collecting Duct

Depending on its location in the kidney, the collecting duct can be divided into the cortical, outer 
medullary, and inner medullary portions. The epithelium of the collecting ducts contains two types of 
cells: principal (65%) and intercalated (35%) cells. The principal cell is the predominant type of cell 
lining the collecting duct system. In the cortical collecting duct, principal cells are responsible for K+ 
secretion and Na+ reabsorption. This function is regulated by aldosterone. Intercalated cells are 
involved in H+ and HCO3

− secretion. Transport of water occurs in all segments of the collecting duct 
in the presence of the antidiuretic hormone or vasopressin. Figure 3.1 summarizes the functions of 
various segments of the nephron.

 Interstitium

The renal interstitium, a space between tubules, is comparatively sparse. It increases from the cortex 
to the medulla. In humans, the fractional volume of the cortical interstitium ranges from 12% in 
younger individuals to 16% in older subjects. In the medulla, the interstitial volume increases from the 
outer to the inner medulla in the range of 4% to approximately 30%.

Two types of interstitial cells have been described in the cortex: type 1 cortical interstitial cell, 
which resembles a fibroblast, and type 2 interstitial cell with mononuclear or lymphocyte-like 
structure. Between the cells is a space that contains collagen and fibronectin. It is believed that the 
peritubular fibroblast-like interstitial cells secrete erythropoietin. Type 2 interstitial cells are 
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believed to represent bone marrow-derived cells. Three types of interstitial cells have been 
described in the medulla. None of these cells are the site of erythropoietin; however, some cells 
(type 1 medullary interstitial cell) contain lipid droplets, which are believed to have hypotensive 
effects. All medullary interstitial cells synthesize proteoglycans that are present in the 
interstitium.

 Blood Supply

Each kidney is usually supplied by one renal artery arising from the abdominal aorta. After or 
before entering the hilum, the renal artery divides into an anterior and a posterior branch; both of 
them give rise to a total of five segmental arteries. The segmental arteries are end arteries, and 
occlusion of a single artery results in infarction of the area supplied. These segmental branches 
form the interlobar arteries in the renal sinus, which follow the curvature of the kidneys to form 
arcuate arteries. From these arteries arise interlobular arteries that course radially through the 
cortex toward its surface. The interlobular arteries give rise to the afferent arterioles, which divide 
into five to eight lobules and form the glomerular capillaries. The loops of these capillaries reunite 
to form the efferent arteriole of the glomerulus. The efferent arteriole leaves the glomerulus as a 
short unbranched segment before it branches into capillaries. These capillaries, which supply 
blood to the proximal and distal tubules of the cortex, are known collectively as the peritubular 
capillary network. The efferent arterioles of glomeruli located in the juxtamedullary cortex and 
near the medullary region not only supply blood to their own tubules but also run deep into the 
medulla. These long, thin vessels are called arteriolae rectae, or straight arterioles. They form a 
loop with straight venules or venulae rectae of the medulla to form the vasa recta of the kidney. 
Thus, the blood supply to the medulla is entirely derived from the efferent arterioles of the juxta-
medullary glomeruli. The capillaries of the outer cortex converge to form the stellate veins which 
drain into the interlobular veins, then into the arcuate and interlobar veins, and finally into the 
renal vein.

 Clinical Evaluation of Kidney Function

Currently, determination of serum creatinine and blood urea nitrogen (BUN) concentrations and 
estimation of glomerular filtration rate (GFR) remain the most important tests to assess kidney 
function in clinical practice. GFR can be measured directly by radioisotope methods or indirectly 
from serum creatinine concentration as estimated GFR (eGFR), using a predictive equation. 
Although serum creatinine concentration of 0.8–1.2 mg/dL and a BUN concentration of 10 mg/dL 
are considered normal, their values vary with muscle mass and protein intake as well as the func-
tional status of the liver. Therefore, an eGFR is recommended for evaluation of kidney function. 
Most clinical laboratories provide both serum creatinine and eGFR to the physician for assessment 
of kidney function. An eGFR of 60 ml/min/1.73 m2 or less is considered chronic kidney disease 
(CKD). In addition to eGFR, urinalysis provides an assessment of glomerular, tubular, and inter-
stitial functions of the kidney. The presence of albuminuria, hematuria, and red blood cell (RBC) 
casts in a well- performed urinalysis indicates significant glomerular disease. Determination of 
urine pH and urine osmolality is helpful in assessing the kidney’s ability to acidify as well as con-
centrate or dilute the urine. A renal biopsy is needed to assess the pathology of the kidney in dis-
ease states.
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 Kidney Function in Disease States

When GFR is decreased due to functional or structural damage to the kidney, a variety of functions 
and also the structure of the kidney are altered. These functional and structural disturbances are briefly 
discussed below.

 Fluid, Electrolyte, and Acid-Base Disturbances

When GFR is below normal but not low enough, the kidneys try to maintain relatively normal fluid, 
electrolyte, and acid-base balance. However, when GFR is severely decreased, the kidneys retain Na+, 
water, K+, Mg2+, PO4

3−, and H+, resulting in edema, either hyponatremia or hypernatremia, hyperkale-
mia, hypermagnesemia, hyperphosphatemia, and severe metabolic acidosis. Hypocalcemia results 
from decreased calcitriol production by the kidney. Patients also develop hypertension (HTN) due to 
retention of Na+ and water. Anemia and bone disease are commonly seen in patients with low GFR.

 Acute Kidney Injury

Acute kidney injury (AKI) is defined as an abrupt decrease in renal function, resulting in accumula-
tion of nitrogenous (creatinine and BUN) and nonnitrogenous waste products. Before 2004, at least 
35 definitions of AKI were reported, which were not standardized or validated. In 2004, the Acute 
Dialysis Quality Initiative group proposed the RIFLE system based on the increase in serum creati-
nine and urine output. This system classified AKI into three severity categories (R = risk, I = injury, 
F = failure) and two clinical categories (L = loss, E = end-stage renal disease). According to this clas-
sification, AKI is described as an abrupt (within 48 h) reduction in kidney function defined as an 
absolute increase in serum creatinine level of 0.3 mg/dL or a 50% increase in serum creatinine level 
from baseline or a reduction in urine output of <0.5 ml/kg/h for >6 h [4, 5]. The RIFLE system was 
subsequently modified by the acute kidney injury group, and classified AKI into three stages. 
Subsequently, the Kidney Disease Improving Global Outcomes (KDIGO) workgroup took these mod-
ifications and developed a unified definition of AKI, as shown in Table 3.1.

Table 3.1 Staging of AKI by KDIGO workgroup [4]

Stage Serum creatinine Urine output

1 ≥1.5–1.9 times baseline
or
>0.3 mg/dl increase

<0.5 ml/kg/h for 6–12 h

2 ≥2.0–2.9 times baseline <0.5 ml/kg/h for ≥12 h
3 ≥3.0 times baseline

or
increase of serum creatinine to ≥4.0 mg/dl
or
RRT
or,
in patients <18 years, decrease of eGFR to 
<35 ml per min per 1.73 m2

<0.3 ml/kg/h for ≥24 h
or anuria for >12 h

Abbreviation: RRT renal replacement therapy, eGFR estimated glomerular filtration rate
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Studies have shown that even a small increase in serum creatinine levels is associated with increased 
morbidity and mortality in patients with AKI. For example, it was reported that an increase in serum 
creatinine by ≥0.5  mg/dL was associated with a 6.5-fold increase in hospital mortality, while an 
increase in serum creatinine of 0.3–0.4 mg/dL was associated with only 70% increase in mortality 
risk. Even the length of the hospital stay was prolonged by AKI [6].

The causes of AKI are divided into three major categories: prerenal, renal, and postrenal. Prerenal 
AKI is due to decreased renal perfusion, caused by hypovolemia, decreased effective arterial blood 
volume, renal artery disease, and/or altered intrarenal hemodynamics. These patients are usually vol-
ume depleted. A variety of intrinsic renal disorders due to an acute insult to the renal vasculature, 
glomerulus, tubules, or interstitium can cause AKI. Acute tubular necrosis remains the major form of 
AKI due to renal ischemia and exposure to nephrotoxins, such as drugs or contrast material. Postrenal 
AKI is due to obstruction to the urinary system by either intrinsic or extrinsic masses.

Treatment of AKI includes volume repletion in hypovolemic conditions and elimination of the 
causative agent or disease process. Some patients may require hemodialysis or other renal replace-
ment therapies, such as continuous venovenous hemodialysis. AKI is usually a reversible process; 
however, it is a risk factor for progression to CKD in a small percentage of patients (See Chap. 26).

 Chronic Kidney Disease

CKD was first defined by KDOQI guidelines in 2002 based on eGFR and classified into five stages 
[7]. Subsequently, these guidelines were reviewed by KDIGO workgroup in 2012 and reintroduced a 
modified definition and classification [8, 9]. According to this workgroup, CKD is defined as abnor-
malities of kidney structure or function (GFR <60 ml/min/1.73 m2) for >3 months with implications 
for health. The abnormalities in kidney structure include albuminuria, urine sediment abnormalities, 
electrolyte and other abnormalities due to tubular disorders, abnormalities detected by histology, 
structural abnormalities detected by imaging, and history of kidney transplantation. From these kid-
ney structural abnormalities, the cause of CKD can be identified. Therefore, the KDIGO classification 
of CKD is based on cause, eGFR, and albuminuria, as shown Table 3.2. The cause is based on pres-
ence or absence of systemic disease and location within the kidney of pathologic-anatomic location. 
The disease categories fall into four groups: (1) glomerular diseases, (2) tubulointerstitial diseases, (3) 
vascular diseases, and (4) cystic and congenital diseases. In the new classification, the term stage is 
replaced by G (GFR), and albuminuria is classified into A1 (albuminuria stage 1) to A3.

According to the US renal data system [10], the overall prevalence of CKD, using the KDOQI 
classification [7], in the US adult general population is 14.8% in 2013–2016 and remained stable in 
the last two decades. The prevalence is highest in CKD stage 3. The prevalence of albuminuria did not 
change much since 2001 [10]. The prevalence of CKD among diabetics has decreased from 43.6% 
(2001–2004) to 36% in 2013 to 2016. In contrast, a similar decrease was not seen in subjects with 
HTN, and the prevalence remains at 31%. The prevalence of CKD is much higher in women than men, 
which attributed to longer life expectancy of women and overdiagnosis of CKD with eGFR equation 
[11]. However, kidney function deteriorates much faster in men than women, and they develop end-
stage renal disease (ESRD) much earlier than women.

There are several risk factors for the progression of CKD, including hypertension, diabetes, hyper-
lipidemia, excessive protein intake, smoking, anemia, and genetic predisposition to kidney disease. 
CKD is one of the major risk factors for cardiovascular disease. Conservative management of CKD 
includes (1) control of blood pressure (<130/80  mm/Hg for patients with no proteinuria 
and <120/80 mm/Hg for those with proteinuria >1 g/day), using dietary sodium restriction <100 mEq/L 
and antihypertensive agents such as angiotensin-converting enzyme inhibitors (ACE-Is) or angioten-
sin receptor blockers (ARBs) as well as a low-dose diuretic; (2) maintenance of HbA1c ~7% in type 2 
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diabetic patients; (3) restriction of protein intake <0.8 g/kg/day; (4) maintenance of low-density lipo-
protein (LDL) cholesterol <100 mg/dL; (5) maintenance of hemoglobin ~10–12 g/dL and control of 
bone disease; and (6) smoking cessation. Dialysis or kidney transplantation is required if the patient 
progresses to ESRD. Dietary management with fruits and vegetables is becoming an area of great 
interest in patients with CKD.

 Nephrotic Syndrome

This syndrome is characterized by proteinuria >3.5 g/day, hypoalbuminemia, edema, hyperlipidemia, 
and lipiduria. The nephrotic syndrome is caused by (1) either primary (idiopathic) or secondary 
(known) glomerular diseases; (2) drugs, such as nonsteroidal anti-inflammatory drugs, heroin, and 
gold; and (3) bacterial, viral, and parasitic infections. Among secondary glomerular diseases, diabetes 
is the leading cause of nephrotic syndrome in adults (see below). The primary glomerular diseases 
that cause nephrotic syndrome are minimal change disease, focal segmental glomerulosclerosis, 
membranous nephropathy, and membranoproliferative glomerulonephritis.

Proteinuria is caused by losses of charge and size in the GBM.  Also, a decrease in protein 
(nephrin, podocin, α-actinin) or mutation in genes that encode these proteins in slit diaphragm and 
cytoskeleton of podocytes can cause proteinuria. Hypoalbuminemia is due to renal loss of albumin 
and increased catabolism. Both hypoalbuminemia and increased salt and water retention lead to 
edema formation. Recently, it has been proposed that an increase in Na+ reabsorption by the epi-
thelial sodium channel (ENaC) located in the late distal convoluted tubule and cortical collecting 
duct is responsible for accumulation of Na+ and edema formation in nephrotic syndrome. 
Hyperlipidemia is secondary to increased hepatic synthesis and decreased degradation of 
lipoproteins.

The patients with nephrotic syndrome are at risk for thrombotic complications, infections, cardio-
vascular disease, and skeletal abnormalities. Management of nephrotic syndrome includes salt and 

Table 3.2 Classification of CKD [8]

GFR categories

GFR category
GFR (ml/
min/1.73 m2) Terms

G1 ≥90 Normal or high
G2 60–90 Mildly decreased
G3a 45–59 Mildly or moderately decreased
G3b 30–44 Moderately to severely decreased
G4 15–29 Severely decreased
G5 <15 Kidney failure

Albuminuria categories

Category AER (mg/24 h)

ACR 
(approximate 
equivalent)  
mg/mmol   mg/g Terms

A1 <30 <3              <30 Normal to mildly 
increased

A2 30–300 3–30          30–300 Moderately increased
A3 >300 >30            >300 Severely increased

Abbreviations: GFR glomerular filtration rate, CKD chronic kidney disease,  
AER albumin excretion rate, ACR albumin/creatinine ratio
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water restriction in edematous patients; ACE-Is or ARBs for proteinuria and control of hypertension; 
low-protein diet to improve serum albumin level, proteinuria, and renal function; vaccination to pre-
vent infection from encapsulated organisms; prevention of thrombosis by avoiding prolonged immo-
bilization and volume depletion; and control of hyperlipidemia. Anticoagulation is recommended in 
patients whose serum albumin levels are <2.0 g/dL and with high risk for thromboembolic complica-
tions (e.g., patients with membranous nephropathy). Immunosuppressive therapy is reserved for 
patients with primary renal diseases. Elimination of the secondary cause usually improves nephrotic 
syndrome (See Chap. 24).

 Nephritic Syndrome

The nephritic syndrome, also called glomerulonephritis, is characterized by hematuria, RBC casts, 
hypertension, renal insufficiency, and varying degrees of proteinuria. Based upon the etiology and 
pathogenic mechanisms, this syndrome can present as (1) asymptomatic hematuria or proteinuria, (2) 
acute nephritis to rapidly progressive glomerulonephritis (RPGN), and finally (3) chronic sclerosing 
glomerulonephritis. There are several primary (e.g., RPGN) and secondary (e.g., systemic lupus ery-
thematosus) causes of nephritic syndrome. Treating the underlying cause by conservative (acute 
nephritis) or aggressive (RPGN) management and control of blood pressure remain the mainstay of 
therapy in patients with nephritic syndrome. A substantial number of patients present with renal insuf-
ficiency, requiring renal replacement therapy.

 Tubulointerstitial Diseases

Tubulointerstitial diseases (TIDs) are a group of clinical disorders that affect principally the 
tubules and interstitium. Pathologically, TIDs are characterized by tubular epithelial injury, atro-
phy, hyperplasia or hypertrophy, and fibrosis. Initially, the glomeruli and blood vessels are usu-
ally spared [12]. The tubulointerstitium is affected in all forms of renal disease. Based upon the 
morphologic changes and the rate of deterioration of renal function, TIDs can be classified into 
acute TID or acute interstitial nephritis or chronic TID or chronic interstitial nephritis. Acute TID 
manifests as sudden onset of renal failure within days to weeks (1 day to 2 months), hematuria, 
mild proteinuria, white blood cell (WBC) casts, and at times eosinophiluria or eosinophilia. It is 
usually caused by drugs and infections. The accurate diagnosis is made by renal biopsy. Acute 
TID is caused by drugs, infections, or immune disorders. Treatment includes removing the caus-
ative agent or in some cases steroids. Renal replacement therapy may be necessary in some 
patients.

Chronic TIDs are caused by a variety of drugs; infections; vascular, metabolic, immune, and 
hematologic diseases; urinary tract obstruction; and heavy metals. In some cases, the cause is 
unknown. Clinical manifestations include hypertension, renal insufficiency, hyperkalemia, ane-
mia (both hyperkalemia and anemia are disproportional to the degree of renal insufficiency), 
inability to concentrate urine, and Fanconi syndrome. Urinalysis shows mild proteinuria and 
absence of RBC casts. Glomeruli are affected secondarily. Pathologic findings of the kidney 
include progressive scarring of the interstitium, tubular atrophy, and infiltration with lympho-
cytes and macrophages. Removal of the offending agent or treatment of the underlying cause and 
control of blood pressure with dietary sodium restriction and antihypertensive agents and correc-
tion of anemia as well as bone disease remain the mainstay of therapy in patients with chronic 
TIDs.

3 Kidney Function in Health and Disease



48

 Vascular Diseases

Renal artery stenosis, hypertensive nephrosclerosis, vasculitis affecting the medium and small renal 
arteries, renal vein thrombosis as a complication of nephrotic syndrome, and several thrombotic 
microangiopathic diseases such as hemolytic uremic syndrome and thrombotic thrombocytopenic 
purpura are some of the vascular diseases that cause altered kidney function. Appropriate manage-
ment is required to prevent the progression of kidney disease.

 Diabetic Nephropathy

As stated previously, diabetes is the leading secondary cause of nephrotic syndrome in adults and 
deserves special attention. Also, 35–44% of both types of diabetic patients eventually develop ESRD. In 
order to prevent the progression of kidney disease and also delay the onset of ESRD, it is essential to 
follow the natural history and clinical course of diabetic nephropathy. It appears that there are two path-
ways for progression of diabetic nephropathy: One is proteinuric, and the other is non- proteinuric path-
ways. In the majority of type 1 and possibly type 2 diabetic patients, the kidney disease progresses 
(proteinuric pathway) through five distinct stages. Stage 1 (early hypertrophy-hyperfunction) corre-
sponds to the onset of diabetes, which is characterized by enlarged kidneys and increased GFR. These 
changes can be reversed by good glycemic control. Stage 2 (normoalbuminuria) develops 2–5 years after 
onset of the disease and involves an increase in GFR and the development of some structural changes in 
the kidney. GFR improves with good glycemic control. Stage 3 (incipient nephropathy) takes 6–15 years 
to develop and is characterized by the presence of microalbuminuria (30–300 mg/day), which is the first 
clinical sign of diabetic nephropathy. There are progressive changes in the kidney, and patients develop 
hypertension. In addition to glycemic control, lowering blood pressure to <130/80 mm Hg with an 
ACE-I or ARBs has been proven to be extremely beneficial in preventing the progression of kidney 
disease to other stages of diabetic nephropathy. Stage 4 (overt nephropathy) occurs 15 to 20 years later 
and is characterized by clinically detectable proteinuria. Patients develop nephrotic syndrome, and 
hypertension becomes worse, resulting in gradual decrease in GFR (GFR decreases by 1 ml/min/month). 
Some type 1 and type 2 diabetic patients develop CKD without any microalbuminuria or proteinuria. 
These patients are usually referred to as non-proteinuric subjects with CKD. The progression of CKD in 
these patients follows a non- proteinuric pathway. How CKD progresses in non-proteinuric subjects is 
unclear at this time. Strict blood pressure control with two to four antihypertensives, if needed, stabilizes 
GFR in both proteinuric and non-proteinuric patients. Despite good glycemic and blood pressure con-
trol, some patients invariably progress to stage 5 (ESRD), requiring either maintenance dialysis or kid-
ney transplantation for survival. Restriction of protein, Na+, and phosphate in the diet has been shown to 
be beneficial in patients with CKD stages 3–5. Thus, glucose control, blood pressure control, and low-
protein diet play a significant role in the management of diabetic nephropathy.

Despite classic studies on several pathways of diabetic nephropathy, recent work on podocyte biol-
ogy has attracted much attention because podocytopenia occurs in diabetes [13, 14]. In Pima Indians 
with type 2 diabetes, reduced number of podocytes correlated strongly with albuminuria, decreased 
GFR, and glomerulosclerosis [14]. Podocytes are terminally differentiated cells, and their loss implies 
that they are not replaced. As a result, the glomerular capillary function is lost. In addition to podocy-
topenia, there is loss of slit diaphragm proteins such as nephrin, causing albuminuria in diabetes. 
Thus, podocyte dysfunction may contribute to diabetic kidney disease but also its progression.
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 Podocytopathies

In addition to acting as a filtration barrier, podocytes have the following functions: (1) maintain the 
shape of underlying glomerular capillaries, (2) produce extracellular matrix proteins, and (3) produce 
angiogenic cytokines such as vascular endothelial growth factors [13, 14]. Any disease that causes 
abnormalities in one or more of these functions results in podocyte injury, leading to functional and 
structural changes in the kidney. Several kidney diseases are associated with podocyte injury. These 
include minimal change disease, focal segmental glomerulosclerosis, membranous nephropathy, 
membranoproliferative glomerulonephritis, diabetic nephropathy, and lupus podocytopathy that is 
unrelated to immunologic lupus nephritis. Mutations in genes that encode slit diaphragm proteins 
such as nephrin and podocin cause nephrotic syndrome of the Finnish type and steroid-resistant 
nephrotic syndrome, respectively.

There are no specific therapeutic options for management of podocytopathies. Drugs that are avail-
able for use include steroids, cyclosporine, tacrolimus, rituximab, abatacept, and fibroblast growth 
factor. The efficacy of cyclin-dependent kinase inhibitors and glycogen synthase kinase-3 inhibitors 
is being investigated.

 IgG4-Related Diseases

IgG4-related renal disease is a recently described disease that is receiving much attention among 
nephrologists. Originally described as autoimmune pancreatitis, the IgG4 disease has been 
described in every organ of the body, including the kidney [15, 16]. The most common manifes-
tation in the kidney is TID [12]. Histologic features of TID include plasma cell-rich infiltrate, 
eosinophils in some cases, and immune complex deposits along the tubular basement mem-
brane. Interstitial fibrosis is common. Immunostaining shows the presence of IgG4 in granular 
pattern.

Although IgG4-related renal disease is mostly TID, glomeruli are also affected in some cases 
[15, 16]. The common glomerular lesions are idiopathic membranous nephropathy, membrano-
proliferative glomerulonephritis, IgA nephropathy, and mesangioproliferative immune complex 
GN. IgG4- related plasma cell arteritis has also been described in the kidney. It can also present 
as acute kidney injury or CKD. Imaging studies of the kidney may show enlargement as well as 
masses mimicking renal carcinoma.

In patients with IgG4-related renal or systemic disease, serum levels of IgG and IgG4 are elevated. 
Antinuclear autoantibodies are usually positive, but antibodies to double-stranded DNA are absent, 
thus excluding the diagnosis of lupus nephritis.

The treatment choice of IgG4-related kidney disease is corticosteroids. Two treatment regimens 
have been tried. The Japanese experience suggests prednisone 0.6 mg/kg for 2–4 weeks followed by 
tapering to 5 mg/day for 3–6 months. The maintenance dose is 2.5–5 mg/day for 3 years. Another 
treatment regimen is that of Mayo Clinic experience. Prednisone is started at 40 mg/day for 4 weeks 
and then tapering to nothing over a period of 12 weeks.

Corticosteroid-sparing therapy during the remission period has been suggested using drugs such as 
methotrexate, azathioprine, mycophenolate mofetil, cyclophosphamide, and rituximab. Bortezomib, a 
proteasome inhibitor, has also been tried.
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 Conclusion

This chapter has provided a brief review of gross and microscopic anatomy of the kidney and its func-
tions in health and disease. A variety of commonly seen renal abnormalities have been discussed that 
require nutritional and pharmacologic intervention alone or in combination for management.
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Part II
Components of the Nutritional 

Assessment

Nutrition screening is the first step in the nutrition care process (NCP) that is 
designed to detect actual and potential risks for protein-calorie malnutrition 
(PCM) and/or protein-energy wasting (PEW). The next step in the NCP for 
patients who are at moderate or high risk for PCM or PEW is the nutrition 
assessment, which is an integral part of care for patients with chronic kidney 
disease. An accurate assessment of nutritional status is critical for managing 
and treating chronic kidney disease. This section includes an in-depth review 
of the components of the nutrition assessment and addresses psychosocial 
issues affecting nutritional status in patients with kidney disease and drug- 
nutrient interactions.

The ABCDs of the nutrition assessment are presented in this section of the 
book. The “A,” which stands for Anthropometry, is described by Dumler as 
the component of the nutrition assessment that is a simple, reliable, and easily 
available practical method for evaluating body composition. Anthropometry 
requires precise techniques of measurement and the use of proper equipment 
to provide accurate, reproducible data. Strengths and limitations of the vari-
ous body composition methods and standardized sites for these measure-
ments are presented.

In the next chapter, Ghaddar presents the “B” component of the nutrition 
assessment—an evaluation of Biochemical data that provides objective infor-
mation about the patient’s nutritional and metabolic status. There are, how-
ever, limitations to the use of biochemical data in the CKD population, which 
Ghaddar addresses in this chapter. Positive and negative acute phase reactants 
in relation to CKD as well as the method used to assess dietary protein intake 
in stable patients are discussed. Ghaddar includes a table of select biochemi-
cal parameters that are routinely used in the dialysis setting as part of the 
patient’s plan of care and a brief explanation for abnormal values.

The “C” component of the nutrition assessment stands for the Clinical 
assessment. In this chapter, Ziegler discusses the nutrition-focused physical 
examination (NFPE) and clinical assessment in patients with CKD. A brief 
history of the NFPE and its inclusion in the standards of professional perfor-
mance for renal dietitians are addressed. The NFPE is an essential component 
of the nutrition assessment that is used to determine the patient’s nutritional 
status and the factors that may impact the consumption of an adequate diet. 
Specific techniques for performing the exam are provided. Ziegler includes a 
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table of physical findings related to micronutrient deficiencies in CKD with 
references for additional readings.

The last component of the nutrition assessment is “D,” which stands for 
Dietary assessment. In this chapter, Moore provides a comprehensive review 
of dietary assessment methodologies—from the commonly used 24-hour 
recall, 3-day food record, and food frequency questionnaire to more sophisti-
cated methods such as the Automated Self-Administered 24-hour Recall and 
the Automated Multiple-Pass Method. In addition, use of biomarkers in 
assessing dietary intake is also addressed. Several tables are included in the 
chapter, one of which presents practice guidelines in CKD and the dietary 
intake methodologies recommended in each one.

The chapter by Wolfe addresses various psychosocial issues that affect 
nutritional status in patients with CKD such as depression, anxiety, loneli-
ness, self-efficacy, food insecurity, limited health literacy, and the availability 
of social support and its impact on nutritional status. The strategies that may 
mitigate these factors are also discussed. Lastly, Flecha et  al. provide a 
detailed discussion about drug-nutrient interactions including herbal supple-
ments and their effects on immunosuppressants in renal transplant 
recipients.

  Components of the Nutritional Assessment
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Chapter 4
Anthropometric Assessment in Kidney Disease

Francis Dumler
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 Introduction

An adequate nutritional status is essential to maintaining an optimal level of health. Prolonged and 
ongoing illnesses, such as chronic kidney disease (CKD), are characterized by a persistent inflamma-
tory state that negatively impacts nutritional status. Conversely, a diminished nutritional status may 
facilitate worsening of the disease process and its comorbidities, thereby creating a vicious cycle. 
Thus, monitoring nutritional status and body composition is imperative to the appropriate manage-
ment of CKD [1].

Anthropometry is the science that studies the comparative size, form, and proportion of the 
human body and its regional components. There is a relationship between body dimensions and its 
composition, particularly fat, and to a lesser extent, muscle mass. A fundamental concept in its 
application is the intimate relationship between morphology and functional capacity. Anthropometry 
is an integral element of medical anthropology and epidemiology, forensics, biomechanics, and 
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• Understand the importance of anthropometry as a practical and simple tool for quantification 

of body composition.
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ergonomics. In clinical practice, anthropometry is used in the assessment of body composition and 
nutritional status and to evaluate the relationship between anthropometric parameters and risk and 
outcomes. It is also employed to assess the impact of genetics, the environment, and stress on the 
human physique.

Composition analyses technologies are continuously evolving particularly for specific assessments 
of bone, fat, muscle, and water content and their distribution. These techniques include, in addition to 
anthropometry, bioimpedance analysis, dual-energy X-ray absorbtiometry, quantitative magnetic res-
onance, magnetic resonance imaging and spectroscopy, and positive emission tomography [2, 3]. 
Strengths and limitations of these techniques may be found in Table 4.1.

Anthropometry is a simple, reliable, and easily available practical method for measuring regional 
fatness. Anthropometric parameters are important in evaluating body composition and assessing 
nutritional status. Anthropometric parameters are also important in the estimation of cardiovascular 
risk in chronic kidney disease patients and the general population at large.

Table 4.1 Body composition methods

Method Components evaluated Strengths Limitations

Skinfold thickness Subcutaneous fat 
thickness in specific 
sites of the body

Reliable method for assessing 
regional fatness

Most skinfold calipers have an 
upper limit of 45–60 mm, 
limiting use in moderately 
overweight subjects. 
Measurement reliability 
depends on technicians’ skill 
and experience level

Bioelectrical 
impedance analysis 
(BIA) and 
bioelectrical 
impedance 
spectroscopy (BIS)

Total body water, which 
is converted to fat-free 
mass(FFM) assuming 
73% of body water is 
FFM

Cheap, safe, quick, requires 
minimal patient participation and 
technician expertise
Define body composition in 
subject groups, and monitor 
individual changes over time
Allows estimation of body cell 
mass

Validity is population-specific 
and influenced by sex, age, 
height, disease state, and race
Compared to DXA, it 
underestimates FFM in 
normal-weight individuals and 
overestimates FFM in obese 
individuals

Dual-energy X-ray 
absorptiometry 
(DXA)

Total and regional body 
fat, lean mass (LM), 
bone mineral density

High accuracy and 
reproducibility for all age groups
Noninvasive, quick, and no 
subject performance needed; it is 
not confounded by disease states 
or growth disorders

Small amount of radiation 
exposure
Fat mass estimates are 
confounded by trunk thickness
Expensive apparatus

Ultrasound Tissue layer thickness 
(skin, adipose, muscle)

Highly repeatable, readily 
available, portable and quick 
Noninvasive and no radiation 
Accurate and precise 
Estimates fat thickness in 
multiple sites of the body
Capable of measuring the 
thickness of muscle and bone

Requires a skilled, experienced 
technician
Measurement procedures and 
techniques are not yet 
standardized
Inherent confounders such as 
fascia can complicate the 
interpretation of results
Higher cost than field methods

Magnetic resonance 
imaging (MRI) and 
computed 
tomography (CT)

Total and regional fat 
(including subcutaneous 
and visceral), skeletal 
muscle, organs and 
other internal tissues, 
lipid content in the 
muscle and liver

High accuracy and 
reproducibility
MRI does not involve exposure 
to radiation

Expensive, lengthy procedure 
limited to normal and 
moderately overweight 
individuals
Very large body sizes do not fit 
in the field of view
High radiation exposure with 
CT

Adapted from Aragon et al. [3]. Open Access, BioMed Central

F. Dumler
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 Anthropometric Techniques

A comprehensive description of anthropometric techniques is beyond the scope of this chapter. There 
are two excellent sources describing these techniques in great detail: the National Health and Nutrition 
Examination Survey (NHANES) Anthropometry Manual and the second edition of Applied Body 
Composition Assessment [4, 5]. The dimensional components of classic anthropometry include 
weight, height, skinfold thickness, circumferences, and elbow and wrist breadths. Standardized sites 
for these measurements are shown in Tables 4.2, 4.3, 4.4, and 4.5. A variety of computed measure-
ments may be derived from the primary data using population-specific (linear) or generic (quadratic) 
equations [6–9]. By convention, all measurements are made on the right side of the body. Limb ampu-
tation, disease, malformation, or a functioning arteriovenous access will require taking measurements 
on the opposite side. All measures should be done posttreatment in dialysis patients.

Anthropometric methods have been used in large-scale studies, including the NHANES and 
the Korean NHANES [10, 11]. Anthropometric techniques are currently applied to the study and 
management of metabolic and nutrition disease processes in various populations around the 
world [12, 13]. The availability of these data provides the clinician with a reference frame when 
evaluating individual patients.

More relevant to CKD, anthropometry was a significant component of both the Modification of 
Diet in Renal Disease (MDRD) and the Hemodialysis (HEMO) clinical trials [14, 15]. Based on these 
studies, it is suggested that weight, height, subcapsular and triceps skinfolds, and arm and calf circum-
ference be part of the nutrition evaluation in CKD patients.

Recently, there has been a developing interest in the evaluation of sarcopenia [16, 17]. Particular 
populations at risk include the elderly [18], those with sarcopenic obesity [19], and individuals 
afflicted with chronic inflammatory conditions including chronic kidney [20, 21] and cardiovascular 
diseases [22].

Table 4.2 Standardized sites for skinfold measurements

Site
Fold 
direction Anatomical reference Measurement

Chest Diagonal Axilla and nipple Fold taken between the axilla and nipple as high as possible
Subcapsular Diagonal Inferior angle of 

scapula
Fold taken along natural cleavage line of skin below inferior 
angle of the scapula

Midaxillary Horizontal Xiphisternal junction Fold taken on midaxillary line at level of xiphisternal junction
Suprailiac Oblique Iliac crest Fold taken posteriorly to midaxillary line and superiorly to 

the iliac crest along natural cleavage of skin
Abdominal Horizontal Umbilicus Fold taken 3 cm lateral and 1 cm inferior to center of the 

umbilicus
Triceps Vertical 

(midline)
Acromial process of 
scapula and olecranon 
process of ulna

Distance between lateral projection of acromial process and 
inferior margin of olecranon process measured on lateral 
aspect of the arm with the elbow flexed 90°. Midpoint is 
marked on lateral side of the arm. Fold is lifted 1 cm above 
marked line.

Biceps Vertical 
(midline)

Biceps brachii Fold is lifted over the belly of the biceps brachii at the level 
marked for the triceps and on line with anterior border of the 
acromial process and the antecubital fossa

Thigh Vertical 
(midline)

Inguinal crease and 
patella

Fold is lifted on anterior aspect of the thigh midway between 
the inguinal crease and proximal border of the patella. Body 
weight is shifted to left foot.

Calf Vertical 
(midline)

Maximal calf 
circumference

Fold is lifted at level of maximal calf circumference on 
medical aspect of the calf with the knee and hip flexed 90°

Adapted with permission from Heyward and Wagner [5]. Chapter 4: Skinfold Method, p. 58

4 Anthropometric Assessment in Kidney Disease
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Sarcopenia has been defined in various ways depending on methodologies used. The European 
Working Group on Sarcopenia in Older People has recently published an updated revised consensus 
on definition and diagnosis. Low muscle strength and content are distinctive of sarcopenia, and poor 
physical performance is indicative of severe compromise [23].

Table 4.3 Standardized sites for circumference measurements (trunk)

Site Anatomical reference Position Measurement

Neck Laryngeal prominence Perpendicular Measure just inferior to laryngeal prominence 
(Adam’s apple).

Shoulder Deltoid muscles and 
acromion processes of the 
scapula

Horizontal Apply tape snugly over maximum bulges of the 
deltoid muscles, inferior to acromion processes. 
Record measurement at end of normal expiration.

Chest Fourth costosternal joints Horizontal Apply tape snugly around the torso at level of fourth 
costosternal joints. Record at end of normal 
expiration.

Waist Narrowest part of the torso, 
level of the “natural” waist 
between the ribs and iliac 
crest

Horizontal Apply tape snugly around the waist at level of 
narrowest part of the torso. An assistant is needed to 
position the tape behind the client. Take measurement 
at end of normal expiration.

Abdominal Maximum anterior 
protuberance of the abdomen, 
usually at the umbilicus

Horizontal Apply tape snugly around the abdomen at level of 
greatest anterior protuberance. An assistant is needed 
to position the tape behind the client. Take 
measurement at end of normal expiration.

Hip 
(buttocks)

Maximum posterior 
extension of the buttocks

Horizontal Apply tape snugly around the buttocks. An assistant 
is needed to position the tape on opposite side of the 
body.

Adapted with permission from Heyward and Wagner [5]. Chapter 5: Additional Anthropometric Methods, p. 69

Table 4.4 Standardized sites for circumference measurements (limbs)

Site Anatomical reference Position Measurement

Arm 
(biceps)

Acromion process of 
scapula and olecranon 
process of ulna

Perpendicular to long 
axis of the arm

With arms hanging freely at sides and palms 
facing thighs, apply tape snugly around the arm at 
level marked for triceps and biceps skinfolds

Forearm Maximum girth of the 
forearm

Perpendicular to long 
axis of the forearm

With arms hanging down away from the trunk and 
forearm supinated, measure the maximum girth of 
the proximal part of the forearm

Wrist Styloid processes of the 
radius and ulna

Perpendicular to long 
axis of the forearm

With elbow flexed and forearm supinated, 
measure just distal to the styloid processes of the 
radius and ulna

Thigh 
(proximal)

Gluteal fold Horizontal Measure around the thigh just distal to the gluteal 
fold

Thigh (mid) The inguinal crease and 
proximal border of the 
patella

Horizontal With knee flexed 90° (right foot on bench), 
measure at level between the inguinal crease and 
proximal border of the patella

Thigh 
(distal)

Femoral epicondyles Horizontal Measure proximal to the femoral epicondyles

Knee Patella Horizontal Measure around the knee at mid-patellar level 
with knee relaxed in slight flexion

Calf Maximum girth of the 
calf muscle

Perpendicular to long 
axis of the leg

Measure maximum girth of the calf while sitting 
on end of table with legs hanging freely

Ankle Malleoli of the tibia and 
fibula

Perpendicular to long 
axis of the leg

Measure minimum circumference of the leg, just 
proximal to the malleoli

Adapted with permission from Heyward and Wagner [5]. Chapter 5: Additional Anthropometric Methods, p. 70

F. Dumler
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Muscle mass content using dual-energy X-ray absorptiometry (DXA) is recommended in clinical 
practice. Computed tomography (CT) and magnetic resonance (MR) are also used, albeit in more 
elaborate clinical studies [23, 24]. In field work, or when DXA is not available, muscle mass is mea-
sured using bioimpedance analysis (BIA) and/or by anthropometry (sum of skinfold thickness, mid- 
calf and mid-arm circumference) [25].

 Weight and Height Measurements

Body weight is usually stable varying less than 0.5% to 1% within a 6- to 10-week timeframe. A 
change of 5% or more suggests a gain/loss of water or tissue mass. A 10% or greater loss of body 
weight over a 6-month period is considered clinically significant and warrants full evaluation. Body 
weight is measured using a precision body scale calibrated to 0.1 kg. Body height is best measured 
standing up with a straight back and neck using a height meter or stadiometer. A bar attached to the 
weight scale may be used if none is available. For patients with spine curvatures, or who are unable to 
stand, body height is derived from knee height or arm span lengths. Knee height is measured sitting 
or lying down with the knee at 90° using a caliper under the sole and the blade pressing down against 

Table 4.5 Standardized sites for bony breadth measurements

Site
Anatomical 
reference Position Measurement

Biacromial 
(shoulder)

Lateral borders of 
the acromion 
(scapula)

Horizontal Position: standing, arms hanging vertically, shoulders 
relaxed, downward, and slightly forward. Apply blade 
tips to lateral borders of acromion processes. Measure 
from the rear

Chest Sixth ribs on 
midaxillary line

Horizontal Position: standing with the arms slightly abducted. 
Apply blade tips on the sixth ribs at the midaxillary 
line. Measure at end of normal expiration

Bi-iliac Iliac crests Forty-five degree 
downward angle

Position: standing, arms folded across the chest, apply 
blade tips at a 45° downward angle, at maximum 
breadth of the iliac crest. Measure from the rear

Bitrochanteric Greater trochanter 
of the femur

Horizontal Position: standing, arms folded across the chest. Apply 
blade tips with considerable pressure to compress soft 
tissues. Measure maximum distance between 
trochanters from the rear

Knee Femoral 
epicondyles

Diagonal or 
horizontal

Position: sitting and the knee flexed to 90°. Apply 
blade tips firmly on lateral and medial femoral 
epicondyles

Ankle 
(bi- malleolar)

Malleoli of the 
tibia and fibula

Oblique Position: standing and weight evenly distributed. 
Apply blade tips to the most lateral part of lateral 
malleolus and most medial part of the medial 
malleolus. Measure from the rear at an oblique plane

Elbow Epicondyles of the 
humerus

Oblique Position: elbow flexed 90°, the arm raised horizontal, 
the forearm supinated. Apply blade tips firmly to the 
medial and lateral humeral epicondyles at an angle that 
bisects the right angle at the elbow

Wrist Styloid process of 
the radius and ulna 
(snuff box)

Oblique Position: elbow flexed 90°, upper arm vertical and 
close to the torso, forearm pronated. Apply blade tips 
firmly at an oblique angle to the styloid processes of 
the radius (at proximal part of anatomical snuff box) 
and ulna

Adapted with permission from Heyward and Wagner [5]. Chapter 5: Additional Anthropometric Methods, p 71

4 Anthropometric Assessment in Kidney Disease
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the thigh about 5 cm behind the patella. Arm span is measured from the tip of the longest finger on 
each hand while standing erect against a wall with arms fully stretched horizontally. Of note, knee 
height and arm span change very little with age and should be used in the elderly when appropriate.

Body mass index (BMI), expressed as kg/m2, defines the relationship between weight and height 
which correlates to overall body fat content (thinness or thickness). However, it is not a measure of 
percent body fat. BMI does not take into account body shape. For the same weight and height, an 
individual may have relatively more muscle and less fat mass than another with more fat and less 
muscle mass. Yet, in both circumstances, BMI will be the same. Body fat in different parts of the body 
have a different biology. This has led to consider further measures that may better relate to body shape 
(hence distribution of fat and muscle mass). These include waist circumference, waist-to-hip ratio, 
and conicity index [26, 27].

Waist circumference is a surrogate for abdominal obesity and visceral adipose tissue. Waist cir-
cumference is strongly associated with visceral fat in patients with CKD [28]. However, others have 
found waist circumference to be poorly correlated with visceral adipose tissue as measured by com-
puted tomography in non-dialysis CKD patients [29]. There is a direct correlation between waist cir-
cumference and C-reactive protein [30–32]. Studies suggest that increased visceral, but not 
subcutaneous, fat is independently associated with risk of progression of CKD, cardiovascular events, 
and all-cause mortality [33–37]. The predictive value of triglycerides and cholesterol for survival and 
atherosclerotic complications in hemodialysis patients is dependent on waist circumference [38].

In a study of overweight patients with hypertension, abdominal obesity persisted as a risk factor even 
after adjustment for dyslipidemia, elevated blood glucose levels, and other variables associated with renal 
insufficiency. Even after adjustment for multiple covariates including BMI, higher mortality rates were 
noted for all waist circumference categories compared with the reference population [39–42]. These find-
ings suggest that waist circumference may be a simple and inexpensive tool to be used in epidemiological 
studies. Because waist circumference is a function of both height and abdominal fat, some recommend 
factoring by height or height square for a tighter correlation to cardiovascular risk factors.

The predictive value of waist-to-hip or waist-to-height ratio has also been evaluated in several studies. 
Waist-to-hip ratio, but not BMI, is related to cardiac events in patients with CKD. In the general popula-
tion, there is an association between waist-to-hip ratio, but not BMI, and incident CKD and mortality 
[43, 44]. Abdominal adiposity measured as waist circumference or waist-to-hip ratio, irrespective of 
general adiposity, is a more important determinant of CKD and cardiovascular risk in adults than BMI 
[45–48]. Relying exclusively on BMI may underestimate the importance of obesity as a risk factor for 
developing kidney disease and as a cardiovascular disease risk factor in patients with established CKD.

The conicity index (waist circumference/[0.109 × square root of weight/height]) is a measure of 
visceral fat that evaluates the deviation from a cylindrical shape to a double-cone shape with a com-
mon base at the waist. The conicity index is an independent predictor of systemic inflammation, car-
diovascular risk, and glomerular filtration rate in pre-dialysis patients [49]. In a recent study of the 
Framingham population, the conicity index had the most discriminatory accuracy for the 10-year 
cardiovascular event when compared with other obesity indices. The waist-to-hip ratio was also found 
to have a relatively good discriminatory power [50, 51].

 Skinfold and Circumference Measurements

Skinfold thickness has been extensively used for estimation of fat mass. The thickness at a given loca-
tion is assumed to be the sum of the two layers of skin and the subcutaneous mass contained in between 
(Table 4.2). Single or multiple sites may be selected depending on need and circumstances [4]. The 
summation of skinfold thickness values provides an assessment of subcutaneous fat content. The inter-
nal adipose component is derived from the abdominal circumference. Results are comparable to those 

F. Dumler
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obtained by CT and MRI at selected sites. Discrepancies in other areas are attributed to irregular fat 
tissue deposition or distortion from the supine position during CT or MRI data acquisition [5].

The distribution of subcutaneous and visceral fat is similar within each gender. About 30% to 50% 
of body fat is located in the subcutaneous compartment. Visceral body fat distribution varies consider-
ably between body compartments. Aging is associated with changes in lean and fat mass content [52, 
53]. Older individuals with similar body density have proportionally less subcutaneous fat than 
younger ones. As individuals get heavier, subcutaneous fat increases while visceral fat decreases. This 
highlights the importance of using appropriate reference standards [53].

Mid-arm, mid-thigh, and mid-calf circumferences (Tables 4.3 and 4.4), when combined with skinfold 
thickness, allow estimation of skeletal muscle mass. This measurement can be further refined by making 
adjustments for bone thickness. Muscle mass measured by anthropometry may be expressed as muscle 
area or circumference. Fat-free mass decreases with aging due to loss of skeletal muscle and visceral organ 
tissues. Geriatric-based equations are therefore recommended when evaluating an older population [4, 5].

 Frame Size

There is a direct relationship between skeletal breadths and the bone and muscle components of free 
mass. Estimation of frame size using skeletal breadths (Table  4.5) can help differentiate a higher 
weight due to a larger musculoskeletal mass from that of a larger fat mass. Previous studies have 
shown that wrist, ankle, and elbow breadths are a good predictor of frame size [54]. Frame size may 
be helpful in determining if a higher body weight is related to greater bone and muscle mass rather 
than increased fat content.

 Reference Data

As described earlier, availability of adequate reference standards is critical to the correct application 
and interpretation of anthropometry in evaluating nutritional status and body composition. The 
NHANES III provides the most comprehensive dataset [10, 53]. Anthropometric measurements were 
obtained from 19,593 survey participants and included weight, height, recumbent length, circumfer-
ences, limb lengths, and skinfold thickness measurements. The Anthropometric Reference Data for 
Children and Adults published by the National Health Statistics Reports includes weighted population 
means, standard error of the means, and selected percentiles of body measurement values. As mea-
surements vary by sex, age, and ethnicity or race, results are reported by subgroups [53].

Many anthropometry techniques and methodologies have been described in this chapter. However, 
from a clinical perspective, the most significant components are weight, height, skinfold thickness, 
and limb circumferences. These measurements are easy to obtain and have been used in the MDRD 
and HEMO studies, and the reference population is well defined by the NHANES III dataset. 
Individual patient percentiles can be easily assigned from the reference tables [53].

 Conclusion

Anthropometry is one of the oldest approaches for quantifying body composition. It is the most practi-
cal tool for use in the field and clinical settings that provides an index of nutritional status and risk for 
malnutrition. In addition, it is a useful instrument for evaluating the risk potential for developing 

4 Anthropometric Assessment in Kidney Disease
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kidney and cardiovascular disease, progression of kidney failure, morbidity, and mortality. Finally, 
anthropometry is a simple, inexpensive, and noninvasive way of prospectively monitoring nutritional 
status, risk assessment, and response to treatment strategies.
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 Introduction

Chronic kidney disease (CKD) is defined as a gradual loss of the structural and functional character-
istics of the kidneys for more than 3 months. This gradual loss in kidney function irreversibly and 
negatively affects various metabolic pathways that maintain body homeostasis. These vital pathways 
regulate fluid, electrolyte and acid-base balance, energy and protein metabolism, and excretion of 
metabolic wastes [1].

Chronic kidney disease is characterized by five stages. When kidney function progressively decline 
across those stages, the dysfunction of the various metabolic pathways and associated signs and 
symptoms intensify. Signs such as hypoalbuminemia, malnutrition, hyperlipidemia, volume overload, 
hypertension, hyperkalemia, metabolic abnormalities, bone and mineral disorders, and anemia are 
commonly noted with advanced stages. Uremia is another symptom this patient population  experiences 
with worsening kidney function. Uremia occurs as a result of the buildup of nitrogenous waste of both 
endogenous and exogenous protein metabolism. It causes anorexigenic symptoms, such as decreased 
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sense of smell, altered taste, xerostomia, impaired appetite, nausea, and vomiting. In addition to the 
above, patients with CKD often present with comorbid conditions that put them at a high risk of 
increased levels of oxidative stress (Fig. 5.1). They face daily challenges related to their disease man-
agement, given the restrictive nature of the recommended renal diet, polypharmacy, food availability, 
and socioeconomic and/or physical constraints [2].

Suboptimal nutritional status, especially protein energy wasting (PEW), is commonly observed in 
patients with CKD, with worsening results reported in those presenting with more advanced stages 
(especially when estimated glomerular filtration rate (eGFR) is < 45 ml/min/1.73 m2 BSA) and those 
undergoing renal replacement therapies (RRT) [3, 4]. Suboptimal nutritional status is significantly 
associated with increased rate of hospitalization, morbidity, and mortality in this patient population. 
Based on the United States National Health and Nutrition Examination Survey III (U.S. NHANES III) 
data, malnutrition was a significant and an independent outcome among patients ≥ 60 years old pre-
senting with eGFR < 30 ml/min/1.73 m2 and those requiring RRT [5].

Globally, 2.62 million patients received dialysis treatments in 2010, with the projected need for 
dialysis most likely doubling by 2030 [6]. The total cost of treatment for patients diagnosed with earlier 
stages of CKD (i.e., stages 1–3) was reported to be significantly higher than that associated with the 
more advanced stages (i.e., stages 4–5). In 2013, Medicare spending for CKD patients ≥ 65 years old 
and who have CKD exceeded $50 billion, representing 20% of all Medicare spending in this age group 
[7]. Additionally, CKD is recognized by the federal government as one of the significant and prevent-
able health problems that the United States faces and is included in the Healthy People 2020 agenda. 
One of the goals of Healthy People 2020 is to reduce the incidence of CKD and “associated complica-
tions, disability, death, and economic costs.” Healthy People 2020 focuses on building a healthier 
nation. Its objective is to “identify the most significant preventable threats to health and to establish 
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national goals to reduce these threats,” and its vision is to “have a society in which all people live long, 
healthy lives” [8]. Given the above, it is saddening to note that less than half of the high-risk population 
(i.e., those diagnosed with hypertension and/or diabetes mellitus) were screened for kidney disease [9], 
yet more than half of the patients diagnosed with advanced stages of CKD and those on dialysis present 
with at least three comorbid conditions (i.e., type 2 diabetes mellitus, hypertension, and hyperlipid-
emia) [1], with reported hospital days of 12.8 per patient- year [10]. This CKD patient population self-
reported lower quality of life scores as compared to the general population [10]. Therefore, early 
screening and detection for CKD, controlling and treating the underlying comorbid condition(s), and 
optimizing those patients’ nutritional status may significantly control progression of CKD, reduce the 
rates of hospitalization and mortality, reduce cost, and improve quality of life.

The registered dietitian nutritionists (RDNs) play an important role in the interdisciplinary care 
team as experts in proactively identifying abnormal biochemical and nutritional parameters shown to 
negatively impact overall metabolic and nutritional needs. They are also skilled in providing appropri-
ate individualized nutritional therapies that aim at improving patients’ health and wellbeing and at 
decreasing progression of CKD [1, 9, 11, 12].

This chapter presents an overview of the role of the RDN in managing patients diagnosed with 
CKD as it relates to biochemical assessments. It covers the latest clinical practice guidelines for nutri-
tion in chronic kidney disease developed by the National Kidney Foundation (NKF) Kidney Disease 
Outcomes Quality Initiative (KDOQI) and the Academy of Nutrition and Dietetics [1]. In addition, 
the International Society of Renal Nutrition and Metabolism (ISRNM) updates on biochemical assess-
ment in patients diagnosed with CKD, their function, and their strengths and limitations will also be 
addressed.

 Biochemical Assessment of Nutritional Status

Assessment of biochemical parameters provides an objective evaluation on patients’ overall nutri-
tional status. Most nutrition-related biochemical parameters are routinely done as part of patients’ 
monthly assessments and plan of care. When it comes to evaluating patients’ nutritional status, the 
RDNs focus on indicators that help identify whether the patients are adequately nourished, malnour-
ished, protein and/or energy malnourished, or protein and/or energy wasted. Malnutrition includes 
over- and undernutrition; it reflects imbalances in nutrients, such as protein, calories, fat, vitamin(s), 
and mineral(s), as well as electrolyte(s) and fluid. Malnutrition can also reflect suboptimal nutritional 
status, which can be either excessive intake or deficient intake of any identified nutrient. Protein- 
energy malnutrition (PEM) is defined as malnutrition of both protein and energy. Protein-energy wast-
ing (PEW), on the other hand, is defined by the ISRNM workgroup as “a state of nutritional and 
metabolic derangements in patients with CKD characterized by simultaneous loss of systematic body 
protein and energy stores, leading ultimately to loss of muscle and fat mass and cachexia.” PEW was 
first introduced and defined by the ISRNM workgroup in 2007 [4, 13], and objective criteria to iden-
tify patients presenting with the PEW syndrome were then developed in 2015 [4]. When assessing the 
patient, it is important to differentiate between protein wasting, which refers to insufficient protein 
levels, and energy wasting, which refers to insufficient caloric intake.

It has been heavily emphasized by the ISRNM workgroup that the health care team distinguishes 
between PEW and malnutrition when assessing the health and nutritional status of patients diagnosed 
with CKD. Though malnutrition is often associated with a patient’s nutritional intake, PEW is signifi-
cantly correlated with factors associated with the pathophysiological mechanisms seen in CKD, 
which may or may not be dependent on patients’ nutrient intake related to anorexia and/or dietary 
availability and restriction [4]. Management and prevention of PEW include individualized and con-
tinuous nutritional counseling, providing adequate dialysis therapy, preventing or correcting muscle 
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wasting, and managing patients’ comorbid conditions (e.g., metabolic acidosis, diabetes, infection, 
congestive heart failure, and/or depression). Oral or parenteral nutritional supplements, along with 
appetite stimulants and muscle-enhancing agents, should be considered when evaluating patients who 
are unable to sustain protein and energy stores with the traditional therapeutic approaches [4].

The commonly reported causes for the suboptimal nutritional status in patients with CKD, espe-
cially those with advanced stages and/or those undergoing dialysis, are non-nutrition related and may 
or may not be a true reflection of patients’ overall nutritional intake [3]. The KDOQI workgroup panel 
recommends that a comprehensive assessment is conducted by the RDN to rule out any underlying 
cause(s) that result in the observed altered nutritional status. This should be followed by providing 
individualized medical and nutritional interventions developed by the interdisciplinary health care 
team as part of patient’s plan of care. The comprehensive assessment encompasses an assessment of 
anthropometric, dietary, and biochemical parameters [1]. Assessment of anthropometric parameters 
and dietary recommendations are reviewed in other chapters of this text book.

The KDOQI workgroup recommends that the biochemical assessment includes parameters rou-
tinely done as part of the patient’s workup; additional parameters may be recommended for confirma-
tory purposes, as needed [1]. The ISRNM workgroup proposed assessing the following biochemical 
parameters as part of the clinical diagnosis of PEW: serum albumin level < 3.8 g/dL, serum prealbu-
min (transthyretin) < 30 mg/dL, and serum total cholesterol < 100 mg/dL. Additional assessment cri-
teria include identifying any significant decline and/or changes in body mass, muscle mass, and 
dietary intake [4] (Table 5.1).

The biochemical parameters routinely assessed in the dialysis setting as part of patients’ plan of 
care include: (1) For protein and nutritional status and intake: serum albumin, blood urea nitrogen 
(BUN), normalized protein catabolic rate (nPCR), and total cholesterol; (2) for dialysis clearance and 
accumulation of urea in blood: Kt/V and BUN; (3) for fluid balance: sodium, interdialytic weight 
gains, target weight, and post weight trends; (4) for electrolyte balance: sodium and potassium; (5) for 
bone mineral disorder: calcium, phosphorus, intact parathyroid hormone, and alkaline  phosphatase; (6) 
for diabetes control: blood glucose and hemoglobin A1C; (7) for metabolic acidosis/alkalosis: serum 
bicarbonate; (8) for anemia or a possible bleed: hemoglobin, hematocrit, ferritin, iron panel, and total 
iron binding protein; and (9) for a possible presence of inflammation and/or infection: ferritin and 

Table 5.1 ISRNM diagnostic criteria for protein-energy wasting

Category Criteria Suggested Threshold

Serum 
chemistry

Serum albumin <3.8 g/dL by bromocresol green (BCG) method
Serum prealbumin <30 mg/dL (maintenance dialysis only)
Serum cholesterol <100 mg/dL

Body mass Body mass index <23 kg/m2 (edema-free dry weight)
Unintentional weight 
loss

5% over 3 months
or 10% over 6 months

Body fat percentage <10%
Muscle mass Muscle wasting 5% over 3 months or 10% over 6 months

Mid-arm muscle area Decrease by >10% in reference to 50th percentile of reference 
population

Creatinine appearance No specific threshold recommended
Influenced by both muscle mass and meat intake

Dietary intake Unintentional intake for >2 months:
Protein intake Stage 2–5 CKD: unintentional low DPI <0.6 g/kg/day

Dialysis patients: unintentional low DPI <0.8 g/kg/day for at least 
2 months

Energy intake <25 kcal/kg/day for at least 2 months
Adapted from Obi et al. [4]
Abbreviation: DPI dietary protein intake
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white blood cell count (WBC). Additional confirmatory tests include C-reactive protein (CRP), eryth-
rocyte sedimentation rate (ESR), and prealbumin (transthyretin) (Table 5.2).

Table 5.2 Assessment of selected biochemical parameters

Biochemical 
parameters Assessment

Albumin Negative acute phase reactant protein
Produced by the liver
Half-life = 14–21 days
Normal Optimal nutritional status

Chronic starvation
Anorexia nervosa (with body mass index (BMI) <12)

Low Fluid overload, malnutrition, chronic inflammation, infection, dental disorder, 
hepatic failure, nephrotic syndrome, advanced chronic kidney disease, patients 
on renal replacement therapy (RRT), especially patients on peritoneal dialysis 
due to excessive peritoneal losses, alcoholism, depression (related to decreased 
intake), falsely low in older adults who have sedentary lifestyle

Prealbumin
(transthyretin)

Negative acute phase reactant protein
Produced by the liver
Half-life = ~ 2 days
Increases Recent improvement in nutritional status
Low Recent/acute malnutrition, inflammation and/or infection, liver disease

Transferrin Negative acute phase reactant protein
Produced by the liver
Half-life = ~ 2 days
High High demand of iron by the body

Iron deficiency
Chronic blood loss

Low Iron overload
Chronically low (seen in patients with chronic inflammation independent of 
iron status)

Potassium Electrolyte responsible for cardiac conduction and muscle contraction
High Decline in renal function

Hypoaldosteronism
Increased cellular destruction and tissue catabolism
Increased potassium intake
Certain medications
Metabolic acidosis

Low Low K intake
Intake of K-wasting diuretic medication

Bicarbonate Acid-base balance
Acidosis
HCO3− < 24
(<22: patients 
on MHD)

May cause bone resorption and osteopenia, increased risk of hyperkalemia, 
increased protein catabolism

Alkalosis
HCO3− > 26

May cause nausea, numbness, prolonged muscle cramps, muscle twitching, 
hand tremors, and dizziness (and if severe → confusion)

High Prolonged vomiting
Low Kidney failure

Excessive lactic acid production
Hypoxemia
Very low blood pressure
Ketoacidosis
Prolonged diarrhea

(continued)
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 Negative Acute Phase Reactant (APR) Proteins: Serum Albumin, 
Prealbumin (Transthyretin), and Transferrin

 Serum Albumin

Serum albumin (Salb) is a protein that has a half-life of about 14–21 days. It maintains oncotic pres-
sure within the capillary as well as fluid balance. In addition, it serves as a carrier molecule for various 
minerals, hormones, and fatty acids. Salb is impacted by various bodily responses; therefore, it is 
essential that the clinicians conduct a thorough assessment when using Salb to evaluate a patient’s 
nutritional status and nutritional requirements.

Salb is one of the acute phase reactant (APR) proteins; its level is negatively impacted by 
stress. When the body senses stress, an inflammatory process gets initiated, which then activates 
the production of cytokines; circulating cytokines suppress the synthesis of Salb [14–16]. A con-
cept of “stress- induced hypoalbuminemia” has been introduced in the acute clinical setting to 
identify those patients whose Salb levels are below optimum due to the stress induced by their 
health status (infectious and/or inflammatory states), independent of their protein and nutritional 
intake [17].

Decreased Salb level is commonly seen in patients presenting with advanced stages of CKD and 
those undergoing renal replacement therapy (RRT); the level is negatively correlated with the number 
of years on dialysis. Patients diagnosed with advanced stages of CKD present with higher inflamma-
tory markers as compared to the general healthy population; therefore, maintaining an optimal Salb 
level continues to be a challenge for the clinicians and patients [4, 14].

Salb alone is a weak reflection of patients’ protein and nutritional intake. A meta-analysis that 
included 63 studies and 2125 patients [18] and a 1-year case-control study that included 15 healthy 

Table 5.2 (continued)

Biochemical 
parameters Assessment

Blood urea 
nitrogen (BUN)

Direct indicator of protein breakdown
Indirect indicator of protein status
Should be interpreted with other nutritional biochemical parameters
High Decline in kidney function

Increase in protein intake or increased endogenous or exogenous protein 
metabolism
Inadequate dialysis in patients on RRT
Falsely elevated in the presence of dehydration

Low Older patients
Decline in dietary protein intake
Optimal renal residual function (BUN: low to normal level)

Normalized 
protein catabolic 
rate (nPCR)

Indirect estimate of protein intake
High Falsely elevated in the presence of increased endogenous protein metabolism 

(that is in the presence of an active inflammation or infection), chronically low 
protein intake

Low Decreased protein intake
Serum total 
cholesterol

Assessment of overall nutritional status, when evaluated with other nutritional biochemical 
markers
High Increased saturated fat intake
Low Protein energy wasting

Hypoalbuminemia
Low BMI
Reduced dietary protein intake

Abbreviation: MHD maintenance hemodialysis; RRT renal replacement therapy
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individuals who presented with anorexia nervosa [19] showed that Salb can remain normal in indi-
viduals who present with a starvation state (body mass index (BMI) < 12 kg/m2) or in those who pres-
ent with anorexia nervosa, respectively. When the body senses a state of chronic starvation in an 
attempt to maintain homeostasis and meet cellular energy and protein demands, it becomes capable of 
efficiently using the endogenous protein stores when exogenous protein intake is inadequate.

Salb level can also be falsely low due to the variations in hydrostatic and oncotic pressures related 
to changes in body positions, which is especially seen in the elderly who have a sedentary lifestyle 
[20]. Other factors reported to negatively impact Salb concentration are dental disorders [21], urinary 
or peritoneal losses, alcoholism, and/or depression. Depression is reported to negatively affect interest 
in food and overall caloric intake [22].

Though assessment of Salb alone may not be a reliable indicator of patients’ nutritional intake, the 
KDOQI evidence summary stated that a low Salb level is a sensitive measure of nutritional status [1]. 
Salb is a reliable measure used to identify patients who are at risk of PEW, as defined by the 7-point 
subjective global assessment (SGA) score in patients undergoing maintenance hemodialysis (MHD). 
A Salb level of less than 3.8 g/dL is reported as one of the diagnostic criteria for the PEW syndrome 
[4]. Salb concentration is also the strongest predictor of mortality in patients diagnosed with CKD [1, 
3, 4] and in those undergoing MHD [23–25] and peritoneal dialysis (PD) [1, 26]. A Salb level less than 
or equal to 3.5 g/dL was significantly associated with higher odds of mortality over 10 years among 
patients undergoing MHD [27].When combined with appropriate management of patient’s underlying 
conditions, a high-protein diet combined with nutritional supplements, as appropriate, has been shown 
to positively impact patients’ nutritional status and serum albumin level [1].

 Serum Prealbumin (Transthyretin)

Serum prealbumin (prealb, also known as transthyretin) is another marker used to assess patients’ 
nutritional status. Prealb is also produced by the liver and, similar to Salb, its level is negatively 
impacted by inflammation and liver disease. Unlike Salb that has a half-life of up to 21 days, serum 
prealb has a relatively shorter half-life of about 2 days. Therefore, serum prealb is considered a sensi-
tive indicator of acute changes in patients’ protein-energy status. It can change rapidly as a response 
to altered nutritional status and can be used to assess the effectiveness of, and response to, the nutri-
tional intervention provided [18].

Serum prealb is a negative acute phase reactant protein. It can be used to assess a recent decline in 
nutritional status related to the presence of a recent active infection, inflammation, or illness. Serum 
prealb concentration is significantly negatively correlated with nPCR; its decline negatively impacts 
lean muscle and fat tissue index and is associated with an increase in CRP, interleukin-6 (IL-6), and 
other inflammatory markers. Low serum prealb is predictive of 3-year mortality in patients undergo-
ing MHD [17] and is independently correlated with increased mortality and hospitalization related to 
infection [1, 15, 28].

Since prealb is metabolized and excreted by the kidneys; a careful assessment of the trend in prealb 
levels should be considered for patients who present with decreased residual kidney function and 
those undergoing MHD. Therefore, it is recommended that a series of prealb measurements be done 
and the results compared to the patient’s baseline level [22]. Serum prealb level can be low in patients 
diagnosed with hyperthyroidism, independent of their nutritional status or acute conditions. Moreover, 
since prealb functions as a transport protein for thyroxin, prealb molecules become saturated with the 
elevated thyroxine levels providing a false low reading. Similarly, the level can be low in patients 
presenting with a low serum thyroxine level [29]. Therefore, a careful assessment of serum prealb in 
combination with other biochemical and anthropometric parameters is recommended when assessing 
patients’ nutritional status.
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 Serum Transferrin

Serum transferrin is also a negative acute phase reactant protein that is synthesized by the liver. Its 
serum level is affected by the patient’s liver function, blood count, rate of erythropoiesis, red blood 
cell (RBC) half-life, iron stores, and rate of iron utilization. Traditionally, serum transferrin level has 
been considered one of the parameters used to assess nutritional status; however, recently, it has been 
shown to be a non-reliable marker for nutritional status [17]. Since the main function of transferrin is 
to transport iron within the circulation, its level tends to be more of an indication of circulating iron 
status than of nutritional status [17, 18].

Serum transferrin concentration increases when there is a higher demand for iron to produce 
RBC. Therefore, we see an increase in serum transferrin level in individuals presenting with iron 
deficiency, with chronic blood loss (as in the case of bleeding), and/or with shortened RBC half-life 
(as in the case of infection and inflammation) [17]. On the other hand, low serum transferrin is seen 
in individuals who present with iron overload. Serum transferrin level tends to be normal and/or to 
trend toward the lower end of the normal range in patients presenting with a decrease in iron demand. 
Examples are healthy and stable individuals who have stable iron demand and adequate iron stores 
[17, 30, 31].

In patients who present with uremia, as in the case of those diagnosed with advanced stages of 
CKD and those on RRT, the body’s demand for iron is often higher than that of the general population. 
However, due to the elevated inflammatory state commonly seen in this patient population, some 
patients present with a serum transferrin level that is chronically low or trending toward the lower end 
of the normal range, independent of their actual body iron stores.Therefore, a careful assessment of 
the patient’s status should be considered when interpreting the results.

 Positive Acute Phase Reactants (APR): Inflammatory Markers

Approximately 8.4  million  adults in the United States are diagnosed with both diabetes and 
CKD. In addition to the cardiovascular risks associated with diabetes, CKD also increases risks of 
cardiovascular events,  increased circulating inflammatory markers, and premature mortality  
[32, 33]. These conditions trigger acute or chronic inflammation, as well as an acute phase response 
of the body’s host defense and adaptive mechanisms. Increased inflammatory markers are posi-
tively correlated with increased APR proteins [15, 16, 30, 34–36]. The presence of inflammation 
is defined as a substantial change (at least 25%) in the usual level of any of the various APR pro-
teins produced by the hepatocytes [35]. Additionally, chronic inflammation associated with CKD 
is defined when CRP level increases to above 5 mg/L for at least 3 months; a normal CRP level is 
< 1 mg/L [36]. An increase in CRP level is reported to negatively correlate with nutritional status 
and with a decrease in Salb and prealb concentrations [1, 15, 16, 34–36]. Examples of positive 
APRs are interleukin (IL)-6 (a major inducer of most APR), CRP, IL-1beta, tumor necrosis factor 
(TNF)-alpha, interferon gamma, fibrinogen (which has a substantial effect on the erythrocyte sedi-
mentation rate (ESR), alpha-1 antitrypsin, haptoglobin, IL-1 receptor antagonist, hepcidin, ferri-
tin, and procalcitonin [35].

The acute phase response induces a number of behavioral, physiological, biochemical, and nutri-
tional changes in response to the increased production of cytokines. These biological changes are 
fever, anemia of chronic disease, anorexia, drowsiness, lethargy, muscle wasting, increased produc-
tion of corticotropin-releasing hormone, amyloidosis, altered serum concentrations of various miner-
als such as iron, copper, and zinc and, when produced in large amounts, can lead to septic shock [36]. 
All of the above negatively impact patients’ overall nutritional status, regardless of their protein 
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intake. Therefore, a thorough comprehensive assessment is warranted to provide both appropriate 
medical and nutrition assessment and therapy in this patient population.

 Electrolytes

 Serum Potassium

Serum potassium (K) is the most abundant intracellular cation (98% of total body K stores), with only 
2% found in the intracellular space. The body stores about 50–75 mEq of K per kilogram (kg) of body 
weight, which accounts for at least 3000 mEq. Maintaining Na/K balance between the intracellular 
and extracellular space is essential, and it is controlled by the Na/K-ATPase pump found in the cell 
membrane. The Na/K-ATPase pump transports Na + out of the cell and K+ into the cell at a ratio of 
3:2. This balance in concentration maintains an optimal action potential essential for normal muscle 
and neural function. Any imbalance in serum K level results in a dysfunction of that action potential 
and thus may cause muscle paralysis and potentially life-threatening cardiac arrhythmias. Serum K 
level is often impacted by the correlation among the following three factors: K intake, distribution of 
K across the cell membrane, and urinary K excretion [37–39].

Ingested K is absorbed from the intestine and excreted in the urine through the kidneys. If K is 
ingested in large amounts in healthy individuals, the excess K is absorbed by the muscle and liver cells 
via the Na/K-ATPase pumps and is facilitated by both insulin and beta-2-adrenergic receptors. 
However, some of the ingested K remains in the extracellular space [39]. Elevated extracellular 
(serum) K level stimulates the release of aldosterone, which activates Na + channels in the luminal 
membrane in an attempt to increase K excretion via the kidneys and normalize serum level. When the 
kidneys are functioning properly, K excretion is increased with higher K intake, the phenomenon 
known as K adaptation. With the decline in kidney function, the K adaptive mechanism is lost, leading 
to hyperkalemia (elevated serum K level) [39].

Hyperkalemia can result in patients presenting with decreased kidney function, hypoaldosteron-
ism, increased cellular destruction (hemolysis), and tissue catabolism (K leaks out of the cells) [40, 
41] and with the ingestion of high K foods and beverages, K-containing salt substitutes, and certain 
medications (e.g., K-sparing diuretics, angiotensin-converting enzyme (ACE) inhibitors, angiotensin 
receptor blockers (ARBs), triamterene, nonsteroidal anti-inflammatory drugs (NSAIDs), among oth-
ers) [42]. Hyperkalemia is also common in patients presenting with metabolic acidosis in attempt to 
buffer the excess serum H+ ion. A transcellular shift happens to maintain an acid-base balance, in 
which H+ moves into the intracellular space in exchange with K+ [43, 44] (see Table 5.2).

Hyperkalemia can cause muscle weakness, paralysis, cardiac conduction abnormalities, cardiac 
arrhythmias, and metabolic acidosis [45]. Therefore, given the life-threatening physiological changes 
associated with hyperkalemia, a tight control of serum K level becomes essential. The RDN works 
closely with the patients on managing serum K levels, especially those diagnosed with advanced CKD 
(stages 4 and 5), and those who are dialysis dependent. The RDN provides individualized nutritional 
counseling on food and beverage items that would manage serum K level. The RDN also provides 
recommendations on adjusting the dialysate K bath for patients who are dialysis dependent.

 Metabolic Acidosis

Metabolic acidosis is defined as an excess production of acids in the body, coupled with impairment 
in the kidneys’ ability to excrete acids and to reabsorb and regenerate bicarbonate (base). Metabolic 
acidosis results when serum bicarbonate level drops to 24 mmol/L or below in patients diagnosed with 
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stages 3–5 CKD. A serum bicarbonate level maintained between 22 and 26 mmol/L is considered 
acceptable for patients undergoing maintenance dialysis [1].

In healthy individuals, metabolic acidosis is caused by the inability of serum bicarbonate to buf-
fer the excessive production of acids, as in the case of excessive lactic acid production with the lack 
of oxygen from prolonged anaerobic physical activity. Metabolic acidosis can also result from 
intestinal loss of bicarbonate due to prolonged diarrhea, very low blood pressure coupled with low 
O2 supply to the cells and tissues (hypoxemia and hypoxia), and/or with ketoacidosis in patients 
with type 1 diabetes mellitus. The lungs and the kidneys play a major role in compensating for the 
presence of acidosis in the body. The lungs compensate by promoting a rapid and deep respiration 
(Kussmaul respiration to expel CO2), and the kidneys compensate through a much slower process 
by increasing the production of bicarbonate ion (HCO3

−: a base) and increasing the excretion of 
hydrogen ions [46, 47].

Metabolic acidosis increases the catabolism of muscle protein; impairs contractibility of the myocar-
dium, which increases the risk of heart failure; reduces respiratory reserves; aggravates secondary hyper-
parathyroidism, bone resorption, and osteopenia; increases the risk of hyperkalemia; reduces the 
expression of insulin-like growth factor and growth hormone receptor [46, 47]; and may increase the risk 
of systematic inflammation, hypotension, and malaise [46]. Metabolic acidosis also reduces the synthe-
sis of amino acids and increases its oxidation rate [47]. Moreover, it is significantly correlated with a 
faster decline in residual kidney function [46–52] and increased mortality rate among patients diagnosed 
with CKD [46].

Correcting for metabolic acidosis is significantly correlated with improvement in nutritional bio-
chemical parameters [1], such as improving SGA scores [1, 53], Salb level [1, 48, 54, 55], serum 
prealb [1, 55], and nPCR [1, 45], as well as slowing down CKD progression as measured by albumin-
uria [47] and GFR [50–52]. Correcting metabolic acidosis can be achieved either by the intake of oral 
bicarbonate supplementation in patients who are not on dialysis or by adjusting the bicarbonate level 
in the dialysate bath in patients undergoing RRT. Some patients in this latter group may still need to 
take additional oral bicarbonate supplementation to achieve an optimal acid-base balance. Though it 
is sodium-based, sodium bicarbonate supplementation did not cause significant fluid retention [1]. An 
intake of 1800 mg of oral bicarbonate supplementation daily did not have any effect on patients’ fluid 
status [48, 49].

Dietary modification, such as increasing consumption of fruits and vegetables, decreases serum 
acids by about 50% [1, 47, 49, 56]. Decreased renal acid load slows down the progression of the 
decline in kidney function in patients diagnosed with earlier stages of renal disease. Since most fruits 
and vegetables are high in K, and given the nature of the renal diet that is limited in K (for patients 
with advanced stages of CKD and those undergoing MHD), low-K food choices should be consid-
ered. It is worth noting that in case a higher dietary protein intake is recommended as part of the 
patient’s individualized medical nutrition therapy, close monitoring of the patient’s acid-base status 
should be considered, and an adjustment in the bicarbonate level may be indicated. A high protein 
intake is inversely correlated with serum bicarbonate level [57].

 Assessment of Nutritional Status

The use of selected biochemical parameters to assess nutritional intake can provide objective data, can 
be used to estimate the patient’s overall protein intake, is feasible, and is routinely done as part of the 
patient’s monthly laboratory assessment. These include blood urea nitrogen (BUN), normalized pro-
tein catabolic rate (nPCR), serum creatinine, and serum total cholesterol.
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 Blood Urea Nitrogen and Protein Catabolic Rate

 Blood Urea Nitrogen

Blood urea nitrogen (BUN) is a biochemical parameter that can be used as an indicator of the amount 
of protein breakdown by the liver and thus an indirect measurement of the patient’s protein intake. 
Urea, a breakdown of protein, is filtered out of the blood via the kidneys and into the urine. In the nor-
mal healthy population, BUN level should be stable and within normal range. A decline in kidney 
function leads to an accumulation of urea in the blood, therefore any acute change in BUN may be 
indicative of an acute increase of protein intake (exogenous) or protein metabolism (endogenous) [22].

In patients with advanced stages of CKD and in those receiving RRT, BUN can provide an estimate 
of dietary protein intake [22]. Monthly screening of pre-dialysis BUN is a routine practice in the out-
patient hemodialysis setting. BUN should be assessed in combination with other biochemical param-
eters, as results can be falsely interpreted if assessed as a sole indicator of dietary protein intake. BUN 
can be within the lower range, independent of dietary protein intake, in patients who still have some 
residual kidney function. On the other hand, it can be falsely elevated in the presence of dehydration, 
inadequate dialysis, and/or increased endogenous protein catabolism. A patient’s baseline pre-dialysis 
BUN should be assessed and compared with subsequent values; any abrupt changes in the level should 
be investigated. A gradual reduction in BUN level is often seen in older patients, which can be cor-
related with the decline in dietary protein intake.

 Protein Nitrogen Appearance/Protein Catabolic Rate

Protein nitrogen appearance (PNA), also referred to as protein catabolic rate (PCR), can provide an 
objective indication of net protein metabolism, though its use to assess protein intake in patients diag-
nosed with CKD has not been fully supported in the literature [1]. PCR has been routinely used in the 
clinical setting to indirectly estimate protein intake; it is estimated by measuring the rate of increase 
in serum urea nitrogen between two hemodialysis treatments in clinically stable patients using urea 
kinetic modeling. PCR is thought to reflect the amount of protein catabolized in excess of the amount 
of protein synthesized per day. Unfortunately, the level can be limited (over- or underestimated) in 
patients who present with catabolic or anabolic states and/or in those with residual renal function. 
PCR overestimates protein intake with an intake < 1 g/kg of body weight and underestimates protein 
intake when the intake is > 1 g/kg of protein per day [58].

Clinically in the dialysis setting, PCR is typically normalized so that protein intake can be compared 
to estimated protein requirements (i.e., intake is usually normalized to either the actual or the adjusted 
body weight (ABW) reported to the laboratory), independent of body mass. This normalized protein 
intake value is expressed as normalized protein catabolic rate (nPCR). Therefore, inaccuracy in report-
ing a patient’s target or desired weight provides an inaccurate nPCR value [59]. Normalization of PCR 
to body weight may be misleading in obese, malnourished, and edematous individuals if target or ABW 
is not carefully established and accurately reported to the laboratory. In patients presenting with edema, 
an assessment of serum sodium (Na) level combined with a thorough clinical assessment can assist 
clinicians in establishing an accurate estimation of target weight. For patients who are over- or under-
weight, the RDN can use any of the available standardized formulas to calculate ABW.

nPCR is normalized by dividing PCR by V/0.58. V is the patient’s urea volume calculated by either 
urea kinetics using bioelectrical impedance analysis (BIA) or anthropometric equations and is an 
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estimate of fat-free body mass, whereas the 0.58 factor is the proportion of V as a fraction of total 
body weight [1].

nPCR may fluctuate based on a patient’s overall health and nutritional status. The 2020 KDOQI 
workgroup reported that nPCR is a significant predictor of Salb concentration and mortality in patients 
undergoing MHD; this correlation was not studied in other stages of CKD [1]. A decrease in nPCR is 
often seen in patients who present with a low Salb level or in those who present with uremic syn-
dromes related to inadequate dialysis. Patients who receive adequate dialysis present with better urea 
clearance and control of uremic symptoms, an improved overall appetite and protein intake, and thus 
a higher nPCR level [1].

nPCR should be assessed with other biochemical indicators when evaluating patients’ overall 
nutritional and health status. In a stable individual, nPCR provides an estimation of daily protein 
intake; for example, nPCR of 1.4 may indicate a protein intake of 1.4 grams of protein per kg of body 
weight. In well-dialyzed patients, nPCR <1.2 g/kg/day may indicate poor protein intake or may be a 
sign of onset of an acute illness. The KDOQI expert panel recommends maintaining nPCR >1.2 g/kg/
day [1].

nPCR should be carefully evaluated as its level can be falsely elevated, thus providing an over-
estimation of a patient’s actual protein intake. Examples are patients who present with increased 
catabolism, such as those presenting with active inflammation or infection, and those who present 
with a protein intake that is chronically below the daily recommendation. In such cases, the 
increase is possibly due to endogenous protein catabolism in an attempt to meet the protein needed 
for normal daily repair. A rapid increase in nPCR over a short period of time may indicate either 
an active inflammatory status, an increased endogenous protein catabolism, and/or a reflection of 
the patient’s most recent protein intake that may not reflect usual dietary habits. In the latter 
example, examining the trend in the patient’s serum prealb (if readily available), CO2, BUN, and 
Salb may help the RDN to interpret any recent changes in dietary protein intake. For example, a 
rapid elevation in nPCR coupled with a sudden decrease in serum CO2 and an increase in prealb 
level, if available, may indicate a recent increase in protein intake. Serum CO2 is inversely cor-
related with dietary protein intake in the CKD population [57]. On the other hand, nPCR can be 
falsely low (underestimating dietary protein intake) in patients presenting with anabolic states. 
Examples are patients recovering from infections or growing children. Therefore, a careful assess-
ment of dietary protein habits combined with other nutrition-related biochemical parameters 
should be considered in order to accurately assess patient’s nutritional status and provide individu-
alized dietary therapy.

 Serum Creatinine, Creatinine Clearance, and Creatinine Index

Serum creatinine (SCr) is an indicator of muscle mass and is routinely measured as part of the patient’s 
monthly plan of care. SCr is a by-product produced by endogenous (muscle mass) and exogenous 
(protein intake) protein metabolism and is excreted by the kidneys. In the normal healthy population, 
SCr level is usually higher in those presenting with higher muscle mass. The level is affected by 
changes in kidney function and, to a lesser extent, by the intake of high biological value (HBV) pro-
tein (i.e., animal products). SCr is used as a screening indicator of residual renal function; a decline in 
residual function results in an increase in SCr concentration. A urine Cr test is also used to provide a 
measurement of urinary excretion of Cr, which is used to calculate creatinine clearance (CrCl) 
obtained by a 24-hour urine collection. CrCl provides a more accurate assessment of renal function as 
compared to SCr if done by itself. The concentration can be falsely elevated with dehydration, 
increased muscle mass, an abrupt increase in protein intake, and/or an intake of certain medications 
or dietary supplements such as creatine [60].
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SCr and CrCl values provide a guidance for the RDN to individualize daily protein recommenda-
tions for patients diagnosed with earlier stages of CKD who are not receiving RRT. A low-protein diet 
(0.6–0.8 gram of protein per kg of ABW) is recommended to preserve remaining kidney function in 
this patient population, especially among patients who present with GFR < 60 ml/min/1.73m2 [1].

Creatinine index, which is calculated utilizing kinetic modeling, is another marker that can provide 
information on protein malnutrition; it is used to estimate somatic protein mass. However, the clinical 
usefulness of this index has not been established [60].

 Serum Total Cholesterol

Low serum total cholesterol level is identified as one of the markers of PEW, in addition to hypoalbu-
minemia, low BMI, and reduced dietary protein intake. All of the above are reported to be positively 
correlated with increased mortality rates in patients presenting with CKD, especially those presenting 
with advanced stages and in those undergoing maintenance dialysis therapy. Though cardiovascular 
disease (CVD) mortality rate in the CKD population continues to be high, the cause for such mortality 
was reported not to be related to hyperlipidemia, as shown to be the case in the general population [3, 
61]. On the contrary, hyperlipidemia, along with increased body weight, has been reported to be cor-
related with longevity in patients undergoing MHD: the phenomena known as “obesity and choles-
terol paradoxes” or “reverse epidemiology” [3]. Conversely, both low BMI and low serum total 
cholesterol levels were consistently correlated with increased mortality risk in this patient population, 
as explained by the “endotoxin-lipoprotein hypothesis” [36]. Patients with CKD often present with a 
gradual loss of body fat and with decreased serum cholesterol level throughout the progression of 
their disease. Hypocholesterolemia reflects a general decline in serum lipoprotein levels and is often 
associated with malnutrition, a condition commonly seen in this patient population. Circulating lipo-
proteins neutralize the endotoxins coming from the gastrointestinal tract, resulting in even lower anti- 
inflammatory production of cytokines and adiponectin, which are both reported to have a protective 
effect against CV-related mortality. Additionally, a fall in lipoprotein concentration below optimal 
level, as seen in the presence of hypocholesterolemia, results in decreased ability to bind with lipo-
polysaccharides, which are reported to have a role in removing circulating endotoxins. The end result 
is increased risk of cardiovascular events [36].

 Conclusion

Patients with CKD often present with multiple comorbid conditions, which place them at increased 
risk of inflammation and associated malnutrition. Additionally, these patients are at increased risk of 
uremia, metabolic acidosis, decreased protein and energy intake, increased rate of protein catabolism 
and malnutrition, and progression of CKD—all of which are reported to significantly and negatively 
impact their nutritional status and quality of life, and to increase the rate of hospitalization and 
mortality.

Early screening for, and diagnosis of, CKD and providing individualized medical and nutritional 
therapies are essential to slow down the progression of the disease and its associated side effects. This 
can be accomplished by utilizing an interdisciplinary team approach. RDNs play an important role in 
the interdisciplinary care team; they are expert at providing medical nutrition therapy that is tailored 
to the individual’s needs and nutritional status. This includes, but is not limited to, managing malnutri-
tion, inflammation, uremia, metabolic acidosis, weight, and disorders of lipid and bone metabolism. 
The RDN monitors patients’ nutritional status at least every 1–3 months or more frequently based on 
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the patients’ status. They are also expert at identifying whether the patient presents with inadequate 
nutrient intake, PEM or PEW, and mineral and electrolyte imbalances or whether the patient presents 
with an illness that may worsen their nutritional status.

Several assessment tools are available for the RDN to consider when assessing the patients and 
planning their tailored medical nutrition therapy (MNT). Objective parameters provide information 
about patients’ overall nutritional and metabolic status; however, each also has its own limitation. 
Therefore, a comprehensive assessment of biochemical parameters should be considered when plan-
ning an individualized MNT for this patient population. A strong negative correlation exists between 
Salb, prealb, body weight, total cholesterol level, nPCR and metabolic acidosis, and rates of morbid-
ity, hospitalization, and mortality. Additionally, there is a strong and positive correlation between 
decreased nutritional status and acute inflammatory markers in this patient population, which places 
them at increased risk for malnutrition/wasting and associated side effects. All of which leads to fur-
ther malnutrition, decreased quality of life, and increased rate of depression.
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 History of the Nutrition-Focused Physical Examination

The initial Medicare Conditions for Coverage for end-stage renal disease (ESRD) were available in 
1976 [1] directing registered dietitian/nutritionists (RDN) to perform a nutrition-focused physical 
examination (NFPE) as part of their assessment. However, most NFPE practices by the RDN began 
with the introduction of the subjective global assessment (SGA) in the 1980s [2–4]. It was not until 
the 1990s that the NFPE became more widely used in assessment practices and was introduced into 
the nutrition care process in 2003 [4, 5]. Components of the NFPE were first included in the Academy 
of Nutrition and Dietetics’ (Academy) 2012 Revised Standards of Practice in Nutrition Care and 
Standards of Practice/Standards of Professional Performance (SOP/SOPP) for RDNs that are now 
part of the SOP/SOPP for RDNs in both adult and pediatric populations [6, 7]. The revised 2014 SOP/
SOPP for RDNs in Nephrology Nutrition also contain the required NFPE core standards of practice 
indicators for NFPE [8].

These SOP/SOPP standards [6–8] direct the RDN to utilize NFPE on patients to assess for fat 
and muscle wasting; oral health conditions; hair, skin and nails; and signs of edema as well as 
conditions that impact nutritional status or impact the patient’s ability to eat. The nutrition profes-
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sion has also added the required core competency standard of the NFPE as part of the accrediting 
standards in dietetic programs by the Accreditation Council for Education in Nutrition and 
Dietetics (ACEND) [9].

If RDNs do not perform a thorough NFPE, the nutrition assessment is not complete and, as a result, 
malnutrition and other conditions which impact eating ability may go undiagnosed. RDNs should be 
utilizing the NFPE on patients to identify malnutrition as well as to identify any condition that may 
impact nutritional status, impair dietary intake, or reflect nutritional conditions [4]. The NFPE is the 
comprehensive physical examination conducted by the RDN involving inspection and palpation and, 
in some instances, percussion and auscultation of physical features [4]. The NFPE should be targeted 
to the patient’s condition but refers to the inspection for clinically manifested nutrient deficiencies; 
measurement of anthropometrics and body composition and vital signs; assessment of skin, nails, and 
hair; edema, lymph nodes, and cranial nerves (taste, smell, dysphagia screening); muscle and fat wast-
ing; and head, neck, and orofacial examination [4]. Abdominal, heart, and lung assessment may be 
performed in select populations as findings may impact nutrition diagnoses and plan of care. Results 
from the NFPE can then be combined with the medical and dietary history findings in developing the 
nutrition diagnosis.

The NFPE is essential for the identification of signs and symptoms that may reflect macro- 
and micronutrient deficiencies and influence ingestion and digestion [10–12]. Of particular con-
cern in the chronic kidney disease (CKD) population is that malnutrition is a major concern with 
signs of malnutrition including edema, ascites, weight loss, muscle weakness, muscle and fat 
wasting, reduced functional status, peripheral neuropathy, dry skin, ecchymosis, and pruritus 
[13, 14]. The 2012 consensus statement on the characteristics of adult malnutrition by the 
Academy and the American Society of Parenteral and Enteral Nutrition (ASPEN) [15, 16] inte-
grates select NFPE components into a nutrition assessment to detect malnutrition. It highlights 
the importance of adequate training on physical examination techniques to perform accurately 
and evaluate patient examination findings for a nutrition diagnosis [15]. However, the NFPE has 
not been widely used among nutrition clinicians due to the lack of education and training, inex-
perience or lack of confidence and/or lack of a full appreciation of its role in assessing nutri-
tional status. The NFPE is an essential component of a comprehensive nutrition assessment to 
determine the patient’s nutritional status and factors that may impact the patient’s ability to 
consume an adequate diet.

The purpose of this chapter is to review the importance of the NFPE as part of the comprehensive 
nutrition assessment in determining the nutritional status of a patient. The NFPE will assist in con-
firming the presence of malnutrition and other conditions which may affect the patient’s ability to 
consume an adequate diet. This chapter will also review the specific techniques used in the examina-
tion of nutrition-focused physical findings in the patient with CKD to include examination of the skin, 
hair, nails and the orofacial area.

 The Nutrition-Focused Physical Examination (NFPE)

The medical history including the nutrition history and the NFPE provide the foundation for the nutri-
tional care and intervention in the patient with CKD. These clinical skills of history taking and NFPE 
are fundamental to the practice of clinical nutrition and patient care. Clinical skills include a combina-
tion of talk and touch that are used to interpret and apply the information through the use of diagnostic 
reasoning and critical thinking. A NFPE requires a systematic approach to assure that all needed data 
are collected and reviewed. As such, the history and physical examination do not have to be completed 
in a special sequence as the needs of the patient take first priority. However, a systematic approach 
helps to prevent missing the observation and collection of important information in making a nutrition 
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diagnosis. A primary aim is to perform the NFPE so the process flows smoothly, minimizing the num-
ber of times the patient has to change position and to conserve the energy of the patient. Depending 
on the setting and the patient’s condition or abilities, adaptations of the examination may be 
necessary.

 Getting Started with the Nutrition-Focused Physical Examination

Prior to beginning the NFPE, it is important to review the health/medical record to collect past 
medical and surgical history, medications and dietary supplements, diagnostic testing, biochemi-
cal values, current conditions, and concerns which may impact nutritional status or dietary intake. 
Specific diet and nutrition questions completed as part of the nutrition assessment will be helpful 
as you begin the examination process. Specifically, ask for changes in appetite as well as the 
number of meals and/or snacks consumed daily. Ask about ability to chew and swallow, the pres-
ence of dry mouth, and any changes in taste and smell. Note the chief complaint and any other 
acute medical conditions as well as chronic conditions. Take note of any dental concerns, use of 
dentures, history of oral surgery, or any conditions that may increase the risk of difficulty chew-
ing or dysphagia. Medications that affect the oral health (xerostomia, bleeding) should be noted 
as well [17, 18].

Some common supplies needed to perform an examination by the RDN are the following:

• Examining gloves
• Cotton-tipped applicators
• Gauze squares
• Pen light
• Tongue blades

Prior to starting the NFPE, be sure to gather the equipment and arrange nearby for convenience. 
Open wrapped items in advance of the NFPE and delay gloving until you begin your examination.

 General Inspection

The first step in the NFPE is to greet the patient allowing for observation of any problematic issues. 
You can observe the patient for manner or affect, dress, level of apprehension, skin tone and facial 
expressions, grooming, mobility and gait, head positioning, and stature. Shaking the patient’s hand 
allows the assessment of hand strength, which is a measure of functional status. All these observa-
tions contribute to your overall examination and impression of the patient and provide clues to 
potential issues that may affect nutritional status or dietary intake [4]. The renal system can affect 
many aspects of the physical examination which may be more notable with significant disease pro-
gression [19].

 Anthropometric Data and Body Composition

Actual measured weight and height should be collected along with a history of weight changes includ-
ing both long-term and recent weight changes [17, 20]. Ongoing weight measurements, monitored 
over time, are helpful to determine overall health status. Adjustments to the weight status should be 
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made for suspected influence of edema, ascites, and/or polycystic organs [20]. The use of validated 
body composition methods in individuals with CKD includes waist circumference and body mass 
index (BMI) and body compartment estimates. No reference standard for assessing body composition 
in CKD patients is available, and studies have not found differences in body composition analysis 
between methods. Dual-energy X-ray absorptiometry (DXA), bioelectrical impedance (BIA), creati-
nine kinetics (CK), and computed tomography (CT) can be used to assess body composition among 
CKD patients [20].

 Assessment of Fluid Status

Observe the patient for the appearance of hypovolemia or fluid overload. In a dehydrated state, the 
eyes may appear to be sunken or hollow, and the mucous membranes appear dry. Pinching the skin 
located over the anterior chest wall can determine if reduced skin turgor or elasticity exists. Although 
a somewhat insensitive measure of fluid status, these indicators may be most pronounced in circum-
stances of vomiting or diarrhea. A patient with fluid overload may be breathless due to pulmonary 
edema or pleural effusions as well as present with more obvious signs of peripheral edema. Observe 
for pitting edema in the legs at the base of the spine especially in patients confined to the bed. Begin 
palpating the legs at the ankle area and observe the highest level at which edema can be recognized. 
In severe cases, edema can be observed in the scrotum or labia [19].

 Skin, Hair, and Nails

Observe the patient’s skin for color, texture, temperature, and other characteristics. Skin should be an 
appropriate color for ethnicity, smooth and slightly warm to the touch. The patient with advanced 
CKD may look unwell with skin pallor. In marked uremia, the skin may appear yellow; however, this 
is a feature that occurs late in the disease process. Scratch marks on the skin may indicate the presence 
of pruritus [17–19].

Inspect and palpate the scalp and hair to determine texture, hair distribution, and quantity as well 
as pattern of hair loss, if any. The hair should be evenly distributed, and the scalp should be free of any 
lesions or scales. Inquire about changes in hair texture, structure and strength including broken or 
brittle hairs, and pigment changes. Hair loss/changes can be associated with deficiencies in protein, 
vitamin C, iron, or zinc [19, 21].

Pallor of the palmar creases of the hand can be suggestive of anemia. Nails should be convex in 
shape and smooth upon palpation, and the nail bed should be pink. Inspect the nails for Muehrcke’s 
lines, a possible sign of hypoalbuminemia seen in nephrotic syndrome [19, 22]. Lindsey’s nails of 
CKD are recognized by the proximal half of the nail being white and the distal half red or brown [19, 
23]. Spooning of nails or koilonychia (concave nail) may be indicative of iron deficiency [19, 24].

 Eyes

To assess the palpebral conjunctival color of the eyes, ask the patient to look up and gently depress the 
lower lids to expose the sclera and conjunctiva. Inspect for color and any abnormal findings. Palpebral 
conjunctival pallor may indicate anemia which is common in CKD.  Normal conjunctiva is pink 
beneath a pale anterior rim [25]. Skin colored or beige nodules or lesions on or near the eye lids (xan-
thelasma) may be associated with lipid disorders [26].
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 Muscle and Fat Wasting

Both obesity and muscle wasting are commonly seen in patients with CKD and may occur simultane-
ously [27]; therefore, muscle and fat stores should be assessed by observation and palpation. Muscle 
wasting or muscle atrophy refers to a loss of substance and quality of the muscle [3, 18, 28]. The upper 
body may be more accessible and less affected by edema [29, 30]. Assess both sides of the body to 
differentiate between nutrition-related wasting and those conditions such as a stroke that may present 
with variations in muscle tone on each side of the body [30]. Muscle stores can be assessed in several 
areas. The temple region should appear flat or slightly bulging in a well-nourished state. Lightly palpate 
the temple region to assess tone and bulk of the temporalis muscle [3, 15, 18, 30]. A scooped or 
depressed temple region is indicative of muscle wasting. The muscle surrounding the clavicle bone area 
should feel firm and appear well-defined. Muscle wasting is palpable as stringy muscles and reduced 
muscle mass. The acromion area in a well-nourished individual appears as a rounded shoulder with 
firm muscle surrounding the shoulder and neck; however, in an obese individual, it may be difficult to 
differentiate muscle wasting due to excessive fat tissue. In muscle wasting, the acromion process may 
slightly protrude and, in more extensive wasting, the shoulder joint appears square and bones appear 
more prominent. The scapular bone area is another site to assess for muscle loss. In a well-nourished 
individual, the scapula should not appear apparent, but if wasting is present, depressions around the 
scapula may appear. Depressions between the scapula and spine also appear noticeable. The interosse-
ous muscles on the dorsal aspect of the hand can be assessed for muscle wasting. In a well- nourished 
individual, this muscle should appear as a flat or mild bulge between the index finger and thumb. This 
area becomes depressed, and bones appear prominent in muscle wasting. The lower extremities can be 
assessed in three areas: the quadriceps, the patellar region, and the posterior calf area. Muscles should 
be well rounded and developed and the kneecap should not be prominent. As wasting occurs, the quad-
riceps develop a depression on the inner thigh, the kneecap becomes prominent with little muscle sur-
rounding it, and the calf muscle becomes thin with minimal definition [3, 15, 18, 28, 30].

Fat stores are assessed in the orbital region, the midaxillary line, and the arm. The orbital fat stores 
are palpated below the eye and, in a well-nourished individual, they should appear as slightly bulged. 
Fat wasting appears as a slight to deep depression around the eye. Skin may appear loose and dark 
circles can appear. Upon palpation of the midaxillary line, ribs should not be evident, and the iliac 
crest should not be protruding. Fat wasting is identified by ribs being apparent and the iliac crest being 
more prominent. Lastly, the upper arm region is assessed under the triceps muscles. Ample fat tissue 
should be palpated when the skinfold is rolled between the fingers. As fat wasting occurs, this pinch 
of skin becomes less obvious and fingers may actually be almost touching [15, 28, 30].

 Orofacial Examination

In addition to assessing fat and muscle stores in the orofacial region, an examination of the cranial 
nerves, the muscles of mastication, the temporomandibular joint (TMJ), and the oral cavity as well as 
screening for dysphasia risk is important in the prevention and treatment of malnutrition [17, 18].

 Head and Face

Inspect external characteristics of the facial structures and assess for symmetry. Observe nasola-
bial folds for symmetry and flattening of the fold on one side of the face may indicate weakness 
and suggestive of potential swallowing concerns. Palpate the TMJ while the mouth is open and 
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closed to observe for pain or tenderness and any clicking sounds that may interfere with biting and 
chewing [17, 18].

 Cranial Nerve (CN) Assessment

Trigeminal Nerve (CN V)

The trigeminal nerve has both sensory and motor functions. The trigeminal nerve has three branches 
or divisions including the ophthalmic branch, which supplies sensation and function to the forehead, 
cornea, and conjunctiva. The maxillary branch supplies the skin in the middle of the face as well as 
the upper part of the palate and nasopharynx. The mandibular branch supplies the skin of the mandible 
and muscles of mastication (temporalis, masseter, and pterygoid muscles). Sensation is tested using 
the cotton-tipped applicator sequentially across the forehead, cheek, and lower mandible using both 
ends of the applicator, testing for correct sensation and while comparing sides. The motor functions 
of the trigeminal nerve are tested by examining the muscles of mastication. While the patient clenches, 
the temporalis and masseter muscles are palpated to assess for the tone, muscle bulk, pain, or tender-
ness [17, 18, 31].

Facial Nerve (CN VII)

The facial nerve primarily provides motor function to the face. The initial observation of the facial 
features can provide early evidence of asymmetrical expression (flattening of the nasolabial fold). 
Testing of the facial nerve can be achieved by asking the patients to wrinkle their forehead; to smile 
while showing their teeth, puffing out their cheeks; and to purse their lips. Assess opening of the 
mouth and jaw strength by having the patients open their mouth against resistance from your hand on 
their mandible. Weakness, limited jaw opening, pain, or tenderness may indicate difficulty biting, 
chewing and swallowing, and maintaining food and fluid within the oral cavity [17, 18, 31].

Glossopharyngeal Nerve (CN IX) and Vagus Nerve (CN X)

The glossopharyngeal nerve and the vagus nerve are tested together. The glossopharyngeal nerve 
primarily innervates the muscles of the tongue and pharynx. The vagus nerve, in addition to other 
motor functions, innervates the muscles of the pharynx and larynx. To evaluate these nerves together, 
press a tongue blade lightly on the tongue and observe the uvula and the rise of the soft palate and 
positioning of the tonsillar pillars. The uvula should not deviate to one side or the other and the rise of 
the palate should be symmetrical. A quick dysphagia screening can be performed by asking the 
patients to clear their throat and then perform a dry swallow [17, 18, 31]. Hoarseness or a wet cough 
can be indicative of the need for additional evaluation by a speech language pathologist.

Spinal Accessory Nerve (CN XI)

The spinal accessory nerve innervates the sternocleidomastoid and upper part of the trapezius mus-
cles. Clinical examination of this nerve involves asking the patients to shrug their shoulders while 
applying resistance. Clinical significance for testing this CN is to assess head positioning and ability 
of the patients to maintain their head over their shoulders to minimize risk of choking when eating 
[17, 18, 31].
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Hypoglossal Nerve (CN XII)

The hypoglossal nerve provides motor innervation to the tongue. When examining the tongue, care-
fully inspect for atrophy or asymmetry. Ask the patient to protrude the tongue. If the tongue deviates 
to one side or the other, the ability to chew, form a bolus, and swallow may be impaired. Strength of 
the tongue can be assessed by having the patient press the tongue against each cheek while the exam-
iner applies pressure to the outside of the cheek [17, 18, 31].

 Examination of the Oral Cavity

The oral cavity consists of three types of mucosa. These include masticatory mucosa and lining 
mucosa, which include the buccal and labial mucosa, and the specialized mucosa of the dorsal tongue. 
The masticatory mucosa is located on the hard palate and gingiva, and is a keratinized stratified squa-
mous epithelium. A nonkeratinized stratified squamous epithelium composes the mucosal lining of 
most of the oral cavity including the buccal and labial mucosa and the soft palate [32, 33]. The cells 
of the oral cavity mucosa have a rapid turnover of 3–7 days; therefore, micronutrient deficiencies may 
manifest rapidly in the area of the lips and the oral mucosa [32, 34–37]. Although physical signs are 
nonspecific, other parameters such as diet history and biomarkers are useful for confirming physical 
findings. However, barriers exist in the reliability and specificity of these biomarkers for many nutri-
ents. The oral examination should be prefaced with questions regarding any changes in taste and 
smell, any burning sensations in the mouth or on the tongue, and pain and location of the pain as well 
as any bleeding of the gingiva. If the patient is wearing dentures, ask that they remove the dentures. 
Gloves, tongue depressor, cotton gauze square, and a light source are needed for the intraoral exami-
nation [17, 18].

The oral examination begins with observation of the lips for signs of cracking, fissuring, lesions, 
and color changes. Invert the lips to observe color and wetness and any abnormal findings. Mucosal 
alterations, periodontal inflammation, gingival bleeding, and dentition should be assessed. Use the 
tongue depressor to move the cheeks laterally to allow for examination of the gingiva, teeth, and 
sulci. The dorsal and ventral surfaces of the tongue are examined by asking the patient to protrude 
the tongue, move it from side to side, and touch the tip of the tongue to the hard palate – observing 
for abnormalities and function concerns. Use a handheld light source and gloved hands, grasp the 
tip of the tongue with a cotton gauze pad, and move the tongue to observe all sides for any abnor-
malities. The examiner should also observe the floor of the mouth for wetness or pooling of saliva 
[17, 18].

 Oral Manifestations of CKD

The oral cavity is often referred to as a mirror of systemic health, and it is one of the first locations to 
manifest signs of systemic disease and nutritional deficiencies [32–37]. A variety of common mani-
festations in the oral cavity that occur in the CKD population include altered taste, gingival hyperpla-
sia, xerostomia, parotitis, enamel hypoplasia, mucosal lesions including hairy leukoplakia, lichenoid 
reactions, ulcerations, angular cheilitis, and candidiasis [38, 39].

Uremic stomatitis can occur due to markedly elevated levels of urea and other nitrogenous wastes 
in the blood of patients with CKD. Uremic stomatitis can come on suddenly and presents as white 
plaques primarily seen on the buccal mucosa and floor of the mouth and tongue. Symptoms include 
pain, unpleasant taste, burning sensations, and a uremic odor in the patient’s breath [39, 40].

Dry mouth or xerostomia occurs frequently and is a significant complaint in the CKD population. 
Several conditions contribute to dry mouth including medications, inflammation, dehydration, mouth 

6 Nutrition-Focused Physical Examination and Assessment in Chronic Kidney Disease



86

breathing, and also restricted fluid intake. Uremic patients can experience dry mouth from retrograde 
parotitis, metabolic abnormalities, and use of diuretics [39, 41].

Taste Changes

A metallic taste is often described in the CKD population due to the presence of urea in the saliva and 
its subsequent breakdown to ammonia and carbon dioxide by bacterial urease, which then contributes 
to this altered taste. The change in taste may also be a result of metabolic disturbances, use of medica-
tions, and changes in the salivary flow and its composition. High levels of urea and dimethyl and tri-
methyl amines and low levels of zinc have been associated with decreased taste perception in uremic 
patients [39, 41].

Due to bleeding tendencies as a result of abnormal thrombocyte function and a decrease in platelet 
factor III, mucosal petechiae and ecchymosis may be observed. The use of anticoagulants during 
hemodialysis may also cause these symptoms [39, 42].

Renal osteodystrophy is a frequent long-term complication of renal disease; it is a spectrum of 
bone metabolism disorders associated with different pathogenic pathways. Bone demineralization 
with trabeculation and cortical loss, giant cell radiotransparencies, or metastatic calcifications of the 
soft tissues may result. As a result, the oral cavity can show marked jaw enlargement with malocclu-
sion, enamel hypoplasia, severe destruction of the periodontal tissues, tooth mobility, and drifting of 
teeth [39, 43].

Candidiasis can also contribute to poor oral health presenting as angular cheilitis, pseudomembra-
nous, or erythematous ulceration or as a chronic atrophic infection [39, 44]. A variety of oral mucosal 
lesions, in particular white patches and ulceration, lichenoid reactions, and oral hairy leukoplakia can 
occur due to immunosuppressive drugs. White patches of skin, uremic frost, is due to the collection of 
urea crystals on the epithelial surfaces following perspiration. These patches are occasionally seen 
intraorally due to saliva evaporation [39, 45].

Periodontal Disease

Gingival hyperplasia, increased levels of plaque, calculus, gingival inflammation, and increased prev-
alence and severity of destructive periodontal diseases are common in CKD. Common medications 
used in CKD such as calcium channel blockers and calcineurin inhibitors can lead to gingival hyper-
plasia. Gingival overgrowth related to these medications can be severe and may require surgical resec-
tion. Improved oral hygiene may decrease the incidence or delay the onset of gingival hyperplasia. 
Gingival bleeding, petechiae, and ecchymosis result from platelet dysfunction, and they are due to the 
effects of anticoagulants in CKD patients. Periodontal problems with attachment loss, recession, and 
deep pockets can occur [39–46].

 Orofacial Physical Findings Associated with Specific Nutrient Deficiencies

Malnutrition is a serious problem in CKD, but disordered micronutrient status is less well recog-
nized [47, 48]. CKD predisposes individuals to inadequate intake of vitamins and minerals due 
to diet recommendations, medication interactions, impaired absorption, altered metabolism, 
comorbidities, treatments, and excessive loss in urine or dialysate. Risk of micronutrient defi-
ciencies increases with age. Suboptimal intake of micronutrients may also contribute to chronic 
complications such as cardiovascular disease and inflammation. Many risk factors in CKD 
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contribute both to malnutrition and inadequate micronutrient status. Vitamin and mineral defi-
ciencies are the main concern; however, toxicity of micronutrients or their metabolites are poten-
tial issues [49–55].

 Diet

Dietary restrictions in CKD aiming to reduce protein, phosphate, or potassium intake may predispose 
individuals to micronutrient deficiencies. It has been found that micronutrient deficiency in the diet is 
prevalent in the CKD population [49, 56]. Nutrients with specific relevance to the orofacial region 
include most B vitamins, as well as vitamins A, D, C, and E. Minerals including calcium, fluoride, 
iron, and zinc also may demonstrate oral manifestations if deficiency occurs [32, 37].

 Absorption

Micronutrient homeostasis is related to normal absorption in the gastrointestinal tract. The majority 
of water-soluble vitamins are absorbed in the intestine via a specific carrier-mediated process. In ani-
mal models of CKD, the expression of carriers for thiamin and folic acid has been shown to be signifi-
cantly reduced [39, 57]. Intestinal absorption of other water-soluble vitamins, riboflavin, pyridoxine, 
and biotin is also impacted by CKD. Intestinal losses of these vitamins may be another avenue of 
compromised micronutrient status [39, 58–60].

 Losses

All stages of CKD involve micronutrient losses. In early stages of CKD, micronutrient loss in the 
urine is due to the use of diuretics as well as limited reabsorption [61, 62]. In ESRD, micronutrients 
are removed by dialysis. Data are limited on micronutrient losses due to the different types of dialysis, 
differing supplementation routines, and individual differences [63, 64].

 Medications

Medications interact with micronutrient absorption and metabolism. Drugs may directly affect nutri-
ent metabolism, micronutrient homeostasis, or appetite [65, 66].

 Micronutrients Most Affected in CKD with Observable Physical Findings

 Vitamin C

Loss of vitamin C in a single dialysis treatment is observed to be approximately 28–60% [39, 63, 
67–70]. In addition to the loss in dialysis, vitamin C is readily oxidized to dehydroascorbic acid dur-
ing the dialysis treatment. One concern with vitamin C supplementation is the potential for 
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hyperoxaluria since oxalate is a major metabolite of vitamin C [71]. Oxalate levels in dialysis patients 
are twice as high as normal and, with supplementation of vitamin C, the level of oxalate in the blood 
can be as much as seven times higher. Newer advances in renal replacement therapy appear to prevent 
complications from high blood oxalate levels. In addition to the loss of vitamin C in dialysis, the 
intake of vitamin C in CKD patients is likely to be low due to potassium restrictions [67]. Vitamin C 
deficiency is associated with gingival edema and bleeding and loose teeth [32, 72–74].

 Thiamin

Thiamin deficiency has been associated with cardiomyopathy or Wernicke’s encephalopathy, both tradi-
tionally linked to alcoholism. Thiamin deficiency may be the cause of unexplained encephalopathy in 
the CKD population with the primary symptom being that of disturbed consciousness [75–78]. There 
does not appear to be data to suggest a thiamin deficiency in the CKD population; however, there is some 
evidence that this population could be at risk of insufficient or deficient thiamin concentrations [67]. 
Thiamin deficiency does not typically produce classic oral manifestations [32, 37, 79], although there 
have been limited reports of appearance of vesicles and ulcerations of the oral mucosa [32, 80].

 Pyridoxine

Losses of pyridoxine during dialysis remain controversial; however, mean intake of pyridoxine has 
been found to be significantly lower than the Dietary Reference Intakes for age and sex. Moreover, 
serum pyridoxine levels are at suboptimal levels for many [81, 82]. In addition to lower dietary intakes 
of pyridoxine reported in the CKD population, prescribed medications may interfere with the action 
or metabolism of pyridoxine and increase the possibility of a deficiency [67]. Symptoms of a pyridox-
ine deficiency include angular stomatitis, mucosal ulceration, atrophic glossitis, and gingival ery-
thema [32, 72, 79, 80] in addition to a burning tongue [83].

 Folic Acid

Folic acid is weakly bound to plasma proteins; therefore, significant loses are observed during dialy-
sis. Plasma concentrations of folic acid have been found to be reduced by 37% after dialysis [64]. 
Dietary restriction of potassium contributes to a low intake of folate. Medications can also interfere 
with folic acid [67]. In advanced CKD, altered folic acid metabolism and/or excretion may contribute 
to low plasma levels and deficiency status [84]. Oral epithelial cells depend on folic acid as it is a 
cofactor in DNA synthesis [32]. Deficiency of folic acid results in symptoms of angular cheilitis, 
stomatitis, atrophic glossitis, and burning sensations [32, 33, 37, 79, 85].

 Physical Findings Related to Micronutrient Deficiencies

Micronutrient deficiencies are usually described as a single deficiency or as multiple nutrient defi-
ciencies. Table 6.1 reviews some of the nutrition-related clinical and physical changes as a result of 
micronutrient deficiencies. However, some of these findings may not be diet-related, and other 
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factors such as drug-nutrient interactions, nutrient-nutrient interactions, increased requirements, 
disease process, altered absorption, digestion, metabolism, and excretion of nutrients may contrib-
ute to deficiencies.

 Conclusion

Confirm abnormal physical findings during the NFPE with the patient’s medical history, diet history, 
medication/supplements interactions, diagnostic testing, and biochemical markers to determine any 
nutrition-related problems. From this, the RDN can then make the nutrition diagnosis(es) and develop 
interventions and monitoring plans to address the abnormal findings and/or refer to the appropriate 
health care practitioners. The NFPE is another tool used to support the nutrition assessment and the 
care of the patient. As integral members of the interprofessional team caring for patients with CKD, 

Table 6.1 Physical findings related to micronutrient deficiencies

Abnormal physical findings Possible nutrient deficiency

Skin [10, 11, 17–19, 21–24, 26, 
35, 36, 63, 69, 70, 72, 75, 86–91]

Petechiae, bruising Vitamin C or K

Skin that appears swollen or red. Blisters or 
lesions may be evident (dermatitis)

Essential fatty acid
Zinc
Vitamin B6, riboflavin, niacin, 
vitamins A and C

Scaly, flaky skin (xerosis) Essential fatty acid, vitamin A
Pallor Iron, folate and/or vitamin B12, 

biotin, copper
Hair [19, 21, 87, 89–91] Thinning or loss of hair (alopecia), dull/lack 

luster
Protein, zinc, essential fatty 
acids, selenium, biotin, copper

Corkscrew hair Vitamin C, copper
Depigmentation Protein, copper, selenium

Nails [19, 22–24, 89–91] Spoon-shaped nails (koilonychia) Iron
Pale or white nail bed Vitamins A and C
Flaky Magnesium
Splinter hemorrhage Vitamin C
Beau’s transverse lines Protein

Eyes [25, 26] Pale conjunctiva Iron, folate, and/or vitamin B12

Orofacial area [32–55, 87, 89–91] Angular stomatitis
Cheilosis

Riboflavin, niacin, vitamin B6, 
iron

Glossitis
Magenta tongue

Riboflavin, niacin, vitamins B6 
and B12, folate, and/or iron

Pallor Iron
Bleeding gums and mucosa Vitamins C and B12

Taste disturbances Zinc
Mouth lesions Zinc
Xerostomia Zinc
Aphthous stomatitis Vitamin B12, folate
Candidiasis Vitamin C, iron
Stomatopyrosis
Dysesthesia

Iron, vitamin B12, folate, 
magnesium

Tooth loss
Dental caries

Vitamins B12 and C
Excessive fermentable 
carbohydrate intake
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RDNs incorporate physical findings as part of the comprehensive nutrition assessment to diagnose 
malnutrition and other nutritional factors that impact food intake.
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 Introduction

Understanding the dietary intake of people with kidney disease is fundamental to addressing their 
treatment or the prevention or slowing the progression of kidney disease. Several recent guidelines on 
chronic kidney disease (CKD) vary on recommendations for assessing the dietary intake of patients 
(Table 7.1) [1–8]. Whether the approach to assessing dietary intake is considered warranted is not 
discussed in these guidelines, so perhaps it is not an issue of the reliability of dietary intake assess-
ment methods but rather one of the origin of the guidelines. For example, the guidelines from the joint 
National Kidney Foundation Kidney Disease Outcomes Quality Initiative and the Academy of 
Nutrition and Dietetics Clinical Practice Guidelines for Nutrition in CKD are written to be multidis-
ciplinary and include guidelines for dietitians [1]. However, many of the other guidelines for CKD are 
physician-specific, and obtaining the dietary record is not included in their guidelines, perhaps because 
physicians do not normally collect this information. In contrast, assessment of dietary intake is a sig-
nificant practice of dietetics, and dietitians routinely evaluate dietary intake in assessing the nutri-
tional status of patients.
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Key Points
• An overview of the Dietary Reference Intakes and suggestions that these approaches to 

dietary intake assessment may have applicability to kidney diseases.
• Historical approaches to dietary intake assessment have provided only moderate correlation 

to biomarkers of dietary intake.
• Multiple methods and multiple days of dietary intake assessment should be considered when 

evaluating dietary intake in an individual as well as in groups.
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Table 7.1 Assessment of dietary intake recommended in practice guidelines for chronic kidney disease

Guideline
Publication 
year Target population Targeted nutrients

Recommended 
assessment 
methodology

EBPG guideline 
on Nutrition [2]

2007 Adults requiring 
maintenance 
hemodialysis

Protein, energy Dietary records 
(24-hr recall, 3- or 
7-day food record) or 
food questionnaires

KDOQI 
Guideline for 
Diabetes and 
CKD [7]

2007 People with diabetes 
having stages 1–5 CKD

Protein for stages 1–4 CKD Not specified

Medical Services 
Commission, 
British Columbia 
[6]

2008 Adults ≥19 years of age 
at increased risk for CKD 
(diabetes, hypertension, 
family history of kidney 
disease, or ethnicity as 
First Nations, Pacific 
Islanders, African 
descent, Asian) or already 
have CKD

Not specified Not specified

Chronic Kidney 
Disease, National 
Collaborating 
Centre for 
Chronic Disease 
[8]

2008 People with CKD not 
requiring dialysis or 
transplant, ≥16 years of 
age

Potassium, phosphate, 
protein, calorie, salt intake 
(unspecified amounts)

Not specified

KDOQI Pediatric 
Nutrition [3]

2009 Children, stages 2–5 
CKD

Protein, energy, vitamins 
(thiamin, riboflavin, niacin, 
pantothenic acid, pyridoxine, 
biotin, cobalamin, ascorbic 
acid, retinal, a-tocopherol, 
vitamin K, vitamin D, folic 
acid), minerals (copper, zinc, 
calcium, and phosphorus), 
and amino acids (carnitine)

Not specified

US Department 
of Veterans 
Affairs [5]

2014 Adult incident or 
prevalent patients (not 
requiring dialysis or 
transplant) with eGFR 
30–60 mL/min having 
evidence of kidney 
damage

Protein, potassium, sodium, 
phosphorus

Food recall records 
for patients with 
malnutrition

Academy of 
Nutrition and 
Dietetics [4]

2018 Adults, stages 1–5D 
CKD

Protein, energy Diet recall (food 
records or 24-hour 
recall), FFQ

KDOQI Nutrition 
in CKD 
Guideline Work 
Group [1]

2020 Adults, stages 1–5D 
CKD

Protein, energy Interviews and 
diaries; 24-hr recall, 
3-day food record 
(including one 
weekend day and/or 
one dialysis day, if 
applicable)

Abbreviations: 5D stage 5 including dialysis, FFQ food frequency questionnaire, KDOQIKidney Disease Outcomes 
Quality Initiative, GFR glomerular filtration rate, EBPG evidence-based practice guideline, CKD chronic kidney dis-
ease, US United States, mL/min milliliters per minute
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 Purpose and Utility of Dietary Intake Assessment

The intent of dietary intake assessment is to aid in understanding the eating patterns and practices of 
individuals or groups for education, for nutritional status assessment and disease risk, and for research. 
As an educational tool, the dietary intake assessment serves as a type of evaluation pre- and post- 
education or pre- and post-event evaluation (e.g., the diagnosis of disease, occurrence of an acute 
injury). Soliciting dietary intake information regarding the time prior to the diagnosis of a condition 
(the diet history) forms a baseline understanding for the educational session—a sort of pretest. Once 
the education sessions begin, additional dietary intake assessments provide a status of individual or 
group understanding and food opportunity (the ability to obtain or interest in obtaining or consuming 
the recommended foods). Fundamental to behavior change is understanding the difference between a 
food or a food pattern previously practiced and the one being recommended. Dietary intake records 
help to reinforce the education.

Eating practices and patterns are related to nutritional status and disease risk. The discovery of most 
vitamins and essential nutrients came about as certain foods were demonstrated to be antidotes to com-
mon diseases. For example, citrus fruits for treatment or prevention of scurvy resulted in the knowledge 
that foods missing from the diet resulted in disease and, ultimately, the discovery of ascorbic acid (vita-
min C) as the essential missing nutrient [9, 10]. These discoveries resulted in the assessment of dietary 
intake as a surrogate for nutritional status. In contrast to missing nutrients, examining dietary intake also 
provided information on dietary excesses for understanding how foods consumed in excess were con-
tributing to disease conditions (e.g., overweight/obesity, heart disease, diabetes, kidney disease).

 Methodology of Dietary Intake Assessment

Dietary intake assessment is performed in different ways. A recollection of food intake may be 
obtained for either a previous 24-h period (e.g., the 24-h recall) or over a longer period of time (e.g., 
the Food Frequency Questionnaire (FFQ)). Both of these methods require the person to remember 
what foods they consumed. Alternatively, a food diary is a prospective food record and may be col-
lected for a period of days or longer. Each method has advantages and disadvantages as well as appli-
cability. Comparing dietary intake to recommended intake will be different with each instrument.

The Food and Nutrition Board of the Institute of Medicine (IOM) joined with Canadian scientists to 
establish reference values for nutrient intakes of healthy US and Canadian individuals and populations 
[11]. These reference values replace previous publications of Recommended Dietary Allowances (RDA) 
used in the USA and Recommended Nutrient Intakes used in Canada and are now referred to as the 
Dietary Reference Intakes (DRIs). The DRIs are intended for dietary planning [12] and assessment [13] 
of both individuals and groups and take into account the distribution of nutrient requirements and usual 
intake. According to the DRIs, the RDA is the dietary intake that would meet the needs of almost all 
healthy individuals (97–98%) of a particular age or sex. The RDA is based on the estimated average 
requirement (EAR) and is two standard deviations above the EAR. The EAR is the average daily nutrient 
intake required to meet the needs of half of the healthy population of a particular age or sex and provides 
insight into the proportion of a group that will experience inadequate nutrient intake [14]. Assessment of 
estimated energy requirement (EER) is different from EAR in that the EER is the estimated energy 
intake (EI) that would be required to maintain body weight (e.g., the body weight of someone who has 
a body mass index (BMI) between 18.5 and 25 kg/m2) according to their life stage, sex, and activity 
level. The adequate intake (AI) is the mean intake of a nutrient or food component in a group of healthy 
people and is used as a reference when no RDA is available (e.g., dietary fiber or omega-3 fatty acids). 
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The tolerable upper intake level (UL) of a nutrient has been described as the highest average nutrient 
intake that is likely to cause no health risk. Another consideration in dietary assessment is the distribu-
tion of nutrients. An Acceptable Macronutrient Distribution Range (AMDR) for adults is available for 
individuals for carbohydrate (45–65% of energy), protein (10–35% of energy), and fat (20–35% of 
energy). Together, these terms represent the DRIs and provide more than one assessment of dietary 
intake. For example, assessing whether an individual or a group meet the AI level but exceed the UL is 
a new opportunity for dietary intake assessment. These terms and definitions represent current guidance 
on dietary assessment and will be referred to in subsequent sections of this chapter. A description of the 
tools currently used in dietary intake assessment, how they are analyzed, and where they are applied to 
DRIs are reviewed below.

 24-H Recall

Typically used as a quick assessment of dietary intake, the 24-h recall requires that the individual be 
able to remember what was consumed on the day prior to the interview day. Memory can be aided by 
the presence of another family member or someone residing with the person being interviewed. The 
interviewer who is leading the recall may also utilize prompts to aid in the recall of foods (e.g., time 
of day, the setting during which the food was consumed) and portion sizes (e.g., visuals such as food 
models, measuring tools, or representative serving utensils). The 24-h recall is easy to implement and 
quick to analyze for macronutrients (as described in “Diet Record or Diary” below). It is often used 
in the clinic or research setting for individuals and for groups.

For a more thorough nutrient analysis, data from the 24-h recall are analyzed by using proprietary 
nutrient analysis software (see a list of examples in “Diet Record or Diary” section), by entering foods 
into the free online Nutrient Data Laboratory service from the US Department of Agriculture’s 
Agricultural Research Library [15], or by using food lists such as the “Choose Your Foods: Food Lists 
for Diabetes” from the Academy of Nutrition and Dietetics (Academy) [16]. An example of the use of 
the Academy’s lists of Food Choices is shown in Tables 7.2 and 7.3. The lists of food choices contain 
crude estimates of macronutrient distribution across foods by grouping the foods into categories (e.g., 
starch, fruit, dairy, non-starchy vegetables, meats and meat substitutes, and fats). Combination foods 
(e.g., lasagna, casseroles, desserts) are accounted for by including all the food groups represented by 
the combination food. Another method of collecting and analyzing the 24-h recall is the automated, 
self-administered 24-h recall (ASA24®) reviewed below [17].

 Automated Multiple-Pass Method

A method for collecting a 24-h recall from in-person interviews or over the telephone is the computer-
ized Automated Multiple-Pass Method (AMPM) [18, 19]. The process of the AMPM incorporates five 
discussions called “passes” of foods consumed the previous day (Fig.7.1) [19]. First, the participant 
is asked for a quick list of all foods eaten the previous day; a series of questions are then asked to probe 
for potential forgotten foods (such as snacks, nonalcoholic beverages, sweets). The third pass is a 
series of questions regarding the time and occasion that foods were eaten, and it is used to sort foods 
into groups by eating occasion. The fourth pass is a detailed review of the foods to obtain descriptions 
and amounts and also to include additions to the foods. The fifth and final review is another opportu-
nity to list foods not recalled earlier.

Incorporating the system into a computer model has allowed the interview to be automated, and it 
standardizes the probing methods. According to Raper et al., the AMPM contains more than 2400 
questions, 21,000 response options, and 500,000 potential pathways [19]. The system allows for pre-
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filled responses, which reduces the interviewer and respondent burden if an item was detailed in the 
first (quick list) pass. For example, identifying the type of juice as orange would not require that 
information to be asked in the fourth (detailed review) pass. Instead, the detailed review pass could 
focus on identifying whether the item was 100% juice and if it was calcium-fortified. The AMPM has 
been used in the National Health and Nutrition Examination Survey (NHANES) since 2001 and is 
administered by trained interviewers [20].

 The Automated Self-Administered 24-H Recall (ASA24®)

Collaborations between the United States Department of Agriculture (USDA), the National Cancer 
Institute, and Baylor College of Medicine (Houston, TX) have transformed the AMPM methodology 
into an Internet-based automated self-administered 24-h recall (ASA24®) [17, 21]. The tool is available 
on the National Cancer Institute’s website [17]. Respondents are guided by the ASA24 through the five 

Table 7.2 Crude dietary analysis spreadsheet for total kilocalories, carbohydrate, protein, and fat using food groups 
to estimate intake

A B C D E F G

1 a Starch Fruit Milkb Nonstarch-
vegetable

Meat/
substitutec

Fat

2 Breakfast
3
4 Lunch
5
6 Dinner
7
8 Snack
9
10 Total =Sum(B2:B9) =Sum(C2:C9) =Sum(D2:D9) =Sum(E2:E9) =Sum(F2:F9) =Sum 

(G2:G9)
11
12 Carbohydrate Protein Fat
13 Grams = (15∗B10) + 

(15∗C10) + 
(12∗D10) + 
(5∗E10)

= (2∗B10) + 
(8∗D10) + 
(2∗E10) + 
(7∗F10)

= (0.5∗B10) + 
(2∗F10) + 
(5∗G10)

14 kcal =4∗B13 =4∗C13 =9∗D13
15 Total 

kcal
=Sum(B14:D14)

16 kcal% =(B14/B15)∗100 =(C14/
B15)∗100

=(D14/
B15)∗100

17 Keep 
ratio at:d

50–55% 15–20% 30% or less

Adapted with permission from the Academy of Nutrition and Dietetics, Choose Your Foods: Lists for Diabetes, 
Copyright 2014
aTo activate this table in a spreadsheet, select cells A1:H16, copy and paste into spreadsheet software; remove the ∗ in 
cell A1 after pasting. Add the number of servings of each food group at each meal time (e.g., see Table 7.1) and then 
read the results in rows 13–16
bAssumes nonfat milk product is used. If milk product with fat is used, an equivalent number of fat exchanges should 
be added to column H for that meal
cAssumes a lean meat exchange is used. If a higher fat content is used, an equivalent number of fat exchanges should be 
added to column H for that meal
dRecommended levels to use as reference. Adjust as desired; not linked to any formulae
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Table 7.3 Example of crude dietary analysis spreadsheet for total kilocalories, carbohydrate, protein, and fat using 
food groups to estimate intake and showing number of food servings or choices for each food group listed by meal 

category

A B C D E F G

1 Starch Fruit Milk Nonstarch vegetable Meat/substitute Fat
2 Breakfast 2 1 1 0 1 2
3
4 Lunch 3 2 1 2 2 2
5
6 Dinner 3 2 0 2 3 3
7
8 Snack 1 1 0.5 0 0 0
9
10 Total 9 6 2.5 4 6 7
11
12 Carbohydrate Protein Fat
13 Grams 275 88 52
14 kcal 1100 352 464
15 Total kcal 1916
16 kcal% 57 18 24
17 Keep ratio at 50–55% 15–20% 30% or less

Adapted with permission from the Academy of Nutrition and Dietetics, Choose Your Foods: Lists for Diabetes, 
Copyright 2014

passes of the AMPM with over 10,000 food pictures of eight different portion size equivalents. An 
optional module for collecting dietary supplement information is also available on the portal. The 
ASA24 consists of two portals: one for respondents where both English and Spanish tools are located 
and a researcher portal where data analyses are available. The software is freely available to researchers, 
clinicians, and students [17]. The automation of the ASA24 eases the ability to obtain and analyze a 24-h 

Passes

Foods and beverages
consumed during 24 hours

1. Collect a quick list
2. Probe for forgotten
    foods
3. Collect time and eating
    occasion
4. Collect detailed
    description of each
    food/beverage
5. Final probe for anything
    else

12am

Fig.7.1 The steps in obtaining a 24-h dietary intake using the Automated Multiple-Pass Method, from midnight to 
midnight on the previous day
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dietary recall utilizing the proven accuracy of the AMPM. Researchers recently compared the ASA24 to 
the interviewer-led AMPM in over 1000 participants from three healthcare systems across the USA [22]. 
They found equivalency between the two dietary recall methods with participants favoring the ASA24.

The dietary intake data captured by the ASA24® are analyzed based on the Food and Nutrient Database 
for Dietary Surveys (FNDDS) from the Agricultural Research Service of the USDA [15]. The FNDDS is 
used to analyze the data from the What We Eat in America survey [23], which is the source of dietary 
intake information used for the NHANES [24]. The FNDDS is a database of nutrient values from foods 
based on the USDA National Nutrient Database for Standard Reference and is updated approximately 
every 2 years in association with the NHANES survey. The researcher portal of the ASA24 is designed 
for professional users (researchers, clinicians, educators) and allows them to set parameters for a study or 
series and obtain dietary analyses [17]. The professional then reports the results to respondents.

 Food Frequency Questionnaire

A FFQ may be considered an adaptation of the diet history. It is typically a general list of structured 
questions aimed at eliciting food items commonly or uncommonly consumed and settings where 
foods are consumed in order to obtain a sense of usual food intake. A FFQ may also be aimed at elu-
cidating special or specific foods or food groups, depending on the purpose of the questionnaire. FFQs 
are widely used by epidemiologists in large cohort studies due to their ease of use and their ability to 
reduce variance across individual participants and because they are relatively inexpensive to imple-
ment. Additionally, compared to diet records, the FFQ is noted to be more applicable when evaluating 
specific food intakes than the diet record, which may be more suitable to evaluating nutrient intakes 
[25, 26]. Two of the most commonly used FFQs were developed separately by Block [27, 28] and 
Willett [29, 30] and have been used in many epidemiologic trials. Many FFQs are adaptations of the 
Block or Willett designs.

 Block FFQ

The Block FFQ was developed with data obtained from 24-h recalls collected in NHANES II [27, 31]. 
The food items selected for the FFQ were based on the contribution of foods represented in the 24-h 
recalls and the energy represented by those foods. Portion sizes from the 24-h recalls were used to 
represent the portion sizes offered in the FFQ as “small,” “medium,” or “large.” The Block FFQ was 
used in the Women’s Health Trial Feasibility Study. Three 4-day diet records that were collected dur-
ing a 1-year period prior to administration of the FFQ were compared with the Block FFQ [28]. 
Correlations ranged from 0.5 to 0.7 between the 24-h recalls and the FFQ [27, 28]. The Block Health 
Habits and History Questionnaire is another version of the full-length Block FFQ that contains 
approximately 100 food items [31].

 Diet History Questionnaire

The Diet History Questionnaire (DHQ), which was developed by the National Cancer Institute, is 
based on the Block FFQ where some of the questions were redesigned using a cognitive evaluation of 
the question format and grouping [32]. The DHQ has been compared to both the Block FFQ and 
Willett FFQ [33], and it appears to perform similarly with regard to assessing diet-disease risk. 
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However, the DHQ and Block FFQ may provide better information on absolute intakes than the 
Willett FFQ. Yet, in a biomarker study measuring doubly labeled water (a biomarker for energy 
expenditure) and urinary nitrogen excretion (a biomarker for protein intake), the DHQ was shown to 
underestimate dietary energy and protein intakes [34, 35]. Currently, the DHQ (DHQIII) is a question-
naire that consists of 135 food items and 26 dietary supplement questions that may be used to assess 
dietary intake over the previous year (with or without portion size information) or over the past month 
(with or without portion size estimates) [36].

 Willett FFQ

The Willett FFQ (or the Harvard Food Frequency Questionnaire) was designed to provide a simple 
method for ranking the intake of food items representative of dietary intake over the previous year 
[29] and has been used in the Nurses’ Health Study [30, 37] and the Health Professionals Follow-Up 
Study [38, 39]. The validation of the Willett FFQ has been performed by comparing results of two 
FFQ reports taken at 1-year intervals to two 7-day diet records completed within approximately 
2–3 months of the FFQ [26, 39]. Correlation between the diet record and the Willett FFQ ranged from 
0.5 to 0.7[26, 30, 39].

 FFQ Data Analysis

The portion size of a food consumed is multiplied by the frequency of consumption to obtain the 
nutrient totals in the FFQs. Totals are generally reported as an amount per period (often standardized 
to estimate daily consumption equivalents or monthly consumption equivalents). Many FFQs have 
also been adapted to provide information on how the foods consumed apply to food guidance such as 
MyPyramid (reported as MyPyramid equivalents per day), the Healthy Eating Index, the Overall 
Nutrition Quality Index, a prudent vs. Western dietary pattern, servings of food in food groups, or 
other guidelines, as applicable [26, 36, 40–43].

 Diet Record or Diary

The diet record or diary is a prospective record of food consumed. The participant records food 
and beverage intake throughout the day as the food is consumed, preferably at the end of each 
meal or snack. The record is maintained on paper or electronic device/system, and it is usually 
submitted to a reviewer after an agreed number of days’ collection. Multiple-day diet records are 
used for both dietary intake assessments and as a self-monitoring tool for dietary intervention 
programs [44, 45]. Attainment of dietary goals has been improved by participant engagement in 
diet record keeping [45–50].

To confirm the accuracy of the content, a professional with expertise in diets, such as a registered 
dietitian, dietetic technician, or trained dietary interviewer, usually reviews the diet record. Similar to 
the methods used in the 24-h recall, the reviewer will typically query the participant on portion size, 
the content of combination foods (e.g., Was the lasagna vegetable, beef, or turkey?), more detail on 
foods that might be more than the standard food item (e.g., Was the orange juice fortified with cal-
cium?), or how the food was prepared (e.g., Was the food prepared at home or purchased at a restau-

L. W. Moore



103

rant?). The amount of time spent on the review process will depend on the goal for the record keeping. 
If the goal is weight loss or gain, then a review that would provide information on macronutrient 
intake will suffice and could be as simple as that outlined in Tables 7.2 and 7.3 where the evaluation 
is only of food choices and number of servings to calculate macronutrient content. These tables are 
based on the Academy’s and the American Diabetes Association publication series “Choose Your 
Foods” which are food lists for meal planning that can be used for teaching patients with diabetes, 
kidney disease, or weight management needs [16]. Table 7.2 depicts the formulaic layout in a type of 
spreadsheet software for tracking the number of food choices and resulting macronutrients of an indi-
vidual’s daily intake. Table 7.3 depicts the appearance of the spreadsheet once the data have been 
entered. These tables are provided for readers to develop a quick-analysis tool using the formulae and 
layout shown in Table 7.2.

Alternatively, if the goal is to assess dietary intake of a micronutrient (e.g., sodium, potassium, or 
phosphorus), the review process may be more detailed. Analyses of these data may require proprietary 
computer software, such as that available from Food Processor (ESHA Research, Salem, OR) [51], 
FoodWorks (The Nutrition Company, Long Valley, NJ) [52], NutriBase (CyberSoft, Phoenix, AZ) 
[53], andNutritionistPro™ (Axxya Systems, Stafford, TX) [54], or accessing the free Nutrient Data 
Laboratory service from the US Department of Agriculture’s Agricultural Research Library [15]. 
Another variable in choosing the diet record analysis methodology is the setting or purpose of the diet 
record. Working with an individual or with groups or on a research project will contribute to the deci-
sion on which systems to use for analysis as well as the methodology.

Currently, most of the proprietary nutrient analysis software programs provide comparison to the 
DRIs or the ability to program for DRI assessment. As shown in the “Application of Dietary Intake 
Assessment to Dietary Guidelines” section, this evaluation requires a computational approach and is 
an excellent addition to professional nutrition software programs. As more is learned about the DRIs 
and how to apply them, demand for these features will likely increase. What is not available from the 
professional nutrition software programs is the ability for clients to enter their food intake into a 
mobile application that links back to the professional software used by the nutrition practitioner. 
Currently, only the ASA24® provides that capability.

 Application of Dietary Intake Assessment to Dietary Guidelines

 Dietary Intake Assessment of Individuals

As indicated in previous sections of this chapter, assessing usual dietary intake is challenging and 
varies by the method used and frequency of assessment. Multiple records appear to be more informa-
tive than one method or record alone. Assessments of usual intake should include variations on the 
day of the week to account for day-to-day variability. Likewise, assessments should exclude holidays 
or special occasions because individuals tend to eat differently on these special days.

In the individual setting, estimating that the probability an individual is consuming a diet that is 
within their target level can be accomplished by comparing the EAR to the individual’s mean and 
standard deviation (SD) of usual intake of the nutrient [13]. This concept is illustrated for dietary 
protein, phosphorus, and magnesium intake in Table 7.4 [55]. It is not recommended to use the RDA 
as a measure of nutrient intake adequacy because intakes below the RDA cannot be assumed to be 
inadequate for an individual [13]. This is partly because the RDA exceeds the actual requirement for 
all individuals except 2–3% of the population.

If an individual’s mean usual intake of a nutrient is largely different than the median requirement 
(the EAR) and the difference is positive, then it may be assumed that the individual’s intake of that 
nutrient is adequate (or inadequate if the difference is largely negative). A rule of thumb recom-
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mended by the IOM is that, for individuals, intakes below the EAR need to be increased and those 
between the EAR and the RDA probably should be increased [13, 56]. A more detailed description 
of this approach and guidance on the approach for nutrients for which no EAR has been established 
is available from the IOM’s Dietary Guidelines website [11, 13] and a recent practice paper of the 
Academy [56].

 Dietary Intake Assessment of Groups

The dietary intake of groups of people is important on many levels. From a public health level, the 
dietary intake of a population (e.g., a country, city, community, school, household; members of health-
care provider groups; people having a medical diagnosis; people having a particular lifestyle) can 
provide information relevant to planning for food supply needs, healthcare needs and risks, and pro-
grams to improve healthcare outcomes. Nonetheless, retrieving such dietary intake information on 
groups is difficult. In the USA, the NHANES provides extensive information on the dietary intake of 
the noninstitutionalized US population, and it has served as the reference resource for the DRIs [11]. 
The survey is also capable of providing information on the dietary intake of groups of people with 
certain medical conditions, but the analytical methodology is critical to obtaining the most accurate 
information.

To estimate the proportion of a group that is below the DRI, dietary intake information from 
more than 1 day is required because the distribution of intakes will vary between individuals and 
between days. In NHANES, for example, it is possible to evaluate the mean dietary intake or the 

Table 7.4 Examples of dietary protein, phosphorus, and magnesium intake for healthy adult (19–70+ years of age) 
men and women and the probability that the dietary intake is adequate

Protein intake 
(g/kg/day)a

Phosphorus intake 
(mg/day)

Magnesium—men 
(mg/day)b

Magnesium—women 
(mg/day)b z-Scorec

Probability of 
adequacy (%)d

0.50 461 278 210 −2.06 2
0.53 485 293 222 −1.64 5
0.56 506 305 231 −1.28 10
0.58 520 314 237 −1.04 15
0.62 549 331 251 −0.53 30
0.66 580 350 265 0 50d

0.74 640 386 293 1.04 70
0.76 654 395 299 1.28 85
0.79 675 407 308 1.64 95
0.82 699 422 320 2.06 98e

aWithout additional amino acid supplements
bThe age group for magnesium represented in the table is 31–70+ years
cz-Score represents the standard deviation (SD) units above or below the mean and is calculated for these data using the 
following equation: z = (estimated dietary intake − EAR)/SD, where EAR is the estimated average requirement of the 
nutrient. SD units for these nutrients are provided in the Dietary Reference Intakes: The Essential Guide to Nutrient 
Requirements [55]
dThe 50% probability of adequacy is the EAR for the nutrient and represents the amount required by half of the healthy 
population in the age and sex group represented in the table. Dietary protein and phosphorus requirements are not dif-
ferent between males and females
eRepresents two SDs above the EAR and is considered the recommended dietary allowance (RDA) that would meet the 
needs of almost all (97–98%) of the age and sex group represented in the table
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dietary intake from a single 24-h recall. The dietary data are collected on multiple days of the 
week, and the large sample sizes available account for between-subject variability. This informa-
tion may provide insight into the dietary intake of a group of people (e.g., an age group, a socio-
economic group, a group with a certain medical condition), but it is not possible to evaluate how 
the group compares to the DRIs without evaluating the usual intake of the group. To estimate the 
usual intake of a group from the NHANES data, both days of the dietary intake record are required 
[57, 58]. The recommendation for a minimum of 2 nonconsecutive days to estimate the usual 
dietary intake is based on the need to account for the within-subject variability that is common for 
individuals.

In general, whether using the NHANES data or developing new dietary intake data, 2 or 3 consecu-
tive days of dietary intake are recommended for estimating the usual intake of a group [13, 59]. The 
distribution of intake should be part of the dietary assessment technique. Since the spread or distribu-
tion of usual intake of most nutrients is wider than the distribution of the requirement, it is not appro-
priate to compare the mean of the usual intake to the mean of the requirement. Comparing means 
would result in an overestimation of the group proportion who are consuming adequate or inadequate 
(e.g., the tail probabilities) nutrients. Methods used for handling the issues of distribution have been 
described by the National Research Council [60], the Iowa State University [57], and also a webinar 
series hosted by the National Cancer Institute [58]. These methods vary slightly from each other, but 
each indicates that the inter- and intrasubject variability, as well as the range of distribution of the 
nutrient requirement, must be accounted for when making comparisons to other groups, to the DRIs 
or other clinical guidelines, or to a health condition. The EAR cut-point method, recommended by the 
IOM and the National Research Council, is one example that can be applied when the variability of 
the intake of the nutrient is ≤60% [55]. This method is illustrated in Table 7.4 for dietary protein, 
phosphorus, and magnesium intake.

Murphy et al. have outlined precautions important for dietary assessment of groups [61]. These 
precautions include:

• Avoid comparing group mean intake to the RDA because the prevalence of inadequacy would be 
missed; it is essential to know about the tail probabilities.

• Avoid comparing the mean intake of a group to the EAR because 50% would have an inadequate 
intake. It is better to compare the distribution of intakes to determine the proportion of a group 
below the EAR—the prevalence of inadequacy.

• Use multiple, nonconsecutive-day dietary intake information and adjust for variability [58, 61].
• Use validated dietary intake collection methods to avoid systematic errors [56, 58, 61].

 Evidence

Whether dietary intake assessment tools can provide accurate results has been tested by several meth-
ods, some of which are listed here and discussed below:

• Direct observation—performed with participants housed in a research or similar setting, receiving 
prepared and tare-weighed meals compared to self-reported records of what was consumed

• Comparison of one dietary assessment tool to another
• Evaluation of subgroups to determine if characteristics identify those more or less likely to accu-

rately record or recall their intake
• Comparison of the dietary intake assessment tool to a biomarker or series of biomarkers

7 Dietary Assessment in Kidney Disease



106

 Assessment of the 24-H Recall, the AMPM

The AMPM was validated in men and women, in different ethnicities, and for macronutrients as 
well as many micronutrients [62–68]. Conway et al. [62] measured macronutrient intake from a 
single 24-h dietary recall using the AMPM and compared reported intake to direct observation of 
intake in 45 men between the ages of 21 and 65 years with a mean BMI of 27.6 kg/m2 (range, 
20.8–39.2 kg/m2). No relationship was demonstrated between BMI and precision of the dietary 
recall (r2 = 0.01, p = 0.44). Observed EI from protein was 14.4 ± 0.4% compared to recall at 
14.3  ±  0.4%. Mean total EI observed was 3294  ±  111  kcal/day compared to recall at 
3541 ± 124 kcal/day.

A similar study design was used by Conway et al. [63] to evaluate the accuracy of a single 24-h 
dietary recall of women. A group of 49 women, ages 21–63 years, with mean BMI of 29.7 kg/m2 
(range, 20.0–44.6 kg/m2) were included in the analysis. The observed EI from protein was 15.9 ± 0.6% 
compared to recall at 15.6 ± 0.6% (p < 0.02). Mean total observed EI was 2214 ± 91 kcal compared 
to recall 2376 ± 91 kcal (p < 0.05). These investigators found that the actual intake of women was 
within 10% of the recalled intake 95% of the time. They concluded that the AMPM was an accurate 
method for 24-h recall of dietary intake.

Rumpler et al. [67] utilized the AMPM in 12 healthy volunteers to evaluate the degree of report-
ing error (under- or overreporting) in two 24-h recalls. They assumed the difference between the 
reported (AMPM) and measured food intake as bias and were interested in determining both the 
average and variance in bias. The group mean difference in AMPM and measured food intake was 
found to be similar, but individual differences were observed. For example, the absolute within-
person difference in reporting error averaged 18% for protein, 23% for carbohydrate, and 15% for 
fat. They concluded that group estimates of macronutrients contained small average bias using the 
AMPM, but estimates for individuals may contain significant bias and be less accurate. These 
investigators proposed that some of the bias may be related to how foods are grouped in the AMPM 
analysis and that foods producing the greatest reporting error might be adjusted in the analysis.

 Assessment of the FFQ

Studies performed to test the comparability of FFQs have shown that the FFQs correlate modestly 
with each other but vary on their correlations with the 24-h recall or the diet record. Wirfalt et al. [68] 
determined that the energy-adjusted correlation coefficient between a reduced Block FFQ and the 
mean of three 24-h recalls was 0.47 for dietary fat and carbohydrate intake, but not for the Willett 
FFQ. Likewise, neither FFQ appeared to be associated with the 24-h dietary recall for protein intake. 
Subar et al. [33] compared the DHQ, Block FFQ, and Willet FFQ to each other and to four 24-h 
recalls. In this study, the DHQ and the Block FFQ correlated moderately with the 24-h recalls (r = 0.5), 
but the Willett FFQ correlation to the 24-h recall was about 0.3–0.4. After adjusting to EI, all three of 
the FFQs had correlations of 0.5–0.6 with the 24-h recall [33].

Comparison of the Willet FFQ to a 7-day diary indicated a correlation of approximately 0.3 for 
energy and protein between the two dietary intake assessment tools, which did not change signifi-
cantly when the data were energy adjusted (Spearman’s ρ ≈  0.34) [69]. However, when the low- 
energy reporters were excluded, the correlation between the two tools decreased significantly 
(Spearman’s ρ = 0.22).
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 Use of Biomarkers in Assessing Dietary Intake

A biomarker has been defined as “a characteristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a thera-
peutic intervention” [70]. Biomarkers are recognized as useful in clinical trials for measuring efficacy 
and, as such, play an important role in research as well as in clinical management. Dietary biomarkers 
serve as indicators of response to dietary intake and have been used to measure the accuracy of dietary 
intake assessment [71, 72]. Similar to the issues relating biomarkers to drug metabolism, the correla-
tion of biological levels (e.g., from tissue, blood, urine) of a dietary biomarker is dependent on indi-
vidual variations in dietary intake, in the nutrient’s kinetic action, nutrient–nutrient interactions, 
biomarker selection, biomarker sample collection, analytic methods, accuracy of the dietary intake 
assessment tools and of dietary composition tables, and statistical handling of the data [35, 72–74].

A biomarker is often considered a “gold standard”—however, the application of particular biomark-
ers to dietary intake assessment must be well quantified and understood. For example, the use of urine 
urea nitrogen (UUN) excretion is considered the biomarker for dietary protein intake (DPI). However, 
the use of UUN should also account for kidney function because the clearance of urea in people with 
kidney disease (not just kidney failure) is altered. Adjusting for this variation, however, is possible [75, 
76] and increases the applicability for comparing UUN excretion to DPI in the population.

 Doubly Labeled Water and Urine Urea Nitrogen for Assessment of Dietary 
Energy and Protein Intake

The AMPM and DHQ were used to assess dietary measurement error in the Observing Protein and 
Energy Nutrition (OPEN) study [34, 35]. Subjects (n = 484), aged 40–69, had three in-person visits 
over a period of 3 months where they completed the DHQ twice, provided two 24-h recalls (one at 
visit 1 and again at visit 3), were dosed with doubly labeled water at visit 1, and completed two 24-h 
urine collections between visits 1 and 2 (9 days apart). Doubly labeled water is used to determine total 
energy expenditure (TEE), and UUN excretion is used to determine protein catabolism. In this study, 
approximately 21% of men and women were underreporters of EI using the 24-h recall (the AMPM), 
and 49% were underreporters using the DHQ. Similarly, about 12% were underreporters of DPI using 
the AMPM, and 35% were underreporters using the DHQ. Underreporting of EI increased as BMI 
increased in both men and women but was less in the AMPM vs. the DHQ and was not apparent for 
DPI in the AMPM. These data suggest a greater accuracy of the AMPM than the DHQ for assessing 
dietary intake, that underreporting is present in about 21% of subjects, and that underreporting 
increases at higher BMIs.

To further evaluate the ability of the AMPM to be used in large, diverse samples, Moshfegh 
et al. [77] studied 525 people between the ages of 30 and 69 years, with a BMI range of 18–44, 
over a 7-week period. They compared the reported EI to TEE by using the doubly labeled water 
technique. The protocol consisted of three 24-h dietary recalls (one in-person interview and two 
telephone follow- up interviews interspersed across a 2-week period), one in-person visit where 
doubly labeled water was consumed, two more in-person visits where urine samples were col-
lected, and a final in- person visit where resting energy expenditure (REE) was measured. The EI/
TEE was 100% in normal weight men and 94% in normal weight women. However, as weight 
increased (overweight to obese), this ratio decreased: 86% and 80%, respectively, in men and 85% 
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and 79%, respectively, in women. More overweight and obese participants were found to be low 
EI reporters (19.4% and 34.0% of men, 24.7% and 35.3% of women). The EI/REE was a mean of 
1.43 for the sample with an average physical activity level of 1.61 (95% CI: 1.15, 2.25). The inves-
tigators concluded that the AMPM is valid for evaluation of EI in group samples and extrapolation 
to the population level. They postulated that the reported EI by overweight and obese individuals 
could be accurate but not reflective of TEE due to eating less on the days of 24-h recall since the 
subjects knew the schedule of the interview visits. Further studies need to be performed in over-
weight and obese subjects to improve the reporting or interpretation of reported dietary intake in 
these subgroups.

 Association of Urinary Sodium Levels with Dietary Intake

The AMPM was compared to 24-h urine sodium in a group of 465 healthy adult men and women, 
aged 30–69 years, and found to have a mean reporting accuracy ≥0.85 in all sub-groupings. In 
this study, the dietary sodium intake collected using the AMPM was compared to a 24-h urine 
collected for the same time period. The accuracy of dietary sodium intake reports in men was a 
mean of 0.93 (95% CI, 0.89–0.97) and in women was a mean of 0.90 (95% CI, 0.87–0.90). 
Younger women (30–49 years old) had a slightly lower reporting accuracy (0.85; 95% CI, 0.81–
0.90), while older women (50–69 years old) had a reporting accuracy of 0.95 (95% CI, 0.90–
1.01). The high correlation between the AMPM and 24-h urinary sodium in this study implies 
that the AMPM is an accurate estimate of dietary sodium intake in healthy adult men and women. 
Adjustments for level of kidney function have not been studied to determine if the 24-hour urine 
would accurately reflect dietary sodium intake in people with CKD. Furthermore, recent discov-
ery of sodium reservoirs in the skin suggest the urinary sodium output may be altered by this 
phenomenon [78]. To date, no clinical methods for detecting the skin-sodium reserve have been 
developed.

 Plasma Ascorbic Acid, Carotenoids, and Vitamin A Levels for Assessing 
Dietary Intake

Evaluation of antioxidant status has used blood levels of vitamins C, E, and A to reflect dietary and/or 
supplement use [79]. However, the correlation of these nutrients to dietary intake is only modest. 
Correlation coefficients of 0.12–0.53 for blood levels of vitamin C and 0.1–0.5 for blood levels of carot-
enoids to dietary intake are typical [72, 79, 80], even when combined as integrated biomarkers [81].

 Association of Serum Uric Acid Levels and Urinary Isoflavones with Dietary 
Intake

NHANES III (1988–1994) was used by Choi et al. [82] to evaluate the association of serum uric acid 
levels with dietary intake. They noted a positive association of serum uric acid level with increasing 
intake of meats and seafood and a negative association with increased intake of dairy foods. Similarly, 
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the NHANES (1999–2002) was used to demonstrate that urinary isoflavone levels could be used as a 
biomarker of isoflavone intake [83]. Adults reporting an average consumption of 3.1 mg/day of dietary 
isoflavone had a geometric mean urinary isoflavone concentration of 5.0 ng/mL.

 Applications to Kidney Disease Settings

Dietitians working in kidney disease in the late 1970s and 1980s had a unique opportunity to learn 
about the usefulness of dietary intake assessment. A first-of-its-kind national study was taking place in 
the relatively newly funded end-stage renal disease program. The National Cooperative Dialysis Study 
(NCDS) was funded to determine the effect of dialysis prescription on patient morbidity [84]. The 
NCDS is most renowned for the measurement and monitoring of the dialysis prescription (evolved to 
what is currently referred to as Kt/V) and its adequacy. But dietitians involved in the NCDS learned 
something in addition to monitoring the dialysis prescription—they learned how to monitor the dietary 
protein prescription. Dietitians working in the NCDS and hemodialysis units at this time were uniquely 
afforded an in-depth understanding of the intake and metabolism of dietary protein in people receiving 
chronic hemodialysis [75, 85]. These dietitians also learned that assessing DPI of dialysis patients is 
similar to pharmacokinetics. How so? Pharmacokinetics is basically a measurement of the time required 
for a drug to appear in the blood and its rate of disappearance. The NCDS was monitoring how urea 
nitrogen was removed (the rate of disappearance) from the blood by dialysis and re- accumulated (the 
rate of appearance) between dialysis sessions [84]. In stable patients, the accumulation of urea nitrogen 
between dialysis sessions was the result of dietary nitrogen intake. So, even in people with no kidney 
function (and, therefore, no measureable urinary nitrogen excretion), it was possible to determine the 
DPI. This process became known as urea kinetics and protein catabolic rate (PCR) [84–86]. Researchers 
had the gold standard for DPI assessment in people with kidney disease—a biomarker.

As will be described in the sections below, the DPI of patients with kidney disease has been 
assessed in multiple reports and related to the PCR. However, no statistical adjustments for the distri-
bution of the DPI or PCR have been described to date in the CKD population, and both DPI and PCR 
are known to have inter- and intrasubject variability. Only group-mean comparisons were available in 
the reports shown. Additionally, the EI comparison to basal metabolic rate (BMR) or to REE has 
rarely been described in this population.

The recommended dietary intake of people with kidney disease differs for some nutrients from that 
of healthy individuals [1, 4, 55]. Guidelines for kidney disease are based on the level of kidney func-
tion and the type of treatment for kidney replacement therapy [1, 4, 87]. Dietary assessment approaches 
as well as some recommendations follow in the sections below.

 Acute Kidney Injury

Patients with acute kidney injury (AKI) are at risk for being in a hypercatabolic state, usually due 
to the underlying disease [88–91]. According to the Kidney Disease: Improving Global Outcomes 
(KDIGO) AKI work group, AKI is defined as an increase in serum creatinine ≥0.3 mg/dL within 
48 h or increase in serum creatinine ≥1.5 times the baseline that is known to have occurred within 
the previous 7 days or a decrease in urine volume < 0.5 mL/kg/h over 6 h [87]. AKI can be present 
well before acute kidney failure (AKF) occurs where renal replacement therapy (RRT) will be 
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required. This is important because the dietary intake of people with early or milder AKI (e.g., 
not requiring RRT) may have a critical impact on their outcome. Additionally, a report on 309 
cases of AKF indicated that approximately 58% of the cases demonstrated moderate to severe 
malnutrition at the time of the AKF diagnosis, that 57% of the cases were housed in the medical 
ward of the hospital (compared to 43% in intensive care units), and that compromised nutritional 
status was associated with increased mortality in these cases [92]. Once the patient requires nutri-
tion support, while important to provide adequate protein, energy, vitamins, and minerals to 
attenuate the hypercatabolism, the dietary intake assessment per se becomes an evaluation of the 
nutrition support provided and not the oral dietary intake. At this juncture, adjustments for kidney 
function and/or kidney replacement therapy should be applied. This situation warrants evaluating 
the biomarkers of protein and energy metabolism to determine if adequate support is being pro-
vided [90, 91, 93]. Recent practice guidelines for AKI make four recommendations related to 
nutrition, but no recommendation was made regarding assessment of the adequacy of nutrition 
support [87].

 Chronic Kidney Disease

CKD encompasses the reduced or mild kidney dysfunction described by the NKF [94] as stages 1 and 
2 (or where solute filtration may be adequate but kidney damage is present from nephrocalcinosis or 
microalbuminuria, for example), moderate CKD (stages 3a and 3b [95], where kidney function is 
~30–60% of normal), and severe CKD (stages 4 and 5, where kidney function is <30% of normal or 
where dialysis or a kidney transplant is required to sustain life). These descriptions of the levels or 
stages of kidney function provide insight into the changes that might be necessary for altering dietary 
intake. The stages also identify that the assessment techniques will vary and become more complex as 
CKD advances.

 Nondialysis CKD

A review of dietary assessment methods in nondialysis CKD identified a mixture of methodolo-
gies for collecting, evaluating, and reporting dietary intake in nondialysis CKD (Table 7.5) [43, 
96–106].

 Small Studies

Automated, Multiple-Pass Method

The AMPM was utilized to assess the baseline intake and the intake during two intervention periods 
of a randomized, controlled, crossover study of 31 participants with eGFR ≥43 ml/min/1.73m2. The 
investigation was performed to determine the effect of increasing the dietary phosphorus from inor-
ganic sources on the urinary albumin excretion and FGF23 levels [97].The AMPM was performed 
twice during each of the three periods (baseline, increased inorganic dietary phosphorus, and 
increased organic phosphorus). Participants and investigators were blinded as to the period in which 
they consumed the high inorganic phosphorus. The AMPM was used to determine the background 
dietary phosphorus. The study demonstrated a 500-mg/d higher urinary phosphorus excretion 

L. W. Moore



111

during the high-inorganic-phosphorus diet than during the low-inorganic-phosphorus diet. No 
effect on microalbuminuria was detected, but a trend appeared when two participants who had been 
non-adherent to the meals were excluded from analyses. FGF23 did not change, but intact parathy-
roid hormone concentration was increased during the high-inorganic-phosphorus diet period.

 FFQ

When dietitians examined the intake of people enrolling in trials to use diet as a method for pre-
venting kidney disease progression, baseline data on DPI and DEI indicated variability in intakes 
(see Table 7.5). Rotily et al. [98] performed dietary intake assessment in a group (n = 96) of idio-
pathic calcium stone formers using the Willett FFQ. The FFQ was used to assess baseline dietary 
intake. Urinary data were available from 24-h urine collections. Urinary GI alkali (the sum of 
gastrointestinal absorption of sodium, potassium, calcium, magnesium, and chloride with the 
product of phosphorus and a constant of 1.8) and urinary creatinine excretion had a significant, 

Table 7.5 Reported dietary protein and energy intake in nondialysis kidney disease assessed using diet records, prior 
to dietary intervention

Author N
Dietary assessment 
method

Kidney function 
(mL/min)

Dietary protein intake 
(g/kg/day)

Dietary energy intake 
(kcal/kg/day)

Chang et al. 
[96]

31 3-day record 75a 0.88b 21.1b

Bernhard et al. 
[102]

26 3-day record 26a 1.13 31.7

Dussol et al. 
[98]

25 Willett FFQ 89c 1.09 22.8b

Dussol et al. 
[98]

22 Willett FFQ 82c 1.00 21.3b

Fassett et al. 
[101]

113 4-day record 41d 0.9 21.4

Hansen et al. 
[99]

14 3-day record 94c 1.2 29.6

Hansen et al. 
[99]

15 3-day record 92c 1.1 30.8

Meloni et al. 
[100]

37 3-day record 44c 1.52 37.8b

Meloni et al. 
[100]

32 3-day record 48c 1.6 38.0b

Mircescu et al. 
[103]e

53 3-day record 16a 0.62e 32.3e

Rotily et al. 
[97]

31 Willett FFQ NR 1.22 28

Rotily et al. 
[97]

34 Willett FFQ NR 1.22 22.9

Rotily et al. 
[97]

31 Willett FFQ NR 1.40 30.7

NR not reported
aCalculated as eGFR
bEstimated from total dietary energy intake normalized to reported baseline body weight
cGFR measured as clearance of diethylene triamine penta-acetic acid
dCalculated as clearance of creatinine
ePatient selection was from a group already restricting dietary protein intake
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positive correlation to animal protein intake from the FFQ (r  =  0.54 and 0.50, respectively). 
Urinary potassium, oxalate, and calcium oxalate saturation also correlated with animal protein 
intake (r = 0.44, 0.45, and 0.44, respectively). A significant, negative correlation was seen between 
urinary oxalate excretion and DEI (r = −0.43). Whereas this was a small study, it depicted a rela-
tionship between dietary intake and urinary biomarkers of nephrolithiasis in patients who would 
be considered having stage 1 or stage 2 CKD. Dussol et al. [99] used the Willett FFQ to evaluate 
the dietary energy intake (DEI) and DPI of 47 patients with type 1 or type 2 diabetes with nephrop-
athy. Both DPI and PCR were measured, but no correlation was shown. The DPI vs. PCR at base-
line in the usual protein intake group was 1.13 vs. 1.09 g/kg/day (a 3.7% error); at month 12, 1.18 
vs. 1.1 (a 7.3% error); and at month 24, 1.03 vs. 1.02 (<1% error). The DPI vs. PCR at baseline in 
the low-protein group was 1.08 vs. 1.0  g/kg/day (8% error); at month 12, 1.02 vs. 0.84 (21% 
error); and at month 24,1.10 vs. 0.87 (21% error).

Diet Record

Evaluation of the dietary intake of 29 nondialysis patients with insulin-dependent diabetic nephropa-
thy used 3-day diet records at baseline and at two 4-week intervals was reported by Hansen et al. 
[100]. In this study, a relative difference in DPI correlated to relative change in albuminuria (Spearman’s 
ρ = 0.51, p < 0.01).

Meloni et al. [101] randomly assigned 69 nondialysis patients with diabetes to a low-protein or 
free-protein diet to examine whether the low-protein diet would slow the progression of kidney dis-
ease and monitor for malnutrition over a 12-month period. The study utilized 3-day diet records of 
nonconsecutive days measured quarterly. At baseline, the groups had similar dietary protein (1.6 ± 0.7 
and 1.5 ± 0.4 g/kg/day, low-protein vs. free-protein, respectively). The participants randomized to low 
protein reported 0.72 ± 0.3, 0.66 ± 0.2, 0.66 ± 0.3, and 0.68 ± 0.4 g protein/kg/day at the follow-up 
visits, whereas the free-protein group reported 1.4 ± 0.7, 1.41 ± 0.6, 1.36 ± 0.3, and 1.38 ± 0.3 g pro-
tein/kg/day at follow-up visits. No biomarker confirmation of the dietary protein was assessed; how-
ever, the urinary protein excretion was statistically significantly reduced in the low-protein group 
from baseline (2.4 ± 1.1 to 1.3 ± 0.5 g/24 h, p < 0.01) compared to no change in the free-protein group 
(2.6 ± 0.8 to 2.4 ± 1.0 g/24 h).

Fassett et al. [102] evaluated dietary intake using a 4-day diet record (including 1 weekend day) 
in 113 patients with CKD entering the Lipid lowering and Onset of Renal Disease (LORD) trial. 
The diary instructions included pictorial references to portion sizes of commonly consumed foods 
to aid in accuracy. The diary was to be recorded prospectively but “as close to their next pathology 
visit as possible”—3  months from the time that diary instructions were provided [102]. Valid 
reporting was assessed as a ratio of the EI to estimated REE of 1.27. This study determined that 
70.8% of subjects underreported their EI. No mention of adjustment for intrasubject variability 
was indicated in this report, and no PCRs were available for assessing the accuracy of the DPI 
recording.

Bernhard et al. [103] evaluated a 3-day diet record and compared DPI to protein nitrogen appear-
ance (PNA; 1.13 vs. 1.11 g/kg/day; a < 2% error) at baseline.

Mircescu et al. [104] utilized a 3-day diet record every 2 weeks during a 12-week baseline phase 
prior to randomizing subjects to a low-protein vs. very-low-protein diet with ketoacid analogs [104]. 
The baseline phase was used to assess compliance (±10% of recommended DPI and DEI) prior to 
randomization. The authors only report on those subjects who qualified (57/167 evaluated) to be 
randomized.
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 Large Cohort and Cross-Sectional Studies

Automated, Multiple-Pass Method

Data from NHANES 2001–2008 have been evaluated to determine the mean dietary intake of people 
with CKD [105–107]. NHANES used the AMPM for dietary intake assessment [18], and the authors 
applied the MDRD equation for estimating kidney function and staged the kidney function accord-
ing to the NKF criteria [94, 108]. Mean DEI and DPI were lower in those with CKD compared to 
those without CKD, even after adjusting for age. Evaluations of the difference from recommended 
intakes require additional analyses of the intra- and intersubject distributions and have not been 
reported as yet.

FFQ

The Block FFQ was used to estimate usual dietary intake at baseline over the previous year in the 
Multiethnic Study of Atherosclerosis. Foods were grouped to estimate the effect of animal vs. plant 
foods on microalbuminuria in people with eGFR <60 mL/min compared to ≥60 mL/min. Participants 
were excluded if they had known cardiovascular disease or diabetes. People consuming a diet high in 
low-fat dairy foods or a pattern of high intake of whole grains and fruits had independently lower odds 
for microalbuminuria and a lower urinary albumin-to-creatinine ratio. These baseline data also indi-
cated that people consuming a diet high in nondairy animal products had a higher mean albumin-to- 
creatinine ratio.

 Dialysis

 The FFQ in Dialysis

The Willett FFQ was used to evaluate the dietary intake in a group of hemodialysis patients who were 
awaiting kidney transplantation [26, 109]. No statistical comparisons of the FFQ results were made 
with biomarkers measured (body composition, serum lipids, PCR). The investigators indicated that 
since the FFQ was an estimate of long-term dietary intake and the PCR was a near-term assessment, 
it would be inappropriate to compare the two. Instead, they used the FFQ and biomarkers to demon-
strate, separately, the differences in dietary intake and body composition between normal-weight, 
overweight, and obese individuals on chronic hemodialysis waiting for kidney transplantation.

A dialysis-specific FFQ was developed by Bross et al. using the Block FFQ methodology [96, 110, 
111]. Researchers accessed information from a subset of hemodialysis patients participating in the 
Nutrition and Inflammation in Dialysis Patients (NIED) cohort study in Southern California to develop 
the Dialysis-FFQ. Participants maintained a 3-day diet record that included the last dialysis day of the 
week and two subsequent days. Paper records were reviewed with the participants by a trained dieti-
tian and converted to electronic data where food items were ranked according to types of foods and 
nutrients provided. The Dialysis-FFQ is a 100-item questionnaire, estimated to take 30–40 min to 
complete and intended to represent the food intake during the previous 3-month period. It can be 
accessed through NutritionQuest.com (Berkley, CA) [112] and is available as either a scannable, 
paper, or electronic form. This hemodialysis-specific FFQ was developed in a target population con-
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sisting of mostly ethnic minorities (43% were African American and 38% were Hispanic) and should 
be tested in broader hemodialysis populations for wider validity. However, the process represents an 
important step in gathering representative usual intake of hemodialysis patients.

More recently, Delgado et al. [113] utilized the Block FFQ in hemodialysis patients and calibrated 
it to self-reported 24-hour intakes that were subsequently entered into the ASA24®. Dietitians 
instructed patients on completing a 3-day food record and then entered the diary into the ASA24. This 
was an interesting approach; however, it omits an important feature of the ASA24—the multiple-pass 
method of information collection has been proven to strengthen the validity of self-reporting. The 
investigators used information from the 3-day food record to then reenter data into the ASA24 that 
excluded foods not listed on the Block FFQ (referred to as the Block FFQ-restricted). The purpose of 
the approach was to develop a method for calibrating the Block FFQ to self-reported intakes. The 
investigators determined that the 3-day food records restricted to the Block FFQ compared well to the 
full 3-day records and provided linear regression equations that could be used to implement their 
approach in future assessments. Their premis was that the Block FFQ is easier to manage than full 
food records and could be made more accurate by the regression equations.

 Diet Records in Dialysis

Diet records or diaries have been utilized in several dialysis studies. The NCDS used a dietary intake 
record to compare the DPI to the calculated PCR and to compare phosphorus and potassium intake to 
DPI [84, 114]. At that time (ca. 1978), a mixed diet from 683 diet records indicated a strong correla-
tion of dietary phosphorus to DPI (r = 0.847) and of dietary potassium to DPI (r = 0.754). Whether 
these correlations would hold in today’s mixed diet (given that an increased number of foods may 
have added phosphorus) [115, 116] would need to be determined. However, this was useful informa-
tion at the time in that it supported the decision to use urea as the surrogate biomarker for dialysis 
adequacy; urea is a reliable marker of protein catabolism, and protein intake is correlated to phospho-
rus and potassium intake. Subjects in the NCDS maintained 5-day food records (including a weekend) 
at five different time points during the 1-year study [114]. The correlation of DPI to PCR in the NCDS 
study was 0.443, p < 0.01.

More recently, the HEMO study utilized annual 2-day diet diary-assisted recalls that included 1 
dialysis day and 1 nondialysis day over the 7-year study period in 1397 maintenance hemodialysis 
patients [117, 118]. The diet was recorded by the patient, reviewed with the dietitian, and then ana-
lyzed for energy and protein. In this study, the DPI correlated with the PCR (r = 0.17, p < 0.0001) but 
not to serum albumin, creatinine, or cholesterol. However, no statistical relationship was evident 
between DPI and PCR for the group of people age 50–64 years.

Chauveau et al. [119] compared dietary recall of DPI to PCR in 99 maintenance hemodialysis 
patients using a 7-day record. Subjects maintained the food record and reviewed the records with a 
dietitian during dialysis sessions. The correlation of DPI to PCR increased during the week (r2 = 0.26, 
0.49, and 0.57 for the first, second, and third dialysis sessions, respectively).

Imani et al. [120] examined the dietary intake of 36 participants with ESRD receiving chronic peri-
toneal dialysis. Dietary intake was assessed using 3-day diet records at baseline, week 5, and week 10 of 
the study. The study was performed to test the effect of a ginger supplement (1000 mg) vs. placebo on 
serum glucose, inflammation, and oxidative stress. The diet records were kept during two days of the 
week and one day of the weekend. The records were entered into nutrition analysis software (Nutritionist 
IV, N-squared Computing, San Bruno, CA). The serum glucose was significantly reduced in the ginger 
group (−2 ± 0.9 mmol/L) vs. placebo (0.6 ± 0.7 mmol/L; p < 0.05) despite sustained carbohydrate intake 
of 223 ± 16, 222 ± 15, and 222 ± 16 g/d at baseline, week 5, and week 10, respectively.
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 Transplantation

 The FFQ in Kidney Transplantation

Guida et al. [121] have reported use of the Willett FFQ in kidney transplant recipients during the first 
year posttransplant. The FFQ was completed at baseline (time of transplant surgery) and at 1-year 
posttransplant. Adherence was assessed as having 90% compatibility between the FFQ and the diet 
recommendations during the first 90 days posttransplant. For analytical purposes, those considered 
nonadherent were compared to the group having success with the dietary protocol. Biomarkers of 
urinary excretion of sodium and urea from 24-h urine collections were used to confirm findings (data 
not shown). DEI, DPI, and dietary sodium were decreased or maintained in the adherent group com-
pared to increases in the nonadherent group. These results were confirmed by decreased body weight 
in the adherent group vs. increased body weight in the nonadherent group.

 Diet Records in Kidney Transplantation

A 3-day food record was used to determine baseline dietary intake in a prospective study of the effect 
of dietary changes on serum lipid profile in a group of 23 male and female stable kidney transplant 
recipients [122]. Decreasing the dietary fat intake from 41% to 33% of total energy consumed was 
associated with a significant reduction (13%, p < 0.01) in serum total cholesterol levels in men over a 
6-month period, but not in women.

A 3-day food record was also used in reporting dietary guideline adherence of 90 kidney transplant 
recipients in Taiwan [123]. This cross-sectional study observed that 81% of the participants were 
consuming excessive total dietary fat, that only 1.1% consumed adequate dietary fiber, and that the 
majority had poor adherence to the dietary guidelines.

Evaluation of 44 stable kidney transplant recipients, using 3-day food record (including 1 weekend 
day) maintained at four time points during the first year posttransplant, identified that women increased 
their DPI and DEI significantly compared to no change over the year in men [124]. This dietary 
change was accompanied by a mean increase in BMI by 1.9 kg/m2 in women (a mean weight gain of 
5.4 kg or 10.6%). Whole-body bone densitometry indicated a 12% mean increase in body fat mass, a 
7% increase in lean body mass, and a 1.4% increase in bone mass in these women over the year, while 
men had a significant reduction in mean body fat mass (8%) and bone mass (2.3%) and a 1% increase 
in lean body mass (not significant).

A 7-day diet record was maintained by 106 stable kidney transplant recipients (with abnormal 
glucose tolerance) at the time of transplantation and at 1 and 2 years posttransplantation [125]. Three 
random days from each food record (including 1 weekend day) were used for the dietary intake 
assessments. Subjects were randomized to receive either aggressive risk factor modification for coro-
nary vascular disease or standard posttransplant care. No correlations to biomarkers were reported.

 Recommendations for Kidney Disease

The concepts relating dietary intake assessment methodologies and correlation to biomarkers or out-
comes in the general population are useful for evaluating these tools in kidney disease. The presenta-
tion of information provided in this chapter from the kidney disease literature outlines areas where 
improvement or alternate methodologies may be considered, such as:
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• Apply the statistical methodologies suggested for accounting for dietary intake distribution and 
determine the characteristics of patients with kidney disease who are at risk for inadequate intake 
using these methods.

• Evaluate the level of DPI, DEI, or other nutrients that is associated with malnutrition or other out-
comes in this population using current dietary assessment tools and methodologies.

• Assess the efficacy of multiple days and multiple methods of intake assessment when evaluating 
dietary intake in individuals and/or groups of people with CKD (by stage of CKD).

• Determine the utility of available data sets for answering some of the questions regarding dietary 
intake assessment in CKD using new statistical approaches or queries that were not assessed in the 
original evaluation of the data sets to provide further insight for future trials.

As new research agendas are considered, it is important to express appreciation for all of the effort 
and expense provided by individual investigators, kidney disease programs and centers, and the 
patients who offer themselves to this work. Their efforts have helped to define and design the research 
that has and will answer many questions in kidney disease.

Acknowledgments Gillian Gorski, a clinical nutrition student at the University of Houston, Houston, Texas, provided 
valuable assistance with the bibliography and review of papers.
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Chapter 8
Psychosocial Issues Affecting Nutritional Status 
in Kidney Disease
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 Introduction

Under the rubric of the psychosocial dimension, multiple factors have been demonstrated to affect and 
also have a strong potential of affecting the nutritional status of patients with kidney disease. Among 
these are depression, anxiety, loneliness, self-efficacy, food insecurity, limited health literacy, and the 
relative availability of various forms of social support (Table 8.1). The aim of this chapter is to first 
provide an overview which broadens the perspective on psychosocial factors that can affect nutritional 
status in chronic kidney disease (CKD). A second aim is to suggest strategies for mitigating psycho-
social factors that detrimentally impact nutrition and bolster those which can help to optimize it. As 
will be revealed through the overview, research on psychosocial factors has been uneven, and many 
knowledge gaps remain in fully understanding their impact on the nutritional status of patients with 
CKD.

 Depression

Research on psychosocial issues affecting chronic kidney disease (CKD) patients in general, and their 
effects on nutritional status in particular, has been dominated by a focus on depression. Estimates on 
the prevalence of depression in patients with CKD have varied. For example, in a study of 103 
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in-center dialysis patients, 34% were found to be mild-to-moderately depressed, 12.6% moderate-to- 
severely depressed, and 7.8% severely depressed [1]. In a systematic review and meta-analysis of 
studies on depression, Palmer et al. [2] estimated a 39.3% prevalence in CKD, although its true inci-
dence has been noted to be unknown [3]. This variation in estimates has been attributed to differences 
in the tools used for measuring depression [4] and stages of CKD examined [5]. The increased preva-
lence of depression among CKD patients stands in contrast to the general population, where reports 
show an incidence of between 5% to 9% in women and 2% to 3% in men [6].

The reasons for this increased prevalence of depression among CKD patients can be readily under-
stood in light of the many life changes that come with a diagnosis of CKD, the side effects from treat-
ment, and the inevitable decline in physical functioning that occurs over time. For many patients, 
depressive symptoms begin with a feeling that they have lost control of their life when the diagnosis 
is first made [7]. Among the usual ways, this is initially experienced through new dietary restrictions 
and loss of freedom to enjoy preferred foods. As to the side effects from treatment, and especially 
patients with end-stage renal disease (ESRD) on in-center hemodialysis, there is severe pain which 
affects 50–60% [8] and chronic fatigue that impacts 82% [9]. Research has also associated the pro-
gressive deterioration in physical functioning [10] as a contributing factor in depression in CKD 
patients [11]. In addition to its emotional ramifications for patients, depression has been found to be 
an independent predictor of nonadherence with blood pressure medications [12], a higher risk for 
hospitalization [13], faster decline in the estimated glomerular filtration rate (eGFR), earlier initiation 
of dialysis therapy [14], and premature death [15].

With respect to its effects on nutritional status, mounting evidence is showing that depression can 
undermine a patient’s ability to adhere to dietary and fluid restrictions. For example, recommenda-
tions for the management of hyperphosphatemia from the National Kidney Foundation Kidney 
Disease Outcomes Quality Initiative (KDOQI) call for patients to limit their dietary intake of phos-
phorus [16]. Research has shown that depression can make accomplishing this more difficult. In a 

Table 8.1 Psychosocial factors that affect nutritional status in patients with chronic kidney disease

Factor Definition

Depression Classically entails feelings of sadness, despair, and lack of optimism about the future, which can 
clearly undermine adherence to any medical regiment

Anxiety Classical symptoms have included nervousness, restlessness, and feelings of uneasiness. Potential 
independent effects of anxiety on nutrition, apart from depression, has been a neglected area of 
research

Loneliness Defined as unpleasant feelings of isolation due to unmet human needs, loneliness has likewise been 
neglected as a psychosocial factor in the nutritional status of CKD patients. It has unmeasured and 
potentially profound implications as an exacerbating factor in nutrition

Self-efficacy Self-efficacy, simplistically defined as the confidence to complete a task, is a modifiable 
psychosocial factor which research has shown can affect nutritional issues with CKD patients. 
Several studies have laid out blueprints for interventions for dialysis patients, which could 
potentially enhance patients’ self-efficacy and in turn their nutritional status

Food 
insecurity

Emerging research shows that food insecurity is another largely overlooked factor in the nutritional 
status of CKD patients, which also has potential implications for mental health issues (anxiety and 
depression) and medication compliance (e.g., buying food vs. filling prescriptions). It remains an 
unmet issue

Limited 
health 
literacy

Statistics reveal that 50% of ESRD patients struggle with some degree of limited health literacy 
(LHL). Evidence shows that LHL has multidimensional ramifications for CKD patients, including 
their nutritional status. Renal dietitians also face special challenges meeting the needs of patients 
with LHL due to time constraints

Social 
support

Social support, defined as the perception that one is cared for, is a well-established mediating factor 
in medical outcomes, including the nutritional status of CKD patients. Given the unique high 
frequency and long duration of dialysis clinic staffs’ face-to-face contact with patients, it may 
represent a largely untapping source of creative social support to improve nutritional outcomes
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study of 49 dialysis patients who were considered nonadherent, Akman et al. [17] found that depressed 
patients had twice the likelihood of nonadherence with dietary phosphorus restrictions than those who 
were not depressed.

Phosphate binder medication has been characterized as the cornerstone in the management of 
hyperphosphatemia [18] with a targeted phosphorus level of 3.5–5.5 mg/dL [19]. Studies have shown 
that 74% of patients are unable to consistently adhere to their binder regiment [20], and depression 
has been found to be a contributing factor. Tracy and colleagues [21] discovered that higher levels of 
depression were associated with poorer phosphate binder adherence. An Iranian study of 159 dialysis 
patients linked higher depression scores with nonadherence to binders [22].

Thrice-weekly hemodialysis treatment is the third strategy in hyperphosphatemia management, 
with a weekly goal of removing 1800–3000 mg of phosphorus per treatment [23]. Its effectiveness 
depends on patients being able to consistently attend treatments; however, 35% of patients miss treat-
ments and 32% shorten them [24]. Studies have found that depression is strongly associated with 
missed treatments. Aebel-Groesch and associates [25] looked at 54,441 dialysis patients screened for 
depression from 2000 clinics and found a significantly higher rate of missed treatments among those 
who were depressed, compared to patients not depressed. Weisbord [26] examined 286 dialysis 
patients with moderate-to-severe depression and found it was independently associated with missed 
treatments. Most recently, Salmi and colleagues [27] in a cross-sectional analysis of data from the 
Dialysis Outcomes and Practice Patterns Study (DOPPS) involving 8501 patients from 20 countries, 
discovered that the 4493 patients who missed treatments over a 4-month period were more likely to 
be struggling with depression.

While excessive intradialytic weight gain (IDWG) has often been viewed as reflecting a good 
appetite in dialysis patients [28], it is more critically a major risk factor for long-term adverse car-
diovascular outcomes [29]. Recommendations have long called for patients to limit their fluid 
intake to 1000–2000 mL/day [16], which is known to be among the most difficult challenge they 
face. Consistent with its widespread adverse effects, depression has been documented to be closely 
associated with nonadherence in CKD patients. Taskapan et al. [30] examined the potential associa-
tions between psychiatric disorders such as depression and compliance with fluid restrictions. They 
found that IDWGs were significantly higher in depressed patients compared to those not depressed. 
In a cross- sectional study, Khalil and associates [31] examined the relationship between depressive 
symptoms and fluid and dietary adherence in 100 dialysis patients and found that moderate-to-
severely depressed patients were more likely to be nonadherent with fluid restrictions. This evi-
dence was supported by another cross-sectional study that included 100 dialysis patients in which 
depression was independently associated with an inability to consistently comply with fluid restric-
tions [32].

KDOQI guidelines [16] also suggest limiting daily potassium intake, and research has shown that 
depression can also adversely affect patients’ adherence with this recommendation. Sensky et al. [33] 
looked at the associations between psychosocial variables, including depression and dietary compli-
ance in 45 patients, and discovered that higher pre-dialysis serum potassium was associated with 
depression. Similarly, in a cross-sectional study of 80 patients in three dialysis clinics in Lima, Peru, 
Valderrama and colleagues [34] found that more severe depressive symptoms were associated with 
higher pre-dialysis serum potassium levels.

Lastly, there is a generalized relationship between depression, malnutrition, and protein-energy 
wasting (PEW) in CKD patients. Kimmel and associates [35] highlighted anorexia secondary to 
depression which can limit patients’ protein and caloric intake and evolve into a vicious cycle of pro-
gressive undernutrition. More specific to serum albumin, the traditional marker of patients’ protein 
status, Koo et al. [36] found that higher depressive scores were correlated with all nutritional markers, 
including serum albumin. Finally, in non-CKD populations, a bidirectional relationship has been 
found between depression and malnutrition, with micronutrient deficiencies resulting from the latter, 
worsening mental health symptoms over time [37].
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 Anxiety

The five subtypes of anxiety disorders that exist on a continuum from normal to pathologic are gener-
alized anxiety, obsessive-compulsive disorder, panic disorders, post-traumatic stress disorder, and 
social anxiety disorder [38]. Cohen and associates [39] have described anxiety as a “disruptive feel-
ings of uncertainty, dread and fearfulness” (p. 2250). Somatic symptoms can include dizziness, palpi-
tations, nervousness, chest pain, avoidance, difficulties breathing, fear of losing control, and fear of 
dying [40].

The true prevalence of anxiety among CKD patients is unknown but has been estimated to be as 
high as 69.3% [41] and to vary by renal replacement therapy [42]. In a 16-month study of dialysis 
patients, anxiety was found to increase over time [43]. This high incidence of anxiety among CKD 
patients is contrasted with the general population, where the rate is 7.7% in women and 4.6% in 
men [44].

The reasons for this increased prevalence of anxiety among CKD patients can be understood by 
what they have to experience regularly, especially those on in-center dialysis. For example, Feroze 
and associates [45] interviewed 179 dialysis patients and discovered they often experience anxiety 
from such routine treatment-related events as having a new person connecting them to the hemodialy-
sis machine and hearing alarm bells sounds. Additional treatment experiences that can contribute to 
anxiety are dialysis-induced hypotensive episodes, which may result in muscle cramping, dizziness, 
and a loss of consciousness. Studies have found that these unpredictable events may occur 15–30% of 
the time during treatment, with a 50% frequency among the elderly and diabetic patients [46]. 
Concerns about safety in dialysis facilities is a third factor that can add to patients’ anxiety, and ques-
tions about it have been increasing [47, 48]. Research has found that 50% of patients have anxiety 
related to clinic safety [45], and an equal number worry that a dialysis staff might make a mistake 
during their treatment [49]. Finally, there is the anxiety stemming from CKD patients having to con-
front their own mortality and probable shortened life span [50]. Investigations have discovered a high 
rate of death anxiety among these patients [51, 52].

In contrast to the voluminous research on depression and its associations with outcomes in CKD 
patients, including nutritional issues, there has been virtually no research exclusively on anxiety. The 
studies that have included anxiety as a variable have almost always been combined with a focus on 
depression [53, 54]. This lack of specific attention to anxiety prompted Lowe et al. [55] to characterize 
it as the “stepchild” of affective disorders (p. 266). Several explanations have been made for this rela-
tive neglect of anxiety. First, since anxiety symptoms often coincide with depressive symptoms, there 
has been a tendency to perceive them as representing depression rather than as an independent condi-
tion [56]. Another possible reason for less attention to anxiety in CKD patients is that there are fewer 
validated measures compared to the numerous measures for depression [57]. Cukor and associates 
[56] have raised concerns about the ability of the commonly used Hospital Anxiety and Depression 
Scale to accurately measure anxiety disorders in dialysis patients. In a recent comparison of screening 
instruments for assessing anxiety, 40–60% of dialysis patients with anxiety were missed [58]. In addi-
tion, it has long been known that anxiety is more difficult to detect during clinical interviews [59]. 
This was illustrated in a meta-analysis of studies on primary care physicians’ ability to detect anxiety 
disorders, in which only one-third of the cases were correctly diagnosed [60].

Notwithstanding the hurdles to recognize and accurately diagnose anxiety disorders, there has 
been an emphasis on the importance of understanding the effects of anxiety disorders on outcomes, 
compared to depression [61–64]. A study which assessed the association between generalized anxiety 
disorder (GAD) and depression of 2740 adult patients’ functional status and disability days, GAD and 
depressive symptoms were found to have different and independent effects [57]. Consistent with 
efforts for more specificity, subtypes of panic disorders have been found to be differentially associated 
with the severity and clinical properties of such comorbidities as suicide attempts, sleep disorders, and 
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a sense of mastery [65]. Finally, although the distinctive effects of anxiety on the nutritional status of 
CKD patients will have to await future research, it has been suggested that many seemingly irrational 
behaviors of patients (e.g., nonadherence to dietary recommendations) may actually be the expression 
of underlying anxiety [39].

 Loneliness

Loneliness is a psychosocial issue defined as unpleasant feelings of isolation due to unmet human 
relationship needs [66]; it has become the focus of ever-increasing investigations because of its asso-
ciations with many negative health outcomes. For example, loneliness has been tied to increased risky 
sexual behaviors [67], unintended pregnancy [68], reduced physical inactivity [69], higher cholesterol 
levels [70], increased blood pressure [71], and heightened risk of depression [72].

In elderly patients, loneliness has been linked with several negative developments and outcomes 
including a decline in cognitive function [73], feelings of hopelessness and poor self-care capacity 
[74], and increased suicide risk [75]. A decreased resistance to infection is another adverse develop-
ment that has been linked to loneliness [76], with a suggested mediating pathway being the growing 
evidence on the close relationship between loneliness and immune dysregulation [77, 78]. More rel-
evant to the immediate focus of concern, research strongly supports an association between loneli-
ness, depression, anorexia, and malnutrition in the elderly [79–82]. The detrimental effects of a 
solitary life on nutritional status is further evidenced in studies showing that when the elderly live 
alone, there is often a reduced motivation to cook [83] and less food is eaten during mealtimes [84].

Research on the relationship between the nutritional status of CKD patients and loneliness has 
been sporadic. In an earlier study, Bergstrom [85] mentioned loneliness as contributing to low protein 
intake in CKD patients due to anorexia. Most recently, Stevenson and associates [86] conducted inter-
views with dialysis patients about adapting to the renal diet and found that many experienced feelings 
of “isolation from family and friends” (p. 411).

Evidence suggests that loneliness may be a pervasive, yet largely overlooked factor that can detri-
mentally affect the nutritional status of CKD patients. First is the well-established fact that strong 
feelings of social isolation tend to ensue from a diagnosis of ESRD and its treatments [87]. Second is 
the predominately geriatric ESRD population with 176,579 patients being over 65 years of age and 
118,537 older than 75 [88]. Relevant to this age group, a cross-sectional study of individuals 
60–80 years old in Eastern Europe found that 30–50% were severely lonely [89]. In the United States, 
43% of persons over age 65 felt subjectively lonely on a regular basis [90]. In many instances, this is 
likely due to the death of a spouse. In terms of the ramifications of spousal death for nutritional issues, 
research has found that older men who lose a spouse can be particularly vulnerable to undernutrition 
because they tend to have fewer close relationships outside of their spouse, and they often lack cook-
ing skills [91]. Consistent with this evidence, a study of older men who live alone found they were 
more likely not to have eaten for 1 or 2 days [92]. As to older women who are widowed, studies have 
discovered they can become nutritionally at risk because there is a tendency for them not to cook for 
themselves when they no longer have someone to cook for [93, 94].

The gradual deterioration in physical functioning that occurs with ESRD is another factor that can 
exacerbate social isolation and loneliness. Research has shown that loneliness becomes much more 
common among individuals with debilitating chronic conditions because it severely limits their mobil-
ity and social engagement [95].

Additional overlooked factors that can contribute to loneliness among older CKD patients are the 
broad changes that have occurred in families over time. Among the most important of these is the 
disappearance of the large extended family living in the same community as the elderly. Research 
shows that a large portion of adult children now live more than an hour away from their aging parents, 
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and 80% of this is attributed to moving away due to the job market [96]. A greater geographic distance 
now characterizes many intergenerational family relationships [97]. Living in less proximity to their 
aging parents has resulted in a reduced frequency of contact from adult children to provide tangible 
and emotional support [98], which has been linked to increased loneliness and depression among 
older adults [99].

Finally, based on evidence from non-CKD populations, a widely prevalent loneliness-associated 
anorexia among older CKD patients could, theoretically, be interfacing with the anorexia associated 
with aging [100] and anorexia stemming from uremic toxins [101], which may further aggravate mal-
nutrition and protein-energy wasting (PEW).

 Food Insecurity

The United States Department of Agriculture (USDA) [102] defines food insecurity as a lack of consis-
tent access to enough food for a healthy life. There are four different levels of food security: (1) High 
food security defined as no reported indicators of food access; (2) marginal security denotes the exis-
tence of one or two indicators such as anxiety over food or shortages; (3) low food insecurity reflects a 
reduced quality, variety, and desirability of food in the diet; and (4) very low food security refers to the 
presence of multiple indicators of disrupted eating patterns and reduced food intake. Additional data by 
Colman-Jensen and associates [103] has shown that in 2017, (1) 11.8% of United States’ households 
were food insecure and 4.8% (5.8 million households) had very low food security, and (2) the rate of 
food insecurity among whites was 8.8%, 18.8% among Hispanics, and 21.8% among African Americans.

Ever-increasing attention has focused on food insecurity because of its links with a diverse array 
of adverse health developments including obesity [104], markers of cardiovascular disease [105], type 
2 diabetes [106], and unwanted pregnancy [107]. A recent investigation by Seligman and associates 
[108] also found that food insecurity is associated with an increased risk of hospital admissions for 
hypoglycemia and that exhaustion of a food budget is the primary driver. Moreover, the relationship 
between food insecurity and poor health can be bidirectional, in that negative health outcomes stem-
ming from food insecurity can themselves increase the severity of food insecurity [109].

As would intuitively be expected, food insecurity is a major risk factor for malnutrition in the 
elderly [110]. In a study by Wolfe and associates [111] on the experiences of older Americans with 
food insecurity, the following sampling of quotes were obtained: “With all my expenses…sometimes 
I have to go to bed without eating. Right now I don’t have groceries here. I have to wait for my daugh-
ter to offer or give me something”; “I have to wait for the check that I get weekly so that I can go and 
buy some food” (p. 2763). Consistent with research, surveys have found that elderly African Americans 
are 4.2 times more likely to struggle with food insecurity than elderly white individuals [112].

Food insecurity is also a complex phenomenon whose negative effects often extend well beyond 
food and dietary concerns to include mental health issues. For example, a recent Australian study 
found that food insecurity is associated with an increased risk of depression in disadvantaged urban 
areas [113]. In an investigation by Whitaker and others [114], which looked at food insecurity and the 
risk for depression and anxiety among mothers of young children, the percentage of women with both 
mental health problems increased as food insecurity worsened. Most recently, an investigation exam-
ined the psychological distress of African Americans struggling with food insecurity (n = 4003) and 
found a six-fold odds of higher psychological distress [115].

Another consequence of food insecurity beyond dietary issues can be compliance with medica-
tions. Given the economic constraints that come with food insecurity, research has found that patients 
often have to choose between paying for food or medications [116, 117]. Individuals struggling with 
food insecurity are also more likely to delay getting prescriptions refilled, compared with those who 
are food secured [118, 119].
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Turning to food insecurity and the nutritional status of CKD patients, only one study has focused 
explicitly on its relationship with malnutrition. The investigation by Wilson and colleagues [120] 
looked at the presence of food insecurity in 98 dialysis patients, of whom 44% were white and 56% 
African American. Being African American was found to be a significant predictor of food insecu-
rity, and 64% of the patients were mildly to moderately malnourished and 13.3% severely 
malnourished.

A master’s thesis on nutrition by Coleman [121] at the University of Cincinnati examined the 
use of oral nutritional supplements in 85 dialysis patients as a function of food insecurity; 90.6% of 
the study’s participants were African American. Serum albumin levels were used to assess nutri-
tional status. The investigation showed that 47% of the patients had some degree of food insecurity, 
and a significant association was found between food insecurity and the need for oral supplements. 
Again, food insecurity was found to be more highly prevalent among African American dialysis 
patients.

The only other explicit attention to food insecurity and nutritional issues with CKD has been on its 
possible role in racial disparities of ESRD. In a cross-sectional analysis of data from the National 
Health and Nutrition Examination Survey (NHANES) 2003–2008 (N = 9126), Crews and associates 
[122] suggested that food insecurity may contribute to disparities in kidney disease, especially among 
individuals with diabetes and hypertension. In a subsequent probability sample of NHANES III data 
(N = 34,955), Banerjee and colleagues [123] concluded that food insecurity was independently asso-
ciated with a higher likelihood of developing ESRD. Lastly, Banerjee et al. [124] linked food insecu-
rity to a faster progression to ESRD via its close association with poverty and the consequent inability 
of individuals to afford a healthier diet of fruits and vegetables.

Finally, given the paucity of attention to the dynamics between food security and nutrition, several 
questions can be suggested for future investigations. First, based on findings from studies of food inse-
curity with non-CKD populations, to what extent could the high incidence of food insecurity among 
CKD patients in general, and African American patients in particular, be a contributing factor to both 
malnutrition and PEW? Research might also focus on the persistent problem of medication nonadher-
ence among these patients and to what extent food insecurity might be forcing them to make a choice 
between paying for food or medications. Lastly, given the evidence from non-CKD populations that 
food insecurity can engender depression, to what degree could food insecurity-linked depression with 
CKD patients be a contributing factor in this widely prevalent mental health problem?

 Limited Health Literacy

The National Academy of Medicine defined health literacy as the degree to which individuals have the 
capacity to obtain, process, and understand basic health information and services needed to make 
appropriate health decisions [125]. An estimated 90 million Americans have limited health literacy 
(LHL) [126], which is associated with having less education, older age, and lower income [127]. 
There has been ongoing interest in LHL because of its links to a diverse array of adverse health out-
comes including an increased risk for hospitalization [128], lower adherence to medication [129], 
increased emergency room visits [130], higher rates of diabetes complications [131], and an elevated 
risk of mortality [132].

LHL can also have psychosocial implications for an individual’s mental health; it has been shown 
to be associated with an increased risk for depression [133], and people struggling with it often harbor 
feelings of shame [134]. Not surprisingly, LHL can adversely affect patients’ interactions with health 
professionals. Patients can often be intimidated by their interaction with health professionals because 
of shame, and they are less likely to ask questions or admit they do not understand information pro-
vided by their health-care provider [135].
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In patients with CKD, it has been estimated that as high as 50% of patients struggle with some 
degree of LHL [136]. Consistent with its broad ramifications for health issues, LHL has also been 
shown to affect outcomes in CKD patients. For instance, LHL has been found to restrict patients’ 
knowledge of kidney disease [137]; it is associated with missed dialysis treatments [138], decreased 
likelihood of patients being referred for kidney transplantation [139], a lower GFR [140], and an 
increased risk of death [141].

One of the major thrusts of research associated with LHL and nutrition in CKD has been to provide 
a better understanding of the learning difficulties of patients. Doak and Doak [142] conducted an 
assessment of reading materials for the renal diet and discovered that it is well beyond the reading 
level of 55% of patients. Kalista-Richards [143] emphasized the importance of matching reading 
materials with CKD patients’ learning abilities. Lambert et al. [144] found that most patients’ experi-
ences with the renal diet feel it is overwhelming, frustrating, and a very emotional journey.

Recent studies have looked at the use of various technologies, such as computers and mobile 
application devices, to aid with the learning difficulties of CKD patients. Connelly et al. [145] con-
ducted a pilot study to explore the usefulness of a dietary intake monitoring application (DIMA) 
with 12 dialysis patients who had varying levels of health literacy. The investigators discovered that 
the subjects used the DIMA much more at the end of the study as they did in the beginning, and that 
it was useful in modifying dietary behaviors. Welch et al. [146] undertook a 6-week pilot interven-
tion using a Daily Activity Monitoring Application (DAMA) to self-monitor diet and fluid intake 
with 24 dialysis patients. While the DAMA was found to have a potential to facilitate dietary and 
fluid self- monitoring, additional refinement and testing were deemed needed. Lastly, Sevick and 
associates [147] conducted a randomized trial of a technology-supported behavioral intervention to 
reduce dietary sodium in 179 adult dialysis patients over a 16-week period. While the investigators 
found that the technology intervention was feasible and acceptable to patients, the patients’ fluid 
weight gains did not change, and the desired behavioral changes observed at 8 weeks were not 
sustained.

Final areas of research focused on are the challenges renal dietitians face trying to overcome the 
extra hurdle represented by patients’ LHL. For example, Morton De Souza [148], in discussing practi-
cal strategies for enhancing learning with low literacy patients, pointedly mentioned the increased 
workload on dietitians and time constraints. Most recently, Lambert, Mansfield, and Mullan [149] 
uncovered a major theme of frustration with dietitians that is linked directly to the learning difficulties 
of patients and inadequate time to properly provide education.

 Self-Efficacy

Self-efficacy is a psychosocial concept which has been defined as the confidence in one’s ability to 
succeed with a given task or situation [150]. The strength of self-efficacy is particularly important 
because an individual is not only more likely to initiate a new behavior but continue until success 
is achieved [151]. Moreover, self-efficacy is not a generalized response but is very specific to a 
given behavior. It has been pointed out, for example, that a patient might feel very efficacious about 
taking prescribed medication but have no confidence in the ability to follow recommended dietary 
changes [152].

Self-efficacy has become a central focus in research because of its links to a diverse array of health 
outcomes including the ability to cope with cancer [153], duration of breastfeeding [154], predictor of 
eating disorders [155], and level of physical activity [156]. Consistent with these broad implications, 
self-efficacy has also been found to be associated with CKD outcomes. Kauric-Klein et  al. [157] 
examined the impact of an education intervention on blood pressure self-efficacy in a group of dialy-
sis patients and found it was associated with lower diastolic blood pressure. In a randomly selected 
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study of 50 dialysis patients in the Philippines, Balaga et  al. [158] found an inverse relationship 
between hemoglobin levels and self-efficacy.

Self-efficacy and nutritional parameters in CKD patients have also been explored. Rosenbaum 
[159] found that a higher perceived self-efficacy enabled dialysis patients to better resist the urge to 
drink excessively. Bradly et al. [160] also documented that patients with higher self-efficacy averaged 
lower weekend IDWGs. Several studies have examined the relationship between dietary sodium 
intake and self-efficacy in CKD patients and have found a pattern of evidence suggesting that younger- 
aged CKD patients are more likely to have a lower self-efficacy for restricting intake, compared to 
older patients [161–164]. The results of the studies suggest that age-specific dietary education strate-
gies may need to be developed to improve adherence.

Fewer studies have been conducted on the relationship between self-efficacy and adherence to 
dietary phosphorus and potassium restrictions. Elliott et al. [165], for example, conducted a cross- 
sectional survey of 95 dialysis patients, in three clinics, which looked at modifiable factors associated 
with dietary adherence. Among the factors found to be associated with adherence were an individual’s 
level of self-efficacy and health beliefs. These findings prompted the investigators to suggest that 
clinicians may obtain better results with phosphorus control if they focus not only on dietary educa-
tion but also on individual patient’s self-efficacy beliefs. Focusing specifically on serum potassium, 
Zrinya et al. [166] similarly linked greater self-efficacy with better dietary adherence.

 Social Support

Social support has been defined as the perception that one is cared for, and there are two basic forms 
[167, 168]. First is informational/education support, which entails the provision of tangible assistance 
such as helping a person to learn and understand something important to his/her well-being. Secondly, 
there is emotional support which involves listening and extending empathy, warmth, and nurturance 
to another person.

Over the last several decades, social support has become a central focus in health-related research 
and clinical practice because of its mediating role in an almost endless array of outcomes and behav-
iors. These include anxiety [169], depression [170], falls in older adults [171], low birth weight [172], 
risky sexual behaviors [173], and type 2 diabetes in adults [174].

Consistent with its widespread impact, social support has also been found to be a mediating vari-
able in several outcomes for CKD patients. For example, low social support was recently found to be 
a factor in late-life depression of ESRD patients [175]. In a study which explored the perceived effects 
of support on depression and anxiety in hemodialysis patients, Lilympak et al. [176] found increased 
support from friends was linked with a 57% reduction in anxiety. Symister and Friend [177] reported 
that higher social support decreased depression in CKD patients by improving their self-efficacy 
which, in turn, enhances optimism. A Turkey-based study of 73 dialysis patients by Karadag and 
associates [178] found that those with lower levels of perceived support from family were more likely 
to experience severe fatigue, compared to patients with higher perceived support. In another study, 
Plantinga et al. [179] found that the availability of social support was significantly associated with a 
reduced risk of hospitalization in CKD patients. Finally, and most importantly, Thong and associates 
[180] concluded that the level of social support predicts survival in dialysis patients.

Social support from family, friends, and the dialysis staff has been found to be associated indica-
tors of nutritional status in dialysis patients. Boyer and associates [181] linked support from family 
with better adherence to phosphate binders. In an Italian observational study conducted by Cicolini 
et al. [182] of 72 dialysis patients, those with stronger family support were found to have lower phos-
phate and serum potassium levels. The effects of an education program focused on IDWG by the 
dialysis clinic staff were evaluated in 26 dialysis patients who were noncompliant with their fluid 
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restrictions. The program consisted of teaching and weekly reinforcements from staff about diet and 
fluids. Following the 2-month intervention, investigators found a significant decrease in IDWG (from 
2.64 kg to 2.21 kg), and adherence to fluid restrictions increased from 47% to 71% [183].

 Potential Strategies for Mitigating Psychosocial Factors That Negatively 
Impact Nutrition and Bolstering Those Which Can Help Enhance It

 Depression

The earliest reports on depression as a serious problem accompanying CKD were published in the 
mid-1960s [184], well before the federal legislation that created the ESRD program in 1972. Over the 
next five decades, hundreds of reports have been published on the prevalence of depression and its 
ramifications in dialysis patients. Mounting evidence has also surfaced in recent years showing that 
depression can undermine the patient’s ability to adhere to the renal diet [17, 21, 22, 30–34, 36]. 
Research has shown that diligent efforts by patients to comply with the renal diet may cause mild 
depression, which can lead to relapses in adherence [185].

Despite overwhelming evidence on the profound implications of depression in dialysis 
patients, reports continue to show that it remains largely unrecognized and untreated in the vast 
majority of these patients [186]. An investigation by Watnick and colleagues [187] discovered 
that almost half of the patients starting dialysis were depressed, but only 16% were receiving 
treatment for depression. A previously unrecognized partial explanation for this was recently 
uncovered in a study by Pena- Polanco and associates [188], which found that, in some instances, 
dialysis companies are simply unwilling to provide treatment for depression. No explanation for 
this was offered by the companies, and the study’s investigators concluded that it “represents a 
major obstacle to the systematic provision of therapy” [p. 302]. This dismal outlook prompted 
Chilcot and Hudson [189] to ask, “Is successful treatment of depression in dialysis patients an 
achievable goal?”(p. 1).

Notwithstanding its persistent neglect, evidence shows that depression can be successfully treated 
when it is made a priority. For example, a study of depressed dialysis patients compared the effective-
ness of the antidepressant paroxetine with agomelatine [190]. By the twelfth week of treatment, 
depression scores of patients prescribed agomelatine were lower. Non-pharmacological interventions 
for depression in dialysis patients have also been examined. Cukor and associates [191] looked at the 
effectiveness of a psychosocial intervention for depression involving individualized cognitive behav-
ioral therapy and found an 89% reduction in symptoms at the end of the treatment period. Koo and 
associates [192] found that therapeutic interventions for depression resulted in improved nutritional 
status in dialysis patients. Finally, research has shown that social workers are among the most under-
utilized health professionals in dialysis facilities who can successfully provide psychotherapeutic 
interventions for depression in dialysis patients [193–196]. An investigation by Prescott [197] found 
that the majority of dialysis patients prefer to seek and receive treatment for such mental health issues 
as depression from their clinic social worker.

 Anxiety

Because it has been largely neglected in investigations, the full extent to which anxiety adversely 
affects nutritional status of CKD patients is unknown. The Brief Anxiety Symptom Inventory [198] is 
a self-administered tool which has been used successfully to assess depression in hospitalized patients 
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and can be used with dialysis patients. Research has shown that some patients will benefit from phar-
macotherapy alone, but most will benefit from a combination of individualized psychotherapeutic 
support [199]. Once again, dialysis clinic social workers are an underutilized resource for helping 
patients with anxiety.

 Loneliness

Available evidence reviewed in this chapter suggests that loneliness may be largely overlooked, but it 
is a significant factor that adversely affects the nutritional status of CKD patients. Because loneliness 
has been found to be an independent risk factor for malnutrition in older people [200], it may have 
profound implications for patients on dialysis, given that the majority are over 65 years of age [88]. 
However, because loneliness is not routinely identified as a nutritional risk factor by dietitians, there 
is the need to determine its prevalence in CKD patients. The UCLA Loneliness Scale [201] is the most 
commonly used self-reported tool for assessing loneliness in medical patients.

The professional literature has recommended various types of interventions to reduce social isola-
tion and loneliness in older individuals including social support groups, reminiscence therapy, video-
conferencing, and animal companionship [202]. The feasibility of any of these interventions for 
dialysis patients is unknown. Additional pragmatic strategies can be suggested to help lessen the 
potentially adverse nutritional ramifications from loneliness. For instance, a simple initiative that 
dietitians can take with older patients who live alone is to encourage available family members to 
occasionally call and have a meal with them. Advising patients to reach out and rebuild old social 
networks has also been suggested as a strategy to counter loneliness and social isolation [203]. Older 
patients could also be advised to take advantage of free socialization opportunities at local senior 
centers in the community. Finally, in some dialysis clinics, there is a greater awareness of and sensitiv-
ity to the potential detrimental effects of loneliness. As a result, efforts are being made to encourage 
mutual peer support among and between patients themselves [204–206]. Hughes et al. [207] found 
that a major benefit from such support includes empathy and an understanding with patients that they 
are not alone in their suffering.

 Food Insecurity

Food insecurity is not routinely assessed in CKD patients by renal dietitians, but evidence reveals it 
may be more of a serious problem than typically assumed. A first step in any intervention is to deter-
mine the presence of food insecurity. A quick assessment tool [208] consisting of the following two 
questions has been developed and is widely utilized in health-care settings:

• QUESTION: How often during the past 12 months were you worried that food would run out 
before money was gotten to buy more? RESPONSES: Often true, sometimes true, or never true.

• QUESTION: How often during the past 12 months did the food that was purchased didn’t last and 
you didn’t have enough money to buy more? RESPONSES: Often true, sometimes true, or never 
true.

When food insecurity is detected, the dietitian can suggest the following actions to help mitigate 
the potential adverse effects of food insecurity on nutritional status. For example, dietitians can give 
patients information on lower cost foods they can purchase that are appropriate for the renal diet. A 
referral to Meals on Wheels services is another practical action that can be taken with older patients. 
There are also food banks in most communities which dietitians can inform patients about and where 
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almost anyone struggling with food insecurity can go to supplement inadequate supplies during a 
given month.

Finally, a position paper by the Academy of Nutrition and Dietetics [209] has suggested that dieti-
tians have an important role to play in combatting food insecurity. They can support legislative and 
regulatory processes that promote uniform, adequately funded food and nutrition assistance programs 
for vulnerable populations.

 Limited Health Literacy

It has been established that patients with LHL mostly fail to adhere to medical recommendations as a 
result of not fully understanding the medical information provided [210]. In discussing interventions 
to help patients with LHL improve their nutritional status, a number of education strategies and meth-
ods have been found to be effective with patients in general, and particularly in those with LHL. First, 
it is universally recognized that written health information materials should match the patient’s read-
ing level [211]. Avoiding medical jargon and using plain language are also well-established practices 
[212]. For patients who struggle with remembering verbal instructions, visual aids that include pic-
tures have been found to be effective in increasing comprehension, in addition to reducing the amount 
of reading required [213]. Asking open-ended questions and limiting the number of topics discussed 
in a session is another method that has been shown to work with learning-challenged patients [134]. 
In addition, a tailored educational approach involving collaboration with patients has been found to 
be more effective than a didactic approach [214]. The teach-back educational method has also been 
shown to have positive effects in a wide range of health outcomes with improving patients’ under-
standing and adherence [215]. This basically involves patients repeating back information in their 
own words so health professionals can assess their level of understanding and add/correct information 
as necessary. Finally, evidence has shown that single and isolated teaching sessions are often insuffi-
cient to ensure that patients fully understand a health-related task, making frequent reinforcement 
necessary to achieve optimal adherence [216–218]. Reinforcement appears to be particularly impor-
tant with CKD patients because many have LHL and struggle with cognitive impairment and depres-
sion, both of which affect the ability to recall information [219]. Thus, as Ramsdell and Annis [220] 
have succinctly stated, educating CKD patients is “a continuing repetitive process” (p. 217).

Studies have shown that when renal dietitians are able to implement these educational strategies 
and methods with learning-challenged CKD patients, they can be more effective at addressing nutri-
tional issues. For instance, the benefits of matching educational materials and patients’ reading levels 
were recently illustrated in a study by Duffrin et al. [221] with African American dialysis patients who 
had a fourth-grade reading level. Through matching language with these patients’ reading level, inves-
tigators were able to validate an assessment tool to accurately measure food intake.

Several investigators have demonstrated that when renal dietitians spend more time and/or have 
more frequent contact with patients, it greatly enhances comprehension and adherence. For example, 
in a study by Ford and associates [222], which examined the effectiveness of an additional 20–30 min-
utes of diet education per month with patients, serum phosphorus and calcium/phosphorus levels were 
significantly lowered in the experimental group of patients, compared to the control group. In an 
investigation by Morey et al. [185], they asked the question whether more dietetic time could enhance 
nutritional outcomes. Patients in the experimental group received an increased frequency of dietetic 
education/counseling interventions, which resulted in significantly lower serum phosphate levels 
compared to those in the control group. Confirming that CKD patients need more frequent reinforce-
ments to optimize outcomes, those in the experimental group returned to their baseline serum phos-
phate levels soon after the intervention ended [185]. Karavetian and Ghaddar [223] conducted a 
cluster-based randomized trial to examine the effects of self-management dietary counseling on 
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hyperphosphatemia. Patients in the experimental group received two additional 20-minute counseling 
sessions each week throughout the 8-week study period. Posttest analysis revealed significant 
improvements in serum phosphorus levels in the experimental group, but no improvement in the two 
control groups. Finally, there is the earlier investigation by Milas and associates [224] on compliance 
with a low protein diet. They found that ongoing praise and encouragement from dietitians were 
instrumental in helping pre-dialysis patients maintain their level of motivation for dietary adherence. 
(Refer to Chap. 34 for section on “Dietary Adherence.”)

Given that a lack of information on educational strategies does not appear to be the main obstacle 
to dietitians being more effective with learning-challenged patients, coalescing evidence would sug-
gest that it is the pragmatic issue of time. For example, a seminal investigation by Burrowes, Russell, 
and Rocco [225] examined factors affecting dietitians’ ability to implement the NKF-KDOQI 
Nutrition Guidelines for Adults and found that time was a major impediment. Hand and associates 
[226] next looked explicitly at the variable of time in relationship to dietitians being able to follow the 
NKF-KDOQI Guidelines for frequency and method of dietary assessment and again discovered that 
time is a significant limiting factor. Hand and Burrowes [227] subsequently conducted a survey of 
3382 renal dietitians to assess perceptions of their roles and responsibilities and found that the 
expanded administrative responsibilities imposed on them have taken away valuable face-to-face 
clinical time with patients. More recently, Hand, Albert, and Sehgal [228] conducted a cross-sectional 
study to quantify how dietitians spend their time in dialysis facilities. They found that only 25% of the 
dietitian’s time is available for direct patient care, which may be insufficient to improve nutritional 
status [228]. Some concluding evidence on how limited time is adversely affecting the effectiveness 
of dietitians comes from a study by Wood and Gills [229] who explored dietitians’ day-to-day engage-
ment with LHL patients. The following quote from a participant in the study serves to illustrate the 
frustrating experience dietitians have trying to achieve the best outcomes:

You only have so much time to do the assessment, the plan you know, to provide some recommendations and 
then you’re off on your way….If they don’t understand it and they’re not seeing you for another month then a 
whole month goes by without any change being made. (p. 54)

Finally, as has been argued elsewhere, inherent in the ever-decreasing time that dietitians have for 
individual patients is their inadequate staffing in dialysis facilities; this may be the most fundamental 
obstacle to ultimately achieve optimal nutritional outcomes [230, 231]. Additional support for this 
comes from a Report to Congress on Medical Nutrition Therapy [232],which declared that the “dieti-
tian ratio [is] one of the most important measures in determining the adequacy of nutrition therapy in 
dialysis centers” (p. 17).

 Self-Efficacy

The basic assumption of the self-efficacy theory is that an individual’s belief in his/her own capabili-
ties to produce desired effects by their own actions is the most important determinants of the behav-
iors they choose to engage in, as well as how much they persevere in the face of obstacles and 
challenges [233]. Self-efficacy has become a central focus in health promotion because of its pro-
found impact on behaviors. Potential blueprints for interventions to enhance self-efficacy with CKD 
patients come from several reports. First, a Taiwan study by Tsay [234] examined the effects of a 
self-efficacy training program on fluid compliance in a group of dialysis patients. The training con-
sisted of 12 educational sessions each lasting 1 hour on such topics as the pathophysiology of renal 
failure, medications, complications, nutrition, and fluid restrictions. The investigators found that 
patients in the experimental self-efficacy training group significantly decreased their IDWG more 
than patients in the control group. Aliasgharpour and Shemali [235] also investigated the effects of a 
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self-efficacy promotion training program on body weight changes in patients undergoing hemodialy-
sis. After 2 months, patients in the intervention group significantly reduced their IDWG, compared to 
those in the control group [235].

Studies have also looked at the impact of empowerment on enhancing patients’ self-efficacy, and 
they likewise serve as potential roadmaps for intervention. For instance, Moattari and associates [236] 
conducted a randomized controlled trial on the effects of empowerment on clinical and laboratory 
indicators in dialysis patients. Components of empowerment included self-management, education, 
and enhanced goal-setting and problem-solving. Significant improvements following empowerment 
were observed in systolic/diastolic blood pressure, IDWGs, and hemoglobin levels in the intervention 
group compared to the control group [236]. Tsay and Hung [237] also examined the effectiveness of 
an empowerment program on self-care, self-efficacy, and depression in a randomized control trial that 
included 25 dialysis patients in the intervention group and 25 in the control group. Data collected 
6 weeks following the intervention revealed a significantly greater improvement in self-care and self- 
efficacy with patients exposed to the empowerment program compared to those not exposed to the 
program [237].

 Social Support

Robust evidence shows that the availability of social supports, including from patients’ family and 
dialysis staff, can enhance adherence with various nutritional parameters such as serum phosphorus 
[180, 181] and IDWG [182]. Increasing social support from patients’ families may not always be an 
achievable goal, but bolstering it from dialysis staff is achievable. In this case, and compared to 
health-care professionals who provide medical services to patients with other chronic conditions, the 
interdisciplinary team in dialysis facilities would appear to be in a uniquely strategic position to 
increase the availability of different forms of support. This is because of the frequency of face-to-face 
contact with patients (e.g., three times a week, for 3–5 hours each day) and its long duration (e.g., 
often for years). Capitalizing on this extended and frequent interaction would appear to offer many 
opportunities to develop innovative approaches to further optimize nutritional outcomes. Evidence of 
this potential comes from a cross-sectional study by Yokoyama and associates [238] which examined 
the effects of perceived encouragement from dialysis staff on adherence to fluid restrictions in 72 
dialysis patients. Using the Staff Encouragement Scale to assess patients’ perceptions, encouragement 
was found to be positively and significantly associated with better fluid adherence.

 Conclusion

In forays on psychosocial factors that impact patients with CKD in general, and their nutritional status 
in particular, the predominate focus has been on depression. There is a growing consensus that the 
psychosocial dimension entails many more factors that are understudied yet play an important role in 
the overall health of these patients [239]. This chapter has endeavored to broaden the perspective on 
psychosocial factors that can affect the nutritional status of CKD patients. Consistent with the grow-
ing body of evidence, a recent investigation by Johansson et al. [240] found that energy and protein 
intake in older ESRD patients is independently associated with psychosocial issues. However, as the 
overview of research in this chapter reveals, many knowledge gaps remain in fully understanding the 
impact of these factors on this nutritionally vulnerable population in which, as Bergstrom and 
Lindholm [241] have noted, malnutrition can be a direct cause of death in elderly patients. Thus, as 
Norton and associates [242] have suggested, a better understanding of the psychosocial determinants 
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and appreciation of their underlying associations with meaningful clinical outcomes could help prac-
titioners striving to achieve more optimal outcomes.
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Key Points
• Most drug-nutrient interactions can be described using the principles of pharmacokinetics 

and pharmacodynamics.
• A precipitant agent  – a compound that alters the pharmacokinetic or pharmacodynamics 

properties of the object agent  – may be either the drug or nutrient in a drug-nutrient 
interaction.

• One definition that has been proposed to describe a clinically significant drug-nutrient inter-
action requires an interaction to lead to a 20% change in a pharmacokinetic or pharmacody-
namic property.

• Type I interactions (ex vivo bio-inactivation) occur outside of the body and is most com-
monly seen between compounds in parenteral nutrition.

• Type II interactions (absorption phase-associated interaction) can be broken down into three 
subtypes: type IIA (enzyme function modification), type IIB (transport protein modifica-
tion), and type IIC (complexation, binding, and/or other deactivating process that occurs in 
the gastrointestinal tract); treatment of hyperphosphatemia due to chronic kidney disease or 
end-stage renal disease is an example of an intentional type IIC drug-nutrient interaction.

• Type III interactions (physiologic action-associated interaction) occur when the precipitant 
agent alters the distribution, systemic metabolism or transport, or penetration to specific 
organs or tissues of the object compound.

• Type IV interactions (elimination phase-associated interactions) describe modulation, antag-
onism, or impairment of renal or enterohepatic elimination of the object agent.
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 Introduction

The causes of drug-nutrient interactions are often multifactorial but can be narrowed down into four gen-
eral types of interactions: physical, chemical, physiologic, or pathophysiologic [1]. As interactions between 
drugs and nutrients lead to alterations in the pharmacokinetic or pharmacodynamic parameters of either the 
drug or nutrient involved, it is important to understand the basic principles of pharmacokinetics and phar-
macodynamics. The term pharmacokinetics (often referred to simply as kinetics) refers to the methods of 
describing the disposition of a drug or nutrient in the body. The pharmacokinetics of a compound can be 
broken down into four basic principles: absorption, distribution, metabolism, and excretion.

Absorption refers to the process of a compound being absorbed from the site of introduction – 
often the gastrointestinal (GI) tract  – to be incorporated into the human body. Absorption can be 
described using the term bioavailability, which refers to the proportion of the compound administered 
that becomes available in the systemic circulation. Intravenous administration of medications or nutri-
ents, by definition, provides 100% bioavailability. Using the enteral route of administration often 
leads to a lower bioavailability due to incomplete absorption or loss of the compound during absorp-
tion. The rate of absorption is also an important pharmacokinetic parameter and is usually estimated 
using tmax, the time from administration to achieve peak serum concentration. For orally administered 
medications, this can provide an estimate of the intestinal transit time.

Distribution refers to the extent of dispersal throughout the body of the compound after administra-
tion. This parameter is described using the term volume of distribution (Vd). The Vd describes the theo-
retical volume that would be necessary to contain the administered medication to provide the serum 
concentration measured. A compound with a Vd of around 5 liters will be mostly concentrated in the 
blood (since this is the typical blood volume of an average adult). It is possible for the Vd to be larger 
than the total body volume (approximately 42 L), and this usually relates to a compound that is highly 
distributed in the tissue. In general, compounds with a high Vd are more lipophilic, less ionized, and 
less highly protein bound than compounds with a low Vd. Overall, the distribution of drugs is not 
known to be affected by nutrients and vice versa, so this pharmacokinetic parameter is relatively 
unimportant in terms of determining the significance of a specific drug-nutrient interaction.

Metabolism and elimination are best thought of as variations of the same goal – to remove the 
effects of the substance in question. Metabolism often refers to the conversion of a substance into a 
different form than how it is introduced into the body so that it may be further eliminated. This process 
most often takes place in the hepatocytes of the liver through two primary processes: activity of the 
cytochrome P450 system of enzymes and conjugation with compounds such as glutathione. Many 
interactions with medications occur due to interactions with cytochrome P450 enzymes and will be 
described later. Metabolism via conjugation is not often the source of an interaction. Elimination 
refers to the ultimate removal of the substance in question from the body. This can be through metabo-
lism followed by elimination via either the GI tract or urinary tract. Elimination can also occur directly 
from the urinary tract with excretion of the active compound directly into the urine. Both metabolism 
and excretion contribute to the pharmacokinetic property known as the clearance or elimination rate. 
The most common parameter used to describe the elimination rate of a compound is the half-life 

• Enteral nutrition supplied as tube feeding has important interactions with many medications, 
including phenytoin, warfarin, and levothyroxine. In patients receiving continuous tube feed-
ing, these interactions may be mitigated by holding tube feeds for 1 hour before and 1 hour 
after medication administration.

• Gastric emptying is reduced by high-fat foods, which may increase the absorption of acid 
stable medications or decrease the absorption of medications that are broken down in acidic 
environments.
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(t1/2) – the time it takes for the serum concentration of a substance to decrease to half its original con-
centration. In general, a compound is largely eliminated from the body after five half-lives as only 
3.125% of the initial amount of the compound would still be present in the body.

To bring together these concepts, the parameter area under the time-concentration curve (AUC) is 
often used to refer to the overall exposure to the compound in question. This parameter is affected by 
most of the pharmacokinetic parameters, most notably the bioavailability, the clearance, and some-
times the rate of absorption for orally administered compounds.

Pharmacodynamics refers to the physiologic effects of a medication or nutrient on the body. This 
may refer specifically to the actions of a medication on a specific receptor throughout the body or to 
activity in a specific tissue. Many interactions involve the antagonism of one compound on another at 
the site of action. In this case, the compound that causes the interaction is referred to as the precipitant 
agent [1]. The agent that is affected after the addition of the precipitant agent is referred to as the 
object agent. As in this definition, an interaction can occur with the addition of the precipitant agent. 
It is also possible for an interaction to be discovered upon the discontinuation of a medication or nutri-
ent or upon a dose change of a medication or nutrient.

While there is potential for interactions between medications and nutrients, not all interactions will 
be clinically significant. A clear consensus has not been established, but one definition of a clinically 
significant drug-nutrient interaction states that a 20% change in a pharmacokinetic or pharmacodynamic 
parameter from baseline is clinically significant [1]. For example, if a patient has been on a stable regi-
men of phenytoin that provides a therapeutic baseline serum concentration of 15 mcg/mL and is then 
started on continuous enteral nutrition due to becoming critically ill and requiring mechanical ventila-
tion, then the introduction of the precipitant agent (enteral nutrition in this example) would have to cause 
a decrease in the serum phenytoin concentration of at least 3 mcg/mL to be considered significant.

 Types of Interactions

Four major types of drug-nutrient interactions have been identified [2]. They include ex vivo bio-
inactivations (type I), absorption phase-associated interactions (type II), physiologic action-associ-
ated interactions (type III), and elimination phase-associated interactions (type IV).

Ex vivo bio-inactivations are interactions that occur outside of the body. In terms of drug-nutrient 
interactions, ex vivo bio-inactivations often occur between components in parenteral nutrition (e.g., 
the destabilizing nature of Fe3+ when added to a parenteral nutrition admixture containing lipid emul-
sion) and when medications are given in conjunction with enteral nutrition (e.g., fluoroquinolones) 
[3–5]. It is also possible for an ex vivo bio-inactivation to occur if a drug is given at the same time as 
certain foods, but this is less common. The best way to avoid this type of drug-nutrient interaction is 
to avoid the combination of the offending agents by using alternatives when possible or simply by 
separating the administration of the interacting compounds by a few hours.

Absorption phase-associated interactions only affect medications or nutrients delivered orally or 
enterally. These types of drug-nutrient interactions can be broken down into three types based on the 
effect of the precipitant on different processes related to absorption: enzyme function modification 
(type A), transport protein modification (type B), and complexation, binding, and/or other deactivat-
ing processes that may occur in the GI tract (type C) [2]. Of note, separating the administration times 
of the interacting agents will minimize the consequences of a type II interaction.

A common and important type IIA interaction involves the precipitant agent of grapefruit juice 
and its effects on the absorption of many different medications [6]. The mechanism of this interac-
tion involves the inhibition of the function of a cytochrome P450 enzyme known as CYP3A4 in 
the intestinal lumen. As this enzyme is usually responsible for breaking down numerous medica-
tions, inhibition of its effects within enterocytes will lead to more of the object agent being avail-
able for absorption, causing an increase in drug exposure. This may be most notable for 
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cyclosporine, tacrolimus, and felodipine given the possible negative consequences from increased 
exposure to these compounds [7–9]. Of note, CYP3A4 is also present in the liver, but inhibition of 
the enzyme in the liver leads to increased exposure due to a decreased rate of metabolism. This 
interaction is not demonstrated with grapefruit juice so its CYP3A4 inhibition occurs exclusively 
in enterocytes [8, 9].

A noteworthy type IIB interaction involves inhibition of the intestinal type 2 intestinal apical 
carnitine/organic cation transporter (OCTN2). This enzyme is responsible for the uptake of carnitine 
as well as important medications such as levofloxacin, spironolactone, and valproic acid [10, 11]. In 
particular, chronic use of valproic acid may lead to impaired absorption of carnitine leading to carni-
tine deficiency in susceptible individuals [12–15]. Another noteworthy type IIB interaction involves 
the inhibition of the PEPT1 intestinal uptake transporter by zinc, which is contained in many over-the- 
counter cold remedies. This transporter is responsible for the uptake of many cephalosporin antibiot-
ics, so co-administration of these medications with zinc may lead to decreased absorption and, 
therefore, inadequate treatment of infection, although this has not been demonstrated as significant in 
clinical practice [16, 17].

Important type IIC interactions involve the oral administration of antibiotics with polyvalent 
metal cations. The polyvalent cations chelate some medications leading to a decrease in the over-
all absorption of the object agent. This has most notably been seen with fluoroquinolones and 
tetracyclines when co-administered with iron-, calcium-, magnesium-, or aluminum-containing 
products or tube- feed formulations [6, 18–23]. This interaction would lead to decreased absorp-
tion of the affected agents, which could lead to underexposure to the antibiotic and consequently 
a failure to completely treat an infection and/or the development of drug resistance. This interac-
tion can be avoided by separating the administration of polyvalentcation-containing products 
(e.g., antacids) by at least 2 hours. Of note, this interaction also includes foods high in polyvalent 
cations such as dairy products.

Physiologic action-associated interactions occur after the absorption of at least one of the inter-
acting agents has completed the absorption phase. The mechanism of this type of interaction involves 
a change in the distribution, systemic metabolism or transport (as opposed to transport within the GI 
tract), or penetration to specific organs or tissues of the object compound. One important difference 
between this type of interaction and absorption phase-associated interactions involves how they are 
managed: to avoid an absorption phase-associated interaction, the precipitant and object agents may 
be administered separate from each other by several hours. This approach is not expected to influ-
ence the incidence of a physiologic action-associated interaction, and a dose adjustment of the object 
agent is indicated to mediate the interaction. A classic example of this type of interaction is the 
“cheese reaction.” In this reaction, if a patient currently on a monoamine oxidase inhibitor (MAOI) 
were to consume a food with a high amount of tyramine, a pressor effect is noted, leading to extremely 
elevated blood pressures. This occurs as tyramine induces the release of natural vasopressors (e.g., 
norepinephrine, epinephrine) which are traditionally metabolized by monoamine oxidase in the 
periphery; however, with the inhibition of monoamine oxidase from nonselective MAOIs, significant 
hypertension may result [24–26]. Of note, this reaction is not as clinically important as it once was 
as nonselective MAOIs are rarely used in clinical practice and foods are now processed more effi-
ciently than when the “cheese effect” was first described, leading to a decrease in the overall tyra-
mine content in foods of concern (e.g., aged cheeses, beer) [27]. While nonselective MAOIs are 
rarely used in clinical practice, linezolid and isoniazid have some MAOI properties, so caution may 
be warranted in regard to tyramine exposure in patients on these medications [28, 29].

Lastly, elimination phase-associated interactions involve the modulation, antagonism, or impair-
ment of renal or enterohepatic elimination. This form of interaction may be mediated by competition 
between drugs and nutrients for tissue-specific transport proteins for elimination. This is most clearly 
seen with the increased reabsorption of lithium in the renal tubules in patients on a sodium-restricted 
diet [30].
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 Important Drug-Nutrient Interactions

 Continuous Enteral Nutrition

Critically ill patients often require administration of enteral nutrition in a continuous fashion to pre-
vent the development of caloric and protein deficits while also decreasing the potential for feeding 
intolerance [31]. There are some medications that are noted to interact with continuous enteral nutri-
tion that may pertain to any patient regardless of baseline renal function: phenytoin, warfarin, and 
levothyroxine [32]. It is unknown if these interactions involve physical incompatibilities with tube- 
feeding formulations and impaired dissolution into solution leading to inadequate absorption, or if 
there is adsorption of these medications to the enteral access devices themselves, although a combina-
tion of these mechanisms is most likely.

Phenytoin, a sodium-channel-blocking antiepileptic, demonstrates a significant decrease in absorp-
tion – up to 80% when the oral solution is used in combination with continuous enteral nutrition [33]. 
In one study of neurosurgical patients on seizure prophylaxis, normal daily maintenance doses of 
300–400 mg/day had to be increased to doses of 800–1200 mg/day, and therapeutic levels were still 
not obtained [34]. This was confirmed to be related to continuous tube-feeding administration as 
many of the patients included developed phenytoin toxicity after the continuous enteral nutrition regi-
men was discontinued.

Warfarin, a vitamin K antagonist anticoagulant, is widely used for the treatment of venous throm-
boembolism and for the prevention of stroke in patients with atrial dysrhythmias and mechanical 
valves. When co-administered with continuous enteral tube feeding, it has been noted that doses sig-
nificantly above that of a patient’s home regimen may be necessary to maintain a therapeutic pro-
thrombin time (PT) and international normalized ratio (INR) [35, 36]. The mechanism of this 
interaction is vitamin K independent given the low quantity of vitamin K contained in most tube- 
feeding formulations. This interaction is more likely related to sequestration of warfarin in the tube 
feeding via interactions with the macromolecular fraction of enteral feeds, possibly by directly bind-
ing to protein components [37, 38].

Levothyroxine is a thyroid hormone used as a replacement in patients with hypothyroidism. With 
initiation of continuous enteral nutrition and administration of previously therapeutic doses of levo-
thyroxine, it has been noticed that thyroid-stimulating hormone levels have increased, indicating the 
development of hypothyroidism. This is believed to be related to adsorption of levothyroxine to 
enteral access devices, and an empiric increase in the previous levothyroxine dose by 25 mcg may be 
an effective mitigation strategy for this drug-nutrient interaction [39]. Regardless, thyroid hormone 
levels should be monitored closely in this patient population.

One approach to mitigate these interactions to a degree is withholding of enteral nutrition before and 
after medication administration. This was first shown to be effective with phenytoin in the same report 
in which phenytoin doses were increased drastically to achieve a therapeutic serum phenytoin concentra-
tion [34]. In this study, tube feeds were held 2 hours before and 2 hours after phenytoin administration. 
Withholding of tube feeds 1 hour before and after medication administration has been shown to be 
adequate in the case of phenytoin, warfarin, and levothyroxine [33, 39, 40]. This strategy would likely 
prove effective in enhancing absorption of many enterally administered medications if an interaction 
with enteral feeding is suspected, although medications that require food for adequate absorption would 
not demonstrate this benefit [1]. Of note, the overall best time frame for withholding of tube feeding is 
not well known, and there are certainly risks associated with this practice. For example, with medica-
tions administered multiple times a day (e.g., phenytoin), withholding tube feeds around each dose 
would clearly lead to an inability to attain the patient’s goal for calorie and protein delivery, leading to a 
deficit that is likely to be detrimental. To avoid this issue, the tube- feeding rate may be adjusted so that 
the same total volume of tube feeding is provided throughout the day, but this may lead to an increased 
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risk in the complications associated with provision of tube feeding including aspiration, hyperglycemia, 
diarrhea, and other GI-related adverse effects [1]. If GI intolerance occurs, mitigation strategies include 
the addition of a prokinetic medication (keeping in mind that metoclopramide is cleared by the kidneys 
so dose adjustment may be necessary), adjustment of the current enteral nutrition formulation to a more 
dense formula so that lower total volumes would need to be administered to reach nutrition goals, elec-
tively underfeeding the patient for a short period of time, or adjusting the associated medication to an 
intravenous formulation if available. For phenytoin, warfarin, levothyroxine, fluoroquinolones, and tet-
racyclines, we recommend holding tube feeds for 1 hour before and 1 hour after medication administra-
tion if enteral delivery of these medications is necessary; however, to decrease complications related to 
nutrition goal attainment and GI tolerance, these medications should not be given more than twice daily. 
In the case of ciprofloxacin and tetracyclines, intravenous administration may be preferred, since inter-
actions with these medications and polyvalent cations are likely to be significant even with the withhold-
ing of enteral nutrition for 1 hour before and hour after medication administration.

See Fig. 9.1 for a schematic of the steps and factors associated with oral drug absorption.
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Fig. 9.1 Drug pharmacokinetics. Schematic diagram of the steps and factors associated with oral drug absorption. 
Molecular weight (MW), unstirred water layer (UWL), cytochrome P450 (CYP), UDP-glucuronosyltransferase (UGT), 
glutathione S-transferase (GST), sulfotransferase (SULT), apical sodium-dependent bile acid transporter (ASBT), 
organic cation transporter (OCT), concentrative nucleotide transporter (CNT), electroneutral organic cation transporter 
(OCTN), organic anion transporting polypeptide (OATP), peptide transport protein (PEPT), P-glycoprotein (P-gp), 
multidrug resistance protein (MDR), multidrug resistance-associated protein (MRP), breast cancer resistance protein 
(BCRP), monocarboxylate transporter protein (MCT), equilibrative nucleoside transporter (ENT). (+) and (−) indicate 
an increase or a decrease in the rate and/or extent of drug absorption. (Reprinted from Abuhelwaet al. [44]. Copyright 
2017, with permission from Elsevier)
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 Medication and Food Timing Considerations

Some medications may have alterations in their absorption in relation to food consumption. 
Specifically, absorption may be impaired or enhanced often related to alterations in gastric and intes-
tinal transition times, although type IIC (chelation) reactions are also of concern. In general, high-fat 
foods slow gastric emptying leading to an increased exposure to the acid environment found in the 
stomach. This will decrease overall absorption of medications that are broken down in acid environ-
ments (e.g., digoxin) but may increase absorption of medications that are acid stable (e.g., carbamaze-
pine) since a longer transit time provides more time for absorption to occur [41]. Usually with this 
occurrence, overall exposure to the medication (the AUC) may be increased, but the peak concentra-
tion (Cmax) will be lower due to slowed progression through the gastrointestinal tract and prolonged 
absorption. Because of this association, some medications are recommended to be given with food to 
decrease side effects associated with high peak concentrations (e.g., orthostasis associated with 
carvedilol administration) [42]. Other causes of slowed gastric emptying include provision of large 
volumes of fluid in a short period of time, high protein concentrations, acidic foods, and medication 
effects (e.g., anticholinergic agents, opiates, and octreotide). For some medications (e.g., posacon-
azole, rivaroxaban, ziprasidone, and some antiretrovirals), adequate absorption relies upon being 
administered with food or after consuming a meal [41]. In regard to timing of food and administration 
of medications, our recommendation is to follow the recommendations of the package insert of medi-
cations and/or to consult with a pharmacist to assist with timing of medications in relation to meals.

 Renal Disease Considerations

Certain organs dictate which nutrients can be metabolized by the body. When those organs are com-
promised, or failing, such as in renal failure, those nutrients may not be metabolized appropriately and 
tend to build up, and simple electrolytes such as potassium can become toxic and life-threatening. 
Hyperkalemia can cause fatal arrhythmias and needs to be monitored and managed appropriately. If a 
patient is on certain medications for hypertension such as enalapril, which is an angiotensin convert-
ing enzyme (ACE) inhibitor, or losartan, which is an angiotensin receptor blocker (ARB) – both of 
which increase potassium – and they consume excess dietary potassium and/or have renal insuffi-
ciency, there can be dire consequences.

When a patient suffers from renal insufficiency, clearance of phosphate starts to decline. If the 
amount of dietary phosphate isn’t changed, it will begin to accumulate in the patient’s body; initially 
they have no symptoms, but in more severe cases they develop pruritus. Hyperphosphatemia can be 
treated with calcium carbonate or prescription treatment such as calcium acetate, or sevelamer, with 
meals to bind to consumed phosphate in a purposefully induced type IIC chelation interaction.

 Renal Transplant Considerations

Tacrolimus and cyclosporine are calcineurin inhibitors used to prevent allograft rejection after trans-
plantation. Almost all renal transplant recipients are on either medication after receiving a renal trans-
plant, along with other immunosuppressive agents. Tacrolimus and cyclosporine are hepatically 
metabolized by the cytochrome P450 system, specifically by the CYP3A4 isoenzyme. If a transplant 
patient on either of those medications were to drink grapefruit juice or pomegranate juice, this can 
cause an increase in the levels of tacrolimus or cyclosporine. At supratherapeutic levels, tacrolimus 
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can cause tremors and seizures, and both medications are nephrotoxic in excessive doses. Foods can 
also pose a problem; patients on immunosuppressants need to avoid raw and undercooked meats and 
unpasteurized milk or cheese as they may contain Listeria or other bacteria that an immunocompro-
mised patient cannot fight off. Transplant patients should also be educated to avoid all herbal products 
as they may interact with their immunosuppressive regimen.

 Herbal Product Considerations

It is also important to know that certain herbal/nutrient products that patients believe have health ben-
efits can be toxic. Products sold without a prescription can be unsafe, even lethal, and oftentimes 
interact with prescription medications. Table 9.1 presents important herbal/nutrient interactions that 
are known in the medical community. Unfortunately, there is often a misconception that if a product 
can be purchased without a prescription, it must be harmless. It is important to ask every patient not 
only what medications he/she takes, including over-the-counter medications, but also if he/she is tak-
ing any herbal products as they are often thought of as innocuous homeopathic remedies void of 
interactions with other therapies.

 Conclusion

Drug-nutrient interactions occur when a precipitant agent alters a pharmacokinetic or pharmacody-
namics parameter. Their clinical significance may range from negligible to life-threatening, so thor-
ough assessment of a patient’s diet and micronutrient use is important. Some drug-nutrient interactions 
may be negated or mitigated by separating the interacting agents (e.g., agents that undergo a chelation 
interaction), although this is not true of all interactions (e.g., “cheese reaction”). Drug-nutrient inter-
actions are especially prevalent in critically ill patients receiving continuous enteral nutrition, although 

Table 9.1 Drug-nutrient interactions [43]

Pathway Effects Herbal/nutrient Drug/medications

CYP3A4
p-glycoprotein

Inducers St John’s wort Cyclosporine, tacrolimus, digoxin, protease inhibitors, 
NNRTIs

CYP3A4
CYP2D6

Inhibition Goldenseal
Berberine

Cyclosporine, tacrolimus, amitriptyline, clozapine, 
donepezil, tramadol, methadone

CYP3A4 Inhibition Grapefruit juice
Seville orange juice aka 
bitter orange

Benzodiazepines, atorvastatin, oxycodone, cyclosporine, 
tacrolimus, sertraline

CYP2E1 Inhibition Allyl sulfides
Garlic
Watercress

Acetaminophen

CYP2E1
CYP1A2

Inhibition Cruciferous vegetables
Sulfur-containing 
supplements

Acetaminophen,haloperidol, theophylline

CYP2C19 Induction Ginkgo biloba Omeprazole
CYP3A4
CYP2C9

Inhibition Ginseng Warfarin

CYP3A4 Inhibition Echinacea Midazolam
CYP3A4
CYP1A2

Inhibition Resveratrol Cyclosporine, tacrolimus, cisapride, testosterone
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their significance may be reduced with the holding of tube feeding around the administration of the 
interaction medication; however, this introduces complications associated with underfeeding and 
issues related to tolerance of enteral nutrition. Patients who have undergone a renal transplantation are 
also prone to many drug-nutrient interactions associated with the use of the calcineurin inhibitors 
tacrolimus and cyclosporine. To prevent potential complications associated with drug-nutrient inter-
actions, it is important to conduct a thorough reconciliation of the patient’s diet and medication use 
including herbal supplements.
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Part III
Preventative Strategies for Chronic 

Kidney Disease Among Adults

Diet has a profound impact on numerous disease states, and nutritional inter-
ventions are at the core of therapeutic and preventative strategies aimed at 
several common disease states. Hypertension affects a large proportion of the 
general population and is almost universally found among patients with 
chronic kidney disease (CKD) and end-stage renal disease (ESRD). Because 
of its strong link to cardiovascular morbidity and mortality, prevention and 
treatment of hypertension is one of the most important public health priori-
ties. Diabetes mellitus represents another disease state with alarming impact 
on CKD development and progression, which represents the number one 
cause of kidney disease in the developed world. Obesity has taken epidemic 
proportions in developed countries and is a cause of the rising incidence of 
diabetes and hypertension, while also having a direct impact on the develop-
ment and progression of chronic kidney disease. Finally, cardiovascular dis-
ease is both a cause and a consequence of CKD, and its therapy is intricately 
intertwined with the management of CKD.

The chapters in this section discuss how dietary interventions can be used 
to prevent or treat these disease states. The chapter by Biruete and Kistler 
summarizes the nutritional interventions that effectively lower blood pressure 
in patients with and without CKD, including weight loss interventions, 
restricting salt intake and diets such as the Dietary Approaches to Stop 
Hypertension (DASH) diet and the Mediterranean diet. Elger et al. describe 
the role of diabetes mellitus in the genesis of kidney disease and provide a 
summary of how dietary interventions can be integrated with pharmacologic 
management of diabetes and other concomitant comorbidities. Friedman pro-
vides a detailed description of the roles obesity plays in the development of 
kidney disease and how weight loss interventions could impact the incidence 
and progression of CKD. Finally, Beto et al. summarize relevant guidelines 
for cardiovascular disease management and synthesize the role of nutritional 
strategies in interventions targeting cardiovascular diseases in patients with 
CKD. Given the high prevalence and profound impact of these disease states 
on the health and well-being of the general population and of patients with 
CKD, the chapters in this section represent a summary of critical importance 
to a wide range of practitioners.
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Key Points
• Diet is a main part of the treatment of hypertension in individuals with and without chronic 

kidney disease.
• Weight loss in those with overweight and obesity is an effective strategy to reduce blood 

pressure.
• Among nutrients, sodium and potassium are the ones with the most consistent data showing 

reductions in blood pressure.
• Among dietary patterns, the DASH diet with and without sodium reduction and the 

Mediterranean diet have been shown to reduce blood pressure.
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 Introduction

According to the American Heart Association (AHA) and the American College of Cardiology (ACC), 
hypertension is defined as systolic blood pressure (SBP) ≥130 mmHg and/or diastolic blood pressure 
(DBP) ≥80 mmHg [1]. In the United States, among people ≥18 years of age, the prevalence of hyper-
tension was 29% in 2015–2016, with the highest prevalence among those ≥60 years of age (63%) and 
the non-Hispanic Black population (40%) [2]. However, these numbers could be expected to increase 
with recent changes in BP classifications. A reduction of blood pressure toward normal levels is impor-
tant, as prolonged hypertension and diabetes mellitus are the leading causes of chronic kidney disease 
(CKD), and prolonged uncontrolled hypertension may lead to end-stage kidney disease [3].

Lifestyle interventions are vital for the management of hypertension. Among interventions that 
may reduce blood pressure, weight loss in those with overweight and obesity, increases in physical 
activity, and dietary interventions have been shown to be effective [1]. Several studies (observational, 
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cross-sectional, and randomized controlled trials) have assessed the effects of single nutrients, indi-
vidual foods, and dietary patterns on blood pressure in individuals with hypertension. Within nutri-
ents, a decrease in dietary sodium intake [4], while an increase in potassium [5], magnesium [6], 
calcium [7], and omega-3 fatty acids [8], either from food or supplements, has been associated with 
reductions in blood pressure. Within individual food groups, fruits and vegetables [9], and dairy [10], 
among others have also been assessed. However, nutrients are not consumed in isolation; therefore, 
dietary patterns may provide a better overall indication of the effect of diet on blood pressure. Dietary 
patterns, such as the Dietary Approaches to Stop Hypertension (DASH) diet and the Mediterranean 
diet, have been shown to be effective in reducing blood pressure [11]. The DASH diet has been recom-
mended by the Joint National Committee (JNC) and the AHA Nutrition Committee of the Council on 
Lifestyle and Cardiometabolic Health, while the European Renal Nutrition Working Group from the 
European Renal Association-European Dialysis and Transplantation Association has suggested the 
Mediterranean diet as the diet of choice for patients with CKD [12, 13]. This chapter will cover the 
evidence on the effect of these nutrients and dietary patterns on the management of hypertension, with 
a particular interest in slowing the progression of CKD.

 Current Dietary Recommendations For Hypertension and Chronic Kidney 
Disease

 The Joint National Committee (JNC) and American Heart Association (AHA)/
American College of Cardiology (ACC) Recommendations

Lifestyle interventions are a vital part of the management of hypertension. Current recommenda-
tions for the management of hypertension are included in Table 10.1 [14].These recommendations 
were established by the 7th JNC [15] and endorsed again by the 8th JNC [16], in addition to the 
latest AHA/ACC guidelines [14]. Furthermore, these were recently endorsed by the Kidney 
Disease Outcomes Quality Initiative (KDOQI) [17]. These recommendations include weight loss 
in those with overweight and obesity or maintenance of weight in those with a body mass index 
(BMI) < 25 kg/m2, adopting a DASH-type diet with the reduction of dietary sodium, increase in 
physical activity, and reduction or moderate consumption of alcohol. These modifications are rec-
ommended to happen in combination, and not in isolation, as an additive effect on blood pressure 
may be obtained.

Table 10.1 Lifestyle modifications to manage hypertension

Modification Dose
Approximate SBP
Hypertension Normotension

Weight 
reduction

Maintain normal body weight. If BMI is ≥25 kg/m2, work toward 
ideal body weight. In general, for every 1-kg weight loss, expect 
a reduction of ~1 mmHg in SBP.

−5 mmHg −2/3 mmHg

DASH dietary 
pattern

Dietary pattern rich in fruits, vegetables, and low-fat dairy 
products with a reduced content of saturated and total fat (see 
Table 10.2)

−11 mmHg −3 mmHg

Dietary sodium Aim for less than 1500 mg/d, but as intake is usually high, aim 
for a 1000 mg/d reduction.

−5/6 mmHg −2/3 mmHg

Dietary 
potassium

Aim for 3500–5000 mg/d, preferably by consumption of a diet 
rich in potassium versus supplements.

−4/5 mmHg −2 mmHg

Abbreviations: SBP systolic blood pressure, BMI body mass index, DASH Dietary Approaches to Stop Hypertension
Modified from Ref. [14]
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 Weight Loss

Weight loss in individuals with overweight and obesity is one of the most effective interventions in 
reducing blood pressure. In a randomized controlled trial by the Trials of Hypertension Prevention 
Collaborative Group, participants were assigned to one of four groups: (1) sodium reduction + weight 
loss (of at least 10 lb/4.5 kg), (2) no sodium reduction + weight loss, (3) sodium reduction (≤1840 mg/
day (80 mmol/day)) with no weight loss, or (4) no sodium reduction and no weight loss [18]. At 
6 months, those in the weight loss group had a reduction of 6.0 ± 8.1 mmHg and 5.5 ± 6.9 mmHg in 
SBP and DPB, respectively [18]. Furthermore, those in the combined group of weight loss and sodium 
reduction had a reduction of 6.2 ± 8.6 mmHg and 5.6 ± 6.9 mmHg in SBP and DBP, respectively.

In a meta-analysis of 25 randomized controlled trials by Neter et al. [19], reductions in SBP 
and DBP per kilogram of weight loss were estimated to be −1.05 mmHg (95% CI −1.43,−0.66) 
and −0.92 mmHg (95% CI −1.28,−0.55), respectively. Moreover, in those studies where there 
was a weight loss of ≥5  kg, as expected, there were larger drops in SBP (−6.63  mmHg vs. 
−2.70  mmHg) and DBP (−5.12  mmHg vs. −2.01  mmHg) [19]. Due to the marked effect of 
weight loss on blood pressure in individuals with hypertension, the 7th and 8th Reports of the 
JNC [15, 16] recommend weight reduction or maintenance of normal body weight, as it may lead 
to a significant reduction of blood pressure, with a higher effect in those with hypertension versus 
those with normal blood pressure. However, as observed in the meta-analysis by Neter et al. [19], 
any weight loss in those with overweight and obesity may result in a beneficial effect on blood 
pressure.

The evidence on the effect of weight loss on blood pressure in patients with CKD, however, is 
scarce. MacLaughlin et al. [20] reported the effects of a nine-session structured weight loss program 
(reduced-energy renal diet, physical activity, and gastrointestinal lipase inhibitor) in patients with 
CKD (non-dialysis and dialysis-dependent) with a BMI of >30 or >28 kg/m2 if there was a diagnoses 
of hypertension, diabetes, and/or dyslipidemia. They found that at 6 months, there was a mean weight 
loss of 4.5 ± 0.4 kg, which was maintained for up to 24 months. Even though there was a modest, but 
significant decrease in SBP of 3 ± 2 mmHg only at 18 months, when they stratified by compliance to 
the weight loss program, those who were compliant (attended seven to nine sessions) had a SBP 
decrease of 8 mmHg (95% CI −2,−14) [20].

 Dietary Interventions

 Sodium

Sodium is the most researched nutrient for its effect on blood pressure. Observational studies have 
shown a relationship between dietary sodium intake and blood pressure. The INTERSALT study, 
which was an epidemiological study of 10,079 men and women, aged 20 to 59 y, from 32 countries, 
showed that in individuals with and without hypertension, a sodium intake >2300 mg/day was asso-
ciated with an increase of 3–6 mmHg and 0–3 mmHg of SBP and DBP, respectively [21]. In sub-
group analyses, the relationship remained consistent regardless of sex, age, and individuals without 
a diagnosis of hypertension [21]. The INTERMAP study, an epidemiological study of 4680 men 
and women 40 to 59 y from China, Japan, the UK, and the United States showed that an intake of 
~2700  mg of sodium/day (measured as urinary sodium) was associated with an increase of 
3.7 mmHg in SBP [22]. Furthermore, in a sub-analysis of the Trials of Hypertension Prevention, 
Cook et al. [23] showed that per 1000 mg increase in dietary sodium intake, there was an increase 
of 13% in all-cause mortality (95% CI 1.03, 1.24). Due to these consistent associations between 
dietary sodium intake and blood pressure, and the relationship between high blood pressure and 
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morbidity and mortality, several organizations including the World Health Organization (WHO) 
[24] and the AHA/ACC have recommended to lower dietary sodium intake in individuals with and 
without hypertension.

Epidemiological Versus Individual Sodium Assessment: Limitations of Urinary Sodium

Self-reported dietary sodium intake through dietary recalls and food frequency questionnaires may be 
biased as individuals may underreport due to memory or conscious or unconscious misreporting due 
to social desirability bias [25]. Additionally, due to the large amount of manufactured foods, the accu-
racy of the dietary recalls may be compromised. Because of these and other reasons, urinary sodium 
has been used as a surrogate marker of intake with the premise of sodium intake equals sodium excre-
tion [26]. However, recent evidence suggests that, at the individual level, single-day urinary collec-
tions (spot-urine and 24-hour) may not be an accurate measure of dietary sodium intake [27]. 
Strikingly, in a tightly controlled environment (Mars simulation flight), Lerchl et al. [28] were only 
able to differentiate between 2400 mg, 3600 mg, and 4800 mg of sodium intake about 50% of the time 
by single 24-hour urine specimens [28]. However, with 3-day and 7-day collections, accuracy 
improved but was not perfect [28]. Therefore, using individual urinary sodium measurements as a 
proxy for dietary intake to assess adherence to interventions may not be the best way of estimating 
dietary sodium intake.

Dietary Sodium Sources in the Typical American Diet

Sodium intake around the world is well above the recommendation of less than 2300 mg/day, with 
intakes of ~3400 mg/day in the United States and as high as ~5900 mg/day in China [21]. Contrary 
to popular belief, dietary sodium intake comes mostly from foods with sodium added as a preserva-
tive (mostly ultra-processed foods), followed by the sodium naturally contained in foods, and lastly 
from added table salt. In a CDC report of What We Eat In America (WWEIA), 65% of dietary 
sodium came from foods obtained at a store (either supermarket or convenience) and ~25% from 
restaurants. Specifically, the top ten sources of dietary sodium were bread and rolls, cold cuts/cured 
meats, pizza, poultry, soups, sandwiches, cheese (naturally and processed), pasta-mixed dishes, 
meat-mixed dishes, and savory snacks. In total, these foods contributed ~40% of the total sodium 
intake [29].

Dietary Sodium Intake Recommendations

For adults, the 2019 US Dietary Reference Guidelines (DRIs) recommend an Adequate Intake (AI) of 
1500 mg of sodium/day and an upper limit (UL) or now termed Chronic Disease Risk Reduction 
(CDDR) intake of 2300 mg/day, with no difference between males and females [30]. Similarly, the 
2015–2020 Dietary Guidelines for Americans recommend consuming less than 2300 mg sodium/day 
[31]. However, both the DRIs and the Dietary Guidelines for Americans are intended for healthy indi-
viduals and not for the treatment of disease.

The AHA/ACC recommend for individuals with prehypertension and hypertension a sodium intake of 
less than 2400 mg/day initially and even lowering to 1500 mg/day as it may result in additional reduction 
in blood pressure [32]. However, the guideline also mentions that when dietary sodium intake is high, 
even a decrease of 1000 mg/day may help in lowering blood pressure [32]. For individuals with CKD and 
hypertension, the Kidney Disease Improving Global Outcomes (KDIGO) guidelines for the management 
of blood pressure in CKD recommend a dietary sodium intake of less than 2000 mg/day [33].
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Translation of the recommendations by nutrition professionals and adoption by individuals is chal-
lenging. Population-level education and awareness have been shown to be successful in reducing 
dietary sodium intake [34]. At the individual level, focusing on the location where food is consumed 
(i.e., at home vs. outside of home), the top sources of dietary sodium and food preparation may help 
to reduce dietary sodium intake.

Dietary Sodium Restriction in CKD

The reduction of dietary sodium is one of the main nutritional recommendations for patients with 
CKD. In a systematic review and meta-analysis by McMahon et al. [35], reducing sodium intake 
decreased SBP by 8.75  mmHg (95% CI −11.33,−6.16) and DBP by −3.70  mmHg (95% CI 
−5.09,−2.30 mmHg). Although a reduction in sodium intake may be advised to limit the progres-
sion of CKD (to control blood pressure), a small number of long-term studies have assessed changes 
in estimated glomerular filtration rate (eGFR), time to dialysis, or even mortality [35]. Campbell 
et al. [36] assessed the acute (2 weeks) effects of a low (aim of 1380–1840 mg of sodium/day) ver-
sus high (supplementation of 2760 mg of sodium/day) sodium intake on blood pressure in a ran-
domized, controlled, crossover study in individuals with eGFR of 15–59 ml/min/1.73m2. During 
the low-sodium period, SBP was reduced by 10 mmHg (95% CI −20,−1) and DBP by 6 mmHg 
(95% CI −10,−1) [36].

 Potassium

Benefits of Potassium

Both observational and experimental data have suggested that increasing potassium intake can lower 
blood pressure by increasing natriuresis and possibly reducing vascular resistance. One of the original 
observational studies to demonstrate the negative relationship between potassium intake and both 
SBP and DBP was the previously mentioned INTERSALT study [37]. This negative relationship 
between potassium intake and blood pressure may also influence the risk of developing hypertension. 
In an analysis of the PREVEND trial, the lowest sex-specific tertile of potassium excretion (which 
equated to <68 mmol/24 hour in men and < 58 mmol/24 hour in females) was associated with a mod-
est increase in the likelihood of developing hypertension (SBP ≥140 mmHg, DBP ≥90 mmHg, or 
antihypertensive medication; adjusted HR 1.20 [95%CI 1.05, 1.37]) [38]. Furthermore, a meta- 
analysis of prospective cohort studies also demonstrated a reduction in blood pressure-related cardio-
vascular endpoints including stroke (RR = 0.79 [95%CI 0.68, 0.90]), coronary heart disease (RR = 0.93 
[95%CI 0.87, 0.99]), and combined cardiovascular diseases (RR = 0.74 [95%CI 0.60, 0.91]) with 
increasing potassium intake[39].

Meta-analyses of trials examining the influence of potassium intake on blood pressure have fairly 
consistently found a reduction in SBP and DBP with increasing potassium intake [40–42]. However, 
more detailed analyses have found that certain groups such as those with greater age, hypertension, 
increased body weight, and higher sodium intake may experience a greater benefit [40]. In addition to 
dietary sources of potassium, studies have also found that potassium supplements may be used to 
lower BP [43].

A major motivation for lowering blood pressure in patients with CKD is to slow the decline in kidney 
function. It is worth noting that analyses of large cohorts have produced mixed results on the relationship 
between higher potassium intake and CKD progression [44–46]. In the CRIC study (the Chronic Renal 
Insufficiency Cohort), patients with the highest quartile of potassium excretion (≥67.1  mmol/day 
[2617 mg/day]) experienced more rapid decline in kidney function (halving of eGFR or incident end-

10 Hypertension



164

stage kidney disease) than the lowest quartile (<39.4 mmol/day [1537 mg/day]; HR 1.59 [95%CI 1.25, 
2.03]) [44]. On the other hand, a posthoc analysis of participants in the ONTARGET and TRANSCEND 
trials found that patients with higher potassium excretion had slower CKD progression (OR 0.74 [95%CI 
0.67, 0.82]) [45]. Finally, in a comparison of quartiles of potassium excretion from participants in the 
MDRD study (Modification of Diet in Renal Disease), there was no relationship between potassium and 
developing kidney failure (HR 0.95 [95%CI 0.87, 1.04]). However, this same analysis did find a reduc-
tion in all-cause mortality with higher potassium excretion (HR 0.83 [95%CI 0.74, 0.94]) [46].

Current Intake

Dietary potassium intake is consistently observed to be below dietary recommendations [37]. Much 
like the tendency for underreporting sodium, potassium is often overreported in self-reported data [47, 
48]. Therefore, 24-hour urinary potassium, although not a perfect measure, may be a better indication 
of intake. Using 24-hour urinary analysis, Jackson and colleagues reported daily excretions of those 
with hypertension (1993.7 ± 42.8 mg/day), prehypertension (2080.6 ± 50.2), and optimal blood pres-
sure (2154.2 ± 53.4) [49]. Despite the frequent focus on fruits and vegetables as a source of potas-
sium, it has been estimated that processed foods contribute 40% of dietary potassium intake compared 
to just 30% from minimally processed foods [50].

Recently, the Food and Drug Administration (FDA) approved several changes to the nutrition facts 
label that may influence potassium intake. Among these label changes are the mandatory addition of 
potassium to the label and the changing of the daily value of potassium from 3500 to 4700 mg/day. 
The objective of these changes is to increase dietary potassium intake at the population level. 
However, contrary to other nutrients (e.g., phosphorus), data on potassium bioavailability is scarce. 
Naismith and Braschi [51] showed that there is a lower bioavailability of potassium from fruits and 
vegetables as compared to animal foods and juices. However, other studies have shown that there was 
no difference in serum potassium following the consumption of similar amounts of potassium in the 
form of potatoes or potassium gluconate [52]. Presumably, the addition of potassium to the food label 
will provide many food manufacturers with motivation to further increase potassium in processed 
foods. This approach has played out in other countries, where sodium chloride has been substituted 
with potassium chloride [53] and sodium benzoate by potassium sorbate in soft drinks [54], in an 
attempt to increase dietary potassium. These changes may be of particular concern to clinicians work-
ing with patients with CKD, especially those with other risk factors for developing hyperkalemia.

Dietary Potassium Recommendations

For adults, the 2019 US DRIs recommend a dietary potassium AI of 3400 mg/d and 2600 mg/day for 
males and females, respectively [30]. The AI decreased from the 2005 DRI report as it was solely 
based on dietary intake and not taking supplements into consideration. The panel chose not to set an 
upper limit for potassium due to the lack of reported adverse events associated with potassium intake 
from food in healthy adults [55]. The ACC/AHA guidelines recommend that patients with elevated 
blood pressure, including hypertension, should increase potassium intake unless contraindicated by 
the presence of CKD or drugs that may increase serum potassium [56].

Concerns About Hyperkalemia in CKD

Despite the potential benefits associated with increasing potassium intake, higher intakes are a 
challenge to patients with late stages of CKD who cannot adequately excrete excess potassium 
[57]. Potassium challenges (>2 g/day) have been associated with increased serum potassium in 
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patients with CKD [58, 59], but the relationship between dietary potassium intake and serum 
potassium has been shown to be weak [60] or nonsignificant [61] in patients on hemodialysis. 
This may be due to a multitude of other factors that can influence serum potassium or hyperkale-
mia risk including factors that influence potassium distribution (acidosis, insulin, and medica-
tions), excretion (CKD stage, medications), and other factors (diabetes, male gender, BMI, 
muscle catabolism) [61, 62].

Due to the potential consequences of hyperkalemia, the KDOQI recommends that patients in CKD 
stages 1 and 2 aim for an intake greater than 4000 mg/day while limiting potassium in patients with 
stages 3 and 4 to no more than 2000 mg to 4000 mg/day [63].

 Magnesium

The role of magnesium on the regulation of blood pressure seems to be related to the direct effects on 
vascular tone and reactivity [64]. Additionally, magnesium deficiency has been shown to lead to 
hypertension in experimental models. However, results from observational studies and randomized 
controlled trials in humans have been inconsistent in showing a positive effect on blood pressure. In a 
meta-analysis of 38 trials by Zhang et al. [6], a modest effect was observed with the supplementation 
of magnesium. It was reported that with a median supplementation of 368  mg/d and duration of 
3 months, SBP was reduced by 2 mmHg (95% CI −3.58,−0.43) and DBP by 1.78 mmHg (95% CI 
−2.82,−0.73) [6]. As it seems that there is a minor effect on blood pressure, focus on sodium, potas-
sium, sodium-to-potassium ratio, and dietary patterns has been preferred, and no recommendations 
have been given by the JNC or AHA/ACC. However, by following a DASH diet and Mediterranean- 
style diet, magnesium intake is likely to increase for many adults.

 Calcium

The relationship between calcium intake (from foods and/or supplements) and blood pressure has 
been reported in several observational studies. There are multiple ways by which calcium may affect 
blood pressure, including effect on vascular reactivity, central and peripheral sympathetic nervous 
system, changes in hormones regulated by calcium, and natriuresis [65]. A meta-analysis of 42 studies 
by Griffith et al. [66] showed that interventions that aimed to increase dietary calcium intake, either 
through diet or supplementation, led to a modest decrease in SBP of 1.44 mmHg (95% CI −2.20, 
−0.68) and DBP of 0.84 mmHg (95% CI −1.44, −0.24). Moreover, when studies of dietary interven-
tions were compared to supplementation studies, they found that the drop in SBP was bigger in the 
dietary interventions (−2.10 mmHg [95% CI −2.93, −1.26] vs. −1.09 [95% CI −2.12, −0.06]) [66]. 
The effect was similar in DBP (−1.09 mmHg [95% CI −1.67, −0.52] vs. −0.87 mmHg [95% CI 
−1.71, −0.03]) [66].

Dairy is the main calcium-containing food category. Lana et al. [67] recently assessed the effects 
of low-fat versus full-fat dairy on blood pressure in an observational study of 715 community-living 
hypertensive adults >60 years old. Those who consumed ≥7 servings/week of whole-fat dairy had 
DBP 1.40 mmHg higher (95% CI 0.01, 2.81) than those who consumed <1 serving/week. Conversely, 
if there was an intake of ≥7 servings/week of low-fat dairy compared to <1 serving/week, DBP was 
1.74 mmHg lower (95% CI −3.26, −0.23) [67]. In a meta-analysis of five cohort studies, Ralston et al. 
[10] showed that total dairy food intake (RR 0.87 [95% CI 0.81, 0.94]) and low-fat dairy intake (RR 
0.84 [95% CI 0.74–0.95]) were associated with lower risk for high blood pressure. However, full-fat 
dairy and cheese intakes were not associated with lower risk for elevated blood pressure [10]. Of note, 
two to three servings of dairy (low-fat) are recommended in the DASH diet. Thus, the additive effect 
on blood pressure through a dietary pattern rather than just the increase of calcium/dairy may be more 
relevant for individuals with hypertension.
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 Other Nutrients [68]

Nutrients such as protein, omega-3 fatty acids, and vitamin C have also been associated with reduc-
tions in blood pressure. In the case of protein, a secondary analysis of the INTERSALT study by 
Stamler et al. [69] showed that when protein intake was 30% above the mean (~84 g/day) compared 
with 30% below the mean (44 g/day), SBP and DBP were lower by 3 and 2.5 mmHg, respectively. 
Moreover, in the INTERMAP study, the protein source was more relevant than total protein intake. 
Elliott et al. [70] showed that after adjustment for height and weight, there was an inverse association 
of plant-based protein, but not animal protein, and blood pressure, where SBP and DBP were reduced 
by −1.95 and −1.22, respectively.

For omega-3 fatty acids, the INTERMAP study showed that omega-3 fatty acids (total, linolenic 
acid, and long-chain) were associated with very modest reductions in blood pressure. However, in a 
meta-analysis where omega-3 fatty acids were supplemented as eicosapentanoic (EPA) and/or doco-
sahexanoic (DHA) acids, Miller et  al. [71] reported a reduction in SBP of 1.52  mmHg (95% CI 
−2.25,−0.079) and DBP of 0.99 mmHg (95% CI −1.54,−0.44). However, there are limited studies 
directly assessing the effect of omega-3 fatty acids and blood pressure, and therefore, more studies are 
needed to conclusively recommend the supplementation of omega-3 fatty acids.

Finally, high intake of vitamin C has also been associated with lower blood pressure, but this effect 
may be related to the consumption of fruits and vegetables. However, in a meta-analysis of 29 ran-
domized controlled trials, Juraschek et al. [72] reported that the supplementation of vitamin C (mostly 
short-term with a median duration of 8 weeks) was associated with a reduction in SBP of 3.84 mmHg 
(95% CI −5.29,−2.38) and DBP of 1.48 (95% CI −2.86,−0.10).

 Dietary Patterns

As nutrients are not consumed in isolation and the addition or restriction of individual food groups 
may not reflect consistent and sustainable effects, the study and application of dietary patterns in 
individuals with hypertension and those with CKD have been advocated. Among dietary patterns, the 
DASH diet and the Mediterranean diet have been shown to be effective in reducing blood pressure in 
individuals with hypertension.

 DASH Diet

The Dietary Approaches to Stop Hypertension or DASH diet trial was designed to test the effect of 
a complete dietary pattern rather than single nutrients or foods [73] (Table 10.2). This trial had three 
groups: (1) typical American diet, (2) typical American diet + fruits and vegetables, and (3) combi-
nation diet (“ideal” diet that was later called DASH diet) [74]. The DASH trial investigators formu-
lated this “ideal” diet from previous studies investigating the effects of single nutrients and food 
groups on blood pressure [73]. After 8 weeks, the DASH diet reduced SBP by 5.5 mmHg (95% CI 
−7.4,−3.7) and DBP by 3.0 mmHg (95% CI −4.3,−1.6) [74]. Among individuals with hypertension, 
SBP was reduced by 11.4 mmHg (95% CI −15.9.−6.9) and DBP by 5.5 mmHg (95% CI −8.2,−2.7) 
[74]. Importantly, reductions in blood pressure were more pronounced in individuals with hyperten-
sion, minority populations (i.e., African Americans), and females [75] and were observed with a 
sustained dietary sodium intake of 3000 mg/day. Further research (the DASH-sodium trial) found 
that the DASH diet pattern with the lowest amount of sodium (1500 mg/day) had the biggest reduc-
tion in blood pressure compared to a high-sodium DASH diet (3300 mg/day) [76]. Since these initial 
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trials, several researchers have tested the effect of the DASH diet on blood pressure. A systematic 
review and meta-analysis of a total of 11 randomized controlled trials by Ndanuko et al. [11] yielded 
similar results, where they observed a reduction in SBP of 4.90 mmHg (95% CI −6.22,−3.58) and 
DBP of 2.63 mmHg (95% CI −3.34,−1.92). Importantly, 8 out of the 11 studies analyzed had a posi-
tive effect on SBP and 10 out of 11 on DBP [11].

Similarly, the PREMIER trial [77] tested the effects of behavioral interventions (18 face-to-
face meetings) that included weight loss (at least 15  lb/6.8  kg), at least 180  minute/week of 
moderate- intensity physical activity, dietary sodium intake of ≤2300 mg/day, and alcohol intake 
of ≤1oz for men or <0.5 oz for women, with or without a DASH-type diet, compared to a group 
that received advice only, where participants were provided a 30-minute session with informa-
tion about weight, sodium intake, physical activity, and the DASH diet. After 6  months, the 
groups randomized to the behavioral therapies had a similar drop in SBP (without DASH diet 
−3.7 mmHg (95% CI −5.3,−2.1) and with DASH diet −4.3 mmHg (95% CI −5.9,−2.8)) and 
DBP (without DASH diet −1.7 mmHg (95% CI −2.8, −0.6) and with DASH diet −2.6 mmHg 
(95% CI −3.7, −1.5))[77]. Importantly, some of the lifestyle modifications were maintained 
after 18 months [78].

In addition to reduced blood pressure, a follow-up question could be if the DASH diet reduces the 
risk of CKD or progression of CKD.  In a prospective analysis of the Atherosclerosis Risk in 
Communities (ARIC) study, those participants who had the lowest DASH-style diet score (calcu-
lated from food-frequency questionnaires) had a 16% higher risk of developing kidney disease (95% 
CI, 1.07–1.26). Similarly, in a secondary analysis of the Tehran Lipid and Glucose Study, Yuzbashian 
et al. [79] showed that those with a hypertension diagnosis consuming a diet with the highest DASH- 
style diet score had a 38% lower risk of incident CKD (95% CI 0.44, 0.87). Finally, in the NIH- 
American Association of Retired Persons (AARP) Diet and Health Study, those with the highest 
DASH diet score had a 15% lower risk for death due to a renal cause and/or dialysis (95% CI 0.77, 
0.94) [80]. However, these studies were prospective observational studies and not randomized 
 controlled trials testing the effect of a DASH diet on the progression of CKD. Moreover, a common 
fear of recommending a diet high in fruits and vegetables in moderate to advanced CKD, such as the 
DASH diet, is the risk of hyperkalemia. In a pilot controlled-feeding study, Tyson et al. [81] showed 
that a 2-week reduced-sodium DASH diet had no effects on serum potassium. However, no further 
randomized controlled trials have assessed the effects of the DASH diet on serum potassium.

Table 10.2 Food groups servings in the DASH diet

Food group
Servings per day

Significance of food group1600 kcal 2000 kcal 2600 kcal

Grains 6 6–8 10–11 Major sources of energy and fiber
Vegetables 3–4 4–5 5–6 Rich sources of potassium, magnesium, and 

fiber
Fruits 4 4–5 5–6 Important sources of potassium, magnesium, 

and fiber
Fat-free or low-fat milk and 
milk products

2–3 2–3 3 Major sources of calcium and protein

Lean meats, poultry, and fish 3–6 ≤6 6 Rich sources of protein and magnesium
Nuts, seeds, and legumes 3/wk 4–5/wk 1 Rich sources of energy, magnesium, protein, 

and fiber
Fats and oils 2 2–3 3 The DASH study had 27% of calories as fat, 

including fat in or added to foods
Sweets and added sugars 0 ≤5/wk ≤2 Sweets should be low in fat.

Reprinted from “Your Guide to Lowering Your Blood Pressure with DASH.” National Heart, Lung, and Blood Institute, 
National Institutes of Health. NIH Publication No. 06-5834. Originally printed December 2006, Revised August 2015
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 Mediterranean Diet

The Mediterranean diet can be difficult to define due to the differing political and cultural influences 
that make up the Mediterranean region. However, common components of the diet include fruits and 
vegetables, whole grains, seafood, nuts, legumes, extra virgin olive oil, small amounts of red wine, 
and limited amounts of red and processed meats.

Observational trials, primarily using Mediterranean diet scores, have found negative associations 
between the Mediterranean diet and blood pressure [82] and the incidence of hypertension [83]. The 
most notable intervention looking at the Mediterranean diet and cardiovascular outcomes is the 
PREDIMED (Prevención con Dieta Mediterranea) Trial [84]. PREDIMED included a cohort of more 
than 7000 participants in Spain who were allocated to groups that added either olive oil or mixed nuts 
to participant’s diets. It was initially questioned whether the addition of olive oil and mixed nuts actu-
ally tested the effects of the full Mediterranean diet [85]. A secondary analysis of PREDIMED ini-
tially found a reduction in DBP in each of the intervention groups [84]. It is worth noting that the 
original PREDIMED trial was recently republished due to protocol deviations [86]. Outside the 
Mediterranean region, a randomized trial of 166 Australian adults over the age of 64 compared a 
Mediterranean diet with habitual intake [87]. Compared to the habitual intake group, there was a sig-
nificant reduction in SBP at 3 (−1.3 mmHg, 95% CI −2.2, −0.3) and at 6 months (−1.1 mmHg, 95% 
CI −2.0, −0.1).

There are multiple meta-analyses looking at the influence of the Mediterranean diet on blood pres-
sure. In a systematic review and meta-analysis by Ndanuko et al. [11], prescription of a Mediterranean 
diet led to a reduction in SBP of 3.02 (95% CI −3.47,−2.58 mmHg). In a separate analysis looking at 
trials at least a year in duration, a small influence of the Mediterranean diet was found in both SBP 
(−1.44 mm Hg) and DBP (−0.70 mmHg) [88]. However, the authors recommended that the results be 
interpreted with caution due to the small number of studies and heterogeneity of results.

The Mediterranean lifestyle, which also includes high amounts of physical activity, represents a 
major lifestyle change for cultures outside the region [89]. Reviewing studies that have been success-
ful in achieving high compliance with the Mediterranean diet outside of this region, a number of 
factors were identified that may improve compliance. These included dietitian involvement, written 
resources, recipes, regular contact, and provision of the primary foods included in a Mediterranean 
diet.

In terms of the CKD population, the European Renal Nutrition Group from the European Renal 
Association and European Dialysis and Transplantation Association recommended the Mediterranean 
diet as the diet of choice for patients with CKD [13]. The main benefits of the Mediterranean diet in 
CKD include the intake of protein mostly from plant-based sources, intake of monounsaturated and 
polyunsaturated fats, nutrient-dense food intake from non-processed foods, and high dietary fiber 
intake (30–50  g/day) [13]. There have been observational studies looking at the effect of a 
Mediterranean diet and changes in kidney function. Particularly, the NIH-AARP Diet and Health 
Study reported that those individuals who adhere to a Mediterranean diet had a reduced risk of end- 
stage kidney disease (HR = 0.84, 95% CI 0.74–0.95) [80].

 Ongoing Research

 The Gut Microbiota and Blood Pressure

Recent evidence suggests that the gut microbiota may be related to blood pressure control [90]. Li 
et al. [91] assessed the fecal microbiota of healthy individuals and individuals with prehypertension 
and hypertension. They observed that the bacterial richness was lower in those with prehypertension 
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and hypertension. Interestingly, when they grouped together bacterial genera common in prehyperten-
sion and hypertension versus healthy, as well as metabolites that differed between these groups, they 
were able to identify individuals with pre- or hypertension with almost 90% accuracy. Finally, when 
they transplanted the fecal microbiota to germ-free mice (without any gastrointestinal bacteria), the 
mice transplanted with the fecal microbiota of an individual with hypertension, the mice had higher 
SBP and DBP, as well as lower bacterial diversity, compared to mice that were transplanted the micro-
biota of a healthy individual. A combination of this and other studies supports the relationship between 
the gut microbiota and regulation of blood pressure. Currently, studies are assessing the effects of 
modulating the gut microbiota through dietary interventions and short- and long-term effects on blood 
pressure.

 Central Blood Pressure

While almost all of the evidence to date has looked at the effect of diet on peripheral blood pressures 
measured at the brachial artery, central blood pressure measured at the aorta may be a better indication 
of the pressure experienced by end organs such as the kidneys and a better measure of the risk for 
CKD progression [92]. Technology to noninvasively estimate aortic blood pressure from peripheral 
blood pressure waveforms is becoming increasingly available, and dietitians may wish to also con-
sider the effect of diet on central blood pressure in patients with a goal of limiting CKD progression.

 Conclusion

Nutrition is a vital component of the treatment of hypertension in those with and without CKD. Among 
the variety of interventions, weight loss, dietary sodium reduction while increasing dietary potassium, 
and a DASH or a Mediterranean diet have been shown to be effective in reducing blood pressure and 
have been associated with improved renal outcomes (i.e., kidney function and rate of kidney function 
decline).
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 Introduction

Diabetic kidney disease (DKD) continues to be the leading cause of end-stage kidney disease (ESKD) 
in North America, accounting for approximately half of the new cases of kidney failure [1]. DKD has 
a complex etiology and multiple risk factors that include a long duration of diabetes (DM), hypergly-
cemia, hypertension, elevated total and low-density lipoprotein (LDL) cholesterol, obesity, and ciga-
rette smoking [2]. The incidence and severity of DKD are increased in Hispanics and Native Americans 
and are three- to six-fold higher in African Americans compared to Caucasians [3–5], thereby indicat-
ing a genetic susceptibility of the disease. Treatment goals include the stabilization of kidney func-
tion, the prevention of other microvascular diseases, the prevention of cardiovascular disease (CVD), 
and the management and prevention of acute complications of poor glycemic control. While cardio-
vascular death rates have improved over the past decade, heart disease and stroke are still responsible 
for about 65% of deaths in people with diabetes [2, 6].The presence of albuminuria doubles the risk 
of CVD in those with type 2 diabetes mellitus (T2DM) and highlights the need for screening and 
aggressive interventions aimed at reducing CVD risk [2, 7, 8]. In both type 1 diabetes mellitus (T1DM) 
and T2DM, the majority of the increased risk of CVD appears to be attributed to those individuals 
who also have DKD [8]. Albuminuria and estimated glomerular filtration rate (eGFR) are 
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independently and additively associated with increased risk of CVD events, CVD mortality, and all-
cause mortality [8]. This chapter will focus on the medical nutrition therapy for the treatment of dia-
betic kidney disease.

 Prevalence and Screening

Persistent albuminuria in the range of 30–300 mg/day is frequently considered the earliest stage of 
nephropathy and a marker for the development of ESKD in diabetes. Without specific interventions, 
approximately 20–30% of people with T1DM will develop albuminuria (>300  mg/day) within 
15 years of diagnosis, but with tighter glycemic control and intensive blood pressure management, 
less than half will progress to overt nephropathy [9, 10]. In the Diabetes Control and Complications 
Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) trial, which com-
pared intensive blood glucose control to conventional control, less than 2% of the intensively treated 
patients developed renal insufficiency (defined as serum creatinine >2.0 mg/dL or renal replace-
ment therapy [RRT]) over an average 30 years of diabetes duration [11]. Evidence is available to 
support that the renal risk is equivalent in the two types of diabetes and that the lower prevalence of 
ESKD seen in T2DM is due to a later disease onset and thereby shorter duration of exposure. High 
rates of comorbidities and other diseases in people with T2DM may also shorten the lifespan and 
thus impact prevalence [12, 13]. In people with T2DM, 20–40% will progress to overt nephropathy 
(defined as albuminuria >300 mg/day), but by 20 years duration, only 20% will have progressed to 
ESKD [14].

The albumin creatinine ratio (ACR) is most commonly used for screening. All patients with T1DM 
of at least 5  years’ duration and all those with T2DM or with comorbid hypertension should be 
screened annually through both assessment of urinary albumin and eGFR [2]. Monitoring albumin-
uria annually can also help assess response to drug therapy and lifestyle modification.

Decreased GFR can occur in the absence of albuminuria in adults with diabetes; therefore, serum creati-
nine should be measured at least annually to estimate GFR and the stage of CKD in all adults with diabetes, 
regardless of the degree of albuminuria [2]. GFR can be calculated using age, sex, race, and serum creati-
nine in estimation equations. The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion is the preferred equation due to its accuracy, especially at higher levels of GFR [15, 16].

 Glycemic Control

Evidence from three main trials has guided the development of glycemic targets, namely, the Diabetes 
Control and Complications Trial (DCCT) in people with T1DM [17], and the United Kingdom 
Prospective Diabetes Study (UKPDS) [18] and Kumamoto [19] in those with T2DM. These landmark 
trials demonstrated a significant decrease in microvascular complications with improved glycemic 
control. Three major subsequent trials examined the impact of glycemic control on people with longer 
durations of diabetes, namely, the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
[20], Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation 
(ADVANCE) [21], and the Veteran Affairs Diabetes Trial (VADT) [22]. Similarly, the importance of 
glycemic control on the reduction of microvascular complications was confirmed. These later trials 
and the follow-up observational studies of the DCCT [23] and UKPDS [24, 25] also demonstrated a 
decrease in macrovascular complications with improved glycemic control. With respect to DKD spe-
cifically, intensive glycemic control has been shown to reduce the development of albuminuria and the 
progression to overt proteinuria [2, 17]. For every percentage decrease in A1C, there is a 25% 
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reduction in nephropathy [18, 24, 25]. Current American Diabetes Association (ADA) guidelines 
recommend targeting an A1C of less than 7% [2] with individualization down to a target of 6.5% or 
up to 8% depending on duration of disease, life expectancy, complications, risk of hypoglycemia, and 
other comorbidities. The Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines also rec-
ommend a target A1C of less than 7%, except in individuals with CKD stages 1–4 who have existing 
comorbidities, have a limited life expectancy, or are at high risk for hypoglycemia, when a looser A1C 
is acceptable [26].

 Lipids

Cardiovascular risk factors including hypertension, dyslipidemia, increased body weight, smoking, 
family history, and presence of chronic kidney disease should be assessed at least annually in all 
patients with diabetes [2]. Lifestyle strategies continue to include a diet low in saturated and trans fat, 
as saturated fat remains a large driver of LDL cholesterol production. The use of viscous fiber, n-3 
fatty acids, plant sterols and stanols, weight loss (if indicated), and physical activity are also recom-
mended [6, 27, 28]. Refer to Chapter 13 for further information and lifestyle strategies aimed at treat-
ing dyslipidemia.

 Blood Pressure

It is estimated that 65% of patients with T2DM also have hypertension (HTN). The ADA recommends 
a blood pressure target of <140/90 mmHg for those at lower risk of cardiovascular disease and indi-
vidualization of targets based on cardiovascular risk. As most individuals with CKD are considered at 
higher risk of cardiovascular disease, a blood pressure target of <130/80 mmHg is appropriate [1, 27, 
29, 30]. Use of either angiotensin-converting enzyme (ACE) inhibitors or angiotensin II receptor 
blockers (ARBs) is routinely recommended because of their additional reno-protective effects.

Due to the nephrotoxic effects of high dietary sodium intake, such as worsening albuminuria and 
increased blood pressure, the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines 
recommend a sodium restriction of <90 mmol/day (<2000 mg) in CKD patients in stages 1–4 [7]. 
The 2019 position statement of the ADA suggests that people with diabetes limit their sodium 
intake to less than 2300 mg daily but that reductions should not aim to go below 1500 mg/day [31]. 
The Dietary Approaches to Stop Hypertension (DASH) diet is generally not recommended for 
patients with a GFR <60 mL/min, due to its higher protein, phosphorus, and potassium content, but 
can be used in patients with early stages of CKD, balancing out the risk of hyperkalemia with the 
expected benefits [29]. Refer to Chapter 10 for more details on lifestyle modifications for the treat-
ment of HTN.

 Medical Nutrition Therapy (MNT)

Medical nutrition therapy is an integral component of both diabetes and CKD management. MNT 
can lower A1C by 1–1.9% for people with T1DM and 0.3–2.0% for people with T2DM [31], 
which is as effective as many antidiabetic medications. Nutrition therapy for people with diabetes 
and CKD should balance the general nutrition guidelines for diabetes with the need for dietary 
restriction of sodium, potassium, and phosphorus. Nutrition recommendations will differ across 
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the stages of DKD based on balancing the risk-to-benefit ratio of the intervention. The goals of 
medical nutrition therapy for individuals with diabetes and CKD to prevent acute and long-term 
complications include [31]:

 1. Maintenance of target blood glucose levels
 2. Achievement of optimal serum lipids and blood pressure
 3. Adequate energy and protein intake to attain or maintain an acceptable body weight and nutritional 

status
 4. Achievement of biochemical parameters and fluid status within defined standards

All nutrition goals should be considered within the context of patient-centered care and include 
lifestyle, personal and cultural preferences, financial situation, and respect for the individual’s will-
ingness to make changes. A registered dietitian should be included in the care team to help people 
balance the nutrition recommendations for DM and CKD.

 Weight Management and Energy Needs Estimation

Among patients with diabetes, there is an association between obesity and risk for CKD. The NKF- 
KDOQI clinical practice guidelines for diabetes and CKD suggest that a normal body mass index (BMI) 
(18.5–24.9 kg/m2) may reduce the risk of loss of kidney function and CVD [26]. Factors that may con-
tribute to the relationship between obesity and CKD include physical compression of the kidneys by 
visceral obesity, renin-angiotensin system activation, hyperinsulinemia, and glomerular hyperfiltration, 
among others [26]. For overweight individuals with T2DM in stages 1–3 CKD, moderate weight loss of 
5–10% improves insulin sensitivity, glycemic and blood pressure control, and proteinuria [32–35].

The primary approach for achieving weight loss is therapeutic lifestyle changes, which include a 
moderate reduction in energy intake (500–1000 kcal/day) and a moderate increase in physical activity 
(contributing approximately 200 or more kcal/day). This should result in slow but progressive weight 
loss (1–2  lb/week) [26, 31]. Women should target between 1200 and 1500 kcals per day and men 
approximately 1500 and 1800 kcals daily [31]. The goal would be to mitigate loss of lean body or bone 
mass through use of an energy-controlled, balanced, and slow approach to weight loss. Diets centered 
on food group exclusion or those that are overly restrictive carry the risk of excessive lean body mass 
loss, nonadherence, and relapse. Individuals following these types of diets should be carefully moni-
tored by a registered dietitian [31]. Furthermore, individuals with CKD and diabetes should use caution 
with low-carbohydrate/high-animal protein diets (>20% of total daily calories) as excessive protein 
intakes are associated with increased albuminuria and a more rapid rate of loss of kidney function [31]. 
The Institute of Medicine defines a low-carbohydrate diet as a restriction of total carbohydrate (CHO) 
to <130 g/day [36]. For people on a low-CHO diet who have DKD, there should be careful monitoring 
of lipids, renal function, and protein intake and attention to adjustment of antihyperglycemic therapy 
[2]. No one diet has been demonstrated as superior, and in general, all diets that lead to a net caloric 
deficit and those with greater adherence are associated with greater weight loss and improvements in 
metabolic markers [37, 38]. The weight loss plan should be selected with consideration for individual 
preferences, likely adherence, treatment goals, and long-term risk versus benefit.

Weight loss can be achieved through lifestyle changes or through bariatric surgery. Bariatric surgery 
remains the most effective and sustained weight loss strategy. For those with CKD, bariatric surgery was 
associated with a 58% lower risk of a greater than 30% decline in eGFR and a 57% lower risk of dou-
bling serum creatinine [39]. With that said, major clinical outcomes such as progression of DKD or the 
development of ESKD are still unknown, and therefore findings should be interpreted with caution [39].

Recommendations for physical activity should be modest and based on the patient’s willingness 
and ability. The ADA guidelines recommend a goal of at least 150 min/week of moderate intensity 

M. Elger et al.



179

activity (50–70% maximum heart rate) over at least 3 days/week. Resistance exercises three times per 
week are also encouraged [2, 31]. It is important to monitor blood glucose levels before exercising in 
people with T1DM because vigorous exercise could lead to hypo- or hyperglycemia, depending on the 
initial blood glucose levels and type of exercise. For planned exercise, a reduction in insulin dosage is 
the preferred method to prevent hypoglycemia. However, for unplanned exercise, an additional 
10–15 g of CHO may be needed for every 60 min of moderate-intensity exercise [31]. A greater 
amount of carbohydrate is required with more intensive exercise.

At all stages of CKD, a primary goal for MNT is to prevent protein and energy malnutrition, 
which increases the risk of poor clinical outcomes, morbidity, and mortality [7]. Uremia-associated 
anorexia is generally not seen until the later stages of CKD [40]; however, other factors such as 
inflammatory cytokines and depression may also induce anorexia. Energy prediction equations or 
estimated energy ranges can be used to estimate an individual’s caloric requirements. Energy rec-
ommendations for individuals with CKD range between 23 and 35 kcal/kg/day [41]. More specifi-
cally, KDOQI nutrition guidelines recommend a caloric intake of 25–35  kcal/kg/day for 
non-dialyzed CKD patients [42]. Estimated energy ranges are used because analysis of the validity 
of prediction equations in this population is limited. A study by Kamimura et al. [43] concluded 
that the Harris-Benedict equation accurately predicted resting energy expenditure (REE) in 
patients with diabetes when compared to indirect calorimetry. Interestingly, in CKD patients with-
out diabetes, the Harris-Benedict equation has been shown to significantly overestimate REE [43, 
44]. As a result, the Harris-Benedict equation and the suggested 25–35 kcal/kg/day can be used to 
determine energy requirements, although both may tend toward overestimation in this patient 
population.

 Dietary Strategies For Carbohydrate (CHO) Management

As carbohydrate (CHO) is the macronutrient with the largest impact on postprandial serum glucose 
levels, careful management of CHO intake is essential to any diabetes meal-planning approach, and 
strategies should focus on the quantity and quality of CHO.

 Quantity

The ADA guidelines state that there is no ideal percentage of calories from CHO, protein, and fat for 
managing diabetes and no longer recommend a minimum CHO intake. A “constant carbohydrate” 
meal plan suits patients who use diet alone to control their blood glucose levels, those on fixed doses 
of insulin or antihyperglycemic medications, or patients who are not suitable for CHO counting. 
Emphasis is placed on keeping the amount of CHO relatively constant for each meal and spacing 
meals throughout the day. Insulin should be adjusted around usual CHO intake, as much as possible, 
rather than CHO being altered to meet the insulin regimens.

The “carbohydrate counting” method provides the most flexibility and is the preferred meal- 
planning approach for adjusting insulin around usual dietary intake. Initially, careful record-keeping 
by reading food labels and measuring portion sizes of CHO foods combined with both pre- and post- 
meal blood glucose readings is essential until an accurate ratio of insulin to grams of CHO (I/C ratio) 
is established. Once established, the patient counts the grams of available CHO to be eaten and then 
matches it with the proper amount of insulin. Ideally, blood glucose readings should be taken before 
each meal and the insulin dose decided based on the amount of CHO to be consumed, the blood glu-
cose reading at that time, and any recent or upcoming activity. This concept requires motivation, skill 
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in CHO counting, and self-reflection to select and assess insulin doses. Individuals who have pre-meal 
glucose values within target range but who are not meeting A1C targets should consider monitoring 
2-h postprandial glucose (PPG). Treatment should be aimed at reducing PPG values to <180 mg/dL 
and thereby comparably reducing A1C [2].

Recently, ketogenic diets have been gaining more popularity in the media, and research suggests 
that this type of dietary pattern may be beneficial for people with type 2 diabetes. There is insufficient 
data to support the use of ketogenic diets in type 1 diabetes [31]. Ketogenic diets are very low-CHO 
diets in which people consume less than 50 g of CHO per day. At this level of CHO, the body depletes 
the glycogen stores in the liver and muscle and begins to metabolize fat to produce ketone bodies, 
which can be used as an alternative fuel source [45]. The benefits of a ketogenic diet appear to be 
short-term weight loss [46, 47], improved glycemic control [48–50], reductions in diabetes oral medi-
cation and insulin doses [49, 50], and improved lipid profile [45, 46, 48].

Since ketogenic diets are very high in protein [49, 50], caution should be used in people with 
CKD. The KDIGO guidelines recommend avoiding high-protein diets, defined as >1.3 g/kg/day, for 
people with CKD [7]. Caution also needs to be used in people taking a  sodium-glucose co-transporter 
2 (SGLT2) inhibitor due to the risk of ketoacidosis [31, 51].

 Quality

Controlling high postprandial blood glucose levels is an ongoing challenge in diabetes management. 
People spend the majority of their day in a postprandial state, and it is imperative for optimal glycemic 
control that they achieve target readings post meal [52]. Both the quantity and the quality of CHO 
found in foods influence PPG levels. Most experts agree, and the ADA’s position is, that the quantity 
of CHO consumed is a more reliable predictor of PPG and that the quality of CHO has a smaller, but 
still significant, effect [31, 53].

 Glycemic Index

The main method used to categorize CHO-containing foods based on their glycemic response is the 
glycemic index (GI) [31, 53]. Significant improvements in postprandial glucose, total cholesterol, and 
markers of inflammation have been demonstrated in clinical trials using low-GI diets [54–56]. Low-GI 
foods such as pasta, parboiled rice, barley, oats, beans, peas, lentils, and pumpernickel, rye, or whole- 
grains breads are recommended in place of higher GI foods.

The GI of a food varies substantially depending on the CHO makeup of the food, the length of time 
it was stored, how it was cooked, how it was processed, the acid content of the food, its ripeness, and 
its variety (e.g., types of potatoes or rice) [53–55]. The International Tables of Glycemic Index [57] can 
be useful when a potassium or phosphorus restriction is warranted due to declining renal function.

 Fiber

High-fiber diets (50 g fiber/day) have been shown to reduce glycemia in subjects with T1DM and 
T2DM, and to reduce hyperinsulinemia and lipemia in subjects with T2DM through delaying gastric 
emptying [31, 53]. Potential barriers to achieving such a high-fiber intake include gastrointestinal side 
effects and the high potassium and phosphorus content of high-fiber grains, fruits, and vegetables. As 
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a first priority, the ADA encourages people with diabetes to aim for the same fiber intake goals set for 
the general population (14 g/1000 kcal/day) [58]. Diabetes Canada (DC) recommends higher intakes 
(≥20 g/1000 kcal/day) [51]. For people with CKD, fiber intake should be encouraged within the con-
straints of the progressing renal diet. Where possible, fiber intake can be sought from increases in 
low-potassium fruits and vegetables and through the use of fiber supplements (Table 11.1).

 Carbohydrate Conclusion and Final Recommendations

Recommendations surrounding CHO intake should be individualized, but for a person with DM and 
CKD, any reductions in carbohydrate should be moderate and the impact on protein intake needs to 
be considered. To improve glycemic control, priority can be given to carbohydrate distribution, proper 
insulin-to-CHO matching, and selecting low-GI, high-fiber foods that are low in potassium and phos-
phorus. Figure 11.1 provides a stepwise process for modifying carbohydrate intake to accommodate 
renal dietary restrictions.

 Protein Guidelines for Diabetes and CKD

There is no evidence to suggest that protein needs in people with diabetes without diabetic kidney 
disease are different than that of the general population (1–1.5 g/kg or 15–20% of calories) [31]. 
Higher protein intakes are said to contribute to satiety when distributed throughout the day and effect 

Table 11.1 Low potassium sources of fiber

Food item Serving size Amount of fiber (g) Amount of potassium (mg)

Fruits

Pear (with skin) 1 medium 5.3 206
Raspberries 1/2 cup 4.2 98
Blackberries 1/2 cup 4.0 123
Apple (with skin) 1 medium 3.5 195
Blueberries 1/2 cup 2.0 59
Strawberries (sliced) 1/2 cup 2.0 134
Vegetables

Green peas, canned, drained 1/2 cup 4.0 93
Mixed vegetables, boiled 1/2 cup 2.8 163
Carrots, boiled 1/2 cup 2.2 194
Asparagus 6 spears 2.0 194
Green and yellow snap beans, boiled 1/2 cup 1.6 96
Cauliflower 1/2 cup 1.0 169
Cabbage, boiled 1/2 cup 1.3 155
Grains

Popcorn, air-popped 2 cups 2.5 56
Whole wheat pasta, cooked 1/2 cup 2.4 33
Whole-grain bread 1 slice 2.1 71
Instant cream of wheat 1 cup 1.2 36
Barley (cooked) 1 cup 7.4 134

Created by authors. Source: Health Canada. The Canadian nutrient file, 2018 version. Ottawa, ONT. Available from 
http://food-nutrition.canada.ca/cnf-fce/index-eng.jsp. Accessed February 25, 2019
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the clearance of glucose from the blood [41, 51, 59]. As such, for those with DKD, achieving ideal but 
not excessive protein intake well distributed throughout the day is encouraged. The 2012 KDIGO 
guidelines for CKD suggest lowering protein intake to 0.8 g/kg/day in adults with diabetes and a GFR 
<30 ml/min/1.73m2 and avoiding high protein intakes (>1.3 g/kg/day) in adults with CKD at risk of 
progression [7].

Prior to the widespread use of renin-angiotensin system blockade agents, protein restrictions were 
found to significantly reduce proteinuria; however, in a more recent systematic review and meta- 
analyses, there was no significant improvement in GFR or progression to nephropathy [60, 61]. While 
malnutrition remains the greatest risk related to restricted protein diets (i.e., <0.7 g/kg/day) [41], the 
recommendation to avoid restricted protein diets is due to evidence that they do not alter glycemic or 
cardiovascular outcomes or the rate at which the GFR declines [31, 60, 61] and not simply because of 
the risk of protein-energy malnutrition.

As was evident with carbohydrate, both amount and type of protein are of importance. Evidence 
suggests that plant-based protein diets (tofu, legumes, nuts, whole grains) are not associated with 
CKD progression and that diets that contain more vegetables and fruits are associated with a lower 
risk of CKD progression [62]. The benefit of including more sources of plant-based proteins should 
be balanced with potassium and phosphorus restrictions.

Limit Processed Foods 

Maintain F/V Intake Through Low Potassium Choices 

Reduce Low Fat Milk Products 

Select Appropriate Low Gl Grains And Starches 

Processed/packaged, cured and smoked
meats, promote low sodium products 

Consider use of grape, apple or cranberry juice for
hypoglycemia 

To maintain fiber, antioxidants and to promote 
low Gl foods 

Select low fat milk or yogurt in appropriate 
portions. Calcium supplements often required 

To reduce potassium and phosphorus intake while 
still attempting to consume a DASH pattern 

Select cracked wheat or sourdough bread, 
parboiled rice, barley and pasta

To reduce potassium and phosphorus without 
major compromise of post prandial glucose 

To reduce sodium, post prandial glucose, 
potassium and phosphorus 

Fig. 11.1 Stepwise restriction protocol for MNT of diabetes complicated by CKD
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In summary, protein intakes should be carefully monitored and maintained at no less than 0.8 g/kg/
day. Excessive intakes may accelerate GFR decline, and protein restrictions (below 0.7 g/kg/day) have 
demonstrated limited benefit and are not recommended.

 Dietary Fat Recommendations

Lifestyle modifications should include weight loss as indicated; an increase in physical activity; 
adoption of healthy diet patterns such as the Mediterranean, Portfolio, or Dietary Approaches to Stop 
Hypertension (DASH) diets; a reduction in saturated and trans fats; and an increase in viscous fiber, 
plant sterols, and n-3 fatty acids [31, 51]. Saturated fat and trans-fatty acids are the principal dietary 
determinants of plasma LDL cholesterol, which is the major risk factor for CVD, and as such, limit-
ing their intake is still recommended. The type of fat consumed is considered more important than 
the amount of fat. In the most recent update to the Canadian and American diabetes guidelines, there 
is an emphasis on ensuring that reductions in saturated fat occur without replacing those calories 
with refined carbohydrate. Saturated fat should be substituted with sources of unsaturated fat or with 
low glycemic index foods [31, 51]. These recommendations state that saturated fat should make up 
no more than <7–9% of total daily energy intake and that trans fat should be eliminated from the diet 
[31, 51].

 Diet Patterns

The KDOQI Diabetes Work Group suggests that the DASH and DASH-sodium diets [63], which 
emphasize sources of protein other than red meat, may be alternatives to lower total protein intake in 
persons with HTN, diabetes, and CKD stages 1–2 [26]. Diets that emphasize proteins from plant 
sources (vegetables, soy, whole grains, legumes, nuts) instead of animal sources (particularly red 
meat) may be renal-sparing [7, 61, 64–66]. DASH diets have been shown to reduce the risk of devel-
oping diabetes and CVD and lead to better blood pressure (BP) control [67]. In a study of 14,882 
patients with an eGFR>60, the DASH diet was associated with a decreased risk of developing CKD 
after follow-up of 23 years. One of the most limiting factors of the DASH diet is its high intake of 
potassium (~4.5 g/day) and phosphorus (~1.7 g/day) and, as a result, would be best suited to those in 
the initial stages of DKD [67].

The Mediterranean diet is associated with a decreased incidence of major CV events and the pres-
ervation of eGFR [67]. It has general principles similar to that of the DASH diet but with a higher 
monounsaturated fat profile. In a 15-year observational study, the Mediterranean diet showed a 
decreased risk of rapid decline in eGFR [67]. There appears to be substantial reno-protective effects; 
however, further information is required of clinical endpoints [67]. See Chap. 31 for more information 
on dietary patterns.

 Alcohol

General population guidelines recommend moderation in alcohol, and further precautions should be 
considered within the context of diabetes and CKD. Consideration should be paid to medication inter-
actions, presence of HTN, lipid metabolism, fluid balance, and risk of hypoglycemia. A moderate 
amount of alcohol is considered to be two or less drinks per day for men and one drink or less per day 
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for women [31]. A standard 15 g portion of alcohol is defined as 12 oz of beer, 5 oz of wine, and 1.5 oz 
of distilled spirits. Moderate amounts of alcohol can be consumed with food without causing hyper-
glycemia or hypoglycemia [68, 69]. Beer contains high amounts of phosphorus and should be dis-
couraged for patients requiring a phosphate restriction. Alcohol should also be included in the total 
daily fluid allowance for patients requiring fluid restriction.

 Nutritive and Nonnutritive Sweeteners

Nutritive sweeteners (also known as added sugars) contain carbohydrate and provide energy at appre-
ciable levels (4 kcal/g) [70]. The negative health effects of added sugars are likely related to adding 
excess calories. Studies looking at isocaloric substitutions of fructose-containing sugars for starches 
have not shown negative effects on lipoproteins, body weight, blood pressure, and glycemic control 
[71–73]. Additionally, the impact of fructose-containing sugars on glycemic control may be influenced 
by the food source, for example, fruit, yogurt, and whole grains versus refined starches and sugar-
sweetened beverages [74]. Currently, the ADA and DC recommend that people with diabetes limit their 
intake of added sugars to ≤10% of total calories and recommend eliminating sugar- sweetened bever-
ages because they often add excess calories and have no added nutritional benefit [31, 51].

Nonnutritive sweeteners (NNS) contain little to no calories and generally have negligible impacts 
on blood glucose, so they may be a useful substitute for added sugars. The Food and Drug 
Administration (FDA) is responsible for evaluating the safety of NNS. The ADA recommendations 
state that sugar alcohols and NNS are safe when consumed within the acceptable daily intakes estab-
lished by the FDA [31]. Most NNS are excreted unchanged in either the urine or the feces, meaning 
that they do not influence potassium levels [70]. NNS currently approved for use in the United States 
include acesulfame K, aspartame, luohanguo, neotame, saccharin, stevia, and sucralose.

 ESKD and DM

Diabetes is the most common cause of end-stage kidney disease (ESKD), and dialysis patients with 
diabetes have a lower survival rate compared to nondiabetics with ESKD [75]. Furthermore, these 
patients have the poorest rehabilitation potential and the highest incidence of hospitalizations, mostly 
attributable to cardiovascular events [76, 77].

In addition to a decreased need of insulin and antihyperglycemic agents, there is sometimes a nor-
malization of hyperglycemia and A1C in ESKD [78]. To further complicate the issue of optimizing 
glycemic control, both hemodialysis and peritoneal dialysis (PD) are comprised of unique aspects that 
affect the management of DM.

 Hemodialysis

Hemodialysis (HD) is the most common form of RRT used to treat people with DM [75, 76]. Poor 
glycemic control upon initiation of HD indicates worse survival [79, 80]. MNT for patients with dia-
betes on hemodialysis remains the same as that outlined by KDOQI [26] but with consideration for 
additional acute complications (e.g., hypoglycemia).

Dietary intake for dialysis patients may be impacted by treatment schedules interfering with a 
patient’s usual mealtime and post-treatment fatigue. Furthermore, hemodialysis patients generally 
consume fewer calories on dialysis days compared with non-dialysis days [81]. These factors can 
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precipitate hypoglycemia, so a patient may need to eat before coming to treatment and/or bring a 
snack to consume afterward. Use of glucose-containing dialysates may be indicated to prevent 
hypoglycemia [82–84]. It is important to encourage regular eating habits to promote consistent 
blood glucose patterns. In addition, insulin regimens which offer greater flexibility and insulin 
secretagogues with a shorter half-life may have added benefits for people with variable dietary 
intakes.

 Peritoneal Dialysis

The management of DM in peritoneal dialysis (PD) is especially challenged by the use of hypertonic 
dialysis solutions. Side effects related to intraperitoneal (IP) exposure to high glucose concentrations 
may include acute hyperglycemia, an inflammatory state, hyperlipidemia, fibrosis, enhanced protein 
loss, generalized intra-abdominal fat accumulations, increased risk of CVD, weight gain, and obe-
sity. The underlying diabetic state may compound or exacerbate these problems [85–87]. 
Carbohydrate- sparing dialytic regimens, such as amino acid-based fluids and icodextrin, may reduce 
glucose-related toxicity. Icodextrin is a glucose polymer-based solution which may provide better 
glycemic control, increase ultrafiltration (UF) volume, improve blood pressure control, and be less 
hyperlipidemic [86, 88, 89].

Glycemic control is complex with PD, and poor control can increase thirst which may lead to fluid 
retention [90]. Sodium and fluid control are essential to adequate glycemic control in PD to optimize 
ultrafiltration. The use of lower percent glucose dialysate solutions which may subsequently lead to 
less IP glucose absorption and could minimize hyperglycemia.

 Medical Nutrition Therapy on Dialysis

The nutritional therapy of patients with DM who are receiving maintenance dialysis is similar to those 
in the later stages of CKD, with the exception of protein requirements and generally stricter restric-
tions of phosphorus, potassium, and fluid. In the ESKD population, there is a high incidence of 
protein- energy wasting related to many factors, including, but not limited to, amino acid losses 
through dialysis, metabolic acidosis, and uremia-associated anorexia. Recommended protein intake is 
1.0 to 1.2 g/kg/day for both hemodialysis and peritoneal dialysis patients [42]. Optimizing carbohy-
drate distribution to achieve euglycemia, minimizing dyslipidemia, and attaining a total energy intake 
appropriate for weight management should continue to be encouraged. In addition, patients should be 
educated regarding appropriate hypoglycemia management with consideration of potassium and fluid 
restrictions.

 Malnutrition and Dialysis

Diabetes is the most significant predictor of loss of lean body mass in dialysis patients, independent 
of inadequate dialysis dose, metabolic acidosis, and insufficient protein intake [77]. Compared to 
ESKD patients without DM, patients with DM have increased muscle breakdown [91–93]. Since 
protein-energy wasting is a strong predictor of mortality, ensuring adequate protein and caloric intake 
is imperative to preventing malnutrition in patients receiving maintenance dialysis. Oral nutrition 
supplements (ONS) may be useful to increase protein and caloric intake. The choice of an ONS 
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should be based on the overall nutrient profile to meet the individual’s metabolic needs, palatability, 
and affordability. Refer to Chap. 22 for more information about protein-energy wasting.

 Fluid Control

Fluid control may be more difficult in patients with DM because hyperglycemia may increase thirst 
and urination. In those with diabetic neuropathy, symptoms of dry mouth, decreased salivary flow 
rates, and the effects of xerogenic drugs may worsen fluid control [94–98]. Fluid intake may be higher 
if dental problems impair chewing or if gastroparesis is severe and solid food is not tolerated. Patients 
should be educated on tips to control thirst without further exacerbating hyperglycemia. Tips may 
include brushing or rinsing teeth more often, sucking on lemon or lime wedges, using ice chips in 
limited quantities, and using sugar-free gum or candies.

 Diabetic Gastroparesis

Gastroparesis is defined as nonobstructive delayed gastric emptying with impaired gastric acid secre-
tion and GI motility. It is a common complication in patients with long-standing diabetes due to 
autonomic neuropathy. Symptoms include early satiety, postprandial fullness, anorexia, nausea, bloat-
ing, belching, epigastric discomfort, abdominal pain, and emesis of undigested food. Patients with 
gastroparesis may be at risk for electrolyte and nutrient deficits, anorexia, and malnutrition [99].

Diets low in fat and fiber may help to prevent early satiety. Patients can also try eating small, fre-
quent meals, chewing food thoroughly, avoiding fluids with meals, and remaining upright for 2 h after 
meals [2]. If a person struggles to consume solid foods, ONS may be considered as liquid supplements 
are energy and nutrient dense and empty more easily from the stomach.

People taking insulin or insulin secretagogues should be counseled to consume their carbohydrate- 
containing foods first at a meal to prevent hypoglycemia. Basal/bolus regimens using a long-/longer- 
acting and rapid insulin are preferred as they allow for more variability in meal content and timing. 
People taking mealtime insulin may also benefit from taking their insulin after their meal to ensure 
they only take insulin for the carbohydrate consumed [99].

 MNT Summary

Table 11.2 summarizes the nutrition recommendations for patients with diabetes and CKD. There is 
no evidence for additional vitamin and mineral supplements in persons with diabetes who do not have 
underlying deficiencies. Routine supplementation with antioxidants is not advised because of uncer-
tainties related to long-term efficacy and safety [31, 51]. A stepwise MNT protocol for CKD (non-
dialysis) from the authors is presented in Fig.11.1.

 Monitoring Glycemic Control

Treatment efficacy can be assessed by measuring A1C and using self-monitoring of blood glucose 
(SMBG). The A1C should be measured quarterly in patients whose therapy has changed or in those 
who are not meeting blood glucose goals. In patients who are meeting treatment goals and who have 
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stable blood glucose control, the A1C test should be performed at least twice yearly [2]. Caution 
should be used when evaluating A1C in people with CKD as it may be reduced due to the shortened 
lifespan of erythrocytes and the presence of anemia [26]. Estimated average glucose (EAG) levels 
may be helpful in late-stage CKD to evaluate glycemic control. See http://professional.diabetes.org/
diapro/glucose_calc for conversion of EAG to approximate A1C levels.

SMBG is helpful for evaluating and making treatment decisions. For a person on insulin and 
insulin secretagogues, SMBG is important for safety around hypoglycemia and driving. The opti-
mal frequency and timing of SMBG for patients with T2DM on basal insulin and/or antihyper-
glycemic agents is unclear. However, the ADA recommends testing fasting blood glucose daily 
for people on basal insulin to assist with dose titration [2]. For people on multiple daily injec-
tions, the recommendation is to test at least three to four times per day, including testing prior to 
meals and snacks, at bedtime, occasionally after meals, after treatment of hypoglycemia, and 
prior to driving. A single random test is a poor guide to overall glycemic control, and checking 
fasting values alone may be insufficient, as PPG reduction may significantly impact glycemic 
control [100, 102].

Diabetes technology has advanced greatly in recent years, and it is now quite common for indi-
viduals with T1DM to use continuous glucose monitoring (CGM). CGM has the most impact when 
used daily and should be considered for patients with hypoglycemia unawareness or for those who are 
otherwise unable to meet targets [102]. Flash monitoring use has also grown dramatically in recent 
years and has the benefit of a lower cost, no calibration, water resistance, and an accuracy that is rea-
sonable for people with T2DM [2]. At this point, there is insufficient data to support the use of CGM 
and flash monitoring in people on dialysis.

The goals for monitoring glycemic control in people receiving maintenance dialysis are similar 
to those without RRT, but exact target levels for best outcomes have not been clearly established. 
Evidence exists to suggest that adequate monitoring of glucose in dialysis patients is uncommon 
despite the risk of additional diabetes-related complications [103, 104]. It is important to note that 

Table 11.2 Daily nutrition recommendations for diabetes and chronic kidney disease

Nutrient Stages 1–4 Stage 5/end-stage kidney disease

Energy 25–35 kcal/kg/day 25–35 kcal/kg/day
Protein 0.6–0.8 g/kg/day (avoid protein intake 

>1.3 g/kg/day)
1.0–1.2 g/kg/day

Carbohydrate Specific recommendation not provided
Include whole-grain carbohydrates, 
sources of fiber, and fresh fruit and 
vegetables

Specific recommendation not provided
Include whole-grain carbohydrates, sources of fiber, and 
fresh fruit and vegetables but may need to be limited if 
elevated serum potassium or phosphorus levels

Fat Specific recommendation not provided
May benefit from increased intake of 
omega-3 and mono- and 
polyunsaturated fats

Specific recommendation not provided

Potassium <2400 mg/day, if elevated serum 
potassium

HD: <2400 mg/day
PD: Individualized

Phosphorus 800–1000 mg/day, if elevated serum 
phosphorus

HD: 800–1200 mg/day
PD: 800–1000 mg/day

Sodium Lower salt intake to less than 2300 mg/
day or 2000 mg day if possible but no 
less than 1500 mg

Lower salt intake to less than 2300 mg/day or 
2000 mg day if possible but no less than 1500 mg

Fluid Usually not restricted HD: 1 L + urine output
PD: Individualized

Adapted from multiple sources [7, 26, 31, 41, 42, 51]
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glucose polymer-based peritoneal dialysate solutions (icodextrin) may interfere with glucose 
dehydrogenase- based glucose meters giving false readings, so a compatible glucose meter is 
needed [98].

 Hypoglycemia/Uremia

As kidney function decreases, risk of hypoglycemia increases. Prolonged insulin action and 
decreased renal gluconeogenesis may be the two physiological mechanisms responsible for the 
increased propensity toward hypoglycemia in the earlier stages of CKD. As CKD progresses, ure-
mic factors start to play a greater role. Uremic gastroparesis, poor appetite, and taste changes may 
add to the preexisting risk. When these combine with the risk of depression, fatigue, and a progres-
sively restrictive diet, the risk of hypoglycemia increases sharply. An A1C at or below target may 
indicate those patients with whom to be more cautious of hypoglycemia, but screening for symp-
toms of hypoglycemia in all patients is essential. Dose adjustments for antihyperglycemic agents 
and insulin may be needed.

Due to potassium and fluid restriction in CKD, the usual methods for treating hypoglycemia (e.g., 
3/4 cup of orange juice) may need to be adjusted. Better choices that will provide 15 g of CHO are 1 
tbsp. of honey, six Life Savers, or commercial glucose tablets. Once the blood glucose returns to nor-
mal, if the next regular meal will be more than 1 h, then the patient should eat a snack with an addi-
tional 15g of CHO and protein source to stabilize the glucose level [31, 51].

 Pharmacological Management of Diabetes Within CKD

 Antihyperglycemic Agents

Antihyperglycemic agents now include seven major classes of medications, all targeted at different or 
multiple metabolic defects of type 2 diabetes or to modify processes related to appetite, nutrient 
absorption, or excretion. At diagnosis, people with T2DM usually have less than 50% of their normal 
insulin secretion and, after 6 years, less than 25%. This progressive decline in beta cell function is the 
reason many fail oral therapy and require insulin [105]. It also highlights the importance of dynamic 
pharmacological management of the disease.

Metabolic clearance of many medications and their active metabolites is an issue with renal impair-
ment that increases the risk of hypoglycemia. As such, the degree of renal impairment needs to be 
considered when selecting antihyperglycemic agents for people with CKD. See Table 11.3 for a sum-
mary of available therapies and safety considerations in CKD.

 Sick Day Medication List

Certain medications commonly taken by people with diabetes need to be held during times of illness 
with increased risk of dehydration and when there is an acute decline in kidney function [108]. The 
acronym “SAD MANS,” which stands for Sulfonylureas, ACE inhibitors, Diuretics and direct renin 
inhibitors, Metformin, Angiotensin receptor blockers, Non-steroidal anti-inflammatory drugs, and 
SGLT2 inhibitors, can be used to help remember which medications to stop [109].
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 Insulin

Insulin therapy with delivery through syringe, pen, or insulin pump technology remains the mainstay 
of treatment for people with T1DM and is used frequently in patients with T2DM. Basal insulin is 
classified according to the duration of action as either intermediate, long-acting, or longer-acting 
insulin. Prandial (mealtime or bolus) insulin is classified in the same manner as either rapid- or short- 
acting insulin. Basal/bolus regimens using intermediate or long-/longer-acting insulin once or twice 
daily with short- or rapid-acting insulin to cover the carbohydrate content of each meal are commonly 
prescribed. Premixed insulins are also available and include a prandial insulin mixed with an interme-
diate basal insulin.

Hypoglycemia remains the most common side effect and barrier to optimal glycemic control with 
insulin. As mentioned earlier, the risk of hypoglycemia increases in people with CKD due to decreased 
renal gluconeogenesis, gastroparesis, and decreased oral intake. The risk of hypoglycemia is further 
increased by the decreased renal filtration of insulin as kidney disease progresses to its advanced 
stages. Once the GFR drops below 20 mL/min, the kidneys are unable to adequately metabolize insu-
lin, and there is a related decline in hepatic insulin metabolism [110]. This leads to a high risk of 
hypoglycemic events [111, 112]. Thus, as kidney function deteriorates further in ESKD, many patients 
require reduced amounts, or even cessation, of exogenous insulin [113, 114].

Management of blood glucose during times of poor or variable appetite, gastroparesis, and delayed 
mealtimes can be best accomplished with a more physiological approach to insulin management 
through a basal/bolus regimen. Premixed insulin regimens, in contrast, require consistent mealtimes, 
carbohydrate intake, and snacks to reduce the risk of hypoglycemia. Long- and longer-acting basal 
insulins have demonstrated significant reductions in nocturnal hypoglycemia when used to replace 
intermediate insulin. Longer-acting insulin, degludec, may provide even more reduction compared to 
long-acting insulin, glargine. Additionally, rapid-acting insulin analogues have a reduced frequency 
of hypoglycemia compared to short-acting insulins, and should be considered for use in individuals 
with diabetic nephropathy [106].

 Conclusion

The incidence of both diabetes and CKD is on the rise. Living with either diabetes or CKD is chal-
lenging for anyone. Managing diabetes in the presence of CKD requires additional effort on the part 
of the patient and the health-care team to improve outcomes and decrease morbidity and mortality in 
this population. Because of the complexity of diabetes and CKD and their comorbidities, multiple 
drug therapies, in conjunction with MNT, are necessary to achieve the goals of therapy; therefore, 
patient adherence becomes a serious concern. The nutrition needs of patients with diabetes and CKD 
change as the progression and treatment of the disease change. Understanding the treatment goals at 
each stage is crucial to optimize the nutritional status of patients throughout the course of their disease 
and to individualize their education and meal plans accordingly.

 Case Study

P.W. is a 51-year-old man referred for diabetes education and seen for recurrent hypoglycemia. His 
past medical history reveals T2DM × 19 years, HTN, hyperlipidemia, stage 3 DKD, obesity, and 
retinopathy.
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Current medications include rapid insulin 40 units at breakfast, 30 units at lunch, and 40 units at 
supper, lantus insulin 90 units once daily at night, atorvastatin 20 mg once daily, chlorthalidone 25 mg 
once daily, enalapril 40 mg bid, metoprolol 100 mg once daily, and amlodipine 10 mg once daily.

His physical exam presents with Ht 5′7″, Wt 208 lb. (today), BP 150/90 mmHg, and pedal edema 
1+. Laboratory data included A1C 6.5, glucose 100 mg/dL (fasting), SCr.2.6 mg/dL, MAC 123 mm, 
Hgb 10.1  g/dL, TC 201  mg/dL, TG 671  mg/dL, HDL 32  mg/dL, LDL unable to calculate, ACR 
7.4 mg/gm, GFR 42 mL/min, and K+4.8 mmol/L. He routinely only checks BG 2× per day at a.m. and 
before evening Lantus, reports six to eight episodes of hypoglycemia in the past month, did not bring 
meter or BG log to appointment.

P.W. is not married, works a sedentary job from his home as a computer analyst, quit smoking 
18 years ago, and consumes no alcohol. He complains of poor appetite and lack of energy to exercise. 
Dietary history revealed that he does not have regular mealtimes and may consume only two meals 
per day (lunch and supper).

 Case Questions and Answers

 1. What are the patient’s possible causes of hypoglycemia?
Answer: Inconsistent meal timing and frequency, no consistent patterns in eating, mismatch of 
insulin and carbohydrate amount, poor appetite, and altered pharmacokinetics of insulin with DKD

 2. Since the patient did not bring a meter or SMBG records with him, what is his average blood glucose 
based on his A1C and would you expect this to be a true representation?
Answer: Mean plasma glucose is 140. This is a one-time snapshot of his A1C. It would be best to 
longitudinally follow the A1C.With that said, patient is still in stage 3 DKD and may still have an 
accurate A1C reading.

 3. What strategies related to carbohydrate should this patient follow?
Answer: Based on fixed doses of insulin, the patient should follow a consistent carbohydrate meal 
pattern with emphasis on whole grains, fruits and low-fat dairy products.

 4. Is weight loss appropriate for this patient? If so, what type of patterned diet would you recommend 
he follow?
Answer: Yes, the DASH diet with a caloric restriction would be an appropriate choice for the 
patient at this stage.

 5. What dietary protein intake would you recommend?
Answer: Based on 0.8 g/kg/day if using actual body wt. (94.5 kg) = 76 g/day, encourage to distrib-
ute the protein throughout the day for best impact on blood glucose and satiety. Patient is encour-
aged to not consume more than 1.3  g/kg/day  =  123  g. P.W. should be encouraged to choose 
plant-based protein sources that are lower in potassium.

 6. What is the best treatment for P.W.’s hypoglycemia?
Answer: Encourage 15 grams of carbohydrate from dextrose tablets, 1 tbsp. honey, ½ cup apple 
juice, or three hard candies.
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 Introduction

The obesity crisis sweeping the globe in recent decades has not spared the chronic kidney disease 
(CKD) population. Of all the problems facing this ill and complex population, few have risen to the 
forefront with such rapidity, have the capacity to adversely influence health, and are as modifiable as 
obesity.

This chapter is designed to give the reader a broad familiarity with the epidemiology, basic science, 
and clinical aspects of obesity throughout the spectrum of CKD. Various controversies will also be 
addressed. In doing so, this chapter will equip the reader with a comprehensive understanding of this 
important and rapidly evolving area.
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Key Points
• A variety of anthropometric measurements can be used to estimate body fat in the kidney 

disease population.
• Glomerular filtration rate-estimating equations should be used cautiously in obese 

individuals.
• Obesity rates in patients with kidney disease and failure and kidney transplantation are 

increasing at least as rapidly as in the general population.
• Obesity is linked to structural, functional, hemodynamic, and molecular changes in the kid-

ney that frequently can be reversed with weight loss.
• The pathophysiology of obesity-related kidney disease is complex and likely multifactorial.
• Reduced nephron mass may explain why only certain individuals are likely to develop 

obesity- related kidney disease.
• Preliminary evidence suggests that intentional weight reduction is renoprotective in people 

with and without preexisting kidney disease.
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 Defining Obesity

The definition of “excess” body fat is somewhat arbitrary and lacks a validated threshold. While a 
number of techniques can be used to accurately measure body fat content and/or patterns of unhealthy 
fat deposition—–among them neutron activation analysis, dual-energy x-ray absorptiometry (DEXA), 
bioelectrical impedance, air displacement plethysmography, and computed tomography—their use is 
typically limited to the research environment.

In clinical practice and in medical epidemiology, obesity is determined by simple measurements 
that “define” excess body fat in a manner that is partly derived from their associations with clinical 
risk (Table 12.1). Perhaps the most commonly used obesity marker in patients with CKD is the body 
mass index (BMI), which is defined as a ratio of weight to height (i.e., weight [kg]) divided by height 
[m2]). Simple to calculate and easy to employ, the BMI is a reasonably good indicator of the total body 
fat content in the general population as well as in chronic kidney disease and dialysis patients [1–3]. 
One study of 77 patients with an estimated glomerular filtration rate (eGFR) of 40 ml/min/1.73 m2 
found that a BMI greater than 30 kg/m2 had a 100% positive predictive value for detecting obesity 
compared with a reference body composition method, while its negative predictive value was only 
30% [2]. That is, a high BMI confirmed obesity while a lower BMI did not exclude obesity. This study 
highlights some of the limitations of using BMI including that it cannot distinguish lean from fat 
mass, peripheral from central/visceral fat, or fluid excess from fat excess. These limitations have 
spurred interest in alternative anthropometric measurements such as waist circumference and waist- 
to- hip ratio that detect excess visceral fat in a manner that the BMI does not. Visceral fat is currently 
considered an important causal risk factor for insulin resistance, the metabolic syndrome, and cardio-
vascular disease [4]. Studies suggest that these alternative metrics can add additional prognostic infor-
mation in the CKD population [5–7].

In summary, commonly used anthropometric measurements have been demonstrated to provide 
useful information about adiposity status in kidney disease patients. However, their limitations should 
be kept in mind.

 Measuring Kidney Parameters in Obese Individuals

The two most important clinical indicators of kidney function and health are the glomerular filtration 
rate (GFR) and proteinuria [8]. The GFR can be directly measured using various techniques such as 
plasma or urinary clearance of inulin or other exogenous markers [9]. Because direct measurement is 

Table 12.1 Classifying overweight and obesity according to BMI, waist circumference, and associated disease risk

Disease riska relative to normal weight and waist 
circumference

Classification BMI (kg/m2) Obesity Class
Men ≤ 102 cm
Women ≤ 88 cm

Men > 102 cm
Women > 88 cm

Underweight <18.5 – –
Normal weightb 18.5–24.9 – –
Overweight 25.0–29.9 Increased High
Obesity 30.0–34.9

35.0–39.9
I
II

High
Very high

Very high
Very high

Extreme obesity ≥ 40 III Extremely high Extremely high
Adapted from [1]
aDisease risk for type 2 diabetes, hypertension, and cardiovascular disease
bIncreased waist circumference can increase risk even in persons of normal weight
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usually too cumbersome, time consuming, and costly for routine use, most clinicians and many 
researchers rely on creatinine-based formulas such as the Cockroft-Gault [10], Modification of Diet 
in Renal Disease (MDRD) [11], and Chronic Kidney Disease Epidemiology Collaboration (CKD- 
EPI) [12, 13] equations to estimate GFR. However, such equations should be used with caution in 
individuals who are obese or whose weights are fluctuating for the following reasons: First, estimating 
equations work reasonably well in the populations they were derived in, but none of the equations 
were derived in primarily obese populations, which explains why their accuracy is reduced in that 
setting [14–17] or that of fluctuating weight. Second, estimating equations rely heavily on serum 
creatinine as an endogenous filtration marker. Serum creatinine is generated directly from muscle so 
the greater the muscle mass, the greater the creatinine generated. Therefore, any change in muscle 
mass as a result of weight gain or loss will also influence serum creatinine generation and make it 
difficult to differentiate changes in glomerular filtration from changes in muscle mass. An alternative 
endogenous filtration marker to serum creatinine in obese patients is serum cystatin C. Cystatin C is 
more closely associated with measured GFR than creatinine in very obese individuals [18]. However, 
even cystatin C may be influenced by body mass [19, 20]. Third, GFR estimating equations usually 
include an adjustment for body surface area in order to equalize differences in body size between 
individuals. This indexing strategy is based upon the observed relationship in mammals that GFR is 
proportional to body size [21] which is itself premised upon the fact that the kidney modifies its excre-
tory (e.g., filtration) capabilities based upon the amount of metabolic byproducts generated by the 
body [22, 23]. The use of such adjustments in obese individuals presents challenges because it is lean 
and not fat mass that primarily generates metabolic waste so adjusting for lean and fat mass intro-
duces systemic bias and error [24]. Because of these pitfalls clinical trials should ideally directly 
measure rather than estimate GFR or index it for body size in individuals who are gaining or losing 
weight [18, 25].

Proteinuria can be measured from a 24-hour urine collection or estimated from a spot urine protein 
to creatinine ratio. Either method is acceptable in obese individuals. However, the latter is susceptible 
to bias when used for serial measurements during weight change because urine creatinine is depen-
dent upon muscle mass and will change with weight gain or loss. It will therefore be difficult to dis-
tinguish if a rise in the urine protein to creatinine ratio in an obese individual after weight loss 
represents a true increase in proteinuria or alternatively a reduction in urinary creatinine. In the setting 
of weight changes a 24-hour urine collection is therefore the preferred method of measurement.

 Epidemiology and Trends in Obesity

Obesity is undoubtedly a scourge of modern society. According to the World Health Organization, in 
2016, over 1.9 billion adults were overweight and 650 million of these were obese [26]. Though tra-
ditionally a problem limited to affluent Western societies, obesity is also increasingly common in 
underdeveloped regions of the world as they experience economic progress.

The obesity problem has also affected individuals with CKD. The prevalence of obesity in the 
United States adult CKD population was 44.1% during 2011–2014 [27] as compared to 37.9% in the 
general populace [28]. This represents a 5% increase in obesity in CKD patients compared to the 
preceding 12 years. Moreover, over 25% of CKD patients in this time period had class II obesity or 
higher.

A similar phenomenon has been observed in individuals at the time of initiating dialysis. The mean 
BMI of incident US dialysis patients increased steadily between 1995 and 2002 at a rate twice as steep 
as what was seen in the greater US population (8% vs. 4%) [29]. By 2002, nearly one-third of incident 
dialysis patients were obese with the fastest rate of growth occurring in patients with class II obesity 
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or higher. Limited available data suggest that hemodialysis and peritoneal dialysis patients are equally 
at risk for obesity [30].

The increased prevalence of obesity extends as well to kidney transplant recipients. The prevalence 
of obesity as measured by BMI among kidney transplant recipients grew by 44% from 1999 to 2009 
to include 33% of all patients [31]. Further major weight gain after transplantation (e.g., greater than 
10 kg) is not uncommon [32].

One plausible explanation for the increase in obesity is that the growing abundance of inexpensive, 
calorie-dense foodstuffs combined with an increasingly sedentary lifestyle affect individuals with 
CKD at least as much as they do the general populace. The fact that CKD patients are limited in their 
physical activity may further reduce their ability to live healthier lifestyles.

It is therefore perhaps no coincidence that 47% of patients starting dialysis who also have diabetes 
[33] are more obese and have a steeper obesity trajectory rate than their nondiabetic peers [29]. 
Specific renal-related factors may also play a role. One retrospective study of weight gain in perito-
neal dialysis patients suggested that absorption of glucose in the dialysate may be a predisposing 
factor in certain patients [34]. A number of risk factors for weight gain after kidney transplantation 
have been identified [32] and are shown in Table 12.2.

Of particular interest is steroid use, long known to stimulate the appetite. In fact, the influence 
of steroid use in weight gain is unclear [35]. While increasingly common steroid-free immunosup-
pressive regimens have been associated with reduced weight gain, patients still gain weight over 
time [36, 37].

 Obesity and Clinical Risk

 Normal Kidney Function and CKD Stages 1–4

The relationship between obesity and the development or progression of CKD has been intensely 
studied. A consensus is emerging that obesity is responsible for a large proportion of CKD in the 
population. Population attributable risk analyses estimate that approximately one-fifth to one-fourth 
of kidney disease cases could be prevented by eliminating overweight and obesity [38]. The true num-
ber is invariably higher when accounting for obesity-associated diabetes and hypertension. A 

Table 12.2 Risk factors for weight gain postkidney 
transplant

Traditional risk factors
  Younger age
  Female sex
  Black ethnicity
  Low socioeconomic status
  Preexisting obesity
  Mental health
  Dietary intake
  Physical activity
Nontraditional risk factors
  Steroid use
  Number of rejection episodes
  Living donor kidney transplant
  Other immunosuppressive medications

Reprinted and modified with permission from [32]
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population- based analysis reports that the lifetime risk of CKD is 32.5%, 37.6%, and 41% in persons 
who are normal weight, overweight, or obese, respectively [39].

Weight gain and/or obesity is an independent predictor for the development of proteinuria, kidney 
stones, acute kidney injury, and chronic kidney disease in the general population [40–46] and in 
higher risk groups like prehypertensive individuals [47]. These observations extend beyond ethnic or 
racial lines to include a variety of groups and age ranges. The risk that obesity confers is heightened 
by the presence of additional risk factors like elevated blood pressure, lipid, or glucose levels that in 
combination are known as “the metabolic syndrome” [48–50]. A high body mass index has also been 
linked to the progression of preexisting glomerulonephritis (i.e., IgA nephropathy) and inherited ill-
nesses like polycystic kidney disease and nondiabetic kidney disease [51–53]. Limitations to this 
body of literature include residual confounding and the estimation rather than direct measurement of 
GFR.

Obesity is also a risk factor for progression to end-stage renal disease (ESRD), an outcome inde-
pendent of biases related to estimating GFR. In a population of over 300,000 adults, a higher BMI 
independently predicted the development of ESRD even after adjusting for baseline blood pressure, 
the presence of diabetes, and other risk factors [54]. Compared to individuals with normal BMI the 
adjusted relative risk for ESRD was 1.87 for overweight individuals, 3.57 for individuals with a BMI 
of 30–34.9 kg/m2, 6.12 for those with a BMI of 35–39.9 kg/m2, and 7.07 for those with a BMI ≥40 kg/
m2. This relationship applies to younger individuals as well. A study of 1.2 million Israeli adolescents 
found that overweight and obesity were independently associated with the development of nondia-
betic and especially diabetic ESRD over a 25-year mean follow-up period [55]. Interestingly, the 
presence of obesity at the time of initiation of dialysis has also been linked to a more rapid decline in 
the residual kidney function [56] as well as a family history of end-stage renal disease [57]. Whether 
this is due to environmental or genetic factors is not known. Finally, obesity as measured by waist-to- 
hip ratio independently predicts a higher risk of cardiovascular events in persons with chronic kidney 
disease [6] though a meta-analysis that included 510,785 patients with CKD stages 3–5 found an 
increasing BMI to be linked to lower risk of all-cause mortality [58].

 CKD Stage 5D (ESRD)

The observation that obesity is associated with improved survival in dialysis patients is well docu-
mented. This phenomenon, sometimes known as “reverse epidemiology” or “the obesity paradox,” is 
controversial [59–61]. A more nuanced understanding of this topic requires familiarity with the rela-
tionship between adiposity and mortality [62].

In the general populace the relationship between adiposity (as measured by BMI) and mortality is 
influenced by several factors including demographics, concurrent illnesses, and cause of death. For 
example, the risk of death from excess fat is higher in whites (vs. blacks), lower at extreme ages, and 
different between men and women [63]. In analyses that adjust for multiple factors, the death rates of 
healthy nonsmokers usually increase at either extreme of BMI although the risk is greater at higher 
BMI. Thus a “J-shaped” relationship between BMI and risk of death is formed [64]. In contrast, in 
persons who smoke or are ill, mortality risk increases equally at both ends of the spectrum (a 
“U-shaped” curve) with absolute risk being attenuated overall [63]. In light of these observations it 
should be expected that for the ESRD population, with all its complexities and multiple competing 
risks, the relationship between BMI and mortality may not necessarily be straightforward.

The first study analyzing the relationship between adiposity and outcomes in dialysis patients 
reported that a BMI of 23.3 kg/m2 was associated with a 29% reduction in overall, cardiovascular, and 
noncardiovascular mortality when compared to a BMI of 20.4–23.3 kg/m2 [65]. Since then, dozens of 
studies evaluating obesity risk have been performed in varied populations of hemo- and peritoneal 
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dialysis patients using disparate markers of adiposity, though BMI remains by far the most commonly 
used. A meta-analysis including several hundred thousand hemodialysis patients found a protective 
association between a higher BMI and all-cause and cardiovascular mortality though the quality of 
evidence was rated as low to moderate [58]. Similar analyses in peritoneal dialysis patients are less 
common, tend to be smaller, and report mixed results. The largest such study included over 40,000 
patients and concluded that excess adiposity did not confer an increased mortality risk, whereas hav-
ing a BMI less than 18.5 kg/m2 did [66]. A recent meta-analysis concurred with this finding though 
the evidence was considered of very low quality [58]. The largest studies of the relationship between 
adiposity and mortality involve mixed populations of hemodialysis and peritoneal dialysis patients. In 
general, they support a neutral or protective relationship between excess adiposity and death in the 
hemodialysis population, with less convincing results in peritoneal dialysis patients [62]. Numerous 
studies also find that just like in the general populace, age, sex, race, and comorbid risk factors modify 
the relationship between adiposity and mortality [63, 67–72].

A number of potential concerns about this literature and its conclusions should be addressed. The 
fact that many of the studies include patients who have already started dialysis (i.e., prevalent patients) 
introduces the possibility of survival bias because of the possibility that heavier subjects may have 
died earlier on dialysis. However, survival bias cannot explain why large studies of incident patients 
also find a protective effect of obesity [30, 66, 68–70, 73]. Obesity was associated with a higher risk 
for death on peritoneal dialysis over time in at least one study, though the hazard of death was still not 
especially high [66]. Incompletely accounting for known mortality risk factors such as smoking, 
blood pressure, and medications due to database limitations could also be a problem. Censoring 
patients who are transplanted or switch dialysis modalities does not always occur. Yet generally con-
sistent results across studies make it unlikely that these factors explain why adiposity is associated 
with a protective effect.

Another major limitation is that BMI does not distinguish between different body compartments 
(e.g., fat mass and lean body mass). This important issue has been tackled in a series of epidemiologi-
cal experiments. When urine creatinine excretion was used as a surrogate for muscle mass, the pre-
dominant predictor of survival was found to be increased muscle mass rather than fat mass [74] 
(Fig. 12.1). This finding was soon challenged by a study of over 400,000 incident dialysis patients that 
found no influential effect of lean mass when using equations to estimate body mass compartments 
[73]. Additional studies using other proxies for muscle and fat mass including serum creatinine [75], 
mid-arm muscle circumference [76], and triceps skin-fold thickness [76] indicate that greater muscle 
mass (and perhaps fat mass) has a protective effect on mortality.

Perhaps the greatest concern is that the supportive evidence for the protective effect of obesity is 
entirely associative in nature. No prospective studies have been performed in this field to demonstrate 
that weight gain is beneficial for dialysis patients or that weight loss is unhealthy. Observations that 
weight loss in dialysis patients is associated with higher death rates do not distinguish between inten-
tional and unintentional weight loss [77]. Interventional studies on this topic are therefore sorely 
needed.

If the assumption is true that increased fat mass is healthier for dialysis patients, what could account 
for this? One possible explanation is that dialysis patients are unique in that they have survived years 
of CKD and oftentimes multiple comorbid illnesses, and may be genotypically or phenotypically dif-
ferent from otherwise healthy obese individuals. Additionally, obese dialysis patients have lower rates 
of certain risk factors such as smoking or hypertension compared to their peers with lower BMI [70, 
78]. An abundance of stored fat may also serve as a well-needed reservoir of energy during acute ill-
nesses or the wasting effects of dialysis though it is difficult to explain why severe obesity–—-with all 
its associated risks—-would be more protective than being overweight or modestly obese (i.e., 
28–31 kg/m2) since these states still offer plenty of energy storage [73]. A more speculative  mechanism 
may be the influence of biologically active molecules secreted by adipocytes such as adiponectin or 
leptin [79].
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While much attention has been focused on how obesity influences mortality in dialysis patients, 
there is less attention paid to how obesity could affect other important patient outcomes. This is espe-
cially true in light of the poor long-term survival in this population [33], making preservation of qual-
ity of life and avoidance of hospitalization important alternative goals. Investigators have, however, 
begun to study how obesity affects dialysis access. Successfully functioning dialysis accesses (e.g., 
arteriovenous fistulas and peritoneal dialysis catheters) are critical to the well-being of both hemodi-
alysis and peritoneal patients. Accesses that fail to work well typically require great expenditure of 
resources and expose the patient to discomfort, inconvenience and risk. Whether obesity limits the 
successful placement and/or function of arteriovenous fistulas, which are usually formed surgically in 
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Fig. 12.1 Kaplan-Meier curves for (a) all-cause death and (b) cardiovascular death by body composition groups. BMI 
is categorized as normal (18.5–24.9 kg/m2) and high (≥25 kg/m2). UCr, 24 hr urine creatinine (g/day). (Reprinted with 
permission from [74])
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a subcutaneous fashion in either arm, is controversial [80–82]. It is possible that only the severely 
obese are at risk for hemodialysis access failure because the adipose tissue physically compresses the 
access and impedes maturation of normal blood flow [80, 83].

Peritoneal dialysis catheters are inserted by tunneling through the abdominal wall to place the cath-
eter tip in the peritoneal cavity. One concern is that obese individuals may suffer complications with 
catheter insertion or function due to excessive abdominal wall adiposity or be more predisposed to 
catheter tunnel infections or infectious peritonitis from an inability to perform aseptic techniques when 
connecting or disconnecting from the peritoneal dialysate tubing. The preponderance of data suggests 
that obesity confers an increased risk of catheter infections and peritonitis that could lead to catheter 
loss [68, 84–86]. For obese individuals in whom traditional abdominal peritoneal dialysis catheter use 
is not an option, alternative strategies like the use of presternal dialysis catheters exist [87].

Aside from dialysis access issues, future topics ripe for research include whether obesity adversely 
affects quality of life indicators, arthritis, ambulation, comfort during dialysis, mood, and hospitaliza-
tion rates, among others.

 Kidney Transplant Recipients

The presence of obesity in transplant candidates and recipients has important implications. Because 
of the concern that obesity predisposes to higher perioperative complications like wound dehiscence 
or infections [88–90], many transplant centers exclude individuals with BMI greater than 30 or 35 kg/
m2. In fact, the existence of obesity in a potential recipient reduces the likelihood of their receiving a 
kidney transplant [91]. Concern about using obese living kidney donors has also been raised because 
of their higher risk of developing end-stage renal disease [92].

Whether obesity at the time of transplantation negatively influences patient or allograft outcomes 
is hotly debated. Reports in kidney transplant recipients describe an association between a higher 
body mass index and a greater risk of delayed graft function, long-term renal allograft, and patient 
survival [89, 93–95] although others have challenged these findings [88, 90, 96–98].

 Influence of Obesity on Kidney Function, Structure, and Health

The idea that obesity influences kidney health and function has existed for at least a century. In 1923, 
Boston practitioner William Preble published his observations that high rates of albuminuria and kid-
ney impairment were frequent in his obese patients [99]. Subsequent reports from the 1970s onward 
reported an association between obesity and nephrotic syndrome that disappeared with weight loss 
[100–105]. Kidney biopsies in many but not all of these patients demonstrated focal segmental glo-
merulosclerosis but other findings include glomerular enlargement (i.e., glomerulomegaly), intraglo-
merular fibrin deposition, and mesangial glomerulopathy. A number of patients manifested venous 
hypertension likely as a result of the sleep apnea syndrome [100, 105]. From these early descriptive 
reports, our understanding of how obesity influences the kidney has grown to encompass a much 
broader variety of functional, anatomic, and molecular effects.

 Kidney Mass

Kidney mass has been demonstrated to grow with weight gain and high protein diet consumption as described 
in animal models (see below), cross-sectional studies in children and adults, and weight loss trials [106–110]. 
This is generally believed to occur because the kidney adapts to growing metabolic demand.
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 Renal Hemodynamics

Data obtained from cross-sectional analyses and studies of (primarily) bariatric surgery-related weight 
loss report significant effects on renal hemodynamics. Most studies find that obesity is associated with 
an elevated GFR (and increase in single nephron GFR [111]), renal plasma/blood flow, and filtration 
fraction (i.e., glomerular filtration rate divided by renal plasma flow) when compared to controls [15, 
112–118]. The idea that kidney hemodynamics, similar to kidney mass, is influenced by metabolic 
requirements is supported by the observation that even in the BMI range of less than 30 kg/m2, there 
is a strong association between BMI and filtration fraction [119]. One research group concluded that 
increased glomerular filtration rate was most likely a result of greater intraglomerular hydraulic pres-
sure caused by dilated glomerular afferent arterioles [112] from deactivation of tubuloglomerular 
feedback [120, 121]. Weight loss after bariatric surgery appears to reverse these renal hemodynamic 
changes [18, 113, 122].

 Proteinuria

Along with the glomerular filtration rate, proteinuria is one of the strongest clinical markers of kidney 
disease with a higher level of proteinuria (or albuminuria, the most common measured fraction of 
proteinuria) commonly indicating kidney damage [8, 123]. A positive relationship has been demon-
strated between obesity and the likelihood of urinary protein or albumin excretion that is consistent 
across race, sex, and ethnicity and that exists in healthy individuals as well as in patients with and 
without diabetes [124–128]. As with hemodynamic indices, weight loss reverses the effect on protein-
uria [129].

 Histologic Changes

Analyses of kidney tissue obtained under various circumstances (e.g., during gastric bypass surgery, 
at the time of kidney transplant implantation, or for medical diagnostic reasons) and patient popula-
tions (e.g., kidney donors, bariatric surgery patients, IgA nephropathy, or other kidney diseases) reveal 
common findings such as glomerulomegaly and a thickened glomerular basement membrane [130–
135]. A variety of other findings, including increased glomerular planar surface area, podocyte hyper-
trophy, expanded mesangial matrix with or without paramesangial deposits, decreased slit diaphragm 
frequency, tubular atrophy, and arterial hyperplasia and sclerosis have also been observed. Focal seg-
mental glomerular sclerosis is a rare finding, if seen at all. However, the literature in this field is lim-
ited by heterogeneity in the populations studied, selection bias in how the biopsies were obtained, the 
quality of biopsy samples, and the analyses performed.

 Molecular Findings

RNA gene expression profiles have been measured in kidney biopsy samples from obese patients with 
proteinuria and glomerulomegaly with or without focal segmental glomerulosclerosis. Compared to 
controls, expression of a variety of key genes involved in lipid metabolism, the inflammatory cascade, 
and insulin homeostasis/resistance were upregulated in obese patients [136].
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 Obesity-Related Glomerulopathy and Glomerulosclerosis

First described in 2001 [137], obesity-related glomerulopathy (ORG)is a distinct entity and 
diagnosis of exclusion in obese individuals characterized by proteinuria, glomerulomegaly with 
or without glomerulosclerosis and, in some cases, a progressive decline in the kidney function 
[137, 138]. The precise incidence of ORG is unknown and complicated by the fact that it may 
be superimposed on other disease processes [138]. One center reported the prevalence of ORG 
to have increased ten-fold between the years 1986 and 2000 [137]. Several studies have tracked 
long-term outcomes of ORG [137, 139, 140]. While not as aggressive as primary focal segmen-
tal glomerulosclerosis, up to one- third of patients developed kidney failure over several years 
(Fig. 12.2) with the rate varying by geographic location. Of note, all studies of ORG were of 
limited sample size.

 Animal Models of Weight Gain and Loss

The effects of obesity have been examined in several rodent models, many of which have specific 
genetic mutations that make them susceptible to obesity and diabetes [141–149]. The consensus is 
that obesity leads to increases in kidney size, blood pressure, circulating insulin and glucose, low 
density-lipoproteins and triglycerides, albuminuria, and an initial elevation and subsequent decline in 
the glomerular filtration rate. Histological changes include enlargement of the glomerular tuft area 
with mesangial expansion, thickening of the glomerular basement membrane, progressive glomerulo-
sclerosis, and tubulointerstitial damage. In addition, type IV collagen and lipid deposition in the 
glomerulus and macrophage infiltration in the medulla are also seen. All these changes can be pre-
vented or stopped by restricting caloric intake.
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Fig. 12.2 Renal survival (endpoints defined as doubling of serum creatinine or ESRD) over time in ORG (obesity- related 
glomerulopathy, O-FSGS (obesity-focal segemental glomerulosclerosis), and control I-FSGS (idiopathic-focal segmental 
glomerulosclerosis). Analysis by the method of Kaplan and Meier with comparison by the log rank test. Symbols are as 
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ORG (all) vs. I-FSGS, P = 0.023; O-FSGS vs. I-FSGS, P = 0.049. (Reprinted with permission from [137])
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Because rodent models may have limited applicability to humans, other animal models offer addi-
tional insight. In one such model, dogs in whom obesity was induced over 24 weeks [150] developed 
relative hypertension, tachycardia and elevations in the glomerular filtration rate, renal plasma flow, 
kidney weight, and plasma glucose and insulin levels compared to controls. Similar to the rodent 
models the obese dogs exhibited a marked expansion of the mesangium, glomerular tuft area and 
Bowman’s capsule space and thickening of the glomerular basement membrane. There was also 
upregulation of Transforming Growth Factor-β1 (TGF- β1), a marker for fibrosis. However, unlike in 
rodents there was no increase in glomerulosclerosis, a key indicator of irreversible kidney damage. 
This may represent a fundamental difference between models. A separate study reported that obese 
dogs had upregulation of a host of intrarenal genes related to sympathetic activation, the inflammatory 
response, matrix formation, angiogenesis, and endothelial dysfunction, with downregulation of genes 
associated with the leptin receptor and attenuation of cell survival [151].

 Pathogenesis of Obesity-Related Kidney Disease

Apart from its role in promoting diabetes and hypertension, the two most common causes of end-stage 
renal disease [33], obesity directly damages the kidneys through several putative mechanisms that are 
reviewed below and shown in Fig. 12.3.

 Intraglomerular Hypertension

Intraglomerular hypertension is a result of several factors. Obese individuals have increased proximal 
tubular sodium uptake perhaps from increased sympathetic activity [153], greater circulating angioten-
sin II [120], or other mechanisms. The reduced sodium load downstream deactivates tubuloglomerular 
feedback [121] leading to afferent arteriolar dilation, an increased filtration fraction, and direct trans-
mission of higher (and ultimately detrimental) systemic blood pressures to the glomerulus [154]. 
Compounding this is a volume expanded state induced by increased proximal tubular sodium uptake 
[120, 154–156]. A higher glomerular filtration rate and filtration fraction increases oncotic pressure in 

Obesity

Glomerulosclerosis

+
Podocyte density,   GC radius

GC Pressure

Blood Pressure

(enhanced transmission)

Afferent
Arteriole

Renal
Artery

RA RE

Efferent
Arteriole

Hyperfiltration (↑SNGFR)
(↑SNPF, ↑GC Volume)

Nephron number
and/or CKD

Fig. 12.3 Proposed pathogenesis of glomerulosclerosis in obesity. GC glomerular capillary, SNGFR single-nephron 
glomerular filtration rate, SNPF single-nephron plasma flow, RA afferent arteriolar resistance, RE efferent arteriolar 
resistance, CKD chronic kidney disease. (Reprinted with permission from [152])
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the peritubular capillaries which in turn also promotes proximal sodium absorption [120]. Taken 
together, the process involves a vicious cycle that promotes structural damage within the glomerulus.

 Podocyte Depletion

Podocytes help maintain the glomerular basement membrane filtration mechanism and have limited 
capacity for cell division and replacement [157]. Increased caloric intake stimulates glomerular 
hypertrophy likely through the mammalian target of rapamycin (mTOR) pathway [158, 159]. This 
causes a maladaptive response in which podocytes attempt but are ultimately unable to sufficiently 
hypertrophy to maintain the filtration barrier leading to denuded areas on the capillary loops that are 
a trigger for segmental glomerulosclerosis. This theory is supported by evidence showing that in 
humans increased glomerular volume associates with reduced podocyte density and greater foot- 
process width, each of which are risk factors for proteinuria [160]. Angiotension II, aldosterone, 
plasminogen activator inhibitor-1 (PAI-1), hyperlipidemia, and adiponectin are all upregulated in obe-
sity and have been hypothesized to also contribute to podocyte depletion [161–165].

 Nephron Endowment

The reason why only certain obese individuals develop ORG may involve nephron endowment. 
Individuals born with reduced nephron mass and relatively low nephron numbers, such as in the case 
of small-for-gestational age or preterm births, are susceptible to developing hypertension and in cer-
tain circumstances kidney disease [166]. Similarly, the presence of obesity in persons with reduced 
nephron mass may lead to kidney damage [167]. One line of evidence that reduced nephron endow-
ment or mass is the key factor in the development of ORG are histological studies showing that 
patients with ORG have lower glomerular density, lower podocyte density and number, and increased 
glomerular size compared with controls [160, 168]. However, whether fewer glomeruli are a cause or 
consequence of ORG has not yet been definitively established.

 Renin-Angiotensin-Aldosterone Axis

The deleterious renal effects of renin-aldosterone axis upregulation such as seen in obesity [169] are 
well established and explain why inhibitors of this axis may be effective treatments for kidney disease 
in overweight patients [170, 171], though not all evidence is supportive of this strategy [172]. 
Experimental data in animals and observational data in humans find that angiotensin II and aldoste-
rone play an important role in obesity-related hypertension and kidney disease [173–175]. Possible 
mechanisms include sympathetic nerve stimulation, insulin resistance, and hemodynamic alterations 
that promote renal cellular toxicity and fibrosis [175, 176].

 Sympathetic Activation

Obstructive sleep apnea, elevated circulating leptin levels, and hyperinsulinemia have all been postu-
lated to cause increase sympathetic nerve activity in obesity with resultant sodium retention [153, 
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177]. In a dog model, kidney denervation prevented a rise in blood pressure and greatly lowered 
sodium retention though renal hemodynamics remain unchanged [177].

 Obstructive Sleep Apnea

In addition to increased sympathetic activity, obstructive sleep apnea has been linked to obesity- related 
focal segmental glomerulosclerosis [100] and proteinuria [105, 178, 179], though the association is 
controversial [180]. One report described how initiation of BiPAP ventilation preceded the disappear-
ance of nephrotic-range proteinuria in a patient with obesity-hypoventilation syndrome and biopsy-
proven focal segmental glomerulosclerosis. A postulated mechanism involves regression of pulmonary 
hypertension-associated abnormalities in renal blood flow and sympathetic nerve activity.

 Insulin Resistance and the Metabolic Syndrome

The importance of insulin sensitivity to proper glomerular function was highlighted using a murine 
model in which insulin receptors were deleted from podocytes [181]. Over time, the mice developed 
albuminuria and glomerulosclerosis. In humans, the link between insulin resistance, a hallmark of 
obesity and the metabolic syndrome, and kidney disease is primarily based on associative data [182, 
183]. Indeed, it is difficult to tease out the specific effects of insulin resistance from other abnormali-
ties that cluster in patients with the metabolic syndrome.

 Lipotoxicity

Excess lipids accumulating in mesangial cells, podocytes, and tubular cells can damage cellular struc-
tural integrity and lead to maladaptive metabolic changes that contribute to kidney disease [184]. 
Targeting pathways involved in lipid metabolism have been shown in animal studies to limit lipid- 
related injury [138].

 Fatty Kidney

Fat accumulation in renal sinuses has been linked to kidney disease [185, 186] perhaps through direct 
compression of renal parenchyma resulting in increased renal interstitial pressure, sodium reabsorp-
tion, and other adverse effects. Of note, weight loss has been shown to reduce renal sinus fat in per-
sons without CKD [187].

 Adipocyte Secretory Products

Fat cells are now understood to secrete a range of biologically active molecules some of which 
have been investigated for possible deleterious effects on the kidney [188]. Two of the most 
prominent are leptin and adiponectin. Leptin was first studied for its role in appetite and 
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metabolic regulation but is now also understood to mediate the obesity-associated increase in 
blood pressure [189]. In addition, cell and animal models exposed to leptin develop glomerular 
endothelial cell proliferation, increased TGF-β1 secretion and glomerulosclerosis and collagen 
deposition within the glomerulus [190]. Adiponectin has insulin sensitizing effects and its levels 
are inversely associated with adipose mass [191]. Mice that cannot express adiponectin manifest 
increased levels of albuminuria and podocyte foot process fusion while treatment with adiponec-
tin reverses these effects [165]. In observational studies, adiponectin is inversely correlated with 
proteinuria [165, 192]. A direct effect of adiponectin on podocytes is postulated to occur at least 
in part through stimulation of the AMP-activated protein kinase (AMPK) pathway that inhibits 
reactive oxygen species [193]. Whether adipokines truly mediate kidney disease or are simply an 
epiphenomenon remains open to debate as the available evidence is primarily based on in vitro 
or animal models that may not reflect human physiology. In addition, the fact that some adipo-
kines are filtered and reabsorbed in the nephron makes it challenging to differentiate their bio-
logic effects from those related to changes in GFR.

 Strategies and Benefits of Weight Reduction

Patients with CKD who are overweight and obese have an active interest in losing weight [194]. This 
section will review studies that have expanded our understanding of whether weight reduction strate-
gies offer protection against kidney disease.

 Chronic Kidney Disease Stages 1–5

Strategies to lower weight include lifestyle interventions (i.e., diet and exercise), pharmacologic treat-
ment, and bariatric surgery. Interestingly, any renoprotection provided by weight loss appears to be in 
large part a function of the amount of weight lost and not necessarily how weight is lost [195]. Weight 
loss medications are limited by dosing and other toxicities in persons with CKD as described in 
Table 12.3. However, certain medications that may provide kidney protection or are commonly used 
in patients with CKD also have weight-lowering effects such as the sodium-glucose co-transporter 2 
inhibitors and the glucagon-like peptide-1 agonists [198].

Sustained weight loss is typically difficult to attain so a combination of strategies may be neces-
sary. Several studies of lifestyle intervention with or without the use of medications in patients with 
moderate to advanced CKD have suggested renal and other benefits [199–201]. There are also pre-
liminary data from secondary analyses of anorectic medications that suggest renoprotection [202, 
203]. One study performed in patients mostly free of CKD stands out for its design, size and length of 
follow-up [201]. The Action for Health in Diabetes (Look AHEAD) randomized 5145 individuals 
with overweight or obesity and type 2 diabetes to an intensive lifestyle intervention or standard sup-
port and monitored weight loss over time. A secondary analysis reported that after a median of 8 years, 
the intensive lifestyle intervention arm had an average 4 kg greater weight loss and a 31% lower likeli-
hood of developing very high risk CKD as compared to controls. Limitations of this study included 
the small proportion of patients with preexisting kidney disease and a lack of statistical power to 
detect hard endpoints such as development of ESRD.

Bariatric surgery, which offers more profound and sustained weight reduction than nonsurgical 
approaches, has also been studied for its effects on kidney health. The consensus based on several 
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observational studies is that bariatric surgery reduces the risk of a decline in eGFR and/or progression 
to a worse prognostic risk CKD category [204–207] (Fig. 12.4). These findings were also observed in 
susceptible patients with type 2 diabetes [207–209]. However, none of the studies were prospective or 
randomized in nature and, with only one exception, were mostly free of CKD at baseline [204]. In 
addition, none of the studies were adequately powered to detect differences in ESRD or mortality. 
Thus, while bariatric surgery looks promising as a treatment for CKD, additional information is 
needed to strengthen the clinical evidence, particularly when considering the potential risks. While 
the risks of 3-month readmission or reoperation are elevated in patients with CKD and ESRD (as is 
mortality in the latter group) compared to patients without kidney disease, the overall rates are low 
[210]. Longer- term risks including the development of hyperoxaluria, kidney stones, renal oxalosis, 
and irreversible kidney failure that can be observed with certain types of bariatric surgery are less well 
defined though appear to be uncommon [211].

 End-Stage Renal Disease (Stage 5D)

Perhaps because of the “obesity paradox” there has been a reluctance to perform weight reduction 
trials in dialysis patients despite the demonstrated desire of such patients to lose weight [212]. 
Unfortunately, all weight loss medications are contraindicated in ESRD (see Table 12.3). Preliminary 

Table 12.3 Long-term pharmacologic treatment for weight loss approved in the United States

Drug (brand 
name) Mechanism of action

Common adverse 
effects

Kidney-related 
precautions

Dosing adjustment
Stages 3–5
CKD ESRD

Orlistat
(Xenical, Alli)

Lipase inhibitor thus 
inhibiting absorption

Fecal incontinence, 
oily spotting, fat 
soluble vitamin 
deficiency

Reports of acute 
kidney injury 
possibly from 
oxalate 
nephropathy 
[196]

None None

Phentermine/
Topiramate 
(Qsymia)

Sympathomimetic, 
anorexic

Dry mouth, 
constipation, 
parasthesias, proximal 
(type 2) renal tubular 
acidosis, calcium 
kidney stones

Excreted 
primarily via the 
urine

Stage 3: Lower 
maximum dose
Stages 4–5: 
Avoid use

Avoid use

Buproprion- 
Naltrexone
(Contrave)

Inhibits 
norepinephrine/
dopamine uptake, 
opioid antagonist

Nausea, constipation, 
dry mouth, dizziness, 
transient increase in 
blood pressure, 
contraindicated in 
uncontrolled 
hypertension

Excreted 
primarily via the 
urine

Low maximum 
dose

Avoid use

Liraglutide
(Saxenda)

Glucagon-like 
peptide-1 agonist

Nausea/vomiting, 
diarrhea, anorexia

None None (limited 
data – Use with 
caution)

None 
(limited 
data – Use 
with 
caution)

Adapted with permission from [197]
Abbreviations: CKD chronic kidney disease, ESRD end stage renal disease
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evidence suggests that bariatric surgery in dialysis patients offers comparable weight loss to nondialy-
sis patients with a slightly higher risk of perioperative mortality [213]. Bariatric surgery also increases 
transplant eligibility in obese patients on dialysis [214, 215].

 Kidney Transplant Recipients

Small uncontrolled dietary interventions in incident or prevalent transplant patients reduced weight 
gain postsurgery [216, 217], though a recent randomized trial was unsuccessful in doing so [218]. 
Weight-loss medications in kidney transplant recipients should be used cautiously due to drug-drug 
interactions (see Table  12.3). Pharmacokinetic analyses suggest that immunosuppressive dosing 
adjustment may be required after Roux-en-Y gastric bypass [219]. Bariatric surgery appears to be 
effective and fairly safe in inducing weight loss in transplant recipients, though the literature is limited 
by short follow-up, heterogeneity in the surgical interventions, and a lack of suitable comparison 
groups [220].
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Fig. 12.4 Kaplan-Meier curves estimating time to kidney outcomes by surgery group and control group. The estimated 
glomerular filtration rate (eGFR) decline ≥30% outcome was defined as having a follow-up outpatient eGFR ≥30% 
lower than the baseline eGFR value. ESRD was defined as eGFR <15 ml/min/1.73 m2 or treated ESRD per US Renal 
Data System registry. Shaded areas represent 95% confidence interval bounds. (Reprinted with permission from [205])
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 Conclusion

Evidence from laboratory research, human studies, and epidemiologic analyses confirm that the obe-
sity crisis is arguably the largest contributor to the ongoing rise in CKD and ESRD worldwide. Future 
advances in this field will require further elucidation of the underlying pathophysiologic links between 
obesity and kidney disease and clinical trials to determine whether weight loss offers renoprotection 
and how best to tailor available weight loss strategies to fit the needs of individual patients.
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 Introduction

The National Kidney Foundation’s Kidney Disease Outcome Quality Initiative (KDOQI) and Kidney 
Disease: Improving Global Outcomes (KDIGO) have produced a cohort of clinical practice guide-
lines directed toward improving the quality and breadth of care given to patients with chronic kidney 
disease (CKD) [1]. The 2012 Update of KDOQI Clinical Practice Guideline for Evaluation and 
Management of CKD continues the definition and stratification of stages 1–5 of kidney disease using 
estimated glomerular filtration rate (GFR) [2]. This classification system reinforces clinical focus 
from patients near or at kidney failure (stage 5 requiring renal replacement therapy such as hemodi-
alysis or transplantation) to earlier clinical intervention during stages 1–4 which might delay or retard 
progression. By applying this classification system to existing population surveys, it is now 
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conservatively estimated that more than 30 million Americans (one out of seven adults) have some 
risk factors for CKD [3].

Both CKD and cardiovascular disease (CVD) share common risk factors including obesity, dys-
lipidemia, sedentary lifestyle, inadequate blood pressure and diabetes control, and multiple dietary 
factors [4]. Recent analyses have suggested more than a 100% increase in CVD prevalence com-
pared to the general population (65.8% in CKD vs. 31.9% in non-CKD), even when matching for 
gender, race, age, and other confounding risk factors. Stroke risk is estimated to be more than 3x 
greater compared to the non-CKD population. Atrial fibrillation also continues to rise in CKD stage 
5 particularly among older patients and those on dialysis longer. Heart failure continues to rise as 
well in conjunction with the aging population [5]. The Healthy People Initiative 2020, coordinated 
by the United States Department of Health and Human Services, stated a key priority to reduce new 
cases of CKD and its complications (disability, death, economic costs) using screening, education, 
and management activities [6].

Population screening for CKD risk factors continues on a nationwide basis in the United States. 
The screening also addresses CVD risk factors such as hypertension, elevated blood glucose, and 
obesity. These initiatives include the National Kidney Foundation’s Kidney Early Evaluation Program 
(KEEP), the American Kidney Fund’s Know Your Kidneys program, and the National Institute of 
Diabetes and Digestive and Kidney Disease’s National Kidney Disease Education Program (NKDEP) 
[7–9]. This chapter will focus on the nutritional management of CVD in adults with stages 1–5 CKD 
with emphasis on dietary composition.

 Pathophysiology

The pathophysiological scope of CVD is broad. These include any change in cardiovascular health 
that would increase the risk for CVD events such as stroke (cerebrovascular disease), coronary heart 
disease, heart failure, disorders of heart rhythm, atherosclerotic cardiovascular disease, acute coro-
nary syndrome, angina, myocardial infarction, transient ischemic attack, peripheral artery disease, 
and/or angina. Promoting and achieving optimal cardiovascular health will lower the prevalence and 
improve prognosis of CVD events. The American Heart Association has focused on seven core health 
behaviors/factors to reduce the CVD risk, many of which are discussed in greater detail in other chap-
ters: smoking, physical activity (see Chap. 30), diet, weight (see Chap. 12), cholesterol, blood pres-
sure (see Chap. 10), and glucose control (see Chap. 11) [4, 10]. Nutritional management of CVD 
integrates all of these factors.

 Lipid Metabolism

Although elevated serum cholesterol has received the most attention over time in public education 
programs, an understanding of lipid metabolism is important. Dyslipidemia is defined as elevated 
serum levels of lipid components in the blood: total cholesterol (TC), high-density lipoproteins 
(HDL), low-density lipoproteins (LDL), and other lipid particles such as triglycerides [11]. Abnormal 
lipid profiles are seen in kidney function impairment and particularly in protein-losing nephropathies 
such as nephrotic syndrome [12].

Lipid metabolism, specifically cholesterol synthesis, takes place in the liver. The liver produces 
bile which is the primary lipid-reducing agent stored in the gallbladder. Cholesterol can be synthe-
sized in the liver; it can be removed from circulating lipoproteins, and it can also be directly absorbed 
from the small intestine from cholesterol secreted in the bile or from dietary cholesterol. Excess cir-
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culating cholesterol results in hyperlipidemia. Individual variation in lipid response comprises differ-
ences in absorption or biosynthesis of primary and receptor-mediated lipid products that may or may 
not be CKD related. Chronic elevation may lead to deposits on inner arterial walls (fatty plaque) 
resulting in accumulation and atherosclerosis.

The process of reverse cholesterol transport also exists whereby cholesterol may be removed from 
areas of lipid accumulation and returned to circulation. The exact mechanisms responsible, however, 
are still being understood. HDL, as the primary carrier, transports cholesterol back to the liver where 
it is either reused or excreted. This metabolic process uses a cohort of enzymes and protein pathways 
to decrease monocyte penetration of wall sites. Macrophages attract oxidized LDL, which appears to 
increase inflammatory effects [11].

Serum triglycerides, represented primarily as chylomicrons, move into the lymphatic system. 
From this point, they enter directly into blood circulation at the internal jugular and subclavian vein 
junction. The exact role of triglycerides in the CVD process is still evolving [13].

 Other Metabolic Factors

There are several additional CVD contributing factors in CKD including vascular calcification, homo-
cysteine metabolism abnormalities, and inflammation. These factors often develop early in CKD and 
are known to be present in the general population as well. The independent and interdependent rela-
tionships remain under clinical investigation.

The role of calcification and development of atherosclerotic lesions within the context of bone and 
mineral metabolism in CKD is discussed in detail in Chap. 23. Homocysteinemia is another risk factor 
present in CKD. Serum levels increase as much as 30–50% in later stages of CKD and may respond 
to oral folic acid supplementation of 5–10 mg/d. However, no evidence exists for long term cardipro-
tective effect with supplementation. Chronic inflammation is a known CVD risk factor but the specific 
role in reducing CKD has not been defined. Numerous mathermatical formulas have been developed 
to grade risk (i.e., malnutrition-inflammation index) but there is lack of clinical intervention evidence 
to support CVD abatement [14, 15].

 Existing Clinical Practice Guidelines and Peer-Reviewed Recommendations

The National Cholesterol Education Program has published recommended parameters for fasting 
serum lipids for non-CKD adults [16]. The American Heart Association, in their most recent updated 
cholesterol guidelines, assigns a GFR of >60 ml/min/1.73 m2 as normal risk category, and GFR of 
15–59 ml/min/1.73 m2 as high-risk category, regardless of fasting serum values. The emphasis is now 
on more customized CVD risk assessments and interventions based on individual characteristics such 
as age, gender, dialysis vintage, and presence of comorbidities (e.g., hypertension and diabetes), and 
motivation. Algorithms can be downloaded to guide clinical practice choices based on published 
guidelines [10].

The 2016 updated KDOQI lipid commentary suggests that all CKD patients should be managed 
as high CVD risk using existing lipid guidelines for non-CKD high-risk patients [17]. Currently, 
there are no long-term studies of lipid management in CKD patients that provide any additional 
information to direct care. Two systematic reviews and meta-analyses supported the beneficial, 
low-risk effect of dietary and pharmaceutical modifications to reduce the level of serum lipids in 
CKD stages 1–4, but reported no clear benefit in stage 5 [18, 19]. The role of lowering serum lipids 
in stage 5 patients currently on hemodialysis remains unclear. Two major randomized clinical 
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 trials in the dialysis population showed mixed results with cardiovascular outcome. The use of the 
statin rosuvastatin did lower LDL significantly, but did not have any benefit in the combined 
 primary endpoint of death from  cardiovascular cases, nonfatal myocardial infarct, or nonfatal 
strokes in a cohort of over 3000 hemodialysis patients [20]. In the SHARP trial (Study of Heart 
and Renal Protection), a combination therapy of simvastatin plus ezetimibe was used. The overall 
conclusion was that this therapy was effective in reducing atherosclerotic events by 17% in moder-
ate to advanced CKD patients, but the effect on patients already on dialysis was hard to determine 
[21]. In two recent retrospective observational database analyses of dialysis populations, some 
mortality reduction was seen with statin use but findings cannot be applied prospectively [22, 23]. 
Nevertheless, these studies demonstrate evidence of no harm from continuing statin use after ini-
tiation of dialysis.

 Assessment

 Biochemical

Serum lipids should be assessed if the GFR is >60 ml/min/1.73 m2 [12, 14]. Patients may have 
been screened for TC with a nonfasting sample as part of general risk assessment. Ideally, a 
fasting lipid profile should be obtained. The lipid profile should include TC, HDL, LDL, and 
triglycerides. Goal ranges as shown in Table 13.1 are the same as the general population. Values 
reported outside of reasonable laboratory parameters should be repeated for reliability. 
Instructions for at least a 12-h fast should be reinforced with the patient prior to blood draws for 
highest accuracy [16].

Serum lipids should be drawn annually or whenever a treatment change warrants reassessment of 
effect. Serum lipid patterns may change during CKD stages. The ramifications of the duration of lipid 
abnormalities and their relationship to later CVD risk are unknown. When hyperlipidemia is particu-
larly resistant to standard treatment, the clinician may consider additional biochemical testing for 
contributory inflammatory markers such as high sensitivity C-reactive protein (CRP) [10, 16]. Hidden 
sources of infection should be investigated (i.e., foot and nail infection particularly in diabetics) and 
advanced periodontal disease.

If the GFR is 15–59 ml/min/1.73 m2, patients should be treated as high risk regardless of serum 
values. No lipid screening is recommended and no follow-up blood draw is indicated. Rather, the 
patient is treated as high risk and interventions are initiated [12, 17]. For a more detailed discussion 
of CKD biochemical assessments, refer to Chap. 5.

Table 13.1 Goals for fasting serum profiles from the National 
Institutes of Health’s National Cholesterol Education program 

for non-chronic kidney disease

Fasting parameter Optimal

Total cholesterol <200 mg/dl (5.2 mmol/L)
LDL cholesterol <130 mg/dl (3.4 mmol/L)
HDL cholesterol >60 mg/dl (1.5 mmol/L)
Triglycerides <150 mg/dl (1.7 mmol/L)

Adapted from [16]
Note: American Heart Association and the Kidney Disease 
Outcome Quality Initiative designates any patient with chronic 
kidney disease (GFR <60) as high risk regardless of fasting 
serum profile [10, 12]
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 Physical

Measured, rather than self-reported, height and weight should be recorded. The body mass index 
should be calculated and compared to standardized tables for baseline assessment. Patients with fluid 
accumulation such as edema, amputees, or other body composition imbalances need special adapta-
tions to standardized formulas [15]. Newer emphasis has been placed on waist-hip circumference as 
a more predictive measure of body composition. General adult guidelines are a maximum waist cir-
cumference of 102 cm (40 in.) for men and 88 cm (35 in.) for women. Physical assessment should 
include an evaluation of recommended cardiac activity level and intensity based on the 2018 Physical 
Activity Guidelines for Americans in preparation for lifestyle intervention [25]. For a more detailed 
discussion of physical activity assessment, refer to Chap. 30.

Patterns of body composition have received some attention in the literature. Ideally, individuals 
should have optimal lean muscle mass in proper proportion to adipose tissue to achieve a body mass 
index comparable to a healthy body weight. Serum triglycerides are often elevated in conjunction with 
obesity and metabolic syndrome [11, 15]. There are several handheld instruments that can be used to 
estimate lean body mass with individual strengths and weaknesses on reliability and validity of data 
over time. Employing a single instrument to track changes of an individual over time using their own 
baseline to measure progress may be more consistent and reliable rather than comparing to a hetero-
geneous group mean or trend. Adipose tissue location, particularly abdominal fat stores estimated by 
waist circumference, has also been used in cardiovascular risk factor evaluation. For more detailed 
discussion of anthropometric assessments, refer to Chap. 4.

A detailed medical history should be taken including but not limited to prior laboratory values, 
family history of associated lipid or vascular disorders, comorbid conditions, and current medications 
[26]. If possible, a nutrition-focused physical exam should be performed to provide more detailed 
information on other risk factors (see Chap. 6).

 Nutritional

A registered dietitian will be most able to evaluate the dietary intake and recommend specific food 
changes to promote CVD risk reduction. Dietary intake patterns can be assessed by one of the many 
methods. Specific attention should be given to the type of fat consumed by saturation level, pattern of 
fat consumption throughout the day, and the use of fat in food preparation. Detailed information from 
a computer analysis of nutrient content from a food record or food frequency questionnaire may be 
difficult to obtain [26]. Many patients prefer to complete a picture food log of all foods consumed in 
a single day using their smartphones as a more interactive assessment method. Patterns in food intake 
will provide a higher degree of dietary understanding and assessment than a single day of intake (see 
Chap. 7).

 Intervention

 Lifestyle

The 2018 Physical Activity Guidelines for Americans recommends establishing a consistent daily 
physical activity pattern for all adults. Sustained cardiac activity will promote the use of circulating 
lipids for energy, rather than storage as atherosclerotic deposits. Also regular exercise to achieve a 
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sustained cardiovascular benefit heart rate level may reduce serum fat particle size [5]. Patients can 
visually understand this exercise principle if a bottle of salad oil combined with red vinegar is shown 
first in a resting state of separated layers and then shaken (as in exercise) to distribute and reduce the 
fat particle size.

The increased cardiac output and corresponding muscle strength generally have a minimal risk 
when undertaken within the context of daily activities found in the home (climbing stairs, walking, 
vacuuming, carrying groceries). CKD patients should be evaluated for anemia and potential deficien-
cies (i.e., iron, folic acid, vitamin B12) that can reduce the oxygen-carrying capacity of the blood and 
exhibit symptoms of fatigue. The use of erythropoietin, the kidney hormone decreased in CKD, 
should be administered and monitored using updated KDIGO guidelines [7].

The 2018 Physical Activity Guidelines for Americans encourages moderate intensity daily activi-
ties while discouraging “sitting time,” even for individuals with chronic disease. Further recommen-
dations include varying the intensity of the activity such as 10-min or more faster increments of speed 
as well as a longer duration of lower intensity [25]. Any physicial activity needs to be individualized 
for adherence and compliance over time. Most physical behaviors require a period of adaptation and 
variety in order to become sustainable.

A simple pedometer can be used to record steps taken per day. Steps can be used as a simple 
method of distance but not intensity of activity. For sedentary patients, this may be a good first effort 
to assess baseline activity. Steps can also be tabulated using smartphone apps or other mobile devices 
worn on the wrist. Complicated models monitoring stride distances are not necessary. Although the 
accuracy between pedometers/measures has been shown to be variable, the use of the same method by 
the same patient on a daily basis minimizes variability and provides a consistent baseline measure-
ment upon which to monitor physical activity. Physical activity can be increased by small increments 
of as few as 100–250 steps per day until the minimal goal has been reached or as higher goals are 
attained. The use of any measuring device should become routine over time. The placement of the 
measuring device in relation to the hip flex movement is important to obtain accurate and consistent 
results.

To sustain motivation, many individuals benefit from pairing with a “walking buddy” or walking/
activity group or class to provide continuous support and motion opportunities. For example, indi-
viduals who own dogs often increase their daily walking frequency and distance when compared to 
individuals who do not. Social support generally has been shown to decrease relative risks of death in 
both the general and chronic disease populations. Refer to Chap. 30 (Physical Activity and Exercise 
in Chronic Kidney Disease) for more detailed information.

Other lifestyle changes to reduce CVD risk include cessation of smoking, control of blood glucose 
and diabetic control (see Chap. 11), and weight maintenance (see Chap. 12).

 Dietary

The Dietary Approaches to Stop Hypertension (DASH) study provided evidence to support weight 
reduction as an evidence-based strategy to aid in blood pressure control (see Chap. 10). As part of this 
plan, emphasis is placed on choosing sources of unsaturated dietary fat to support reduction of serum 
lipids as well [8]. Adaptations may be required in CKD stages 1–3 but the reduction in protein por-
tions may aid in slowing CKD progression. Feasibility in CKD 4–5 (predialysis) may be more diffi-
cult and not applicable for stage 5 adults on hemodialysis. The increase in dairy products may increase 
serum phosphorus. The increase in fruits and vegetables may decrease serum triglycerides by reduc-
ing simple sugars but may increase dietary potassium. Serum electrolytes should be monitored in later 
stages of CKD.
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A single educational session will not be sufficient to enact a dietary change. Routinely scheduled 
long-term monitoring is required. The services of a registered dietitian delivered to Medicare-eligible 
patients diagnosed with diabetes and kidney disease prior to dialysis are reimbursable with a referral 
from their treating physician [26]. Patients undergoing dialysis therapy are covered for nutritional 
services within the center where they receive treatment. This professional assessment and ongoing 
monitoring are essential to attain the dietary goals.

The general dietary principles to treat CVD risk by diet in CKD stages 1–5 are shown in Table 13.2. 
The key component of dietary intervention is the type and amount of fat consumed with emphasis on 
reducing saturated and trans-fatty acid content. The type and amount of simple carbohydrate is also 
important when treating elevated serum triglycerides. Adequate protein is needed to maintain protein 
stores yet balance the amount and type of protein to the level of kidney function. These general popu-
lation goals are appropriate for both healthy and CKD individuals [10, 26, 28]. As such, the integra-
tion of diet modifications can be beneficial to both the individual as well as other individuals living 
within that household, potentially maximizing the benefit and compliance to everyone.

Table 13.2 Summary of dietary recommendations to reduce CVD risk in CKD stages 1–5

Dietary modification Intervention method Anticipated change

Match energy intake to energy 
output

Calculate and implement amount of calories required using 
goal body weight

Attain and maintain 
healthy body weight

Match caloric distribution 
among diet components

Provide adequate dietary protein while providing sufficient 
total calories

Maintain normal 
serum albumin

Emphasize quality of protein when quantity is limited to 
potentially retard progression

Decrease risk of 
protein-calorie 
malnutrition

Decrease total fat calories to 
≤30% of total calories

Decrease total fat calories consumed from all dietary 
sources

Normalize serum 
lipids

Decrease total cholesterol 
intake to <300 mg/day

Reduce intake of dietary cholesterol (i.e., egg yolks, animal 
fats); substitute whole milk dairy products with skim and 
low-fat alternatives; replace egg yolks with egg substitute 
products

Normalize serum 
cholesterol

Decrease saturated fat calories 
to <7% of total calories

Decrease intake or avoid saturated fats (i.e., animal fats, 
butter, full fat dairy products, mayonnaise, avocado, tropical 
oils such as palm and coconut)

Decrease LDL

Change the type of fats used in 
food preparation

Promote intake of nonhydrogenated vegetable oils (peanut, 
canola, olive) or nut oils (walnut, flaxseed)

Decrease LDL

Increase the use of 
monounsaturated fats within 
total fat intake amount

Promote use of olive oil, sunflower oil, canola oil Increase HDL

Increase the use of omega-3 
fatty acids within total fat 
intake amount

Increase consumption of green leafy vegetables, flaxseed, 
nuts (almonds, walnuts), and use of fatty fish 1–2 servings/
week

Increase HDL

Avoid use of trans-unsaturated 
fatty acids

Avoid commercially fried foods, hydrogenated fats, 
partially hydrogenated vegetable oils and margarines, and 
processed foods containing these fats

Decrease LDL
Increase HDL

Decrease total calories to 
achieve weight loss

Calculate and implement amount of calories required to 
achieve reduction in current body weight to goal body 
weight

Decrease in body 
weight
Decrease in serum 
triglycerides

Decrease intake of simple 
sugars and alcohol 
consumption

Promote consumption of low glycemic intake foods; reduce 
or eliminate alcohol consumption

Decrease in serum 
triglycerides

Adapted from [10, 12, 15, 29]
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 Determination of Nutrition Prescription

General guidelines suggest reducing total fat calories but also assume individuals will not consume 
more calories per day than they need to attain or sustain a healthy weight. The estimation of the 
amount of daily dietary fat to be consumed should be based on a reasonable body weight. Obesity 
will be promoted or sustained using the current body weight if presently at obese or overweight 
levels. Body mass index of 25–29.9 kg/m2 is considered overweight by government guidelines. The 
consumption of “empty” calories will contribute to overall non-lean body mass. The definition of 
“healthy” weight in many patients within the context of chronic disease has challenges of its own, 
and the use of formulas contained in the KDOQI guidelines have been shown to be used inconsis-
tently in practice [24].

Recent literature from the chronic dialysis population (CKD stage 5) has shown a trend toward 
greater survival at higher body weight levels compared to normal and underweight levels. Although 
the exact mechanism is not fully understood, this “J-curve” observation may be related to the cushion 
of additional body fat stores available for energy during concurrent hospitalization or stress periods. 
It is important to maintain a reasonable body weight during CKD stages 1–4 and avoid malnutrition 
when progressing to CKD stage 5. The exact benefit or need for a “cushion” of fat stores and muscle 
mass, however, has yet to be determined [30].

 Amount and Type of Dietary Fat

The balance of diet composition between fat, carbohydrate, and protein should be individualized by a 
registered dietitian, customized to level of kidney function and patient direct interaction. A typical 
2000 kcal per day diet focused towards CVD risk reduction should contain ≤30% total fat. This is 
calculated as 600 kcal (30% of 2000 kcal and 600/9 kcal/g of fat) which equals approximately 66 g or 
less of total fat per day. Guidelines suggest no more than 7% of total calories (140 kcal or 16 g of fat) 
should come from saturated fat [10, 12, 16].

Saturated fat has more hydrogen bonds than polyunsaturated and monounsaturated fat. Typically, 
saturated fat remains solid at room temperature (such as animal fat from meat, lard, butter), whereas 
unsaturated fat is softer or liquid at room temperature (such as vegetable oils or tub compared to stick 
margarine). These hydrogen bonds are more difficult to break down and metabolize, thus circulating 
as larger fat particles in the serum. The composition of the diet should be changed to encourage the 
intake of predominantly polyunsaturated and monounsaturated sources within the total daily fat 
intake.

Trans-fatty acids have been altered during processing to change the natural cis configuration (the 
most unsaturated version) to the trans configuration (primarily to increase shelf life). Trans-fatty acids 
function as saturated fatty acids during metabolism and have been implicated in reducing HDL and 
increasing LDL cholesterol [11]. They are found predominantly in processed foods to promote shelf 
life (cookies, crackers, baked goods). A general trend has been to increase public awareness of and to 
reduce the amount of trans-fatty acids in the food supply.

Monosaturated and polyunsaturated fats should comprise the majority of diet intake. Omega-3, 
n-6, and n-9 fatty acids should be emphasized. Simple choices such as the use of canola oil and olive 
oil can be practical diet choices. Fish oil dietary supplementation does not replace healthy fat choices 
in the overall diet [10, 15].

Nutrition labels allow for rounding of fat grams on a label to 0.5 or 0 g if that food contains less 
than 5 g of fat per portion, and rounding to the nearest 1 g if the food contains more than 5 g of fat per 
portion. If a consumer uses the nutrition label as the general guide to counting fat grams per day, the 
accuracy of their estimate can be proportionate to the number of food items they consume each day. 
Nutrition labels in the United States must now also contain trans-fatty acid composition [31]. The 
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American Heart Association has a Heart-Check Mark Food Certification Program [32] with specific 
nutritional guidelines that aid consumers in selecting a wide variety of foods that meet the nutrition 
prescription discussed in this chapter.

 Incorporation of the Type of Carbohydrate, Dietary Fiber, and Plant Sterols

Replacement of simple carbohydrates with more complex dietary sources in conjunction with weight 
reduction has been shown to decrease serum triglycerides [11, 13, 15]. Pending United States food 
label changes will require “added sugar” to help compare to natural sugar occurring in the food item 
[31]. The level of dietary fiber has generally decreased in the Western diet pattern with the increased 
consumption of refined foods, higher animal protein, and lower plant sources. Increasing dietary fiber 
and including plant sterols in the diet have also been identified as effective dietary interventions to 
address hyperlipidemia [15, 16, 29].

Increasing the consumption of dietary fiber to levels of 20–30 g/day has been linked to lower LDL 
levels. Soluble fiber binds to bile acids which may decrease the absorption of cholesterol. Both solu-
ble and insoluble fiber may also decrease the gastrointestinal transit time which may improve insulin 
sensitivity by slowing carbohydrate absorption. Insoluble fiber is found primarily in wheat products 
but may be less effective on LDL serum levels than soluble fiber. Soluble fiber is found in a wide 
variety of foods including barley, bran, raw or partially cooked fruits and vegetables, nuts and seeds, 
and oats and oatmeal. A wide variety of over-the-counter psyllium capsules and soft fiber equivalents 
are available as alternatives or supplements to dietary modification. Fiber intake should be increased 
gradually over time in conjunction with liberal fluid intake to decrease gastrointestinal symptoms 
until the gut adapts to a higher load [15, 16]. Excess dietary fiber intake by diet or supplements can 
result in negative effects of gastrointestinal symptoms and potential malabsorption of selected 
 nutrients. Dietary fluid and potassium restrictions will require adaptations when progression to CKD 
stage 5 is eminent [26–28].

Plant sterols and their stanol esters are naturally present in small quantities in plant sources. Most 
research has been done in soybean derivatives where they have been chemically concentrated to pro-
duce commercial products marketed as butter or margarine substitutes. Plant sterol esters in this new 
format which exceed what can be consumed by diet alone have been shown to potentially lower LDL 
in the general population. Clinical trials have included more than 1800 people with doses of up to 
25 g/day. No clinical studies have been done in CKD patients, but they are rated as a safe food-grade 
additive. A daily intake of approximately two tablespoons consumed as part of two separate meals per 
day (total 2–3 g/day) is the recommended dose with no evidence that higher levels produce a greater 
effect [29]. Refer to Chap. 31 for detailed discussion of dietary patterns.

 Pharmacological

Drug intervention for CVD risk reduction includes anticoagulation and lipid-lowering focus. A recent 
summary of the controversies on the use of anticoagulant therapies in CKD reviewed the challenges 
involved to reduce the stroke risk while balancing bleeding issues in the CKD population [33]. Green 
leafy vegetables (spinach, kale, broccoli) are high in vitamin K which may affect the coagulation 
profile in warfarin.

There are several classes of drugs used for reducing serum lipids as shown in Table 13.3. The 
majority of early stage CKD adults (stages 1–3) are typically followed by non-nephrologists. The 
AHA/ACC(American College of Cardiology) general lipid management guidelines for the non-CKD 
population are applicable to this population [10]. A recent overview focused on the controversies 
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regarding lipid management in CKD [17]. Special considerations may need to be given to older age 
(>70 years of age), those with known CKD/CVD risk, and post-kidney transplant patients. The 2013 
KDIGO clinical practice guidelines for lipid management in CKD recommended adults ≥50 years of 
age with nondialysis dependent CKD be treated with a statin or statin plus ezetimibe regardless of 
lipid (LDL-C) levels. The guidelines did not recommend initiation of a statin for adults undergoing 
renal replacement therapy (CKD stage 5) but suggested that prior statin prescriptions could be contin-
ued and monitored as part of standard of care [12, 17].

Each drug has a unique mechanism by which it changes lipid metabolism or absorption. The most 
common mechanism is metabolically blocking the enzymes that aid in the manufacture of cholesterol. 
Others use a variety of mechanisms to change the way in which dietary cholesterol is absorbed. All are 
taken orally and use the gastrointestinal tract as an important metabolic medium. A complete drug inter-
action analysis should be performed by a registered pharmacist at regular intervals to monitor potential 
problems. For example, some statins interfere with the absorption of drugs such as immunosuppressive 
agents such as cyclosporine. Refer to Chap. 9 for detailed discussion of drug-nutrient interactions.

The strongest evidence for the use of statins (HMG CoA reductase inhibitors) is in CKD stages 1–4 
[18, 19]. All agents should be evaluated and monitored for drug–nutrient interactions, side effects, and 
tolerance in CKD stages 1–5. As noted earlier, retrospective analyses of patients undergoing dialysis 
showed no harm in continuing a prescribed statin [22, 23].

Regular bowel habits will promote the efficacy of many of these oral drugs. The gastrointestinal 
tract can increase absorption of specific dietary components such as potassium in CKD as a compen-
satory mechanism to decrease absorption–reabsorption by the kidneys. Constipation may be a  problem 
due to lower fluid intake and binding features of concurrent drugs such as phosphate binders in later 
stages of CKD.

Table 13.3 Summary of selected pharmacological agents to address dyslipidemia in CKD stages 1–5

Mechanism of action/drug class
Selected pharmacological agent by 
generic name Brand name

Oral agents
Bile acid sequestrants Cholestyramine Questran

Cholestipol Colestid
Colesevelam Welchol

Fibric acid Fenofibrate Tricor
Gemfibrozil Lopid

Statins Atorvastatin Lipitor
Fluvastatin Lescol
Lovastatin Mevacor, Altoprev (extend release)
Pitavastatina Livalo
Pravastatin Pravachol
Rosuvastatin Crestor
Simvastatin Zocor

Cholesterol inhibitor Ezetimibe Zetia
Nicotinic acid Niacin Niacor, Slo-niacin (sustained release), 

Niaspan (extended release)
Combinations Ezetimibe and simvastatin Vytorin

Niaspan and lovastatin Advicor
Injectable Agents
Proprotein convertase subtilisin/
kexin type 9

Alirocumab+ Praluent
Evolocumab+ Repatha

Adapted from [10, 12, 17, 34, 35]
aContraindicated in impaired renal function
+Not studied in CKD population
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A new class of injectable proprotein convertase subtilisin/kexin type 9 agents have recently been 
introduced for biweekly administration. Their development focused on heterozygous familiar hyper-
cholesterolemia, an inherited disorder of elevated LDL increasing the risk of atherosclerotic lesions 
[34, 35]. The clinical trials did not include CKD patients. One of the drugs (alirocumab) did not affect 
serum creatinine but the half-life of the drug was reduced when administered with a statin [34].

The type of pharmacological intervention used is not as important as the attainment of the overall 
goal of lipid reduction. Each drug has specific potency effects, doses, and safety data. A variety of 
options may be necessary to achieve compliance within financial and administration issues while 
avoiding side effects and potential complications. Dietary and pharmacological intervention should 
be used together to maximize lipid reduction effect as their mechanisms of action are complementary, 
not competitive [10, 12, 17].

 Conclusion

The diagnosis of CKD implies a high CVD risk. The reduction of CVD risk in CKD stages 1–5 
requires a multifactorial healthcare team approach. Practitioners need to use comprehensive assess-
ment techniques to evaluate and individualize treatment at every step to the unique needs of the 
patient. Intervention strategies that include physical activity, dietary changes, and pharmacological 
options need to be continually monitored to achieve goals. The skills of a registered dietitian nutri-
tionist are necessary to provide the support and continuous balance of nutritional components to 
modify existing habits and promote new patterns. A strong integrated health team approach is neces-
sary to diagnose, evaluate, and treat CVD risk throughout the CKD stages. Evidence-based clinical 
practice guidelines provide templates upon which to plan and coordinate quality care.

 Case Questions and Answers

Learners are encouraged to adapt the case study outline to reflect their own practice experience to 
individualize to their professional setting.

Visit 1:
Mr. Jones, age 45, arrives as a new patient in the general medicine clinic.  He has no specific com-
plaints or symptoms.  He is coming at the insistence of his adult son who was recently diagnosed 
with high blood pressure.  Height 68 inches, weight 260 lbs (118 kg), sitting blood pressure 155/90 
mmHg.  A follow-up appointment is scheduled in two weeks.

 1. What biochemical tests should be ordered before the next visit?
Answer:

• Metabolic screening panel to assess diabetes, liver, and renal function status
• Lipid profile
• Urine screening for proteinuria

 2. Identify additional information needed to evaluate CKD and CVD risk factors.
Answer:

• Calculation of eGFR
• A detailed medical history including but not limited to prior laboratory values, family history of 

CVD/CKD
• An initial evaluation and current understanding of blood pressure as a risk factor
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 3. What initial nutritional management might be planned for this visit or in preparation for the next 
visit?
Answer:

• Initial discussion of Table 13.2 parameters
• Perform nutrition-focused physical examination, if time allows
• Assign diet assessment by written or picture food log (daily camera/phone record of food con-

sumed for 1–2 days) for completion by the next visit
• Invite involvement of other family members who have health/food support role to come to the 

next visit

 4. What pharmacological interventions might be considered?
Answer:

• Consideration of diuretic as first-line agent for blood pressure control

Visit 2:
During the next visit two weeks later, the following fasting laboratory values are reported: serum glucose 
(100 mg/dl; 5.5 mmol/L), HbA1c (5.0%), fasting lipids (TC 226 mg/dl/5.85 mmol/l; LDL 132 mg/dl/3.4 
mmol/l; HDL 32 mg/dl/0.82 mmol/l; triglycerides 310 mmol/l;3.5 mmol/l); estimated GFR 75 ml/
min/1.73 m2. Blood pressure is 140/80. Mrs. Jones, who does most of the food preparation, is present.

 1. Identify key nutritional management activities that might be applicable.
Answer:

• 2016 updated KDOQI commentary suggests that all CKD patients should be managed as high 
CVD risk

• Nutrition-focused physical examination if not completed on first visit
• Focus can begin by review of picture food log, if available, with education on relationship of 

type of fat to CVD disease using Table 13.2
• Discussion on weight management principles to reduce BMI and correlation to disease reduc-

tion risk
• Referral to individual nutritional counseling plan and awareness of group support activities/

classes
• Incorporation of digital/social/electronic app and education resources

 2. Identify the stage of CKD for Mr. Jones.
Answer:

• Estimated GFR of 75 ml/min/1.73m2 is Stage 2 (mild CKD GFR 60–89 ml/min)

 3. Identify key CVD risk factors with appropriate actions/goals.
Answer:

• Comparison of lipid levels to Table 13.1 for CVD risk along with BMI
• Diet composition, weight reduction, and pharmacological interventions should be considered as 

action and goal key points

 4. Evaluate the pharmacological intervention(s).
Answer:

• Evaluation of compliance, tolerance of diuretic prescription
• Adding statin prescription should be considered using Table 13.3

Visit 3:
The follow-up visit in three months documents a blood pressure of 130/70 and a weight of 240 lbs 
(109 kg). Mr. Jones reports he is going to “start” walking when the weather gets better.

J. A. Beto et al.



235

 1. Plan a set of individualized goals for Mr. Jones including follow-up and monitoring.
Answer:

• Continue diet awareness and weight loss progress using Table 13.2. (20 lbs lost in past 3 months)
• Discuss new weight loss target for the next 3 months
• Discuss activity and relation to CKD and CVD risks
• Reinforce blood pressure correlation to weight loss and activity
• Reinforce diet composition changes and blood pressure to CVD and CKD risks

 2. Postulate the results of a dietary assessment and actions to reduce CVD risk based on your 
assessment.
Answer:

• Reinforce diet composition changes, particularly the type of dietary fat
• Review the efficacy of diet/activity resources and provide new options to encourage sustained 

or new approaches to current action goals

 3. Identify the strengths and barriers to achieve your planned goals for Mr. Jones.
Answer:

• Strengths: Family support; stated action plan to “start walking”; initial weight loss; blood pres-
sure control; medication compliance in relation to blood pressure and statin

• Barriers: Not currently walking; comparison of self in relation to family actions; the presence 
or absence of family members at follow-up visits; sustaining motivation factors; availability of 
pedometer or phone app for steps/day awareness of daily lifestyle patterns

 4. Evaluate the pharmacological intervention(s).
Answer:

• Assessment of tolerance and compliance to current pharmacy strategies based on Table 13.3
• Plan for repeat lipid profiles to assess the efficacy of statin prescription to Table 13.1

• Reinforce diuretic or current medication for blood pressure control
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Part IV
Chronic Kidney Disease in Adults 

Treated by Renal Replacement 
Therapies

Medical nutrition therapy (MNT) for patients with varying stages of chronic 
kidney disease (CKD) is at the forefront of nutritional management of the 
disease. These patients are a heterogeneous group who require different treat-
ment strategies including nutrition support, depending on the stage of the 
disease (i.e., 1–5D), the concurrent comorbidities, and treatment modalities 
(i.e., maintenance hemodialysis, peritoneal dialysis, and kidney transplanta-
tion). During the early stages of CKD (1–3), the goals of MNT are to prevent 
protein-energy wasting (PEW) and/or protein-calorie malnutrition (PCM), to 
maintain an optimal nutritional status, to prevent cardiovascular disease and 
bone disease, and to retard progression of the disease. A moderate- to low- 
protein diet with an adequate energy intake is recommended for patients dur-
ing the early stages of CKD. As the stage of the disease progresses to 4–5 
(non-dialysis), a low-protein diet is recommended and the goals of MNT are 
the same as the earlier stages with the addition of reducing or controlling 
symptoms of uremia. An optimal nutritional status during this stage is critical 
since a poor nutritional status at the start of dialysis is a predictor of poor 
outcome. Once dialysis begins (stage 5D), the purpose of MNT is to prevent 
or treat PEW and/or PCM; to reduce accumulation of fluid, waste products, 
potassium, and phosphorus; and to prevent cardiovascular and bone disease.

The chapters in this section include the updated KDOQI/Academy evidence- 
based clinical practice guidelines for nutrition in chronic kidney disease. In 
addition, a case study is included at the end of each chapter to evoke critical 
thinking in the reader and to foster further learning about the nutritional man-
agement of the specific stage of kidney disease and renal replacement therapy.

Harvey discusses medical nutrition therapies for patients with non-
dialysis- dependent CKD (i.e., stages 1–5) including healthy eating patterns 
such as plant-based diets and the Mediterranean and DASH diets. Furthermore, 
topics such as anemia management and a low-antigen diet for treating IgA 
nephropathy are addressed. Nutritional management of patients receiving 
renal replacement therapies (i.e., hemodialysis, peritoneal dialysis, and trans-
plantation) are presented in chapters by Blair, Patel and Burrowes, and 
Pieloch, respectively. Lastly, because of the importance of nutritional man-
agement in preventing and treating PEW and/or PCM in maintenance dialysis 
patients, a chapter is dedicated to nutrition support in this population. Chan 
presents an in-depth review of oral and enteral nutrition supplements, intra-
dialytic parenteral nutrition (IDPN), intraperitoneal nutrition (IPN), enteral 
tube feedings, and total parenteral nutrition (TPN).
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Chapter 14
CKD Stages 1–5 (Nondialysis)

Katherine Schiro Harvey

Keywords Diet quality · Malnutrition · Protein restriction · Energy needs · IgA nephropathy · Anemia  
Diabetes · Comorbid conditions

 Introduction

Chronic kidney disease (CKD) is a worldwide public health problem and a progressive, debilitating 
condition. In the United States, it is estimated that 15% of the population have CKD, equivalent to 37 
million Americans or one in seven adults [1]. Most individuals with CKD are unaware that they have 
the disease, as the symptoms are “hidden” until it has progressed to later stages and complications 
become apparent. The National Kidney Foundation Kidney Disease Outcomes Quality Initiative 
(NKF KDOQI) defines CKD as abnormalities of the kidney structure or function lasting longer than 
3 months, with implications on health [2]. Additionally, a greater than 3-month reduction in kidney 
function as estimated by the glomerular filtration rate (GFR) and the presence of proteinuria are 
included in the definition (Table 14.1) [3]. The stages and prevalence of CKD are detailed in Chap.1.

Approximately 750,000 people in the United States have Stage 5 CKD and are receiving main-
tenance dialysis or received a transplant [4]. Most people with CKD (>29 million) are at stages 1 
through 4, at the risk of progressing to stage 5. But the risk is even greater that they will develop 
comorbid conditions associated with CKD and die prematurely. The NKF recommends that all 
individuals at high risk of CKD should be screened regularly through assessment of markers of 
kidney damage and GFR [5]. Appropriate interventions should be initiated to prevent development 
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and/or progression of CKD, and treat complications. Primary and secondary risk factors for CKD 
are listed in Table 14.2.

Certain ethnic populations that have high rates of diabetes or high blood pressure are at an 
increased risk of CKD, such as African Americans, Hispanics, Asians, Pacific Islanders, and 
Native Americans. The prevalence of CKD is 1.5–3 times higher in these groups compared to 
whites [5].

CKD involves complex, comorbid conditions, including malnutrition, diabetes, cardiovascular 
disease (CVD), hypertension, dyslipidemias, and bone and mineral metabolism disorders (BMD). 
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Table 14.1 Chronic kidney disease prognosis and stagesa

Green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk; orange, high risk; 
red, very high risk.
aReprinted with permission from Inker et al. [3]

Table 14.2 Risk factors for chronic kidney diseasea

Primary risk factors for chronic kidney 
disease Secondary risk factors for chronic kidney disease

Diabetes Obesity
High blood pressure Autoimmune diseases
Family history of chronic kidney disease Urinary tract and/or systemic infections
Age 60 years or older Overuse of over-the-counter painkillers or exposure to toxic 

chemicals
Ethnic groups Kidney loss, damage, injury, or infection

aCreated with data from [5]
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Nutrition plays a significant role in CKD treatment as CVD, hypertension, obesity, and diabetes are 
related to a sedentary lifestyle and a high processed food diet. Therefore, Medical Nutrition Therapy 
(MNT) is the cornerstone treatment for managing CKD and its complications. People with CKD 
who receive MNT provided by an expert renal dietitian show less decline in GFR compared to those 
who do not receive MNT; they have better markers of nutrition health, improved survival, and 
decreased health care costs [6–8]. Clinical guidelines recommend that all individuals with CKD 
receive expert dietary advice and information tailored to their specific individual situations [3, 9]. 
This chapter discusses nutrition therapies appropriate for CKD stages 1–5 (nondialysis) which can 
reduce comorbid complications, and slow the progression to stage 5 dialysis. Additional informa-
tion for treating those with hypertension, diabetes, obesity, and CVD is discussed in Chaps.10, 11, 
12, and 13.

 Quantity vs. Quality

Traditional diet therapies for CKD focus on adjusting specific nutrients (protein, sodium, phosphorus, 
potassium) in the diet to help manage and balance blood chemistries and prevent buildup of toxic 
wastes. Diets typically include small amounts of animal protein foods, along with limited amounts of 
fruits and vegetables, and avoidance of whole grains and dairy foods. Extra fats and sugars may be 
added to maintain calorie intake and satiety. Although these diets provide the appropriate mix of pro-
tein, calories, sodium, potassium, and phosphorus, they are generally not considered “healthy” by 
current nutrition standards. Over the past several years, research has emerged demonstrating that the 
total diet quality may be more important and effective in treating CKD compared to limited specific 
nutrition quantities [10–13]. Healthy diets based on a variety of whole grains, vegetables, fruits, plant 
proteins including legumes and nuts, fish, poultry, low fat dairy foods, and plant-based oils are show-
ing promise both in preventing CKD, reducing its complications, and slowing progression to dialysis. 
Large population studies have evaluated vegetarian diets, Mediterranean diets and the Dietary 
Approaches to Stop Hypertension (DASH) diet, all showing effectiveness in treating and preventing 
CKD [10–13]. Studies focusing on increased intake of fruits and vegetables in CKD show improved 
acid/base balance and decreased uremic toxins [14–16]. Therefore, current CKD diet recommenda-
tions include emphasis on eating patterns consistent with the overall diet quality rather than just limit-
ing nutrients. Within food groups, specific food choices may be required to balance sodium, potassium 
and phosphorus levels, but there is little evidence that avoiding total food groups such as whole grains, 
legumes, or dairy foods is warranted. Nutrition therapies must be monitored to provide adequate calo-
ries and protein, but also a variety of whole foods consistent with overall healthy diets.

 Malnutrition in CKD

Improving and/or maintaining nutrition health in people with CKD is a priority of MNT. Protein 
energy malnutrition (PEM  – malnutrition due to the lack of calories and nutrients) or protein-
energy wasting (PEW – decreased body lean and fat tissue stores related to inadequate nutrient 
intake and also metabolic conditions such as acidosis, inflammation, and anemias) at the start of 
dialysis therapy is associated with increased mortality, as evidenced by a variety of markers of 
nutritional health. Early studies by Held showed that the relative risk of death more than doubled in 
subjects who began dialysis with serum albumin less than 2.5 g/dL compared with those who began 
dialysis with albumin greater than 4.0 g/dL [17]. Kopple reported that both average calorie intake 
and body mass index (BMI) in people with CKD tend to decrease as GFR declines [18]. Ikizler has 
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shown that protein intake also declines with GFR [19]. More recent studies report that low energy 
and/or protein intake are associated with a significant decline of nutritional parameters and an 
increased risk of morbidity and mortality [20]. Studies by Fried and O’Sullivan report that reduced 
lean body mass is an important measure for protein deficit and is also predictive of increased mor-
tality in this patient population [21, 22].

Metabolic acidosis is common in CKD and is associated with increased protein catabolism. The 
degradation of essential branched chain amino acids and muscle protein is stimulated during meta-
bolic acidosis, resulting in muscle catabolism and suppression of albumin synthesis [23]. Evidence 
strongly suggests a chronic inflammatory state in CKD, especially as the GFR drops below 60 ml/
min/1.73 m2. Inflammation is associated with anorexia, increased skeletal muscle protein break-
down, increased whole body protein catabolism, cytokine mediated hypermetabolism, and disrup-
tion of growth hormone and insulin-like growth factor-1(IGF-1) axis leading to decreased 
anabolism [24].

Overall, as the GFR drops below 60 mL/min/1.73 m2 (stage 3), both calorie and protein intake 
spontaneously decrease [18, 19]. Even though there is a lack of data regarding optimal dietary and 
energy patterns in order to slow the progression of CKD and maintain proper nutritional status, it is 
critical that nutrient intake be assessed and appropriate recommendations made in the earlier stages 
of CKD to prevent and treat PEM and PEW. Although obesity is a major risk factor for CKD, once 
CKD is established, higher BMI becomes linked with greater survival [25–28]. This “obesity para-
dox” is evident in the more advanced stages of CKD (stages 4 and 5) and has been substantiated by 
a large number of observational studies with large sample sizes [25–28]. However, in the earlier 
stages of CKD (stages 1–3), obesity is associated with more rapid loss of kidney function and pro-
gression of CKD [25–28]. Better outcomes occur in those with BMI < 30 kg/m2 [25–28]. Therefore, 
it is acceptable to promote gradual weight loss in obese subjects with CKD, especially in stages 1–3. 
Weight loss should be achieved through a combination of increased physical activity to promote lean 
tissue and a high-quality diet, including a wide variety of foods, balanced in all essential nutrients. 
Rapid weight loss results in the loss of lean rather than fat tissue but slow weight loss while follow-
ing a healthy eating plan, in combination with resistance exercise, can help prevent muscle catabo-
lism in CKD [29, 30].

 Protein Needs

Consuming a traditional Western diet high in animal-based proteins will induce increases in GFR and 
ultimately lead to glomerular hyperfiltration [31]. High protein intake increases renal blood flow and 
elevates intraglomerular pressure, resulting in the excretion of protein-derived nitrogenous waste 
products. Overtime this may lead to an increase in the kidney volume and weight [31].

For over 50 years, researchers have studied the effects of restricting protein intake on kidney func-
tion in CKD. The largest study published to date, the Modification of Diet in Renal Disease (MDRD), 
evaluated more than 800 subjects with CKD [32]. After many years of subject follow-up, data evalu-
ation, and re-evaluation, results remain inconclusive on the benefits of a low protein diet on progres-
sion of CKD. However, several prior and subsequent studies and meta-analyses appear to support the 
role of limiting protein intake on progression of CKD [9, 31, 33–40].

Protein quality may be of more importance than total protein intake, as evidenced by current 
research on the effect of the vegetarian, Mediterranean and DASH diets in CKD [10, 11].Consuming 
plant proteins results in less uremic toxins, improved gut microbiome leading to decreased inflamma-
tion, and reduced metabolic acidosis and hyperphosphatemia [11, 12]. The large NHANES III study 
evaluated protein intake and CKD outcomes and found lower mortality is those subjects who con-
sumed more of their protein from plant sources [41].
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Current protein recommendations for CKD stages 1–5 (nondialysis) range from 0.55 to 0.60 g/kg/
day and from 0.60 to 0.80 g/kg/day for those with diabetes [2, 9]. It is generally recommended that at 
least 50% of the protein should be of high biological value (Table 14.3) [42, 43]. Because these rec-
ommendations are less than most typical Western diets, some people may adapt more easily if protein 
intake is gradually decreased to goal levels, depending on usual intake. It may be advantageous to first 
alter the protein quality to substitute more plant protein foods, rather than drastically reducing total 
intake. Additionally, overall health, activities, metabolic condition, and stress must be considered 
when calculating protein needs. For those clients who require more protein (malnutrition, wound 
healing, infections, trauma, strenuous activities, etc.), high-quality plant protein foods should be con-
sidered as the healthy alternative to eating more animal proteins.

The protein recommendation of 0.55 to 0.60 gm/kg/day is much less than that recommended for 
healthy adults. Limiting protein to this level can increase the risk of malnutrition and will require 
intensive education and ongoing counseling by a renal dietitian. The nutritional status must be main-
tained with adequate calorie intake to prevent iatrogenic malnutrition. Increasing the intake of fruits, 
vegetables, grains, and healthy fats will provide needed nutrients. Depending on individual needs, 
food choices may need to be adapted to limit intake of sodium, potassium, and phosphorus. The rec-
ommended limit of sodium is 2300 mg/day, which is easily tracked as sodium content of food is read-
ily available on nutrition labels. It is recommended that phosphorus intake be limited and that 
potassium intake be adjusted to maintain normal serum values. However, the phosphorus and potas-
sium content of foods is not easily obtained, and does not necessarily coincide with their effect on 
serum levels. The phosphorus in many high phosphorus plant foods is minimally absorbed and thus 
has little impact on serum levels. Moreover, evidence supporting the effect of high potassium- 
containing foods on serum levels is virtually nonexistent. Therefore, when treating CKD patients with 
hyperphosphatemia and/or hyperkalemia, the renal nutrition expert will need to critically evaluate not 
only food intake but medications and overall metabolic and physical health [44, 45].

 Energy Needs

There is a lack of data regarding optimal energy requirements to slow the progression of CKD and to 
maintain a proper nutritional status. Resting energy expenditure (REE) may be low, normal, or ele-
vated in patients with CKD as compared to the general population [22]. Inflammation and prevalence 
of comorbid conditions such as poorly controlled diabetes and cardiovascular disease may cause an 
increase in metabolic rate and elevated REE, which is a major risk factor for the development of 
protein-energy wasting [20, 46].

Indirect calorimetry is considered the best technique for determining energy expenditure but is 
often laborious and cumbersome to routinely use in the clinical setting [47, 48]. Commonly used 
equations such as the Harris-Benedict, Schofield, or Mifflin-St Jeor equations have not been exten-
sively studied in the CKD population. Kamimura demonstrated that Harris-Benedict and Schofield 
overestimated REE when compared with indirect calorimetry in 124 CKD patients not yet on dialy-

Table 14.3 High biological value protein foodsa

For people with chronic kidney disease, at least 50% of protein intake 
should be from these foods:

Fish, seafood Tofu
Poultry Soy milk, soy cheese, soy yogurt
Eggs Dried beans and legumes
Milk, cheese, yogurt Nuts and nut butters

aCreated with data from [42, 43]
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sis [49]. Byham-Gray suggested the addition of laboratory data such as albumin, C-reactive protein 
(CRP), and creatinine in addition to using anthropometric data when estimating REE in CKD 
patients [48].

Recently, Tian developed and evaluated two new equations for estimating lean body mass (LBM) 
based on hand-grip strength (HGS) and mid-arm muscle circumference (MAMC) in 300 patients 
with stages 3–5 CKD (Table 14.4). Results suggested that LBM values estimated using both equa-
tions were numerically close to and significantly correlated with those measured using DEXA 
(p < 0.01) [47].

In the absence of a validated REE formula for CKD, KDOQI and the Academy of Nutrition and 
Dietetics (Academy) recommend calculating energy needs at 25–35 kcal/kg/day for those who are 
metabolically stable in order to provide adequate calories to drive the use of protein for repair rather 
than energy [9, 50, 51]. Calorie needs will be affected by age, gender, activity level, body composi-
tion, and overall health status.

 Calculating Nutrient Needs in Underweight and Obese Conditions

Data from the United States Renal Data System (USRDS) indicate an increase in the prevalence of 
overweight and obesity in the CKD population [4]. Dietary management of these patients need to 
address issues of excess energy consumption. As mentioned previously, obesity has complex effects 
in those with CKD. Patients with low BMI have increased risk of all-cause and cardiovascular mortal-
ity, while an elevated BMI results in improved survival [46]. This conflicting data may be a result of 
limitations of BMI in differentiating adipose tissue from lean mass. Obese patients may have more 
energy reserves and this may play a role in mitigating the deleterious effects of increased REE in CKD 
[46]. Prevention and treatment of obesity is complex, and studies on intentional weight loss to slow 
progression of CKD have not been performed.

The ideal (healthiest) BMI range for CKD is unknown. The KDOQI guidelines suggest a “nor-
mal weight” BMI of 18.5–24.9 [9]. When the client’s actual BMI is near this range, current body 
weight is recommended for nutrient calculations [52]. In obese CKD patients (BMI ≥ 30), some 
clinicians use adjusted body weight for calculating nutrient needs, which aims to capture what is 
considered to be metabolically active weight rather than excess adiposity [53]. However, adjusted 
body weight formulas have no scientific validity and evidence-based research does not support their 
use [52]. Energy recommendations calculated with an adjusted body weight are very different from 
calculated needs based on indirect calorimetry[54]. The Evidence Analysis Library Chronic Kidney 
Disease Guideline does not recommend using adjusted body weight formulas and encourages using 
best clinical judgment in practice [9]. The Academy of Nutrition and Dietetics Evidence Analysis 
Library Adult Weight Management Guideline recommends using actual body weight and the 
Mifflin-St Jeor equation when estimating energy needs in overweight noncritically ill patients [55]. 
Therefore, it is generally recommended that actual body weight be used whenever feasible to deter-
mine energy needs in both underweight and overweight individuals, followed by the addition or 
subtraction of calories for weight gain or loss, depending on the patient’s condition and nutrition 
needs [52–55].

Table 14.4 Equation for estimating lean body mass in CKDa

LBM-H (1 if male; 0 if female) × 6.82 + height (cm) × 0.18 + weight (kg) × 0.40 + HGS (n) × 0.01–18.12
LBM-M (1 if male; 0 if female) × 7.36 + height (cm) × 0.22 + weight (kg) × 0.37 + MAMC (cm) × 0.24–26.43

Abbreviations: LBM-H lean body mass estimated from handgrip strength, HGS hand grip strength, LBM-M lean body 
mass estimated from mid-arm muscle circumference, MAMC mid-arm muscle circumference
aCreated with data from [47]
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There is no evidence-based research for determining protein needs in underweight or obese CKD 
patients. The American Society for Parenteral and Enteral Nutrition (A.S.P.E.N) recommends using 
actual body weight for calculating protein needs in critically ill obese subjects [56]. Studies on non-ill 
obese subjects without CKD also recommend actual body weight for calculating protein needs [57, 
58]. However, in both overweight and underweight CKD patients, calculating 0.55 to 0.60 gm protein/
kg/day (0.60 to 0.80 gm/kg/day for those with diabetes) actual body weight could greatly underesti-
mate or overestimate protein needs.

It has been suggested that protein needs could be calculated as a percentage (e.g., 10–12%) of 
estimated energy requirements once those are determined, but there is no evidence to support this 
method. The practitioner should exercise good clinical judgment when determining protein require-
ments and consider encouraging more plant protein when a higher protein intake is indicated. 
Clinicians must monitor patient outcomes to determine whether protein recommendations are ade-
quate and meeting patient needs. As always, registered dietitian nutritionists (RDN) must be flexible 
to adjust goals and prescriptions according to their patient’s individual conditions. Well-controlled 
metabolic studies and/or randomized-controlled trials are needed to determine actual energy and pro-
tein requirements in obese and underweight CKD patients.

 Micronutrients and Supplements

Vitamin supplementation needs in CKD can vary, depending on renal disorders, co-morbid condi-
tions, appetite, and intake. Due to compromised kidney function, some vitamin levels can be higher 
or lower, depending on excretion and metabolism [59]. Traditional CKD diet recommendations which 
restrict foods and food groups due to protein, phosphorus, and potassium content could result in sub-
optimal intakes of several vitamins, although not always [60]. When diet focuses on quality over 
quantity, it is possible to achieve healthier nutrient intakes. Thus, routine vitamin supplements may 
not be needed. The clinician will need to assess patients individually to determine needs, considering 
disease and metabolic states, stage of CKD, appetite, and overall intake.

Multiple-Vitamin-Mineral (MVI) supplements should be avoided as they often contain extra min-
erals such as phosphorus, potassium, magnesium, etc. Vitamin A supplements are contraindicated as 
they can lead to high serum and liver levels. Vitamins D and E should be individualized to specific 
conditions. For those patients with suboptimal intakes, it is generally safe to recommend a water- 
soluble- vitamin-supplement at dietary reference intake (DRI) levels (Table 14.5) [9, 43, 61]. Biotin 
needs may be higher due to decreased biotin consumption when protein intake is low. Higher levels 
of vitamin C should be avoided due to risk of oxalosis [62]. Some clinicians prefer extra folate, pyri-

Table 14.5 Dietary reference intakes for adults.a Vitamin supplementation  
table recommendations in chronic kidney disease stages 1–4. Higher levels 

may be acceptable based on specific patient needs

Vitamin US DRI (Adults > 18 years)

Vitamin C 75–90 mg/d
Thiamin (B-1) 1.1–1.2 mg/d
Riboflavin (B-2) 1.1–1.3 mg/d
Niacin 14–16 mg/d
Folate 0.4 mg/d
Pyridoxine (B-6) 1.3–1.7 mg/d
Cobalamin (B-12) 2.4 mcg/d
Biotin 30 mcg/d

aCreated with data from [61]
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doxine (B-6), and cobalamin (B-12) to help prevent hyperhomocysteinemia, although some studies 
show that treating this condition with high levels of B-vitamins is unwarranted and possibly harmful 
[63]. Moreover, there is limited evidence that folate supplements along with vitamin B complex can 
affect markers of nutrition health such as body weight, CRP, and serum albumin. Folic acid supple-
mentation when combined with Enalapril has been shown to help stabilize the kidney function in 
CKD [9].

Use of alternative, complementary and herbal supplement products is common in CKD popula-
tions. Many products are advertised as kidney protective or beneficial for kidney dysfunction. 
However, few of these products have been adequately studied in humans, and even fewer have been 
trialed in CKD [64, 65]. Since there is no regulation of the supplement industry in the United States, 
the purity, safety and effectiveness of these products is unknown. One study testing 44 herbal products 
for authenticity concluded that most were of poor quality and contained contaminants, non-listed 
ingredients, and fillers [66]. Patients should be reminded that every product they consume must be 
filtered by their kidneys, and it can affect kidney health. Clinicians should routinely ask patients about 
their use of supplements to help identify risks. There are safe herbal products available, and the renal 
nutrition expert should work with patients to find appropriate items that meet their needs. (See Chaps. 
32 and 33 for additional information.)

 Comorbidities of CKD

Individuals with CKD often have multiple comorbidities, such as diabetes, CVD, hypertension, dys-
lipidemia, and BMD. Nutrition plays an important role in the management of these comorbidities and 
kidney function. As previously mentioned, CKD diet recommendations should emphasize overall diet 
quality rather than focusing on individual nutrients. Emerging research recommends comprehensive 
eating patterns such as the Mediterranean and DASH for the management of chronic diseases such as 
CKD, diabetes, and cardiovascular diseases. These diets emphasize a variety of whole grains, vegeta-
bles, fruits, and plant proteins. Evidence suggests that these diets may be helpful in managing comor-
bidities of CKD, delay progression, and prevent complications in CKD patients [10, 12, 13].

 Diabetes

Diabetes is the most common comorbid risk factor for CKD. Roughly, 40% of all individuals with 
CKD have diabetes [1, 4]. Nutrition management for patients with CKD and diabetes must include 
intensive treatment of hyperglycemia to help prevent elevated albuminuria and delay kidney disease 
progression. Treatment of hyperglycemia includes medications, balanced nutrition, and physical 
activity. Depending on the stage of CKD, each of these approaches should be individualized to patient 
needs [67, 68].

A recent review of the benefits of the Mediterranean diet shows that this eating pattern can have a 
protective effect against the development of diabetes and also may improve glycemic control and 
reduce CVD risk factors in diabetic patients [69]. The DASH diet, which is most well known for 
reducing hypertension, shows benefits of improved glycemic control, weight loss, and improved insu-
lin sensitivity in diabetic patients [70].

In order to address hyperglycemia in the diabetic CKD population, it is recommended that the 
amount and type of carbohydrates in the diet be adjusted. Emphasis should be placed on reducing 
refined carbohydrates and added sugars, focusing on quality carbohydrates from vegetables, legumes, 
fruits, dairy, and whole grains [71].
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Low carbohydrate diets that include higher protein levels should be avoided due to the relationship 
of high protein diets and progression of kidney disease [72]. Current protein recommendations for 
CKD range from 0.55 to 0.60 g/kg/day [2, 3, 9]. Expert panels agree that 0.60 to 0.80 g/kg/day is appro-
priate for diabetic patients with CKD stages 1–5 (nondialysis) [9, 67, 68, 72]. Focusing on the quality 
of protein (plant vs. animal) may also be beneficial, as studies have shown that plant protein diets may 
help preserve kidney function in CKD [67, 68, 72]. (See Chap.11 for additional information.)

 Cardiovascular Disease

Sixty-five percent of people with CKD have CVD. It is the leading cause of death, and most individu-
als with CKD will die prematurely of CVD, not surviving to stage 5 dialysis. Nutrition interventions 
to treat or stabilize CVD conditions include treating traditional risk factors such as hypertension and 
dyslipidemias, plus the nontraditional risk factor more specific to CKD, abnormal bone mineral 
metabolism [4].

 Hypertension

Hypertension is both a cause and a complication of CKD and the CVD associated with it, with 
50–75% of patients having blood pressure greater than 140/90 mm Hg. It is generally recommended 
that people with kidney disease should maintain blood pressure levels ≤130/80 mm Hg, adjusting for 
the level of albuminuria and age [73]. The DASH trial showed a comprehensive eating pattern suc-
cessfully reduced blood pressure in adults [74]. In 2001, the DASH research group showed that add-
ing sodium restriction of 1.5–2.4 g/d to the DASH dietary plan further reduced blood pressure levels 
[75].

In 2016, the first controlled feeding study of the DASH diet in moderate CKD was done and 
showed a reduced-sodium DASH diet to be beneficial for blood pressure (BP) control in moderate 
CKD [76]. The reduced sodium content used in the study was 2.4 gm/day. Additional restriction to 1.5 
gm/d may lower blood pressure further; however, this may be difficult to achieve in most Western- 
type diets due to the prevalence of sodium additives in food production.

Compared to the typical American diet, the DASH plan is lower in fat and sodium and higher in 
potassium, magnesium, calcium, fiber, and antioxidants. DASH results indicate that a whole foods 
approach, which may include interactions between nutrients, can be more effective in treating hyper-
tension than simply limiting or increasing one nutrient [74].

The low sodium DASH diet can be a safe and effective treatment for hypertension and prevent-
ing progression of CVD. Protein and phosphorus-containing foods may need adjustment to avoid 
intakes higher than recommended. As CKD progresses, adjusting potassium intake to help manage 
serum levels may become necessary also. Potassium excretion is usually sufficient to control serum 
levels in early stages of CKD, but common blood pressure medications (e.g., angiotensin-convert-
ing enzyme inhibitors [ACE inhibitors] and angiotensin II receptor blockers [ARBs]) can interfere 
with potassium excretion even when the urine output is good. These drugs are recommended in 
CKD as they not only control hypertension but also protect the kidneys and can slow CKD progres-
sion. The side effects of increasing serum potassium often occur in stages 4 and 5, when diet restric-
tion becomes necessary. Although there are many common lists of high potassium-containing 
foods, there is little evidence to support the effect of restricting these foods on serum potassium 
level. Initial studies done on potassium intake and serum levels used potassium solutions rather 
than whole foods [44]. Potassium absorption and its effect on intracellular and serum levels from 
foods is impacted by a person’s acid- base balance, glucose and insulin levels, bowel excretion, and 
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medications. One study showed that reported potassium intake only accounted for 2% of the vari-
ance in serum potassium levels [77]. Therefore, the renal nutrition expert will need to consider all 
potential causes of hyperkalemia rather than just focusing on limiting high potassium foods [78] 
(Table 14.6).

Additional lifestyle changes that can impact hypertension include weight loss in obese subjects. 
The beneficial effects of weight loss and exercise on hypertension and the progression of CKD are 
unknown [73]. Weight loss to obtain and maintain appropriate body weight for height (BMI < 25.5 kg/
m2) is most likely beneficial in early CKD stages, along with fitness programs to improve muscle 
mass, flexibility, and strength. But considering the high risk of malnutrition as kidney function 
declines, weight loss programs should be approached with caution when CKD progresses. Maintaining 
adequate calorie and protein intake is the first priority. In obese subjects, controlled and gradual 
weight loss might be appropriate if patients are monitored closely to ensure that they are able to con-
sume adequate protein and that they are not losing muscle mass. This becomes especially critical as 
appetite and food intake spontaneously decline with decreasing kidney function [18, 19]. Exercise 
programs that include resistance training can help reduce catabolism and help maintain muscle mass 
in people with stage 4 CKD [29, 30] (See Chap. 30).

 Dyslipidemias

Abnormal lipid levels are common in people with CKD and can contribute to the progression of CKD 
and CVD.  It is recommended that all people with CKD should be evaluated for lipid disorders. 
Hyperlipidemia treatment recommendations include the use of statin drugs plus lifestyle interventions 
[79, 80].

Therapeutic lifestyle changes (TLC) for treating dyslipidemia are similar to those for treating 
hypertension, including diet modifications, exercise, moderate alcohol intake, and smoking cessation. 
As with hypertension, a few studies have evaluated the effect of exercise and weight loss on abnormal 
lipid profiles in CKD, and the effect of weight reduction on dyslipidemia in obese subjects with CKD 
is unknown. Regarding diet modifications, current research suggests that eating patterns similar to the 
DASH and Mediterranean diets are most beneficial in treating lipid disorders [81]. (See Chap.13 for 
additional information.)

 Mineral and Bone Disorders

Bone disorders and abnormalities in calcium, phosphorus, vitamin D, parathyroid hormone (PTH) 
metabolism, and fibroblast growth factor-23 (FGF-23) begin in the early stages of CKD. Reduction in 
the kidney function even at stages 2 and 3 will result in phosphate retention, hyperphosphatemia, 
elevated PTH, decreased 1,25 vitamin D, and increased levels of FGF-23 [82–84]. Conversion of 

Table 14.6 Causes of high serum potassium in people with CKDa

Potential causes of high serum potassium in people with CKD

Acidosis
Blood glucose/insulin variations
Intracellular/extracellular fluid shifts
Low urine output
Variations in thyroid function
Changes in aldosterone/renin activity
Variations in total volume status

Changes in gastric function (vomiting,
diarrhea, constipation)
Medications (ACEs, ARBs, Heparin)
Tissue breakdown (infection, injury, catabolism)
Blood transfusions
Bleeding

aCreated with data from [77, 78]
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25(OH)D to 1,25 (OH)D is reduced, lowering intestinal calcium absorption and increasing PTH. FGF- 
23 and PTH normally enhance phosphate excretion in the kidneys, but as CKD advances, the kidneys 
no longer respond efficiently to either of it. Down regulation of vitamin D and PTH resistance at the 
tissue level is also evident. As the GFR falls below 60 mL/min/1.73 m2, serum levels of phosphorus, 
calcium, PTH, and vitamin D will begin to show abnormalities [82, 83].

The pathogenesis and progression of abnormal bone metabolism in CKD is complex, involving a 
combination of minerals and hormones that act on multiple organ systems throughout the body. The 
consequences of PTH, vitamin D, and FGF-23 abnormalities include high turnover bone disease, 
bone resorption, osteomalacia, adynamic bone disease, overt fractures, microfractures, and bone pain 
[82]. More importantly, the high mortality of patients with CKD may be directly related to soft tissue 
calcification resulting from hyperphosphatemia, hypercalcemia, or high PTH. Vascular calcification 
has been implicated in the high rate of atherosclerosis and cardiac dysfunction seen in the CKD popu-
lation [82–86].

Biochemical monitoring of bone health should begin in CKD stage 3, with baseline measurements 
of serum PTH, calcium, phosphorus, and alkaline phosphatase. Frequency of testing should be deter-
mined by baseline levels and progression of kidney disease, generally every 6–12 months. As CKD 
progresses to stage 4, frequency of testing could increase up to every 3–6 months, and up to monthly 
by stage 5, depending on serum levels and the presence of biochemical abnormalities [82, 83]. 25(OH)
D should be assessed beginning at stage 3. Repeat testing is dependent on baseline values and thera-
peutic interventions. Vitamin D deficiency should be treated as in the general population.

For all biochemical measurements of mineral and bone disorders, therapeutic treatments should be 
based on serial measurements and trends rather than single values. Progressive or persistent high 
serum phosphorus should be treated to lower levels toward the normal range, beginning with a low 
phosphorus diet. Secondary treatment for hyperphosphatemia includes phosphate binders, but 
calcium- based binders should be avoided when possible to prevent hypercalcemia.

Specific goal levels for PTH are not known. It is recommended that when PTH is progressively 
rising or persistently above the upper normal limit, patients should first be evaluated and treated for 
hyperphosphatemia, high phosphorus intake, hypocalcemia, and vitamin D deficiency. Treatment 
with calcitriol and vitamin D analogs is not routinely recommended for high PTH levels except in 
those with severe and progressive hyperparathyroidism at CKD stages 4 and 5 [82, 83].

The restriction of dietary phosphorus in conjunction with a low-protein diet can have a direct 
effect on lowering serum phosphorus and PTH and is associated with a significant increase in 
blood levels of 1,25(OH)2D3 [84, 87]. The average phosphate intake in the typical American diet 
varies from 1000 to 1600 mg/d, based on naturally occurring phosphorus in foods, which tends to 
be concentrated in high-protein foods such as meats, dairy products, and eggs. Although legumes, 
whole grains, and nuts contain significant amounts of phosphorus, they are poorly absorbed, and 
thus contribute much less to the total dietary phosphorus load [45]. Phosphorus-containing food 
additives used in processed, convenience, and fast foods make a significant contribution to phos-
phorus consumption. It is estimated that a typical American diet that includes the regular use of 
processed foods can add an additional 500–1000  mg phosphorus; this increases the daily con-
sumption to 1500–2600  mg/d. Phosphorus consumed in the form of food additives is readily 
absorbed compared to naturally occurring phosphorus, thus representing a large phosphorus bur-
den [88–90].

It has been advised that phosphorus intake be restricted to maintain normal serum phosphorus 
levels, or 10–12 mg phosphorus per gram of protein [9]. But tracking the amount of phosphorus in 
foods is difficult as it is not included on food labels and it is frequently missing from nutrient database 
tables. Because naturally occurring phosphorus is found in high-protein foods, a protein-controlled 
diet, as is recommended with CKD, tends to be lower in phosphorus than the typical American diet. 
CKD patients following a vegetarian low-protein diet have lower serum phosphorus levels compared 
to those on an animal-based low-protein diet [45, 91]. The phosphorus content of convenience, pro-

14 CKD Stages 1–5 (Nondialysis)



250

cessed, and fast foods must also be considered in planning a low-phosphorus intake. Because ingredi-
ents in processed foods change often, frequent consultation with food manufacturers is needed in 
order to obtain accurate nutrient amounts.

Even with a dietary phosphorus restriction, phosphate binders may be required in stage 3 or 4 CKD 
to help control serum phosphorus. When taken with meals and snacks, these compounds bind phos-
phate in the intestine before it can be absorbed. See Chap. 23 for additional information on bone and 
mineral disorders in CKD.

 Anemia

Anemia develops during the course of CKD and the incidence of anemia increases as GFR declines, 
primarily due to insufficient production of erythropoietin (EPO) by the diseased kidneys [3]. 
Additional causes of anemia may be blood loss from repeated laboratory testing, gastrointestinal 
bleeding, acute and chronic inflammation, or deficiency of iron, folate, or vitamin B12. It is recom-
mended that all patients with CKD be evaluated for anemia. If hemoglobin (Hgb) falls below 13 g/dL 
in males or 12 g/dL in females, an anemia workup is warranted. This workup should include assess-
ment of complete blood count (CBC), reticulocyte count, percent transferrin saturation (TSAT), serum 
ferritin, serum B12, and folate [92, 93].

Anemia in CKD is generally normocytic and normochromic. Microcytosis may reflect iron defi-
ciency; macrocytosis may indicate B12 or folate deficiency. Elevated reticulocyte count may suggest 
active hemolysis, such as hemolytic uremic syndrome. An abnormal white blood cell count and/or 
platelet count may reflect a more generalized bone marrow dysfunction such as malignancy or vascu-
litis. Low levels of serum iron, percent TSAT, or ferritin may indicate iron deficiency [94]. If iron 
deficiency is present, a stool occult blood test may be recommended to test for gastrointestinal bleed-
ing. If a reversible cause of anemia is not present or has been corrected, then erythropoietin (EPO) 
deficiency is the most likely primary cause of anemia and erythropoietin stimulating agents (ESA) 
may be necessary.

 Iron Deficiency

In CKD stages 3–5, iron deficiency is indicated if TSAT is <30% and/or serum ferritin level is <500 ng/
mL [91, 92]. Due to the quantity of iron required, increasing iron intake from foods will not ade-
quately replenish iron stores. Depending on severity of iron deficiency and previous responses to iron 
therapy, oral or IV iron supplementation will be needed. Oral iron is often prescribed to provide 
200 mg elemental iron daily. Ferrous sulfate is commonly used although there are other oral iron 
preparations available. There is no evidence to suggest that one is better utilized than another. Intestinal 
iron absorption is inversely related to iron stores. If iron supplementation goals are not met within 
3 months of oral iron supplements, IV iron therapy may be considered.

 ESA Therapy

Once iron deficiency and other causes of anemia have been resolved, ESA therapy may be war-
ranted if Hgb falls below 10 mg/dL. The decision to treat with ESA therapy should be individual-
ized based on symptoms and previous responses to therapy. During ESA therapy, Hgb and iron 
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status should be monitored at least every 3 months. In general, it is not recommended that ESA 
therapy be used to maintain Hgb > 11.5 mg/dL.

The most common cause of an inadequate response to EPO therapy for the treatment of anemia is 
iron deficiency. If iron-replete patients are not achieving their Hgb goal, they should be evaluated for 
conditions such as B12/folate deficiencies, hypothyroidism, infection or inflammation, blood loss, 
malignancy, bone marrow disorders, or hemoglobinopathies. Additionally, malnutrition can result in 
the unavailability of the needed substrate for protein synthesis in hematopoietic cells [92, 93]. It is 
unclear whether the presence of anemia in CKD directly worsens prognosis or progression to stage 5 
CKD; however, low Hgb levels in CKD are associated with higher rates of hospitalizations, CVD, 
cognitive impairment, and mortality [92, 93].

 IgA Nephropathy

IgA nephropathy (IgAN) is one of the most common kidney diseases in the world, after diabetes and 
high blood pressure. It is believed to be an autoimmune disease, due to immune complex-mediated 
glomerulonephritis characterized by the deposition of IgA within the mesangial regions of the glom-
eruli. Many patients develop a chronic, slowly progressive decline in kidney function over 10–20 years, 
leading to stage 5 CKD in 20–40% of cases [95–97]. Treatment often includes medications to sup-
press the immune system, control blood pressure, and lower cholesterol. Specific diet therapies 
involving nutrition interventions have also been examined.

 Omega-3 (n-3) Polyunsaturated Fatty Acids

The omega-3 polyunsaturated fatty acids (PUFA) eicosapentanoic acid (EPA) and docosahexanoic 
acid (DHA) (found in cold water fish, flaxseed oil, and canola oil) have anti-inflammatory effects in 
humans. EPA and DHA undergo biologic transformation into trienoic eicosanoids, which lead to 
decreased production of proinflammatory mediators, resulting in vasodilatory rather than vasocon-
striction properties. In the kidney, EPA is used as substrate which results in reduced manifestations of 
mesangial cell activation [98]. Prospective studies have evaluated the effect of EPA and DHA supple-
ments on the progression of IgAN and found that in long-range follow-up, the rate of loss of kidney 
function can be lowered with doses of 1.9 g EPA and 1.4 g DHA [99]. As a person would need to 
consume approximately two servings of salmon per day to obtain that amount of EPA and DHA, 
supplements provide a convenient way to increase noninflammatory polyunsaturated fatty acids 
(PUFA). An additional benefit may come from reducing the intake of pro-inflammatory PUFAs, 
which are found in vegetable oils such as safflower, sunflower, and corn oils.

 Low Antigen Content Diet

The rationale for use of a low antigen content diet for the treatment of IgAN involves the pathogenesis 
of IgA renal lesions. IgA is secreted by β-cells as part of the mucosal immune system in the intestinal 
tract, as triggered by viral and dietary antigens crossing the intestinal mucosal barrier [98]. Animal 
studies have shown IgA that is produced in response to dietary antigens can form glomerular deposits 
[100]. Studies in humans have shown that a low antigen content diet was able to reduce nephritogenic 
dietary antigens [101]. More recent studies have investigated the relation of IgAN to celiac disease 
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and treatments with a gluten free diet [102]. Besides gluten, the low antigen content diet includes 
avoidance of foods containing common allergens such as nuts, dairy foods, citrus foods such as 
oranges and grapefruit, cantaloupe, honeydew, berries, chocolate, shellfish, eggs, and sulfites. 
Although the diet is complicated and restrictive in many foods and nutrients, a qualified renal dietitian 
could combine the low antigen components with an appropriate renal diet in those patients with IgAN. 
Regular nutrition assessments would be necessary to assure that the patient was consuming adequate 
nutrients.

 Self-Management Behavior and Medical Nutrition Therapy

Nutrition management in CKD involves complex diet therapies; patients must learn to balance protein, 
calories, sodium, phosphorus, and possibly potassium. Additionally, if patients are diagnosed with 
diabetes, they must also incorporate methods to control carbohydrate intake and appropriate blood 
glucose levels. Emphasis should be placed on eating patterns consistent with overall diet quality rather 
than just limiting nutrients. The plate method has been recommended as a teaching tool to emphasize 
healthy eating patterns, and simplify meal planning (Fig. 14.1, kidney-healthy plate)  [103].This tool 
can be utilized with CKD patients and adjusted depending on individual needs. Using a healthy plate 
method to teach diabetic kidney disease meals would include: ½ of plate nonstarchy vegetables, ¼ of 
plate healthy protein, and ¼ of plate grains, starchy vegetables, or fruit. Individuals limiting phospho-
rus and potassium can adjust the plate method to include fruits and vegetables lower in potassium, less 
processed foods, and a reduced amount of dairy and animal products. CKD patients concerned about 
heart health could adjust the plate to emphasize healthy fats such as fish, nuts, seeds and healthy oils. 
When following a vegetarian diet, the plate method can be adjusted to include vegetarian protein 
sources such as beans, lentils, tofu, nuts, and seeds. See Table 14.7 for examples of these meals.

Fig. 14.1 Kidney-healthy plate. The plate method can be used to plan high-quality, kidney-healthy meals that provide 
adequate calories and protein, appropriate for treating diabetes and CVD. (Reprinted with permission from Puget Sound 
Kidney Centers, Everett WA)
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Depending on the patient’s overall health, clinicians may additionally advise lifestyle changes such 
as quitting smoking, increasing levels of physical activity and exercise. These are not behavioral 
changes that patients can learn in brief office visits with clinicians but involve intense education in 
new lifestyles. Partnership and collaboration between healthcare providers and patients is crucial in 
promoting self-management in CKD patients [104].

Studies have shown that MNT provided by a RDN is effective in preventing and treating malnutri-
tion and mineral and electrolyte disorders, and in minimizing the impact of other comorbid conditions 
such as hypertension and diabetes [6, 7, 9]. Referrals for MNT should begin during stage 3 CKD when 
GFR is less than 50 mL/min/1.73 m2. The RDN should monitor the nutritional status every 1–3 months, 
or more frequently depending on the risk of malnutrition or mineral and electrolyte disorders. Nutrition 
therapies must be adjusted to help maintain nutritional health and improve outcomes, depending on 
patient conditions. RDNs providing MNT teach self-management skills to their clients in order to 
promote lifestyle changes that will result in the most successful outcomes for the CKD patient.

 Conclusion

Effective nutrition care for people with CKD stages 1 through 5 (nondialysis) involves complex thera-
peutic interventions. Patients must be assessed for individual nutrition risks and needs to prevent 
malnutrition, electrolyte imbalances, and bone and mineral metabolism disorders. Many patients pre-
senting with CKD are also diagnosed with comorbid conditions such as diabetes, cardiovascular dis-
ease, hypertension, and dyslipidemia. MNT must include treatment of these conditions and must be 
coordinated with CKD nutrition therapies. The ultimate goal is to slow the progression of CKD and 
comorbid conditions and prevent complications of bone mineral metabolism while maintaining over-
all nutritional health. This can be accomplished through effective MNT provided by the RDN.

 Case Study

B.H. has been referred to a nephrologist by the local Community Health Center. Last month, B.H. went 
to the Health Center complaining of “flu symptoms” like fatigue, chronic cough, nausea, headaches, 
and fever. B.H. is 66 years old male, height 182 cm, body weight 83 kg, with a previous diagnosis of 
diabetes. He quit smoking last year but drinks alcohol occasionally. BH eats two meals per day at res-
taurants, plus an afternoon snack at work. Meals are frequently eggs and hash browns or pancakes, and 
meat and potatoes with a small salad, or deli sandwich. Snacks include chips, crackers, popcorn.  
Exercise includes housework and light yard work. Medications included Glyburide 2.5 mg every day. 
His blood pressure was 163/89 mm Hg with trace peripheral edema in his lower extremities. His lungs 
were clear. Laboratory test results showed: creatinine 2.3 mg/dL, BUN 51 mg/dL, HbA1C 6.1%, potas-
sium 4.6 meq/L, bicarbonate 26 meq/L, TC 219 mg/dL. The Health Center prescribed Lasix 20 mg 

Table 14.7 Sample kidney-healthy meals, based on kidney-healthy plate

Diabetes meal
Low-potassium,  
low- phosphorus meal Heart-healthy meal Vegetarian meal

Fresh eggs scrambled with 
chopped onion, peppers, 
spinach, and zucchini.
Whole grain toast

Chicken stir-fry with green 
beans, onions, peppers, 
carrots, and mushrooms.
Couscous
Apple slices

Grilled salmon
Whole grain pasta tossed 
with olive oil and herbs
Sautéed bell peppers, 
mushrooms, spinach, 
onions, and garlic

Mixed bean chili with 
chopped tomatoes and 
cilantro
Corn bread
Green salad with 
balsamic vinaigrette
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once daily, Lisinopril 5 mg once daily, and referred B.H. to the nephrologist. When the nephrologist 
sees B.H. a month later his blood pressure is 150/80 mm Hg. Trace edema is still present below the 
knees. Cough, headache, and fever have resolved, but he complains of ongoing fatigue and low energy. 
Current laboratory tests show creatinine 1.8  mg/dL, BUN 52  mg/dL, Hgb 9.6 gm/dL, potassium 
5.3 meq/L, calcium 9.2 meq/L, phosphorus 5.0 mg/dL, Intact PTH 79 pg/mL, albumin 4.9 g/dL, glu-
cose 95 mg/dL. Calculated GFR is 40 ml/min/1.73 m2, CKD Stage 3. The nephrologist orders an ane-
mia workup including iron studies. Ferritin is 83 ng/mL and TSAT is 18%. The nephrologist discusses 
CKD with him, the importance of achieving a lower blood pressure, and good blood glucose control. 
B.H. is told to add Norvasc 5 mg and FeSO4 325 mg (four tablets daily) to his medications and is 
referred to a dietitian for nutrition assessment and therapy.

 Case Questions and Answers

 1. Why is EPO therapy not prescribed, considering B.H.’s low Hgb?
Answer: Ferritin and TSAT levels indicate iron deficiency. EPO therapy is not appropriate until 
iron stores are adequate. Therefore, B.H. is first prescribed iron therapy to replenish iron stores.
Additional Follow-Up
One month later, B.H. and his wife meet with the dietitian. She questions B.H. about lifestyle and 
usual eating patterns. He eats two meals per day at restaurants, plus an afternoon snack at work. 
Meals are frequently eggs and hash browns or pancakes, and meat and potatoes (steak, burger, 
fries) with a small salad. B.H. may occasionally have a deli style sandwich. Snacks are chips, 
crackers, or popcorn. Exercise includes housework and light yard work on weekends.

 2. What are nutrition priorities for B.H.?
Answer: Priorities include adjusting meals/snacks to include balanced servings of healthy proteins, 
whole grains, fruits, and vegetables. Since B.H. eats most of his meals in restaurants, education 
should include choosing healthier protein portions and other foods from menus, how to add fruits/
vegetables to each meal, planning for healthy snack foods. The RDN should consider discussion 
on planning a few home-prepared meals if B.H. is receptive. His current exercise should be encour-
aged, and consider increasing physical activities as appropriate.
Additional Follow-Up
One month later B.H. and his wife return for follow-up, after seeing the nephrologist. Body weight 
is 81 kg with no signs of edema. Current laboratory values include serum phosphorus 4.8 mg/dL, 
potassium 4.6 meq/L, Hgb 10.1 gm/dL, ferritin 110 ng/dL, TSAT 23% and blood pressure 132/79. 
Evening blood glucose levels have been 180–200 mg/dL. B.H. reviews his food records with the 
dietitian, showing the changes he has made over the past several weeks, including eating 2 meals 
at home each week. He has reduced his meat portions and added fruit to his meals and afternoon 
snacks. 

 3. What additional nutrition therapy should be presented to B.H. at this clinic visit?
Answer: By substituting fruit for meats, B.H. could significantly increase his carbohydrate intake 
resulting in higher blood glucose levels. Nutrition therapy should include a review of usual meal/
snack patterns, focus on reducing fruits that affect blood glucose and substituting more low glyce-
mic fruits and vegetables. Carbohydrate content of meals should be reviewed, including how to 
choose and plan appropriate amounts to balance carbs.
Additional Follow-Up
Two months later, B.H. returns for follow-up. Current laboratory values (from his nephrology 
visit) include serum phosphorus 4.3 mg/dL, Hgb 11.7 gm/dL, blood pressure 129/80, random 
blood glucose range from 90 to 130 mg/dL, and body weight has decreased to 78 kg. No medica-
tion changes are noted. B.H. reports that with his smaller protein, starch (potato, bread) and snack 
food portions, he often feels like he is not getting enough to eat.
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 4. Is B.H.’s recent weight loss a benefit or risk, considering his usual weight, diabetes, hypertension, 
and CKD?
Answer: Although B.H. is within healthy weight range for his height (BMI 23.6), ongoing weight 
loss may be a concern. B.H. reports that he often feels hungry. He is probably not eating enough 
food as he has been focusing on limiting protein and carbohydrates. Nutrition therapy should 
include review of meal plans, suggestions for increasing quantities and or ways to add calories so 
that he feels more satisfied and limits further weight loss. 
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 Introduction

Medical nutrition therapy (MNT) is an essential component to achieving improved health outcomes 
for stage 5 chronic kidney disease (CKD) patients on dialysis. Recent data indicate that more than 
700,000 adults in the United States have stage 5 CKD with prevalent cases increasing by about 20,000 
annually [1]. Almost nine in ten patients who choose a renal replacement therapy (RRT) start on main-
tenance hemodialysis (HD), and approximately 60% stay with this modality over time. Recognizing 
that more than a third of new Stage 5 CKD patients have had minimal or no kidney care prior to start-
ing RRT highlights the need for prompt and ongoing nutrition assessment and intervention [1]. Most 
patients present to dialysis with comorbid conditions that may have already negatively impacted their 
nutritional status. Protein-energy wasting (PEW) is common and is associated with increased morbid-
ity and mortality for dialysis patients, and MNT is essential to improve health outcomes [2, 3]. 
Nutritional management should include ongoing nutrition education, nutrition assessment, individu-
alized interventions, and routine monitoring of nutritional status.
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Key Points
• Describe the goals of medical nutrition therapy for patients receiving conventional hemodi-

alysis, nocturnal hemodialysis, and short daily hemodialysis.
• Describe the differences in nutrition therapy between the different types of maintenance 

hemodialysis.
• Identify factors that may impact the nutritional status of patients receiving maintenance 

hemodialysis.
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Regardless of the RRT modality, MNT goals remain the same:

 1. Achieve or maintain neutral or positive nitrogen balance.
 2. Achieve and maintain good nutritional status.
 3. Prevent excessive accumulation of electrolytes, minerals, and fluid between treatments.
 4. Minimize the effects of metabolic disorders which are associated with stage 5 CKD.

When a patient is ready to start RRT, there are now more choices both in-center and at home that are 
demonstrating some positive benefits. In addition to conventional HD, alternatives include nocturnal 
hemodialysis (NHD) and short daily hemodialysis (SDHD) (also known as long HD and frequent 
HD) (Table 15.1). To meet the individual’s needs and preferences, flexibility exists within these HD 
types in regards to treatment location, time of day, and duration [4]. Peritoneal dialysis (PD) and renal 
transplantation treatment options are discussed in Chaps. 16 and 18, respectively. This chapter will 
review the MNT for hemodialysis modalities and discuss factors that may impact nutrition assessment 
and the overall nutritional status.

 Factors Influencing Nutritional Status

Malnutrition in the maintenance HD population is prevalent and is associated with poor health 
outcomes including increased morbidity and mortality [5–10]. Between 28% and 54% of dialysis 
patients worldwide have some degree of protein-energy wasting (PEW) according to recent esti-
mates by the International Society of Renal Nutrition and Metabolism (ISRNM)[2]. Recognizing 
the importance of early detection, prevention, and treatment of PEW in dialysis patients, the 
National Kidney Foundation (NKF) Kidney Disease Outcomes Quality Initiative (KDOQI) and 
the Academy of Nutrition and Dietetics Clinical Practice Guidelines for Nutrition in Chronic 
Kidney Disease: 2020 Update recommends that a panel of measures be taken to routinely assess 
the nutritional status [11]. These include the use of anthropometric measures, physical assessment, 
biochemical parameters, and diet histories and interviews. (For an in-depth review of specific 
parameters utilized in the nutrition assessment, refer to Chaps. 4, 5, 6 and 7). Composite nutri-
tional indices commonly used to assess the nutritional status or malnutrition risk in hemodialysis 
patients include subjective global assessment (SGA), which incorporates medical history and 
physical assessment, and the malnutrition inflammation score (MIS), which additionally considers 
laboratory data and body mass index (BMI) [9]. Since many factors contribute to the nutritional 
risk of hemodialysis patients (e.g., inflammation, anorexia, acidosis, fluid volume, dialysis-related 
losses, and dialysis adequacy), it is important to consider how each may affect the nutrition 
assessment.

Table 15.1 Types of hemodialysis modalities

Type of hemodialysis Location Typical duration Frequency

Conventional hemodialysis Home
In-center

3–5 h
3–5 h

3–4×/week
3x/week

Nocturnal hemodialysis Home >5 h 3–7×/week
In-center 6–8 h 3×/week

Short daily hemodialysis Home 2–3 h 5–7×/week
In-center 2–3 h 5–6×/week
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 Inflammation

Serum albumin strongly correlates with poor outcomes in hemodialysis patients [6–8, 12]. A serum 
albumin level between 3.5 and 4.0 g/dL is associated with a two-fold increased risk of death, and a 
low albumin at the initiation of dialysis increases the risk of hospitalization as well as the length of 
stay in the first year of dialysis [6, 13]. Although long used as an indicator of malnutrition, serum 
albumin is a negative acute phase reactant and it is more often a marker of inflammation which can 
impact albumin synthesis [14, 15]. An estimated 30% to 50% of hemodialysis patients have high 
levels of inflammatory markers (e.g., C-reactive protein, interleukin-6) [16]. Causes of inflammation 
specific to hemodialysis include the type of dialysis access (more inflammation with central venous 
catheter vs. fistula or graft), dialyzer membrane (biocompatible is recommended), and dialysate 
solution [4, 16]. Additional factors like comorbidities, periodontal disease, infection, cardiovascular 
disease, changes in gut microbiota, and obesity may also contribute to inflammation [16–18]. 
Recognizing inflammation as a major driving force of low albumin in hemodialysis patients assists 
the practitioner in developing strategies to improve outcomes. In 2008, the ISRNM proposed a defi-
nition and diagnostic criteria for PEW that better reflect the type of wasting that occurs in CKD, 
characterized by very low albumin levels, the presence of inflammation and oxidative stress, and 
higher levels of protein breakdown vs. protein synthesis [19, 20]. See Chap. 22 for further informa-
tion on PEW in CKD.

 Anorexia

Reduced appetite is common in hemodialysis patients affecting an estimated 35%–50%, especially on 
dialysis treatment days [20–22]. Although initiation of RRT ameliorates some of the uremia present 
by stage 5 CKD, other factors contributing to anorexia may persist and include taste and olfactory 
changes, dental issues and dry mouth, inflammation, infection, gastroparesis and early satiety, consti-
pation, comorbidities, pill burden, psychosocial and socioeconomic factors, and age [22–24]. Since 
poor appetite is associated with a decreased quality of life and an increased risk of hospitalization and 
death for dialysis patients, appetite assessment is important in developing strategies to promote ade-
quate nutritional intake [25, 26].

 Acidosis

Metabolic acidosis (serum bicarbonate <22  mEq/L) in stage 5 CKD is a consequence of a 
decreased ability of the kidneys to maintain acid-base balance. Results of a large cohort study 
revealed an estimated 40% of hemodialysis patients exhibit acidosis, and low serum bicarbonate 
is associated with a 25% increased risk of all-cause and cardiovascular mortality [27]. 
Hemodialysis attempts to correct this acid-base imbalance through a delivered dose of bicarbon-
ate in the dialysate. Potential nutrition- related effects of low serum bicarbonate in dialysis 
patients include increased protein degradation, decreased muscle mass, and increased bone min-
eral loss [27–31]. Since correction of acidosis has been shown to correct the protein catabolism 
[32], the updated KDOQI guidelines recommend that predialysis serum bicarbonate levels be 
maintained at 24–26 mmol/L[11].
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 Fluid Volume

High interdialytic fluid weight gain (IDWG), defined as >4% of the body weight between dialysis 
treatments, contributes to inflammation and is associated with increased hospitalizations and mortal-
ity [33–37]. Excessive IDWG may also be a factor in low serum albumin test results due to dilutional 
hypoalbuminemia. It has been hypothesized that this correlation may explain some of the mortality 
associated with low albumin [36]. Fluid overload also increases the risk of cardiovascular disease, 
hypertension, and heart failure in dialysis patients [37]. Sodium limits, both dietary and in the dialy-
sate, along with fluid restriction can help to maintain the fluid balance.

 Dialysis-Related Losses

HD has long been considered a catabolic procedure. Approximately 4–9 g net amino acids and 
1–2 g protein are lost during HD compared to 5–15 g protein during PD [38–41]. The use of high-
flux membranes, bio-incompatible membranes, and reuse of high-flux dialyzers have been shown 
to increase amino acid losses [42–44]. Dialysate protein losses are also higher with polysulfone 
dialyzers processed with bleach and losses significantly increase after the sixteenth use [27]. HD 
has been shown to induce a protein catabolic state that can stimulate muscle and whole-body pro-
tein loss, decrease protein synthesis, and increase energy expenditure with the effects lasting up to 
2 hours postdialysis [45–47].

 Hemodialysis Adequacy

Conventional hemodialysis, initiated in the 1960s, was initially used once weekly. However, since 
uremic symptoms returned and became more severe 24–36 hours before the next dialysis, along 
with increased extravascular volume, hypertension, and the development of peripheral neuropathy, 
HD was increased to twice weekly. Further improvement in the progression of uremic peripheral 
neuropathy occurred with thrice weekly dialysis and this was “accepted as standard” since the early 
1970s [48].

Adequate dialysis is important because underdialysis impacts appetite and dietary intake. 
Assessment of dialysis adequacy is based on Kt/V (a marker for dialysis adequacy where K = clear-
ance, t = time, and V = volume). According to a recent KDOQI update on dialysis adequacy, recom-
mendations are for “a target single pool Kt/V (spKt/V) of 1.4 per hemodialysis session for patients 
treated thrice weekly, with a minimum delivered spKt/V of 1.2”and “for hemodialysis schedules other 
than thrice weekly… a target standard Kt/V of 2.3 volumes per week with a minimum delivered dose 
of 2.1 using a method of calculation that includes the contributions of ultrafiltration and residual kid-
ney function”[4].

In numerous observational studies, the use of short daily HD and NHD has been shown to reduce 
anorexia, improve protein intake, and have a positive impact on a number of nutritional markers [39, 
43, 49, 50]. Results from the Frequent HD Study, however, did not show any significant effect on 
nutritional parameters with either NHD or SDHD [51]. Both of these treatment modalities may not be 
widely available to all dialysis patients because of reimbursement obstacles and limited experience by 
dialysis providers. Research is ongoing.
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KDOQI highlights the importance of presenting the benefits and risks of HD options to patients, 
“considering individual patient preferences, the potential quality of life and physiological benefits,” 
along with some of the potential risks of more frequent HD (“possible increase in vascular access 
procedures, and potential for hypotension during dialysis”) and longer HD at home (“possible increase 
in vascular access complications, potential for increased caregiver burden, and possible accelerated 
decline in residual kidney function”) [4].

 Nutrient Recommendations

 Energy

 Conventional Hemodialysis

Current KDOQI recommendations for energy intake in metabolically stable adults are the same 
regardless of dialysis modality (i.e., 25–35 kcal/kg body weight per day) [11]. Energy intakes may 
need to be adjusted according to age, gender, activity level, weight goals, body composition, comor-
bidities or inflammation to maintain normal nutritional status [11, 52].

Many HD patients are unable to consume the recommended energy intake, resulting in a low 
body weight and body mass index (BMI), both of which are associated with increased mortality in 
the HD patient [11, 39]. The average energy intake has been reported at 24–27 kcal/kg/day [21, 
52]. In the Hemodialysis (HEMO) Study, patients averaged 23 kcal/kg/day, which is significantly 
less than the KDOQI guidelines for calories and less than the HEMO target of 28 kcal/kg/day [53]. 
Energy intake was less and patient reported appetite was suboptimal on dialysis days when com-
pared to nondialysis days [54].Restricting food during in-center hemodialysis, a common policy 
at many dialysis clinics in the United States, is thought to be a missed opportunity for nutrition. A 
recent consensus statement from the ISRNM recommends that “meals and supplements during 
hemodialysis should be considered as a part of the standard-of-care practice for patients without 
contraindications”[55].

Other factors contributing to poor intake in HD patients include fatigue after dialysis or the 
catabolic, physiologic, and metabolic effects of dialysis on the body, taste disturbances, medica-
tions, the overly restricted renal diet, delayed gastric emptying, repeated hospitalizations, and 
psychosocial concerns [24, 54, 56]. A standard dialysate solution containing 200 mg/dL glucose 
contributes only a small amount of calories during thrice weekly dialysis and does not signifi-
cantly contribute to energy intake [39]. Assessment and counseling by the dietitian is important in 
helping the patient achieve an adequate intake. The use of nutritional supplements may need to be 
considered.

 Nocturnal Hemodialysis/Short Daily Hemodialysis

There have been limited studies examining the nutritional needs of patients receiving NHD and 
SDHD. The current recommendations are extrapolated from the needs of the conventional HD 
patient (i.e., thrice weekly dialysis). The diet should be individualized to the patient based on lab 
data, interdialytic fluid weight gains, and duration of dialysis. Because of the frequency and dura-
tion of dialysis, the diet for NHD tends to be more liberal than conventional HD. There are no 
established energy guidelines for NHD or SDHD so current recommendations follow the KDOQI 
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nutrition guidelines for conventional HD, and energy needs can be adjusted as needed to maintain 
the weight (Table 15.2). With both NHD and SDHD, appetite has been reported to improve lead-
ing to an increase in both protein and calorie intake [39, 57, 58]. Weight gain may occur so 
energy needs should be adjusted and exercise encouraged if the patient is physically able to 
participate [39, 58].

Table 15.2 Daily nutrient recommendations for adult hemodialysis patients

Nutrient Conventional hemodialysis
Nocturnal/
short daily hemodialysis

Energy (kcal/kg 
BW)

25–35 None established.
Use KDOQI

Protein (g/kg BW/
day

1.0–1.2 Use KDOQI

Sodium <2.3 g/day NHD: 2.4–4 g/day
SDHD: 2–3 g
Monitor BP control, fluid balance.

Potassium 2–3 g/day Dependent on serum levels.
Calcium 800–1000 mg total elemental Same
Phosphorus 800–1000 mg or 10–12 mg/g 

protein
NHD: Mild to unrestricted
SDHD: Suggest HD restriction; adjust to control serum 
levels.

Fluid 750–1000 mL + UO Individualize for BP, UO, and fluid balance.
Thiamine 1.2–1.5 mg/day Same
Riboflavin 1.1–1.3 mg/day Same
Niacin 20 mg/day Same
Biotin 30 μ/day Same
Pantothenic acid 5–10 mg/day Same
Cobalamin 2–3 μ/day Same
Pyridoxine 10 mg/day Same
Folate 1–10 mg/daya Samea

Vitamin C 75–90 mg/day Same
Vitamin A None None
Vitamin D Individualize Individualize
Vitamin E None None
Vitamin K Noneb Noneb

Zinc If neededc If neededc

Copper None None
Iron Individualized Individualized

Selenium None None
Magnesium None None
Aluminum None None

Source: Data from [11, 33, 39, 58, 93–97]
Abbreviations: BW body weight, HD hemodialysis, NHD nocturnal hemodialysis, SDHD short daily hemodialysis, 
KDOQI Kidney Disease Outcomes Quality Initiative, BP blood pressure, UO urine output
a1 mg is the standard recommendation but higher amounts may be needed. See text
bMay need supplements if on antibiotics and have poor oral intake
cMay be supplemented up to 15 mg elemental zinc
dVaries based on serum ferritin, transferrin saturation
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 Protein

 Conventional Hemodialysis

Adequate protein intake is important to ensure that the patient maintains positive or neutral nitrogen 
balance. The KDOQI nutrition guidelines recommend a dietary protein intake of 1.0–1.2 g/kg body 
weight for the metabolically stable adult dialysis patient [11]. Protein recommendations are the same 
for dialysis patients with diabetes; however, higher levels of protein may be considered for those at 
risk of hyper- and/or hypoglycemia [11]. Vegetarian patients will require ongoing counseling by the 
dietitian to help ensure they consume adequate protein from legumes or soy products without excess 
mineral load. Protein recommendations are based on a small number of nitrogen balance studies and 
do not differentiate for age. While it is possible that protein needs of the elderly patient receiving 
maintenance HD may be slightly reduced, the catabolic effects of dialysis along with other comorbid 
conditions may outweigh this reduction. A small number of studies have shown that the risk level for 
malnutrition in elderly HD patients is higher than that in younger patients [49, 50, 59, 60].

Protein intake is often inadequate in HD patients and contributes to PEW. In the HEMO Study, less 
than 20% of the patients at baseline met the current KDOQI Nutrition Guidelines for protein with an 
average intake of 0.93 g/kg/day [53]. Protein needs are also influenced by metabolic acidosis, infec-
tion, inflammation, or surgical procedures associated with increased catabolism. Current protein rec-
ommendations are based on older metabolic studies and do not take into account the newer, highly 
permeable dialyzer membranes that have been shown to increase amino acid losses and lower serum 
albumin levels [44]. Further research on the effect of new dialyzer membranes and dialysis techniques 
on nutritional requirements is needed. There is limited data on the protein needs of the acutely ill 
maintenance HD patient, and KDOQI recommends that these patients receive at least 1.2 g protein/
kg/day with needs individualized based on concurrent illness and inflammation [11]. Hospitalized HD 
patients generally consume less than the recommended amount of protein and may need intensive 
nutrition counseling, monitoring, and possibly nutritional support to provide adequate protein to meet 
their needs.

 Protein Nitrogen Appearance (PNA) or Protein Catabolic Rate (PCR)

In stable dialysis patients (i.e., no catabolic or anabolic processes), protein nitrogen appearance 
(PNA), or protein catabolic rate (PCR) is used to estimate protein intake (normalized as grams per kg 
per day) [41]. The KDOQI nutrition guidelines note that nPCR has been shown to be a predictor of 
albumin and mortality in HD patients [11]. In catabolic patients, PNA will overestimate protein intake; 
the reverse is true for anabolic patients [41]. Urea nitrogen appearance rate is estimated from the 
interdialytic changes in serum urea nitrogen in the HD patient. After PNA is calculated, it can be 
normalized (nPNA) to body size or actual edema free body weight [41]. Normalizing to body weight 
may be more appropriate for underweight or overweight individuals, since nPNA may otherwise 
overestimate or underestimate protein intake respectively [41].

 Nocturnal Hemodialysis/Short Daily Hemodialysis

There are no established guidelines for protein requirements in NHD or SDHD, so current recom-
mendations are to implement the KDOQI guidelines for protein, and adjust to maintain adequate 
serum albumin levels (see Table 15.2) [11, 58]. Patients receiving NHD usually have adequate protein 
intakes possibly due to an increased clearance of middle- and larger-molecular weight substances 
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during the longer dialysis procedure [58]. Patients on SDHD have been shown to also have increased 
protein intakes possibly due to the increased frequency of dialysis [61, 62].

 Sodium and Fluid

 Conventional Hemodialysis

Sodium and fluid control are very important in patients receiving maintenance HD. When the 
glomerular filtration rate (GFR) falls below 15 mL/min/1.73 m2, the kidneys’ ability to compen-
sate and excrete sodium declines leading to sodium retention. Since a patient’s GFR declines 
within the first few months on HD to 1–2 mL/min/1.73 m2 and the patient becomes oliguric or 
anuric, diet and dialysis become the two controlling factors in sodium and fluid balance [39]. 
Excessive fluid and sodium intake between treatments can result in sodium and fluid overload 
leading to hypertension and cardiac problems such as congestive heart failure (CHF) [63, 64]. In 
addition, removal of large interdialytic fluid weight gains to achieve a dry weight may not be 
possible during one treatment and may cause intradialytic hypotension, cramping, angina, 
arrhythmias, and malaise [39, 65]. The recommended sodium intake for HD patients is <2.3 g/
day while the recommended fluid intake is 750–1000 mL plus urine output, and in general should 
not exceed 1500 mL/day [11, 38, 39, 65]. The goal is to minimize interdialytic fluid weight gains 
and control blood pressure. Ideally, interdialytic fluid weight gains between treatments should 
not exceed 2–3 kg or 3% to 4% of the patient’s dry weight [33, 65]. Some nephrology specialists 
think that lower sodium intakes of 1–1.5 g/day would be beneficial, but this may impact the nutri-
tional status of the patient by limiting intake of important nutrients, especially if poor food 
choices are made. The accessibility of high sodium convenience and fast foods makes patient 
adherence difficult. Reduced or low sodium convenience foods in the grocery store may have 
potassium chloride added to replace sodium making them potentially dangerous for the HD 
patient. Patients should be counseled on avoiding high sodium foods, label reading, making 
appropriate choices when eating out, and ways to help control thirst. While high interdialytic 
fluid weight gains can indicate excessive consumption of sodium and fluid, very low interdialytic 
weight gains, especially in the elderly, may be an early indicator of poor oral intake [66]. The 
elderly dialysis patient, already at risk for malnutrition, may over restrict both food and fluid 
intake. A thorough diet history, along with a review of other nutritional parameters, should be 
obtained to assess the nutritional adequacy of the diet.

 Nocturnal Hemodialysis/Short Daily Hemodialysis

Sodium and fluid restriction in the NHD and SDHD patient is dependent on fluid balance, blood pres-
sure control, and the type of dialysis machine used. The current Dietary Reference Intake (DRI) for 
sodium is 1500 mg/day for adults. Decreasing sodium intakes if above 2300 mg/day is recommended 
and is a good starting point for the stable patient, but no formal guidelines for these cohorts have been 
published. The hypotensive NHD patient may require a more liberal sodium prescription. Fluid intake 
should be individualized based on interdialytic weight gain. A fluid restriction may not be required for 
the NHD patient as long as the patient does not gain more than he/she can safely remove while main-
taining hemodynamic stability. This may vary slightly from patient to patient based on the dialysis 
prescription, but it is approximately 2–4 L/night [58].

Patients on SDHD dialyze 2–3 h/day so they are limited in the amount of fluid they can safely 
remove in one treatment. Patients may dialyze on a conventional HD machine or the NxStage System 
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One™ machine. There are no formal guidelines, but clinical experience suggests that 1–1.5 L/h can 
be removed safely depending on the type of dialysis machine used for treatment.

 Potassium

 Conventional Hemodialysis

As the GFR falls, the kidneys lose their ability to filter potassium, and fecal potassium excretion 
increases [39, 67]. Potassium removal during HD averages between 70 and 150 mEq per treatment 
[68]. This will vary depending on the dialyzer clearance and the potassium concentration of the dialy-
sate, i.e., the higher the dialysate concentration, the less the removal of potassium. Most patients 
receiving maintenance HD are placed on a dialysate bath of 2–3 mEq/L, with the standard being 
2 mEq/L [39, 68]. Low-potassium dialysate (0–1 mEq/L) is rarely used in the outpatient dialysis set-
ting because of the increased risk of cardiac arrest due to hypokalemia [39]. Patients with a low pre-
dialysis serum potassium (<3.5 mEq/L) will generally require an upper range of the dialysate bath 
(3 mEq/L) especially if oral intake is poor. Hyperkalemia may be categorized as either mild (serum 
potassium 5.5–6.5 mEq/L) or moderate (>6.5 mEq/L) and may result in cardiac arrhythmias and car-
diac arrest [39].

The recommended dietary potassium restriction is 2–3 g/day and should be individualized based 
on serum lab values [38, 39, 52]. Nutritional counseling regarding food sources of potassium and 
patient education about the complications of hyperkalemia are important to help the patient avoid 
elevated potassium levels during the interdialytic period. The primary sources of potassium are fruits, 
vegetables, and dairy along with nuts, seeds, nut butters, and dried beans and peas. Patients should 
also avoid salt substitutes, which contain potassium chloride, and check with their doctor or dietitian 
before using any herbal products or dietary supplements. Patients should also be counseled to check 
the nutrition facts label on packaged foods for the potassium content, and to be aware that the ingre-
dients of reduced or low sodium products may include potassium chloride. For patients who are 
chronically nonadherent and whose dialysate bath cannot be lowered, a short-term oral suspension 
dose of Kayexalate® (sodium polystyrene) or Veltassa® (patiromer) may be given [39, 52, 69]. While 
the primary cause of hyperkalemia may be dietary intake, nondietary factors such as medications, 
hyperglycemia, metabolic acidosis, pica behaviors, and inadequate dialysis may also lead to elevated 
serum potassium levels and should be investigated if dietary causes can be ruled out (Table 15.3) [67, 
68, 70, 71].

 Nocturnal Hemodialysis/Short Daily Hemodialysis

A potassium restriction in NHD is normally not required unless mid-week serum levels are high [58, 
72]. If a patient skips one night of treatment and has a high interdialytic potassium level, then that 
patient should be placed on a potassium restriction over the longest skip period [58]. Although no 
specific recommendations are available, clinical experience suggests that a 2.5–3 g/day potassium diet 
may be appropriate depending on the degree of hyperkalemia. Patients who are hypokalemic will 
need to increase their dietary potassium intake; however, if they are unable to maintain normal serum 
levels by diet alone, they should receive a potassium supplement or have the potassium concentrate of 
the dialysate adjusted [58].

There have been limited studies on potassium removal in SDHD.  One study using the 
NxStage™ System showed an average of 73  mmol of potassium cleared per treatment [73]. 
Kohn demonstrated an average of 55 mEq is removed with a range of 35–80 mEq [74]. Potassium 
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clearance on SDHD is not as good as on PD, but slightly better than conventional HD when one 
compares weekly potassium removal. There are no formal guidelines on dietary potassium 
intake in SDHD and more research is needed. Since most patients on SDHD transition from 
conventional HD, clinical experience suggests patients continue with their conventional HD 
dietary recommendations and then adjust the diet during the initial training period to control 
serum levels.

 Calcium, Phosphorus, Parathyroid Hormone,  
and Calcitriol/Vitamin D Analogs

 Conventional Hemodialysis

The kidneys play a crucial role in mineral homeostasis [75–77]. Features of abnormal mineral 
metabolism in stage 5 CKD include hypocalcemia/hyperphosphatemia, defective intestinal absorp-
tion of calcium, altered vitamin D metabolism, and altered handling of phosphate, calcium, and 
magnesium [75]. Dialysis patients frequently develop metabolic bone disease or renal osteodystro-
phy, but abnormal mineral metabolism also has systemic effects such as cardiovascular, arterial, and 
valvular calcification along with metastatic calcification of soft tissue (calciphylaxis), erythropoietin 
stimulating agent (ESA) resistant anemia, and increased morbidity and mortality [78]. Several stud-
ies have shown coronary calcification in 83%–92% of dialysis patients [79–81]. Factors that may 
predispose to soft- tissue calcification include hyperphosphatemia, secondary hyperparathyroidism, 
local tissue injury, the rise in pH of tissue, removal of calcification inhibitors by dialysis, and exces-
sive calcium intake.

Table 15.3 Dietary and nondietary causes of hyperkalemia in hemodialysis patients

Dietary causes
  Use of salt substitutes
  Pica behavior
  Use of herbal or over-the-counter vitamin/mineral supplements
  Excessive consumption of high-potassium foods
  Excessive consumption of liquid nutritional supplements
Nondietary causes
  Severe, chronic constipation
  Loss of remaining residual renal function
  High dialysate potassium concentration
  Frequent use of chewing tobacco
  Metabolic acidosis
  Inadequate dialysis
  Blood transfusions
  Hemolysis of blood sample due to error in blood draw or specimen handling
  Hyperglycemia: Potassium shifts from cell into serum
  Conditions causing release of potassium through tissue destruction such as catabolism, starvation, infection, burns, 

surgical stress, chemotherapy
  Drug interactions: Beta blocking agents, spironolactone, angiotensin-converting enzyme inhibitors, cyclosporine, 

digoxin
  Comorbid conditions such as Addison’s disease, sickle-cell anemia, hypoaldosteronism

Data from [33, 39, 67, 68]
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Calcium Balance

The primary route of calcium excretion is the kidney, and in maintenance hemodialysis patients the 
normal deposition into the bone reservoir may be limited due to low turnover bone disease. Serum 
calcium is not a good indicator of calcium because excesses are not retained in plasma but rather 
deposited in soft and vascular tissue. Contributing to the risk of hypercalcemia in maintenance hemo-
dialysis patients is the prevalence of calcium enhanced foods, calcium supplements or calcium-based 
phosphate binders, the use of calcitriol and vitamin D analogs, and dialysate calcium concentration 
[82]. The KDOQI nutrition guidelines suggest limiting the total elemental calcium intake to 800–
1000  mg/day [11]. The use of calcium-based binders is discouraged when at all possible [83]. 
Interventions to prevent hypercalcemia in maintenance hemodialysis include evaluating calcium load, 
recommending changes as needed (i.e., adjusting the dose of calcitriol and vitamin D analogs, modi-
fying dialysate calcium concentration, using noncalcium-based phosphate binders), and educating 
patients regarding limiting calcium-fortified foods.

Parathyroid Hormone (PTH) and Calcitriol/Vitamin D Analogs

Parathyroid hormone (PTH) is secreted in response to hypocalcemia to conserve calcium in the renal 
tubules. PTH acts on the kidneys to trigger calcitriol production (activation of vitamin D) and to 
enhance urinary excretion of phosphorus. Calcitriol, stimulated by PTH, increases phosphorus and 
calcium absorption from the gut and increases bone remodeling by stimulating the release of calcium 
and phosphorus from bone. By Stage 5 CKD, the kidneys are no longer able to activate vitamin D, so 
the active form of vitamin D (calcitriol) or a vitamin D analog (doxercalciferol, paricalcitol, or other) 
may be prescribed. Active vitamin D therapy is initiated and adjusted based on PTH, serum calcium, 
and phosphorus levels. Over suppression of PTH is avoided to prevent adynamic bone disease. More 
recently, oral or IV calcimimetic medications, Sensipar® or Parsabiv®, respectively, have been used 
to regulate PTH secretion via the calcium sensing receptors.

 Phosphorus

Regulation of phosphorus homeostasis is complex, and preventing hyperphosphatemia is a challenge 
for maintenance hemodialysis patients. Prolonged elevated serum phosphorus leads to soft tissue and 
vascular calcification, and is associated with increased morbidity and mortality for maintenance 
hemodialysis patients. An analysis of United States Renal Data System (USRDS) data of more than 
6400 hemodialysis patients demonstrated that serum phosphorus >6.5 mg/dL was associated with a 
27% higher mortality risk [78]. Phosphorus management focuses on receiving adequate dialysis, 
reducing phosphorus intake, evaluating the phosphorus content of meals and snacks, and matching the 
amount of phosphate binding medication accordingly.

The KDOQI guidelines for bone disease recommends no more than 800–1000 mg phosphorus per 
day [76]; however, in some cases this may be difficult to achieve since many high phosphorus foods 
are also high in protein. The phosphorus restriction needs to be adjusted to dietary protein require-
ments to prevent protein malnutrition. For patients with higher protein needs, calculating phosphorus 
based on protein requirements (using 10–12 mg phosphorus/gram protein) should provide a reason-
able phosphorus goal [76]. Phosphorus is not currently required to be listed on food labels, and the use 
of phosphate-based food additives has contributed to hidden sources of phosphorus outside the tradi-
tionally known high-phosphorus foods. The inorganic phosphates used as food additives are also 
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100% absorbable as compared to the 50%–60% absorption rate from naturally occurring phosphorus 
[84]. Refer to Chap. 23 for a review of bone and mineral disorders in CKD.

 Nocturnal Hemodialysis/Short Daily Hemodialysis

With NHD, weekly phosphate removal is twice that of conventional HD, so phosphate levels are gen-
erally normal or low and calcium-phosphorus balance is normal [72, 85, 86]. Phosphorus restriction 
is not needed in the majority of NHD patients, but it is dependent on the patients’ appetite, oral intake, 
and serum phosphorus levels. A large percentage of patients may be able to decrease or discontinue 
use of phosphate binders. Phosphorus levels should be monitored and the diet individualized. In 
patients who are hypophosphatemic and unable to increase dietary phosphorus intake, phosphate may 
be added to the bicarbonate bath [85].

Phosphorus control is not as effective with SDHD compared to NHD.  Weekly phosphorus 
removal has been shown to be 606– 694 mg per treatment and is dependent on predialysis levels 
of phosphorus as well as the time on dialysis [73, 74]. Phosphorus removal is increased when 
levels are greater than 5 mg/dL [73, 74]. Phosphorus binder dose has been shown to either increase 
or decrease slightly depending on the HD duration and frequency and dietary protein and phos-
phorus intake [62, 73, 74]. Phosphorus intake may be higher due to improved appetite and higher 
protein intakes. There are no formal evidence-based guidelines for dietary phosphorus restrictions 
in SDHD. However, based on current studies, it is prudent to restrict phosphorus intake to control 
serum levels.

 Lipids

 Conventional Hemodialysis

There is a high prevalence of lipid abnormalities in the dialysis population, which is a risk factor 
for cardiovascular disease (CVD). The mortality rate from CVD in patients undergoing mainte-
nance HD is almost 50% [39]. HD patients generally have normal or high total cholesterol, low-
density lipoproteins (LDL) and triglycerides (TG), and normal or low high-density lipoproteins 
(HDL) [39, 87]. According to the Dialysis Morbidity and Mortality Study (DMMS), only 20% of 
patients receiving maintenance HD meet the recommended normal lipid parameters outlined by 
the National Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP III) [70]. The 
KDOQI recommended therapeutic lifestyle changes (TLC) are covered in detail in Chap. 13. 
Briefly, it recommends: (a) a reduction in saturated fat to <7% of total calories; (b) a reduction in 
total fat to 25%–35% of total calories with monounsaturated fat providing up to 20% of calories 
and polyunsaturated fat up to 10%; (c) total dietary cholesterol <200 mg/day; (d) increased dietary 
fiber; and (e) modifications in calories to attain or maintain a desired weight along with exercise 
and smoking cessation [88].

Before beginning any dietary modifications, the dietitian should assess the patient for signs of 
PEW since addition of a fat restricted diet may compromise caloric intake and further affect nutri-
tional status [89]. Patients also encounter difficulty trying to comply with the fat recommendations in 
addition to a complex renal diet. Dietary modification may be undertaken if the patient is well- 
nourished; however, pharmacological intervention with lipid-lowering medication may be the only 
intervention used if the patient is unable or unwilling to further modify their diet. Encouraging general 
recommendations for modifying saturated fat along with smoking cessation and promoting exercise 
should be emphasized.
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 Nocturnal Hemodialysis/Short Daily Hemodialysis

While there are no specific recommendations for NHD and SDHD, it would be prudent to encourage 
patients to follow general therapeutic lifestyle recommendations suggested by the KDOQI guidelines 
for dyslipidemias [88] due to the high risk of CVD in the dialysis population.

 Vitamins, Minerals, and Trace Elements

 Maintenance Hemodialysis (Conventional, Nocturnal, Short Daily Hemodialysis)

The importance of adequate intakes of vitamins, minerals, and trace elements is well known including 
their roles in metabolic processes, cell function, growth, and anemia management. Although the Food 
and Nutrition Board of the National Research Council/National Academy of Sciences has determined 
a recommended daily allowance (RDA) of vitamins and minerals sufficient for most healthy people, 
the RDAs for conventional hemodialysis patients, NHD, and SDHD have not been established. Intake 
of essential vitamins, minerals and trace elements in maintenance HD patients is complicated by fac-
tors like dietary restrictions, appetite issues, losses during the dialysis process, comorbidities, and 
medication interactions. It has been estimated that less than 50% of maintenance HD patients achieve 
sufficient intake of most vitamins through diet, though intakes of minerals like sodium, phosphorus, 
and potassium may exceed recommendations [90]. The use of renal-specific vitamin and mineral 
supplementation for maintenance HD patients, though widely accepted, has been a topic of debate due 
to concerns regarding cost, pill burden, and other potential downsides [91].

The current recommendations for vitamins and minerals in NHD and SDHD are the same as those 
for conventional HD. There is some concern that there may be an increased loss of water-soluble 
vitamins, especially vitamin C, because patients are dialyzing twice as many days. In the few studies 
that have been done, lower levels of vitamin C and thiamine have been found [58, 72, 92, 93]. Further 
research is needed regarding vitamin/mineral requirements in stage 5 CKD patients and how these 
needs may be affected by hemodialysis modalities (i.e., conventional HD, NHD, SDHD).

 Water-Soluble Vitamins

Water-soluble vitamins are small, nonprotein bound substances which are removed by dialysis and 
may be lost at a rate greater than normal urinary excretion [94]. Dialysis membrane pore size, surface 
area, and increased flow rates can adversely affect water-soluble vitamin retention [95, 96]. Some 
drugs such as immunosuppressants, anticonvulsants, and chemotherapy drugs used to treat comorbid 
conditions can also interfere with vitamin absorption [97]. The water-soluble vitamins most likely to 
be deficient in maintenance hemodialysis patients are pyridoxine (B-6), folic acid, and vitamin C [38, 
94–96]. See Chap. 33 for an in-depth review of micronutrient requirements in CKD.

 Vitamin B-6

Adequate stores of vitamin B-6 (pyridoxamine) are necessary for erythropoietin to be effective in 
promoting red blood cell (RBC) formation, and deficiency symptoms also include peripheral neuropa-
thy [95, 97]. Levels of B-6 are low to normal in patients receiving conventional HD, with higher losses 
for patients on high-flux/high-efficiency dialyzers, and increased needs for those receiving 
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erythropoietin stimulating therapy (ESA) [52, 95, 96]. Vitamin B-6, along with folic acid and vitamin 
B-12, is a cofactor in homocysteine metabolism; low levels may result in hyperhomocysteinemia 
which may contribute to an increased cardiovascular risk in patients receiving maintenance HD [98–
101]. Therefore, the requirement for pyridoxamine is 10 mg/day, higher than the RDA of 1.3–1.7 mg/
day [102].

 Folic Acid

For maintenance HD patients, adequate serum levels of folic acid and vitamin B-12 (cobalamin) are 
particularly important for their roles in RBC production [39, 95, 97, 103]. Although levels are gener-
ally normal, folate losses may be higher in maintenance HD especially with high-flux dialysis [96–
98]. Therefore, folic acid needs are estimated as 1 g/day for HD patients, which is higher compared to 
the RDA (0.4 mg/day).

 Vitamin C

Vitamin C has antioxidant properties; it regulates iron distribution and storage, and it may help to 
promote intestinal iron absorption [52, 95, 104]. Vitamin C levels can be low if not supplemented, 
since it is removed during dialysis and the patient’s dietary intake of vitamin C may be marginal [94, 
102]. KDOQI nutrition guidelines suggest a vitamin C intake of 75 mg/day for women and 90 mg/day 
for men [11]. Higher doses may lead to oxalosis resulting in increased oxalate deposition in soft tis-
sue, and can also increase the risk of kidney stones [38, 94, 95, 97, 104]. Whether or not vitamin C 
supplementation can help reduce inflammation and oxidative stress and aid in improving ESA 
response is still unclear and research is ongoing [38, 95].

 Vitamin B-12

Vitamin B-12 (cobalamin) plays a role in folic acid metabolism and the formation of RBC. Levels 
may be normal as vitamin B-12 may not be removed as much as other water-soluble vitamins [39, 97]. 
There have been reports of B-12 deficiency in patients on high-flux dialyzers, and ESA and high-dose 
folic acid supplementation may increase requirements [96–98]. Vitamin B-12 levels may decrease as 
the length of time on dialysis increases [39]. At this time, the RDA for vitamin B-12 (2.4 μg/day) is 
recommended for maintenance hemodialysis patients.

 Other Water-Soluble Vitamins

Little research has been done to determine the exact requirements for vitamin B-1 (thiamine), vitamin 
B-2 (riboflavin), biotin, niacin, and pantothenic acid in Stage 5 CKD, and serum levels are usually 
normal [95]. However, thiamine deficiency has been reported in some dialysis patients and several 
symptoms of thiamine deficiency, such as CHF with fluid overload (wet beriberi), lactic acidosis, and 
unexplained encephalopathy, can mimic uremic complications making an early diagnosis difficult 
[95, 105, 106]. Biotin levels have been shown to be normal, but supplementation may help with 
dialysis- related intractable hiccups [106–108]. A renal vitamin supplement which includes thiamine, 
niacin, biotin, riboflavin, and pantothenic acid at RDA levels is generally recommended (see 
Table 15.2).
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 Fat-Soluble Vitamins

 Vitamin A

Vitamin Ais not removed by dialysis and can accumulate in kidney failure. Vitamin A levels increase 
with duration of time on dialysis but not frequency, and levels are generally two to five times higher 
in dialysis patients than in the general population [39, 95, 109]. Elevated vitamin A levels are thought 
to be due to the lack of removal of retinol-binding protein (RBP) by the kidney. Toxicity occurs when 
the amount of retinol exceeds the binding capability of RBP. Symptoms include hypercalcemia, ane-
mia, hypertriglyceridemia, and increased alkaline phosphate levels. These symptoms may mimic ure-
mia and a diagnosis of toxicity cannot be made without assessing serum vitamin levels [39, 95, 109, 
110]. Vitamin A supplementation is not recommended.

 Nutritional Vitamin D (Cholecalciferol, Ergocalciferol)

Hemodialysis patients are prone to vitamin D deficiency, defined as serum 25-hydroxyvitamin D [25(OH)
D] < 30 ng/mL, due to less outdoor activity and therefore sunlight exposure, decreased intake of dietary 
sources of vitamin D, and decreased synthesis of vitamin D observed with low glomerular filtration rate 
(GFR) [65]. Although by Stage 5 CKD the kidneys can no longer convert vitamin D to the active form 
needed for bone mineral metabolism, adequate nutritional vitamin D is important for many nonbone func-
tions (immune function, insulin sensitivity and secretion, cell growth, gene transcription, muscle strength) 
[111]. Recommendations for the frequency of serum 25(OH)D testing and daily supplementation with nutri-
tional vitamin D vary. Both vitamin D2 (ergocalciferol) and D3 (cholecalciferol) have been successfully 
used for repletion in maintenance HD patients. The Kidney Disease: Improving Global Outcomes (KDIGO) 
CKD mineral and bone disorder (CKD-MBD) guidelines suggest that “25(OH)D (calcidiol) levels might be 
measured, and repeated testing determined by baseline values and therapeutic interventions” and “that vita-
min D deficiency and insufficiency be corrected using treatment strategies recommended for the general 
population”[77]. Use of a renal vitamin with D may be a strategy in preventing vitamin D deficiency.

 Vitamin E

Vitamin E is not removed by dialysis and levels have been reported to be low, normal, or high [39, 94, 
110]. Low serum levels of vitamin E are thought to be associated with the development of atheroscle-
rosis and cardiovascular events in the dialysis population, but research into the role of vitamin E in 
decreasing oxidative stress, inflammation, and mortality has not demonstrated any appreciable benefit 
[106, 110]. Vitamin E may cause an increased risk of deep vein thrombosis and a vitamin K-like 
responsive hemorrhagic condition in patients taking an anticoagulant [39, 95]. Research indicates that 
supplementation ≥400 IU may increase all-cause mortality in the general population; 15 IU/day is the 
recommended amount for HD patients [33, 112], though current KDOQI nutrition guidelines suggest 
that vitamin E should not be routinely supplemented [11].

 Vitamin K

Vitamin K was thought not to be deficient in patients receiving maintenance dialysis; however, recent 
research indicates that 30% or more of maintenance HD patients demonstrate subclinical vitamin K 
deficiency [113–115]. Adequate levels of Vitamin K may play a role in bone health by decreasing the 
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frequency of bone fractures [116]. Further clinical trials are needed to look at the benefits or potential 
side effects of vitamin K supplementation; therefore, at this time there is still not enough evidence to 
recommend routine supplementation. Patients at possible risk for vitamin K deficiency are those 
receiving long-term antibiotic therapy, those eating poorly over an extended period of time, or those 
patients on unsupplemented total parenteral nutrition [39, 98]. Excessive vitamin K can interfere with 
anticoagulant therapy; therefore, patients receiving vitamin K supplements should be closely moni-
tored [39, 94, 97].

 Minerals and Trace Elements

Minerals and trace elements are mainly supplied by diet; however, serum levels can also be affected 
by environmental exposure, length of dialysis, concentrations of the dialysate, poor nutrition, impaired 
absorption, or age [95, 98, 117]. Many minerals and trace elements are protein bound so uremia itself 
may alter levels; however, losses during dialysis are probably minimal [95, 117]. Levels of some 
minerals and trace elements will be affected by the concentration gradient between the dialysate fluid 
and the serum. This section will provide an overview of select minerals in maintenance HD. See Chap. 
33 for further information.

 Aluminum

There is no known need for aluminum supplementation in humans, though it is pervasive in small 
amounts in many substances including water. Since it is excreted by the kidney, there is a risk for toxic 
levels in stage 5 CKD and patients on maintenance hemodialysis [95]. Age, PTH, citrate, vitamin D, 
and fluorine may increase aluminum absorption in the gut, and the length of time on dialysis may 
increase aluminum levels in bone [39, 95]. Aluminum toxicity in dialysis patients is due to increased 
uptake and storage and is associated with dialysis encephalopathy syndrome, refractory anemia, and 
a reduction in bone formation leading to aluminum-induced adynamic bone disease (ABD) or osteo-
malacia [39, 95]. A primary source of aluminum is aluminum-containing antacids and patients should 
avoid long-term use of these medications. However, as stated in the KDOQI Clinical Practice 
Guidelines: Bone Metabolism and Disease in Chronic Renal Failure [76], aluminum-based binders 
may be used on a short-term basis for patients with chronic hyperphosphatemia (refer to Chap. 23).

 Copper

Copper levels in maintenance hemodialysis patients are typically normal, and deficiency is rarely seen 
unless the patient has a malabsorptive condition or is receiving long-term parenteral nutrition with 
inadequate supplementation [95]. Serum copper levels can be affected by excessive intake and inflam-
mation (ceruloplasmin is an acute phase reactant); high zinc intakes can interfere with copper absorp-
tion [95, 98]. Copper supplementation is not recommended for hemodialysis patients.

 Iron

Iron deficiency is common in patients receiving maintenance HD because of frequent blood sam-
pling, dialysis associated losses, decreased availability of ferritin, losses during surgery, and gas-
trointestinal losses [95]. ESA therapy increases RBC production thereby increasing iron utilization 
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[95, 118]. Monitoring iron balance using transferrin saturation and serum ferritin is important to 
correct deficiency and prevent iron overload. Patients with CKD are unable to obtain adequate iron 
from diet alone, and oral iron supplementation may not be effective since absorption can be 
decreased by the presence of an inflammatory state, iron stores, age, sex, timing of supplement 
administration, and simultaneous use of iron inhibiting medications such as calcium [119, 120]. 
The need for iron supplementation in maintenance HD patients should be individualized and is 
typically based on serum ferritin and transferrin saturation levels. Intravenous (IV) iron is usually 
administered during HD when deficient. IV iron therapy has fewer gastrointestinal side effects and 
is more efficient.

 Magnesium

Magnesium levels in patients receiving maintenance HD are generally normal to mildly elevated 
due to a decrease in gastrointestinal absorption and the fact that high magnesium-containing 
foods such as green leafy vegetables and legumes, are generally restricted [39, 52]. 
Hypermagnesemia occurs primarily from excessive intake of over-the-counter medications such 
as antacids or laxatives, alcoholism, or magnesium-based phosphorus binders. Magnesium can 
be removed using a lower magnesium dialysate (0.75–1.5 mEq/L) [39]. Hypermagnesemia can 
cause hypertension, weakness, and arrhythmias. Long-term hypermagnesemia may cause ady-
namic bone disease by suppressing PTH secretion [52, 121]. Deficiency can result in muscle 
weakness, seizures, and arrhythmias and may interfere with the release of PTH leading to hypo-
calcemia [39, 121]. Supplementation is not routinely prescribed unless the patient develops a 
magnesium deficiency.

 Selenium

Selenium levels have been found to be low in patients receiving maintenance HD and may be associ-
ated with low protein intakes [95, 122]. Selenium supplementation may help improve immune func-
tion by decreasing oxidative stress [38, 117]. Toxicity is rare but until more clinical evidence is 
established, regular supplementation is not recommended.

 Zinc

The prevalence of zinc deficiency in patients receiving maintenance HD is not known but can 
occur, and toxicity is rare [39, 95, 123]. Zinc is protein bound so levels may be falsely low when 
serum albumin levels are low. Calcium and iron supplements as well as fiber and alcohol intake 
can interfere with zinc absorption [95, 98]. These factors decrease the reliability of using serum 
zinc alone as a diagnostic tool for zinc deficiency, or for monitoring patients receiving zinc 
supplements [95, 98]. Assessment of patient response to supplementation should use a combina-
tion of laboratory levels and changes in clinical symptoms. Chronic uremia can impair taste 
acuity; however, controversy exists as to whether or not zinc supplementation will improve taste 
perception [124, 125]. Short-term zinc supplementation may be beneficial for wound healing 
though optimal dose levels have not been determined [98]. Therefore, until more definitive out-
comes are determined, the zinc recommendation for maintenance HD is the same as the RDA 
(15 mg/ day).
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 Conclusion

Maintaining adequate nutritional status is a challenge for maintenance HD patients regardless of the 
modality chosen. Understanding the different types of hemodialysis and their nutritional implications 
is important in maintaining the nutritional status and improving outcomes. Tailoring diet recommen-
dations according to individual needs for protein, sodium, potassium, phosphorus, and fluid is the 
cornerstone of successful MNT, and keeping the diet as liberal as possible helps to promote optimal 
intake and quality of life in this patient population. Recognizing the prevalence of PEW in mainte-
nance HD patients highlights the importance of ongoing nutrition assessment and intervention. Bone 
disease, anemia, and dyslipidemia management are all areas for the dietitian to attain competence and 
initiate into practice. A variety of assessment and educational tools are available via the National 
Kidney Foundation and the Academy of Nutrition and Dietetics, which are also sources of evidence- 
based guidelines for health professionals working with hemodialysis patients.
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 Case Study

R.G. is a 67-year-old female, recently retired elementary school teacher who presents as a new HD 
patient. She has a history of resistant hypertension and lives with her son and daughter-in-law. Her appe-
tite has been poor for the past month, and she complains that “foods don’t taste right” and of feeling 
fatigued. She has had a 10-lb weight gain over the past month with signs of edema prior to starting 
HD. Height 5′2″, weight 127  lb. (57.7 kg); initial estimated dry weight (EDW) has been ordered at 
122 lb. (55.4 kg); usual body weight (UBW) 117 lb. (53.2 kg). Medications include: cholecalciferol 
1000 mg/day and an over-the-counter multivitamin with minerals; she was recently prescribed sevelamer 
carbonate (Renvela®) 800 mg as a phosphorus binder three times a day with meals. Initial predialysis 
labs: Ca 7.8 mg/dL, P 6.5 mg/dL, PTH 300 pg/mL, Na 127 mEq/L, K+4.7 mEq/L, Cholesterol 102 mg/
dL, BUN 39 mg/dL, Cr 5.4 mg/dL, Alb 3.2 g/dL, CO2 19 mEq/L, spKt/V 1.2, urine output = ~500 mL. HD 
prescription: Tuesday, Thursday, Saturday, 4 hour treatment; access: catheter. A 24-hour diet recall indi-
cates the patient consumes an estimated 1000 kcal and 30 g protein over three meals and an occasional 
snack. R.G. avoids salt and salty foods; she followed a low protein, DASH-style diet prior to starting 
dialysis. Estimated sodium intake is 1500–2000 mg, potassium 3000 mg, and phosphorus 1100 mg.

After 1 week of HD, her appetite begins to improve and predialysis labs are Ca 8.0 mg/dL, P 
6.0 mg/dL, PTH 375 pg/mL, Na 132 mEq/L, K+5.8 mEq/L, BUN 44 mg/dL, Creatinine 5.0 mg/dL, 
Alb 3.3 g/dL, CO2 22 mEq/L, Cholesterol 150 mg/dL; EDW has been adjusted to 118 lb. (53.6 kg). 
Sevelamer (Renvela®) was increased to 1600 mg at each meal and patient was also instructed to take 
800 mg with snacks which she had not been doing.

 Case Questions and Answers

 1. What are the diet recommendations for R.G. on conventional HD based on her weight and initial 
labs?
Answer: The recommended diet is 64 g protein (UBW × 1.2 g/kg), 2 g sodium, 2 g potassium, 
800–1000 mg phosphorus. Fluid intake should be kept to 1500 mL (urine output plus 1000 mL) 
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and adjusted according to IDWG. Based on R.G.’s initial intake of 1000 kcal and 30 g protein, she 
will have to add a minimum ~600 kcal and ~35 g of protein to her diet. Sodium intake is acceptable 
but she will need to decrease her intake of higher potassium fruit/juice and vegetables (as recom-
mended on the DASH diet) to bring the potassium content of the diet within guidelines.

 2. Are R.G.s’ medications at the start of HD appropriate? Any recommendations for changes?
Answer: The multivitamin with minerals should be changed to a renal B- and C-complex with 
folic acid. Serum 25-hydroxyvitamin D [25(OH)D] should be checked and current nutritional 
vitamin D supplement assessed. A renal vitamin containing cholecalciferol (D3) should be 
considered. PTH is above the KDOQI recommended range, and active vitamin D (calcitriol) or 
analog should be initiated. She is currently on a small dose of a phosphorus binder (sevelamer), 
and with the increased protein in the diet and elevated phosphorus, an increase in binders will 
be needed.

 3. By the third month, R.G.’s appetite and energy level have improved. EDW has stabilized at 53.2 kg 
and IDWGs are 2–3 kg; current labs include: serum albumin 3.9 g/dL, K+3.6 mEq/L, P 5.5 mg/dL, 
Ca 9.8 mg/dL, PTH 390 pg/mL; fistula as access. She decides to resume teaching on a substitute 
basis and switches to in-center nocturnal hemodialysis (NHD). What diet and/or medication 
changes are indicated?
Answer: A more liberal K+ intake should be considered since current serum K+ is at the lower end 
of the recommended range. PTH is still above the KDOQI recommended range; the addition of a 
calcimimetic (Sensipar® or Parsabiv®) could be considered and/or calcitriol adjusted, and serum 
calcium monitored (current corrected calcium  =  9.9  mg/dL). Since NHD is associated with 
improved phosphorus control, intake may need to be liberalized and the binder dose adjusted.

 4. As summer approaches, R.G. expresses an interest in trying short daily hemodialysis (SDHD) at 
home. After her training has been completed and she transitions to SDHD, what improvements/
changes might be anticipated?
Answer: Anticipated improvements include increased appetite and protein/calorie intake, increased 
serum albumin, increased dry weight (may need to adjust EDW); serum phosphorus levels may be 
slightly higher and diet and/or the phosphate binder dose adjusted as needed.
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 Introduction

Medical nutrition therapy (MNT) plays an integral role in the health of the patient with stage 5 chronic 
kidney disease (CKD) receiving maintenance dialysis. The health professional must understand the 
role of nutrition in stage 5 CKD, the factors affecting assessment and maintenance of adequate nutri-
tional status, and the nutritional implications associated with the different types of renal replacement 
therapies (RRTs). Studies have shown that older age, diabetes mellitus (DM), hypertension (HTN), 
cardiovascular disease (CVD), and a higher body mass index (BMI) (≥30 kg/m2) are associated with 
CKD [1–3]. Based on the data from four cohorts of the National Health and Nutrition Examination 
Survey (NHANES) (2001–2004; 2005–2008; 2009–2012; 2013–2016), overall CKD prevalence in the 
general U.S. adult population has remained relatively stable from 2001 to 2016: stages 1–5 CKD--4.2% 
to 4.8%; stages 3–5 CKD--6.6% to 6.9%, respectively) [4]. However, the prevalence of CKD among 
people with DM decreased over time (from 43.6% in 2001–2004 to 36.0% in 2013–2016). A similar 
decrease was not seen among individuals with HTN, whose CKD prevalence remains at about 31% [4].
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Key Points
• Describe the goals of medical nutrition therapy for patients receiving peritoneal dialysis.
• Describe the differences in nutrition therapy between the different types of renal replacement 

therapies.
• Identify factors that may impact the nutritional status of patients receiving peritoneal 
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In 2016, there were 124,675 newly reported cases of end-stage renal disease (ESRD), with 9.7% 
starting peritoneal dialysis (PD). By the end of 2016, there were 726,331 prevalent cases of ESRD 
with 7% of these cases treated with PD [5]. Moreover, since 2000, the number of incident and preva-
lent PD patients has increased by 60.2% and 87.9%, respectively [5].

The nutritional status of the patient at the initiation of RRT is an important risk factor for future 
outcomes, since malnutrition is associated with increased morbidity and mortality in patients receiv-
ing maintenance dialysis [6–8]. Therefore, nutritional management should include a comprehensive 
nutrition assessment, individualized interventions, ongoing diet education, and continuous monitor-
ing of nutritional status. The goals of MNT in stage 5 CKD are (1) to achieve and maintain a neutral 
or positive nitrogen balance; (2) to achieve and maintain an adequate nutritional status; (3) to prevent 
the accumulation of electrolytes and minimize fluid imbalance; and (4) to minimize the effect of meta-
bolic disorders associated with stage 5 CKD.

Patients beginning RRT now have a choice of modalities that include hemodialysis (HD), PD, 
nocturnal home hemodialysis (NHD), short daily hemodialysis (SDHD), and renal transplantation 
(Table 16.1). This chapter will review the MNT for PD and discuss factors that may impact nutrition 
assessment and the overall nutritional status.

 Factors Influencing Nutritional Status

Malnutrition in patients receiving maintenance dialysis is associated with increased morbidity and mor-
tality, and they are more susceptible to infections and fatigue [6–9]. Studies have shown that about one-
third of PD patients have some degree of malnutrition [10]. A recent study found that 20% of PD patients 
had some degree of malnutrition based on the malnutrition-inflammation score (MIS) [11]. Factors that 
influence nutritional status include anorexia associated with chronic disease, the dialysis procedure 
itself, impaired nutrient absorption, poor dietary intake, acidosis, increased protein catabolism, and 
inflammation. Routine monitoring of nutritional status is important in the early detection and prevention 
of malnutrition. A variety of assessment tools is important since there is limited evidence to suggest the 
use of one tool over the other [12]. Moreover, some of the traditional anthropometric and biochemical 
measures used to assess the nutritional status may be influenced by other factors that affect nutritional 
status in dialysis patients. The recent clinical practice guidelines on nutrition in CKD patients from 
the  Academy of Nutrition and Dietetics Evidence Analysis Library (Academy EAL)/Kidney 
Disease Outcomes Quality Initiative (KDOQI) Guidelines recommends that registered dietitian nutri-
tionists (RDNs) (or international equivalents) conduct a comprehensive nutrition assessment which 
includes, but is not limited to, an assessment of appetite, a history of dietary intake, biochemical data, 
anthropometric measurements and a nutrition-focused physical exam [12]. This section will provide 

Table 16.1 Types of dialysis modalities

Type of dialysis Location Duration Frequency

Conventional hemodialysis In-center 3–5 hours 3×/week
Peritoneal dialysis

Home
Home

Varies with type of PD
4–6 exchanges

Daily
4–6×/daily

  CAPD
  CCPD
Home hemodialysis Home 3–5 hours 3×/week
Home nocturnal hemodialysis Home 7–10 hours 5–7×/week
In-center nocturnal hemodialysis In-center 7–8 hours 3×/week
Home short daily hemodialysis Home 2–3 hours 5–7×/week
In-center short daily hemodialysis In-center 2–3 hours 5–6×/week

CAPD continuous ambulatory peritoneal dialysis, CCPD continuous cyclic peritoneal dialysis, PD peritoneal dialysis
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a brief overview of some of these factors. However, refer to Chaps. 4, 5, 6, and 7 for more information 
on individual parameters used in the nutrition assessment.

Serum albumin concentration has long been used as a marker of nutritional status in the mainte-
nance dialysis population, although there are several factors that can influence this biochemical 
marker such as hydration status, inflammation, and liver disease. Regardless of its limitations, serum 
albumin has been shown to independently correlate with an increased risk of mortality in dialysis 
patients [13–15]. In PD patients, the baseline serum albumin concentration <3.0 g/dL had a more than 
3-fold higher adjusted risk of all-cause and cardiovascular mortality and a 3.4-fold higher risk of 
infection-related mortality compared to serum albumin 4.0–4.19 g/dL [14].

The terminology defining malnutrition in the dialysis patient has evolved. Historically, it was 
divided into two types. Classic or type 1 malnutrition, which was defined by a loss of lean body 
mass, inadequate oral intake, normal to mildly depleted serum albumin, and normal C-reactive 
protein (CRP) levels, is responsive to nutrition interventions [16, 17]. Type 2 malnutrition, which is 
caused by inflammation and characterized by markedly low serum albumin despite adequate oral 
intake, increased oxidative stress, elevated CRP and other proinflammatory markers, is not revers-
ible with nutrition intervention alone [18]. Type 2 is now referred to as the malnutrition-inflamma-
tion complex syndrome (MICS) because of the interrelationship between malnutrition and 
inflammation. The challenge for the clinician when identifying the type of malnutrition present is 
difficult, and emerging evidence has indicated that these definitions are not necessarily accurate for 
the CKD patient. In 2008, the International Society of Renal Nutrition and Metabolism (ISRNM) 
proposed the definition and specific diagnostic criteria for protein-energy wasting (PEW) which 
better reflects the type of wasting that occurs in CKD [18]. PEW is defined as the “state of decreased 
body stores of protein and energy fuels (body protein and fat masses)” [18, 19].

An assessment of anorexia or poor appetite is a subjective factor in the nutrition assessment; how-
ever, recent studies have shown that it is predictive of poor clinical outcomes as well as being associ-
ated with inflammation [20]. Anorexia is estimated to be present in one-third of patients receiving 
maintenance dialysis [21, 22]. In a recent study, anorexia was a key risk factor for inadequate protein 
intake and malnutrition in patients undergoing PD, which highlights the need to closely monitor 
patients with appetite disturbances [23].

The etiology of anorexia is multifactorial and includes uremia, inflammation, infection, delayed 
gastric emptying, comorbid conditions, medications, psychosocial and socioeconomic factors, absorp-
tion of glucose in PD, early satiety, and age [22–24]. An assessment of appetite is a key contributor in 
the evaluation of the nutritional status, since it is associated with reduced protein and energy intakes 
and inflammation. The Appetite and Diet Assessment Tool (ADAT) has been used to assess appetite 
in dialysis patients [25]. The predictive value of appetite in the clinical management of dialysis 
patients has been validated in several studies [22, 26, 27]. See Chap. 22 for further information on 
PEW in CKD.

Metabolic acidosis impacts nutritional status by increasing protein catabolism and possibly 
decreasing protein synthesis, which leads to negative nitrogen balance and loss of lean body mass 
[28]. Correction of acidosis with sodium bicarbonate has been shown to correct protein catabolism 
[29]. Metabolic acidosis may induce insulin resistance and chronic inflammation, both of which may 
also increase protein catabolism; however, more research is needed in this area [29, 30]. The Academy 
EAL/KDOQI guidelines recommend that in adults with CKD stages 3–5D, serum bicarbonate levels 
should be maintained at 24–26 mEq/L [12].

The dialysis procedure has long been considered a catabolic procedure. Approximately 4–9 g net 
amino acids and 1–2 g protein are lost during the HD procedure and 2–4 g net amino acids and 5–15 g 
protein during PD [31–34]. PD is not as catabolic as HD unless the patient has peritonitis. A mild 
inflammatory response may be triggered by bioincompatability of the peritoneal dialysate, endotoxin 
transfer from the dialysate, or the PD catheter itself that can lead to protein catabolism [35]. Patients 
receiving PD who are classified as high transporters by the peritoneal equilibration test (PET) have a 
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higher incidence of poor nutrition due to the loss of larger amounts of protein into the dialysate [33, 
36]. Serum albumin levels are usually low in these patients and they may require nutritional 
supplementation.

 PD Adequacy

Assessment of dialysis adequacy [37] should be part of the routine evaluation of nutritional status in 
patients receiving PD. The relationship between Kt/V (a marker for dialysis adequacy where K = clear-
ance, t = time, and V = volume) and the protein equivalent of nitrogen appearance (PNA) may be 
confounded by mathematical coupling. Using Kt alone, the non-normalized dose of dialysis may be 
more closely associated with serum albumin levels [38].

The relationship between the nutritional intake and the dose of dialysis in patients receiving continu-
ous PD was evaluated as part of the CANUSA (Canada-USA) peritoneal dialysis study [35]. A number 
of different nutritional markers were evaluated and, in the first 6 months, there was a positive correla-
tion between the PD dose and all of the nutritional markers except serum albumin level. After 6 months, 
reduction in overall clearance because of loss of residual renal function was associated with a trend 
toward declining nutritional parameters [35]. The current minimum recommendation for continuous 
PD is a weekly total Kt/V of 1.7 [39]. Project data from a large dialysis corporation in 2018 showed that 
inadequate dialysis was associated with PD loss. Patients with Kt/V < 1.7 had 2.5 times higher drop or 
loss rate than patients with Kt/V ≥ 1.7. It is also important to note that patients with serum albumin 
<3.0 mg/dL had two times higher loss rate than patients with serum albumin ≥3.6 mg/dL [39].

 Nutrient Recommendations in Peritoneal Dialysis

 Energy

The Academy EAL/KDOQI guidelines recommend that in adults receiving maintenance dialysis who 
are metabolically stable, an energy intake of 25–35 kcal/kg body weight (BW) per day should be 
prescribed [12]. Energy intakes should be adjusted for age, gender, the level of physical activity, body 
composition, weight status goals, and concurrent illness or the presence of inflammation to maintain 
normal nutritional status. These recommendations are based on metabolic studies which showed that 
35 kcal/kg IBW/day was necessary to maintain neutral nitrogen balance and stable body composition.
Since patients 60 years or older may be more sedentary and have less lean body mass, a lower energy 
intake of 30 kcal/kg BW/day is thought to be acceptable. Energy intake should include calories from 
both the diet and the dialysate since calories absorbed during dialysis can be significant and lead to 
weight gain. Several formulas have been published for determining caloric load from the dialysate 
(Table 16.2) [40–43].The most accurate method for estimating calories absorbed from the dialysate is 
to compare the grams of glucose infused with the grams of glucose in the effluent [40]. Glucose 
absorption differs between therapies with patients on continuous cyclic peritoneal dialysis (CCPD) 
absorbing approximately 40% of calories due to shorter dwell times, while patients on continuous 
ambulatory peritoneal dialysis (CAPD) absorb approximately 60% of calories [40, 41]. Dextrose 
absorption may help older patients with inadequate energy intake. The clinician needs to be reminded 
that patients are taught to adjust their usual dextrose prescription for incidences of fluid overload or 
dehydration and low blood pressure, so caloric contribution from dextrose may vary. It may be diffi-
cult to restrict calories in PD patients for weight reduction without compromising protein intake and 
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nutritional status. Patients should be encouraged to limit excessive sugars and fats and to exercise, if 
possible, to help with weight control. Assessment and counseling by the dietitian are important to help 
the patient achieve an adequate intake.

Icodextrin is an alternative polyglucose PD solution produced from the hydrolysis of cornstarch. 
Because it is a macromolecule, icodextrin is absorbed more slowly by the peritoneal membrane result-
ing in a sustained ultrafiltration (UF) and lower glucose absorption [43–46]. Icodextrin provides a 
caloric load similar to a 2.5% dextrose dialysate solution over the longer dwell. One of the metabolites 
of icodextrin is maltose, which can interfere with certain blood glucose monitors and strips that may 
cause a falsely elevated reading [43, 45–47].

 Protein

Protein requirements in PD are higher than in HD because of increased losses during the dialysis 
procedure [31–33, 47]. As stated previously, PD patients lose between 5 and 15 g protein/day through 
the peritoneum with the average being 9 g. Approximately half of the protein lost is in the form of 
albumin [48, 49]. During episodes of peritonitis, this loss can increase by 50% or more and may 
remain elevated for 2–3 weeks after resolution of the infection [50, 51].

Metabolic balance studies in clinically stable PD patients showed that 1.2–1.3 g protein/kg/
day is required to maintain neutral or positive nitrogen balance [52]. Based on these studies, the 
Academy EAL/KDOQI guidelines recommend prescribing a dietary protein intake of 1.0–1.2 g/
kg BW/day in PD patients who are metabolically stable to maintain adequate nutritional status 
[12]. At least 50% of the protein should come from high biological value (HBV) sources. 

Table 16.2 Suggested methods to estimate calories absorbed from peritoneal dialysis

Formula Comments

(11.3X − 10.0) × L inflow × 3.4 = kcal absorbed from glucose Does not account for differences in membranes
X = average glucose concentration infused [44]
Glucose absorbed (kcal) = (1 − D/Do)x1 Considers dialysis modality and membrane 

transport typeD/Do is the fraction of glucose remaining and the x1 is the initial 
glucose infused [35]
Simple estimate:
  G glucose infused (based on total vol of exchanges) × %

Does not consider membrane transport type or 
type of PD modality

  absorption (per modality) = G glucose absorbed Provides a rough estimate
  G glucose absorbed × 3.4 = glucose kcal absorbed
% Absorption:
  APD: 40%
  CAPD: 60%
  Icodextrin: 20–35%
G glucose/L:
  1.5% = 15 g
  2.5% = 25 g
  4.25% = 42.5 g
  7.5% icodextrin = 75 g

Data from [40–44]. Adapted with permission from Academy of Nutrition & Dietetics: A Clinical Guide to Nutrition 
Care in Kidney Disease, 2004
APD automated peritoneal dialysis, CAPD continuous ambulatory peritoneal dialysis, PD peritoneal dialysis, vol 
 volume
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Achieving this amount of protein is sometimes difficult for some PD patients and the dietitian 
needs to assess actual protein intake for adequacy. Older patients may need higher protein intakes 
and protein supplements because of protein losses and non-nutritional causes including psycho-
social issues. PD patients who follow a vegetarian eating pattern will require ongoing counseling 
by the dietitian to help ensure they consume adequate protein from legumes or soy products 
without an excess mineral load.

 Protein Nitrogen Appearance in Peritoneal Dialysis

Protein nitrogen appearance (PNA) or protein catabolic rate (PCR) is used to estimate protein intake 
in the clinically stable dialysis patient. Protein is metabolized to nitrogenous waste products and, in 
the stable patient, the waste products removed (in grams/day) are equal to protein intake. PNA is cal-
culated from the urea nitrogen appearance (UNA) rate, which is calculated from 24-h collections of 
urea dialysate and urine concentrations in the PD patient. Mandolfo et al. evaluated several equations 
used to calculate PNA in CAPD patients to determine which formula provides the most appropriate 
estimate of protein intake and nitrogen appearance [53]. After PNA is calculated, it can be normalized 
to the body weight (nPNA). PNA may also be normalized to the actual edema-free body weight; how-
ever, this method will give a higher nPNA in malnourished patients with low body weights than in 
overweight patients with a good nutritional status [50]. In these cases, normalizing to IBW may be 
more appropriate. If the patient is catabolic, the PNA will be high in proportion to the actual dietary 
protein intake and, if the patient is anabolic, then the reverse will occur.

 Nutrition Support

PD patients who are malnourished at the initiation of dialysis or those who develop malnutrition or 
peritonitis later will have increased dietary protein and energy needs [50]. Achieving adequate intake 
may be difficult since oral intake may have spontaneously declined. It may be necessary to liberalize 
the diet and encourage the patient to use oral nutrition supplements (ONS) in the form of modular 
protein powders or nutritionally complete liquid products [54, 55].The use of amino acids in intraperi-
toneal nutrition (IPN) has been shown to improve the nutritional status in malnourished PD patients 
[56, 57]. IPN is an option for the patient who has failed to achieve/maintain an adequate protein intake 
[56–58]. The use of IPN is limited by cost and insurance reimbursement. Refer to Chap. 17 on nutri-
tion support in hemodialysis and peritoneal dialysis.

 Sodium and Fluid

The recommended sodium restriction for patients receiving PD is 2–3 g/day, which should be indi-
vidualized depending on the cardiac status, blood pressure control, residual renal function, and fluid 
balance. Sodium is usually cleared easily in PD, with the majority of patients clearing 3–4 g of sodium 
daily depending on the dialysis prescription [59]. Excess dietary sodium intake will affect volume 
retention and blood pressure control [60–62]. Patients receiving PD who are volume-overloaded, 
hypertensive, and unresponsive to management by medication may require a stricter sodium and fluid 
restriction [61].
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Data suggests there is a strong association between the volume status and nutritional status in 
PD patients [63]. Cheng et al. assessed fluid status in 28 PD patients using repeated bioimpedance 
 analysis (BIA), and the nutritional status was assessed by handgrip strength and subjective global 
assessment. After a follow-up of 9 months, patients were divided into groups based on changes in 
BIA (continuous and steadily improved fluid status vs. consistent fluid overload). Patients in the 
former group showed an improved nutritional status (prevalence of malnutrition decreased signifi-
cantly, p < 0.01) compared to the latter group where the nutritional status deteriorated significantly 
(p < 0.05). The researchers concluded that the improved fluid status was associated with improve-
ment in the nutritional status, whereas deterioration in fluid status was associated with the preva-
lence of malnutrition [63].

To correct volume overload, it may be necessary to use a hypertonic dialysate solution. The 
frequent use of high dextrose concentrations can damage the peritoneum leading to alterations 
in and possible loss of UF by the peritoneal membrane [46, 64, 65]. Hypertonic dextrose solu-
tions can also aggravate hypertriglyceridemia, hyperglycemia, and hyperinsulinemia and pro-
mote weight gain [40]. Patients may initially start out with a liberal sodium intake (e.g., 3 g/
day) but it may become necessary to reassess the patient for declining residual renal function 
and uncontrolled blood pressure to determine whether a reduction in sodium intake is 
indicated.

Fluid removal in PD is regulated by the strength of the dialysate concentration used (i.e., the higher 
the concentration, the more fluid removed) [42, 46]. Patients are taught to monitor their blood pres-
sure, weight, and drain volumes to identify if and when any change in their normal dialysis prescrip-
tion may be needed. Ultrafiltration using glucose occurs quickly and early in the PD exchange, which 
can present a problem for the volume overloaded patient who requires a higher UF during the long 
overnight CAPD dwell or the daytime CCPD dwell [46]. In these circumstances, icodextrin can be 
used as an alternative dialysate [44].

The recommended fluid allowance for patients receiving PD should be individualized for each 
patient with the goal of minimizing the use of hypertonic exchanges. The typical daily fluid allowance 
should be 1 L and not exceed 2 L; however, patients with a high urine output may need to have addi-
tional fluid [33, 43]. A daily fluid allowance may be less depending on the cardiac status, blood pres-
sure control, rate of UF, and amount of remaining residual renal function.

 Potassium

Hyperkalemia is less common in patients receiving PD due to the continuous nature of the dialy-
sis. Some patients may not require a potassium restriction. However, in patients who need to 
restrict dietary potassium, 3–4 g/day is recommended and this amount should be adjusted based 
on laboratory values to maintain serum potassium levels within the normal range [43]. It is 
advisable to have patients spread their high potassium food choices throughout the day. Patients 
with diabetes should be cautioned not to treat low blood glucose levels with only high potassium 
fruit juices such as orange juice, as this may cause hyperkalemia. While the primary cause of 
hyperkalemia may be dietary intake, nondietary factors such as medications, hyperglycemia, 
metabolic acidosis, pica behaviors, and inadequate dialysis can also lead to elevated serum 
potassium levels and should be investigated if dietary causes can be ruled out (Table  16.3) 
[66–70]. In addition, some patients may become hypokalemic due to nausea, vomiting, diarrhea, 
or inadequate dietary intake and may require liberalization of the diet and potassium supple-
ments [66, 67].
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 Calcium/Phosphorus/Vitamin D

Calcium and phosphorus balance in healthy individuals is maintained through interactions between 
the kidneys, parathyroid glands, bones, and intestines. In CKD, the decline in the glomerular filtration 
rate (GFR) results in increased phosphorus retention and decreased production of 
1,25- dihydroxycholecalciferol (1,25(OH)2 Vit D) or calcitriol, the active form of vitamin D. Decreases 
in calcitriol can result in reduced intestinal calcium absorption, decreased mineral reabsorption/excre-
tion by the kidneys, increased bone turnover, and increased parathyroid hormone (PTH) production 
[71]. These metabolic changes, along with hyperphosphatemia, can lead to secondary hyperparathy-
roidism, renal osteodystrophy, and elevated PTH levels [72]. Active vitamin D can be given orally to 
correct vitamin D deficiency and suppress PTH production and secretion; however, calcitriol supple-
mentation can also increase intestinal absorption of calcium and phosphorus and increase calcium 
mobilization from the bone leading to further mineral imbalance [71]. Vitamin D analogs are available 
to suppress PTH with less impact on calcium and phosphorus. Cinacalcet has been shown to consis-
tently reduce serum of PTH, calcium, and phosphate levels and to increase the proportion of patients 
within recommended ranges for each of these parameters. Management of secondary hyperparathy-
roidism (SHPT) with cinacalcet has been associated with reductions in the relative risk of parathyroid-
ectomy, bone fractures, and cardiovascular hospitalization, and with an improvement in quality of life 
parameters [72]. Regardless of therapy, all patients should be closely monitored to keep calcium, 
phosphorus, and PTH levels within recommended guidelines. Refer to Chap. 23 for a review of bone 
disease management and mineral disorders in CKD.

Both excessive calcium load and hyperphosphatemia are associated with bone disease, vascular 
and soft tissue calcification, and increased cardiovascular mortality because they contribute to an 
elevated Ca × P product [73–75]. Research indicates that a Ca × P product >55 is related to an increase 
in mortality in CKD patients [76]. Calcium load is affected by the amount of dialysate calcium, 

Table 16.3 Dietary and nondietary causes of hyperkalemia in hemodialysis patients

Dietary causes

  Use of salt substitutes
  Pica behavior
  Use of herbal or over-the-counter vitamin/mineral supplements
  Excessive consumption of high-potassium foods
  Excessive consumption of liquid nutritional supplements
Nondietary causes

  Severe, chronic constipation
  Loss of remaining residual renal function
  High dialysate potassium concentration
  Frequent use of chewing tobacco
  Metabolic acidosis
  Inadequate dialysis
  Blood transfusions
  Hemolysis of blood sample due to error in blood draw or specimen handling
  Hyperglycemia: potassium shifts from cell into serum
  Conditions causing release of potassium through tissue destruction such as catabolism, starvation, infection, burns, 

surgical stress, and chemotherapy
  Drug interactions: beta-blocking agents, spironolactone, angiotensin-converting enzyme inhibitors, cyclosporine, 

digoxin
  Comorbid conditions such as Addison’s disease, sickle-cell anemia, hypoaldosteronism

Data from [31, 60, 66, 68]. Adapted from Beto and Bansai [68]
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dietary calcium intake, and use of calcium-based medications, specifically phosphorus binders, while 
serum phosphorus is controlled by dialysis adequacy, diet restrictions, and the use of phosphorus 
binders [77].

The Academy EAL/KDOQI guidelines recommend adjusting dietary phosphorus intake to main-
tain serum phosphate levels in the normal range [12]. Traditionally, CKD-specific recommendations 
suggested maintaining the phosphorus intake between 800 and 1000 mg/day in patients receiving 
maintenance dialysis in order to maintain serum phosphate in the normal range [78–80]. The Academy 
EAL/KDOQI workgroup noted that the efficacy of this recommendation has not been established.
Furthermore, this dietary phosphorus intake range is higher than the current recommended dietary 
allowance (RDA) for phosphorus in the general adult population (i.e., 700 mg/day) [81]. In some 
cases, the dietary phosphorus intake may be difficult to achieve since many high phosphorus foods are 
also high in protein. Therefore, the phosphorus restriction needs to be adjusted to dietary protein 
requirements to prevent protein malnutrition.

Phosphorus is not currently required to be listed on food labels, and the use of phosphate-based 
food additives has contributed to hidden sources of phosphorus outside the traditionally known high 
phosphorus foods. The inorganic phosphates used as food additives are also 100% absorbable as com-
pared to the 50–60% absorption rate from naturally occurring phosphorus [72, 82]. Refer to Chap. 23 
for a review of bone disease management and mineral disorders in CKD.

 Lipids

There is a high prevalence of lipid abnormalities in the dialysis population, which is a contributing 
risk factor to CVD. Briefly, KDOQI recommends (1) a reduction in saturated fat to <7% of total calo-
ries; (2) a reduction in the total fat to 25–35% of total calories with monounsaturated fat providing up 
to 20% of calories and polyunsaturated fat up to 10%; (3) total dietary cholesterol intake of <200 mg/
day; (4) increased dietary fiber; and (5) modifications in calories to attain or maintain a desired weight 
along with exercise and smoking cessation [83, 84]. Before beginning any dietary modification, the 
dietitian should assess the patient for any signs of PEW, as addition of a low-fat modified diet can 
compromise caloric intake, which can further compromise nutritional status [85]. Patients may also 
encounter difficulty when adhering to the recommendations for dietary fat intake in addition to a 
complex renal diet. Dietary modification may be undertaken if the patient is well-nourished; however, 
pharmacological intervention with lipid-lowering medication(s) may be the only intervention used if 
the patient is unable or unwilling to further modify his/her diet. Encouraging general recommenda-
tions for modifying saturated fat intake along with smoking cessation and promoting exercise should 
be encouraged.

Patients receiving PD often have elevated low-density lipoprotein (LDL) cholesterol, serum 
total cholesterol, and triglyceride (TG) levels along with abnormalities in serum apoproteins, 
which are thought to be related to glucose uptake from the dialysate and increased protein losses 
during dialysis [33, 46, 86]. There is little data on the effectiveness of diet modification on lipid 
levels in PD patients with the exception of maintaining good glycemic control in those with dia-
betes [85]. Strict fat- restricted diets may also compromise protein and energy intake, and lipid-
lowering medications are generally the first line of treatment along with encouraging general 
therapeutic lifestyle changes (TLC) such as smoking cessation and exercise. Maintaining adequate 
protein intake is the primary goal. Minimizing saturated fat, trans fat, and sugar intake should be 
recommended, but strict dyslipidemia diets may not be appropriate for patients receiving PD if the 
nutritional status is compromised [83–85]. Refer to Chap. 13 on nutritional management of car-
diovascular disease in CKD.
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 Fiber

Constipation is an important cause of technique failure and poor dialysis efficacy in patients on PD, 
often manifesting as an abrupt reduction in drainage of PD fluid [87, 88]. Dietary fiber improves con-
stipation by increasing fecal mass, which stimulates increased bowel activity and transit time [89]. In 
the nonrenal population, a clear dose response relationship has been found between the fiber intake 
and the fecal output [90]. A high fiber intake is also associated with a number of clinical and health 
benefits, including improved glucose tolerance, improved lipid levels and early satiety [91]. A similar 
response may be expected in patients on PD, but it is complicated by the dietary restrictions imposed 
by the renal diet [92].

 Vitamins, Minerals, and Trace Elements

The dietary reference intakes (DRIs) for the patient receiving maintenance dialysis have not been 
established, and the vitamin and mineral recommendations are the same for HD and PD. Kidney fail-
ure can cause impaired or excessive excretion of micronutrients due to the loss of glomerular filtration 
or impaired tubular function leading to either a deficiency or toxicity of certain micronutrients [93]. 
Further research is needed in this area.

 Water-Soluble and Fat-SolubleVitamins

There are numerous causes of water-soluble vitamin deficiencies in dialysis patients which include 
anorexia, alterations in metabolism caused by renal failure, the dialysis procedure, drugs which 
may affect absorption, and the renal diet restrictions [33, 94]. Water-soluble vitamins are small, 
nonprotein bound substances that are removed by dialysis and may be lost at a rate greater than 
normal urinary excretion [94]. Dialysis membrane pore size, surface area, and increased flow rates 
can adversely affect water-soluble vitamin retention [95, 96]. Some drugs such as immunosuppres-
sants, anticonvulsants, and chemotherapy drugs used to treat comorbid conditions can also interfere 
with vitamin absorption [97, 98]. A water-soluble renal vitamin supplement is generally recom-
mended at levels to meet the DRIs for the general healthy population to help maintain normal levels 
(Table 16.4). The fat-soluble vitamins are not removed by dialysis and can accumulate in patients 
with kidney failure.

 Minerals and Trace Elements

Minerals and trace elements are mainly supplied by the diet; however, serum levels can also be 
affected by environmental exposure, concentration of the dialysate, poor nutrition, impaired 
absorption, or age [95, 99, 100]. Many minerals and trace elements are protein bound, so uremia 
itself may alter levels; however, losses during dialysis are probably minimal [95, 100]. Refer to 
Chap. 33 for further information on micronutrient and trace elements requirements in CKD.
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 Conclusion

Diet is an essential component in the treatment of patients receiving maintenance dialysis. The diet for 
stage 5 CKD presents many challenges for the patient receiving maintenance dialysis that include 
lifestyle changes in food choices and preparation, adjusting to new medication regimens such as phos-
phorus binders with meals, and possibly having to combine the renal diet with other dietary modifica-
tions (e.g., diabetes or lipidemia). The diet must be individualized for each patient to help promote 
adherence and to maintain an optimal intake while balancing protein, sodium, potassium, phosphorus, 
and fluid requirements.

Table 16.4 Daily nutrient recommendations for adult dialysis patients

Nutrient Peritoneal dialysis

Energy (kcal/kg BW) (Includes 
dialysate kcal)

25–35

Protein (g/kg BW) 1.0–1.2 (≥50% HBV)
Sodium (g/day) 2–3 (Monitor BP control, fluid balance)
Potassium (g/day) 3–4-unrestricted (Monitor serum levels)
Calcium (mg total elemental) ≤2000
Phosphorus (mg or mg/g 
protein)

Individualize

Fluid (mL) 1000 + UOP (Individualize for fluid 
balance)

Thiamine (mg/day) 1.2–1.5 mg/day
Riboflavin (mg/day) 1.1–1.3 mg/day
Niacin (mg/day) 20 mg/day
Biotin (μg/day) 30
Pantothenic acid (mg/day) 5–10
Cobalamin (μg/day) 2–3
Pyridoxine (mg/day) 10
Folate (mg/day) 1–10
Vitamin C (mg/day) 60–100
Vitamin A None
Vitamin D Individualize
Vitamin E Optionala

Vitamin K Noneb

Zinc If neededc

Copper None
Iron Individualized

Selenium None
Magnesium None
Aluminum None

Data from [31, 60, 76, 94, 95, 97]
Abbreviations: BW body weight, HBV high biological value, BP blood pressure, 
UOP urine output
a400 IU may be indicated. See text
bMay need supplements if on antibiotics and have poor oral intake
cMay be supplemented up to 15 mg elemental zinc
dVaries based on the EPO dose
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There are a variety of educational materials available to help educate both the patient and the 
professional. The National Kidney Foundation and the Academy of Nutrition and Dietetics pro-
vide both patient and professional educational material in the area of kidney disease that can be 
accessed online or by contacting the organizations. Understanding the different types of RRTs and 
their nutritional implications are important in maintaining the nutritional status and improving 
outcomes.

 Case Study

C.T. is a 34-year-old male, self-employed graphic designer who presents for training on CAPD 
after transferring from HD at another unit following failure of his 13-year-old kidney transplant. 
He has a history of esophageal reflux and hypertension. C.T. lives alone and his reported appetite 
is fair. He notes an 8-lb weight loss prior to starting HD and now complains of occasional indi-
gestion stating food occasionally feels like it is lodged in his throat producing a feeling of chok-
ing. Height 6′2″, weight 182 lb (82.7 kg), target weight 182 lb (82.7 kg), usual weight 190 lb 
(86.4  kg). Medications: prenatal vitamin, Tums (as needed), 10  mg prednisone, 1 (800  mg) 
sevelamer carbonate as phosphorus binder three times a day with meals. Initial labs: Ca 9.0 mg/
dL, P 6.3 mg/dL, Na 141 mEq/L, K+ 4.7 mEq/L, Chol 102 mg/dL, BUN 39 mg/dL, SCr 7.8 mg/
dL, SAlb 3.4 g/dL, CO2 22 mEq/L, Kt/V 2.0, urine output = 1500 mL. CAPD prescription: 3 
(2.5 L) 1.5% dextrose plus 1 (2.5 L) 2.5% dextrose. Twenty-four hour diet recall indicates that 
the patient consumes an estimated 1800–2000 kcal and 70–80 g protein over three meals with an 
occasional snack. C.T. does not use the salt shaker at the table and has had difficulty decreasing 
his dairy intake. Estimated sodium intake is 2000–2500 mg, potassium 3000 mg, and phosphorus 
1800 mg.

After 3 months on PD, C.T. complains of increased dysphagia and decreased oral intake. There 
has been no change in the CAPD prescription. Target weight 180 lb (81.8 kg). Labs: Ca 8.6 mg/dL, 
P 3.0 mg/dL, Na 142 mEq/L, K+ 2.8 mEq/L, BUN 28 mg/dL, SAlb 3.1 g/dL, TP 6.1 g/dL, Chol 
110 mg/dL, Kt/V 2.1, urine output 1400 mL. C.T. is referred for a barium swallow that indicates a 
severe hiatal hernia and Schatzki’s ring. He had an esophageal dilation and dysphagia resolved. 
After 1 year on PD, C.T.’s UF declines leading to poor clearance and fluid retention. He complains 
of early satiety, nausea, and severe anorexia and develops 3+ edema to the knee. Use of diuretics 
and 4.25% dextrose is unsuccessful. A repeat Kt/V has dropped to 1.4. His PD prescription was 
changed to 4 (2.5 L) 2.5% dextrose plus 1 (2.5 L) 1.5% dextrose. One week after changing the PD 
prescription, C.T.’s appetite begins to improve and his labs and clinical parameters are: Ca 9.5 mg/
dL, P 6.0 mg/dL, Na 128 mEq/L, K+ 5.8 mEq/L, BUN 44 mg/dL, SCr 8.0 mg/dL, SAlb 3.3 g/dL, 
CO2 24 mEqQ/L, Chol 150 mg/dL, urine output 500 mL, 1+ edema, weight 184 lb (83.6 kg), and 
the estimated target weight 182 lb (82.7 kg).

 Case Questions and Answers

 1. What are C.T.’s estimated calorie and protein needs for CAPD? Using the simple formula for esti-
mating glucose, how many calories is C.T. getting from his dialysis prescription (3 (2.5 L) 1.5% 
dextrose plus 1 (2.5 L) 2.5% dextrose)?
Answer: C.T. has no edema so using 35 kcal/kg/day of his current body weight puts estimated kcal 
needs at 2894 kcal. Based on 1.3 g protein/kg body weight, his protein needs are 107.5 g. Based 
on a 60% absorption rate for CAPD, C.T. receives approximately 357 kcal from his dialysate.
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 2. What are the diet recommendations for C.T. for CAPD based on his weight and initial labs?
Answer: The recommended diet is 107 g protein, 3 g sodium (since he has no overt cardiac issues 
or problems with fluid retention), 3–4  g potassium, and 1070–1284  mg phosphorus (using 
10–12 mg/g protein). Fluid intake should be kept to 2000–2500 mL (urine output plus 1000 mL) 
and adjusted based on UF. Based on C.T.’s initial intake of 1800–2000 kcal and 70–80 g protein 
and allowing for the 357 kcal absorbed from the dialysate, he will have to add a minimum 500–
700 kcal and 27–37 g of protein to his diet. Sodium and potassium intake is acceptable but he will 
need to decrease his intake of dairy foods to bring the phosphorus content of the diet within 
guidelines.

 3. Are C.T.’s medications at the start of CAPD appropriate? What is his corrected calcium? Any rec-
ommendations for changes in his medications?
Answer: The prenatal vitamin should be changed to a renal B- and C-complex with folic acid. His 
corrected calcium is 9.5 mg/dL and, to avoid any elevation in calcium, his Tums was discontinued 
and he was placed on Velphoro, a noncalcium containing binder. He is currently on a small dose of 
phosphorus binders (sevelamer) and with the increased protein in the diet and elevated phosphorus, 
an increase in binders will be needed. Sevelamer carbonate was increased to 1600 mg at each meal 
and C.T. was also instructed to take 800 mg with snacks, which he had not been doing.

 4. At 3 months what diet and/or medication changes are indicated for C.T.?
Answer: At 3 months, C.T. presents with low serum potassium, low serum phosphorus, declining 
serum albumin, and BUN secondary to poor oral intake due to dysphagia. His binders should be 
decreased by one-third and potassium intake liberalized along with a prescription for an oral potas-
sium supplement until his labs indicate normal levels and oral intake has improved. It should be 
suggested that he use a liquid nutritional calorie and protein supplement until after his dilation 
since his oral intake is limited.

 5. When C.T. changes his exchanges as per the new PD prescription, what dietary modifications are 
necessary based on the weight and laboratory data? (Calculate corrected calcium and evaluate.)
Answer: Due to edema, his target weight should be used to calculate his daily protein needs at 
1.2 g/kg body weight. His protein needs will now change to 99 g/day. Because of edema, C.T.’s 
sodium intake should be decreased to 2–2.5 g/day. His phosphorus is elevated so his binders should 
be increased to at least 1600 mg with each meal and 800 mg with snacks and a dietary phosphorus 
restriction restarted. Corrected calcium is high so his Ca intake should be lowered. Fluid restriction 
should be limited to 1500 mL/day or less (urine output plus 1000 mL) and his weight should be 
monitored. His serum albumin level should be monitored for changes. C.T. should be encouraged 
to consume 107 gm protein per day.
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Key Points
• Protein-energy wasting (PEW) is common among patients undergoing maintenance dialysis, 

and many signs of PEW can be improved with nutrition support therapy.
• Early and regular nutrition counseling by registered dietitian (or international equivalent) is 

essential for the prevention and treatment of PEW in maintenance dialysis patients.
• When nutrition counseling alone is unable to bridge the gap between protein-energy intake 

and the target requirements, oral nutritional supplements (ONS) should be prescribed to 
improve nutritional status.

• Intradialytic feeding through monitored in-center provision of ONS or high-protein meals 
may be a cost-effective strategy to improve dietary intake in hemodialysis patients.

• ONS should be prescribed taking into account of important success factors including patient’s 
requirements, preference, compliance, and tolerance.

• Renal-specific ONS may be prescribed to increase protein and energy intakes without induc-
ing excess levels of fluid and electrolytes.

• When maintenance dialysis patients with PEW are unable to meet protein and energy require-
ments with nutrition counseling and ONS, enteral tube feeding should be considered.

• Intradialytic parenteral nutrition (IDPN) should only be used as supplemental nutrition in 
hemodialysis patients with PEW, and adequate spontaneous protein and energy intakes are 
required to compensate for the difference between those provided by IDPN and the target 
requirements.

• Intradialytic amino acid therapy remains a viable option for protein-energy wasted perito-
neal dialysis patients with insufficient dietary intake, as well as those with tolerance, compli-
ance, and suitability issues of oral intake and other forms of enteral supplementation.
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 Introduction

One of the most frequently encountered issues for patients with chronic kidney disease (CKD), espe-
cially those reaching end-stage renal disease undergoing maintenance dialysis, is a progressive dete-
rioration of nutritional status, characterized by a unique state of nutritional and metabolic derangements 
[1], including simultaneous loss of body protein and energy stores, ultimately leading to muscle and 
fat wasting, as well as visceral protein pool contraction [2–4]. This condition, termed as protein- 
energy wasting (PEW), has a reported global prevalence of 28–54% among dialysis patients [5] and 
progresses with dialysis vintage [6–8]. Importantly, PEW substantially increases morbidity and mor-
tality, and exerts deleterious effects on quality of life [1, 9].

The mechanisms causing PEW in maintenance dialysis patients are complex and multifactorial. A 
conceptual model for the etiology of PEW has been proposed by the International Society of Renal 
Nutrition and Metabolism (ISRNM) and is summarized in Fig. 17.1 [1]. A common and important 
cause of PEW in maintenance dialysis patients is inadequate dietary protein and energy intakes due to 
anorexia, resulting from retention of uremic toxins, the dialysis procedure, intercurrent illnesses, 
inflammation, and metabolic acidosis [1, 10]. Of relevance, these conditions also contribute to the 
development of PEW independently. Additionally, inadequate protein and energy intakes can occur 
secondary to dietary restrictions, comorbidities that affect gastrointestinal function, poor socioeco-
nomic status, depression, physical impairment that limits patient’s ability to obtain and prepare food, 
and peritoneal dialysis-specific factors (i.e., abdominal discomfort, early satiety with peritoneal dialy-
sate infusion, peritoneal glucose absorption) [1, 10, 11]. Along with a spontaneous reduction in dietary 
protein and energy intakes, the pathophysiology of PEW is attributable to other highly prevalent fac-
tors, including physical inactivity, metabolic derangements, endocrine disturbances, and dialysis- 
related factors such as nutrient losses and catabolism [1, 10–13]. In particular, losses of protein, amino 
acids, and water-soluble vitamins are evident in both hemodialysis and peritoneal dialysis procedures 
[12, 13], whereas loss of glucose is most apparent in the hemodialysis procedure, because glucose is 
provided continuously by the peritoneal route [12, 13]. Of note, increased protein catabolism and 
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dialysis-induced inflammation were observed in both hemodialysis and peritoneal dialysis patients 
[12–14], though the catabolic effect is higher in the former except when peritonitis occurs [12]. 
Ultimately, PEW may cause infection, cardiovascular disease, frailty, and depression, with these com-
plications in turn exacerbating PEW [1, 10].

Although PEW is caused by a multitude of factors, it is recognized that many of these causes are 
associated with reduced nutrient intake [3], as shown in Fig. 17.1. Indeed, many signs of PEW can be 
improved with nutrition support therapy. This chapter focuses specifically on the targets for nutrition 
support and the types of nutrition support strategies in the management of PEW in maintenance dialy-
sis patients, including nutrition counseling, oral and enteral nutritional supplementation, intradialytic 
parenteral nutrition (IDPN), and intraperitoneal parenteral nutrition (IPPN) therapies.

 Targets for Nutrition Support in Hemodialysis and Peritoneal Dialysis 
Patients

For maintenance dialysis patients, recommendations for dietary protein and energy intakes from cur-
rent evidence-based clinical practice guidelines and expert consensus statement are broadly similar. 
Accordingly, at least 1.0  g protein/kg body weight (BW)/day should be recommended for stable 
patients on hemodialysis and peritoneal dialysis (Table 17.1) [10, 15–18]. Compared with nondialysis- 
dependent stages 3–5 CKD patients, higher protein intakes are recommended due to inevitable losses 
of protein and amino acids into the dialysate and the inflammatory stimulus associated with the dialy-
sis procedure. Protein requirements may be marginally higher in peritoneal dialysis [15, 18] as losses 
of proteins into the dialysate are 5–15 g/day greater in peritoneal dialysis compared to hemodialysis 
[15, 19], and protein losses increase with episodes of peritonitis [15, 19]. At least 50% of the protein 
intake should be of high biological value, that is, food sources containing a full spectrum of essential 
amino acids [10, 15, 16].

An energy intake of 25–35 kcal/kg BW/day is usually recommended for patients on mainte-
nance hemodialysis and peritoneal dialysis (see Table 17.1) [10, 15, 16, 18], although the European 
Best Practice Guidelines (EBPG) on Nutrition recommends a higher upper limit for energy intake, 

Table 17.1 Recommended protein and energy intakes for maintenance dialysis patients

Hemodialysis Peritoneal dialysis

National Kidney Foundation Kidney Disease Outcomes Quality 
Initiative and the Academy of Nutrition and Dietetics (KDOQI/
Academy) [16]

1.0–1.2 g protein/kg 
BW/day
25–35 kcal/kg BW/
day

1.0–1.2 g protein/kg BW/
day
25–35 kcal/kg BW/day

European Society for Clinical Nutrition and Metabolism 
(ESPEN) [15]

1.2–1.4 g protein/kg 
IBW/day
35 kcal/kg IBW/day

1.2–1.5 g protein/kg IBW/
day
35 kcal/kg IBW/day

European Best Practice Guidelines (EBPG) [17, 18] >1.1 g protein/kg 
IBW/day
30–40 kcal/kg 
IBW/day

≥1.2 g protein/kg IBW/day
35 kcal/kg IBW/day

International Society of Renal Nutrition &Metabolism 
(ISRNM) [10]

>1.2 g protein/kg 
IBW/day
30–35 kcal/kg 
IBW/day

>1.2 g protein/kg IBW/day
Peritonitis:
>1.5 g protein/kg IBW/day
30–35 kcal/kg IBW/day 
including kcal from 
dialysate

Abbreviations: BW body weight, IBW ideal body weight
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that is, 30–40 kcal/kg BW/day for hemodialysis patients [17]. These recommendations should be 
based on age, gender, physical activity level, body composition, goals for weight status, and con-
current illness or presence of inflammation to maintain normal nutritional status [16]. Of rele-
vance, a recent metabolic study showed that measured dietary energy requirements are lower than 
many current recommendations in patients undergoing maintenance hemodialysis [20]. In view of 
the highly variable dietary energy requirements, careful monitoring of the nutritional status of 
individual patients is crucial. In addition, it should be noted that patients undergoing peritoneal 
dialysis absorb calories from the glucose in the dialysate and as such, this should be incorporated 
into the calculation of dietary energy intake, that is, 25–35 kcal/kg BW/day including kcal from 
dialysate.

 Nutrition Counseling

Although the spontaneous decline in dietary protein and energy intakes that occurs in nondialysis- 
dependent CKD patients usually improves after the initiation of dialysis, anorexia may persist in a 
considerable proportion of maintenance dialysis patients due to the factors outlined in Fig. 17.1. These 
include the loss of residual renal function, inadequate dialysis with resultant retention of uremic toxins, 
intercurrent illnesses, systemic inflammation, the dialysis procedure, and other physiological, physical, 
and psychological factors that directly limit dietary protein and energy intakes. Notably, it is highly 
probable that some of the dietary restrictions are continued to prevent hyperphosphatemia, hyperkale-
mia, and metabolic acidosis. In addition to identifying and treating the potential underlying causes, 
early and regular nutrition counseling by registered dietitians (or international equivalents) represents 
an integral component for the prevention and treatment of PEW in maintenance dialysis patients. The 
ISRNM proposed an algorithm for the nutritional management and support in CKD patients, with 
continuous nutrition counseling and sufficient nutrient intake being indicated as important preventive 
measures for PEW, alongside the optimization of the renal replacement therapy prescription, and man-
agement of metabolic acidosis, inflammation, as well as comorbidities including type 2 diabetes mel-
litus, congestive heart failure, and depression [10]. Pertinently, nutrition counseling was shown to 
improve nutritional status in both hemodialysis and peritoneal dialysis patients [21, 22].

Transitioning from nutrition management of nondialysis-dependent CKD to maintenance dialysis 
therapy requires a thorough revision of nutrition support therapy. Priority should be given to the iden-
tification of deficiencies in dietary protein and energy intakes, and the provision of appropriate dietary 
advice for patients at increased risk of PEW, for example, protein and energy intakes <1.0 g/kg BW/
day and <25 kcal/kg BW/day, respectively, for both maintenance hemodialysis and peritoneal dialysis 
patients [10, 15–17].

Attention should be given to increasing protein-rich foods, yet avoiding excessive consumption of 
dietary phosphorus, potassium, and sodium. Of relevance, higher protein intakes are subjected to a 
higher dietary phosphorus load. Survival benefit was observed in maintenance dialysis patients with a 
combination of increased protein intake and decreased serum phosphorus [23]; therefore, nutrition 
counseling of these patients should aim to reduce the load of dietary phosphorus without compromis-
ing protein intake. Such an approach should consist of educating patients to minimize the consump-
tion of highly absorbable phosphorus foods (e.g., processed foods such as cheese) and foods containing 
phosphorus-based additives (e.g., soft drinks), as the phosphorus content in both is almost completely 
absorbed by the gastrointestinal tract [24]. (See Chap. 23.) Simultaneously, the consumption of plant-
based proteins relative to animal-based proteins should be increased, as plant-based phosphorus is less 
readily absorbed by the human gastrointestinal tract compared with animal-based phosphorus, that is, 
gastrointestinal absorption of 20–40% of plant-based phosphorus versus 40–60% of animal-based 
phosphorus [24]. Of importance, the consumption of plant-based proteins was found to be associated 
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with lower serum phosphorus levels [25] and lower mortality [26]. Moreover, boiling should be the 
preferred cooking method for protein-rich foods compared to other common cooking methods [24], 
as boiling reduces phosphorus content along with lowering the content of sodium, potassium, and 
other minerals in both plant-based and animal-based protein foods [24, 27]. Recently, a novel, visual, 
and user-friendly tool of “phosphorus pyramid” was developed for nutrition counseling in CKD 
patients [27]. The pyramid consists of six levels with foods arranged based on their phosphorus con-
tent, phosphorus to protein ratio, and phosphorus bioavailability. It also provides guidance on recom-
mended frequency of consumption, ranging from “unrestricted” to “avoid as much as possible.”

Finally, prolonged and often unnecessary periods of fasting should be avoided, such as protracted 
laboratory testing, missed meals due to the dialysis schedule, and inadequate dietary intake during 
acute illness and hospitalization. Consequently, periodic re-evaluation and ongoing nutrition counsel-
ing are essential dietetic practices for all maintenance dialysis patients. Nutrition counseling should 
be intensive upon initiation of dialysis, and provided on a monthly or bimonthly basis thereafter [16]. 
In the presence of inadequate nutritional intake, PEW, and illnesses that can cause deterioration in 
nutritional status, a more intensive monitoring schedule should be implemented [16].

 Oral and Enteral Nutritional Supplementation

When nutrition counseling alone proves insufficient to bridge the gap between protein-energy intake 
and the target requirements in maintenance dialysis patients, oral nutritional supplementation should 
be the next appropriate step of nutrition support to restore and prevent further losses of protein and 
energy stores. In particular, the Kidney Disease Outcomes Quality Initiative and the Academy of 
Nutrition and Dietetics (KDOQI/Academy) suggests a minimum of a 3-month trial of oral nutritional 
supplements (ONS) to improve nutritional status if dietary counseling alone does not achieve suffi-
cient energy and protein intakes to meet nutritional requirements [16]. Specific indications for initiat-
ing ONS have been proposed by the ISRNM [10] and are shown in Table 17.2. ONS can typically 
provide an additional 7–10  kcal/kg/day and 0.3–0.4  g protein/kg/day, and the utilization of ONS 
requires the complement of a spontaneous dietary intake of >20 kcal/kg/day and 0.4–0.8 g protein/kg/
day in order to attain the recommended dietary energy and protein requirements [9, 10]. Oral nutri-
tional supplementation is frequently considered as a highly feasible means of nutrition support in mild 
to moderate protein-energy wasted dialysis patients, as usual intakes in many of these patients often 
exceed the required minimum spontaneous intake (i.e., 20–24 kcal/kg/day for hemodialysis patients, 
30 kcal/kg/day inclusive of glucose absorption from dialysate for peritoneal dialysis patients, and 
0.8–1.0 g protein/kg/day for both dialysis modalities) [28].

Indeed, the effectiveness of oral nutritional supplementation has been investigated in different research 
settings. In metabolic studies, the use of ONS during hemodialysis led to positive whole- body protein 

Table 17.2 Indications for initiating oral nutritional supplementation in maintenance dialysis 
patients proposed by the International Society of Renal Nutrition and Metabolism (ISRNM)

Suggested criteria for initiating oral nutritional supplementation [10]

Poor appetite and/or poor oral intake
Dietary protein intake <1.2 g/kg/day and dietary energy intake <30 kcal/kg/day
Serum albumin <3.8 g/dL or serum prealbumina <28 mg/dL
Unintentional weight loss >5% of ideal body weight or estimated dry weight over 3 months
Worsening nutritional markers over time
Subjective global assessment score within PEW range

Abbreviation: PEW protein-energy wasting
aOnly for maintenance dialysis patients without residual renal function
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balance [29, 30], with the anabolic effects sustained in the postdialytic period [30]. In clinical trials, the 
use of ONS has demonstrated efficacy in improving nutritional status in maintenance dialysis patients. 
Table 17.3 provides a list of studies, including both randomized controlled trials (RCTs) and nonrandom-
ized controlled trials (NRCTs), along with the nutritional and clinical outcomes in these studies.

In general, the effect of ONS has been investigated predominately in hemodialysis patients [31–43], 
and far less attention has been received by peritoneal dialysis patients [40, 44, 45]. The type of ONS evalu-
ated in the current literature were food-based supplements [31] and commercial products [32–45] taken 
at home or during dialysis, comprising of protein-energy [31–35, 41–44], protein-based [36–38, 40, 45], 
energy-based [39], and renal-specific [33, 34, 42, 43] formulations. A major drawback throughout the 
literature was the limited use of a placebo group [38], although most studies included a comparative group 
where maintenance dialysis patients were either not supplemented [34, 37, 41, 42, 44], received nutrition 
counseling only [31–33, 36, 39, 40, 43, 45], or treated with a combination of ONS and IDPN [35]. The 
duration of supplementation ranged from 3 months to over a year. The nutritional benefits of these supple-

Table 17.3 Studies examining the effects of oral nutritional supplements (ONS) on nutritional outcomes in 
maintenance dialysis patients

Study
Dialysis 
modality

Study type and 
duration

Sample 
size

Nutritional entry 
criteria Type of ONS

Nutritional and 
other relevant 
parameters 
significantly 
improved by 
ONS

Calegari 
et al. [31]

Hemodialysis RCT: ONS vs. 
nutritional 
guidance
3 months

n = 18 SGA >9, and 
TST <90%, or 
AC/AMC <90%, 
or serum 
albumin <3.5 g/
dL, or BMI 
<18.5 kg/m2

Protein-energy 
supplement 
(food-based 
supplement)

↑ SGA
↑ QoL

Wilson 
et al. [32]

Hemodialysis RCT: ONS vs.
dietary 
counseling
9 months

n = 46 ↓ Serum albumin Protein-energy 
supplement 
(commercial 
formula)

↑ Serum 
albumin

Fouque 
et al. [33]

Hemodialysis RCT: ONS vs. 
dietary advice
3 months

n = 86 Serum albumin 
<40 g/L and 
BMI <30 kg/m2

Protein-energy 
supplement 
(renal- specific 
commercial 
formula)

↑ DPI
↑ DEI
↑ SGA
↑ QoL

Hung 
et al. [34]

Hemodialysis RCT: ONS vs. 
no 
supplementation
3 months

n = 55 No nutritional 
entry criteria 
specified

Protein-energy 
supplement 
(renal- specific 
commercial 
formula)

↑ DEI
↑ Body fat mass

Cano et al. 
[35]

Hemodialysis RCT: ONS vs. 
IDPN
12 months

n = 186 Two out of four 
malnutrition 
markers: BMI 
<20 kg/m2, 
>10% weight 
loss within 
6 months, serum 
albumin <35 g/
dL, and serum 
prealbumin 
<300 mg/L

Protein-energy 
supplement 
(commercial 
formula)

↑ nPNA
↑ Serum 
albumin
↑ Serum 
prealbumin
↑ BMI
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Table 17.3 (continued)

Hiroshige 
et al. [36]

Hemodialysis RCT (CO): 
ONS vs. dietary 
advice
12 months

n = 44 Serum albumin 
<3.5 g/dL and 
complain of 
anorexia

Protein 
supplement 
(BCAA 
commercial 
formula)

↑ DPI
↑ DEI
↑ Plasma 
albumin
↑ Dry body 
weight
↑ Body fat %
↑ Lean body 
mass

Bolasco 
et al. [37]

Hemodialysis RCT: ONS vs. 
no 
supplementation
3 months

n = 30 Serum albumin 
<3.5 g/dL, 
nPNA <1.1 g/kg/
day, and BMI 
>20 kg/m2

Protein 
supplement (AA 
commercial 
formula)

↑ ePCR
↑ Serum 
albumin
↑ Total proteins
↑ Body weight
↑ Hb
↓ CRP

Tomayko 
et al. [38]

Hemodialysis RCT: Two ONS 
groups vs. 
placebo
6 months

n = 38 No nutritional 
entry criteria 
specified

Protein 
supplement (whey 
and soy 
commercial 
formulae)

↓ IL-6 (whey 
and soy)
↑ Gait speed 
and walking 
distance (whey 
and soy)

Allman 
et al. [39]

Hemodialysis RCT: ONS vs. 
dietary advice
6 months

n = 21 BMI <27 kg/m2 Energy 
supplement 
(glucose polymer 
commercial 
formula)

↑ DEI
↑ Body weight
↑ Body fat
↑ Lean body 
mass

Moretti 
et al. [40]

Hemodialysis 
and peritoneal 
dialysis

RCT (CO): 
ONS vs. dietary 
advice
6 months

n = 49 No nutritional 
entry criteria 
specified

Protein 
supplement 
(liquid hydrolyzed 
collagen 
commercial 
formula)

↑ nPCR
↑ Albumin

Teixido- 
Planas 
et al. [44]

Peritoneal 
Dialysis

RCT: ONS vs. 
no 
supplementation
6 months

n = 65 No nutritional 
entry criteria 
specified

Protein-energy 
supplement 
(commercial 
formula)

↑ Body weight
↑ TST
↑ MAMC
↑ LBM
↑ Creatinine 
LBM related to 
body surface 
area
↑ Creatinine 
generation rate
↑ Lymphocytes

Gonzalez- 
Espinoza 
et al. [45]

Peritoneal 
dialysis

RCT: ONS vs. 
nutritional 
counseling
6 months

n = 28 Moderate or 
severe 
malnutrition 
rated by SGA

Protein 
supplement 
(egg- albumin 
commercial 
formula)

↑ DPI
↑ DEI
↑ nPNA
↑ Serum 
albumin
↑ TST
↑ MAMA
↑ SGA

Cheu et al. 
[41]

Hemodialysis NRCT: ONS vs. 
no 
supplementation
13.5 months

n = 470 Serum albumin 
<3.8 g/dL

Protein-energy 
supplement 
(commercial 
formula)

↑ Serum 
albumin
↓ 
Hospitalization

(continued)
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ments were improvements in dietary intakes of protein [33, 35–37, 40, 45] and energy [33, 34, 36, 39, 45]; 
nutritional biomarkers including levels of serum albumin [32, 35–37, 40–43, 45], prealbumin [35], and 
total proteins [37]; subjective global assessment (SGA) composite nutritional score [31, 33, 45]; body 
weight [36, 37, 39, 43, 44]; BMI [35]; and anthropometric estimates of muscle mass [36, 39, 44, 45] and 
fat mass [34, 36, 39, 43–45]. The beneficial effects were evident as early as 1 month [36, 39], and were 
found to be sustainable [32, 35, 36, 39, 41, 45]. Improvements in inflammation [37, 38], physical func-
tioning [38], and quality of life [31, 33, 42] were also observed. Although hospitalization and mortality 
were often reported [32, 35, 40], most studies did not possess the statistical power to adequately assess the 
efficacy of ONS on these outcomes. However, findings from large observational studies indicated lower 
rates of hospitalization [41] and mortality [46] in maintenance hemodialysis patients who received ONS.

In order to maximize the benefits of nutritional supplementation, ONS should not be used as a nutritional 
substitution; it should be taken separately from regular meals once to thrice daily, preferably 1–3 hours after 
main meals [10, 15]. Findings from metabolic studies support the consumption of a late evening supplement 
as it may decrease the length of overnight starvation and the sequential catabolism [15, 47, 48]. ONS may 
also be consumed during hemodialysis to prevent dialysis- associated alterations of protein metabolism [10, 
15]. In particular, intradialytic feeding through monitored in-center provision of ONS and high-protein 
meals has been proposed as a feasible, economical, and patient-friendly approach to improve dietary protein 
and energy intakes in hemodialysis patients [49]. Many of the perceived negative effects such as postprandial 
hypotension and other hemodynamic instabilities, gastrointestinal symptoms, inadequate dialysis, risks of 
aspiration, and contamination are not commonly observed [49–51], and can be prevented with judicious 
selection of patients coupled with continuous monitoring. Nevertheless, definitive RCTs that balance the 
potential benefits against the risks of intradialytic feeding are currently missing. Further large-scale RCTs 
should be performed to provide clear guidance of intradialytic feeding.

Furthermore, ONS should be prescribed based on patient’s requirements, preference, compliance, 
and tolerance, as these are important success factors. The acceptability of ONS in terms of appearance, 
smell, taste, texture, and type of preparation (e.g., milkshake, juice, pudding, bar, or fortification powder) 
should be considered. Among the standard ONS that have been formulated for the general diseased 
populations, the preferred choice of supplement should be high in protein and energy without excessive 
amounts of potassium and phosphorus. Of relevance, protein-energy dense, low- electrolytes, 
 renal- specific ONS are currently available, and these may be prescribed as an alternative to increase 
protein and energy intakes without inducing excess levels of fluid and electrolytes [33]. Gastrointestinal 
side effects can affect the outcome of oral nutrition support, and an extended period of monotonous 

Table 17.3 (continued)

Scott et al. 
[42]

Hemodialysis NRCT: ONS vs. 
no supplemen-
tation/standard 
care
3 months

n = 88 No nutritional 
entry criteria 
specified

Protein-energy 
supplement 
(renal- specific 
commercial 
formula)

↑ Serum 
albumin
↑ QoL

Sezer 
et al. [43]

Hemodialysis NRCT: ONS vs. 
dietary advice
6 months

n = 62 Serum albumin 
<4 g/dL, and/or 
≥5% loss of dry 
weight over the 
past 3 months

Protein-energy 
supplement 
(renal- specific 
commercial 
formula)

↑ Serum 
albumin
↑ Dry weight
↑ TST

Abbreviations: AA amino acid, AC arm circumference, AMC arm muscle circumference, BCAA branched chain amino 
acids, BMI body mass index, CO cross-over, CRP c-reactive protein, DEI dietary energy intake, DPI dietary protein 
intake, ePCR equilibrated protein catabolic rate, Hb hemoglobin, IL-6 interleukin-6, LBM lean body mass, MAMA mid 
arm muscle area, MAMC mid arm muscle circumference, nPCR normalized protein catabolic rate, nPNA normalized 
protein nitrogen appearance, NRCT nonrandomized controlled trial, ONS oral nutritional supplements, QoL quality of 
life, RCT randomized controlled trial, SGA subjective global assessment, TST triceps skinfold thickness
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supplementation may lead to flavor and taste fatigue, as well as noncompliance with the prescribed 
supplement. Consequently, frequent monitoring and evaluation by the registered dietitian (or interna-
tional equivalent) during the supplementation period is crucial, and implementation of the necessary 
changes to the supplement prescription is an important measure to improve patient’s adherence and 
hence the overall effectiveness of oral nutritional supplementation. Both the KDOQI/Academy [16] and 
EBPG [17, 18] provided recommendations for nutritional monitoring in maintenance hemodialysis and 
peritoneal dialysis patients, shown in Table 17.4. Unstable or protein-energy wasted maintenance dialy-
sis patients may require intensive monitoring [52].

Table 17.4 Recommendations for nutritional monitoring in maintenance hemodialysis and peritoneal dialysis 
patients

Guidelines

Nutritional assessment 
parameters (dialysis 
modality)

Frequency of 
monitoring

Recommended 
levels

National Kidney Foundation Kidney Disease 
Outcomes Quality Initiative and the 
Academy of Nutrition and Dietetics 
(KDOQI/Academy) [16]

Dietary interview and/or 
diary (HD and PD)

≤12 months –

nPCR (HD and PD) ≤12 months –
Body weight (HD and PD) ≤1 month –
BMI (HD and PD) ≤1 month –
Skinfold thickness (HD and 
PD)

≤12 months –

Waist circumference (HD 
and PD)

≤12 months –

Handgrip strength (HD and 
PD)

≤12 months –

7-point SGA (HD and PD) ≤12 months –
MIS (HD) ≤12 months –
Creatinine kinetics (HD and 
PD)

≤12 months –

Serum albumin (HD and 
PD)a

≤12 months –

Serum prealbumin (HD and 
PD)

≤12 months –

European Best Practice Guidelines (EBPG) 
[17, 18]

Dietary interview (HD and 
PD)

3–12 months –

nPNA (HD and PD) 1 month >1 g/kg BW/day
Body weight (HD and PD) Every dialysis –
BMI (HD and PD) 1 month >23 kg/m2

SGA (PD) 3 months –
Midweek predialysis 
creatinine (HD)

1 month –

Serum albumin (HD and 
PD)a

1–3 months ≥40 g/L

Serum prealbumin (HD) 1–3 months ≥300 mg/L
Serum cholesterol (HD) 3 months >Minimum 

laboratory 
threshold

Abbreviations: BMI body mass index, BW body weight, HD hemodialysis, MIS malnutrition inflammation score, nPCR 
normalized protein catabolic rate, nPNA normalized protein nitrogen appearance, PD peritoneal dialysis, SGA subjec-
tive global assessment
aBy bromocresol green method
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When maintenance hemodialysis and peritoneal dialysis patients are failing to reach the recom-
mended dietary protein and energy intakes with ONS and nutrition counseling, exhibiting severe 
PEW, presenting with spontaneous intakes of <20 kcal/kg/day, or in stress conditions, enteral feeding 
by nasogastric or nasojejunal tubes should be considered [10, 15, 16, 28]. The latter should be reserved 
for patients with gastroparesis unresponsive to prokinetic treatment [15]. Daily nutrition support is 
important in these patients, and enteral nutrition should always be preferable to parenteral nutrition 
because feeding through the gastrointestinal tract helps maintain its normal structure and function 
[15]. Parenteral nutrition is an invasive and expensive feeding method with a higher risk of metabolic 
and septic complications.

Percutaneous endoscopic gastroscopy (PEG) and jejunostomy may also be considered for hemodi-
alysis patients, especially for long-term enteral tube feeding[15], but these methods of feeding deliv-
ery have been contraindicated in peritoneal dialysis patients due to the increased risk of peritonitis 
[15]. Nevertheless, the use of a PEG in peritoneal dialysis patients has shown to be an effective nutri-
tion support strategy in selected cases [53–55]. In patients with diagnosed peritonitis, early initiation 
of parenteral nutrition has been shown to maintain a positive nitrogen balance [56]. In cases of encap-
sulating peritoneal sclerosis, parenteral nutrition support may confer nutritional benefits and improved 
tolerance compared to enteral tube feeding [57].

Although enteral tube feeding is often considered an important nutrition support option in mainte-
nance dialysis patients with PEW, the effectiveness and the associated complications have not been 
well investigated. Limited evidence from a small-scale clinical trial [58] and a cohort study [59] 
showed that nasogastric and gastrostomy feedings using a variety of standard and renal-specific for-
mulas are effective in improving biochemical and anthropometric measures of nutritional status in 
hemodialysis patients, including increases in serum albumin [58, 59], dry weight [58], as well as 
muscle mass and fat mass [58]. Of note, hypophosphatemia may occur in enteral tube feeding through 
a renal-specific formula [59], highlighting the need for phosphorus monitoring during feeding. 
Formulas with high-protein, low-carbohydrate content should be the preferred choice for peritoneal 
dialysis patients [15]. Further large-scale RCTs should be performed to examine the efficacy of enteral 
tube feeding on nutritional parameters, clinical outcomes, and quality of life in maintenance dialysis 
patients.

 Intradialytic Parenteral Nutrition

Intradialytic parenteral nutrition is a form of partial parenteral nutrition involving the administration 
of nutrients, usually a mixture of amino acids, dextrose, and lipid emulsions, during regularly sched-
uled hemodialysis sessions. IDPN is delivered via intravenous infusion through the venous drip cham-
ber of the extracorporeal circulation lines. It has been proposed as a safe and convenient approach of 
nutritional supplementation in maintenance hemodialysis patients. However, the indications for IDPN 
therapy vary among clinical practice guidelines. The consensus is that IDPN should not be the initial 
choice of nutrition support in maintenance hemodialysis patients with PEW. Dietary counseling and 
oral nutritional supplementation are crucial, and both should be attempted as initial steps for nutrition 
support in this patient group [16, 17, 28, 60]. When nutrition counseling and the use of ONS are 
unable to reach the target protein and energy requirements, both enteral tube feeding and IDPN have 
been proposed as the next appropriate steps [16, 17, 28, 60].

In particular, both the KDOQI/Academy and EBPG suggest the use of IDPN only under two condi-
tions: (1) when dietary counseling, use of ONS, and enteral tube feeding have all failed to achieve the 
requirements for protein and energy, and (2) when the spontaneous protein and energy intakes in 
conjunction with IDPN are able to attain the required targets [16, 17], for example, spontaneous 
intake >20 kcal/kg and >0.8 g protein/kg daily [17]. Otherwise, daily total or partial parenteral nutri-
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tion should be considered [16, 17]. On the other hand, the ESPEN guidelines suggest the use of IDPN 
even before attempting enteral tube feeding, because of the risk associated with feeding tube place-
ment [28]. In contrast, the American Society for Parenteral and Enteral Nutrition only recommends 
enteral tube feeding, and does not recommend IDPN due to the lack of evidence supporting its appli-
cation in clinical practice [60]. In view of the contrasting recommendations among the existing clini-
cal practice guidelines, the decision to prescribe IDPN should be based on clinical judgment of an 
individual’s benefit–risk balance.

The types of IDPN available were a compounded admixture-based IDPN and a commercial 
admixture- based IDPN [61]. While the former are all-in-one bags specifically prepared by pharmacy 
for individual patients, the latter are commercially premixed all-in-one bags designed to cover the 
needs of most maintenance hemodialysis patients. Electrolyte-free admixtures are also commercially 
available [61]. The commercial mixture remains a common option in clinical practice, because the 
process of compounding an individualized mixture is time-consuming and costly. From a practical 
perspective, the most concentrated solutions are frequently used in maintenance hemodialysis patients 
due to the risk of volume overload and the time constraint of accommodating IPDN within the stan-
dard dialysis session [61].

IDPN suffers from time limitations due to hemodialysis frequency and duration, usually 4 hours 
thrice weekly [9]. The maximum concentration of calories of all-in-one admixtures is 1 kcal/ml, and 
the suggested maximum fluid, calories, and amino acids for safe delivery through IDPN are 1000 ml, 
1000 kcal, and 50 g, respectively [61]. Taking into account the nondialysis days and the loss of 4–8 g 
amino acids per dialysis session, the provision of calories and amino acids for a 70 kg patient are 
marginally less than 3000 kcal and 150 g per week, respectively, or approximately 6 kcal/kg/day and 
0.30 g protein/kg/day [61, 62]. For IDPN to satisfy the protein and energy requirements of a mainte-
nance hemodialysis patient, the patient’s spontaneous dietary intakes are required to meet the actual 
difference between those provided by IDPN and the target requirements. In this case, with protein and 
energy targets being 1.0–1.2 g/kg/day and 25–35 kcal/kg/day, respectively, a spontaneous intake of at 
least 0.7 g protein/kg/day and 19 kcal/kg/day is required. These are broadly corroborated by the rec-
ommendations from the EBPG, that is, a spontaneous intake of >0.8 g protein/kg/day and >20 kcal/
kg/day [17]. Given the limited provision of protein and energy, IDPN is likely to be most effective in 
maintenance hemodialysis patients at risk of PEW or with mild to moderate PEW, rather than with 
severe PEW [9]. The presence of severe PEW is often accompanied with spontaneous intakes of 
<0.8 g protein/kg/day and <20 kcal/kg/day. Under these conditions, both IDPN and oral intake are 
generally unable to meet the nutritional targets. Hence, IDPN is not recommended for maintenance 
hemodialysis patients with severe PEW. Instead, a more aggressive nutrition support approach should 
be prompted for these patients, such as enteral tube feeding or total parenteral nutrition [61].

The efficacy of IDPN has been investigated in multiple research settings. In metabolic studies, the 
use of IDPN led to increased whole-body protein synthesis and fractional albumin synthesis, as well 
as decreased whole-body proteolysis [63–65]. These metabolisms mitigated the negative effects of 
hemodialysis on protein synthesis and degradation, leading to positive net protein balance [66]. 
However, the anabolic effect of IDPN was found to dissipate in the postdialytic period [30]. Of inter-
est, performing brief exercise at the beginning of the dialysis session was shown to improve the ana-
bolic effect of IDPN therapy markedly [65].

In clinical trials, the use of IDPN has demonstrated efficacy in improving nutritional status in 
maintenance dialysis patients. Table 17.5 provides a list of studies, including both RCTs and NRCTs, 
along with the nutritional and clinical outcomes in these studies. In general, the effect of IDPN has 
been evaluated using both individually compounded and commercial mixtures [35, 67–73], with vary-
ing nutritional composition. While some studies enrolled maintenance hemodialysis patients with 
some degree of PEW [35, 67, 68, 70, 71], others did not specify the application of nutritional entry 
criteria [69, 72, 73]. The use of IDPN was compared to a variety of control treatments including 
dietary counseling [71, 72], ONS [35], isocaloric glucose solution [67], another IDPN admixture  
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Table 17.5 Studies examining the effects of intradialytic parenteral nutrition (IDPN) on nutritional outcomes in 
maintenance hemodialysis patients

Study
Study type and 
duration

Sample 
size

Nutritional entry 
criteria IDPN formula

Nutritional and 
other relevant 
parameters 
significantly 
improved by IDPN

Guarnieri 
et al. [67]

RCT: Two IDPN 
groups vs. isocaloric 
5% glucose solution
2 months

n = 18 Unable to improve 
oral energy intake, 
and negative 
nitrogen balance

Two IDPN groups:
  Group 1- EAAs with 

added histidine
  Group 2- EAAs and 

non-EAAs

↑ Body weight (in 
EAAs with added 
histidine group)

Cano 
et al. [68]

RCT: IDPN vs. no 
IDPN
3 months

n = 26 Serum transthyretin 
<300 mg/L

EAAs and non-EAAs 
with added 
glycyl-tyrosine

↑ DEI
↑ DPI
↑ Serum 
pre-albumin
↑ Serum albumin
↑ Interdialytic 
creatinine 
appearance
↑ Skin-test 
reactivity
↑ Plasma leucine
↑ Plasma 
apolipoprotein A-1
↑ Body weight
↑ AMC

Navarro 
et al. [69]

RCT: IDPN vs. no 
IDPN
3 months

n = 17 No nutritional entry 
criteria specified

EAAs and non-EAAs ↑ PCR
↑ Serum albumin
↑ Serum 
transferrin

Cano 
et al. [70]

RCT: Two IDPN 
groups (differed by fat 
emulsions: olive oil or 
soybean oil)
5 weeks

n = 35 Three of the five 
criteria: BMI <20 
kg/m2, >10% 
weight loss within 
6 months, serum 
albumin <35 g/L, 
serum transthyretin 
(prealbumin) <300 
mg/L, and nPCR 
<1 g/kg/day

Two IDPN groups:
  Group 1- AAs, 

glucose, olive oil
  Group 2 - AAs, 

glucose, soybean oil

Both olive oil and 
soybean oil 
groups:
↑ nPCR
↑ Serum albumin
Soybean oil group 
only:
↑ Serum 
pre-albumin
↑ Creatinine
Comparison 
between olive oil 
and soybean oil 
groups:
↑ BMI (olive oil 
group)

Cano 
et al. [35]

RCT: IDPN+ONS vs. 
ONS only
1 year

n = 186 Two of the four 
criteria: BMI <20 
kg/m2, >10% 
weight loss within 
6 months, serum 
albumin <35 g/L, 
and serum 
prealbumin <300 
mg/L

Standard lipid emulsion 
of 50%, glucose 50% 
of nonprotein energy 
supply, and standard 
AA

Both IDPN+ONS 
and ONS only 
groups:
↑ nPNA
↑ DEI
↑ DPI
↑ Body weight
↑ BMI
↑ Serum albumin
↑ Serum 
pre-albumin
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[70, 73], or no IDPN supplementation [68, 69]. However, the characteristics of the control groups, 
particularly the latter group where patients received no IDPN supplementation, were often ill-defined 
with limited information on the patients’ diet. Also, it remains unclear whether nutrition counseling 
was provided as part of the control treatment. Moreover, no studies have compared IDPN to enteral 
tube feeding.

Among the available literature, the duration of IDPN supplementation ranged from 2 months to 
1 year. The nutritional benefits of IDPN were improvements in dietary intakes of protein [35, 68–70, 
72] and energy [35, 68, 72], nutritional biomarkers including levels of serum albumin [35, 68–70, 72], 
prealbumin [35, 68, 70, 71, 73], and transferrin [69, 72]; body weight [35, 67, 68, 72] and BMI [35, 
70, 72]; as well as anthropometric measurements of muscle mass [68, 72] and fat mass [72].

Although the use of IDPN was associated with improvements in nutritional status, the landmark 
study by the French Intradialytic Nutrition Evaluation (FINE) study group showed that IDPN con-
ferred no further nutritional benefit than the use of ONS [35]. The investigators of the FINE study 
randomly assigned 186 maintenance hemodialysis patients with PEW to receive 1-year of IDPN 
and ONS or ONS alone [35]. The nutritional supplementation goal for both groups was to increase 

Table 17.5 (continued)

Marsen 
et al. [71]

RCT: 
IDPN + nutritional 
counseling vs. 
nutritional counseling 
only
16 weeks

n = 107 SGA score = B or 
C (moderate to 
severe 
malnutrition), and 
two of the three 
criteria: albumin 
<35 g/L, 
prealbumin <250 
mg/L, and phase 
angle alpha <4.5º 
assessed by BIA

Individualized 
compounded solution 
containing glucose, 
AAs, fat, vitamins, 
trace elements, and 
L-carnitine

↑ Serum 
pre-albumin

Hiroshige 
et al. [72]

NRCT: IDPN vs. 
dietary counseling
1 year

n = 28 Malnutrition was 
ascertained at the 
start of the study, 
but nutritional entry 
criteria were 
undefined

200 ml 50% dextrose, 
200 ml 7.1% EAAs, 
200 ml 20% lipid 
emulsion

↑ Serum albumin
↑ Serum 
transferrin
↑ Total 
lymphocyte count
↑ DEI
↑ DPI
↑ Dry body weight
↑ BMI
↑ TSF
↑ MAMC
↑ MAC

Toigo 
et al. [73]

RCT: Two IDPN 
groups
6 months

n = 21 No nutritional entry 
criteria specified

Two IDPN groups:
  Group 1 - EAAs
  Group 2 - 

Isonitrogenous 
EAAs plus 
non-EAAs

Both EAAs and 
Isonitrogenous 
EAAs plus 
non-EAAs groups:
↑ PCR
EAAs group:
↑ NCV

Abbreviations: AA amino acids, AMC arm muscle circumference, BIA bioelectrical impedance analysis, BMI body mass 
index, DEI dietary energy intake, DPI dietary protein intake, EAAs essential amino acids, IDPN intradialytic parenteral 
nutrition, MAC midarm circumference, MAMC midarm muscle circumference, non-EAAs nonessential amino acids, 
NCV nerve conduction velocity, nPCR normalized protein catabolic rates, nPNA normalized protein nitrogen appear-
ance, NRCT nonrandomized controlled trial, ONS oral nutritional supplements, PCR protein catabolic rate, RCT ran-
domized controlled trial, SGA subjective global assessment, TSF tricep skinfold thickness
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dietary protein and energy intakes to the recommended targets of 1.2 g/kg/day and 30–35 kcal/kg/
day, respectively [35]. In addition to exhibiting similar improvements in markers of nutritional 
status in both groups [35], the primary outcome, 2-year mortality rate, was not different between 
the two groups (43% in IDPN and ONS group; and 39% in ONS alone group) [35]. Similarly, hos-
pitalization rate and functional status were not influenced by the addition of IDPN in the supple-
mentation regimen [35]. These observations suggest that the route of nutrient administration (i.e., 
combined parenteral-oral or oral) has no influence on markers of nutritional status and survival as 
long as equal and adequate amounts of protein and calories are provided to attain the target nutri-
tional requirements. The FINE study also demonstrated that increased serum prealbumin, as a result 
of either parenteral-oral or oral feeding, was associated with decreased 2-year mortality and hospi-
talization rates [35] independently of a chronic inflammatory status, hence providing the first pro-
spective association between response to nutritional therapy and improved clinical outcomes [35]. 
These findings further strengthen the rationale for nutrition support in maintenance hemodialysis 
patients with PEW.

Notably, the high cost of IDPN and the regulatory concerns are substantial barriers to regular 
utilization of IDPN.  Also, the cost-effectiveness of IDPN has not been adequately examined, 
with only one study reporting significant reductions in number of hospitalizations, cost of hospi-
talizations, and length of hospital stay after 6 months of IDPN therapy, but no overall cost sav-
ings were achieved when the cost of IDPN was taken into account [74]. However, this study 
lacked comparison to a concurrent non-IDPN control group, hence limiting the interpretation of 
its findings [74].

Thus far, IDPN displayed no major adverse effects compared to oral nutritional supplementation 
[35]. The most frequently reported adverse effects were digestive symptoms, hypotension, and muscle 
cramps, but these issues occurred at a similar rate compared to patients receiving ONS [35]. Other 
possible adverse events include deranged liver function and vascular access–related symptoms, 
although the former has not been reported in the literature [35].

In addition, disorders of glucose metabolism, lipid intolerance, as well as mineral and electro-
lyte imbalances may occur, but these abnormalities can be minimized by frequent laboratory mon-
itoring and seeking appropriate clinical intervention. Specifically, the development of 
hyperglycemia during IDPN infusion may be treated with either subcutaneous or intravenous insu-
lin, or with insulin added to the IDPN solution [75]. In cases of rebound hypoglycemia, oral con-
sumption of carbohydrate within the last 30 minutes of IDPN infusion may be necessary [76]. 
Additionally, IDPN is contraindicated if triglyceride levels are >300 mg/dL because lipids in the 
IDPN formula may exacerbate hypertriglyceridemia, although elevations of lipids have not been 
reported and were not observed by the FINE study group [35]. Nevertheless, it is important to 
monitor serum cholesterol and triglyceride concentrations because improvement in these param-
eters may signal an improvement in oral intake, potentially rendering a decision to discontinue 
IDPN therapy. Furthermore, mineral and electrolyte imbalances, such as hypokalemia and hypo-
phosphatemia, may be relieved by adding potassium and phosphorus to the IDPN solution. The 
former may also be managed by increasing the potassium concentration in the dialysate. On the 
other hand, hyperkalemia and hyperphosphatemia may occur. These may be important signs for 
improvement in the patient’s oral diet. It is therefore crucial to monitor blood biochemistry profile 
and oral diet simultaneously. Due to the risk of electrolyte abnormalities, stringent monitoring of 
electrolytes is highly recommended, particularly during the first week of IDPN therapy [28]. Of 
note, to prevent volume overload, the ultrafiltration rate should be adjusted to remove the addi-
tional fluid provided by IDPN.

Overall, IDPN has been demonstrated to be safe with a very low complication rate. In the 
unlikely event of adverse consequences, IDPN should be terminated. Also, IDPN should not be 
implemented as a long-term nutrition support strategy [9]. It should be discontinued as soon as 
sustained improvements in nutritional status and spontaneous dietary intakes are observed, thus 
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making IDPN unnecessary [77]. Most patients undergoing maintenance hemodialysis respond to 
IDPN after 3–6  months of therapy; hence, nutritional status should be evaluated after this time 
period [35]. Lack of improvement after 3–6 months of IDPN therapy should render a decision to 
discontinue [77]. When oral intake combined with IDPN is unable to attain the target nutritional 
requirements, or in cases of a malfunctioned gastrointestinal tract, total parenteral nutrition should 
be considered [16, 17].

 Intraperitoneal Parenteral Nutrition

IPPN is a form of parenteral nutrition unique to maintenance peritoneal dialysis patients [28]. It 
occurs intermittently as part of the regular peritoneal dialysis regimen via intraperitoneal administra-
tion. IPPN replaces a portion of the regular peritoneal dialysate, that is, dextrose-based dialysate, with 
an amino acid–containing dialysate. Specifically, IPPN utilizes either an amino acid–based peritoneal 
dialysate containing no glucose [28, 78–81], or a combined amino acid and glucose peritoneal dialy-
sate [82–85], both of which substitute for one to two exchanges of the conventional dextrose-based 
peritoneal dialysate. Since IPPN involves the administration of an amino acid–containing dialysate, it 
is also termed as intraperitoneal amino acid (IPAA) therapy. The purpose of IPAA therapy is to main-
tain ultrafiltration and small solute clearance while compensating for deceased dietary protein intake, 
obligatory peritoneal losses of amino acids and proteins, and normalizing plasma amino acid concen-
trations [79]. It has long been established that the quantity of amino acids provided by an amino acid- 
based dialysate during one exchange exceeds the daily losses of amino acids induced by the dialysis 
procedure [16, 86].

The efficacy of IPAA administration has been investigated in multiple settings. In metabolic 
studies, an early investigation showed that the use of an amino acid–based dialysate led to positive 
nitrogen balance, net protein anabolism, and normalized fasting plasma amino acid pattern [78], 
as well as elevated serum total protein and transferrin concentrations [78]. Another study con-
firmed its utility in promoting protein synthesis with no effect on protein breakdown [87]. Despite 
these positive findings from metabolic studies, clinical trials ranging from 3 months to 3 years 
showed an inconclusive effect on nutritional improvement using amino acid–based dialysate. 
These studies include both RCTs and NRCTs [79–81] and are summarized in Table 17.6. Such 
discrepancies may be explained by inadequate sample size to detect a significant difference, and 
the presence of comorbid conditions such as peritonitis, heart failure, and infectious illnesses dur-
ing the study period that may confound the outcome [79, 88]. Also, long-term study may be fur-
ther hampered by a high dropout rate, as well as inconsistency in dietary control and monitoring 
[79, 88]. Notably, the most remarkable nutritional improvement was observed in hypoalbumin-
emic peritoneal dialysis patients [80, 81]. Thus far, only one RCT examined the effect of amino 
acid–based dialysate on hospitalization and survival [79], with negative results among peritoneal 
dialysis patients with PEW.

While amino acid–based dialysate received the most attention in IPAA therapy, the utilization of 
combined amino acid and glucose peritoneal dialysate remains a potential option. Hitherto, the 
evaluation of this approach is limited to the metabolic settings. An early study demonstrated a 
cumulative effect of the combined use of dextrose and amino acids [85], whereby glucose-induced 
insulin secretion suppressed endogenous muscle breakdown [85], and the availability of amino acid 
enhanced muscle synthesis [85]. Hence, muscle mass could be preserved with the utilization of a 
combined amino acid and glucose peritoneal dialysate [85]. Additionally, two further studies 
showed that peritoneal dialysate containing both amino acids and glucose improves protein kinetics 
including protein synthesis [84] and net protein balance [83], thereby promoting protein anabolism 
[83]. These preliminary findings suggest that the use of combined amino acid and glucose dialysate 
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Table 17.6 Studies examining the effects of intraperitoneal parenteral nutrition (IPPN) on nutritional outcomes in 
maintenance peritoneal dialysis patients

Study Study type & duration
Sample 
size

Nutritional entry 
criteria

IPPN treatment 
protocol

Nutritional & other 
relevant outcomes 
with IPPN therapy

Misra 
et al. 
[81]

NRCT (CO): Treatment 
group (1.1% amino acid 
dialysate) vs. control 
group (dextrose-based 
dialysate)
12 months

n = 18 Serum cholesterol 
≥5.5 mmol/L

Treatment phase 
(6 months): A 
dextrose exchange 
was replaced with a 
2 L amino acid 
dialysate
Control phase 
(6 months): Usual 
PD regimen with 
dextrose dialysate 
exclusively

↑ Serum albumin 
(only in patients with 
baseline albumin 
<30 g/L)
No effect on:
Transferrin
Lipid profile (total 
cholesterol, LDL, 
HDL, triglycerides, 
Lp-a, Apo-B, Apo-A1)
Dialysis adequacy
Ultrafiltration
Dialysate protein 
excretion

Jones 
et al. 
[80]

RCT: Treatment group 
(1.1% amino acid 
dialysate with no glucose) 
vs. control group (1.5% 
dextrose dialysate)
3 months

n = 134 At least two of the 
three criteria: 
Dietary protein 
intake ≤1.0 g/kg, 
serum albumin 
≤3.7 g/dL for men 
or ≤3.5 g/dL for 
women, and 
evidence of 
malnutrition on 
SGA

Treatment group:
One or two 2 L 
amino acid–based 
dialysate in place of 
the same number of 
dextrose-based 
exchanges
Control group:
Usual PD regimen 
using dextrose-based 
dialysate only

↑ Insulin-like growth 
factor-1
↓ Serum potassium
↓ Serum phosphorus
↑ Serum prealbumin
↑ Serum transferrin
↑ Serum albumin 
(only in patients with 
baseline albumin 
<3.5 g/dL)
↑ MAMC
No changes in 
peritoneal membrane 
transport 
characteristic

Li 
et al. 
[79]

RCT: Treatment group 
(1.1% amino acid 
dialysate with no glucose) 
vs. control group (1.5% 
dextrose dialysate)
3 years

n = 60 At least two of the 
three criteria: 
Protein nitrogen 
intake ≤0.9 g/kg, 
serum albumin 
≤3.5 g/dL, and 
evidence of 
malnutrition on 
SGA

Treatment group:
One 2 L bag of 
amino acid–based 
dialysate in place of 
one exchange of 
dextrose-based 
dialysate
Control group:
Usual PD regimen 
with dextrose-based 
dialysate exclusively

↑ nPNA
↑ DPI
↓ Serum prealbumin
↓ Serum transferrin
↓ Serum triglyceride
↑ LBM (only in 
women)
↑ BMI (only in 
women)
↑ MTAC of creatinine
No effect on:
Mortality
Hospitalization
CRP
Serum albumin
Composite nutritional 
index
Serum cholesterol
Dialysis adequacy
Ultrafiltration
MTAC of urea

Abbreviations:Apo-A1 apoprotein A1, Apo-B apolipoprotein B, BMI body mass index, CO cross-over, CRP c-reactive 
protein, DPI dietary protein intake, HDL high-density lipoprotein cholesterol, LBM lean body mass, LDL low-density 
lipoprotein cholesterol, Lp-a lipoprotein a, MAMC midarm muscle circumference, MTAC mass transfer area coefficient, 
nPNA normalized protein equivalent of nitrogen appearance, NRCT nonrandomized controlled trial, PD peritoneal 
dialysis, RCT randomized controlled trial, SGA subjective global assessment
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may improve nutritional status of peritoneal dialysis patients with inadequate dietary intake. 
However, large-scale clinical trials are required to evaluate the long-term clinical relevance of this 
strategy.

It should be recognized that increased serum urea concentration associated with exacerbated 
uremic symptoms, as well as metabolic acidosis, is a potential complication of IPAA therapy that 
requires close monitoring with appropriate intervention [10, 78]. This may include the administra-
tion of oral alkalinizing agents, and the prevention of excessive amino acids and protein load from 
the combined peritoneal and oral intakes. Generally, limiting the use of amino acid–based dialy-
sate to one exchange daily lowers the risk of such complications [80, 89, 90]. On the other hand, 
IPAA therapy may reduce the infused daily glucose load, thereby reducing the risk and the ten-
dency of hyperglycemia, hypercholesterolemia, and hypertriglyceridemia [16]. In addition to 
exerting beneficial effects on lipid profile, substituting amino acids for glucose in peritoneal dialy-
sate may serve as an immediate strategy for glycemic control in diabetic patients with uncon-
trolled hyperglycemia.

Both the KDOQI/Academy and ESPEN guidelines suggest the use of IPAA therapy when protein 
and energy requirements cannot be met by ONS and enteral tube feeding [16, 28]. The KDOQI/
Academy guideline specified that IPAA should only be used if spontaneous protein and energy intakes 
in conjunction with IPAA are able to meet the required protein and energy targets [16]. Otherwise, 
daily total or partial parenteral nutrition should be considered [16, 28]. Overall, IPAA therapy remains 
a viable option for protein-energy wasted peritoneal dialysis patients with insufficient dietary intake, 
as well as those with tolerance, compliance, and suitability issues of oral intake and other forms of 
enteral supplementation [10, 16, 28].

 Conclusion

PEW is highly common among patients undergoing maintenance dialysis. Although the etiology of 
PEW is complex and multifactorial, many of these causes are associated with reduced protein and 
energy intakes. Indeed, many signs of PEW can be ameliorated with nutrition support therapy. Regular 
nutrition counseling should be provided for all maintenance dialysis patients to prevent PEW. When 
nutrition counseling alone is insufficient to meet protein and energy requirements, oral nutritional 
supplementation should be the next appropriate step of nutrition support for maintenance dialysis 
patients to restore and prevent further losses of protein and energy stores. Only when these initial 
attempts fail to maintain optimal nutritional status, enteral tube feeding, total parenteral nutrition, and 
partial parenteral nutrition such as IDPN and IPPN may be considered for protein-energy wasted 
maintenance dialysis patients.

 Case Study

A 51-year-old Caucasian man (Mr. Smith) with a medical history of stage 5 CKD secondary to 
hypertension and glomerulonephritis presents with progressive decline of kidney function, poor 
appetite, nausea, lethargy, and decreased urine output. His nutritional assessment parameters are as 
follows: height = 170 cm; weight = 75.6 kg; BMI = 26.2 kg/m2; 5% unintentional weight loss over 
the past 3 months; SGA score = 4; serum albumin = 3.4 g/dL; and pedal edema. Peritoneal dialysis 
is started with the aim of removing excess fluid and uremic toxins, as well as improving nutritional 
status.
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At 3 months after initiating peritoneal dialysis, Mr. Smith is feeling better. His pedal edema is 
resolving. His uremic symptoms, appetite, and oral intake are improving. His nutritional assessment 
parameters are as follows: dry body weight = 73.6 kg; BMI = 25.5 kg/m2; serum albumin = 4.0 g/dL; 
and SGA score = 6. Upon physical examination, Mr. Smith is euvolemic. His total intakes of protein 
and energy including the calories provided by the peritoneal dialysate are 1.3 g protein/kg/day and 
33 kcal/kg/day, respectively.

Having been treated with peritoneal dialysis for 3 years, Mr. Smith is admitted to hospital due to 
turbid peritoneal effluent accompanied by constant abdominal pain. He had two prior episodes of 
peritonitis in the past few years. The laboratory findings and bacterial culture of the peritoneal dialy-
sate confirm PD-associated peritonitis. At the same time, Mr. Smith experiences nausea, poor appe-
tite, and reduced food intake. His food record chart indicates an ingestion of approximately 0.6 g 
protein/kg/day and 24 kcal/kg/day on the first few days of hospital admission.

Mr. Smith is given a 2-week course of intraperitoneal antibiotics upon diagnosis of peritonitis. He 
is also prescribed a trial of renal-specific ONS, providing an additional 25 g protein and 500 kcal 
daily. With the completion of the antibiotic therapy and the resolution of the peritonitis, improvements 
in appetite and oral intake are observed. He is subsequently discharged from the hospital. Upon hos-
pital discharge, his estimated total protein and energy intakes including the use of ONS are 1.2 g/kg/
day and 32  kcal/kg/day, respectively. His nutritional assessment parameters are as follows: dry 
weight = 71.5 kg; BMI = 24.7 kg/m2; 6% unintentional weight loss over the past 3 months; serum 
albumin = 3.4 g/dL; and SGA score = 4. In view of recurrent peritonitis, his renal replacement therapy 
is changed from peritoneal dialysis to hemodialysis.

At 2–3  months after transition to hemodialysis, his nutritional parameters are as follows: dry 
weight = 76.1 kg; BMI = 26.3 kg/m2; serum albumin = 4.1 g/dL; and SGA score = 6. Upon physical 
examination, he is euvolemic. His food diary shows an estimated consumption of 1.2 g protein/kg/day 
and 33 kcal/kg/day excluding the use of ONS.

Over the course of the next few years, he is relatively stable, and receives regular nutrition counsel-
ing from a registered dietitian. He is compliant with his hemodialysis regimen and manages to main-
tain nutritional assessment parameters within acceptable ranges. After 3–4 years on hemodialysis, Mr. 
Smith is admitted to hospital for 3 weeks with pneumonia. His nutritional assessment parameters 
immediately post-discharge are as follows: dry weight = 68.8 kg; BMI = 23.8 kg/m2; 9% unintentional 
weight loss over the past 2 months; temporal wasting indicated by physical examination; serum albu-
min = 3.2 g/dL; and SGA score = 4. His diet history indicates a spontaneous dietary intake of 0.9 g 
protein/kg/day and 25 kcal/kg/day.

Over the course of the next 3 months, there is no improvement in Mr. Smith’s nutritional assess-
ment parameters. His nutritional status continues to decline despite liberalization of his diet and the 
use of ONS. His nutritional assessment parameters are as follows: dry weight = 64.2 kg; BMI = 22.2 kg/
m2; unintentional weight loss of 7% over the past 3 months; muscle and fat wasting upon physical 
examination; serum albumin = 3.1 g/dL; and SGA score = 2. His diet history shows a consumption of 
0.7 g protein/kg/day and 19 kcal/kg/day.

Although enteral tube feeding is proposed to Mr. Smith, he is very reluctant to attempt the sug-
gested feeding methods including nasogastric tube feeding and percutaneous endoscopic gastrostomy 
feeding. With Mr. Smith’s agreement, the multidisciplinary team decides to commence IDPN. At 
5 months after starting IDPN, there is only marginal improvement in Mr. Smith’s nutritional assess-
ment parameters, and no improvement is observed for spontaneous dietary protein and energy intakes. 
IDPN is subsequently discontinued. After further discussion with Mr. Smith, he eventually consents 
to initiate enteral nutrition via nasogastric tube feeding. Subsequently, there are progressive improve-
ments in spontaneous dietary protein and energy intakes, as well as various nutritional assessment 
parameters.
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 Case Questions and Answers

 1. Is Mr. Smith presented with PEW upon initiation of peritoneal dialysis?
Answer: Yes, PEW can emerge in early CKD, and the risk of PEW increases as CKD progresses. 
Mr. Smith displays signs of PEW including poor appetite, nausea, 5% weight loss over the past 
3 months, moderate PEW on SGA, and mild hypoalbuminemia.

 2. Compared to nondialysis-dependent CKD, what are the specific concerns with the recommenda-
tions for dietary protein and energy intakes in maintenance peritoneal dialysis?
Answer: Compared to nondialysis-dependent CKD, higher protein and energy intakes are recom-
mended by current evidence-based practice guidelines and expert consensus statement, that is, 
1.0–1.5 g protein/kg BW/day and 25–35 kcal/kg BW/day. Every effort should be made to remove 
any unnecessary dietary restrictions. Education on calorie-dense foods and high biological value 
protein is necessary, as well as ways to improve oral intake.

 3. After initiating peritoneal dialysis, should Mr. Smith aim for a dietary energy intake of 25–35 kcal/
kg BW/day?
Answer: No, Mr. Smith absorbs calories from glucose in the dialysate, and the calories provided by 
the peritoneal dialysate should be subtracted from 25 to 35 kcal/kg BW/day to derive the target 
dietary energy intake.

 4. Is Mr. Smith presented with PEW at 3 months after the initiation of peritoneal dialysis?
Answer: Mr. Smith has no obvious signs of PEW at 3 months after the initiation of peritoneal dialy-
sis. His total protein and energy intakes are within the target requirement ranges, alongside 
improvements in appetite and oral intake. Although a reduction in body weight is observed, it is 
likely a resolution of volume overload reflected by euvolemia upon physical examination. Mr. 
Smith is no longer hypoalbuminemic, and his SGA score is not suggestive of PEW.

 5. On the first day of his peritonitis-associated hospital admission, he was prescribed a renal menu 
(i.e., a menu that is protein-energy dense and low in electrolytes). Is this menu adequate as a form 
of nutrition support therapy? If not, what should be the next appropriate step of nutrition support 
and how would you optimize the outcome?
Answer: No, the prescription of a renal menu is insufficient to meet both protein and energy 
requirements. This is indicated by low protein and energy intakes on the food record chart, along-
side reported symptoms of nausea, poor appetite, and reduced food intake. A full nutritional assess-
ment is required, and the use of ONS should be considered as the next appropriate step. ONS 
should be prescribed based on the patient’s requirements, preference, compliance, and tolerance, 
as these are important success factors.

 6. After his recovery from peritonitis, should he be discharged from the hospital with an ONS 
prescription?
Answer: Yes, although Mr. Smith is meeting both protein and energy requirements, it is derived 
from both oral diet and the use of ONS. An oral diet alone remains insufficient to attain the require-
ments. Mr. Smith is displaying signs of PEW including 6% unintentional weight loss over the past 
3  months, hypoalbuminemia, and moderate PEW on SGA.  Regular nutritional assessment and 
continuous dietary counseling are essential after the initiation of hemodialysis.

 7. Should the use of ONS be discontinued at 2–3 months after transition to hemodialysis?
Answer: Yes, the use of ONS should be discontinued, because his nutritional status has improved 
with no obvious signs of PEW. He is attaining both protein and energy targets without the use of 
ONS.
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 8. Mr. Smith was prescribed a trial of renal-specific ONS during the episode of pneumonia-associated 
hospitalization. Should he continue to take the ONS after hospital discharge?
Answer: Yes, ONS should be continued upon hospital discharge, because Mr. Smith is displaying 
signs of PEW including unintentional weight loss, temporal wasting on physical examination, 
moderate PEW on SGA, and hypoalbuminemia. His spontaneous dietary protein and energy 
intakes are insufficient to meet protein and energy requirements, but both intakes are higher than 
the required minimum for ONS to be effective (e.g., 20–24 kcal/kg/day and 0.8–1.0 g protein/kg/
day). Regular monitoring and intensive nutrition counseling are critical during the supplementa-
tion period. Implementing changes to the ONS prescription may be necessary to improve Mr. 
Smith’s adherence and hence the overall effectiveness of ONS.

 9. Despite liberalization of his diet and the use of ONS, his nutritional status continues to decline. Is 
Mr. Smith an ideal candidate for enteral tube feeding?
Answer: Yes, Mr. Smith is an ideal candidate for enteral tube feeding. He is exhibiting severe PEW 
on SGA, hypoalbuminemia, and unintentional weight loss of 7% over the past 3 months. His spon-
taneous dietary protein and energy intakes are <0.8 g/kg/day and <20 kcal/kg/day. Continuation of 
ONS and nutrition counseling are unlikely to achieve the recommended dietary protein and energy 
requirements. Daily nutrition support is important for Mr. Smith, and enteral nutrition should 
always be preferable to parenteral nutrition as feeding through the gastrointestinal tract helps to 
maintain its normal structure and function.

 10. Should IDPN be discontinued after a trial period of 5 months?
Answer: Yes, most maintenance hemodialysis patients respond to IDPN after 3–6 months of ther-
apy. Lack of improvement after 3–6 months should render a decision to discontinue.
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 Introduction

The kidney was the first human organ to be transplanted successfully in 1954.With advances in immu-
nosuppressive therapy and surgical techniques that lead to better long-term survival and improved 
quality of life, kidney transplantation is now considered the preferred treatment option for most 
patients with advanced chronic kidney disease (CKD).
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Key Points
• Nutritional management of kidney transplant candidates and recipients continues to evolve 

with advancements in immunosuppression, revised transplant regulations, standardization of 
practice, and further research in transplant nutrition.

• Transplant regulations now mandate that a registered dietitian be part of the multidisciplinary 
transplant team in all phases of transplant (pre-, peri-, and post).

• Competencies for dietitians practicing in kidney transplantation have been recently estab-
lished and further define the scope and role that nutrition plays in all three phases of 
transplant.

 – Pretransplant: To provide medical nutrition therapy (MNT) for candidates with nutrition 
risk factors that impact transplant outcomes and to provide nutrition clearance or risk 
stratification for transplant listing.

 – Peritransplant: To perform nutrition assessments, manage postsurgical nutrition needs, 
and provide posttransplant diet education.

 – Posttransplant: To provide MNT to optimize kidney allograft function and improve 
patient survival. Hyperglycemia and hypophosphatemia are common findings early post-
transplantation (1–8 weeks).Weight gain, new-onset diabetes, bone disease, diarrhea, and 
progression of CKD are often found late posttransplantation (>8 weeks).
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There are roughly 96,000 candidates waiting to receive a kidney transplant on the United Network 
for Organ Sharing (UNOS) waiting list [1]. Over 30,000 patients were added to the waiting list in 
2016, while approximately 19,000 received a kidney transplant [1]. Every year, thousands of kidney 
transplant candidates die on the waiting list or are removed for no longer being an acceptable trans-
plant candidate. In 2016, close to 14,000 kidney transplant candidates were removed from the UNOS 
waitlist for these reasons [1].

Living donation is considered the best transplant option as it portends higher patient and graft survival 
rates compared to deceased donation. Unfortunately, while the number of patients requiring a kidney 
transplant continues to climb, the rate of kidney transplantation from living donation remains flat [1]. Less 
than 30% of all kidney transplants come from living donors [1]. Because of the overall shortage in donor 
organs, waiting times for deceased donor kidneys continues to be long. Waiting times drastically vary by 
geographic region with an estimated 5-year wait-time ranging between 15.7% and 90.9% of recipients, 
depending on the donation service area [1]. 

The purpose of this chapter is to provide an up-to-date and practical resource for clinicians provid-
ing nutritional care to kidney transplant candidates and recipients. This includes information on nutri-
tion assessment, the nutritional impact of induction and maintenance immunosuppressive medications, 
transplant-specific nutrition education, macro- and micronutrient recommendations, and common 
nutritional findings in all three phases of transplantation (pre, peri, and post).

 Kidney Transplant Nutrition

The role that nutrition plays in kidney transplant candidates and recipients significantly expanded 
with the conditions set forth by the Centers for Medicare and Medicaid Services (CMS) in 2007. CMS 
mandated that nutrition services be an essential component of the transplant process. These regula-
tions now require that a registered dietitian be part of a multidisciplinary transplant team in all phases 
of transplant including the pretransplant evaluation, the transplant surgery admission, and posttrans-
plant after discharge [2].

Prior to the establishment of these regulations, it is estimated that only 59% of transplant programs 
involved dietitians in the care of their kidney transplant recipients and often only during the transplant 
surgery admission [3]. Although CMS sets forth minimum nutrition requirements, they do not pre-
scribe specific nutrition practice [3]. Over the last decade, kidney transplant programs and dietitians 
established varying practices in the nutritional management of transplant candidates and recipients in 
part due to limited research and lack of formal established guidelines in transplant nutrition.

In 2017, a Framework for Standardized Transplant Specific Competencies was published for dieti-
tians practicing in all solid organ transplants [3]. These competencies were developed based on the 
revised transplant regulations, transplant dietitian survey research, and agreement from experts in the 
field of transplant nutrition. The competencies highlight several key areas including transplant- specific 
MNT, the role of the transplant dietitian in each phase of transplant, quality and performance improve-
ment, training including orientation and continuing education requirements for transplant dietitians, and 
general knowledge of transplant principles and regulations [3]. This framework helps set the benchmark 
for the role nutrition plays in the management of kidney transplant candidates and recipients.

 Pretransplant Phase

According to the Organ Procurement and Transplantation Network (OPTN), adult kidney transplant can-
didates can only be registered on the waiting list if they have a calculated creatinine clearance or glomerular 
filtration rate (GFR) less than or equal to 20  mL/min [4]. Therefore, candidates initiating a kidney 
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transplant evaluation present with advanced CKD, most already on dialysis. A kidney transplant evaluation 
is required to be multidisciplinary and the decision regarding transplant candidacy requires input from the 
transplant program’s nephrologist, surgeon, nurse coordinator, social worker, and dietitian [2].

It is important to note that kidney transplant programs have become more conservative in their 
selection of transplant candidates since 2007, as they are held more accountable for graft and patient 
survival outcomes for the patients they transplant. An example of this impact was the sudden use of 
conservative obesity cut-offs by transplant programs nationally, which considered those who were 
morbidly obese too high risk for transplant [5].

Because of the rigorous process of the pretransplant evaluation, most kidney transplant candidates 
selected for the waiting list are generally well-nourished with relatively low nutritional risk. Since 
candidates can wait for years on the waiting list, programs often evaluate these candidates periodi-
cally. Yearly transplant re-evaluations are common and identify changes in medical condition and 
reaffirms transplant candidacy.

Since 80% of candidates are on dialysis at the time of transplant, many of these patients also have 
an established relationship with a dietitian at their dialysis center and receive ongoing MNT [1]. 
Therefore, the primary goal during the pretransplant phase is as follows [3]:

• To identify and provide MNT for those modifiable nutrition risk factors that significantly affect 
short- and long-term transplant outcomes

• To provide nutrition clearance or nutrition risk assessment for transplant listing
• To educate the potential recipient on the nutritional requirements for transplantation
• To introduce the posttransplant diet

 Pretransplant Obesity

Obesity is the most common nutritional risk/barrier identified in the kidney transplant candidate. Most 
transplant programs have implemented an absolute obesity criterion for kidney transplantation, typi-
cally using body mass index (BMI) as a cutoff and can range from >32 to >42 kg/m2. Many older 
studies link obesity to poor graft and patient survival [6, 7]. More recent studies show that pretrans-
plant obesity does not impact graft or patient survival particularly for those who have been trans-
planted after the year 2000 [8–10]. This is true even in morbidly obese recipients [8, 10]. Some data 
even suggests that certain morbidly obese populations have better outcomes than many commonly 
transplanted normal weight recipients [8]. While higher rates of short-term complications such as 
delayed graft function (DGF), acute rejection, and delayed wound healing can still be linked to pre-
transplant obesity, long-term outcomes are unaffected [7]. Pretransplant morbid obesity does impact 
length of stay during the transplant admission, but no greater than many other prevalent risk factors 
found for transplant recipients; for example, African-American, history of coronary artery disease or 
diabetes, being dialysis dependent, or over the age of 50 years [11].

Improvement of outcomes seen in the obese kidney population may be due to better surgical tech-
niques and less reliance on older immunosuppressive agents known to impact wound healing. More 
recently, because of this trend, obesity criterion has been relaxed with less reliance on BMI as a tool 
to measure that criterion by many kidney transplant programs.

 Pretransplant Malnutrition

Malnutrition is common in patients with end-stage renal disease (ESRD), but acceptable transplant 
candidates are often healthier than that of the average ESRD patient. Not surprisingly, kidney trans-
plant candidates with a BMI < 22 kg/m2 have higher rates of malnutrition and portend the worse 
outcomes compared to all other weight groups [12]. Weight loss is inversely correlated with death on 
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the waiting list, even in those with a BMI above 30 kg/m2 [13]. Differentiation of intentional versus 
unintentional weight loss on outcomes has not been well established but unintentional weight loss is 
likely more concerning. Similar to the dialysis population, pretransplant serum albumin is a strong 
predictor of posttransplant mortality [14].

 Pretransplant Diabetes

Diabetic nephropathy is the leading cause of ESRD in the United States and, therefore, it is no sur-
prise that 46% of all kidney candidates on the waiting list have diabetes [1, 15]. While genetic predis-
position, age, gender, and ethnicity play a role, uncontrolled blood glucose levels can lead to rapid 
recurrence of diabetic nephropathy in the allograft [16]. According to the findings of a 2019 transplant 
dietitian survey presented at NATCO’s 8th Annual Transplant Nutrition Conference, poor glycemic 
control identified in the pretransplant phase is often considered an absolute contraindication to trans-
plant with many programs utilizing a hemoglobin A1c (HbA1c) level of 8–10% or greater as an abso-
lute cutoff (unpublished data). Glycemic control tends to worsen after transplantation in part due to 
the “burnt-out diabetes” effect. Although the physiology is not fully understood, it is believed that 
insulin renal degradation and clearance is impaired with advancing CKD [17]. Once transplanted, the 
new kidney can normally excrete insulin, which may be the reason why many patients with normal or 
prediabetic glucose levels prior to transplant develop type 2 diabetes after transplantation. Therefore, 
it is important to assess a patient’s full understanding and compliance of their diabetes management 
rather than solely relying on lab values during the pretransplant evaluation, particularly if they are 
prediabetic or if their diabetes has improved with no intervention or poor adherence to treatment.

 Peritransplant Phase

The intended transplant recipient is typically admitted to the hospital the day of surgery where the 
average hospital length of stay (LOS) is between 2 and 7 days [15]. The transplant surgery is per-
formed under general anesthesia and can last between 2 and 4 hours. The kidney allograft is placed in 
the pelvis and the native kidneys are not typically removed unless they are the source of uncontrolla-
ble hypertension, frequent infections, or pain due to polycystic transformation.

Because kidney transplant surgery does not usually violate the abdominal cavity, diet advancement 
after surgery proceeds quickly. Liquid intake is often initiated within 24 hours and solid foods within 
48 hours after surgery. Recipients are often adequately nourished entering surgery with any nutrition- 
related issues having been addressed and resolved prior to surgery. Barring any unexpected nutritional 
deficits or postoperative complications impacting nutrition, focus of the remaining hospital stay should 
be on the management of postsurgical nutrition needs and posttransplant discharge nutrition education.

Transplant regulatory requirements of the dietitian during the transplant surgery admission include, 
at a minimum, a nutrition assessment of the transplant recipient, documented participation in the trans-
plant multidisciplinary care planning process, and a transplant discharge nutrition education plan [3].

 Induction Therapy

Induction therapy provides a high degree of immunosuppression at the time of surgery that persists 
through the early-posttransplant period. Nearly all kidney transplant recipients receive induction ther-
apy to reduce the risk of early allograft rejection [1, 18]. Many of these induction agents are 
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biological, either monoclonal (muromonab-CD3, daclizumab, basiliximab, alemtuzumab) or poly-
clonal (antithymocyte globulin) antibodies. Most undergo induction with a polyclonal anti-T cell 
depleting antibody [1]. Nondepleting monoclonal antibodies are used in 20% of recipients, making it 
the second most common induction agent [1].

Inducing immunosuppression is generally associated with a slightly higher risk of infectious com-
plications and malignancy beyond that of standard immunosuppression. Short-term adverse effects, 
such as fever, chills, and gastrointestinal distress, are more frequent with polyclonal antibody therapy 
than with other induction agents [19, 20]. However, premedication with antihistamines and acet-
aminophen is often given to reduce the frequency and severity of these reactions.

High-dose corticosteroid use in the early-posttransplant period, specifically methylpredniso-
lone, remains a cornerstone of most immunosuppression regimens [15]. A commonly prescribed 
regimen includes 6 intravenous doses of 125 mg methylprednisolone after surgery followed by 
conversion to oral prednisone at a dose of 30 mg daily with a gradual taper to a maintenance 
dose [15].

 Maintenance Therapy

Maintenance immunosuppression is essential to prevent rejection and to preserve long-term function 
of the allograft. Maintenance immunosuppression is a delicate balance with too much increasing the 
risk of infection or malignancy and too little leading to rejection and loss of graft. Most recipients 
receive triple therapy for maintenance immunosuppression, which includes a calcineurin inhibitor 
(CNI), a corticosteroid, and an antimetabolite [15].

 Calcineurin Inhibitors

Calcineurin inhibitors inhibit the action of calcineurin, an enzyme that activates T-cells of the immune 
system, which play a key role in cell-mediated immunity. Tacrolimus remains the CNI of choice over 
cyclosporine as it is superior in improving graft survival and preventing acute rejection [1, 21]. 
Ironically, these drugs are nephrotoxic and can cause hypertension and hyperkalemia especially with 
high levels [22]. Hypophosphatemia and hypomagnesemia are also common findings after kidney 
transplantation due to CNI-induced urinary excretion of phosphate and magnesium [23]. Increased 
intake of foods high in phosphorous and magnesium may not be sufficient for repletion and often 
necessitates use of supplementation [23]. Both CNIs can cause hyperglycemia and gastrointestinal 
distress, but tacrolimus is associated with a higher incidence of posttransplant diabetes and gastroin-
testinal side effects [24, 25] .

 Antiproliferative Agents

Mycophenolate is currently utilized in 95.2% of all kidney transplant recipients either in the form of 
mycophenolate mofetil (Cellcept®) or mycophenolate sodium (Myfortic®) [1]. Azathioprine (Imuran®) 
is an older agent, but it is still used in select patient populations. These antimetabolites work by inhib-
iting purine synthesis and T-cell proliferation with mycophenolate, additionally inhibiting B-cell pro-
liferation [19]. The most common and well-known nutritional side effect of mycophenolate is 
gastrointestinal distress including nausea, vomiting, and diarrhea. Splitting the dosage into two to four 
intervals throughout the day has been shown to improve symptoms [19]. Azathioprine can exhibit 
similar side effects.
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 Corticosteroids

Corticosteroids have immunosuppressive, anti-inflammatory, and lympholytic effects. While some 
transplant programs still believe in a steroid-free approach, corticosteroid use in kidney transplanta-
tion has increased from 63.8% to 71.8% over the last decade [1]. Prednisone is the most commonly 
prescribed maintenance corticosteroid at a dosage of 5–10 mg daily [17]. While steroids are notorious 
for having negative nutritional side effects such as sodium retention, impaired wound healing, 
increased appetite, weight gain, hyperglycemia, and osteoporosis, among others, it is important to 
note that these adverse effects are believed to be dose-dependent and occur more frequently at higher 
dosages [19]. The side effects of long-term corticosteroid use at maintenance dose levels are not well 
studied and remain unclear.

 m-TOR Inhibitors

The m-TOR inhibitors, sirolimus and everolimus, have declined in use over the last 15 years and are 
currently used in fewer than 2% of all new recipients [1]. This is likely due to concerns about increased 
mortality and adverse events, some nutrition-related including hyperlipidemia, anemia, mouth ulcers, 
and impaired wound healing [26].

 Common Transplant Admission Findings

 Hypophosphatemia

Several reasons exist why hypophosphatemia is common after kidney transplantation. CNI and 
corticosteroid use can increase renal excretion and inhibit the reabsorption of phosphate [27]. 
Parathyroid hormone (PTH) levels should fall after transplantation but can remain elevated in some 
recipients, leading to additional increases in urinary phosphate excretion [28]. Vitamin D levels 
may also remain low after transplantation, leading to impaired phosphate absorption from the intes-
tine [27]. Phosphate supplements are commonly prescribed but can lead to diarrhea. K-Phos Neutral 
is the most palatable supplement that provides the largest dose of phosphate with the least amount 
of potassium [29]. The nadir in observed serum phosphate measurements is generally found 1 month 
after transplantation [30].

 Hyperglycemia

Hyperglycemia occurs and is often sustained in most recipients during their transplant admission even 
in those with no history of pretransplant diabetes. The stresses of surgery and exposure to immuno-
suppression medications have metabolic effects that exacerbate hyperglycemia [31]. A myriad of 
factors, including daily immunosuppression changes, high-dose corticosteroid tapering, the diminish-
ing metabolic effect of surgery, increasing PO intake, and improving renal function, makes optimal 
glycemic control difficult during this period and often requires daily adjustments to the management 
plan [31]. Aggressive glycemic control in the early period is not common. Perhaps the risk of hypo-
glycemic complications outweighs the detrimental effects of short-term hyperglycemia during this 
critical phase. It can take weeks to months to identify the recipient’s maintenance diabetes medication 
regimen after transplant.
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 Delayed Graft Function

Once the kidney allograft is anastomosed and reperfused, urine production may rapidly commence. 
Immediate graft function is accompanied by a high urine output and a gradual decrease in serum 
blood urea nitrogen and creatinine levels over a period of days. However, slow or delayed graft 
function (requiring acute dialysis) may occur. This can be the result of acute tubular necrosis (ATN), 
an ischemic injury sustained by the kidney during organ procurement, preservation, or reperfusion 
[32]. ATN can be oliguric or anuric and may last for several days to weeks before recovery of renal 
function is observed [15]. Hypotension and hypovolemia can also cause ATN posttransplantation 
[32]. Other reasons for delayed graft function can include ureteral obstruction, thrombosis, early 
rejection or recurrent diseases such as focal segmental glomerulosclerosis (FSGS) [32].

 Nutrition Requirements

Nutrition requirement recommendations for adult kidney transplant recipients are shown in Table 18.1. 
A paucity of research exists regarding the nutritional requirements for kidney transplant recipients. Over 
the years, recommendations have emerged for all solid organ transplant recipients often citing references 
to nontransplant patient populations [35, 36]. These recommendations are primarily based on critical 
care guidelines, which make them more relevant to the other types of organ recipients including heart, 
liver, intestine, and lung. Specific kidney transplant recommendations have been proposed but should be 
considered in context when incorporating into practice, as they are also similar to recommendations for 
critical care patients and utilize research from a different era of transplantation [29, 37–39].

Table 18.1 Daily nutrient recommendations for adult kidney transplant recipients

Nutrient
Transplant admission (first 
week)

Early posttransplantation (weeks 
2–8)

Late posttransplantation 
(>8 weeks)

Protein 1.3 g/kg 1.0–1.1 g/kg 0.8 g/kga

Calories 30–33 kcal/kg 25–30 kcal/kg 20–25 kcal/kga

Carbohydrate 
calories

45–65% of total calories with emphasis on complex carbohydrates; limit from added sugarsb

Fat 20–35% of daily calories from fat with less than 10% from saturated fatb

Sodium 2–4 g 2–4 g 2–4 g
Potassium 2–4 g if hyperkalemicc 2–4 g if hyperkalemicc unrestrictedc

Phosphorus DRIc

(may need supplementation to 
normalize serum levels)

DRIc

(may need supplementation to 
normalize serum levels)

DRIc

Calcium 1200–1500 mgc 1200–1500 mgc 1200–1500 mgc

Other vitamins DRIc DRIc DRIc

Other minerals DRIc DRIc DRIc

Trace elements DRIc DRIc DRIc

Fluid 2–4 L
(may be less with slow or 
delayed graft function)

2–4 L
(may be less with slow or delayed 
graft function)

2–4 L

Abbreviation: DRI dietary reference intake
aConsidered approximate energy/protein requirements for most adults. Source: References [33, 34]
bSource: Adapted from the USDA 2015–2020 Dietary Guidelines
cSource: Adapted from Ref.[29]
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 Calories and Protein

Transplant Admission (First Week)

In the early stages, after kidney transplantation, metabolic stress and immunosuppressive drugs are 
believed to cause higher protein catabolism rates and increased energy expenditure, but this is not well 
studied. Previously accepted energy and protein recommendations for kidney transplant recipients 
during the first week after surgery have ranged from 30 to 35 kcal/kg/day and 1.3–2.0 g/kg protein/
day, similar to that of other solid organ recipients who require more extensive surgery, longer recovery 
periods, and where pretransplant malnutrition is more prevalent [29, 35–39].

In contrast, kidney transplant recipients are generally well nourished entering surgery, spend less 
than 24 hours in the intensive care unit, and are discharged within a few days. This may make energy 
and protein requirements in the first few days after kidney transplantation more similar to that of 
patients undergoing elective surgery rather than critical care patients undergoing surgery, particularly 
as surgical techniques and immunosuppression management has evolved over the years.

A study by Tannus et al. using indirect calorimetry showed that a 2- to 3-hour elective surgery does 
not result in increased energy expenditure 24 hours postoperatively [40]. However, a direct correlation 
between elective surgery and kidney transplantation is inappropriate as induction corticosteroid ther-
apy alone is believed to impact energy and protein needs, although as to what degree has not been 
carefully studied.

A precyclosporine era study of eight kidney transplant recipients experiencing DGF requiring 
hemodialysis for at least a week showed that intake of 33 kcal/kg and 1.3 g pro/kg daily achieved 
neutral nitrogen balance after 10–14 days of high-dose corticosteroids (starting at 120 mg/day and 
tapered to 70–90 mg/day) during the hospital admission [41].

It is also important to note that the high calorie and protein requirements of dialysis patients 
decreases almost immediately upon the recovery of renal function and is quickly followed by a gen-
eral improvement in overall nutritional status [42]. Therefore, protein and energy needs during the 
transplant admission should decline fairly quickly as renal function improves, corticosteroids are 
weaned, and surgical stress abates.

To date, there is insufficient information to validate energy and protein recommendations for kid-
ney transplant recipients in the modern age of transplantation. Therefore, based on available data, it is 
this author’s opinion that calorie and protein needs during the transplant admission may be more 
appropriately estimated at 30–33 kcal/kg/day and 1.3 g protein/kg/day for an uncomplicated kidney 
transplant recipient. This equates to 30–50% higher energy needs and 60% higher protein needs com-
pared to a normal healthy adult. It is important to note that few kidney transplant recipients will be 
able to reach these moderate calorie and protein levels in the first few days after surgery when nutri-
tional needs are likely the highest.

Early Posttransplantation (Weeks 2–8)

Kidney transplant recipients are usually discharged 2–7  days after surgery when renal function 
improves enough whereby serum creatinine starts to plateau or decline, fluid and electrolyte balance 
is controlled, and the recipient is clinically stable [19]. Energy and protein recommendations for kid-
ney transplant recipients during the early posttransplantation period have ranged from 30 to 35 kcal/
kg and from 1.3 to 2.0 g pro/kg daily [29, 35–39]. However, at the time of discharge, it is estimated 
that resting energy expenditure (REE) is only 7% higher in kidney transplant recipients compared to 
that of a normal healthy adult [43].

Protein needs remain higher in the early posttransplantation period as intake less than 1 g/kg/
day in the first 28 days after kidney transplantation (i.e., when high-dose corticosteroids are 
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progressively reduced) can lead to negative nitrogen balance and muscle mass loss [44, 45]. 
However, protein intakes of 1.3–2.0 g pro/kg/day may be excessive in the early posttransplanta-
tion period.

Upon discharge, the surgical wound may take 4–8 weeks to heal and renal function usually opti-
mizes within 3 months after transplantation. Based on the information above, this author believes that 
after discharge, a 20–25% increase in energy and 25–40% increase in protein needs seem appropriate 
to remain in positive nitrogen balance until the surgical wound has healed and corticosteroids are 
minimized. This also appears to be more in line with current practice. Therefore, calorie and protein 
needs during this time can be estimated at 25–30  kcal/kg/day and 1.0–1.1  g protein/kg/day, 
respectively.

Late Posttransplantation (>8 Weeks)

Once the surgical wound has healed and the effects of induction corticosteroids have weaned, a kidney 
transplant recipient without other complication factors has an REE very similar to that of a normal 
healthy adult [43, 46]. Therefore, calorie and protein needs can be estimated at 20–25 kcal/kg/day and 
0.8  g protein/kg/day in the late posttransplantation phase but should be adjusted so the recipient 
achieves or maintains a healthy weight [33, 34].

 Carbohydrate and Fat

Limited research to date has been performed on carbohydrate and fat intake in the kidney transplant 
population. Therefore, it is recommended that adult kidney transplant recipients follow the 2015–
2020 Dietary Guidelines for Americans by consuming between 20% and 35% of daily calories from 
fat with less than 10% from saturated fat and a carbohydrate intake of 45–65% of total calories [47]. 
Higher than recommended fat intake is associated with dyslipidemia, hypertension, and cardiovascu-
lar disease, while excessive carbohydrate intake is linked to hyperglycemia and impaired wound heal-
ing [48, 49].

 Sodium

A sodium restriction has not been shown to improve graft function or reduce mortality in stable 
kidney transplant recipients; therefore, it has been suggested that a sodium restriction be instituted 
only in the presence of hypertension, allograft dysfunction, or fluid retention [50]. Still a conserva-
tive daily sodium intake of 2–4 g per day should be considered for all kidney transplant recipients 
as hypertension is the most common posttransplant complication occurring in 90% of recipients 
[51]. Maintenance-dose corticosteroids may cause fluid retention. As such, sodium restriction of 
3 g/day with a normal amount of protein intake has been shown to stabilize kidney function in 
transplant recipients [52].

 Vitamins, Minerals, and Trace Elements

Hypophosphatemia and hypomagnesemia are well-known complications in the early transplant 
period, and they are monitored frequently and often require supplementation. Other micronutri-
ents have not been well studied in the kidney transplant population, but it is believed that most 
recipients take in adequate amounts. Supporting this theory is a recent study of 584 kidney 
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recipients transplanted in North America showing that nearly all recipients are sufficient in folate 
and vitamin B12 [53]. Also, many programs continue to recommend a general multivitamin after 
transplant. Vitamin and mineral recommendations for kidney transplant recipients should gener-
ally comply with Dietary Reference Intake (DRI) guidelines.

 Common Posttransplant Findings

 Posttransplant Weight Gain

Much emphasis is placed on pretransplant obesity, but posttransplant weight gain is signifi-
cantly more influential on graft and patient survival outcomes [54]. Weight gain after kidney 
transplant is epidemic. In fact, the average kidney transplant recipients start out overweight and 
gains greater than 10% of their body weight in the first year after transplantation [55]. Kidney 
recipients who gain weight after transplantation simultaneously show measurable reductions in 
lean body mass [56].

After successful transplantation, a feeling of well-being, improved physical and psychological 
quality of life, and long-term corticosteroid use are often anecdotally cited as the cause for weight 
gain. Recipients often blame their weight gain on steroid induced hyperphagia; however, low-dose 
corticosteroid does not cause weight gain in the modern era of kidney transplantation [57, 58].

Weight gain caused by reduced metabolic needs after transplantation tend to be underreported. 
Compared to receiving maintenance dialysis, kidney transplant recipients require roughly a third less 
daily calories. Reduction in one’s typical caloric intake is difficult; therefore, it should be a major 
focus of posttransplant diet education.

Interestingly, recipients who gain weight compared to those with stable weight after transplant 
have similar energy and macronutrient intakes but lower daily physical activity [56]. This suggests 
physical activity plays an important role in successful weight loss after transplantation. However, a 
false perception exists among recipients that exercise may harm their transplant [57]. In one study, 
a dietary regimen of a 25  kcal/kg/day and 0.8  g pro/kg/day, low sodium, low cholesterol, and 
increased physical activity resulted in a 4–11% reduction in body weight 1 year after kidney trans-
plantation [59].

Weight loss is challenging after kidney transplantation even with intensive nutrition intervention 
[55]. Therefore, the importance of weight management and physical activity should be addressed 
early during the pretransplant phase, particularly stressing the impact both have on transplant 
outcomes.

 Posttransplant Diabetes

Diabetes is a major concern posttransplant and its incidence is reported to be as high as 46% in can-
didates prior to transplantation with an additional 20% developing new-onset diabetes mellitus after 
transplantation (NODAT) [1, 56]. In the early transplant period, high-dose corticosteroids and the 
stress response from surgery are well-known causes of hyperglycemia, but the impact of low-dose 
maintenance corticosteroids on diabetes is controversial. While large retrospective studies have found 
that a steroid-free program reduces the odds of developing NODAT, the only prospective, double- 
blind, randomized, placebo-controlled study showed that early withdrawal of corticosteroids also has 
little impact on NODAT [60, 61].
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Calcineurin inhibitors, utilized in most immunosuppression regimens, are linked to insulin resis-
tance and reduced glucose delivery and thus associated with impaired fasting glucose and the devel-
opment of NODAT [54, 62, 63]. An underreported cause of worsening blood glucose levels and 
NODAT may be the normalization of insulin degradation and excretion with the return of renal func-
tion after transplant.

Physical activity has been shown to improve blood glucose levels in the kidney transplant population 
and should be strongly encouraged [64]. Posttransplant weight gain is also linked to the development of 
diabetes and other comorbidities; therefore, weight management strategies should be made a priority 
[65]. Lastly, until evidence emerges specific to the kidney transplant population, recipients should be 
advised to follow guidelines for the management of type 2 diabetes in the general population [65].

 Bone Disease

Bone disease is common in kidney transplant recipients and may progress rapidly within the first 2 years 
[54]. The pathophysiology is multifactorial including preexisting renal osteodystrophy, bone loss related 
to immunosuppression, alterations in vitamin D and parathyroid levels, and changes in mineral metabo-
lism [66, 67]. Contemporary immunosuppression regimens have lowered fracture rates in kidney trans-
plant recipients and are less than that of comparable patients who remain on dialysis, but the overall risk 
remains high [68, 69]. Calcium, phosphorus, and 1,25-dihydroxy vitamin D levels improve with normal-
izing renal function; however, a deficiency in 25-hydroxy vitamin D and elevated PTH levels often 
persist [67, 70]. Supplementation with both active and inactive vitamin D shows beneficial effects on 
bone mineral density in kidney transplant recipients with daily supplementation of 0.25–0.5 μg calcitriol 
(1,25-dihydroxyvitamin D) being a common recommendation [65, 67]. More effective therapy is dual 
supplementation with calcium and vitamin D compared to vitamin D supplementation alone [65].

 Acute Kidney Injury

Acute kidney injury (AKI) is common in kidney transplant recipients, and it is associated with an 
increase in graft loss and mortality [71]. Transplant recipients can develop AKI for all the usual rea-
sons, but risk factors such as having a single functioning kidney, underlying CKD, and immunosup-
pression are unique causes in this population. These include acute rejection, drug toxicity, infections, 
urinary tract obstruction, and vascular thrombosis [72].

Acute rejection occurs in up to 10% of kidney transplant recipients annually [72]. Cell-mediated 
rejection is treated with corticosteroids or antithymocyte globulin, while antibody-mediated rejection 
is mostly treated with some combination of plasmapheresis, intravenous immunoglobins (IVIG), 
rituximab, proteasome inhibitors, and corticosteroids [72]. Excessive CNI exposure can also cause 
AKI but typically resolves when holding or reducing the dosage [72].

Incidence of urinary tract infections is significantly higher in the kidney transplant population and 
reported to be as high as 75% in the first 2 years after kidney transplantation [73]. Pyelonephritis will 
develop in 19% of transplant recipients within the same time frame [73]. Contributing to this high 
incidence are immunosuppression, neurogenic bladder in diabetics, or small noncompliant bladders 
in long-standing anuric patients as well as the increased risk of reflux nephropathy from a shorter 
ureter [72]. Significant consequences of BK virus are often only found in the immunocompromised 
and the immunosuppressed patient, occurring in up to 10% of transplanted recipients and can cause 
nephropathy or ureteral stricture [72]. Generally, standard nutritional guidelines should be followed 
in the management of AKI in the kidney transplant population.
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 Dehydration

Adequate hydration after kidney transplant is vital to the success of the allograft. AKI caused by dehydra-
tion is often reversed with adequate hydration in normal healthy kidneys. However, kidney allografts are 
believed to be less resilient. Preventing volume depletion early after transplant is particularly important 
when maximum concentrating ability has not been achieved and CNI levels are kept higher [74].

Liberal fluid intake of 2–4 L/day is routinely recommended to kidney transplant recipients to main-
tain adequate renal perfusion. Although high fluid intake is thought to have a protective effect on 
kidney function, the benefit of fluid intake >4L in kidney transplant recipients is unproven [75].

 CKD Progression

The average life-span of a transplanted kidney is 8–12 years for a deceased donor kidney and 12–20 years 
for a living-related transplant. The majority of these patients will have progression of CKD in their 
allograft after transplantation [76]. The progression of CKD is typically slower than that of nontransplant 
CKD patients [77]. Recurrence of primary native kidney disease after transplantation can occur, and it is 
the third most common cause of allograft loss after rejection and patient death [72]. Nutritional manage-
ment of CKD in the transplant recipient and the general population should be similar. Thus, kidney trans-
plant recipients should follow standard nutritional guidelines for management of CKD progression.

 Diarrhea

The frequency of posttransplant diarrhea can be as high as 33%, and it is most often infectious or 
drug-induced [78]. The primary infectious causes are Clostridium difficile infection, norovirus infec-
tion, and cytomegalovirus (CMV) gastrointestinal infection [79]. Posttransplant diarrhea related to 
immunosuppressive therapy is most notably due to mycophenolate mofetil, mycophenolate sodium, 
and to a lesser extent tacrolimus. When this occurs, a change in immunosuppressive dosing or medica-
tion often leads to remission in roughly two-thirds of these cases [80].

 Dyslipidemia

Dyslipidemia is seen in about 60% of patients after kidney transplantation [65]. A contributor is the 
immunosuppressive drugs, in particular mTORs, where hyperlipidemia is a common side effect [54]. 
Although mTOR use has rapidly declined over the last few years, CNIs, which are widely used, can 
also cause drug-induced hyperlipidemia [81]. Suggestions for diet modification include a high-fiber, 
low glycemic index, low saturated fat diet rich in sources of vitamin E and monosaturated fat [65]. In 
cases where diet intervention is unsuccessful for 3 months, drug therapy may be indicated.

 Cardiovascular Disease

Cardiovascular disease (CVD) is still the primary cause of death in the kidney transplant population 
[82]. In addition to conventional CVD risk factors (e.g., obesity, diabetes, hypertension, or dyslipid-
emia), transplant-specific risk factors such as delayed graft function, rejection episodes, and use of 
immunosuppressant medications can influence the development of CVD in kidney transplant recipi-
ents [83, 84]. Although most risk factors are nonmodifiable, diet and obesity are two factors that can 
be modified.
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Few studies have investigated the benefits of dietary modification in the kidney transplant popula-
tion. Adherence to a Dietary Approaches to Stop Hypertension (DASH) diet has been shown to lower 
the risk of kidney function decline and all-cause mortality [50]. A Mediterranean-style diet has been 
linked with a lower risk of NODAT and better survival rates after kidney transplantation [85].

 Other Important Posttransplant Education Topics

 Alcohol Consumption

Recommendations on alcohol consumption after kidney transplant are mixed and vary by program. 
Some programs believe total abstinence is best as alcohol is thought to interfere with transplant immu-
nosuppression. Others do not advise a restriction as moderate alcohol consumption has been linked to 
a lower prevalence to NODAT and reduced risk of kidney transplant mortality [86].

 Food Safety

Kidney transplant recipients are considered high risk for foodborne illnesses because of the immuno-
suppressive medications; it is estimated that they are 15–20% more susceptible than the general popu-
lation [87]. In the early transplant period, this risk is thought to be higher due to induction 
immunosuppression.

It is common practice for transplant programs to distribute food safety information to recipients 
although delivery, content, and format often vary. A 2010 study of transplant recipients found that 
information regarding safe food-handling practices is often missing, limited in scope, or misperceived 
by transplant recipients [88]. Transplant recipients are generally aware of the importance of food 
safety after transplantation but prefer information provided to them by someone knowledgeable on 
the topic, such as a transplant dietitian [89]. The United States Department of Agriculture (USDA) 
guidelines for preventing foodborne illness should be followed by all transplant recipients. The USDA 
has recently developed a comprehensive booklet that addresses food safety specifically for organ 
transplant recipients [90]. Strict enforcement should be encouraged particularly in the early transplant 
period.

 Herbals

The use of herbal products is generally contraindicated in the kidney transplant population due to the 
lack of efficacy, safety, and quality control standards. Numerous herbals are known to be nephrotoxic 
and others such as St. John’s wort have been shown to interact with the absorption or metabolism of 
immunosuppression medication [37].

 Food–Drug Interactions

Grapefruit is the most recognized food to avoid after kidney transplant due to its well-documented 
food–drug interactions with multiple medications including the immunosuppressing CNIs. 
Pomegranate-containing products are also commonly being avoided following a 2013 case report 
identifying a tacrolimus–pomegranate interaction [91]. Potential new food-immunosuppressant 
drug interactions have emerged with pomelo, tangerine, ginger, and turmeric, but further research 
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is needed to substantiate these claims [92, 93]. Immunosuppression medications have a narrow 
therapeutic window; therefore, all foods known to interact with these medications should be 
avoided.

 Conclusion

Nutritional management in the field of kidney transplantation continues to keep pace with advancements 
in surgical technique, immunosuppression, and evidenced-based practice. The scope and role that nutri-
tion services play as part of the multidisciplinary transplant team is now defined in all three phases of 
transplant (pre-, peri-, and post). Pretransplant nutrition evaluations are meant to identify and improve 
nutritional risk factors that can negatively impact outcomes after transplant and help determine trans-
plant candidacy. Performing nutritional assessments, managing postsurgical nutrition needs, and provid-
ing posttransplant diet education are essential components during the peritransplant phase. The goal 
after transplantation is to provide MNT to optimize kidney allograft function and improve recipient 
survival. Common findings in early posttransplant period include hyperglycemia and hypophosphate-
mia. Weight gain, new-onset diabetes, bone disease, diarrhea, and progression of CKD are nutritional 
concerns often found late post transplantation period. In order to provide appropriate nutritional care for 
transplant recipients, it is critical to understand their unique physiology, complications, and 
management.

 Case Study

 Pretransplant

L.L. is a sedentary 55-year-old black female presenting for transplant evaluation with advanced CKD 
(GFR 16 mL/min) presumed due to longstanding type 2 diabetes. Past medical history includes place-
ment of a coronary artery stent and gout. Physical exam shows large abdominal obesity but is other-
wise unremarkable. BMI is 36 kg/m2. A 15-pound weight gain over the last 3 months was identified. 
Her glycemic control improved almost spontaneously last year, and she is now off insulin. HbA1c is 
6.6. Blood glucose monitoring happens when “she remembers.” Avoiding salt and sugary beverages 
is her primary diet strategy. L.L. works as an office supervisor, but she is now on disability due to 
worsening symptoms associated with advanced CKD. L.L. sees her nephrologist monthly.

 Case Questions and Answers – Pretransplant

 1. What are the primary objectives of the pretransplant nutrition evaluation for L.L.?
Answer: The primary objectives of the pretransplant nutrition evaluation are to identify and pro-
vide MNT for modifiable nutrition risk factors that negatively affect transplant outcomes, to pro-
vide nutrition clearance or nutrition risk assessment for transplant listing, and to educate on the 
nutritional requirements for transplantation.

 2. Which of the following is most likely to prevent L.L. from receiving a kidney transplant? Explain 
your response.

 (a) BMI of 36 kg/m2

 (b) 15-pound weight gain in the last 3 months
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 (c) Large abdominal obesity
 (d) All the above
Answer: c. Large abdominal obesity. Kidney transplantation may be an absolute contraindication 
for some candidates with large abdominal obesity due to greater surgical risks and potential wound 
complications from a large pannus. A BMI of 36 kg/m2 alone does not increase graft failure or 
patient mortality. Also, potential recipients may see significant fluid gains when approaching the 
need for dialysis.

 3. L.L. no longer requires insulin and has a HbA1c of 6.6. Do you believe she requires MNT for her 
diabetes prior to receiving a kidney transplant? Explain your response.
Answer: Yes. The improvement in her glycemic control occurred spontaneously suggesting a 
“burnt- out diabetes” effect from advancing CKD.  In addition, her current approach to diet and 
blood glucose monitoring suggests noncompliance and/or further education is required.

 Peritransplant

Five years after the transplant evaluation L.L. received a deceased kidney donor transplant. The course 
was complicated by delayed graft function likely from ATN caused by ischemic injury sustained dur-
ing organ procurement. No nutritional deficits were identified prior to surgery which lasted 2.5 hours. 
The diet was quickly advanced post-op day 1 and tolerated well throughout the hospital course. 
Induction immunosuppression therapy included rabbit antithymocyte globulin (rATG) and 6 intrave-
nous doses of 125  mg methylprednisolone, and was later introduced to tacrolimus, myfortic, and 
prednisone. Mild hyperglycemia was prevalent throughout, and hypophosphatemia was identified 
later in the admission. Serum creatinine plateaued at 6.0 mg/dL. L.L. was discharged 12 days after 
surgery with declining serum creatinine.

 Case Questions and Answers – Peritransplant

 1. Which of the following could be causing L.L.’s hypophosphatemia? Explain your response.

 (a) Tacrolimus
 (b) Corticosteroids
 (c) Elevated PTH
 (d) Low vitamin D levels
 (e) All the above

Answer: e. All the above. CNI and corticosteroid use can increase renal excretion and inhibit the 
reabsorption of phosphate. PTH levels should fall after transplantation but can remain elevated, 
leading to increased urinary phosphate excretion. Vitamin D levels can remain low after transplan-
tation, leading to impaired phosphate absorption from the intestine.

 2. What are common causes of delayed graft function after kidney transplantation?

 (a) ATN
 (b) Ureteral obstruction
 (c) Thrombosis
 (d) Early rejection
 (e) All the above

Answer: e. All the above
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 3. Why do you think L.L. was mildly hyperglycemic throughout her admission?
Answer: Aggressive glycemic control during the transplant admission is not common. Optimal 
control is often difficult for a myriad of reasons (e.g., metabolic effect of surgery, immunosuppres-
sion changes, improving renal function, and varied PO intake) and the risk of hypoglycemic com-
plications often outweighs any detrimental effects of short-term mild hyperglycemia during this 
critical phase.

 Posttransplant

During a routine posttransplant clinic visit, L.L. presents with a BMI of 33 kg/m2 and 8% weight 
gain since receiving her transplant 1 year ago. She believes the 5 mg of daily prednisone is causing 
her weight gain, because she has been consuming the same amount of calories that successfully led 
her to lose weight prior to transplant while on maintenance dialysis. She expressed concerns about 
being more physically active for fear of hurting the allograft. Her diarrhea has resolved with an 
adjustment of her myfortic dosing last visit. Baseline serum creatinine is 0.9 mg/dL, but this visit, 
it was found to be 1.2  mg/dL.  She also inquired about taking a vitamin supplement containing 
pomegranate extract.

 Case Questions and Answers– Posttransplant

 1. Do you think the 5-mg dose of daily prednisone is causing L.L. to gain weight? Explain your 
response.
Answer: No. Kidney transplant recipients often blame their weight gain on steroid-induced hyper-
phagia, but low-dose corticosteroid is not linked to weight gain in the modern era of 
transplantation.

 2. Why do you think L.L. is gaining weight on the same diet that successfully helped her lose weight 
prior to transplant? Explain your response.
Answer: Energy needs are considerably higher on maintenance dialysis compared to after kidney 
transplantation. Therefore, small to moderate reductions in pretransplant caloric intake can still 
lead to weight gain after transplant. The hesitation to being more physically activity may also be 
contributing to her weight gain. Increasing physical activity levels after kidney transplantation is 
encouraged and important to prevent weight gain.

 3. Which of the following can cause an acute rise in serum creatinine from 0.9 to 1.2 mg/dL in L.L?

 (a) Dehydration
 (b) Tacrolimus toxicity
 (c) Acute rejection
 (d) a and c only
 (e) All the above

Answer: All the above

 4. Would you recommend that L.L. take a vitamin supplement that contains pomegranate extract? 
Explain your response.
Answer: No. Products containing pomegranate should be avoided due to a potential tacrolimus–
pomegranate interaction.
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Part V
Nutrition in Chronic Kidney Disease 

Among Special Needs Populations

Chronic kidney disease (CKD) is not discriminatory; it affects individuals of 
all races, ethnicities, socioeconomic statuses, and age groups. The nutritional 
management of CKD is similar for these demographic characteristics with 
the exception of age. The types and risks of kidney disease are different for 
each group in the life cycle. The incidence of CKD in infancy, childhood, and 
adolescence differs from that in adults and the elderly, in that the incidence in 
the former group results primarily from congenital anomalies and inherited 
disorders. To the contrary, the aging process stresses the kidney and impacts 
progression of the disease. Furthermore, vascular disease appears to be the 
primary cause of CKD in the elderly. The nutritional concerns of individuals 
with CKD throughout the life cycle (i.e., pregnancy, infancy, childhood, ado-
lescence, and the elderly) are presented in this section. Case studies are also 
included at the end of each chapter.

Stover and Trolinger discuss nutrition management during pregnancy 
throughout the stages of CKD (non-dialysis), while on dialysis, and post kid-
ney transplantation. The authors also address breastfeeding in this popula-
tion. Infancy, childhood, and adolescence are a critical time in the life cycle 
because significant growth and development takes place during these stages. 
Nelms and Warady address the special needs of the pediatric patient with 
chronic kidney disease which includes nutrient requirements, assessment of 
nutritional status, and age-related monitoring interventions that take place 
during the life stage. This chapter also addresses the transition from pediatric 
to adult care. Lastly, Goldstein-Fuchs ends this section with a discussion 
about the aging adult with chronic kidney disease.
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Chapter 19
Pregnancy

Jean Stover and Mandy Trolinger

Keywords Pregnancy · Intensive dialysis · Medications · Vitamins · Minerals · Nutrition · CKD  
Kidney transplant

 Introduction

Pregnancy is possible for women with chronic kidney disease (CKD) either prior to or while undergo-
ing dialysis or after renal transplantation. However, the outcomes are different compared to the overall 
population and its management may be complicated [1]. Women who become pregnant in later stages 
of CKD are at a significant greater risk for worsening kidney function. One recent study has shown, 
however, that women with stages 3–4 CKD, although they had more adverse events during pregnancy, 
did not experience worsening kidney function [2]. Another retrospective study in women who became 
pregnant after a kidney transplant did not show a significantly increased risk for loss of kidney func-
tion or graft loss compared to nonpregnant recipients with similar clinical characteristics [3]. 
Immunosuppressive medications (especially cyclosporine), however, have been known to contribute 
to infants born small for gestational age. These medications have not been shown to increase abnor-
malities in the fetus, except for mycophenolate mofetil, which is now believed to be teratogenic. The 
incidence of premature birth also does remain high for women during all stages of CKD [4].

Fertility generally returns for women who have a good functioning kidney transplant [3]. Otherwise, 
women with CKD tend to become pregnant less frequently than those with normal kidney function. 
There is also a significant decrease in conception for women undergoing dialysis. Although it has 
been reported that the occurrence of pregnancy in the dialysis population has increased, pregnancy is 
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still considered relatively uncommon [4]. This chapter will discuss special considerations and man-
agement for women during all stages of CKD, while on dialysis and after kidney transplantation.

 Confirmation of Pregnancy

The confirmation of pregnancy in women in the later stages of CKD and those undergoing dialysis 
generally requires a pelvic ultrasound in addition to the blood test that measures levels of the β subunit 
of human gonadotropin (hCG). The rationale for the additional testing is that the kidney excretes 
small amounts of hCG produced by somatic cells, and in renal failure, this test can appear positive by 
usual standards [5]. Once pregnancy is confirmed, and the woman wishes to proceed, she should be 
referred to a high-risk obstetrics practice.

 CKD (Prior to Dialysis)

There is an increased risk of comorbid conditions such as preeclampsia, and babies who are born 
preterm in pregnant women with later stages of CKD [5]. Nutritional modifications needed based on 
energy and protein needs for CKD without dialysis combined with nutritional recommendations for 
pregnancy are speculative. Vitamin and mineral needs are discussed later in this chapter and presented 
in Table19.1. Also, some medications may need to be changed or added once pregnancy is suspected 
and definitely when it is confirmed (see section on “Medications”).

Table 19.1 Nutrient recommendations for the pregnant patient with CKD [9, 10, 12–17]

Energy 35 kcal/kg pregravida SBW + 350–450 kcal/day in second and third trimester for all stages of CKD, while 
undergoing dialysis and post-kidney transplant; she may need a nutritional supplement to meet needs.

Protein CKD, stages 1 to 5: 0.6–0.8 g/kg pregravida SBW + 10–25 g/day; plant-based protein restricted diets may 
be appropriate as well.
HD: 1.2 g/kg pregravida SBW (and maybe more with intensive HD) + 10–25 g/day.
PD: 1.2–1.3 g/kg pregravida SBW + 10–25 g/day.
Post-kidney transplant: 0.8 g/kg + 10–25 g/day.
May need a nutritional supplement to meet needs.

Vitamins CKD stages 1 to 3: prenatal
CKD stages 4 and 5: renal vitamin or prenatal
HD/PD: renal vitamin and total daily intake of 2–4 mg folic acid = doubling a standard renal vitamin is 
generally advised
Post-kidney transplant: prenatal vitamins, which include vitamin and mineral recommendations for 
pregnancy in general; 600 mcg daily of folate
Vitamin D—analogs have been given, but not enough information on safety during pregnancy; 25(OH)D 
may be beneficial; should meet general pregnancy needs of 15 mcg/day post-kidney transplant.
Vitamin A—not usually given; thus, renal vitamins are generally given instead of prenatal vitamins in 
later stages of CKD; OK in early stages of CKD and post-transplant.

Minerals Iron—30 mg daily; usually given in oral form for CKD without dialysis and post-kidney transplant to 
meet needs for pregnancy, and IV during dialysis (generally iron sucrose or gluconate) to achieve iron 
studies in goal range for general dialysis population.
Calcium—given as calcium acetate or carbonate to bind phosphorus or as calcium carbonate for a 
calcium supplement; keep in mind that there is increased absorption of calcium from dialysate with more 
frequent dialysis.
Sodium, potassium, and phosphorus—can often be liberalized in the diet with more dialysis; phosphate 
binders may not be needed.
Zinc—11 mg/day for CKD and post-kidney transplant; at least 15 mg/day recommended for dialysis patients.

Abbreviations: SBW standard body weight, HD hemodialysis, PD peritoneal dialysis, IV intravenously
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 Dialysis

Intensive dialysis is a key component to successful pregnancy outcome for women undergoing dialy-
sis. The amount of dialysis is increased in efforts to create a less uremic environment and mimic more 
normal kidney function during fetal development. Improved infant survival has resulted when the 
mother receives at least 24 hours of hemodialysis per week [5]. The greater time commitment for 
intensive dialysis is an important message to convey to women in this population as soon as pregnancy 
is confirmed, as it involves an alteration in lifestyle.

Nocturnal hemodialysis (NHD) performed at home, in which individuals receive 3–4 times as 
much dialysis as conventional in-center hemodialysis, may be the ideal modality for pregnant dialysis 
patients. This dialysis regimen has been associated with increased fertility, longer gestation periods 
with higher birth weights, and fewer complications for the mother and fetus [6]. Thus, women with 
advanced CKD contemplating pregnancy may be encouraged to seek a program offering this modal-
ity, if feasible.

Hypertension can be a serious complication of pregnancy for women with CKD [1]. Severe hypo-
tension, on the other hand, may promote fetal distress [7]. More frequent dialysis will improve efforts 
to avoid potential hypertension due to volume overload and potential hypotension with the need to 
remove large volumes of fluid during the treatment.

The content of the dialysate used for hemodialysis during pregnancy will vary depending on the 
amount of dialysis given as well as the mother’s dietary intake and levels of serum electrolytes, cal-
cium, and bicarbonate. Frequent monitoring of all of these levels should be completed during the 
pregnancy. With more dialysis, a higher potassium dialysate concentration (generally 3.0 mEq/L) may 
be required to maintain normal serum potassium levels. The bicarbonate concentration of the dialy-
sate may also need to be decreased due to the higher bicarbonate concentrations currently used. With 
more frequent dialysis and/or nausea and vomiting during pregnancy, the possibility of developing 
metabolic alkalosis exists [8, 9].

Even though the fetus requires adequate calcium for proper skeletal development, it is usually not 
necessary to increase the dialysate calcium content when calcium-containing medications are taken 
and more frequent dialysis is given [9]. A standard 2.5 mEq/L calcium dialysate concentration is fre-
quently used. There is also some production of calcitriol by the placenta, which makes it important to 
frequently monitor serum calcium levels to avoid hypercalcemia [8, 9].

There are older case reports in the literature that discuss successful pregnancy outcomes for women 
undergoing peritoneal dialysis. More frequent exchanges with lesser volumes of instilled peritoneal 
fluid are necessary as the pregnancy progresses to allow more intense dialysis with less abdominal 
discomfort [10]. One report utilizes tidal dialysis with the automated cycler machine to promote both 
comfort and increased dialysis clearance [11].

 Energy and Protein Needs

Initial and ongoing nutrition assessment and counseling of the pregnant patient with CKD is very 
important due to modified energy, protein, vitamin, and mineral needs for this population. The dieti-
tian should meet with the patient to discuss an overview of nutritional needs as soon as possible after 
the pregnancy is confirmed and she has agreed to follow through with it. Regular follow-up using 
dietary recalls and/or food intake records to evaluate nutrition adequacy is suggested when 
feasible.

Generally, 35 kcal/kg/day of pregravida standard body weight (SBW) or adjusted SBW is pre-
scribed in the first trimester, and 350–450 kcal/day is added to this value for the second and third tri-
mesters for all stages and modalities of treatment for CKD [12]. Daily protein needs for the pregnant 
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patient with stages 1–5 CKD prior to initiating dialysis are speculated to be: 0.6–0.8 g/kg + 10–25 g/
day. Plant-based protein restricted diets with keto acid or amino acid supplementation may be appro-
priate and more effective as well [13]. Generally, at least 1.2 g/kg SBW plus 10–25 g/day for women 
undergoing hemodialysis and 1.2–1.3  g/kg SBW plus 10–25  g/day for those receiving peritoneal 
dialysis is recommended [14–17]. It may be easier to meet these needs with liberalization of sodium, 
potassium, and phosphorus content due to the increased amount of solute removal with more dialysis. 
At times though, the patient may even require protein or calorie/protein supplements to attain her 
estimated energy and protein requirements. Generally, a regular commercial supplement may be used 
with increased dialysis time and more solute removal.

 Vitamins and Minerals

Prenatal vitamins are generally given in the earlier stages of CKD and post-kidney transplant, but 
some have also prescribed these in later CKD stages. Water-soluble vitamins are usually preferred 
over prenatal vitamins due to the need to avoid excess vitamin A for all individuals with CKD 
undergoing dialysis. With increased requirements for water-soluble vitamins during pregnancy, as 
well as increased losses anticipated with more intensive dialysis, a standard renal vitamin contain-
ing 1 mg folic acid is often doubled. Folate deficiency has been linked to neural tube defects in 
infants born to women without CKD; therefore, at least 2–4 mg of folic acid per day is recom-
mended for pregnant women undergoing dialysis [9, 16]. Presently, there are renal vitamin prepa-
rations already containing greater than 1 mg folic acid and even added zinc, and these may also be 
used as long as they contain recommended amounts of other water-soluble vitamins during 
pregnancy.

Vitamin D analogs have been given intravenously during dialysis to pregnant women needing sup-
pression of the parathyroid hormone (PTH) and to maintain normal serum levels of calcium. There 
still does not seem to be definitive information available concerning whether these forms of vitamin 
D cross the placental barrier and, if so, whether they are safe relative to fetal development [18–20]. It 
may be beneficial to provide supplements of 25(OH)D, as it does cross the placental barrier and can 
be utilized by the fetus [21, 22]. Low levels of 25(OH)D have been associated with preeclampsia for 
pregnant women without CKD [23]. Moreover, although not a vitamin, cinacalcet, a calcimimetic 
medication used for PTH suppression, is generally avoided due to lack of knowledge about its safety 
during pregnancy.

There are increased iron needs due to worsening anemia for all women during pregnancy. At least 
30 mg iron per day is recommended during pregnancy, so women with CKD who are not receiving 
dialysis should receive this as an oral preparation [17]. Intravenous iron in the form of iron sucrose has 
been given safely and effectively to pregnant patients during hemodialysis [19], based on goal ranges 
for serum levels of transferrin saturation and ferritin used in the general dialysis population. Ferric 
gluconate is also considered a category B drug in pregnancy, which means that animal studies have not 
shown adverse effects when this drug is given during pregnancy and there are no adequate human stud-
ies available [5]. Although not as well absorbed, oral iron preparations have also been used for pregnant 
dialysis patients instead of intravenous iron, either alone or in combination with a vitamin.

Zinc supplements are prescribed in the amount of at least 15 mg/day to prevent increased risks of 
fetal malformation, preterm delivery, low birth weight, and pregnancy-induced hypertension [9, 17]. 
Zinc is included in prenatal vitamins and in some renal vitamins, or it is provided as an added 
supplement.

Calcium-containing phosphate binders are generally given to the pregnant dialysis patient if 
needed. Sometimes serum phosphorus levels are less than goal range. In these instances, calcium 
supplements in the form of calcium carbonate are given between meals and phosphate supplements 
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are prescribed if needed. It has been recommended that a daily intake of at least 1500 mg calcium be 
provided [24]. This is usually achieved easily for hemodialysis patients undergoing frequent dialysis 
with a 2.5 mEq/L dialysate content (see Chap. 15).

 Weight Gain and Serum Albumin

Due to fluid retention with CKD, it is difficult to determine actual solid body weight gain during 
pregnancy. For women undergoing dialysis, it has been suggested that the pregnant dialysis patient’s 
estimated dry weight (EDW) or target weight (TW) be increased by 0.5 kg/week during the second 
and third trimesters, when most weight gain occurs [10]. More frequent treatments with gentle fluid 
removal may help with this assessment, but a team approach involving regular collaboration with the 
dialysis technicians, nurses, physicians, dietitian, and patient is very important when determining true 
weight gain.

The evaluation of adequate protein intake is also difficult, as the expected decrease of serum albu-
min during pregnancy is about 1 g/dL for women without CKD [25]. Recommendations are to con-
tinue weekly dietary recalls or records to assess daily protein/calorie intake.

 Medications

Since blood pressure control is very important for the pregnant dialysis patient, the goal is to keep 
measurements less than or equal to 140/90 mmHg [5]. If there is no apparent fluid overload but hyper-
tension exists, medications are utilized. There are several antihypertensive agents considered safe 
during pregnancy including methyldopa, β-blockers, and labetalol. There is less experience using 
calcium channel blockers and clonidine, but these are likely to be safe as well. Angiotensin-converting 
enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs), on the other hand, are contra-
indicated during pregnancy. When given late in the second trimester and during the third trimester, 
they have been linked to oligohydramnios, an ossification defect in the fetal skull, dysplastic kidneys, 
neonatal anuria, and death from hypoplastic lungs [5].

Anemia becomes worse during pregnancy due to increased plasma volume without an increase in 
red blood cell mass. Erythropoiesis usually increases in the first trimester, but this process is limited 
or absent for individuals with CKD (27). Epoetin alfa given during dialysis has been used safely for 
this population, with no known congenital anomalies reported. The dose frequently needs to be 
increased as the pregnancy progresses to maintain a hemoglobin greater than or equal to 10–11 g/dL 
[24]. It has also been noted in the literature that darbepoetin has been given successfully during preg-
nancy to women with CKD prior to initiating dialysis, when undergoing dialysis and following kidney 
transplantation [26, 27].

 Breastfeeding

There is little in the literature regarding the safety of breastfeeding an infant born to a mother with 
CKD. The theoretical question is always whether the content of the breast milk will be high in urea 
and cause a diuresis in the infant that must be supplemented with extra water. Most women who plan 
to breastfeed, especially those undergoing dialysis, decide not to once the infant is born, as the preg-
nancy has been difficult.
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Transplant recipients have generally been advised against breastfeeding due to the antirejection 
medications they are taking. Other than mycophenolate mofetil, sirolimus, everolimus, and belata-
cept, which are contraindicated for breastfeeding, data are limited for the safety of many immunosup-
pressants, while glucocorticoids and azathioprine are considered relatively safe [28]. Newer data as 
mentioned in The National Transplant Pregnancy Registry, now suggests that there is minimal fetal 
exposure via breast milk to tacrolimus and cyclosporine [5, 28]. Counseling practices, however, still 
differ among transplant centers. Women who choose to breast feed require an extra 500 kcal daily [12, 
28]. Furthermore, antihypertensives believed to be safe for women with CKD during pregnancy are 
still appropriate during breastfeeding; this includes some ACE inhibitors [5].

 Conclusion

Pregnancy for women with CKD is a complex medical condition. Those who are not yet receiving 
dialysis will hopefully have some access to a dietitian for counseling on appropriate nutrient needs. 
The dietitian must realize the importance of ensuring that the patient is counseled and evaluated regu-
larly to provide adequate energy and protein in her diet to meet the needs of the developing fetus. The 
patient must also be guided to include adequate amounts of folate and other vitamins that have signifi-
cance during pregnancy. The management of calcium, phosphorus, and vitamin D required may need 
to be modified for the patient’s safety, and zinc will need to be supplemented as well.

As mentioned previously, fertility usually returns for women who have had a successful kidney 
transplant. It has been suggested, however, that these women plan pregnancy for at least 1–2 years 
after the transplant. Those who have a serum creatinine less than or equal to 1.4 mg/dL and have mini-
mal proteinuria (<500 g/24 hours) seem to have the best outcomes [29].

The management of a pregnant patient with CKD, especially if she is undergoing dialysis, requires 
a team approach involving nephrology and high-risk obstetrics healthcare professionals. Regular fol-
low- up and communication are important to promote positive outcomes.

 Case Study

L.T. is a 34-year-old Caucasian female with a history of hypertension and reflux nephropathy. When 
she was 29 years old, she underwent a living kidney donor transplant and has not had any episodes of 
rejection. She recently found out she is 6 weeks pregnant. She presents to your office today for coun-
seling and education. She just saw her OB/GYN for an initial visit and ultrasound, which was normal. 
She has been referred to high-risk OB and will see them next week. At this time, she is also interested 
in breastfeeding.

Her current medications are tacrolimus 2 mg twice a day, mycophenylate mofetil 1000 mg twice a 
day, prednisone 5 mg daily, lisinopril 20 mg every morning, labetalol 200 mg twice a day, multivita-
min one time a day, calcium carbonate 1000 mg daily, and vitamin D3 2000 units twice a day.

Her current vital signs are as follows:

• Ht: 66 inches tall (medium frame)
• Wt: 165 pounds
• BP: 141/82
• HR: 70
• Temp: 97.8 °F
• Her physical exam is normal.
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Most recent lab results are as follows:

• Hgb 14.2 g/dL
• BUN 14 mg/dL
• SCr 1 mg/dL
• Urine protein level: 100 mg/24 hours urine
• Albumin 3.9 g/dL
• Tacrolimus 12-hour trough level 7 ng/mL
• The rest of her electrolyte and mineral levels were normal.

 Case Questions and Answers

 1. What are the recommendations for getting pregnant after a renal transplant?
Answer: There is not an increased risk of loss of kidney function if the post-transplant SCr is 
<1.5 mg/dL and protein excretion is <500 mg/24 hours. It is also recommended to wait at least 
1 year after transplant and have no kidney rejection episodes in the last year.

 2. What concerns are there for her current immunosuppressant regimen?
Answer: First, mycophenolate mofetil is contraindicated in pregnancy due to its teratogenic 
effects. The patient should meet with her transplant provider and discuss changing to another 
immunosuppressant immediately. Monthly serum tacrolimus levels should be monitored as the 
dose usually increases during pregnancy to maintain an adequate 12-hour trough level.

 3. What are your recommendations for her blood pressure medications?
Answer: Lisinopril is contraindicated in pregnancy, but labetalol is appropriate for pregnancy. 
She would need to stop her lisinopril immediately and then she could increase her labetalol to get 
her blood pressure to goal as long as her heart rate remains at goal as well. Otherwise, she would 
need to add another blood pressure medication that is not contraindicated in pregnancy.

 4. L.T. states that she would like to breastfeed after delivery. What are her caloric needs during 
breastfeeding and are there any concerns regarding her medications?
Answer: The National Transplant Pregnancy registry has not seen a significant increase in 
adverse effects in infants in the presence of tacrolimus, azathioprine, or cyclosporine while 
breastfeeding. The drug levels in breast milk are lower than what the fetus is exposed to in 
utero. She would also need to remain on an antihypertensive regimen that is considered safe 
during breastfeeding. L.T. would still need to consider the benefits versus the risks with 
breastfeeding while on certain medications and decide if she would be comfortable with this 
decision as well.

 5. What are her caloric and protein recommendations during pregnancy and during breastfeeding?
Answer: Caloric intake during pregnancy depends on the prepregnancy BMI, SBW, and activity 
level. During the second and third trimesters, the caloric intake recommendations per day range 
from an additional amount of 350 to 450 kcal/day. Weekly weights should be monitored through-
out the pregnancy, so an adjustment in kcal intake can be made if necessary, to maintain an appro-
priate weight gain during pregnancy.

Protein: 1.1 g/kg/day pregravida SBW based on 0.8 g/day for nonpregnant women plus 25 g/
day for pregnancy. Recommended folate requirements for pregnancy are 600 mcg/day, calcium 
1000 mg/day, and vitamin D3 starting at 15 mcg daily. This patient is already taking adequate 
calcium and vitamin D3. Not sure what her current multivitamin contains, but could substitute a 
prenatal vitamin for this, and decrease her current calcium and vitamin D3 supplements, if 
needed.

During breastfeeding, she should increase her daily caloric intake by 500 kcal.
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 6. Are vegetarian protein-restricted diets for pregnant patients with CKD prior to undergoing dialy-
sis proven to be safe and effective?
Answer: Yes, a few case reports with keto/amino acid supplemented protein-restricted vegetarian 
have been shown to be safe and effective.

 7. What lifestyle changes must be considered when counseling women with CKD undergoing dialy-
sis once pregnancy is confirmed?
Answer: Commitment to increased and more frequent dialysis time.

 8. What are energy needs calculated for the pregnant CKD patient?
Answer: 35 kcal/kg pregravida SBW + 350–450/day in second and third trimesters.

 9. What are protein needs calculated for the pregnant hemodialysis patient?
Answer: 1.2 g/kg pregravida SBW + 10–25 g/day, and even higher with more intensive dialysis.

 10. Which vitamin is supplemented in the diet of pregnant patients with CKD to prevent neural tube 
defects?
Answer: Folic acid.

 11. What is the minimum amount of dialysis per week recommended for a pregnant dialysis patient 
and why?
Answer: At least 24 hours/week to create a less uremic environment for the fetus to promote posi-
tive outcomes. Also, this allows the patient more liberal dietary intakes to meet nutrient needs 
during pregnancy.

 12. How is anemia treated for pregnant women with CKD undergoing dialysis?
Answer: Intravenous epoetin alfa or darbepoetin and iron given during dialysis.
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Key Points
• Children typically have different causes of kidney failure than adults.
• The preferred treatment of pediatric end-stage kidney disease is transplantation; peritoneal 

dialysis (PD) is the preferred dialysis modality for children <9 years.
• Adequacy of linear growth is a unique challenge with pediatric chronic kidney disease 

(CKD).
• Normal growth and weight gain are clinical targets for children with CKD and thus make 

adequacy of dietary intake and prevention of protein-energy wasting (PEW) critical.
• Multiple tools are required for an accurate nutrition assessment and include use of standard-

ized growth charts.
• Calorie and individual macronutrient needs should be in accordance with the KDOQI nutri-

tion guidelines for protein, as well as the acceptable macronutrient distribution ranges 
(AMDRs) and recommended energy intake for healthy children.

• The intake of most individual micronutrients should be 100% of the DRI for age, taking into 
account dialysis losses.

• Sodium and potassium intake should be regularly monitored, keeping in mind that young 
children may have sodium-wasting disorders that mandate salt supplementation.

• Phosphorus management is important for prevention of cardiovascular disease (CVD), but 
phosphorus intake should not be overly restricted such that low phosphorus levels result. 
Calcium intake should be between 100% and 200% of the DRI for age.

• Fluid needs vary greatly in pediatric patients and are dependent on the level of residual kid-
ney function in those patients with CKD.

• Infants and young children on dialysis require close attention to their nutritional goals to help 
optimize growth and cognitive development.
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 Introduction

The Kidney Disease Outcomes Quality Initiative (KDOQI) Clinical Practice Guideline for Nutrition 
in Children with CKD: 2008 Update outlines goals for the nutritional management of children in 
all stages of chronic kidney disease (CKD) as: (1) “maintenance of an optimal nutritional status,” 
(2) “avoidance of uremic toxicity, metabolic abnormalities and malnutrition,” and (3) “reduction of 
the risk of chronic morbidities and mortality in adulthood” [1]. Although further research has 
refined knowledge and pediatric renal nutrition care since its publication, the KDOQI pediatric 
nutrition guidelines remain the foundation for the clinical nutrition management of the pediatric 
CKD patient.

Although “traditional” issues such as phosphorus and hypertension management remain pivotal in 
children as well as in adults with kidney disease, additional pediatric specific concerns merit the care-
ful attention of a trained professional, making pediatric renal nutrition a subspecialty within the field 
of renal dietetics and nutrition care [2]. A pediatric renal dietitian, trained with expertise in childhood 
nutrition and growth, is best positioned to provide care for this niche population. Heavy emphasis is 
not only placed upon growth, but neurocognitive development and life-long morbidity and mortality 
risks are also important considerations. Finally, meeting the differing nutrition priorities of infants and 
young children, school-aged children, and adolescents, and the unique psychosocial concerns and 
risks for metabolic and uremic derangements in children of all ages with CKD, are all challenges the 
clinician must face to provide optimal nutrition care [3].

 Etiology of CKD in Children

In patients aged 0–21  years, the definition of “pediatric,” the United States Renal Data Systems 
(USRDS) [4] reports there are 2.7 cases of CKD per 1000 population based on children with single 
payer insurance. Whereas diabetic kidney disease and hypertensive nephrosclerosis are common dis-
orders in adult patients, these are rare in pediatrics. Structural disorders account for 56–57.6% of 
CKD cases in children, with congenital anomalies of the kidney and urinary tract (CAKUT) such as 
posterior urethral valves or renal dysplasia accounting for the largest percentage (49.1%) of those 
patients, followed by glomerular diseases (6.8–20.5%) with steroid-resistant nephrotic syndrome 
(e.g., focal segmental glomerulosclerosis) topping that group at 10.4%. The relationship to age is 
significant as CAKUT predominates as the cause of end-stage kidney disease (ESKD) in young chil-
dren, while glomerular disease is most prevalent in the adolescent ESKD population [5].

• Children and adolescents may have unique challenges related to family dynamics and social- 
emotional development, and they require individualization of nutrition instruction with con-
sideration of these factors.

• Enteral nutrition should focus on oral intake, followed by oral and/or tube feeding supple-
mentation if further intake is needed. If enteral nutrition does not meet intake and growth 
needs, parenteral nutrition, including intradialytic parenteral nutrition (IDPN), may need to 
be considered.

• The nutrition counseling provided to transplant recipients may be different from that pro-
vided to the CKD and dialysis populations.

• Transition of the emerging adult from pediatric-focused to adult-focused care is an educa-
tional process designed to prevent negative health outcomes in the CKD population.
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 Treatment Modalities

Traditionally, peritoneal dialysis (PD) has been the most common dialysis modality for the pediatric 
patient who has advanced to ESKD and has the need for renal replacement therapy. However, this 
preference has been shifting, particularly in the adolescent population [6]. Currently, of all dialysis 
patients under 19 years of age in the United States, approximately 60% receive hemodialysis (HD) 
and 40% receive PD [7], with a gradually increasing majority of patients >9 years of age receiving 
HD. Automated PD is the most common PD modality used in North America and is characterized by 
multiple dialysis exchanges at night and a long daytime dwell [6]. Standard HD treatments are typi-
cally three times weekly for 4–5 hours in a dialysis center. However, a limited number of centers are 
using some form of intensified dialysis, whether conducted at home or in the dialysis center [8]. Home 
hemodialysis is used in 1.8% of the overall dialysis population [9], with its use in pediatric patients 
also very limited at present. However, reports of both nocturnal and short, daily home dialysis have 
been reported with good outcomes in nutritional management and quality of life measures [8, 10]. As 
noted previously, transplantation is the preferred treatment option for children with stage 5 CKD as it 
offers the best opportunities for rehabilitation in terms of educational and psychosocial functioning, 
as well as better survival rates [7, 11]. In most centers, candidates for transplantation must weigh more 
than 10 kg [11].

 Linear Growth

Growth in children with CKD is often poor, and there are multiple factors in addition to poor nutri-
tional status that may contribute to this outcome. Age at onset of disease, etiology and severity of the 
primary renal disorder, renal bone disease, fluid and electrolyte imbalance, metabolic acidosis, inflam-
mation, anemia, abnormalities of the growth hormone-insulin growth factor (IGF) axis, and subopti-
mal levels of sex hormones are additional factors, which influence growth and impact final adult 
height [1, 12]. According to the 2017 USRDS data report [13], children receiving dialysis have a high 
prevalence of severe linear stunting, defined as less than the 3rd percentile for length or height, com-
pared to US norms. Children aged 0–4 years had the highest incidence at 52.7%. The prevalence of 
severe short stature decreases slightly by age group, with it being present in 33% of children with 
ESKD in the 5- to 9-year age group, 29.4% in ages 10–13 and 23.8% of those patients 14–17 years of 
age. In contrast to the dialysis population, 12% of North American children who are part of the 
Chronic Kidney Disease in Children (CKiD) study, with glomerular filtration rate (GFR) values from 
30 to 90 ml/min/1.73 m2, are reported to have had severe short stature upon admission to the study 
[14]. Linear growth retardation is clearly a challenge for children with CKD of all stages. Linear 
growth is not only important in this population because of quality of life issues that may develop dur-
ing childhood or young adulthood, but also because severely reduced height has been associated with 
increased morbidity and mortality in children with CKD and ESKD [12, 14, 15], with a 14% and 12% 
increase in mortality risk, respectively, for each standard deviation below average a child is for height 
and height velocity.

The impact of nutritional intake on growth is most important in the first 2 years of life, during 
which time half of the final adult height is typically achieved. In a global assessment of children less 
than 2 years of age and undergoing maintenance PD, the use of gastrostomy feedings, as opposed to 
nasogastric or solely oral feedings, was associated with improved growth [16]. Gastrostomy feedings 
may be associated with less frequent emesis, especially when compared to nasogastric tube feedings, 
which may, in turn, improve total caloric intake. Despite these results and as suggested above, recent 
research indicates that the achievement of standard nutritional goals for energy and protein may not 

20 Infancy, Childhood, and Adolescence



360

be enough to ensure adequacy of growth in the pediatric CKD population [17]. Since many children 
have CKD disorders that are characterized by polyuria and salt depletion, care should be taken to 
ensure an adequate sodium and fluid intake. Failure to meet the often substantial quantity of sodium 
needs can compromise linear growth [18]. Serum bicarbonate (CO2) may provide a portion of the 
sodium as the serum CO2 level should be corrected to at least 22 mmol/dL in CKD stages 2–5, which 
is also important for adequacy of growth [1]. CKiD data have demonstrated that serum CO2 levels 
<18 mmol/dL have lower heights and weights, and remarkably, only one-third of children with a low 
serum CO2 value in this cohort received alkali supplementation [14]. Appropriate management of 
anemia and renal osteodystrophy is also mandatory, the latter most often requiring dietary phosphate 
restriction in addition to the use of phosphate binders and vitamin D in those patients with advanced 
CKD.

One of the most important interventions is often the provision of recombinant human growth hor-
mone (rhGH) because of the resistance to growth hormone that exists as a result of the presence of an 
increased concentration of IGF binding proteins [19]. Recent evidence lends support to an early initia-
tion of rhGH therapy to avoid growth delay if metabolic and nutritional issues have been addressed 
and poor height velocity persists [1, 16, 20, 21]. Currently, the use of rhGH is recommended when the 
height standard deviation scores (SDSs) or height velocity SDS is <1.88 (<3rd percentile) [1, 14]. 
Finally, a study by Tom et al. [17], supported by work from Fischbach [22], would also seem to indi-
cate that increased dialysis may be necessary to overcome growth delays, even when nutritional fac-
tors have been addressed and growth hormone is utilized [22–24].

 Adequacy of Weight Gain and Nutritional Intake

Protein-energy wasting (PEW) has been defined by the International Society of Renal Nutrition and 
Metabolism (ISRNM) [25] as loss of body protein mass and energy reserves in persons with CKD. 
PEW differs from classic malnutrition, which typically includes adaptive factors such as an increase 
in appetite and a decrease in metabolic rate [26, 27]. Unfortunately, poor intake and subsequent 
growth failure, as seen in children with CKD, are often characterized by maladaptive responses such 
as a decline in appetite and an increase in energy needs. Additionally, these patients may experience 
muscle wasting of lean body mass without fat decrease. Uremic failure-to-thrive has been a term used 
to describe pediatric patients with PEW, as it describes the growth component that is an essential fac-
tor to consider in children [28]. Although not yet well studied in children on dialysis, the CKiD study 
has provided evidence that PEW occurs in 7–20% of children with predialysis CKD [29]. Use of a 
modified definition, which involves linear growth, with severe stunting indicative of PEW, is consis-
tent with criteria used to define this condition in the general pediatric population. Biochemical param-
eters (e.g., reduced serum total cholesterol, serum albumin, C-reactive protein (CRP), or serum 
transthyretin), reduced body mass index (BMI), reduced muscle mass measured by mid-upper arm 
circumference, and decreased appetite are additional criteria by which a diagnosis of PEW can be 
made [29]. Recently, a joint position paper by the American Society or Parenteral and Enteral Nutrition 
(ASPEN) and the Academy of Nutrition and Dietetics (Academy) has classified PEW as a subtype of 
pediatric malnutrition in an attempt to standardize definitions [30].

In adult and pediatric patients, new evidence is providing some answers as to why poor dietary 
intake and negative energy balance are frequently seen in the CKD population. Proinflammatory, 
anti-appetite cytokines, such as tumor necrosis factor alpha (TNF-α) and interleukin (IL)-6, are ele-
vated in this population. Specific appetite modulators are altered as well. Leptin, known to suppress 
appetite and originating from adipose tissue, has been found to be elevated in the setting of a decreased 
GFR [31]. Although total ghrelin, which typically increases appetite, is normal in the CKD popula-
tion, the majority of circulating ghrelin is desacyl ghrelin, which is associated with a decreased 
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 appetite [31]. A similar finding was noted in HD patients [32]. In the young PD patient, the increased 
intraperitoneal pressure that results from the presence of dialysate can also have a negative influence 
on appetite. Appetite, while not a direct marker of poor anthropometrics, has been associated with 
increased hospitalizations, emergency room visits, and overall poorer quality of life when rated any-
thing less than “very good” [33].

Successful treatment of nutritional inadequacy in this population is difficult because many factors 
that are not fully defined or understood likely influence outcome [26]. However, several small studies 
have suggested possible intervention strategies [23, 34–36]. Options to increase calorie and protein 
intake include supplemental oral feedings, tube feedings, intradialytic parenteral nutrition (IDPN) for 
those patients who receive HD, or other routes of parenteral nutrition [34]. Oral appetite stimulants 
have been shown to enhance intake. One study of 25 pediatric dialysis patients with inadequate weight 
gain reported that the use of megestrol acetate at a dose of 7 mg/kg/day provided evidence of increas-
ing weight over a limited period of time, with minimal side effects [35]. However, more data are 
needed before megestrol acetate or any other appetite stimulant is recommended for routine use in 
children with CKD and a poor nutritional status. Increased dialysis time for patients on HD is another 
strategy that may not only increase linear growth as previously mentioned, but may improve overall 
weight gain as well. It is speculated that fewer diet restrictions and reduced inflammation made pos-
sible by improved clearance may be the reasons for improved dietary intake and weight gain [23, 36]. 
Of course, the patients’ quality of life needs to be considered when recommendations for increased 
dialysis time are being considered.

In years past, most pediatric CKD patients were underweight or at risk for being underweight. 
Whereas this may still be the case in developing countries [37], in western countries the risk of over-
weight and obesity is comparable with that seen in the general population. Recent International 
Pediatric PD Network (IPPN) registry [38] data from over 1000 children in 35 countries indicates that 
overweight and obesity, as measured by BMI, are a global problem in pediatric CKD patients with 
19.7% of all children exhibiting overweight (≥85th percentile BMI) or obesity (≥95th percentile 
BMI) at initiation of PD. South and southeast Asia, central Europe, and Turkey have the highest per-
centages of underweight patients, while the United States and the Middle East have the highest per-
centages of overweight and obesity, reflective of a high prevalence in the general population in these 
areas. India and southeast Asia also reported a surprisingly high rate of obesity compared to their 
general population, but this may be influenced by the commonality of dialysis being more available to 
affluent families who can afford the treatment.

Short stature appears to be a risk factor for overweight and obesity, given that CKiD data demon-
strates that the average child with CKD is in a healthy centile curve for weight, but short stature results 
in an increased BMI [14]. This indicates that linear height stunting should be addressed to improve 
proportionality [38]. Using height age to calculate BMI, as is recommended by the KDOQI guide-
lines, 17% of children with CKD in North America are overweight and 20% are obese [14]. In addi-
tion, 20.8% and 12.5% of children in Europe with CKD younger than 16 were overweight and obese, 
respectively, when using BMI calculated with height age [39]. In both populations (i.e., North America 
and Europe), short stature was a risk factor for elevated BMI.

Dietary and lifestyle changes need to be addressed for this population. Overweight children suffer 
from more chronic conditions and have poorer health than children with weights in an ideal range for 
age [40]. In fact, the CKiD study found an increased prevalence of dyslipidemia, abnormal glucose 
synthesis, and hypertension in obese pediatric patients with CKD [41]. If the patient is significantly 
overweight or the patient has reached his/her final adult height, a gradual loss of weight is recom-
mended. However, if the patient is still growing linearly, weight maintenance may be beneficial, 
allowing for a gradual increase in height to reduce the BMI.

To prevent excessive, rapid weight loss or inadequate nutrition, the provision of adequate protein 
and other nutrients are essential. A focus on increased physical activity and limiting simple carbohy-
drates is an appropriate and moderate approach to slow weight loss or to achieve weight maintenance 
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and minimize risk. It is important to avoid excess weight loss and inadequate intake even in obese 
populations, since CKD patients are at risk for muscle loss and an inability to utilize adipose stores. 
Children with CKD tend to have high adiposity, especially centrally, as well as low muscle mass [29, 
42, 43]. Obese sarcopenia – the term used for malnourished obese individuals – has been demon-
strated in other at-risk pediatric populations [44]. The term may extrapolate to pediatric renal popula-
tions given that the prevalence of overweight and obesity is common, but at the same time, many of 
these patients report poor appetites and have poor musculature.

 Assessment

The assessment of nutritional status of children with CKD is complicated by the myriad of factors that may 
influence stature, body weight, and intake. Consequently, a variety of assessment tools are recommended 
to provide a more complete picture than any single measure. The frequency of the assessment is recom-
mended to be at least twice as often as the assessment of healthy children. A more frequent assessment may 
be necessary for children with comorbid conditions, increasing disease severity, changes in residual kidney 
function or dialysis modality, and for younger age children [1, 45]. Figure 20.1 demonstrates a sample 
pediatric initial or annual assessment form. The KDOQI pediatric nutrition guideline outlines the recom-
mendations for assessment in the pediatric CKD population. A review of the complete medical picture, 
including biochemical parameters, dietary and fluid intake, bowel habits, urine output, medications, and 
physical activity, aids in the nutrition assessment. Details of the KDOQI recommendations regarding the 
content and frequency of assessment in a given patient’s age group are presented in Table 20.1 [1].

Anthropometric values are a key component of assessment. Length is the preferred measurement in 
children younger than 2 years of age, while height, which is measured standing, should be used in 
children aged 2 and older. Length should be measured with a length board to ensure accuracy, while 
height should be measured with a stadiometer. Measurements for children younger than age two should 
be compared to the World Health Organization (WHO) growth charts or assessed as a standard devia-
tion score (SDS). Poor or declining linear growth as an SDS may be one measure of inadequate nutri-
tion; however, and as noted previously, growth is influenced by many factors in this population. Parental 
height should be compared with the child’s placement on the growth chart. Predicted adult height can 
be calculated for boys as the mother’s height plus 5 inches (34 cm) averaged with the father’s height 
and for girls as the father’s height minus 5 inches (34 cm) averaged with the mother’s height [1].

Length or height velocity can provide further insight to assessment of linear growth. Assessment 
of height velocity can be judged as a percentile or a SDS. References data from the Fels Longitudinal 
Study [46] provides data on expected height velocity for age. Serial measurements provide for the best 
assessment and data can be compared every 6 months. Shorter intervals may not provide accurate 
velocity readings [1]. Although many of the same factors that influence height in this population affect 
height velocity as an assessment metric, trending may provide greater insight regarding the influence 
of the nutritional status.

Weight is another important anthropometric measure. Weight can also be assessed as a percentile 
compared to a standard growth chart or as a SDS. Again, the WHO growth charts should be used in 
children younger than two. It is important that the weight assessed is a euvolemic weight as oliguria 
and associated fluid retention may increase weight and not give an accurate picture of the actual lean 
body mass. In contrast, children with polyuria can be fluid-depleted with a measured weight that is 
below their true dry weight. The use of noninvasive blood volume monitoring which measures hema-
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tocrit determines the capacity to refill the vascular space when fluid is removed by HD [1, 47]. This 
tool may aid in determining if a HD patient has reached his/her dry weight. Signs of edema, blood 
pressure control, and biochemical markers such as serum albumin or serum sodium may also help 
determine a patient’s dry weight.

When characterized by a percentile, dry weight may need to be compared to a patient’s “height 
age” or the age that aligns with the 50th percentile based on current height. This is important when a 
patient is very small or short to give a more accurate assessment of the appropriateness of the weight 
for size. While weight trends may provide important information about adequacy of the nutritional 
status, a single weight is of limited value without taking other indices (e.g., BMI) into consideration.

Fig. 20.1 Sample pediatric renal nutrition initial or annual assessment form

Growth:

Age: Gestational Age:        or N/A

Weight:    kg Length or Height:      cm     BMI: kg/m2    Head Circumference  cm or N/A

Weight %ile: Length or Height %ile: BMI or Weight/Length %ile: HC %ile:

Weight SDS: Length or Height SDS: Height Velocity SDS:

Previous Weight SDS:       Date: % change in SDS:

Previous Length or Height SDS: Date: % change in SDS:

Previous Height Velocity SDS: Date: % change in SDS:

Previous weight: Date: Weight gain:  g/day or kg/month

Laboratory Values: (Range for age and clinical status)

Calcium Date: Appropriate? Yes/No Reference Range:

Phosphorus Date: Appropriate? Yes/No Reference Range:

PTH Date: Appropriate? Yes/No Reference Range:

Albumin Date: Appropriate? Yes/No Reference Range:

BUN Date: Appropriate? Yes/No Reference Range:

nPCR (HD only) Date: Appropriate? Yes/No Reference Range:

Potassium: Date: Appropriate? Yes/No Reference Range:

Sodium: Date: Appropriate? Yes/No Reference Range:

Zinc: Date: Appropriate? Yes/No Reference Range:

Aluminum: Date: Appropriate? Yes/No Reference Range:

Cholesterol: Date: Appropriate? Yes/No Reference Range:

LDL: Date: Appropriate? Yes/No Reference Range:

Triglycerides: Date: Appropriate? Yes/No Reference Range:

HDL: Date: Appropriate? Yes/No Reference Range:
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Medications:

Phosphorus binders:  

Iron/erythropoietin therapy: 

Vitamins/supplements: 

Stool softeners/GI medications:  

Other pertinent medications:  

Diet/Intake:

Diet Order:  __________________________________________________________________________

Tube Feeding Prescription:  (N/A)

Infant Formula Order:  (N/A) 

Bolus Feeding Regimen: Continuous Feeding Rate:

IDPN:  (N/A) 

Subjective Assessment:

Oral intake reported (specify meals, snacks, amounts):

Primary food preparer:

Primary food purchaser:

Fig. 20.1 (continued)
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Physical appearance:

Evidence of muscle wasting:   None     Mild     Moderate     Severe

Evidence of fat wasting:    None     Mild     Moderate     Severe

Oral cavity concerns (note issues with teeth, sores or marks on the tongue, etc)  

Reported Physical Activity:   

Appetite Description:  

Questions Patient/Family has at this time:

Additional food resources (WIC, SNAP, etc): 

Other persons present at meal and/or snack times: 

Fig. 20.1 (continued)

Table 20.1 Recommended parameters and frequency of nutritional assessment for children with CKD stages 2–5 and 5D

Minimum interval (mo)

Measure Age 0–1 year Age 1–3 years Age 3 years
CKD 
2–3

CKD 
4–5

CKD 
5D

CKD 
2–3

CKD 
4–5

CKD 
5D

CKD 
2

CKD 
3

CKD 
4–5

CKD 
5D

Dietary intake 0.5–3 0.5–3 0.5–2 1–3 1–3 1–3 6–12 6 3–4 3–4
Height or 
length-for-age
  percentile or SDS 0.5–1.5 0.5–1.5 0.5–1 1–3 1–2 1 3–6 3–6 1–3 1–3
Height or length
  velocity-for-age
  percentile or SDS 0.5–2 0.5–2 0.5–1 1–6 1–3 1–2 6 6 6 6
Estimated dry weight
  and weight-for-age
  percentile or SDS 0.5–1.5 0.5–1.5 0.25–

1
1–3 1–2 0.5–1 3–6 3–6 1–3 1–3

BMI-for-height-age
   percentile or SDS 0.5–1.5 0.5–1.5 0.5–1 1–3 1–2 1 3–6 3–6 1–3 1–3
Head circumference-for 
age percentile or SDS

0.5–1.5 0.5–1.5 0.5–1 1–3 1–2 1–2 N/A N/A N/A N/A

nPCR N/A N/A N/A N/A N/A N/A N/A N/A N/A 1a

Reprinted with permission from National Kidney Foundation [1]
Abbreviations: N/A not applicable, SDS standard deviation score, nPCR normalized protein catabolic rate
aOnly applies to adolescents receiving HD
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Ideal body weight (IBW) is another clinical tool that can help assess nutritional status. Dry weight 
can be compared to IBW. Ideal body weight is the weight needed to be at the 50th percentile for BMI 
for age or height age. This can be calculated by taking the 50th percentile BMI for current height or 
height age × height (in meters) squared to obtain a weight value in kilograms. Percent IBW can be 
assessed by dividing the actual dry weight by the IBW and converting to a percentage. The percent-
age can then help determine if a patient is underweight or overweight, and by what degree [1, 48].

Growth standards based on growth charts should also be used for the assessment of BMI, with a target 
range of the 3rd to the 85th percentile (with a BMI of >85th percentile defined as overweight and >95th 
percentile as obese) [1]. This is supported by an international survey defining thinness in pediatric patients. 
Grades 1, 2, and 3 thinness are similar in assessment to grades of malnutrition, with grade 2 thinness cor-
responding with the 3rd percentile BMI [49]. The closer a patient is to the 3rd percentile, the more at risk 
he/she is of an acute illness or decline in appetite, which quickly moves them to below the 3rd percentile. 
In children and adolescents, BMI should be compared to height age as physical and sexual development 
is more likely to be consistent with the height age as opposed to chronological age [1]. However, once 
final height and development have been reached, it is no longer appropriate to use height age. Using 
chronological age to calculate BMI may also overestimate the appropriate BMI [48]. A landmark study 
by Wong et al. has indicated that mortality risk increases in a U-shaped curve for BMIs that are very low 
or high for age in pediatric CKD patients [15]. Since BMI is not an appropriate measure in children under 
the age of 2, weight for length percentile is the comparable metric in this age group.

Since it has been determined that children with CKD have an abnormally high adipose to lean tis-
sue ratio [42, 43], the measure of waist-to-height ratio (WHr) has recently been evaluated in the CKiD 
population, as well as in transplant recipients. WHr may aid in the assessment of adiposity in children 
with borderline BMI values. A WHr of >0.49 indicates adiposity [50, 51].

Head circumference is an anthropometric measure specific to pediatrics. It should be measured and 
compared to normative curves as provided by the WHO standards in children aged three and younger 
[1]. A small head, with absence of comorbidities, may indicate nutritional insufficiency. Prematurity 
may also affect this measurement.

Normalized protein catabolic rate (nPCR) is the only calculation based on biochemical values vali-
dated for pediatric dialysis patients, but only in adolescents. nPCR, also known as normalized protein 
nitrogen appearance (nPNA), indirectly assesses dietary protein intake in dialysis patients with less 
measurement error than dietary diaries or 24-hour recalls. A child who has a desirably low predialysis 
urea may be a well-nourished patient who is adequately dialyzed or an individual with an inadequate 
dietary protein intake. Normalized PCR can help differentiate between the two possibilities.

Recent research indicates that nPCR is a more valid marker of nutritional status than serum albu-
min in adolescents receiving HD, the latter measure being influenced by inflammation and fluid status 
[1]. The nPCR is measured in grams of protein per weight in kilograms per day. For adolescents, 
nPCR values between 1.0 and 1.2 g/kg/d have been associated with positive outcomes for appropriate 
growth and overall nutritional status [52]. Target values for infants and children have not been clearly 
delineated, but theoretically, they should be higher than for adolescents as greater rates of weight gain 
are expected at younger ages. Because nPCR fluctuates on a daily basis depending on what is eaten, 
a single value does not provide an optimal picture of usual or average protein intake; therefore, 
monthly measurements are more informative. The nPCR can be calculated as part of the monthly 
assessment of clearance for the adolescent HD patient using the following formula:

The G must be calculated first:

• G (mg/min) (urea generation rate) = {(C2 × V2) – (C1 × V1)}/t
• C2 is the predialysis blood urea nitrogen (BUN) mg/dL
• C1is the postdialysis BUN
• V2 is the predialysis total body water (dL; V2 = 5.8 dL × predialysis weight in kg)
• V1 is the postdialysis total body water (dL; V1 = 5.8 dL × postdialysis weight in kg)
• t is the time (in minutes) from the end of the dialysis treatment to the beginning of the next treatment
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The modified Borah equation is then used to calculate nPCR.

• nPCR (g/kg/d) = 5.43 × est G/V1 + 0.17
• V1 is the postdialysis total body water (L; V1 = 0.58 × postdialysis weight in kg)

A goal of at least 1 g/kg/d of dietary protein intake as measured by nPCR is expected for weight 
maintenance in adolescents, and those who have values lower than this may be experiencing weight 
loss and inadequate nutritional intake. Additionally, very high values could indicate catabolism and 
the need for enhanced nutritional supplementation. Values in the 1–1.2 g/kg/d range are ideal for those 
expected to gain weight [1, 52]. Although PCR has been used to estimate dietary protein intake in 
children on PD [53–55], outcome measures for interpreting PCR measurements, as well as targets of 
therapy, are not well established. Therefore, monitoring of PCR is not currently recommended as part 
of routine practice for the nutritional management of children on PD [56].

Dietary intake is the final assessment parameter. Assessment of intake as it relates to nutritional 
status is best carried out via a 3-day food record or three, 24-hour recalls. A single 24-hour recall 
may be inadequate to account for day-to-day variance, but the 24-hour recall may be preferable for 
some patients or families in whom keeping written dietary records is burdensome. A skilled pediat-
ric dietitian should assess dietary intake with these methods for the determination of the adequacy 
of intake for energy, protein, and other macro- and micronutrients [1]. Use of technology may aid 
this process for some patients and families who are savvy with its use. Taking photographs of intake 
before and after consumption may be sent digitally, and it may increase the accuracy of the intake 
assessment [57].

In addition to the recommendations pertaining to assessment contained in the KDOQI guidelines, 
other possible assessment tools have been or are currently being studied in pediatric populations and 
may be added to the assessment regimen in the future. Subjective global assessment (SGA) was first 
validated in general pediatric populations as the subjective global nutrition assessment (SGNA) [44] 
and was consequently validated in the pediatric renal population [58].

Additionally, bioelectrical impedance (BIA) or bioimpedance spectroscopy (BIS) may have a role 
in better defining dry weight and assisting in the assessment of cardiovascular dynamics in pediatric 
patients on dialysis [27, 59, 60]. BIA has been reported to be noninvasive, simple, and inexpensive to 
use, but may be most useful when conducted serially by an experienced clinician. Dual-energy X-ray 
absorptiometry (DXA) has been used in a limited manner in the pediatric CKD population for body 
composition measurement because of expense and/or poor predictive value, respectively [1, 48]. Mid- 
upper arm circumference (MUAC) has been validated in the general pediatric population for tracking 
overweight and malnutrition. Although it has not been independently validated in pediatric patients 
with CKD, it has been used in several pediatric renal studies assessing nutritional status [61–65]. A 
small single study has looked at air displacement plesmography (ADP) in children receiving dialysis, 
with positive results regarding the assessment of body composition and fluid status [65]. However, 
more information is needed before standard recommendations regarding its application can be made. 
Finally, handgrip strength as a surrogate for musculature and nutritional status has also been evaluated 
in pediatric CKD [66]. However, the data are limited and thus this measure cannot be recommended 
to be included as part of the routine nutritional assessment until further data are obtained. (Refer to 
Chap. 4 for further details on anthropometric assessment in the general renal population.)

 Nutrient Requirements

The KDOQI guidelines provide recommendations by age group for macro- and micronutrient intake. 
These recommendations should be used as an initial starting point with subsequent individualization 
to the patient’s needs [1]. Many variables affect these needs, including periods of catabolic stress, 
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comorbid conditions, and genetic variation. Children who are significantly above or below their IBW 
may need adjustment as well. A child may need to have his/her nutrient needs calculated based on 
height age when he or she has failed to meet goals for weight gain with nutrient needs based on 
chronological age, especially if height age and chronological age are very different. Adjustment for 
prematurity may also need to be considered, using adjusted age for calculated needs. Adjusted age is 
the age that an infant would be if he/she had reached full term (40 week gestation). It can be used for 
any child born earlier than 37 weeks. For example, if born at 32 weeks, at 4 months of age the child 
would have an adjusted age of 2 months, since the child was approximately 2 months early. Nutrient 
needs for the premature infant who has not yet reached term gestation may be significantly greater, 
and referral to appropriate sources for preterm nutrition needs is recommended.

 Energy

Caloric intake is important for growth and age-appropriate weight gain and prevention of lean tissue 
loss. A recent study demonstrated that caloric needs for children with CKD stage 3 were comparable 
to healthy children and that resting energy expenditure (REE) actually declined slightly as CKD pro-
gressed [67]. However, other factors such as catabolism and comorbidities may also play a role in the 
determination of energy needs as CKD progresses. In short, estimated energy requirements (EERs), 
as recommended for healthy children, is a good starting place to predict energy needs for children 
with all stages of CKD, with adjustments as needed following a routine nutrition assessment and 
evaluation [67, 68]. In 2002, guidelines for calculating energy needs in pediatric patients were pub-
lished by the Institute of Medicine (IOM) Food and Nutrition Board (Tables 20.2 and 20.3) [1]. Body 
size and response to these recommendations must be considered for CKD patients when adjusting the 
recommendations to meet the needs of the individual patient [1]. Children with PEW/cachexia may 

Table 20.2 Estimated energy requirements calculations

0–3 months: [89 × weight in kg – 100] + 175
4–6 months: [89 × weight in kg – 100] + 56
7–12 months: [89 × weight in kg – 100] + 22
13–35 months: [89 × weight in kg – 100] + 20
3- to 8-year-old male: 88.5 – 61.9 × age in years + PA × [26.7 ×  weight in kg = 903 × height in meters] + 20
3- to 8-year-old female: 135.3 – 30.8 × age in years + PA × [10 × weight in kg = 934 × height in meters] + 20
9- to 18-year-old male: 88.5 – 61.9 × age in years + PA × [26.7 × weight in kg = 903 × height in meters] + 25
9- to 18-year-old female: 135.3 – 30.8 × age in years + PA × [10 × weight in kg = 934 × height in 
meters] + 25

Data from Institute of Medicine [178]
Abbreviation: PA physical activity factor (see Table 20.3)

Table 20.3 Physical activity factorsa

Sedentary Low active Active Very active

Typical activities 
of daily living 
only

30–60 minutes of 
daily moderate 
activity

≥60 minutes of 
daily moderate 
activity

≥60 minutes of daily moderate 
activity + additional 60 of vigorous or 
120 minutes of moderate activity

Males 1.0 1.13 1.26 1.42
Females 1.0 1.16 1.31 1.56

Data from Institute of Medicine[178]
aFor use in estimated energy equations
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have higher energy needs [26, 68]. CKiD data indicates that children with CKD predialysis consume 
an average of 100% of the EER [69, 70], but that energy intake and appetite decline when nearing 
ESKD. Moreover, weight loss is a common indicator of progression toward ESKD [70, 71].

In the case of the child on PD, glucose absorption from the peritoneal dialysis solution provides 
approximately 9 kcal/kg daily [72]. However, the quantity of glucose that is absorbed varies between 
children and may be influenced by factors such as the number of cycles for patients receiving auto-
mated PD, dwell time, body surface area, and peritoneal membrane transport capacity. Although these 
calories are typically not considered when calculating energy recommendations, high or high-average 
transporters may absorb significantly more glucose calories than low or low-average transporters [1]. 
This variation in glucose absorption is the reason that KDOQI does not recommend including this 
parameter into the determination of energy intake. However, since oral caloric intake may be quite 
low for the PD patient [73], calories from dextrose may be considered “bonus” calories. In contrast, 
if a child is gaining significant weight while receiving PD with the regular use of hypertonic dialysis 
solutions, calories received from glucose should be considered as a possible source of energy and the 
dietary intake may require modification.

 Protein

A positive nitrogen balance is important to support growth and prevent catabolism in pediatric CKD 
patients. However, in the patient with advanced CKD, free access to dietary protein must be modified 
because of the phosphorus load that accompanies the protein. On average, the dietary protein intake 
for oral eaters, especially for the youngest ages (≤3 years), exceeds Dietary Reference Intakes (DRIs) 
for healthy children [69]. At the same time, there is no documented benefit of reducing protein intake 
to slow the progression of CKD in children. In addition, low protein diets may interfere with nutri-
tional status and growth in the pediatric population. Therefore, the aim of nutritional management is 
to avoid excessive protein intake in order to minimize the risk of uremia. Protein of high biological 
value is encouraged because it minimizes urea production by reusing circulating nonessential amino 
acids (AAs) for protein maintenance.

For predialysis children and adolescents, the KDOQI guidelines recommend limiting dietary pro-
tein intake to no more than 140% of the DRI for age for stage 3 CKD (30–59 ml/min/1.73 m2), and 
120% of the DRI for stage 4 and 5 CKD (<30 ml/min/1.73 m2). This may aid in the minimization of 
uremic symptoms and limit excess phosphorus intake. However, to ensure adequate growth and palat-
ability of the diet, at least 100% of the DRI for age should be recommended [1]. Dietary protein rec-
ommendations for children on dialysis are 100% of the age-appropriate DRI plus 0.1 g/kg/d for HD 
patients and 0.2–0.3 g/kg/d for PD patients to account for dialysis-related losses. For patients on PD, 
protein requirements are highest on a g/kg basis for infants and toddlers, because protein losses are 
inversely related to body weight and peritoneal surface area [1].

Noteworthy is the fact that the Food and Nutrition Board revised DRI guidelines for protein intake 
in 2002. These recommendations, which are lower than the previous Recommended Dietary 
Allowances (RDA), were used to develop the 2008 KDOQI nutrition update [1]. However, and as 
noted above, the KDOQI references (Table 20.4) should be used as a minimum starting point with 
individualized recommendations contingent upon patient-specific clinical and biochemical 
follow-up.

A number of additional issues need to be taken into consideration when addressing the patient’s 
protein requirements. Protein needs may be overestimated using the DRI based on weight in obese 
patients or underestimated in small or malnourished children and adolescents. Obese children have a 
higher amount of adipose tissue and thus protein needs based on lean tissue may be less than the 
patient’s actual weight would indicate. Common practice allows for the use of an adjusted body 
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weight (ABW) as a weight-based number to calculate dietary protein needs in the obese pediatric 
patient. The formula used to calculate ABW is as follows:

actual weight ideal weight ideal body weight-( )´ +éë ùû25%

Likewise, small children may have a higher proportion of lean tissue and clinical judgment should 
be used in assessing protein needs. Wasted children may need additional protein to account for catabo-
lism [1]. Protein requirements may also be increased in patients with proteinuria, acidosis, peritonitis, 
high peritoneal membrane transport status and longer dialysis times, or in those patients who are 
receiving glucocorticoids. It may be useful to trend blood urea nitrogen (BUN) values to determine if 
protein intake is adequate [72, 74].

Although some children may have inadequate protein intake, such as vegetarians or especially 
vegans, or children with anorexia and overall poor intake, the majority of children will meet dietary 
protein needs. Counseling to increase specific sources of protein and/or calorie intake may need to be 
considered in these cases. Larger and taller children may have difficulty meeting protein needs while 
limiting dietary phosphorus intake; high-quality proteins should be encouraged in these instances. 
Young children receiving enteral formulas, especially those receiving peritoneal dialysis, may need 
protein supplementation in the form of protein modulars added to the formula.

 Carbohydrates, Fats, and Lipid Management

The macronutrients that comprise total energy intake should be within the acceptable macronutrient 
distribution range (AMDR) that is recommended by the IOM [11]. Additionally, the American 
Academy of Pediatrics (AAP) recommends that children aged four and older with dyslipidemia limit 
total fat to <30% of calories, saturated fat to 7–10% of calories, and cholesterol to <300 mg/day [75]. 
These recommendations are especially pertinent for the pediatric patient with CKD, since 39–65% 
have evidence of dyslipidemia [76]. Dyslipidemia often presents with CKD Stages 3–5 [77, 78] or as 
an adverse effect of immunosuppressant therapy posttransplant [41]. Hypertriglyceridemia is the most 
common lipid disorder, and it is often accompanied by abnormalities of very-low-density lipoproteins 
(VLDL), low-density lipoproteins (LDL), and total cholesterol, and low levels of high-density lipo-
proteins (HDL). Factors which may contribute to the development of dyslipidemia include a reduced 
ability of HDL to carry cholesterol to the liver, functional abnormalities of LDL, nephrotic syndrome, 
and insulin resistance.

Table 20.4 Recommended dietary protein intake (DRI) in children with CKD Stages 3–5 and 5D

Recommended for 
CKD stage 3

Recommended for CKD 
stages 4–5

DRI (g/kg/d) (g/kg/d) Recommended 
for HD

Recommended 
for PD

Age (g/kg/d)a (100–140% DRI) (100–120% DRI) (g/kg/d)a (g/kg/d)b

0–6 months 1.5 1.5–2.1 1.5–1.8 1.6 1.8
7–12 months

1–3 years

1.2

1.05

1.2–1.7

1.05–1.5

1.2–1.5

1.05–1.25

1.3

1.15

1.5

1.3
4–13 years 0.95 1.05–1.5 1.05–1.25 1.15 1.3
14–18 years 0.85 0.85–1.2 0.85–1.05 0.95 1

Reprinted with permission from National Kidney Foundation [1]
Abbreviations: CKD chronic kidney disease, HD hemodialysis, PD peritoneal dialysis
aDRI 0.1 g/kg/d to compensate for dialytic losses
bDRI 0.15–0.3 g/kg/d depending on the patient’s age to compensate for peritoneal losses
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In terms of management, glucose calories absorbed from peritoneal dialysis solutions may increase 
the percentage of caloric intake from carbohydrate sources and should be assessed when counseling 
patients on total percentage of macronutrient intake. In nonmalnourished/wasted children, an increase 
in fiber, focusing on complex carbohydrates and limited added sugar intake, is recommended [1, 75]. 
If carbohydrate and fat modulars are used to increase the caloric content of formulas or supplements, 
it should be done proportionately to maintain an appropriate ratio within the AMDR. Use of “heart 
healthy” oils such as canola, olive, or peanut oils can be promoted to replace other saturated or trans 
fats in the diet and increase monounsaturated fat intake [79].

The Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for Lipid 
Management in Chronic Kidney Disease [80] recommends obtaining an initial and annual lipid panel 
for children with CKD and transplant. The guidelines also recommend the use of lifestyle changes to 
treat dyslipidemia as opposed to medication, citing concerns about lifetime medication accumulation 
and unknown effects on growth. Most lipid-reducing medications are not indicated for children 
younger than 10 years of age [76, 80]. Simple changes can be made to reduce saturated fat intake and 
increase healthy fats, and replace simple carbohydrates with complex carbohydrates without tightly 
restricting the diet. Physical activity should also be encouraged for all types of dyslipidemias [75].

See Table 20.5 for a summary of macronutrient needs for pediatric CKD.

 Vitamins and Minerals

Adequacy of vitamin and mineral intake is important for growth and overall health. Vitamin and min-
eral supplementation recommendations in pediatric CKD patients are, however, complicated by the 
lack of substantial research on the subject. Although one small study [81] that looked at various B 
vitamin intakes in children on dialysis found the majority of children had adequate intakes and high 
serum levels, other studies documented water-soluble vitamin intake below recommendations [82, 
83]. A more recent study of children receiving dialysis and who were prescribed a standard water- 
soluble “renal” vitamin found that serum levels of vitamins or minerals could be high, normal, or low 

Table 20.5 Macronutrient needs for children with CKD

Stage 3 CKD Stages 4–5 CKD Hemodialysis Peritoneal dialysis

Energy EER for age or height age
Protein 100–140% of 

DRI
100–120% of DRI g/kg/d

0–6 months: 1.6
71–2 months: 1.3
1–3 years: 1.15
4–13 years: 1.05
4–18 years: 0.95

g/kg/d
0–6 months: 1.8
7–12 months: 1.5
1–3 years: 1.3
4–13 years: 1.1
4–18 years: 1.0

Fat AMDR:
Age 1–3: 
30–40% of 
calories
Age 4–18: 
25–35% of 
calories

Stage 5: <30% of 
calories;
<7% of calories from 
saturated fat, avoid 
trans fat

<30% of calories;
<7% of calories from saturated fat, avoid trans fat

Carbohydrate AMDR: 45–65% of calories AMDR: 45–65% of calories, ensure 
oral calories + calories from PD do 
not exceed AMDR

Data from National Kidney Foundation [1]
Abbreviations: CKD chronic kidney disease, EER estimated energy requirement, DRI dietary reference intake, AMDR 
acceptable macronutrient range
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[84]. Fat-soluble vitamins A and E were elevated, which might be expected, but folate and vitamin 
B12, both typically in a water-soluble supplement, were often elevated. However, in some patients, 
folate levels and select minerals such as zinc, copper, and selenium were depressed. This exemplifies 
the fact that there are many variables that influence vitamin and mineral status, and an individual’s 
needs and circumstances must always be taken into consideration. Other factors that may be influen-
tial in vitamin and mineral needs include treatment modality or CKD stage (e.g., predialysis, HD, PD, 
or transplant), the frequency and amount of dialysis, PD membrane transport status, use of certain 
medications (e.g., increased iron requirements if receiving erythropoietin therapy), and age.

Since the amount or variety of dietary intake may be limited by anorexia or dietary restrictions, the 
dietitian/clinician must carefully assess a patient’s intake for risk of vitamin and mineral deficiencies. 
The KDOQI pediatric nutrition guidelines recommend a daily vitamin supplement for children on 
dialysis, emphasizing adequacy of water-soluble vitamin intake as there is likely minimal harm asso-
ciated with additional or even excess water-soluble vitamins and a greater risk for inadequate intake 
[1]. A renal-formulated vitamin most likely meets these needs. Although there are no known marketed 
pediatric renal vitamins in North America, liquid “adult” renal vitamins can be titrated to more closely 
meet the DRIs of young children. Adolescents typically have similar water-soluble vitamin needs to 
adult patients and can take similar vitamin supplements. Providing a supplement that delivers a quan-
tity that is at or slightly above the DRI for age should be the aim.

Although there is minimal concern with most of the B vitamins, caution regarding excess vitamin 
C intake is warranted, given the associated kidney stone risk [85]. Vitamin C is frequently lost through 
dialysis, and so adequacy of intake should be ensured.

KDOQI recommends meeting the DRI for all vitamins and minerals with the exclusion of phos-
phorus, potassium, and sodium; however, supplementation of fat-soluble vitamins is generally avoided 
unless there is a clear need, as blood levels are typically normal or elevated [82]. Children and adults 
on dialysis have both been found to exhibit elevated levels of serum retinol, retinol-binding protein, 
and transthyretin [86, 87]. Recently, Manichkavasagar et al. demonstrated that serum retinol levels 
were elevated in 77% of children with CKD, as early as stage 2 [87]. Levels were elevated even in 
patients with intakes below national recommendations. Importantly, vitamin A metabolites reduced 
osteoblastic action and increased osteoclastic action, allowing for the release of calcium from the 
bones and hypercalcemia. Joyce et al. also found that 94% of dialysis patients had elevated retinol 
levels [84]. Although little may be able to be done to modify vitamin A intake in oral eaters, children 
who receive formula can have alterations to reduce vitamin A intake including the addition of formu-
las low in vitamin A content. As a result of the influence of vitamin A on serum calcium status, it is 
recommended to assess serum retinol levels in children with hypercalcemia of unknown etiology [87].

There is some question about whether vitamin E has a role in improving the management of ane-
mia in CKD through a reduction in oxidative stress [88]. However, there is insufficient evidence at this 
time to routinely recommend supplementation, especially since Joyce et al. also found that 87% of 
dialysis patients have elevated vitamin E levels [84].

Specific attention should be given to the assessment of nutritional vitamin D (25(OH)D3) status. 
Vitamin D insufficiency is common in the healthy pediatric population [89]. To prevent the risk of 
rickets and to support the role of vitamin D in a number of physiologic activities, the AAP recom-
mends that all infants, children, and adolescents receive at least 400 IU of vitamin D daily, which is 
an increase from the previous recommendation of 200 IU daily [89]. Major health organizations in 
both the United States and Canada recommend vitamin D supplementation for all exclusively breast-
fed infants, especially those with dark skin, limited sunlight availability or exposure, and vitamin 
D-deficient mothers [89–91]. Importantly, children with all stages of CKD [92–94] are at greater risk 
than the general population for vitamin D insufficiency (<30 ng/mL) and deficiency (<20 ng/mL) 
[92]. Moreover, low levels of 25 (OH) 3 have been seen in the majority of patients with advanced 
CKD or on dialysis [92, 94, 95]. It appears that the prevalence of low nutritional vitamin D levels has 
increased in recent years because children with CKD may be less physically active and more likely to 
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spend time inside, and those children on dialysis may be even further limited. Children with CKD 
have reduced endogenous synthesis in the skin, reduced production in the liver, and loss of vitamin 
D-binding proteins in the urine and through PD losses [92, 93].

Children with CKD are frequently prescribed 1,25 dihydroxyvitamin D (calcitriol) because of the 
reduced capacity of the diseased kidney to convert 25-hydroxyvitamin D (ergocalciferol or cholecal-
ciferol) to the active form. It has been well documented and long known that bone metabolism and 
growth concerns arise if 1,25 dihydroxyvitamin D is not provided [1, 92]. However, it is important to 
recognize that not only is the generation of activated vitamin D a substrate-dependent process in 
patients with CKD that is dependent upon adequate levels of 25(OH)D3, but that 25(OH)D3 itself 
likely plays an important role. In patients with CKD, research has shown links to immune function, 
prevention of malignancy, and cardiac function, irrespective of the provision of activated vitamin D 
[92, 93, 95]. There is now evidence that maintenance of a 25(OH)D3-replete state may have a role in 
lowering parathyroid hormone (PTH) levels in children with CKD [92, 95]. The recent Clinical 
Practice Recommendations for Native Vitamin D Therapy in Children with Chronic Kidney Disease 
Stages 2–5 and on Dialysis recommend monitoring 25(OH)D3 levels every 6–12 months, and if low, 
intervening and rechecking the level after 3 months of therapy [92]. Intensive therapy is recommended 
initially, based on the initial serum level and age, with a lower maintenance dose recommended after 
repletion; this is considered a first-line therapy for secondary hyperparathyroidism.

Recommendations for treatment are based on age and severity of deficiency, and stratified by inten-
sive replacement phase and maintenance phase. Children younger than 1 year of age are to be repleted 
with 600 IU/day with a maintenance dose of 400 IU daily. Those older than one may be repleted with 
2000–8000 IU, depending on severity of depletion and then should continue on a maintenance dose 
of 1000–2000 IU daily depending on stage of CKD [92]. Refer to Chap. 33 for further discussion of 
micronutrients in the general CKD population. Table 20.6 summarizes micronutrient needs.

It is well known that anemia is common in CKD, but the role of iron and therapies for the manage-
ment of anemia in pediatric patients with CKD is beyond the scope of this chapter.

 Sodium

The specific approach to be used for sodium management is very much dependent upon the clinical 
status of the patient. Restriction of dietary sodium is appropriate for children with CKD who experi-
ence salt and water retention and associated hypertension. This is particularly important as CVD is the 
most frequent cause of mortality in children and adults with ESKD. In contrast, it is not appropriate 
to restrict salt for children with salt-wasting syndromes such as obstructive uropathy, renal dysplasia, 
or renal tubular disease. In addition, infants receiving PD may require sodium supplementation to 
prevent sodium depletion, a decrease in extracellular volume, and impaired growth [18, 96]. In fact, 

Table 20.6 Micronutrient needs for children with CKD

Predialysis CKD Dialysis

Water-soluble 
vitamins

Supplement if assessment of intake indicates deficiency Supplement 
recommended

Fat-soluble 
vitamins

Avoid vitamin A supplementation, vitamin E and K at DRI, assess and supplement 1, 25 
dihydroxyvitamin D and 25-hydroxyvitamin D as needed

Trace minerals Assess and supplement copper, selenium, and zinc as needed; limit heavy metals
Calcium 100–200% DRI
Phosphorus 100% DRI if PTH at target, 80% DRI if PTH elevated 80% DRI

Data from National Kidney Foundation[1] and Manichkavasagar et al. [87]
Abbreviations: CKD chronic kidney disease, DRI dietary reference intake, PTH parathyroid hormone
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failure to provide adequate supplemental salt to young patients receiving PD has been associated with 
severe cerebrovascular complications [1]. The need for sodium supplementation for patients with a 
salt-losing disorder typically decreases with age as the common western high sodium diet provides 
more than adequate intake. These children may actually develop hypertension that would benefit from 
sodium restriction.

Newly updated in 2019, the Dietary Reference Intakes for Sodium and Potassium [97] recom-
mend an AI of 800–1500 mg for children age 1 and older, depending on the age of the child or ado-
lescent and a Chronic Disease Risk Reduction (CDRR) intake of no more than 1200–2300 mg, also 
depending on the age, while the KDOQI nutrition guidelines recommend 1500–2400 mg/day, based 
on the DRI Upper Tolerable Limit (UL) for age. Restaurant meals and salt added by manufacturers 
provide 75% of the daily sodium intake of most people living in North America [98]. Data from the 
CKiD study indicates that children with CKD actually consume significantly more sodium than 
recommended [69]. Of the 658 children included in the study, all age groups exceeded recommended 
sodium intake with an average daily intake of 3089 mg; 25% of the adolescent population (age 
14–18 years) consumed more than 5150 mg of sodium daily. The largest source of dietary sodium in 
the CKiD population was fast food. Limiting processed foods and teaching label reading are, in turn, 
two important issues a clinician/dietitian should address with patients/parents with respect to sodium 
intake [69].

Significant pressure from social groups, the lack of available lower sodium foods, and palatability 
may make these sodium goals difficult to achieve, especially for many adolescents. Diet liberaliza-
tion, within reason and within the constraints of maintaining appropriate blood pressure, may allow 
for improved nutritional adequacy. Homemade baby foods prepared from fresh ingredients are lower 
in sodium, and commercial baby foods also do not contain added salt. Lunch ideas should be dis-
cussed, especially for children who eat at school. Salt substitutes are contraindicated in children with 
hyperkalemia, because manufacturers’ use potassium chloride to replace some or all of the sodium 
chloride in some food products.

 Potassium

Dietary potassium must be restricted for many children with advanced CKD. The need to restrict 
potassium usually correlates with the severity of CKD, with many children not requiring a restriction 
of dietary potassium until they are near or reach the need for renal replacement therapy [1]. Data from 
the CKiD study has revealed that only 7% of children predialysis had elevated potassium levels and 
that, on average, the dietary intake of potassium was less than recommended for healthy children [69]. 
However, infants and toddlers with CKD often have congenital disorders, such as renal dysplasia or 
obstructive uropathies, that increase the risk for hyperkalemia. Thus, this population may need special 
care and recommendations for limiting potassium [1]. Infants with these disorders should be provided 
a low potassium containing formula such as Similac PM 60/40® (Abbott Nutrition, Columbus, Ohio). 
In addition, the need for potassium restriction may be hastened when certain medications, such as 
angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs), are pre-
scribed [99].

Persistence of elevated potassium levels may require further intervention. Ion-exchange resins 
(e.g., sodium polystyrene sulfonate (SPS), calcium polystyrene sulfonate) can be used to reduce 
potassium content of enteral beverages. Although no official protocol has been established, most cen-
ters typically recommend decanting formula or other beverages if appropriate, for a half hour or less 
[100]. Originally, it was recommended to add 1 g of SPS to the formula per mEq of potassium in the 
formula. However, in practice, many clinicians start more conservatively at half this amount. The 
formula is shaken and refrigerated, and after the allotted time, the formula is decanted and a minimal 
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amount of formula containing the bound potassium residue is discarded [101]. The amount of SPS 
used should be individualized based on the patient’s lab values. However, SPS is not a benign medica-
tion. Oral and rectal administration has been associated with multiple side effects including gastroin-
testinal distress, vomiting and diarrhea and, more severely, bowel necrosis. Formulas treated with SPS 
may also contribute to alterations of other nutrients, including increased iron, sulfur and pH, and 
lowered calcium, phosphorus, magnesium, zinc, copper, and manganese [102]. As the ion exchange 
process by which SPS removes potassium replaces it with sodium, a greatly increased sodium content 
of the formula can be a by-product. It is difficult to know exactly what quantity of nutrients will be 
present in a formula that has been treated with SPS and it is, in turn, difficult to monitor micronutrient 
intakes in children receiving treated formula. A recent study also showed severe biochemical derange-
ments in the children who receive treated formula, including severely low serum potassium levels 
[103]. An alternative to using an exchange resin is the use of formulas that are designed to be espe-
cially low in key nutrients such as potassium. These products are not intended for sole source nutrition 
and can be used as a supplement to an oral diet, or be mixed with another formula to titrate individual 
nutrient levels [104].

Once the infant starts taking additional oral food, caregivers can be advised to offer low potassium 
choices and limit high potassium foods, including several fruits and vegetables. Of course, use of a 
very low potassium formula as a supplement to oral intake may allow for more freedom in oral diet 
choices for the toddler. These nonsole source products work well for greater solid food variety and 
allow for some higher potassium items.

While older children with mild-to-moderate CKD may not need a tight dietary potassium restric-
tion, children receiving hemodialysis, irrespective of the primary cause of kidney failure, will typi-
cally need to limit high potassium foods including milk, yogurt, bananas, cantaloupe, tomato and 
potato products, and potassium-fortified foods. Children receiving PD may, on the other hand, not 
need a restriction or as tight of a restriction and, in some instances, may require supplementation. This 
is in part dependent upon the peritoneal membrane transport status, with high transporters often losing 
large amounts of potassium across the peritoneal membrane [1].

There are no clear guidelines on how much dietary potassium is appropriate for pediatric CKD 
patients. The adult guideline recommendation of 2400 mg/day may be extrapolated to <30–40 mg/
kg/d or 0.8–1 mmol/kg/d. For infants and toddlers, 1–3 mmol/kg/d may be a reasonable starting place 
[1]. It is important to remember that there may be nondietary causes of hyperkalemia, including con-
stipation, acidosis, inflammation, catabolism/starvation, elevated glucose levels, suboptimal dialysis 
adequacy, increased HD potassium bath, increased activity, and medications [99]. All of these issues, 
including dietary intake, should be considered when addressing/correcting hyperkalemia.

Table 20.7 summarizes electrolyte and fluid needs.

Table 20.7 Electrolyte and fluid needs for children with CKD

Predialysis CKD Hemodialysis Peritoneal dialysis

Sodium Limit to DRI (upper tolerable limit) if hypertensive; if polyuric, 
consider supplementation

Supplementation to be considered for 
all infants
Limit to DRI (upper tolerable limit) 
if hypertensive; if polyuric, consider 
supplementation

Potassium If at risk for hyperkalemia:
Infants and young children: 1–3 mmol/kg/d
Older children: 0.8–1 mmol/kg/d

High transporters may need 
supplement; low transporters’ needs 
similar to HD patients

Fluid Typically unrestricted 
unless edematous; 
supplement if polyuric

Supplement if polyuric
If oliguric: fluid restriction = insensible fluid losses + urine output + 
additional losses (i.e.,  vomiting, diarrhea) – amount to be deficited

Data from National Kidney Foundation [1]
Abbreviations: CKD chronic kidney disease, DRI dietary reference intake, HD hemodialysis
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 Phosphorus and Calcium

The incidence of renal bone disease is higher in children compared to adults due to high bone turnover 
in the growing skeleton. To prevent growth failure as well as CVD associated with poor calcium- 
phosphorus balance, so-called CKD-mineral bone disorder (CKD-MBD), the achievement of target 
values for calcium (Ca++), phosphorus (PO4), and PTH is extremely important.

The KDOQI Bone Guidelines for Children with CKD [105] previously made recommendations for 
the strict control of serum PTH levels and the Ca × PO4 product, including a PTH goal of 200–300 
pg/mL for patients receiving dialysis. The KDIGO bone guidelines allow greater variance with PTH 
targets, recommending 2–9 times normal values in pediatric ESKD, although there is virtually no 
evidence supporting the use of values on the high end of the recommended range [21]. Data from the 
IPPN suggested that a iPTH value of 1.7–3 times normal range (approximately 100–200 pg/mL) may 
be a better target [106]. However, the latest KDIGO update stressed the importance of including cal-
cium and alkaline phosphatase in the evaluation of bone metabolism, as well as trending PTH values 
since a single value may be spurious. It also recommends evaluation as early as CKD stage 2 [107].

Maximum dietary phosphorus intake and intake of calcium from calcium-containing phosphorus 
binders and diet are also outlined in the KDOQI bone guidelines because of their importance in bone 
management [105]. It is recommended to limit dietary phosphorus intake to the DRI if iPTH values 
are elevated and to 80% of the DRI if serum phosphorus levels are elevated in patients with 
CKD. Eighty percent of the DRI for age is appropriate for all pediatric dialysis patients [21]. An 
intake below 500 mg of phosphorus in any age group, however, may not be compatible with adequate 
oral intake for those who consume all their calories from food as opposed to tube feedings or formu-
las. Current recommendations from the KDOQI nutrition guidelines indicate that serum phosphorus 
levels should ideally be normal for age. However, some evidence discourages overrestriction of 
dietary phosphorus [108], given the associated possibility for PEW. This would support the previ-
ously published KDOQI bone guidelines allowing for serum phosphorus in the range of 3.5–5.5 mg/
dL for adolescents and 4–6 mg/dL for younger children on dialysis, which is slightly higher than 
normal values. Normal serum phosphorus levels for age for patients with CKD stages 1–4 are also 
recommended by the KDOQI pediatric bone guidelines [105]. A lower serum phosphorus level may 
be more attainable in those with residual renal output as opposed to children who are anuric or 
severely oliguric. The 2017 KDIGO guidelines recommend “lowering phosphorus toward a normal 
range,” which acknowledges that it may be more realistic for some patients to achieve a normal 
serum phosphorus value than others [107].

Many factors such as urine output, amount of dialysis, type of dialysis, and membrane transport 
characteristics influence phosphorus management. Traditional peritoneal dialysis or thrice weekly 
hemodialysis provides limited phosphorus removal. Patients with residual kidney function and 
patients on PD who are high transporters also tend to have lower serum phosphorus levels [109]. 
Children receiving more frequent dialysis, especially nocturnal dialysis, may require little or no bind-
ers and in some cases may actually have to supplement phosphorus [17, 22].

Recommendations for dietary counseling to control phosphorus intake are moving away from the 
traditional food lists of “good” and “bad” food choices and focusing more on the limitation of pro-
cessed foods and phosphate additives. It is prudent to limit dairy and meat intake within the bounds of 
adequate protein intake, as these are naturally rich sources of phosphorus as well. In a typical mixed- 
food diet comprised of natural foods, about 60% of phosphorus is absorbed. However, nearly 100% 
of phosphorus is absorbed from processed foods in which phosphate additives have been used in the 
manufacturing process. Without changing protein or calcium content, it may be possible for the ado-
lescent to consume an extra 1000 mg of phosphorus in the diet, by only including more processed 
versus natural foods [110]. One of the most challenging aspects of phosphorus-related counseling for 
children and families with CKD is that phosphorus may be difficult to detect. Phosphorus is  abbreviated 

C. L. Nelms and B. A. Warady



377

in many different additive forms and many standard nutrient databases underestimate the phosphorus 
content of food due to an increased use of these additives in the last decade [111]. This is of particular 
concern as the typical adolescent diet may be comprised of many of these items such as colas, fast 
food, and convenience quick-cooking products.

Because children on formula often have controlled phosphorus intake and are typically placed on a 
low phosphate formula, or optimally are breastfed, hyperphosphatemia is most often not a concern in 
these children. Similac PM 60/40® is the only infant formula designed specifically for pediatric CKD 
patients that is currently available in the United States. Renastart® (Vitaflo, Alexandria VA) in the 
United States and Nephea Kid® in Canada (Meta X, Hamburg, Germany) are pediatric renal formulas 
designed to be mixed with other formulas to lower select nutrients such as phosphorus and potassium. 
However, if electrolyte balance allows, a general infant formula that has a lower phosphorus content 
may work as well, especially in earlier stages of CKD. Other formulas designed for older children may 
also be an option (see discussion in Infants section). Typically, the choice of a low phosphorus formula 
is continued beyond 1 year of age to delay introducing phosphorus-rich cow’s milk.

The provision of adequate dietary protein within the constraints of a phosphorus limitation can be 
difficult given that protein-rich foods are typically good sources of phosphorus. Because of the 
increased use of phosphate additives, especially in many animal products, the “typical American” diet 
today is higher in phosphorus than it was in past decades. In the case of a nondialysis patient with 
CKD, who does not need additional high-biological value protein to cover dialysis losses, there is new 
evidence that a vegetarian diet may be appropriate [112]. Although this study included adults, many 
pediatric clinicians have reported improved phosphorus values with a more plant-based diet. As a 
result of the phytate content of legumes and nuts, which binds some phosphorus, a well-planned, 
natural-food-based vegetarian diet may actually be lower in phosphorus than the traditionally pre-
scribed diet that limits high-phosphorus legumes and nuts. Additionally, a natural-based vegetarian 
diet may provide other benefits such as increased fiber and reduced saturated fat that may be important 
in modifying the cardiovascular milieu associated with CKD.

Education of the pediatric patient and his/her family about the reasons and methods for dietary 
phosphorus restriction and the impact on patient outcome is important. The “renal diet” is not easy to 
comply with and may be particularly challenging for the pediatric patient whose normal diet is exceed-
ingly high in phosphorus. In some cases, a patient’s family may have social or cultural barriers that 
also influence the ability to achieve the necessary dietary management. The experiences of one center 
suggests that intensified diet education, using many different learning styles and tools, may be impor-
tant for understanding the diet and improved phosphorus levels [113].

Successful individualization of the low phosphorus diet also requires attention to adherence. 
Preferences of the child should be considered when attempting to increase intake and include as many 
favorite foods as possible: within dietary limits to manage electrolyte and other laboratory values. At 
the same time, the calorie to phosphorus ratio should be considered to maximize total nutrient intake, 
especially for those who struggle with weight gain or adequate rate of weight gain. Timing of meals 
and amount consumed at mealtimes should also be assessed, especially when prescribing a binder 
regimen. Popular phosphorus binders available include calcium carbonate, calcium acetate (Phoslo® 
or Phoslyra®), sevelamer carbonate (Renvela®), and sevelamer acetate (Renagel®). Sevelamer car-
bonate and acetate are noncalcium options for pediatric patients, and there is limited experience on the 
use of pretreated beverages (such as formula) with sevelamer to lower the phosphorus content [114]. 
The KDOQI guidelines [1] indicate that calcium-based binders should be the first choice for infants 
and young children; however, noncalcium-based binders may be used if hypercalcemia is a concern 
[105, 107].

There is evidence that self-monitoring in the pediatric population is beneficial to phosphorus con-
trol. Teaching patients to adjust the phosphorus binder dose to the amount of phosphorus consumed 
at a meal or snack has also been shown to not only empower the pediatric patient, but to also lead to 
improved phosphorus levels [115].
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When considering calcium needs, a clinician must balance the need for adequacy of intake for bone 
mineralization and growth versus the concern for excess intake and the subsequent development of 
adynamic bone disease or cardiac calcification. High doses of active vitamin D may contribute to 
increased intestinal calcium absorption [1]. The KDOQI guidelines recommend that calcium intake 
for children and adolescents should be between 100% and 200% of the DRI for age from dietary 
intake and calcium binders or supplements combined [1]. However, calcium intake may need to be 
further adjusted if the patient is hypo- or hypercalcemic. A calcium supplement, given away from 
meals and not more than 500 mg at a time for best absorption, may be appropriate if the patient is not 
meeting the DRI for age or is hypocalcemic [105]. Calcium intake may also be low due to dietary 
restrictions, reduced intestinal absorption due to low levels of 1,25-(OH)2 D, or poor appetite and 
intake [1].

 Fluid

Fluid needs can vary for the child with CKD and who is receiving dialysis. Children whose primary 
kidney disorder is characterized by polyuria will often require a substantial fluid intake to prevent 
dehydration in the setting of mild-to-moderate CKD [1]. Supplementation of fluid via enteral formula 
or as free water may be necessary, with careful monitoring of electrolyte needs. Regular assessment 
of hydration via laboratory assessment or physical appearance is important. In contrast to the nonoli-
guric patient, children who have limited urine output or who are anuric often need fluid restriction, 
especially if they are edematous or have hypertension. An assessment of 24-hour urine output and 
other losses (such as diarrhea or emesis, insensible losses), as well as ultrafiltration capacity/fluid 
removal for those patients on dialysis, helps determine the most appropriate fluid allowance [1]. Foods 
that contain fluid may need to be evaluated or restricted if fluid intake continues to be excessive, even 
after counseling. When fluid restriction is required, families should be taught that food that is liquid 
at room temperature contains water and must be counted as part of the daily fluid allotment. Sucking 
on crushed ice, chewing gum, or enjoying a frozen piece of fruit may aid with the dry mouth that many 
patients experience. Limiting sodium intake is also very important as ingested sodium increases thirst.

 Age-Related Intervention and Monitoring

 Infants and Toddlers (Ages 0–3 Years)

Infants and toddlers with CKD may demand much of the clinicians’ time and resources. Growth and 
associated cognitive development are most active during the first few years of life. Consequently, 
growth, biochemical profiles, and adequacy of intake must be monitored closely during this time. One 
dialysis center has reported that dietetic contacts were needed twice as frequently for the care of chil-
dren younger than age 5 compared to those aged 5 and older, indicating that younger children require 
more close monitoring, intervention, and clinician time than older children [116].

Most infants with CKD are satisfied with small volumes of oral feedings and often have slow or no 
progression through the normal stages of acquired oral feeding skills, thus often having inadequate 
intake or intake that is not age-appropriate. Use of gastrostomy feeding tubes is preferred to nasogas-
tric tubes for long-term use, and they are often necessary as most children with advanced CKD are 
unable to spontaneously take adequate caloric intake [117]. However, growth and weight gain should 
be carefully monitored to prevent overfeeding and development of obesity, since IPPN data suggest 
that gastrostomies are a risk factor for obesity [38]. Obesity is also a risk factor for mortality in young 
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children [38]. Advanced stages of CKD are commonly associated with feeding problems. Children 
with a history of invasive medical procedures (e.g., intubation, tube feeding, suctioning) around their 
mouth or nose may also have aversions to stimulation around those areas, which may preclude ade-
quate food and fluid intake. Some children may be able to take formula or even pureed baby foods, 
but they are unable to advance textures. This scenario can be especially common in young children 
with CKD, since many have spent time in the Neonatal Intensive Care Unit (NICU) soon after birth. 
Involvement of the speech language pathologist, occupational therapist, or behavioral feeding thera-
pist may aid with the advancement of oral feeding [118, 119]. In the absence of these specialists, the 
clinician should still encourage oral stimulation. Children with advanced CKD who receive appropri-
ate oral stimulation and attempts with feeding, even if unsuccessful in infancy, are more likely to be 
able to quickly advance to an oral diet posttransplant or in later childhood [120]. Gentle, positive 
touches around the mouth and face, caregiver kisses, and nonnutritive sucking (e.g., pacifier) can all 
promote positive oral-nasal stimuli. Working through specific problems, such as adjusting nipple size 
or flow, external pacing, dipping a pacifier in baby foods, and other techniques, is an easy intervention 
to encourage. It is important to introduce solids and advance textures at age-appropriate times, to 
prevent further delays, unless there is a medical contraindication to do so [119].

Renal-specific or renal-associated gastrointestinal problems are another barrier for adequate oral 
intake and solid food intake. Gastroesophageal reflux disease is present in over 70% of children with 
CKD [121], and emesis, delayed gastric emptying, and abnormal stooling patterns are additional com-
mon problems [122, 123]. Uremia, taste changes, and decreased appetite are renal-specific challenges 
[71]. Up to a third of the feeding may also be lost through emesis [124]. Techniques to reduce losses 
such as changing the timing, rate or amounts of feeds, use of medications, and optimizing dialysis to 
reduce uremia are options to pursue. Fundoplication or gastro-jejunal feeding may be used in extreme 
cases [121–123].

Breastmilk is ideal for infants and young children with CKD because of its bioavailability, whey 
content, easy digestibility, and low mineral and electrolyte content. Whey proteins may aid with reflux 
and gastric emptying symptomology [125, 126]. Breastmilk and other products high in whey content 
are naturally low in aluminum. Aluminum toxicity, especially in the long term, is a concern for per-
sons with CKD [126]. While feeding at the breast, or pumped breastmilk, is ideal and should be sup-
ported by the clinician, receipt of breastmilk may not be realistic for all infants with CKD. Maternal 
stressors, which may reduce milk supply, such as the emotions related to having a child with a chronic 
illness, are reasons that breastmilk may not be available, or at least not available in adequate amounts. 
Additionally, the infant may not be able to feed at the breast due to poor suck, naso-oral medical 
devices, or related effects from prematurity. A motivated mother should consult a lactation specialist 
early and often to overcome these barriers to breastfeeding; however, supplementing or fortifying 
breastmilk may be necessary if there is inadequate volume or if the child is unlikely to take enough 
volume to meet caloric needs.

If formula is used, the product should meet the nutritional needs of the individual child. Sometimes 
more than one product may need to be used to provide for specific needs, or medications such as 
sodium chloride, sodium bicarbonate, or phosphate supplements may be used to fill nutritional gaps 
in sodium or phosphorus intake that may be limited in the formula. Usually, a low potassium formula 
and often a low phosphorus formula are necessary. Sodium supplementation is often necessary for 
children with renal tubular disorders, although sodium limitation is more commonly necessary for the 
child who does not have a sodium-losing condition and who is hypertensive. As noted previously, the 
infant renal formula Similac PM 60/40® is often used as a base formula with modular or other prod-
ucts added to it. Pediatric renal formulas designed to modulate other products, including Renastart® 
or Nephea Kid®, are becoming increasingly popular. Not sole-source nutrition, these can be added to 
other renal products or regular formulas. These products are also higher in sodium than Similac PM 
60/40® and their addition can help supplement sodium when necessary, as well as reduce acid load 
and potassium [127].
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On occasion, “adult” renal products, such as Suplena (Abbott Nutrition, Columbus OH), have 
been diluted and provided to infants to control potassium levels [128]. However, some components 
of the micronutrient profile may be undesirable for the pediatric population. Adding fat and carbo-
hydrate modulars to formula or breastmilk to increase calorie content with a minimal increase in 
renal solute and mineral load may be more desirable. The use of protein modulars may also help 
achieve protein needs, especially in the case of the infant on peritoneal dialysis. Although formulas 
not designed to meet renal needs (e.g., soy formulas) may be considered depending on the patients’ 
biochemical profile and stage of CKD, the long-term effects of the increased aluminum, vitamin A, 
and other mineral load inherent in these formulas generally make their selection less desirable as an 
option. Soy and elemental formulas are high in phosphorus, potassium, and aluminum. Consequently, 
soy formulas should be avoided and elemental formulas should only be used when absolutely medi-
cally necessary. Cow’s milk is not recommended for any child younger than age 1 and typically is 
not appropriate for the toddler with CKD due to the high renal solute load and high potassium and 
phosphorus content [1].

 Children (Ages 4–12)

Children with CKD may suffer from poor appetite for multiple reasons including uremia, dietary 
restrictions, and developmental feeding-related delays that persist from infancy. Processed foods, fast 
food, and other foods with high phosphorus and sodium content are commonly preferred by children, 
but they are usually restricted because of the child’s CKD status. In turn, children may learn to self- 
induce vomiting through vigorous crying, coughing, or retching to avoid eating food selected and 
offered by caregivers. The patient with a poor appetite may respond favorably to frequently scheduled 
small meals and snacks.

Regular, structured times for meals and snacks are important to encourage developmentally appro-
priate eating behaviors and to prevent further suppression of appetite by “grazing.” Parents may be 
tempted to only give favorite foods or allow eating on demand to indulge the child with a chronic ill-
ness. This can limit nutrient dense intake, exacerbate electrolyte problems, and discourage advance-
ment in the acceptance of a varied diet. The primary caregiver needs guidelines for setting limits around 
food and eating behavior, and they require support from the healthcare team, especially dietitians, to 
consistently enforce them. The family or team should educate other caregivers working with the child 
such as school personnel, grandparents, and childcare staff to provide consistency in care [129].

Some children may remain on supplemental tube feeding for an extended period of time. In these 
cases, it is important to encourage hunger by providing tube or other supplemental formula feedings 
after meals and snacks or overnight to promote transition to a normal oral feeding regimen [1]. As 
children become older, they ideally should be granted some autonomy in making appropriate food 
choices, but also need to be counseled about their diets so that they can recognize and refuse restricted 
foods offered by others. It is important to recognize that children with CKD may feel like they stand 
out to other children if their food choices are different or modified, and they may feel a desire to eat 
other preferred foods consumed at social events [129]. Finding ways to adjust the home diet to allow 
for some social eating opportunities may be especially helpful for the child dealing with food restric-
tions. Communication with school or daycare providers by the dietitian, nurse, or physician may 
sometimes be necessary to emphasize the importance of the dietary restrictions without making the 
child feel uneasy.

Pica and the use of herbal supplements and alternative medications may be additional topics that 
need to be addressed. Children, especially those on hemodialysis, appear to be at high risk for pica, 
with 46% of children on dialysis at one center reporting pica [130]. Although the majority of these 
children were found to exhibit “ice” pica (compulsive consumption of ice), 12.6% ingested items such 
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as chalk or soap, indicative of “hard” pica. Pica is a concern not only for the common comorbidity of 
iron deficiency anemia, but also because of the potential for the ingestion of harmful, toxic 
substances.

 Adolescents (Ages 13 and Older)

Teenagers and emerging adults are a special challenge for the clinician for multiple reasons, including 
blossoming independence, developmental barriers, changing nutritional needs, and life transitions 
[131, 132]. The adolescent will often resent being spoken to as a child and needs to learn to make 
decisions and take ownership of his/her healthcare needs. However, some children and adolescents 
with CKD will have poor executive functioning skills, which may lead to poor decision-making [131], 
and others may have development delays related to their underlying disorder. Thus, finding the bal-
ance between promoting the teen’s independence and autonomy with the need for thorough education 
is an important treatment goal. Repeated education (without being patronizing), multisensory 
approaches, hands-on teaching, and face-to-face interaction are techniques that may help improve 
adolescent adherence to treatment recommendations [133].

Some adolescents may be faced with the need to increase caloric intake, especially males and 
athletes, while some adolescents may struggle with excess weight gain and obesity, especially if 
they have finished development or have received steroids as part of their medical treatment. The 
larger adolescent may have higher protein and other nutrient needs as well [131]. A PEW picture, 
even in the obese patient, may be present in those with minimal appetite and limited physical 
activity [44].

A recent study indicated that many children and teens that had elevated serum phosphorus levels 
felt they were making appropriate choices in terms of phosphorus intake [134]. Nonetheless, 88% of 
adolescents on dialysis had elevated serum phosphorus levels [134]. Clearly, there can be a disconnect 
between understanding and adherence. The struggle may be related to the hidden sources of phospho-
rus in the diet [111]. The aforementioned approach to teach patients to self-dose binders based on 
phosphorus meal content may empower adolescents to have further health independence in a success-
ful manner [115]. Other techniques may include negotiation – an adolescent may be willing to make 
more renal-friendly diet choices at home, so they can eat more freely with peers. It is also important 
to acknowledge that children with CKD often have different priorities than healthcare providers 
whose main focus is the prevention of morbidity and mortality. The child or adolescent with CKD 
may care more about quality of life and lifestyle issues [135]. Thus, identifying motivators that are 
important to the patients and his or her family, and making connections with dietary and other health 
changes, may be the most fruitful.

 Enteral Nutrition

 Oral Supplementation

The KDOQI guidelines recommend supplemental nutritional support when growth is poor or calorie 
or protein intake is less than needs. Oral supplementation should be considered as the preferred form 
of nutrition support [1]. Use of high calorie supplements in existing foods, such as powders or added 
fats, is an option, as well as homemade high calorie or commercial beverages. Modifications to liquid 
feedings often require minimizing volume to maintain fluid balance, optimizing tolerance, and keep-
ing the total hours of feeding manageable for the family.
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Infants and toddlers may need calorie fortification of breastmilk or infant formula regardless of 
whether they are fed orally or by tube. Typically, the caloric concentration of these items is 0.67 kcal/
mL or 20 kcal/oz. Concentration of the formulas, within the parameters of balancing the concentration 
of undesirable nutrients and promoting tolerance, is an option. The addition of macronutrient modu-
lars to the breastmilk or formula is an additional option. Step-wise increases of 2–4 kcal/oz, every few 
days, may improve tolerance [127, 136]. Some children may, however, not tolerate very concentrated 
formulas and tolerance of each stepwise increase must be assessed carefully before consideration is 
given to concentrating the solution further. Intolerance may present as increased wretching or emesis, 
abdominal pain, or stool changes.

Increasing the energy density by concentrating the base formula is often not possible because of 
the accompanying increase in sodium, potassium, phosphorus, and other vitamins and minerals. 
Therefore, fat and/or carbohydrate modules are often used. Whereas protein modulars are typically 
added and adjusted based on protein needs, they may contribute somewhat to the caloric concentra-
tion as well. The choice of which macronutrient to add is based upon the serum glucose and lipid 
profiles, presence or absence of malabsorption or respiratory disease (carbohydrate metabolism 
increases CO2 production), and cost. In addition, lipid modulars may impair gastric emptying, 
while excessive carbohydrate modulars may increase stools. Lipid modulars often do not mix well 
with formula, especially if some or all of the formula is given via tube [127]. Inexpensive, heart-
healthy oils may be given orally to flavor foods or as an addition to the formula, but typically they 
do not work well for tube feeding due to separation. Excessive use of oils provided by the oral route 
may also make the formula unpalatable. However, an emulsified oil such as Microlipid® (Novartis 
Medical Nutrition, Freemont, Michigan) can be used in a tube feeding to prevent oil from separat-
ing out during continuous feedings. Solcarb® (Medica Nutrition) is a common carbohydrate modu-
lar. Duocal® (Nutricia, Rockville, MD) is a combined fat and carbohydrate modular. Keeping a 
balance between carbohydrate and fat is important to remain within acceptable macronutrient dis-
tribution ranges [127].

When weaning from tube feeding to an oral diet, use of energy-dense foods, such as homemade 
low phosphorus and potassium shakes, high-calorie beverages, energy-dense bars, high-calorie grain 
products, and the aforementioned healthy oils, may be useful in meeting caloric needs. The clinician 
must be careful to taper these foods as transition takes place to avoid creating an affinity for high calo-
rie foods in the long term, as overweight and obesity are increasing in the CKD and transplant popula-
tions [14].

Nonrenal pediatric products often have a micronutrient profile that may be undesirable for chil-
dren with CKD, including higher amounts of phosphorus, calcium, potassium, and vitamin A. As 
oral supplements, these products are contraindicated in children with hyperphosphatemia and/or 
hyperkalemia. Modulation of such formulas with a pediatric renal product (indicated for ages 1–10) 
such as Renastart® or Nephea Kid®, to lower potassium, phosphate, and other select micronutrient 
levels is an option. Despite being an infant formula, Similac PM 60/40® is often used in children 
over the age of one, possibly in combination with a pediatric renal product as well. Adult renal 
products have been used in pediatrics as well. Nepro® (Abbott Nutrition, Columbus, Ohio) or 
NovaSource Renal® (Nestle Nutrition, Florham Park, NJ) are used by adults receiving dialysis; 
they are typically too high in protein for a young child, but may be used as a nutritional supplement 
for the adolescent on dialysis. Suplena® (Abbott Nutrition, Columbus, Ohio) or Renalcal® (Nestle 
Nutrition, Florham Park, NJ) are also sometimes used for younger ages as an enteral product. 
Suplena® may be better tolerated if diluted. Renalcal, which has minimal micronutrient content, is 
typically used as a supplement to other formulas or an oral diet. Magnesium levels may need to be 
closely monitored in children as the “adult” products typically are much higher in magnesium con-
tent than the pediatric products [127]. Enteral nutrition product options are summarized in 
Table 20.8.
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 Tube Feeding

Young children on dialysis typically only achieve 80% or less of their caloric needs when left to feed 
spontaneously [137]. The KDOQI guidelines recommend that tube feeding should be considered 
when oral feeding of the child with CKD is inadequate [1]. In addition to providing a means to 
enhance caloric intake, tubes may also provide access for additional fluid and sodium supplementa-
tion, and they are often used posttransplant for fluid needs and liquid medication administration [124]. 
Gastrostomy tubes (GTs) are preferred as nasogastric (NG) tubes may irritate the nose and throat and 

Table 20.8 Enteral nutrition feeding options for pediatric renal patients in North America

Enteral 
feeding 
option Comments: Age range for use

Predialysis 
use? Dialysis use?

Breastmilk Biologically ideal for infant feeding and may 
be used for toddlers if available

If available, 
through at least 
1 year of age; may 
continue if 
available and 
desired by family

Yes Yes

Similac PM 
60/40®
(Abbott)

Only infant formula designed for CKD patients 
in North America. May need modulars to meet 
kcal and protein needs

Infancy and often 
used through age 3

Yes Yes. May need 
protein 
modulars if 
patient is 
receiving PD

Renastart®
(Vitaflo)

Pediatric renal formula (oral and enteral) low 
in potassium, chloride, vitamin A, protein, 
calcium, and phosphorus. Used to modulate/
titrate other formulas. Not to be used as 
sole-source nutrition except for short term 
acute needs due to very low potassium and 
chloride content

Indicated for ages 1 
and older, but used 
as infant formula in 
Europe

Yes Yes

Nephea 
Kid®
(Meta-X)

Only available in Canada. Pediatric renal 
formula (oral and enteral) low in potassium, 
chloride, vitamin A, protein, calcium, and 
phosphorus. Used to modulate/titrate other 
formulas. Not to be used as sole-source 
nutrition except for short-term acute needs due 
to very low potassium and chloride content

Indicated for ages 1 
and older, but used 
as infant formula in 
Europe.

Yes Yes

Nepro®
(Abbott)

High protein “adult” product Typically ages 10 
and older.

No Yes

Suplena®
(Abbott)

Low protein “adult” product. Can be diluted 
for tolerance in younger ages

Typically ages 10 
and older but has 
been used (often 
diluted) in younger 
ages including 
infants

Yes Typically only 
in young 
children

Novasource 
Renal®
(Nestle)

High protein “adult” product Typically ages 10 
and older

No Yes

Renalcal®
(Nestle)

Liquid modular supplement to other formulas 
due to minimal vitamin/mineral content. Not a 
stand-alone formula

Adult product, but 
has been used in 
younger ages to 
modulate formula

Yes Yes

Abbreviation: PD peritoneal dialysis
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create oral-nasal trauma, in addition to the undesirable cosmetic issues. For children with significant 
gastrointestinal issues, gastro-jejunal (GJ) tubes may be helpful [138]. Formula choice to be used with 
tube feeding is determined by biochemistries, family and patient social needs, cost, and possible 
comorbidities such as gastrointestinal factors [117, 124, 139].

Both intermittent bolus feeds and continuous tube feeding can be used in children with CKD, 
depending on individual needs. Bolus feeding may allow for more physiological intake, patterned 
after the usual daytime meal and snack patterns. Overnight continuous feeding allows for time during 
the day when the child can develop hunger for oral and solid food feeding. A combination of these 
techniques is often used, to achieve adequate intake especially in infants. Some children with severe 
food intolerance or gastrointestinal issues may need continuous tube feeding over the course of the 
entire day and night [1, 118].

Tube feedings are initiated and advanced according to pediatric guidelines and tolerance 
(Table 20.9). Reported complications of tube feeding include emesis, exit-site infection, leakage, and 
displacement [140, 141]. For the patient on peritoneal dialysis, placement of GT or GJ-tubes should 
ideally occur prior to the initiation of PD to decrease the risk of peritonitis [140–142]. Even when 
children receive the vast majority of their feeding by tube, oral stimulation remains important, and use 
of appropriate oral stimulation has been reported by several centers to help facilitate transition from 
tube to oral feeding after transplantation [118, 143–145].

 Parenteral Nutrition

Use of parenteral nutrition (PN) in children with CKD is uncommon, and pediatric studies are 
limited. Typically, PN would only be expected if a comorbidity was present impairing the GI 
tract. With the exception of IDPN, which is discussed later, use of PN is more common in the 
setting of acute kidney injury (AKI). Children who receive PN in association with HD or PD or 

Table 20.9 Suggested rates for initiating and advancing tube feedings

Age Initial Hourly Infusion Daily Increases Goala

Continuous feedings

0–1 year 10–20 mL/h or 1–2 mL/kg/h 5–10 mL/8h or 1 mL/kg/h 21–54 mL/h or 6 mL/kg/h
1–6 years 20–30 mL/h or 2–3 mL/kg/h 10-15 mL/8h or 1 mL/kg/h 71–92 mL/h or 4–5 mL/kg/h
6–14 years 30–40 mL/h or 1 mL/kg/h 15–20 mL/8h or 0.5 mL/

kg/h
108–130 mL/h or 3–4 mL/kg/h

>14 years 50 mL/h or 0.5–1 mL/kg/h 25 mL/8h or 0.4–0.5 mL/
kg/h

125 mL/h

Bolus feedings

0–1 year 60–80 mL q 4h or 10–15 mL/kg/
feed

20–40 mL q 4h 80–240 mL q 4h or 20–30 mL/kg/
feed

1–6 years 80–120 mL q 4h or 5–10 mL/kg/
feed

40–60 mL q 4h 280–375 mL q 4h or 15–20 mL/kg/
feed

6–14 years 120–160 mL q 4h or 3–5 mL/kg/
feed

60–80 mL q 4h 430–520 mL q 4h or 10–20 mL/kg/
feed

>14 years 200 mL q 4h or 3 mL/kg/feed 100 mL q 4h 500 mL q 4h or 10 mL/kg/feed
Note: Calculating rates based on age and per kilogram body weight is useful for small-for-age patients
Reprinted with permission from National Kidney Foundation [1]
aGoal is expected maximum that child will tolerate; individual children may tolerate higher rates or volumes. Proceed 
cautiously for jejunal feedings. Goals for individual children should be based on energy requirements and energy den-
sity of feeding and therefore may be lower than expected maximum tolerance
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with uncomplicated predialysis CKD require a PN prescription that is consistent with recommen-
dations appropriate for patients with CKD, unless a comorbidity such as trauma, burns, or multi-
organ involvement has resulted in increased kcal and protein needs. It is recommended to adjust 
caloric intake to 85% of estimated needs for all children on PN given that there is no thermal 
effect from feeding. The provision of adequate protein has been shown to reduce mortality risks 
and complications in children recovering from AKI [146]. Children on continuous renal replace-
ment therapy (CRRT) as part of AKI management need at least 2.5 g/kg/day of protein and EER 
calorie needs, unless a secondary issue is present to modify this standard recommendation [147, 
148].

When PN is prescribed, standard trace vitamin and mineral supplements may need to be given 
every other day to prevent excesses of those that are not cleared well when kidney function is impaired. 
The provision of water-soluble vitamins daily is optimal as a means of addressing the substantial 
dialysis-related losses. Children receiving CRRT may need additional supplemental nutrients such as 
zinc and selenium. Fluid restrictions will depend on the type of treatment and urine output. Those 
receiving more intense dialysis and/or who have greater urine output will need less fluid restriction 
[147–149]. Frequent laboratory monitoring and adjustment of PN in accordance with the patient’s 
clinical and laboratory status are critical [147, 148, 150].

 Intradialytic Parenteral Nutrition (IDPN)

IDPN may be used as a treatment for malnutrition/PEW for the patient receiving chronic hemodialy-
sis. The KDOQI nutrition guidelines recommend the use of IDPN if oral supplementation and subse-
quent tube feeding do not meet the nutritional needs and goals of children with CKD [1]. In a similar 
manner, Juarez [151] has recommended IDPN when a child on HD has experienced more than a 10% 
weight loss in a 3 month or less period or the child is <90% IBW, in association with an inability to 
meet nutritional needs with enteral nutrition. The increase in protein that can be provided by IDPN 
may spare lean tissue and promote gains in body weight and/or BMI. Typically, side effects from 
IDPN are minor and may include hypophosphatemia, transient hyperglycemia, lipid intolerance, and 
mildly elevated liver function tests [152–154].

IDPN is typically given as a concentrated amino acid and dextrose solution, with lipids admin-
istered separately and based on the patients’ tolerance and individual requirements. The primary 
goal of the therapy is an increase in protein intake with a modest increase in kcal intake [155]. A 
recent study of 15 pediatric dialysis patients using intralipid therapy alone to provide additional 
calories and spare caloric use from protein intake showed promising results and may be an alterna-
tive to IDPN. However, more evidence is needed before routine use of intralipids alone can be 
recommended [156].

 Transplant

Transplant is the desired treatment option for children with ESKD to improve their quality of life 
and ideally, their longevity. Nutritional care may contribute to the duration of the functioning 
transplanted kidney and the overall health of the patient. At the same time, it must be recognized 
that medications necessary for the maintenance of the functioning allograft may be associated 
with side effects, such as nausea, diarrhea, mouth sores, and taste changes, which can have a 
negative impact on nutritional management [157]. These side effects may be of greatest concern 
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when medication doses are highest, such as immediately posttransplant or when treating a rejec-
tion episode. Food safety is also of the utmost importance in this immune-compromised popula-
tion, but it is all too often neglected as part of the posttransplant education [1, 158, 159]. The 
clinician must work with the patient and family to optimize good nutrition through these 
challenges.

Side effects of transplant medications that may impact nutritional management and outcomes 
include hypomagnesemia, hyperkalemia, hyperglycemia, hypertension, and gastrointestinal 
side effects such as diarrhea or nausea [160]. Weight gain and overweight posttransplant in 
association with corticosteroid usage is a major concern and often occurs rapidly. It is suspected 
that increased appetite, reduced diet restrictions, and improved affect are additional factors in 
play [161]. Newer immunuosuppressive regimens that are based on a steroid withdrawal or 
minimal steroid usage may help prevent excessive weight gain and other steroid-related side 
effects.

In addition to the issue of weight gain, when glucocorticosteroids are used, along with immuno-
suppressive agents such as tacrolimus, there can be impaired glucose tolerance, glycosuria, and a rela-
tive resistance to insulin, leading to diabetes in approximately 5–20% of children [162]. Reducing 
simple carbohydrates, weight control, and physical exercise are prescribed to assist in the manage-
ment of steroid-induced diabetes. Excess concentrated sweets may also induce hyperglycemia, espe-
cially when medication doses are highest [1].

Almost 80% of children are hypertensive 1 month after transplantation due to the effects of many 
of the immunosuppressive medications, mandating dietary sodium restriction [163]. The risk of 
hypertension decreases over time, but many posttransplant patients will continue to have hypertension 
or need medication to control hypertension. The KDOQI guidelines recommend limiting sodium 
intake to the DRI for age in hypertensive children [1].

Adequacy of calcium and vitamin D intake is important, as bone mass continues to deteriorate in 
the first year posttransplant. Poor phosphate control prior to transplant may be to blame, and phospho-
rus wasting and elevated PTH values remain a year or more posttransplant [164–166]. According to 
the KDOQI guidelines, 100–200% of the DRI for calcium is appropriate, and supplementation of 
vitamin D is necessary if deficient.

Protein needs may be 125–150% of the DRI for healing immediately posttransplant, but both 
energy and protein needs are similar to healthy children in the long term [1, 167]. Macronutrient dis-
tribution should fall in the range of the AMDR, and heart healthy guidelines, such as limitation of 
saturated and trans fat, are encouraged [1]. Hyperlipidemia is a common side effect of the transplant- 
related medications used, and the provision of 3–4 g of omega-3 fatty acids has been shown to be 
effective in lowering lipids in adolescents [168].

With a well-rounded healthful diet, multivitamin therapy is not necessary for the transplant recipi-
ent because nutrient-rich diets are encouraged. However, if intake remains poor or the quality of the 
diet is less than desired, a general, age-appropriate multivitamin may be warranted.

It is important to correct any abnormal electrolyte levels. Magnesium and phosphorus wasting and 
potassium retention commonly occur in the early posttransplant period and need to be addressed [1, 
163]. A liberal dietary intake of phosphorus-rich foods and fluids is often encouraged in the early 
transplantation period to help manage hypophosphatemia. A high fluid intake is required posttrans-
plantation to maintain good perfusion of the transplanted kidney and to prevent toxicity from immu-
nosuppressive agents due to dehydration [1, 167]. Young children with adult-sized transplanted 
kidneys may need a very high amount of fluid per body surface area to perfuse the large kidney. One 
protocol recommends 2500 mL of fluid × body surface area (2500 mL/m2 BSA) for 6–12 months 
posttransplant [169]. Young children who receive large kidneys may also require sodium supplemen-
tation to enhance renal perfusion. See Table 20.10 for a summary of nutrition needs for the pediatric 
kidney transplant.
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 Transition

As technology and medical expertise for chronic illnesses such as CKD advances, children affected 
by it are no longer expected to expire before reaching adulthood. It is estimated that there are nearly 
7000 adolescents on dialysis and 11,000 with kidney transplants in the age range of 15–24 years, 
which is considered the emerging adult phase [170]. This group provides multiple challenges as they 
prepare to move or “transfer” from pediatric-focused care to adult-focused care. In a recent survey of 
adult-focused dietitians, 22.1% reported seeing at least one pediatric patient on a monthly basis and 
58% worked with pediatric patients at some point in their career [171]. This indicates that even adult- 
focused clinicians may have some familiarity with pediatric renal nutrition care and thus may help 
facilitate the transfer process. However, for this reason, the adult-focused clinician should ensure they 
have some comfort with pediatric care.

The process of “transition” is defined by Bell et al. [172] as “a deliberate, planned, and focused 
process, in which adolescents and emerging adults with chronic illness assume progressively increas-
ing responsibility for the management of their health.” The AAP recommends that planning for transi-
tion starts at age 14 and that this plan should be reviewed at least annually, with follow-up and review 
after the actual transfer to adult care has taken place [173]. Gradually shifting responsibility for nutri-
tional and other medical care to the patient and focusing education and intervention toward the patient 
(versus the parent) should be done during this time [170].

When considering the emerging adult, it is important to remember that the typical primary cause 
of renal failure in this patient population is very different than in most adult patients. Comorbidities 
are typically related to urinary or bladder issues, the effects of autoimmune disorders, or cognitive 
delays, as opposed to manifestations of diabetes, hypertension, or other common adult causes of renal 
failure. Even as adults, challenges from these “pediatric” issues will need to be considered. Nutrition 
education must be conducted with this in mind.

Issues such as short stature, impaired self-esteem, and delays in sexual and developmental matura-
tion may result in “juvenilization” – or treatment of these young adults as younger than they are. This 
can lead to healthcare providers and family members not expecting mature decision-making and health 
care responsibility by the adolescent or young adult, all of which can result in prolonged  dependence 

Table 20.10 Nutrition for pediatric renal transplant

Energy EER for age. Avoid excess weight gain

Protein Initially 150% of the DRI for surgical healing, then DRI long term
Carbohydrates AMDR, limit simple carbohydrates
Fat AMDR, limit trans and saturated fat, especially in the presence of dyslipidemia
Sodium Restrict to UL to prevent HTN except in young children with urinary losses. Young children may 

need supplementation to perfuse adult-sized kidneys
Potassium Some may need restriction due to medication-related retention, particularly early posttransplant
Calcium 100–200% of DRI for age
Phosphorus May need to supplement during initial posttransplant period
Magnesium May need to supplement during initial posttransplant period
Vitamins Supplement only if evidence of deficiency in diet. Some may need additional vitamin D
Other 
Minerals

Supplement only if evidence of deficiency in diet. Some may need additional iron

Fluid 1.5–4 L/day depending on urine output. Young children may need a high amount for their size to 
perfuse adult-sized kidneys

Data from National Kidney Foundation[1]
Abbreviations: EER estimated energy requirement, DRI dietary reference intake, AMDR acceptable macronutrient 
intake, UL upper limit, HTN hypertension
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and nonadherence. It is estimated that at least a third of adolescents with a transplant are nonadherent 
and adolescents and young adults account for the highest rates of acute and chronic rejection and graft 
loss [172, 174]. Executive functioning, the cognitive process which affects reasoning and decision-
making, continues to develop well into the 20s. Therefore, cognition is an issue that must be accounted 
for in patient education pertaining to medication and nutritional management [170].

It is also important for the healthcare team to address concerns related to sexuality and reproduc-
tion in the context of the chronic medical condition. If reproduction is deemed a possibility, the dieti-
tian should prepare nutritional counseling geared to such eventualities [172]. Risky behaviors affecting 
nutrition and medical care, such as alcohol or drug intake, must be addressed as well [175]. Self- 
identification is peaking at this time. Social issues such as employment, income, and obtaining self- 
insurance must be addressed, and they are paramount to adherence to nutritional and health regimens, 
as affordability of nutritious food, medication, and healthcare may be affected. Young adults are also 
more likely to question medical care recommendations. They may benefit from interactions with 
healthcare providers who are frank, who allow for questions, who are respectful of confidentiality, and 
who make the patient feel autonomous. It may take time to build trust and understanding [172, 175]. 
Pediatric dialysis and transplant centers also typically have a higher staff-to-patient ratio, and emerg-
ing adults may need greater individual attention, at least at first, after transfer to an adult-focused 
center [174]. A close working relationship between the transferring pediatric center and the accepting 
adult center is ideal, with communication between comparable clinicians. An official “transition 
clinic” to review healthcare needs, including nutrition, is recommended in settings that permit its 
development. In free-standing children’s hospitals, occasional interaction between the adult care pro-
viders and the emerging adults prior to transfer, followed by attendance of a representative from the 
pediatric facility at the first visit of the patient to the adult center is beneficial. [175].

 Conclusion

Nutrition is a key component of good medical management in children with CKD. Growth, psycho-
social issues, and emotional development add challenges that must be taken into consideration as part 
of optimal nutrition management [176]. Frequent evaluation and adjustment are necessary, and 
changes in biochemical values, residual kidney function, dialysis prescription, and medications are 
important pieces to evaluate as part of the routine nutritional assessment.

Major publications on optimal care of pediatric dialysis patients recommend that pediatric renal 
dietitians with specialized training in the care and management of children are important members of 
the interdisciplinary team [3, 176]. Collaboration with physicians, nurses, social workers, and other 
staff, such as child life specialists or psychologists, can contribute to excellent, holistic care [1, 176, 
177]. Input from the patient and family is without question of utmost importance as well. Insights 
derived from the patient and his/her family can not only positively impact nutrition, but can ideally 
ease the burden of pediatric kidney disease and improve health outcomes.

 Case Study

A 3-day-old infant in the neonatal intensive care unit (NICU) has increasing BUN (48 mg/dL) and 
creatinine (2.2 mg/dL). He was born at 34 weeks gestation and was treated immediately for respira-
tory issues related to fluid collection and it is determined he has renal dysplasia. His other labs include 
K+ 6.3 mEq/L, Ca++ 8.9 mg/dL, and PO4 of 5.6 mg/dL. He has high urine output, and at PD catheter 
is placed for dialysis as well as a gastrostomy.
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 Case Questions and Answers

 1. What infant feeding would you encourage immediately? What might you change postdialysis 
treatment? What parameters would you be mindful of during his course in the NICU?
Answer: Breastmilk is ideal for both the infant with and without kidney disease and if the child is 
able to nurse at the breast or receive pumped breastmilk, that would be the best choice. If the 
mother and infant are unable or unwilling, an infant renal formula is typically necessary. Similac 
PM 60/40® is the only formula approved for children under the age of one available in North 
America. Alterations to either the breastmilk or formula may be necessary depending on course. 
Children with difficulty receiving enough calories may need modulars added to the breastmilk or 
formula to increase the calories. Alterations to the product to lower potassium content may be 
necessary if dialysis does not decrease serum potassium. When fluid limits, electrolytes or feeding 
tolerance is of concern, nutritional needs may not be met completely, often until dialysis is initi-
ated. More options are available postdialysis in terms of increasing protein content of the formula. 
Additionally, biochemical values such as BUN, creatinine, and potassium may improve, limiting 
the need to treat these issues nutritionally. Biochemical trends, especially serum potassium, are 
very important to monitor. Also important to consider is the need for increased phosphorus and 
calcium in children who are born preterm. Higher calorie and protein requirements may be needed 
for the preterm infant and additional protein may be necessary when dialysis is initiated. With the 
high fluid output, the clinician must be mindful of all sources of fluid, including IV or boluses, and 
if these supports are tapered, adequate fluid must be considered as part of the nutrition 
prescription.

Follow-Up: After acute dialysis in the NICU, renal function improved; however, the PD catheter 
was kept as the child is expected to eventually need to start maintenance dialysis. By 13 months of 
age, his GFR has dropped to approximately 28 mL/min/1.73 m2. His PTH is 322 pg/mL, Ca++ 9.2 
mg/dL, K+ 5.9 mEq/L, and his PO4 is 6.1 mg/dL. He takes small amounts of solid foods and 
struggles with increasing texture but is interested in others’ eating. He receives nocturnal feeds of 
30 mL/hour for 8 hours and is offered feeds 5 times daily with the remainder of the goal not con-
sumed given via GT. He drinks water after formula feeds are given. His pediatrician placed him on 
a standard pediatric enteral feeding product (e.g., Pediasure®) at 1 year of age. Both his weight 
and linear growth are slowing, and his weight/length has decreased from the 25th to 50th percentile 
to just above the 10th percentile.

 2. What nutritional modifications would you suggest?
Answer: The child should receive a low potassium, low phosphorus formula. The general pediatric 
formula could be blended with a pediatric renal product. The products available in the United 
States (Renastart®) and Canada (Nephea Kid®) are not stand-alone products, being too low in 
potassium and chloride, but are ideal for reducing the phosphorus and potassium content of a regu-
lar formula. Some children remain on Similac PM 60/40, possibly with the addition of a pediatric 
renal product to further lower the potassium content. However, since this child has already been 
switched to a general pediatric formula, it is likely easiest to only make one change, by adding the 
pediatric renal product. Additionally, the caloric content of these products is adjustable, which may 
allow for greater kcal intake to offset the poor growth. Although education on high versus low 
potassium and phosphorus foods may be necessary if biochemical values remain high, the use of 
modulating pediatric renal formulas allows for more freedom with a wider variety of oral foods. 
Increasing feedings to allow for more calories and use of fortifiers (such as oils, caloric modular, 
etc.) in the food may accomplish this. Also, evaluating emesis and other gastrointestinal habits may 
identify losses from emesis or other problems that could be treated medically. Oral stimulation and 
promotion of a variety of solid foods should continue to be promoted.
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Follow-Up: At age 2 years, part-time day care will be starting at the same time as starting peri-
toneal dialysis. Rapid renal decline after a period of stable kidney function made pre-emptive 
transplant not possible.

 3. What nutritional interventions will you consider?
Answer: The child may be eating more solid foods by this time, and appropriate and adequate 
intake will need to be considered. If he continues to need enteral product supplementation, evalu-
ation of growth and biochemical values will help adjust the prescription as needed. A higher pro-
tein formula or protein modular will likely need to be added to offset protein losses from 
PD. Continued monitoring of electrolytes, especially potassium, is important to consider needs for 
adjustment. Dialysis transport will likely influence serum potassium. Other values such as BUN, 
serum albumin, and serum sodium also provide information about fluid and protein needs.

Follow-Up: After 9 months on PD, he receives a living-related donor kidney transplant. His 
urine output increases greatly with the adult-sized kidney he receives. He becomes hypertensive, 
hyperglycemic, hyperkalemic, hypophosphatemic, and hypomagnesemic on immunosuppressant 
therapy.

 4. How will you adjust his nutritional regimen? What else needs monitoring long-term?
Answer: If he remains on enteral supplementation, once creatinine has improved and urine output 
is adequate, he can be advanced to a regular pediatric enteral product. A short-term period of the 
previous diet may be necessary if kidney function does not improve rapidly posttransplant. As soon 
as kidney function is in an appropriate range, if he is not yet on a full solid oral diet, his feeding 
should be converted back to a standard pediatric product, and any dietary phosphorus restriction 
should be discontinued.

If he is on an oral diet, or mostly oral diet, the family should be educated on limiting simple 
sugars, continuing to limit high potassium and sodium foods. Encouraging high magnesium and 
phosphorus foods can be beneficial, but supplementation through medication may be necessary.

If he is still receiving tube feedings, these should be gradually reduced to stimulate hunger until 
he is able to be weaned fully. A full oral diet is expected within 6 months posttransplant assuming 
the family offered oral stimulation prior to transplant.

Laboratory values should inform nutrition counseling and, as medication levels decrease, 
nutrition- related side effects should improve. Growth, including avoidance of excessive weight 
gain, should be monitored. An overall healthy diet with adequate fruits, vegetables, whole grains, 
dairy or dairy substitute for adequate calcium, and healthy fats should be encouraged to prevent 
long-term chronic diseases, of which risk is increased in children with kidney transplants. Adequate 
fluid intake is important for perfusion of the transplanted kidney.
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Chapter 21
The Aging Adult and Chronic Kidney Disease

D. Jordi Goldstein-Fuchs
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 Introduction

The demographics of population growth in the United States is shifting. From 2002 to 2016, the popu-
lation grew from 287 million to 323 million and life expectancy increased from 76.8 to 78.8 years [1].
Within this growth, there has been a drop in both fertility rate and mortality rate, resulting in signifi-
cant growth of the elderly population. As reported by the US Census Bureau [2], by the year 2030, all 
baby boomers will be older than age 65. The size of the older population will grow such that by 2035, 
there will be 78 million people 65 years and older compared to 76.7 million under the age of 18. The 
report goes on to say that for the first time in US history, the number of older people will outnumber 
children [2].

The aging of the US population has important ramifications for the disease burden of chronic 
kidney disease (CKD) in the United States. In 2011, the US Renal Data System (USRDS) reported 
that adults older than 65 years of age are the most rapidly growing subset of the end-stage renal 
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Key Points
• The population of the elderly with chronic kidney disease will continue to grow over the next 

15–20 years. It is essential that medical providers and the community are available to support 
and meet their unique needs.

• The aging process imparts particular stresses to the kidney that impact progression of disease 
and outcomes of the elderly on renal replacement therapy.

• The elderly individual living with chronic kidney disease is particularly vulnerable to food 
and medication insecurity, social isolation, and depression.

• Conversations to include quality of life with elderly individuals who have progressive chronic 
kidney disease and need to consider renal replacement therapy or alternatives such as hos-
pice need to be implemented by the renal care team.
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disease (ESRD) patient population [3]. Individuals 60  years of age and older have the highest 
 prevalence of CKD [4]. The 2018 USRDS report found that age had the highest correlation with 
low estimated glomerular filtration rate (eGFR) with an odds ratio of 70 in the 2013–2016 cohort 
[5]. The average eGFR for people 60 years of age and older was approximately 20 ml/min/1.73 m2 
[5]. In addition, the number of elderly treated for ESRD has doubled over the past 25 yrs [5]. As the 
number of older individuals presenting with CKD including end stage kidney failure is increasing 
in our medical environment, we need to be prepared to address their unique needs to optimize life 
quality during the older years through end of life. How CKD and aging impacts morbidity and 
mortality risk, or metabolism and nutrition needs is not totally clear. In addition, the complications 
of aging imposed by increased frailty and debility, loss of physical function, cognitive changes, 
psychosocial factors, all impacting nutritional status and quality of life, further challenge the com-
plex needs of the older adult with chronic and end-stage kidney disease. This chapter will address 
these issues beginning with a discussion regarding alterations in kidney structure and assessment of 
renal functional in the aging kidney.

 Kidney Senescence: Loss of Glomeruli and Functioning Nephrons

The aging of the normal kidney, described as a loss of nephrons and decline in GFR or kidney 
senescence [6], involves histological and physiological alterations. Renal mass decreases between 
the ages of 30 and 80 years, the largest decline occurring after age 50 [7]. There is an association 
of aging with an increase in globally sclerotic glomeruli. Fat and fibrotic scarring is found in the 
renal cortex. The scarring is hypothesized to negatively impact mechanisms promoting maximal 
urine concentrating. By age 75, approximately 30% of glomeruli are destroyed and display diffuse 
glomerular sclerosis [6, 7]. Other glomeruli exhibit impaired filtering ability. Interstitial fibrosis, 
moderate tubular atrophy, increased mesangial matrix, and ischemic injury are all seen in the 
glomerulus. The aging kidney experiences a loss of nephrons and hypofiltration [6]. It appears that 
the number of functioning nephrons present at birth and the rate of loss of nephrons with advanced 
aging impact the number of functioning glomeruli that remain available. When nephron loss 
occurs, a compensatory mechanism is not usually observed in the aging kidney, unlike in disease 
states [6].

 Renal Functional Changes Associated with Aging

The average decline in renal function starting around age 30 has been reported to be 0.75–1.0 ml/
min/1.73 m2/year, or by about 8 ml/min/1.73 per decade of life [6–8] with an acceleration in the 
rate of decline in individuals over 80 yrs of age. These studies underlined the traditional consensus 
that a decline in kidney function is an inevitable part of the aging process. Results from the 
Baltimore Longitudinal Studies evaluated renal function decline in 254 normal men, followed 
over a period of 5–14 years [9] and noted the average clearance declined with age, as evidenced 
by a lower measured creatinine clearance with no change in serum values. This observation was 
more consistent in older individuals with hypertension. However, approximately one-third of the 
subjects had a stable creatinine clearance that did not decline with age [7, 8]. These studies 
revealed that while kidney function does decline with age, the decline is heterogeneous and is 
influenced by the presence or absence of vascular disease such as arteriosclerosis and hyperten-
sion [7, 8]. An increase in filtration fraction has been described with aging that is reported to be 
due to a fall in renal plasma flow that is relative to GFR [7]. This is observed in kidneys in 60- to 
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70-year-olds, despite the fact that the decline in eGFR is reported to start in the approximate third 
decade of life.

 Estimates of Kidney Function

Chronic kidney disease, defined as an eGFR<60 ml/min per 1.73 m2, is more prevalent in the elderly 
[7]. The prevalence of CKD in the older adult >65 years of age has been reported to be as high as 44%, 
and 46.8% in those older than 70 years of age [1, 7, 8, 10].

Equations to estimate the glomerular filtration rate for the general population have not been 
optimized for use in the older adult. This is in part due to the reliance on measuring creatinine 
dynamics and not being able to adjust for body composition. Creatinine generation, which is 
impacted by muscle mass, declines with age, and these equations tend to underestimate eGFR in 
the older adult. One of the earliest equations developed, The Cockcroft and Gault equation [11], 
overestimates eGFR in obese and edematous patients [12]. The equation for estimating GFR from 
the Modification of Diet in Renal Disease (MDRD) Study has been found to be less accurate in 
patients with normal kidney function, the elderly, kidney transplant recipients, and type 1 diabetes 
(DM) [1, 12, 13]. The MDRD equation tends to underestimate eGFR in the elderly. The Chronic 
Kidney Disease Epidemiology Collaborative (CKD-EPI) equations were developed with the intent 
to improve eGFR accuracy in adults >70 years of age [10, 12–14]. It is reported to be equivalent 
to the MDRD equation for patients with an eGFR <60 and more accurate than the MDRD equation 
at higher GFRs [1, 10, 12–16]. There are also equations that include cystatin-C and cystatin-C 
with creatinine (CKD-EPIcys; CKD-EPIcr- cys) [11–16]. Cystatin C is not dependent on muscula-
ture and is less influenced by age, gender, and race. However, the level of cystatin C can be 
affected by the presence of inflammation, thyroid disease, and steroids. While the CKD-EPIcys 
equation might be more accurate, the original studies had few participants older than 70 years of 
age. New equations specific for the elderly have recently been reported in the Berlin Initiative 
Study [16]. These studies were completed from data obtained in 610 individuals, mean age 
78.5 years. The equations that include cystatin C and creatinine, or cystatin C alone, were found 
to be more accurate. However, validation in a more heterogeneous population is pending. For cur-
rent clinical evaluation of kidney function in the elderly, the KDIGO (Kidney Disease: Improving 
Global Outcomes, 2012) CKD Workgroup [18] recommends utilization of the CKD-EPI equations 
in the elderly. See Table 21.1 for a summary of the equations most widely used for calculation of 
estimated glomerular filtration rates.

Identification of a reduced eGFR in the elderly is not uncommon and has been described as being 
“over-represented” in the elderly, in part due to the methodological limitation of kidney function 

Table 21.1 Equations most widely used for calculation of estimated glomerular filtration rates

Equation Evaluations

MDRD study Less accurate at eGFR >60 ml/min/1.73 m2 and older age
Cockcroft-Gault Decreased accuracy at lower levels of CKD
CKD-EPI Scr Overestimates CKD in older individuals
CKD-EPI cystatin C Better for older individuals and those with reduced muscle mass
CKD-EPI Cr-cystatin C Performs better than all above in estimating GFR. Better in elderly

Modified from Refs. [8, 14, 18]
Abbreviations: MDRD Study Modification of Diet in Renal Disease, CKD-EPI Scr Chronic Kidney Disease 
Epidemiology Collaboration serum creatinine, CKD-EPI cystatin C Chronic Kidney Disease Epidemiology 
Collaboration cystatin C, CKD-EPI Cr-cystatin Chronic Kidney Disease Epidemiology Collaboration creatinine cys-
tatin C
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assessment described above [15–19]. Other factors cited as contributing to this observation include 
the dominance of type 2 diabetes and atherosclerosis, both of which affect the kidney as well as 
 vascular, tubular, and glomerular changes. The risk for CKD was reported in the USRDS 2015 report 
to be 8 times higher in individuals over 60  years of age [3]. The National Health and Nutrition 
Examination Survey (NHANES) data from 1999 to 2004 reported using the CKD-EPI equation that 
the prevalence of CKD in participants 70 years of age and older was 46.8% compared to 6.71% in 
those between 40 and 59 years of age [19]. However, there are debates as to whether all levels of 
eGFR without proteinuria or other markers of kidney damage truly reflect disease or are within a 
benign range of kidney senescence [7, 20, 21]. This continues to be a challenge. Some report the risk 
of death in older adults with CKD is greater than that of ESRD and the eGFR threshold marking a 
greater ESRD risk versus mortality is lower than earlier reports [22]. In patients 45–65 years of age, 
rates of ESRD surpassed mortality only if eGFR was <30 ml/min/1.73 m2 and for patients 65–75 years 
of age only when eGFR was <15 ml/min per 1.73 m2 [13]. The question remains, in the absence of 
vascular and other diseases, as to what level of decreased eGFR accurately reflects normal kidney 
decline versus one that puts an older individual at risk of ESRD. The majority of older adults with 
reduced eGFR have a mortality event before reaching ESRD [8, 13, 21, 22]. In addition to comorbid 
conditions such as cardiovascular disease (CVD), psychosocial components including lifestyle might 
impact risk for CKD progression in an older person. Examples include polypharmacy, dehydration, 
cognitive decline, physical inactivity, debility, frailty and malnutrition, and overall all-cause mortality 
risk associated with aging.

 Aging and CKD Risk

The etiology of CKD in the elderly population is not clear; however, vascular disease is thought to be 
a primary causal factor [19]. Risk factors for CVD in the elderly with CKD that might present them-
selves earlier in life include diabetes, hypertension, and obesity [1, 8, 13, 19]. These vascular risks are 
associated with kidney biopsy findings that can include respectively glomerulosclerosis, nephroarte-
riolar sclerosis, and focal segmental glomerulosclerosis (FSGS) [6, 7, 22]. However, as observations 
only, they do not rule out the possibility that older patients without these diagnoses may have subclini-
cal vascular changes that are associated with the normal process of aging resulting in reduced GFR 
and glomerulosclerosis. The presence of albuminuria with or without a reduced eGFR is associated 
with a risk of adverse outcome in the elderly including ESRD and all-cause mortality [8, 19, 22]. The 
higher risk of acute cerebrovascular disease, hypertension, medication nephrotoxicity, and acute kid-
ney injury, all place a higher risk of the elderly CKD patient toward progressing to ESRD [19]. 
Modifiable traditional and non-traditional risk factors and non-modifiable risk factors for CKD in the 
elderly have been described [14]. A discussion pertaining to those that involve nutrition intervention 
now follows.

 Risk Reduction of CKD and ESRD in the Older Adult

 Treat and Control Hypertension

Blood pressure goals for the older adult with CKD consider recommendations from The Eighth 
Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure [23], the 2013 KDIGO guidelines [24], and the American College of Cardiology/
American Heart Association (ACC/AHA) Guidelines published in 2018 [25]. Blood pressure targets 
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are ≤140/90 mmHg if albuminuria is <30 mg per day and a blood pressure ≤130/80 mmHg if albu-
minuria is >30 mg/day. While selecting blood pressure–lowering medications such as angiotensin- 
converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs), the risk of potential 
adverse events such as hyperkalemia and worsening kidney function need to be considered. Close 
monitoring of the older patient’s laboratory values is warranted. Nutrition recommendations include 
a low sodium diet and a diet pattern of eating that promotes intake of fresh fruits and vegetables, 
whole grains, avoidance of red meats, and nonfat dairy products. Physical activity as assessed indi-
vidually is also encouraged as part of lifestyle modifications. All recommendations are individualized 
in accordance to nutrition assessment and laboratory findings [23–26].

 Treat Hyperlipidemia

Treatment for dyslipidemia in the elderly with CKD is based on the guidelines of KDOQI [27], 
KDIGO [28], and the ACC/AHA guidelines [29]. A main change to the guidelines is a shift from a 
focus on low-density lipoprotein cholesterol (LDL-C) targets to the use of a statin to treat dyslipid-
emia. KDIGO recommends that all adults ≥50 years of age with CKD, but not those on dialysis, be 
treated with statin therapy. In addition, for adults in the same age group with an eGFR <60 ml/min/
m2, combination of a statin with ezetimibe is also recommended [27–29]. Nutrition therapy includes 
the use of omega-9 and omega-3 fatty acids containing oils as part of lifestyle modifications [30].

 Diabetes Management

Chronic kidney disease resulting from microvascular injury to the kidneys from diabetes or diabetic 
nephropathy is reported to be responsible for approximately 40–50% of the CKD patient population 
[1, 8]. There is a growing incidence of diabetes in the United States and particularly within the elderly 
[1, 7, 8, 13]. The Centers for Disease Control and Prevention (CDC) reported an increased incidence 
of diabetes in individuals aged 65–79 years of age from 6.9 per 1000 in 1980 to 15.4 per 1000 in 2011 
[14]. Diabetic nephropathy typically develops over a >5-year period, offering a window of time dur-
ing adult years to reduce risk through optimizing blood glucose management and lifestyle modifica-
tions. Specific suggestions for diet modification of the individual with CKD and diabetes are available 
and encourage a diet pattern of eating that promotes fresh fruits and vegetables, whole grains, nonfat 
dairy products, and lean meats. Avoidance of higher ranges of protein intake defined as 20% of total 
calories or >1.3 gm protein/kg/day is suggested [30]. Individualization of guidelines to meet the 
unique needs of the elderly adult is recommended. Of note, tight blood glucose control is not recom-
mended for the older adult with target HgbA1c goals increased to 7% to reduce the risk of nocturnal 
hypoglycemia [30].

 Frailty

Older adults with CKD tend to have multiple comorbidities, which coupled with the effect of aging, 
can leave the individual more frail than their peers [31–33]. Changes in the musculoskeletal system 
with aging as well as chronic disease can have a negative impact on physiological function and can lead 
to frailty that is a precursor for disability [31–33]. Frailty is characterized by self-reported weakness, 
fatigue, balance or gait disorders, undernutrition, and an impaired ability to recover from insult, leading 
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to impaired homeostatic reserve, malnutrition, decreased mobility, or functional loss related to diseases 
such as cerebrovascular accident (CVA), Parkinson’s disease, or arthritis [33]. Shlipak found that 
elderly persons with CKD were three times more likely to be frail than their counterparts with normal 
kidney function [33]. The incidence of frailty within the CKD population is higher than that of the 
generalized population [31–33]. An analysis of data from the Third NHANES [31] was used to esti-
mate the prevalence of frailty among persons with CKD; the overall prevalence of frailty was 2.8%. 
However, among persons with moderate to severe CKD (i.e., eGFR < 45 mL/min/1.73 m2), the inci-
dence of frailty was 20.9%. The odds of frailty were significantly increased among all stages of CKD, 
and were only marginally attenuated with additional adjustment for sarcopenia, anemia, acidosis, 
inflammation, vitamin D deficiency, hypertension, and CVD [31]. Frailty and CKD were indepen-
dently associated with mortality [31, 32]. A recent meta-analysis on frailty and CKD in the elderly in 
36,076 individuals aged 50–83 years reported that prevalence of frailty ranged from 7% in CKD stages 
1–4 of elderly living in the community to 73% in a cohort of patients on hemodialysis [32]. The inci-
dence of frailty increased with reduced GFR. Frailty was associated with adverse outcomes including 
increased risk of mortality and hospitalization [32]. The etiology of frailty is unclear [31]. However, 
nutrition, protein intake, and bone health and maintaining physical functioning as part of a healthy 
lifestyle are important considerations when caring for the elderly patient with CKD [31, 34].

 Increased Falls Risk

Falls risk can be related to polypharmacy, impaired mobility, DM with impaired sensory neuropathy, 
autonomic neuropathy and/or visual impairment, orthostatic hypotension, renal osteodystrophy, and/
or the risk of osteoporosis [35–37]. In addition, depression can impact judgment and safety aware-
ness, which can increase falls risk. Falls risk in elderly dialysis patients is high with a 4.4 relative risk 
of hip fracture and the resultant mortality at 1 year being 2.5 times greater; the fall rates in this group 
are close to the rates in nursing homes [37, 38]. Falls can also lead to further decreases in mobility, 
which can directly impact ADLs and instrumental activities of daily living such as shopping and meal 
preparation. Maintenance of physical exercise and functioning is crucial for the elderly CKD patient.

 Vascular Dementia

Vascular dementia increases in CVD with CKD, DM, and increased age [7, 8, 13, 39, 40]. The indi-
vidual with vascular dementia will have areas of intact function contrasted with others of profound 
impairment and task-specific disabilities based on the location of the vascular event in the brain [41]. 
The Kidney Disease Quality of Life Cognitive Function (KDQOL-CF) subscale can be used to screen 
for cognitive function and help determine who needs further work-up [41]. Dementia is associated 
with malnutrition and an increased risk of mortality [7, 8, 13, 19].

 Review of Normal Physiological Changes Associated with Aging

The aging process affects all body systems lending complications to maintaining an active and accept-
able quality of life. These are reviewed in detail in the geriatric literature [42–48]. Summarized here 
are the elements of the aging process that are particularly challenging to maintain adequate nutritional 
status, including hydration, electrolyte balance, and a feeling of vitality to support daily functioning 
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in the older adult with CKD. Nutrition intervention is important in the elderly as diet therapy inter-
faces with traditional and nontraditional modifiable risk factors for CKD, CVD, and other chronic 
diseases (Table 21.2) [26, 30, 34].

 Nutritional Deficits in the Elderly

The US Dietary Guidelines (2015–2020) reported inadequate intake of several nutrients among older 
adult Americans including vitamin D, calcium, potassium, and dietary fiber. Moreover, the elderly are 
at risk for marginal intakes of omega-3 fatty acids; folate; vitamins B6, B12, C, D, E, and K; magnesium; 
and zinc [26]. Higher intakes of dietary protein in older adults aged 70–79 have been associated with a 
40% reduced loss of lean muscle compared to those with lower intakes. Adequate dietary protein intake 
may be protective from risk of sarcopenia. The current recommendation for dietary protein is the same 
for all adults; it is possible that a higher range of intake is needed by the older adult. Contributing fac-
tors for a possible higher dietary protein need in the older adult may include a loss in the efficiency of 
overall metabolism for protein, fat, and carbohydrates among a milieu of inadequate dietary cofactors 
such as B vitamins. Physical activity is also an important consideration toward the risk of sarcopenia. 
It is possible that maintaining optimal nutrition throughout the adult aging process and physical activity 
contributes to a decreased risk of frailty and sarcopenia in the older years, when corrected for comorbid 
conditions and smoking. This relationship is further complicated in CKD where reports of a potential 
for accelerated aging of body symptoms is observed in younger adults (<ages 40) who are on renal 
replacement therapy [21, 49]. The malnutrition inflammation syndrome (MIS) and known protein 
energy wasting (PEW) that is observed in CKD patients, particularly those on renal replacement ther-
apy, also impacts outcomes such as frailty, sarcopenia, cognitive health, and quality of life [26, 49, 50].

 Medical Nutrition Therapy for the Older Adults with Chronic Kidney Disease

A complete nutritional assessment involves a review of documented medical problems to determine 
nutritional needs, risks, and barriers to obtaining a consistent adequate dietary intake. While older 
adults may already have established chronic disease such as hypertensive arteriosclerosis or diabetic 

Table 21.2 Nutrients potentially interfacing with traditional and nontraditional modifiable risk factors for chronic 
kidney, cardiovascular, and other chronic diseases

Traditional risk factors, 
modifiable

Nontraditional risk factors, 
modifiable Interfacing nutrients; lifestyle factors

High-protein diet Anemia, hyperuricemia,hyperphos
phatemia

Dietary protein, type and quantity; including 
dairy products

Cardiovascular disease; 
hyperlipidemia

Nephrotoxic herbs Fat: amount and type

Diabetes Refined sugars, physical activity, BMI
Obesity Total calories and diet composition; activity 

level
Proteinuria BMI; diabetes control
Metabolic acidosis Emerging data; diet; low intake of fresh fruits 

and vegetables, high animal protein intake
Smoking Smoking cessation
Nutrition and herbal 
supplements and products

Avoid supplement products with unknown 
risk:benefit ratio
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nephropathy, nutrition therapy is important to reduce risk of exacerbation of disease and to contribute 
to overall physical well-being. Awareness of the behavioral health status of the older adult, whether 
living alone or as part of a household, is important for the healthcare team to maintain. Anxiety, 
depression, and dementia are all contributing factors to overall decline of health and well-being. 
Suicide rates are disproportionately high in the older population [51] and in individuals with CKD 
[52]. A team member that includes a psychologist and social worker who are specially trained in pro-
viding interventions for depression and anxiety is important.

Polypharmacy is another important consideration that impacts nutritional status and consistency of 
adequate intake. In addition to nutrient–drug interactions that can result in nutrient deficiencies, the 
interaction of drug classes themselves as well as individual agents can lead to fluid and electrolyte 
imbalances, dysgeusia, anorexia, xerostomia, hyposmia, diarrhea, and constipation. Completion of 
medication validation to be sure older adults are only taking the prescribed medications they need is 
a critical part of medical and nutrition management. This includes checking for excessive or inade-
quate use of nutrition supplements or inappropriate use of herbal formulations and other over-the- 
counter items. (See Chap. 9 on drug–nutrient interactions and Chap. 32 on complementary and 
alternative medicine.)

 Renal Replacement Therapy

While CKD is more common in the older adult, the overall risk of mortality exceeds the risk for the 
development of ESRD. It has been reported that it is not until the eGFR drops to lower levels, approxi-
mately 15 ml/min/1.73 m2 in 64- to 84-year-old adults [8], that the risk of developing ESRD is higher 
than mortality. After age 85, overall mortality risk again exceeds risk of progressing to end-stage 
disease, requiring renal replacement therapy. When renal replacement therapy is being considered, 
important factors impact the decision to initiate. Reduced life span cardiovascular morbidity, overall 
morbidity, adverse events such as hypotension, exacerbation of anemia, and fatigue are medical con-
siderations. Obstacles regarding transportation, family/community support, integrity of vascular 
access are other concerns. Involvement of the elderly with Advanced Directives and Living Will 
details with discussions involving family members mediated by an experienced nephrology social 
worker are important. There are no data available demonstrating that renal replacement therapy in the 
elderly improves or worsens quality of life. While it has been reported that elderly who received renal 
replacement therapy versus maximum conservative management had a survival benefit, (37.8 months 
vs. 13.9 months), those on renal replacement therapy spent more time in the hospital, 173 days versus 
16 days [7]. Those receiving conservative management were four times more likely to die at home or 
in a hospice [7].

 Conclusion

The older adult is projected to outnumber the population of children in the United States. Specifically, 
there will be 78 million people 65 years and older compared to 76.7 million people who will be 
younger than this age threshold; this is an unprecedented statistic [2]. The new profile of the US popu-
lation has significance for the burden of CKD and ESRD in the United States. Efforts to improve the 
diagnosis and treatment of a reduced eGFR in the elderly population are ongoing challenges. Kidney 
senescence involves functional and physiological modification to kidney tissue, which impacts accu-
rate diagnosis and subsequent treatment approach. Development of equations to assess kidney func-
tion accurately within the confines of reduced musculature and other variables characterizing the 
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older adult are reported to be in progress [1, 8, 12]. Medical nutrition therapy is an important compo-
nent of care for the older adult with CKD as there is the potential to decrease chronic disease risk 
factors associated with CKD progression through diet modification [30, 53]. Specific nutrients that 
have been identified to be inadequately represented in the diet of the older adult can be incorporated 
into daily meal plans. In addition, maintaining optimal physical functionality and avoidance of frailty 
and sarcopenia are important for risk reduction of overall mortality. Nutrition integrity and consis-
tency including diets enriched as appropriate with protein, vitamin D, and calcium have a role in 
maintaining physical health. Socioeconomics and community support systems influence medical out-
comes. Behavioral health of the older adult is imperative to monitor and address as poor quality of 
life, depression, anxiety, and loneliness can all have a negative impact on dietary intake, nutritional 
status, and overall mortality risk. All of these factors need to be intertwined with metabolic and physi-
ological challenges that confront the older adult and need to be considered when approaching end-of- 
life care, including decision to decline or initiate renal replacement therapy.

 Case Study

C.M.D. is an 80-year-old Hispanic female, widower, with CKD late stage 4, early stage 5 (eGFR 
12–16%), a history of hypertension (HTN), congestive heart failure stage 3, atrial fibrillation, mitral 
valve stenosis – not an operable candidate, and failure to thrive. Her oxygenation is stable on room air. 
C.M.D. does have a reported residual kidney and produces a urine output of approximately 650 cc per 
day. She lives with her daughter’s family, which includes her son-in-law and three young grandchil-
dren. There is a reported concern of food insecurity by the social worker. C.M.D. denies nausea, 
vomiting, diarrhea, abdominal pain, or any symptoms of acute illness. Her prescribed medications are 
as follows: 40 mg furosemide twice daily, sevelamer carbonate 800 mg three times daily with meals, 
metoprolol 25 mg qd, spirolactone 25 mg per day, apixaban 2.5 mg twice daily, nephrovite one tablet 
daily, and cholecalciferol 2000 units daily. C.M.D. has verbalized that she is unsure if she wants to 
start renal replacement therapy and does not understand what dialysis will do for her.

Objective– height: 64 inches; weight: 128  lb; reported weight change is 10  lb of unintentional 
weight gain over the past 2 weeks. She reports that her appetite is improving. Her sitting blood pres-
sure is 128/60 mmHg. Labs: BUN 65 mg/dL, Cr 3.6 mg/dL, Na+ 136 mEq/L, K+4.8 mEq/L, CO2 
22 mEq/L, RBC 3.80, Hgb 11.1 g/dL, Hct 34.4%, total cholesterol 201 mg/dL, TRG 180 mg/dL, HDL 
40 mg/dL, LDL 130 mg/dL, Ca2+9.0 mg/dL, phosphate 6.0 mg/dL, albumin 2.5 gm/dL, serum para-
thyroid hormone 475 pg/mL, and vitamin D level (25OH) 24 ng/mL.

 Case Questions and Answers

 1. What are some of the immediate factors that need to be considered in completing C.M.D.’s nutri-
tion assessment?
Answer:

• Recent weight gain; need to evaluate volume status; is this loss of residual renal function, wors-
ening CHF, exacerbated by high sodium intake, non adherence to medications; does C.M.D. 
have insurance adequate to purchase medications and are they being purchased and taken?

• Hypoalbuminemia: is dilution a factor if patient is hypervolemic?
• Is diuresis being accomplished?
• What is C.M.D.’s magnesium level? Why is magnesium important?
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• When did C.M.D. last have evaluation by cardiology?
• Obtaining a 24-hour urine collection for creatinine clearance would be helpful in evaluating 

C.M.D.’s overall kidney function. Her weight is up on diuretics and if her residual kidney func-
tion has declined and she cannot obtain a negative fluid balance, renal replacement therapy is a 
consideration while undergoing above assessments.

• What is C.M.D.’s overall adequacy of nutrient intake?
• Definition of C.M.D.’s sodium intake and total fluid intake needs to be quantified.

 2. Which eGFR equation would be ideal to use for estimate C.M.D.’s kidney function and why?
Answer: CKD-EPI cystatin C or CKD-EPI Cr-cystatin C: more accurate choice for elderly and 
individuals with reduced mass.

 3. What are some areas of concern related to this patient’s psychosocial situation?
Answer:

• Financial support: Does patient have financial support to purchase medications? Food?
• Education regarding renal replacement therapy is needed with patient and family for C.M.D. to 

decide whether to pursue dialysis. This evaluation is recommended to include the cardiologist 
to ascertain cardiovascular mortality risk and prognosis while C.M.D. is considering decisions 
regarding end-of-life care and quality of life. If C.M.D. decides to pursue renal replacement 
therapy, home peritoneal dialysis in addition to home and in-center hemodialysis are best to be 
included. C.M.D. may benefit from peritoneal dialysis due to her cardiovascular status. Code 
status and Advanced Directives are recommended to be identified and documented.

 4. What nutrition assessment and therapies are indicated based on this presenting information?
Answer:

• Evaluation of food intake for estimation of quality and quantity of nutrients.
• Determine if a fluid restriction is indicated by evaluating total fluid intake.
• How is her dental health? Can C.M.D. chew food properly?
• Evaluate visceral muscle stores with anthropometrics.
• Evaluate for frailty.
• Evaluate for sarcopenia – grip strength could prove helpful.
• Is protein intake adequate? What about calories?
• Is phosphorus elevated due to diet intake, lack of binders, needing more binders, high phospho-

rus food intake?
• Is vitamin D low due to not taking the supplement or not having the supplement to take or does 

C.M.D. need more vitamin D?
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Part VI
Nutritional Management of Other 

Disorders that Impact Kidney Function

The amount and the composition of diet have a profound impact on numer-
ous homeostatic processes and affect the development and progression of 
several disease states, many of which are critically important in determining 
outcomes in patients with chronic kidney disease (CKD). Furthermore, 
proper nutrition is indispensable in the maintenance of the health and well-
being of patients with CKD and end-stage renal disease (ESRD). Deficiencies 
in both the amount and quality of consumed nutrients can facilitate the 
development of protein-energy wasting (PEW), which is one of the most 
powerful determinants of poor outcomes in these populations. Nutritional 
interventions can thus be used to affect these processes and disease states 
and ultimately to improve outcomes in patients with CKD. Chronic inflam-
mation is extremely common in patients with CKD and ESRD and has an 
impact on both the progression of CKD and on the development of comor-
bidities such as cardiovascular disease. Avesani et al. describe the etiology 
and pathophysiology of chronic inflammation in CKD, its role in the devel-
opment of PEW, and the various dietary interventions that can be used to 
mitigate both its development and its adverse consequences. CKD-associated 
mineral and bone disorders (CKD- MBD) are extremely common in patients 
with CKD and ESRD and are associated with important adverse outcomes. 
McCann provides a summary of the conditions characteristic of CKD-MBD, 
their role in the development of CKD-associated adverse outcomes, and the 
various therapies (nutritional and pharmacological) used to treat them. 
Nephrotic syndrome characteristically develops in patients with glomerular 
diseases, and its salient features are high-grade proteinuria, edema, hyperlip-
idemia, and hypercoagulability. Ananthakrishnan et  al. provide a general 
description of this disease state and discuss the pharmacologic and dietary 
interventions used to treat them. Nephrolithiasis affects about 9% of the gen-
eral population and is a result of both genetic and environmental factors, 
with nutritional risk factors featuring prominently among the latter. Han 
et  al. describe the causes and consequences of kidney stones, summarize 
diagnostic modalities used in the evaluation of patients with nephrolithiasis, 
and review therapeutic approaches used for kidney stones, including nutri-
tional interventions. Finally, acute kidney injury (AKI) represents the sud-
den loss of kidney function that is commonly observed among hospitalized 
patients. AKI results in numerous complications that culminate on poor 
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clinical outcomes in affected individuals, and it represents a unique nutri-
tional challenge due to the highly catabolic states that these patients often 
suffer from, which is compounded by the presence of dialytic therapies. 
Grguric provides a description of the metabolic complications typically seen 
with AKI, the various interventions used in these patients including various 
types of renal replacement therapy, and the nutritional requirements and 
interventions typically observed in patients with AKI.

  Nutritional Management of Other Disorders that Impact Kidney Function
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Key Points
• Patients with chronic kidney disease (CKD) often have systemic low-grade inflammation.
• Low-grade inflammation present in CKD patients can lead to nutritional disturbances such as 

protein-energy wasting (PEW) and sarcopenia. In addition, inflammation in end-stage renal 
disease (ESRD) patients is associated with cardiovascular events and higher mortality rates.

• Several non-CKD-related, CKD-related, and dialysis-related risk factors activate the immune 
response in the uremic milieu. These factors represent potential targets for treatments to 
diminish inflammation in CKD patients.

• The uremic-gut dysbiosis is recently recognized as a factor that activates the immune 
response and causes inflammation in CKD patients.

• A less restrictive diet with fruits, vegetables, nuts, beans and whole grains as sources of fiber, 
antioxidants, vitamins, and bioactive compounds should be encouraged in CKD, as it may have 
beneficial effects on the uremic gut dysbiosis and, therefore, could potentially diminish the 
inflammatory response. Serum potassium should be closely monitored to avoid hyperkalemia 
and, if present, the diet should only contain fruits and vegetables with low potassium content.

• Supplementation with prebiotics, probiotics, and symbiotics may potentially diminish ure-
mic inflammation. However, interventional, randomized, and controlled studies with long 
follow-up time are needed to demonstrate such beneficial effects.
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 Introduction

The importance of enhanced inflammatory response as a leading cause of diminished reserves of protein 
stores in chronic kidney disease (CKD) has been extensively described as part of the uremic phenotype 
in the last 20 years [1, 2]. The persistent low-grade inflammation observed in end-stage renal disease 
(ESRD) patients plays a crucial role in protein-energy wasting (PEW) by promoting increased energy 
expenditure and protein catabolism while decreasing protein synthesis. This cycle can result in a nega-
tive nitrogen balance with loss of muscle mass and consequent wasting [2, 3]. In addition, inflammation, 
which has a pivotal role in the atherogenic process, worsens cardiovascular mortality and can further 
aggravate the detrimental outcomes, especially if wasting is present [4]. The cardiovascular mortality of 
ESRD patients is further increased in those with inflammation (C-reactive protein [CRP] ≥10 mg/L) and 
malnutrition (assessed by subjective global assessment (SGA)), as compared to those with only inflam-
mation or malnutrition, or in the absence of both conditions [2]. Since inflammation is believed to be a 
leading cause of PEW and cardiovascular disease (CVD) in ESRD, and inflammation therefore repre-
sents a potential target for therapeutic – pharmacological as well as nonpharmacological – interventions, 
this chapter aims to review the interrelation between inflammation and nutritional disorders, especially 
PEW, and to discuss potential strategies of treatment targeting inflammation, PEW, and sarcopenia.

 Interrelation Between Nutritional Disturbances and Inflammation in CKD

Defining and understanding well the different nutritional disorders that patients with CKD are exposed 
to is important for screening and planning of interventional studies, and for choosing which nutri-
tional markers to target and to use as measurement of effectiveness after an intervention. In this 
regard, in 2007, the Expert Panel of the International Society of Renal Nutrition and Metabolism 
(ISRNM) released a publication addressing the definition of terminologies related to malnutrition, 
inflammation, and wasting in CKD that brought some light to this area [5]. Malnutrition was defined 
as a condition in which the total energy and nutrient intake, specially of protein, is insufficient to 
fulfill the energy and nutrient needs. As a result, there is an unintentional loss of body weight and 
body fat and, if maintained for a long period, loss of protein stores as well. If inflammation is present, 
a condition with increased production of pro-inflammatory cytokines, such as tumor necrosis factor 
(TNF), interleukin 6 (IL-6), and others, this will promote protein catabolism and also diminish appe-
tite. This condition, defined as wasting, is characterized by higher blood concentration of inflamma-
tory markers and by a loss of protein stores (i.e., diminished muscle mass). As CKD patients are 
exposed to many different factors that may induce an increased inflammatory response, and to other 
noninflammatory conditions that can lead to increased protein catabolism and diminished protein 
anabolism, the ISRNM expert committee proposed the use of the terminology protein-energy wasting 

• Whether foods rich in bioactive compounds may ameliorate muscle catabolism in CKD 
remains to be studied in interventional randomized controlled studies.

• Energy and protein supplementation to reverse PEW should be implemented in patients with 
PEW or sarcopenia.

• Intradialytic oral supplementation and intradialytic parenteral nutrition to HD patients with 
PEW may ameliorate nutritional status.

• The combination of non-pharmacological (such as nutritional and lifestyle factors) and phar-
macological strategies should be considered to diminish the systemic low-grade inflamma-
tion in CKD.

C. M. Avesani et al.
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(PEW) to describe the nutritional disturbances observed in CKD [5]. In fact, in dialysis patients, those 
who were malnourished as assessed by SGA had higher concentrations of inflammatory markers 
(CRP, IL-6, and TNF) than the well-malnourished patients [6].

Another common feature of the uremic phenotype is sarcopenia. For decades, sarcopenia was 
defined as the loss of muscle mass that occurred primarily with aging [7], but since the publication 
of consensus reports on sarcopenia by different societies [8–12], especially by the European Working 
Group on Sarcopenia in Older People (EWGSOP) [8], a new definition was proposed. The EWGSOP 
from 2010 defines sarcopenia as a condition of diminished muscle mass and muscle strength (or 
muscle function) that could be primarily related to aging, but also secondary to other conditions, 
such as organ failure diseases or diseases that lead to increased inflammatory response (e.g., cancer, 
CKD, chronic obstructive pulmonary, congestive heart failure, HIV, and others), especially in those 
exposed also to long bed rest, chronic sedentary lifestyle, inadequate dietary intake, and nutrients 
malabsorption [8]. This definition was useful to bring awareness to screen and treat sarcopenia. In 
addition, the occurrence of sarcopenia was shown to be associated with higher levels of inflamma-
tory markers and worse outcomes in CKD, such as higher mortality rates, more hospitalization 
events, and worse quality of life [13–15]. More recently, the revised EWGSOP consensus kept the 
same definition, but emphasized low muscle strength and not low muscle mass as the key character-
istic for sarcopenia [16].

Lastly, but also important, obesity comes as another nutritional disturbance present in CKD that 
can be related to both systemic and local adipose tissue inflammation [17–19]. Obesity is defined as 
abnormal or excessive fat accumulation that is associated with increased mortality risk in the general 
population [20]. In obese individuals, the excessive adipocytes release TNF and IL-6 by macrophages 
infiltrating the adipose tissue [21]. As a result, there is a close association between obesity and 
increased concentration of proinflammatory interleukins as demonstrated by studies in CKD patients 
[17, 19, 22, 23]. Of note, obesity commonly coexists with PEW and sarcopenia, a condition called 
“sarcopenic obesity” [24].

As shown in Table 22.1, the prevalence of nutritional disturbances in CKD patients is elevated and, 
therefore, nutritional problems should as a rule be monitored and addressed when treating nondialy-
sis, hemodialysis (HD), peritoneal dialysis (PD), and renal transplant patients. Taking all together, it 
becomes clear that CKD patients are exposed to a chronic state of low-grade inflammation and that 
this condition is closely related to the nutritional disturbances observed in CKD. Figure 22.1 sum-
marizes the interrelation between the main nutritional disturbances with inflammation in CKD.

Table 22.1 Prevalence of protein-energy wasting, sarcopenia, and obesity in CKD

Nutritional 
disturbance Prevalence (%) References

CKD 
stages 3–5 
Non- 
dialysis Hemodialysis

Peritoneal 
dialysis

Renal 
transplant

PEW (SGA or 
MIS)

11–54% 28–54% 28–52% Carrero et al. [84]

Sarcopenia (low 
muscle mass and 
low muscle 
strength)

8–16% 8–37% 11–15.5% 11.8% Pereira et al. [15], Giglio et al. [14], 
Zhou et al. [85], Kittiskulnam et al. 
[86], Kim et al. [87], Isoyama et al. 
[13], Abro et al. [88], Yanishi et al. 
[89]

Obesity (excessive 
body fat 
percentage)

40–71% 27–65% Sharma et al. [24], Agarwal et al. 
[90] Rodrigues et al. [91], Gracia- 
Iguacel et al. [92]

Abbreviations: PEW protein-energy wasting, SGA subjective global assessment, MIS malnutrition inflammation index

22 Protein-Energy Wasting/Malnutrition and the Inflammatory Response
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 Causes of Inflammation in CKD

The increased inflammatory response in ESRD is an established feature of CKD and a nontraditional 
risk factor for CVD [25]. On the one hand, the acute inflammatory process starts as a protective 
mechanism to defend the host against infectious pathogens, and it has a number of important func-
tions, such as to allow tissue-repair response, to adapt to stress, and to restore the homeostatic state 
[26]. However, when a chronic deregulated inflammatory response occurs, there is high cost for the 
host, by compromising physiologic processes and impairing body functions needed to maintain nitro-
gen balance, which will lead to catabolism and sarcopenia [2]. A chronic state of low-grade inflam-
mation is associated with a cluster of burden of lifestyle diseases that accumulate with age 
(“inflammaging”), including ischemic heart disease, congestive heart failure, periodontitis, osteopo-
rosis, dementia, cancer, depression, and others [25, 27].

In the clinical situation, the systemic low-grade inflammation is assessed most commonly by CRP, 
which is produced and released from the hepatocytes, and rapidly increases after an inflammatory 
stimulus, resulting in an elevation of circulating IL-6, which induces the production of CRP in the 

Decreased kidney function
Uremic toxins

Intercurrent illness
Senescence

Comorbidities
Dialysis procedure

Inflammatory response Non-inflammatory factors
Metabolic acidosis

Low energy and protein intake
Sedentary life style

WastingMalnutrition

Protein-energy wasting c

•  ↑ Inflammatory response+•  Insufficient dietary intake a

•  Loss of body weight b

•  Decreased body fat
•  ↓ Protein stores

Sarcopenia
Criteria:Criteria:

•  ↓ Muscle strength•  Insufficient energy and protein intake
•  ↓ Body mass
•  ↓ Muscle mass
•  ↓ Nutritional biomarker, i.e. S-albumin

a Mainly energy and protein intake; b Unintended; c At least 3 of the 4 categories required for diagnosis of PEW

•  ↓ Muscle mass

Protein
synthesis

Protein
catabolism

Obesity
Excessive body fat

Fig. 22.1 Interrelation between the main nutritional disturbances with inflammation in CKD.  Criteria for  
protein-energy wasting [5]. Criteria for sarcopenia [16]

C. M. Avesani et al.
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liver during the acute phase of inflammation [28]. Since high-sensitivity (hs) CRP is a strong predictor 
of CVD events and mortality, hsCRP has become the standard method to assess inflammation in the 
clinic [29, 30]. The mean CRP levels in dialysis patients normally varies from 4–5 mg/L and was 
shown to be higher in HD than in PD patients [28, 31, 32]. In patients with CKD stages 3–5 (not on 
dialysis), more than 50% had CRP levels >2.1 mg/L [33].

The etiologic factors of this enhanced inflammatory condition in CKD are multiple and it may 
not be meaningful to address single factors, as many risk factors occur concomitantly and act 
together [25, 28]. In a didactic approach, inflammatory etiologic factors can be classified as those 
that are CKD-unrelated, CKD-related, and dialysis-related, i.e., due to the dialysis procedure per 
se (Table 22.2). Accumulating evidence suggests that cellular senescence – and the subsequent 
senescence- associated secretary phenotype (SASP) causing chronic inflammation  – appears to 
play a fundamental role in both initiation and progression of uremic inflammation [34]. Intercurrent 
events and illnesses such as periodontitis and poor oral health and obesity (mainly central obesity) 
are examples of nonrelated CKD causes. More recently, the gastrointestinal tract has been shown 
to play an important role in the increase of inflammatory mediators in CKD [35–37]. The gut 
microbiome of CKD patients is markedly altered; this is in part a consequence of an increased 
influx of circulating urea and other uremic toxins to the colon lumen, promoting the growth of 
bacteria that express ureases. In addition, the dietary restrictions aiming to control for plasma 
potassium and phosphorous lead to a diet with an overall low intake of fruits, vegetables, grains, 
and whole cereals, and thus a low fiber intake [38]. Of note, this dietary profile was linked to a 
proinflammatory diet pattern, with increased CRP concentration in HD patients [39]. This change 
in dietary pattern can further worsen the bacterial composition of the gut microbiome, affecting 
enterocyte health [35–37].

Another potentially modifiable factor is progression of CKD, since the reduction in kidney 
function results in accumulation of circulating cytokines, advanced glycation end-products, 
and  pro- oxidants, which are well-known CKD-related components of the inflammatory uremic 
milieu [25, 28]. Finally, low-grade inflammation is caused by the dialysis procedure in HD 
because of the vascular access by catheters, which is a common portal for infections, and the 
use of nonbiocompatible membranes, use of membranes with low capacity to filter larger mol-
ecules, contact of the blood with nonsterile dialysate solutions, and impure dialysate; these 
factors are influenced by the frequency and duration of the dialysis session [25, 28]. In addi-
tion, increased volume overload that commonly occurs in patients undergoing dialysis treat-
ment can lead to endotoxin translocation from the gut, immune- activation and increased 

Table 22.2 Etiologic factors of inflammation in CKD

Non-CKD related

Intercurrent events and illnesses
Periodontitis and poor oral health
Senescence
Obesity (mainly central obesity)
Altered gut microbe bacterial composition
CKD related

Reduction in renal function
Dialysis procedure related

Vascular access by catheters
Nonbiocompatible membranes
Frequency and duration of the dialysis
Capacity to filter medium and large molecules
Non sterile dialysate solution and impure dialysate
Increased volume overload
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cytokine production [40]. Among the above-mentioned causes of inflammation in CKD, the 
altered gut microbiota deserves attention, as it is closely related to dietary intake and nutri-
tional status.

 Gut Microbiota in CKD: The Crosstalk Between Nutrition and Inflammation

The large intestine is colonized by trillions of microbes that carry many genes from what is called the 
microbiome. The microbiome in turn has unique metabolic properties, including the fermentation of 
nutrients and synthesis of vitamins. It also exerts a fundamental influence on local and systemic pro-
cesses, such as immunity [35].

In the colon, the bacteria that participate in the digestion of food by catabolic pathways are catego-
rized as saccharolytic (i.e., predominantly fermenting carbohydrates) or proteolytic (i.e., predomi-
nantly fermenting proteins). Nutritional intake is a key component regulating the intestinal microbiome 
and the intestinal microbial composition and metabolism. For instance, a healthy and balanced diet, 
with adequate intake of fibers provides substrate to the colon to ferment fibers to short-chain fatty acid 
(SCFA) by saccharolytic bacteria. The SCFA, in turn, have an important role in energy homeostasis, 
regulation of the epigenome, gut epithelial integrity, and is also known to exert a protective action and 
a positive immune-modulating activity [41]. The current Western diet, on the other hand, is character-
ized by a decrease in the intake of foods with a high fiber content (fruits, vegetables, grains, and whole 
cereals), and an increased intake of protein and fat. This unhealthy dietary pattern is not well received 
by the colon and leads to detrimental protein and choline fermentation instead of a beneficial fermen-
tation coming from the carbohydrates provided by fibers. In addition, a diet poor in fibers augments 
the colonic transit time, which also has a negative impact on the colonic microbiome composition. 
Under this condition, the deprivation of carbohydrates in the colon (coming from a diet with low fiber 
intake), induces the growth of proteolytic species (proteolytic bacteria) and results in increased gen-
eration and uptake of end-products of bacterial protein fermentation (such as ammonia, amines, thi-
ols, phenols, and indols) and to a “disturbed gut” with an altered microbial composition and 
metabolism, known as gut dysbiosis [37, 41, 42].

The uremic phenotype is characterized by an altered gut microbiome, i.e., dysbiosis, because 
of the slow colonic transit, high luminal pH, and poor dietary intake with diminished intake of 
fibers, vitamins, and antioxidants. A main culprit is the use of dietary restrictions aiming at pre-
venting hyperkalemia and hyperphosphatemia [37, 41, 42]. Moreover, the uremic milieu can lead 
to gut dysbiosis by increasing the influx of circulating urea and other toxins to the gut lumen, 
favoring the growth of bacteria that express urease. Combined with poor fiber intake, this results 
in increased production of uremic toxins from the gut microbiota, among them, the p-cresyl sul-
fate, indoxyl sulfate, and trimethylamine- N-oxide (TMAO), which are protein-bound toxins that 
are difficult to remove by conventional dialysis [36, 37, 41, 42]. In addition, ESRD patients show 
a decreased production of bacteria that can ferment (saccharolytic bacteria) fibers to SCFA, which 
also contributes to gut dysbiosis. Finally, the gut dysbiosis in uremia may lead to disruption of the 
colonic epithelial tight junctions, inducing an increase in intestinal permeability, leading to bacte-
rial translocation from the gut to the bloodstream and increased exposure to endotoxins, a condi-
tion called the “leaky gut” [43]. Of note, endotoxins are potent immune system activators, which 
induce inflammatory cascades and systemic, low-grade inflammation. Similarly, the increased 
production of uremic toxins coming from the gut microbiota can also induce proinflammatory 
responses and leukocytosis. CKD progression constitutes another factor that can amplify and per-
petuate alterations in the gut microbiome and intestinal barriers, forming a vicious circle [36, 37]. 
Figure  22.2 summarizes the crosstalk between the uremia- gut dysbiosis, inflammation, and 
nutrition.

C. M. Avesani et al.



419

 Proinflammatory Dietary Pattern: Another Factor Exacerbating Uremic 
Inflammation

The current dietary guidelines for nutrition focus on treating the main nutritional disturbances 
present in CKD, such as, reversing PEW, delaying the progression of CKD and avoiding or 
managing the occurrence of hyperkalemia and hyperphosphatemia [44–46]. In order to address 
the management of the nutritional problems in this complex setting, the proposed guidelines 
rely on recommendations focusing on the intake of energy, macronutrients, minerals, and vita-
mins to achieve the optimal or at least the minimal amount required of these nutrients, by the 
diet or by oral supplementation, and, if necessary, by employing enteral or intradialytic paren-
teral nutrition [44–46]. The current energy, protein, and mineral recommendations by CKD 
treatment modality is summarized in Table  22.3. Although patients must receive adequate 
information so that they ingest sufficient amounts of energy and nutrients to cover the minimal 
needs to maintain adequate nutritional status, recent observational studies have shown that the 
combination of these dietary recommendations into a healthy dietary pattern is equally impor-
tant [47]. This can impose a dilemma for dietitians when planning the diet of CKD patients; for 
example, providing the minimum intake of energy, protein, and fibers may be in conflict with 
the need to reduce the intake of potassium and phosphorus if hyperkalemia and hyperphospha-
temia is present. In other words, if not carefully designed, building the dietary plan based 
solely on energy, nutrients, and minerals as recommended by guidelines may lead to an 
unhealthy dietary pattern with low intake of fibers, but high intake of saturated fat and energy, 
and with low, moderate, or high intake of protein depending on the CKD stage [48]. In 

Inflammation

↑ P-Cresyl sulfate

↑ Proteolytic bacteria

Chronic kidney disease
↓ Renal function

↑ Metabolic alterations↑Dietary restrictions

UremiaUnhealthy dietary pattern
↑ Influx of urea and toxins to the colon↓ Intake of fruits, vegetables, grains, beans, whole

         cereals, nuts = low intake of fibers
↑ Saturated fat and sugar

Altered gut
microbiome

↓ Slow colonic transit
↑ Luminal pH

↓ Saccarolytic bacteria

↑ Indoxyl sulfate
↑ Trimethylamine-N-oxide (TMAO)

“Leaky gut”
↑ Epithelial tight-junction
↑ Intestinal permeability
↑ Bacterial translocation
↑ Circulating endotoxins

Fig. 22.2 Crosstalk between uremia-gut dysbiosis, inflammation, and nutrition
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addition, these recommendations typically result in monotonous diets with limited food variety 
[49], inadequate content of vitamins, and an inflammatory dietary pattern.

The dietary inflammatory index (DII) is a relatively new tool for studying the effect of a diet, 
including the combined intake of macronutrients, micronutrients, flavonoids, and some food groups, 
on six inflammatory markers (IL-1β, IL-4, IL-6, IL-10, TNF, and CRP). The DII generates a score 
where a higher score indicates an inflammatory dietary pattern [50]. By using the DII, Kizil et al. [39] 
showed that in HD patients the DII was associated with higher CRP levels and PEW. In a subsequent 
study including nondialyzed CKD patients (CKD 3–5), a higher DII was associated with lower intake 
of the food groups (grains, vegetables, and fruits). Moreover, the risk of having more advanced CKD 
was higher among patients in the higher DII tertile in crude and adjusted models [51]. Of note, in 
another study including HD patients, it was shown that only half of the studied patients ate one to two 
servings/day of vegetables and 53% ate two servings/day of fruit, indicating a limited intake of fibers. 
Moreover, the most consumed vegetables (potato, carrot, onion) and fruits (apple, lemon, mandarin) 
were those with low amounts of antioxidants [52]. Recent research has outlined the importance of the 
uremic gut dysbiosis as a factor leading to inflammation [35–37], and a dietary intake characterized 
by a decreased intake of fruits, vegetables, whole grains, beans, and nuts can further worsen the ure-
mic gut dysbiosis [41, 42]. Therefore, it seems reasonable to consider a paradigm shift in the recom-
mended dietary plans for CKD patients. Perhaps it is time to replace the restricted, unbalanced, and 
potentially unhealthy diets currently recommended for uremic patients with diets with a more healthy 
dietary pattern. However, studies are needed to evaluate if such a change is safe and effective.

 Food as Medicine: Using Food as a Therapeutic Approach to Control 
Inflammation

As inflammation appears to play a pivotal role in the uremic phenotype, characterized by the pres-
ence of PEW, CVD, sarcopenia, and obesity,which are associated with deleterious outcomes, includ-
ing higher risk for premature CVD and increased all-cause mortality [25, 28], anti-inflammatory 
therapies should be developed to avoid and treat this condition. As previously described, there are 
many preexisting conditions leading to low-grade systemic inflammation in CKD (see Table 22.2), 

Table 22.3 Nutritional recommendations to CKD patients

CKD Stages 3 to 5 not on dialysis Hemodialysis Peritoneal dialysis

Energy  
(kcal/kga/day)

25–35b 25–35b 25–35b

Individualized
Protein (g/kga/day) 0.55–0.60b

0.8–1.0c

1.0–1.2b

>1.1d

1.0–1.2b

Potassium  
(mg/day)

To be adjusted to mantain 
adequate serum potassium levelsb

2000–3000 (if serum 
K >6 mmol/L)d or to be 
adjusted to mantain 
adequate serum potassium 
levelsb

2000–3000 (if serum 
K >6 mmol/L)d or to be 
adjusted to maintain 
adequate serum potassium 
levelsb

Phosphorus  
(mg/day)

To be adjusted to mantain 
adequate serum phosphate  
levelsb

800–1000d or to be adjusted 
to maintain adequate 
serum phosphate levelsb 

800–1000d or to be adjusted 
to mantain adequate serum 
phosphate levelsb

Sodium (mg/day) 2000–2300 2000–2300 Individualized
Liquids Individualized 500 ml + diuresisd Individualized

aBody weight
bNational Kidney Foundation Kidney Disease Outcomes Quality Initiative and the Academy of Nutrition and Dietetics 
Clinical Practice Guidelines for Nutrition in Chronic Kidney Disease [45]
cKidney Disease Improving Quality Outcomes (KDIGO) [46]
dEuropean Best Practice Guideline on Nutrition [44]
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and ideally each of these factors should be targeted with appropriate treatments. Complementing 
these approaches, nutritional interventions have been showing favorable results on biomarkers of 
inflammation in nondialysis CKD patients and in ESRD patients in clinical trials [42, 53, 54]. 
Although these trials had small sample sizes, with relatively short follow-up, the results are promis-
ing as they suggest that nutritional interventions may have beneficial effects on uremic 
inflammation.

 Low-Protein Diet to Nondialyzed CKD Patients

High-protein diets in patients with CKD stages 3–5 have been shown to increase glomerular hyperfil-
tration and proteinuria, accelerate the progression of CKD, and reduce the time until start of dialysis 
becomes necessary [55]. In addition, high-protein diets to nondialysis CKD patients increase the 
amino acid load that enhances advanced glycation end-product formation and are associated with 
higher production of gut-derived uremic toxins such as p-cresyl sulfate, hippuric acid, and phenyl-
acetylglutamine, which are retained and therefore increase in the circulation as glomerular filtration 
decreases [56]. Therefore, one can expect that a low-protein diet can partially reverse the increased 
production of gut-uremic toxins, by diminishing the influx of urea into the gut and diminishing the 
proteolytic fermentation that generates gut-uremic toxins [37]. This was observed in a study by 
Marzocco et al. [57], showing that a very low protein diet supplemented with keto-analogues dimin-
ished the production of indoxyl sulfate levels. Moreover, Rossi et al. [58] showed that in nondialyzed 
CKD patients, diets exhibiting a high fiber intake in relation to protein intake was associated with 
lower circulating concentrations of p-cresyl sulfate and indoxyl sulfate. Since indoxyl sulfate can 
decrease the transcription of nuclear factor-erythroid 2 related factor 2 (Nrf2), a factor involved in the 
anti-inflammatory response, a low-protein diet that would increase Nrf2 has been proposed as an anti- 
inflammatory approach in nondialyzed CKD patients [59]. Recently, it was shown that after 6 months 
on a low-protein diet, there was a significant increase in Nrf2 mRNA expression, albeit no change in 
inflammatory markers was reported [60]. As low-protein diets are accompanied by a decrease in 
energy intake, it is important that patients receive an adequate intake of energy as this is of importance 
to avoid PEW.

 Higher Intake of Fruits, Vegetables, Whole Grains, Beans, Nuts, Prebiotics, 
and Probiotics

A diet with a high intake of fruits, vegetables, and whole grains has a high content of fibers. A high 
intake of fibers, in turn, is associated with lower inflammatory markers as demonstrated by studies 
both in the general population and in CKD patients [61, 62]. Although the anti-inflammatory 
mechanism(s) behind this finding remains to be elucidated, the fermentation of soluble fiber and resis-
tant starch by the saccharolytic bacteria in the colon to SCFA, the diminished production of gut-
derived uremic toxins, and the higher intake of antioxidants with bioactive compounds that increase 
the transcription of Nrf2 are probably important contributing factors involved in the role of a healthy 
dietary pattern in diminishing inflammation [63]. A list of foods with increased amounts of bioactive 
compounds are shown in Table 22.4 with the corresponding amount of potassium, phosphorous, and 
fibers that could be incorporated to the daily diet of CKD patients.

In addition, fibers are sources of prebiotics, defined as a nondigestible food by the host that 
has a beneficial effect by stimulating the growth or activity of health-promoting bacteria. The 
prebiotics include inulin, fructo-oligosaccharides, galacto-oligosaccharides, soya-oligosaccha-
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Table 22.4 Foods rich in bioactive compounds with the respective potassium content

Bioactive compound Potassium (mg) Phosphorous (mg) Total fibers (g)

Green and red grapes
  Serving (50 g, 10 grapes)
  100 g

Resveratrol, anthocyanins 94
191

10
20

0.4
0.9

Cranberry juice
  Serving (240 ml)
  100 g

Resveratrol, anthocyanins 29
12

NA
NA

0
0

Blackberry
  Serving (144 g, 1 cup)
  100 g

Anthocyanins 233a

162
32
22

7.6
5.3

Strawberry
  Serving (140 g, 1 cup)
  100 g

Anthocyanins 210a

150
31
22

4.1
2.9

Cherries
  Serving (140 g, 1 cup)
  100 g

Anthocyanins 169
121

NA
NA

2.0
1.4

Avocado
  Serving (1/2 unit, 68 g)
  100 g

Polyphenols 345a

507
37
54

4.6
6.8

Acai puree
  100 g

Anthocyanins 60 16 3.0

Pomegranate
  Serving (140 g, 1/2 unit)
  100 g

Polyphenols 333a

236
51
36

5.5
4.0

Tomato
  Serving (62 g, 1 unit)
  100 g

Lycopene 147
237

15
24

0.7
1.2

Broccoli (cooked)
  Serving (85 g, ½ cup)
  100 g

Sulforaphane 292a

343
70
82

2.4
2.8

Cabbage (raw)
  Serving (70 g, 1 cup)
  100 g

Sulforaphane 170
243

21
30

1.5
2.1

Kale (raw)
  Serving (20 g, 1 cup)
  100 g

Sulforaphane 73
348

12
55

0.9
4.1

Brussels sprouts (cooked)
  Serving (80 g, ½ cup)
  100 g

Sulforaphane 247a

317
44
56

2.0
2.6

Garlic
  Serving (9 g, 3 clove)
  100 g

Allicin 36
401

14
153

0.2
2.1

Brazilian nuts
  Serving (2 units, 10 g)
  100 g

Selenium 65.1
651

85.3
853

0.79
7.9

Source of nutrients: United States Department of Agriculture, Agricultural Research Service, USDA Food Composition 
Databases, except for Acai puree, in which the source of nutrients was the Brazilian Food Composition Tables
aIn patients with hyperkalemia, the administration of these foods should be carefully controlled due to their high content 
of potassium per serving (>200 mg/serving)

rides, xylo- oligosaccharides, and pyrodextrins. Studies with prebiotic supplementation for 
4–6  weeks have been shown to decrease inflammatory markers in nondialyzed and dialyzed 
CKD patients [53, 54]; however, it should be noted that other studies failed to reproduce such 
findings [64, 65].
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Probiotics, defined as “live microorganisms,” confer health benefits on the host as they may pro-
mote a better composition of the gut microbiota when administrated in adequate amounts. The bene-
fits are mediated by improvement in gut barrier integrity and function, in the activity of the gut 
immune system resulting in lower inflammatory response, and in the control of photobionts (i.e., the 
photosynthetic component of a lichen) overgrowth [36, 37]. In a systematic review including seven 
interventional trials, a significant reduction in CRP, but not in TNF, was observed after 2 months of 
probiotic supplementation in ESRD patients compared to the control group [66]. Another promising 
approach is the combination of pro- and prebiotics (symbiotics) that might result in a synergistic 
effect on gastrointestinal function. Rossi et al. [67] showed improvements in the production of gut- 
uremic toxins, but not in diminishing inflammatory markers, when supplementing with symbiotics for 
6 weeks in CKD nondialysis patients. Whereas Viramontes-Hörner et al. [68] found that supplementa-
tion with a symbiotic gel for 2  months diminished the severity of gastrointestinal symptoms in 
HD patients, no significant changes on inflammatory markers were observed. Therefore, more studies 
are needed to confirm whether symbiotic supplementation can diminish the low-grade inflammation 
in CKD. In summary, the interventional studies testing the effects of prebiotics, probiotics, and/or 
symbiotics supplementation (>1 week) on inflammatory markers in adults with CKD show promising 
results. But, since a recent meta-analysis showed lack of conclusive results, it can currently not be 
recommended in CKD until randomized and controlled studies show positive results following inter-
ventions with pre-, pro-, or symbiotic, and which type, dose, and time of intervention that are required 
to gain positive results as regards to inflammation [69].

 Polyunsaturated Fatty Acid Supplementation

There are three main types of fatty acids of special relevance for humans: saturated fatty acids, 
monounsaturated fatty acids (MUFAs), and polyunsaturated fatty acids (PUFAs). PUFAs are sub-
classified into n-3 (omega 3, i.e., eicosapentaenoic acid – EPA, docosahexaenoic acid – DHA), n-6 
(omega 6, i.e., linoleic acid – LA, and ∝-linolenic acid – ALA), and n-9 (omega 9) [70]. Food 
sources of EPA and DHA are oily fish, other sea food, seaweed and krill oil, while food sources of 
LA and ALA are sunflower seeds, corn, soya, sesame, canola, safflower, and their oils [71]. Almost 
20 years ago, studies showed that the contents of n-6 PUFA and EPA in the diet of HD patients are 
low and, therefore, not in line with a healthy dietary pattern in regards to fat [72, 73]. In fact, there 
are studies showing a low intake of fish (a source of EPA) and a high intake of food sources rich in 
saturated fatty acids by individuals with CKD, both nondialysis and dialysis patients [48, 74]. 
This – in addition to the low intake of fiber typical of CKD patients – indicates a dietary pattern not 
compatible with a heart-friendly diet. Particularly regarding the low intake of food sources of n-3 
PUFA and n-6 PUFA, it has been shown in vivo and in vitro and in clinical studies that PUFAs exert 
anti-inflammatory properties and the balance between n-3 PUFA and n-6 PUFA in the diet is impor-
tant to exert an anti-inflammatory effect [71]. The anti-inflammatory effects of n-3 PUFAs include 
attenuation of endothelial adhesiveness, activation of leukocytes and resident macrophages, leuko-
cyte–endothelial interaction, leukocyte transmigration, and the release of substances that lead to 
tissue injury [71]. In CKD patients there are interventional studies showing that supplementation of 
n-3 PUFA has the potential to reduce inflammation (hsCRP, IL-6 and TNF) [71]. Although clinical 
trials do not support or recommend supplementation of n3-PUFA to CKD patients in clinical prac-
tice due lack of evidence (which may be due to inappropriate design, small sample size, and short 
follow-up time), these findings reinforce the idea of substituting food sources of saturated fatty 
acids (from red meats, cheeses, butter, and palm oil) to unsaturated fatty acids (PUFA and MUFA) 
to provide a healthy dietary pattern that potentially could exert protective effects in diminishing 
inflammation and CVD in CKD patients.
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 Energy and Protein Supplementation to Reverse PEW

An early, individualized and balanced nutritional counseling considering (1) the patient’s food habits, 
(2) cultural and social economic condition, (3) the nutritional status, (4) the ability of chewing and 
swallowing food and liquids, and (5) the presence of comorbidities (which increase protein catabo-
lism and energy expenditure as well as modify nutrient digestion and absorption) should be consid-
ered when planning the diet for CKD patients. For patients with PEW and sarcopenia, appetite and 
food preferences should be explored to enhance total energy and protein intake. According to specific 
guidelines for CKD and ESRD patients, the energy intake recommendation for metabolically stable 
adult CKD patients should be between 25 and 35 kcal/kg body weight/day depending on age, gender, 
level of physical activity, weight status goals, concurrent illness, or presence of inflammation. For 
protein, the recommended intake for metabolically stable adult CKD patients ranges from 0.55 to 
0.60 g/kg body weight/day in CKD 3–5 not on dialysis without diabetes, 0.6–0.8 g/kg body weight/day 
for CKD 3–5 not on dialysis who have diabetes, and from 1.0 to 1.2 g/kg body weight/day for HD and 
PD patients [44–46]. Since low energy and protein intake are among the causes leading to PEW and 
sarcopenia, and may occur concomitantly with low-grade inflammation due to diminished appetite 
triggered by low-grade inflammation [28], the dietitian should explore options from the patients’ food 
preferences to enhance the total intake. However, if this is not achieved after 2 weeks, and if nutri-
tional status continues to deteriorate, an oral supplement should be considered [75].

Formulas designed for dialysis patients that combine a high amount of energy and protein with 
controlled amounts of potassium and phosphorus entail options for use in dialysis clinics. In a study 
including HD patients with serum albumin <35 g/L, intradialytic oral supplementation with formulas 
designed for dialysis patients resulted in an increase in serum albumin and in the normalized protein 
equivalent of nitrogen appearance (nPNA), a proxy of dietary protein intake, with no change in intra-
dialytic body weight gain. In addition, a reduced number of missed dialysis treatments as compared 
to the control group not receiving the supplementation was reported [76]. Similarly, Weiner et al. [77] 
observed that intradialytic oral supplementation for 3 months was associated with a 29% reduction in 
the hazard ratio for all-cause mortality – a result not mediated by changes in serum albumin levels. In 
another study in HD patients, supplementation with soy or whey protein during the dialysis session 
was compared with no supplementation for 6 months. After the intervention, a significant decrease in 
IL-6 levels and an increase in gait speed and shuttle walk test was observed in the groups receiving 
whey protein and soy protein in comparison with the control group [78]. Despite these positive effects, 
the use of oral supplements for periods longer than 3 months is limited due to low adherence because 
of monotonous taste of the formulas. For this reason, some studies investigated the use of intradialytic 
enriched protein meals during the dialysis treatment. In a metabolic study, it was shown that when 
patients were fed with a meal enriched in energy and protein during the dialysis procedure, an 
improvement in nitrogen balance was observed, whereas a negative balance was observed when 
patients were fasting [79]. More recently, in a prospective study, Caetano et al. [80] showed positive 
results in HD patients after 6 months of intradialytic meals with enriched protein. Compared to the 
control group, patients in the intervention group showed an increase in spontaneous protein intake, 
body fat percentage, and no changes in serum potassium, phosphorous, and CRP levels. Finally, intra-
dialytic parenteral nutrition (IDPN) can be used if the above approaches fail to reverse or arrest 
PEW.  In addition, IDPN should be recommended when the spontaneous energy intake is below 
20 kcal/kg/day and protein intake below 0.8–0.9 g/kg/day [75]. IDPN consists of a mixture of amino 
acids, glucose, and lipid in emulsions administrated in the extracorporeal circulation during the dialy-
sis session. For safety, the IDPN supplementation should not exceed 1 liter of fluids, 1000 kcal, and 
50 g of amino acids per dialysis session in a person weighing approximately 75 kg [75]. Ideally, IDPN 
should be gradually discontinued when the patients increase their oral intakes (with or without oral 
supplementation). The criteria to discontinue IDPN include an increase in serum albumin (>38 g/L for 
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3 months), an improvement in SGA or malnutrition inflammation (MIS) score, and an increase in 
energy and protein intake to >30 kcal/kg/day and >1 g/kg/day, respectively [75]. If the gastrointestinal 
tract is not functioning, total parenteral nutrition (TPN) should be considered. The benefits of using 
IDPN over oral intradialytic supplementation are inconclusive. In a prospective, randomized, and 
controlled trial including 186 patients on HD with PEW, Cano et al. [81] showed that when comparing 
controls with the group receiving oral intradialytic supplementation, IDPN was not associated with 
improvement in 2-year mortality rate, but showed significant improvement in serum pre-albumin and 
albumin concentrations, in addition to reduced rates of hospitalization and improved well-being. In a 
metabolic study investigating protein and energy homeostasis during HD, the use of IDPN was able 
to reverse the negative energy and nitrogen balance caused by the dialysis procedure, demonstrating 
a positive effect on metabolic parameters and nitrogen balance [82]. Intradialytic oral nutrition seems 
to offer similar benefits to IDPN in reversing and arresting PEW [83].

Taken together, nutritional interventions should be monitored using various markers before, dur-
ing, and after energy and protein supplementation to assess effectiveness. The criteria for diagnosing 
PEW (see Fig. 22.1), complemented if possible by use of SGA or MIS, can be easily adopted in clini-
cal practice [75]. Also, of importance, the energy and protein supplementation should be done in 
combination with a healthy dietary pattern as previously discussed. Close monitoring of potassium 
and phosphorus intake, and particularly for HD patients, control of intradialytic weight gain should 
also be implemented.

 Conclusion

The low-grade inflammation present in CKD has multifactorial causes and leads to increased protein 
catabolism and diminished muscle mass. This condition, combined with the sedentary lifestyle in 
many dialysis patients, contributes to diminished muscle strength and physical performance. 
Diminished muscle strength and muscle mass reflects a process of sarcopenia and, therefore, PEW 
and sarcopenia may occur concomitantly. Moreover, obesity can also coexist with PEW and sarcope-
nia and, therefore, overweight and obese individuals should also be screened for PEW.

Target treatments to diminish low-grade inflammation should include nutritional and nonnutri-
tional approaches. The implementation of a healthier dietary pattern with the inclusion of food sources 
of fiber, antioxidants, and bioactive compounds seems to be a potential approach to slow down low- 
grade inflammation in CKD, mediated by ameliorating uremic-gut dysbiosis. Although we still lack 
interventional, controlled, and randomized studies investigating the role of less-restrictive diets to 
reverse PEW and inflammation, it is reasonable to plan for diets enriched in energy and protein and 
that also offer replacement of ultra-processed food with food that is minimally processed and includes 
fruits, vegetables, and home-cooked meals. Finally, a careful assessment and monitoring of nutritional 
status should be performed before, during, and after nutritional counseling to evaluate the effective-
ness of the intervention.
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 Introduction

Abnormal bone and altered mineral metabolism are common complications of chronic kidney disease 
(CKD) and have been the subject of concern and controversy throughout the world [1–5]. Mounting 
evidence suggests that disorders of bone and mineral metabolism are associated with an increased risk 
for cardiovascular calcification, morbidity, and mortality [6, 7]. As kidney function declines, mineral 
homeostasis deteriorates, leading to changes in the levels of various hormones, such as parathyroid 
hormone (PTH), 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, other vitamin D metabolites, fibro-
blastic growth factor-23 (FGF23), FGF co-receptor Klotho, and growth hormone. Eventually, serum 
and tissue concentrations of calcium and phosphate become abnormal. The discovery of FGF23 and 
its co-receptor, Klotho, has changed the understanding of abnormal phosphate and vitamin D metabo-
lism in CKD.

Increased secretion of 1,25(OH)2D and high dietary phosphate intake are the main stimuli of 
FGF23 secretion [8]. FGF23 levels increase early (CKD stages 2 or 3) and steadily increase as CKD 
progresses. This hormone stimulates an appropriate physiologic adaptation to maintain normal phos-
phate balance. It helps to augment urinary phosphate excretion (although hindered by low Klotho 
levels), increase PTH levels, and lower 1,25(OH)2D production. Over time this adaptation fails, caus-
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ing a progressive decline in 1,25(OH)2D levels with additional long-term consequences such as 
 secondary hyperparathyroidism (SHPT). High FGF23 levels have been independently linked 
to adverse outcomes in CKD, such as cardiovascular disease and mortality. Additionally, treatment 
with activated vitamin D compounds stimulates FGF23. This finding has reinforced the need to con-
sider the risks and benefits of using activated vitamin D and to determine the optimal doses [8].

With the decreased conversion of 25-hydroxyvitamin D to the active form, intestinal calcium 
absorption drops and PTH secretion increases. The diseased kidney does not respond appropriately to 
PTH or FGF23. There is also evidence of downregulation of vitamin D receptors (VDRs) and resis-
tance to the actions of PTH at the tissue level. While all the interrelated mechanisms and conse-
quences are not fully understood, the import of these abnormalities has generated considerable interest 
and controversy [2, 9, 10].

Evidence-based practice guidelines for the management of CKD-mineral bone disease (MBD) 
were published by the National Kidney Foundation (NKF) Kidney Disease Outcomes Quality 
Initiative (KDOQI) in 2003 [1]. In 2005, an international group, Kidney Disease Improving Global 
Outcomes (KDIGO), sponsored a controversies conference entitled “Definition, Evaluation and 
Classification of Renal Osteodystrophy” [9]. The resulting position statement, published in 2006, 
provided a broader definition of bone and mineral abnormalities which was labeled as CKD-MBD [9]. 
CKD-MBD was defined as a systemic disorder of mineral and bone metabolism due to CKD mani-
fested by one or a combination of (1) abnormal calcium, phosphate, PTH, or vitamin D metabolism; 
(2) abnormalities of bone turnover, mineralization, volume, linear growth, or strength; and (3) vascu-
lar or other soft tissue calcification. It was suggested that the term renal osteodystrophy (RO) be 
applied only to alterations in CKD bone morphology that are quantifiable by histomorphometry of 
bone biopsy. There was also agreement within the consensus group that an international guideline was 
warranted to help clinicians understand and treat this disorder [9]. KDIGO evidence-based practice 
guidelines for CKD-MBD were developed and published in 2009 [2]. These guidelines were reviewed 
and embraced by experts around the world [2–5], noting the areas where financial limitations or lack 
of available therapies might alter the complete adoption of the guidelines. Review of evidence during 
a second consensus conference in 2013 determined an update of the guideline was warranted [11]. 
The updated version was published in 2017 [12], addressing primarily the guideline statements and 
recommendations that had new or stronger evidence to support them. The guidelines continue to rec-
ommend monitoring mineral metabolism parameters, but suggest a more individualized approach 
considering the risks (such as hypercalcemia) and the lack of evidence for better outcomes (meeting 
specific biochemical targets) with various treatment options [2, 12]. KDOQI (guideline group that 
determines the appropriateness of international CKD guidelines in the USA) reviewed the KDIGO 
guidelines and essentially agreed that the majority of the international guidelines were applicable to 
the US CKD population [13], but noted that a large number of the recommendations continue to be 
opinion based due to the lack of high-quality evidence.

In the years since dialysis became routinely available, the profile of bone and mineral abnormali-
ties has changed, molded by the dialysis process and various therapies. The focus on hyperparathyroid 
bone disease and osteomalacia has expanded to include concern for low-turnover bone abnormalities, 
mixed bone disease, and soft tissue mineralization [1, 2, 9]. Abnormalities of bone and mineral metab-
olism, in those individuals on dialysis therapy, are typically asymptomatic until late in the course of 
the disease, and even then, symptoms may be nonspecific and unobtrusive [10, 14]. Common symp-
toms such as pruritus, bone pain, fractures, deformities, and muscle weakness [2, 9, 10] have been 
overshadowed by metastatic and extraskeletal calcifications, which have the potential to affect many 
areas of the body. Extraskeletal calcification can be localized in arteries, eyes, visceral organs, skin, 
and around joints [1, 2]. Manifestations of abnormal bone and mineral metabolism can be found in 
Table 23.1 [2, 7, 10, 12, 14, 15]. It is important to understand the widespread incidence and impact of 
bone and mineral abnormalities in CKD and to use caution in applying therapies, always weighing the 
risks and benefits.
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 Pathogenesis of Bone and Mineral Abnormalities in CKD

Progressive loss of kidney function causes disturbances in mineral metabolism and bone integrity. The 
cascade of events that leads to bone and mineral abnormalities begins early in CKD. The kidneys help 
maintain the balance of calcium and phosphate in the body by regulating the net excretion of these 
minerals in the urine. Balance is also maintained by changes in calcium and phosphate absorption in 
the gastrointestinal (GI) tract and through the exchange of ions between bone and the extracellular 
fluid. Bone-level calcium and phosphate stores help support metabolic and homeostatic requirements. 
PTH, calcitriol, and phosphatonins like FGF23, along with its co-regulator, Klotho, coordinate the 
responses of the kidneys, intestines, and bones [1, 2, 10, 15–17].

Mineral and endocrine derangements begin earlier in CKD than bone-level changes [9]. In response 
to increasing phosphate load and decreasing calcitriol levels, FGF23 and PTH increase the per- nephron 
phosphate excretion via sodium-dependent phosphate cotransporters NPT2a and NPT2c [16, 17], 
although low Klotho levels in CKD hinder the phosphaturic effect of FGF23. FGF23 and PTH levels 
increase as CKD progresses (stage G2 CKD) with compensatory adaptations striving to maintain nor-
mophosphatemia [16, 17]. In healthy volunteers, dietary phosphate loading stimulates FGF23 synthesis, 
while restricting dietary phosphate has the opposite effect [18]. Increased FGF23 is an early biochemical 

Table 23.1 Manifestations of abnormal bone and mineral metabolism

Manifestation Characteristics/Description

Altered vitamin D metabolism Elevated FGF23
Decreased Klotho
Deficiency of calcitriol
Defective intestinal absorption of calcium
Hypocalcemia
Stimulation of PTH

Abnormal handling of calcium, 
phosphate, magnesium by the 
kidneys

Elevated FGF23
Hyperphosphatemia
Hypocalcemia

Secondary hyperparathyroidism 
(SHPT)

Decreased skeletal response to PTH
Altered degradation of PTH
Abnormal regulation of calcium-dependent secretion
Increased parathyroid chief cell proliferation
Increased bone turnover
Bone disease (osteitis fibrosa)

Metastatic and extraskeletal 
calcifications

Calcification of coronary arteries and cardiac valves
Potential skin ulceration and soft tissue necrosis
Increased risk for cardiovascular events/mortality

Fractures Incidence is increased in CKD and associated with poorer outcomes (need 
for assisted living, mortality)

Bone pain Not as common with the decrease is aluminum-associated bone disease, 
expressed as a general ache

Pruritus Previously associated with high PTH, high calcium-phosphorus product, 
metastatic calcification; research patient-reported associations are 
inconsistent; postulated to link to immune response

Dialysis-related amyloidosis Disabling arthropathy after years-long dialysis therapy
Calcific uremic arteriolopathy 
(calciphylaxis)

Characterized by microvascular occlusion in subcutaneous adipose tissue and 
dermis, which result in lesions or ulcers; rare but life-threatening

Proximal myopathy and muscle 
weakness

Usually limited to proximal muscles and thought to be caused by SHPT, 
phosphorus depletion, aluminum toxicity or low vitamin levels

Data from Refs. [1, 2, 7, 10, 48, 49, 52]
Abbreviations: FGF23 fibroblastic growth factor, PTH parathyroid hormone, CKD chronic kidney disease, SHPT sec-
ondary hyperparathyroidism
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marker of mineral derangement, although commercial assays for FGF23 or its biologic activator, Klotho, 
are not yet available for routine clinical use [19]. In the prospective Chronic Renal Insufficiency Cohort 
(CRIC) [20], elevated FGF23 was independently associated with mortality risk at all stages of CKD and 
with risk of progression to requiring kidney replacement therapy in those individuals with baseline glo-
merular filtration rate (GFR) ≥30 mL/min. The role of FGF23 in the development of SHPT is due to 
both direct and indirect effects. FGF23 has a counter-regulatory effect on calcitriol; thus, in CKD it has 
the potential to reduce vitamin D activity. It can also stimulate local expression of 1α-hydroxylase in the 
parathyroid (PT) glands, which may indirectly downregulate PTH synthesis through increased local 
production of calcitriol [21]. There is also a downregulation of the FGF23 signaling pathway in the PT 
glands with a decreased expression of fibroblast growth factor receptor 1 and Klotho. Klotho, a single-
pass transmembrane protein, has wide biologic effects and is expressed mainly in the kidneys and the PT 
glands but has also been detected in other tissues. It is central to FGF23 biologic activity and seems to 
be required for the FGF23-mediated receptor activation that stimulates phosphorylation pathways. 
Klotho also has a role in regulation of phosphate and calcium metabolism leading to increased calcium 
reabsorption [21] and directly regulates PTH synthesis [22]. Many general metabolism roles have also 
been attributed to Klotho, and it is believed that others will be identified in the future [21].

Once the GFR drops below 60 (stage G3 CKD), PTH levels begin to rise in the blood [2, 10], set-
ting in motion the development of SHPT [9]. This rise in PTH appears to be in response to several 
factors, including increasing FGF23 levels, vitamin D deficiency, increasing phosphate retention, and 
a skeletal resistance to PTH, all of which lead to hypocalcemia and further stimulation of PTH. With 
progressive loss of kidney function, there seems to be a decrease in the number of vitamin D receptors 
(VDRs) and calcium-sensing receptors (CaSRs) in the PT glands, making them resistant to the actions 
of vitamin D and calcium. It has been suggested that dietary phosphate modification may modulate 
PTH [10, 14, 18] and FGF23 [8, 9, 18] levels even when serum phosphate levels are within the normal 
range. However, a recent Cochrane review indicates that there is only low-quality evidence that dietary 
intervention positively affects CKD-MBD biomarkers [22]. Hyperphosphatemia occurs later in the 
progression of CKD, usually when GFR drops to about 20–30 mL/m3, and significantly influences the 
function and growth of parathyroid glands [1, 10, 14].

By the time dialysis is required, most CKD patients have some degree of SHPT which is character-
ized by hypersecretion of PTH and eventually hyperplasia of the parathyroid glands. The historic 
trade-off hypothesis [1, 2, 8, 14] suggests that as GFR declines, production of calcitriol is inadequate 
to meet physiologic needs, serum calcium levels decline, phosphate excretion declines, and serum 
phosphate levels increase. Reduced calcitriol levels hinder the absorption of calcium from the intes-
tines. These factors lead to hypocalcemia, a primary stimulus for increased production and secretion 
of PTH. Increased PTH levels stimulate phosphate excretion and calcitriol production to correct the 
hypocalcemia. However, research on FGF23 challenges this trade-off hypothesis and indicates that 
elevated FGF23 is one of the first abnormalities, and that it decreases 1,25-vitamin D production and 
starts the cascade of events that lead to SHPT [8].

In the later stages of CKD, increased PTH production and secretion can no longer counterbalance 
the abnormal serum levels of calcium, phosphate, and FGF23 [1, 8, 10, 14]. Increased PTH produc-
tion and secretion along with decreased PTH degradation lead to SHPT [4, 9, 10].

Phosphate is a key element for many physiologic pathways, such as skeletal development, bone 
mineralization, membrane composition, nucleotide structure, maintenance of plasma pH, and cellular 
signaling [21, 22]. The kidneys are central to its regulation, mainly through two hormonal regulators, 
FGF23 and PTH. Both hormones have hypophosphatemic effects through decreased phosphate tubu-
lar reabsorption. The third regulator of phosphate metabolism is 1,25-vitamin D, which increases 
intestinal calcium and phosphate absorption and inhibits PTH synthesis [21, 23]. Hyperphosphatemia 
helps regulate the production of calcitriol by reducing the activity of the enzyme that activates 25(OH) 
vitamin D [24]. Hyperphosphatemia also influences PTH gene expression and indirectly increases 
PTH production [25]. In those without CKD, higher PTH levels, along with increased FGF23 levels 
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[21], increase phosphate excretion to restore serum phosphate levels to normal. In the late stages of 
CKD, this compensatory mechanism is inadequate to maintain the serum phosphate levels [21, 25]. 
Additionally, with significant SHPT, phosphate is released directly from the bone into the blood con-
tributing to hyperphosphatemia [26]. Chronically elevated phosphate levels are associated with para-
thyroid gland size and parathyroid gland hyperplasia with continued high PTH levels that may 
eventually require surgical intervention [10, 20, 21].

In CKD, production of calcitriol by the kidney is reduced in response to high FGF23 [8]. Low 
levels of calcitriol contribute to SHPT both directly and indirectly [27, 28]. Calcitriol exerts a direct 
negative feedback control on the parathyroid gland, inhibiting preproPTH production and gene tran-
scription [10, 14]. Indirectly, low calcitriol levels hinder the absorption of calcium from the intestine 
and mobilization of calcium from the bone. These actions suggest that calcium, rather than vitamin D, 
predominantly regulates PTH [29].

Hypocalcemia results from increased calcium-phosphate complexes and from a decrease in absorp-
tion of dietary calcium from the intestine [28–30]. In addition, the ability of the bone to release cal-
cium into the blood is hindered. The calcium-sensing receptor (CaSR) provides a regulatory 
mechanism involving release of PTH to maintain calcium homeostasis [24]. Even slight physiologic, 
within normal range, changes in serum calcium seem to modulate the development of SHPT.

Skeletal resistance to the calcemic action of PTH is also a factor in the development of SHPT. As 
CKD progresses, increasingly higher levels of PTH are needed to induce PTH effects and to maintain 
normal bone remodeling activity [31]. Skeletal resistance is thought to be multifactorial, perhaps from 
altered regulation of PTH receptors in the bone that makes them less sensitive to PTH as well as from 
phosphate retention and calcitriol deficiency [14, 32–34].

As hypocalcemia, hyperphosphatemia, increased FGF23, and calcitriol deficiency continue, the 
parathyroid glands continually increase production of PTH, leading to parathyroid cell hypertrophy. 
With chronic stimulation, the parathyroid cells proliferate, and diffuse hyperplasia develops. This 
proliferation of parathyroid cells makes it difficult to modulate PTH levels. Nodular hyperplasia is 
characterized by cells with fewer CaSRs and VDRs and is significantly resistant to vitamin D therapy 
[26, 27]. The effects of calcimimetics on gland hyperplasia are still being investigated; however, cal-
cimimetics may have the potential to reduce the need for parathyroidectomy [22].

 Bone Manifestations

The traditional types of RO have been defined based on turnover, mineralization, and volume (TMV). 
Two general characteristics define the state of the bone  – high-turnover and low-turnover. High- 
turnover bone states, including osteitis fibrosa and mixed bone disorders, are characterized by abnor-
mal and increased bone remodeling. Low-turnover bone states, including osteomalacia and adynamic 
bone disorder, are characterized by decreased bone mineralization and formation, including osteoma-
lacia and adynamic bone disorder (ABD) [1, 9, 10]. The spectrum of possible bone changes, from 
low-to high-turnover, from low- to high-volume, and with or without mineralization abnormalities, 
can be found in Table 23.2 [2, 9, 28]. The incidence and profile of bone abnormalities is varied and 
has changed in response to available therapies, dialysis techniques, and patient populations.

Osteitis fibrosa is caused by SHPT and historically has been the most common form of bone abnor-
mality in CKD [9, 29]. It is characterized by marrow fibrosis and increased bone turnover due to both 
bone resorption and bone formation. Bone resorption is caused by an increase in the number and activ-
ity of osteoclasts, and changes in bone formation are due to increased osteoblasts and osteoid deposi-
tion [10, 14]. While mixed bone disease has features of both high- and low-turnover  abnormalities, it is 
generally classified as a high-turnover disease. Mixed bone disease has been associated with aluminum 
accumulation, hypocalcemia, and variable levels of serum phosphate [9, 10, 28].
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Osteomalacia, characterized by low bone turnover, due to aluminum overload was common in the 
1970s and early 1980s secondary to aluminum levels in the dialysate and the use of aluminum hydrox-
ide phosphate binders. With the change in dialysate standards and limitations of aluminum ingestion, 
aluminum-related osteomalacia is uncommon, but toxicity can still occur [9, 10, 29]. KDIGO guide-
lines suggest avoiding long-term exposure to aluminum sources (binders and dialysate) and indicate 
toxicity can be diagnosed with a bone biopsy [2].

There is also a potential for developing osteomalacia related to vitamin D deficiency, metabolic 
acidosis, hypophosphatemia, and deficiencies in the trace elements, fluoride and strontium [10]. 
Osteomalacia is characterized by a decreased bone formation rate, widened osteoid seams, and 
decreased formation and resorption surfaces [9, 10].

ABD is characterized by a lack of new bone formation, low cellular activity, low numbers of osteo-
blasts, and normal or reduced osteoclasts. Increased bone matrix is the primary defect. Mineralization 
is usually decreased, without excess osteoid deposition or abnormal thickness. The reduction in osteo-
blasts and limited bone formation may be a result of a relative deficiency in PTH. Other systemic PTH 
inhibitory factors may also play a role in ABD [9, 29, 35, 37]. Several subgroups of CKD stage 5D 
may be more likely to develop ABD. These include those who are treated with peritoneal dialysis, the 
elderly, and those with diabetes mellitus [36, 38].

Plasma levels of PTH are generally higher than normal in CKD, even when associated with 
ABD. In uremia, a relative reduction in PTH can induce a low-turnover bone state even at laboratory 
normal PTH levels [37, 38]. There are also racial differences in response to PTH. Blacks tend to have 
reduced skeletal sensitivity to PTH and less likelihood of developing overt osteitis fibrosa despite 
higher plasma levels of PTH [39].

Most of the studies of bone histomorphometry have not been designed to fully evaluate the 
relationship between fractures and types of renal osteodystrophy. Evidence is mixed regarding 
the relationship between low-turnover bone state and increased fractures, but some research sug-
gests that fractures are more common in osteomalacia and adynamic bone state. It is well estab-
lished that fractures in those with CKD are associated with poorer outcomes and a higher 
mortality rate [2].

In addition to bone abnormalities, extraskeletal calcification is a significant finding in CKD-
MBD [2, 9]. Arterial calcification is found early in CKD and progresses over time. Early research 
suggests that coronary calcification is more likely to occur in individuals who have higher serum 
phosphate, higher calcium times phosphate product (CaP) levels, and a higher daily calcium load 
[40, 41]. Guérin et al. found that the severity of calcification is correlated with age, dialysis vin-
tage, fibrinogen levels, and the prescribed dose of calcium-based phosphate binders [42]. Vascular 
calcification is associated with increased stiffness of the large capacity arteries such as the carotid 
artery and the aorta [41–43]. Other research shows that the presence and severity of arterial calci-
fications predict cardiovascular and all-cause mortality [43]. The full pathology of extraskeletal 
calcification in CKD is not fully understood, but FGF23 is also considered to be contributory to 
this process [44, 45].

Table 23.2 Types and characteristics of renal osteodystrophy

Type Bone turnover Mineralization Volume

Mild SHPT Slightly high Normal Normal
Osteitis fibrosa High Normal High
Osteomalacia Low Abnormal Normal
Adynamic bone disorder Low Normal/Acellularity Low
Mixed High Abnormal Normal

These are general characteristics that may vary over time and with the duration of the abnormality. Bone strength can 
be impaired in any of the above [2, 9, 10]
Abbreviation: SHPT secondary hyperparathyroidism
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Calcific uremic arteriolopathy (CUA), previously termed calciphylaxis, is a rare but severe form of 
medial calcification of the small, cutaneous arteries. It is associated with painful skin lesions, subcutane-
ous nodules, tissue ischemia, and necrosis of the skin or subcutaneous tissue of the extremities. 
Disturbances in mineral metabolism, SHPT, and vascular calcification appear to play a role in the gen-
esis of CUA [46–49]. Proposed risk factors for calciphylaxis include female gender, Caucasian ethnicity, 
obesity, diabetes, liver disease, local trauma, hypotension, hypoalbuminemia, elevated mineral levels, 
protein C and protein S deficiencies, malnutrition, iron deposition, and hyperparathyroidism. There are 
discrepancies in reported risk factors because of the relatively small numbers of patients in many of the 
studies [49]. While the incidence of CUA is low and limited research has failed to fully explain the 
mechanisms, it can be a life-threatening complication of bone and mineral abnormalities in CKD [10].

Another abnormality in CKD is atypical accumulation of β2-microglobulin (β2MA), a polypeptide 
that is involved in  a  lymphocyte-mediated immune response. Accumulation is progressive due to 
decreased catabolism and excretion by the kidneys. Symptoms seldom occur until the patient has been 
on dialysis therapy for a long time, i.e., 5–15 years. The most common first symptom is carpal tunnel 
syndrome. Kidney transplantation is currently the only therapy that stops the progression of β2MA. 
Current treatment focuses the use of biocompatible dialyzer membranes to enhance clearance of 
β2MA during dialysis and on easing joint pain and inflammation [50–52].

Osteoporosis is a skeletal disorder commonly found in older individuals. Since a large percentage of 
those receiving dialysis are over the age of 65, osteoporosis may occur as an adjunct problem to CKD-
MBD. Diagnosis of osteoporosis in CKD is more complicated since CKD-MBD may have similar mani-
festations [53, 54]. KDIGO suggests that patients in stages 1 to 3 with osteoporosis or high risk of 
fracture be treated in accordance with World Health Organization (WHO) recommendations for the 
general public [12]. The 2017 guidelines expand osteoporosis treatment options to include Stage G5D, 
stating that with biochemical abnormalities of CKD-MBD, low bone mineral density (BMD), and/or 
fragility fractures, treatment choices should be made with consideration of the magnitude and revers-
ibility of the biochemical abnormalities and the progression of CKD, with consideration of a bone 
biopsy [12]. The rationale warns that when osteoporosis treatment choices are considered, their specific 
side effects must be considered especially since the underlying bone phenotype may be unclear [12].

 Bone Biopsy

Bone biopsy is the most accurate diagnostic tool for determining bone lesions in CKD.  All other 
assessment parameters should be compared to bone biopsy as the gold standard for assessing bone 
metabolism [1, 2, 12]. Historically, bone biopsy has been viewed as significantly invasive and poten-
tially painful. Additionally, appropriate sample processing techniques, expert interpretation, and stan-
dardized reporting terminology have been lacking. Biopsy with tetracycline labeling allows the 
classification of bone pathology based on static and dynamic parameters that diagnose RO [12]. Routine 
bone biopsy is not recommended for CKD stage 5D patients unless the identification of bone histology 
has potential to alter treatment decisions [2, 12]. However, the KDIGO continues to encourage biopsy 
with the expectation that it might help establish the reliability of coexisting biochemical parameters.

 Radiography, Pulse Pressure, and Electron Beam Computed Tomography

While X-rays provide limited information on CKD stage 5D-specific bone abnormalities, they do help 
in the assessment and identification of extraskeletal calcification and osteoporosis. Lateral abdominal 
X-rays are a simple low-cost way to detect vascular calcification [2, 10]. Pulse pressure (PP) (the 
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difference between systolic and diastolic blood pressure) has been shown to predict arterial stiffness, 
and cardiac calcification contributes to arterial stiffness in CKD and dialysis patients. Increased pulse 
pressure in dialysis patients is also associated with increased mortality risk. PP may help identify 
CKD patients with subclinical coronary artery calcification (CAC) who need further evaluation. High 
PP indicates vessel wall alterations that may lead to adverse outcomes [42, 43].

Another method of identifying soft tissue calcification is electron beam computed tomography 
(EBCT); however, EBCT is not routinely available. EBCT studies have shown that dialysis patients 
have CAC scores that are several folds higher than individuals without CKD [2, 42, 43].

 Bone Mineral Density

BMD is most commonly measured by dual energy X-ray absorptiometry (DEXA). This procedure 
measures the mineral content and the density of the bone but does not predict bone turnover, bone 
histology, or identify the type of lesion in CKD stage 5D [54]. However, KDIGO suggests that with 
evidence of CKD-MBD or risk factors for osteoporosis, BMD testing should be conducted to assess 
fracture risk, if the results will affect treatment decisions [12].

 Biochemical Markers of Bone and Mineral Metabolism in CKD

With some limitations, a number of biochemical parameters can assist in the diagnosis and manage-
ment of CKD-MBD. Much of the current research is focused on correlating specific biochemical 
parameters to bone biopsy, thus enhancing their clinical value. Concomitant, serial monitoring of 
biomarkers is useful. These include total and corrected serum calcium, serum phosphate, alkaline 
phosphatase, and plasma PTH [2, 10, 12].

Ionized calcium is the fraction of blood calcium that is critical to physiologic processes. It is more 
difficult to accurately measure than total calcium but is the most indicative of the physiologic effects 
of calcium in the circulation. Routine monitoring of total calcium over ionized is recommended 
because it is usually more reproducible, less affected by timing of processing, less costly, and ade-
quate in the presence of normal plasma proteins [2, 10, 55].

Total calcium may underrepresent ionized calcium in protein-compromised patients. Since a sig-
nificant portion of serum calcium is bound to protein, predominately albumin, it has been suggested 
that correcting total calcium for low albumin may more accurately estimate ionized calcium. There 
are multiple formulas that have been proposed, but their accuracy is questionable in ESRD. Most 
major renal laboratories correct total calcium for low measured albumin, and while recent data does 
not show any superiority of using corrected calcium over total calcium alone, the KDIGO work group 
did not recommend abandoning this practice [2]. Adjusting total calcium downward when albumin 
levels are greater than 4.0 g/dL is not appropriate [10].

High serum calcium is associated with bone abnormalities as well as morbidity and mortality in 
CKD patients on dialysis [1, 6, 10]. KDIGO recommends avoiding hypercalcemia, as opposed to the 
earlier recommendation to maintain calcium within the normal range. This change was precipitated 
by research indicating that calcium loading to correct hypocalcemia may not be appropriate or war-
ranted in many situations [12, 13]. The guidelines suggest treating hyperphosphatemia with phosphate 
binders but suggest restricting the use of calcium-based binders [12]. Although none of the studies 
indicate an explicit maximum calcium load, the KDIGO work group wanted to acknowledge the 
potential for a safe upper limit that may differ from that in the general population [12]. After an 
exhaustive review of the literature, the Institute of Medicine (IOM) recognized that excessive calcium 
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intake can lead to hypercalcemia, hypercalciuria, vascular and soft tissue calcification, nephrolithia-
sis, prostate cancer, interactions with iron and zinc, progression of CKD, and constipation. It is noted 
that excessive calcium intake is rarely from foods alone but is more likely to be from medications, 
supplements, and calcium-fortified foods. The report notes that those with CKD may be more sensi-
tive or susceptible to the effects of excess calcium or vitamin D intakes [56]. Thus, it is reasonable for 
those with CKD to limit excessive calcium load by restricting the dose of calcium-based phosphate 
binders [12]. The upper tolerable limit specifies the level above which the risk for harm begins to 
increase or the highest average daily intake that is not likely to pose a risk of adverse health effects in 
the general population. The IOM tolerable upper limits for elemental calcium for adults is 2000–
2500 mg/d depending on age range [56]. In view of the common use of active vitamin D (i.e., to 
increase calcium absorption), increased incidence of cardiovascular calcification, and the minimal 
calcium excretion in CKD, it may be more prudent to observe the Dietary Reference Intake (DRI) 
recommendations for calcium, which for adult women and those older than 70  years of age is 
1200 mg/d and for adult men age 70 or younger is 1000 mg/d [56].

Phosphate, one of the most common chemical elements in the body, is involved in a wide variety 
of metabolic and enzymatic processes. It circulates and is measured as phosphate ions in the serum 
but is usually reported as elemental phosphate concentrations [15]. Concentration of phosphate in the 
serum varies significantly depending on the time of day and recent dietary phosphate intake. This may 
help explain the significantly high and variable levels seen in individual CKD patients. Fasting phos-
phate measures are ideal but unlikely in chronic dialysis patients. Falsely high levels may be due to 
breakdown of blood cells if specimens are processed incorrectly [12]. Chronic hyperphosphatemia is 
associated with bone and mineral abnormalities, worsening SHPT, as well as morbidity and mortality 
[2, 60]. Hyperphosphatemia is also aggravated by severe SHPT, where bone phosphate is released 
directly into the blood and is unavailable to phosphate binders [14]. KDIGO suggests that decisions 
about phosphate lowering treatment should be based on progressively or persistently elevated serum 
phosphate [12]. This modified recommendation is the result of new pathophysiologic insights into 
phosphate regulation and the roles of FGF23 and soluble Klotho in early CKD without elevated serum 
phosphate levels. In a randomized controlled trial (RCT) by Block [57], predialysis patients’ G3b-G4 
were exposed to three different phosphate binders (sevelamer, lanthanum, or calcium acetate) com-
pared to matching placebos. The study explored the effects of the treatments on serum phosphate 
levels, urinary phosphate excretion, serum FGF23 levels, vascular calcification, bone density, etc. 
While there was a small decrease in serum phosphate over the 9-month follow-up, there was no sig-
nificant change in FGF23 levels compared to placebo. Progression of coronary and aortic calcification 
was observed in the active binder treatment groups but not in the placebo groups [57]. This study is 
supported by another study (that did not meet the criteria for inclusion in the KDIGO evidence review) 
where the use of calcium-based binders increased the risk of hypercalcemia [58]. One small group of 
CKD G3b-G4 patients had 1.5 grams of calcium carbonate added to a metabolic diet containing 1 
gram of calcium and 1.5 grams of phosphate. The addition of the 1.5 grams of calcium carbonate had 
no effect on the baseline neutral phosphate balance, but caused a significant positive calcium balance, 
at least in the short-term [58]. These studies suggested phosphate-lowering therapies may not be indi-
cated in normophosphatemia and provided doubt that phosphate binders are interchangeable. Binders 
may have potential risk even if they are calcium-free (nonphosphate effects such as adverse GI symp-
toms, nutrient binding, changes in the gut microbiome) [59]. The use of phosphate binders in normo-
phosphatemic CKD patients has been studied with variable results [60]. Thus, the 2017 guideline 
suggests that phosphate-lowering therapies are indicated in persistent or progressive hyperphosphate-
mia, which reinforces that benefit versus risk must be considered [12].

The calcium times phosphate product has predictive power for abnormal mineral metabolism, 
morbidity, and mortality [2, 6, 7]. However, KDIGO recommends evaluating the individual values of 
serum calcium and phosphate together rather than using the mathematical construct of calcium times 
phosphate [2].
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PTH is an important biomarker for the evaluation of CKD-MBD even though standardization of 
assays to measure serum levels is lacking. Additionally, serum levels change quickly in response to 
changes in ionized calcium, and it is possible to see wide variations in the values from measurement 
to measurement. KDIGO recommends using trends rather than single values to guide therapy [2, 12]. 
PTH plays a critical role in the regulation of mineral and bone homeostasis, and its secretion is regu-
lated by serum-ionized calcium. Levels of phosphate and vitamin D also affect synthesis and secretion 
of PTH. There are some studies that relate intact PTH levels to various states of bone turnover. Qi 
et al. found significant predictive power for high-turnover bone state at iPTH level >450 pg/mL, and 
low-turnover bone state when iPTH levels are within or below the normal range [61]. However, when 
the iPTH is between 65 and 450 pg/mL, a definitive analysis of turnover requires a bone biopsy [1, 15, 
61]. There are inconsistencies in published data correlating PTH levels to bone turnover. Qi et al. 
found that PTH failed to predict bone turnover in 30% of hemodialysis (HD) patients and 51% of 
peritoneal dialysis (PD) patients [61]. Biologically active PTH (1–84) polypeptide is synthesized and 
secreted by the parathyroid cells. However, along with 1–84 PTH, PTH fragments are also released 
[14, 29, 60]. As previously discussed, many factors modulate PTH gene expression, PTH production, 
PTH secretion, and parathyroid cell proliferation [62]. Calcium is the primary determinant of minute- 
to- minute PTH secretion, whereas calcium, FGF23, phosphate, and vitamin D levels regulate PTH 
production and cell proliferation. Degradation of PTH is modulated by parathyroid cells and serum 
calcium concentration. PTH fragments have varying half-lives; they also have diverse biologic activ-
ity on PTH receptors. Elimination of PTH fragments is primarily through glomerular filtration and 
tubular degradation; therefore, they accumulate in CKD. These variable circumstances have generated 
questions regarding the predictive value and interpretation of plasma PTH [14, 61].

It is known that second-generation iPTH assays capture both 1–84 and other fragments. The metabolic 
significance of PTH fragments is not fully understood. The action of the largest known PTH fragment 
(7–84) may oppose the action of the 1–84 molecule and contribute to the PTH resistance seen in CKD stage 
5D. The third-generation or bio-intact or whole PTH assays are reported to overcome the capture of frag-
ments and are generally about 40–50% lower than iPTH. The iPTH assay continues to be the most widely 
used [2, 62–64]. Further research is needed to fully elucidate the opposing action of PTH fragments and to 
correlate second-generation and third-generation assay results to bone histology [2, 62–65].

The normal range of iPTH, ~10–65 pg/mL (1.1–7.0 pmol/L), reflects normal bone turnover in 
those without CKD. In CKD, with progressive skeletal resistance to PTH, normal bone turnover more 
closely correlates with higher plasma iPTH levels. Thus, a normal PTH is not normal in CKD patients 
on dialysis [61]. While the optimal PTH level is not known, on the basis of observational studies, the 
KDIGO work group considered that levels less than two or greater than nine times the upper normal 
limit for the PTH assay in use represent extreme ranges of risk for those on dialysis [2, 12], but states 
that significant changes even within that range should trigger evaluation and intervention to avoid 
those extremes [2]. The optimal PTH levels for those individuals not on dialysis (Stages G3b-G5) is 
unknown.The updated guideline suggests treatment only when PTH levels are progressively or persis-
tently elevated and does not recommend routine use of active vitamin D or analogs in this population. 
This change acknowledges that some changes in PTH for G3-G5 CKD may be appropriate adaptive 
responses [12]. In spite of a reported trend toward rising PTH values in dialysis populations, there was 
not enough high-quality evidence to change the 2009 recommendation [12].

Alkaline phosphatase (AP) can also add information about the state of bone turnover [2, 12]. AP is 
an isoenzyme that is produced primarily in the liver and by osteoblasts in the bone. Other sites of AP 
production are the intestines, placenta, and kidneys, although these sources contribute negligible 
amounts under normal conditions. With normal liver function, AP is a useful indicator of bone cell 
activity. Most research indicates that in CKD, elevated serum AP levels are due to bone AP and cor-
relate with other markers of high-turnover bone disease [66]. The KDIGO guidelines suggest using 
total AP as an adjunct test to PTH in providing information about the state of bone turnover, particu-
larly when PTH levels are high [2]. Parallel consideration of AP with PTH has the potential to increase 
the predictive power of PTH; however, the specificity and sensitivity for identifying RO with AP alone 
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or together with PTH have not been fully demonstrated [2]. Bone-specific AP (BSAP) is the fraction 
of AP that is generated by the osteoblasts. BSAP correlates well with iPTH and other indices of SHPT 
where markedly high or low values may predict underlying bone turnover [12].

In the past, aluminum exposure was a complicating factor in CKD-mineral and bone disorder. 
Primary causes of aluminum toxicity in CKD have been eliminated; thus, serum aluminum is mea-
sured less frequently than in the past. Measures of serum aluminum reflect recent aluminum exposure 
and the potential for accumulation. They may identify hidden sources of aluminum to which a patient 
is exposed. In CKD patients on dialysis, serum aluminum levels of >60 μg/L have notable specificity, 
sensitivity, and predictive value for the diagnosis of aluminum-related bone disease [1, 2].

FGF23 and Klotho levels are important markers in current research, but assays for routine clinical 
use are not yet available. Table 23.3 compares biochemical targets between the 2009 and 2017 KDIGO 
guidelines.

 Treatmentof CKD-MBD

Evidence-based practice guidelines serve to promote standardized, best practice management of bone 
and mineral abnormalities to improve patient outcomes [12, 67]. They are meant to help clinicians in 
decision-making, but not to dictate practice or set absolute standards. KDIGO found a paucity of high- 
quality evidence to support generally accepted practice patterns for the treatment of CKD-MBD. The 
KDIGO clinical practice guidelines for bone and mineral disorder allow flexibility for clinicians to 
apply those guidelines and recommendations in view of an individual patient’s status and needs [2, 

Table 23.3 Comparison of KDIGO guideline biochemical targets: 2009 and 2017

Parameter Stage KDIGO 2009 KDIGO 2017 Rationale

Calcium G3a- 
5

Suggest maintaining 
serum calcium in the 
normal range

Suggest avoiding hypercalcemia; 
maintain children in age- 
appropriate range

Mild, asymptomatic hypocalcemia 
in the context of calcimimetics 
can be tolerated to avoid 
inappropriate calcium loading in 
adults

G5D Suggest maintaining 
serum calcium in the 
normal range

Same as above Same as above; suggest restricting 
dose of calcium-based binders

Phosphorus G3a- 
5

Suggest maintaining 
serum levels within 
the normal range

Suggest lowering elevated levels 
toward the normal range

Absence of data showing efforts to 
maintain WNL are beneficial; 
some safety concerns with use of 
phosphorus lowering meds

G5D Suggest lowering 
elevated levels 
toward normal range

Unchanged Treatment should aim at overt 
hyperphosphatemia

iPTH G3a- 
5

Optimal iPTH is not 
known; suggest those 
with iPTH levels 
above the normal 
limit be evaluated for 
modifiable factors

In adults not on dialysis, optimal 
iPTH is not known; suggest iPTH 
levels that are progressively 
rising or persistently above 
normal limit, first be evaluated 
and correct modifiable factors

Modest increases in PTH may 
represent an adaptive response to 
declining kidney function; revised 
to include progressive and 
persistent; do not modify treatment 
based on a single measurement

G5D Between 2–9× upper 
normal limit

Unchanged Although recognized that global 
PTH levels are rising, there was 
insufficient evidence to change 
this recommendation

Adapted with permission from Ref. [12]
Abbreviations: KDIGO Kidney Disease Improving Global Outcome, iPTH intact parathyroid hormone, PTH parathy-
roid hormone, WNL within normal limits
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12]. They also recognize and address the difference in practice patterns and availability of therapies 
around the world. In some cases, recommendations recognize that while not ideal, a specific treatment 
may be better than no treatment at all [12].

Treatment approaches are intended to normalize phosphate and calcium and to optimize PTH lev-
els for normal bone turnover while minimizing complications such as extraskeletal calcification. The 
evidence that achieving very specific target ranges of these biochemical markers will absolutely alter 
hard outcomes is lacking [2, 12]. However, treating high levels of calcium and phosphorus to move 
them toward the normal ranges seems reasonable to prevent or reduce progression of CKD-MBD [2, 
10–12]. Table 23.4 summarizes interventions that are commonly used to treat CKD-MBD.

Table 23.4 Summary of common recommendations for treating CKD-MBD

Nutrition/dietary 
intake

Educate the patient 
on methods to:

Reduce high dietary phosphate intake, but maintain good nutritional status.
Limit or avoid sources of inorganic phosphate (high bioavailable) like food additives; utilize 
plant-based proteins (lower phosphate bioavailability) within other dietary modifications.
Avoid hidden sources of phosphate and calcium from medications, supplements, water.

Pharmacologic Base on serial measurements and trends of CKD-BMD biological parameters .
25(OH)D Test and correct 25 hydroxy vitamin D (Calcidiol) insufficiencies/deficiencies in accordance 

with recommendations for the general public. Nutritional vitamin D has the potential to 
delay rising PTH in CKD G3b-G4.

Phosphate binding 
agents

Use to avoid hyperphosphatemia but restrict calcium-based binders/calcium load.
Choice of agent: tolerable to the individual; comes in an acceptable form; avoids high pill 
burden; avoids excessive GI symptoms; considers the CKD-MBD biochemical profile.
Monitor response and adherence to the prescription before changing doses or compounds.
Proactive binder use in CKD stages G3b-G4 normophosphatemic individuals may not be 
without risk.
Phosphate control with diet and/or binders will be hindered by high PTH from release of 
bone phosphate.

Calcitriol/analogs Prescribe and titrate calcitriol or its analogs to help control PTHa/progression of SHPT; alter 
or discontinue doses if hypercalcemia or hyperphosphatemia occur. Reserve treatment in 
stages G3b-G4 to those with a PTH that is persistently and progressively rising above the 
upper normal limit for the assay.

Calcimimetics Prescribe and titrate calcimimetics to control PTHa/progression of SHPT but alter or 
discontinue the dose if symptomatic hypocalcemia occurs. IV calcimimetics are indicated 
for in-center hemodialysis patients and have the advantage of in-clinic administration that 
minimizes patient nonadherence.

Combination (Active 
D and calcimimetics)

Consider using active vitamin D and calcimimetics together, coordinating their actions for 
optimal clinical response without exacerbation of negative side effects.b

Dialytic therapy Optimize dialytic therapy for phosphorus removal and symptom control; may require longer 
duration and/or more frequent dialysis.
Maintain dialysate calcium between 2 and 3 mEq/L (1.25–1.5 mmol/L).

Surgical Parathyroidectomy may be warranted in those who are unable to control PTH/SHPT with 
pharmacological therapies or if surgery is deemed most appropriate.

Lateral abdominal 
radiographic/ECHO

May be helpful to detect/track the presence of vascular/valvular calcification, which 
indicates higher cardiovascular risk.

Bone mineral density May help predict fracture risk in those with CKD-MBD or osteoporosis.
Bone biopsy Should be considered if results will affect treatment decisions.

Abbreviations: CKD-MBD chronic kidney disease mineral bone disorder, PTH parathyroid hormone, SHPT secondary 
hyperparathyroidism, ECHO echocardiogram
aRecognize the limitations of PTH measurements and their differences in specific populations. Attempt to achieve PTH 
levels that have the potential to promote normal bone turnover, avoiding the extremes of less than two or greater than 
nine times the upper limit of the assay being used. Actively treat trends that move toward the upper or lower thresholds 
but avoid relying on single values
bConsider the effects of various therapies and their risk-to-benefit profiles. Treatment of one abnormal parameter can 
negatively affect others
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 Dietary Modification

Adequate and appropriate nutrition is a cornerstone of treatment in CKD. In relation to CKD-MBD, 
the primary dietary focus has been on excesses of phosphate intake and excessive calcium load.

Modifying dietary phosphate can be a challenge when combined with meeting protein needs for those on 
dialysis [1, 2, 68]. Primary food sources of organic dietary phosphate are phosphate protein- rich foods such 
as dairy products, meat, poultry, eggs, fish, legumes, and nuts. Food additives supply significant amounts of 
inorganic phosphate. Typically, about 30–60% of organic phosphate is hydrolyzed in the gastrointestinal 
tract and then absorbed into the circulation as inorganic phosphate [68, 69]. Absorption rates are affected by 
the digestibility of dietary nutrients and bioavailability of dietary phosphate as well as the degree of activa-
tion of vitamin D receptors (VDR) in the GI tract. The presence of compounds that bind phosphate or inter-
fere with GI absorption, such as phosphate binders, also affects absorption rates [68–71].

Most of the dietary phosphate in the typical western diet comes from animal proteins which have 
a higher bioavailability than plant-based proteins. The phosphate in animal proteins is easily hydro-
lyzed and readily absorbed [69–72]. The phosphate-to-protein ratio is also quite variable [2] but needs 
to consider bioavailability as well as content [72]. Additionally, meat and dairy products often contain 
phosphate additives which add to the total phosphate content [69].

While most fruits and vegetables have small amounts of organic phosphate, others such as plant 
seeds, nuts, and legumes are quite high in phosphate. Plant-based organic phosphates, especially in 
beans, peas, nuts, and cereals, are generally in the form of phytic acid or phytate [70–72]. Phytate is 
the primary storage form of both phosphate and inositol in plant seeds. The bioavailability of plant- 
based organic phosphate is limited, usually less than 50%, because humans do not make phytase, the 
enzyme needed to degrade phytate. This complex renders plant-based, high-phosphate foods less 
phosphatemic than animal-based protein sources [70, 71]. Despite reported high-phosphate content of 
many plant protein sources in food composition databases, patients (mean GFR 32 mL/min) who 
consumed a metabolic lab-prepared vegetarian diet (grain and soy based) for 1 week had significantly 
lower serum phosphate and FGF23 levels than those consuming equivalent protein and calories in a 
meat- and dairy-based diet [73]. Thus, plant sources of protein may have lower phosphate bioavail-
ability than their in vitro-measured phosphate content. More research is required to fully understand 
the variability of phosphate bioavailability and patient-specific absorption [68, 70, 72].

While phosphate from plant-based proteins is generally less available, there are exceptions such as 
leavened breads that contain yeast-based phytase. Probiotics may also enhance phytase-associated 
phosphate release and availability. Processing techniques, such as soaking, germination, malting, and 
fermentation, reduce phytate content by increasing activity of naturally present phytase. Phytic acid 
also has potential to reduce the digestibility and utilization of protein and various minerals [70–72]. 
One must also consider that plant-based proteins generally have a lower biological value than animal 
proteins; thus, care must be taken to ensure adequate protein intake in CKD patients if shifting toward 
a diet of mainly plant derivative foods [72]. It is important to note that use of plant-based proteins may 
be limited by the increased load of other nutrients like potassium.

Phosphate, in its inorganic form, is the main component of food additives and preservatives that are 
used to extend shelf life, improve color, retain moisture, and enhance flavors of processed foods [72]. 
Because the inorganic phosphate in additives is not protein bound, the salts break apart and become read-
ily absorbed in the GI tract. These additives are commonly used in processed foods, frozen meals, 
enhanced meats, colas, snack bars, cereals, spreadable cheese, instant products, and many bakery prod-
ucts. Unfortunately, there is very little information to estimate the amount of phosphate that is contributed 
by additives, nor is there a method to fully distinguish between organic and additive-based inorganic 
phosphate that is contained in traditional foods. Inorganic phosphate is estimated to be over 90% absorbed, 
while about 40–60% of animal-based phosphate and even less plant-based phosphate is absorbed [76].

It is difficult to accurately assess dietary phosphate intake due to the outdated values in food com-
position tables and other databases [74–76]. The IOM guidance for phosphate intake, which has not 
been revised since 1997 and does not address the specific needs of CKD patients, provides an esti-
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mated average requirement of 580 mg/day and a recommended daily allowance of 700 mg/day for all 
adults [77]. The upper tolerable limit, 4000 mg/day, should not be approached even by those without 
CKD given recent information that associates high phosphate intake and cardiovascular disease in the 
general public. Since intakes exceeding metabolic requirements directly increase serum phosphate, it 
is important to advise CKD patients on dietary choices that avoid excess phosphate loads [77].

Improving awareness of foods high in phosphate and understanding differences in phosphate absorp-
tion between animal, plant, and additive sources is essential for the dietitian [69, 72]. Dietitians are key 
to patient education about the dangers of bone and mineral abnormalities in CKD. While there is little 
evidence for long-term success of educational interventions to improve serum phosphate, several studies 
have shown at least short-term success [2, 12]. The extent to which dietitian-to-patient staffing ratios 
support intense CKD-MBD management and intense counseling is important, but not easily quantified.
While dietitians have an active role in treating hyperphosphatemia with phosphate binders, dietary coun-
seling becomes more important when the phosphate intake is high. Education should focus on the sig-
nificant contribution of food additives, bioavailability of phosphate from different foods, and the 
complementary actions of phosphate binders and reduction of high intake. The amounts of phosphate in 
foods is underrepresented in nutrition labels and databases [68, 69, 72]. Significant underestimations of 
phosphate content by as much as 350 mg/day have been reported in Europe, Japan, and the USA [72, 
74–76]. Analysis of chicken products in the USA showed actual phosphate contents exceeding those 
estimated from a nutrient database [69]. The use of additives that increase phosphate by two-fold or 
more, together with a lack of information on the nutritional label, has motivated nephrology dietitians 
and other groups to discourage manufacturers’ indiscriminate use of phosphate additives and to call for 
greater transparency regarding the phosphate content of foods [69, 72].

 A common dialysis treatment regimen, 4 hours three times per week, is unlikely to maintain a net 
zero balance between phosphate intake and clearance for most individuals. Approximately 800–
1000 mg of phosphate (2400–3000 mg/week) is removed by high-flux dialysis each treatment [81]. 
Even if the dietary intake is limited to 800 to 1000 mg/day, there is still a significant positive phos-
phate balance which generally requires the use of phosphate binders and/or additional dialysis ther-
apy to control serum levels in both PD and HD [81]. 

Calcium balance is complex in CKD and normal serum levels do not necessarily mean that this 
mineral is in balance [58, 78, 79]. There is concern with excess calcium even in the general public 
[77]. While calcium content of the traditional “renal” diet is low due to limits on dairy products, 
calcium- fortified foods may add to the daily calcium load. Large amounts of calcium-based binders 
are the most common source of excess calcium load in CKD, often exceeding the upper tolerable limit 
of elemental calcium [77, 78]. While the KDIGO work group members could not make an explicit 
recommendation for a maximum dose of calcium-based binders or total elemental calcium, they 
wanted to acknowledge the potential existence of a safe upper limit by suggesting that the dose of 
calcium-based binders be restricted [12]. They also noted that calcium loading to correct low serum 
calcium levels may not be effective, nor appropriate, especially in the presence of calcimimetics [12].

 Pharmacologic Treatments

 Phosphate Binders

There are many choices and different forms of phosphate binders which work in combination with limit-
ing high dietary phosphorus sources and appropriate dialysis prescriptions [12, 80, 81]. The most appro-
priate phosphate binders are patient-specific and readily available. They must be well tolerated, without 
creating other problems or adding an excessive pill burden [1, 2]. Appropriate prescription of phosphate 
binders requires an assessment of dietary phosphate intake, modification of that phosphate intake as 
appropriate, and titration of the dose to avoid hyperphosphatemia and move serum phosphate toward the 
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normal range [12]. Prior to each modification of the binder prescription, it is critical to assess patient 
adherence to that binder prescription. The binder dose should be titrated to the phosphate content of the 
meal(s) and include binders for additional sources of phosphate such as snacks. It is also well-recog-
nized that uncontrolled hyperparathyroidism will hinder the control of serum phosphorus due to phos-
phorus release from the bone to the blood. Routinely increasing binder doses without considering the 
source of hyperphosphatemia could create an unnecessary patient burden and the potential for negative 
side effects from the binders. For those with CKD stages G3b-G4, it is suggested that phosphate binders 
be used with caution and primarily to treat persistent or progressive hyperphosphatemia, since some 
research calls into question the safety profile of binder use in normophosphatemic individuals [12, 57]. 
Commonly available phosphate-binding compounds can be found in Table 23.5.

Table 23.5 Common phosphate binders

Binder source Rx
Available 
forms Mineral content

Potential 
advantages Potential disadvantages

Aluminum 
hydroxide

No Liquid, 
tablet, 
capsule

Aluminum, varies 
100 to >200 mg

Very effective 
binding power, 
inexpensive

Potential for aluminum 
toxicity, not recommended for 
long-term use

Calcium acetate Yes Tablet, 
liquid

169 mg elemental 
calcium per 
667 mg pill

Effective; 
potentially better 
binding than 
carbonate, less 
calcium absorption

Increased cost over carbonate, 
potential for excess calcium 
load, hypercalcemia/vascular 
calcification, GI symptoms, 
constipation

Calcium 
carbonate

No Tablet, 
liquid, 
chewable, 
capsule, gum

40% elemental Ca
200 mg 
calcium/500 mg 
CaCO3

Effective, 
inexpensive, 
readily available

Potential for excess calcium 
load, hypercalcemia/vascular 
calcification; GI symptoms, 
constipation

Ferric citrate Yes Tablet No calcium, 1 
gm = 210 mg 
ferric acid

Effective, improves 
iron parameters

Cost, GI side effects, not to be 
used in iron overload, 
discolored feces

Lanthanum 
carbonate

Yes Wafer, can 
be chewed/
crushed

250–500 mg 
elemental 
lanthanum

Effective binding 
power, lower pill 
burden

Cost, potential for lanthanum 
accumulation with unknown 
long-term effects, GI 
symptoms

Magnesium and 
calcium 
carbonate

(MagneBind™)

No

Yes

Tablet 300
400Rx

~101 mg 
elemental Ca, 
86 mg mag

~80 mg elemental 
Ca, 112 mg mag

Effective Monitor for hypermagnesemia, 
GI side effects, calcium load, 
400 Rx not for nondialysis,

Sevelamer 
Carbonate

Yes Tablet, 
powder

None Effective, avoids 
decrease in 
bicarbonate levels, 
no calcium or 
metals

Cost, GI symptoms, pill 
burden

Sevelamer HCL Yes Caplet None, ion 
exchange resin

Effective, no 
calcium or metal

Cost, GI symptoms, pill 
burden, potential for decreased 
bicarbonate levels, 
contraindicated in bowel 
obstruction

Sucroferric 
Oxyhydroxide

Yes Tablet, 
chewable, 
crushable

500 mg iron Very effective, 
potential for 
reduced pill burden, 
noncalcium

Cost, GI symptoms, 
contraindicated in iron 
overload

Outside USA: Bixalomer (Kilkin™) 250  mg capsule of an amine functional polymer, similar profile to Sevelamer 
(Japan)
Calcium acetate and magnesium carbonate (OsvaRen™) Tablet 425/235; ~ 106 mg calcium, 65 mg magnesium
Abbreviations: CaCO3 calcium carbonate, GI gastrointestinal

23 Bone and Mineral Disorders



446

Calcium-based binders are also addressed in the recommendation to avoid hypercalcemia. The 
KDIGO recommendation to avoid hypercalcemia is based primarily on a consensus of expert opinion 
and retrospective studies that suggested potential for higher mortality with elevated serum calcium 
and phosphate [2, 12]. Avoiding hypercalcemia requires several interventions, including regulating 
the calcium in the dialysate as well as monitoring and modifying the calcium load from the diet and 
medications such as calcium-based binders or antacids [12]. It is important that patients be made 
aware of calcium sources (diet, medications, supplements, calcium fortified foods, dialysate) to help 
avoid hypercalcemia. This change from “maintain serum levels in the normal range” was in part 
stimulated by the observation that those on calcimimetics may tolerate lower blood calcium levels 
without symptoms of hypocalcemia. There is also recognition that the potential for extraskeletal cal-
cification increases with excess calcium loads that might be given to normalize serum calcium [12].

Generally, the use of 2.5 mEq/L dialysate calcium concentration minimizes the movement of cal-
cium from blood to dialysate or dialysate to blood [12, 82]. With 3.5 mEq/L calcium dialysate con-
centrations, most patients have a positive flux of calcium. Conversely, lower concentrations of 
dialysate calcium promote negative calcium flux. As with phosphate, the movement of calcium 
depends on serum levels, dialysate levels, and the duration of exposure to dialysate. Serum calcium is 
affected by calcium load, the presence of active vitamin D, and circulating PTH. Severe SHPT pro-
motes release of calcium from the bone, adding another source for hypercalcemia. Serum calcium 
may also be elevated when PTH levels are low and blood calcium is not being incorporated into the 
bone [9, 10].

 Vitamin D and Analogs

Active vitamin D or analogs are commonly used to control PTH levels in CKD-MBD [2, 83, 84]. 
Active forms of vitamin D2 including calcitriol, paricalcitol, and doxercalciferol are most commonly 
used in the USA. Active forms of vitamin D3 include maxacalcitol, 1-alpha-calcidiol, and 22-oxacal-
citriol. PTH-lowering therapies, including active vitamin D, analogs, and calcimimetics along with 
some of their biologic effects can be found in Table 23.6. All these therapies are available in oral or 
IV forms. Each of the active vitamin D products has specific structure and actions. In SHPT, active 
vitamin D/analog doses are typically based on the elevation of plasma PTH. They also have the poten-
tial for increasing calcium and phosphate absorption in the GI tract and cause increased levels of both 
these minerals in the serum. Studies vary as to which of the active vitamin D medications is most 
calcemic. Calcitriol (1,25-dihydroxycholecalciferol or 1,25(OH)2D3) is a synthetic active vitamin 
D[83].

Paricalcitol [19-nor-1,25(OH)2] is a sterol derived from vitamin D2 and is available in oral or IV 
formulation. It is missing a carbon-19 methylene group that is present in all natural vitamin D metabo-
lites. Paricalcitol has been reported to have a lower calcemic effect through VDR selectivity at the 
tissue level of bone and intestine, while having greater activity in the parathyroid tissue. Clinical trials 
have demonstrated the effectiveness of paricalcitol at controlling PTH [83, 84]. An observational 
study suggests that the use of paricalcitol provides a survival advantage over calcitriol; however, this 
has not been confirmed by studies using more rigorous research standards such as an RCT [85].

Doxercalciferol (1α-hydroxyvitamin D2) is a prohormone that requires hepatic conversion to its 
active form, 1,25(OH)2D2. Doxercalciferol has also been shown to be clinically effective in control-
ling PTH in CKD patients [86, 87].

Dihydrotachysterol2 (DHT2) is one of the first vitamin D derivatives used to treat CKD-MBD. It is 
available for oral administration in tablet and liquid form outside the USA [83]. There are several 
other vitamin D products that are used outside the USA, which will not be discussed here but can be 
reviewed in the literature [83].
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 Nutritional Vitamin D

Commonly available forms of nutritional vitamin D are ergocalciferol (D2) and cholecalciferol (D3). 
Kandula et al. performed a systematic review and meta-analysis of both observational and random-
ized controlled trials in respect to nutritional vitamin D supplementation in CKD [88]. The prevalence 
of vitamin D deficiency is well documented in the general public and increases with extremes of age, 
postmenopausal state, Black race, women, and the presence of CKD. It is estimated that as many as 
80% of those with CKD around the world are vitamin D deficient. Although the kidneys are the pri-
mary site for hydroxylation of vitamin D to its active form, many other extrarenal conversion sites 
have been identified, including the parathyroid gland. There is renewed interest in the use of calcifer-
ols to affect bone and mineral metabolism in CKD. The interest has been intensified by studies dem-
onstrating nonskeletal benefits of vitamin D.  An association between mortality and vitamin D 
deficiency has been shown in those with CKD, both before and after dialysis dependence. The 

Table 23.6 PTH-lowering therapies

Vitamin D/Analogs (Oral)
(Calcitriol, paricalcitol, 
doxercalciferol) USAa

Vitamin D/Analogs 
(IV)
(Calcitriol, 
paricalcitol, 
doxercalciferol)

Calcimimetics (Oral)
(Cinacalcet)

Calcimimetics (IV)
(Etelcalcetide)

Indication for G3b-G5D Indication for 
in-center HD

Indication for CKD on 
dialysis

Indication for in-center HD

Acts on the VDR to 
reduce PTH synthesis and 
secretion, stimulates 
calcium and phosphate 
absorption

Acts on the VDR, 
same as oral

Acts on the surface 
transmembrane of the CaSR 
to reduce PTH synthesis and 
secretion, is associated with 
reductions in serum levels of 
calcium and phosphate

Acts on the extracellular 
domain of the CaSR to 
reduce PTH synthesis and 
secretion, is associated with 
reductions in serum levels of 
calcium and phosphate

NA Little or no loss to 
dialysate, but some PI 
recommend administer 
at end of dialysis

NA Dialyzable, requires specific 
timing of administration to 
the dialysis circuit after rinse 
back

Onset of action/peak 
serum concentrations 
3–8 hours
Doxercalciferol 
11–22 hours

Doxercalciferol 
11–22 hours

Nadir PTH 2–6 hours post 
dose, steady state within 
7 days

PTH decrease within 
30 minutes, steady state 
7–8 weeks

Elimination half- lifeb 
depends on the agent/dose
Calcitriol 5–8 hours
Paracalcitol
Doxercalciferol 
11–12 hours

Calcitriol
Doxercalciferol 
32–37 hours, up to 
90 hours
Paracalcitol 
14–20 hours

Elimination half-life 
30–40 hours

Elimination half-life 
3–5 days

Little or no effect on 
nodular or hyperplasic PT 
glands

Little or no effect on 
nodular or hyperplasic 
PT glands

Potential to suppress PTH 
even when glands are nodular, 
may inhibit gland hyperplasia

Potential to suppress PTH 
even when glands are 
nodular, may inhibit gland 
hyperplasia

Abbreviations: USA United States, IV intravenous, HD hemodialysis, CKD chronic kidney disease, VDR vitamin D 
receptor, CaSR calcium sensing receptor, PTH parathyroid hormone, NA not applicable, PT parathyroid, PI package 
insert
aMaxacalcitol, alfacacidol outside USA
bThe biological or elimination half-life is the time it takes for bioactivity of the drug to reduce by 50% of its initial value
https://wikem.org/wiki/Dialyzable_drugs
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observational and randomized controlled studies indicate that vitamin D supplementation improves 
biochemical end points (increased 25(OH)D and 1,25(OH)2D levels) and delays the rise in PTH levels 
in CKD (G3–G4) without increasing the frequency of hypercalcemia or hyperphosphatemia. Like 
other interventions, future research will need to determine whether supplementation can improve 
biochemical end points and translate into better cardiovascular and skeletal outcomes in CKD [88, 
89].

Nutritional vitamin D is not commonly found in plants and animal food sources except for oily fish 
and those foods that are vitamin D fortified. Nutritional vitamin D is obtained through ultraviolet B 
radiation acting on the 7-dehyrdrocholesterol in the skin to form previtamin D3, which is quickly 
converted to D3. The aggressive use of sunscreen and reported effects of pollution have been associ-
ated with the very common deficiencies seen in the general population. Additionally, many of those 
with CKD on dialysis have fewer opportunities for sun exposure. Vitamin D2 is similarly produced by 
solar irradiation of marine plankton or yeasts and molds. Because of the endocrine functions and the 
ability of mammals to synthesize nutritional vitamin D, it is not truly a vitamin but a prehormone [89].

Nutritional vitamin D, whether ingested or derived from the skin, is hydroxylated to 
25- hydroxyvitamin D2 or D3 in the liver. 25-hydroxy vitamin D ((25(OH)D)) concentration in the 
blood is a reliable measure of nutritional deficiency because it is stable in the circulation and has a 
half-life of about 2 weeks. The major site of activation is the kidneys, but there are other sites for 
vitamin D activation, all of which are influenced by serum levels of PTH, FGF23, calcium, and phos-
phate. The IOM was charged with conducting a review of existing literature to determine the optimal 
intake of vitamin D and calcium for the general public. There were pitfalls with each of the potential 
outcome measures (variability of PTH level and assays, fractures, calcium absorption) as well as a 
mixture of study designs without the ability to factor in the effect of sun exposure and seasonal varia-
tions [72]. The IOM found a paucity of data demonstrating any causal benefit of vitamin D for most 
health outcomes, but suggested that most children and adults would have adequate vitamin D levels 
(20 ng/mL) with 600 IU/day for those between 1 and 70 years of age (800 IU/day for those over 70). 
Many have taken issue with this recommendation and suggest that it is too low. Vitamin D intoxication 
is rare in adults who are supplemented with 1000–2000 IU vitamin D daily. Hypercalcemia, the pri-
mary manifestation of toxicity, is generally not seen until vitamin D levels exceed 115–200 ng/mL 
(375–500 nmol/L). Without more definitive research, the IOM recommendations may be reasonable, 
but as clinicians we must consider individual patient characteristics that might dictate a different 
approach [77, 88, 89]. It is recommended that 25(OH) D levels be tested and supplementation be 
considered to raise low levels; however, the exact dose, form, and optimal blood levels are unknown 
for CKD [12].

 Calcimimetics

Calcimimetics are a class of compounds that act on the CaSRs in the parathyroid cells, differing from 
the active vitamin D or analogs. They lower the threshold for receptor activation by extracellular cal-
cium ions and suppress PTH secretion. Unlike vitamin D products, calcimimetics reduce plasma PTH 
with either no change or a decrease in serum calcium and phosphate levels. Cinacalcet HCl (Sensipar™) 
has been shown to be effective in lowering PTH, even in patients who have been unresponsive to 
vitamin D due to gland hyperplasia. The action of cinacalcet is rapid with peak reduction of PTH 
levels in 2–6 hours after administration. The drug is taken orally and is generally well tolerated [90–
93]. The current IV calcimimetic (etelcalcetide/Parsabiv™) is indicated for those being treated with 
in-center hemodialysis and is administered at the end of treatment to avoid loss to dialysate. Staff 
administration has the potential to minimize issues with non-adherence to the oral form [93]. Phase 
III trials also show that IV calcimimetics extend the duration of action with steady state being reached 
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in 7–8 weeks versus 7 days for the oral calcimimetic [93]. Both of these calcimimetics directly target 
the CaSR, but the IV form binds directly to the extracellular domain of the calcium-sensing receptor, 
a different site than the oral calcimimetic. Thus, they are not the same and cannot be used together 
[94]. There must be at least a 7-day interval after stopping oral calcimimetics before starting IV to 
avoid compounding the hypocalcemic effects. The longer half-life of the IV formulation allows it to 
be dosed three times per week rather than the daily dosing of oral calcimimetics [Parsabiv™ Package 
Insert].

With the potential decrease in serum calcium, it is important for patients to have normal serum 
calcium levels before starting any calcimimetic therapy. Patient response to calcimimetics is varied, 
and biochemical markers must be measured routinely: calcium and phosphate within 1 week and PTH 
within 1–4 weeks after initiation or dose adjustment. The initial dose of cinacalcet is 30 mg/day with 
titration every 4 weeks up to a maximum dose of 180 mg/day. The initial dose of etelcalcetide is 5 mg, 
3 times per week with a maximum dose of 15 mg three times per week. Cinacalcet and etelcalcetide 
can be used in conjunction with phosphate binders and vitamin D products to maximize treatment of 
CKD-MBD. Both oral and IV calcimimetics combined with low-dose vitamin D were more effective 
in lowering PTH than vitamin D analogs alone [94–97].

 Alternative Dialysis Therapies

More frequent hemodialysis sessions and longer session lengths may offer improved phosphate 
control and potentially improvements in bone and mineral status. An analysis of the Frequent 
Hemodialysis Network (FHN) Daily and Nocturnal Trials examined the effects of treatment 
assignment on predialysis serum phosphate and on prescribed dose of phosphate binder [98]. 
While frequent hemodialysis did not have major effects on calcium or PTH, these trials showed 
that frequent hemodialysis helps control serum phosphate, and extended session lengths may 
allow more liberal diets and freedom from phosphate binders. Of the therapies offered, more 
frequent, long nocturnal dialysis had the most profound effect and eventually required more than 
40% of patients to have phosphate added to the dialysate to maintain normal serum phosphate 
levels [98].

Phosphate removal on dialysis depends on the serum phosphate concentration at the beginning of 
treatment, the ultrafiltration rate, the dialyzer capabilities, as well as the frequency and duration of 
dialysis. Most phosphate clearance takes place early in the treatment and is followed by a slow equi-
librium from the intracellular compartment. While phosphate removal continues throughout the treat-
ment, it is removed more slowly as serum concentrations decline [81]. Patients who are unable to 
control serum phosphate with a conventional dialysis schedule may benefit from one or more extra 
days of dialysis [81]. While phosphate clearance is better with more frequent dialysis, phosphate 
binder doses may not change since many of these patients eat more heartily [98].

 Patient Education

Patient education is a vital part of the long-term management of CKD-MBD. Adherence to treatment 
regimens depends partially on the patient’s understanding of the treatment advice and potential con-
sequences of non-adherence. While the ultimate choice of following the advice of the healthcare team 
resides with the patient, the clinical team must provide information at the level the patient can under-
stand, utilizing a common message and varied teaching techniques including patient engagement 
techniques.
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 Parathyroidectomy (PTX)

PTX, subtotal or total, is an option for those patients who do not respond to medical or pharmacologic 
management of SHPT [1, 2] and those for whom surgery is deemed best. Postsurgical management of 
the patient is critical [99, 100]. With the sudden reduction in plasma PTH after surgery, flux of cal-
cium and phosphate into the bone can be remarkable. This condition is referred to as “hungry bone 
syndrome,” which results in significant hypocalcemia that requires close monitoring and often IV 
calcium and vitamin D administration [99, 100].

 Treatment Options for Adynamic Bone

Patients with adynamic bone have an increased risk for fracture [2, 6], hypercalcemia, and extraskel-
etal calcifications. In dialysis patients with biopsy-documented adynamic bone or iPTH levels 
below 100  pg/mL, bone turnover can be stimulated by allowing the iPTH to rise. This may be 
accomplished by decreasing the total calcium load and serum calcium, and/or by reducing or dis-
continuing agents that suppress PTH synthesis and secretion [35–37]. The off-label use of teripara-
tide (PTH1-34) has been reported to improve static and dynamic bone parameters of bone formation 
in case reports and pilot studies, but needs further research with larger populations to confirm its 
value for routine practice [101].

 Conclusion

Whether treating biopsy-documented RO or CKD-MBD, identified by abnormal biomarkers, bone 
and mineral abnormalities, or extraskeletal calcifications, the issues are extremely complex. There 
have been significant advances in the understanding of bone and mineral abnormalities in CKD 
patients, including the significant potential for increasing morbidity and mortality. Additionally, 
techniques for monitoring and treating these abnormalities continue to evolve. Improving patient 
outcomes requires early identification of abnormalities and appropriate utilization of all the thera-
peutic options– nutritional, pharmacologic, and dialytic – to minimize the progression and com-
plications of CKD-MBD. Furthermore, successful management of bone and mineral abnormalities 
in CKD requires the full commitment and participation from the entire healthcare team, including 
the patient.

 Case Study

The patient is a 55-year-old male who has been on dialysis for 3 years in a US outpatient center. 
He has had a slow decline in urine output, and a recent collection shows that the output is now 
insignificant. He has been adherent to his in-center hemodialysis prescription and medication 
regimens. His bone and mineral parameters have been well controlled as shown in Table 23.7, 
with the following medications: sevelamer carbonate 800 3 per meal and 2.5 μg oral doxercalcif-
erol per day.
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 Case Question and Answer

 1. Considering KDIGO recommendations (assuming no financial limits) and based on his most recent 
biochemical parameters, what action(s) would you take (USA)?
Answer
Action 1: Evaluate phosphate intake, evaluate adherence and tolerance of current binder prescrip-
tion, change and/or increase binders if appropriate.
Action 2: Start cinacalcet at 30 mg/day.
Action 3: Reduce oral doxercalciferol to 1 μgper day.
Key
 1. Based on 2017 KDIGO guidelines, the most appropriate actions are 1 and 2. His serum phos-

phate is increasing, possibly from dietary intake and loss of urinary phosphate clearance. His 
phosphate intake should be evaluated, and he should be counseled to eliminate significant 
sources of phosphate while maintaining other recommended nutrient levels. Binder therapy can 
be assessed and modified for better phosphorus control.

 2. The iPTH has had a significant change even though it does not exceed either extreme limit (high or 
low). KDIGO strongly suggests using PTH trends and treating to AVOID the extremes. Some misin-
terpretation of the PTH recommendations led clinicians to wait until the patient exceeded the iPTH 
extremes before initiating or changing treatment. The increasing alkaline phosphatase in alignment 
with increasing PTH in this case suggests increased bone turnover. Thus, additional suppression of 
iPTH is warranted to avoid the upper extreme level. Additionally, the 2017 guidelines list calcimimet-
ics along with calcitriol and vitamin D analogs as a first-line therapy. It is recognized that calcitriol and 
vitamin D analogs may increase absorption of phosphate and raise serum levels. Calcimimetics sup-
press PTH while also lowering serum phosphate and calcium. Since his blood calcium level is above 
the lab lower limit, it is acceptable to start calcimimetics and monitor serum calcium and phosphate 
levels (at 1 week and with any dose change). Manufacturers’ information warns against starting cal-
cimimetics if the blood calcium is below the lower limit of normal and stopping the drug if blood 
calcium levels drop below 7.5 mg/dL. The package inset (PI) also provides measures to increase the 
serum calcium with a significant drop or any hypocalcemic symptoms. The KDIGO guidelines sug-
gest that mild and asymptomatic hypocalcemia in the context of calcimimetic treatment can be toler-
ated to avoid inappropriate calcium loading in adults. Reducing or holding the calcimimetic will 
typically allow serum calcium levels to move back to an acceptable range [12].

 3. Some might recommend decreasing the doxercalciferol dose to limit phosphate absorption; 
however, there is a known drop in blood calcium levels with calcimimetics, thus it would be 
acceptable to wait for the weekly calcium level after the initiation calcimimetics before decreas-
ing the dose of the vitamin D analog.

Table 23.7 History of biochemical parameters for the case patient

Date Calcium mg/dL Phosphorus mg/dL Alkaline phosphatase U/L iPTH pg/mL

7/1/2018 8.8 (2.2 mmol/L) 4.5 (1.45 mmol/L) 92 (1.53 μkat/L) 215 (22.7 pmol/L)
10/4/2018 9.0 (2.3 mmol/L) 4.6 (1.48 mmol/L) 89 (1.48) 206 (21.8)
1/7/2019 8.9 (2.2 mmol/L) 4.8 (1.54 mmol/L) 102 (1.7) 243 (25.7)
4/5/2019 8.4 (2.1 mmol/L) 5.5 (1.77 mmol/L) 120 (2.0) 310 (32.9)
Recent
7/12/2019 8.5 (2.1 mmol/L) 6.5 (2.1 mmol/L) 130 (2.2) 520 (55.7)

Abbreviation: iPTH intact parathyroid hormone
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 4. If the patient is nonadherent, not responding, or develops side effects that limit his ability to take 
a sufficient oral dose, he should switch to an IV calcimimetic (etelcalcetide) since he is being 
treated in-center on hemodialysis where it can be administered by the hemodialysis staff during 
or after rinse-back.

 5. It is important to note that countries or regions outside the USA have differing formularies, drug 
availability, and financial resources that limit or prevent the use of calcimimetics and certain 
phosphate binders. Calcimimetics are also not indicated for children. In those cases, it would be 
important to (1) evaluate and modify dietary intake to eliminate high phosphate foods and addi-
tives; (2) increase phosphate-lowering medications to control serum phosphate while attempt-
ing to increase active vitamin D or analogs to suppress PTH. A significant contribution to high 
serum phosphate is the release of phosphate from the bone, stimulated by the high PTH. It may 
be difficult or impossible to control serum phosphate if the high PTH is not addressed.
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 Introduction

Nephrotic syndrome is defined as proteinuria >3.5  g/day for an adult, hypoalbuminemia, edema, 
hyperlipidemia, and lipiduria. While there is a myriad of causes, the complications result from the 
severity of proteinuria and the accompanying changes in plasma protein composition that occur. 
Complications include atherosclerosis, vascular thrombosis, anasarca, infection, nutritional depletion, 
and progressive kidney injury. Reducing proteinuria is critical. When specific therapy targeting the 
underlying etiology fails, blocking the renin-angiotensin system will reduce proteinuria, enhanced by 
concomitant moderate protein restriction. Plant sources of protein may offer additional benefit in 
reducing proteinuria and hyperlipidemia. Vitamin D, iron, and zinc deficiency may occur due to uri-
nary loss of carrier proteins and are treated with appropriate dietary supplementation.

S. Ananthakrishnan (*) 
Division of Nephrology, Department of Medicine, UC Davis Medical Center, Sacramento, CA, USA
e-mail: sananthakrishnan@ucdavis.edu 

J. Y. Yeun 
Nephrology Section, Sacramento Veterans Administration Medical Center, Mather, CA, USA 

Division of Nephrology, UC Davis Health, Sacramento, CA, USA 

G. A. Kaysen 
Department of Medicine, Division of Nephrology, Genome University of California, Davis, and Biomedical 
Sciences Facility, Davis, CA, USA

The editors acknowledge Kumar Dinesh’s contribution to this chapter in Nutrition in Kidney Disease, Second Edition, 
Nutrition and Health, DOI 10.1007/978-1-62703-685-6_1, © Springer Science+Business Media New York 2014

Key Points
• Identify nephrotic syndrome, its causes, and its complications.
• Describe the pharmacologic management of nephrotic syndrome.
• Discuss the nutritional management of nephrotic syndrome.
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 Definition of Nephrotic Syndrome

Nephrotic syndrome results from excessive urinary losses of albumin and other plasma proteins of 
similar mass and is characterized by edema, hyperlipidemia, and hypoalbuminemia (Table 24.1) [1, 
2]. At least 3.5 grams of protein per 1.73 m2 of body surface area must be present in a 24-hour urine 
collection to make the diagnosis, although most patients have, on average, 6–8 grams of proteinuria a 
day. Over 80% of the urinary protein is albumin, reflecting plasma protein composition. The remain-
der of the urinary protein is comprised of other plasma proteins such as immunoglobulins, binding 
proteins, complements, and coagulation factors [2].

 Causes of Nephrotic Syndrome

A wide range of glomerular diseases can cause nephrotic syndrome and may be primary (idiopathic) 
in nature, genetically inherited, or secondary to a systemic disease or medication [1–3]. Primary or 
idiopathic glomerular diseases that result in nephrotic syndrome include minimal change disease 
(MCD), membranous nephropathy, and focal segmental glomerulosclerosis (FSGS) (Table 24.2) [1–
3]. The incidence of FSGS has been rising likely because it is the common final pathway for a variety 
of insults to the glomeruli, while that of membranous nephropathy is waning [1, 2]. The diagnosis is 
made on the basis of the histologic appearance of the kidney tissue. Recent studies have also identified 
several gene mutations that result in glomerular injury and nephrotic syndrome, manifesting histo-
logically as minimal change disease, FSGS, and membranous nephropathy [4, 5]. The majority of 
these genes encode podocyte and slit diaphragm proteins, which are critical to the integrity of the 
glomerular filtration barrier.

Systemic diseases or medications also can cause nephrotic syndrome (see Table 24.2). Of these 
causes, diabetic nephropathy is the most common. Certain connective tissue diseases, infections, 
chronic inflammatory states, malignancies, drugs, and plasma cell dyscrasias can also give rise to 

Table 24.1 Manifestations of nephrotic syndrome

≥3.5 grams proteinuria/1.73 m2/day
Hypoalbuminemia
Edema
Hyperlipidemia
Lipiduria
Hypercoagulability

Table 24.2 Causes of nephrotic syndrome

Primary or idiopathic Secondary to systemic diseases

Membranous nephropathy (30%–35%)
Focal segmental glomerulosclerosis (FSGS) (30%–35%)
Minimal change disease (15%)
IgA nephropathy (5%–10%)
Membranoproliferative glomerulonephritis (5%–10%)
Other (2%–5%)

Diabetes mellitus
Connective tissue disease
  Systemic lupus erythematosus
Amyloidosis
Dysproteinemias
  Multiple myeloma
  Other light-chain-mediated 

disease
Other malignancy (not exhaustive)
  Adenocarcinomas
  Lymphoma

Infections
  HIV
  Hepatitis B
  Hepatitis C
  Syphilis
  Malaria
Drugs
  NSAID
  Interferon
  Pamidronate
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nephrotic syndrome [1–3]. Diagnosis is made on the basis of a thorough history, careful physical 
examination, and selected tests guided by the history and examination. A kidney biopsy is sometimes 
required for further classification as in the case of lupus nephritis or to exclude other types of glo-
merular diseases, especially when hematuria is prominent [3]. Whatever the underlying cause, injury 
to the podocyte is what ultimately alters the permselective properties of the glomerular barrier and 
results in massive urinary protein loss [4–6].

 Complications of Nephrotic Syndrome

Regardless of the etiology of nephrotic syndrome, the clinical sequelae are identical (Table 24.3). All 
of the adverse effects discussed below result directly or indirectly (through decreased levels of albu-
min or of other specific plasma proteins, and/or oncotic pressure) from urinary protein losses [1–3]. 
Therefore, management of nephrotic patients targets reduction of proteinuria to modify the complica-
tions of nephrotic syndrome.

 Sodium Retention (Edema)

Edema is a common clinical manifestation in nephrotic syndrome and occurs because of accumu-
lation of fluid in the interstitial space. Two mechanisms are thought to be responsible for the 
edema [7–9]: (1) avid renal sodium retention, resulting in “overfilling” of the vascular space and 

Table 24.3 Systemic complications and clinical sequelae of nephrotic syndrome

Complication Mechanism Clinical Sequelae

Sodium retention Atrial natriuretic peptide resistance
↓ Plasma oncotic pressure
↑ Urine plasmin → ENaC 
activation

Edema → Skin breakdown → Cellulitis
Pleural effusion → Shortness of breath
Ascites → Spontaneous bacterial peritonitis

Hypercoagulable state Loss of anti-thrombin III
↓ Plasma proteins C and S
↑ Plasma fibrinogen
Thrombosis
↑ Platelet aggregation

Deep venous thrombosis
Pulmonary embolism
Renal vein thrombosis

Infection Loss of immunoglobulins
Loss of complement

Spontaneous bacterial peritonitis
Other infections with encapsulated organisms

Hyperlipidemia Altered lipoprotein metabolism:
↑ Pro-atherogenic lipoproteins
Oxidized high density lipoprotein
↑ Triglycerides

Accelerated atherosclerosis

Progressive renal injury Iron-induced oxidative injury
Lipid peroxidation
Complement-mediated injury

Interstitial fibrosis
Chronic kidney disease

Nutritional depletion Loss of tissue proteins
Loss of erythropoietin
Loss of plasma binding proteins

Tissue proteins → Muscle wasting
Anemia
Transferrin → Iron deficiency anemia
Thyroglobulin binding protein → Hypothyroidism
Vitamin D binding protein → Hypocalcemia, 
rickets
Zinc (bound to albumin) → Zinc deficiency
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consequent edema because of increased hydrostatic pressure; (2) decrease in plasma oncotic pres-
sure when serum albumin levels fall below 1.5–2.0 g/dL, resulting in translocation of fluid into the 
interstitial space because of reduced oncotic pressure [1–3, 8, 9]. Current evidence suggests that 
avid renal sodium retention is the most important mechanism. Plasma serine protease precursors 
such as plasminogen appear in nephrotic urine and undergo cleavage to activated plasmin. Plasmin, 
in turn, activates the epithelial sodium channels (ENaCs) in the cortical collecting tubule, enhanc-
ing sodium absorption and consequent edema [7, 8]. In addition, nephrotic kidneys are less respon-
sive to atrial natriuretic peptide (ANP) due to reduced expression of tubular corin, an enzyme that 
converts pro-ANP to ANP [9]. Regardless of the mechanisms, the consequences are edema, pleu-
ral effusions, and ascites. Skin breakdown from tense edema and the presence of ascites predis-
pose to infection.

 Hypercoagulability (Thrombophilia)

Patients with nephrotic syndrome are prone to develop deep venous thrombosis, pulmonary embo-
lism, renal vein thrombosis and, occasionally, sagittal sinus thrombosis and arterial thrombosis. 
The incidence of thromboembolic disease is estimated variably at 7% to 20% in patients with 
nephrotic syndrome, but may be as high as 50% in those with membranous nephropathy. The higher 
the urinary protein losses and the lower the serum albumin level, the higher is the risk of thrombo-
embolism [10, 11]. The underlying mechanism for hypercoagulability in nephrotic syndrome is 
incompletely understood, but appears to derive from an imbalance in the levels of procoagulants 
and anticoagulants, reduced thrombolysis, and enhanced platelet numbers as well as function (see 
Table 24.3) [10–12]. Urinary loss of anticoagulant factors such as anti-thrombin III and proteins C 
and S, combined with increased liver synthesis of fibrinogen and other procoagulants, tip the bal-
ance in favor of thrombosis [10, 11]. An altered structure of the fibrin clot and urinary loss of plas-
minogen in nephrotic syndrome may reduce fibrinolysis, further contributing to the problem [10]. 
Recent data suggest that urinary loss of an inhibitory polypeptide may be responsible for the 
observed thrombocytosis and increased platelet adherence [12]. Finally, the glomerular endothelial 
cell may be contributing directly to the hypercoagulable state through increased release of throm-
botic regulators, disturbed cytokine profiles, and disrupted interaction with other cells in the glom-
erulus [13].

 Hyperlipidemia

Nephrotic syndrome is characterized by hypoalbuminemia and increased lipid levels.The mecha-
nisms responsible for their increase are a combination of increased rate of synthesis of the associ-
ated apolipoproteins and decreased clearance [14]. Increased levels of low-density lipoproteins 
(LDL) result, at least in part, from increased synthesis, while increases in the levels of very low 
density lipoproteins (VLDL) as well as apo E are a consequence of reduced clearance. In contrast 
to the negative acute phase proteins, such as serum albumin and transferrin, and the positive acute 
phase proteins, such as fibrinogen and other associated clotting factors, the rates of synthesis of apo 
B associated with LDL does not appear to be statistically linked to that of serum albumin [14, 15], 
nor is it regulated at the level of transcription [15], suggesting a different triggering mechanism. 
Reduced clearance must also contribute to increased LDL levels because of the linkage to increased 
levels of proprotein convertase subtilisin/kexin type 9 (PCSK9) [16] providing a mixed mechanism 
for increased LDL levels.
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PCSK9 is increased in animals with experimentally induced nephrotic syndrome and decreases in 
remission of proteinuria in nephrotic patients [16], consistent with a link between PCSK9 expression 
and proteinuria, although the linkage between the rate of transcription of albumin and PCSK9 has not 
been explored. At least part of the mechanism increasing PCSK9 expression is increased hepatic tran-
scription in nephrotic syndrome [17]. As a result of the impaired uptake of LDL by the liver, enzymes 
that synthesize cholesterol are upregulated and enzymes that catabolize cholesterol by diverting it to 
bile synthesis are downregulated, further aggravating the hyperlipidemia. Increased LDL levels are 
not reduced significantly by the use of statins, and instead are more closely associated with serum 
albumin levels [18].

In contrast to LDL, triglyceride levels and reduced clearance of VLDL is not a consequence of 
hypoalbuminemia [14, 19], but instead appears to be a direct effect of proteinuria [14, 20]. The link 
between albuminuria and decreased clearance of triglyceride-rich lipoproteins is a consequence of 
delivery of free fatty acids bound to filtered albumin to podocytes, causing the release of 
angiopoietin- like 4, a strong inhibitor of lipoprotein lipase (LPL) [20, 21]. Although the observa-
tion that VLDL clearance is as defective in rats with hereditary analbuminemia as in rats with a 
normal albumin gene [19] suggests that albumin need not be the molecule delivering the free fatty 
acids to podocytes to trigger this cycle. Levels of pro-atherogenic lipoprotein Lp (a) [22] are also 
increased in nephrotic syndrome [23, 24]. Increased levels of Lp(a) are a consequence of increased 
synthesis and not decreased clearance [25–27]. While high-density lipoprotein (HDL) levels are 
either normal or slightly decreased, it is the small, dense, and less protective HDL particles that 
accumulate [23, 24]. Urinary loss of lecithin cholesterol acyl transferase (LCAT) in massive pro-
teinuria interferes further with normal HDL maturation, resulting in reduced HDL-mediated scav-
enging of cholesterol [23, 24, 28].

 Progressive Renal Injury

Proteinuria is not only a marker for kidney disease but it is also involved in the progression of the 
underlying kidney disease [29]. Studies also show that reduction in proteinuria is associated with 
slowing of kidney function decline [30, 31]. Prolonged and massive proteinuria leads to progressive 
renal injury with interstitial fibrosis and glomerular sclerosis. In heavy proteinuric states, the proximal 
tubule is overloaded with resorption of filtered albumin, along with protein-bound products, such as 
free fatty acids that can cause tubulointerstitial injury [32] and tubular cell apoptosis. Filtered plasma 
proteins themselves that get reabsorbed in the proximal tubular cells, as well as filtered complement 
components such as C3, upregulate inflammatory and profibrotic events in the kidney [33]. The sum 
of these events results in tubulointerstitial inflammation, fibrosis, and apoptosis.

 Infection

There is an increased risk of infectious events among patients with nephrotic syndrome [34–36] and 
is a significant risk factor for acute kidney injury (AKI) [37]. There are a variety of predisposing fac-
tors increasing risk, including the use of immunosuppressive therapy to treat the underlying kidney 
disease [38, 39], as well as low serum immunoglobulin G (IgG) levels [40] resulting from the urinary 
loss of IgG [41], which unlike liver-derived proteins is not replaced by increased synthesis. Infection 
risk has been demonstrated in some cases to be reduced by immunoglobulin infusion [42]. 
Immunoglobulin levels are closely associated with those of albumin in patients with nephrotic syn-
drome [43], although the effect is partially dependent upon IgG class [44].
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 Nutritional Depletion

The primary cause of nephrotic syndrome is the urinary loss of a variety of serum proteins, many 
accompanied by bound metal ions, nutrients, and vitamins, as well as the obligate loss of protein. 
Since albumin makes up approximately half of the total serum protein, the majority of amino acids 
lost in the urine are contributed by the loss of this protein. The rate of synthesis of proteins lost in the 
urine –albumin, transferrin –are increased [45, 46]. Total protein synthesis is unchanged in nephrotic 
patients [47], so that amino acid losses must be accompanied by decreased amino acid stores else-
where. Muscle protein synthesis is impaired in rats with nephrotic syndrome [48]. Dietary protein 
restriction results in a decline in urinary albumin losses [49, 50], and despite a decline in albumin 
synthetic rate [51, 52] and gene transcription [53], an increase in serum albumin concentration is 
observed in both experimental models of nephrotic syndrome in the rat [51] and in humans [52]. 
Urinary protein losses in nephrotic syndrome lead to muscle wasting presumably due to shunting of 
amino acid building blocks to the liver to enhance plasma protein synthesis, in the absence of a com-
pensatory decrease in total body protein turnover [24, 25].

Loss of erythropoietin and binding proteins that transport iron, vitamin D, and thyroxine may 
result in anemia and iron deficiency [54, 55], hypocalcemia and rickets, and hypothyroidism, respec-
tively [1, 3, 56]. Anemia management may require iron supplementation as well as administration of 
erythropoietin even in patients with otherwise normal renal function [57]. Nephrotic range proteinuria 
has been shown to result in negative zinc and copper balance in experimental animals [58]. Sustained 
and massive proteinuria may lead also to zinc deficiency because two-thirds of circulating zinc is 
bound to albumin [59] and copper depletion through the urinary loss of ceruloplasmin [60]. These 
trace element deficiencies can induce skin rashes [61] and may result in neutropenia and anemia [60]. 
Deficiency in vitamins B6 and B12 may be associated with increased levels of homocysteine and 
thrombosis [62].While vitamin D supplementation has been recommended to protect bone in children 
with nephrotic syndrome during steroid treatment [63], high doses of vitamins D, C, and A as well as 
a variety of plant supplements have been demonstrated to be harmful [64]. Long-term efficacy of 
doses even as low as 400 IU per day of vitamin D3 have been questioned [65]. The primary therapeu-
tic efficacy of vitamin D replacement may be related to improvement in the adverse effect of steroids 
on bone density [66].

Patients with progressive loss of kidney function may develop metabolic acidosis, particularly 
when the glomerular filtration rate falls below 30 mL/min [67]. Potential adverse effects of metabolic 
acidosis include increased muscle catabolism, growth retardation in children, exacerbation of bone 
disease, impaired glucose tolerance, and reduced albumin synthesis which predisposes to hypoalbu-
minemia [67]. In addition, a low serum bicarbonate (<22 vs. 25–26 mEq/L) may confer an increased 
risk for progression of CKD [68], because compensatory mechanisms to augment ammonium produc-
tion and urinary acidification through activation of aldosterone and kidney endothelin production may 
lead to increased urinary protein losses and interstitial fibrosis [69, 70]. Enhanced ammonium produc-
tion is also thought to activate the alternative complement pathway, further aggravating inflammation 
and interstitial fibrosis [68–70].

 Treatment of Nephrotic Syndrome

The main goal in treating nephrotic syndrome is to reduce or eliminate proteinuria to blunt or prevent 
the development of associated complications, to protect kidney function, and to reduce the risk for 
accelerated atherosclerosis. Dietary management and pharmacologic management (Table 24.4) each 
plays a major and complementary role in this endeavor.
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 Specific Treatment

If possible, treatment of nephrotic syndrome is directed at the underlying cause (see Table 24.2). In 
the cases of drug-induced nephrotic syndrome, the offending drug is stopped. Chemotherapy, radia-
tion therapy, and/or surgical resection of the responsible cancer may lead to resolution of malignancy- 
related nephrotic syndrome. Antibiotics or antiviral drugs are used when the suspect cause of the 
underlying nephrotic syndrome is an infection. For idiopathic nephrotic syndrome, depending upon 
the presenting histology, suppressing the immune system with drugs such as steroids, cyclophospha-
mide, mycophenolate, rituximab, or other immunomodulating drugs may result in complete resolu-
tion of nephrotic syndrome. A full discussion of the immunosuppressive treatment of glomerular 
diseases is beyond the scope of this chapter.

 Nonspecific Treatment

If nephrotic syndrome does not respond to removal of the offending agent or immunosuppressive 
therapy, then nonspecific measures are employed to reduce proteinuria.

 Pharmacologic Management

Angiotensin-converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), cyclospo-
rine, nonsteroidal anti-inflammatory drugs (NSAIDs), cyclooxygenase 2 (COX 2) inhibitors all help 
reduce glomerular capillary pressure, and, therefore, proteinuria (see Table 24.4). Combination of 
ACEI and ARB showed greater reduction in proteinuria than either agent alone and was previously 
considered safe and useful in the management of proteinuric states [71]. However, more recent studies 
showed increased incidence of hyperkalemia, hypotension, and acute renal failure, particularly in 
patients with diabetes and vascular disease on dual therapy [72, 73]. At the present time, combination 
of ACEI and ARB therapy is not recommended. The combination of an ACEI or an ARB with spi-
ronolactone or eplerenone, further reduces proteinuria [74, 75], but there is risk of worsening hyper-
kalemia. There is also uncertainty regarding long-term benefits, such as mortality and long-term renal 
function, with such combinations [76]. NSAIDs and COX 2 inhibitors reduce proteinuria [77, 78], but 
are rarely used in treating nephrotic syndrome because of the increased risk of acute renal failure and 
gastrointestinal bleeding, as well as their association with the risk of chronic kidney disease [79]. Of 

Table 24.4 Treatment considerations for patients with nephrotic syndrome

Dietary Pharmacologic/other

Calorie 35 kcal/kg/d Remove underlying cause
Start immunosuppressive drugs
Reduce proteinuria
 Angiotensin converting enzyme inhibitor
 Angiotensin receptor blocker
 Nonsteroidal anti-inflammatory drugsa

 Spironolactone
Statin therapy for hyperlipidemia
Anticoagulation for hypercoagulability
Antibiotics for infection
Diuretics for edema

Protein 0.8 g/kg/d
Soy protein -? more beneficial

Fat < 30% of total calories
Cholesterol <200 mg/d

Minerals Sodium <2 g/day
Iron, if clearly iron deficient
Zinc, if zinc deficient (220 mg/d)

Vitamins Vitamin D, if deficient
Fluid Fluid restriction, if massive edema or hyponatremia

aAlthough NSAIDs may reduce urinary protein loss, they increase the risk of loss of renal function and may increase 
sodium retention and blood pressure and should not be used in clinical practice to reduce urinary protein losses
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special note is that increased salt intake blunts the beneficial effect of ACE inhibition in proteinuric 
kidney disease. Therefore, salt restriction is also indicated in the management of these patients [80].

Statins help improve the hyperlipidemia seen in nephrotic syndrome (see Table 24.4). They are 
indicated if the dyslipidemia persists despite treatment of the underlying nephrotic syndrome. They 
may also have reno-protective effects because of their lipid-lowering and anti-inflammatory effects 
[81, 82].

Use of diuretics may be necessary when edema becomes symptomatic, but kidney function must 
be monitored carefully because of potential for precipitating acute renal failure. Patients with nephrotic 
syndrome often require higher doses of diuretics or combination of diuretics to achieve adequate 
diuresis [83]. If other complications of nephrotic syndrome develop (hypothyroidism, thromboem-
bolic disease, infection), therapy targeted at the complication is started (see Table 24.4).

 Nutritional Management

Nephrotic syndrome is characterized by the urinary loss of protein, predominantly albumin, as well 
as a variety of other proteins, several of which have the capacity to bind, and thus result in the urinary 
loss of micronutrients, in addition to the obligate amino acid loss driven by urinary protein losses.
While the rate of albumin synthesis may increase in response to urinary losses accompanied by 
increased dietary protein intake, urinary albumin excretion increases as well [51, 84]. A high-protein 
diet in nephrotic syndrome will increase urinary protein excretion and lead to a decline in serum 
albumin concentration through its adverse effects on glomerular hemodynamics [49]. In contrast, 
protein restriction, especially when combined with ACEI and/or ARB therapy, will reduce protein-
uria [85]. Nephrotic proteinuria has no net effect on whole body protein synthesis [47], so that the 
urinary losses result in negative overall protein balance. Although some studies suggest that severe 
protein restriction to 0.3 g/kg/day supplemented with amino acids is of additional benefit [86], most 
experts recommend moderate (0.7–0.8 g/kg/day) protein restriction because of concern about pre-
cipitating malnutrition [3, 29].

The type of dietary protein is also important. Recent studies suggest that chicken and fish sources 
of protein may be of more benefit than pork or beef [87]. Vegetarian sources of protein such as soy 
[88–90] and flaxseed [91] reduce proteinuria and hyperlipidemia more than animal proteins. Studies 
of nephrotic rats suggest that the benefit derived from soy protein is due to a direct effect on the 
kidneys possibly to reduce nitrotyrosine formation rather than through changes in hepatic lipid 
metabolism [90, 92]. Soy protein may also reduce inflammatory cytokines, further ameliorating 
progressive kidney injury [89]. The types of amino acids present in plant proteins may be respon-
sible for their beneficial effects, rather than the change in dietary lipid content, because branched 
chain and gluconeogenic amino acids (such as arginine and glutamate) do not increase proteinuria 
in animal models while other amino acids do [93, 94]. Since diets that contain animal protein also 
are relatively high in acid, the greater acid load accompanying greater protein loads may be contrib-
uting to progressive kidney injury. Not all amino acids exert the proteinuric effect observed as a 
consequence of increasing dietary protein. Branch chain amino acids [93], arginine, proline, gluta-
mate, and aspartate [94] have no effect in experimental models even when administered at 30% of 
total intake, while a combination of other amino acids results in an increase in urinary protein 
losses. Soy protein or vegetarian diets have been found to reduce urinary protein excretion in 
humans [95], but it is unclear whether the control diet and the vegetarian diet were isonitrogenous 
or whether the effect was simply that of dietary protein restriction. If the diets were isonitrogenous 
it may be possible to identify specific protein sources that are less injurious. In contrast, cow’s milk 
protein has been found to be injurious in some subjects, although this may be associated with an 
allergic phenomenon [96].
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If iron deficiency is clearly present, then cautious oral iron repletion is indicated, keeping in mind 
that filtered iron may exacerbate renal injury (see Table 24.4) [97]. Patients who are hypocalcemic 
because of vitamin D deficiency should receive oral vitamin D and calcium supplements (see 
Table 24.4). Other than correction of hypocalcemia, vitamin D repletion in patients with proteinuria 
may have beneficial effects on albuminuria [98]. Sodium and fluid restrictions will help reduce edema 
and hyponatremia, especially when used in conjunction with diuretics. Although lowering dietary 
lipids alone will not correct the observed hyperlipidemia, its effect on lipids is additive when used 
with statins [99]. Finally, bicarbonate supplementation to correct metabolic acidosis may delay pro-
gression of kidney failure and improve nutritional status among patients with CKD [100–102].

 Conclusion

Although nephrotic syndrome may begin with severe proteinuria, it quickly becomes a multisystem 
disease. Despite the diverse causes of nephrotic syndrome, the common thread is massive urinary loss 
of proteins leading to an increased risk for cardiovascular disease, vascular thrombosis, anasarca, 
infection, nutritional depletion, and progressive kidney injury. Treatment is targeted at reducing pro-
teinuria in order to prevent progressive kidney injury and to reduce associated complications. 
Pharmacologic and dietary management of nephrotic syndrome are complementary, with the main-
stay of therapy being the use of ACEI or an ARB, alone or in combination with spironolactone, statin, 
and moderate protein restriction (preferably with plant or soy protein) to reduce proteinuria and 
hyperlipidemia, while waiting for immunosuppression to control the underlying cause.
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Chapter 25
Nephrolithiasis

Haewook Han

Keywords Nephrolithiasis · Kidney stone · Hypercalciuria · Hyperoxaluria · Dietary risk factors of 
kidney stone · Prevention of recurrence of stone disease · American Urology Association (AUA) 
guidelines

 Introduction

Nephrolithiasis (kidney stones, urolithiasis) is the formation of stone-like concretions in the urinary 
system caused by the precipitation of calcium, phosphate, urate, and other molecules. The incidence 
and prevalence of nephrolithiasis among adults in the USA have been increasing for 30  years. 
According to the National Health and Nutrition Examination Survey (NHANES 2007–2010), current 
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Key Points
• Kidney stones are prevalent in about 9% of the population and the incidence is on the rise 

with calcium stones being the most common type of stone.
• Risk factors can be environmental, genetic, dietary, and medical.
• Evaluation of kidney stones is done through imaging, stone analysis, and metabolic workup. 

The 24-hour urine test is the most important in identifying the risk factors for stone forma-
tion and guiding dietary and medical therapy.

• Therapy for prevention of kidney stone formation can be medical with treating the underly-
ing disease or dietary by modifying the risk factors.

• Most of the time, dietary prevention is the primary intervention and focuses on modifying 
dietary habits.
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prevalence is estimated at 8.8% among adults [1] as compared to a prevalence of 5.2% in 1994 [2]. 
More than $5.3 billion is spent directly and indirectly on treatment for nephrolithiasis annually in the 
USA [3]. Kidney stones are more prevalent in men than women with a lifetime risk of 12% in men 
and 6% in women [4]. As many as 20% of patients present with renal colic and require urological 
intervention [5].

Obesity and the metabolic syndrome are important risk factors for nephrolithiasis [6, 7]. In fact, 
increased incidence of nephrolithiasis is observed with the obesity epidemic in the USA [8, 9]. Also, 
climate and temperature-related changes may be contributing factors [10, 11].

About 80% of stones contain calcium, primarily calcium oxalate (CaOx), with a small percentage 
of calcium phosphate (CaP) as apatite [5, 12, 13]. CaP stones are more prevalent among younger 
female stone formers [14]. Uric acid (UA) stones account for only about 9% of stones and are more 
prevalent in individuals older than 50 years of age. The remaining 10% of stones are composed of a 
variety of substances including struvite, often associated with infection, and 1% are cysteine stones 
due to inborn errors of metabolism [15]. Although each stone type has unique pathophysiologic fea-
tures, the final common pathway of stone formation is supersaturation (SS) of the relevant compo-
nents. This chapter will discuss assessment, risk factor identification, and nutritional interventions for 
different types of stones (Table 25.1 and Fig. 25.1).

 Pathophysiology

 Supersaturation and Stone Formation

Stone formation is a multistep process. Crystal formation occurs when the solute concentration in the 
urine exceeds its solubility product; this is defined as supersaturation (SS).With low urine volume, SS 
of calcium, oxalate, and uric acid promotes stone formation. Solute concentration also increases due 
to increased absolute excretion in the urine. Increased excretion of solutes can occur in genetic dis-
eases such as cystinuria and primary hyperoxalruia or in some disease states such as inflammatory 
bowel disease (IBD), which results in secondary hyperoxaluria [5, 16]. Hyperparathyroidism and 
sarcoidosis can increase the excretion of calcium in the urine [17, 18].

Nucleation and growth of crystals require the presence of crystal-forming substances at concentra-
tions above their solubility [19, 20]. The saturation status of the urine depends on the combined excre-
tion of water and lithogenic substances [21]. Different stone types precipitate depending on the pH of 
the urine. Normal urine pH is about 6. Uric acid and CaOx stones form in low urine pH whereas CaP 
stones tend to form in high urine pH. Most uric acid stone formers have a relatively low urine pH, 
while CaP stone formers generally have higher urine pH (often persistently >6.2).

There are a number of substances in the urine such as citrate, pyrophosphate, osteopontin, anduro-
modulin, and glycosaminoglycans that can decrease stone formation by inhibiting nucleation, aggre-
gation, and growth of Ca stones in vitro [22, 23]. However, citrate is the only inhibitor in clinical use. 

Table 25.1 Types of stones

Types Frequency Gender Shape Radiography

Ca stones (mixed)
CaP (brushite)

80% M > F
F > M

Envelope
Amorphous

Round, radiodense, sharply outlined
Small, radiodense, sharply outlined

Uric acid 9% M = F Diamond shape Round/staghorn, radiolucent, filling defect
Struvite 10% F > M Coffin lid Staghorn, laminated radiodense
Cystine 1% M > F Hexagon Staghorn, radiodense

Adapted from [12, 14]
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a b

c d

e f

Fig. 25.1 Different types of kidney stones. Light microscopy of urine crystals: (a) hexagonal cystine crystals (200_); 
(b) coffin-lid-shaped struvite crystals (200_); (c) pyramid-shaped calcium oxalate dehydrate crystals (200_); (d) 
dumbbell- shaped calcium oxalate monohydrate crystal (400_); (e) rectangular uric acid crystals (400_); and (f) rhom-
boidal uric acid crystals (400_). (From Asplin JR. Evaluation of the kidney stone patient. Seminars in Nephrology 
28(2); 99–110, 2008. Reprinted with permission from John R. Asplin and Elsevier Limited)
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Citrate binds calcium, which reduces its ability to complex with oxalate and form stones. It may also 
play a role in preventing non-calcium stone formation through various mechanisms including urinary 
alkalization [24].

 Symptoms and Diagnosis

 Symptoms

Kidney stones may be asymptomatic and found incidentally on imaging tests done for other purposes. 
Patients develop symptoms when the stone passes from the renal calyx into the ureter, sometimes 
resulting in obstruction of urine. The symptoms may include ipsilateral flank pain, hematuria, nausea, 
vomiting, and urinary tract infection [25].The pain is often severe enough to warrant emergency ward 
care where the patient is usually treated with intravenous fluids, pain control, and alpha blockers. 
Urologic intervention is required when the stone does not pass spontaneously with conservative man-
agement [26].

 Diagnosis

 Imaging

Imaging is required in the assessment of symptomatic stone disease and to evaluate for stone-related 
complications. Imaging also gives important information regarding stone burden and it can be used to 
follow the success of stone reduction interventions [26]. Computed tomography (CT) is generally the 
most sensitive imaging technique but it is more expensive and involves radiation exposure. Ultrasounds 
and plain films may be helpful; they are often used to follow stone burden serially over time as they 
involve less radiation exposure. Magnetic Resonance Imaging (MRI) is not a preferred imaging test 
for assessment of kidney stones because of its relatively lower sensitivity, higher cost, and difficulty 
to acquire as compared to a CT scan [27].

 24-hour Urine Test and Interpretation

A 24-hour urine collection is generally recommended for assessment of stone forming risk. The test 
includes measurement of urine volume and urine pH as well as the daily excretion of various sub-
stances, typically calcium, oxalate, sodium, citrate, and uric acid. Specific testing for other substances 
can be requested for less common stones (i.e., cysteine in cystinuria).Two 24-hour urine collections 
have been standard for the first evaluation of recurrent stone formers and one 24-hour collection for 
follow-up. However, one 24-hour collection can be sufficient for the first evaluation if a well-collected 
sample is done [28].

Adequacy of Urine Sample

Adequacy of the 24-hour collection can be done by checking 24-hour urine creatinine excretion. Male 
creatinine excretion is 20–25 mg/kg/day while females excrete 15–20 mg/kg/day [29]. Elevated levels 
suggest either an over-collection (more than 24  hours) or elevated creatinine production (as in a 
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muscular patient). If the value obtained is below normal, malnourishment and/or low muscle mass 
should be suspected. It is advisable to obtain the 24-hour urine collection when kidney function is 
stable to ensure a steady daily solute excretion.

Interpretation of 24-hour Urine Collection

The 24-hour collection should report, at a minimum, urine volume, calcium, phosphorus, oxalate, 
citrate, pH, and uric acid. An estimate of SS for each compound or electrolyte is helpful. Also, mea-
surements of urinary sodium, sulfate, potassium, magnesium, and urea can be used to evaluate dietary 
risk factors. Dietary factors such as sulfates from animal protein (e.g., the acid ash diet) and sodium 
can alter urinary calcium excretion. Urea nitrogen may be used to estimate protein catabolic rate 
(PCR), which is usually indicative of dietary protein intake. The urinary nitrogen appearance can be 
used to calculate estimated dietary protein intake [30] and it will be discussed later in the chapter.

In an individual patient, normal ranges reported by the laboratory may not be optimum for stone 
prevention; this usually requires clinician interpretation [31]. Follow-up urine testing can help deter-
mine if dietary and medical therapies are effective.

The 24-hour urine collection should be done several weeks after any urological procedure (i.e., 
6–8 weeks after lithotripsy) to minimize interference by infection, blood, or acute kidney injury, which 
may be present after a urologic procedure. Infection, for example, can change the pH and citrate levels. 
Also, the patient may not be feeling well and may not be consuming typical nutrients and fluids. It is 
important that patients continue with their usual diet and activities during the collection period [26].

The clinician uses the results of the 24-hour urine to evaluate dietary nutrients and fluid intake as 
targets for intervention. For example, normal urinary calcium levels are <250 mg/day for men and  
<200  mg/day for women. High urinary calcium can be caused by idiopathic hypercalciuria (IH), 
hyperparathyroidism, or high sodium or protein diet. On the other hand, low urinary calcium may be 
caused by malabsorption or underlying bone disease. Normal urinary oxalate excretion is 20–40 mg/
day and high levels may be due to increased absorption as in high oxalate diet and IBD or increased 
endogenous production of oxalate as in primary hyperoxaluria and high vitamin C consumption. 
Normal urinary citrate excretion is >450 mg/day for men and >550 mg/day for women. A high animal 
protein diet or renal tubular acidosis (RTA) can increase acid production, decrease urinary pH and 
lower urinary citrate levels [30]. Table 25.2 provides a summary of the normal values of the 24-hour 
urine collection and interpretation and causes of abnormal values [32].

Table 25.2 Summary of the normal values of the 24-hour urine collection, interpretation of and causes of abnormal 
values

Test
(24-hour urine) What to assess with the tests? Reference value Possible causes of abnormal values

Urine volume Daily urine flow >2500 mL/day ↓ With low fluid intake
Creatinine (Cr/
kg)

Adequate urine collection 18–24 mg/kg 
for males
15–20 mg/kg 
for females

↑ With more than 24-hour collection
↓ With under-collection

Calcium Risk of calcium stones <250 mg/day 
for males
<200 mg/day 
for females

↑ Idiopathic hypercalciuria, high-Na 
diet (high urine Na), high-protein diet, 
primary hyperparathyroidism.
↓ With bone disease

Phosphorus Primary hyperparathyroidism, 
malnutrition or malabsorption

0.6–1.2 g/day ↓ With bowel disease, malnutrition,
↑ With large amount of food intake

(continued)
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 Risk Factors

 Genetic Risk Factors

There are various genetic disorders that can cause kidney stones. Monogenic causes include cystin-
uria, distal RTA, variants of Bartter’s syndrome, familial hypomagnesemia with hypercalciuria and 
nephrocalcinosis, Dent’s disease, hypophosphatemic rickets with hypercalciuria, autosomal dominant 
hypoparathyroidism, and Lowe syndrome [33].

Table 25.2 (continued)

Test
(24-hour urine) What to assess with the tests? Reference value Possible causes of abnormal values

pH Risk for different types of certain 
stones

5.8–6.2 ↓ RTA, urea splitting infection, acidosis, 
high animal protein intake (high purine 
content), <5.5 increase uric acid stone risk
↑ >6.5 increase calcium phosphate risk, 
vegetarian diet, high citrus consumption

Oxalate Calcium oxalate stone risk 20–40 mg/day ↑ With high oxalate diet, high vitamin C 
consumption,
if >80, intestinal (inflammatory bowel 
disease), malabsorptive states or 
oxalosis

Citrate Risk of calcium oxalate, uric acid 
stones

>450 mg/day 
males
>550 mg/day 
females

↓ RTA, hypokalemia, high animal 
protein diet, acidosis, diarrhea

Uric acid Uric acid stone <0.8 g/day 
males
<0.75 g/day 
females

↑ With high animal protein diet (high 
purine), alcoholic beverages, 
overproduction, diabetes, and use of 
SGLT2 inhibitors

Magnesium Magnesium binds oxalate
Assess Ca stone risks

30–120 mg/day ↓ With some laxatives, malnutrition, 
malabsorption, increase risk for calcium 
stones as more oxalate is available

Sodium Estimate of sodium intake 50–150 mEq/
day
(1150–3450 mg)

↑ With high Na diet
↓ With bowel disease

Potassium Evaluate risk of hypocitraturia and 
to follow medication compliance, 
if started on diuretics

20–100 mEq/
day

Less than 20, bowel disease, diuretics, 
laxatives

Urea nitrogen Evaluate total protein metabolism 6–14 g/kg/day ↑ With high protein diet
Sulfate Assessment of protein intake 

especially animal protein
20–80 mEq/day ↑ With high protein especially animal 

protein diet
Ammonium Evaluation of infection, and 

medical condition
15–60 mM/day ↑ pH >7 urea splitting infection,

↓ pH <5.5 CKD, uric acid stones, gout
Protein catabolic 
rate (PCR)

Total protein intake to assess 
adequate amount

0.8–1.4 g/kg/
day

↑ With high protein diet

Supersaturation Determines the risk of crystal 
formation in the urine

Reference 
values vary with 
different labs
SSCaOx, 
SSCaP, SSUA

↑ of each supersaturation: increase 
CaOx, CaP, and uric acid stone risks

Adapted from [32]
Abbreviations: RTA renal tubular acidosis, SSCaOx supersaturation of calcium oxalate, SSCaP supersaturation of cal-
cium phosphate, SSUA supersaturation of uric acid
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Idiopathic hypercalciuria (IH) is a common disorder found in about 50% of calcium stone formers 
(Fig. 25.2) [34].There is an increased incidence of hypercalcuria in first-degree relatives of patients 
with this condition but it appears to be complex and likely polygenic [5]. IH involves abnormal metab-
olism of calcium absorption by the gastrointestinal (GI) tract, kidney, and bone. In addition to having 
decreased ability of renal calcium reabsorption, patients with IH often have elevated 1, 25-dihydroxy 
vitamin D levels, which increases intestinal absorption of calcium [35].

Primary hyperoxaluria is a rare genetic defect resulting in overproduction of oxalate in the liver. 
Hyperoxaluria causes high urinary SS of CaOx, which promotes stone formation, or can even cause 
acute and chronic renal failure by progressive nephrocalcinosis, tubular damage, and interstitial fibro-
sis [36]. Progression to end-stage kidney disease (ESKD) is common in this disorder.

Cystinuria is another rare genetic disorder resulting in nephrolithiasis. Cystine is the homo-dimer 
of the amino acid cysteine. Due to one of two possible renal transporter defects, reabsorption of fil-
tered cystine is decreased and urinary cystine level is elevated [37]. These high excretion rates lead to 
cystine SS and cystine stones. Patients with cystinuria have a higher incidence of CKD than the gen-
eral population and progression to ESKD is possible [38, 39].

 Environmental Risk Factors

Hot climates have been associated with an increased risk of kidney stone formation. For example, in the 
USA, the Southeast region has a significantly higher prevalence (up to 50% in some analyses) than the 
Northwest [2, 10, 40]. This data are further supported by the Second Cancer Prevention Survey (CPS II), 
which shows that the highest prevalence of kidney stones in the USA is in six Southeastern states: Tennessee, 
Alabama, Mississippi, Georgia, North Carolina, and South Carolina, also known as the “Kidney Stone 
Belt” [40]. It has been hypothesized that inadequate fluid intake in these hot climates may lead to an 
increase of urinary electrolyte concentrations and lower urine pH, which promotes stone formation [41, 
42]. However, other risk factors that may co-segregate with warm regions need to be considered.

 Dietary Risk Factors

Dietary factors are thought to play an important role in the formation of kidney stones and composi-
tion of the urine. These factors include dietary intake of calcium, sodium, oxalate, protein (especially 
animal protein), fructose, fluids (including water and other beverages), nutritional supplements and 
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vitamins. Measurement and modification of such factors is limited by largely retrospective study data 
that are often confounded by recall bias, since stone formers frequently change their diet prior to 
enrollment in studies [4]. In addition, studies are limited by their inability to measure concentrations 
of the different molecular components in food that may have multiple and contradictory effects on 
stone formation.

 Fluid Intake

High fluid intake leads to an increase in urine volume and a decrease in urinary SS of any lithogenic 
solute. Fluid intake is probably the most important modifiable risk factor among stone formers because 
of its relative safety, low cost, and ability to decrease the risk of any stone type. The benefit of increased 
fluid intake on decreasing the risk of stone formation has been shown in multiple observational and 
randomized controlled trials [43–45]. It is important to note that any fluid, regardless of specific con-
tent, will augment urine output and urine free water excretion.

There are lingering misconceptions about the proper choice of fluid for stone formers. For exam-
ple, coffee may increase urine calcium and some guidelines suggest avoiding coffee; however obser-
vational studies have found that tea, coffee, beer, wine, soda, and orange juice are not associated with 
any increased risk of nephrolithiasis [44, 46, 47]. Recently, Ferraro et al. concluded that there is actu-
ally a decreased risk of kidney stone formation with coffee consumption [47]. Although the mecha-
nisms remain unclear, decreased stone risk may be related to the protective properties of other 
unmeasured components or a diuretic effect of coffee [48, 49].

 Calcium

Historically, there has been concern that higher dietary calcium may increase calcium stone risk. 
However, most data points in the opposite direction. For example, a study with a large cohort of greater 
than 50,000 male health professionals showed that men with a higher intake of dietary calcium were 
found to actually have a lower risk of kidney stones when adjusted for other risk factors [50]. Higher 
dietary calcium was also found to decrease stone risk in women as well in a more recent analysis of men 
[45, 51, 52]. It is possible that dietary calcium is protective because low calcium intake leads to increased 
oxalate absorption and urinary excretion [53]. Consistent with the data above, higher dietary calcium 
intake (800–1200 mg/day), specifically from dairy products, has been associated with decreased stone 
formation [50]. However, excess calcium supplementation beyond standard recommendations for bone 
health is not recommended for stone patients (especially calcium stone formers) because it may increase 
urinary calcium excretion especially if taken without meals [51]. A randomized trial conducted by 
Borghi et al. that compared two diets (normal calcium: 30 mmol vs. low calcium: 10 mmol) in patients 
with IH and calcium oxalate stones, showed a 50% reduction in the rate of recurrence among the normal 
calcium intake group [54]. Given the current state of research, a calcium-restricted diet is not recom-
mended for calcium-based stone formers. Patients should consume a “normal” calcium diet in line with 
standard dietary recommendations (1000–1200 mg/day) to ensure bone health.

 Oxalate

The role of dietary oxalate in modifying the risk of CaOx stone formation is not clear for several rea-
sons. First, the amount of urinary oxalate derived from dietary intake is relatively small (ranging from 
10% to 50%) [55]. Second, some portion of urinary oxalate comes from GI absorption and there is 
also a significant contribution from endogenous metabolism. Third, dietary oxalate has variable 
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bioavailability and may not be absorbed easily from some foods. One consistent finding is that oxalate 
absorption is higher in those with GI diseases such as IBD, and in those with gastric bypass surgery 
[56–58]. A low oxalate diet is often recommended for CaOx stone formers with high urinary oxalate 
levels, but practical dietary modification is hampered by a lack of reliable information on the oxalate 
content of foods. Another clinical concern is that high oxalate foods are also an important part of 
heart-healthy diets, such as the Dietary Approaches to Stop Hypertension (DASH) Diet, which is 
designed to decrease cardiovascular risk. A more accurate measurement of oxalate is necessary to 
support the dietary oxalate restriction in CaOx stone formers [59–61].

 Sodium

A high sodium intake and urinary sodium excretion is associated with higher urinary calcium excre-
tion. The high calcium excretion in IH is especially sensitive to dietary intake of sodium [60, 61]. 
Observational and experimental studies have demonstrated that calcium excretion rises more steeply 
in IH than in normal subjects for a given increase in sodium excretion [62]. Dietary sodium restriction 
decreases urinary calcium excretion, which lowers the risk of CaOx stone formation [54]. A low- 
sodium diet is a reasonable strategy to prevent hypercalciuria and may have independent benefits for 
patients with hypertension or congestive heart failure.

 Protein and Uric Acid Stones

Protein restriction (especially animal protein which is high in purine) reduces hypercalciuria by 
increasing urinary citrate and pH, and may be of benefit for uric acid stone formers [54]. Dietary pro-
tein intake and excretion may be estimated from a 24-hour urine by calculating the urea nitrogen 
appearance (UNA) and the protein catabolic rate (PCR). In a healthy steady state, intake of protein is 
equivalent to protein catabolism; therefore, PCR determines the nitrogen balance from a 24-hour 
urine urea concentration using the following formula:

PCR h urea N weight weight= { }+ ´{ }( )éë ùû6 25 24 0 031. . /

Patients who have severe medical conditions such as cancer, kidney disease, or acute or chronic 
infection are often malnourished and remain in a catabolic state and protein/nitrogen excretion will 
exceed intake.

A high protein intake generates an acid load, which is excreted largely as urinary ammonium 
(NH4). Generally, the higher the protein intake, the higher the urinary ammonium. Urinary ammo-
nium levels may be lower in patients who take alkali therapy or who have certain kinds of RTA. High 
ammonium and sulfate are indicators of a high-protein diet, especially animal protein [63]. Also, a 
high-protein diet (≥1.5 g/kg/day) can reduce urine pH; therefore, a moderate- to low-protein diet 
(0.8–1.2 g/kg/day) [30] is recommended for recurrent nephrolithiasis patients with hypocitraturia. 
Patients with low citrate levels who take alkali therapy may lower urinary ammonium and increase 
pH, decreasing the risk of uric acid and CaOx stones.

High-protein, low-carbohydrate diets designed for weight loss are popular but not recommended 
for the patients with history of kidney stones. Such diets may increase hypercalciuria, lower urine pH, 
and increase uric acid levels.

Vegetable proteins are thought to be less lithogenic than animal proteins; however, Massey et al. 
studied stone risk in beef vs. plant protein-based diets and concluded that lower protein intake, regard-
less of source, had the same effect in reducing CaOx stone risk [64]. Also, another recent epidemio-
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logic study showed that animal protein intake was not independently associated with the incidence of 
nephrolithiasis among a large cohort of postmenopausal women [65]. The amount of protein may be 
more important than the source.

Low urinary pH is a significant risk factor for uric acid stones since the solubility of uric acid is 
decreased in acid urine. The prevalence of uric acid stones is about 5–10% of total kidney stone disease. 
Measurements of urinary calcium, uric acid, and post-prandial urine pH are used to assess the uric acid 
stone risk. The average adult consumes about 2 mg of purine/kg/day, which produces 200–300 mg of 
uric acid, and endogenous production is about 300 mg/day, totaling 500–600 mg/day. In one study, nor-
mal uric acid excretion was 5.6 mg/kg/day [66], with total excretion of uric acid less than 800 mg/day. 
Dietary consumption of purine varies daily by individuals but elevated levels of urine uric acid are 
thought to contribute to uric acid stone formation [67]. Ingestion of alcohol can increase urinary uric acid 
excretion. Kessler et al. conducted a cross-sectional study by using bicarbonate-rich mineral water and 
various types of juices on uric acid stone formation. They found that black currant juice decreased uric 
acid stone risk by increasing the urine pH [68, 69]. If patients have gout, allopurinol is usually prescribed 
along with a low-purine diet to reduce blood uric acid and may be tried to decrease uricosuria [66, 70]. 
Interestingly, evidence that allopurinol prevents calcium stones is stronger than for uric acid stones [71].

 Potassium

Potassium is abundant in most fruits and vegetables, and potassium intake appears to decrease cal-
cium excretion and increase urinary citrate [72]. Studies have shown that dietary potassium supple-
mentation decreases stone risk in men and older women [45, 50, 51]. Monitoring 24-h urinary 
excretion of potassium is important to evaluate compliance with diet and medications. Taylor et al. 
analyzed the 24-h urine of individuals who followed the DASH diet and found that a higher DASH 
score (consuming more fruits and vegetables) was associated with a decreased risk of stone formation. 
Since foods with a higher DASH score are high in potassium, magnesium, and phosphorus, these 
foods may increase urine pH, resulting in decreased SS of CaOx and uric acid in urine as well as 
increased urine volume and citrate [73, 74]. If patients have chronic kidney disease (CKD) or take 
medications that impair the action of aldosterone such as angiotensin converting enzyme inhibitors 
(ACEI) or angiotensin receptor blockers (ARBs), serum potassium levels should be monitored closely.

 Magnesium

Magnesium reduces oxalate absorption by forming a complex with oxalate in the GI tract. This makes 
magnesium an attractive tool to reduce urinary oxalate. Although randomized trials examining the 
effect of magnesium supplementation on stone recurrence showed beneficial effects, the results have 
been confounded by concurrent treatment with thiazide diuretics and/or citrate supplementation [4]. 
Other prospective studies showed reduction of stone risk in men but not in women with magnesium 
supplementation [45, 51, 52].

 Phytates

Phytates are a storage form of phosphorus abundant in plants. They may also have an important role in 
stone prevention. Cold cereal, dark bread, and beans are high in phytates. It is believed they form insol-
uble complexes with calcium in the GI tract and prevent calcium reabsorption that results in a decrease 
in urinary calcium excretion [45]. However, this proposed mechanism may result in increased oxalate 
reabsorption from the GI tract, since calcium is bound to phytates and not available to bind oxalate. A 
different hypothesis is that phytates inhibit CaOx crystal formation in the urine [75]. Indirect evidence 
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of the role of phytates in stone formation include a finding that urinary phytate levels were significantly 
lower in calcium stone formers compared with healthy controls, and levels were normalized with phy-
tate supplementation [76]. In addition, secondary analysis of the Nurses’ Health Study (NHS) II showed 
a 36% lower risk of nephrolithiasis in women with the highest quintile of phytate intake [45].

 Vitamin and Herbal Supplements

Ascorbic acid (vitamin C) is metabolized to oxalate in the body. Researchers have shown that 1000 mg 
of twice-daily vitamin C supplementation in normal subjects and in prior calcium oxalate stone form-
ers increased urinary oxalate excretion by 20% and 33%, respectively, without a change in urinary pH 
[77]. Other observational studies showed that supplemental and dietary vitamin C intake elevated the 
risk for calcium oxalate nephrolithiasis among men, but not in women, after controlling for potassium 
intake [52, 78].

Vitamin B6 is a co-factor in oxalate metabolism. Low vitamin B6 levels can lead to increased oxa-
late excretion in the urine [46, 79, 80]. However, there is no evidence that supplementation of vitamin 
B6 can lower CaOx stone formation. Higher natural intake of vitamin B6 may reduce the risk of stone 
formation in women, but not in men [79, 80].

Vitamin D increases both calcium and phosphorus absorption in the GI tract. Many patients cur-
rently take vitamin D supplements based on blood vitamin D levels or for general presumed health 
benefits. Although a small study of vitamin D repletion in healthy women did not increase urine cal-
cium excretion [81, 82], recent data showed that vitamin D alone or calcium with vitamin D supple-
ments with high serum 25-hydroxyvitamin D levels may have increased urinary calcium excretion 
among stone formers [83]. Therefore, use of vitamin D supplementation among stone formers should 
be individualized and requires close monitoring of blood and urine calcium levels.

Herbal supplements are often used in conjunction with other complementary and alternative medi-
cine (CAM) supporting therapies such as meditation, cleansing, food systems, yoga and acupuncture. 
These herbal formulae have multiple spectrums of intended action, including analgesic, anti- 
inflammatory, antimicrobial, anti-spasmodic, anti-calcifying, diuretic, or litholytic, but there is little 
scientific evidence to support these claims. Use of herbal supplements for stone prevention should be 
used with caution [84–86].

Table 25.3 summarizes the genetic, environmental, and dietary risk factors of kidney stones.

Table 25.3 Risk factors of kidney stone

Genetic and other disease related Environmental and diet related

Genetic Idiopathic hypercalciuria
Hyperoxalosis
Cystinuria
Dent’s disease

Climate Heat
Water loss, sweating

Kidney disease related Medullary sponge kidney
PKD (10% develop stones)
Horseshoe
Metabolic causes: hypercalcemia, 
hyperparathyroidism, DM and obesity

Dietary High sodium
Oxalate
Protein (animal)
Acid/ alkaline ash diet
Fluid
Potassium and citrate
Fluid
Vitamins (C, D)
Ca supplement
Low Ca diet
High-protein weight loss diet

Systemic disease GI, inflammatory bowel diseases  
(Ox and UA stones)

Hyperparathyroidism CaP stone
Renal tubular acidosis (RTA) Hypercalcemic states, Ca phosphate
Sarcoidosis Hypercalciuria, CaOx stone

Abbreviations: PKD polycystic kidney disease, DM diabetes mellitus, GI gastrointestinal, Ox oxalate, UA uric acid, 
CaP calcium phosphate, CaOx calcium oxalate
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 Types of Stones and Treatment

 Urologic Management of Stones: Surgical Removal of Stones

Most kidney stones will spontaneously pass, but between 10% and 20% of stone patients will need 
(urologic) surgical intervention [87, 88]. For some stones, such as struvite and staghorn stones, the 
primary intervention is surgical.

Common reasons for stone surgery include intractable pain, kidney failure, infection associated 
with a kidney or ureteral stone, failure of a ureteral stone to pass, or management of a large kidney 
stone. Surgical management of stones includes extracorporeal shockwave lithotripsy (ESWL), ure-
teroscopy (URS), or percutaneous nephrolithotomy (PCNL). Today, open surgical procedures are 
rarely performed [87, 89].

 Medical and Dietary Interventions of Various Types of Kidney Stones

Calcium stones (calcium oxalate, calcium phosphate) account for 80% of all stones, followed by uric 
acid stones (5–10%), with cystine, struvite, and ammonium acid stones constituting most of the 
remainder [16]. Often, patients are referred to the nephrology and nutrition departments after stone 
removal procedures. The primary purpose of medical and dietary interventions is to prevent stone 
recurrence. All stone formers should be evaluated for medical conditions that might predispose to 
recurring stones. A 24-hour urine collection is important to assess stone forming and nutritional risk 
factors. The American Urology Association (AUA) provides guidelines for standard treatment and 
prevention of kidney stones [90].

 General Nutrition Assessment

The dietitian should assess nutritional risk factors by dietary intake assessments and provide thera-
peutic recommendations based on identified risk factors. Specifically, the dietitian should evaluate 
dietary intake of calcium, oxalate, sodium, protein (both animal and plant), dietary supplements, 
and fluid intake since these can either promote or inhibit stone formation. However, the assessment 
of dietary oxalate intake is very difficult because the database for oxalate content of foods is incon-
sistent, and dietary analysis programs do not support this data. Therefore, dietitians should use their 
own judgment in estimating the patient’s oxalate consumption along with other dietary intake 
analysis.

The most commonly used dietary assessment methods are the 24-hour recall, food record, diet 
history, and food frequency questionnaire. The 24-hour urine collection provides important data to 
assess the patients’ diet 1–2 days before the urine collection and it is useful to monitor changes over 
time. Dietary records provide information on intake of foods, beverages, and dietary supplements 
over specific periods. The best diet assessment for kidney stones is the food record before and during 
a 24-hour urine collection. Data should be recorded 1–2 days before the collection and throughout 
the duration of the collection. The food record should be analyzed to evaluate intake of protein, 
sodium, potassium, calcium, phosphorus, magnesium, uric acid, oxalate, and fluid. Based on the 
food intake and 24-hour urine test, the clinician provides practical advice that can be reassessed at a 
future date.
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 Calcium Stones: Calcium Oxalate and Calcium Phosphate Stones

 Calcium Oxalate Stones

Calcium-containing stones are the most common type of stones representing about 70% to 80% of 
identified stones and may be comprised of calcium oxalate or calcium phosphate. Recurrence is com-
mon and about 10% of patients with calcium-type stones will have episodes of symptomatic stones 
[91] more than three times throughout their lives.

 Medical Management

Hypercalciuria is associated with calcium stone formation but the relationship with calcium intake is 
complex. Paradoxically, reducing calcium intake may increase the risk of calcium oxalate stone forma-
tion [53]. Dietary management of hypercalciuria starts by reducing sodium intake. If dietary intervention 
does not lower urinary calcium excretion, medical management may be considered by using thiazide 
diuretics, which tend to lower urine calcium. Of note, thiazides may elevate serum calcium and lower 
serum potassium, so these laboratory studies should be monitored [92]. Also, if patients have normal 
blood pressure, thiazide diuretics can cause hypotension, so blood pressure should be monitored.

Potassium citrate can be prescribed for CaOx stone formers with low urine citrate and low urinary 
pH. Patients should be monitored for gastrointestinal complaints [93]. If the patient is taking ACEI or 
ARBs for blood pressure control, blood potassium levels should be monitored for hyperkalemia. If 
potassium citrate is not tolerated or if patients have elevated serum potassium levels, sodium bicar-
bonate may be used to increase urinary citrate levels and reduce SS of CaOx, but it is not as effective 
as potassium citrate and represents a sodium load [94]. In patients with high urinary pH and hypercal-
ciuria, potassium citrate may further increase the pH and increase the risk of CaP stones. Usually, the 
addition of lemon juice is recommended to help increase urinary citrate, and studies using commercial 
fruit juices such as orange, cranberry, or apple have shown significant increases in urinary citrate 
levels [95]. However, due to their high caloric content, these beverages should be consumed with cau-
tion in patients with metabolic syndrome and they may increase serum potassium levels.

Certain gut bacteria can increase oxalate breakdown and thus decrease oxalate gut absorption and 
subsequently reduce oxalate excretion in the urine. The gut microbiome may play a role in influencing 
alkali absorption and increase citrate concentration in the urine, which may reduce stone formation [96].

One organism, Oxalobacter formigenes, uses oxalate as a carbon source and promotes oxalate release 
in the gut by stimulating its transport through the gut epithelium, potentially reducing gut oxalate absorp-
tion. One study revealed that colonizing the gut with this bacteria reduced the risk of recurrent stones in 
stone-forming patients [97, 98]. Therefore, Oxalobacter formigenes therapy may be considered for 
patients with primary hyperoxaluria to reduce urinary oxalate [99]. However, there was no difference in 
urinary oxalate excretion in a randomized placebo controlled trial in patients with primary hyperoxaluria  
[100]. Therefore, the clinical application of probiotics in calcium stone disease is still uncertain.

 Nutritional Management

Fluid

Increasing urine volume is key to stone prevention generally and daily fluid intake is the most impor-
tant determinant of urinary volume. The AUA guidelines recommend adequate fluid intake to produce 
at least 2.5 liters of urine daily [90]. Almost all beverages, including alcoholic beverages, coffee (both 
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caffeinated and decaffeinated), tea, wine, and orange juice, are associated with lower risk of stones 
[44, 46, 101]; however, some specific fluids such as sugar-sweetened drinks, soda, and grapefruit juice 
are associated with increased stone risk [44, 48]. Most patients require three liters or more of fluid 
intake per day to reach this urine volume to the goal, but this varies with patients and other factors 
including insensible water loss from sweat or the GI tract as in diarrhea.

Dietary and Supplemental Calcium Intake

Low calcium diets may increase the risk of calcium oxalate stone formation by increasing oxalate 
absorption and subsequent excretion [90]. A study comparing dietary calcium intake of <800 mg/day 
showed a higher incidence of kidney stones than individuals who consumed “adequate” dietary cal-
cium, defined as 1000–1200 mg/day for most adults [65]. If dietary intake is low, supplemental cal-
cium is reasonable to prevent bone loss, especially among postmenopausal women. However, 
supplemental calcium has been correlated with a higher risk of kidney stone formation in older 
women. In the Women’s Health Initiative clinical trial, calcium supplementation exceeding the rec-
ommended upper limit of 1200 mg daily for adults increased the risk of kidney stones [102, 103]. If 
calcium supplements are used it may be better to take them with meals in order to bind to the oxalate 
in the food. The AUA recommends that total daily calcium intake from both diet and supplements 
should not exceed the adequate range of about 1000–1200 mg daily for adults. SS levels on 24-hour 
urine collections may help determine whether calcium supplements are beneficial or problematic for 
this patient group [90]. The clinician ultimately must weigh the risks and benefits of calcium supple-
mentation by considering bone health and stone risk together.

Dietary Sodium

Dietary sodium may increase stone risk by increasing urinary calcium. Often sodium and animal 
protein are found in the same foods. In a study of calcium oxalate stone formers, a low-salt diet alone 
decreased urinary calcium and oxalate excretion but it was not designed to look for a reduction in the 
incidence of kidney stones [104]. One other study showed that a low-sodium and low non-dairy ani-
mal protein diet with an adequate calcium intake reduced urinary calcium excretion in hypercalciuric 
stone formers [54]. The AUA recommends dietary sodium allowance for stone formers should be no 
more than 100 mEq or 2300 mg daily for most adults [90].

The DASH diet may be appropriate for most stone formers [105]. It is supported by observational 
studies that demonstrated reduced risk of kidney stones in groups consuming the DASH diet [73]. The 
DASH diet consists of low sodium, low nondairy animal protein, which is higher in fruits, vegetables, 
nuts, legumes, whole grains, and dairy products, compared to a typical Western diet. The DASH diet 
provides about 4–6 oz of animal protein per day, which is adequate for most people. The DASH diet 
also has benefits in reducing risk of CKD, type 2 diabetes, cardiovascular disease, and stroke, which 
may coexist in stone formers [106].

Dietary Oxalate

If patients have adequate calcium intake but urinary oxalate levels are elevated, dietary oxalate restric-
tion is appropriate for calcium oxalate stone formers. There are databases of oxalate content of foods, 
but the values are inconsistent. The Harvard School of Public Health maintains an extensive online 
oxalate database to provide guidance in managing a low oxalate diet restriction [90].

Tables 25.4 and 25.5 show examples of high oxalate foods and content.
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Table 25.4 Oxalate content of foods

Food item (100 g)

Range of 
oxalate values 
(mg) Food item (100 g)

Range of 
oxalate values 
(mg) Food item (100 g)

Range of 
oxalate values 
(mg)

Flours and grains Herbs and spices Vegetables
Barley flour 56 Black pepper 419 Amaranth leaves, 

raw
1090

Buckwheat flour 269 Caraway seeds 890–900 Asparagus, raw 130
Bulgur, cooked 47 Cardamom, green 4000-4014 Bamboo shoots, 

raw
23

Cornmeal 54 Coriander seeds 995–1005 Beet leaves, raw 121–916
Couscous 10–65 Cumin 1500-1505 Beet root, boiled 76–675
Grits, corn 57 Curry powder 1065-1070 Bitter melon, raw 71
Millet, cooked 36 Ginger 1480-1488 Broccoli, raw 190
Oats 16 Nutmeg 200–201 Brussel sprouts, 

raw
360

Rice, basmati 17 Turmeric powder 1910–1914 Cabbage, 
Chinese, raw

6

Rice, brown, 
cooked

12 Cabbage, green, 
raw

100

Rice flour, brown 37 Legumes Carrot, raw 500
Rice bran 238 Anasazi beans, 

boiled
80 Cassava root, raw 1260

Rye flour, dark 51 Azuki beans, 
boiled

25 Cauliflower, raw 150

Semolina flour 48 Black beans, 
boiled

72 Celery 190

Wheat flour, white 
unbleached

40 Cowpeas, boiled 4 Chicory, raw 210

Wheat flour, whole 67 Fava beans, 
boiled

22 Chives, raw 1480

Wheat bran 457 Garbanzo beans, 
boiled

9 Collard greens, 
raw

450

Wheat germ 44–269 Great Northern 
beans, boiled

75 Coriander, raw 10

Fruit Kidney beans, 
boiled

16 Corn, raw 10

Apple 9–11 Lentils, boiled 8–118 Cucumber, raw 20
Apricot 48–50 Lima beans, 

boiled
8 Eggplant, raw 190

Avocado 18 Mung beans, 
boiled

5 Endive, raw 110

Blackberries 19 Navy beans, 
boiled

57 Garlic, raw 360

Blueberries 15 Peas, green, raw 50 Kale, raw 20
Peas, split, green, 
boiled

6 Kale, Chinese, 
raw

23

Cherries, canned 8 Peas, split, 
yellow, boiled

5 Leek, raw 89

Currants 19 Pink beans, boiled 75 Lettuce, raw 330
Date 100 Pinto beans, 

boiled
27 Okra, raw 50

(continued)
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Table 25.4 (continued)

Food item (100 g)

Range of 
oxalate values 
(mg) Food item (100 g)

Range of 
oxalate values 
(mg) Food item (100 g)

Range of 
oxalate values 
(mg)

Feijoa 60 Red beans, boiled 35 Olives 44
Figs, dried 57 Soybeans, boiled 56 Onion, raw 50
Figs, fresh 18 White beans, 

small, boiled
78 Parsley, raw 150–1700

Goji berries 138 Parsnip, raw 40
Gooseberries, green 88 Nuts Pepper, raw 40
Grapes, Concord 25 Almonds, roasted 431–490 Potato, raw 50
Grapefruit 10 Cashews, roasted 262–2310 Purslane, raw 850–1310
Guava 17–18 Hazelnuts, raw 167–222 Radish, raw 480
Kiwifruit 23 Macadamia nuts, 

raw
42 Rutabaga, raw 30

Lemon peel 83 Peanuts, raw 96–705 Snap beans, raw 360
Lime peel 110 Peanut butter 81–705 Spinach, raw 400–970
Mango 10–12 Pecans, raw 64 Squash, raw 20
Orange 21 Pine nuts, raw 198 Sweet potato, raw 240
Papaya 5 Pine nuts, roasted 140 Swiss chard, raw 800–812
Pineapple, canned 26 Pistachio nuts, 

roasted
49–57 Tomato, raw 50

Pineapple, dried 38 Pumpkin seeds, 
roasted

14 Tomato, sauce 14

Prunes, dried 34 Sunflower seeds, 
roasted

9 Turnip, raw 210

Raspberries, black 55 Walnuts, raw 74 Turnip greens, 
raw

50

Raspberries, red 15 Watercress, raw 310
Rhubarb, raw 260–1235 Soy-based products Yams, cooked 59
Star fruit 80–730 Miso 15 Yard long beans, 

raw
38

Strawberries 15–25 Soy beverage 
(240 ml)

5–336

Soy flour 107–183 Other foods
Soy protein 15–496 Chocolate, milk 

(240 ml)
7

Soy sauce 11 Chocolate, milk, 
candy

42–123

Soy yogurt 47 Chocolate syrup 97
Soynuts, roasted 1400 Cocoa powder 170–623
Soynut butter 38–63 Tea (100 ml), 

black, brewed
48–92

Tempeh 28
Textured 
vegetable protein

58–584 Tea (100 ml), 
green, brewed

6–26

Tofu 2–280 Tea (100 ml) 
herbal, brewed

0–8
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Table 25.5 Oxalate content of foods by common portion size

Food group Food
Portion 
size

Oxalate 
content 
(mg) Food group Food

Portion 
size

Oxalate 
content 
(mg)

Beverages Hot chocolate 1 cup 65 Potatoes French fries 4 oz or 
½ cup

51

Tea, brewed 1 cup 14 Baked potato 
with skin

1 
medium

97

Tomato juice 1 cup 14 Mashed potato 1 cup 29
Prune juice 1 cup 18 Potato chip 1 oz 21
Lemonade 
(frozen 
concentrate)

8 floz 15 Sweet potato 1 cup 28

Nuts and 
seeds

Almonds 1 oz or 22 
kernels

122 Meat and 
substitute

Tofu 3.5 oz 13

Candies with 
nuts

2 oz 38 Veggie burger 1 patty 24

Cashews 1 oz or 18 
kernels

49 Soy burger 3.5 oz 12

Peanuts 1 oz 27 Bread, grains, 
starch

English 
muffin, whole 
wheat

1 muffin 12

Pistachios 1 oz 14 All-purpose 
flour

1 cup 17

Mixed nuts 
with peanuts

1 oz 39 Brown rice, 
cooked

1 cup 24

Trail mix 1 oz 15 Buckwheat 
groats

1 cup, 
cooked

133

Walnuts 1 oz or 7 
nuts

31 Bulgur, cooked 1 cup 86

Pecans 1 oz or 15 
halves

10 Corn grits 1 cup 97

Vegetables Bamboo shoots 1 cup 35 Cornmeal 1 cup 64
Beets ½ cup 76 Couscous 1 cup 15
Fava beans ½ cup 20 Millet, cooked 1 cup 62
Navy beans ½ cup 76 Miso 1 cup 40
Okra ½ cup 57 Soy flour 1 cup 94
Parsnip ½ cup 15 Whole flour, 

whole grain
1 cup 29

Red kidney 
beans

½ cup 15 Fruits Dates 1 date 24

Rhubarb ½ cup 541 Grape fruit ½ fruit 12
Spinach cooked ½ cup 755 Kiwi 1 16
Spinach, raw 1 cup 656 Orange 1fruit 29
Tomato sauce ½ cup 17 Raspberries 1 cup 48
Turnip ½ cup 

mashed
30 Canned 

pineapple
½ cup 24

Yams ½ cup 40 Miscellaneous Peanut butter 1 Tbsp 13
Cakes and 
cookies

Brownies 1 oz or ½ 31 Coco powder 4 tsp 67
Chocolate 
syrup

1 Tbsp 38 Miso soup 1 cup 111

Chocolate chip 
cookies

1 cookie 11 Lentil soup 1 cup 39

Data source: https://regepi.bwh.harvard.edu/health/Oxalate/files
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Complicating the problem are large variations in the oxalate content of foods themselves [107, 
108]. For example, the oxalate content of foods vary with the ripeness of the fruit or vegetable 
when picked and the soil characteristics [107, 108]. Due to the difficulties in restricting dietary 
oxalate, hyperoxaluria treatment is often focused on adequate calcium intake to modulate oxalate 
absorption rather than decreased oxalate in the diet [109, 110]. Generally speaking, an adequate 
amount of  calcium, along with lower nondairy animal protein and sodium, and higher amounts of 
fruits and vegetables and plant-based proteins reduce the risk of calcium oxalate stone formation 
and recurrence [73]. Although the DASH diet is probably high in oxalate, it contains high fiber and 
phytates that help to lower oxalate absorption in the GI tract. Patients with IBD and gastric bypass 
surgery such as Roux- en- Y have enteric hyperoxaluria and absorb excessive amounts of oxalate 
because of fat malabsorption [58, 111]. For these patients, a more restrictive oxalate diet may 
provide benefit to decrease hyperoxaluria. An adequate amount of calcium intake and lower fat 
intake may also help prevent increased oxalate absorption among malabsorption conditions. In 
addition, calcium supplements taken with meals promote oxalate binding of free oxalate and, 
therefore, decrease oxalate absorption in the GI tract. Some dietary supplements can elevate uri-
nary oxalate excretion. High doses of ascorbic acid from supplements is metabolized to oxalate 
[112], and turmeric and cranberry supplements have been associated with higher oxalate levels in 
the urine [113, 114]. The AUA advises avoiding vitamin C supplements due to calcium oxalate 
stone risk.

Acid-Forming Foods or Animal Protein

Diets rich in animal protein are associated with increased net acid excretion and a low urinary 
pH. Low urinary pH is associated with hypocitraturia and, among calcium stone formers, 20–60% 
of patients have hypocitraturia [115]. Citrate in the urine is a very important inhibitory factor for 
calcium stone formation [116]. Medical conditions that alter urine pH, and some medications 
such as acetazolamide and valproic acid, can cause hypocitraturia. Foods with a high potential 
renal acid load (PRAL) such as meats, fish, poultry, cheese, eggs, and white grains promote aci-
dosis and a low urinary pH. In contrast, fruits and vegetables provide alkali, which can help lower 
stone formation risk [117]. Some dairy products and lipid-rich foods are considered neutral 
PRAL [118, 119].

Patients with hypocitraturia and consumption of high PRAL foods can benefit from increasing 
consumption of fruits and vegetables and decreasing animal protein sources [120]; however, calo-
ries need to be adjusted to prevent weight gain. To improve hypocitraturia, both dietary intake of 
citrate and prescription of potassium or sodium citrate are recommended [121]. In practice, lemon 
or lime juice is recommended for patients with hypocitraturia with similar pharmacologic effects 
[101]. Three tablespoons of concentrated lemon juice from two medium-sized fresh lemons added 
in 1 L water consumed daily can provide a comparable amount of citrate to what is present in 30 
milliequivalents (mEq) of potassium citrate divided in three doses with lower cost and possibly 
less GI side effects [122].

Acidic urine with low pH is a risk factor of uric acid stones and is favorable for CaOx stone forma-
tion with hypercalciuria. Usually, 30% of total urinary uric acid is from dietary sources in the Western 
diet that is primarily from animal protein with a high purine content [123].

Table 25.6 shows acid and alkaline ash foods.
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 Calcium Phosphate Stones

Calcium phosphate stones are the second most common type of stones after calcium oxalate stones, 
but their incidence may be increasing. They are associated with an alkaline urine [124]. If urine is 
more alkaline (pH > 6.2) with hypercalciuria, SS of CaP is elevated. Also, CaP stones have been seen 
with primary hyperparathyroidism and RTA without metabolic acidosis. Treatment is aimed at 
decreasing the SS of CaP by lowering hypercalciuria and increasing fluid intake. When a patient is 
treated for hypocitraturia, urine pH can be elevated and, therefore, a CaP stone can be formed in this 
environment [5].

In summary, the primary intervention of recurrent calcium stones is nutritional therapy (low 
sodium, low protein, and increasing fluid intake); however, thiazide diuretics may be considered with 
consistent hypercalciuria, especially in IH. Citrate supplementation may be used when hypocitraturia 
is present or the urine pH is low. Pharmacological treatment should be used with nutritional manage-
ment to prevent calcium stones.

 Uric Acid Stones

In the USA, the incidence of uric acid stones has risen in the past few decades, and the management 
strategies should include alkalization with a decrease of urine uric acid and an increase of urine 
volume.

Table 25.6 Acid-ash and alkaline-ash foods

Acid-ash foods Alkaline ash foods

Meat Beef, fish, shellfish, egg, fowl, pork, 
chicken, veal

Dairy, nuts and 
protein-rich 
foods

Butter milk, goat cheese,almonds, 
chestnuts, pine nuts, Brazil nuts, 
pecans, tofu, most beansDairy and 

nuts
Most dairy products including milk, 
cheese especially processed cheese
Sweetened yogurt
Cottage cheese
Nuts: peanuts, pistachio, walnuts

Fat Bacon, lard Fat Coconuts, sunflower oil, pumpkin 
seed oil, grape seed oil, canola oil

Starch All types of bread, especially white, whole 
wheat products
Crackers, cereal, macaroni, spaghetti, 
noodles (all white flour products), white 
rice, corn and lentils

Starch Most beans
Taro roots
Brown rice
Buckwheat

Vegetables None Vegetables All vegetables, including fresh corn
Fruits Fruit juice with sugar

Prunes, cranberry
Dried fruits

Fruits All fresh fruits except cranberry and 
prunes

Other Soft drinks, liquor, malt, sugar (white and 
brown), wine, artificial sweeteners, cocoa, 
pastries, coffee, fructose, table salt

Other Garlic
Spices: ginger, herbal tea

Adapted from Krause’s Food, nutrition & diet therapy, 12th ed. Philadelphia: Saunders; 2008: 952
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 Medical Management

Urine alkalization is the primary treatment for uric acid stones. Uric acid is soluble in alkaline pH>6.5; 
thus, higher pH is better to prevent uric acid stones [125].

Urinary alkalization is typically achieved with potassium citrate. However, potassium citrate 
may be costly, and may elevate serum potassium levels especially in patients with impaired kidney 
function, patients on ACEI or ARBs, and transplant patients on calcineurin inhibitors [126]. In 
addition, the GI side effects from potassium citrate make patients reluctant to take this preventive 
medicine.

In a 24-hour urine study, potassium citrate dosing is dependent on urine pH and SS of uric acid. A 
daily average dose of 60 mEq potassium citrate, divided twice or thrice a day, is a reasonable starting 
point [127, 128]. Once initiated, a dose adjustment is based on the urinary pH, keeping in mind that a 
very high urine pH in some individuals may predispose to CaP stone development [127, 129].

Sodium citrate is an alternative medication used to increase urine pH especially in patients who 
have volume depletion and low sodium in the urine due to GI disease. A study compared the use of 
sodium citrate and potassium citrate for patients with urolithiasis and both raised urinary pH [127, 
130]. However, urinary calcium levels were higher with sodium citrate in contrast to potassium citrate, 
most likely due to the calciuric effect of increased urinary sodium excretion [127]. Therefore, sodium 
citrate could be used mainly for volume-depleted patients to help improve citrate and pH.

Sodium bicarbonate is another potential treatment to alkalize the urine [131]. A high dose of 
sodium bicarbonate should be avoided because it can increase urinary calcium and may contribute to 
volume overload in susceptible patients. Allopurinol is the most commonly used xanthine oxidase 
inhibitor to treat gout and prevent uric acid stones. Xanthine oxidase inhibitors such as allopurinol or 
febuxostat reduce xanthine and hypoxanthine conversion to uric acid, and xanthine oxidase decreases 
uric acid excretion in the urine [132, 133].

 Nutritional Management

The typical American diet has a high purine content from animal protein, which produces approxi-
mately 300–400 mg of uric acid per day [127]. Two-thirds of the uric acid produced is excreted in the 
urine [67]. The urine uric acid concentration is often high (>600 mg/dL) among uric acid stone form-
ers [125]. Exogenous sources of uric acid is from dietary purine (a precursor of uric acid), which is 
abundant in the typical Western diet and produced by the metabolism of animal protein such as meats, 
fish, shellfish, and poultry. A diet high in animal protein is also associated with a more acidic urine as 
discussed previously. Therefore, a diet high in animal protein produces more uric acid and an acidic 
urine, both risk factors for uric acid stones. A moderate amount of total protein with less animal pro-
tein (less than 1.2 g/kg/day) is advisable for uric acid stone formers [134]. Reduction of uric acid 
excretion and increase of urine pH are major goals in uric acid stone formers [125, 127].

Beer has a high purine content [135], and elevated levels of serum uric acid have been observed 
with beer consumption but not with small amounts of wine [135, 136]. Whether this contributed to 
uric acid stones is not known and there is no direct association between alcohol consumption and 
nephrolithiasis.

Citric acid from the diet can reduce uric acid stone risk by increasing urine pH. A vegetarian diet 
is low in purine, high in other fiber (phytate), and higher in citrate and produces alkaline ash. Citrus 
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fruits such as lemons, oranges, and limes are rich in citrate. A study conducted by Odvina et al. com-
pared orange juice and lemonade consumption over a week to monitor impact on kidney stone risk 
factors. Orange juice compared to lemonade resulted in the greatest increase in urinary pH and citrate 
[137]. A concern about recommending orange juice is its high caloric content for people with diabetes 
and obesity. Another study was conducted to monitor the effect of long-term consumption of lemon-
ade compared with potassium citrate. The changes of urinary pH was higher in the potassium citrate 
consumption group but the urinary citrate levels were similar in both groups (700 mg/day for lemon-
ade vs. 800 mg/day for potassium citrate group) [101].

The effect of beverage choice on uric acid stone risk is not clear. Choi et al. showed that coffee and 
tea intake were associated with lower levels of serum uric acid but the study did not measure urine uric 
acid [138].

Mineral water contains various levels of bicarbonate [127]. Heilberg et al. evaluated the effects of 
mineral water on urine pH among calcium oxalate stone formers and found that urine pH and citrate 
levels were higher with significantly lower SS of uric acids among individuals who consumed mineral 
water for 3 days than the group that consumed regular water [127, 139, 140].

Consumption of fructose, especially high concentrated fructose corn syrup, has increased in the 
past decade. When metabolized, fructose is transformed into purine, the precursor of uric acid. 
Observational studies showed that hyperuricemia and gout were positively associated with increased 
fructose consumption [141]. Also, in a large prospective study, Taylor et al. concluded that fructose 
was an independent risk factor for kidney stones but nonfructose carbohydrates did not show the asso-
ciations [142]. Fructose infusion in animal studies increased insulin resistance and it was postulated 
that fructose can be a primary contributor of lower urine pH and possible kidney stone risk factor 
[127, 142, 143].

A vegetarian diet and the DASH diet, which are rich in citrate, can generate an alkaline urine which 
has beneficial effects for the prevention of uric acid stones [127]. A study conducted by Heilberg et al. 
showed higher urine citrate and pH levels following the DASH diet, but the study did not measure the 
stone risk [73, 139]. In addition, the DASH diet has other health benefits such as weight loss, which 
possibly improves metabolic syndrome and insulin sensitivity, and increased urine pH.

 Cystine Stones

Cystine stones are rare and represent about 1% of all stones in adults and 5% and 10% in chil-
dren [39, 144]. They are formed when the amino acid cystine is highly concentrated in the urine 
and occur exclusively in patients with the genetic condition of cystinuria, which has a preva-
lence of about 1/7000 [145]. Cystinuria is caused by a genetic disorder related to defective 
transport of cystine in the kidney, leading to excretion of a large amount of cystine and other 
cationic amino acids (ornithine, arginine, and lysine or COAL) in the urine. Nephrolithiasis is 
the dominant clinical feature; however, about 6% of patients with cystinuria do not present with 
stone disease [145].

The normal excretion of cystine is less than 30 mg/day. However, in patients with cystinuria, cys-
tine excretion often exceeds 400  mg/day [146]. Cystine stones are seen from infancy to the fifth 
decade of life but the median age of presentation is 12 years [146, 147]. Eighty percent of symptom-
atic cystine stone formers had a first stone episode in the second decade [147]. In addition to having 
stones at an earlier age, cystinuria patients tend to have more bilateral, more frequent, and more stag-
horn calculi than other stone formers [38, 148, 149].
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Cystinuria is diagnosed with high urine cystine levels and all patients with cystinuria should com-
plete a 24-hour urine test to assess other metabolic stone risk factors. Urine pH and urine volume are 
the most important factors to determine cystine stones.

Cystine is soluble in high urine pH, especially at pH of 7 or higher. At a pH of 7, cystine is soluble 
at a concentration of 250 mg/L. This doubles to 500 mg/L at pH 7.5 and goes up further at pH of 8 
[150–152].

 Medical Management

Patients often have recurrent and multiple stones and many patients require urological procedures 
[150]. Despite the fact that medical therapy reduces the number of recurrent stones and removal pro-
cedures up to 78% and 52%, respectively, medical therapy compliance is poor for cystinuria patients 
[38, 150]. Urine alkalization, high urine volume, and cystine-binding medications are the mainstay of 
medical management.

Potassium citrate is the mainstay of treatment to alkalinize the urine. Sodium bicarbonate 
can be used but it can increase sodium load. Acetazolamide can also be used as a last choice, 
but it is poorly tolerated and may have adverse effects on bone health due to metabolic acidosis 
[152].

High fluid intake (>3–4 L/day) can lower concentration of cystine. Tolvaptan, an anti-diuretic hor-
mone receptor antagonist, has been proposed as an option in patients with low urine volume; however, 
it is very expensive and has risk of liver disease [153].

When patients fail to achieve urine alkalization and fluid intake, CBTDs are recommended. These 
drugs form a complex with cystine monomer that is 50 times more soluble than cystine and thus pre-
vent crystallization [154, 155]. D-penicillamine and 2-meracptopropionylglycine (tiopronin) are used 
in clinical practice but tiopronin has less side effects and is better tolerated among cystine stone form-
ers [156]. Several studies were conducted to compare CBTD use with conservative managements, and 
the former group showed reduced recurrence of stones by 32% to 65% and a reduction of stone size 
as well as better dissolution [152, 157].

 Nutritional Management

The goal of nutritional management is to increase fluid intake and to decrease cystine concen-
tration to less than 300 mg/L, but this may be hard to achieve in clinical practice and requires 
vigilance with scheduled fluid intake [158]. A low animal protein diet is also recommended to 
help urine alkalization and to lower cystine production from methionine, a precursor of cystine, 
which is abundant in animal protein [159]. However, methionine is an essential amino acid 
especially for children and adolescents who require normal protein intake for overall growth. 
Also, a low-sodium diet can lower cystine concentration in urine but the mechanism is unknown 
[160]. Lastly, fruit and vegetable intake are recommended as well as the DASH diet to increase 
urine pH [120].
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 Struvite/Staghorn Calculi

Struvite stones are composed of magnesium ammonium phosphate that is usually formed sec-
ondary to genitourinary infection and urinary stasis. Other risk factors include urinary tract 
obstruction, indwelling catheters, neurogenic bladder, and immobility [161, 162]. Struvite 
stones are more common in women probably because of their increased risk of urinary tract 
infection. They often form staghorn calculi, which are large stones that branch into the urinary 
space. While documented urinary tract infection is common in patients with staghorn calculi, 
which is present in 59% to 68% of all patients and 74% in women with bilateral staghorn calculi 
[163, 164], recent data suggest that staghorn calculi are not necessarily related to infection and 
are not necessarily composed of struvite. A study looking at staghorn calculi showed that only 
about half are struvite while the rest consist of calcium phosphate, calcium oxalate, uric acid, or 
cystine [164].

The standard treatment of struvite and staghorn calculi is surgical, but metabolic evaluation 
may be warranted in some patients because such stones can be associated with metabolic abnor-
malities. The use of antibiotics and documented clearance of infection are also important for the 
prevention of struvite stones [162], but the data are scarce regarding the choice and duration of 
antibiotics [165].

 Nutritional Management

There is no specific dietary modification that can help lower the recurrence of struvite stones. However, 
since staghorn stones are made from various stone types, 24-hour urine analysis and general nutri-
tional guidelines such as increasing fluid intake to >3 L/day, a low-sodium diet, and moderate protein 
consumption would be appropriate.

Table 25.7 presents a summary of current nutritional guidelines from AUA and Table 25.8 shows a 
general diet guideline for stone prevention.

Table 25.9 presents a summary of medical and nutritional recommendations for different types of 
stones.

Table 25.7 Nutrient recommendation for kidney stones

Nutrients Recommendation

Calcium 1000–1200 mg/day
Oxalate 40–50 mg/day
Sodium <2300 mg/day
Protein 0.8–1.4 g/kg/day
Fluid >3 L/day to produce urine volume >2.5 L
Vitamin D Low dose if vitamin D insufficiency or 

deficiency (1000 IU/day)
Vitamin C Dietary reference intake (DRI)

Adapted from [90]
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Table 25.8 General diet guidelines for stone prevention

Drink plenty of fluid: at least 3 L/day or more
  Any type of fluids such as water, coffee, and lemonade except grapefruit juice and soda have shown beneficial 

effect.
  Produce less concentrated urine with good volume (at least 2.5 L/day).
Avoid foods with high oxalate
  Spinach, lot of berries, chocolate, wheat bran, nuts, beets, and rhubarb should be eliminated from the diet if 

possible.
  Discuss with nutritionist for more questions.
Consume adequate amount of dietary calcium
  Three servings of dairy consumption per day will help lower the risk of calcium stones.
  Consume with meals.
Avoid extra calcium supplements
  Calcium supplement should be individualized by physician.
Avoid high-protein diet
  With high protein intake, kidney will excrete more calcium; therefore it will form more stones in the kidney.
  Cut down animal protein to lower renal acid load.
Avoid high salt diet
  High sodium diet can increase calcium in the urine so increase the stone risk.
  Blood pressure control is also important for stone formation and high salt diet can lead to high blood pressure.
Avoid high dose of vitamin C supplement
  Recommend to take 60 mg/day (US dietary reference intake).
  Excess amount (1000 mg/day) may produce more oxalate in the body.

Developed by H. Han, at Harvard Vanguard Medical Associates (Atrius Health), Department of Nephrology

Table 25.9 Nutritional and medical recommendation for different types of stones

Type Medical Nutrition

CaOx Treatment of hypercalciuria
Low urine pH: K-citrate
Prebiotics/ probiotics

Fluid: >3 L: all types except soda/sugar-containing fluid
Ca: Ca-rich foods 1000–120 mg
Avoid low Ca intake or high-Ca supplement
Low Na: 2300 mg (100 mEq)
Oxalate: Avoid very high oxalate foods. If consuming a small 
amount, consume with Ca-rich foods at the same time
Moderate amount of animal protein (acid-forming foods)

CaP Monitor primary hyperparathyroidism 
and RTA

High fluid intake
Individualize with urinary Ca and medical condition

Uric 
acid

Urine alkalization
K-citrate
Na-citrate
Sodium bicarbonate
Xanthine oxidase inhibitor

Fluid >3 L include mineral water, citrate rich sources
Moderate protein especially animal protein
DASH diet
Cut down high fructose consumption
Vegetarian diet

Cystine Urine alkalization (pH higher is better)
High urine volume
Cystine-binding thiol drugs (CBTDs)

Fluid >3–4 L
Low to moderate animal protein esp low methionine
Low sodium: 2300 mg
DASH/high fruit and vegetable intake

Struvite Use of antibiotic to avoid infection Fluid >3 L
Low sodium: 2300 mg

Abbreviations: CaOx calcium oxalate stone, CaP calcium phosphate stone, RTA renal tubular acidosis
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 Special Considerations

 Diabetes Mellitus

According to the NHS I and II and the Health Professionals Follow-up Study [HPFS]), there is a 
higher prevalence of kidney stone formation among diabetics than nondiabetics [6]. This may be 
due to defective renal acid excretion in diabetics, leading to uric acid stone formation. A study 
demonstrated that patients with glucose intolerance and type 2 diabetes have more pure uric acid 
stones than CaOx stones [166, 167]. Other studies have shown that patients with diabetes have 
more uric acid stones than those without diabetes (28.5%–33% vs. 6.2%–13%, respectively) [166–
169]. Diabetes may also contribute to calcium stone risk. In normal subjects, postprandial insu-
linemia is associated with increased calcium and phosphorus excretion. Postprandial 
hyperinsulinemia may play an important physiologic role in the regulation of renal tubular cal-
cium reabsorption [35].

 Hypertension

According to a study by Soucie et al., there was a higher prevalence of kidney stones in hypertensive 
versus normotensive subjects [42]. A large prospective cohort study of 51,529 men also showed an 
association between nephrolithiasis and hypertension. In this study, most (79.5%) of the stone patients 
reported that nephrolithiasis occurred either prior to or concomitant with the diagnosis of hyperten-
sion [170]. Some have hypothesized that nephrolithiasis may increase the risk of hypertension [171]. 
Conversely, interference of calcium metabolism is frequent among patients with essential hyperten-
sion [172–174], and it can lead to hypercalciuria. In addition, there was an independent association of 
hypocitraturia and hypertension in the large observational study via evaluation of 24-hour urine col-
lections [175]. Apler et al. postulated that uric acid stone risk is higher in both adults and pediatric 
hypertension patients with elevated blood uric acid levels [176]. At this point there remains an asso-
ciation without enough data to establish cause and effect.

 Cardiovascular Disease

The association between cardiovascular disease and nephrolithiasis is not very well known. It was first 
reported in a longitudinal study with a 20-year follow-up where a significant association was found 
between kidney stones and subclinical carotid atherosclerosis [177]. A population-based study that 
used ultrasounds to determine carotid thickness and stenosis found an association between increased 
carotid thickness and symptomatic kidney stone formation. Also, Hamano et al. reported that calcium 
oxalate stone cases were higher among those with a history of coronary artery disease patients than 
normal subjects [178]. Rule’s more recent study revealed an increased risk (31%) of myocardial 
infarction in stone formers, after adjustment for other comorbidities associated with myocardial 
infarction [179]. Whether this represents a causal connection or an association based on shared risk 
factors remains unknown.

25 Nephrolithiasis



496

 Chronic Kidney Disease

Although nephrolithiasis is not commonly recognized as a cause of CKD in the absence of obstructive 
uropathy, there are studies that show an association between the development of CKD and nephroli-
thiasis [180]. After adjusting the common causes of CKD and ESKD such as diabetes, hypertension, 
and cardiovascular disease, there was an independent risk of CKD among stone formers [181, 182]. 
According to data collected from NHANES III, stone formers who are overweight or obese 
(BMI ≥ 27 kg/m2) have a higher prevalence of lower glomerular filtration rate (GFR) than normal 
BMI subjects. Overweight stone formers have more stage 3 CKD (GFR: 30–59 mL/min/1.73m2) with 
relative risk ratio of 1.87 than overweight non-stone formers [183]. As with hypertension and cardio-
vascular disease, it is not clear if this represents shared risk factors or if the lithogenic process causes 
subtle renal damage [170].

 Gastrointestinal Disease–Related Medical Conditions, Gastric Bypass 
Surgery, and Kidney Stones

 Gastrointestinal Disease

GI disease can cause low urine volume, which leads to concentrated urine and increases all types of 
stone risks [58]. This may be due to an inadequate intake of fluid (due to nausea and vomiting) or to 
loss of fluid from diarrhea. A high fluid intake is the most important recommendation of stone preven-
tion in this population [16, 56, 184].

GI disease can also lead to increased oxalate absorption and secondary hyperoxaluria. Unlike pri-
mary hyperoxaluria, which is a genetic defect of liver oxalate metabolism, secondary hyperoxaluria is 
caused by a high dietary oxalate, fat malabsorption, alterations in the gut microbiome, and/or genetic 
variations in oxalate transporters in the gut.

Under normal conditions, calcium binds to dietary oxalate in the distal intestine forming a complex 
that is excreted in the stool. Other nutrients such as magnesium, fatty acids, phytate, and bile salts also 
bind oxalate alter absorption [184]. In patients with GI disease, calcium binds malabsorbed fat instead 
of oxalate, which increases free oxalate absorption. Also, inflammation increases the permeability of 
the intestinal mucosa allowing excess oxalate absorption. These combined processes are referred to as 
enteric hyperoxaluria [185]. GI disease may also result in disruption of normal enteric bacteria. 
Oxalobacter formigens is normal fecal flora and it metabolizes oxalate to carbon dioxide and formate, 
decreasing available oxalate for absorption [186].

 Bariatric Surgery

Obesity is a risk factor of nephrolithiasis; some might think that weight loss related to bariatric sur-
gery would decrease stone risk. However, risk of stone formation among bariatric surgery patients 
increases significantly due to malabsorption of all nutrients, macronutrients, and essential vitamins 
and minerals, which may occur with substantial weight loss [57]. Fat malabsorption may be present 
and contribute to calcium binding in a manner similar to patients with GI disease [187]. Supporting 
this hypothesis, a low fat diet showed lower urinary oxalate levels than a normal fat intake [188]. 
Vitamin B deficiencies due to malabsorption, which are co-factors of oxalate metabolism, may 
increase urinary oxalate levels. Although the microbiome alteration after bariatric surgery is not well 
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characterized, a decrease in oxalate-degrading bacteria such as Oxalobacter formigens in patients 
after gastric bypass was observed [189]. Hypocitraturia is also seen with gastric bypass surgery with 
acidosis. A combination of various factors after bariatric surgery can lead to increased free oxalate 
absorption and causes enteric hyperoxaluria [190, 191].

 Conclusion

Risk factors of kidney stone formation include various genetic, medical, environmental, and dietary 
causes. Most nephrolithiasis patients have recurrent kidney stones throughout their lifetime. Kidney 
stone prevention strategies should be individualized based on stone type when known and assessment 
of stone risk factors. A 24-hour urine collection is particularly useful and provides information on 
specific data about urine composition. Dietary interventions based on the clinical assessment and 
24-hour urine studies are first line to prevent recurrence. Pharmaceutical interventions are also appro-
priate in certain circumstances. In general, prevention of kidney stones includes fluid intake adequate 
to produce more than 2.5 L urine output per day, calcium intake to achieve the standard daily allow-
ance of 1000–1200 mg/day, a moderate amount of protein especially animal protein, moderate oxalate 
intake, and low-sodium diet. In addition, appropriate medical treatment with thiazides, citrate salts, 
and other medications may be helpful to prevent further stone formation. All interventions should be 
individualized based on multiple and serial 24-hour urine collections.

 Practical Rules of Thumb

• Do not discuss risks in general BEFORE the DATA (i.e., 24-hour urinalysis)

 – People make stones for different reasons.
 – There are different types of stone risks and some individuals like to follow a diet to prevent all 

types of stones, which can lead to inaccurate stone risk analysis.
 – There may be bias when the patients collect the urine. A collection should be done without 

changing the diet and fluid intakes.
 – Patients often have unnecessary restrictions of their diet, which have effects on the cause of 

stone risks.

• Do not treat without DATA

 – Prescribing thiazides without a low-sodium (Na) diet or with low urine Ca:

24-h urine analysis should be performed before prescribing thiazides. If the patient has a 
high urinary Na with elevated Ca levels, a low-Na diet should be instructed first in an effort 
to lower urinary calcium.

If a thiazide is prescribed without a low-Na diet, the patient can have polyuria until the 
body reaches a steady state with hypokalemia, which can lower citrate levels in the urine, 
which then lowers pH and eventually increases SS CaOx.

 – Prescribing citrate without knowing Ca and pH.

Citrate will increase urine pH; therefore, urinary Ca and pH should be evaluated first. If the 
patient has a high urinary Ca with normal pH and citrate is prescribed, urine pH may rise too 
much, which will increase risk of CaP stones.
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• Use of allopurinol for gout and stone risk

 – Allopurinol is commonly used for treatment of gout. If a patient is taking allopurinol, a low 
purine diet should be prescribed, and urine pH should be monitored to prevent uric acid stones.

 – Allopurinol is generally second-line therapy for uric acid stones after failure of urinary 
alkalization.

• Using sodium citrate instead of potassium citrate

 – If the patient has GI disorders such as IBD, the patient may have GI loss of Na, low volume 
status, and high oxalate absorption, which leads to increased risk of CaOx stones. When the 
patient has a low urine output, low urinary Na, and high urinary oxalate with low urine pH, 
sodium citrate is a better choice than potassium citrate to increase pH and Na status, which will 
improve volume status.

• Low urinary Ca

 – If the patient has a low urinary Ca level, it may decrease the risk of Ca stones, but the patient 
should be evaluated for negative Ca balance or bone disease.

• Hyperparathyroidism increases calcium and phosphorus excretion

 – If hyperparathyroidism is observed in the absence of vitamin D deficiency (and especially with 
hypercalcemia or hypercalciuria) consider primary hyperparathyroidism.
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 Case Studies

 Case 1

The following 24-h urine values were observed in a 45-year-old man.

Volume Ca Oxalate Citrate
Uric 
acid pH Creatinine Na Phos NH4

Results 2.506 364 mg 77 mg 1278 mg 1.806 g 5.1 3040 mg 426 mEq 1.5 g 108 mM
Ref 
value

>2.5 L <250 <40 200–
1000

<0.8 5.8–
6.2

<150 <1.2 <60

 Case Questions and Answers

 1. What type of stone risk does this patient have?

 (a) Calcium oxalate
 (b) Uric acid
 (c) Struvite
 (d) Cysteine

Answer: The answer is A and B – CaOx and uric acid stone. Calcium and oxalate levels are high. 
Also, uric acid level is very high with low pH.
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 2. What would be the preferred treatment strategy for the patient in case 1?

 (a) Allopurinol
 (b) Na citrate
 (c) K citrate and increase urine volume to 3 L
 (d) Na and protein-restricted and low oxalate diet
 (e) Thiazide diuretics

Answer: The answer is D – sodium and protein-restricted and low oxalate diet.

• The patient has a large excretion rate of sodium, which will increase urinary calcium 
excretion.

• He also has high urinary oxalate, which increases CaOx stone risk with low urine pH.
• High protein intake is suggested by the elevated ammonium, uric acid, and phosphate in the 

urine, as well as by the high creatinine excretion.
• One would need to confirm that this is not an over-collection.

 Case 2

A 45-year-old woman is referred for recurrent oxalate stone formation. The following is her 24-h 
urine result.

Vol SSCaOx Ca Ox Cit SSCa UpH SSUA UA

Results 1.52 10.04 40 143 23 0.09 5.5 0.53 0.202
Ref value >2.5 6–10 <200 20–40 >550 0.5–2 5.8–6.2 0–1 <0.75

 Case Questions and Answers

 1. What is the likely cause of her disorder?

 (a) Renal tubular acidosis resulting in hypocitraturia
 (b) Dietary excess of nuts, chocolate, and berries
 (c) Hyperparathyroidism
 (d) Crohn’s disease
 (e) Oxalosis

Answer: The answer is D – Crohn’s disease causing low urinary calcium excretion.

• There is low citrate, high oxalate, and low volume in this intestinal malabsorptive condition.
• RTA does not explain increased urine oxalate.
• Nuts, etc., do not explain the degree of hyperoxaluria.
• Oxalosis does not explain low urine citrate and low urine calcium.

 2. The preferred treatment for the patient in case 2 would include all except the following:

 (a) Na citrate
 (b) Ca supplementation with meals
 (c) Cholestyramine
 (d) K citrate
 (e) Dietary oxalate restriction
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Answer: The answer is D. K citrate is not ideal.

• In this case of volume depletion associated with intestinal disorders, alkali therapy with sodium 
salts is preferable as it may increase the extracellular volume and urine output.

• Restrict dietary oxalate.
• Use cholestyramine to bind intestinal oxalate.
• Calcium with meals binds intestinal oxalate.
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Chapter 26
Acute Kidney Injury

Laryssa Grguric

Keywords Acute kidney injury · Acute renal failure · Nutrient requirements · Parenteral nutrition · 
Enteral nutrition · Metabolism

 Function of the Kidneys

The primary function of the kidneys is to excrete end products of metabolism, to regulate electrolytes 
and mineral concentrations, and to maintain fluid and electrolyte balance [1]. Other functions include 
urine production, dilution, and concentration; maintenance of blood pressure; concentration of extra-
cellular and intracellular fluids; gluconeogenesis; maintenance of calcium phosphorus balance; and 
activation of vitamin and hormone synthesis [1].

The kidney has approximately one million nephrons, each of which is composed of several func-
tional segments, including the glomeruli, the proximal tubules, the distal tubules, the loop of Henle, 
and the collecting duct, which drains into the renal pelvis. The nephron clears plasma of the end 
products of metabolism (urea, creatinine, uric acid, inorganic and organic acids). Electrolytes (sodium, 
potassium, chloride, bicarbonate), minerals (calcium, phosphorus, magnesium), and micronutrients 
(zinc, selenium) are filtered through the glomeruli and are reabsorbed or excreted based on needs. 
Small nutrients such as glucose, small proteins, amino acids, and vitamins are filtered through the 
glomerulus and reabsorbed via active transport in the proximal tubule of the kidney [1].
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Key Points
• Identify metabolic changes that occur with acute kidney injury (AKI).
• List the impact of renal replacement therapy options for the patient with AKI.
• Evaluate nutritional requirements for the patient with AKI.
• Define modalities used for the provision of specialized nutrition support for the patient with 

AKI.
• Identify considerations in the provision of nutrition support for the patient with AKI.
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 Acute Kidney Injury

Acute kidney injury (AKI) is characterized by an abrupt reduction of kidney function over hours to 
days, which results in failure to maintain electrolyte, acid–base, and fluid homeostasis. AKI can occur 
in up to 20% of all hospitalized patients [2]. Several complications can occur in AKI, including hyper-
kalemia, hyperphosphatemia, glucose intolerance, fluid overload, and azotemia [3]. It may present 
with normal or abnormal urine outputs with abnormal levels being classified according to the follow-
ing urine volumes: anuria (<100 mL/day), oliguria (100–400 mL/day), and nonoliguria (>400 mL/
day) [4, 5]. AKI can also occur as a result of multiple organ dysfunction syndrome (MODS) or it may 
be restricted to the kidney alone. Depending on the etiology, permanent damage can occur or, if the 
underlying problem is corrected, the nephrons can recover. AKI can occur along with preexisting 
chronic kidney disease (CKD). Mortality is highly associated with the diagnosis [4, 6–9].

Categories of AKI include prerenal, renal (intrarenal and intrinsic), and postrenal. Decreased renal 
perfusion related to volume depletion or redistribution, burns, pancreatitis, peritonitis, hypoalbumin-
emia, and decreased cardiac output or embolus are related to the onset of prerenal AKI [4]. Early 
diagnosis and improving glomerular filtration and blood flow are beneficial in reversing prerenal AKI, 
unless the patient had underlying preexisting kidney disease or experience a considerable decline of 
baseline kidney function [10]. People taking certain medications such as nonsteroidal anti- 
inflammatory drugs (NSAIDs), angiotensin-converting enzyme (ACE) inhibitors, or angiotensin 2 
receptor blockers (ARB); the elderly; those with renal insufficiency and liver disease are high-risk 
groups [6]. Nutritional requirements and the need for specialized nutrition support would be based on 
concurrent diagnosis and patient status [11].

Urinary tract obstruction is a frequent cause of postrenal AKI.  The most common reason for 
obstruction is bladder outlet obstruction, typically due to prostate pathology, such as benign prostatic 
hypertrophy (BPH). Other causes may include stricture, malignancy or inflammatory processes, 
 vascular diseases, papillary necrosis, or intratubular crystals [4]. The goal is to reverse what has 
caused the postrenal AKI and manage any complications that may result from postobstructive diure-
sis. Nutrition intervention would be directed towards any other comorbid factors associated with the 
development of postrenal AKI [12].

Intrarenal AKI (also referred to as intrinsic AKI) is associated with renal parenchyma damage. 
Prerenal AKI can trigger the problem, but a major cause of intrarenal AKI is acute tubular necrosis 
(ATN) and damage to the renal tubules as a result of ischemia or nephrotoxins [4]. Predisposing fac-
tors to ATN are renal ischemia from prolonged prerenal azotemia, nephrotoxins such as radiocontrast 
and chemotherapy agents, interstitial nephritis, infections, and pigmenturia [4]. Trauma, major sur-
gery, hypotension, and sepsis are also associated with ATN [4, 10].

International experts representing intensive care and nephrology societies collaborated to establish 
the Acute Dialysis Quality Initiative (ADQI). ADQI developed a definition and staging system known 
as the RIFLE system, which classifies AKI into three severity categories based on increased serum 
creatinine and urine output: R = risk, I = injury, and F = failure, and two clinical categories, L = loss 
and E = end-stage renal disease [12, 13]. The Acute Kidney Injury Network (AKIN) later made modi-
fications to the RIFLE categories and established a three-level staging system based on serum creati-
nine and urine output [13, 14]. More recently, international guidelines by the Kidney Disease: 
Improving Global Outcomes (KDIGO) unified the ADQI and AKIN guidelines with the goal to estab-
lish a global definition and guidelines [13, 14] (Tables 26.1 and 26.2).

AKI commonly occurs with a combination of disease states associated with critically ill patients, 
including sepsis and hypotension; it can also be caused by exposure to nephrotoxic drugs [3]. 
Treatment for AKI includes elimination of the causative factor, treatment of the disease process, vol-
ume repletion in hypovolemic patients, use of renal replacement therapy (RRT), and maintenance of 
nutritional status [11].
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In the past, nutrition intervention in its various forms was often delayed so not to worsen the 
kidney failure in nondialyzed patients with hopes to delay the start of dialysis or avoid it all 
together [9]. Given the catabolic nature of AKI and comorbidities, it is now recognized that nutri-
tion supplementation should not be withheld. Up to 75% of patients in AKI are considered to have 
varying degrees of wasting or malnourishment [3, 15].Patients who exhibit loss of fat and/or mus-
cle mass are at an increased risk of death and, therefore, early nutritional interventions to stave off 
excessive losses has become imperative in the treatment of AKI [3, 15]. The development and 
utilization of RRT over the years has permitted the judicious use of nutrition support while limit-
ing or removing previous concerns [9]. It has been shown that nutrition support may promote renal 
function; however, the success of the therapy is dependent on the ability to resolve the underlying 
cause of AKI [3].

 Renal Replacement Therapy

RRT options in AKI include continuous or intermittent therapy. Continuous renal replacement therapy 
(CRRT) refers to outside the body purification therapy and is applied, as its name implies, continu-
ously, if tolerated by the patient. CRRT includes continuous venovenous hemodialysis (CVVHD), 
continuous venovenous hemofiltration (CVVHF), continuous venovenous hemodiafiltration 
(CVVHDF), and slow continuous ultrafiltration (SCUF) [10].

Intermittent therapy or hemodialysis treatments, also an outside the body purification therapy, is 
administered three times per week or more as needed. Each type of RRT requires special consider-
ation in the nutrition prescription; for example, CRRT may require less restrictions versus intermittent 
hemodialysis, due to increased losses during therapy.

Table 26.1 AKI definition [13]

Increase in SCr by ≥0.3 mg/dL (≥26.5 μmol/L) within 48 hours
Increase in SCr to ≥1.5 times baseline, which is known or presumed 
to have occurred within the prior 7 days (or)
Urine volume of <0.5 mL/kg/hour for 6 hours

Source: http://www.kdigo.org

Table 26.2 Staging of AKI [13]

Stage Serum creatinine Urine output

1 1.5–1.9 times baseline <0.5 mL/kg/hour for 6–12 hours
  or
≥0.3 mg/dL (≥26.5 μmol/L) increase

2 2.0–2.9 times baseline <0.5 mL/kg/hour for ≥12 hour
3 ≥3.0 times baseline <0.3 mL/kg/hour for ≥24 hours

  or   or
Increase in serum creatinine to ≥4.0 mg/dL 
(≥353.65 μmol/L)

Anuria for ≥12 hours

  or
Initiation of renal replacement therapy
  or
In patients <18 years, decrease in eGFR to <35 mL/min per 
1.73 m2

Source: http://www.kdigo.org
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 Nutrition Management of the AKI Patient

 Nutrition Assessment

It is agreed that the diagnosis of AKI creates numerous metabolic derangements that can lead to dete-
rioration of an individual’s nutritional status; therefore, a referral should be made to the dietitian for 
evaluation [14]. Frequent nutrition assessments should be performed to help guide the appropriate 
nutrition plan and to monitor its effectiveness and appropriateness. No one tool or parameter can be 
used in the evaluation of the patients’ nutritional status. Available parameters require analysis of 
trends and an evaluation of how the underlying disease state will potentially skew results of such 
values. This is particularly important for the individual with AKI [11].

Due to the nature of renal disease, fluid accumulation may occur due to oliguria or anuria, which 
should be taken into consideration when evaluating weight status. When treatment in the form of RRT 
is applied, significant reductions in the patient’s weight may occur; however, this loss correlates with 
fluid removal and not loss of muscle or fat mass. When estimating nutrient needs, particularly when 
using a weight-based formula, the current weight is likely inaccurate and should be avoided; usual or 
dry weight should be used if available. If the patient is obtunded and a weight history is unavailable, 
ideal body weight (IBW) can be calculated using the patient’s height.

A nutrition-focused physical exam is imperative to the nutrition assessment and it is particularly 
useful in the patient with AKI. Fluid status may mask some signs of muscle and fat wasting. For 
example, a patient may present with lower extremity edema yet have muscle or fat wasting, as evi-
denced by temporal indentation or prominence of the rib cage. Techniques for physical examination 
include inspection, palpation, percussion, and auscultation. Skin alterations including lesions, wounds, 
and pressure ulcers must be factored into the assessment for accurate determination of nutritional 
requirements, as wound healing requires additional nutrient provision of both macro- and micronutri-
ents. Refer to Chap. 6 for the nutrition-focused physical exam.

Bioimpedance analysis is widely used to assess total body water, intracellular water, and lean body 
mass but due to fluid shifts seen in AKI, results should be interpreted with caution. Midarm muscle 
circumference may be used as a surrogate for total body protein and lean body mass but it also has limi-
tations. Subjective Global Assessment (SGA), which is a validated tool for malnutrition screening, may 
be helpful for those with renal dysfunction; however, it may also have limitations in the critically ill 
patient population [2]. Caution should be taken while interpreting SGA results in AKI. In the ICU, 
screening tools such as the Nutrition Risk in Critically Ill (NUTRIC) and Nutrition Risk Screening 
2002 (NRS 2002) are useful [3], but may be cumbersome to calculate. The NUTRIC includes Acute 
Physiology and Chronic Health Evaluation (APACHE) II score, Sequential Organ Failure Assessment 
(SOFA) score, and serum interleukin 6 (IL-6) [16], which may not be readily available.

Laboratory parameters are of value in the nutrition assessment but they are not without limitations. 
Serum albumin is a prognostic indicator of overall disease-related outcome; however, profound hypo-
albuminemia occurs in a critically ill patient and, once albumin is adjusted for inflammatory markers, 
it loses its predictive value [3]. Serum albumin, thyroxine-binding prealbumin (PA), retinol-binding 
protein (RBP), and transferrin are negative acute phase reactants that will decrease as a result of the 
stress and inflammatory response related to injury and illness [11]. C-reactive protein (CRP) and 
serum ferritin levels are positive acute phase reactants that inversely increase during stress and inflam-
mation. These important parameters are related to inflammatory metabolism, which contributes to 
anorexia, lean body mass loss, risk for complications including infection, increased length of stay, and 
mortality [13]. Cytokines, including interleukin 1 (IL-1), IL-6, and tumor necrosis factor α (TNF-α), 
may also be measured; however, interpretation of these results in the AKI patient have not been 
 standardized [11]. It is possible that inflammation itself may be a predictor for poor outcomes in this 
patient population.
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A nitrogen balance evaluation can be used to help determine the degree of catabolism and establish 
protein goals for the critically ill patient. A creatinine clearance of >50 mL/min/1.78 m2 is needed for accu-
rate determination [17], therefore limiting the use of this parameter to the patient with oliguria and anuria. 
Nitrogen balance can be determined by calculating the urea nitrogen appearance (UNA) or the protein cata-
bolic rate (PCR) in patients with AKI receiving RRT [7, 17–19]. However, it also has limitations due to 
protein fluctuations and catabolism that can result in errors with interpretation [17] (Table 26.3).

Blood urea nitrogen values reflect the rate of urea synthesis by the liver and excretion by the kid-
ney. Creatinine is proportional to the body’s muscle mass [20].

Electrolyte balance is affected by AKI and requires careful evaluation. Metabolic acidosis and 
other abnormalities can result in hyperkalemia, and hyponatremia may occur with overhydration. 
Changes in glomerular function, medications, exogenous sources of electrolytes, quality of urine 
production, nutrition support, and RRT will each alter serum values [11].

 Oral Intake and Supplements

In patients with AKI who can consume an oral diet, there are several factors that may affect their abil-
ity to obtain adequate nutrition such as taste changes, gastrointestinal (GI) disorders, or conditions 
related to their comorbid disease. If intake is compromised by poor appetite, overly restrictive diets 
should be avoided to help ensure adequate intake of nutrients. There are several oral supplements 
available commercially for patients with AKI. Each product will need to be evaluated for its appropri-
ateness in the individual patient. If appetite remains poor, appetite stimulants may be prescribed. If all 
other interventions fail, or if there is a physical reason as to why the patient cannot consume an oral 
diet (e.g., dysphagia or need to protect the airway with mechanical ventilation), alternative means of 
nutrition support should be considered.

 Specialized Nutrition Support

If the patient is unable to consume an adequate diet by mouth and is unable to meet nutrient demands 
with oral supplements, nutrition support using enteral or parenteral nutrition is warranted. Adequate 
nutrition support will help to mitigate the metabolic and immunologic disturbances and improve out-
comes. Malnutrition has been identified as a predictor of hospital mortality for AKI patients indepen-
dent of complications and comorbidities [21]. Enteral nutrition support is the preferred route of 
feeding for these patients provided GI function is adequate. This method has been associated with 
fewer metabolic complications and increased immunological benefits in comparison with parenteral 
nutrition (PN) [14, 22–24]. However, recent studies debate whether infection rates increase with PN 

Table 26.3 Urea nitrogen appearance and protein catabolic rate equations [17, 18]

Urea nitrogen appearance, g/day = UUN + [(BUN2 − BUN1) × 0.6 × BW1] + [BW2 − BW1 × BUN2]
Where net protein breakdown = UNA × 6.25
BUN1 = initial concentration of BUN, postdialysis (g/L)
BUN2 = final concentration of BUN, predialysis (g/L)
BW1 = postdialysis weight (kg)
BW2 = predialysis weight (kg)
PCR, g/day = UNA × 6.25

UUN urine urea nitrogen; BUN blood urea nitrogen; BW body weight; UNA urea nitrogen appearance; PCR protein 
catabolic rate
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[25]. The literature suggests that supplemental PN may be beneficial to meet nutrient demands [26]. 
An individual’s clinical condition, the presence and severity of malnutrition, the degree of food inad-
equacy, and time period (days to weeks) that oral intake is less than optimal will influence when 
enteral tube feeding should be initiated. Guidelines from the Society of Critical Care Medicine 
(SCCM) and the American Society of Parenteral and Enteral Nutrition (ASPEN) suggest that enteral 
nutrition is considered safe and practical. The guidelines recommend that in critically ill patients, 
enteral nutrition should be started within the first 24–48 hours after admission once the patient is 
hemodynamically stable [22]. Patients who require high-dose vasopressors and volume resuscitation 
may be able to tolerate trophic feeding of 10–20 mL per hour; however, absolute contraindications to 
enteral feeding include bowel perforation, obstructions, and proximal high-output fistulas [27].

The route of enteral support can either be gastric or into the small bowel based on the patients’ GI 
anatomy, current disease state, and motility function. Gastric feedings rely on adequate GI function 
without problems of delayed gastric emptying, obstruction, or fistula [28]. For individuals with gas-
troparesis, gastric reflux conditions, gastric outlet obstruction, pancreatitis, those at risk of aspiration, 
or small bowel feedings should be considered. Critically ill patients who are being fed into the small 
bowel and who require simultaneous gastric decompression can utilize a dual-lumen gastrojejunal 
tube [28].

Tolerance to tube feedings is assessed by the presence of abdominal distention, rigidity, or firm-
ness; absence of stools; or vomiting [28]. The use of gastric residual volumes to determine feeding 
intolerance has recently been debated [29]. The ability to reinitiate enteral feeding should be reevalu-
ated regularly. Prokinetic drugs can be used to help promote feeding tolerances; however, renal doses 
should be provided if indicated [30].

 Tube-Feeding Formulas

Formulas used for tube-feeding range from those that require complete digestion to predigested 
formulas that are developed for individuals with digestive disorders such as malabsorption or short 
gut syndrome. There are various enteral nutrition products available that will provide anywhere 
from 1.0 to 2.0 kcal/mL. Products have also been developed to meet specialty needs of individuals 
with disease- specific disorders, such as liver or kidney disease. However, there has been no clear 
benefit demonstrated for the routine use of disease-specific tube feeding products and, therefore, a 
standard polymeric formula may be the most appropriate enteral product for patients with AKI [27]. 
Some facilities may use volume-based protocols to help ensure adequate delivery of the enteral 
prescription. These protocols are beneficial as they highlight the importance and benefits of early 
enteral nutrition. The prescribed volume is determined by the weight of the patient and initiated 
within the first 24–48  hours of admission when possible. The protocol will also determine the 
enteral formula that is initiated. The patient’s specific enteral need is then reevaluated by the unit 
dietitian for its appropriateness based on formula type and volume provided. Run rates are not static 
in the volume-based enteral prescription, which allows the bedside nurse to adjust the rate based on 
the volume already infused and the number of hours remaining in the day. This allows the health-
care team to provide appropriate interventions that require withholding enteral nutrition without 
sacrificing adequate nutrition support [31].

Enteral products developed specifically for renal patients on dialysis require digestion and they 
are lower in sodium, potassium, and phosphorus with a concentrated source of calories and protein. 
An individualized approach to the tube feeding prescription is imperative as there is not a “one size 
fits all” approach. There should be careful daily laboratory monitoring when using renal-specific 
formulas to ensure adequate provision of electrolytes. Hypokalemia may occur due to low potas-
sium  content in the formula when a restriction is not required. Adjustments should be made to the 
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enteral nutrition prescription to address such concerns. Hyperphosphatemia can often be resolved 
with the addition of phosphorus binders to the patient’s medication regimen. The powder form of 
sevelamer carbonate can be successfully provided to the patient via feeding tube for their desired 
effect. However, adequate flush protocols should be implemented to maintain tube patency. The use 
of phosphorus binders with meals or enteral feeding will reduce hyperphosphatemia, which will 
help facilitate the use of protein [3]. Furthermore, the concentrated renal-specific formula may also 
not be appropriate for the patient with AKI as the etiology of AKI may be severe volume depletion, 
which can be reversed with additional fluid to improve volume status [32]. Vitamin and mineral 
contents of renal-specific formulas are designed to match the needs of the dialysis patient with 
added amounts of folic acid and pyridoxine, and limited amounts of vitamins C and A. However, 
vitamin and mineral deficiencies may be common in patients with AKI due to anorexia prior to the 
current state. Moreover, the process of dialysis, if initiated, may cause further deficiencies [33]. 
Renal function should be considered when making recommendations for vitamin and mineral sup-
plementation [27]. The Dietary Reference Intakes (DRIs) for most nutrients are met using 1 L of 
formula. It may be necessary to calculate the micronutrients provided by the volume of enteral 
nutrition delivered prior to adding additional supplements to the nutrition prescription. Enteral 
formulas contain vitamin K; this should be considered for patients receiving warfarin. The dose of 
warfarin may need to be adjusted and coagulation protocols monitored with tube feedings, any oral 
intake, or transition to oral intake [34].

Renal products should be used cautiously or replaced with non-renal-specific products when an 
individual has been undernourished and is at risk for refeeding syndrome. Individuals with a history 
of poor dietary intakes, chronic alcoholics, and malnourished patients, particularly those with maras-
mus or obese patients with significant weight loss, are at risk for refeeding syndrome [35]. This 
syndrome can be defined as severe electrolyte and fluid shifts associated with metabolic abnormali-
ties in malnourished patients undergoing aggressive refeeding, whether enterally or parenterally 
[35]. Hypokalemia, hypophosphatemia, hypomagnesemia, abnormal glucose metabolism, and fluid 
balance abnormalities may occur. Prevention of refeeding syndrome includes the slow administra-
tion of nutrients at a caloric level below maintenance needs, with careful attention to phosphorus, 
potassium, and magnesium, as it should be anticipated that these values will drop [35–38]. Low 
serum potassium, magnesium, or phosphorus is generally not expected in patients with kidney dis-
ease; therefore, it is of particular importance to be aware of the problems related to refeeding syn-
drome. Early and aggressive supplementation of electrolytes may be required. The lower potassium, 
phosphorus, and magnesium content of renal formulas may exacerbate a serious decline in serum 
electrolytes once nutrition support is initiated. It is advantageous if the clinician is familiar with the 
individual’s previous dietary intake before the start of nutrition support in order to select the most 
appropriate product, and to manage the patient wisely by initiating nutrition support “low and slow” 
with adequate supplementation of thiamine [38]. However, knowing the patient’s nutritional status 
prior to admission may not always be possible. If characteristics of refeeding syndrome are present 
(e.g., low serum magnesium, potassium, and phosphorus), then a standard formula should be used 
rather than a renal product that is low in electrolytes. The need for a renal-specific formula can be 
reassessed by monitoring lab values and considering other aspects of the patient’s case. Other non-
renal concentrated formulas that provide 1.5–2 kcal/mL may also be used depending on the indi-
vidual’s status, RRT, fluid, and laboratory results. Many volume-based feeding protocols will also 
include regular monitoring of electrolytes for 72 hours after the start of enteral nutrition. Modular 
protein sources are available and can be used to tailor individual needs; they can also be used during 
trophic feeding to help meet protein goals until the patient becomes more stable to tolerate goal 
volumes or rates.

Closed enteral systems contain sterile tube feeding; they are ready-to-hang for up to 24 to 72 hours 
and they have been associated with less contamination when compared to open enteral systems. These 
products also require less nursing intervention time [39].
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 Tube-Feeding Management

While feeding enterally via a nasogastric or gastrostomy tube, management of GI complications, 
including diarrhea, malabsorption, nausea, and vomiting, along with mechanical complications such 
as tube occlusions, are similar in any individual who requires enteral support. The AKI patient requires 
close monitoring of fluid status, electrolyte management, and GI status. The amount of free-water 
flushes with feedings may need to be reduced. The administration of medications introduces a source 
of free water that should be taken into consideration.

Tube occlusions are a potential problem particularly when the tube is used for the administration 
of medications. Clog prevention strategies should be implemented more often in patients receiving 
tube feedings. Ideally, feeding tubes should be flushed routinely with about 20–30 mL of water every 
4 hours during continuous feeding. The feeding tube should also be flushed at the beginning of any 
tube feeding withholding period, as well as after, prior to resumption of feeding. This includes stop-
page for medication administration [37, 40]. Flushes contribute extra water and can be a challenge for 
the renal patient. Maintaining continuous feedings, particularly for small-bore feeding tubes, may 
help to ensure continued feeding tube patency. In addition to water, carbonated beverages such as cola 
and cranberry juice have been used to flush feeding tubes; however, these products are not recom-
mended as they can exacerbate existing clogs [37] and can negatively change serum potassium and 
phosphorus levels. Liquid irrigants, enzyme solutions, and mechanical devices have been used to 
unclog a tube [37]. Gentle flushing with warm water is often the preferred method to unclog tubes.

Fluid restriction is determined by (1) whether the patient is anuric, oliguric, or has some residual 
renal function; (2) the ability of the type of RRT to remove unwanted fluid; and (3) other comorbid 
factors ranging from heart failure to the presence of an ileostomy. Strict fluid restrictions would require 
the use of 1.5–2 kcal/mL formula; serum potassium and phosphorus values would dictate which enteral 
product would best meet the needs of the patient. GI losses can decrease serum potassium levels and 
increase free-water requirements, which need to be factored into the selection of an enteral product.

Gastroparesis is common in individuals with diabetes and is associated with dialytic procedures, 
elevated BUN values, and hyperglycemia, thereby necessitating close monitoring of the tolerance to 
enteral tube feedings [37]. Metabolic intolerance to tube feeding may be related to underlying stress 
of critical illness and can be controlled with insulin protocols. Placement of the tube in the small 
bowel may be indicated if the patient demonstrates gastric feeding intolerances. Promotility agents 
such as metoclopramide or erythromycin can be used to promote gastric emptying and, in turn, pro-
mote tolerance to the enteral feeding [37]. The patient’s position during dialysis should be considered 
to determine whether tube feeding can be given. For example, if a patient needs to be in a supine posi-
tion because of hypotensive episodes during dialysis, the feeding may need to be held in order to 
prevent the risk of aspiration. A semi-recumbent position (>30° elevation) is recommended to prevent 
aspiration for individuals requiring tube feeding [37]. However, postpyloric feeding tube placement 
may decrease the risk of aspiration [41].

AKI may require medications with noted side effects such as constipation, diarrhea (defined as 
multiple stools >5/24-hour period), nausea, or vomiting. Tube feedings have been associated with 
similar side effects; therefore, it is important to identify the etiology of the symptoms and to treat the 
problem based on the actual cause rather than an assumption. Prokinetic agents, medications contain-
ing sorbitol, and Clostridium difficile colitis are also common causes of diarrhea [40]. Feedings may 
be held inappropriately because of symptoms that may be incorrectly attributed to the enteral feeding. 
Holding feedings should be deferred until other causes are ruled out successfully to minimize calorie 
and protein deficits.

Metabolic complications can occur in individuals on tube feedings. The healthcare team must 
assess each laboratory value independently with a baseline metabolic panel that is obtained at the 
initiation of enteral feeding. Follow-up parameters should be obtained based on the individual’s needs 
and clinical condition.
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 Guidelines for Administration

Initiation of enteral feeding rates may be static or they may change based on the protocol. Generally, 
goal feeding tube rates are well tolerated without the need for ramp up [42, 43]. It should be noted that 
rate does not equal the same protein and calorie provision, as the same volume from each enteral 
product will have different compositions. If the goal is to minimize the patient’s fluid intake, then a 
more calorically dense product may be required. For example, 1000 mL of a 2 kcal/mL product will 
provide 2000 calories, whereas a 1.2 kcal/mL product will provide only 1200 calories. Therefore, 
decreasing the rate from 40  mL/h to 20  mL/h will severely compromise delivery of adequate 
nutrients.

 Parenteral Nutrition Support

 Use of Parenteral Nutrition

Parenteral nutrition (PN) is the administration of nutrients using an intravenous (IV) method intended 
for individuals who do not have a functional GI tract or in situations where administration of nutrients 
using the GI tract is not tolerated or could not be safely used. There is some evidence to support the 
addition of PN to the already existing nutrition regimen if the original intervention is unable to meet 
the nutrition prescription [26]. Parenteral nutrition can be administered either centrally or peripher-
ally. Generally, due to fluid limitations, central access may be required to administer PN in the AKI 
patient. However, it could be possible to provide adequate nutrients via the peripheral route if required 
in the short-term.

PN solutions may be provided as a “2-in-1” solution where the carbohydrate, protein, vitamins, 
electrolytes, minerals, additives, and sterile water are combined in one solution. Intravenous fat emul-
sions (IVFEs) also known as intravenous lipid emulsions (ILE) can be administered separately from 
the “2-in-1” solution. When ILE is added to the PN solution, it forms a total nutrient admixture (TNA) 
or a “3-in-1” solution [11].

 Nutrient Substrates

 Protein

Protein is provided in the PN formula to provide a source of nitrogen. Crystalline amino acid (AA) is 
a source of protein with commercial solutions available in concentrations of 3.5–20%. The concentra-
tion used will be based on an individual’s protein requirements, fluid allowance, and availability in the 
formulary. Generally, 10% and 15% base amino acid solutions are utilized. Occasionally, 20% base 
solutions, if required due to fluid restrictions, may be available for use. The AKI patient with increased 
protein requirements and limited fluid allowance generally would use the most concentrated solution 
available. Standard AA solutions include a balance of essential amino acids (EAA) and nonessential 
amino acids (NEAA) and they are appropriate for the AKI patient. There is insufficient evidence to 
support the use of only EAA solutions in the treatment of AKI [23]. EAA use alone does not offer 
benefits and, in fact, has been noted to be potentially harmful to patients due to hyperammonemia and 
metabolic encephalopathy [40]. NEAA including ornithine, citrulline, and arginine are needed to 
enable detoxification of ammonia via the urea cycle [23].

26 Acute Kidney Injury



516

 Carbohydrate

Carbohydrates provide a source of calories that are supplied as an anhydrous dextrose monohydrate 
in sterile water. It is available in concentrations ranging from 5% to 70% and provides 3.4 kcal/g of 
dextrose [11]. Dextrose supports the energy needs of the individual but requires careful consideration 
to achieve glycemic control. Overfeeding can be avoided by minimizing the carbohydrate load. 
Although exact carbohydrate requirements have not been clearly identified, a minimum of 50 g/day is 
required to avoid ketone production [44]. Suggested carbohydrate intake for critically ill patients is 
≤4  mg/kg/min/day [45]. Fluid limits and the targeted plasma glucose of 150–180  mg/dL (8.3–
10.0 mmol/L) [13] may affect dosing of dextrose grams and total volume used. Intensive glycemic 
control may result in hypoglycemia in patients with AKI. Therefore, tight glycemic control should be 
avoided because of the increased risk of hypoglycemic events [13].

 Fat

Lipids provide a source of essential fatty acids and a concentrated source of calories. Traditionally, 
long-chain fatty acid emulsions were from either soybean oil or a combination of safflower and soy-
bean oils. Recently, there has been an increased availability of lipid types in the United States, which 
include a blend of fats (soybean, medium chain triglyceride (MCT), olive oil, and fish oil) or solely 
fish oil. ILE are available as either 10%, 20%, or 30% solutions; the 30% solution is reserved for 
TNA. ILE contains egg phospholipids as an emulsifier with glycerol to adjust the osmolarity; there-
fore, they may be contraindicated in individuals who have an egg allergy or potential soy allergy. A 
test dose in a controlled setting may be necessary to determine tolerance of the lipid infusion in order 
to help meet nutrient demands. ILE contributes to the phosphorus and vitamin K intake.

Soy-based lipids are generally dosed at 1 g/kg/day. Newer lipids such as Smoflipid® (SMOF®) 
[46] and Omegaven® [47] have recently become commercially available in the United States. 
SMOF requires higher dosing, up to 2 g/kg/day, to meet essential fatty acid requirements. Omegaven 
is only indicated in those pediatric patients with parenteral-nutrition-associated cholestasis (PNAC) 
as treatment [47]. These newer lipids boast a higher omega-3 content versus their primarily omega-6 
soy predecessors [46–48]. Triglycerides should be monitored to assess lipid clearance; desired val-
ues are less than 400 mg/dL in adult patients [40]. Overfeeding or rapid infusion of ILE can cause 
hypertriglyceridemia, leading to altered immune and pulmonary response, and increased risk of 
pancreatitis [49].

Other lipid sources, such as propofol, contribute fat calories as propofol utilizes a 10% soy-based 
ILE as the medication vehicle and should be calculated into the individual’s overall caloric and lipid 
intake. Propofol provides 1.1 kcal/mL and 0.1 g fat/mL [11].

 Parenteral Additives

 Fluid and Electrolytes

Impaired kidney function impacts the kidney’s ability to maintain normal fluid and electrolyte balance. 
Daily fluid intake allowance usually corresponds to fluid output. If urine output is less than 1 L/day, 
fluid intake of 1–1.5 L/day is recommended [50]. In patients who are oliguric (i.e., urine output declines 
to ≤400 mL/day) or anuric (urine output <100 mL/day), tighter fluid management is needed [11].

L. Grguric



517

Electrolyte requirements have been established for individuals with normal kidney function 
along with suggested values for individuals with kidney failure [51]. Body weight, nutritional sta-
tus, residual kidney function, comorbid diseases, and medications can influence both fluid and 
electrolyte status. Serum potassium, magnesium, and phosphorus levels will likely increase with 
poor kidney function due to impaired excretion. Management of electrolytes requires careful moni-
toring of laboratory values to minimize the potential risk of complications and to meet the patient’s 
needs [11].

Sodium and potassium may be available as chloride, acetate, or phosphate; calcium gluconate and 
magnesium sulfate are preferred [52]. Parenteral AA solutions may include small amounts of electro-
lytes and acetate, which need to be calculated into the total solution. Acetate, a bicarbonate precursor, 
is used for PN rather than bicarbonate itself because of potential pH changes and the risk of insoluble 
precipitation with calcium and magnesium [52]. Acetate can be metabolized to bicarbonate by the 
liver. Individuals with acidosis may be treated with the addition of acetate; however, the amount will 
be dependent on sodium and potassium additives. Bicarbonate may also be used to treat acidosis but 
would require access using a separate line. The amount of calcium and phosphorus requires careful 
monitoring as excess amounts added to the PN solution can result in insoluble precipitation, causing 
crystal deposition that may lead to death [52]. Solubility curves are available to graph calcium and 
phosphorus based on type of AA used [53].

 Vitamins and Trace Minerals

The American Medical Association (AMA) Nutrition Advisory Committee has made recommenda-
tions for the inclusion of multivitamins (MVI) and trace elements (TE) in PN [40]. In commercially 
available PN formulations, adult preparations contain 12 or 13 of the known vitamins. Vitamin K has 
been added to create MVI 13, which contains 150 μg vitamin K. ILE also contains vitamin K from 
soybean or safflower oils. Daily vitamin K requirements for adults receiving PN is 150 μg [34]; how-
ever, use of coagulation therapy needs to be considered with vitamin K use.

Parenteral MVI contains 1 mg vitamin A, whereas oral vitamins used for dialysis patients do not 
contain vitamin A. Total vitamin A intake, whether oral or parenteral, should be monitored, particu-
larly in individuals who require long-term PN support as toxicity may develop. Adult MVI prepara-
tions contain 200 mg vitamin C [52], whereas an oral renal vitamin contains 60–100 mg [54].

Daily TE supplementation for adult PN formulations have also been established [40]; however, 
exact requirements for AKI patients have not been made. TE may be withheld, given several times per 
week or administered in a half dose. Select TE may be ordered based on route of excretion, risk for 
toxicity, or the patient’s needs. A combination of clinical judgment, assessment of symptoms, and 
evaluation of laboratory data are needed when deciding to administer TE and their dosage. Ongoing 
research and reporting of outcomes and observations which help strengthen evidence-based guide-
lines are needed in this area [11].

 Initiation and Monitoring of Parenteral Nutrition Support

Parenteral nutrition orders should consider the patient’s fluid, electrolyte, and acid–base balance 
status; glycemic control; access availability; and risk for refeeding syndrome when starting and 
monitoring PN.  The total volume can be delivered safely; however, hypervolemic patients with 
fluid limits are likely to be restricted to 1–1.5 L/day. Achievement of RRT goals, urinary output, and 
overall hydration status will determine fluid allowances when starting PN to help identify a safe 
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total volume allowance. The initial adult carbohydrate dose is usually 150–200 g/day; for those 
with diabetes mellitus or hyperglycemia the recommendation is 100–150  g/day [40]. However, 
those patients who are stable may be able to initiate PN at a moderate dose of 4.3 g/kg/day. Provision 
of at least 2.88 g/kg/day provides maximal suppression of gluconeogenesis. In adults, the maxi-
mum dose of dextrose administration is 7.2 g/kg/day [55]. Lower dextrose may be required for 
those who are at risk of refeeding syndrome. When determining grams of dextrose, other sources of 
dextrose from CRRT, intravenous piggy back medications, and other medication drips that are 
reconstituted in 5% dextrose should be taken into consideration [56]. PN can be increased to meet 
nutritional requirements to achieve goals in 72–96 hours [45] as long as metabolic tolerance to the 
solution is demonstrated.

Correction of electrolyte disturbances is recommended prior to starting PN. Refeeding syndrome 
can be avoided by limiting the amount of carbohydrate in feedings, which can cause laboratory abnor-
malities [40]. However, RRT may correct some of these abnormalities and should be monitored as the 
nutrition support formula is developed. For example, if an individual is at risk for refeeding syndrome 
(which can lower serum potassium), the same individual may have hyperkalemia because of kidney 
failure; therefore, the dialysate solution can be adjusted to a low potassium bath. Caution should be 
taken that the potassium does not fall to an undesirable level with the initiation of PN. Thus, it is 
important to assess the whole picture [11].

Protein can be administered at full dose without dose reduction. ILE may be started at full dose 
provided serum triglyceride levels are within normal range [52].

Acid–base abnormalities may be the result of the individual’s underlying condition, although nutri-
tion support can also influence the values. Manipulation of the acetate and chloride content of the PN 
may aid in the correction of such abnormalities [57].

 Discontinuing Parenteral Nutrition

Abrupt discontinuation of PN should be avoided, if possible, to prevent hypoglycemia. However, 
in stable patients, there is no evidence of significant differences in mean glucose, epinephrine, 
norepinephrine, insulin, glucagon, growth hormone, cortisol, symptom scores, and vital signs fol-
lowing abrupt discontinuation [58].Therefore, it is likely that stable patients can tolerate interrup-
tions in PN and abrupt discontinuation of the solution. To prevent hypoglycemia, some institutions 
may implement strategies such as making 10% dextrose solutions readily available and monitoring 
glucose levels via fingersticks. In addition, prior to tapering PN, other modalities of nutrition sup-
port such as oral feedings or enteral nutrition should be in place to help ensure nutrition provi-
sion remains adequate.

 Monitoring Clinical and Laboratory Parameters

General guidelines for monitoring clinical and laboratory parameters in patients receiving PN 
include obtaining a baseline comprehensive metabolic panel, daily weights, intakes and output, 
daily laboratory values until stable then weekly thereafter, and serum glucose three times per day 
until stable. Serum triglyceride levels should be checked prior to the infusion of lipids. Liver 
enzymes, bilirubin, and a complete blood count (CBC) should be checked when PN is initiated, 
then two to three times per week until stable, then weekly thereafter [51]. Frequency of monitor-
ing will be based on acuity and results. Less frequent monitoring can be used as stabilization 
occurs [11].
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 Nutritional Requirements in AKI

It has been well established that AKI presents with protein-calorie malnutrition and an inflammatory 
and pro-oxidative state with all of its known complications [13, 24, 59–61]. Nutrition support should 
be aimed towards attenuating and counteracting the negative nitrogen balance and loss of lean body 
mass that occurs in most patients with critical illness. The goals of nutrition support for the AKI 
patient are similar if not the same as for other ICU patients with normal renal function. Obviously, 
renal impairment adds challenges while attempting to provide nutritional adequacy, prevent malnutri-
tion, support immune function, accelerate recovery, and prevent mortality.

In patients with AKI who are critically ill, catabolism is multifactorial and may include sepsis, 
trauma, and surgical interventions [62, 63]. The underlying comorbid conditions and degree of criti-
cal illness will impact the overall level of catabolism of the patient. Negative nitrogen balance also 
results from uremic toxins, endocrine factors, metabolic acidosis, inadequate protein intake, and 
RRT loses [62, 63].

Impaired lipolysis causes plasma lipid changes with noted decreased production of lipoprotein 
lipase, especially with acidosis and hepatic triglyceride lipase reduction [62–64]. This is of particular 
importance when PN containing ILE or lipid-based medication use is required. The triglyceride con-
tent of lipoproteins including very-low-density and low-density lipoprotein levels is increased with 
AKI, and total cholesterol and high-density lipoproteins are decreased [62].

Insulin resistance occurs with AKI, leading to an imbalance of glycemic parameters. Hyperglycemia 
complications include risk of infection, poor wound healing, and mortality [65]. Glycemic control is 
recommended and fluctuations to hypoglycemia should be avoided [13].

 Energy Requirements

It has been determined that inflammation caused by AKI can increase caloric needs up to 30% [13]. 
Energy needs may be further increased due to concurrent medical conditions or surgical interventions 
[3, 23]. Indirect calorimetry should be performed if it is available and if there are no barriers to per-
forming a study. Indirect calorimetry is a noninvasive means for measuring oxygen consumed com-
pared with carbon dioxide expired to calculate resting metabolic rate [23]. Barriers to performing 
indirect calorimetry include the presence of air leaks, chest tubes, supplemental oxygen, or continu-
ous renal replacement therapy [27], which may be therapies applied to the patient with AKI. If indirect 
calorimetry is not available, or if it is not appropriate due to the aforementioned factors, applying 
alternative methods to determine energy needs for the critically ill patient may be appropriate. There 
are several predictive equations; however, ASPEN and SCCM recommend the use of a weight-based 
formula of 25–30  kcal/kg/day [27]. The 2012 KDIGO Guidelines recommend 30–35  kcal/kg/day 
[13]. When calorie levels of 40 kcal/kg/day were used in comparison to 30 kcal/kg/day combined with 
1.5 g/protein/kg/day, the higher calorie infusion did not show differences in positive nitrogen balance, 
but did result in elevated glucose and triglyceride levels along with insulin needs [59].

 Protein Requirements

Protein losses in AKI are increased due to compromised homeostasis and RRT [33]. Noncatabolic, 
nonoliguric, milder cases of AKI that require RRT, and are likely to regain renal function within a 
short period of time, can generally receive up to 0.8 g/kg/day of protein provided adequate calories 
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are delivered (30 kcal/kg/day) [23, 62, 66]. KDIGO also supports administering 0.8 to 1.0 g/kg/day of 
protein in noncatabolic AKI patients who are not in need of dialysis [12]. Consideration must be given 
to concurrent events that may increase needs based on protein breakdown or losses. Protein restriction 
with the intent of preventing or delaying initiation of RRT should be avoided [13].

Losses of protein and amino acids via the extracorporeal circulation of RRT are approximately 
0.2 g amino acid per liter of ultrafiltrate or up to 20 g amino acid per day [24, 64, 66]. An added 5–10 g 
of protein is needed per day above the 1.5 g/kg/day for AKI to replace losses when treatments are 
daily or when high flux filters and/or high-efficiency modalities including CRRT and sustained low- 
efficiency dialysis (SLED) are used [24, 64, 66].

KDIGO recommendations include1.0 to 1.5 g/kg/day protein in AKI patients on RRT, and up to a 
maximum of 1.7 g/kg/day in patients on CRRT and in hypercatabolic states [13]. ASPEN/SCCM 
recommends an increased protein load of 1.5–2 g/kg/day of protein up to a maximum of 2.5 g/kg/day 
in order to achieve positive nitrogen balance with CRRT treatments [22, 23, 67, 68]. Other studies 
have suggested that protein intake during CRRT should range between 1.8 and 2.5 g/kg/day [23]. 
Protein intake of 2.5 g/kg/day has been found to be associated with positive nitrogen balance [33]. The 
patient’s catabolic rate, renal function, and dialysis losses should be evaluated to best determine pro-
tein needs in order to promote positive nitrogen balance [23].

 Fat Requirements

Lipid requirements parallel those that avoid development of essential fatty acid deficiency (EFAD) in 
at-risk patients receiving PN and to avoid overfeeding. Lipids are recommended at 1 g/kg/day or 
30–35% of total energy in the critically ill patient and should not exceed 2.5 g/kg/day in parenteral 
solutions [40]. Use of propofol or amphotericin B housed in a lipid emulsion needs to be factored into 
the lipid dose provided [11].

 Vitamins and Trace Elements

There are numerous consequences of AKI, including an imbalance in both vitamins and TE. Various 
recommendations have been made for fat-soluble vitamins. Plasma levels of vitamins A and E were 
found to be low in experimental models of AKI [13, 59] and the kidney’s inability to degrade RBP 
may lead to increased retinol levels [63]. Oral renal MVI do not contain vitamin A; however, adult 
multivitamin preparations contain 1 mg or 3300 IU of vitamin A as retinol. Current evidence does not 
support added supplementation of vitamins A or E, and retinol may require limitations [69]. Vitamin 
K levels may be normal or elevated [13] and vitamin D3 activation is impaired in AKI [24, 62, 66].

Water-soluble vitamins including vitamin C, thiamine, and folic acid levels may be lower due to 
extracorporeal excretion [63]. Vitamin C losses can be up to 100 mg per day during RRT [64]. Vitamin 
C supplementation in the critically ill patient may be associated with lower 28-day mortality and, 
therefore, increased vitamin C provided in the MVI may be favorable [69]. However, vitamin C 
should be limited to 100  mg with intermittent hemodialysis and should not exceed 200  mg with 
CRRT, as oxalate may accumulate in the heart, kidney, and blood vessels with excessive supplementa-
tion [60, 62, 70]. However, the high-dose vitamin C that is now provided in some sepsis protocols is 
short-term and has not been found to increase the risk of oxalate formation [71].Thiamine losses may 
be up to 1.5 times the daily amount provided in standard parenteral MVI [72]. The addition of 100 mg 
of thiamine into the PN solution may be appropriate. Recent interest has been circulating in regard to 
thiamine supplementation in critically ill patients. There has been an association between decreased 
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mortality in septic patients with thiamine deficiency [71, 73, 74]. Thiamine deficiency may also pre-
dispose patients to increased oxalate excretion [71].

Numerous factors that impact the need for TE in the AKI patient should be evaluated. These include 
the route of excretion, use of solutions containing contaminant or TE sources, TE in PN solution, GI 
excretory or protein-bound losses, conditions that require elimination due to potential of toxicity, 
illness- related deficiencies, and the use of RRT. Both TE and vitamins can be altered with the AKI 
inflammatory activity. Another concern is that although it is known that AKI patients are at risk for 
depletion, exact requirements have not been established [64].

PN commonly contains zinc, copper, chromium, manganese, and selenium. In cases of cholestasis, 
copper and manganese are reduced or removed due to the excretion route and toxicity potential. Fluids 
used in CRRT may be contaminated with TE. The CRRT fluid does not have an appreciable amount 
of selenium or copper, but losses occur in the effluent [73, 75]. If the copper has been removed due to 
cholestasis and the patient requires continued RRT, deficiency may be of concern [64]. Zinc is found 
in effluent fluid in CVVHDF. Patients may also be in positive zinc balance after receiving zinc from 
several sources such as replacement fluids, anticoagulants and PN [64]. Patients who have concurrent 
GI problems such as diarrhea or colocutaneous fistula may require increased zinc supplementation 
based on such losses. Selenium levels have been noted to be low in patients with AKI [69]. Losses of 
selenium may occur during CRRT or result from increases in output [75, 76].

 Fluid, Electrolytes, and Mineral Needs

The amount of fluid that can be excreted by the injured kidney and the selection of RRT dictate the 
daily fluid intake. Intermittent dialysis generally necessitates fluid limits, whereas the use of continu-
ous therapy allows for a full nutrition support prescription to be given [11].

AKI causes electrolyte imbalances that can be related to the underlying disease, hypermetabolic 
conditions, medications, nutritional refeeding issues, kidney failure, RRT, and the use of specialized 
nutritional support. Standard daily electrolyte requirements have been published for adult EN and PN 
formulations [40].

Hyperkalemia is common in AKI with acidosis and reduced kidney clearance; however, gastroin-
testinal disease can cause potassium losses. In the absence of RRT, potassium may need to be 
restricted. AKI can cause hypocalcemia related to hyperphosphatemia, hypoalbuminemia, losses with 
CRRT, and citrate anticoagulation [77]. The renal replacement prescription can be used to manage 
potassium and calcium levels. Hyperphosphatemia seen in AKI can be treated using phosphorus bind-
ers and restricting intake. Hypermagnesemia occurs with AKI due to impaired excretion requiring 
limits of intake; however, the use of CRRT typically causes loss of phosphorus and magnesium 
 requiring supplementation [17]. Recommendations for electrolyte and micronutrient requirements are 
based on serum concentrations [23].

 Conclusion

Nutrition support in the patient with AKI has been demonstrated to help prevent deterioration of nutri-
tional status during the catabolic events of multiple organ dysfunction syndrome. There are alterations 
in the metabolism of protein, carbohydrate, and fat, and changes in fluid and electrolyte balance 
caused by AKI. A thorough nutritional assessment needs to be performed with the development of a 
nutrition care plan based on individual needs and limitations of AKI. Specialized nutrition support 
requires skillful monitoring with ongoing evaluation of the patient’s status to avoid complications.
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 Case Study

Background A 58-year-old male patient has been admitted to your hospital’s medical intensive care 
unit with urosepsis. His medical history consists of transient ischemic attack and coronary artery dis-
ease. The patient has experienced acute hypoxemia and respiratory failure leading to cardiac arrest. 
He is currently experiencing metabolic acidosis, ischemic hepatitis, and acute kidney injury. He is 
anuric and there is concern for anoxic brain injury. The patient remains on mechanical ventilation, but 
he has been stable on vasopressors. A central venous catheter and a nasogastric tube are in place for 
administration of medications. The team is asking for a recommendation to start nutrition. The modal-
ity of RRT the team is utilizing for this case is CVVHD. Of note, the patient’s family at the bedside 
report that prior to this event the patient was in his normal state of health and had no prior issues with 
dietary intake. The daughter guesses the patient is about 160 lb but she is not sure. She also denies any 
weight loss prior to admission. Skin is intact of pressure ulcers.

Physical assessment Recumbent height measure: 5′6″. Patient does not present with any obvious 
signs of bony prominences. There is upper and lower bilateral edema but the patient’s abdomen is flat 
and soft.

Labs WBC 18.45 thousand/μL, K 5.2 mmol/L (↑), HCO3 15 mmol/L (↓), Alb 1.9 (↓) g/dL, Glu 
244 mg/dL (↑), Ca 7.3 (↓) mg/dL, Ionized Ca normalized 4.08 mg/dL (↓), BUN 52 mg/dL (↑), 
Crt 6.3 mg/dL (↑), P 6.6 mg/dL (↑). Last four fingerstick glucose checks: 278, 186, 255, and 
243 mg/dL.

Medications Vasopressin (stable at 12 ml/h to maintain mean arterial pressure >60 mmHg), vanco-
mycin, meropenem, levetiracetam, esomeprazole, hydrocortisone, atorvastatin.

Urine output via Foley catheter 0–5 ml/h.

 Case Questions and Answers

 1. The dietitian performs an assessment and finds the patient is not at risk of refeeding syndrome 
based on history provided by the patient’s family. Do you agree with this assessment? Why?
Answer: Yes – this seems like an accurate assessment as the patient’s physical exam does not indi-
cate any fat or muscle loss. It is true that edema may mask some signs of muscle or fat loss. 
However, the patient’s daughter was able to give information that seems to indicate the patient was 
not at nutritional risk prior to admission.

 2. What is the appropriate recommendation for protein and energy prescription for this patient? 
Justify your answer.
Answer: Up to 30 calories per kilogram/day and 2 grams of protein per kilogram/day are appropri-
ate recommendations. This patient has AKI and is on CVVHD. He is also septic and on a ventilator 
in the ICU. Increased calories and protein per kilogram are appropriate for this type of case due to 
increased energy expenditure caused by critical illness. In addition, there is increased proteolysis 
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in AKI. A higher dose of protein may help achieve nitrogen balance. The ASPEN/SCCM Critical 
Care Guidelines suggest that weight-based estimates should be used for estimation of energy needs 
in lieu of indirect calorimetry. There is evidence of edema and, therefore, the weight estimated by 
the daughter is likely to be more reflective of the patient’s dry or true weight and thus it should be 
used to calculate nutrient requirements.

 3. Is enteral or parenteral nutrition the appropriate modality of nutrition support for this patient? 
Justify your response.
Answer: Enteral feeding.While the patient is in the ICU, there is no contraindication to initiation 
of enteral feeding as the enteral tract has not been compromised. The patient is hemodynamically 
stable, but still requires vasopressor support. Therefore, it may be most appropriate to start the 
enteral feeding at a trophic rate and supplement additional protein via a modular protein supple-
ment to meet the estimated protein requirement. The case should be regularly reevaluated to deter-
mine if an increase to goal enteral nutrition rate is feasible. Once the requirement for vasopressors 
decreases, the patient may be able to tolerate goal rate. The patient may have enteral intolerance 
issues that can be resolved with prokinetic medications, however, if intolerance persists, initiation 
of parenteral nutrition can be considered.

 4. Taking into consideration the patient’s laboratory values, determine what would be the best type of 
parenteral/enteral formula for this patient and why?
Answer: The patient is currently hyperkalemic and has hyperphosphatemia as evidenced by 
his labs. In addition, the patient is anuric. For this particular case, it may be beneficial to uti-
lize a renal- specific formula that provides less potassium and phosphorus than the standard 
formula. Regular monitoring of laboratory values is required to ensure continued appropriate-
ness of the renal-specific formula. If potassium and and/or phosphorus trends down towards 
normal or below normal limits, it may be appropriate to change the formula type. If the patient 
becomes hypokalemic but continues to experience hyperphosphatemia, a standard formula 
with the introduction of phosphorus binders in powder form (sevelamer carbonate) may be 
appropriate.
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Part VII
Additional Nutritional Considerations 

in Kidney Disease

This last section of the text represents additional nutrition-related topics that 
are of keen interest to the practicing health professional working with patients 
diagnosed with kidney disease and are organized into three overarching 
themes: (1) physiological and metabolic changes that occur in kidney dis-
ease; (2) the role of complementary and alternative therapies, such as physi-
cal activity and exercise as well as dietary supplements; and lastly (3) key 
resources that assist the practitioner in the education and counseling of 
patients diagnosed with kidney disease as part of a multicultural society.

In terms of physiological and metabolic changes that occur in kidney dis-
ease, Mafra and Borges begin this section describing the gut microbiome in 
both health and in disease. Dysbiosis, or microbial imbalance or maladapta-
tion, readily occurs in kidney disease and is associated with an increased risk 
for cardiovascular disease. The authors present the latest research evidence 
related to pre-, pro-, and synbiotics, which are theorized to improve the gut 
microbiota in this vulnerable group. Protein-energy wasting, a syndrome 
exhibited in kidney disease that includes malnutrition, is widely prevalent 
across the globe. Guebre-Egziabher suggests that some of the factors related 
to a suboptimal oral intake are secondary to impaired appetite regulation. 
Besides alterations in neuroendocrine or central nervous system pathways, 
the existence of uremia, chronic inflammation, as well as behavioral and 
environmental factors are other key components that shape eating habits and 
patterns. Lastly, Biruete and Uribarri explore the latest science regarding the 
role of advanced glycation end products (AGEs) which are pro-oxidative and 
pro-inflammatory metabolites that have been linked to kidney disease pro-
gression. AGEs may be either of endogenous or exogenous sources. The 
authors give a thorough explanation of the metabolic implications for AGEs 
as well as offer practical guidance on how to lower the AGEs content in the 
diet among persons at considerable risk for kidney disease.

Complementary and alternative therapies comprise biologically based 
(e.g., dietary supplements) and manipulative or body-based practices (e.g., 
physical activity and exercise). Persons diagnosed with kidney disease are 
known to have declining functional status secondary to the loss of muscle 
mass resulting in sarcopenia. Such deleterious effects of inactivity can be 
reversed with exercise. Meade and Wilund provide an overview of the impor-
tance for routine physical activity and structured exercise in patients  diagnosed 
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with kidney disease and how health professionals can help to make these 
lifestyle changes achievable. In regard to biologically based practices, Radler 
describes some of the dietary supplements that may either provide protective 
benefits to kidney function or may be potentially harmful or  associated with 
known drug interactions. The author also discusses health policy and regula-
tions related to dietary supplements and encourages health professionals to 
engage their patients so they feel comfortable disclosing the use of any sub-
stances. Steiber et  al. complete a comprehensive review of micronutrients 
often of concern in kidney disease. The authors identify how micronutrient 
imbalances may occur either during the disease course or its management, 
and evaluate the current level of evidence on appropriate interventions aimed 
at improving nutrient status across the spectrum of disease.

Patient-centered care requires that health professionals educate and coun-
sel individuals about their disease so that they can make informed decisions 
about their treatment. Isoldi describes several theoretical models and coun-
seling approaches that will assist the health professional in communicating 
effectively with their clients. The author also provides illustrative examples 
on how to apply these techniques into practice. Regardless whether in the 
United States or across the globe, health professionals must be cognizant of 
practices that may impact food selection, dietary intake, and adherence. 
Burrowes discusses the social determinants of health (e.g., economics, envi-
ronment, culture) and how these factors can affect the ability of the individual 
to adhere to therapeutic lifestyle changes, specifically as it relates to diet. In 
addition, the author establishes some practical ways to improve dietary adher-
ence in patients diagnosed with kidney disease. In the chapter on Dietary 
Patterns, Kelly further emphasizes the importance of adopting a heart healthy 
approach to food selection and eating. The author reviews the level of evi-
dence supporting plant-based diets and the mindful considerations when 
implementing them in practice. To further assist the health professional, Prest 
provides a thorough list of invaluable resources that are available to the prac-
titioner related to diet and nutrition in kidney disease. Lastly, Byham-Gray 
encourages that health professionals integrate a patient-centered approach 
when evaluating the effectiveness of diet and nutrition interventions in this 
population. The author provides examples on how health professionals can 
measure the impact that they make on patient outcomes and offers an over-
view of the steps in the research process within the practice-based setting.

  Additional Nutritional Considerations in Kidney Disease
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 Introduction

Microbiome refers to the genes encoded in the microbiota genome that are about three million, in 
contrast to the human cells genes that are around 23,000 [1]. The microbiome is recognized as our 
“second genome,” a connotation that refers to the complex biochemical and metabolic role of the gut 
bacteria in the human body [2].

The gut is the most colonized place (1.5 kg of bacteria) in the human body with trillions of microbes 
(majority composed by anaerobes), which contains two big phyla: Bacteroidetes and Firmicutes, but 
Proteobacteria, Verrucomicrobia, Actinobacteria, Fusobacteria, and Cyanobacteria can also be pres-
ent [1, 2].

The composition of the human gut microbiota is influenced by multiple factors, including type of 
delivery, duration of breastfeeding, hygiene and use of antibiotics. Infants, exclusively breastfed, have 
a microbiota dominated by bifidobacteria, and, due to physiological changes and dietary habits, the 
gut microbiota change.

Diet is the first modulator of microbiota profile in the gastrointestinal tract. Some nutrients 
from foods reach the colon and are metabolized by these bacteria. For example, carbohydrate fer-
mentation in the colon form hydrogen, methane, and short-chain fatty acids (SCFA), such as 
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butyrate,  propionate, and acetate. Many of these end products are generally accepted to be benefi-
cial to the host. On the other hand, end products from proteins’ fermentation, including metabo-
lites such as ammonia, amines, thiols, phenols, and indoles, are potentially toxic [3]. Additionally, 
the enzymatic activity of gut bacteria contribute to the breakdown of the oligomeric and polymeric 
polyphenols into low- molecular- weight phenolic metabolites, increasing their bioavailability [4]. 
Thus, nutrients impact diversity, density, and functionality of the gut microbiota, while microbi-
ota-derived metabolites connect the gut microbiota with distant organs, impacting health and 
disease.

Under normal conditions, the gut microbiota and the host are in a continuous relationship indis-
pensable to the host homeostasis. Metabolites from microbiota such as SCFA and vitamins enter 
the bloodstream and promote benefits to the host. In contrast, when there are abnormalities in the 
gut barrier or even in the microbiota composition, some toxins from the gut can reach the blood-like 
lipopolysaccharide (LPS) and uremic toxins, leading to oxidative stress and inflammation [5, 6].

Dysbiosis is found to be closely related to chronic kidney disease (CKD) complications and some 
strategies have been proposed to decrease this gut microbiota imbalance like the use of probiotic, 
prebiotic, or synbiotic supplementation (Fig. 27.1). However, there is still no consensus by the clinical 
guidelines on which type of supplementation is better for CKD patients. In this chapter, we will 
describe practical applications of nutritional strategies to modulate the gut microbiota in CKD patients.

 Gut Microbiota in CKD

In CKD patients, the uremic milieu seems to impair the structure and function of the gut microbiota 
and epithelial barrier, promoting inflammation and oxidative stress and disturbing the metabolism. 
There is a bidirectional cause-effect relationship between CKD and the gut microbiota. With the loss 
of kidney function, there is an accumulation of a range of molecules in the blood, among them urea, 

Oxidative
stress

Inflammation

Strategies proposed
to improve uremic

dysbiosis

Probiotic

Prebiotic

Synbiotic

Fig. 27.1 The network among the gut microbiota, kidney, inflammation, and oxidative stress in chronic kidney disease 
(CKD) and some therapeutic strategies proposed to modulate gut microbiota with possible effects in all interrelated 
factors
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which has been identified as a substance harmful to the intestinal barrier, compromising its integrity. 
In addition, the accumulation of urea in the gut lumen disturbs the gut environment, leading to changes 
in the composition and functionality of the gut microbiota. On the other hand, these disorders in the 
gut microbiota, promoted by CKD, lead to increased production of substances resulting from gut 
microbial metabolism, as uremic toxins such as indoxyl sulfate (IS), p-cresyl sulfate (p-CS), indole- 
3- acetic acid (IAA), and trimethylamine-N-oxide (TMAO), which accumulate in the blood, aggravat-
ing the state of inflammation in these patients by activating the immune system. Thus, the gut 
microbiota may be seen as the cross-road between CKD and the phenotype of inflammation and oxi-
dative stress, typical of these patients [7, 8].

Nutrients influence the composition of the gut microbiota in CKD patients, and in addition, intes-
tinal bacteria also promote the conversion of dietary components leading to the formation of a wide 
variety of metabolites, which may have beneficial or adverse effects on human health.

High-protein diets lead to a high amount of protein in the colon, resulting in increased fermentation of 
products that include nitrogenous metabolites detrimental to the integrity of the intestinal microbiota [9].

The amino acid tryptophan can be metabolized to indole by tryptophanase in the large intestine by 
intestinal bacteria, such as Escherichia coli. Indole is absorbed into the blood, undergoing oxidation 
and sulfation in the liver and then is metabolized to indoxyl sulfate. The accumulation of indoxyl sul-
fate is associated with high concentrations of interlukin-6 (IL-6), stimulates progressive tubulointersti-
tial fibrosis, glomerular sclerosis, and progression of CKD by increasing expression of transforming 
growth factor (TGF)-β1 that works by inhibiting the production of metalloproteinase (TIMP) 1 and 
pro-α 1 (I) collagen, leading to loss of nephrons and completing a vicious cycle of renal injury [10].

The uremic toxin indole-3-acetic acid (IAA) is also produced from tryptophan being metabolized 
to indole directly in the intestine or tissue via tryptamine. IAA is commonly excreted in the urine and 
accumulates in the blood of patients with CKD. It is an aryl hydrocarbon receptor (AhR) transcription 
agonist, which regulates cell response by means of xenobiotics, such as tetrachlorodibenzo-p-dioxin. 
Activation of AhR by exogenous ligands promotes vascular inflammation, oxidative stress, and ath-
erosclerosis, and plays an important role in the development of cardiovascular disease (CVD) [11].

On the other hand, the amino acids tyrosine and phenylalanine from dietary protein undergo con-
version to 4-hydroxyphenylacetic acid by putrefactive bacteria of the intestinal microbiota, which is 
then decarboxylated to p-cresol by an enzyme that has been shown to be present in Clostridium diffi-
cile. In addition, the gut microbiota can convert dietary choline and L-carnitine into trimethylamine 
(TMA), which in the liver is metabolized into trimethylamine N-oxide (TMAO), associated with 
atherosclerosis risk in CKD patients [12].

Research has shown a relationship between dysbiosis and increased cardiovascular risk and mor-
tality in CKD patients, and some strategies are proposed to reduce this risk such as pre-, pro-, or 
synbiotic supplementation.

 Probiotics

According to the WHO, probiotics are live microorganisms with beneficial effects on the health of the 
host [13]. In recent years, there was a rapid increase in the use of probiotics that affected the intestinal 
ecology, physiology, and metabolism [6]. Probiotic functions vary according to the specific strain, but 
in CKD patients their effects remain controversial [14, 15].

The strains most commonly used are B. bifidum, B. bifidus, B. lactis, B. longum, B. breve (Yakult), 
and B. infantis [6]. Administration of some probiotics may ameliorate the metabolic changes, but 
positive results have to be further confirmed in CKD patients in well-designed clinical trials. Probiotics 
have contributed to a reduction in uremic toxins, inflammatory markers, and urea [15, 16], but some 
other reports have shown opposite results or no benefits at all [14, 17–19].

27 The Gut Microbiome
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When we think about the use of probiotics as a therapeutic alternative to restore the gut microbiota 
of CKD patients, uremia should be considered because it alters the intestinal biochemical environ-
ment and does not promote a hospitable environment, which compromises the efficacy of this therapy 
[7, 14]. Supplementation of a single probiotic strain or a combination of different strains is another 
issue to consider because bacteria may behave differently when combined with others [20]. In addi-
tion, according to Tsai et al. [6], special care should be taken in the use of probiotics in patients with 
severe immunodeficiency, malnutrition, and cancer.

Since the effect of probiotics is controversial in CKD patients, their prescription as the only inter-
vention is not recommended. The combination of probiotics with other strategies to benefit the gut 
ecosystem, such as a healthy diet rich in prebiotics and bioactive compounds, for example, could be 
more effective [14, 15, 21]. Then, more randomized controlled clinical trials are needed to clarify the 
role of probiotics as a good therapeutic strategy for CKD patients.

 Prebiotics

Prebiotics are nondigestible food ingredients that are fermented by the gut microbiota in the colon and 
show beneficial effects on the host. Dietary fibers are among the most known prebiotics, including:

Resistant starch (RS), defined as the starch fraction that is resistant to the pancreatic α-amylase 
hydrolysis and reaches the large bowel, is available as substrate for bacterial fermentation [22]. 
There are four different types of resistant starch: RS 1, physically inaccessible whole or partly, 
abundant in milled grains, seeds, and legumes; RS 2, present in raw potato, green banana, some 
legumes, and high-amylose starches; RS 3, also called retrograded starch (cooked and cooled) from 
potato, bread, and cornflakes; and RS 4, etherized, esterified, or cross-bonded starches present in 
processed foods.

Nonstarch polysaccharides, a large variety of polysaccharide molecules excluding RS: celluloses 
(vegetables), hemicelluloses (cereal grains), pectins (fruits, vegetables, legumes, sugar beet, potato), 
gums (leguminous seed plants, seaweed extracts, microbial gums), and mucilage (plant extracts) [23].

Inulin is a water-soluble storage polysaccharide belonging to a group of nondigestible carbohy-
drates called fructans. It is naturally found in chicory (the richest source), garlic, asparagus, onion, 
banana and wheat [24].

Oligosaccharides are composed of up to twenty monosaccharides. The most popular are fruc-
tooligosaccharides (FOS), fructose units polymerized present in wheat, rye, honey, onion, garlic, and 
banana; galactooligosaccharides (GOS), complex oligosaccharide compound in greater quantity by 
galactose units occurring naturally in mammalian milk; and xylooligosaccharides (XOS), composed 
of chains of xylose moieties. These are found in plant sources like Bengal gram husk, wheat bran and 
straw, spent wood, barley hulls, brewery spent grains, almond shells, bamboo, and corn cob [25].

Fibers are the main source of energy for the gut microbiota and promote growth of Bifidobacteria 
and Lactobacilli species that synthetize SCFA as acetate, propionate, and butyrate, which confer a 
health benefit, including immunomodulatory effects.

Little is known about the clinical effects of prebiotics in CKD patients and only few select prebiot-
ics have been studied. Some positive results on uremic toxins and inflammatory or oxidative stress 
markers have been reported. Meijers et al. [26] observed that supplementation for hemodialysis (HD) 
patients of 10–20 g/d of oligofructose-enriched inulin for 4 weeks caused reduction of 20% on p-CS 
plasma levels. In another study conducted by Sirich et al. [27], it was observed that 15 g/d of resistant 
starch for 6 weeks promoted reduction in IS plasma levels. In the study by Esgalhado et al. [28], 
16 g/d of RS supplementation for 4 weeks reduced IS plasma levels and also IL-6 and TBARS (an 
oxidative stress marker) in hemodialysis (HD) patients.
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Although few studies have evaluated the effects of prebiotics directly on the gut microbiota, the 
results observed possibly reflect gut microbiota modulation and restoration of the intestinal barrier 
promoted by prebiotics. Therefore, CKD patients may benefit from intake of prebiotic-rich foods.

 Synbiotics

Synbiotics refer to food ingredients composed of probiotics and prebiotics, and their effects depend 
on the combination of both. The most common are Bifidobacterium or Lactobacillus with fructooli-
gosaccharides (FOS), which have the potential to stimulate growth of these strains [6]. Thus, theoreti-
cally, the use of synbiotics may have better health effects compared with isolated use of pre- or 
probiotics. Synbiotics seem promising in CKD; however, studies on synbiotics in CKD are few and 
have analyzed inulin, FOS, and GOS, generally with small amounts compared to studies with isolated 
prebiotic supplementation, associated with different strains across the Lactobacillus, Bifidobacteria, 
and Streptococcus genera. They have observed different parameters or outcomes, but generally with 
positive results. However, there is limited evidence to support the recommendation of synbiotic use in 
CKD patients [29, 30].

 Diet Composition

Some nutrients from the diet, when not absorbed or when escaping the absorption process, are able to 
be processed by the gut microbiota. There is a body of evidence that dysbiosis can be caused by food 
ingredients and it is associated with several complications. For example, around 12–18 g of residual 
dietary proteins reach the colon every day and they are metabolized by the gut microbiota; they pro-
duce toxic substances like ammonia, amines, phenols, thiols, and indols [9], mainly when this protein 
comes from red meat [31]. Studies on vegetarian or low-protein diets in which red meat intake is 
reduced have been shown to be effective in decreasing uremic toxins in CKD patients [32, 33].

As food is the first modulator of the gut microbiota, more attention should be paid to that. There 
are no studies on the effects of the amount of salt and sugar in the diet on the gut microbiota in CKD 
patients, but recent studies suggest that both may alter the gut microbiota composition [34, 35]. The 
same with polyphenol-rich foods like grapes, red wine, pomegranate, garlic, green tea, chocolate, 
turmeric, blueberry, and cranberry that may modify the composition of the gut microbiota, but no 
study has been published in CKD patients. Artificial sweeteners (saccharin, sucralose, aspartame, and 
acesulfame K) may increase Firmicutes, which are involved in the inhibition of anaerobic fermenta-
tion of glucose [36]. Also, food-emulsifying agents and food additives may alter the gut microbiota 
diversity.

 Conclusion

Gut microbiota studies in CKD are highly relevant; however, more studies about the effects of prebiot-
ics/probiotics/synbiotics or other diet components on amelioration of CKD complications are neces-
sary. Synbiotics or even prebiotics may be a good alternative strategy to restore the gut microbiota 
profile in CKD patients, but there is no set recommendation for dietary intake of these compounds in 
this population.
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Chapter 28
Appetite Regulation

Fitsum Guebre-Egziabher

Keywords Appetite · Hypothalamus · GI motility · Orexigenic pathway · Anorexigenic pathway  
Chronic kidney disease · Food intake · Food preference · Neurohormonal circuits

 Introduction

Malnutrition and overnutrition are both related to inadequate energy intake, and they are the major 
public health issues worldwide. Health is influenced by diet composition as well as total energy con-
sumption. All diets contain a mixture of the three macronutrients (protein, carbohydrate, and fat), with 
varying proportions from one diet or another. Food intake is regulated by complex neurohormonal 
circuits that can be impaired in metabolic diseases. Peripheral hormones participate in the regulation 
of energy homeostasis via direct or indirect central signaling pathways. Food preferences are formed 
by multiple factors, including social, environmental, and genetic determinants. Individual food prefer-
ences are prominent determinants of food intakes and subsequently may have implications for the 
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Key Points
• The brain, especially the hypothalamus, plays a key role in the control of food intake.
• The gut-brain axis ensures the coupling between nutrient intake, feeding behaviors, and 

activity of the reward system.
• Peripheral hormones modulate feeding behaviors via direct or indirect central signaling 

pathways.
• Gastrointestinal hormones and signaling metabolites are secreted in response to mechanical 

and chemical properties of ingested food, and most of them with the exception of ghrelin 
restrain further food intake.

• Chronic kidney disease (CKD) often exhibits symptoms of anorexia.
• CKD-associated alteration of appetite is complex and multifactorial.
• Impaired neuroendocrine or central factors that regulate appetite, accumulation of uremic 

toxins, inflammation, and neurological dysfunction may all play a critical role in CKD-
associated anorexia.

• Behavioral and environmental factors may also be key players shaping eating behavior in CKD.
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development of long-term chronic diseases such as obesity, diabetes, and chronic kidney diseases 
(CKD) that are increasingly prevalent.

The development of CKD may further impair appetite regulation that impacts the neuroendocrine 
or central factors that regulate appetite. These alterations might explain the increased prevalence of 
protein-energy wasting (PEW) during CKD.

 Role of the Central Nervous System

The central nervous system (CNS) plays an important role in energy metabolism, through the regula-
tion of appetite and the circuits that control hunger, food seeking, and the hedonic aspect of feeding 
(Fig. 28.1). Neural centers in the hypothalamus regulate food intake and body weight in response to 
hormones and other neural stimuli.

Gastrointestinal hormones
Leptin
Insulin
Serotonin
Nutrients

Food intake
Energy
expenditure

Hypothalamus

Brain stem

DMV/NTS
ARC

NPY/AgRP POMC/CART
GABA

α-MSH

LepR 5-HT- 2c

Vagal nerve

LHA

PVN

VMN

MC4R

Y1R

Fig. 28.1 Schematic representation of central regulation of appetite. Hypothalamic arcuate nucleus (ARC) receives 
direct stimulation from the peripheral hormones and signaling molecules through its incomplete blood-brain barrier or 
indirectly from the brainstem (through the vagal nerve). In the ARC two populations of neurons coexist: orexigenic 
(containing neuropeptide Y (NPY) or agouti-related peptide (AgRP)) and anorexigenic (containing cocaine- and 
amphetamine-related transcript (CART) and proopiomelanocortin (POMC), the precursor of α-melanocyte-stimulating 
hormone). α-MSH signals through melanocortin receptor 4 (MC4-R) and NPY through neuropeptide YY1 receptor 
(Y1R). NPY/AgRP neurons have axon terminals that release the inhibitory neurotransmitter GABA.  Activation of 
ventromedial (VMN) or paraventricular nucleus (PVN) of the hypothalamus causes hypophagia, increased energy 
expenditure, and weight loss, while lateral hypothalamic area (LHA) is reported to induce hyperphagia, decreased 
energy expenditure, and weight gain. PVN paraventricular nucleus, VMN ventromedial nucleus, DMV dorsal motor 
nucleus of the vagus nerve, LHA lateral hypothalamic area, ARC arcuate nucleus, NPY neuropeptide Y, AgRP agouti-
related protein, NTS nucleus of the solitary tract, POMC proopiomelanocortin, α-MSH α-melanocyte-stimulating hor-
mone, MC4-R melanocortin receptor 4, LepR leptin receptor, 5-HT-2C hypothalamic serotonin receptor
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Hypothalamic lesioning experiments in rodents allowed the identification of key brain areas associated 
with energy balance and food intake. Bilateral lesions of the ventromedial nucleus (VMN) or paraventricular 
nucleus (PVN) of the hypothalamus cause hyperphagia, decreased energy expenditure, and weight gain, 
while lesions of the lateral hypothalamic area (LHA) are reported to induce hypophagia, increased energy 
expenditure, and weight loss [1]. Two distinct populations of neurons with opposite function on feeding 
behavior are located in the arcuate nucleus of the hypothalamus (ARC): the orexigenic neuropeptide Y 
(NPY)/agouti-related peptide (AgRP) neurons and the anorexigenic proopiomelanocortin (POMC) neurons. 
Food restriction studies in rodents have shown an increased expression of mRNA encoding anabolic pep-
tides, NPY, AgRP, melanin-concentrating hormone (MCH) and orexin, and decreased mRNA expression for 
catabolic peptides, such as corticotropin- releasing hormone (CRH) and POMC which is the precursor of 
melanocortin [2–4]. Furthermore, central injections of NPY, AgRP, MCH, and orexin increase food intake 
[3, 5–7], whereas CRH and α-melanocyte-stimulating hormone (α-MSH) which derives from POMC 
decrease food intake [8, 9]. One of the key players is melanocortin receptor 4 (MC4-R) found in neurons of 
the paraventricular region which upon activation suppress food intake. MC4-R is activated by α-MSH or 
when NPY and AgRP are inhibited. AgRP is an endogenous antagonist of melanocortin receptors in the 
brain and, consequently, increases food intake by blocking the anorectic action of α-MSH [6]. NPY/AgRP 
neurons have axon terminals that release the inhibitory neurotransmitter gamma-aminobutyric acid (GABA).

In the arcuate nucleus of the hypothalamus (ARC), there are two populations of neurons express-
ing POMC – one expressing leptin receptor (LepR) and the other expressing a subtype of serotonin 
receptors. Serotonin is a neurotransmitter that modulates neural activity through receptors that are 
expressed in all brain regions. Brain serotonergic activity has been reported to be implicated in appe-
tite and reward regulation by modulating the anorexigenic POMC pathway through hypothalamic 
5-HT-2C receptors [10]. Treatment with 5-HT-2C agonist in humans has been reported to suppress 
appetite and decrease energy intake and body weight [11–13].

Another important mediator of feeding is the central reward system, which promotes adaptive 
actions such as consuming palatable nutrients by associating them with pleasure. Neural circuits 
involving the hypothalamus, brainstem, and mesolimbic system play a role in the regulation of eating 
behavior. Furthermore, there is evidence in favor of preferences for different nutrients that may impact 
both total energy intake and food choices [14–19], but the underlying mechanisms are not well defined.

Central melanocortin signaling has been reported to be involved in food preference in rodent mod-
els [14, 15]. In humans, there is evidence suggesting that food preferences are partly under genetic 
control [16]. Fat mass and obesity-associated (FTO) gene variants have been shown to associate with 
elevated dietary protein intake in adults [20, 21] and energy dense food in children [22]. MC4-R defi-
ciency in humans was reported to be associated with an increased preference for high fat and reduced 
preference for sucrose rich food, mirroring the effects that were reported in MC4-R KO rodent models 
[17, 18]. Lastly, variants at the chromosome 19 locus were reported to be correlated with increased 
carbohydrate but decreased protein and fat intake. The candidate gene encodes a circulating liver- 
derived fibroblast growth factor (FGF)-21 and is involved in lipid and glucose metabolism [19, 20].

 Role of the Gastrointestinal System

A primary function of the gut is to achieve food efficiency through nutrient digestion and absorption 
that can be optimized via gastrointestinal (GI) motility and secretion. GI hormones and signaling 
metabolites are secreted in response to mechanical and chemical properties of ingested food, and most 
of them restrain further food intake.

Foods are sensed in the oral cavity by receptors present on the surface of taste bud cells, which 
transduce signals generated during feeding to the brain by fibers of the cranial nerves VII, IX, and 
X. These gustatory messages enter the nucleus of the solitary tract (NTS).
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As the core of appetite regulation lies in the gut-brain axis, efficient coupling between nutrient 
intake and activity of the reward system is needed to prevent eating disorders. Satiation signals arise 
from multiple sites in the GI system, including the stomach, proximal small intestine, distal small 
intestine, colon, and pancreas. The hindbrain is the principal central site receiving short-acting satia-
tion signals, which are transmitted both by neural circuits (vagal afferents) and by gut peptides acting 
directly on the area postrema (AP).

 Gastric Signaling

Gastric satiation signals arise primarily from mechanical distention and are relayed to the brain 
through vagal and spinal sensory nerves via neurotransmitters and neuromodulators, including gluta-
mate, acetylcholine, nitric oxide, calcitonin gene-related peptide, substance P, galanin, and cocaine- 
and amphetamine-related transcript [23, 24].

 Ghrelin

Ghrelin is a 28 amino acid (aa) peptide that is predominantly secreted by the stomach; it is the only 
known circulating orexigenic factor that stimulates appetite and promotes adiposity [25]. Ghrelin 
requires a posttranslational modification: octanoylation by ghrelin O-acyltransferase (GOAT), for full 
activity and signaling through the growth hormone secretagogue receptor (GHSR) [26, 27]. Blood 
levels of ghrelin increase and peak preprandially followed by a rapid postprandial reduction. At the 
periphery, ghrelin increases GI motility and inhibits insulin secretion. In the brain, ghrelin activates 
neurons that are involved in appetite regulation: arcuate nucleus (ARC), VMN, and PVN of the hypo-
thalamus. Ghrelin has also been shown to be involved in reward processes in rodents [28]. Humans 
with exogenous administration of ghrelin report hunger and an increase in food intake [29]. However, 
the loss of function of ghrelin or its signaling in rodent models did not result in a striking phenotype 
alteration [27]. Recent experimental studies reported that ghrelin signaling in early life influences 
neural development and is important in shaping later-life susceptibilities to metabolic disorders [30].

 Intestinal Signaling

Intestinal satiety signaling arises primarily from the chemical effect of food. The mediators are gut 
peptides secreted by neuroendocrine cells or metabolites derived from the digestion of food. These 
mediators signal through the activation of nearby fibers or function as hormones by entering into the 
bloodstream.

 Upper Intestinal Signaling

Cholecystokinin (CCK)

CCK is produced by I cells in the duodenum and jejunum and other organs such as the brain and enteric 
nervous system. CCK preproprotein is processed by endoproteolytic cleavage into at least six peptides 
of 8–83 aa. Intestinal CCK is secreted in response to luminal nutrients, especially lipids and proteins, 
and interacts with two receptors expressed in the gut (CCK receptor 1) and brain (CCK2R). The 

F. Guebre-Egziabher



541

bioactive forms share a common carboxyl terminal octapeptide. CCK might relay satiation signals to 
the brain both directly (through a receptor located in the hindbrain region) and indirectly (inhibition of 
gastric emptying, activation of vagal afferents). CCK administration decreases food intake acutely in 
humans by shortening meals [31, 32], but these effects dissipate after 24 hours of continuous infusion 
with the development of a rapid tolerance of the behavioral effect of CCK [33]. Trials with CCK1R 
agonist administration as anti-obesity therapeutics have been unsuccessful to date.

 At the central level, the short-term effect of the peripherally secreted CCK is attributed to stimula-
tion of vagal sensory neurons influencing the brainstem. CCK is also synthesized within the brain by 
a subset of cells located in the NTS. These CCK secreting cells are responsive to nutritional state and 
relay the signal to the hypothalamus. Experimental studies have shown that activation of NTS cells 
containing CCK reduces appetite and body weight in mice [34] through a circuit involving the PVH 
and MC4-R pathway.

 Lower Intestinal Signaling

Glucagon-Like Peptide-1 (GLP-1)

GLP-1 is a peptide expressed in the gut, pancreas, and brain and derives from the cleavage of progluca-
gon by a prohormone convertase which also generates other peptides: glucagon, oxyntomodulin, GLP-2, 
and glicentin. In the intestine, GLP-1 is produced by L cells present in the ileum and colon, and its secre-
tion is stimulated through the direct and indirect effect of ingested nutrients, especially fat and carbohy-
drate. GLP-1 signals via receptors: GLP1R expressed by the gut, pancreatic islet, brainstem, 
hypothalamus, and vagal afferent nerves and kidney. Bioactive GLP-1 exists as two equipotent circulat-
ing molecular forms, GLP-1(7–37) and GLP-1(7–36) amide. GLP-1(7–36) amide represents the major-
ity of circulating active GLP-1 in human plasma. In the circulation, GLP-1 is rapidly inactivated by 
dipeptidyl peptidase 4 (DPP4), an essential enzyme regulating the degradation of both glucose-depen-
dent insulinotropic polypeptide (GIP) and GLP-1. GLP-1 is also rapidly cleared from the circulation via 
the kidney [24]. Plasma levels of GLP-1 rise rapidly within minutes of food intake and exert antidiabetic 
effects through the stimulation of glucose-dependent insulin release, inhibition of glucagon secretion, 
and stimulation of pancreatic cell growth. GLP-1 administration decreases gastric emptying and food 
intake in animals and humans through vagal or direct central pathways [35]. Clinical studies have con-
firmed that long-acting GLP-1 agonists have a powerful antidiabetic effect and cause weight loss [36]. 
In rodents, GLP-1 induces the development of a conditioned taste aversion that is mediated by neuronal 
GLP1R [37]. Aversive and anorectic actions of GLP-1 are mediated by different regions in the CNS [35].

Oxyntomodulin

Like GLP-1, oxyntomodulin derives from proglucagon, and its secretion is stimulated by nutrient 
intake. In rodents and humans, exogenous administration decreases food intake while increasing 
energy expenditure, and chronic injections reduce body weight gain [38]. These effects are partially 
mediated through GLP1R and activation of neurons in the hypothalamic region [24].

Peptide PYY

Peptide PYY3–36 is a 36 aa peptide. It is a member of the neuropeptide Y and is secreted by L cells 
in the distal intestine which coexpress GLP-1. The secretion is stimulated mainly during feeding pre-
dominantly by fat. Secreted PYY delays gastric emptying and reduces food intake. The central ano-
rectic effect is mediated through Y2 receptors in the hypothalamic arcuate nucleus and the inhibition 
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of neurons that express both NPY and AgRP [24]. Peripheral administration of PYY in humans has 
been shown to decrease appetite and calorie intake in both lean and obese subjects [39].

 Pancreas Signaling

 Pancreatic Polypeptide

Pancreatic peptide (PP) is produced in specialized islet cells, and its secretion is stimulated postpran-
dially in proportion to caloric load that is under vagal control. PP has a role in GI motility, biliary and 
exocrine pancreatic function, and gastric acid secretion. Its role in appetite regulation is unclear, but 
exogenous peripheral administration of this peptide reduces appetite and food intake in humans inde-
pendently of gastric emptying [24, 39].

 Amylin

Amylin is a peptide that is co-secreted with insulin after ingestion of meal. Its effect on appetite regu-
lation is mediated via the decrease of food intake primarily on the AP and gastric emptying [24]. 
Recent studies reported that the activation of hindbrain neural circuitry by amylin modulates hypotha-
lamic signaling and responsiveness to the anorectic effect of leptin, an adipose-derived anorexigenic 
hormone [40].

 Insulin

Insulin is secreted by the pancreas postprandially and stimulates glucose uptake and utilization in 
target organs among other functions. At the central level, insulin binds to its receptors on the surface 
of POMC neurons to promote the release of α-MSH, which signals to decrease food intake through 
the inhibition of AgRP/NPY neurons in the hypothalamus [41].

 Role of Ingested Food-Derived Metabolites

The digestion of macronutrients generates compounds in the digestive lumen that may mediate appe-
tite regulation. Specific nutrients may activate GI function or serve as precursors for neurotransmitters 
that regulate GI motility and appetite.

 Metabolites Derived from Protein Metabolism

L-tryptophan is an aromatic amino acid that derives from protein digestion. There is evidence 
for the role of L-tryptophan in the inhibition of food intake as it is a potent stimulator of GI 
function and serves as a precursor of serotonin, which is a key regulator of appetite. The major-
ity of serotonin is released from intestinal enterochromaffin cells. Upon feeding, the activation 
of taste bud cells on the tongue causes serotonin release onto sensory afferent nerves and trans-
mits taste to the CNS.  In the GI tract, serotonin stimulates secretion and motility [10]. The 
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combined intraduodenal administration of L-tryptophan and lauric acid (a fatty acid metabolite) 
reduces appetite in healthy subjects by stimulating CCK release and suppression of ghrelin 
release [42, 43].

 Metabolites Derived from Fatty Acid Metabolism

Other potential mediators derive from fatty acid metabolism. The fat-specific satiety factor oleoyle-
thanolamide (OEA), which derives from oleic acid, contributes to appetite regulation by modifying 
brain reward circuits with the activation of the vagus nerve. OEA promotes satiety through dopamine 
release from the dorsal striatum [44]. In the GI tract, OEA stimulates the secretion of GLP-1 [45].

CB1 cannabinoid receptor and its endogenous ligands, the endocannabinoids (EC), are involved in 
controlling energy balance. Activation of the CB1 receptor subtype, which is particularly abundant in 
the brain and spinal cord, increases food intake, and it enhances reward aspects of eating through 
neural pathways. Precursor molecules for EC ligands of the cannabinoid receptor are derived from the 
polyunsaturated fatty acid (PUFA), arachidonic acid (20:4n-6) [45].

 Metabolites Derived from Carbohydrate Metabolism

High carbohydrate and ketogenic diets have been reported to induce the liver-derived FGF-21 secre-
tion, which in turn plays an important role in eating behavior (e.g., reducing sweet preference). The 
liver has been hypothesized to regulate nutrient-specific appetite since it receives information about 
nutrient supply in the portal vein. In recent years, the observation that FGF-21 knockout mice had 
increased sugar intake has raised the possibility that this predominantly liver-derived hormone could 
regulate nutrient-specific appetite by acting on the reward system [46, 47]. The modulation of sugar 
intake by FGF-21 has been confirmed in mice and humans through a negative feedback loop between 
the liver and the brain [48]. This effect involves FGF-21 co-receptor β-Klotho in the CNS and corre-
lates with reductions in dopamine concentrations in the nucleus accumbens [47, 48].

 Role of Adipose Tissue

White adipose tissue secretes a large variety of compounds named adipokines among which leptin, a 
167 aa peptide, exhibits pleiotropic metabolic effects.

 Leptin

Leptin is an anorexigenic hormone that is secreted in proportion of fat mass with additional effects on 
the regulation of energy homeostasis and metabolism, inflammation, and the cardiovascular system. 
Leptin belongs to the interleukin-6 family of proinflammatory cytokines that is regulated by acute 
changes in calorie intake. Leptin binds to its receptors (LepR) located throughout the central nervous 
system, as well as in several peripheral tissues to exert its effects. In patients with congenital leptin 
deficiency, which is characterized by hyperphagia and severe, early-onset obesity, treatment with 
leptin results in decreased food intake and weight loss [49]. The central effect of leptin is mediated 
through GABAergic presynaptic neurons found in the hypothalamic ARC. Leptin reaches the brain by 
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a saturable transport through the blood-brain barrier. It suppresses food intake by activating neurons 
that express POMC and cocaine- and amphetamine-regulated transcript (CART), thereby enhancing 
their antiorexigenic action [50] and the inhibition of AgRP/NPY.

Leptin may also act synergistically with GI hormones in the NTS where LepR-expressing neu-
rons have also been found and include subpopulations that express POMC, proglucagon/GLP-1, 
and CCK [51] to promote satiety. Leptin administration to rodents has been found to enhance the 
anorexic and weight loss responses to intraperitoneally administered CCK, GLP-1, and amylin 
[40, 52, 53].

Leptin also influences the hedonic aspects of feeding via interactions with the mesolimbic dopami-
nergic system, which is known to regulate reward [54]. These data suggest that leptin decreases both 
the incentive to feed and pleasure from eating.

 Nesfatin-1

Nesfatin-1 is an adipokine that is also expressed in other tissues (pancreas, CNS, pituitary, stomach). 
Nesfatin-1 was reported to have a role in satiety through leptin-independent mechanisms in rodents 
when administered centrally [55]. However, there is still a lack of data confirming its role in appetite 
regulation in humans.

 Role of Inflammation

Various inflammatory cytokines (interleukins 1, 6, and 8, tumor necrosis α, and interferon α) inhibit 
appetite in healthy conditions and various diseases (cancer, sepsis, cardiac cachexia, chronic pulmo-
nary disease) by acting on meal size, duration, and frequency through the central pathway [56].

 Behavioral and Environmental Factors

One aspect of appetite regulation that needs to be addressed is the socially driven food intake. In 
humans, food intake depends on the social environment and social interaction. It has been 
reported that men and women consume less food in the presence of a stranger of the opposite sex, 
and there is a positive correlation between group size and meal duration [57]. Cultural habits, 
accessibility of food, and financial constraints are among the critical factors that shape feeding 
behaviors.

 Appetite Regulation in Chronic Kidney Disease

The development of chronic kidney disease (CKD) is associated with a significant reduction in food 
intake and an increased risk of nutritional deficiencies. There are different mechanisms that can induce 
decreased food intake and anorexia during CKD including the alteration of taste, nausea, stomach 
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irritation and pain, altered GI motility, chronic inflammation, accumulation of unidentified anorexi-
genic molecules, altered levels of circulating molecules known to mediate appetite, as well as psycho-
logical and economic factors (Table 28.1).

 Taste and Olfactory Function Alterations and Modifications of Eating 
Preferences

Potential causes of anorexia in CKD patients include a decreased ability to distinguish flavors (i.e., 
abnormal taste) and altered palatability. Palatability may influence food choice as it influences the 
pleasure from eating a specific food. Studies have reported taste abnormalities affecting food palat-
ability and intake in dialysis patients [58, 59]. Aguilera et al. reported differences in food preference 
when comparing peritoneal dialysis patients to healthy subjects with a trend toward carbohydrate 
preference, refusal of red meat, and attraction to citric and strong flavors [60]. This was reported by 
others in hemodialysis (HD) and peritoneal dialysis (PD) subjects [61] with red meat being the most 
unpopular food in both groups. In this latter study, the most common factor affecting dietary intake 
was a loss of interest in food and/or cooking. Furthermore, Wright et al. reported that a HD session 
reduces hunger and desire to eat. After a dialysis session, there is a reduction of food intake related to 
increased fullness [62].

Table 28.1 Peripheral appetite-regulating hormones and their modifications during chronic kidney disease

Site of 
production Hormones Effects Levels in CKD

Stomach Ghrelin Increased GI motility
↑ Food intake and hunger

Increased
↑ Food intake in CKD patients, with 
short-term administration

Testin: 
duodenum, 
jejunum

CCK ↓ Gastric emptying
Activates vagal afferents
↑ Satiety and fullness
↓ Good intake

Increased
Associated with ↑ fullness and ↓ hunger 
perception in PD patients

Intestine: ileum, 
colon

GLP-1
Oxyntomodulin
Peptide YY

↓ Gastric emptying
↓ Food intake
↑ Satiety and fullness
↓ Food intake
↑ NRJ expenditure
↓ Gastric emptying
↓ Food intake

Increased

Pancreas Insulin
Amylin
Pancreatic peptide

↓ Food intake
↓ Food intake and gastric 
emptying
↓ Appetite and food intake

Increased

Adipose tissue Leptin
Nesfatin-1

↓ Food intake
↑ NRJ expenditure
↑ Satiety
↓ Pleasure from eating
↑ Satiety

Increased
↓ Food intake through central effect on 
MC4-R signaling in rodent models of CKD

Abbreviations: CCK cholecystokinin, GLP-1 glucagon-like peptide-1, CKD chronic kidney disease, PD peritoneal 
dialysis, NRJ energy, MC4-R melanocortin receptor 4
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Olfaction plays an important role in the identification of food and appetite regulation. CKD is 
associated with altered olfactory function that may thus partly explain food aversion [63]. Potential 
mechanisms include altered regeneration of olfactory cells related to uremic toxins or neurologi-
cal dysfunction since these alterations are reported to correlate with the degree of renal impair-
ment and improved after kidney transplantation [63–65]. Odor identification was reported to be 
altered in the majority of CKD (70%) and end-stage renal disease (ESRD) (HD and PD) (90%) 
patients using a validated test (i.e., the University of Pennsylvania Smell Identification Test 
[UPSIT]) compared to controls [66]. Altered olfactory function was associated with malnutrition 
as assessed by the subjective global assessment (SGA) score [66, 67]. In a proof of concept trial, 
6  weeks’ intranasal theophylline administration (which has been proven to improve olfactory 
function in other diseases) in ESRD patients with at least mild odor identification deficit improved 
their olfactory functions [66].

 Altered Central Regulation of Appetite

Results from rodent models of CKD indicate that CKD causes a defect in the ability of AgRP to 
block MC4-R in the hypothalamus. Cheung et al. reported that AgRP injected centrally into the 
lateral ventricle of CKD mice resulted in growth improvement with increased food intake and 
decreased resting metabolic rate. Furthermore, MC4-R knockout mice were resistant to the 
cachectic effect of uremia [68]. This was further supported by the observation that the periph-
eral administration of NBI-12i, a small molecule antagonizing MC4-R, was able to improve 
uremic cachexia in mice [69]. In PD patients, low serum levels of NPY have been reported to be 
associated with anorexia [70]. Whether this reflects a decreased central NPY signaling is 
unclear.

 Altered Levels of Circulating Molecules Known to Mediate Appetite

The hypothesis that circulating molecules are implicated in the reduction of food intake during CKD 
has been raised. Studies showed that middle-sized molecule fractions isolated from uremic ultrafil-
trate of end-stage renal disease (ESRD) patients and normal urine were associated with decreased 
food intake in rats [71]. These results suggested that the accumulation of middle-sized compounds 
which are normally excreted in the urine suppresses food intake.

 Leptin

Experimental and clinical studies demonstrated that serum levels of leptin are significantly 
increased in CKD mainly due to a lack of renal clearance [72–74], but it does not seem to be the 
only mechanism explaining the development of hyperleptinemia in CKD. In vitro studies demon-
strated that uremic plasma can induce overproduction of leptin from adipocyte primary culture and 
3T3 cell lines [75, 76]. In ESRD patients, other mechanisms such as increased fat mass, hyperin-
sulinemia, and inflammation may also contribute to hyperleptinemia through an increased produc-
tion of leptin [77–80]. Experimental uremic anorexia in mice CKD models can be improved by 
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blocking leptin signaling pathway through the MC4-R [68, 69]. Human data on leptin and uremic 
cachexia are so far inconclusive. Clinical studies found conflicting results, some reporting that 
increased leptin concentration is associated with anorexia and muscle mass loss [81–83], and oth-
ers did not find any correlation between leptin concentration and the nutritional status of uremic 
patients [84–86].

 Ghrelin

Ghrelin is the only GI-released peptide that is known to stimulate food intake and is considered as one 
potential treatment in multiple disease states associated with anorexia, malnutrition, or cachexia. In 
CKD, the plasma level of ghrelin is elevated above normal and has been reported to correlate with fat 
mass, plasma insulin, and serum leptin levels [84]. Both acyl ghrelin and des-acyl ghrelin are increased 
in nondialysis-dependent CKD patients [87]. In hemodialysis, an increased level of des-acyl ghrelin 
and normal level of acyl ghrelin have been reported [88]. In contrary, others have reported a 70% 
decrease of des-acyl ghrelin by hemodialysis without effect on acyl ghrelin levels [87]. A small study 
in hemodialysis patients reported that higher levels of ghrelin were associated with poor appetite [86]. 
In rodent models of CKD, administration of ghrelin or ghrelin receptor agonists resulted in increased 
food intake and improved lean mass [89]. Short-term administration of ghrelin in malnourished hemo-
dialysis or peritoneal dialysis patients was associated with increased appetite and energy intake [90, 
91]. Whether this effect is sustained in the long term and improves PEW needs further 
investigations.

 Others

Visfatin

Visfatin, also called nicotinamide phosphoribosyltransferase (NAMPT), is an insulin-sensitizing adi-
pokine enzyme. The extracellular form, eNAMPT, has been demonstrated to modulate the pathways 
involved in the pathophysiology of obesity. Serum visfatin concentrations were reported to be nega-
tively correlated with serum aa levels and increased in nondialysis ESRD patients with worsening 
appetite [92]. However, the causal role of visfatin in the dysregulated appetite in CKD patients needs 
to be fully established.

GLP-1

GLP-1 level is increased in CKD patients (hemodialysis) and is an independent predictor of mortality. 
Uremic serum stimulates GLP-1 in vitro, suggesting that increased GLP-1  in CKD is the sum of 
increased secretion and decreased renal clearance [93]. The link between increased endogenous 
GLP-1 and decreased appetite has never been reported in CKD patients. Altered GI motility with 
delayed gastric emptying is one of the symptoms reported in nondialysis CKD stages 4–5 patients 
[94] and improved by dialysis treatment [95]. A recent human study has shown that an increase in 
ghrelin and a decrease in GLP-1 might be a mechanism associated with improved gastric slow wave 
in hemodialysis patients when compared to nondialysis CKD subjects [95]. Exogenous administra-
tion of GLP-1 agonists in stages 3–4 diabetic CKD patients retains similar weight loss effect (approxi-
mately 2 kg at 12 months) compared to non-CKD diabetic patients [96].
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CCK

The concentrations of circulating CCK molecules are increased in dialysis patients resulting from 
decreased clearance but also increased production [70]. Increased CCK has been reported to be asso-
ciated with increased fullness and decreased hunger perception in PD patients [97].

FGF-21

FGF-21 has been reported to be disproportionately elevated in CKD patients (20 times higher in 
ESRD patients) [98, 99]. This increase is not explained solely by the reduction of renal clearance and 
correlates with poor metabolic profile, inflammation, higher morbidity, and mortality [98, 99]. 
Whether this increased FGF-21 level has a role in the appetite regulation of CKD patients is unclear.

 Inflammation

Chronic inflammation is a common feature in CKD patients. A strong association of inflammatory 
markers (C-reactive protein, interleukin-6, and tumor necrosis factor-α) and decreased appetite has 
been shown in hemodialysis [100] and peritoneal dialysis patients [70].

 Altered Amino Acid Profile

There is a modification in the aa pattern in CKD with reduced essential/nonessential aa ratio and 
lower branched chain aa (BCAA) levels [101]. One hypothesis is that low levels of BCAA and essen-
tial aa in plasma and cerebrospinal fluid would favor tryptophan transport across the blood-brain bar-
rier causing an increase in serotonin and reduced appetite. However, in dialysis subjects, poor appetite 
was correlated with lower BCAA but not with higher free tryptophan levels [86]. Hiroshige et al. gave 
BCAA to malnourished elderly HD patients and observed an improvement in appetite and nutritional 
status [102].

 Conclusion

Despite a tremendous progress in the understanding of appetite regulation and the complex neurohor-
monal circuit, mechanisms that govern appetite dysregulation in CKD are still unclear. Disorders in 
GI-derived hormones, retention of inflammatory or anorexigenic products, and changes in central 
nervous system circuits may all play a role. Other behavioral and environmental factors may also be 
key players shaping eating behavior in CKD and need to be specifically addressed.

References

 1. Bernardis LL, Bellinger LL. The lateral hypothalamic area revisited: neuroanatomy, body weight regulation, neu-
roendocrinology and metabolism. Neurosci Biobehav Rev. 1993;17(2):141–93.

 2. Brady LS, Smith MA, Gold PW, Herkenham M. Altered expression of hypothalamic neuropeptide mRNAs in 
food-restricted and food-deprived rats. Neuroendocrinology. 1990;52(5):441–7.

F. Guebre-Egziabher



549

 3. Qu D, Ludwig DS, Gammeltoft S, Piper M, Pelleymounter MA, Cullen MJ, et al. A role for melanin-concentrating 
hormone in the central regulation of feeding behaviour. Nature. 1996;380(6571):243–7.

 4. Hahn TM, Breininger JF, Baskin DG, Schwartz MW. Coexpression of Agrp and NPY in fasting-activated hypo-
thalamic neurons. Nat Neurosci. 1998;1(4):271–2.

 5. Morley JE, Levine AS, Gosnell BA, Kneip J, Grace M. Effect of neuropeptide Y on ingestive behaviors in the rat. 
Am J Physiol. 1987;252(3 Pt 2):R599–609.

 6. Rossi M, Kim MS, Morgan DG, Small CJ, Edwards CM, Sunter D, et  al. A C-terminal fragment of Agouti- 
related protein increases feeding and antagonizes the effect of alpha-melanocyte stimulating hormone in vivo. 
Endocrinology. 1998;139(10):4428–31.

 7. Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM, Tanaka H, et al. Orexins and orexin receptors: a 
family of hypothalamic neuropeptides and G protein-coupled receptors that regulate feeding behavior. Cell. 
1998;92(4):573–85.

 8. Britton DR, Koob GF, Rivier J, Vale W. Intraventricular corticotropin-releasing factor enhances behavioral effects 
of novelty. Life Sci. 1982;31(4):363–7.

 9. Tsujii S, Bray GA.  Acetylation alters the feeding response to MSH and beta-endorphin. Brain Res Bull. 
1989;23(3):165–9.

 10. Berger M, Gray JA, Roth BL. The expanded biology of serotonin. Annu Rev Med. 2009;60:355–66.
 11. Martin CK, Redman LM, Zhang J, Sanchez M, Anderson CM, Smith SR, et al. Lorcaserin, a 5-HT(2C) recep-

tor agonist, reduces body weight by decreasing energy intake without influencing energy expenditure. J Clin 
Endocrinol Metab. 2011;96(3):837–45.

 12. Tuccinardi D, Farr OM, Upadhyay J, Oussaada SM, Mathew H, Paschou SA, et al. Lorcaserin treatment decreases 
body weight and reduces cardiometabolic risk factors in obese adults: a six-month, randomized, placebo- 
controlled, double-blind clinical trial. Diabetes Obes Metab. 2019;21(6):1487–92.

 13. Bohula EA, Scirica BM, Fanola C, Inzucchi SE, Keech A, McGuire DK, et  al. Design and rationale for the 
Cardiovascular and Metabolic Effects of Lorcaserin in Overweight and Obese Patients-Thrombolysis in 
Myocardial Infarction 61 (CAMELLIA-TIMI 61) trial. Am Heart J. 2018;202:39–48.

 14. Mul JD, van Boxtel R, Bergen DJM, Brans MAD, Brakkee JH, Toonen PW, et  al. Melanocortin receptor 
4 deficiency affects body weight regulation, grooming behavior, and substrate preference in the rat. Obesity. 
2012;20(3):612–21.

 15. Panaro BL, Cone RD. Melanocortin-4 receptor mutations paradoxically reduce preference for palatable foods. 
Proc Natl Acad Sci U S A. 2013;110(17):7050–5.

 16. Pallister T, Sharafi M, Lachance G, Pirastu N, Mohney RP, MacGregor A, et al. Food preference patterns in a UK 
twin cohort. Twin Res Hum Genet. 2015;18(6):793–805.

 17. van der Klaauw AA, Keogh JM, Henning E, Stephenson C, Kelway S, Trowse VM, et al. Divergent effects of 
central melanocortin signalling on fat and sucrose preference in humans. Nat Commun. 2016;7:13055.

 18. van der Klaauw A, Keogh J, Henning E, Stephenson C, Trowse VM, Fletcher P, et al. Role of melanocortin signal-
ling in the preference for dietary macronutrients in human beings. Lancet. 2015;385 Suppl 1:S12.

 19. Tanaka T, Ngwa JS, van Rooij FJA, Zillikens MC, Wojczynski MK, Frazier-Wood AC, et al. Genome-wide meta- 
analysis of observational studies shows common genetic variants associated with macronutrient intake. Am J Clin 
Nutr. 2013;97(6):1395–402.

 20. Chu AY, Workalemahu T, Paynter NP, Rose LM, Giulianini F, Tanaka T, et al. Novel locus including FGF21 is 
associated with dietary macronutrient intake. Hum Mol Genet. 2013;22(9):1895–902.

 21. Qi Q, Kilpeläinen TO, Downer MK, Tanaka T, Smith CE, Sluijs I, et al. FTO genetic variants, dietary intake and 
body mass index: insights from 177,330 individuals. Hum Mol Genet. 2014;23(25):6961–72.

 22. Cecil JE, Tavendale R, Watt P, Hetherington MM, Palmer CNA. An obesity-associated FTO gene variant and 
increased energy intake in children. N Engl J Med. 2008;359(24):2558–66.

 23. Ritter RC. Gastrointestinal mechanisms of satiation for food. Physiol Behav. 2004;81(2):249–73.
 24. Cummings DE, Overduin J. Gastrointestinal regulation of food intake. J Clin Invest. 2007;117(1):13–23.
 25. Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K. Ghrelin is a growth-hormone-releasing acyl-

ated peptide from stomach. Nature. 1999;402(6762):656–60.
 26. Gutierrez JA, Solenberg PJ, Perkins DR, Willency JA, Knierman MD, Jin Z, et al. Ghrelin octanoylation mediated 

by an orphan lipid transferase. Proc Natl Acad Sci U S A. 2008;105(17):6320–5.
 27. Sun Y, Wang P, Zheng H, Smith RG. Ghrelin stimulation of growth hormone release and appetite is mediated 

through the growth hormone secretagogue receptor. Proc Natl Acad Sci U S A. 2004;101(13):4679–84.
 28. Abizaid A, Liu Z-W, Andrews ZB, Shanabrough M, Borok E, Elsworth JD, et al. Ghrelin modulates the activ-

ity and synaptic input organization of midbrain dopamine neurons while promoting appetite. J Clin Invest. 
2006;116(12):3229–39.

 29. Wren AM, Seal LJ, Cohen MA, Brynes AE, Frost GS, Murphy KG, et al. Ghrelin enhances appetite and increases 
food intake in humans. J Clin Endocrinol Metab. 2001;86(12):5992.

 30. Steculorum SM, Collden G, Coupe B, Croizier S, Lockie S, Andrews ZB, et al. Neonatal ghrelin programs devel-
opment of hypothalamic feeding circuits. J Clin Invest. 2015;125(2):846–58.

28 Appetite Regulation



550

 31. Kissileff HR, Pi-Sunyer FX, Thornton J, Smith GP. C-terminal octapeptide of cholecystokinin decreases food 
intake in man. Am J Clin Nutr. 1981;34(2):154–60.

 32. Kissileff HR, Carretta JC, Geliebter A, Pi-Sunyer FX. Cholecystokinin and stomach distension combine to reduce 
food intake in humans. Am J Physiol Regul Integr Comp Physiol. 2003;285(5):R992–8.

 33. Crawley JN, Beinfeld MC. Rapid development of tolerance to the behavioural actions of cholecystokinin. Nature. 
1983;302(5910):703–6.

 34. D’Agostino G, Lyons DJ, Cristiano C, Burke LK, Madara JC, Campbell JN, et al. Appetite controlled by a chole-
cystokinin nucleus of the solitary tract to hypothalamus neurocircuit. Elife. 2016;14:5.

 35. Drucker DJ. The biology of incretin hormones. Cell Metab. 2006;3(3):153–65.
 36. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JFE, Nauck MA, et al. Liraglutide and cardiovas-

cular outcomes in type 2 diabetes. N Engl J Med. 2016;375(4):311–22.
 37. Sisley S, Gutierrez-Aguilar R, Scott M, D’Alessio DA, Sandoval DA, Seeley RJ. Neuronal GLP1R mediates lira-

glutide’s anorectic but not glucose-lowering effect. J Clin Invest. 2014;124(6):2456–63.
 38. Bagger JI, Holst JJ, Hartmann B, Andersen B, Knop FK, Vilsbøll T. Effect of Oxyntomodulin, glucagon, GLP- 

1, and combined glucagon +GLP-1 infusion on food intake, appetite, and resting energy expenditure. J Clin 
Endocrinol Metab. 2015;100(12):4541–52.

 39. Batterham RL, Cohen MA, Ellis SM, Le Roux CW, Withers DJ, Frost GS, et al. Inhibition of food intake in obese 
subjects by peptide YY3-36. N Engl J Med. 2003;349(10):941–8.

 40. Mietlicki-Baase EG, Olivos DR, Jeffrey BA, Hayes MR.  Cooperative interaction between leptin and amy-
lin signaling in the ventral tegmental area for the control of food intake. Am J Physiol Endocrinol Metab. 
2015;308(12):E1116–22.

 41. Baldini G, Phelan KD. The melanocortin pathway and control of appetite-progress and therapeutic implications. J 
Endocrinol. 2019;241(1):R1–33.

 42. Steinert RE, Luscombe-Marsh ND, Little TJ, Standfield S, Otto B, Horowitz M, et al. Effects of intraduodenal 
infusion of L-tryptophan on ad libitum eating, antropyloroduodenal motility, glycemia, insulinemia, and gut pep-
tide secretion in healthy men. J Clin Endocrinol Metab. 2014;99(9):3275–84.

 43. McVeay C, Fitzgerald PCE, Ullrich SS, Steinert RE, Horowitz M, Feinle-Bisset C.  Effects of intraduodenal 
administration of lauric acid and L-tryptophan, alone and combined, on gut hormones, pyloric pressures, and 
energy intake in healthy men. Am J Clin Nutr. 2019;109(5):1335–43.

 44. Hankir MK, Seyfried F, Hintschich CA, Diep T-A, Kleberg K, Kranz M, et al. Gastric bypass surgery recruits a gut 
PPAR-α-striatal D1R pathway to reduce fat appetite in obese rats. Cell Metab. 2017;25(2):335–44.

 45. DiPatrizio NV, Piomelli D. Intestinal lipid–derived signals that sense dietary fat. J Clin Invest. 2015;125(3):891–8.
 46. Talukdar S, Owen BM, Song P, Hernandez G, Zhang Y, Zhou Y, et al. FGF21 regulates sweet and alcohol prefer-

ence. Cell Metab. 2016;23(2):344–9.
 47. von Holstein-Rathlou S, BonDurant LD, Peltekian L, Naber MC, Yin TC, Claflin KE, et al. FGF21 mediates endo-

crine control of simple sugar intake and sweet taste preference by the liver. Cell Metab. 2016;23(2):335–43.
 48. Søberg S, Sandholt CH, Jespersen NZ, Toft U, Madsen AL, von Holstein-Rathlou S, et al. FGF21 Is a sugar- 

induced hormone associated with sweet intake and preference in humans. Cell Metab. 2017;25(5):1045–1053.e6.
 49. Farooqi IS, Matarese G, Lord GM, Keogh JM, Lawrence E, Agwu C, et al. Beneficial effects of leptin on obesity, T 

cell hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human congenital leptin deficiency. J Clin 
Invest. 2002;110(8):1093–103.

 50. Vong L, Ye C, Yang Z, Choi B, Chua S, Lowell BB. Leptin action on GABAergic neurons prevents obesity and 
reduces inhibitory tone to POMC neurons. Neuron. 2011;71(1):142–54.

 51. Garfield AS, Patterson C, Skora S, Gribble FM, Reimann F, Evans ML, et  al. Neurochemical characteriza-
tion of body weight-regulating leptin receptor neurons in the nucleus of the solitary tract. Endocrinology. 
2012;153(10):4600–7.

 52. Kanoski SE, Ong ZY, Fortin SM, Schlessinger ES, Grill HJ. Liraglutide, leptin and their combined effects on 
feeding: additive intake reduction through common intracellular signalling mechanisms. Diabetes Obes Metab. 
2015;17(3):285–93.

 53. Matson CA, Reid DF, Ritter RC. Daily CCK injection enhances reduction of body weight by chronic intracerebro-
ventricular leptin infusion. Am J Physiol Regul Integr Comp Physiol. 2002;282(5):R1368–73.

 54. Dardeno TA, Chou SH, Moon H-S, Chamberland JP, Fiorenza CG, Mantzoros CS. Leptin in human physiology 
and therapeutics. Front Neuroendocrinol. 2010;31(3):377–93.

 55. Stengel A, Taché Y. Minireview: nesfatin-1—an emerging new player in the brain-gut, endocrine, and metabolic 
axis. Endocrinology. 2011;152(11):4033–8.

 56. Plata-Salamán CR. Cytokines and feeding. Int J Obes Relat Metab Disord. 2001;25(Suppl 5):S48–52.
 57. Olszewski PK, Levine AS. Basic research on appetite regulation: social context of a meal is missing. Pharmacol 

Biochem Behav. 2016;148:106–7.
 58. Hylander B, Barkeling B, Rössner S. Changes in patients’ eating behavior: in the uremic state, on continuous 

ambulatory peritoneal dialysis treatment, and after transplantation. Am J Kidney Dis. 1997;29(5):691–8.

F. Guebre-Egziabher



551

 59. McMahon EJ, Campbell KL, Bauer JD. Taste perception in kidney disease and relationship to dietary sodium 
intake. Appetite. 2014;83:236–41.

 60. Aguilera A, Codoceo R, Bajo MA, Iglesias P, Diéz JJ, Barril G, et al. Eating behavior disorders in uremia: a ques-
tion of balance in appetite regulation. Semin Dial. 2004;17(1):44–52.

 61. Dobell E, Chan M, Williams P, Allman M. Food preferences and food habits of patients with chronic renal failure 
undergoing dialysis. J Am Diet Assoc. 1993;93(10):1129–35.

 62. Wright MJ, Woodrow G, O’Brien S, King NA, Dye L, Blundell JE, et al. A novel technique to demonstrate dis-
turbed appetite profiles in haemodialysis patients. Nephrol Dial Transplant. 2001;16(7):1424–9.

 63. Landis BN, Marangon N, Saudan P, Hugentobler M, Giger R, Martin P-Y, et al. Olfactory function improves fol-
lowing hemodialysis. Kidney Int. 2011;80(8):886–93.

 64. Griep MI, Van der Niepen P, Sennesael JJ, Mets TF, Massart DL, Verbeelen DL. Odour perception in chronic renal 
disease. Nephrol Dial Transplant. 1997;12(10):2093–8.

 65. Bomback AS, Raff AC. Olfactory function in dialysis patients: a potential key to understanding the uremic state. 
Kidney Int. 2011;80(8):803–5.

 66. Nigwekar SU, Weiser JM, Kalim S, Xu D, Wibecan JL, Dougherty SM, et al. Characterization and correction of 
olfactory deficits in kidney disease. J Am Soc Nephrol. 2017;28(11):3395–403.

 67. Raff AC, Lieu S, Melamed ML, Quan Z, Ponda M, Meyer TW, et al. Relationship of impaired olfactory function 
in ESRD to malnutrition and retained uremic molecules. Am J Kidney Dis. 2008;52(1):102–10.

 68. Cheung W, Yu PX, Little BM, Cone RD, Marks DL, Mak RH. Role of leptin and melanocortin signaling in uremia- 
associated cachexia. J Clin Invest. 2005;115(6):1659–65.

 69. Cheung WW, Kuo H-J, Markison S, Chen C, Foster AC, Marks DL, et al. Peripheral administration of the mel-
anocortin- 4 receptor antagonist NBI-12i ameliorates uremia-associated cachexia in mice. J Am Soc Nephrol. 
2007;18(9):2517–24.

 70. Aguilera A, Codoceo R, Selgas R, Garcia P, Picornell M, Diaz C, et al. Anorexigen (TNF-alpha, cholecystokinin) 
and orexigen (neuropeptide Y) plasma levels in peritoneal dialysis (PD) patients: their relationship with nutritional 
parameters. Nephrol Dial Transplant. 1998;13(6):1476–83.

 71. Anderstam B, Mamoun AH, Södersten P, Bergström J.  Middle-sized molecule fractions isolated from uremic 
ultrafiltrate and normal urine inhibit ingestive behavior in the rat. J Am Soc Nephrol. 1996;7(11):2453–60.

 72. Cumin F, Baum HP, Levens N. Leptin is cleared from the circulation primarily by the kidney. Int J Obes Relat 
Metab Disord. 1996;20(12):1120–6.

 73. Sharma K, Considine RV, Michael B, Dunn SR, Weisberg LS, Kurnik BR, et al. Plasma leptin is partly cleared by 
the kidney and is elevated in hemodialysis patients. Kidney Int. 1997;51(6):1980–5.

 74. Meyer C, Robson D, Rackovsky N, Nadkarni V, Gerich J. Role of the kidney in human leptin metabolism. Am J 
Physiol. 1997;273(5):E903–7.

 75. Aminzadeh MA, Pahl MV, Barton CH, Doctor NS, Vaziri ND. Human uraemic plasma stimulates release of leptin 
and uptake of tumour necrosis factor-alpha in visceral adipocytes. Nephrol Dial Transplant. 2009;24(12):3626–31.

 76. Kalbacher E, Koppe L, Zarrouki B, Pillon NJ, Fouque D, Soulage CO. Human uremic plasma and not urea induces 
exuberant secretion of leptin in 3T3-L1 adipocytes. J Ren Nutr. 2011;21(1):72–5.

 77. Stenvinkel P, Heimbürger O, Lönnqvist F. Serum leptin concentrations correlate to plasma insulin concentrations 
independent of body fat content in chronic renal failure. Nephrol Dial Transplant. 1997;12(7):1321–5.

 78. Heimbürger O, Lönnqvist F, Danielsson A, Nordenström J, Stenvinkel P. Serum immunoreactive leptin concentra-
tion and its relation to the body fat content in chronic renal failure. J Am Soc Nephrol. 1997;8(9):1423–30.

 79. Pecoits-Filho R, Nordfors L, Heimbürger O, Lindholm B, Anderstam B, Marchlewska A, et al. Soluble leptin 
receptors and serum leptin in end-stage renal disease: relationship with inflammation and body composition. Eur 
J Clin Invest. 2002;32(11):811–7.

 80. Mak RH, Cheung W, Cone RD, Marks DL. Leptin and inflammation-associated cachexia in chronic kidney dis-
ease. Kidney Int. 2006;69(5):794–7.

 81. Daschner M, Tönshoff B, Blum WF, Englaro P, Wingen AM, Schaefer F, et al. Inappropriate elevation of serum 
leptin levels in children with chronic renal failure. European Study Group for Nutritional Treatment of Chronic 
Renal Failure in Childhood. J Am Soc Nephrol. 1998;9(6):1074–9.

 82. Odamaki M, Furuya R, Yoneyama T, Nishikino M, Hibi I, Miyaji K, et al. Association of the serum leptin concen-
tration with weight loss in chronic hemodialysis patients. Am J Kidney Dis. 1999;33(2):361–8.

 83. Castaneda-Sceppa C, Sarnak MJ, Wang X, Greene T, Madero M, Kusek JW, et al. Role of adipose tissue in deter-
mining muscle mass in patients with chronic kidney disease. J Ren Nutr. 2007;17(5):314–22.

 84. Rodriguez Ayala E, Pecoits-Filho R, Heimbürger O, Lindholm B, Nordfors L, Stenvinkel P. Associations between 
plasma ghrelin levels and body composition in end-stage renal disease: a longitudinal study. Nephrol Dial 
Transplant. 2004;19(2):421–6.

 85. Chudek J, Adamczak M, Kania M, Hołowiecka A, Rozmus W, Kokot F, et  al. Does plasma leptin concen-
tration predict the nutritional status of hemodialyzed patients with chronic renal failure? Med Sci Monit. 
2003;9(8):CR377–82.

28 Appetite Regulation



552

 86. Bossola M, Scribano D, Colacicco L, Tavazzi B, Giungi S, Zuppi C, et al. Anorexia and plasma levels of free 
tryptophan, branched chain amino acids, and ghrelin in hemodialysis patients. J Ren Nutr. 2009;19(3):248–55.

 87. Gupta RK, Kuppusamy T, Patrie JT, Gaylinn B, Liu J, Thorner MO, et al. Association of plasma des-acyl ghrelin 
levels with CKD. Clin J Am Soc Nephrol. 2013;8(7):1098–105.

 88. Mafra D, Guebre-Egziabher F, Cleaud C, Arkouche W, Mialon A, Drai J, et al. Obestatin and ghrelin interplay in 
hemodialysis patients. Nutrition. 2010;26(11–12):1100–4.

 89. Deboer MD, Zhu X, Levasseur PR, Inui A, Hu Z, Han G, et  al. Ghrelin treatment of chronic kidney disease: 
improvements in lean body mass and cytokine profile. Endocrinology. 2008;149(2):827–35.

 90. Ashby DR, Ford HE, Wynne KJ, Wren AM, Murphy KG, Busbridge M, et al. Sustained appetite improvement in 
malnourished dialysis patients by daily ghrelin treatment. Kidney Int. 2009;76(2):199–206.

 91. Wynne K, Giannitsopoulou K, Small CJ, Patterson M, Frost G, Ghatei MA, et al. Subcutaneous ghrelin enhances 
acute food intake in malnourished patients who receive maintenance peritoneal dialysis: a randomized, placebo- 
controlled trial. J Am Soc Nephrol. 2005;16(7):2111–8.

 92. Carrero JJ, Witasp A, Stenvinkel P, Qureshi AR, Heimbürger O, Bárány P, et al. Visfatin is increased in chronic 
kidney disease patients with poor appetite and correlates negatively with fasting serum amino acids and triglycer-
ide levels. Nephrol Dial Transplant. 2010;25(3):901–6.

 93. Lebherz C, Schlieper G, Möllmann J, Kahles F, Schwarz M, Brünsing J, et al. GLP-1 levels predict mortality in 
patients with critical illness as well as end-stage renal disease. Am J Med. 2017;130(7):833–841.e3.

 94. Hirako M, Kamiya T, Misu N, Kobayashi Y, Adachi H, Shikano M, et al. Impaired gastric motility and its relation-
ship to gastrointestinal symptoms in patients with chronic renal failure. J Gastroenterol. 2005;40(12):1116–22.

 95. Wu G-J, Cai X-D, Xing J, Zhong G-H, Chen JDZ. Circulating motilin, ghrelin, and GLP-1 and their correla-
tions with gastric slow waves in patients with chronic kidney disease. Am J Physiol Regul Integr Comp Physiol. 
2017;313(2):R149–57.

 96. Tuttle KR, Lakshmanan MC, Rayner B, Busch RS, Zimmermann AG, Woodward DB, et al. Dulaglutide versus 
insulin glargine in patients with type 2 diabetes and moderate-to-severe chronic kidney disease (AWARD-7): a 
multicentre, open-label, randomised trial. Lancet Diabetes Endocrinol. 2018;6(8):605–17.

 97. Wright M, Woodrow G, O’Brien S, Armstrong E, King N, Dye L, et al. Cholecystokinin and leptin: their influence 
upon the eating behaviour and nutrient intake of dialysis patients. Nephrol Dial Transplant. 2004;19(1):133–40.

 98. Stein S, Bachmann A, Lössner U, Kratzsch J, Blüher M, Stumvoll M, et al. Serum levels of the adipokine FGF21 
depend on renal function. Diabetes Care. 2009;32(1):126–8.

 99. de PGA S, de Paula RB, Sanders-Pinheiro H, Moe OW, Hu M-C. Fibroblast growth factor 21 in chronic kidney 
disease. J Nephrol. 2019;32(3):365–77.

 100. Kalantar-Zadeh K, Abbott KC, Salahudeen AK, Kilpatrick RD, Horwich TB. Survival advantages of obesity in 
dialysis patients. Am J Clin Nutr. 2005;81(3):543–54.

 101. Carr SJ, Layward E, Bevington A, Hattersley J, Walls J. Plasma amino acid profile in the elderly with increasing 
uraemia. Nephron. 1994;66(2):228–30.

 102. Hiroshige K, Sonta T, Suda T, Kanegae K, Ohtani A. Oral supplementation of branched-chain amino acid improves 
nutritional status in elderly patients on chronic haemodialysis. Nephrol Dial Transplant. 2001;16(9):1856–62.

F. Guebre-Egziabher



553© Springer Nature Switzerland AG 2020 
J. D. Burrowes et al. (eds.), Nutrition in Kidney Disease, Nutrition and Health, 
https://doi.org/10.1007/978-3-030-44858-5_29

Chapter 29
Advanced Glycation End Products

Annabel Biruete and Jaime Uribarri

Keywords Advanced glycation end products · Chronic kidney disease · Diabetes mellitus · Oxidative 
stress · Inflammation · Carboxymethyllysine · Pentosidine · Methylglyoxal · Diet · Nutritional 
intervention

Key Points
• Advanced glycation end products (AGEs) can be produced endogenously or obtained exog-

enously from the diet.
• AGEs have been associated with kidney damage and, thus, progression of chronic kidney 

disease.
• Cooking methods where high heat and low moisture are used increase the formation of 

AGEs.
• Interventions with a low dietary AGE have been shown to reduce circulating AGEs and 

markers of oxidative stress and inflammation.
• Diets low in AGEs should be recommended for patients at high risk of CKD.
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 Introduction

Advanced glycation end products (AGEs) play a major role in diabetic vascular complications, such 
as chronic kidney disease (CKD), by activating pro-oxidant and pro-inflammatory responses [1, 2]. 
Although traditionally AGEs have been associated with uncontrolled hyperglycemia of diabetes mel-
litus, there is increasing evidence that exogenous AGEs from diet have an important contribution to 
these processes [3, 4]. The reduction of dietary AGE intake has been demonstrated to prevent or 
diminish pro-oxidant and pro-inflammatory responses in several clinical trials [5–10]. These trials 
have also demonstrated that dietary AGE restriction is simple, feasible, and safe to apply clinically, 
even in CKD patients. In this chapter, we will summarize the current data on the use of this interven-
tion in clinical practice with particular emphasis on CKD patients.
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 What Are Advanced Glycation End Products (AGEs) and How Do They 
Cause Disease?

AGEs are a very large and heterogeneous group of compounds originating from the spontaneous reac-
tion of reducing sugars with free amino groups in amino acids in the so-called Maillard or browning 
reaction. Although a lot of attention has been devoted to this reaction, we currently know that AGEs 
can be formed through many other reactions, such as oxidation of sugars, lipids, and amino acids that 
creates reactive aldehydes that in turn form AGEs. Carboxymethyllysine (CML), carboxyethyllysine 
(CEL), methylglyoxal-derivatives (MG), and pentosidine are some commonly measured and well- 
described AGEs in biological studies.

AGEs form continuously in the body through a variety of spontaneous reactions, which are mark-
edly increased in conditions of hyperglycemia or elevated oxidative stress, such as in CKD; these are 
the endogenous AGEs. Of note, however, AGEs can also form outside of the body in any system as 
long as the required reagents are available. For example, we know they form spontaneously in food, 
especially when processed and cooked with heat; these are the exogenous AGEs [11, 12]. In a fraction 
of ingested food, AGEs will get absorbed and incorporated into the body AGE pool, where they are 
indistinguishable from their endogenous counterparts, both in structure and function [13].

AGEs, endogenous or exogenous, lead to tissue injury by at least two mechanisms: (1) by causing protein 
cross-linking, inducing direct modifications of protein structure and, therefore, function and (2) by activating 
pro-inflammatory and pro-oxidative cellular signaling pathways through receptor- and non-receptor-mediated 
mechanisms. For example, direct cross-linking of collagen may be responsible for arterial wall stiffness, and 
glycation of specific amino acids in a protein molecule could affect the binding of this protein to receptors.

AGE binding to the receptor of AGEs (RAGE) or Toll-like receptors (TLRs) 2 and 4 initiates intra-
cellular signaling that leads to the activation of several pro-inflammatory and pro-oxidative stress 
responses [14]. In contrast, AGE binding and activation of the AGE receptor 1 (AGER1) initiate AGE 
breakdown and diminish the RAGE-mediated activation of nuclear factor-kappa B (NF-κB) [15].

Increased oxidative stress and inflammation are the underlying mechanisms of many chronic diseases, 
including diabetes, cardiovascular disease, and CKD. The kidneys are the major players in maintaining 
AGE homeostasis. AGE peptides undergo filtration followed by partial tubular reabsorption and possibly 
also secretion after tubular uptake from the peritubular blood flow [16]. AGEs undergo variable degrees 
of catabolism within the renal tubules. Not surprisingly, an elevation of AGEs is characteristic of any 
reduction in kidney function [17] and may play a role in facilitating the progression of any underlying 
kidney condition. Circulating AGE levels are markedly increased in CKD of any etiology, before and after 
the initiation of dialysis [1, 18]. This increase of AGEs in CKD may play a role in the high prevalence of 
endothelial dysfunction and subsequent cardiovascular disease in this population [19].

Conventional hemodialysis (HD) of three times a week for 4 hours each is not very effective at 
removing AGEs [18], while short daily dialysis, hemodiafiltration, and hemofiltration have been 
shown to be more effective [20, 21]. At least in one study, hemodiafiltration significantly lowered 
serum AGE levels as compared to high-flux HD by the end of the treatment period [22]. Circulating 
AGE levels are also increased in peritoneal dialysis (PD) patients, but lower than in HD patients, and 
the amount seems to vary depending on the type of PD solution [18, 23, 24]. Importantly, circulating 
AGE levels fall significantly following a successful kidney transplantation [25].

 Evidence Linking AGEs and Kidney Disease

 In Vitro Studies

AGEs, through their cross-link of proteins in the kidney extracellular matrix, lead to many abnormali-
ties: altered matrix protein structure and function, aberrant cell-matrix interactions that change cel-
lular adhesion, altered cell growth, and loss of the epithelial phenotype [26, 27].
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In vitro  incubation of AGEs with every cell type within the kidneys has been shown to initiate 
potential mechanisms of cell injury [28]. For example, binding of AGEs to mesangial cells increases 
production of matrix proteins while decreasing expression of major metalloproteinases that normally 
would degrade matrix proteins [29]. Incubation of human glomerular endothelial cells with AGEs 
increases expression of vascular endothelial growth factor that attracts inflammatory cells [30]. RAGE 
activation changes the endothelium surface from an anticoagulant to a procoagulant state by reducing 
thrombomodulin activity and increasing tissue factor expression [31]. AGEs also affect podocytes 
inducing podocyte apoptosis and reducing expression of nephrin [32], providing a direct link between 
AGEs and kidney damage.

 Animal Studies

There is strong experimental animal data supporting a role for AGEs causing kidney damage in 
vivo. A classic study showed that intraperitoneal administration of AGEs for 4 weeks into mice 
induced a marked increase in glomerular extracellular matrix α1(IV) collagen, laminin β1, and 
transforming growth factor β (TGFβ) [33]. Moreover, these changes diminished with the coadmin-
istration of aminoguanidine, a known AGE inhibitor [33]. In another study, long-term administra-
tion of intravenous AGE-albumin to normal rats induced albuminuria and morphologic changes of 
diabetic nephropathy, including glomerular hypertrophy, mesangial matrix expansion, and base-
ment membrane thickening [34]. Overexpression of RAGE in diabetic mice increased the signs of 
kidney disease, while blockade of RAGE by a soluble truncated form of RAGE prevented struc-
tural and functional characteristics of nephropathy in db/db mice [35, 36]. Anti-AGE strategies, 
such as the administration of aminoguanidine, benfotiamine, pyridoxamine, OPB-9195, and AGE 
breakers, have all been shown to ameliorate diabetic nephropathy in rats without influencing gly-
cemic control [37, 38].

A direct connection between dietary AGEs and the development of kidney disease was demon-
strated when diabetic nephropathy, highly prevalent in non-obese diabetic mice with type 1 diabetes 
and db/db mice with type 2 diabetes, fed with regular chow (rich in AGEs through pellet formation 
and sterilization), was almost completely abrogated in the same groups of mice randomized to a low- 
AGE diet (which was a purified diet that does not need to be sterilized) [39].

 Human Data

 Effects of Acute Oral AGE Loads

Recently, an interesting study performed in healthy volunteers tested the acute effect of a protein load 
(1 g/kg) either high or low on AGEs on noninvasive parameters of kidney function [40]. The study 
suggests that it is the AGE content, not the total protein load, that is responsible for the observed renal 
hemodynamic modifications (increased renal perfusion and renal oxygen consumption). Extrapolating 
results one may assume that decreasing dietary AGE content may ameliorate glomerular hyperfiltra-
tion and perhaps progressive CKD, but long-term studies are lacking.

In the past, acute oral AGE loads have been shown to have endothelial effects on both healthy sub-
jects and diabetic patients. In one study, a single oral dose of a high-AGE beverage was administered 
to both healthy subjects and patients with diabetes [41]. Within 2 hours, serum AGE levels increased in 
association with transient impairment of flow-mediated vasodilatation, a noninvasive test of endothelial 
function. Pretreatment of the subjects with benfotiamine, an inhibitor of glycation, prevented the endo-
thelial effects [42]. In another study, a single high-AGE solid meal given to patients with diabetes was 
also followed by marked impairment of flow-mediated vasodilatation, as compared with an isocaloric 
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low-AGE meal [43]. All of these results support a mechanistic link between dietary AGEs and cardio-
vascular disease, since endothelial dysfunction is the earliest abnormality in atherosclerosis.

 Observational Studies

There are several studies showing an association between levels of circulating AGEs and progression 
of CKD [44–47]. In a study in American Indians with type 2 diabetes, circulating AGEs (including 
CML and CEL) were inversely associated with glomerular filtration rate [44]. In a prospective cohort 
of individuals with CKD, MG was an independent risk factor for death, cardiovascular events, and/or 
end-stage kidney disease (ESKD) (which were the primary endpoints) [46]. Similarly, Semba et al.
[45] showed that in a cohort of community-dwelling women from the Women’s Health and Aging 
Study, circulating CML and the soluble RAGE were independently associated with lower glomerular 
filtration rate. Finally, circulating levels of soluble RAGE were positively associated with CKD and 
ESKD [47].

 Clinical Trials with Dietary AGE Restriction

 CKD Patients Without Diabetes

Two clinical trials have tested the effects of an AGE-restricted diet in patients with CKD in the absence 
of diabetes. In one of the studies, a group of stage 3 CKD patients was randomly assigned to either a 
regular diet or an isocaloric diet containing 50% lower AGEs for a period of 4 weeks [7]. Patients on 
the low-AGE diet exhibited a significant decrease of extracellular and intracellular markers of inflam-
mation and oxidative stress, including AGEs, tumor necrosis factor (TNFα), vascular cell adhesion 
molecule 1 (VCAM-1), and RAGE compared to the regular diet group [7]. In a second trial, a group 
of patients with ESKD without diabetes on maintenance PD was randomized to follow either a regular 
or a low-AGE diet for 4 weeks [6]. The low-AGE diet group showed a significant decrease in the 
levels of circulating AGEs and high-sensitivity C-reactive protein (hsCRP) [6].

In the above studies, patients with CKD without diabetes were instructed to lower the dietary 
intake of AGEs, while maintaining the same baseline caloric and nutrient content. This was achieved 
by receiving detailed instructions on how to prepare their food at home by a study dietitian who was 
in frequent telephone contact with them.

 Patients with Diabetes without CKD

A few trials on the effect of dietary AGE restriction have been performed in patients with diabetes with-
out overt kidney disease. The first study was published in 2002 [5]. This was a crossover study between 
low and regular AGE diets for a period of 6 weeks. Meals were prepared in the clinical research unit 
metabolic kitchen and patients picked them up twice a week during the duration of the study. Levels of 
circulating AGEs (both CML and MG) as well as markers of endothelial function and inflammation 
such as VCAM-1, hsCRP and TNFα markedly decreased in patients during the low- AGE diet interven-
tion. Circulating AGE levels decreased by as much as 40% during the study despite similar degree of 
diabetic control. Of importance, before this study was published, high serum AGE levels in patients 
with  diabetes were thought to result exclusively from hyperglycemia-induced endogenous 
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overproduction. Therefore, the observed fall of serum AGE levels while maintaining overall unchanged 
glycemic control, probably attributed to the restricted AGE diet, was a novel finding.

In a more recent study, a group of patients with type 2 diabetes were randomized to follow either a 
regular or a low-AGE diet for 4 months [8]. Circulating markers of AGEs, inflammation, and oxida-
tive stress also decreased following the low-AGE diet, but more importantly the AGE-restricted diet 
decreased the homeostatic model assessment index (HOMA), a marker of insulin resistance [8]. This 
reduction of HOMA, which implies improvement of insulin sensitivity, brings up an important 
hypothesis: AGEs seem to have an important role in modifying insulin resistance itself and, therefore, 
diabetes. If this effect of the low-AGE diet is further confirmed, it opens a big opportunity for a safe, 
inexpensive, and effective dietary modulation to prevent or improve diabetes and, therefore, future 
development of CKD.

A low-AGE diet has also been shown to increase AGER1 and sirtuin 1 (SIRT1), two protective 
markers that tend to be suppressed in conditions of high oxidative stress, such as diabetes and CKD 
[48]. The restoration of their levels by the low-AGE diet suggests the previous suppression is due to 
an environmental factor, most likely the high AGE-induced oxidative stress.

A third published clinical trial performed in Mexico also demonstrated that a low-AGE diet 
decreased markers of inflammation and oxidative stress in a group of patients with type 2 diabetes 
[10]. Recently, a randomized controlled trial by Lopez-Moreno et al. [49] tested the effects of a high 
saturated fat diet, high monounsaturated fat diet, and low-fat high-complex carbohydrate diet with or 
without omega-3 fatty acids in individuals with metabolic syndrome. The authors showed that those 
in the high monounsaturated fat diet reduced circulating AGEs and expression of genes associated 
with AGEs in peripheral blood mononuclear cells, such as the receptor for RAGE [49]. Although none 
of the patients with diabetes included in the studies above had CKD, these studies are very pertinent 
to this chapter since diabetes is a major risk factor for CKD in the USA. 

  An Oral AGE Binder in CKD Patients with Diabetes

Two studies from the same group of investigators have been reported on the systemic effects of the 
use of sevelamer carbonate, proposed as an oral AGE binder, in CKD patients with diabetes [50]. 
Sevelamer is a nonselective anion binder, which is traditionally used as a phosphate binder, but 
may also bind other molecules, such as AGEs. The first study was a crossover study of 20 patients 
with diabetes and CKD comparing sevelamer carbonate versus calcium carbonate for 8 weeks, and 
the second study was a larger randomized study comparing sevelamer carbonate with calcium 
carbonate as parallel groups in 117 patients with type 2 diabetes and stages 2–4 CKD [51]. In both 
studies, attention was given to maintain dietary intake unchanged during the intervention period. 
The results in both studies were similar: sevelamer therapy, in contrast to calcium carbonate, 
reproduced all the findings observed with the low dietary AGE intervention described above, 
despite the unchanged dietary intake during the study period [50]. More specifically, the use of 
sevelamer was associated with reduced circulating levels of AGEs, 8-isoprostane, and TNFα, all 
of which were high and increased AGER1 and SIRT1, both of which were low. In vitro tests docu-
mented that sevelamer binds AGEs quite effectively, and presumably this was the explanation for 
the findings [50]. Of interest, in the second study, although the urinary albumin/creatinine ratio did 
not change in the overall group on sevelamer, subgroup analyses showed that the ratio was signifi-
cantly decreased in subjects less than 65 years of age and in non-Caucasians [51]. Another random-
ized study from Japan looked at the effects of sevelamer versus calcium carbonate for 1 year in a 
group of 183 HD patients. Patients on sevelamer experienced decreased serum pentosidine levels and 
coronary artery calcium scores compared to those on calcium carbonate [42].
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 Healthy Subjects and Patients with the Metabolic Syndrome

A few studies done on healthy subjects [3, 7] and in patients with the metabolic syndrome [10, 52–54] 
have confirmed that the initiation of a low-AGE diet decreases circulating markers of AGEs, inflam-
mation, oxidative stress, and more importantly, HOMA-IR index [10, 52–54].

 How Does a Low-AGE Diet Work?

The exact mechanisms how dietary AGEs contribute to cardiovascular disease and CKD have not 
been precisely determined, but they may not just result from direct gastrointestinal absorption raising 
serum AGE levels that in turn induce elevated systemic oxidative stress and inflammation. In fact, 
only about 10% of dietary AGEs are absorbed [16]. However, it is also important to know that the 
amount of AGEs in foods far exceeds the amount of circulating AGEs and, thus, that 10% is a signifi-
cant amount [16]. An action of unabsorbed dietary AGEs in the colon remains possible, including 
AGEs binding to RAGE or Toll-like receptors in the colon cells inducing a local inflammatory 
response with subsequent release of inflammatory mediators into the circulation or AGEs altering the 
microbiome profile in the gut leading to release of toxins into circulation. Yacoub et al. [55] assessed 
the effects of a low-AGE versus high-AGE diet for a month in peritoneal dialysis patients. They found 
that the dietary intervention altered the composition of the gut microbiota. Specifically, those in the 
AGE-restricted group had a reduction in the relative abundance of Prevotella copri and Bifidobacterium 
animalis and an increase in the relative abundance of Alistipes indistinctus, Clostridium citroniae, 
Clostridium hathewayi, and Ruminococcus gauvreauii. Recently, Snelson and Coughlan [13] reviewed 
the potential effects of AGEs on the gastrointestinal microbiome and metabolites produced by the 
microbiota. Interestingly, in experimental studies in rats, the use of heat-treated diets has been shown 
to decrease the cecal concentration of short-chain fatty acids, derived from the bacterial fermentation 
of carbohydrates and traditionally considered beneficial [13]. However, the long-term effects of these 
changes in the fecal microbiota and functional capacity of the microbiome in the context of CKD 
remain to be fully explored.

 How to Implement and Recommend a Low-AGE Diet

Although the formation of AGEs is a complex process, dietary AGE intake is relatively easy to 
decrease. Additionally, a large database with the AGE content of common foods has been published 
and can be used to estimate dietary AGE intake as well as to give advice on how to reduce this 
intake [11, 12]. There are four main characteristics that affect the formation of AGEs in food: tem-
perature, moisture, pH, and substrates for AGE formation (i.e., protein content) [11]. In terms of 
cooking foods, the basic concept of the low-AGE diet is that the same amount of a nutrient can 
provide very different amounts of oxidant substances depending on the cooking method. 
Unfortunately, there is no specific threshold temperature above which AGEs start to generate. 
Therefore, one can only make the general recommendation that the lower the temperature, the less 
the amount of AGEs generated. Cooking methods that use dry heat, such as broiling, searing, and 
frying, have been shown to have the highest content of AGEs [11]. Contrarily, methods that utilize 
a moisture-based heating process, such as poaching, stewing, steaming, and boiling, are lower in 
AGEs [11]. Thus, these methods should be preferred.
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An acidic pH has also been shown to limit the formation of AGEs, whereas alkaline pH favors the 
Schiff base formation, one of the first reactions for AGE formation. Thus, the use of acidic foods, such 
as citrus foods or vinegars, as condiments can be recommended (i.e., marinade made with vinegar for 
high-protein foods, such as meats, is an easy way to incorporate into cooking). These culinary tech-
niques have long been featured in the Mediterranean, Asian, and other cuisines throughout the world 
to create palatable, easily prepared meals, with an added benefit of limiting AGE formation.

The content of dietary protein is also a determinant of AGE formation, as it is the substrate of the 
amine group. Dietary protein intake is a cornerstone of the medical nutrition therapy in kidney dis-
eases. While a low-protein diet is recommended in moderate-to-late stages of CKD, once patients 
transition into dialysis, dietary protein intake is recommended to increase. Unfortunately, to date, 
there are no studies that have assessed the effect of different amounts of dietary protein in nondialysis 
and dialysis-dependent CKD on circulating AGEs and AGE-mediated effects.

The immediate critique to a dietary intervention that relies on changing culinary technique is that 
patients will not follow it. The argument is often made that stewed chicken would be less tasty than 
fried chicken and, therefore, people will abandon this diet very easily. Based on our studies, however, 
consumers can be educated as to how to use low-AGE-generating cooking methods such as poaching, 
steaming, stewing, and boiling. Additionally, the use of herbs, condiments (free of sodium and potas-
sium), and spices should be encouraged, as some may have intrinsic antiglycation activity. In addition, 
as mentioned above, the use of marinades based on citrus fruits and vinegars may also reduce the 
amount of AGEs formed. These recommendations would make the low-AGE diet appealing and 
flavorful.

Currently, no official recommendations exist which point out the acceptable range or identify the 
upper limit on dietary AGE intake. We have previously proposed that half of the current mean AGE 
intake, or about 7500 kU per day, is a realistic goal [11]. Studies have shown that dietary AGE reduc-
tion of this magnitude is feasible and can significantly alter levels of circulating AGEs, while at the 
same time reducing levels of markers of oxidative stress and inflammation and enhancing insulin 
sensitivity in patients with diabetes [5–9].

We propose a multipronged strategy, which is a food-first approach:

 1. Decrease the intake of foods rich in AGEs (based on existing databases), taking into consideration 
cooking methods, moisture, pH, and protein [11, 18].

 2. Increase the intake of fresh food, naturally high in polyphenols and antioxidants to counter the 
already high oxidative stress and inflammatory states in CKD.

 3. Incorporate the use of herbs, spices, and condiments (with no sodium or potassium added) to 
improve the taste of food and which may also have antiglycation effect (curcumin, cinnamon, 
parsley, thyme, and clove) [56].

 4. Although not a dietary intervention, avoid the use of cigarette as it is high in AGEs [56]. Additionally, 
supplementation with benfotiamine (a derivative of vitamin B1– thiamine) [43] and pyridoxamine 
(a form of vitamin B6) [57] has been shown in experimental and clinical studies to reduce AGE 
formation. We must state clearly, however, that we have tested only the AGE-restricted diet and we 
are assuming that the simultaneous application of points 2 through 4 will have beneficial and syn-
ergistic effects.

 Conclusion

Dietary AGEs, abundantly present in the food commonly consumed in a typical American diet, con-
tribute significantly to the body pool of AGEs, which in turn is at least partly responsible for the ele-
vated oxidative stress and inflammation observed in patients with diabetes and CKD. A final proof of 
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a therapeutic role for the low-AGE diet will require large, prospective, and randomized clinical trials, 
which indeed may never take place. In the meantime, however, we believe that a careful analysis of 
the current data makes it reasonable and prudent to advise the limitation of dietary AGEs in CKD 
patients. This is particularly important since consumption of lower-AGE foods and preparation meth-
ods can easily be integrated into dietary patterns that are consistent with current recommendations 
designed to promote public health and prevent cardiovascular disease, cancer, diabetes, and obesity.
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 Introduction

The chronic kidney disease (CKD) population is older, with common comorbidities such as 
diabetes, hypertension, and cardiovascular disease (CVD). Frailty [1–5], low levels of physical 
function [2, 6–8], and low levels of physical activity [9–11] are related to morbidity and 
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Key Points
• People with chronic kidney disease (CKD) are more sedentary than the general population.
• Exercise capacity is restricted by the effects of CKD on cardiovascular (CV) and muscle 

function.
• People with CKD often have multiple comorbid conditions that also impact their physical 

function and activity levels.
• Sarcopenia and muscle wasting are common but potentially reversible with resistance 

training.
• The volume and intensity of most exercise interventions to date may have been insufficient 

to elicit the true benefits of exercise training for CKD patients.
• Improvements in physical function through exercise training are associated with improved 

quality of life in CKD and dialysis.
• Clinicians should include exercise history in clinical assessment and exercise interventions 

in treatment plans.
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mortality and are well documented in people with CKD. Obesity is common; however, sarcope-
nic obesity is increasingly recognized [12–15]. Although physical activity is generally recog-
nized as important, self-perception of actual activity levels is often overstated [16]. Physical 
activity and exercise should be the core components of the management of people with CKD.

Physical activity has been defined as bodily movement produced by the contraction of skeletal 
muscle that increases energy expenditure above a basal level and generally refers to the physical activ-
ity that enhances health. Exercise is a form of physical activity that is planned, structured, repetitive, 
and performed with the goal of improving health or fitness. All exercise is physical activity, but not all 
physical activity is exercise [17].

The goals of physical activity and exercise can be broadly broken down into rehabilitation from 
illness or injury, general health maintenance, disease prevention (including depression, weight loss), 
optimizing overall health (physical and cognitive function, comorbidity management), and improving 
performance. In this chapter we will consider the different types of physical activity including aero-
bic, muscle strengthening, bone strengthening, balance, and flexibility.

Aerobic physical activity (also called endurance or cardiovascular (CV) activity) involves the 
body’s large muscles moving in a rhythmic manner for a sustained period of time and improves car-
diorespiratory fitness. When considering aerobic activity, there are three basic components: frequency 
(how often), duration (how long), and intensity (how hard is the activity).

Muscle-strengthening activities are also called strength training, resistance training, or muscular 
strength and endurance exercises. The aim of muscle-strengthening activities is to increase skeletal 
muscle strength, power, endurance, or mass. Muscle-strengthening activity has three basic compo-
nents: frequency (how often), intensity (how much resistance or weight can be lifted), and sets and 
repetitions (how many times a person repeats the muscle-strengthening activity during a session, 
comparable to duration for aerobic activity).

Balance is a component of physical fitness closely related to muscle-strengthening activity that 
involves maintaining the body’s equilibrium while stationary or moving. Balance training includes 
static and dynamic exercises that are designed to improve an individual’s ability to resist forces that 
cause falls while a person is stationary or moving.

Bone-strengthening activity involves weight-bearing activities that produce an impact or tension 
force on bones to promote bone strength. Flexibility is a health- and performance-related component 
of physical activity that is intended to improve the range of motion of joints.

The basic principles of exercise prescription are overload, progression, and specificity. Overload is 
the amount of new activity added to a person’s usual activity level. Progression is the process of over-
loading as the body adapts by increasing the intensity, duration, frequency, or amount of activity. 
Specificity is the principle that the benefits of the activity relate to the body systems doing the work 
(e.g., leg exercises to improve leg strength).

 Benefits of Exercise

The benefits of exercise in the general population are discussed at length in the Physical Activity 
Guidelines for Americans [17] and other similar guidelines from Australia [18], the United Kingdom, 
and Canada. In brief, these guidelines suggest (1) moving more and sitting less throughout the day. 
Some physical activity is better than none, though doing moderate to vigorous activity provides even 
greater health benefits. (2) For more substantial benefits, 150–300 minutes/week of moderate inten-
sity activity, and/or 75–150 minutes/week of vigorous activity, are recommended. (3) Additional ben-
efits can accrue if moderate intensity activity for >300 minutes/week is done. (4) Adults should also 
do muscle-strengthening activities of moderate or greater intensity that involve all major muscle 
groups for 2 or more days a week. (5) Balance and flexibility activities several days a week will also 
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provide benefits for many. Examples of the benefits from engaging in regular physical activity are 
described in Table 30.1.

 Guidelines and Special Considerations for Exercise in CKD

Although CKD is not specifically recognized in the Physical Activity Guidelines for Americans, the 
evidence and recommendations support the benefits of exercise for the management of hypertension 
and diabetes, both risk factors for the development and progression of CKD, to lower the risk of CV 
mortality and disease progression. Considering the majority of people living with CKD are older 
adults, there are specific guidelines that recognize that the goals of exercise shift from disease preven-
tion to management of chronic disease, healthy aging, optimizing physical function, and preventing 
physical and cognitive decline with increasing age. These guidelines also recognize the importance of 
considering the relative intensity of exercise and physical activity that should be matched to the indi-
vidual’s ability.

The evidence for the benefits of physical activity in the population with CKD is increasingly rec-
ognized in nephrology guidelines. The 2005 National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (NKF-KDOQI) guidelines for cardiovascular disease in dialysis patients [19] 
emphasized the importance of exercise for adults receiving dialysis, especially if attempting to man-
age CV risk factors. In 2013, Exercise and Sports Science Australia (ESSA) published a position 
statement encouraging regular exercise training to be a component of the management of patients with 
CKD to reduce the risk of CV complications [20]. The Kidney Disease Improving Global Outcomes 
(KDIGO) 2012 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney 
Disease [21] recommend that people with CKD be encouraged to undertake physical activity 
 compatible with CV health and tolerance (aiming for at least 30 minutes 5 times per week). The exer-
cise guidelines for CKD patients are similar to those for the general population in terms of the recom-
mended frequency, intensity, and types of physical activity in which to engage [22]. This includes 

Table 30.1 Health benefits associated with regular physical activity [17]

Lower risk of all-cause mortality
Lower risk of cardiovascular disease mortality
Lower risk of cardiovascular disease (including heart disease and stroke)
Lower risk of hypertension
Lower risk of type 2 diabetes
Lower risk of adverse blood lipid profile
Lower risk of cancers of the bladder, breast, colon, endometrium, esophagus, kidney, lung, and stomach
Improved cognition
Reduced risk of dementia (including Alzheimer’s disease)
Improved quality of life (QOL)
Reduced anxiety
Reduced risk of depression
Improved sleep
Slowed or reduced weight gain
Weight loss, particularly when combined with reduced calorie intake
Prevention of weight regain following initial weight loss
Improved bone health
Improved physical function
Lower risk of falls (older adults)
Lower risk of fall-related injuries (older adults)
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combinations of endurance, resistance, flexibility, and balance exercises at least several days a week. 
However, none of these guidelines address implementation, the cornerstone of activity counselling.

Although the general population physical activity guidelines appear appropriate for people with 
CKD, there are reasons why these recommendations need to be considered carefully in the CKD 
population. In CKD there are conditions resulting in loss of lean body mass unrelated to reduced 
nutrient intake. These include nonspecific inflammatory processes, intercurrent catabolic illnesses, 
nutrient losses into dialysate, acidosis, and endocrine disorders such as resistance to insulin, growth 
hormone, and insulin-like growth factor-1 (IGF-1) [23]. Inflammation can impair protein anabolism 
independently of whether adequate nutrition is present [23]. Acidosis is common and an established 
cause of increased protein catabolism, muscle wasting, and inhibition of anabolic signaling pathways 
[24]. Impaired insulin/IGF-1 intracellular signaling activates the ubiquitin-proteasome system (UPS) 
to stimulate muscle protein catabolism [25]. In addition, people with CKD have impaired muscle 
protein synthesis and muscle mitochondrial metabolism [26], and there are metabolic and structural 
abnormalities in muscle fibers [24] and increased arterial stiffness [27] that may limit the anabolic 
effectiveness of exercise independent of age, hemoglobin levels, and endothelial function. Peripheral 
neuropathy is a common complication of diabetes that can impair basic physical functions such as 
walking.

Before 1990 many considered the predominant cause of exercise limitation in CKD to be related 
to the associated anemia; however, the adoption of erythropoietin-stimulating agents in clinical prac-
tice failed to fully improve patient symptoms of well-being and functional capacity [28]. The implica-
tions of mild anemia on exercise capacity are perhaps understated. Poorly managed renal anemia is 
related to lethargy, decreased motivation, and reduced CV exercise capacity [29]. The ceiling exercise 
intensity may also be influenced by medications such as beta-blockers that limit maximum heart rate.

Another significant problem in people with CKD that may impact ability to exercise is chronic 
volume overload (VO). VO is a concern in all CKD patients, but it is an especially vexing problem in 
hemodialysis. It is the primary cause of hypertension and congestive heart failure, but also leads to 
intradialytic hypotension (IDH) and increased CV mortality [30]. VO is also highly correlated with 
fatigue [31] and also limits ability to exercise during dialysis [32].

 Assessing Outcomes from Exercise Interventions

Aside from physical performance measures such as progression of intensity/loads, repetitions, and 
frequency, it is also useful to consider various physical assessments as outcome measures in research 
and clinical practice. Research studies can use computed tomography (CT) scanning to measure mus-
cle cross-sectional area (CSA), magnetic resonance imaging (MRI) to measure muscle volume, or 
dual-energy X-ray absorptiometry (DXA) to measure lean mass, but these are usually not an afford-
able option in most healthcare settings. In the clinic, simple anthropometric measures such as upper 
and lower limb girths and validated tools such as Subjective Global Assessment (SGA) or Patient- 
Generated SGA (PG-SGA) and physical function assessment tools can also provide valuable insight 
into physical function and outcomes of exercise interventions. Bioimpedance spectroscopy (BIS) has 
also been used to assess body composition in the clinic, but its utility in CKD patients is questionable 
due to the effect of fluid shifts on the algorithms used to derive body composition estimates [33]. 
Lastly, a variety of objective and self-reported measures of physical function and physical activity can 
be utilized for patient assessments [34–36]. Cardiorespiratory fitness, measured by assessing maximal 
oxygen consumption during a graded endurance exercise protocol (VO2max), is considered the gold 
standard method of assessing physical fitness. However, many CKD patients may have physical limi-
tations as well as autonomic dysfunction, both of which may preclude them from achieving objective 
criteria required for these tests. As such, there are a variety of field tests that can be reliably used to 
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assess physical function. The most common functional tests with demonstrated utility in CKD patients 
include the following: the 6-minute walk test (6MWT), intermittent shuttle walk, normal and fast gait 
speed, the chair stand (“sit to stand”) test, the timed up and go (TUG), stair climb test, and short physi-
cal performance battery (SPPB). The relative merits and limitations of these objective tests, as well as 
self-reported measures of physical function and activity, have been reviewed extensively [34–36].

 Benefits of Exercise in CKD and End-Stage Kidney Disease (ESKD)

In recent years, numerous systematic reviews and meta-analyses have detailed the benefits of 
exercise interventions in individuals with CKD [35–49]. This included data from interventions in 
non-dialysis CKD, dialysis, and transplant patients, using endurance training (ET), resistance 
training (RT), as well as combinations of ET and RT. Taken together, it is clear that exercise 
seems to improve the overall health and quality of life (QOL) in people with CKD, regardless of 
the stage of disease or the type of exercise intervention. Most of the data has been collected dur-
ing “intradialytic exercise” in hemodialysis patients, specifically intradialytic cycling. However, 
there also does not appear to be large differences in benefits between intradialytic or out-of-
center (“interdialytic”) exercise training. Based on this literature, many have argued that exercise 
should be included in the standard of care for all CKD patients [50–53], and several guidelines 
and position statements have been published recommending CKD patients engage in regular 
exercise [20, 54–56].

While many studies indicate that exercise is clearly beneficial to individuals with CKD, it is impor-
tant to recognize that the evidence does not appear to be as consistent or robust as the evidence of 
benefits in other populations [42, 57, 58]. This may be due to a variety of factors, including the poor 
physical health of many CKD patients which limits the volume and intensity of exercise they can 
perform. There is also a lack of high-quality, adequately powered randomized controlled trials (RCTs) 
of exercise in CKD, and this may also explain some of the inconsistent results. Both the benefits of 
different types of exercise in CKD and the deficiencies in the literature will be reviewed below to 
provide a better understanding of the complexities of exercise prescription in this population.

 Endurance Exercise in CKD and Its Benefits

 Endurance Exercise, Aerobic Capacity, and Physical Function

The majority of data examining the efficacy of exercise in CKD patients has come from studies 
incorporating primarily endurance training. Several recent reviews and meta-analyses have 
demonstrated benefits of short-term, supervised endurance exercise training on aerobic capacity 
(VO2peak), muscle strength, physical function, and self-reported QOL across the spectrum of 
CKD patients [37–39, 41–48], although most of the data has been collected from studies in 
hemodialysis patients, specifically from studies utilizing “intradialytic” cycling exercise. It is 
important, however, to recognize that there are some inconsistencies and areas of concern in the 
literature that deserve further scrutiny. For example, one of the most consistently reported ben-
efits of exercise is the improvements in aerobic capacity following endurance exercise in hemo-
dialysis patients. In a review of 18 studies, Johansen found that the mean improvement in VO2peak 
following endurance exercise training in hemodialysis patients was around 17%, and this 
occurred across a wide range of exercise prescriptions [59]. Despite these improvements, VO2peak 
for most patients in these studies remained below age-adjusted norms [60]. Moreover, a recent 
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review by Young et al. did not find significant improvements in VO2peak following intradialytic 
cycling, which is the most common form of exercise employed in clinical practice in hemodialy-
sis patients [42].

Much of the data assessing benefits of exercise have come from relatively small pilot studies, many 
of which lacked control groups or had other deficiencies. However, a few larger RCTs of endurance 
exercise in CKD have recently been published that are informative [61, 62]. In perhaps the largest 
exercise intervention in ESKD patients conducted to date (n = 296), Manfredini et al. showed that a 
6-month, low-intensity, home-based walking program significantly improved walking performance 
and muscle strength by ~12% compared to usual care [62]. Moreover, there was a dose-response 
effect, where those with greater adherence to the exercise protocol had the largest improvements in 
function. These findings are both encouraging and generally consistent with other studies in the litera-
ture. However, it is also important to note that the magnitude of improvements was modest. For 
example, the average improvement in the 6-minute walk test in the exercise group was just 39 m, 
while changes in distance from 53 to 71 m are believed to be clinically meaningful in cardiopulmo-
nary populations [63]. There also was a large dropout (31%) of participants in the exercise group 
(compared to 15% in the control group), and nearly 50% of those completing the intervention had low 
adherence to the exercise protocol (defined as completing <60% of sessions). The study also excluded 
patients with both low mobility and high fitness, reducing the external validity of the study. In another 
recent RCT, Koh et al. [61] compared the effects of 6 months of intradialytic or home-based endur-
ance exercise to a control group receiving usual care (n = 70). Surprisingly, changes in physical func-
tion did not differ between the exercise and control groups. While there was a relatively high adherence 
to the exercise programs (70–75%), there was also a 29% dropout in the exercise groups. Similar to 
other studies in this population, the null findings may be partially due to the fact that the volume of 
exercise was very low (work rate was ~35 kcal/session at the end of the study). Taken together these 
studies highlight both the promise and challenges associated with implementing exercise programs in 
CKD patients.

 Endurance Exercise and Markers of Cardiovascular Function and Risk

Data regarding the efficacy of exercise training in CKD patients on markers of CVD risk are also 
mixed. While most studies generally confirm a beneficial effect of exercise on traditional CVD risk 
factors such as plasma lipids and blood pressure [38], the apparent paradoxical association between 
many traditional CVD risk factors and adverse CV events in CKD makes these findings difficult to 
interpret [64]. In contrast, markers of cardiac function, endothelial function, and arterial stiffness 
have been consistently associated with CVD mortality in CKD patients [65, 66]. In non-dialysis 
CKD patients, recent data suggests no effect of endurance exercise training on blood pressure [67], 
endothelial function, or arterial stiffness [68]. However, Kirkman et  al. recently showed that 
12 weeks of endurance exercise training significantly improved microvascular function in CKD 
patients [69]. The data on arterial function in hemodialysis patients is also mixed. Studies by Koudi 
and Deligiannis et al. have demonstrated that 6–10 months of endurance training improves markers 
of cardiac function in hemodialysis patients [70, 71]. In addition, three small pilot studies noted 
modest improvements in markers of arterial stiffness following 3–4 months of intradialytic exercise 
[72–74]. However, a larger RCT conducted by Koh et al. [61] did not find reductions in markers of 
arterial stiffness after 6 months of either intradialytic or home-based aerobic exercise. A possible 
reason for the inconsistent effects of exercise on arterial health may be due to the significant vascu-
lar remodeling and calcification in CKD patients that may limit the vessels’ ability to respond to 
exercise [75, 76].
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 Endurance Exercise and QOL

In chronic conditions such as CKD, functional limitations, disability, and comorbidity increase, 
often resulting in compromised physical, emotional, and psychological well-being. The increas-
ing incidence of adults with CKD and other chronic disorders has directed public policy toward 
ways to maintain the independence, societal worth, and physical and mental well-being of this 
group. In essence, we have moved from simply trying to add quantity to life toward adding qual-
ity to those years of life. There is increasing evidence to suggest that physical activity interven-
tions may represent an effective behavioral strategy for not only attenuating functional decline 
and reducing risk of disease and disability [77–79], but also for enhancing psychological well-
being and QOL across the lifespan [80, 81]. Similar benefits on psychological well-being and 
QOL have been noted with intradialytic cycling in many studies in CKD patients [82–84], 
although the data are not entirely consistent. For example, a recent review suggests intradialytic 
cycling may not improve patient-reported physical function or QOL [42]. Moreover, in the RCT 
from Koh et al. [61], self-reported physical function actually regressed following 6 months of 
intradialytic cycling compared to a control group. One reason for the lack of clarity is the lack of 
large-scale, interdisciplinary RCTs targeting QOL outcomes [50]. An ongoing RCT in the United 
Kingdom called PEDAL (PrEscription of intra-Dialytic exercise to improve quAlity of Life in 
patients with chronic kidney disease) may help clarify this issue. Such research is needed to con-
clusively demonstrate the clinical importance of endurance exercise, which may influence cur-
rent standard clinical practice among nephrologists and, as such, improve the health and QOL of 
this vulnerable cohort.

 Resistance Exercise in CKD and Its Benefits

Muscle-strengthening or resistance exercise is increasingly recognized as important for main-
taining physical function, balance, and resilience, particularly in older adults [17, 18, 85], but has 
been less well studied in CKD patients. Resistance training makes muscles do more work than 
they are accustomed to during activities of daily living. Table 30.2 shows examples of muscle-
strengthening exercises. These exercises can be completed in supervised (e.g., gym, outpatient 
clinic) [85, 86] or unsupervised (e.g., gym or home) environments and incorporated into daily 
activities.

It is well established that advanced CKD is associated with significant protein-energy wasting 
(PEW) [87, 88]. Resistance training is known to be a more potent anabolic stimuli than endur-
ance exercise, so may be especially important in CKD patients [89]. Indeed, several studies in 
non-dialysis CKD patients have demonstrated the benefits of RT. For example, resistance exer-
cise has been shown to increase weight, muscle mass, and strength in non-dialysis CKD follow-

Table 30.2 Examples of muscle-strengthening activities

Lifting free weights
Using specific gym equipment
Working with resistance bands
Using body weight for resistance (such as push-ups, pull-ups, 
and planks)
Pilates
Climbing stairs
Carrying heavy loads
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ing low-protein diets to preserve renal function [90]. In addition, Watson et al. [91] showed that 
8  weeks of supervised  progressive resistance exercise increased muscle anatomical cross-sec-
tional area, muscle volume, knee extensor strength, and exercise capacity in non-dialysis CKD 
patients (see Table 30.2).

In dialysis patients, there are fewer studies on the benefits of resistance training than there are 
on endurance exercise. This may be due in part to perceived difficulty of performing resistance 
exercises during dialysis. Nonetheless, light free weights, resistance bands, and body weight 
exercises have been incorporated into intradialytic muscle-strengthening programs [92, 93]. 
Specific gym equipment designed to fit around hemodialysis chairs has also been used effectively 
[94]. However, it is often more practical to undertake muscle-strengthening exercises prior to 
dialysis sessions or outside of the clinic [95]. Successful programs often utilize the waiting time 
prior to dialysis as an opportunity to encourage resistance training. While most traditional 
strength training programs incorporate four to eight exercises with two to three sets of 8–12 rep-
etitions, targeted single exercise programs have also proven effective in skeletal muscle protein 
accretion [96]. In practice, people with an arteriovenous fistula (AVF) should avoid static/isomet-
ric exercises, but should not be discouraged from participating in muscle-strengthening activi-
ties. One-armed resistance exercise can be performed with the non- AVF arm during hemodialysis, 
and with the AVF arm in the clinic waiting room or at home.

Several recent systematic reviews in dialysis patients indicate that progressive resistance training 
increases muscle hypertrophy, strength, and objective measures of physical function in most studies 
[35, 40]. In addition, a recent study by Chen et al. showed that even low-intensity strength training can 
yield modest improvements in muscle strength, physical function, and body composition [97]. Similar 
to the data with endurance training, benefits from many resistance training studies are either modest 
or inconsistent. For example, several resistance training interventions with the largest sample sizes 
and longest intervention periods have failed to yield increases in muscle hypertrophy [95, 98, 99]. In 
addition, several studies that have shown improved muscle size or composition in response to RT have 
failed to improve objective measures of physical function [98, 100, 101]. The modest or inconsistent 
results suggest that adjunct therapies may be needed to potentiate the benefits of RT in dialysis 
patients.

 Studies Combining Endurance and Resistance Training

CKD patients often suffer from several comorbid conditions, so multiple therapeutic strategies may 
be needed to improve their health and QOL [102, 103]. For example, aerobic capacity is limited by 
both peripheral (skeletal muscle) and central CV factors, and aerobic training alone may not ade-
quately improve peripheral oxygen uptake [104]. As a result, it has been hypothesized that combining 
endurance and resistance training may provide greater health benefits in CKD patients than either 
intervention alone. Indeed, a recent meta-analysis by Scapini et al. [49] found that studies combining 
endurance and resistance training in dialysis patients yield greater improvements in both aerobic 
capacity and blood pressure control than either modality alone. Few studies have assessed the efficacy 
of combining endurance and resistance training in non-dialysis CKD patients. However, a recent 
study by Watson et al. [105] showed that 12 weeks of combined resistance and aerobic training pro-
tocol improved muscle mass and strength more than aerobic training alone in pre-dialysis CKD 
patients. Yet once again, the data are not entirely consistent, as Kopple et  al. [106] failed to find 
improvements in body composition after 6 months of isolated endurance or resistance training or a 
combination of the two modalities.
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 Studies Combining Exercise and Nutritional Supplementation

In the elderly, muscle is resistant to normally robust anabolic stimuli such as amino acids and resis-
tance exercise [107]. However, combining resistance exercise with amino acid ingestion produces a 
potentiated anabolic response in the elderly, producing a “youthful” muscle more capable of hyper-
trophy and increased strength [107]. Similarly, CKD patients have alterations in muscle protein syn-
thesis that may limit the effects of either supplemental protein or resistance exercise [88, 108]. 
However, it is uncertain if combining exercise and nutritional supplementation would help overcome 
this anabolic resistance in CKD. Early studies in hemodialysis patients showed that a single bout of 
either endurance or resistance exercise potentiates the anabolic response to nutritional supplementa-
tion [96, 109]. At least four long-term studies have combined various forms of nutritional supplemen-
tation and exercise training in hemodialysis patients for up to 6  months, but none demonstrated 
additive benefits on strength, function, or body composition [86, 95, 110, 111]. This suggests that a 
greater exercise stimulus or higher protein intake may be needed to demonstrate the potentiated ana-
bolic response that is seen in the elderly or healthy controls.

 Other Exercise Strategies

 Balance Training

Postural control and walking performance [112] decline in people with CKD, which increases the risk 
of falls [113] and fall-related morbidity and mortality [114]. Balance training is a variation of muscle- 
strengthening exercise that can improve the ability to resist forces within or outside of the body that 
cause falls. Fall prevention programs that include balance training and other exercises to improve 
activities of daily living can also significantly reduce the risk of injury, such as bone fractures, if a fall 
does occur [17]. Balance training examples include standing on one leg, standing from a sitting posi-
tion, and using unstable surfaces such as a wobble board. Although there is very little data in people 
with CKD, Frih et al. [115] recently demonstrated that incorporating balance training into a combined 
endurance/resistance training protocol could improve static and dynamic balance. The training 
included two weekly sessions lasting 30 minutes each and four types of exercises, including stance, 
transition, gait, and functional strength exercises. The protocol was modeled after balance training 
studies in other chronic diseases [116–118] and guidelines for fall prevention in older adults [119, 
120]. Further research is needed to determine if balance training also reduces falls and fall-related 
injuries in CKD patients. Regardless, the evidence in support of balance activities in fall prevention in 
the general population is strong and should be encouraged as part of an overall physical activity pro-
gram in CKD patients as well.

 HIIT and SIT

Recent systematic reviews and meta-analyses have concluded that interval training (high-intensity 
interval training [HIIT] and sprint interval training [SIT]), or alternating periods of relatively intense 
exercise and recovery, can be a time-efficient strategy to enhance cardiorespiratory fitness (CRF), as 
determined by whole-body maximal oxygen uptake (VO2max) [121–123]. Given that “lack of time” 
is a common barrier to regular physical activity in people with CKD and particularly dialysis, the 
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identification of time-efficient exercise strategies that could confer health benefits favorably is worthy 
of investigation. Interesting, recent studies (in diabetes not including people with CKD) by Allison 
et al. [124] and Jenkins et al. [125], using 3× 60-second stair climbing “snacks”, may prove beneficial 
for people with CKD due to the benefits for cardiorespiratory fitness and shorter time requirement.

 Exercise for Weight Loss for Transplant

Although there is debate in the literature [126–132] as to the pros and cons of weight loss for renal 
transplant eligibility, there are no specific guidelines for exercise for weight loss in people with 
CKD. It would however be reasonable to defer to general population guidelines [17] for obesity which 
recommend >150 up to 300 minutes of exercise per week. Recent guidelines recognize that the rec-
ommendations for health-focused physical activity are inadequate to drive weight loss and that addi-
tional exercise will be required. A combination of aerobic and muscle-strengthening exercises is 
encouraged in order to preserve lean body mass while reducing adiposity. In addition, an individually 
planned exercise program designed in conjunction with the patient and an appropriately recognized 
exercise professional is advised [20].

 Promoters and Inhibitors of Involvement in Exercise

Despite strong evidence to support physical activity and exercise, and recognition from patients of the 
benefits [133], there remain barriers to greater levels of activity and uptake of exercise programs in 
people with CKD [26, 91, 134–137]. Barriers include lack of medical [134, 138], nursing [136, 139], 
and allied health [140, 141] appreciation of the benefits of exercise, conservative nephrologist views 
about exercise and low levels of exercise discussion during clinic visits [134, 138, 142], and inade-
quately equipped staff who don’t feel comfortable talking about or leading the conversation about 
exercise or have perceived bias due to their own exercise participation and experience [139, 141]. 
Barriers to exercise also include lack of encouragement to exercise, transportation and healthcare 
system issues [139, 140, 143], cost of equipment [26, 141], the use of exercise equipment that pre-
cludes participation by patients who recline during dialysis, and nursing concerns about equipment- 
related injury [136, 141].

Positive attitudes to exercise reflected autonomous motivations including exercising for health, 
enjoyment, and social interaction. Family support and goal-setting were seen as motivators for exer-
cise, and the accessibility of local facilities influenced activity levels [143].

Debate continues around the ideal location for exercise programs. Outpatient [85, 91, 144, 145], 
in-center dialysis [86, 92, 94, 146–149] versus self-managed exercise/home-based therapies [61, 62, 
150] have all been considered, although the majority of research has been completed in hemodialysis 
centers where the patient group is easily accessible. Patient preferences favor home-based programs 
[133]. While outcomes are comparable [61], recruitment to home-based programs has proven chal-
lenging [91]. The answer should be “where the patient feels most comfortable and has the greatest 
confidence in sustaining the program.”

Several authors have reviewed the elements of sustainable exercise programs for people with CKD 
[137, 140]. Common elements include qualified exercise professional involvement, intradialytic phys-
ical activity, commitment from dialysis and medical staff, adequate equipment and space, interesting 
and stimulating programs, cost-effective and affordable, recognition that age is no barrier and exercise 
is not for everyone, and that exercise requires individual prescription. In addition, strategies are 
required to ensure that the healthcare system is actively promoting and routinely supporting  exercise 
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for all patients with CKD [133, 143], recognizing that the healthcare system is not always the best 
place for exercise programs.

 Deficiencies in the Literature

It is widely acknowledged that there is a dearth of high-quality, adequately powered RCTs [42, 57, 
58] in the exercise literature in CKD. This partially explains some of the modest or inconsistent 
benefits of exercise that have been seen. The most commonly cited concerns include short inter-
vention durations, small and biased samples, a lack of adequate control groups, low exercise 
intensity, low compliance with the intervention, and high patient dropout rates. The majority of 
studies have also been conducted using in-center low-intensity endurance exercise in hemodialysis 
patients, with very few studies in non-dialysis CKD, peritoneal dialysis, and transplant recipients. 
The question of whether exercise can prevent a decline in health has rarely been addressed. To 
accomplish this, longer interventions including non-exercising control groups are needed. While 
this would allow researchers to capture health decline in a non-exercising control group, it is con-
sidered an unethical approach since it is generally acknowledged that all patients should be exer-
cising. Many of the exercise studies in CKD also have focused on the healthier cohorts, therefore 
excluding the most deconditioned individuals that could potentially benefit the most from increased 
physical activity.

The reasons for all of these deficiencies in the literature are clearly multifactorial and complex. 
Poor overall health, lack of motivation for exercise training, as well as low recruitment and reten-
tion rates are common barriers to better research studies. Examining details from the EXCITE trial 
can help illustrate many of these points [62]. In many regards, this was one of the most impressive 
exercise interventions conducted to date in people with CKD. It was a relatively long-term inter-
vention (6 months, low-intensity walking) with a large sample size (n = 296 patients) and included 
a non- exercising control group. By comparison, many exercise studies in the CKD literature include 
10–20 patients in a 3- to 4-month intervention with or without a control group. However, details of 
the study protocol and adherence to the exercise intervention in the EXCITE trial also highlight 
many of the difficulties in conducting exercise trials in this population. For example, just 30% of 
patients at the participating clinics met the study inclusion criteria, and 36% of those refused to 
participate. This is despite the fact that the volume and intensity of exercise in the protocol were 
modest: requiring a maximum of 60 minutes per week of low-intensity walking, which represents 
about 40% of the recommended volume of aerobic exercise (150 minutes per week) in most pub-
lished guidelines. Moreover, 31% of those randomized to the exercise group dropped out prema-
turely, and nearly 50% of those completing the intervention had low adherence to the exercise 
protocol (defined as completing <60% of sessions). In summary, for one reason or another, just 
14% of the patients in the participating clinics were able to adhere to a 6-month walking program, 
that is 60% below the recommended volume of aerobic exercise in most physical activity guide-
lines. Unfortunately, the low volume and intensity of the exercise prescriptions, poor adherence, 
and high dropout rates are the norm, rather than the exception, in the CKD exercise literature [61, 
62, 106]. These data speak to the difficulty of conducting robust exercise interventions in this criti-
cally ill patient population.

With these deficiencies in mind, it is clear that novel approaches to increasing physical activity and 
exercise training in people with CKD need to be considered. In particular, exercise prescriptions 
should be individualized so as to address patient-specific goals and barriers [151]. Research is also 
needed to evaluate the efficacy of interventions focused on minimizing sedentary behavior, ultimately 
progressing to targeted exercise training when appropriate. There are models for this approach in the 
CKD [152] and diabetes [153] literature, although more research in this area is clearly needed.
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 Conclusion and Future Directions

People with CKD often have multiple comorbid conditions that impact their physical function and 
activity levels. There is a wealth of data demonstrating benefits of exercise training in this population, 
although the benefits in many studies have been modest or inconsistent. More inclusive study proto-
cols are needed that include all people with CKD regardless of functional status to assess the real 
benefits of exercise training.

It is possible that larger, longer RCTs with greater volumes and intensity of exercise may be needed 
to provide more robust and consistent benefits. Historically, one-size-fits-all approaches using man-
dated exercise prescriptions (e.g., progressive endurance or resistance training protocols) have been 
the standard in the CKD literature. In contrast, interventions designed to allow more flexibility to 
self-select types of activities in which they choose to engage should be encouraged. A liberalized 
activity prescription also may result in greater participation and more sustained and robust lifestyle 
changes in people with CKD. Studies testing the efficacy of comprehensive interventions that include 
physical activity, nutrition, and other behavioral modifications are needed.

Finally, all health professionals need to be able to assess and promote exercise and physical activity 
as a part of comprehensive clinical management of people with CKD; however, increased awareness 
and skills are needed. Table 30.3 outlines practice tips for supporting and encouraging physical activ-
ity in people with CKD.

 Case Study

The following case study highlights some of the complexities related to exercise prescription in hemo-
dialysis patients: A 44-year-old African-American male with ESKD has been on maintenance hemo-
dialysis for 2 years. He is morbidly obese (BMI = 38.5 kg/m2) and has been told he needs to lose ~ 50 
pounds (20 kg) to become eligible for a transplant. He is hypertensive (pre-dialysis BP = 170/100), 
and his interdialytic weight gain for the past month has averaged 5.0 kg. He has occasional intradia-
lytic hypotension and/or cramping during treatment, which is normally resolved by saline treatments 
or prematurely stopping ultrafiltration. The patient also complains of post-dialysis fatigue and poor 
sleep patterns. He acknowledges that he does not exercise. He also describes his diet as poor, includ-
ing “a lot of fast food and frozen meals,” and rarely cooks. He is divorced and lives with his 22-year- 
old son who is also overweight and does little exercise. The patient expresses that he is very motivated 
to lose the weight needed to become eligible for a transplant and has asked for help in developing an 
exercise program to assist with this.

Table 30.3 Practice tips for supporting and encouraging physical activity in people with CKD

Discuss exercise and physical activity by including exercise history as part of routine clinical assessment
Screen for frailty risk factors and signs of physical deconditioning
Measure physical function using validated assessments such as 6MWT, STS, handgrip strength
Ask about intensity, duration, and frequency of exercise and physical activities
Discuss exercise training principles such as overload, variation, progression, and specificity
Be realistic about the differences between physical activity and exercise and the benefits to health, physical function, 
and well-being
Use techniques such as motivational interviewing to identify barriers and facilitators to encourage physical activity
Involve qualified exercise professionals for individualized exercise prescription [20] and include as part of medical 
and nutrition prescriptions
Work with patients to set exercise and physical activity goals and review these during follow-up consultations

Abbreviations: 6MWT = 6-minute walk test, STS = sit to stand
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Medications Darbepoetin, Amlodipine, Clonidine, Losartan, and sevelamer carbonate.

Laboratory Values Albumin, 3.8  mg/dL; hematocrit, 36.0%; hemoglobin, 10.8  g/dL; serum P, 
4.8 mg/dL; serum K, 5.5 mmol.

Physical Evaluation
Physical activity history: The patient currently does not engage in any physical activity. He played 
football and basketball in high school, but has not been involved in any structured exercise program 
since then. He previously had a construction job and was fairly active at work, but he lost his job after 
starting dialysis and is now completely sedentary, except for occasional trips (once a month) to a 
grocery store that is just a few blocks from his home. He lives in a neighborhood in which he does not 
feel safe walking at night, but is comfortable walking during the day. He would like to join a gym but 
does not feel he can afford it.

Physical function testing:
Four-meter gait speed: 1.0 m/s < 1.1 m/s indicates impaired mobility [34]; 1.21 m/s is the average 

age/gender comfortable gait speed [154]; 0.98  m/s is average in 40- to 50-year-old hemodialysis 
patients [34]. Thus, his gait speed is 83% of expected.

Chair stands (time for five repetitions): 9.5 s > 13.7 s indicates impaired function [155]; 7.6 s is 
age-expected time [156]. Thus, his performance is 80% of expected.

Six-minute walk distance: 445 m < 460 m indicates impaired mobility [34]; 570 m is the average 
age-gender reported distance [157]. Thus, his distance is 78% of expected.

Patient-stated activity goals:
Short-term: Start lifting weights and/or walking to the store 3 days a week, preferably on non- 

dialysis days when he has the most energy.
Long-term: Lose 50 pounds to become eligible for a transplant.

 Case Questions and Answers

 1. Prior to developing a physical activity plan for this patient, what considerations would you have?
Answer: Prior to developing a physical activity plan for this patient, it is important to assess his 
physical activity history, complete a functional assessment, and also identify activity-related goals 
and barriers.

 2. Is exercise alone likely to help this patient achieve his weight loss goal?
Answer: The situation outlined above is rather common. As stated above, there is debate in the 
literature as to the pros and cons of weight loss for renal transplant eligibility, and there are no clear 
guidelines for doing so [126–132]. Regardless, his goal of losing 50 pounds to become transplant 
eligible is unlikely to be resolved through exercise alone. According to the current physical activity 
recommendations, losing weight through exercise alone requires 60–90 minutes of daily exercise 
[158], which is an unrealistic expectation in any reasonable time frame. As such, some reduction 
in caloric intake is needed to facilitate the required weight loss.

Complicating matters, the patient has excessive fluid intakes contributing to volume overload, 
and this is contributing to his intradialytic symptoms, including premature cessation of ultrafiltra-
tion, post-dialysis fatigue, and disturbed sleep patterns. Results from the physical function testing 
indicate he may have mildly impaired function, but is not frail, so should have few if any restraints 
on his physical activity.

 3. What would be a realistic exercise prescription for this patient?
Answer: An appropriate prescription for this patient should include a plan to slowly increase his 
physical activity levels, followed by structured exercise as he progresses. An excellent example of 
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a strategy to increase the patient’s physical activity levels is outlined in the study by Tawney et al. 
[152]. A realistic initial goal could be to develop strategies for the patient to build toward accumu-
lating at least 30 minutes of self-selected physical activity per day. Activity goals should be set that 
consider the patient’s preference and lifestyle, barriers to physical activity should be identified, and 
supports for addressing these barriers, such as inclusion of family or other care providers, should 
be considered. An intriguing possibility would be to inquire if his son would be willing to exercise 
with him on occasion, especially since he also has a weight problem. For the first several weeks, 
modest goals such as walking around the neighborhood on his non-dialysis days should be consid-
ered, starting from modest goals of 10–15 minutes several days a week. As the patient has a goal 
of improving his strength, simple at-home exercises such as push-ups and body weight squats can 
be incorporated into his daily routine, perhaps while he watches television.

 4. What dietary interventions would you suggest to support the exercise prescription?
Answer: A dietitian should also be consulted to help safely manage his weight loss, which should 
include a focus on how to reduce his sodium intake to reduce interdialytic weight gain and chronic 
volume overload. This could include walking to the grocery store and tips on how to shop for low-
sodium and lower-calorie food products, to help facilitate weight loss. Short-term weight loss 
goals should be considered, such as losing 1–2 pounds per week. This will be facilitated by changes 
in his diet that could result from purchasing more food at the grocery store and eating out less. A 
balanced approach to higher diet quality and less processed foods should be encouraged with an 
individualized lower-calorie plan including whole grains, legumes, dairy, fruits, and vegetables. 
Cooking is another form of physical activity that increases energy expenditure a modest amount 
and contributes to an overall activity plan.

 5. How would you adjust the exercise prescription as the patient starts to make progress?
Answer: As the patient sees progress, activity and nutrition goals can be adjusted as necessary. 
Aerobic activity should increase to at least 150 minutes per week. If the patient has reduced his 
dietary intake, specifically from calorically dense processed food, he should slowly start to lose 
weight, but in a reasonable manner that should help preserve lean mass. Incorporating some resis-
tance training into his physical activity plan can also help maintain muscle. Moreover, reduced 
sodium intake from eating less processed food should reduce interdialytic weight gains (IDWGs) 
and subsequently ultrafiltration rates during dialysis. This should reduce post-dialysis fatigue and 
give him more energy to exercise, possibly even after dialysis.

This case study is meant to highlight the many complexities of prescribing exercise in dialysis 
patients. It is clear that a comprehensive approach to physical activity is required to significantly 
improve the health and QOL of many hemodialysis patients. Individualized approaches to an exercise 
prescription are needed, especially when weight loss is an objective.
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 Introduction

A number of dietary strategies are known to support the modification of chronic kidney disease (CKD), 
either in assisting in the control of risk factors associated with disease progression or supporting sur-
vival. Single-nutrient interventions have long been the center of the traditional renal diet; however, 
these isolated nutrient targets also follow substantial patient-reported burden. Furthermore, this “tradi-
tional” approach ignores the real world that people with CKD engage in and the way people truly eat. 
As people do not consume nutrients in isolation, whole food-based diet interventions reflect the syner-
gistic effect of food and the combined nutrients within a pattern of eating. These combined interactions 
form the basis of the premise of dietary patterns and may contribute to better health outcomes; more-
over, they are more likely to be comprehendible and applicable to people with CKD [1, 2].
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Key Points
• Dietary patterns refer to the pattern of eating over time and can be healthy or unhealthy.
• The key food components of healthy dietary patterns include being higher in fruits, vegeta-

bles, fish and omega-3 fatty acids, whole grains and fiber, and lower in sodium, red meat, and 
saturated fats.

• Dietary patterns have strong evidence in cardiovascular disease prevention, which makes 
them promising in managing CKD complications and risk of disease progression.

• Key dietary patterns considered healthy for preventing CKD include the DASH diet, the 
Mediterranean diet, and vegetarian diets.

• Dietary patterns considered healthy for managing CKD include plant-based diets, 
Mediterranean diets, and diets consistent with the Dietary Guidelines for Americans.

• Concerns of the safety profile of dietary patterns in the CKD patient can be attenuated by 
practical modifications and/or substitutions to the types of foods consumed.

• Dietary pattern changes need to be closely monitored by the dietitian in the early stages of 
CKD, including transient changes in dietary intake and serum biochemistry.
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The US Department of Agriculture, the US Department of Health and Human Services, and the 
National Kidney Foundation all recommend plant-based diets for their cardioprotective benefits. 
These include the Dietary Approaches to Stop Hypertension (DASH) diet and the Mediterranean diet, 
which are high in fiber and low in saturated fat and processed meats; contain sources of potassium, 
phosphorus, magnesium, and calcium; and have low levels of sodium.

The potential role of a healthy dietary pattern is far more complex than delivering a combination 
of nutrients. Similarly, addressing overall health is more complex than addressing single risk factors. 
Therefore, the shift toward dietary patterns can be seen as the equivalent of the shift from evaluating 
single risk factors to evaluating total risk profiles in CKD.

While dietary pattern studies have gained appreciable traction in recent years across various 
chronic disease incidence and control, the evidence base for their effectiveness in CKD has not been 
fully elucidated in high-quality randomized controlled trials (RCTs). The majority of evidence on the 
possible associations to kidney outcomes predominantly comes from post hoc analyses from large 
cohort studies which are not designed to test these associations. Nonetheless, a meta-analysis combin-
ing the associations from all these cohort datasets demonstrates the role of healthy dietary patterns in 
reducing the risk of all-cause mortality in established CKD populations [3].

The opportunity to educate people with kidney disease to achieve a healthy dietary pattern presents 
itself with many benefits in comparison to isolated nutrient interventions. The translation of nutrient- 
based recommendations into practical day-to-day strategies is exceptionally challenging for patients 
without ongoing guidance and feedback from health professionals [4]. In contrast, behavioral coun-
seling to achieve a desired pattern of eating can lead to better compliance due to offering flexibility, 
choices to suit individual preferences, and a manageable change to a multitude of nutrients within the 
whole diet concurrently [4].

In this chapter, we will overview the current evidence base for dietary patterns to CKD risk and risk 
of CKD progression, and will consider some of the key clinical practice strategies when working with 
patients adopting a healthy dietary pattern.

 What Is a Dietary Pattern?

The Dietary Guidelines for Americans [5] define a dietary pattern as the quantities, proportions, vari-
ety or combination of different foods, drinks, and nutrients within an individual’s diet and the fre-
quency with which they are habitually consumed. As such, the study of dietary patterns considers the 
cumulative effect and synergy between the combinations of foods, drinks, and nutrients consumed 
day to day [6].

It is prudent to note, with this definition, that a dietary pattern can be considered “healthy” or 
“unhealthy.” Examples of a “healthy” dietary pattern include diet approaches such as the DASH diet, 
the Mediterranean diet, vegetarian diet, and other patterns of eating consistent with the Dietary 
Guidelines for Americans [5]. Observational studies suggest these mentioned dietary patterns may be 
superior to single-nutrient interventions [7], particularly due to the cumulative effects of the multiple 
nutrients consumed through diets rich in fruits and vegetables, fish and omega-3 fatty acids, legumes, 
whole-grain cereals, and nuts and lower in sodium, red meat, saturated fats, and common phosphate 
additives [8]. The effects of dietary patterns on health outcomes have been linked to reduced inflam-
mation from higher consumption of whole grains, reduced oxidative stress through increased con-
sumption of fruits and vegetables [9], and decreased circulating concentrations of inflammatory 
markers through a higher consumption of unsaturated fats including nuts and seeds [10].

In contrast, examples of unhealthy dietary patterns include Western diets and high-fat and 
meat dietary patterns. These dietary patterns that are rich in refined carbohydrates, sodium, satu-
rated fat, and protein from red meat, and low in fiber-rich foods, are generally associated with 
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increased risk of CKD and a multitude of other chronic diseases. It is thought that diets high in 
refined starches, saturated fats, trans-fatty acids, and sodium, and lower in whole grains, fruits, 
vegetables, omega-3 fatty acids, and fiber, may heighten the inflammatory response [11]. 
Increased inflammatory markers, including C-reactive protein, are associated with glomerular 
damage and loss of kidney function as a result of renal cell injury and impaired vasodilation [12]. 
As elevations in inflammatory markers have been suggested as a biomarker for the incidence of 
CKD [13], a dietary approach which lowers inflammatory markers and dietary acid load may be 
important for reducing the incidence of CKD and potentially reducing the risk for disease 
progression.

 Dietary Patterns and Incident CKD (Free from CKD Populations)

It is prudent to consider the distinction between primary and secondary prevention of CKD. Dietary 
pattern research commonly blends these approaches; however, the evidence base and likely mecha-
nisms are appreciably different.

Healthy dietary patterns have an evidence base that supports the reduction in known risk factors for 
incident CKD.  Existing observational studies have demonstrated significant associations between 
healthy dietary patterns and the primary prevention of health outcomes, including type 2 diabetes 
[14], cardiovascular disease (CVD) [15], hypertension, and metabolic syndrome [16], which are 
closely linked to incident CKD. Large meta-analyses of RCTs have demonstrated significant control 
of cardiovascular risk factors such as blood pressure control and unhealthy weight gain from follow-
ing the DASH diet [17], glycemic and lipid profile control from following a vegetarian diet [18], and 
improved body mass, metabolic, and inflammatory risk parameters from following a Mediterranean 
diet [19].

There are a select number of studies evaluating the associations of long-term dietary pattern expo-
sure to incident CKD. The overall evidence base predominately supports the prevention of CKD, 
albuminuria, and rapid decline in estimated glomerular filtration rate (eGFR) from the Mediterranean 
diet, the DASH diet, a lacto-vegetarian diet, and dietary patterns consistent with the Dietary Guidelines 
for Americans [20–23]. Collectively, these dietary patterns are higher in vegetables, fruits, legumes, 
nuts, whole grains, fish, and low-fat dairy, and lower in red and processed meats, sodium, and sugar- 
sweetened beverages. There have been no clinical trials conducted to date which test the effect of 
healthy dietary patterns and incident CKD. It is also unlikely that such a trial which is long enough in 
duration and adequately powered will ever be conducted, as chronic conditions develop over many 
years, and dietary trials are inherently resource intensive. As people with very early stages of kidney 
damage and those at high risk of CKD (such as those with hypertension and diabetes) would benefit 
from improving diet quality, dietary pattern approaches appear to be a safe and patient-centered 
approach that may prevent incident CKD.

 CKD Incidence and the DASH Diet

The DASH diet emphasizes fruits, vegetables, low-fat dairy products, and whole-grain carbohydrates, 
and it limits large quantities of meats and discretionary choices. The DASH diet has a nutrient profile 
high in fiber, protein, magnesium, calcium, and potassium, yet it is low in total and saturated fats 
(Table 31.1). These characteristics have led to public health recommendations to advocate for the 
DASH diet in primary and secondary prevention of CVD, with the majority of the evidence base exist-
ing in blood pressure control [17]. Since up to 80% of people with CKD have comorbid hypertension, 
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the DASH diet has been hypothesized to be a dietary pattern which may reduce the risk of incident 
CKD if targeted toward people with hypertension.

Existing cohort studies demonstrate that the DASH dietary pattern is associated with pre-
served residual kidney function and reduced overall incidence of CKD in community-dwelling 
individuals [24–26]; however, the findings have been inconsistent. Seven studies from seven 
cohorts have been published to date [7, 20, 21, 26–29]; three of the studies demonstrated a sig-
nificant association with reduced risk of incident CKD [20, 21, 26], and one of two studies 

Table 31.1 Characteristics of selected dietary patterns and comparison to CKD nutrition intake recommendations

Nutrients
US Dietary 
Guidelinesa DASH dietb Mediterranean dietc

CKD diet 
stages 
3–4d

Protein (%EEI) 10–35 18 19 10
Fat (%EEI) 20–35 27 35 <30
Saturated (%EEI) <10 7 11 <7
Monounsaturated fat 
(%EEI)

11 10 15 >20

Polyunsaturated fat 
(%EEI)

NR 7 5 >10

Carbohydrates (%EEI) 45–65 58 44 50–60
Fiber (g/day) 28–34 30 37 20–30
Sodium (mg/day) <2300 2890 3600 <2400
Potassium (mg/day) 4700 4590 6130 2000–

4000
Phosphorous (mg/day) 700 1480 2230 800–1000
Calcium (mg/day) 1000 1220 1400 700
Food group serving suggestions with considerations for the CKD patient
Vegetables 5/day 4–5/day 2/main meal NR

Suggest low potassium alternatives only if required

Fruit 2/day 4–5/day 1–2/main meal NR
Suggest low potassium alternatives only if required

Grains 3–6/day 6–8/day 1–2/main meal NR
At least 50% from whole-grain sources, aim 
for > 6 g fiber per 100 g

Dairy 2/day 2–3/day 2/day NR
Monitor protein consumption; low-fat options: 
250 mL milk, 40 g cheese, 200 g yogurt; nondairy 
substitutes are lower in phosphorous if required

Meat/alternatives 2/day <2/day <2/week (red); 2/week 
(white)

NR

Pre-dialysis: Limit animal protein servings to 2× 
65 g (palm size) servings/day
Dialysis: 2× 125 g (hand size) servings/day

Nuts/seeds/legumes NR 4–5/day 1–2/day NR
Monitor protein consumption; suggest unsalted; 
30 g (small handful) is the equivalent of 1 meat 
serving

Abbreviations: DASH Dietary Approaches to Stop Hypertension, CKD chronic kidney disease, EEI estimated energy 
intake, g gram, mg milligram, NR no recommendation
aAs recommended by the Dietary Guidelines for Americans 2015–2020 [5]
bSerra-Majem et al. [91]
cAmerican Heart Association Nutrition Committee [92]
dAs recommended by K/DOQI guidelines [46]
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showed significant reductions in albuminuria and eGFR decline [27, 30]. Preliminary data also 
suggest that adherence to the DASH diet may reduce the risk of incident end-stage kidney disease 
(ESKD) [31].

 CKD Incidence and the Mediterranean Diet

The Mediterranean diet has no standardized approach. Rather, the widely used term “Mediterranean 
diet” reflects a variety of eating habits traditionally practiced by populations in countries surrounding 
the Mediterranean Sea, with considerable variability by location. The Mediterranean pattern of eating 
is in general rich in unsaturated fats, fruits, vegetables, legumes, and fiber and moderate in red wine 
consumption. The Mediterranean diet has long-standing associations with reduced CVD incidence 
and mortality in the non-CKD population [32–35].

Existing cohort studies demonstrate that the Mediterranean dietary pattern is associated with 
reduced risk of incident CKD and progression to ESKD in community-dwelling individuals. One of 
two studies has shown the Mediterranean diet to reduce the risk of incident CKD and rapid eGFR 
decline [23, 36]. Cross-sectional analysis from the large PREDIMED RCT demonstrated that 1-year 
adherence to the Mediterranean diet was associated with improved renal function [37].

 CKD Incidence and Vegetarian/Plant-Based Diets

Plant-based diets, including lacto-ovo-vegetarian and vegan diets, are followed by approximately 5% 
of the population in Western countries. Vegetarianism encompasses the practice of following plant- 
based food consumption excluding foods from animal flesh. Lacto-ovo-vegetarian diets can include 
animal products, including eggs, milk, and honey, while vegan diets exclude all animal products. 
Vegetarian and plant-based diets are inherently higher in many nutrients, phytochemicals, and antioxi-
dants, including complex carbohydrates, fiber, folic acid, and vitamin C.  However, these dietary 
approaches can also be low in other nutrients, such as omega-3 fatty acids and vitamin B12 [38].

Several studies have shown that vegetarian diets are associated with lower prevalence of some of 
the most common reasons for CKD progression, including hypertension, diabetes, obesity, and meta-
bolic syndrome [39]. One cohort study has been conducted to date establishing the association of a 
lacto-vegetarian diet and incident CKD [22]. A similar cohort study demonstrated that vegetable 
proteins are protective against incident CKD compared to red and processed meat proteins, which 
increase the risk of incident CKD [40].

 CKD Incidence and Diets Consistent with the Dietary Guidelines 
for Americans

The Dietary Guidelines for Americans recommend a dietary pattern with serving suggestions that mirror 
the characteristics of the dietary patterns discussed previously. Specifically, the dietary patterns promote 
consumption of fruits, vegetables, whole grains, and low-fat dairy, and limit saturated fat, sodium, and 
sugar in foods/beverages. Given that the Dietary Guidelines for Americans were developed to meet the 
nutrition needs and health of the general population, the relationship between long- term adherence to a 
dietary pattern consistent with such guidelines and incident CKD is important to understand.
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There have only been two cohort studies evaluating the associations of adherence to dietary guide-
lines and incident CKD. These studies analyzed the same cohort dataset, both demonstrating signifi-
cant associations with reduced risk of incident CKD, albuminuria, and rapid eGFR decline [41, 42]. 
Although no RCT has been conducted to evaluate the effect of dietary guidelines on incident CKD, a 
small-scale RCT has established the effect of adherence to dietary guidelines on attenuating CVD [43].

 Dietary Patterns in Established CKD Populations

Healthy dietary patterns have an evidence base that supports the reduction in known risk factors asso-
ciated with CKD progression. To date, there have only been a select number of studies evaluating 
these associations with long-term exposure to dietary patterns. The overall evidence base supports the 
associations of healthy dietary patterns to reduce the risk of death from all causes across Mediterranean 
diets, plant-based diets, and diets consistent with the Dietary Guidelines for Americans [3].

 CKD Outcomes and the DASH Diet

While the DASH diet has been proven to be effective in CVD protection in non-CKD populations, the 
safety profile and appropriateness of this dietary approach in the established CKD population remain 
controversial. These concerns are specifically related to the possible higher protein (approx. 14% total 
calories) and potassium (approx. 4500 mg/day) content in the DASH diet. However, many renal dieti-
tians argue that the DASH dietary pattern can have important health benefits for the management of 
CKD and dialysis patients with some slight modifications possible to the typical DASH diet. In fact, best 
practice guidelines, such as the 2004 Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines, 
deem the DASH pattern in early CKD a suitable method to increase fruit and vegetable intake and 
improve kidney outcomes [44, 45]. The 2007 KDOQI guidelines on nutrition in diabetes and CKD 
allude to a “DASH-type” diet which concludes that a protein intake of 15% total calories per day is 
“likely” safe, given an altered red meat-to-plant-based protein ratio as potentially “kidney sparing” [46].

Small single-arm studies of the DASH diet have recently been conducted in CKD patients, sug-
gesting the DASH diet is safe [47]. Two studies, both of 5-week duration each, tested the safety of the 
DASH pattern (maintaining protein intake 1 g/kg/day and 1500 g sodium/day) in people with stage 3 
CKD and hypertension. Both studies demonstrated that daily dietary sodium intake can be reduced by 
1200 mg/day. Serum potassium, dietary potassium, and dietary protein intake did not significantly 
change throughout the study periods [47, 48].

In the absence of high-quality RCTs, recommendations concerning the DASH diet in established 
CKD populations are difficult. However, practical modifications still make achieving a “DASH-type” 
diet realistic in CKD, with practical suggestions for clinicians presented in Table 31.1.

 CKD Outcomes and the Mediterranean Diet

The evidence for the Mediterranean diet suggests that it is likely a safe intervention for CKD popula-
tions. Although issues with recommending a Mediterranean diet to people with CKD can arise, many 
of the traditional food types and serving suggestions in the Mediterranean diet can conflict with the 
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traditional dietary restrictions placed on the CKD patient. There are many favorable attributes to rec-
ommending a Mediterranean diet to the CKD patient, including a healthy protein and fat intake, low 
glycemic index foods, and moderate consumption of phenolic compounds in red wine, which collec-
tively make this dietary pattern one of the most powerful combaters of inflammation and oxidative 
stress. Observational analyses have shown that the Mediterranean diet may delay the progression to 
ESKD in individuals with CKD [36]. One clinical trial demonstrated the effectiveness of the 
Mediterranean diet in reducing systemic inflammation and microalbuminuria [49]. Despite the benefits 
of certain foods emphasized in the Mediterranean diet that are not commonly included in current renal 
nutrition guidelines, this practical diet can be modified for use in the CKD patient (see Table 31.1).

 CKD Outcomes and Plant-Based/Vegetarian Diets

There is limited evidence available on vegetarian diets in established CKD populations. One existing 
RCT demonstrated the efficacy of the vegetarian diet compared to an omnivorous diet through 
decreased serum phosphorus and fibroblast growth factor 23 in patients with stages 3–4 CKD [50]. 
The gut microbiota also likely benefits from a predominantly plant-based/vegetarian diet and, by 
association, reduced CVD risk. Populations consuming a predominantly plant-based diet have greater 
microbiome abundance and biodiversity compared with populations consuming a diet subject to pro-
cessing and inadequate fiber, characteristic of Western omnivorous diets [51]. A diet high in animal 
protein promotes proteolytic (putrefaction) bacteria over saccharolytic (fermentation) bacteria, which 
in turn contributes to dysbiosis and a higher risk of CVD [52]. Protein metabolism in the gut leads to 
the breakdown of tyrosine, phenylalanine, and tryptophan, which are precursors for indole sulfate and 
p-crystal sulfate conversion; these are commonly associated with elevated CVD risk [52]. In contrast, 
a high-fiber vegetarian diet reduces the production of these cardiorenal toxic compounds, and the 
fermentation of fiber releases short-chain fatty acids that favor healthy microbial activity to control 
dysbiosis [53] (See Chap. 27 on the Gut Microbiome).

 CKD Outcomes and Diets Consistent with Dietary Guidelines

The recommended food and nutrient intakes advised for people with CKD are mostly in line with the 
Dietary Guidelines for Americans, with relatively minor modifications for nondairy alternatives that 
are lower in calcium, and fruits/vegetables that are lower in potassium, if required [5] (see Table 31.1). 
Healthy dietary patterns promote higher plant-based food intake and less refined and processed foods 
that are higher in fruits and vegetables (with vitamins and antioxidants), fish and omega-3 fatty acids, 
legumes, whole-grain cereals, and nuts. At the same time, the dietary pattern promotes a lower con-
sumption of sodium, red and processed meat, saturated fats, and common phosphate additives that are 
highly prevalent in the Australian food supply.

No one dietary guideline has been tested for its long-term exposure on CKD outcomes in existing 
observational studies. One cohort study evaluated the post hoc association of adherence to the Healthy 
Eating Index based on the Food Guide Pyramid and demonstrated a nonsignificant association to all- 
cause mortality [49]. One recent RCT conducted in people with stages 3–4 CKD demonstrated a diet 
consistent with the Australian Dietary Guidelines, which is similar to the Dietary Guidelines for 
Americans, to be safe and effective at reducing body weight and keeping patients motivated for dietary 
change [50].
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 Should the Renal Diet Be Liberalized in Line with a Healthy Dietary 
Pattern?

The dietary patterns tested in the CKD literature to date have similar characteristics which fundamen-
tally are in line with the dietary advice given in the Dietary Guidelines for Americans to the general 
population [6]. Therefore, liberalizing the renal diet to allow for higher plant-based intake appears 
safe and likely associated with improved crude outcomes. However, it is still important for the clini-
cian to consider that observational analyses in population samplings with low eGFR may not neces-
sarily extrapolate to the commonly referred patient for dietary management. In fact, the current 
evidence base for healthy dietary patterns and CKD outcomes remains inconclusive at best, attribut-
able to the reliance on data from small subgroups of large cohorts analyzing post hoc associations.

To understand the potential benefit of dietary patterns and to determine the mechanisms by which 
these dietary approaches may translate to improved outcomes in individual CKD patients, it may be 
beneficial to look at studies examining the key components (or characteristics) of healthy dietary pat-
terns and how these influence clinical outcomes.

 The Food Group Synergy of Healthy Dietary Patterns

Consumption of food from the core food groups as per the Dietary Guidelines for Americans [5] likely 
displays a cumulative benefit on outcomes through synergy when consumed as a healthy dietary pat-
tern, superior to the effect of the individual food groups and nutrients.

 Healthy Dietary Patterns Promote a Higher Intake of Fruits and Vegetables

Fruits and vegetables have many properties which make them appealing as an intervention in 
CKD. Fruits and vegetables release potassium salts, generating bicarbonate naturally, to decrease the 
renal acid load. In fact, a diet higher in fruits and vegetables has been shown to more effectively man-
age metabolic acidosis compared to standard bicarbonate prescriptions [54]. In contrast, sulfur- 
containing animal proteins naturally produce acid, which can exacerbate renal acidosis [31]. Fruits 
and vegetables also have a low bioavailability of dietary phosphorus and calcium, which means there 
is limited absorption [due to the presence of phytate in vegetable forms of phosphorous] following 
intake of these foods, despite their respective nutrient content [55], in comparison to higher animal 
protein diets [50].

Consuming more fruits and vegetables has been suggested to reduce the risk of all-cause mortality 
by 65% in stages 3–4 CKD and 20% in hemodialysis populations [56, 57]. A well-designed RCT also 
showed that adults with stage 4 CKD can safely increase their servings of fruits and vegetables with-
out adverse hyperkalemia, while significantly reducing blood pressure and body weight [54]. The use 
of fruits and vegetables as a naturally occurring food option to manage conditions such as metabolic 
acidosis is appealing as it also promotes a higher intake of dietary fiber. Dietary fiber has a complex 
role in CKD, reducing inflammation and the risk of mortality in association studies [58, 59]. A recent 
meta-analysis demonstrated that consumption of dietary fiber of at least 25 g per day can also reduce 
serum urea and creatinine levels [60], and lead to greater diversity of the gut microbiome and attenu-
ation of nephron-vascular uremic toxins.
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 Healthy Dietary Patterns Promote Complex Carbohydrates That Are Higher 
in Dietary Fiber

Traditional mechanisms underpinning the benefits of quality carbohydrates that are rich in dietary 
fiber, including improved glycemic control, cholesterol and lipid management, and weight control, 
are well established. In recent years, additional therapeutic benefits of complex carbohydrate con-
sumption on renal outcomes are becoming better understood. A large meta-analysis encompassing 
185 observational and 58 clinical trials provides compelling evidence for a daily consumption of 25 
to 29 g fiber to reduce all-cause and cardiovascular-related mortality [59]. While specific studies 
relating to CKD are limited, there are indications that whole-grain carbohydrates may have a role 
in the development of CKD [61, 62] and influence outcomes (all-cause mortality) in established 
CKD [58, 63].

 Healthy Dietary Patterns Promote Lower Intake of Red and Processed Meat 
and Have Higher Plant-Animal Protein Ratios

Meat intake is another food group commonly targeted in CKD dietary interventions. Restriction 
of this food group is based on the premise that a low-protein diet may attenuate the risk of CKD 
progression and complications (see Chap. 2). However, the evidence underpinning these bene-
fits is conflicting at best, and low-protein diets are notoriously difficult for patients to follow 
[64]. Incorporating protein advice into food-based guidance has been suggested by patients to 
be more comprehendible. Furthermore, in recent years, it appears the type (or quality) of the 
food group (and by consequence, the quality of the protein) consumed may better associate with 
clinical outcomes in CKD. Lowering the red meat-to-plant-based protein ratio has been described 
as “kidney sparing” in CKD [46, 65]. The potential benefit of reducing red meat intake extends 
into the dialysis population, where balanced portions from red meat, fish, and plant-based 
sources may lower the risk of cardiovascular death compared to an unbalanced diet higher in red 
meat intake [66].

Existing cohorts have found varying degrees of risk to kidney function from diets high in red and 
processed meats. The Nurses’ Health Study in the United States found that a typical Western-style diet 
may lead to a higher risk of decline in eGFR rate compared to a dietary pattern lower in red meat, but 
equal in overall protein [67].

In contrast, seminal data from the large Atherosclerosis Risk in Communities (ARIC) cohort study 
[40] showed that people consuming the highest quartile of vegetable protein had a reduced risk of 
incident CKD of 24% over a 23-year follow-up period. Across all levels of protein intake in this study, 
there was no significant association for delaying incident CKD. However, when the analysis targeted 
individual food groupings, there were significant increased risks of developing CKD for those who 
consumed more protein from red and processed meats, whereas the CKD risk was lower among those 
with a higher consumption of low-fat dairy proteins, nuts, and legumes [40]. Similarly, in the Singapore 
Chinese Health Study, high red meat intake was associated with increased risk of CKD progression 
[65]. Meat protein is usually accompanied by other nutrients that may be considered less healthy 
(saturated fat, salt, bioavailable phosphate), whereas plant protein may be accompanied by other salu-
tary vitamins, minerals, fiber, and antioxidants, while also being inherently low in saturated fat, calo-
ries, and organic phosphate [68].
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 Healthy Dietary Patterns Promote Healthy Fats, Eggs, and Low-Fat Dairy

Eggs are an important source of protein, healthy fat, and key micronutrients. While no study has spe-
cifically examined the effect of eggs on CKD outcomes to date, some large cohort databases have 
reported no negative associations between dietary patterns rich in egg intake and CKD risk progres-
sion [3].

The total and type of dairy consumption have been a commonly debated topic, attributable to its 
high sources of protein, phosphorous, calcium, and overall saturated fat content. However, overall 
findings from longitudinal studies generally support the consumption of dairy that is in line with the 
Dietary Guidelines for Americans (i.e., approximately two and a half low-fat servings per day).

While renal nutrition guidelines have many isolated nutrient targets, dietary fat targets are not com-
mon features in these guidelines. This comes despite the fact that dietary fat intake is approximately 
40% of total energy intake in CKD populations, with the majority of that being from saturated fat 
[69–72]. The issue with this is that a diet high in saturated fat has been shown to be associated with a 
higher incidence of albuminuria and risk factor for kidney disease progression [25].

Dietary omega-3 polyunsaturated fatty acids (PUFA) have gained interest in CKD for their anti- 
inflammatory properties and potentially beneficial effects on blood pressure, endothelial function, and 
proteinuria [73, 74] (see Chaps. 13 and 22). In the general population, omega-3 PUFA intake corre-
lates with a lower incidence of CKD [75] and reduced risk of albuminuria in people with type 2 dia-
betes [76]. One meta-analysis demonstrated that any dose of omega-3 supplementation (compared to 
no supplementation) reduces the risk of proteinuria and CKD progression to ESKD [77]. However, 
many studies involve small sample sizes and short intervention periods and are observational in most 
cases, which renders this evidence inconclusive.

 Healthy Dietary Patterns Are Inherently Lower in Sodium

As shown in Table 31.1, healthy dietary patterns are inherently low in sodium in comparison to the 
Western diet with an average of 8–12 g/day, mostly due to not promoting discretionary and processed 
food (which can be up to 80% of a patient’s daily sodium intake) [78]. Good quality evidence from 
RCTs and large meta-analyses support the effectiveness of reduced sodium intake in improving a 
range of outcomes for people with CKD including blood pressure, volume control, and proteinuria 
(see Chap. 10). Aside from increases in blood pressure and cardiovascular morbidity and mortality, 
high dietary sodium intake is associated with increased proteinuria and accelerated decline in kidney 
function [79].

 Healthy Dietary Patterns Are Abundant Sources of Polyphenols, Which May 
Reduce Cardiovascular Risks for CKD Progression

Polyphenols are only present in plant-based foods and have been associated with multiple health ben-
efits, mostly due to their antioxidant and anti-inflammatory properties [80]. Healthy dietary patterns, 
such as the Mediterranean, DASH, and vegetarian diets, are inherently higher in antioxidants and have 
an abundant source of non-nutrient phytochemicals such as carotenoids and polyphenols, adding to 
their cardioprotective profile [81, 82]. Mounting evidence suggests a role for polyphenols in 
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modulating cell signaling pathways and may play a role in controlling inflammation associated with 
cardiovascular complications and progression [80]. There is a collection of polyphenol supplementa-
tion studies that included grape juice powder, pomegranate juice, turmeric, and cocoa flavanols. These 
studies have shown promise in controlling oxidative stress and ameliorating inflammation in ESKD 
patients [83–85]. In CKD populations, polyphenols have been shown to significantly reduce oxidative 
stress and urinary albumin-creatinine ratios [86, 87]. It remains unclear, however, whether recom-
mending higher amounts of antioxidant-containing vitamins and non-nutritive polyphenol food 
sources raises a safety concern to electrolyte profiles. Therefore, these interventions would require 
regular review by the clinician and monitoring changes in dietary intake and serum biochemistry.

 Safety Profile of a Plant-Based Dietary Pattern in the Kidney Disease 
Population

Safety concerns regarding the various dietary patterns relate to the high fruit and vegetable intake and 
potential for excessive protein intake (greater than 1 g/kg/day). However, fruit and vegetable intake 
are typically low across the CKD spectrum, and unnecessary restriction may risk many vitamin and 
mineral insufficiencies [69]. While fruit and vegetable intake convey higher dietary potassium, it has 
been recently argued that this does not necessarily translate into hyperkalemia [88]. Careful planning 
and regular monitoring are essential in the absence of clinical trials; however, modifications proposed 
in this chapter suggest that these dietary patterns can be implemented in the CKD patient group. In 
addition, an increased fiber intake from a higher fruit and vegetable diet can prevent constipation in 
dialysis populations and facilitate fecal excretion of excess potassium, which can be up to 3.5 times 
greater than that of the general population [89]. This ability of intestinal potassium excretion to com-
pensate for a reduction in renal potassium handling has called into question the priority for dietary 
restriction in hyperkalemic states [88].

While the dietary patterns discussed in this chapter can be higher in protein (as a percentage of 
total calories consumed), they contain higher plant-based protein ratios which may be kidney-sparing 
and cardiorenal protective [90]. The bioavailability of phosphorous and calcium from plant-based 
sources is typically poor, which strengthens the kidney-sparing potential these diets may possess [50]. 
Nonetheless, it is important for the renal dietitian to carefully plan the patient’s diet, using the practi-
cal considerations presented in Table 31.1, and individualizing nutrition needs in line with best prac-
tice guidelines.

 Conclusion

This chapter has discussed dietary patterns, which reflect a whole pattern of eating and have widely 
accepted evidence for reducing blood pressure and cardiovascular health. As dietary patterns are a 
whole food-based intervention and characteristically higher in fruits, vegetables, and whole grains, 
caution for potential electrolyte derangement has been advised in the CKD population. It is important 
to note that there have been no RCTs conducted to date to either support or refute these claims. While 
preliminary data shows there are no adverse effects from following a DASH or Mediterranean pattern 
in CKD, careful meal planning with experienced clinicians is vitally important. With this in mind, 
promoting a healthy dietary pattern should be achievable in the common CKD patient.
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 Introduction

Complementary or alternative approaches to healthcare are diverse medical and healthcare practices 
or strategies that are not considered to be part of conventional medicine [1]. “Complementary” 
approaches refer to practices that are adjunctive to conventional practice; conversely “alternative” 
refers to practices that are used instead of conventional practices; as evidence is established for safety 
and efficacy, the use of these strategies may evolve over time and be adopted into conventional health-
care referred to as integrative health [1]. The use of natural products is one type of complementary 
health approach for disease prevention, management, and treatment. Dietary supplements are consid-
ered part of the natural product category. People with kidney disease may wish to explore natural 
products; the focus of this chapter is with regard to non-vitamin, non-mineral dietary supplements and 
kidney disease.

 Dietary Supplements

Plant-based medicines have been used for centuries and were instrumental in the evolution of many 
of the pharmaceutical therapies that exist today [2]. The availability and usage of dietary supplements 
have increased notably in the past two decades, with sales reported to be $46 billion in 2018 [3, 4]. 
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Key Points
• Some dietary supplements may offer protective benefits to kidneys.
• Some dietary supplements may be associated with kidney dysfunction or drug interactions.
• Dietary supplements may be sold without evidence of safety and efficacy.
• Health professionals should engage in an open dialogue to encourage patients to disclose 

their interest in and their use of dietary supplements.
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The American Botanical Council noted that sales of herbal products specifically continue to increase 
annually, and retail sales in 2017 exceeded $8 billion [5].

The surge in the availability and use of dietary supplements in the United States may be attributed 
to the Dietary Supplement Health and Education Act (DSHEA) of 1994 [6]. At that time, the Congress 
acknowledged that there may be a positive relationship between dietary practices, such as dietary 
supplements, and health promotion and disease prevention, which may translate into reduced health-
care burden. DSHEA amended the Food, Drug, and Cosmetic Act of 1958 to exclude dietary supple-
ments from the premarket safety evaluations that food and drugs undergo. DSHEA mandated a 
definition of dietary supplements (Box 32.1) and guidelines for product claims and labels, including 
a disclaimer that the Food and Drug Administration (FDA) has not evaluated the product for safety or 
efficacy. DSHEA authorized FDA to establish good manufacturing practices (GMP) for the supple-
ment industry and created the Office of Dietary Supplements to promote research and education 
regarding dietary supplements [6].

 Efficacy and Safety of Dietary Supplements

Among the key issues concerning healthcare professionals regarding dietary supplements is the 
uncertainty over their efficacy and safety (Box 32.2). A natural source of a dietary supplement may 
differ according to species, soil, water, and growing conditions. Additionally, the rise in demand and 
availability, ease of obtaining products, and limited proof of efficacy and safety are cause for concern. 
With the ease of Internet searches for information, patients and clinicians must be wary of unsubstan-
tiated claims and misinformation [7]. Moreover, in certain populations, such as persons diagnosed 
with kidney disease, dietary supplements may be contraindicated due to impaired renal function or 
possible drug interactions.

The FDA guidelines on GMP [8] provide consumers and clinicians some confidence in the qual-
ity of dietary supplements from reputable manufacturers that must uphold standards for quality and 
purity. There are also several independent monitoring agencies (Box 32.3) and independent certifi-
cation programs that a manufacturer can seek to endorse the product. On a voluntary basis from the 
manufacturer, these independent organizations will evaluate the product for purity, accuracy of 
ingredient labeling, and manufacturing practices. One organization is the United States Pharmacopeia 
(USP) that evaluates products upon specified criteria and allows the manufacturers to use the des-
ignation, DSVP (Dietary Supplement Verification Program), if the product passes the rigorous test-
ing. Another similar program is set up by the NSF International to obtain the right to use the NSF 
mark.

Box 32.1 Definition of Dietary Supplements [6]
“A product intended to supplement the diet to enhance health that contains one or more of the 
following:

 – Vitamin, mineral, amino acid, herb or botanical
 – Dietary substance to supplement the diet by increasing total dietary intake
 – Concentrate, metabolite, constituent, extract or combination of any ingredient above
 – Intended for ingestion as capsule, powder, gelcap and is not represented as a conventional 

food or as a sole item of a meal or the diet”
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 Dietary Supplements and Kidney Disease

The increasing use of complementary medicine and dietary supplements among patients with kidney 
disease worldwide has been documented [9–13]; hence, it warrants attention as a significant consid-
eration in current healthcare practice. Although there is limited published literature on the actual pat-
terns of use of dietary supplements by people with kidney disease, people may choose to use dietary 
supplements in an attempt to prevent further renal deterioration or may use them as an adjunct to miti-
gate side effects of the disease or treatments [14]. Supplement use may be classified as those with 
potential protective effects and those that should be avoided in kidney disease. Additional consider-
ations include dietary supplements that may be toxic or contaminated and lead to kidney dysfunction 
and those that may have interactions with prescribed drugs.

 Dietary Supplements with Potential Protective Effects

Preventing renal deterioration by using herbs and supplements would be a fortunate asset. Some coun-
tries may not have dialysis abundantly available, and traditional medicine using herbs may be one of 
the first choices in treatment [15]. Single herbs or formulations of several together may offer 

Box 32.3 Websites for Independent Monitoring Agencies or Organization of Dietary 
Supplements
• MedWatch (http://www.fda.gov/medwatch).
• ConsumerLab: Independent evaluation with periodic reports; part of the report is available 

free, some by subscription (http://www.consumerlab.com).
• Dietary Supplement Verification Program (http://www.usp.org/usp-verification-services/

usp-verified-dietary-supplements).
• NSF mark (http://www.nsf.org/consumer/dietary_supplements/dietary_certification.asp?pro

gram=DietarySup).

Box 32.2 Deciding for or Against the Use of Dietary Supplements
For
• Natural products are “natural.”
• Many therapies have been used for centuries.
• May reduce the need for drugs and associated side effects when used properly.
• Other countries have been prescribing herbs safely for years.

Against
• Limited scientific testing.
• Sold without knowledge of action; active ingredient concentrations vary.
• May displace/enhance/interfere with current therapy.
• Herb-drug interactions.
• No federal regulation prior to sale.
• May be subject to misidentification and contamination.
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promising treatments. However, most of the published research is with animal studies; human appli-
cability, safety, efficacy, and potential interaction with other medications must be explored. Astragalus 
(Astragalus membranaceus), an adaptogenic herb and antioxidant, may reduce proteinuria in glo-
merulonephritis [14, 16]. Traditional Chinese medicine uses astragalus often in combination with 
other herbs for its immune-enhancing potential; hence, individuals on immunosuppressants or those 
with autoimmune diseases should avoid its use [17]. The antioxidant properties of ginger (Zingiber 
officinale) may be linked to reduced inflammation in rats [18]. Other herbs such as milk thistle 
(Silybum marianum) and cordyceps (Cordyceps sinensis) may offer protection against nephrotoxic 
drugs [17].

Given that people with kidney disease often also have hypertension, diabetes, or hyperlipidemia, 
herbs and supplements with anti-inflammatory activity may be of interest in an attempt to mitigate 
cardiovascular risk factors [14]. Omega-3 fatty acids found in foods, mainly fish, are also available 
in the form of dietary supplements as anti-inflammatory agents. A systematic review article of 26 
publications suggests that omega-3 fatty acids may be beneficial in reducing inflammation in kid-
ney disease and other chronic diseases [19]. Evening primrose (Oenothera biennis) and borage 
(Borago officinalis) oil are sources of gamma-linolenic acid (GLA), an omega-6 fatty acid [17]. 
GLA may be converted to compounds that have anti-inflammatory properties. The judicious use of 
anti- inflammatory agents by people with kidney disease may be beneficial. Certainly side effects 
and drug interactions should be monitored and noted; fish oils can decrease platelet aggregation so 
large doses predispose a bleeding risk and may have additive effects with anticoagulant or anti-
platelet medications [17].

The role of the human gut microbiome in kidney disease is of interest for disease severity and 
health consequences [20, 21]. Pre- and probiotics may modulate the microbiome in favor of reducing 
uremic toxins and mitigating their systemic effect. The main source of pre- and probiotics is from 
foods that may be challenging to consume on a typical renal diet, and dietary supplements delivering 
pre- and probiotics may have a role in chronic kidney disease management [22].

 Dietary Supplements to Avoid in Kidney Disease

While there is still much research to be done with dietary supplements and specifically in populations 
with kidney disease, most supplements should be approached with caution. Published literature on 
case reports [23], with either positive or negative outcomes, may not be generalized to a larger popula-
tion but should remind clinicians to engage in a discussion with patients about dietary supplements. 
Theoretical mechanisms of action need testing in vivo before the affirmation of use; both demon-
strated and putative drug-herb interactions must be heeded.

Dandelion root (Taraxacum officinale) and Scotch broom (Cytisus scoparius) may have diuretic 
effects [17]. Parsley (Carum petroselinum), juniper (Juniperus communis), lovage (Levisticum offici-
nale), and goldenrod (Solidago virgaurea) have constituents that irritate the kidney and increase renal 
blood flow and glomerular filtration, thus acting as aquaretics that increase water loss but not electro-
lyte excretion [17]. These herbs should be considered contraindicated in kidney disease.

Kidney disease may alter the pharmacokinetics of drugs. Given that dietary supplements are natu-
ral forms of active biochemical agents, and that often the active ingredient or the mechanism of action 
may not be fully understood in healthy individuals, people with kidney disease must use caution when 
considering the metabolism, distribution, and excretion of dietary supplements. For example, it is 
known that St. John’s wort (Hypericum perforatum), which is used for mild depression, interferes 
with a metabolic pathway shared by many drugs [17]. When prescribed drugs and St. John’s wort are 
used concomitantly, the blood concentration of the drug may be lower than expected and not 
therapeutic.
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 Dietary Supplements and Kidney Dysfunction

Perhaps the most infamous case of herbs causing kidney dysfunction is the case of “Chinese herb 
nephropathy” or “aristolochic acid nephropathy.” In an attempt at weight loss, a Belgian population 
took an herbal supplement with a misidentified herb containing aristolochic acid, a nephrotoxic and 
carcinogenic herb. It was later reported that numerous people who took the supplement needed dialy-
sis or renal transplant and several developed cancer [24]. Other less common herbs implicated in 
kidney dysfunction have been reported and summarized [23]; refer to Table 32.1 for a list of herbs 
with adverse effects on the kidney. It would be prudent for practitioners with patient populations affili-
ated with healthcare practices of other cultures to familiarize themselves with particular regimens 
inherent in certain populations.

 Considerations for Healthcare Providers

Conscientious healthcare providers understand the current science in health promotion and disease 
management and strive for the best possible outcomes in patient care [26]. Recognizing that patients 
may seek to include dietary supplements as a part of their healthcare regimen is vital for open com-
munication and treatment. Healthcare providers must be willing to ask questions relative to dietary 
supplement use and be prepared to answer questions or dialogue the pros and cons of a given regimen. 
Often, however, the area of dietary supplements may be intimidating when faced with numerous 
supplements with uncommon names or formulations with several ingredients. Suggested approaches 
would be to identify those dietary supplements common to one’s practice area, for example, in kidney 

Table 32.1 Herbs with adverse renal effects [17, 25]

Herbs (scientific name) Effect Remark

Aristolochia (Aristolochia auricularia) Renal fibrosis, 
carcinoma

Contains aristolochic acid 
which is nephrotoxic and 
carcinogenic
FDA prohibits products 
containing aristolochic acid
Other herbs such as 
asarabacca and costus root 
may be adulterated with 
aristolochic acid

Neem (Azadirachta indica) Nephrotoxic Leaf or seed oil may be 
nephrotoxic; flower, fruit, 
and twigs may be safe

Licorice (Glycyrrhiza glabra) Hypernatremia, 
hypokalemia, 
edema

Numerous drug interactions

Senna (Senna alexandrina), cascara (Rhamnus purshiana) Hypokalemia Used as laxatives. Senna leaf 
is not for long-term use

Noni fruit (Morinda citrifolia) Hyperkalemia Fruit contains high 
concentration of potassium

Juniper berry (Juniperus communis), dandelion (Taraxacum 
officinale), asparagus tea (Asparagus officinalis), rupturewort 
(Herniaria glabra), Scotch broom (Cytisus scoparius), 
stinging nettle (Urtica dioica), uva ursi (Arctostaphylos 
uva-ursi)

Diuresis, electrolyte 
imbalance

May increase water loss 
without sodium excretion
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disease, then research the evidence for safety and efficacy through either scientific publications or 
databases that synthesize the information into a quick, sound reference. Some resources are listed 
later in this chapter, including a free downloadable app with information on several popular herbs. 
Once the provider has background knowledge on the supplement, they are usually more comfortable 
dialoguing with the patient regarding dietary supplements. Likewise, a patient who perceives that 
their healthcare provider is willing to discuss the subject is more likely to disclose the truth about the 
contemplative or actual use. Pertinent information to discuss is what the patient wants to use and why. 
The “what” is relatively straightforward, but the “why” aspect may be more nebulous. Find out the 
source of the patient’s information and identify the patient’s expectations. Is the patient taking the 
dietary supplement to treat a side effect of the disease hoping that the supplement may cure the dis-
ease? Understanding the patient’s issues and the safety and efficacy of the supplements leads to an 
open discussion to support or discourage their use.

The issues of safety and efficacy can be measured or assessed independently by first evaluating for 
evidence of efficacy, then evaluating for evidence of harm [26]. Where do the results of the assessment 
point to on an evidence-versus-harm scale? If there is some evidence of efficacy and no or minimal risk 
of harm, then the dietary supplement may be worthwhile, such as in the case of fish oil. On the contrary, 
if the evidence for harm outweighs any benefit, then the patient should be counseled on other therapies. 
If the patient understands the issues around dietary supplements and still intends to take one or some, 
healthcare providers may allow a trial period if the supplement is not harmful and the patient can afford 
the out-of-pocket expense. In that case, providers may advise the patient to start with one supplement 
at a time, monitor and report any side effects, allow 4–6 weeks to notice the desired effect, and report 
back to the provider all positive, negative, or neutral experiences. As expected with all patient contact, 
providers must document the dialogue and communicate the patient’s actions with the healthcare team.

 Conclusion

With the increase in use of dietary supplements, and the relative ease with which they may be mar-
keted by manufacturers and purchased by consumers, healthcare providers need to be aware of com-
mon supplements and become cognizant of the safety concerns or interactions they may have with 
disease status and medication regimens. Healthcare providers can identify the notable dietary supple-
ments that may be encountered in practice, and they can research the safety and efficacy issues with 
regard to their use or misuse. Honest, open communication with patients who may wish to explore the 
use of dietary supplements is essential for patient-clinician relations and optimal health outcomes.

 Resources

Websites worth noting:

• American Botanical Council, http://www.herbalgram.org
• ConsumerLab (some free content; in-depth analysis by subscription), https://www.consumerlab.

com/
• HerbList App, https://nccih.nih.gov/Health/HerbListApp?nav=govd
• National Center for Complementary and Integrative Health, http://nccih.nih.gov
• Natural Medicines, https://naturalmedicines.therapeuticresearch.com/
• NIH MedlinePlus, https://medlineplus.gov/druginfo/herb_All.html
• Office of Dietary Supplements, http://ods.od.nih.gov/
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 Introduction

Malnutrition and the broader term of “protein–energy wasting” have the potential to impact not only 
macronutrient metabolism but also vitamin and trace element status in patients with chronic kidney 
disease (CKD). Nutrition professionals (often the registered dietitian nutritionist) use the Nutrition 
Care Process to assess, diagnose, intervene, and monitor their patients and clients. A thorough assess-
ment is designed to understand three key items related to nutrition needs: (1) Has a nutrient deficiency 
been identified and is repletion necessary? (2) Is the diet inadequate to support the intake of key nutri-
ents? (3) Are clinical conditions present that have or may cause an increased need in single or multiple 
nutrients? If any of these three factors are identified, the nutrition provider works with the healthcare 
team to determine how to prevent or treat a nutrient deficiency. Ideally, nutrition professionals use 
evidence-based nutrition practice guidelines as the foundation for their practice. However, guidelines 
are only as strong as the evidence used to create them. Therefore, it is imperative that research moves 
forward in nutrition to determine optimal nutrition care.
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Key Points
• Vitamin and trace element status may be altered in patients with chronic kidney disease.
• Altered vitamin or trace element status may impact morbidity and mortality if untreated; 

thus, careful assessment and appropriate interventions must be conducted in this 
population.
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There is a paucity of evidence indicating that patients with CKD, on average, are inadequate in 
multiple nutrients and their clinical condition warrants increased nutrient intake. However, due to the 
high heterogeneity in the evidence, systematic reviews show little consensus in deficiency status and 
methods of treatment. While the systematic reviews show low evidence in vitamins and most  minerals, 
there are examples of deficiency; vitamin K is just such an example of nutrient deficiency in CKD 
patients [1].

Data from the National Health and Nutrition Examination Survey (NHANES) [2] and the 
Modification of Diet in Renal Disease (MDRD) Study [3] showed that the daily ingestion of nutrients 
begins to decline as early as stage 3 CKD [2, 4, 5]. This reduction in intake may affect energy- 
producing nutrients (carbohydrates, protein, and fat), macrominerals, vitamins, and trace elements. 
However, more than intake alone affects vitamins and trace elements. Metabolic alterations in CKD 
patients may affect absorption, utilization, and excretion of micronutrients. Uremic toxicity, comor-
bidities, and finally the treatment of end-stage renal disease (ESRD) may all contribute to a height-
ened inflammatory status which affects the status of many micronutrients, especially those with 
antioxidant properties, such as vitamins C and E, retinol, and minerals such as selenium [2].

Whereas vitamin D nutrition has received substantial attention, less is written or known concerning 
the optimal intake of vitamins and trace elements in CKD. This lack of information may have impor-
tant clinical consequences and lead to poor nutrition care. Clinicians may not recognize the risk of 
either inadequate intake or excessive body burden of nutrients and thus provide insufficient nutritional 
therapy or excessive supplementation of one or more vitamins or trace elements. Unfortunately, few 
vitamins, mineral, and trace elements have been extensively studied in the CKD population. Thus, the 
lower and upper ranges of body burden of these nutrients for their optimal metabolic functions are not 
known.

Three examples of nutrient alterations in advanced CKD patients are a high prevalence of defi-
ciency with vitamin K, an increased need for vitamin B6 (pyridoxine hydrochloride) [6], and a reduced 
tolerance for vitamin A, due to excessive serum vitamin A levels and dietary intolerance to rather 
small increases in the intake of this vitamin [7]. In a study by Schlieper et al., the researchers deter-
mined which parameters predicted vitamin K status [1]. Patients with worsening vitamin K status had 
significantly lower body mass index (BMI), more years on dialysis, higher C-reactive protein (CRP) 
concentrations, and poorer survival [1]. Thus, those patients with lower body stores and higher inflam-
mation had lower vitamin K serum concentrations and ultimately significantly increased risk of death 
[1]. This is an excellent example of why vitamin and mineral status should be assessed, problems 
identified and treated, and clinical symptoms monitored in the CKD population.

Determining the optimal nutritional status and recommended intake to maintain or replenish nutri-
ent concentrations can be difficult and can require careful monitoring by knowledgeable nutrition 
providers. The purpose of this chapter is to assist nutrition providers to make more rational and 
informed clinical decisions, evidence-based where possible, regarding the vitamin and trace element 
status and nutritional needs of their CKD patients (Table 33.1).

 Vitamin B1: Thiamin

Thiamin is a hydrophilic B vitamin involved with many metabolic functions such as serving as a 
cofactor for oxidative decarboxylation reactions. The dietary reference intake (DRI) for thiamin (age 
50–70 years) is 1.2 and 1.1 mg/day for normal men and women, respectively [8]. Dietary sources of 
thiamin include pork, oat bran, whole grains, and enriched grains [9].

Thiamin and CKD: Dietary intake and nutritional status for thiamin in patients with CKD (n = 14) 
were assessed by Frank et al. [10]. Stages 4 and 5 CKD patients consumed an average of 1.26 mg of 
thiamin/day from the foods in their diet. The mean plasma thiamin concentration was 64.2 nmol/L, 
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and ETK-AC (erythrocyte transketolase activity coefficient, an indicator of thiamin adequacy) was 
1.18 ± 0.19 (SD) (an ETK-AC indicating no deficiency is <1.20). ETK-AC has been regarded as a 
good functional indicator of thiamin status [11]. Thus, according to the data generated by Frank et al. 
[10], a substantial proportion of both CKD 4 and 5 patients had ETK-AC values greater than 1.20, 
indicating a thiamin-deficient status. While evidence does not indicate that all CKD patients are defi-
cient in thiamin, it does suggest an increased risk and prevalence of insufficient or deficient concentra-
tions in this population. Whether the DRI for normal adults is sufficient for patients with CKD is 
unknown. The recent systematic review by the Evidence Analysis Library of the Academy of Nutrition 
and Dietetics resulted in grade III evidence for thiamin supplementation, indicating that there is lim-
ited and unclear evidence for routine supplementation [12].

 Vitamin B2: Riboflavin

Riboflavin is a water-soluble B vitamin with phosphorescent properties and promotes oxidation–
reduction reactions. The DRI for riboflavin is 1.1 mg/day for women and 1.3 mg/day for men [8]. 
Some rich dietary sources of riboflavin are liver, duck, milk, eggs, mushrooms, spinach, chicken, and 
enriched grains [9].

Riboflavin and CKD: Porrini et  al. [13] studied patients with advanced CKD who were not 
undergoing dialysis using the α-erythrocyte glutathione reductase stimulation index (α-EGR) to 
assess riboflavin status. In this study, 8% of patients were found to have elevated α-EGR, thus indi-
cating riboflavin deficiency. When the prescribed protein intake of these patients was intentionally 
reduced to 1.0 or 0.6 g protein/kg/day, from the patients’ usual intake, according to the research 
protocol, the prevalence of elevated α-EGR increased from 8% to 25% and 41%, respectively. The 
increased prevalence of elevated α-EGR was attributed to the fact that riboflavin is particularly 
abundant in foods containing animal proteins. Indeed, several works have recommended riboflavin 
supplements for CKD patients, especially when they ingest very low-protein diets (i.e., <0.6 g pro-
tein/kg/day) [5, 14, 15].

 Niacin: Vitamin B3

Niacin is another water-soluble B vitamin that is ingested as either nicotinamide from animal sources 
or nicotinic acid from plant sources. These molecules are necessary cofactors for many oxidation–
reduction reactions. Niacin also prevents and is the therapeutic agent for pellagra, which is a condition 
caused by niacin deficiency and often referred to by “the Ds”: dermatitis, diarrhea, dementia, and 
death. Pellagra is associated with the chronic intake of low-riboflavin diets, alcoholism, and food fad-
dism, and when untreated, maize is a primary staple of the diet [16]. The DRI for normal individuals 
is 14 mg/day for females and 16 mg/day for males [8]. Niacin is unusual in that it has an amino acid 
precursor, tryptophan; some of the tryptophan in the body is routinely converted to niacin. Thus, when 
niacin stores are low, the conversion of tryptophan can become a source of niacin. Primary food 
sources that are rich in niacin are meat, fish, legumes, coffee, and tea [9], all of which tend to be 
reduced in low-protein, low-phosphorus diets.

Niacin and CKD: It is possible that CKD patients who are prescribed low-protein diets (such as 
0.6 g protein/kg/day) with phosphorus restriction (such as 800 mg/day) may be at increased risk for 
niacin deficiency due to the low niacin content of plant-based foods; thus, their dietary niacin intake 
may be quite low. However, the authors are unaware of any clinical trials that have examined the nia-
cin intake of CKD patients and whether that amount is sufficient to maintain adequate niacin status. 
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Additionally, the niacin metabolite, nicotinamide, has been successfully used to reduce serum phos-
phorus concentrations in maintenance hemodialysis (MHD) patients using megadoses of niacin, 500–
1500 mg/day given twice daily [17, 18].

The mechanisms of action involve the inhibition of the sodium/phosphorus type IIb cotransporter 
(NaPi-2b) and the type IIa cotransporter (NaPi-2a), which are the major transporters of inorganic 
phosphorus in the intestinal brush border, and in the proximal renal tubular epithelial cells of the kid-
neys, respectively [19, 20]. Therefore, it is likely that in nondialyzed CKD 3–5 patients, the action of 
nicotinamide on the NaPi-2b and NaPi-2a cotransporters not only will inhibit phosphorus absorption 
in the intestinal brush border but will also inhibit renal tubular phosphorus reabsorption and thereby 
increase phosphorus excretion in both feces and urine.

Nicotinamide use is associated with many side effects: most relevant are flushing; thrombocytope-
nia; hepatotoxicity (especially with sustained release doses); gastrointestinal symptoms such as diar-
rhea, vomiting, and constipation; and increased serum uric acid concentrations [20]. The increased 
serum uric acid may be of concern, because hyperuricemia has been associated with both hyperten-
sion and more rapid progression of renal failure [21]. In summary, while there is not sufficient evi-
dence of niacin deficiency in CKD patients, those with chronically suboptimal dietary intake may 
benefit from a supplement at the DRI level to prevent deficiency.

 Vitamin B6: Pyridoxine

Vitamin B6 exists in  vivo as six compounds (i.e., pyridoxal, pyridoxine, pyridoxamine, and the 
5′-phosphate derivatives of these three compounds). Pyridoxal-5′-phosphate (PLP) is a cofactor for 
many enzymes, particularly the ones involving amino acid metabolism. Possibly relevant to the ane-
mia of CKD, PLP is a cofactor for (δ)-aminolevulinate synthase to initiate heme synthesis. The DRI 
for pyridoxine in men is 1.7 mg/day and for women is 1.5 mg/day [8]. Substantial dietary sources of 
vitamin B6 are liver, fish, meat, poultry, plums, bananas, plantains, barley, sweet potatoes, potatoes, 
and enriched grains [9].

B6 and CKD: Kopple et al. [6] conducted both dietary and biochemical assessments of pyridoxine 
status on patients with different stages of CKD. In a cross-sectional analysis, the amount of vitamin 
B6 consumed in foods declined as glomerular filtration rate (GFR) decreased, from 2.2 ± 0.8 (SD) 
mg/day in six patients with stages 3 and 4 CKD (serum creatinine from 2.1 to 3.5  mg/dL) to 
1.2 ± 0.5 mg/day in seven nondialyzed patients with stages 4 and 5 CKD [6]. The mean intake of 
vitamin B6 for patients with severe CKD was significantly lower than the DRI for their age cohort. 
These declining intakes were reflected in the stimulation index of erythrocyte glutamic pyruvic trans-
aminase (EGPT) activity. EGPT activity and the EGPT index are measurements of adequacy of body 
pyridoxine levels. An EGPT index greater than 1.25 is an indicator of vitamin B6 deficiency. The 
mean EGPT stimulation index rose (indicating vitamin B6 deficiency) inversely with the stage of 
CKD, where patients with higher GFR levels (CKD stages 3 and 4) had a mean EGPT index of 
1.23  ±  0.09 (SD); CKD patients with lower GFR levels (stages 4 and 5) had a mean index of 
1.30 ± 0.11. These were all significantly higher than the normal control values of 1.16 ± 0.06.

Podda et  al. [22] found significantly lower serum PLP concentrations, 37.3  ±  51.7 versus 
79.3 ± 65.6 pmol/mL, in patients with nephrotic syndrome as compared with healthy controls. The 
serum B6 values inversely correlated with the magnitude of proteinuria (r = −0.41, p < 0.001). These 
studies provide evidence that there are suboptimal levels of serum vitamin B6 in many patients with 
CKD.

Many medicines and other compounds can interfere with the actions or metabolism of vitamin 
B6 and may increase the likelihood that patients will develop B6 deficiency. This is especially 
likely to occur in CKD patients because their vitamin B6 intake is often low, they may have 

33 Vitamin and Trace Element Needs in Chronic Kidney Disease



612

increased dietary needs for B6 [14], and it is likely that they may be prescribed some of these 
medicines. These interfering compounds include isoniazid, thyroxine, iproniazid, theophylline, 
hydralazine, caffeine, penicillamine, ethanol, and oral contraceptives. The data presented here 
suggests that patients at stage 3 CKD or higher are at increased risk for deficient concentrations 
of vitamin B6 and, therefore, should be supplemented adequately. It has been recommended by 
both the European Society of Parenteral and Enteral Nutrition (ESPEN) and Caring for Australians 
with Renal Impairment (CARI) guidelines that vitamin B6 be supplemented daily at a dose of 
5 mg [23–25].

 Folate

Folic acid is a pteroylmonoglutamic acid which provides methyl groups for pyrimidine and purine 
synthesis and is necessary for histidine catabolism and the conversion between glycine to serine and 
homocysteine to methionine, in addition to other processes. Deficiency of folic acid results in mega-
loblastic anemia. The DRI for both healthy males and females is 400 μg/day [8]. Dietary sources of 
folic acid are legumes, orange juice, spinach and other leafy greens, broccoli, beets, artichokes, 
papaya, and enriched grains [9].

Folic Acid and CKD: Low folate intake can be an important contributor to folate deficiency in CKD 
patients. The primary source of dietary folic acid is fresh green vegetables which, due to their high 
potassium content, are frequently restricted in the CKD diet. Medicines that interfere with folic acid 
and may lead to deficiency, particularly in people with low folate intakes, include barbiturates, primi-
done, cycloserine, pyrimethamine, diphenylhydantoin, triamterene, methotrexate, trimethoprim, 
Mysoline, pentamidine, salicylazosulfapyridine, and ethanol.

In advanced CKD (such as stages 4 and 5 prior to dialysis), the metabolism of folic acid or han-
dling of its metabolites appears to be altered, although the cause and timing at which the alterations 
begin to occur are not well defined. Hannisdal et al. [26] compared the serum concentrations of folate 
and folic acid metabolites between healthy volunteers and nondialyzed patients with stages 3–5 
CKD. Folate metabolites were analyzed by liquid chromatography–tandem mass spectrometry. The 
samples from patients with CKD had 22 to 30 times higher concentrations of folate metabolites than 
in sera from healthy volunteers [26]. These elevated serum metabolite levels may reflect impaired 
excretion rather than altered metabolism of folic acid.

The optimal or safe daily intake for folate for CKD patients prior to dialysis is unknown. Considering 
that there is currently no evidence for impaired folate activity or metabolism for nondialyzed people 
with stages 3–5 CKD, the daily intake for these individuals may be similar to that of people who do 
not have CKD. The recent evidence analysis library (EAL) systematic review which resulted in grade 
II evidence for folate indicated that while supplementation with folate does not decrease mortality in 
dialysis patients, it has been shown to decrease odds of CKD progression combined with all-cause 
mortality in patients with CKD stage 3 [12].

 Cyanocobalamin: B12

Vitamin B12 is critical for two major reactions: (1) as a coenzyme in the reaction that converts homo-
cysteine to methionine and (2) for the reaction that converts l-methylmalonyl-CoA to succinyl-CoA 
[11]. B12 is unique because it requires an intrinsic factor for absorption by the brush border of the 
ileum [14]; therefore, patients with a history of stomach or bowel resection may, over time, become 
vitamin B12 deficient. The DRI for B12 is 2.4 μg/day for both men and women [8], and the primary 
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dietary sources are liver, beef, chicken, eggs, trout, and salmon. Additionally, fortified foods, such as 
breakfast cereals, are also good sources of B12 [9].

B12 and CKD: In healthy adults, there is a 3- to 6-year body supply of B12 [11]. Therefore, if a 
healthy person consumed insufficient quantities of B12 for a short period of time (less than 3 years), 
they should not develop vitamin B12 deficiency. However, there are no data concerning the amount of 
B12 stored in the body in patients with CKD. A paucity of data has suggested that maintenance hemo-
dialysis (MHD) patients respond favorably and quickly when they are supplemented with B12, even 
when the plasma values indicate normal ranges [27]. This may be related to the fact that plasma B12 
concentrations are not a sensitive indicator of B12 status. Plasma methylmalonic acid and homocys-
teine are more sensitive indicators of B12 status.

Vitamin B12 is more abundant in high-protein foods. Thus, patients who consume low-protein or 
very low-protein diets for extended periods of time, for example, greater than 3 years, with no B12 
supplementation, may become vitamin B12 deficient. Information on plasma and body levels of vita-
min B12 is limited, and what data are available does not indicate that most or even many CKD patients 
are deficient. However, it may still be prudent to prescribe supplemental vitamin B12 equivalent to the 
DRI, i.e., about 3 μg/day, to CKD patients with prescribed diets low (0.6 g protein/day) or very low 
(0.3 g protein/day supplemented with keto acids and essential amino acids) in protein. However, the 
EAL systematic review on B12 resulted in grade III evidence with the conclusion being “Vitamin B12 
supplementation increased vitamin B12 biomarkers, and there was evidence of a dose-response effect 
according to supplementation dosage. Most participants were vitamin B12 replete, but vitamin B12 
status was not reported in all studies. Lack of comparison of results to a reference standard limits 
interpretation of findings” [12].

 Homocysteine

Serum total homocysteine concentrations appear to be increased to roughly 1.5–2 times the upper 
limit of normal in the majority of stage 5 CKD patients [28]. While elevated homocysteine concentra-
tions in the general, non-CKD population are associated with an increased incidence of adverse car-
diovascular events and mortality [29], the relationship between this magnitude of elevated 
concentrations and adverse outcomes is less clear in CKD patients.

Hyperhomocysteinemia of this level has been associated with both increased and reduced mortal-
ity in the CKD population [30, 31], probably because of the interaction of serum homocysteine levels 
with protein–energy wasting.

Several clinical trials have tested treatment of stages 4 and 5 CKD patients with large doses of folic 
acid, pyridoxine HCl, and often vitamin B6 to reduce elevated plasma homocysteine levels. Perhaps 
the largest randomized prospective clinical trial with the longest follow-up concerning vitamins to 
lower homocysteine concentrations and improve clinical outcomes was the homocysteinemia in kid-
ney and end-stage renal disease study (HOST) [28]. This was a randomized, double-blind, placebo- 
controlled trial conducted in 2056 Veterans Administration patients with stages 4 and 5 CKD who 
were not dialyzed (n = 1305) or who were undergoing MHD (n = 751) [28]. All patients were hyper-
homocysteinemic (Hcy > 15 μmol/L) and they were randomized to receive daily treatment with 40 mg 
folic acid, 100 mg pyridoxine HCl, and 2 mg vitamin B12 or with placebo. Patients were treated for 
a mean of 4.5 years. Serum homocysteine levels decreased by 25.8% in the vitamin group (p < 0.001) 
as compared to the placebo group; however, there were no significant differences between the treat-
ment group and the control group with regard to mortality, myocardial infarction, or amputations [28].

In a recently published study, 238 patients with diabetic nephropathy and nephrotic syndrome, 
stage 3 or earlier, were randomized to treatment with either placebo or a combination of folic acid 
2.5 mg/day, pyridoxine HCl 25 mg/day, and vitamin B12 1 mg/day, for a mean of 31.9 months [32]. 
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Patients randomized to vitamin treatment had a significantly faster decline in GFR (−16.5 ± 1.7 mL/
min, mean change at 36  months) compared to patients receiving placebo (−10.7  ±  1.7  mL/min, 
p  =  0.045). The patients taking the vitamins were significantly more likely to have a myocardial 
infarction, stroke, revascularization, or all-cause mortality [32].

Thus, there currently does not appear to be any clinical advantage to the routine use of megavita-
min therapy to lower the modestly elevated serum homocysteine levels found in typical patients with 
advanced CKD.

 Pantothenic Acid

Pantothenic acid is derived from pantothenate and is used in the synthesis of coenzyme A which is 
critical for many metabolic processes such as fatty acid oxidation, transport of proteins, and the for-
mation of acetyl-CoA, a key molecule in energy metabolism [11]. There is inadequate information to 
determine a DRI for pantothenic acid for normal adults; however, the adequate intake (AI) level is set 
at 5 mg/day for men and women over 51 years of age [8]. Pantothenic acid appears to be ubiquitous 
in the food supply; the following foods are rich sources: beef, poultry, whole grains, potatoes, toma-
toes, and broccoli [9].

Pantothenic Acid and CKD: There are currently no published reports demonstrating pantothenic 
acid deficiency in patients with CKD. Given the ubiquitous nature of pantothenic acid in the general 
food supply and the lack of evidence for insufficiency or deficiency in CKD patients, an intake beyond 
the AI level does not appear warranted.

 Vitamin C

Vitamin C, or ascorbic acid, is a hydrophilic, six-carbon lactone that is capable of inhibiting the oxida-
tion of other compounds by donating up to two electrons and, in the process, undergoing oxidation. 
Vitamin C scavenges reactive oxygen species in the body, thereby reducing the threat of cellular dam-
age. The DRI for vitamin C is 75 mg/day for women and 90 mg/day for men [33]. Examples of dietary 
sources high in vitamin C are citrus fruits, berries, papaya, peppers, mangos, pineapple, broccoli, 
cauliflower, melons, greens, tomatoes, and tubers [9].

Vitamin C and CKD: Vitamin C intake is likely to be low in CKD patients because of dietary potas-
sium restriction and because healthcare providers are often cautious in recommending vitamin C 
supplementation above the DRI due to the risk of increased oxalate production. Oxalate is a metabo-
lite of both ascorbic acid and urine oxalate and is found in renal failure patients; serum oxalate may 
increase when individuals ingest supplemental ascorbic acid [14]. A direct correlation between serum 
ascorbic acid and serum oxalate concentrations has been reported in MHD patients. However, in a 
recent study of people without CKD who were at increased risk for oxalate formation, 500 mg/day of 
vitamin C did not increase 24-h urinary oxalate excretion [34]. To better assess the risk of supplemen-
tal ascorbic acid intakes, Chan et al. [35] conducted a study on the safety and efficacy of oral versus 
intravenous vitamin C administration in MHD patients and, not surprisingly, found no increase in the 
incidence of nephrolithiasis with 250 or 500 mg/day doses. Serum oxalate levels were not measured, 
and the possibility could not be ruled out that there might have been oxalate deposition in soft or other 
tissues.

Given the potential increase in oxidative stress due to uremic toxins and dialysis treatment, main-
taining optimal concentrations of antioxidant status in CKD patients may improve clinical outcomes. 
In a study with peritoneal dialysis patients, ascorbic acid insufficiency and deficiency were demon-
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strated, respectively, in 74% and 44% of those individuals who were not receiving ascorbate supple-
ments and in 22% and 17% of patients who were taking supplemental ascorbic acid, respectively [36]. 
A larger study by Zhang et al. [37] similarly demonstrated a high prevalence of vitamin C deficiency 
for both MHD and chronic peritoneal dialysis (CPD) patients who were not receiving ascorbic acid 
supplements, with 33% of patients deficient and 31% insufficient using plasma vitamin C values as 
the indicator. This study also showed an increased prevalence of clinical measures that are associated 
with suboptimal vitamin C status, such as elevated serum CRP and decreased serum prealbumin 
(transthyretin). Furthermore, in a recent meta-analysis where vitamin C was given at a dose of 500 mg 
to hemodialysis patients, this supplement was associated with an increase in hemoglobin levels and 
decreased doses of erythropoietin-stimulating agent [38]. The recent EAL systematic reviews on vita-
min C showed limited evidence in the reduction of mortality, hospitalizations, and lipid parameters 
and limited evidence for increased quality of life [12].

 Fat-Soluble Vitamins

 Vitamin A

Vitamin A is a set of fat-soluble compounds classified as retinoids. Humans ingest preformed vitamin 
A (retinyl esters) or the vitamin A precursors, carotenoids. Retinal and retinoic acid (the acid form) 
are required for various reactions in the eye that support vision. Retinoic acid also promotes embry-
onic development, and retinoids are necessary for normal immune function. Carotenoids are com-
posed of β-carotene, α-carotene, and β-cryptoxanthin [39] with β-carotene being the most common 
form of the carotenoids. β-Carotene can be converted to retinol; however, it has only approximately 
50% of the activity of retinyl esters. The current recommended dietary allowance (RDA) for healthy 
men and women is 900 and 700 μg retinol activity equivalents (RAE)/day, respectively, and the upper 
safe limit is 3000 μg RAE/day [40]. Abundant dietary sources of vitamin A include liver, fish-liver 
oils, dairy products, butter, and eggs. β-Carotene is found in red- and yellow-colored fruits and veg-
etables such as cantaloupe, carrots, sweet potatoes, and winter squash and in dark-green leafy vegeta-
bles, such as spinach [9].

Vitamin A and CKD: A 2010 study in MHD patients and healthy controls compared lipid profiles, 
total antioxidant capacity, and vitamin A levels [41]. This study showed that both before and after a 
hemodialysis treatment, MHD patients had elevated serum values of vitamin A in comparison to the 
healthy controls (MHD patients, 133.2 ± 47.8 SD μg/dL before and 89.3 ± 39 μg/dL after hemodialy-
sis; controls, 58.3 ± 11 μg/dL, p < 0.05). Potential mechanisms for the increased vitamin A levels 
include decreased catabolism of retinol-binding proteins. Frey et al. [42] showed that isoforms of 
retinol-binding protein 4 (the main transporter or retinol in blood) are increased in CKD, and this may 
partly explain elevated plasma concentrations in CKD patients. The NHANES III data demonstrated 
an association between elevated serum creatinine and elevated serum vitamin A concentrations [43]; 
this correlation was consistent across ethnicities and persisted after adjustment for confounding fac-
tors. This finding reinforces earlier studies that described elevated vitamin A levels in nondialyzed 
patients with CKD, ESRD patients, and kidney transplant recipients [44–46].

However, the story on vitamin A may be a bit more complicated. A recent cross-sectional analysis 
in peritoneal dialysis patients showed not only that these patients consume less vitamin A but that their 
vitamin A intake was associated with their serum levels of CRP, an inflammatory marker. Patients with 
high serum CRP had a significantly lower intake of vitamin A (207 vs. 522 μg/day) than those with a 
serum CRP within the normal range [47]. Furthermore, Espe et al. [7] demonstrated that patients with 
lower retinol status had significantly higher mortality. A similar relationship of serum vitamin A levels 
to mortality, both all cause and cardiovascular, was also found by Kalousova et al. [48].

33 Vitamin and Trace Element Needs in Chronic Kidney Disease



616

Since serum vitamin A concentrations begin to increase when the serum creatinine starts to rise 
[42], there would seem to be no need to provide supplemental vitamin A for CKD patients, unless 
dietary intake is low or there is the unusual circumstance that serum retinol concentrations are below 
normal. This is consistent with the current recommendations against the need for supplemental vita-
min A in CKD unless the patient is commonly ingesting less than the RDA for vitamin A [24]. In this 
latter circumstance, a supplement to increase vitamin A intake to the RDA can be given [14].

 Vitamin E

Vitamin E is a fat-soluble vitamin that typically resides in cell membranes. It acts as an antioxidant, and 
it remains highly stable even after it scavenges free radicals. Vitamin E exists in four forms, α-tocopherol, 
β-tocopherol, γ-tocopherol, and δ-tocopherol; however, only α-tocopherol has an established RDA. The 
DRI for vitamin E (α-tocopherol) is 15 mg/day for both normal men and women [33]. Dietary sources 
of vitamin E are vegetable oils, unprocessed grains, nuts, fruits, vegetables, and meat [9].

Vitamin E and CKD: It has become increasingly evident that oxidative stress may act as a patho-
logical agent in a number of disease states, and vitamin E has been considered as a potential treatment 
for this condition. Plasma vitamin E levels in CKD patients do not appear to be different from healthy 
controls [49, 50], even when dietary intake of vitamin E is reduced [50]. The results of clinical trials 
evaluating the effectiveness of vitamin E for the prevention of cardiovascular disease in people with 
CKD have been mixed.

Mann et al. [51] examined the outcomes in patients with mild–moderate kidney failure (serum 
creatinine, 1.4–2.3 mg/dL; approximately stage 3 CKD) and increased risk for cardiovascular events 
who were given 400 IU/day of vitamin E as part of the Heart Outcomes Prevention Evaluation (HOPE) 
trial. Patients with and without CKD in the HOPE trial were selected to be at higher risk for adverse 
cardiovascular events. Consistent with the findings in the HOPE trial, in patients who did not have 
CKD, there was no cardiovascular benefit to taking this dose of vitamin E. Moreover, the long-term 
use of this dose (400 IU/day or 363 mg/day) of supplemental vitamin E in individuals with or without 
CKD in the HOPE trial resulted in an increased incidence of heart failure, heart failure-related hospi-
talizations, and all-cause mortality (RR 1.13; 95% CI 1.01–1.26, p = 0.03 [39, 40]. This increased risk 
was associated with vitamin E intakes as low as 150 IU/day (136 mg/day) [52, 53].

Two studies examined vitamin E use as an antioxidant in MHD patients [54]. In the Boaz et al. [54] 
study, MHD patients (n = 196) were randomized to receive either an oral dose of vitamin E, 800 IU/
day, or a placebo and followed for a median of 519 days. Treatment with vitamin E resulted in a reduc-
tion of the primary end point, a cardiovascular composite score (16% vs. 33%, p = 0.014). A more 
recent, but much smaller, study (n = 80) examined treatment with both silymarin and vitamin E for 
21 days on plasma malondialdehyde (MDA), red blood cell glutathione peroxidase, and hemoglobin 
levels. Supplementation led to a significant decrease in MDA and an increase in red blood cell gluta-
thione peroxidase and hemoglobin levels [55].

In the recent EAL systematic reviews, vitamin E was not shown to decrease mortality or cardiovas-
cular outcomes in CKD patients in stages 1–5 [12].

 Vitamin K

Vitamin K participates in post-translational carboxylation enabling the protein to bind to calcium and 
interact with other compounds. This is a necessary step for processes involving calcium interactions 
such as blood clotting and bone mineralization. The dietary form of vitamin K is phylloquinone. 
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Phylloquinone is absorbed in the jejunum and ileum and is primarily stored in the liver. Bacteria in the 
gut also produce vitamin K in the form of menaquinones which are absorbed from the distal bowel and 
stored in the liver. If vitamin K deficiency occurs, body proteins may be undercarboxylated. 
Carboxylation status of proteins, such as osteocalcin, can be measured and used to diagnose vitamin K 
deficiency. The normal AI for vitamin K is 90 μg/day for females and 120 μg/day for males. Formally, 
enough vitamin K was thought to be produced in the intestinal tract to prevent frank vitamin K defi-
ciency even in the absence of dietary vitamin K intake. Newer evidence (see below) has led to a revi-
sion in this thinking. Dietary sources of vitamin K are green vegetables, cabbage, and plant oils [9].

Vitamin K and CKD: A decrease in dietary intake of vitamin K (phylloquinones) and/or a reduction 
in vitamin K production by gut bacteria can lower vitamin K levels. Antibiotics that suppress gut flora, 
and hence bacterial production of vitamin K, may increase the risk of vitamin K deficiency and impair 
blood clotting. This is especially likely to happen if the patient is also not eating or taking vitamin 
supplements and, therefore, has a low vitamin K intake. Two new studies have provided clinicians 
with evidence suggesting that a large proportion of patients with CKD may be deficient in vitamin K.

The first study by Holden et al. [56] in 172 patients with CKD stages 3–5 found that, depending on 
the vitamin K indicator used, 6% to 97% of patients were vitamin K deficient. When serum phylloqui-
none was used as a measure of adequate vitamin K status, a 6% deficiency was found in this population. 
However, when the measurement was the more sensitive marker, the percentage of the osteocalcin 
protein that is undercarboxylated (%ucOC), 60% of the patients were found to be deficient in vitamin 
K. Finally, when protein induced by vitamin K absence (PIVKA)-II, a less used but a potentially very 
accurate marker of vitamin K status, was measured, 97% of the patients were found to be deficient [56].

In the second study by Schlieper et al. [1], 64% of MHD patients (n = 188) were identified as defi-
cient in vitamin K using PIVKA-II as an indicator. As mentioned at the beginning of this chapter, when 
MHD patients were categorized according to their serum desphospho-carboxylated matrix Gla-protein 
(MGP), those patients with serum values below 6139  pmol/L had significantly worse survival. 
Furthermore, when 17 patients were supplemented with oral doses of 135 μg/day of menaquinone-7 for 
2 weeks, serum PIVKA-II decreased significantly, from 5.6 ± 3.2 to 3.4 ± 2.2 ng/mL, p < 0.001 [1].

These studies suggest that a large number of nondialyzed CKD patients as well as maintenance 
dialysis patients are deficient in vitamin K and may benefit from vitamin K supplements. Further stud-
ies need to be conducted to confirm the optimal doses and duration for such vitamin K supplements. 
In the recent EAL systematic reviews, vitamin K indicators are shown to improve in a dose-dependent 
manner with supplementation [12].

 Minerals and Trace Elements

Many minerals, including iron, calcium, manganese, magnesium, chromium, copper, selenium, phos-
phorus, and zinc, are essential nutrients and necessary components to metabolism in healthy individu-
als and in CKD patients. However, some trace minerals when ingested can be nephrotoxic; these 
include arsenic [57], cadmium [58], chromium [59], germanium [60], lead [61], mercury [62], and 
silicon [62]. Supplements with these minerals should not be taken by CKD patients. Serum levels of 
some trace minerals appear to decline as kidney failure progresses; examples of these include cal-
cium, copper, selenium, and zinc [63, 64]. It is noteworthy that copper, selenium, and zinc are all 
associated with lipid peroxidation, and patients with kidney failure can have augmented lipid peroxi-
dation [65–67]. In a recent study by Guo et al. [68], chronic dialysis patients had significantly higher 
levels of MDA and superoxide dismutase (SOD) when compared with healthy controls, suggesting 
increased lipid peroxidation. The increased peroxidation may be attributed to uremic toxins, inflam-
matory and oxidant processes, nutrient imbalances, iron supplementation, or possibly other unrecog-
nized factors [69].
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 Copper

Copper is a necessary cofactor for many enzymes including ferroxidases which facilitate iron binding 
to transferrin by changing its oxidation state. The DRI for copper is 900 μg/day for healthy individu-
als, and the upper safe limit for dietary intake is 10,000 μg/day. Abundant dietary sources of copper 
are organ meats, seafoods, nuts, seeds, whole grains, and cocoa.

Copper and CKD: Copper deficiency has been associated with cardiovascular dysfunction [70], 
and conversely, copper toxicity has been associated with lipid peroxidation and accelerated athero-
genesis [71]. Very high serum copper levels may cause hemolysis. Yilmaz et al. [63] measured eryth-
rocyte copper concentrations in patients at stages 1 through 5 CKD and found concentrations to be 
decreased as kidney failure progressed. In stage 1 CKD patients, the mean erythrocyte copper concen-
tration was 0.9  ±  0.2 (SD) μg/mL.  In stage 5 (not dialyzed) CKD, the mean concentration was 
0.24 ± 0.7. These values were significantly lower than in the control group which had a mean eryth-
rocyte copper concentration of 1.06 ± 0.14 μg/mL. In these same patients, serum MDA levels rose 
with increasing stages of CKD. At stage 1 CKD, MDA was 2.48 ± 0.49 nmol/mL as compared to 
stage 5 CKD, where the concentration was 8.06 ± 0.52 nmol/mL. Guo et al. [68] reported that con-
tinuous ambulatory peritoneal dialysis patients, had higher serum copper concentrations than did 
healthy controls (0.90  ±  0.25 vs. 0.53  ±  0.14 μg/mL, p  <  0.05) and higher copper to zinc ratios 
(1.97 ± 1.31 vs. 0.67 ± 0.21, p < 0.05). As expected the peritoneal dialysis patients also had higher 
MDA concentrations (4.90 ± 2.12 vs. 2.24 ± 0.76 nmol/L, p < 0.05). We are unaware of any clinical 
trials that measure the effect of copper supplementation on MDA in CKD patients.

 Molybdenum

Molybdenum is involved in the metabolism of purines, pyrimidines, pteridines, aldehydes, and oxida-
tion [72]. Excessive intakes of molybdenum may be associated with hypercalcemia and hyperparathy-
roidism [73]. Interestingly, Smythe et al. [74] found significantly elevated molybdenum concentrations 
in the liver of uremic patients versus healthy control subjects (4.75  ±  2.05 μg/g vs. 3.52  ±  1.72, 
p < 0.05). However, at present there is insufficient evidence to indicate molybdenum supplementation 
or restriction is warranted in CKD patients. The DRI for molybdenum is 45 μg/day for men and 
women over the age of 30 years.

 Magnesium

Magnesium is also a cofactor for many enzymes. The DRI for magnesium is 420 mg/day for men and 
320 mg/day for women. Abundant dietary sources of magnesium are wheat bran, almonds, spinach, 
cashews, and soybeans.

Magnesium and CKD: There are some case study reports of patients with hypercalciuria and neph-
rocalcinosis who may have hypomagnesemia. These patients are characterized by low serum magne-
sium, normal to high urinary magnesium, high urinary calcium, and normal circulating calcium, 
potassium, and acid–base balance [75]. There is insufficient evidence to suggest a need for magne-
sium supplements for CKD patients except for rare cases of magnesium-losing disorders associated 
with kidney disease [75]. Endogenous magnesium is largely excreted by the kidneys, and in renal 
insufficiency, magnesium supplements could engender hypermagnesemia.
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 Manganese

Manganese is also a cofactor for enzymes and it is important in brain function, collagen synthesis, 
bone growth, urea synthesis, and glucose and lipid metabolism. The DRI for manganese is 2.3 mg/day 
for men and 1.8 mg/day for women with an upper safe limit of 11 mg/day. Major dietary sources of 
manganese are whole grains, nuts, leafy vegetables, and teas.

Manganese and CKD: One small study examined the relationship between serum manganese and 
neurological basal ganglia changes in MHD patients and observed that all five patients with these 
neurological disorders had elevated serum manganese as compared to controls [76]. The patients with 
elevated serum manganese were more likely to have pathological changes in the basal ganglia and, for 
example, Parkinson’s symptoms. There are no published studies indicating abnormally low serum 
manganese concentrations in CKD patients.

 Selenium

Selenium is a cofactor for such enzymes as glutathione peroxidase, 5′-deiodinase, and thioredoxin 
reductase and, as such, helps to protect cells against destruction by hydrogen peroxide and free radi-
cals [77]. The DRI is 55 μg/day for both women and men. Major dietary sources are grains, meat, 
Brazil nuts, poultry, fish, and dairy products.

Selenium and CKD: Deficiency has been associated with many adverse side effects such as 
anemia, cancer, cardiovascular disease, immune dysfunction, and skeletal myopathy [14]. Smythe 
et al. [74] found differences between healthy normal subjects in Australia and the United States, 
with Australians having significantly lower selenium concentrations in all tissues measured. 
Additionally, in patients with advanced renal failure, these investigators found some organs with 
significantly lower concentrations of selenium (e.g., in the heart and lungs) but with significantly 
higher concentrations in the brain. Both whole blood and plasma selenium concentrations were 
significantly reduced in CKD patients as compared to healthy controls at the baseline of a clinical 
trial conducted by Zachara et al. [78]. In this study, the supplementation of CKD patients with 
200 μg of selenium per day for 3 months resulted in marked increases in red cell and whole blood 
concentrations. Furthermore, baseline plasma glutathione peroxidase activity was 37% lower 
(p < 0.0001) than healthy controls at baseline, and, following supplementation, the activity of this 
enzyme increased by 15% (p < 0.05). Similar results were found by Yilmaz et al. [63]; they found 
selenium concentrations and glutathione peroxidase activity to significantly decline as the CKD 
stage rose. In a 2010 study, serum selenium concentrations were found to be below the normal 
range (60–120  μg/L) in 98.7% of MHD patients studied (n  =  81, mean serum sele-
nium = 18.8 ± 17.4 μg/L) [79]. After supplementation with one Brazil nut per day (with an average 
selenium content of 290.5  μg per nut) for 3  months, the mean serum selenium concentration 
increased to 104 + 65 μg/L, a change that was highly statistically significant (p < 0.0001) and 
which brought serum values to within the normal range. These studies indicate that selenium defi-
ciency may not be uncommon in both nondialyzed CKD patients and MHD dialysis patients, and 
that supplementation can replete stores to normal values and increase glutathione peroxidase 
activity. While these results are of interest, the recent EAL systematic reviews on selenium supple-
mentation in CKD patients did seem to improve interleukin-6 (IL-6), but had no other benefit in 
inflammatory markers and did not show any other benefit to comorbidities; however, the evidence 
was limited [12].
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 Zinc

Zinc is a cofactor for dozens of enzymes that facilitate the synthesis of large numbers of proteins as 
well as other compounds. Zinc is a necessary building block for hundreds of proteins; its function 
includes catalysis, regulation, and structural activities. The DRI for zinc is 8 mg/day for women and 
11 mg/day for men. Zinc is found in foods with higher protein contents such as beef, liver, and poultry, 
and also whole grains.

Zinc and CKD: Piper [80] suggested that zinc supplementation may be necessary for patients fed 
very low-protein diets. However, Smythe et al. [74] found no significant difference in tissue concen-
trations of zinc between healthy controls and CKD patients. In contrast, McGregor [81] found 
decreased plasma zinc concentrations in CKD patients. Yilmaz [63] found a stepwise reduction in 
erythrocyte zinc levels with advancing stages of CKD. The recent EAL systematic reviews on zinc in 
CKD patients showed limited and unclear impact on most parameters, but did seem to increase high- 
density lipoprotein (HDL) cholesterol and serum albumin concentration [12].

 Conclusion

Knowledge of vitamin and mineral requirements for patients with CKD remains incomplete. Given 
the data reviewed in this chapter, it would seem reasonable to state that many patients with CKD may 
be at risk for altered vitamin and mineral status. This may be particularly true for stages 4 and 5 CKD 
patients and MHD and CPD patients. Observational trials describing micronutrient status, dose–
response pharmacological trials, and finally double-blind, randomized prospective clinical trials test-
ing the effect of supplements with vitamins and trace elements need to be conducted before 
nutrient-specific recommendations for CKD patients can be generated with confidence. As suggested 
above, much work needs to be done to ascertain the sufficiently accurate and sensitive methods for 
determining nutritional adequacy for these nutrients. Until such time, micronutrient status, especially 
in those patients receiving low- or very low-protein diets, should be given careful consideration. 
Dietary, physical, and biochemical assessments should be routinely conducted in CKD patients as 
they approach stages 3 and below to ensure optimal nutritional care.
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 Introduction

Medical nutrition therapy (MNT) is an integral component for successful treatment outcomes in 
patients with chronic kidney disease (CKD). Treatment requires adherence to a complex dietary pre-
scription that changes throughout the stages of the disease. This chapter will review the factors (posi-
tive and negative) that may influence a patient’s ability to follow the recommended diet prescription. 
Factors that may improve adherence include social support from family and/or caregivers and the 
health practitioner’s knowledge of the patient’s culture, food habits, beliefs, and practices. On the 
other hand, inhibitors of dietary adherence include the patient’s lifestyle, attitude toward the disease, 
socioeconomic status, and cultural barriers. The health professional needs to understand these factors 
and implement strategies for achieving dietary adherence in CKD patients. This chapter will also 
provide evidence-based recommendations from the American Heart Association that the renal practi-
tioner can apply to the CKD patient which may enhance adherence to the renal diet. Moreover, a brief 
comment about the use of technology to aid in achieving dietary adherence is included.
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Key Points
• Dietary adherence is a key component for successful treatment of chronic kidney disease.
• A patient’s lifestyle, attitudes toward disease, socioeconomic status, culture, and social sup-

port may impact dietary adherence.
• Strategies for improving dietary adherence fit into one of three categories: educational, 

behavioral, and organizational.
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 Definitions

The terms adherence and compliance are often used interchangeably. The World Health Organization 
defines adherence as the extent to which a person’s behavior (e.g., taking medications, following a 
diet, and/or executing lifestyle changes) corresponds with agreed or prescribed recommendations 
from a health-care provider [1]. Compliance suggests that the patient is passively following the prac-
titioner’s instructions and that the treatment plan is not based on a contract established between the 
patient and the practitioner [2]. Adherence is perceived as more neutral, emphasizing the self- 
regulatory actions of an individual. To the contrary, compliance devalues the patient’s role in his/her 
health care; it is perceived as paternalistic, emphasizing obedience to a directive (e.g., “take this medi-
cation three times a day”) [3]. The primary difference between the two terms is that adherence requires 
the patient’s agreement with the recommendations, since the patient is an active collaborator with the 
practitioner in the treatment process. Throughout this chapter, the term adherence will be used since 
patients should be active participants in their health care.

Adherence is the single most important modifiable factor that compromises treatment outcome. It 
is also a primary determinant of the effectiveness of treatment because poor adherence attenuates 
optimum clinical benefit [4, 5]. The best treatment can be rendered ineffective by poor adherence [3]. 
Adherence also recognizes the patient’s right to choose whether or not to follow advice [6]. On the 
other hand, nonadherence may be intentional (i.e., premeditated action against medical advice) or 
inadvertent (i.e., oversight by the patient) [7].

 Dietary Adherence

Adherence to the diet prescription is critical for successful management of CKD. Poor dietary adherence 
places patients at risk for complications such as fluid overload, hyperkalemia, hyperphosphatemia, and 
malnutrition, to name a few. It may also complicate the patient-practitioner relationship and prevent an 
accurate assessment of the quality of care provided. In addition, patients with CKD usually have multiple 
comorbidities such as diabetes and cardiovascular disease, which may make their treatment regimen more 
complex and increase the likelihood of poor treatment outcomes [3]. For example, a dietary regimen such 
as the renal diabetes diet is more likely to be poorly adhered to because of the complexity of the diet.

Poor adherence wastes health-care resources, increases health-care expenditures, jeopardizes 
patient care, and increases morbidity and mortality risk [8]. Poor adherence to a dietary regimen usu-
ally goes undetected by health-care providers unless it is self-reported by the patient or until labora-
tory tests are obtained and reviewed. However, the latter monitor usually only reflects recent behavior 
in most instances [9]. Nonadherence can confuse the clinical picture and diagnostic process and may 
contribute to unnecessary testing and procedures, resulting in inappropriate regimen changes such as 
an increase in phosphate binders or changes in the dialysis prescription.

 Factors Affecting Dietary Adherence

Dietary adherence is a multidimensional phenomenon determined by the interaction of several factors 
as shown in Table 34.1. Health professionals must understand how these factors influence adherence 
in order to develop strategies for achieving dietary adherence. Moreover, health professionals may 
help their patients overcome barriers to adherence by evaluating how they approach issues/challenges, 
how they provide advice, and, more importantly, how they involve patients in treatment decision- 
making [10].
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 Social and Economic Factors

Poverty, illiteracy, low level of education, unemployment, lack of effective social support networks, 
unstable living conditions, traveling a long distance to and from the treatment center, the high cost of 
transportation to the dialysis unit, the high cost of dialysis treatment and medication(s), cultural and 
lay beliefs about illness and treatment, and family dysfunction are some of the social and economic 
factors that affect adherence. Studies have shown that the cost of dialysis, particularly in developing 
nations, has been implicated in nonadherence to prescribed treatment regimens [11, 12]. Patient and 
family characteristics constitute additional sets of social factors that influence adherence. In fact, the 
attitude and support of the family are possibly the most important motivators for positive adherence 
[3]. Therefore, family members and/or significant others should be encouraged to attend nutrition 
counseling sessions with the patient to learn more about the condition and its treatment.

Table 34.1 Barriers affecting dietary adherence to medical nutrition therapy for control of chronic kidney disease and 
strategies to improve adherence

Barriers affecting dietary 
adherence What needs to be done

Social and economic factors Assess social needs including shopping and meal preparation
Assess family preparedness

Psychological factors Assess the incidence of depression and the factors that contribute to depression
Health-care team and system- 
related factors

Engage in multidisciplinary care
Improve patient/caregiver-practitioner relationship
Provide training for health professionals on adherence
Identify treatment goals and develop strategies to obtain them
Provide continuing education for health professionals about the disease
Provide continuous monitoring and reassessment of treatment
Foster a nonjudgmental attitude and assistance
Provide training in communication skills for health-care providers
Reinforce desirable behavior
Emphasize the value of the diet and the effects of adherence

Condition-related factors Provide education on proper use of medications (e.g., phosphate binders)
Keep the patient informed about the disease process and effective treatment 
options
Provide in-depth nutrition education

Therapy-related factors Simplify the treatment regimen
Provide education on proper use of medications (e.g., phosphate binders)
Improve patient/caregiver-health-care provider relationship

Provide continuous feedback and support open communication

Improve accessibility of the health professional to the patient and family

Patient-related factors Provide behavior modification techniques
Improve patient/caregiver-health-care provider relationship, considering the 
patient’s beliefs and social and cultural norms
Encourage self-management of disease and treatment
Assess psychological needs
Motivate patients to comply
Increase patient’s knowledge and understanding about the disease and the 
treatment regimen
Reduce the complexity of the diet regimen
Provide easy-to-read, simple education materials tailored for the patient
Provide patient-centered education

34 Factors Affecting Dietary Adherence and Strategies for Improving Adherence in Chronic Kidney Disease
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 Psychological Factors

Depression is one of the most common psychological problems in CKD patients, which may result 
from stressors such as biochemical imbalance, physiological changes, neurological disturbances, and 
cognitive impairment [13]. The patients’ response to these stressors may impact negatively on adjust-
ment and response to treatment for CKD. DiMatteo et al. found that depressed patients were three 
times more likely to be nonadherent with treatment recommendations than non-depressed patients 
[14]. Irrational thoughts such as ignoring medical conditions, altered risk perceptions of behaviors, 
distorted views about controlling conditions, and using denial as a form of coping have also been 
reported to contribute to nonadherence [15].

 Health-Care Team and System-Related Factors

Little research has been conducted on the effects of the health-care team and system-related factors on 
adherence. A good patient-practitioner relationship may improve adherence; however, there are many fac-
tors in this category that may have a negative effect on adherence. These include a lack of knowledge and 
training for health professionals on managing chronic kidney disease, overworked practitioners, lack of 
feedback on performance, short consultations with patients, and lack of knowledge about adherence and 
effective interventions for improving adherence [3]. Failure on the part of the health professionals to follow 
up with the patient about nonadherence, when it is detected, may enhance the negative behavior [16].

 Condition-Related Factors

Illness-related demands faced by the patient such as the severity of symptoms, level of disability (e.g., 
physical, psychological, social, and vocational), rate of progression and severity of the disease, and 
the availability of effective treatments are examples of condition-related factors. The impact of these 
factors on adherence depends on how they influence the patients’ risk perception, the importance of 
following the treatment, and the priority placed on adherence [3].

 Therapy-Related Factors

The complexity of the medical regimen, the duration of treatment, previous treatment failures, fre-
quent changes in the treatment prescription, immediate beneficial effects, negative side effects, and 
the availability of the health professionals to manage the side effects are examples of therapy-related 
factors that affect adherence [3]. A patient’s ability to carry out the regimen as prescribed depends on 
the complexity of the regimen and the support systems available to assist the patient [9]. Dietary 
adherence is best achieved when the initial regimen is simple, with complexities introduced gradually. 
For example, nutrition education about the renal diet can begin with limiting high-potassium foods, 
whereas a more complex regimen may be to educate the patient about the renal diet exchange system. 
Furthermore, practical social difficulties such as not being able to coordinate the timing of phosphate 
binders with meals may also jeopardize adherence. Continuous reassurance by the practitioner may 
promote increased adherence when (and if) challenges arise.

 Patient-Related Factors

The patient’s knowledge, attitudes, beliefs, perceptions, and expectations represent patient-related 
factors that affect adherence. Knowledge and beliefs about the illness, motivation to manage it, 
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confidence (self-efficacy) in the ability to engage in illness management behaviors, expectations 
regarding the outcome of treatment, and the consequences of poor adherence influence behavior [3]. 
A patient’s motivation to adhere to a prescribed treatment regimen is influenced by the value placed 
on following the regimen (cost-benefit ratio) and the degree of confidence in being able to follow it 
[17]. Long-term regimens such as commitment to the renal diet require continuous adherence.

Oquendo and colleagues conducted an integrative review to identify the factors that contribute to 
diet adherence in patients receiving maintenance hemodialysis [18]. Among the 36 studies included 
in the review, they identified several intrinsic and extrinsic barriers and facilitators to diet adherence 
and also provided interventions to encourage adherence (Fig. 34.1). The lack of a gold standard to 
measure dietary adherence objectively makes obtaining an accurate assessment of adherence chal-
lenging. Some studies used laboratory and biometric markers (e.g., serum potassium or phosphorus 
levels or interdialytic fluid weight gains) or self-report questionnaires; not surprisingly, greater 
 nonadherence was found among the studies using the latter tool [18].

 Strategies for Achieving Dietary Adherence

Strategies to improve dietary adherence fit into one of three categories: educational, behavioral, and orga-
nizational [19–21]. Effective nutrition education is the first step in achieving dietary change. Education 
regarding the nutrition management of CKD should raise the patient’s level of adherence to where it is 
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Fig. 34.1 Barriers to and facilitators of adherence to diet. (Reprinted from Oquendo et al. [18])
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acceptable, but it is not sufficient to raise dietary adherence to the desired level [22], since education alone 
may not change attitude. However, nutrition education is better than no intervention at all.

Educational strategies rely on the transmission and dissemination of information and instructions with 
or without motivational appeal, with the intermediate objective of affecting a patient’s knowledge and atti-
tude [23]. Innovative educational activities such as interactive games and videos should be used. Nutrition 
information should be sensitive to the personal characteristics of the patient, including attitudes, cultural 
norms, beliefs, and reading/language skills [24]. Similarly, education alone is usually not sufficient to 
achieve long-term dietary adherence and sustain behavioral change. Webb and Byrd-Bredbenner suggest 
that nutrition education messages should be realistic, positive, easy to understand, and actionable [25]. A 
list of practical and effective strategies for increasing dietary adherence to nutritional advice is shown in 
Table 34.2. The American Heart Association has also developed evidence-based strategies to enhance 
adherence to dietary changes that can be applied to the renal patient [26] (Table 34.3).

Table 34.2 Practical and effective strategies to achieve dietary adherence

Improve 
communication

Adapt counseling style to each patient’s needs

Determine the best way to communicate with each patient and consider using 
communication aids (e.g., education materials with pictures) or use technology if the 
patient (and practitioner) are technologically savvy

Determine the level of involvement the patient wants

Ask open-ended questions and encourage patients to ask questions

Listen more than talking
Increase patient 
involvement

Clearly explain the condition and the pros and cons of dietary adherence
Clarify what the patient hopes the renal diet will achieve
Listen to the patient (note any non-verbal cues) rather than making assumptions about the 
patients’ understanding
Help patients make decisions based on likely benefits of dietary adherence rather than 
misconceptions
Accept that patients have the right to decide not to adhere to the diet if they have the 
capacity to, and have the information to make an informed decision.  Dietary changes 
should allow for individual latitude in implementation

Understand the 
patient’s perspective; 
simplify the message

Find out what patients know, believe, and understand about their condition and the need 
for a specialized diet
Prioritize the message to be delivered. This decision will be based on the impact the 
changes will have on health outcomes. Radical dietary changes may lead to 
discouragement and nonadherence. For example, encouraging patients to eat a low-sodium 
diet immediately when they are accustomed to eating a lot of salt. This change needs to be 
made gradually (e.g., no added salt diet)
Focus on one goal at a time to make nutrition education easier and success attainable. For 
example, emphasis on dietary protein intake will raise awareness and promote changes in 
other components of the diet (e.g., phosphorus intake)
Work with objective data (e.g., monthly labs) to identify an achievable goal

Provide information 
and suggestions

Before recommending changes to the diet, offer patients clear, relevant information about 
their condition and the reason for changes to the diet. People need evidence that the 
changes they make will be effective. The monthly lab report and calculated interdialytic 
fluid weight gain can be used as evidence for change
Patients need encouragement and reassurance that what they are doing is correct. Frequent 
follow-up, patient contact, and feedback are helpful
Discuss information rather than just presenting it
Offer individualized information that is easy to understand and free of jargon
Provide recipes for fast, easy, and inexpensive prepared snacks that can be made readily 
available
Encourage the patients to bring in family recipes for analysis to determine whether they 
“fit” within the renal diet. For recipes that are not “renal friendly,” the dietitian may be 
able to suggest substitute ingredients
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Behavioral strategies are procedures that attempt to influence specific non-adherent behaviors 
directly through the use of techniques such as reminders, tailoring, contracting, self-monitoring, 
reinforcement, and family/peer support, but with information and instruction playing a secondary 
role [19]. However, behavioral strategies fail to maintain consistent change in the long-term [20]. 
Therefore, educational strategies should be continuous.

Lastly, organizational strategies focus primarily on the convenience of the dialysis unit and on the 
utilization of personnel for fostering dietary adherence [21]. Organizational changes can prevent or 
reduce adherence problems, often without the need for altering the practitioner’s workloads or increas-
ing budgets. Examples include making special appointments at odd hours or telephoning patients at 
home with abnormal lab results. This latter example may be more appropriate in a peritoneal dialysis 
clinic where the patients are seen less frequently than in the hemodialysis unit.

 Use of Technology in Monitoring Dietary Adherence

In this age of advancing technology, the use of smartphones and mobile apps may be beneficial for 
self-monitoring dietary adherence. A personal digital assistant (PDA) device was used in three pilot 
studies with results showing limited applicability in self-monitoring diet and fluid intake in dialysis 
patients [27–29]. Studies of longer duration, with large sample sizes and strong study designs, are 

Table 34.3 Evidence-based strategies to enhance dietary changes based on the American Heart Association 
recommendations

Self-monitoring Systematically observe and record one’s behavior (e.g., food and beverages consumed). 
Consistency in self-monitoring is positively related to successful outcomes (e.g., better 
interdialytic weight gains and laboratory values)

Goal-setting Teach patients the importance of setting goals for behavior change and have them be specific and 
attainable. Goals can target a change in intake (e.g., increase protein), specific foods (e.g., 
consume less high-sodium foods), or a behavior change (e.g., measure fluids for daily 
consumption). Give feedback on progress toward goal, use positive reinforcement for any effort, 
reevaluate goals and strategies, and problem-solve when progress to goal is absent

Relapse 
prevention

Teach patients to recognize situations that place them at risk for lapses from their dietary plan. 
They should learn how to use behavioral and cognitive strategies for handling these situations 
(e.g., remove the temptation(s) or convince them that the tempting food or beverage is not worth 
the outcome [e.g., high-phosphorus foods resulting in pruritus]). The dietitian should engage 
patients in strategies to sustain the diet while eating out

Reinforcement Provide feedback on progress made toward the goal by acknowledging accomplishments and 
reinforcing confidence in the patient’s capability of attaining a goal. Find any positive element that 
can be reinforced (e.g., interdialytic weight gains within recommended levels for the past 2 
months)

Stimulus 
control

Patients should be aware of cues in the immediate and distant environment that can trigger 
behaviors, both healthy and unhealthy. The dietitian should counsel the patient to remove those 
stimuli and to restructure the home environment to minimize temptations (e.g., the patient should 
be advised to purchase no-sodium or low-sodium snacks and to make them visible and ready to eat 
around the house. Another example is to remove the salt shaker from the table.)

Social support Patients should enlist the support of others in their environment and share their goals for behavior 
change. For example, patients should ask family members to keep high-sodium snacks out of the 
house and to remove the salt shaker from the table

Tailoring the 
regimen

The dietitian should be sensitive to the cultural practices and beliefs of diverse individuals when 
recommending dietary changes and also to be sensitive to literacy and financial constraints. For 
example, the dietitian should not ask patients of Hispanic descent to avoid consuming beans and 
rice, which is part of their culture. Patients should be taught how to fit beans and rice into the renal 
diet. This will help to promote adherence to the diet

Modified from VanHorn et al. [26]
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needed to determine whether electronic monitoring of dietary intake using the PDAs or other technol-
ogy will promote dietary adherence.

 Conclusion

Dietary adherence is a critical component for successful management of CKD. Several factors may 
inhibit or improve dietary adherence. Educational, behavioral, and organizational strategies may also 
improve adherence. Dietitians who educate patients with CKD and/or their family members need to 
be aware of these factors and the strategies that may improve or inhibit dietary adherence.
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 Introduction

The prevalence of chronic kidney disease (CKD) has been rising over the past several decades and 
currently afflicts approximately 37 million American adults [1]. It was estimated in 2016 that 661,000 
adults in the United States had kidney failure, with 468,000 receiving dialysis and 193,000 living with 
a functioning kidney transplant [2]. In addition to physical detriment, those with CKD also experience 
psychosocial detriments that influence how they view the dietary restrictions of the renal diet and their 
personal motivation aimed at self-care efforts [3–5]. Complicating life further for people with CKD 
are the psychological and social burdens that ripple toward the patient’s expanded circle of family and 
friends, thereby creating a negative impact on an even greater number of individuals. These burdens 
undoubtedly influence the high prevalence of depression seen in patients with CKD, which is reported 
to be between 20% and 30% of patients [6, 7].
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Key Points
• Patients with chronic kidney disease experience several psychosocial detriments that may 

interfere with their readiness to make dietary and lifestyle changes.
• To achieve the best outcome, patients with chronic kidney disease should receive nutritional 

counseling in a supportive and engaging environment that focuses on empowerment and in 
increasing self-efficacy in managing food and lifestyle choices.

• It is essential that dietitians who counsel patients consider the stage of change each patient is 
exhibiting to provide stage-appropriate nutrition counseling.

• Combining the unique concepts and strategies of cognitive behavioral therapy and motiva-
tional interviewing have shown promise in promoting dietary adherence in patients who are 
prescribed dietary restrictions in the treatment of chronic kidney disease.

• Mining for “change talk” in ambivalent and resistant patients can promote forward 
progress.

• The emergence of new forms of patient communication offered by technological advances 
shows promise in supporting patient self-management.
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Research supports that the transition from CKD to end-stage renal disease (ESRD) may be slowed 
through dietary and lifestyle choices. In addition, individuals with ESRD may improve their longevity 
and quality of life by following an appropriate dietary protocol [8–11]. However, adherence to dietary 
restrictions in this population is low [12]. Researchers performed qualitative interviews with 16 
patients receiving maintenance hemodialysis that led to the development and distribution of a survey 
to 156 similar patients. The results of this qualitative and quantitative study revealed that very few 
patients perceived any immediate positive effects from following their dietary restrictions. The 
researchers believe this may be one major reason for poor dietary adherence [4]. Clearly, there is a 
need for dietitians to guide patients with CKD to a better understanding about the influence of appro-
priate diet and lifestyle choices, as well as a need to confer a sense of empowerment to the patient with 
CKD.

It is essential that dietitians use effective strategies during nutrition counseling sessions to improve 
outcomes. Nutrition counseling approaches in the past have often involved education-based, directive 
style expert-centered guidance. More recently, patient-centered counseling approaches that focus on 
empowerment and shared decision-making have emerged and have shown improved patient outcomes 
[4, 13, 14]. The recommendation to use collaborative management in counseling patients with chronic 
illnesses has been suggested for over a decade [15]. However, implementing the theories of patient- 
centered, jointly owned planning in nutrition counseling has taken time to develop. Currently, dieti-
tians have a communication and counseling toolbox filled with strategies to draw upon that serve to 
promote behavior change, ultimately improving patient health outcomes.

The use of the transtheoretical model (TTM) in guiding dietitians in identifying the stage of change 
each patient is experiencing has become a practical tool to use during the counseling process. Cognitive 
behavioral therapy (CBT) and motivational interviewing (MI) have also emerged as efficacious mod-
els to employ in promoting change in patient’s food and lifestyle behaviors [4, 16–18]. This chapter 
will review techniques and strategies inherent in several models that can be used by dietitians while 
counseling patients with CKD to achieve increased dietary adherence, ultimately resulting in improved 
health outcomes, quality of life, and longevity.

 The Transtheoretical Model

The onset of kidney disease does not wait for a patient to be ready to accept the diagnosis. Patients are 
often in need of guidance about changes in health and food behaviors that need to be taken even 
though they are not ready physically, psychologically, or emotionally to take action. Dietary nonad-
herence has been associated with incorrect matching of the proper counseling techniques with the 
stage of change the patient is exhibiting based on the principles of the transtheoretical model (TTM). 
If a patient arrives for guidance and is not ready to take action, and the counseling session amounts to 
a laundry list of what to do and what to eat, the likelihood of progress will be poor [19]. Patients often 
seeking help arrive at the dietitian’s office or at the hemodialysis unit at different stages of readiness 
to change.

The TTM was first created by Prochaska and colleagues and, although it has received some criti-
cism, the theory has revolutionized the way dietitians approach patient counseling. The essential ele-
ments of the TTM are basic to any discussion about behavior change. Briefly, the TTM is comprised 
of six stages: pre-contemplation, contemplation, preparation, action, maintenance, and relapse. The 
aim of the TTM is to guide the clinician in identifying a patient’s stage of readiness to change and to 
offer guidance and counseling accordingly, with the ultimate goal of forward progress.

Patients in pre-contemplation do not see a link between their behaviors and health outcomes or 
negative consequences, and they are often reported as being in denial of the link between actions and 
health consequences. Patients in the contemplation stage report a known association between their 
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 behaviors and a negative consequence, but they cannot see how they can make the necessary changes 
to reap the benefits of change. In the stages of pre-contemplation and contemplation, patients are not 
ready to take action and make necessary changes. In the preparation stage, patients are cognizant of 
the need to make changes and they are ready to plan to make changes in food and health-related 
behaviors, usually within the next month. Patients in the action phase of the TTM are ready to take 
action immediately, or they are currently taking action to incorporate the changes needed to make 
lifestyle and/or dietary changes. During maintenance, patients focus on cementing the changes 
incorporated, and they maintain focus on all the behaviors implemented during the action phase. 
Finally, relapse occurs when a patient reverts back to his or her old, detrimental habits instead of 
moving forward or stabilizing in the maintenance phase. Research reports that the majority of 
patients who need to make dietary changes arrive for professional guidance while in either the pre-
contemplation or contemplation stage [19, 20].

People who misunderstand the TTM assume that progress can only be made during the action 
phase. However, at each stage in the TTM, substantial progress can be made. Changes in thoughts and 
readiness to act are dynamic processes that include progress and regression. The role of the dietitian 
is to identify the stage the client is in, to work with strategies that are stage appropriate, and to guide 
the patient forward toward the next stage. In addition, the dietitian needs to work with the patient 
toward avoiding regression (or relapse). However, if relapse occurs, the dietitian should plan counsel-
ing techniques geared toward recovery, forgiveness, and movement forward toward the next stage of 
readiness [19, 20]. The following sections review several strategies useful in guiding patients in a 
forward motion and in cementing new behaviors. In addition, there are several questions that can be 
posed to patients that allow for the dietitian to evoke from patients their inner thoughts and concerns. 
See Table  35.1 for details on the TTM and how to proceed with counseling based upon stage of 
readiness.

Table 35.1 The transtheoretical model (stages of change) and counseling patients with CKD

Stage Key elements Patient comment Appropriate action

Pre- 
contemplation

In denial
Unable to accept need 
for change

“I don’t see why I have to monitor 
my fruit intake. Fruit is healthy for 
you, right?”

Do not lecture the patient or 
make him/her see the truth
Ask open-ended questions to 
move the conversation in a 
forward, positive direction, such 
as “What is your understanding 
about how eating high-potassium 
fruits affects your body?”
Offer written material for the 
patient to read so you can discuss 
next time
Suggest self-monitoring of food 
intake for future discussion

Contemplation Knowing the need to 
change but feeling stuck
Feeling ambivalent 
about why to change
Pros and cons of change 
are equal

“I know that I have to watch my 
fluid intake in-between dialysis 
treatments, but I just can’t do it. I 
try to plan ahead and avoid salty 
food, but then life gets in the way.”

Help the patient explore the 
barriers and promote change talk
Ask open-ended questions, such 
as “Can you tell me how you feel 
physically right before you begin 
dialysis?”
Use the importance scale and 
have the client tell you why it is 
important to change
Work on stress management
Suggest self-monitoring fluid 
intake for the next week

(continued)
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 Inquiries and Responding to Patients

During counseling sessions, dietitians can formulate several types of questions and responses to 
patients’ comments that can influence the outcome of the session. Constructing questions and 
responses that allows for in-depth discussions can help to guide patients to a better understanding of 
potential obstacles that may interfere with meeting food-related behavior goals. In a rushed environ-
ment, dietitians may resort to formulating their questions based solely on obtaining facts about the 
patient in order to complete the nutrition assessment, and he or she may avoid questions that focus on 
exploring the patient’s thoughts and concerns [20]. See Table 35.2 for examples of the different types 
of questions often used in nutrition counseling.

 Closed-Ended Questions

Closed-ended questions are often formed to elicit a one-word response from the patient, and there 
may be times when it is appropriate to use closed-ended questions when speaking with a patient. For 
example, when time is limited and a patient needs information quickly, it may be appropriate to ask, 
“Do you need a list of potassium-rich foods to avoid before you leave the unit today?” However, 
closed-ended questions that are general in nature should be avoided during counseling such as “Are 
you following your renal diet?” or “Are you taking all of your medications?”

Stage Key elements Patient comment Appropriate action

Preparation Planning for change 
within the next month
Commitment needs to 
be verbalized and/or 
reinforced

“I know I can change my diet and 
lower my phosphorus intake. I am 
committed to start next week as I 
am shopping for low-phosphorus 
foods for my home in a few days.”

Help client with setting realistic 
goals
Use confidence scale to gauge 
and increase confidence, as well 
as to identify barriers
Suggest self-monitoring of food 
intake

Action Actively and 
consistently incorporate 
the change

“I have been eating potatoes that 
have been soaked in water 
overnight for the past few weeks. 
It’s easy now that I know what to 
do.”

Use affirmations
Modify goals—now that the 
potatoes are being managed, 
perhaps the patient is ready to 
take on another goal
Work on social support and 
stimulus control

Maintenance Patient has been 
successfully 
incorporating the 
change for ≥6 months

“I have been doing great for the last 
8 months in making sure that I 
pre-measure my daily fluid 
allotment. My fluid gain 
in-between treatments has been 
consistently acceptable.”

Be sure to use affirmations to 
support positive behaviors
Work on relapse prevention
Work on identifying high-risk 
situations to troubleshoot
Support continued 
self-monitoring

Relapse An expected, yet 
unplanned event 
whereby the patient had 
difficulty continuing to 
execute the healthy plan

“I really messed up. I forgot to eat 
my low-phosphorus, low- 
potassium, low-salt meal at home. I 
attended a party and was so hungry 
I lost control and ate many of the 
wrong foods. I felt awful and still 
feel awful.”

Emphasize that lapses happen 
and are expected
Use reflections to express 
understanding
Help client see the benefits of 
forgiveness
Support self-monitoring and 
stimulus control

Table 35.1 (continued)
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There are several problems inherent in using too many closed-ended questions during a counseling 
session. For example, patients will not have the opportunity to express concerns and ambivalence or 
explore misunderstandings when closed-ended questions are posed. In addition, these types of ques-
tions may lead the patient to believe that the dietitian is disinterested in exploring issues that might be 
of concern to the patient [20].

 Leading Questions

Leading questions implicitly express the dietitian’s bias, and using this form of questioning will interfere 
with understanding what the patient is thinking and wants to share with the dietitian. When a patient is 
posed a leading question that infers professional bias, the patient may feel too embarrassed to respond 
honestly. Instead, the patient may answer the question to please the dietitian rather than express true feel-
ings and opinions. Consider the following two versions of a question inquiring about daily food intake: 
(1) “Can you tell me what you ate for breakfast today?” or (2) “Can you tell me about the foods and bever-
ages you ate after waking up today?” The first version of the question assumes that the patient eats break-
fast, and this may not be true. The patient may be ashamed to admit that he or she skips breakfast and does 
not eat until lunchtime. In the second version of the question, the patient is asked to report on the first 
foods eaten upon waking. Asking the question in this way is more likely to result in an accurate response. 
Knowing that the patient skips breakfast is an important piece of dietary information and allows the dieti-
tian to address this food behavior once it is revealed. Leading questions can interfere with an honest dia-
logue between the patient and the dietitian and should be avoided during nutrition counseling [20].

 Open-Ended Questions

Open-ended questions have the greatest potential to promote collaboration and dynamic interviewing. 
These types of questions will open the door for the patient to express his or her thoughts, cognitions, 
fears, and concerns. It is under these circumstances that the dietitian can explore concerns with the 

Table 35.2 Types of questions typically used during counseling

Type Question Comment

Closed- 
ended

“Do you avoid phosphorus-rich 
foods?”

Response from patient will offer very little insight into his/her 
actions and thoughts

“Do you have a problem following 
your prescribed diet?”

The patient may feel disinterested or demoralized and not want to 
explore this topic. The question offers the patient the opportunity 
to just respond “No.”  Will not offer any insight

Leading “Which phosphorus-rich foods do 
you avoid?”

Assumes patient is avoiding phosphorus-rich foods. Likely to 
result in an answer the patient thinks the dietitian wants to hear. 
Will not offer insights into patient’s cognitions

“What do you like about your new 
diet?”

Question makes the assumption that the patient has things about 
the diet that he or she likes. It does not allow the patient to 
express any dislike for the diet as the question leads the patient to 
address what is liked

Open- 
ended

“Can you tell me about the types of 
foods and beverages you usually eat 
on most days?”

No assumptions are embedded in the question. Creates the 
foundation for an honest conversation about current dietary intake

“Can you share with me any 
difficulties you might be 
experiencing while following your 
renal diet?”

Offers a platform for an open dialogue for the patient. Offers the 
patient an opportunity to share his/her inner thoughts and 
concerns regarding the diet
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patient and make substantial progress toward behavior change. Of course, the dietitian needs to be 
ready for a variety of responses—expected and unexpected. Therefore, using open-ended questioning 
when time does not permit and a proper discussion cannot occur can serve to be detrimental during 
the counseling process. The dietitian should ask primarily open-ended questions, and a sufficient 
amount of time should be given to the patient to express his or her concerns, as well as to promote an 
open dialogue.

Using open-ended questions also serves to promote in-depth discussions about diet and behavior 
change with those patients who are less likely, for a variety of reasons, to share their concerns [20]. 
Asking a patient “Can you please tell me how you are managing or coping with your new dietary 
restrictions?” will open the door for an important discussion regarding all the factors surrounding eat-
ing a limited diet. One way to gauge if a dietitian is using enough open-ended questions is to estimate 
the percentage of time during the counseling session that the patient is talking and compare this to 
how much time the dietitian is talking. Sessions that provide in-depth discussions with favorable out-
comes result from the patient doing most of the talking.

 Respond Using Reflective Listening

Reflective listening is a powerful communication technique that allows for clarification of messages 
sent and communicates to the patient that the dietitian is fully engaged and listening. The goal of this 
type of response is to reflect back to the patient what the dietitian believes he or she has heard the 
patient say. This serves to confirm messages received from the patient and to clarify their meaning, 
either stated or implied. Reflective listening can be simple reflections that constitute restating what 
has been said with little interpretation, or it can include interpretation of the feeling the dietitian 
believes is embedded in the patient’s statement. More in-depth forms of reflective listening include 
amplified reflections that include the emotional feeling sensed by the dietitian, double-sided reflec-
tions that reveal the perceived ambivalence sensed, and reframing reflections that involves reframing 
the patient’s statement to help him or her think differently about the situation. Reflective listening 
signals to patients that the dietitian understands and accepts their thoughts and concerns. In addition, 
it helps to generate discussions that will develop self-awareness about any ambivalence the patient 
may feel regarding the food and lifestyle changes recommended [21]. See Table 35.3 for examples of 
different types of reflective listening.

Table 35.3 Responding to the patient’s concerns using reflective listening

The patient will say, “I know how important it is to lower the amount of potassium in my blood, but I can’t seem to 
do it. I try, but it just isn’t working. I can’t do it!”
Type of reflective listening The nutrition professional may respond

Simple reflection
  Restating what is said, but 

changing the wording

“What I hear you saying is that you do not believe that you can lower your 
potassium.”

Amplified reflection
  Reflecting emotional overtones

“What I think I hear you saying is that you would like to be able to reduce 
your potassium, but are feeling concerned and frustrated that you have not 
been able to achieve that as yet.”

Two-sided reflection
  Revealing both sides of the 

patient’s ambivalence

“So, on the one hand you are struggling to find a way to manage your 
potassium intake, but on the other hand you know how important it is to 
accomplish this task.”

Reframing reflection
  Reframing to help the patient think 

differently about the situation

“I can hear your sense of frustration in trying to follow a diet to lower your 
serum potassium, and I wonder if you’ve considered looking into getting 
some support to help you with this task.”
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 Social Learning Theory and Self-Efficacy

The social learning theory proposed by Albert Bandura [22] informs us that patients can learn within 
a social context by observing and modeling others [23]. Bandura has outlined four components that 
will increase the likelihood that one will learn the modeled behavior; these include attention, retention 
(remembering), reproduction (ability to imitate the behavior), and motivation (having a good reason 
to want to adopt the behavior) [23]. Application of the social learning theory during nutrition counsel-
ing might include the use of successful patient testimonials or demonstrations to help promote behav-
ior change through modeling [16].

Bandura stresses the need to increase self-efficacy to promote behavior change [20, 22]. Self- 
efficacy is described as one’s belief or confidence in being able to carry out a task [20]. Support 
for the use of social learning strategies to promote nutrition behavior change has not yet been 
strongly supported in research [16]. However, self-efficacy has been positively and strongly 
associated with several health indicators including improved blood glucose control, fewer 
depressive symptoms, and better quality of life in patients with chronic illness [24, 25]. 
Strategies aimed at improving self- efficacy in CKD patients are recommended. Self-efficacy 
can be influenced through a patient’s physiological state, verbal persuasion received, vicarious 
experiences, and personal performance accomplishments [22]. Physiological states include dis-
comfort, anxiety, and fear, which can detrimentally impact a patient’s sense of self-efficacy. 
Positive verbal persuasion received from the dietitian will serve to promote a patient’s self-
efficacy. Similarly, patient group support meetings that include patients who adhere to the renal 
diet and who are doing well will serve as role models to others. However, the most effective way 
to improve self-efficacy is through performance accomplishments because it is based on per-
sonal mastery experiences [20, 22]. Therefore, helping patients with CKD set small, achievable 
goals will go a long way in improving self-efficacy through promoting a sense of personal per-
formance accomplishment.

 Behavior Modification and Cognitive Behavioral Therapy (CBT)

The basic tenets of behavior modification include the belief that behavior is influenced by the environ-
ment and, within that environment, behavior is driven by a series of positive and negative conse-
quences. Food-related habits are formed by associated habits that are cemented over time. For 
example, the worker who comes home every night and eats dinner in front of the television is very 
likely to get hungry whenever he or she sits down to watch television. In this scenario, watching tele-
vision becomes the unconditioned stimulus that will prompt eating, even in the absence of hunger. 
Behavior modification theory states that healthy behaviors can also be learned or conditioned/rein-
forced [20].

Behavioral theory and CBT interventions have the longest history in nutrition counseling and have 
been tested with the greatest frequency. The behavioral interventions are also referred to as behavior 
or lifestyle modification [16]. However, it is noteworthy that CBT focuses on promoting behavior 
change through modifying the patient’s external factors (the environment) and internal factors 
(thoughts or cognitions). There is strong evidence supporting the use of behavior modification tech-
niques to improve patient outcomes in changing food and lifestyle behaviors [16, 26]. Several strate-
gies have been used to help guide patients toward positive change during behavior modification 
sessions. These include self-monitoring, social support, stress management, stimulus control, 
problem- solving, and reward strategies [16, 20]. See Table 35.4 for strategies to use to promote behav-
ior change during nutrition counseling using the principles of CBT.
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 Cognitions

Cognitions are created through the processes of knowing through memory, remembering, and pro-
cessing information [26]. They can be positive or negative in nature. Cognitions prompt self-talk that 
can move a patient forward or hold him or her back from trying something new. An example of posi-
tive self-talk emerges from a positive cognition and is displayed by saying to oneself, “I am strong 
enough to do this.” On the contrary, saying “I knew I couldn’t follow this new diet plan because I have 
no willpower” is an example of negative self-talk generated from negative cognitions. Cognitions are 
influenced by one’s childhood and prior experiences [20]. In fact, cognitions about circumstances and 
life choices are very powerful in driving behavior. Encouraging positive cognitions and positive self- 
talk are fundamental to CBT [20, 26].

 Cognitive Distortions

Cognitive distortions are negative and detrimental to personal growth and progress toward behavior 
change. They promote negative self-talk and hold patients back from making progress. A patient who 
is struggling to manage his or her renal diet may eat the wrong foods one day and feel discouraged 
and report, “I’m an idiot; I know what to eat and yet I made all the wrong choices.” Self-talk that 
involves negative labeling can create a lack of confidence and reduce self-efficacy resulting in a lack 
of progress and possible regression [20].

Table 35.4 Behavioral strategies useful in counseling

Strategy Purpose Example

Self- 
monitoring

To track food, behaviors, thoughts, or 
physical activity for patient 
self-revelation

Maintain a food log and/or a log of adherence to 
medication schedule
Maintain a log of daily fluid intake
Maintain a log of feelings associated with eating

Social support To offer emotional support to the patient Have a family member or friend join the patient during 
a counseling session to enhance understanding
Offer/direct patient to group support meetings

Stress 
management

To target and reduce environmental stress Use of relaxation techniques such as deep breathing or 
yoga to help reduce stress
Encourage hobbies that the patient finds enjoyable

Stimulus 
control

To reduce social or environmental cues 
that trigger undesirable behavior

Have the patient limit sodium intake to help reduce the 
desire to drink fluids
Remove high-potassium fruits and vegetables from the 
home
Make acceptable food choices more visible in the 
home (e.g., acceptable fruits in the fruit bowl)

Problem- 
solving

To forecast trouble or handle current 
obstacles

Have patient make a list of obstacles that he or she is 
experiencing
Conduct brainstorming sessions to plan ahead for 
challenging events, such as holiday and family parties
Weigh the pros and cons of options available to 
address potential problems

Rewards To support and encourage helpful and 
newly created health behaviors

Patient rewards self with a new book when the goal of 
not eating high-potassium fruits is maintained for 1 
month
Patient rewards self with an additional hour of reading 
time after going for a 30-minute walk
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Another common cognitive distortion is all or nothing thinking and occurs when patients believe 
that one error in their plan means that their whole plan has been ruined and that they should not bother 
attempting to do anything right. When this happens a patient may report, “I forgot to take my phos-
phate binders today so why bother trying to follow my diet. I might as well give up and eat what I 
want.” If a patient voices a cognitive distortion, the dietitian needs to help the patient understand how 
this type of thinking interferes with progress, is unproductive, and is an irrational way to handle mis-
takes. An effective way to address cognitive distortions is through cognitive restructuring [16, 20].

 Cognitive Restructuring

Cognitive restructuring is a process whereby the dietitian enhances the patient’s awareness of his or 
her perceptions and reveals irrational (negative) cognitions held by the patient and helps to redirect 
(restructure) the thinking toward a rational (positive) cognition. In the process, patients are taught to 
turn negative self-talk into positive self-talk [16, 20]. For example, a patient who typically adheres to 
his or her diet states, “I am so angry at myself. I ate pizza for lunch and got so thirsty that I drank way 
too much soda. I drank so much that I had swelling in my legs all day yesterday. I just feel so discour-
aged right now.” This represents an irrational thought. Just because the patient ate pizza and drank too 
much fluid one day should not make the patient angry with himself or herself. This situation presents 
an opportunity for the dietitian to discuss with the patient that occasional missteps with dietary restric-
tions occur and they can be overcome and must be forgiven. Using amplified reflective listening can 
help. The dietitian can respond, “I think I hear what you’re saying, and you are really angry and frus-
trated with yourself for the choices you made for lunch yesterday. And even though you usually make 
the right choices this one event is enough to worry you and make you feel discouraged. Did I get that 
right?” Hopefully framing reflective listening in this way will prompt the discussion in a positive 
direction geared toward having the patient understand that one poor choice will not undo all the hard 
work and effort put forth during the majority of the week. The discussion can continue with a focus 
on what the patient can do to use the information learned to avoid eating pizza in the future. The nega-
tive self-talk can change to positive self-talk by helping the patient verbalize how well he or she has 
done in the past with diet adherence and how he or she can forgive the digression and be resilient 
following this event. After a few minutes of reflective listening and use of open-ended questions, the 
patient may even end the session by saying, “I guess I’m just human and not perfect. I know I can get 
back on track because I am strong and determined.” Hence, the irrational thought has been recon-
structed into a rational thought and negative self-talk has been transformed into positive self-talk. This 
ideal scenario does not always occur immediately, but may take time to evolve. The better the rapport 
between the dietitian and the patient, the quicker and more likely the transfer from negative to positive 
forward motion will occur.

 Goal Setting

Goal setting is an essential component of behavior modification. Patients should be involved in setting 
their goals with the dietitian. This can be accomplished through setting SMART goals. SMART goals 
are Specific, Measurable, Achievable, Realistic/Relevant, and Timely. They need to be clearly under-
stood and manageable for the patient. Patients who can achieve their goals are more likely to increase 
their self-efficacy, so it is wise to help patients choose goals that are manageable [20]. For example, 
after a consultation with the patient, both parties agree that the patient will keep a food log for three 
days during the following week (one weekend and two weekdays) and will record all foods and 
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beverages consumed starting with the following Monday. This goal is specific, measurable, achiev-
able, realistic/relevant, and timely, and both parties agree. Conversely, having the patient record all 
foods and beverages consumed every day of the week starting when the patient feels up to it is a goal 
that is both unrealistic (every day is too often for most patients) and does not give the patient a specific 
start date to begin logging food intake.

 Motivational Interviewing

The presence of an illness such as CKD is not enough to motivate all patients to incorporate behavior 
changes. Research supports that patients with CKD who adhere to dietary restrictions experience less 
medical complications and improved quality of life, and it can increase their life expectancy by two 
decades or more [27]. However, studies report nonadherence with diet and/or fluid restrictions in 
30–75% of patients [27, 28]. Durose and colleagues [27] found no association between dietary knowl-
edge and improved adherence. It is clear that providing nutrition information and guidance is not 
enough to motivate patients with CKD to adhere to their prescribed diet. Patients need to be motivated 
to make the lasting changes needed.

Motivation is a complex concept that is influenced by conscious and unconscious processes [29]. 
The philosophy and strategies inherent in the theory of motivational interviewing (MI) have become 
appealing to dietitians who are working to guide patients toward behavior change [16, 30]. The con-
cepts of MI were developed by Miller and Rollnick, working off the foundation of patient-centered 
counseling concepts that were first introduced by Rogers in 1951 [21]. MI techniques were first 
applied to treat individuals with drug and alcohol addictions. More recently, MI has been used in 
many counseling settings where behavior change is the desired outcome. It is aimed at helping patients 
explore and resolve their personal struggles with ambivalence about behavior change [18, 31].

Rollnick and colleagues describe MI as a gentle approach to counseling. In stark contrast to lectur-
ing, the patient becomes an active participant in the process. Over time the goal is to create “change 
talk.” During change talk the patient experiences a change in focus and reveals to himself or herself 
the reasons for making changes and will begin a self-dialogue that leads to motivation to take action. 
Change talk can be embedded within a monologue of “sustain talk,” or reasons why one cannot take 
the steps toward change. Change talk displays the patients’ reasons for change, which includes per-
ceived desire, ability, reasons, and need for change. Four guiding principles are used while counseling 
patients to promote change talk; these principles are outlined using the acronym RULE [20, 31 32]:

 1. Resist the righting reflex
Dietitians are trained to help patients make the changes needed to stay healthy and improve their 

lives. However, while using MI, it is important to resist the urge to lead and to tell patients what the 
dietitian thinks is best for them to do. The dietitian should avoid arguing the case or trying to convince 
the patient how important it is to make the necessary changes. When a patient is ambivalent about 
change, pushing harder can result in greater resistance toward efforts aimed at persuasion. This cre-
ates a tug of war between the dietitian and the patient, rather than a respectful, collaborative effort. 
The patient’s rebuttal to the dietitian’s pleas for adherence further cements the patient’s conviction 
that he or she cannot adhere to the dietary guidelines. The goal is for the patient to experience change 
in beliefs and to convince himself or herself how important it is to make the necessary changes.

 2. Understand and explore the patient’s own motivations
The patient will respond strongly to his or her own thoughts and feelings. Helping a patient 

explore his or her reasons for wanting (or not wanting) to make dietary and lifestyle changes will 
result in progress. Amplified reflective listening and the use of open-ended questions during coun-
seling will promote the exploration of the patient’s source of motivation.
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 3. Listen with empathy
Patients will respond to thoughtful understanding. In addition to helping to establish rapport, 

shared understanding of the patient’s struggles and obstacles can be a prelude to change talk. 
Patients with CKD have many fears and struggles to manage on a daily basis. Using reflective 
listening can amplify the message that the dietitian understands these burdens and is there to help 
the patient make changes, acknowledging the multitude of difficulties the patient is facing.

 4. Empower the patient, encouraging hope and optimism
Exploring how patients can make a difference in their own lives and thereby offering empower-

ment can be very effective in making lasting changes. Outcomes are better when patients are 
actively involved in their own case. Patients ultimately become a consultant for the dietitian on 
how goals can best be met. The dietitian serves as a facilitator and encourages the patient to bring 
his or her expertise to the consultation.

To successfully execute the basic four tenets of the RULE philosophy of MI, it is suggested that 
dietitians use Open questions, Affirmations, Reflections, and Summaries (referred to as OARS). In 
addition to the use of open-ended questions and reflective listening during counseling, it is suggested 
that the dietitian highlight an individual’s strength through the use of affirmations to promote self-
efficacy in the patient with CKD. Telling a patient “You’ve done a wonderful job in lowering your 
serum phosphorus since last month” or “I can see how hard you are working on making the changes 
in your diet, and all your efforts are working” will help the patient with CKD feel confident and 
empowered. The dietitian can use affirmations while counseling all patients, even those who are strug-
gling. For example, in the case where a patient is struggling to make progress in adhering to their 
potassium restriction, but has been unsuccessful, the dietitian can affirm effort with the following 
statement: “I know you have had difficulty lately in reducing your potassium intake, and your contin-
ued effort to move forward in improving your food choices reveals a strong determination.”

Summaries provide opportunities for the dietitian to collect multiple change talk statements and 
to link them together to create a fuller picture for the patient or to link discrepant statements that 
capture ambivalence. Summary points can be used at any point during the counseling session. In the 
beginning it can be used to focus the patient on what has occurred since the last meeting, it can be 
used at the end of the session to summarize what has been accomplished during the session, or it 
can be used in the middle of the session to provide a path for progress [17]. For example, the dieti-
tian may say, “Mrs. Conner, during today’s session you have outlined all the right information 
about how you can lower your phosphorus intake and you have reported progress, but you still 
struggle with consistency. Where would you like to go from here? Would it be helpful if we con-
tinue with a discussion about some of the obstacles you are facing with being consistent with your 
low-phosphorus diet?”

Additional MI tools that promote progress during counseling sessions are the importance scale and 
confidence scale. These are simple tools but when used can offer a great amount of information. Using 
the importance scale with follow-up questions can get the patient talking about why certain dietary 
goals are important to them [18, 20, 32].

The following displays how the importance scale and follow-up questions can promote change talk 
during counseling:

Dietitian:  “On a scale of 1–10, with 1 being of little importance and 10 representing great impor-
tance, how important is it for you to maintain an acceptable potassium level?”

Patient: “I would say about a 7.”
Dietitian:  “So it sounds as if it is fairly important to you. I am sure that you have some obstacles, 

but can you tell me why you chose a 7 instead of a 4 or 5?”
Patient:  “I know that it’s important to keep my potassium at a good level. I heard that if I don’t it 

can affect my heart, and I want to stay healthy. I mean it’s my heart and I only have one, 
right.”
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Dietitian:  “Yes, I agree and am glad you see the value in maintaining a good potassium level. Would 
you like to discuss some strategies that can help with your potassium level?”

Patient: “That would make a lot of sense. I’d love to hear some suggestions.”

Addressing any challenges or obstacles faced can be accomplished by using a different follow-up 
question as displayed below:

Dietitian:  “On a scale of 1–10, with 1 being of little importance and 10 representing great impor-
tance, how important is it for you to maintain an acceptable potassium level?”

Patient: “I would say about a 7.”
Dietitian:  “So it sounds as if it is fairly important to you. I am sure that you have some obstacles, 

but can you tell me why you chose a 7 instead of an 8 or 9?”
Patient:  “I know that it’s important to keep my potassium at a good level, but I really have a hard 

time remembering this when I am eating. I eat first and think later. Also, I am not sure 
about the potassium content of all foods. I only know the biggest offenders to avoid, like 
bananas and mangos.”

Dietitian:  “I am so glad to hear about your challenges and obstacles. It’s always helpful when you 
can identify what gets in your way. What do you think would help you overcome your 
obstacles?”

Patient:  “I need to find a way to remember to think about a food’s potassium content before I take 
my first bite. Do you have any suggestions to help me?”

In both scenarios the use of the importance scale and follow-up questions provides insight into the 
patient’s thoughts and motivations for changing food-related behaviors. The verbalization of these 
thoughts by the patient is instrumental in promoting change talk and in cementing a plan of action that 
is borne through a shared effort [18, 20, 32]. This scale can also be used to gauge confidence and to 
promote improved confidence as well.

The following displays how the use of the confidence scale and follow-up questions can promote 
change talk during counseling:

Dietitian:  “Now that we have discussed that you can keep index cards in your purse with the foods 
that you should avoid due to the high potassium content, on a scale of 1–10 how confident 
are you that you will be able to use this strategy?”

Patient: “I would choose a 7 in rating my confidence.”
Dietitian: “That’s good to hear. Can you tell me why you chose a 7 instead of a 5 or 6?”
Patient:  “I chose a 7 because I think the plan is very reasonable and I should be able to follow 

through. I can go out about my day and have my plan with me in my purse. It’s a simple 
solution that makes sense to me, but I have to remind myself to refer to the index cards 
when the time comes. That is one thing that I will have to work on.”

Dietitian:  “I am so happy to hear how confident you are and that you are ready to take the next step 
in addressing your potassium intake. I have some thoughts on how you might manage a 
prompt to help you remember to double-check your list before eating. Would you like to 
discuss some options?”

Patient:  “Yes, I would really appreciate your suggestions as this remains an obstacle for me.”

In reviewing the dialogue between the dietitian and the patient in the scenarios above, it is apparent 
that using the importance scale and confidence scale results in promoting forward motion in behavior 
change.

MI has been found to be effective in promoting positive change in a variety of health-related behav-
iors. In a systematic review of 72 studies, MI was found to outperform traditional advice giving in 
80% of the studies reviewed [33]. Furthermore, Spahn and colleagues [16] report that MI was found 
to be a highly effective counseling strategy for diet and lifestyle modifications. A more recent 

K. K. Isoldi



647

 systematic review focused on MI in weight loss interventions found that in more than one-half of the 
24 randomized control studies included in the review, researchers reported successful outcome of at 
least 5% weight loss associated with participants who received a MI intervention [34]. Most studies 
investigating the benefits of MI were conducted on patients who were obese and had diabetes or car-
diovascular disease. However, two studies published in 2011 and 2017 investigated the efficacy of 
using MI techniques in patients with CKD; both studies were conducted with small numbers of hemo-
dialysis patients (29 and 18, respectively). The results revealed that MI delivered by MI-trained hemo-
dialysis staff resulted in improvements in dialysis attendance and serum phosphorus and albumin 
levels. However, there was no effect on reducing interdialytic weight gain [32, 35]. These studies 
included few participants and were conducted for relatively short periods of time; however, research-
ers were optimistic that these studies show promise and that future research efforts conducted with a 
larger group of participants for longer periods of time may support the concept that MI is efficacious 
in counseling patients with CKD [32, 35].

 Special Considerations for Patients Receiving Hemodialysis

Patients receiving hemodialysis typically dialyze thrice weekly, providing ample opportunity for the 
dietitian to meet with and build a rapport with patients, as well as to find an appropriate and/or conve-
nient time for patients’ sessions. However, most dialysis units do not offer privacy at the chair side and 
it can become quite noisy during counseling sessions. There may not be much that the dietitian can do 
to modify the setting, but closing a curtain and sitting in a chair or on a stool can help to make the 
session more private and personal. Moreover, sitting at the same eye level as the patient is desirable. 
It is useful to remember that the patient is immobilized by being connected to a dialysis machine for 
several hours. Under these circumstances, it is very important to consider the lack of power the patient 
has as he or she cannot get up and leave. The dietitian may stop by the patient’s treatment area to 
discuss dietary and medication adherence issues when it appears to be most convenient for the clini-
cian’s schedule. However, this may not be the best time for the patient to discuss these issues. Checking 
in with the patient at treatment initiation and asking for permission to schedule an appointment later 
that day or during a subsequent session will express respect for the patient, and it will give the patient 
decision-making power about when a counseling session can take place. Finally, if absolute privacy is 
needed, a time can be arranged to meet with the patient in a private area before or after treatment.

Hemodialysis patients often have several components to their dietary restrictions. Addressing all 
components of the restriction at once can be overwhelming. Providing a focus on one component at a 
time and asking the patient to choose the component that he or she wants to discuss during that session 
(e.g., how to increase dietary intake of high-quality protein) may improve patient involvement and 
offer the patient the power of choice during the session [17]. These simple measures can go a long 
way in promoting positive, effective counseling sessions.

 Future Directions

An investigation of patient needs revealed that patients with CKD report need for greater support 
from healthcare providers in executing a daily set of complex tasks [36]. There are more options 
today than ever before in reaching patients outside the clinic or doctor’s office. Research has sup-
ported the use of computer-aided telehealth and mobile-enabled interventions in communicating 
health messages to promote and support self-management in those managing chronic diseases 
[37]. Research exploring the effect of mobile health on the adoption of healthy behaviors in 
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patients with CKD is very limited; however, a new trial is underway comparing the effect of three 
technology-supported interventions in comparison to usual care in patients who are overweight 
and have type 2 diabetes mellitus and CKD (stages 1–4). The Healthy Hearts and Kidneys (HHK) 
study will investigate the interventional effects on dietary sodium intake, added dietary phospho-
rus, time spent exercising, and body weight outcomes in approximately 300 patients. Although the 
findings are not yet published, prior trials have shown promise in the use of technology-based 
outreach in supporting patients with chronic disease [38]. A recent survey study investigating the 
availability and acceptability of technology use in a sample of over 700 patients with CKD found 
that 89% had computer access and 84% owned a mobile phone. As expected, those younger than 
60 years of age and who had achieved a higher level of education were most comfortable in using 
their mobile phone for complex communication. However, the researchers suggest that simple, 
less time-consuming technology that is more user-friendly will be the most likely to be adopted by 
the greatest majority of patients with chronic disease [39]. Clearly, there is great potential to con-
nect, inform, and guide patients with CKD through various technology sources. However, technol-
ogy-based healthcare is an evolving area of study and requires continued research to be able to 
best guide healthcare practitioners in the most effective measures to take to support patient 
self-management.

 Conclusion

The prevalence of CKD is rising worldwide and dietitians are best poised to offer important, 
undoubtedly life-saving guidance to patients. However, nonadherence with dietary recommenda-
tions is common. Patient-centered counseling techniques fundamental to CBT and MI have been 
found to enhance patient outcomes for several chronic diseases, including CKD. Patients with CKD 
experience many physical and psychosocial detriments, and how the dietitian can best counsel to 
effectively lessen these burdens should be further explored to improve understanding, enhance 
change talk, and promote dietary adherence. Dietitians should explore the use of current technology 
options, once more evidence is available, to extend additional guidance and support outside the 
medical center or clinic.

 Case Study

Mrs. Connor has been receiving hemodialysis for the past 6 months. She is a 48-year-old married 
woman and mother of a 12-year-old boy and a 14-year-old girl who have very active after-school 
schedules. In addition, she works full-time as a fifth-grade school teacher. She comes in for dialy-
sis during the evening shifts to accommodate her home and work schedule. Mrs. Connor has been 
struggling with elevated serum potassium levels and also comes in with large interdialytic fluid 
weight gains. Her serum phosphorus is within normal limits, and she reports that she takes her 
phosphate- binding medications consistently. Additionally, she is very consistent in arriving for all 
scheduled dialysis treatments. She has met with the dietitian several times but always seems over-
whelmed and distracted during the counseling time. She tells the dietitian, “I’m doing my best. I 
feel overwhelmed with all the responsibilities I have along with my restrictions on food and fluid. 
I want to bring down my potassium and better control my fluid intake, but I just don’t know where 
to start. I do everything at home and I am responsible for 25 children at school who depend on me 
too. I come last on the list of priorities. If you just give me the instruction sheets I’ll read over 
them.”
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 Case Questions and Answers

 1. What stage in the transtheoretical model stages of change is Mrs. Connor exhibiting in this case?
Answer: Mrs. Connor is in the contemplation stage of the transtheoretical model. She knows that 
she needs to change her habits and restrict the potassium in her diet as well as lower her fluid 
intake. She is overwhelmed and the pros of making the changes are countered by the cons of not 
being able to make the time to care of her needs. This creates ambivalence and lack of progress.

 2. Which type of reflective listening would you use to reflect back Mrs. Connor’s comment about her 
challenges?
Answer: All forms of reflective listening will help Mrs. Connor realize that the dietitian hears her 
and understands her issues and obstacles. However, her statements offer an opportunity for the 
dietitian to use a two-sided reflection to highlight her ambivalence. Reflecting, “I hear that on the 
one hand you are struggling with many daily responsibilities and cannot find the time to care for 
your needs, but on the other hand you see the value in addressing your dietary and fluid needs.”

 3. Would you suggest the use of cognitive restructuring in this case? If so, why or why not?
Answer; Yes. Cognitive restructuring is an appropriate CBT strategy to use in this case. Mrs. 
Connor’s comment “I come last on the list of priorities” is an irrational statement. She is managing 
so much for so many others, and if she does not take care of herself, then she cannot take care of 
others. She needs to make her needs a priority, especially while receiving hemodialysis. Using 
open-ended questions can help to get her talking about this irrational thought. Perhaps begin by 
asking “Who would take care of things if you were unable to do so?” or “Do you ever wonder how 
long you can continue working in this way without considering your needs?” might guide the con-
versation toward the understanding that she needs to take care of her needs first to be best equipped 
to help all who depend on her. Mrs. Connor would benefit from the dietitian highlighting that mak-
ing herself a priority is not a selfish action, but a necessity.

 4. Would you use the importance scale or confidence scale in this case? State the reasons for your 
choice.
Answer: An importance scale is appropriate to use at this point. Mrs. Connor is not ready to take 
action and make plans for change as yet, so a confidence scale will not be useful. The dietitian may 
ask her, “On a scale of 1–10, with one being not important at all and 10 being very important, how 
important is it for you to lower your potassium intake?” This question can begin a discussion that 
addresses why she wants to make the change. If Mrs. Connor tells the dietitian why it’s important 
to address the potassium in her diet, she will most likely listen to her own voice on the issue, and 
it avoids her feeling as if she is being lectured on the topic.

 5. Assuming that Mrs. Connor says that she reports a “5” on the scale that you chose to use, how 
would you state your follow-up question, and why?
Answer: Asking her why she chose a 5 and not a 3 or 4 would prompt her to discuss why she thinks that 
lowering her potassium intake is so important. This discussion should help move her forward, perhaps 
towards the preparation stage where she is willing to consider planning to take action within the month.

 6. What CBT strategies would be useful to use in this case?
Answer: There are several CBT strategies that would be very useful in this case. Discussing social 
support will help Mrs. Connor get the help she might need from her family and friends. Perhaps 
her husband can assist with preparing low-potassium meals, and her children can help with chores 
at home. Mrs. Connor can ask her colleagues for support at work as well. She need not do every-
thing herself. People are often happy to help others if they are asked and know what is needed to 
assist. Problem-solving will address how she can plan for her busy days with her dietary restric-
tions considered. Planning ahead to troubleshoot problems can change chaos into smoothly run-
ning procedures. Stress management will be essential to assist Mrs. Connor in helping her keep a 
level head and not feeling overwhelmed. Find the things that help her relax (e.g., meditation, going 
for a walk, reading a novel) and assist her in scheduling these relaxing activities into her daily 
schedule.
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 Introduction

Despite advances in medicine and technology, clinical outcomes among patients diagnosed with 
chronic kidney disease (CKD) have remained suboptimal. Historically, much of the focus in kidney 
disease had been on the burgeoning end-stage kidney disease (ESKD) population and the respective 
renal replacement therapies (RRTs) necessary for life maintenance, i.e., hemodialysis (HD), perito-
neal dialysis (PD), and kidney transplantation. For the first time in decades, the incidence of individu-
als advancing to ESKD has slowed and may be related to the greater emphasis on early screening for 
CKD in primary care settings, leading to more timely and appropriate intervention(s) [1]. Capturing 
the patient once at stage 5 CKD may be too late to make meaningful changes in the factors associated 
with poorer outcomes.

This chapter will give a brief overview of the importance for studying the role that nutritional status 
has on key clinical outcomes in CKD, a clear description of comparative effectiveness research and 
its related methodology, as well as a discussion of clinical guidelines and their role in reducing prac-
tice variation.
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 Challenges for Nutrition

The importance of nutrition in the treatment and management of CKD is unquestionable. The rela-
tionship between nutritional status and morbidity and mortality has been researched extensively. 
There are a multitude of outcomes across the spectrum of kidney disease that could and should be 
measured. For example, bone disease, diabetes, dyslipidemias, hypertension, dialysis adequacy, and 
anemia are all either directly or indirectly related to nutrition intervention. Understanding how nutri-
tional status impacts morbidity and mortality is seemingly more difficult than studying either dialysis 
adequacy or anemia management. Protein-energy malnutrition or wasting is an independent contribu-
tor for mortality risk [2–6]. However, it remains unclear whether the malnutrition or wasting occurs 
over a period of time or as the result of a suboptimal status at the time of dialysis initiation, i.e., the 
association between malnutrition and death secondary to changes in nutritional status experienced 
over time or rather the presence of abnormalities at baseline [7, 8].

Multiple factors may explain the complexity of defining, treating, and reversing the malnutrition or 
wasting experienced and comprise both nutritional and non-nutritional components [9]. Nutritional 
status can be assessed and “diagnosed” by using anthropometric measures, biochemical indices, clini-
cal symptoms, or dietary intake records separately or together; therein lies the difficulty, the lack of 
one single measure that provides a good estimate of nutritional status [10]. Compounding these chal-
lenges is the impact of metabolic aberrations and hemodynamic imbalances secondary to CKD that 
may falsely affect nutrition parameters; e.g., non-nutritional factors such as inflammation or hydration 
status may interfere with the reliability of measuring nutritional status through conventional means. 
Acknowledging the complexity of protein-energy malnutrition, the International Society of Renal 
Nutrition and Metabolism (ISRNM) convened an expert panel who proposed new nomenclature for 
protein-energy malnutrition with the intent of “systematically defin[ing] the diagnostic criteria” so 
that it will “clarify communication, enhance the effectiveness of patient care, and promote more inci-
sive research in the field” [9]. The panel members recommended the term protein-energy wasting 
(PEW) instead of protein-energy malnutrition, since it incorporates a multifaceted explanation for the 
suboptimal nutritional status often experienced in CKD patients, and have offered guidance on how to 
best prevent or treat this syndrome [2, 11].

Nutrition intervention or medical nutrition therapy (MNT) does make a positive impact on patient 
health outcomes. Studies have reported the effectiveness of nutrition intervention for a number of 
clinical outcomes related to disease states/conditions such as diabetes, hyperlipidemia, cancer, unin-
tentional weight loss, as well as outcomes related to cost and health-care utilization [12–20]. 
Researchers have also explored the impact of nutrition intervention (e.g., counseling or educational 
programs) on CKD patients [21–24]. Such literature is essential in determining how nutrition therapy 
or dietetic practice patterns can positively impact or influence patient health and outcomes.

 Outcomes Research Defined

“The American health care delivery system is in need of fundamental change” is the opening state-
ment to the Institute of Medicine’s (IOM) report entitled Crossing the Quality Chasm: A New 
Health Care System for the 21st Century, 2001 [25]. It is a provocative beginning for “what works 
and what doesn’t work in health care” [26]. Thus, the goals for outcomes research, or rather com-
parative effectiveness research, are really to determine [27]: Which treatments are the most effec-
tive? Which providers give the best care? Which health plans are the most efficient? Which delivery 
systems provide the most patient-centered care? Who produces the best outcomes? Obviously, 
patients, providers, payers, and policymakers are all interested in the answers to the above 
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questions. Thus, the Agency for Healthcare Research and Quality (AHRQ) was formulated with the 
specific charge to support outcomes research (OR) and thereby improve the quality of health care 
in the United States [28].

Outcomes research is often referred to as the “third revolution in health care” and is defined as 
“the process of obtaining data to measure the effect of a particular intervention on patient care” 
[26]. It has also been termed as “medical effectiveness research (MER)” or “outcomes effectiveness 
research (OER).” Most recently, the AHRQ has described outcomes research as “comparative effec-
tiveness research” (CER) which is defined as “the generation and synthesis of evidence that com-
pares the benefits and harms of alternative methods to prevent, diagnose, treat, and monitor a 
clinical condition or to improve the delivery of care. The purpose of CER is to assist consumers, 
clinicians, purchasers, and policymakers to make informed decisions that will improve health care 
at both the individual and population levels” [28]. In fact, the American Recovery and Reinvestment 
Act of 2009 (i.e., the economic stimulus package) provided significant funding for CER through the 
AHRQ’s Effective Health Care Program which focused on key research priorities aimed at improv-
ing patient care and outcome. In 2010, with the passing of the Patient Protection and Affordable 
Care Act, the Patient-Centered Outcomes Research Institute (PCORI), comprising a 21-member 
board that included the directors from AHRQ and the National Institutes of Health (NIH), was for-
mally devised to fund and promote CER that will “advanc[e] the quality and relevance of evidence 
concerning the manner in which diseases, disorders, and other health conditions can effectively and 
appropriately be prevented, diagnosed, treated, monitored, and managed through research and evi-
dence synthesis” [29]. The PCORI includes an independent, federally appointed Methodology 
Committee who is charged with the mission of formulating the standards for patient-centered out-
comes research (PCOR). The four general areas identified by the committee in which standards will 
be developed are [30]: (1) prioritizing research questions, (2) using appropriate study designs and 
analyses, (3) incorporating patient perspectives throughout the research continuum, and (4) foster-
ing efficient dissemination and implementation of results. Integrating the patient’s voice into the 
research process affords investigators with the unique opportunity to focus on research questions 
that matter the most to patients and their families. One example of how to engage stakeholders into 
the research process using deliberative panels has been recently published as a methodology paper 
in order to help guide other researchers [31]. Nonetheless, the continued existence of PCORI and 
the advent of PCOR are largely dependent on the future of the Affordable Care Act. Regardless of 
the acronym, outcomes research collects and analyzes data with the intent of aiding patients, health 
professionals, insurers, and administrators in the selection of suitable medical treatment options 
and setting health-care policy.

The benefits for conducting outcomes research are multiple [32]: it identifies best practices and 
improves the knowledge base of medical and health sciences, quantifies cost-effectiveness of thera-
peutic interventions, supplies the basis for practice guidelines, formulates methods for continuous 
quality improvement (CQI), and sets benchmarking thresholds, aids in market decisions, and provides 
accountability.

There is a distinction to be made between outcomes management and outcomes research; both are 
equally important for patient care. Outcomes management is the outcomes data routinely collected by 
practitioners, and it lays the groundwork for outcomes research [33]. Outcomes management allows 
the practitioner to participate in research at a more basic level, and it fosters further professional 
development in research skills. Outcomes research employs controlled research procedures. To assist 
practicing dietitians in the collection of data for the purpose of measuring effectiveness of care, the 
Academy of Nutrition and Dietetics Health Informatics Infrastructure (known as ANDHII®) has been 
designed and participation is strongly encouraged in key areas of research interest [34].

Seemingly, CQI or process improvement (PI) interfaces with outcomes management and 
outcomes research and can often represent an entrée into the conduction of CER [33]. CQI 
includes the analysis of the process(es), identification of key quality characteristics of the pro-
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cess, as well as the outcomes of interest. The measurements will often include data collection 
on key process variables rather than direct clinical care that are hypothesized to influence 
patient outcomes, such as frequency of contact, length of time between encounters, or when 
appointment scheduling occurs. Outcomes research, on the other hand, focuses closely on the 
impact of the treatment on patient outcome. Generally, outcomes projects lead to changes in 
practice standards. Quality of care is then measured according to such standards; this aspect 
represents CQI.

 Types of Outcomes

Although categories in the literature may slightly vary, there are generally three “types of out-
comes”: clinical, patient-oriented, and economic (32). Clinical outcomes focus on health status 
outcomes and can include mortality, risk factors, changes in development or progression of symp-
toms, disease and its sequelae, and complications from treatment [26, 32]. Some examples of 
types of outcomes related to nutrition and CKD are provided in Table 36.1 [35]. Patient-oriented 
outcomes give attention to the consequences of interventions that are of concern to patients/fami-
lies, such as survival, symptom relief, adverse effects of the condition or its treatment, functional 
status, quality of life (QoL), and satisfaction. Economic outcomes are related to indicators that 
reduce length of stay, minimize care costs, or maximize revenue generation. For example, if the 
practitioner wanted to study the effects of nutritional status on QoL (patient-oriented outcome), 
she/he would need to consult a number of validated tools to determine which one measured the 
constructs of interest.

Attributes of good outcome variables are “objective, precise, quantitative and translatable” [26]. 
Dhingra and Laski add that they should be “valid, reproducible, actionable, and comparable over 
geographic, demographic and temporal boundaries,” allowing for benchmarking to occur [36]. Thus, 
one way to initiate more outcomes research in clinical practice, specifically in kidney disease, is to use 
the outcome measures published in evidence-based practice guidelines.

Table 36.1 Main types of outcome measures with nutrition-related examples cited

Clinical outcomes Economic outcomes
Mortality rate MNT reimbursement
Weight status Length of stay
Body mass index Hospitalizations
Subjective global assessment Delays in CKD progression
Albumin or pre-albumin levels Cost of enteral versus parenteral nutritional supplementation
Lean body mass Cost-benefits of MNT versus other adjunctive therapies
C-reactive protein
Normalized protein catabolic rate
Interdialytic weight gains
Patient-oriented outcomes
Ability to live independently
Perception of patient care received
Health-related quality of life
Symptom relief from early satiety
Functional status

Adapted from [35]
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 Evidence-Based Practice Guidelines

Variances in patient outcome and survival among industrialized countries (e.g., the United States, 
Europe, Canada, Australia, and Japan) were first recognized in 1989 at the Dallas symposium on 
morbidity and mortality of dialysis patients [37]. The United States reported the largest number of 
new patients with ESKD maintained on dialysis but also registered the highest crude mortality rate, 
ranging from 22% to 24%. Such results motivated several organizations and regulatory agencies (e.g., 
National Institutes of Health, Health Care Financing Administration, Kidney Physicians Association) 
to focus on efforts for improving the quality of care delivered to dialysis patients in the United States. 
This emphasis on “medical effectiveness” led to the creation of the Dialysis Outcomes Quality 
Initiative (DOQI) Project of the National Kidney Foundation (NKF) in 1995. To reflect a broader mis-
sion of improving the health status of patients across the spectrum of kidney disease, DOQI was later 
renamed in 1999 as the Kidney Disease Outcomes Quality Initiative (KDOQI). The first DOQI guide-
lines were released in 1997 with subsequent updates and topics expanded from dialysis adequacy, 
vascular access, and anemia to peritoneal dialysis, nutrition, CKD, dyslipidemia, bone disease, hyper-
tension, and diabetes [38].

Concomitantly, other countries initiated their own system for creating and developing practice 
guidelines [39, 40]. For example, in addition to the United States [10, 41], there are three other inter-
national guidelines published on nutrition and CKD [42–44]. Although similar recommendations 
were established internationally, the target ranges or values for specific outcome measures and how 
the evidence was rated may be highly variable. A more uniform approach for evidence analysis was 
needed; therefore, the concept of KDIGO (which stands for Kidney Disease: Improving Global 
Outcomes) was conceived. Its mission is “to improve care and outcomes of kidney disease patients 
worldwide through promoting coordination, collaboration, and integration of initiatives to develop 
and implement clinical practice guidelines” [40]. Presently, there are several international clinical 
practice guidelines published on critical topics such as kidney transplantation, bone and mineral dis-
orders, hepatitis C, and acute kidney injury, with these and others under constant review and develop-
ment. While not part of the KDIGO initiative, there is a current international update to the original 
KDOQI Clinical Practice Guidelines for Nutrition being completed in collaboration with the Academy 
of Nutrition and Dietetics that is anticipated for publication in late 2020.

 Implementation Science: Practice Guidelines and Patient Care

There is limited research whether practice guidelines actually affect clinical practice. Nonetheless, 
successful implementation of evidence-based guidelines can improve outcomes [45, 46]. Nonetheless, 
there are challenges to implementing guidelines into practice, often out of the practitioner’s purview, 
and targeting a key guideline at first assists in early adoption [46]. For example, Burrowes et al. [47] 
surveyed renal dietitians about whether they implemented the 2000 KDOQI Nutrition Guidelines. The 
vast majority (92%) had integrated at least one guideline into practice, whereas only 5% had imple-
mented all of them. Dietitians reported that they were unable to change their clinical practice accord-
ing to the best evidence in all areas, as a number of barriers existed such as unavailable equipment or 
tools (e.g., computers, food models, and calipers), high patient-to-dietitian staffing ratios, or the lack 
of administrative support for change. In a study published 5 years later by Vergili and Wolf, it was 
evident that there was still substantial practice variation among renal dietitians in relation to the 
KDOQI Nutrition Guidelines [48]. Reasons given by the survey respondents included challenges 
within the practice setting as well as relevance of the guidelines published in 2000 to current practice. 
Thus, it is increasingly difficult to determine the impact of practice guidelines on patient outcomes if 
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resources are lacking for their successful implementation. In order to overcome such barriers, the 
Academy of Nutrition and Dietetics has published a number of toolkits related to their clinical prac-
tice guidelines in nutrition including one on CKD, which provides several reliable indicators for 
measuring nutritional status and monitoring outcomes [49]. A useful initial outcomes research project 
may be to examine whether integrating such guidelines does impact care. It represents a relatively 
simple study design, and no investigations of this nature currently exist in nutrition and CKD.

 Conclusion

The incidence of CKD patients is expanding in the United States, but sadly, poor outcomes prevail. 
The complexity of protein-energy malnutrition or wasting impedes its understanding, treatment, and 
subsequent elimination as a contributor toward the morbidity and mortality experienced in this spe-
cific patient population. The generation of evidence-based practice guidelines assists in positively 
affecting change in practice to optimize outcomes and serves as sources for measurable indicators in 
outcomes research. More research should concentrate on these areas of nutrition intervention in order 
to improve outcomes, provide direction for future study, and potentially create changes in clinical 
practice.
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 Introduction

This chapter provides a compilation of professional resources that may be of benefit for the practitioner. Its 
primary goal is to be an accessible reference for the practitioner who treats patients with chronic kidney 
disease (CKD). The chapter is organized in four basic sections: (1) evidence-based practice guidelines in 
chronic kidney disease, (2) diet-related resources and food lists, (3) critical tools for conducting nutrition 
assessments and delivering quality care, and (4) Internet websites and applications. The majority of the 
information in this chapter augments topics already presented and discussed in earlier chapters.

 Evidence-Based Practice Guidelines

Practitioners in CKD have several evidence-based practice guidelines at their disposal that will assist 
them in evaluating the patient’s nutritional status and making appropriate clinical decisions for deliv-
ery of care. These include guidelines published by the Academy of Nutrition and Dietetics (Academy), 
the National Kidney Foundation (NKF), and the Kidney Disease: Improving Global Outcomes 
(KDIGO). The following highlights the key nutrition-related guidelines for the CKD population.
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Key Points
• To find information on topics related to kidney disease and related fields
• To access information in a systematic and well-defined manner
• To share information and to distribute it to those persons who are in need and will benefit 

from this knowledge
• To identify the vast number of resources available
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 Academy of Nutrition and Dietetics Evidence Analysis Library (EAL)

The EAL is a resource of systematic reviews related to pertinent nutrition topics that is free to indi-
viduals who are members of the Academy of Nutrition and Dietetics. Non-members are also able to 
access the guidelines for an annual subscription fee. The guidelines are available online at https://
www.andeal.org/ and in the NutriGuides Mobile App, which is accessible at https://www.andeal.org/
nutriguides. Currently, there are dozens of evidenced-based guidelines, many of which may be of 
benefit to the renal practitioner. The most pertinent topics include chronic kidney disease (CKD), 
adult weight management (AWM), diabetes types 1 and 2, diabetes (type 2) prevention, dietary fatty 
acids, disorders of lipid metabolism (DLM), fiber, hypertension (HTN), nutrition counseling, sodium, 
telenutrition, and vegetarian nutrition (VEG).

The 2010 CKD guidelines by the Academy are intended for use by Registered Dietitian 
Nutritionists (RDN) who provide medical nutrition therapy (MNT) to adults with CKD who are not 
receiving renal replacement therapy. The Work Group’s recommendations were derived from sys-
tematic reviews and were intended to not overlap with the existing evidenced-based guidelines for 
persons receiving maintenance hemodialysis from the NKF-Kidney Disease Outcomes Quality 
Initiative (KDOQI) [1].

 KDOQI Clinical Practice Guidelines

The NKF and their appointed Work Groups, as part of KDOQI, have published a number of practice 
guidelines related to topics of dialysis adequacy, cardiovascular disease, anemia, bone disease, and, of 
course, nutrition, as well as many others. The reader may access the guidelines at the NKF website 
(www.kidney.org) for routine updates and full explanation and details of each practice guideline. Due 
to space limitations, only the links to various clinical practice guidelines that may be of interest to the 
reader are presented below:

• Diabetes and CKD (2012 update): https://www.ajkd.org/article/S0272-6386(12)00957-2/pdf [2]
• Nutrition in Children with CKD (2008 update): http://kidneyfoundation.cachefly.net/profession-

als/KDOQI/guidelines_ped_ckd/index.htm [3]

 KDOQI Clinical Practice Guideline for Nutrition in CKD:  
2020 Update

The Work Group for this collaborative project was a diverse group of renal nutrition experts (physi-
cians, RDNs (or international equivalents), researchers, and methodologists) from around the globe 
(i.e., Australia, Brazil, France, Hong Kong, Switzerland, Sweden, the United Kingdom, and the 
United States) [4].

 KDIGO Clinical Practice Guidelines

• Anemia in CKD (2012): https://kdigo.org/guidelines/anemia-in-ckd/ [5]
• Blood Pressure in CKD (2012): https://kdigo.org/guidelines/blood-pressure-in-ckd/ [6]
• CKD Mineral and Bone Disorder (MBD) (2017): https://kdigo.org/guidelines/ckd-mbd/ [7]
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• Diabetes and CKD: https://kdigo.org/guidelines/diabetes-ckd/ [8]
• Lipids in CKD (2013): https://kdigo.org/guidelines/lipids-in-ckd/ [9]

 Diet-Related Resources and Food Lists

Dietitians assist in translating research in nutrition and CKD to patients and their caregivers. A num-
ber of resources are available to help with this process in clinical practice, and a few are provided 
within this section. The Journal of Renal Nutrition, the official journal of the Council on Renal 
Nutrition of the National Kidney Foundation, includes patient education and product update sections 
within most of the issues. Additionally, the National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) National Kidney Disease Education Program (NKDEP) provides patient educa-
tion resources in English and Spanish (https://www.niddk.nih.gov/health-information/communica-
tion-programs/nkdep) [10].

The following sections comprise several tables that cover the nutrition composition of foods for 
various stages of CKD; food sources of potassium, phosphorus, and oxalate; examples of high bio-
logical value protein sources; and renal micronutrient supplements. Many of the tables in this edition 
remain as originally compiled by June Leung Fung, PhD, RD.

 Nutrient Composition of Foods

Tables 37.1 and 37.2 present the calories, protein, sodium, potassium, and phosphorus composition of 
foods for people with CKD stages 3–5 [11].

Table 37.1 Nutrition composition of foods (per serving) for people with stage 3 or 4 chronic kidney disease

Foods
Protein 
(g)

Calories 
(kcal)

Sodium 
(mg)

Potassium 
(mg)

Phosphorus 
(mg) Example

Protein

High 6–8 50–100 20–150 50–150 50–100 1 oz beef, chicken, 
fish

High phosphorus 6–8 50–100 20–150 50–350 100–300 1 oz organ meats
High sodium 6–8 50–100 200–450 50–150 50–100 ¼ c cottage cheese
Vegetable

Low K+ 2–3 10–100 0–50 20–150 10–70 1 c cabbage
Medium K+ 2–3 10–100 0–50 150–250 10–70 ½ c beets
High K+ 2–3 10–100 0–50 250–550 10–70 ¼ whole avocado
Fruit

Low K+ 0–1 20–100 0–10 20–150 1–20 One medium apple
Medium K+ 0–1 20–100 0–10 150–250 1–20 ½ c medium peach
High K+ 0–1 20–100 0–10 250–550 1–20 Two apricot halves
Dairy/high 
phosphorus

2–3 50–200 150–400 10–100 100–200 1 c sherbet

Breads/cereals 2–3 50–200 0–150 10–100 10–70 ½ small sweet roll, 
no nuts

Free calories 0–1 100–150 0–100 0–100 0–100 1 (3 oz) popsicle
Adapted from Renal Practice Group of the American Dietetic Association [11]. With permission © Academy of 
Nutrition and Dietetics (formerly the American Dietetic Association)
c cup, K + potassium, oz ounce
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 Food Sources of Potassium

The NKF’s Potassium and Your CKD Diet patient education material comprises lists of foods that are 
both high and low in potassium. This material can be found at  http://www.kidney.org/atoz/content/
potassium#

 Food Sources of Phosphorus

A listing of foods high in phosphorus and better alternative food choices are provided on the NKF’s 
Phosphorus and Your CKD Diet information health guide at https://www.kidney.org/atoz/content/
phosphorus. Table 37.3 lists the phosphorus and protein content of common foods [12]. Additional 
literature and listing of dietary phosphorus, protein, and potassium content of food items ranked by 
phosphorus to protein ratio categories have been published and can be accessed at http://cjasn.asn-
journals.org/content/5/3/519.full.pdf+html [13].

Phosphate-based food additives can affect the diets of those with CKD and care is taken to limit the 
intake of foods containing these additives. Table 37.4 displays the most common phosphate additives, 
their use, and food products in which they are found [14].

 Protein Quality in Foods

Education and monitoring of protein restriction in patients with CKD not receiving maintenance 
dialysis and adequate protein intake in patients with CKD stages 3–5 are important in the care of 
this population. Table  37.5 presents the biologic values of animal- and plant-based foods.  

Table 37.2 Nutrition composition of foods (per serving) for people with stage 5 chronic kidney disease

Foods
Protein 
(g)

Calories 
(kcal)

Sodium 
(mg)

Potassium 
(mg)

Phosphorus 
(mg) Example

Protein

Animal 6–8 50–100 20–150 50–150 50–100 1 oz beef, chicken, fish
Animal (with higher 
Na2+ or 
PO4− contents)

6–8 50–100 200–500 50–150 100–300 1 oz sardines

Fruit/vegetable

Low K+ 0–3 10–100 1–50 20–150 0–70 1 c lettuce or ½ c 
grape juice

Medium K+ 0–3 10–100 1–50 150–250 0–70 ½ c cooked broccoli  
or two tbsp raisins

High K+ 0–3 10–100 1–50 250–550 0–70 One medium tomato  
or one small nectarine

Dairy/high PO4 − 2–8 100–400 30–300 50–400 100–120 ½ c milk
Breads/cereals 2–3 50–200 0–150 10–100 10–70 ½ small bagel
Free calories 0–1 100–150 0–100 0–100 0–100 Four pieces hard candy

Adapted from Renal Practice Group of the American Dietetic Association [11]. With permission © Academy of 
Nutrition and Dietetics (formerly the American Dietetic Association)
c cup, K+ potassium, Na2+ sodium, PO4−, phosphorus, oz ounce, tbsp tablespoon
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Table 37.3 Phosphorus and protein content of common foods

Food Amount Phosphorus (mg) Protein (g) Phos (mg)/protein (g)

Beans, legumes, tofu

Kidney beans, black beans
Refried beans, lima beans

1 cup 245 15 16.3
1 cup 215 15 14.3

Navy beans 1 cup 290 16 18.1
Soybeans, boiled 1 cup 420 29 14.4
Soybeans, roasted 1 cup 625 60 10.4
Tofu, firm 100 g 75 6 12.5
Tofu, soft 100 g 55 4 13.8
Cheese

Cheddar cheese 1 oz 145 7 20.7
Mozzarella cheese 1 oz 140 7 20.0
Swiss cheese 1 oz 170 8 21.3
Cottage cheese, 1% fat 1 cup 150 14 10.7
Cottage cheese, 2% fat 1 cup 340 31 11.0
Cream cheese 2 tbsp 30 2 15.0
Cream, milk, yogurt

Half and half cream 1 cup 230 7 33.0
Heavy cream 1 cup 150 5 29.8
Sour cream 2 tbsp 30 1 30.0
Buttermilk 1 cup 220 8 27.5
Nonfat milk 1 cup 250 8 31.3
1% milk 1 cup 235 8 29.4
2% milk 1 cup 230 8 29.0
Whole milk 1 cup 230 8 28.7
Low fat yogurt 1 cup 340 12 28.3
Regular yogurt 1 cup 215 8 26.9
Fish and seafood

Blue crab 3 oz 175 17 10.3
Dungeness crab 3 oz 150 19 8.0
King crab 3 oz 240 16 15
Halibut 3 oz 215 23 9.3
Oysters 3 oz 195 13 15
Salmon 3 oz 270 21 12.8
Shrimp 3 oz 115 18 6.4
Meat, poultry, eggs

Beef liver 3 oz 390 23 17.0
Top sirloin 3 oz 200 25 8.0
Chicken breast 3 oz 195 27 7.2
Chicken thigh 3 oz 150 22 6.8
Egg 1 large 85 7 12.1
Ham 3 oz 240 19 12.6
Lamb chop 3 oz 190 22 8.6
Pork loin 3 oz 145 22 6.6
Turkey 3 oz 190 27 7.0
Veal loin 3 oz 190 22 8.6
Nuts and nut butters

Almonds 1 oz 140 6 23.3

(continued)
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Table 37.3 (continued)

Food Amount Phosphorus (mg) Protein (g) Phos (mg)/protein (g)

Macadamia 1 oz 55 2 27.5
Peanuts, roasted 1 oz 150 8 18.8
Peanut butter 2 tbsp 110 8 13.8
Walnuts 1 oz 100 4 25.0
Fast foods

Bean/cheese burrito 2 small 180 15 12.0
Breakfast biscuit (egg, cheese, bacon) 1 serving 460 16 28.8
Cheeseburger 1 serving 310 28 11.0
Chicken sandwich 1 serving 405 29 14.0
Pepperoni pizza 1 slice 225 16 14.0
Other foods

Beer 12 oz 40 1 40
Milk chocolate 1 oz 60 2 30
Semisweet chocolate 1 oz 35 1 35
Coffee 1 cup 2 0
Colas 12 oz 45 0
Lemon lime soda 12 oz 0 0
Lemonade 1 cup 5 0.5 10
Root beer 12 oz 0 0
Tea 1 cup 2 0

Adapted from National Kidney Foundation [12]. With permission from Elsevier Limited

Table 37.4 Common phosphate additives in foods

Phosphate additive 
common name Uses Products

Dicalcium phosphate 
anhydrous

Dough conditioner; mineral source Bakery mixes; yeast-raised bakery products; 
cereals; dry powder beverages; flour; food 
bars; infant food; milk-based beverages; 
multivitamin tablets; yogurts. Used in powder 
form as an abrasive in toothpaste

Dicalcium phosphate 
dihydrous

Leavening agent; mineral source Bakery mixes; cereals; dry powder beverages; 
flour; food bars; infant food; milk-based 
beverages; multivitamin tablets; yogurt

Dipotassium 
phosphate

Buffer; nutrient in yeast culturing; 
sequestrant

Casein-based creamers; processed cheese; 
meat products; mineral supplements; nondairy 
creamers; starter cultures; yeast-containing 
products

Disodium phosphate 
anhydrous

Absorbent; alkalinity source; buffering 
agent; emulsifier; fortification; pH control 
agent; protein modifier; sequestrant; 
stabilizer; thickener

Cereal, cooked and dry breakfast; cheese, 
imitation and processed; cream; gelatin; half 
and half; ice cream; infant food; instant 
cheesecake; instant pudding; isotonic drinks; 
milk, condensed, evaporated, flavored, and 
nonfat dry milk powders; pasta; starch; 
vitamin capsules; whipped topping

Is used to adjust pH of cereal and pasta 
products to maintain quality color in final 
product. Accelerates the cook time of pasta 
and quick cooking cereals

Disodium phosphate 
dihydrous

Same as disodium phosphate anhydrous Same as disodium phosphate anhydrous

Magnesium 
phosphate

Dietary supplement; flow aid; nutritional 
source of magnesium and phosphorous; pH 
control agent

Magnesium source in infant formulas and diet 
beverages

M. Prest



667

Table 37.4 (continued)

Phosphate additive 
common name Uses Products

Monocalcium 
phosphate 
monohydrate

Acidulant for foods and beverages; dietary 
supplement; firming agent in canning; 
leavening acid; nutrient; thickener; yeast 
food dough conditioner
Calcium source for fortification or 
enrichment

Baking powder; biscuits; cakes; cake mixes; 
donuts; canned fruit; muffins; pudding; 
canned and frozen vegetables

Monopotassium 
phosphate

Acidulant; buffering agent; coloring; 
leavening agent; nutrient source; pH 
control agent; stabilizer; whipping 
properties

Beverages: dry powder and isotonic; bread; 
dough; egg products; mineral supplements; 
starter cultures; yeast cultures

Monopotassium 
phosphate anhydrous

Buffering agent; color enhancer; dry 
acidulant; emulsifier; flavor enhancer 
(tartness); gelling agent; leavening agent; 
protein modifier; sequestrant

Beverages, cola, dry powder, and isotonic; 
egg, yolks and liquid egg mixtures; gelatin; 
instant cheesecake; instant pudding

Monosodium 
phosphate

Color stabilizer; whipping properties Egg products

Pentasodium 
triphosphate

Buffering agent; coagulant; curing agent; 
dispersing agent; emulsifier; flavor 
enhancer; humectants; moisture retention; 
pH control; reduces oxidation; sequestrant; 
stabilizer; texturizer; thickener

Meat; poultry; seafood

Phosphoric acid Acidulant; buffering agent; flavor enhancer; 
pH control agent; sequestrant; stabilizer; 
synergist; thickener

Carbonated and noncarbonated beverages; 
cottage cheese

Sodium acid 
pyrophosphate

Acidulant; buffering agent; coagulant; 
dispersing agent; emulsifier; formulation 
aid; humectant; leavening agent; pH control 
agent; protein modifier; processing aid; 
sequestrant; stabilizer; synergist; texturizer; 
thickener

Baking powder; cake donuts; cake mixes; 
canned crab; cheese: imitation and processed; 
refrigerated dough; icing and frostings; 
processed meat including bologna, chicken 
and chicken products, and hot dogs; nondairy 
creamers; processed potatoes; seafood; canned 
tuna

Sodium 
hexametaphosphate

Buffering agent; color stabilizer; curing 
agent; deflocculant; dough strengthener; 
emulsifier; firming agent; flavor enhancer; 
flavoring agent; humectant; neutral salt; 
nutrient supplement; processing aid; 
sequestrant; stabilizer; surface-active agent; 
synergist; texturizer; thickener

Processed cheese; egg products; meat; 
poultry; cheese; seafood; sour cream; table 
syrups; canned and frozen vegetables; 
vegetable proteins; whey; whipped toppings

Sodium 
tripolyphosphate

Emulsifier; flavor enhancer; mechanical 
peeling of shrimp; moisture binding; 
stabilizer; texture modification

Fish; meats: chicken, corned beef, ham, roast 
beef, bologna, hot dogs, and sausage; scallops; 
shrimp; canned or frozen vegetables

Tetrapotassium 
pyrophosphate

Alkalinity source; antioxidant; buffering 
agent; coagulant; dispersing agent; nutrient 
source; pH control agent; protein modifier; 
sequestrant; texturizer

Processed cheese; milk powders

Tetrasodium 
pyrophosphate

Buffer; color agent; emulsifying agent; protein 
modifier; provides “meltability: in processed 
cheese; quickens cooking time of cooked 
breakfast cereals; stabilizer; thickener”

Cheese: processed and imitation cheese; 
isotonic beverages; cooked breakfast cereals; 
pudding

Tricalcium phosphate Fortification; prevents caking; reduction in 
cooking time

Cooked cereal; dry drink mixes; fruit juices; 
soy beverages

Tripotassium 
phosphate

Alkalinity source; buffering agent; 
emulsifier; nutrient; protein modifier; 
stabilizer

Cereals; processed cheese; bread and dough 
conditioners; dairy products; isotonic 
beverages; starter cultures

Source: Summary of Phosphate Citations [14]
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Additional biologic values of certain foods can be found in the FAO Amino Acid Content of Foods 
and Biological Data on Proteins [15].

 Oxalates in Food

For populations in which dietary oxalates are of concern, Table 37.6 lists high and moderate oxalate 
contents of common foods [16].

 Vitamin Recommendations and Supplementation in CKD

Patients with CKD have altered vitamin metabolism, and they are thought to have increased require-
ments for some vitamins. Table 37.7 presents the Dietary Reference Intakes for vitamins and their 
suggested recommendations for various stages of CKD [17–22]. Table 37.8 lists the micronutrient 
content of currently available specially formulated renal vitamins.

 Assessment Tools

As discussed in Chaps. 4–7 on nutrition assessment, there are typically four components to con-
ducting a comprehensive nutrition assessment: (1) anthropometrics, (2) biochemical indices, (3) 
clinical symptomatology, and (4) dietary intake data. The reader is encouraged to consult the 
KDOQI clinical practice guidelines for additional information on nutrition assessment in CKD 
[4].

As stated in the KDOQI Guideline, the seven-point subjective global assessment (SGA) is a valid 
and reliable tool for assessing nutritional status in adults receiving maintenance dialysis [4]. In 1994, 
SGA was presented at the annual meeting of the American Society of Nephrology. Since that time, it 
has been used in growing numbers of dialysis clinics as another tool to assess the nutritional status of 
patients receiving maintenance dialysis. SGA is simple, subjective, and hands on [23, 24].

SGA is a score-based assessment based on medical history and a physical assessment. Its ratings 
have been found to be highly predictive of outcome as well as correlate strongly with other subjective 
and objective measures of nutrition [23–25]. While it was originally used to categorize surgical 

Table 37.5 Biologic values of selected animal and vegetable foods

Foods
Biologic value 
range (%)a

Red beans, lentils 45
Wheat flour, wheat gluten, bean (avg), baker’s yeast 50–59
Sesame seed, white rice, black beans, peas, kale, cooked oatmeal, butter beans, wheat (avg), 
lima beans, brewer’s yeast, chick peas, coconut

60–69

Sunflower seeds, cheddar cheese, sardines, brown rice, soybeans, potatoes, wheat germ, beef, 
veal, chicken, pork, shrimp, fish (avg), rye, buckwheat

70–79

Mushrooms, casein, barley, cod, haddock, milk, lobster 80–89
Egg >90

Developed by Joni Pagenkemper. Source: Food and Agriculture Organization of the United Nations [15]
aAdequate protein quality >60 adults, >70 children
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Table 37.6 Food sources of oxalate

High oxalate content (≥10 mg) Moderate oxalate content (5–9 mg)

Avocado
Dates
Grapefruit
Kiwi
Orange
Raspberries
Tangerine
Canned and dried pineapple
Dried prunes
Bamboo shoots
Beets
Fava beans
Navy beans
Okra
Olives
Parsnip
Red kidney beans
Refried beans
Rhubarb
Rutabaga
Spinach, cooked
Spinach, raw
Tomato sauce
Turnip
Yams
Dried figs
Carrots, raw
Celery, cooked
Collards
French fries (homemade or fast food)
Baked potato with skin
Mashed potatoes
Potato chips
Potato salad
Sweet potatoes
French toast
English muffin whole wheat
Pancakes (homemade)
Pancakes (mix)
All-purpose flour
Brown rice, cooked
Brown rice flour
Buckwheat groats
Bulgur, cooked
Cocoa powder
Corn grits
Cornmeal

Fresh figs
Canned cherries
Artichokes
Asparagus
Carrots, cooked
Hot chili peppers
Chili powder
Brewer’s yeast
Mixed vegetables, frozen
Oriental vegetables, frozen
Soybeans
String beans
Tomato, fresh
Chocolate milk
Blueberry muffins
Biscuits (plain or buttermilk)
Bran muffins
Bran muffin low fat
Cracked wheat bread
English muffin
English muffin multi-grain
English muffin wheat
Low-fat muffins
Rye bread
Popcorn
Pretzels, hard
Tortillas, corn
Tortillas, flour
White bread
Wheat bran bread
Whole oat bread
Whole wheat bread
Prune juice
Pies

Couscous
Lasagna
Millet, cooked
Miso
Rice bran

(continued)
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Table 37.6 (continued)

High oxalate content (≥10 mg) Moderate oxalate content (5–9 mg)

Soy flour
Wheat berries
Wheat flour, whole grain
Spaghetti
White rice flour
Tofu
Soy burgers
Chocolate
Carrot juice
Hot chocolate (homemade)
Lemonade (frozen from concentrate)
Tea, brewed
Tomato juice
Almonds
Candies with nuts
Cashews
Peanuts and peanut butter
Pistachios
Mixed nuts (with peanuts)
Pumpkin seeds
Trail mix
Tahini
Walnuts
Pecans
Sunflower seeds
Brownies
Cake

Source: United States Department of Agriculture, Human Nutrition Information 
Service. Agriculture Handbook Number 8–11, Composition of Foods: 
Vegetables and Vegetable Products. Revised August 1984
Oxalate Content of Foods [16]

Table 37.7 Daily vitamin recommendations for CKD

Vitamin Dietary Reference Intakesa Predialysis CKD Maintenance HD/PD

Vitamin C 75–90 mg/day 60–100 mg/day 60–100 mg/day
Thiamin (B1) 1.1–1.2 mg/day 1.5 mg/day 1.5 mg/day
Riboflavin (B2) 1.1–1.3 mg/day 1.8 mg/day 1.1–1.3 mg/day
Niacin 14–16 mg/day 14–20 mg/day 14–20 mg/day
Vitamin B6 1.3–1.7 mg/day 5 mg/day 10 mg/day
Vitamin B12 2.4 μg/day 2–3 μg/day 2–3 μg/day
Folic acid 0.4 mg/day 1 mg/day 1 mg/day
Pantothenic acid 5 mg/day 5 mg/day 5 mg/day
Biotin 30 μg/day 30–100 μg/day 30–100 μg/day
Vitamin A 700–900 μg/day 700–900 μg/day 700–900 μg/day
Vitamin E 15 mg/day 15 mg/day 15 mg/day
Vitamin K 90–120 μg/day 90–120 μg/day 90–120 μg/day

aDietary Reference Intakes for adults >18 years. Sources: see Refs. [17–22]
CKD chronic kidney disease; HD hemodialysis; PD peritoneal dialysis
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patients, it is now recognized as a valid and reliable nutritional assessment tool for dialysis patients 
[26–32]. Studies in patients with CKD have also shown the predictive capability of survival outcomes 
and correlations of SGA with anthropometric and other outcome measures [27–32]. The medical his-
tory includes progression of weight change, dietary intake, gastrointestinal symptoms, physiological 
functioning, and a simple analysis of metabolic stress. The physiological assessment includes loss of 
subcutaneous fat and muscle mass and edema. Originally, patients were evaluated as (A) well- 
nourished, (B) mild to moderately malnourished, or (C) severely malnourished [23, 24]. This ABC 
rating has been changed to a seven-point scale [29] which are as follows:

 1. 6 or 7 = mildly nutritional risk to well-nourished
 2. 3, 4, or 5 = mild to moderately malnourished
 3. 1 or 2 = severely malnourished

Healthcare professionals should be trained on SGA methods prior to using it in practice.
As an alternative to SGA, the Malnutrition inflammation Score (MIS) is a fully quantified assess-

ment developed for use in patients with CKD [33]. The KDOQI Work Group recommends that the 
MIS may be used to assess nutritional status in adults with CKD on maintenance hemodialysis and 
post-transplant [4]. The following link takes the reader to the Abbott Nutrition Health Institute and a 
presentation about the MIS by the nephrologist, Dr. Kamyar Kalantar-Zadeh (https://anhi.org/confer-
ences/biomarkers-of-malnutrition/ckd-and-inflammation-score).

 Internet Sites

There are a plethora of websites that provide resources and online tools that may be useful for the 
renal practitioner. Table 37.9 includes a select few.

Table 37.9 Online resources and tools

Academy of Nutrition and Dietetics www.eatright.org
American Association of Kidney Patients (AAKP) www.aakp.org
American Diabetes Association (ADA) www.diabetes.org
American Kidney Fund (AKF) www.akfinc.org
Centers for Medicare & Medicaid Services (CMS) www.cms.gov
Council of Renal Nutrition (CRN) www.kidney.org/professionals/CRN/
Council of Nephrology Social Workers (CNSW) www.kidney.org/professionals/CNSW/
Council of Nephrology Nurses & Technicians (CNNT) www.kidney.org/professionals/CNNT/
DaVita Kidney Care www.davita.com
Fresenius Kidney Care (FKC) https://www.freseniuskidneycare.com/
Hypertension, Dialysis and Clinical Nephrology www.hdcn.com
Kidney School www.kidneyschool.org
Life Options Rehabilitation Program www.lifeoptions.org
National Institute of Diabetes and Digestive and Kidney Diseases 
(NIDDK)

www.niddk.nih.gov

National Kidney Disease Education Program (NKDEP) www.nkdep.nih.gov
National Kidney Foundation (NKF) www.kidney.org
The Nephron Information Center http://nephron.com/
Renal Dietitians Dietetic Practice Group (RPG) of the Academy of 
Nutrition and Dietetics

www.renalnutrition.org

RenalWEB-Vortex Website of the Dialysis World www.renalweb.com
USDA Dietary Reference Intakes (DRI) Calculator for Healthcare 
Professionals

https://www.nal.usda.gov/fnic/
dri-calculator/

United States Renal Data System (USRDS) www.usrds.org
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 Mobile Apps

With the increasing use of smartphones and tablets, a growing number of mobile apps are available 
that practitioners and clients can use to manage care and treatment. However, choosing an app can be 
challenging because the scientific evidence is limited for commercially available apps. As with all 
print and Internet resources available, mobile apps should be reviewed and used with appropriate 
professional and clinical judgment. The NKF has an APP center that includes links to various apps 
that can be used on Androids, iPads, and/or iPhones. The link can be found at https://www.kidney.org/
apps. Below are some links to apps the reader may find useful:

• CRN Pocket Guide to Nutrition Assessment in the patient with CKD. This app supports the 5th 
edition of the Pocket Guide: https://www.kidney.org/apps/professionals/crn-pocket-guide- 
nutrition-assessment-patient-ckd-mobile-app

• Journal of Renal Nutrition (JRN). Keep up to date with advances in the science and practice of 
renal nutrition: https://www.kidney.org/apps/professionals/journal-renal-nutrition-jrn-app

• American Journal of Kidney Disease (AJKD). Keep up to date with the advances in the science and 
practice of nephrology: https://www.kidney.org/apps/professionals/ajkd-american-journal- 
kidney-diseases

• Advances in Chronic Kidney Disease (ACKD). Stay current on the latest professional research for 
chronic kidney disease: https://www.kidney.org/apps/professionals/advances-chronic-kidney- 
disease-ackd

• CKD Care: An Interactive Guide for Clinicians. This app allows medical professionals to estimate 
kidney function using an estimated glomerular filtration rate (eGFR) calculator and provides care 
guidelines based on multiple parameters entered by the user. This clinical tool offers succinct, 
patient-specific strategies that define diagnosis and guide management: https://www.kidney.org/
apps/professionals/ckd-care-interactive-guide-clinicians

• H2Overload: Fluid Control for Heart-Kidney Health. This app is designed for people who need to 
limit their fluid intake, especially people with hyponatremia, kidney failure, or heart disease: 
https://www.kidney.org/apps/patients/h2overload-fluid-control-heart-kidney-health

• Gout Central: Empowers patients with the most essential tools and information for controlling 
gout and protecting their kidneys. Guidance is provided on the optimal use of nutrition, lifestyle, 
and medication for the prevention and treatment of gout flares: https://www.kidney.org/apps/
patients/gout-central

• My Food Coach by NKF: Designed to help the consumer understand and manage personalized 
nutrition requirements: https://appadvice.com/game/app/my-food-coach/785222447.

• Relative Risk, Monitoring and Referral in Patients with CKD: Summarizes new science that 
explains how estimated glomerular filtration rate (eGFR) and urinary albumin-to-creatinine ratio 
(ACR) are independent risk factors for adverse outcomes: https://www.kidney.org/apps/profes-
sionals/relative-risk-monitoring-and-referral-patients-ckd

• Screening for Albuminuria in Patients with Diabetes. A quick pocket tool to help medical profes-
sionals assess and treat albuminuria in persons with diabetes: https://www.kidney.org/apps/profes-
sionals/screening-albuminuria-patients-diabetes

• Care After Kidney Transplant: A consumer app created to help patients stay healthy post kidney 
transplant: https://www.kidney.org/apps/patients/care-after-kidney-transplant-app

• eGFR Calculator: Helps medical professionals estimate kidney function using five separate eGFR 
calculators: https://www.kidney.org/apps/professionals/egfr-calculator

• MySugr – My Diabetes Tracker. Allows the user to keep diabetes data under control (e.g., blood 
sugar tracker, carb logger, and estimated HbA1c) – all at a glance: https://apps.apple.com/us/app/
mysugr-diabetes-tracker-log/id516509211

M. Prest

https://www.kidney.org/apps
https://www.kidney.org/apps
https://www.kidney.org/apps/professionals/crn-pocket-guide-nutrition-assessment-patient-ckd-mobile-app
https://www.kidney.org/apps/professionals/crn-pocket-guide-nutrition-assessment-patient-ckd-mobile-app
https://www.kidney.org/apps/professionals/journal-renal-nutrition-jrn-app
https://www.kidney.org/apps/professionals/ajkd-american-journal-kidney-diseases
https://www.kidney.org/apps/professionals/ajkd-american-journal-kidney-diseases
https://www.kidney.org/apps/professionals/advances-chronic-kidney-disease-ackd
https://www.kidney.org/apps/professionals/advances-chronic-kidney-disease-ackd
https://www.kidney.org/apps/professionals/ckd-care-interactive-guide-clinicians
https://www.kidney.org/apps/professionals/ckd-care-interactive-guide-clinicians
https://www.kidney.org/apps/patients/h2overload-fluid-control-heart-kidney-health
https://www.kidney.org/apps/patients/gout-central
https://www.kidney.org/apps/patients/gout-central
https://appadvice.com/game/app/my-food-coach/785222447
https://www.kidney.org/apps/professionals/relative-risk-monitoring-and-referral-patients-ckd
https://www.kidney.org/apps/professionals/relative-risk-monitoring-and-referral-patients-ckd
https://www.kidney.org/apps/professionals/screening-albuminuria-patients-diabetes
https://www.kidney.org/apps/professionals/screening-albuminuria-patients-diabetes
https://www.kidney.org/apps/patients/care-after-kidney-transplant-app
https://www.kidney.org/apps/professionals/egfr-calculator
https://apps.apple.com/us/app/mysugr-diabetes-tracker-log/id516509211
https://apps.apple.com/us/app/mysugr-diabetes-tracker-log/id516509211


675

• American Diabetes Association Standards of Medical Care. Includes the full standards of care nar-
rative and interactive tools accessing the most referenced algorithms: https://professional.diabetes.
org/content-page/standards-care-app-1

 Conclusion

This chapter represents a collection of resources that are required for clinical practice in nutrition and 
kidney disease. It does not contain an exhaustive list of tools, but should serve to assist the practitioner 
in locating critical pieces of information necessary for appropriate delivery of care for patients with 
kidney disease.
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altered olfactory function, 546
animal studies, 555
anthropometry (see SeeAnthropometry)
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confidence scale and follow-up questions, 646
conscious and unconscious processes, 644
diet and lifestyle modifications, 646
empowerment, 645
importance scale and follow-up questions, 645, 

646, 649
open-ended questions, 645
patient’s source of motivation, 644
reflective listening, 645
research supports, 644
resist the righting reflex, 644
summaries, 645
systematic review, 646, 647

patient history, 648
questions and responses

closed-ended questions, 638, 639
examples, 638, 639
leading questions, 639
open-ended questions, 639, 640
outcome of, 638
reflective listening, 640, 649

self-efficacy, 641
social learning theory, 641
TTM, 636–638, 649

Cranial nerve (CN) assessment
facial nerve (CN VII), 84
glossopharyngeal nerve (CN IX), 84
hypoglossal nerve (CN XII), 85
spinal accessory nerve (CN XI), 84
trigeminal nerve (CN V), 84
vagus nerve (CN X), 84

C-reactive protein (CRP), 67
Creatinine clearance (CrCl), 74
Creatinine index, 75
Crystalline amino acid (AA), 515
Cyanocobalamin, 612, 613
Cyclophosphamide, 49
Cyclosporine, 150, 153, 154
CYP3A4, 149, 150
Cystatin C, 199
Cystine-binding thiol drugs (CBTDs), 492
Cystine stones, 491

clinical feature, 491
cystine-binding thiol drugs, 492
high urine volume, 492
medical management, 492
normal excretion, 491
nutritional management, 492
urine alkalization, 492

Cystinuria, 477, 491

D
Degludec, 191
Dehydration, 336

Depression, 69, 123–125, 132
IDWG, 125
non-pharmacological interventions for, 132
prevalence of, 124

Diabetes, 246
Diabetes Control and Complications Trial/Epidemiology 

of Diabetes Interventions and Complications 
(DCCT/EDIC) trial, 176

Diabetic kidney disease (DKD)
albumin creatinine ratio, 176
alcohol, 183, 184
antihyperglycemic agents, 188
blood pressure, 177
carbohydrate management, 192

fiber, 180, 181
glycemic index, 180
quality, 180
quantity, 179, 180

continuous glucose monitoring, 187
diet patterns, 183
end-stage kidney disease, 184
energy estimation, 178, 179
fat management, 183
fluid control, 186
gastroparesis, 186
GFR, 176
glycemic control, 176, 177
hemodialysis, 184, 185
hypoglycemia/uremia, 188, 192
incidence, 175
insulin therapy, 191
lipids, 177
malnutrition and dialysis, 185, 186
medical nutrition therapy, 177, 178, 182, 185
nonnutritive sweeteners, 184
nutritive sweeteners, 184
peritoneal dialysis, 185
physical examination, 192
prevalence, 176
protein management, 181–183, 192
self-monitoring of blood glucose, 186, 187
sick day medication list, 188
weight management, 178

Diabetic nephropathy, 48, 403
Diabetics mellitus, 495
Dialysis, 132, 133, 349

diet records in, 114
FFQ in, 113–114
types, 284

Dialysis-Food Frequency Questionnaire (FFQ), 113
Dialysis Morbidity and Mortality Study (DMMS), 270
Dialysis Outcomes and Practice Patterns Study 

(DOPPS), 11, 125
Dialysis Outcomes Quality Initiative (DOQI) Project, 

657
Dialysis-related losses, 262
Diarrhea, 336
Diastolic blood pressure (DBP), 159, 163, 165, 167
Dietary adherence

barriers, 627
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behavioral strategies, 631
comorbidities, 626
complications, 626
condition-related factors, 628
definition, 626
dietary regimen, 626
educational strategies, 629–631
health care team, 628
health professionals, 626
nonadherence, 626
organizational strategies, 631
patient-related factors, 628, 629
poor adherence, 626
psychological factors, 628
self-monitoring, 631, 632
social and economic factors, 627
system-related factors, 628
therapy-related factors, 628

Dietary Approaches to Stop Hypertension (DASH) diet, 
160, 165–167, 177, 183, 192, 228, 241, 242, 
246–248, 337, 584–588

Dietary compliance, 626
Dietary energy intake (DEI), 107, 108, 112
Dietary inflammatory index (DII), 420
Dietary intake assessment, 96, 104

acute kidney injury, 109, 110
automated multiple-pass method, 98, 99, 106
automated self-administered 24-h recall, 99–101
biomarkers, use of, 107
carotenoids, 108
chronic kidney disease (CKD), 110–113
crude dietary analysis spreadsheet for, 99, 100
dialysis

diet records, 114
Food Frequency Questionnaire, 113, 114

to dietary guidelines
groups, 104, 105
individuals, 103, 104

diet record or diary, 102, 103
doubly-labeled water and UUN for dietary energy 

and protein intake, 107, 108
evidence, 105
food frequency questionnaire (FFQ), 101

assessment of, 106
block FFQ, 101
data analysis, 102
diet history questionnaire (DHQ), 101, 102
Willett FFQ, 102

kidney disease settings, applications of, 109
kidney transplantation

diet records, 115
FFQ, 115
recommendations for kidney disease, 115, 116

methodology of, 97, 98
plasma ascorbic acid, 108
purpose and utility of, 97
serum uric acid level, 108
24-h recall, 98, 106
urinary isoflavone levels, 109
urinary sodium levels, association of, 108

vitamin A levels, 108
Dietary intake monitoring application (DIMA), 130
Dietary nonadherence, 636
Dietary pattern

all-cause mortality, 584
behavioral counselling, 584
benefit of, 590
characteristics, 590
CKD outcomes

DASH diet, 586, 588
dietary guidelines, 589
long-term exposure, 588
Mediterranean diet, 588, 589
plant-based diets, 589
vegetarian diets, 589

definition, 584
food groups

carbohydrates, 591
eggs, 592
fruits and vegetables, 590
low-fat dairy, 592
polyphenols, 592, 593
red meat-to-plant-based protein ratio, 591
sodium, 592

general population, 590
health outcomes, 584
healthy pattern, 584
incidence and control, 584
incident CKD

approaches, 585
DASH diet, 585–587
dietary guidelines, 587, 588
evidence-base support, 585
health outcomes, 585
Mediterranean diet, 587
meta-analyses, 585
plant-based diets, 587
risk factors, 585
vegetarian diets, 587

inflammatory markers, 585
observational studies, 584, 590
post-hoc associations, 590
risk factors, 584
role of, 584
safety profile, 593
unhealthy dietary pattern, 584, 585

Dietary protein intake (DPI), 109, 114, 115
Dietary protein therapy, 30–34
Dietary reference intakes (DRIs), 97, 105, 162, 164, 245, 

266, 513, 608, 668
Dietary Supplement Health and Education Act 

(DSHEA), 600
Dietary supplements

American Botanical Council, 600
definition, 600
DSHEA, 600
efficacy and safety, 600, 601
evolution of, 599
healthcare providers, 603, 604
kidney disease, 601, 602
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kidney dysfunction, 603
potential protective effects, 601, 602

Diet History Questionnaire (DHQ), 101, 102
Diet record/diary, 102, 103
Digoxin, 154
Dihydrotachysterol2 (DHT2), 446
Distal tubule, 41
Distribution, definition of, 148
Docosahexanoic acid (DHA), 251
Donepezil, 154
Doubly labeled water, 107, 108
Doxercalciferol (1α-hydroxyvitamin D2), 446
Drug-nutrient interactions, 154

continuous enteral nutrition, 151, 152
herbal product considerations, 154
medication and food timing considerations, 153
renal disease considerations, 153
renal transplant considerations, 153, 154
types of, 149, 150

absorption phase-associated interactions, 149
elimination phase-associated interactions, 150
ex vivo bioinactivations, 149
physiologic action-associated interactions, 150

Dry mouth, 85
Dual energy X-ray absorptiometry (DXA), 54, 57, 367
Dysbiosis, 530
Dyslipidemia, 224, 232, 248, 336, 370

E
EAA/KA SVLPDs, 25–29
Electrolytes, 71
Electron beam computed tomography (EBCT), 438
Elimination

definition of, 148
phase-associated interactions, 150

Enalapril, 153
End stage kidney disease (ESKD/ESRD), 3, 8–12, 22, 

124, 127, 129, 132, 184, 284, 358, 546, 567, 
587

Endotoxin-lipoprotein hypothesis, 75
Endurance exercises, 564
Energy, 368, 369, 424
Energy intake (EI), 97
Energy requirements, 243, 244
Enteral nutrition, 511

oral supplementation, 381–383
tube feeding, 310, 311, 317, 318, 320, 383, 384

Enteral tube feeding, 310, 311, 313, 317, 318, 320
Erythrocyte glutamic pyruvic transaminase (EGPT) 

activity, 611
Erythropoietin stimulating agents (ESA), 250, 251
Essential amino acids (EAAs), 22, 515
Essential amino acid supplemented very low protein 

diets (SVLPD), 24–26
Essential fatty acid deficiency (EFAD), 520
Estimated average glucose (EAG) levels, 187
Estimated average requirement (EAR), 97, 104
Estimated energy requirement (EER), 97, 368
Estimated GFR (eGFR), 43

Estimated glomerular filtration rate (eGFR), 43, 64, 124, 
401, 402

European Best Practice Guidelines (EBPG) Guideline, 
303

European Society of Parenteral and Enteral Nutrition 
(ESPEN), 612

European Working Group on Sarcopenia in Older People 
(EWGSOP), 415

Evidence analysis library (EAL), 662
Evidence Analysis Library Chronic Kidney Disease 

Guideline, 244
Exercise, 227, 228

awareness and skills, 574
balance training, 571
barriers, 572, 573
benefits of, 564, 565
deficiencies, 573
definition, 564
dietary interventions, 576
endurance exercise

aerobic capacity, 567, 568
CVD risk, 568
physical function, 567, 568
QOL, 569
and resistance training, 570

ESKD, 567
goals of, 564
guidelines, 565, 566
nutritional supplementation, 571
outcome assessment, 566, 567
patient history, 574, 575
prescription for patient, 575, 576
progress, 576
resistance training, 569, 570
SIT and HIIT, 571, 572
weight loss for transplant, 572
weight loss goal, 575

Exercise and Sports Science Australia (ESSA), 565
Ex vivo bioinactivations, 149

F
Facial nerve (CN VII), 84
Fasting serum profiles, 226
Fats, 370, 371
Fat-soluble vitamins

peritoneal dialysis, 292
vitamin A, 273, 615, 616
vitamin D, 273
vitamin E, 273, 616
vitamin K, 273, 274, 616, 617

Fat stores, 83
Fatty kidney, 209
Felodipine, 150
FGF-21, 548
Fiber diet, 180, 181, 292
Fish oil dietary supplementation, 230
Flavis®, 30
Flexibility, 564
Fluid control, 186

Index



685

Fluids, 378
Fluoroquinolones, 152
Folic acid, 88, 272, 612
Food and Drug Administration (FDA), 184
Food and Nutrient Database for Dietary Surveys 

(FNDDS), 101
Food-drug interactions, 337, 338
Food Frequency Questionnaire (FFQ), 101

assessment of, 106
block FFQ, 101
data analysis, 102
in dialysis, 113, 114
diet history questionnaire (DHQ), 101, 102
kidney transplantation in, 115
nondialysis CKD, 111–113
Willett FFQ, 102

Foods
composition of, 663, 664
diet related resources, 663
insecurity, 124, 133, 134

high, 128
low, 128
nutritional issues with CKD, 129
very low, 128

oxalates, 668–670
phosphorus sources, 664–666
potassium sources, 664
protein quality, 664, 668
safety, 337, 386
security, 128

40-gm mixed protein diet, 23
Frailty, 403, 404
French Intradialytic Nutrition Evaluation (FINE) study, 

313
Fructans, 532
Fructose-containing sugars, 184

G
Gamma-linolenic acid (GLA), 602
Gastrointestinal (GI) system, 496

gastric signaling, 540
gut-brain axis, 540
intestinal signaling

lower signaling, 541, 542
mediators, 540
upper signaling, 540, 541

mechanical and chemical properties, 539
metabolites derived from

carbohydrate metabolism, 543
fatty acid metabolism, 543
L-tryptophan, 542, 543

NTS, 539
pancreas signaling, 542
taste bud cells, 539

Gastroparesis, 186
Generalized anxiety disorder (GAD), 126
German modification of the G-G diet, 23
G-G diet, 23
Ghrelin, 540, 547

Ghrelin O-acyltransferase (GOAT), 540
Gingival hyperplasia, 86
Glomerular basement membrane (GBM), 40
Glomerular filtration rate (GFR), 4, 21, 26, 27, 43, 48, 

198, 199, 201, 205, 210, 326, 611
Glomeruli, 47
Glomerulonephritis, see Nephritic syndromes
Glomerulosclerosis, 206
Glomerulus, 39–41, 43, 45
Glossopharyngeal nerve (CN IX), 84
Glucagon-like peptide-1 (GLP-1), 541, 547
Glycemic control, 176, 177
Glycemic index (GI), 180
Good manufacturing practices (GMP), 600
Grapefruit, 337
Growth hormone secretagogue receptor (GHSR), 540
Gut dysbiosis, 418
Gut microbiome, 418

accumulation of urea, 531
AHR transcription agonist, 531
amino acid tryptophan, 531
bidirectional cause-effect relationship, 530
complex biochemical and metabolic role, 529
composition of, 529
diet composition, 533
dysbiosis, 530
enzymatic activity, 530
indoxyl sulfate, accumulation of, 531
metabolism, 531
microbiota profile, 529
nutrients impacts, 530
nutrients influences, 531
prebiotics

insulin, 532
non-starch polysaccharides, 532
oligosaccharides, 532, 533
resistant starch, 532

probiotics, 531, 532
synbiotics, 533
uremic toxin indole-3-acetic acid, 531

Gut microbiota, 168, 169

H
Half-life, 148
Haloperidol, 154
Hand-grip strength (HGS), 244
Harris Benedict equation, 179
Healthy Hearts and Kidneys (HHK) study, 648
Healthy People Initiative 2020, 224
Heart-Check Mark Food Certification Program, 231
Heart Outcomes Prevention Evaluation (HOPE) trial, 616
Hemodialysis (HD), 23, 28, 109, 113, 114, 125, 184, 

185, 545, 546
acidosis, 261
adequacy, 262, 263
anorexia, 261
daily nutrient recommendations, 264
dialysis-related losses, 262
dietary and nondietary causes, 268
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fluid volume, 262
HEMO clinical trials, 55
inflammation, 261
intradialytic parenteral nutrition, 310, 311, 313–315
intraperitoneal parenteral nutrition therapy, 315, 317
maintenance (see Maintenance hemodialysis)
nutrition counseling, 304, 305
oral and enteral nutritional supplementation, 305, 

306, 308–310
types, 260

Herbal products, 154, 337
Herbs, 601–603
High biological value (HBV) protein, 22, 23
High-density lipoproteins (HDL), 224–226, 229, 230, 

620
Higher protein diets, 22
High-fiber diets, 180
High food security, 128
High-intensity interval training (HIIT), 571, 572
High plant-based diet, 29
High protein diet, 21, 22, 33, 34
Hilum, 40
Home-based programs, 572
Homocysteine, 613, 614
Homocysteinemia, 225
Hospital Anxiety and Depression Scale, 126
Hypercoagulability(thrombophilia), 460
Hyperglycemia, 330
Hyperhomocysteinemia, 613
Hyperkalemia, 71, 164, 165, 267, 268, 289, 290, 521, 

523
Hyperlipidemia, 46, 386, 460, 461
Hypermagnesemia, 275, 521
Hyperparathyroid bone disease, 432
Hyperphosphatemia, 125, 153, 523
Hypertension, 247, 248, 349, 495

dietary recommendations for
AHA/ACC recommendations, 160
central blood pressure, 169
dietary interventions, 161–166
dietary patterns, 166–168
gut microbiota and blood pressure, 168, 169
Joint National Committee recommendations, 160
weight loss, 161

lifestyle interventions, 159, 160
Hypertriglyceridemia, 370
Hypoalbuminemia, 46, 75
Hypocholesterolemia, 75
Hypoglossal nerve (CN XII), 85
Hypoglycemia, 177, 179, 183–188, 191, 192
Hypophosphatemia, 330
Hypotension, 331
Hypovolemia, 331

I
Icodextrin, 185
Ideal body weight (IBW), 366, 510
Idiopathic hypercalciuria (IH), 477
IgA nephropathy (IgAN)

low antigen content diet, 251, 252
omega-3 (n-3) polyunsaturated fatty acids, 251

IgG4-related renal disease, 49
Indirect calorimetry, 243
Inflammation

cellular senescence, 417
CRP, 417
dietary profile, 417
etiologic factors, 417
feature and non-traditional risk factor, 416
gastrointestinal tract, 417
gut microbiome, 417
high intake of fruits, 421
low-grade, 416, 417
low-protein diet to nondialyzed CKD patient, 421
modifiable factor, 417
potassium, phosphorous and fibers, 421, 422
prebiotics, 421
probiotics, 423
senescence-associated secretary phenotype, 417
symbiotic, 423
vegetables, 421
whole grains, 421

Inflammatory markers, 70, 71
Institute of Medicine’s (IOM) report, 654
Insulin, 209, 542
Insulin-dependent diabetic nephropathy, 112
Insulin-like growth factor-1(IGF-1) axis, 242
Insulin therapy, 191
Intensive dialysis, 349
International Society of Renal Nutrition and Metabolism 

(ISRNM), 65, 66, 260, 285, 302, 305, 654
International Tables of Glycemic Index, 180
Interstitium, 42, 43
Intestinal barriers, 418
Intradialytic exercise, 567
Intradialytic feeding, 301, 308
Intradialytic hypotension (IDH), 566
Intradialytic parenteral nutrition (IDPN), 310–315, 361, 

385, 424, 425
Intradialytic weight gain (IDWG), 125, 131, 135, 136, 

262
Intraglomerular hypertension, 207, 208
Intraperitoneal parenteral nutrition (IPPN) therapy, 315, 

317
Intravenous fat emulsions (IVFEs), 515
Intravenous (IV) iron, 275
Intravenous lipid emulsions (ILE), 515
Iron deficiency, 250, 274, 275

J
Jejunostomy, 310
Joint National Committee (JNC), 160

K
Kaplan-Meier curves, 203, 212
Ketoacid analogue of an amino acid, 25, 34
Ketoacid supplemented very low protein diets, 24–26
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Ketogenic diet, 180
Kidney

anatomy of, 40
blood supply, 43
collecting duct, 42
distal tubule, 41
interstitium, 42, 43
nephron, 40
parenchyma, 40
proximal tubule, 41
renal corpuscle, 40, 41
thin limb of Henle’s Loop, 41

clinical manifestations of, 20
function, 507

Kidney Disease Improving Global Outcomes (KDIGO) 
guidelines, 4, 12, 44, 45, 162, 177, 223, 565, 
662, 663

Kidney Disease Outcomes Quality Initiative (KDOQI), 
4, 65, 95, 124, 125, 160, 177, 178, 183, 223, 
239, 260, 362, 588, 657, 662

Kidney Disease Quality of Life Cognitive Function 
(KDQOL-CF) subscale, 404

Kidney function
clinical evaluation of, 43
in disease states

acute kidney injury, 44, 45
chronic kidney disease, 45, 46
diabetic nephropathy, 48
fluid, electrolyte and acid-base disturbances, 44
IgG4-related renal disease, 49
nephritic syndrome, 46, 47
podocytopathies, 49
tubulointerstitial diseases, 47
vascular diseases, 48

Kidney mass, 204
Kidney transplantation

calories and protein
early post-transplantation (weeks 2to 8), 332, 333
late post-transplantation (> 8weeks), 333
transplant admission (first week), 332

carbohydrate and fat, 333
delayed graft function, 331
diet records, 115
FFQ, 115
hyperglycemia, 330
hypophosphatemia, 330
induction therapy, 328, 329
maintenance therapy

antiproliferative agents, 329
calcineurin inhibitors, 329
corticosteroids, 330
m-TOR inhibitors, 330

peri-transplant phase, 328
post-transplant findings

acute kidney injury, 335
alcohol consumption, 337
bone disease, 335
cardiovascular disease, 336, 337
CKD progression, 336
dehydration, 336

diabetes, 334, 335
diarrhea, 336
dyslipidemia, 336
food safety, 337
food-drug interactions, 337, 338
herbal products, 337
weight gain, 334

pretransplant phase
diabetes, 328
goals, 327
malnutrition, 327, 328
obesity, 327

recommendations for kidney disease, 115, 116
sodium, 333
trace elements, 334
vitamin and minerals, 333, 334

Kidney-healthy plate, 252
Korean NHANES, 55

L
Lacto-ovo-vegetarian, 587
Leaky gut, 418
Lean body mass (LBM), 242, 244
Leptin, 543, 544, 546, 547
Leptin binds to its receptors (LepR), 543
Levofloxacin, 150
Levothyroxine, 151, 152
Limited health literacy (LHL), 124, 129, 130, 134, 135
Lipid lowering and Onset of Renal Disease (LORD) trial, 

112
Lipid management, 371
Lipid metabolism, 224, 225
Lipids, 177, 291

conventional hemodialysis, 270
nocturnal hemodialysis/short daily hemodialysis, 271

Lipotoxicity, 209
Loneliness, 124, 127, 128, 133

definition, 127
in elderly patients, 127
nutritional status of CKD patients and, 127

Long-term hypermagnesemia, 275
Losartan, 153
Low antigen content diet, 251, 252
Low-carbohydrate diet, 178
Low-density lipoprotein cholesterol (LDL-C), 403
Low-density lipoproteins (LDL), 224–226, 230, 231, 233
Low food insecurity, 128
Low potassium fiber source, 181
Low protein diets (LPDs), 20–23, 26–30, 32–34
Low serum total cholesterol, 75
L-tryptophan, 542, 543

M
Magnesium, 165, 275, 618
Maintenance hemodialysis (MHD), 69, 615

fat-soluble vitamins
vitamin A, 273
vitamin D, 273
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vitamin E, 273
vitamin K, 273, 274

minerals and trace elements
aluminum, 274
copper, 274
iron, 274, 275
magnesium, 275
selenium, 275
zinc, 275

water-soluble vitamins
biotin levels, 272
folic acid, 272
vitamin B-12, 272
vitamin B-6, 271, 272
vitamin C, 272

Malnutrition, 65, 86, 125, 127–129, 133, 136, 185, 186, 
414, 607

Malnutrition inflammation score (MIS), 260, 284, 673
Mammalian target of rapamycin (mTOR) pathway, 208
Manganese, 619
Masugi glomerulonephritis, 20
Medical effectiveness research (MER), 655
Medical nutrition therapy (MNT), 177, 178, 182, 241, 

260, 405, 406, 654, 662
See also Peritoneal dialysis

Medicare, 64
Mediterranean diet, 160, 168, 183, 246
Metabolic acidosis, 71, 72, 242, 285
Metabolic syndrome, 201, 209, 472, 558
Metabolism, 148
Methadone, 154
Methotrexate, 49
Microalbuminuria, 111
Microbiota profile, 529
Micronutrient deficiencies, 87–89
Micronutrient homeostasis, 87
Micronutrients and supplements, 245, 246
Mid-arm muscle circumference (MAMC), 244
Mid-upper arm circumference (MUAC), 367
Midazolam, 154
Mifflin-St Jeor equation, 244
Mineral disorders, 248–250
Minerals, 371–373

aluminum, 274
chronic dialysis, 617
components, 617
copper, 274, 618
magnesium, 275, 618
manganese, 619
molybdenum, 618
peritoneal dialysis, 292
peroxidation, 617
selenium, 275, 619
serum levels, 617
zinc, 275, 620

Mobile apps, 674, 675
Modification of Diet in Renal Disease (MDRD) study, 4, 

26–28, 55, 199, 242, 401, 608
Molybdenum, 618
Monoamine oxidase inhibitor (MAOI), 150

Monosaturated and polyunsaturated fats, 230
Monounsaturated fatty acids (MUFAs), 423
Motivational interviewing (MI)

affirmations, 645
change talk, 644
confidence scale and follow-up questions, 646
conscious and unconscious processes, 644
diet and lifestyle modifications, 646
empowerment, 645
importance scale and follow-up questions, 645, 646, 

649
open-ended questions, 645
patient’s source of motivation, 644
reflective listening, 645
research supports, 644
resist the righting reflex, 644
summaries, 645
systematic review, 646, 647

m-TOR inhibitors, 330
Multiple organ dysfunction syndrome (MODS), 508
Multiple-vitamin-mineral (MVI) supplements, 245
Muscle-strengthening activity, 564
Myecophenolate mofetil, 49, 329

N
National Cholesterol Education Program, 225, 270
National Cooperative Dialysis Study (NCDS), 109
National Health and Nutrition Examination Survey 

(NHANES), 5, 55, 64, 99, 101, 104, 105, 129, 
283, 608

National Institute of Diabetes and Digestive and Kidney 
Disease’s National Kidney Disease Education 
Program (NKDEP), 224

National Institute of Health’s National Cholesterol 
Education Program, 226

National Institutes of Health (NIH), 26, 167, 168, 655
National Kidney Foundation’s Kidney Early Evaluation 

Program (KEEP), 224
Negative acute phase reactant (APR) proteins

serum albumin (Salb), 68, 69
serum prealbumin, 69
serum transferrin, 70

Nephritic syndrome, 47
Nephrolithiasis

bariatric surgery, 496, 497
calcium oxalate stones

medical management, 483
nutritional management, 483, 484, 488, 489

calcium phosphate stones, 489
cardiovascular disease, 495
chronic kidney disease, 496
cystine stones, 491

clinical feature, 491
cystine-binding thiol drugs, 492
high urine volume, 492
medical management, 492
normal excretion, 491
nutritional management, 492
urine alkalization, 492
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diabetics mellitus, 495
dietary risk factors, 477, 478, 481

calcium, 478
fluid intake, 478
herbal supplements, 481
magnesium, 480
oxalate, 478, 479
phytates, 480, 481
potassium, 480
protein and uric acid stones, 479, 480
sodium, 479
vitamin, 481

environmental risk factors, 477, 481
gastrointestinal disease, 496
general nutrition assessment, 482
genetic risk factors, 476, 477, 481
hypertension, 495
imaging, 474
incidence, 472
medical and dietary interventions, 482
obesity and metabolic syndrome, 472
pathophysiology

stone formation, 472
supersaturation, 472

prevalence, 472
staghorn calculi, 493, 494
stone types, 472
struvite stones, 493, 494
symptoms, 474
24-hour urine collection, 474

adequacy of, 474
interpretation of, 475–476

uric acid stones
medical management, 490
nutritional management, 490, 491

urologic management of stones, 482
Nephron, 40, 42
Nephron endowment, 208
Nephrotic syndrome, 46, 47

causes, 458, 459
complications, 459

edema, 459, 460
hypercoagulability, 460
hyperlipidemia, 460, 461
infection, 461
nutritional depletion, 462
progressive renal injury, 461

definition, 458
nonspecific treatment

nutritional management, 463–465
pharmacologic management, 463, 464

specific treatment, 463
Nesfatin-1, 544
Niacin, 610, 611
Nicotinamide phosphoribosyltransferase (NAMPT), 547
Nitrogen balance, 23
Nocturnal hemodialysis (NHD)/short daily hemodialysis, 

260, 349
energy, 263, 264
lipids, 271

phosphorus, 270
potassium, 267, 268
protein, 265, 266
sodium and fluid, 266, 267

Noncommunicable diseases (NCDs), 13
Non-dialyzed chronic kidney disease, 110, 111

anemia
ESA therapy, 250, 251
IgAN
low antigen content diet, 251, 252
omega-3 polyunsaturated fatty acids, 251
iron deficiency, 250

cardiovascular disease
dyslipidemias, 248
hypertension, 247, 248
mineral and bone disorders, 248–250

CKD-MBD, 376, 432
diabetes, 246, 247
dietary protein treatment for, 20–23, 31–32

essential amino acid and ketoacid supplemented 
very low protein diets, 24–26

evidence-based guidelines and consensus 
statements on dietary protein intake, 30, 32, 33

40-gm mixed protein diet, 23
German modification of G-G diet, 23
G-G diet, 23
high protein diet, 21, 22, 33, 34
low protein diets, 20–22, 29, 30
Modification of Diet in Renal Disease study, 

26–28
rice-fruit-sugar diet, 21
20-gm protein diet, 23
very-low-protein diet, 22, 23

large cohort and cross-sectional studies
AMPM, 113
FFQ, 113

malnutrition
energy requirements, 243, 244
metabolic acidosis, 242
micronutrients and supplements, 245, 246
nutrient calculation in underweight and obese 

conditions, 244, 245
PEM and PEW, 241
protein requirements, 242, 243

prognosis and stages, 240
quantity vs. quality, 241
risk factors, 240
small studies

AMPM, 110, 111
diet record, 112
FFQ, 111, 112

Nonessential amino acids (NEAA), 515
Nonnutritive sweeteners (NNS), 184
Non-renal pediatric products, 382
Non-starch polysaccharides, 532
Normalized protein catabolic rate (nPCR), 68, 73, 74, 

366, 367
Normalized protein nitrogen appearance (nPNA), 366
Nucleus of the solitary tract (NTS), 539
Nutrient substrates
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carbohydrates, 516
fat, 516
protein, 515

Nutritional assessment tools, 668, 673
Nutritional disturbances

prevalence of, 415
with inflammation, 415, 416
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