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The COVID-19 pandemic has added an enormous toll to the existing challenge of diabetes care world-wide. A
large proportion of patients with COVID-19 requiring hospitalization and/or succumbing to the disease have
had diabetes and other chronic conditions as underlying risk factors. In particular, individuals belonging to ra-
cial/ethnic minorities in the U.S. and other countries have been significantly and disproportionately impacted.
Multiple and complex socioeconomic factors have long played a role in increasing the risk for diabetes and
now for COVID-19.
Since the pandemic began, the global healthcare community has accumulated invaluable clinical experience on
providing diabetes care in the setting of COVID-19. In addition, understanding of the pathophysiological mecha-
nisms that link these two diseases is being developed.
The current clinical management of diabetes is a work in progress, requiring a shift in patient-provider interac-
tion beyond the walls of clinics and hospitals: the use of tele-medicine when feasible, innovative patient educa-
tion programs, strategies to ensure medication and glucose testing availability and affordability, as well as
numerous ideas on how to improve meal plans and physical activity. Notably, this worldwide experience offers
us the possibility to not only prepare better for future disasters but also transform diabetes care beyond the
COVID-19 era.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

As of June 28, 2020 there have been 10,015,904 COVID-19 cases
identified globally, with detection of the disease in 188 out of the
existing 195 countries in the world. A total of 499,486 people have
succumbed to the disease, establishing a mortality rate of 5%.1 The
reports from China showed early on that the vast majority of deaths oc-
curred in people with underlying factors, such as old age and/or the
presence of chronic medical conditions like diabetes, hypertension, car-
diovascular disease, chronic kidney disease, obesity and cancer.2–4

The presence of diabetes quickly stood out as a major risk factor for
increased morbidity and mortality from COVID-19 in China. For exam-
ple, it was reported that patients with severe COVID-19 and diabetes
were significantly more likely to require management in the ICU with
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mechanical ventilation and ultimately to die from the disease compared
to those with severe COVID-19 without diabetes.5

The identification of diabetes as a major contributor to mortality in
patients with COVID-19 has now been confirmed in other regions. In
Italy, diabetes was the second most common comorbidity (30%) after
hypertension (67%) in those who have died from COVID-19.6 The con-
tribution of diabetes to increased morbidity and mortality has been
well recognized in France, Spain and other countries across Europe.7,8

In other countries like India, Mexico, Brazil and the United States, diabe-
tes alone or in conjunction with frequent co-morbidities like obesity,
hypertension and cardiovascular disease have been identified as major
factors that increase morbidity and mortality among individuals with
COVID-19.9–12 This experience has been found among most countries
that have reported on underlying co-morbidities.13

An observation of the utmost importance in the U.S. and other coun-
tries is that racial/ethnic minorities have been particularly affected by
COVID-19.14,15 The high prevalence of diabetes and other comorbidities
9 in people livingwith diabetes: An international consensus, Journal of
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in these communities, alongwith the presence of socio-economic deter-
minants of health, have clearly contributed to this phenomenon.16

As we all continue to learn and collectively develop strategies to im-
prove diabetes care during this crisis and others that may come in the
future, it is important to consider the clinical experience being gener-
ated across various regions in the world. This report is a consensus
summary based on a livestreamed educational conference organized
by Harvard Medical School, presenting perspectives from individual
diabetes experts on how different countries/regions have been affected
by COVID-19 and are providing diabetes care in the setting of this
pandemic, We trust these experiences will also shed light on how we
should collectively improve the lives of people living with diabetes
(PLWD) beyond the COVID-19 era.

2. Perspective from China

As of June 5, 2020, 84,615 cases of COVID-19were reported in China.
Among them, unfortunately, 4645 have died. On June 5, the number of
existing cases of COVID-19 was 124, and most of them were in people
who had traveled from other countries. The situation of COVID-19 in
China is much better than it was three months ago but the future
remains uncertain.

According to a report of largest cases series of 72, 314 COVID-19 pa-
tients from China, PLWD represent 5.3% of total COVID-19 patients.17

But the risk of death in people with diabetes is much higher (7.3%) as
compared with b1% among affected individuals without other comor-
bidities such as hypertension, and other chronic conditions, suggesting
PLWD represent a high risk population. This observation is supported
by a recent meta-analysis of COVID-19 case series mainly from
China.18 It was found that diabetes was associated with a 2.12-fold in-
crease in mortality, a 2.4-fold increase in severe COVID-19 conditions,
and a 4.6-fold increase in Acute Respiratory Distress Syndrome. There
was also a 3.3-fold increase in disease progression from amild condition
to more severe stages.

For those individualswithout COVID-19 livingwith diabetes, this pan-
demic has had a significant impact on their life aswell. During the crisis in
China, many PLWDwere unable to access health care systems and health
care providers due to lockdown or quarantinemeasures. Some also could
not access medical supplies. Hospitals drastically reduced the number of
appointments to reduce the risk of viral transmission among patients
and to prepare to accept COVID-19 patients. With reopening of the
society, many PLWD returned to the hospital with deteriorated glycemic
control, and the rates of observed ketoacidosis due to poor diabetesman-
agement during the crisis have increased dramatically.

Efforts have been made to try to help PLWD during the pandemic.
For example, normally, patients in China need to visit the hospital
once a month to refill their prescriptions. But during the crisis, national
medical insurance allowed longer-term prescription (3 months) of
medications. This strategy reduced patient exposure to SARS-CoV-2.

Several organizations such as the Chinese Diabetes Society, Chinese
Endocrine Society, and Chinese Geriatric Endocrine Society issued guid-
ance to PLWD on coping with the situation.19,20 Expert recommenda-
tions on insulin treatment of hyperglycemia in patients affected with
COVID-19 was also developed to guide hyperglycemia management in
hospitalized patients.21Many endocrinologists offered free consultation
to PLWD through internet-based consultation platforms. Based on the
experience with SARS, it is predicted that this pandemic will be of
short duration, so, advice has focused on how to discover and prevent
hyperglycemic crisis. According to Chinese guidelines, a slight elevation
of glucose above the recommended target is tolerable for a short period
of time. But patients should be aware of early signs of significant hyper-
glycemia crisis and when to go to the hospital.

A very detailed guidance for PLWD was created on how to access
certified internet-based medical services and medical supplies through
smartphones. A location-based GPS diabetes pharmacy map was also
developed, providing information on pharmacies with insulin to ensure
Please cite this article as: A.E. Caballero, A. Ceriello, A.Misra, et al., COVID-1
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that PLWD are able to access their medicines through non-hospital
channels. The map has been viewed by more than 2.3 million people
and its related information has reached 5 million.

For those PLWD urgently needing to see health care providers in
hospital, information was provided on how to prepare for the visit be-
fore they leave home, how to protect themselves on the road and during
a hospital visit, to reduce the chance of viral infection. This guidancewas
promoted in the form of online e-reading and lectures by medical pro-
fessionals through internet-based public media, such as Baidu (a Google
equivalent) andWeChat, used bymore than 800million people living in
China.

3. Perspective from Europe

The mean prevalence of diabetes in Europe in people affected by
COVID-19 has been reported to be 33% by the WHO Europe Region.22

Italy was the first country in Europe affected by COVID-19. The situation
in the north of the country was dramatic while in the southern area it
remained under control. The second country showing a similar trend
was Spain; the epidemic was very serious in the areas of Madrid and
Barcelona and less so in other parts.

Italy and Spain adopted the “lockdown” strategy quite quickly, clos-
ing almost all activities and keeping their citizens at home. This lock-
down was also rapidly adopted in several other countries, possibly
explainingwhy the disease left countries like Portugal and Greece virtu-
ally unaffected. Conversely, where the lockdown was adopted late in
the appearance of COVID-19, the related morbidity was higher. For ex-
ample, the UK experienced a high total number of cases, and Sweden
a high number of cases as a proportion of their small population.
Russia has a different story: at the beginning the situation was unclear
but today this country displays the worst situation in Europe. The
World Health Organization issues daily situation reports to communi-
cate all updates by country and region.23

4. Perspective from India

Public health measures for COVID-19 by the Indian government
have generally been satisfactory. Initially, COVID-19 infections were
low and slowly increasing during a lockdown, but upon lifting the lock-
down there has been a major surge. Mortality due to COVID-19 in India
has remained lower than many other countries: ~3%.

India has a huge number of patients with diabetes; specifically, 18
million patients above 65 years of age who are particularly vulnerable
to mortality due to COVID-19. These large numbers of patients pose a
major challenge in prevention and management.24 Further, during the
lockdown, patients with diabetes have increased snacking/carbohy-
drate intake and decreased physical activity, resulting in weight gain,
which may de-stabilize glucose control.25 A simulation model analysis
showed a significant association between the duration of the lockdown
and loss of glycemic control as well as associated complications. The
predicted increment in HbA1C from baseline at the end of 30 days and
45 days lockdown was 2.26% and 3.68% respectively. Similarly, the pre-
dicted percentage increase in complication rates at the end of 30-day
lockdown was 2.8% for retinopathy, 9.3% for microalbuminuria, 14.2%
for proteinuria, 2.9% for peripheral neuropathy, 10.5% for lower extrem-
ity amputation, 0.9% for myocardial infarction, and 0.5% for stroke.26

These data show a likely increase of patients with diabetes-related
complications, adding to already huge numbers. In addition, according
to another recent analysis, a 7% increase in diabetes risk will occur con-
sequent to weight gain during lockdown.27 If this occurs, millions of
new cases of diabetes will be diagnosed in the near future.

Given more adverse lifestyle factors and stress in patients with type
2 diabetes mellitus (T2DM) in India, and the fact that they may not be
physically able to access physicians in clinics and hospitals, the option
of telemedicine appears attractive.28 However, several roadblocks
have been experienced when counselling patients on telemedicine:
9 in people livingwith diabetes: An international consensus, Journal of
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Table 1
Challenges and suggested solutions for PLWD in India during the COVID-19 pandemic.

Setting Challenge Suggested solution

Outpatient Large number of patients with
diabetes and comorbidities

There is a need to reconnect with
patients and strengthen education
about diet and exercise32

Outpatient Problems in reconnection
because of lockdown or fear of
hospitals as hot spots of
COVID-19

In India, it is preferable to use
smartphones and short text mes-
saging for consultation

Outpatient Baseline poor glycemic and
blood pressure control

It is important to emphasize good
control and empower changes in
therapy by patients themselves

Inpatient Designated COVID-19
hospitals/teams

It is important to include a
diabetologist in the caregiver team

Inpatient Problems of ketoacidosis,
new-onset diabetes, and high
insulin requirement in
hospitalized patients

Protocol for blood glucose
monitoring and insulin infusion
must be developed locally. Further
research, especially regarding
COVID-19 and β-cell function, is
required.

National Projected increase in new onset
diabetes, complications, and
hospitalizations

National Diabetes Control Program
must be strengthened33
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technical and bandwidth glitches, inability to access the online link,
poor quality of picture, poor perception of sound, etc.29 Indeed, many
patients prefer telephone or smartphone-based tele-consults.

One of the widely debated questions regarding the COVID-19 epi-
demic is why overall mortality due to COVID-19 in India lower than
other countries. Adverse factors which could lead to increase in mortal-
ity are all too pervasive in Asian Indians: poorly controlled diabetes and
hypertension, high prevalence of cardiovascular diseases, increased
baseline sub-clinical inflammation, and increasing obesity.

There could be other factors which could be protective but need re-
search. Firstly, BCG vaccinationmay have a role in enhancing innate im-
munity. Countries which have a universal BCG vaccination (including
India) have a lower mortality due to COVID-19 as compared to other
nations. Second, cytokine storm, associated with high mortality in
COVID-19 cases, may be muted in Indians due to previous recurrent
infections (malaria, previous coronavirus, etc.). These and several
other issues have been discussed in a recent review.30

What will be the scenario for COVID-19 relatedmortality and hospi-
talization in the next 24 months? It is difficult to predict but some
indicators are available from the model of Harpreet Bajaj of Mount
Sinai Hospital, Toronto, Canada (Fig. 1).31 According to this model,
COVID-19 related mortality would have two peaks: one now, and then
possibly another, lesser peak in 2021. As discussed, mortality and hospi-
talization due to COVID-19 are, and would be, lower in India than in
other countries. Further, as shown, mortality and hospitalization due
to diabetes-related acute care disruptions (closely following two
COVID-19 peaks) and chronic care disruption will likely be high in
India because of poorly controlled diabetes and widely prevalent co-
morbid diseases.

In summary, while overall mortality due to COVID-19 is lower in
India than in other countries, the elderly population, where most pa-
tients with diabetes, hypertension and CVD are concentrated, remains
at high risk. Several solutions are suggested in Table 1.32,33

5. Perspective from the Middle East

The Middle East (ME) has a huge range of variability in wealth,
strength of the health system as well as in density of the population,
where some countries are b2 million in population while others are
N100million. Consequently, these variations are also reflected in the re-
sponse to COVID-19 with regards to the ability to implement robust so-
cial distancing, effective and timely use of protective measures, and in
the ability to test suspected cases. Many studies on COVID-19 are
ongoing and the results of these studies are not yet published. However,
recent data from Kuwait are now available, although not yet peer-
reviewed.34 In a single hospital where 100% of COVID-19 patients
were admitted, the total number of admissions was 417 persons and
case fatalities were 14.4%, with mean age 54.2 ± 11.09. Male gender
represented 90% of all fatalities and diabetes was diagnosed in 40% of
Fig. 1. COVID-19 and diabetes-rela
(With permission from Dr. Harpre
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those who died. This observation matches the recent announcement
by the United Arab Emirates government spokesperson, where 40% of
COVID-19 deaths in UAE are PLWD (personal communication to one
of the authors). A further single-center report from Kuwait indicated
that the death rate among people with diabetes was 24.5%. These
rates are likely influenced by the high prevalence of diabetes among
those aged 45–60 years in Kuwait (36.7%) and in those aged 60–69
years (62.8%).35 Future data from other Middle East countries are ea-
gerly awaited.

One aspect was common across the ME: Ramadan fasting, as Rama-
dan this year started on 23rd of April, which coincided with the peak of
COVID-19 in many countries. While the majority of the ME population
are Muslims, this issue extends to millions of Muslims globally where
fasting during the month of Ramadan is something they await passion-
ately each year.

The vast majority of PLWD fast safely during Ramadan.36 However,
for some there is increased risk of hypoglycemia, hyperglycemia,
ketoacidosis, dehydration, and thrombosis.37 Furthermore, many
PLWD are treated with SGLT2 inhibitors (SGLT2-I) in view of the recent
cardiovascular outcomes trials. However, some were concerned about
the possibility of dehydration during Ramadan fasting for people
treated with this class of medication, as well as the concern regarding
diabetic ketoacidosis in those patients with COVID-19 on SGLT2-I. In re-
sponse to the question of the safety of Ramadan fasting for PLWD, the
Diabetes and Ramadan International Alliance has provided guidance
that is available on the IDF website.38
ted morbidity and mortality.
et Bajaj.)
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Fig. 2. The challenges of social distancing in settings with dense population and an
informal economy.
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As the coronavirus epidemic spread throughout the ME, many clini-
cians and PLWD looked for guidance on whether fasting would impact
the course of COVID-19. If blood glucose levels are high most of the
time during Ramadan, or if the person has other diabetes-related com-
plications such as heart or kidney disease or foot infection, then they
should avoid fasting because their condition could increase the chance
of getting seriously ill from COVID-19 due to an already compromised
ability to fight off infection. Other groups who should not fast include
the elderly, thosewith acute illness, recent diabetic ketoacidosis, or gen-
erally poor health. If a person's diabetes and associated comorbidities
are well-controlled during Ramadan, there seems to be no additional
risk of a worse COVID-19 disease course.

6. Perspective from Latin America

The COVID-19wave arrived in Latin America (LA) by the end of Feb-
ruary 2020 and by the time of this publication it will not yet have
reached its peak. Some countries are seeing a steep rise in cases and
deaths, due in part to their larger populations (as in Brazil and
Mexico) but also because of differing policies regarding restrictions for
travelling and social contact, aswell as the difficulties of the populations
to abide by those directives. Even after adjusting for population size, the
number of COVID-19 cases and deaths is high in the abovementioned
countries, as well as in Ecuador, Chile, Panama and Peru.

Diabetes prevalence in the South and Central America (SACA) region
(excluding Mexico) is 9.4% (95% CI 7.8–11.7) in adults 20–79 years of
age.39 In a report of the first 509 COVID-19 deaths which occurred in
Colombia (ColombianHealthMinistry, 13/05/2020) 12.6% had diabetes.
This is higher than expected just considering diabetes prevalence, but
those deaths occurred mostly in patients above the age of 55 years,
which is precisely when the diabetes prevalence increases in the region.
Nevertheless, we know that most people who die with COVID-19 infec-
tion and diabetes are thosewhose diabetes is notwell controlled. There-
fore, the main message for PLWD should be to focus on maintaining
good blood glucose control.

In a small survey conducted among Endocrinologists from10 LACoun-
tries (personal communication from one of the authors), they concurred
that governments are issuing strict directives for people of advanced age,
but recommendations for peoplewith diabetes and other high-risk condi-
tions have been vague and confusing. Although most countries in the
LA region have issued evidence-based guidelines for prevention and
treatment of COVID-19 infection, there is little or no mention of specific
recommendations for PLWD, particularly regarding good blood glucose
control. The Diabetes Associations have tried to overcome this gap by
communicating the results of studies in the population with diabetes
and COVID-19 to their affiliates and health professionals in general. One
example is redALAD, a network created by members of the Latin
AmericanDiabetesAssociation (ALAD). Cliniciansmay join andparticipate
in the forum by searching for redALAD on the Google Groups webpage.40

The survey revealed that in PLWD, the main fear is of COVID-19 in-
fection and death. Therefore they avoid health care centers, which
may be a barrier for good blood glucose control. Their main difficulty
is access to medications and self-monitoring elements; many cannot af-
ford them now, and even in countries with universal health coverage,
such as Colombia, patients may still be required to claim prescriptions
in person every month. In the underserved population, a great barrier
for avoiding COVID-19 is the inability to social distance and stay at
home (Fig. 2). In LA, 50% to 70%of theworkingpopulation have informal
jobs andmust seek their incomeon the streets. Furthermore, 10% to 20%
of the regional population live in crowded homes (≥5 people in one
room). Many must buy food on a daily basis in crowded markets be-
cause of limited funds to buy for a longer period and/or no suitable
place to preserve the food at home. These challenges are similarly pres-
ent in many other countries in the world.

The main novel strategy to facilitate treatment of PLWD during this
pandemic has been the use of telemedicine. Unfortunately, it has been
Please cite this article as: A.E. Caballero, A. Ceriello, A.Misra, et al., COVID-1
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difficult in many places due to the lack of technical knowledge, ade-
quate internet connection and/or appropriate equipment. Fortunately,
mobile phones are widely available in LA and have been very useful to
encourage self-monitoring and to adjust treatment. COVID call centers
have been created in some countries to inform people about diabetes
care and refer them to telemedicine or home visits when needed.
Some health systems have facilitated drug claims by tele-prescription
and for longer periods of time.

7. Perspective from Africa

The burden of diabetes is particularly more serious in sub-Saharan
Africa (SSA) than the rest of the continent; a snapshot of the diabetes bur-
den is alarming. More than 19 million people currently have diabetes in
SSA and this will increase to ~47 million by 2025, an increase of roughly
143%, the largest increase of any IDF region in theworld.39 The particular-
ity of diabetes in SSA is that about 60% of thosewho have diabetes are un-
diagnosed. Diabetes killed approximately 370,000 people in 2019, with
three out of four patient deaths due to diabetes occurring in people
under 60 years of age. In parallel with the increasing burden of diabetes
in SSA, diabetes care is suboptimal in the region, leading to high
diabetes-related rates of microvascular andmacrovascular complications
in this population.39

The first cases of COVID-19 were declared in Africa in late February
and early March 2020. However, SSA countries have reported 165,000
cases, with mortality ranging from 1 to 3.5% and an average of 2.7%.
There has been an exponential increase of cases in the region andpartic-
ularly in countries like South Africa, Nigeria, Ghana, Cameroon and Cote
d'Ivoire, since they registered the first 50 cases. Indeed, the top ten
countries with the highest reported cases include these countries plus
Sudan, Senegal, Djibouti, Guinea and Democratic Republic of Congo.

The number of cases of PLWD infected by COVID-19 in the region is
still not clear. However, diabetes patients represent about 30–40% of
9 in people livingwith diabetes: An international consensus, Journal of
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cases in one author's hospital and about 50% of all-cause mortality in
COVID-19 patients.

There has been a negative impact of the COVID-19 pandemic on hos-
pital services and staff, outlined in Table 2. One of the major impacts of
COVID-19 on diabetes care in SSA is the anxiety and fear of catching the
infection and the possibility of complicationswhen PLWD attend diabe-
tes clinic visits. There has therefore been a reduction of patient atten-
dance of follow-up diabetes clinic days. At one author's Centre there
has been a 30–40% reduction in daily patient load and fewer newdiabe-
tes patients. In addition, the use of traditional African pharmacopoeia
and other home remedies for the prevention and cure of COVID-19 in
PLWD has sometimes led to worsening of their metabolic control.

The lockdown by governments in many African countries has led to
economic hardships and poverty because most of the population depend
on the service industry. They are self-employed in the informal sector and
depend on day-to-day work for survival; therefore patients have been
unable to buy their medications. This has led to rationing of insulin or
skipping oralmedication to covermore days of treatment by some diabe-
tes patients. Also, most patients have been unable to self-monitor their
blood glucose because of lack of testing equipment and inability to attend
clinics for free testing. The consequence of these circumstances is the in-
crease of several cases of diabetic foot ulcers, diabetic ketoacidosis and
hyperosmolar non-ketotic coma on admission.

Strategies have been developed to overcome some of the above-
named impacts. In the Korle Bu Teaching Hospital (KBTH) in Accra,
Ghana, all healthcare staff wear scrubs, masks and hair covers, and
check their temperature on a daily basis before entering the hospital.
Most hospitals with diabetes care centers undertake screening and tri-
age of every patient at the outpatient department so as to limit contam-
ination of staff who are not taking care of the COVID-19 patients. At one
author's clinical setting, the endocrinologists participate in themanage-
ment of hyperglycemia during COVID-19 given that most of the physi-
cians and nurses working in the COVID-19 specialized units do not
know how to manage diabetes patients.

For PLWD, the KBTH provides patient education leaflets on personal
prevention, social distancing, handwashing, how to wear masks, and
using hand sanitizers. The Society of Endocrinology and Metabolism of
Cameroon have also developed guidelines on the 10 golden rules of
COVID-19 and management of diabetes (Professor Simeon Pierre
Choukem, personal communication). These guidelines contain informa-
tion on physical activity and exercise during confinement, management
of hyperglycemia, hypoglycemia, andwhat to dowhen the patient is on
insulin and oral medications such asmetformin and SGLT2-I. Many dia-
betes clinics across Africa have also introduced the use of teleconsulting
and increased the use of other platforms, includingmobile phones, SMS,
WhatsApp messaging, etc. to limit the number of clinic visits.

The KBTH donates diabetes medications and testing materials to
patients facing financial hardship due to COVID-19. Furthermore, the
tendency is to allocate longer follow-up visits for patients with moder-
ately controlled diabetes, reduce the number of patients attending an-
nual review clinics, and see only emergency cases in the foot, eye and
dental clinics. Ideally patients should use HbA1C for the control of their
diabetes; however, in order to reduce frequent hospital visits the sending
of glucose profiles through mobile applications are now encouraged.
Table 2
Impact of the COVID-19 pandemic on hospital services and staff.

1. Downsizing of space needing extensive reorganisation in order to accommo-
date the large number of COVID-19 infected patients.

2. Installation of social distancing, hand-wash stations, sanitizer and wearing of
masks in the hospital and waiting room.

3. Redeployment of diabetes care staff including doctors, nurses, dietitians etc. to
the newly created COVID-19 wards.

4. Necessity to quarantine staff who have been in contact with undiagnosed
COVID-19 patients attending diabetes clinics, leading to reduction in the num-
ber of staff available to run the diabetes clinics.
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COVID-19 infection is now established in Africa and although most
countries in the region have not yet reached the peak of infection, the
apocalyptic predictions of its devastation on the continent seem to
have been so far averted, perhaps due to the overall younger population
and its exposure to many other infectious diseases.

8. Perspective from the United States

Approximately 25% of all cases of COVID-19 in the world have been
reported in the U.S. Race/ethnicity has been recorded in only 48% of
them.41 Among these cases, racial/ethnic minorities stand out as being
disproportionately affected by COVID-19. For example, 21.3% of
COVID-19 cases are in Blacks, 34.3% in Latinos/Hispanics and 34.7% in
non-Hispanic Whites while they represent 13.4%, 18.3% and 60.4% of
the general U.S. population respectively.41,42

Most cases have been reported in people ages 18 to 44 years,
followed by those ages 45 to 64 years. However, most hospitalizations
indicating severe disease have been in individuals above 75 years.41

The prevalence of diabetes is on the rise in the U.S. At the present
time, it is estimated that at least 1 in 10 individuals above 18 years of
age has diagnosed diabetes. However, among those between 65 and
74 and among those above 75, approximately 2 in 10 have diagnosed
diabetes.43 It is not surprising then that diabetes has been frequently re-
ported as an underlying condition in people diagnosed with COVID-19
but even more significantly among those who have been hospitalized
and in those who have died from COVID-19.11,12

The COVID-19 pandemic is a reminder of a previous major disaster
to hit theU.S.: HurricaneKatrina, during and afterwhich PLWDwere se-
riously affected by not having access to healthy meals, medications like
insulin, etc.44 Major disasters usually lead to worse diabetes control
among most PLWD. People with lower socio-economic status and ac-
cess to health care are often affected in a more impactful manner.45 In
response, the American Diabetes Association formed a disaster pre-
paredness task force that made recommendations about diabetes man-
agement when faced with an emergency (Table 3).46 Clinicians should
be reminded to access and use these resources, freely available online.

Just as we teach all our patients that they should prepare for an
emergency, so should healthcare provider organizations ensure that di-
rect patient medical care will continue in some way, and that patients
are aware of means by which they can access their medication—includ-
ing experimental medications.

9. COVID-19, diabetes and cardiovascular disease: pathophysiologi-
cal mechanisms

There is no doubt that people with diabetes are not only widely af-
fected by COVID-19 but very often have a more severe form of the
disease.4 We have learned that in addition to the presence of co-
morbidities, the level of hyperglycemia during the disease can seriously
affect the outcomes.47,48 The survival rate in hospitalized patients with
type 2 diabetes with well-controlled blood glucose is almost 99% (con-
sidering a threshold of glycemia b10 mmol/L or b180 mg/dL), while
above this threshold the survival rate is only 11%.47 In the same study,
hyperglycemia was associated with worse prognosis of COVID-19 in
Table 3
Summary of ADA Disaster Preparedness Task Force recommendations.

• Provide appropriate information about diabetes management
• Disseminate guidelines for diabetes care in emergencies
• Serve as an information clearinghouse of ongoing relief efforts in diabetes care
• The standards of care and core curriculum will include guidelines on disaster
and emergency preparedness

• The ADA cannot supply medication, supplies, and direct patient medical care
• Encourage all sponsors, investigators and institutional review boards to develop
plans for protection of human subjects in clinical trials
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both people with and without diabetes. Hyperglycemia, particularly se-
vere hyperglycemia, is often a marker of the severity of the underlying
comorbidities. Thus, hyperglycemia can serve as a marker of high risk
of morbidity and mortality in the COVID-19 infected patient, as was
similarly observed for the SARS epidemic in 2006.49

There is some evidence suggesting how hyperglycemia is generated
or worsened during COVID-19, depicted in Fig. 3. SARS-CoV-2 may
affect β-cells, causing a reduction of insulin secretion.50 SARS-CoV-2 in-
fection is also accompanied by a significant production of cytokines,
which can induce insulin resistance. Both reduced insulin secretion
and insulin resistance may result in hyperglycemia, which in turn may
further decrease insulin secretion and increase insulin resistance.50

Hyperglycemia also generates non-enzymatic glycosylation. Glyco-
sylation of the ACE2 receptor can facilitate the entry of the SARS-CoV-2
into host cells.50 Furthermore, acute hyperglycemia, either directly or
through cytokine production, may provoke endothelial dysfunction and
thrombus formation, which in turn can lead to organ damage and fatal
outcome of the disease.50 This hypothesis is consistentwith the evidence
of high levels of D-dimer in people with diabetes, particularly people
with poor glycemic control, during the course of COVID-19.48

Several important pathways have been linked between COVID-19
and diabetes that could be considered as targets for therapy related to
diabetes and comorbidities.51 The first is DPP-4, a known receptor for
coronaviruses includingMERS and SARS but not SARS-CoV-2. However,
even though DPP-4 is involved in the inflammatory cascade, its role is
minimal. There is currently no evidence that DPP-4 inhibitors (DPP-4I)
have any beneficial effect on COVID-19-infected patients.

A second, interesting pathway is the enzyme angiotensin converting
enzyme-2 (ACE2), which does function as a receptor of coronavirus, in-
cluding SARS-CoV-2. It is known that ACE is involved in conversion of
Fig. 3. Possible generation and effect of hyperglycemia in COVID-19. Βeta-cells infected by
SARS-CoV-2 may reduce insulin secretion. At the same time, the cytokine storm that
sometimes accompanies the SARS-CoV-2 infection may induce/worsen insulin
resistance. Both conditions may lead to the appearance/worsening of hyperglycemia,
which in turn may further induce/worsen insulin resistance. Moreover, hyperglycemia,
through the non-enzymatic glycosylation of the ACE2 receptor, may further favor SARS-
CoV-2 penetration of cells, worsening the COVID-19. Hyperglycemia, therefore, may
induce endothelial dysfunction and thrombus generation, leading to the multi-organ
damage characteristic of COVID-19.
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Angiotensin I to Angiotensin II and ACE inhibitors are commonly used
in the management of hypertension. It's also known that ACE2 acts on
Ang II to produce a fragment that is beneficial, as it is involved in in-
creasing blood flow, is cardio-protective and decreases insulin resis-
tance. ACE2 is also present in the pancreas, where its role in diabetes
is unclear. A rational hypothesis is that in binding to ACE2 the virus
may affect organs where it is present and thereby the SARS-CoV-2
virus may be affecting the pancreas and causing hyperglycemia.51

Obesity is an additional contributing factor to the deleterious out-
comes in PLWD and COVID-19 as its state of low-grade, chronic inflam-
mation seems to be amplified following SARS-CoV-2 infection. We still
need to better understand this effect before we can effectively target
this exacerbated inflammatory state and its frequent coagulation re-
sponse that seems to be the trigger for severe disease and mortality.

Finally, the increase in blood glucose levels associated with COVID-
19 described above could potentially occur not only in people with
known diabetes but also in those with undiagnosed diabetes, prediabe-
tes or with major predisposition to the disease. The potential deleteri-
ous effects of SARS-CoV-2 on β-cells and on insulin resistance may
partially explain the COVID-19-related new-onset diabetes cases identi-
fied in several countries/regions.52 Understanding the precise mecha-
nisms leading to this phenomenon will be extremely important in
order to generate corresponding clinical management guidelines.

10. Management of diabetes in the setting of COVID-19 infection

As previously stated, PLWD are more prone to a serious form of
COVID-19. Optimizing glycemic control is key to reducing the risk of seri-
ous disease as well as successfully treating people who have been hospi-
talized with COVID-19.53 The comprehensive management of associated
comorbidities and the evaluation of biomarkers for cardiovascular risk
are equally important during this critical time.54,55

The principles of managing diabetes in association with any acute
illness apply in those affected with COVID-19, with a few caveats.56

The biggest challenge is for health care systems to manage seriously ill
patients in isolation, with limited staff and the well-known challenges
regarding the availability of personal protective equipment. These con-
ditions limit the ability to implement glucose monitoring and intrave-
nous administration of insulin and fluids.

Despite these challenges, it seems prudent to target blood glucose
levels below 10 mmol/L or 180 mg/dL as in most hospitalized patients
with diabetes. Clinical studies to demonstrate this strategy is in fact con-
ducive to better patient outcomes in the setting of COVID-19 are
needed.

Insulin therapy is the preferred strategy to improve glycemic control
in hospitalized patients, and reducing the risk for ketoacidosis and hy-
poglycemia is a core goal. Insulin schemes either using subcutaneous
basal-bolus therapy or intravenous continuous infusion can be used. In-
sulin doses may be higher than usual due to augmented insulin resis-
tance in these patients. In light of a possible mortality benefit from the
glucocorticoid dexamethasone in those with respiratory failure due to
COVID-19,57 the adoption of specific insulin strategies to address
steroid-induced hyperglycemia is also needed.58

Oral anti-diabetes medications can be used in mild COVID-19 cases
without severe hyperglycemia as long as they are not contraindicated.
As previously stated, there is insufficient evidence to specifically recom-
mend DPP-4I for the treatment of diabetes in the setting of COVID-19.
While metformin and SGLT-2I may have a beneficial effect in heart fail-
ure, and epidemiologic studies suggest a possible survival advantage
among those treated with metformin,59 these medications need to be
tested in randomized clinical trials in the setting of COVID-19 before
making any formal recommendations. Furthermore, clinicians should
be very cautious about the risk of lactic acidosis or ketoacidosis in pa-
tients who are severely ill and not eating or hydrating themselves well
while on these medications. Dehydration could also impose an added
risk if patients are on GLP-1 receptor agonists.
9 in people livingwith diabetes: An international consensus, Journal of
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Many patients with diabetes also have hypertension, frequently
managed with angiotensin receptor blockers (ARBs) or ACE inhibitors.
There were early concerns that these medications could interfere with
ACE2 to decrease its breakdown, which in turn would facilitate the
penetration of SARS-CoV2 into host cells.60 However, the clinical impli-
cation is highly questionable to the point that several international or-
ganizations have made a very clear statement that providers should
encourage patients to continue to use these medications if needed.61,62

Tracking blood glucose levels in hospitalized patients is key to achiev-
ing effective diabetes control. Until the epidemic hit, hospital continuous
glucose monitoring (CGM) had not been approved by the U.S. Food and
Drug Administration (FDA). Insufficient data as well as concerns about
subcutaneous blood flow and the lag between true blood glucose and
subcutaneous interstitial fluid glucose precluded its approval. However,
further data supporting a reasonable correlation between CGM and a
point-of-care blood glucose testing in non-ICU patients,63 and between
flash glucose monitoring and capillary blood glucose testing in hospital-
ized patients,64 along with the urgent need to better manage patients
with diabetes and COVID-19, prompted the FDA to grant approval for
the use of CGM systems in the hospital. Adoption of CGM for inpatient
use requires careful consideration and expertise, and more guidance
would be beneficial for hospital-based clinicians.58

11. Summary and general recommendations

The COVID-19 and diabetes pandemics have imposed an unprece-
dented challenge on the lives of millions of people around the world.
Improving diabetes control in the outpatient setting at this particular
time in history is crucial in order to reduce the risk of severe COVID-
19 should PLWD acquire it. In those who have developed infection
with SARS-CoV-2 and required hospitalization, the comprehensive
management of dysglycemia and commonly present derangements
such as hypertension, dyslipidemia, cardiovascular and renal disease is
extremely important in order to reduce morbidity and mortality rates.

Particular attention should be placed on the grossly evident dispar-
ities in the rates of diabetes and now COVID-19 in racial/ethnic minori-
ties in comparison with mainstream white populations. We have the
obligation as health care professionals to raise awareness and address
to the best of our abilities all social determinants of health that clearly
increase the risk of diabetes, COVID-19 and many other health threats.
We also have the opportunity to improve the lives of PLWD beyond
the COVID-19 era by addressing patients as a whole, beyond the usual
biomedical model.65
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The management of chronic diseases like diabetes has long been an
enormous challenge. The currentmodel of health care based on patients
receiving services at clinics and hospitals has been effective for many
but not all PLWD. The “forced” used of telemedicine or virtual care dur-
ing this pandemic has been beneficial to many PLWD and other chronic
conditions. Although it is clear that this option of care is not available to
most people around the world, exploring how to improve the commu-
nication between providers and patients and families at home, in their
own communities facing day to day challenges, may prove to be a
more effective approach to managing the disease well beyond the
COVID pandemic. Indeed, rather than going back to the pre-COVID-19
diabetes care model, we should take advantage of what we are learning
and innovating during this time to improve diabetes care strategies in
the post-COVID-19 era. In addition, this experience will help us be bet-
ter prepared for future disasters (Fig. 4).

Finally, we recognize that aswe all continue to learn about COVID-19
and its consequences, sharing our collective experience is critical to the
ultimate goal of developing evidence-based recommendations to better
guide the management of diabetes during this challenging time and
beyond.
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