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Background: The novel coronavirus SARS-CoV-2 has taken the world by storm. Alongside COVID-19, diabetes is a
long-standing global epidemic. The diabetes population has been reported to suffer adverse outcomes if infected
by COVID-19. The aim was to summarise information and resources available on diabetes and COVID-19,
highlighting special measures that individuals with diabetes need to follow.
Methods: A search using keywords “COVID-19” and “Diabetes”was performed using different sources, including
PubMed and World Health Organization.
Results: COVID-19 may enhance complications in individuals with diabetes through an imbalance in
angiotension-converting enzyme 2 (ACE2) activation pathways leading to an inflammatory response. ACE2 im-
balance in the pancreas causes acute β-cell dysfunction and a resultant hyperglycemic state. These individuals
may be prone to worsened COVID-19 complications including vasculopathy, coagulopathy as well as psycholog-
ical stress. Apart from general preventivemeasures, remaining hydrated, monitoring blood glucose regularly and
monitoring ketone bodies in urine if on insulin is essential. All this while concurrently maintaining physical ac-
tivity and a healthy diet. Different supporting entities are being set up to help this population.
Conclusion: COVID-19 is a top priority. It is important to remember that a substantial proportion of the world's
population is affected by other co-morbidities such as diabetes. These require special attention during this pan-
demic to avoid adding on to the burden of countries' healthcare systems.

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

The causative virus SARS-CoV2, also known as COVID-19 or Corona-
virus has taken theworld by storm as it spread from China to 215 coun-
tries, areas and territories over weeks.1,2 As of 12th May 2020, there
have been a total of 4,013,728 reported infected cases worldwide with
278,993 deaths.2 Another long-standing global epidemic is diabetes
that was reported to affect 463 million adults (20–79 years) in 2019,
which accounts for 9.3% of the world's population in this age group.3

The global health expenditure in 2019 for this chronic disease was esti-
mated to be 760 billion dollars and resulted in an estimated 4.2 million
deaths during the same year.3 Individualswith diabetes have been iden-
tified to have worse outcomes when infected by COVID-19.2,4,5 In fact,
individuals with diabetes who get infected with COVID-19 were re-
ported to have higher non-survival prevalence (ranging between 22
and 31%) compared to the non-diabetes subgroup.6 The global focus
has been to control the pandemic outbreak while trying to protect the
general population. Individuals with diabetes have been declared as
being a vulnerable group. The aim of this review is to provide a compre-
hensive summary of the emerging information (up till time of writing)
eri).
on individuals with diabetes and COVID-19, why individuals with dia-
betes are considered as vulnerable and what measures have been rec-
ommended for this population to date.

2. Methods

A literature search using “COVID-19” and “Diabetes” as the key-
words was performed through PubMed and Google. Published articles
pertaining to the aim of this review were considered. Furthermore,
the search was extended to international organizations websites in
order to establish recommendations and information published by
these entities for the diabetes population. The international organiza-
tions includedwere:World Health Organization (WHO), American Dia-
betes Association (ADA), International Diabetes Federation (IDF) and
Centres for Disease Control and Prevention (CDC).

3. Why is the diabetes population at risk?

Studies originating from China have reported that individuals with
diabetes and infected by COVID-19 showed higher admission rates to
hospitals, development of severe pneumonia aswell as highermortality
rates, when compared to those without comorbidities.7–9 As part of the
pathophysiology of diabetes, especially those with an uncontrolled
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glycaemic status, the innate immune system and humoral immunity are
compromised.10 This makes the first line defence against any infection,
including SARS-CoV-2 inefficient. Diabetes also causes a pro-
inflammatory state with an exaggerated cytokine response. It has
been reported that individuals with diabetes infected by COVID-19
had significantly increased levels of interleukin-6 (IL-6) and C-reactive
protein (CRP) compared to those without diabetes.11 The entry of
SARS-CoV-2 within the host cell triggers an inflammatory response, re-
cruitment of T helper cells with the production of interferon gamma
leading to a cytokine storm.6 Hence, considering the cellular mecha-
nisms triggered by COVID-19 and the pathophysiology of diabetes, indi-
viduals with diabetes are more susceptible to a cytokine storm with
potential organ damage if infected by COVID-19.

It is already well documented that the population with diabetes is at
higher risk of community acquired pneumonia that requires admission
to hospital, especially for those with an uncontrolled glycaemic
status.12–14 This corresponds to the diabetes pathological mechanism
where the hyperglycaemic state of the individual increases the virulence
of the pathogens, lowers the interleukins production in response to infec-
tion as well as reduces the phagocytic activity and polymorphonuclear
leukocytes.15 Type 1 diabetes individuals are at high risk of developing di-
abetic ketoacidosis (DKA) when acquiring an infection, which causes ad-
ditional metabolic complications in these individuals. It has also been
reported that the hyperglycaemic levelswill directly increase the concen-
tration of glucosewithin the airway secretion.16 This is apart from the fact
that diabetes is associated with pulmonary structural changes.17

Individuals with diabetes have reduced angiotensin-converting en-
zyme 2 (ACE2) expression. This is an enzyme found in multiple organs
including the lungs, pancreas, kidneys, vascular system and intestinal
endothelium. In normal physiology, ACE2 plays an important role in
anti-inflammation and anti-oxidation. It is responsible for the degrada-
tion of angiotensin-II as well as angiotensin I (to a lesser extent) to
smaller peptides, namely angiotensin (1–7) and angiotensin 1–9 re-
spectively. The former peptide (angiotensin 1–7) is responsible for the
anti-inflammatory and antioxidant role. This process is compromised
as part of the diabetes pathophysiology. This makes individuals with di-
abetes at increased risk of severe lung injury aswell as acute respiratory
distress syndrome (ARDS) if infected by COVID-19.18 COVID-19 has en-
velopewith spike glycoprotein that helps the virus to enter human cells
(through angiotension-converting enzyme 2 – ACE2) as well as is re-
sponsible for host-to-host transmission.19 Hence, it was postulated
that in severe COVID-19 infections there may be an imbalance in the
ACE2 activation pathways with an increase in the pro-inflammatory re-
sponse as a consequence of increase in angiotensin II levels and a de-
crease in angiotensin 1–7 levels.20,21

Oneneeds to note that theACE2 is also expressed in the pancreas. So,
the entry of the coronavirus into the pancreatic islets may cause an
acute beta-cell dysfunction with a resultant acute hyperglycaemic
state.22 Hence, individuals with diabetes are vulnerable to COVID-19 in-
fection leading to an uncontrolled hyperglycaemic status. In fact, it was
reported that in-patients with diabetes and infected by COVID-19 in
Wuhan medical centre, had uncontrolled hyperglycaemic states even
when following the recommended blood glucose management strate-
gies by the American Association of Clinical Endocrinologists and
American Diabetes Associations. Such uncontrolled glucose levels pre-
dispose these individuals with diabetes and infected with COVID-19 to
secondary infections as well as increase in mortality risks.23 Although
a number of potential limitations in Wuhan healthcare system were
noted by the authors, they suggested that the blood glucose manage-
ment strategies for COVID-19 positive patients with diabetes should
be optimized.24 Such experience along with the pathophysiology of
COVID-19 in individuals with diabetes is of significant clinical impor-
tance to caring physicians. This suggests that it is mandatory that pa-
tients with diabetes and COVID-19 should have optimal metabolic
control. It has been suggested that the antidiabetic GLP1 agonists med-
ication that acts on the ACE2 and Mas receptor pathways may not only
help control the blood glucose levels but also prevent coronavirus from
entering the cells due to competitive binding to ACE2.25
3.1. Diabetes management and COVID-19

The top priority for every individual with diabetes is to control the
glucose level. As noted already, COVID-19may have a role in the dysreg-
ulation of the glycaemic control. These individuals are therefore more
prone to require hospitalisation for insulinmanagement in order to con-
trol their glucose levels. Intravenous insulin infusions require frequent
blood glucose monitoring by the medical staff. Consequently there is
an increased exposure of healthcare workers to the COVID-19 positive
individual.6 Furthermore, in the presence of respiratory distress these
individuals will also require mechanical ventilation which further in-
creases the risk of aerosolisation of the viral particles.

Metformin is the first-line treatment option of type 2 diabetes. It is
responsible for the activation of the AMP-activated protein kinase
(AMPK) in the liver.26 Historically, metformin was initially produced
as an anti-influenza drug and its well-known glucose lowering ability
was actually a side effect.27 It has been postulated that metformin may
have an advantageous role in this pandemic. The activation of AMPK
bymetformin leads to phosphorylation of ACE2 which can lead to func-
tional changes to this receptor.28 Such changes may decrease the bind-
ing of SARS-CoV-2. It has been reported that if the virus enters into the
host cells through ACE2, it creates an imbalance of the renin-
angiotensin-aldosterone system with downregulation of ACE2 recep-
tors. However,metformin prevents this detrimental sequence by activa-
tion of ACE2 through the AMPK-signalling pathway.29 Therefore, one
can postulate that there is no contraindication for the intake of metfor-
min if an individual with diabetes gets infected by COVID-19. On the
contrary it might be beneficial to these individuals during this
pandemic.

Glucagon-Like-Peptide-1 receptor agonists (GLP-1Ra), Sodium-
Glucose-Transporter-2 (SGT-2) inhibitors and Dipeptidyl Peptidase 4
(DPP4) are all anti-diabetic drugs used for controlling glucose levels.
The GLP-1Ra and SGLT-2 inhibitors have additional roles in the preven-
tion of kidney and cardiovascular disease. Such roles have an additional
benefit during this pandemic, where it is reported that individuals suffer-
ing from any of the aforementioned diseases have a worse prognosis if
infected by COVID-19.30 Additionally, GLP-1Ra also has anti-
inflammatory and anti-adipogenic effects with insulin resistance
antagonism.31 However, considering that both GLP-1Ra and SGLT-2 in-
hibitors may induce ACE2 receptor over-expression,32 these drugs may
have more serious consequences if individuals with diabetes acquire
COVID-19. More data and clinical studies are required to ascertain such
a relationship. Of note, in those not infected by COVID-19 but on SGLT-
2 inhibitors, an increased risk of diabetes ketoacidosis (DKA) has been
observed. This will further complicate the clinical scenario should they
acquire the virus.33 Similarly, individuals with type 1 diabetes on SGLT2
inhibitors and infected by COVID-19 have been observed to experience
severe DKA.34 It has been recommended that individuals with diabetes
infected by COVID-19 should have their SGLT2 inhibitors discontinued
as a precaution against potential acute metabolic decompensation.34

DPP4 is currently used to treat type 2 diabetes by targeting the
incretin system. Recently, it was hypothesized that individuals on
DPP4 may demonstrate a reduction in the severity of SARS-CoV-2.35

Yet, this is based on preclinical data and so caution must be exerted
while waiting for clinical data on the matter.

Thiazolidinediones (TZDs) are a class of medication used in type 2
diabetes as they have a role in treating insulin resistance.36 Additionally,
pioglitazone (a TZD drug) has been reported to inhibit pro-
inflammatory cytokines including IL-6 secretion.37 Considering that a
pro-inflammatory state has been associated with COVID-19 and a
worse prognosis present in those with metabolic disorders (diabetes,
cardiovascular disease, hypertension, metabolic syndrome), it was
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hypothesized that the administration of pioglitazone may be a
supporting therapy for COVID-19.38

ACE inhibitors (ACEi) and angiotensin-receptor blockers (ARB) are
common anti-hypertensive and reno-protective drugs prescribed to in-
dividuals with diabetes. These are associated with an increased ACE2
expression with a counteractive response to the elevated levels of
angiotensin-II. The ARBs have pleiotropic effects beyond controlling hy-
pertension. They have anti-inflammatory effects, reduce endothelial in-
jury and organ fibrosis, maintain insulin sensitivity as well as energy
metabolism. Additionally, ARBs have a protective effect on lipid metab-
olism and normalise the coagulation cascade.39,40 It has also been re-
ported that ARBs protect the lungs from severe endothelial injury
associated with pneumonia, influenza and sepsis.41 During this pan-
demic there have been reports that individuals with diabetes on ACE in-
hibitors (ACEi) are at an increased susceptibility to COVID-19.18,42 It has
been postulated that when SARS-CoV-2 uses ACE2 as a host receptor,
the ACE2 gets downregulated and compromises its protection to the
lung tissue from injury.18 However, there is lack of robust data and evi-
dence on thismalice relationship. In fact, the Council onHypertension of
the European Society of Cardiology, along with a consortium between
the American Heart Association, the Heart Failure Society of America
and the American College of Cardiology, all recommended that physi-
cians should continue the treatment and any medication changes
should only be done after careful assessment. This is especially so,
when considering that ARBs have a number of protective effects.43–45

It has been noted that those infected with COVID-19 had hypokalaemia,
which has been linked with the downregulation effect of ACE2 within
the lungs.18 This causes a reduction in angiotensin-II degradation with
a consequential increased secretion of aldosterone. The presence of
hypokalaemia can worsen the glycaemic control in both individuals
with type 1 and type 2 diabetes mellitus.46

Corticosteroids play a part in the treatment of ARDS and sepsis,
which is one of the management plans for severe COVID-19 infection.
Nevertheless, it is known that corticosteroids worsen the glycaemic
control in individuals with diabetes.47 Anothermedication used as a po-
tential COVID-19 treatment is the type 1 interferons, which is known to
be associated with beta cell damage. Hence, worsening the glycaemic
control in diabetes.48,49 Therefore, physicians prescribing such medica-
tions to individuals with diabetes need to keep in mind the possibility
of associated uncontrolled glucose levels.

4. COVID-19 and diabetes associated co-morbidities

Obesity is a common co-morbidity affecting individuals with diabe-
tes. Adiposity affects both the adaptive and the innate immune system
with the development of chronic systemic inflammation and presence
of elevated IL-6 and CRP levels.50 Considering that both diabetes and
obesity are triggers to a cytokine storm, the presence of COVID-19 infec-
tionwould have aworse inflammatory effect on individuals with diabe-
tes and obesity. This cytokine response also has an effect on insulin
resistance which in turn worsens the glycaemic status.51

Obesity has also been linked with coagulopathy and thrombosis.52

Similarly, COVID-19 infection was linked with thrombotic mechanisms
and coagulation disturbances.53 Additionally, individuals with diabetes
and infected with COVID-19 had a higher D-dimer levels than those
without diabetes.11 Therefore, the presence of both diabetes and obesity
would have a worse prognostic outcome if infected by SARS-CoV-2,
with potential thrombotic events such as strokes.

The potential downregulation effect of ACE2 by SARS-CoV-2 can
promote the elevation of blood pressure through vasoconstriction and
activation of aldosterone. Considering that hypertension is a common
co-morbidity of type 2 diabetes, infection by COVOD-19 may lead to
dysregulation of blood pressure with increased susceptibility to cardio-
vascular complications.

Post-mortem lung histology of COVID-19 infected patients showed
the presence of micro-and macro-thromboses. Vasculopathic lesions
were also reported outside the respiratory system. In fact, children in-
fected with COVID-19 were observed to have distal finger lesions simi-
lar to Kawasaki disease.54 On the other hand, it is known that
vasculopathy, both micro and macrovascular are pathophysiological
complications of diabetes.55 Hence, it can be postulated that individuals
with diabetes may have a worse vasculopathic outcome if infected by
SARS-CoV-2.

Individualswith diabetes are prone to psychological distress, anxiety
and depression. Diabetes distress is associated with a worse metabolic
profile including higher glycated haemoglobin, higher body mass
index, higher diastolic blood pressure and low-density cholesterol
(LDL-C). These can contribute towards diabetes related complications.
This is also associated with poorer diet quality and low social
support.56,57 With the COVID-19 pandemic and the implemented lock-
down, the population with diabetes is more prone to worsening of the
diabetes distress. The COVID-19 stressful periodmay decrease the qual-
ity of life of the individuals with diabetes as well as affect the glucose
self-management.58 Hence, additional psychological aid and support is
of utmost importance during this pandemic.

5. What should the individual with diabetes do?

Public health officials across the globe have been advocating a num-
ber of preventive measures aimed to protect the population as well as
the vulnerable groups (including diabetes). The measures are “social
distancing, staying at home whenever possible, regular hand washing
with soap and water for at least 20 seconds or use alcohol-based
wipes/rubs, avoid none essential travel, limit the amount of time in su-
permarkets”. However, it is important to advocate further measures
that are specific to the diabetes population to avoid this vulnerable pop-
ulation from developing unwanted complications. This ensures
safeguarding the demands on the healthcare system, especially at this
time of crisis. It is important to note that although lockdowns and advo-
cacy to stay at home are an essential part of COVID-19 pandemic con-
tainment measures, these may have negative consequences on
individuals with diabetes. This will curtail the regular diabetes clinic
consultations, will limit sunlight exposure, affect the maintenance of
physical activity as well as alter the dietary habit.

5.1. Diabetes specific recommendations

Individuals with diabetes need to follow the general preventive
measures however other specific measures are recommended. It is
well known that hypovitaminosis D is a risk factor for insulin
resistance.59 Vitamin D supplements should be recommended to all
those suffering from diabetes in order to help maintain their glycaemic
control.

It is important that individualswith diabetes keep hydrated,monitor
their blood glucose regularly and if on insulin, to monitor the ketone
bodies in the urine. Patients with type 2 diabetes who are on oral
hypoglycaemic agents and have controlled glycaemic levels should
monitor their glucose levels in fasting and post-prandial states once or
twice a week. If uncontrolled glycaemic levels are present, then self-
monitoring should be donemore frequently. Individuals with type 1 di-
abetes with uncontrolled glycaemic levels should check their glucose
levels at least four times a day (fasting, before lunch, before dinner
and at bedtime). If the glucose levels remain uncontrolled it is para-
mount that they seek medical aid. If glucose strips are running low, on-
line pharmacy stores have been set up to aid in this current pandemic
situation.

Regular physical activity should be encouraged especially for those
individuals with diabetes.4 Many governments have now restricted
movement of their citizens and confined them to the home environ-
ment, hence public physical activity facilities have been closed. How-
ever, a number of different organizations and entities have set up
online physical activity video routines that could be followed at home.
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Some countries are also broadcasting a daily exercise routine for their
viewers to follow. Individuals with diabetes are recommended to follow
such exercise programmes however the exercise intensity should be tai-
lored to the individual's capacity to exercise. Another important factor is
for individualswith diabetes to adhere to a regularwell-balanced diet. A
healthy diet should consist of protein, fiber, vitamins and limited satu-
rated fats. In this time of lockdown, acquiring fresh fruit and vegetables
may be a challenge however there are companies that are delivering
such fresh foods directly to residents' homes. Unfortunately, during
this stressful time of the pandemic, an individual may opt for inappro-
priate stress eating habits, with a tendency towards packed high fat,
sugar and salt content foods. Such food alongwith lack of physical activ-
ity is the recipe for dysregulation of the blood glucose levels,
hyperosmolar coma, ketoacidosis, predisposition to infections as well
as acute cardiac events in individuals with diabetes.6 A number of doc-
tors have set up telemedicine as an exchange for their normal consulta-
tion practices. Through the means of telemedicine, individuals with
diabetes can remain in constant contact with their physician for treat-
ment advise and management of their glucose levels.34

The International Diabetes Federation (IDF) recommends that indi-
viduals with diabetes should have adequate stock of medication and
supplies of blood glucose monitoring apparatus at their home in order
to prevent the need of leaving their house should they become sick. If
diabetic individuals do fall sick, they might notice that their glycaemic
control starts to deteriorate. In which case, it is essential for the individ-
ual to contact their family physician or any other healthcare helpline but
not personally visit the clinic or hospital.4

6. How can we help the diabetes population?

Relatives, friends and neighbours of individuals with diabetes have
been encouraged by public health officials to help this vulnerable popu-
lation in their shopping or medication. Different countries have set in
place different directorates to deal with this COVID-19 pandemic. Re-
cently, a group of diabetes clinicians from theUK have set up a Twitter®
account to help diabetes patients dealwith concerns and fears related to
COVID-19.60 Similarly, NGOs such as theMAPHM –Malta Association of
Public HealthMedicine have set up a socialmedia Facebook®account to
bring forward verified advice from public health officials for the popula-
tion including vulnerable groups as well as promote positive health
behaviours.61 There are physicians and other healthcare professions,
like psychologists, that are practicing telemedicine and consultations
for their patients in order to ensure their health and wellbeing are in
check. Individuals with diabetes should be made well aware of these
services and advised to contact their caring physician if they feel sick
or if they have any questions. Diabetes educators may also advocate
how individuals with diabetes can access online stores to purchase
anti-diabetic medications amid the lockdown.

7. Conclusion

The COVID-19 pandemic is far from over and it is a daily struggle for
all the countries to contain this crisis. It is however important to remem-
ber that a substantial proportion of the world is affected by other co-
morbidities such as diabetes. This vulnerable population is at an
increased risk of complications should they acquire COVID-19. Hence,
specific attention should be given to these individuals during this pan-
demic to avoid adding on more complications and burden to the
healthcare systems.

Declaration of competing interest
None.

Funding

This research did not receive any specific grant from funding agen-
cies in the public, commercial, or not-for-profit sectors.
Sources of funding

None.
References

1. Gorbalenya AE. Sever. 2020. https://doi.org/10.1101/2020.02.07.937862.
(2020.02.07.937862).

2. World Health Organization (WHO). Coronavirus disease 2019. https://www.who.int/
emergencies/diseases/novel-coronavirus-2019 2020. (accessed May 12, 2020).

3. International Diabetes Federation. IDF diabetes atlas. . 9th ed. . 2019. (Brussels,
Belgium).

4. International Diabetes Federation (IDF). COVID-19 outbreak n.d. https://www.
idf.org/our-network/regions-members/europe/europe-news/196-information-
on-corona-virus-disease-2019-covid-19-outbreak-and-guidance-for-people-
with-diabetes.html (accessed March 30, 2020).

5. Centers for Disease Control and Prevention (CDC). Coronavirus Disease 2019
(COVID-19) | CDC n.d. https://www.cdc.gov/coronavirus/2019-ncov/index.html?
CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2Findex.html
(accessed March 30, 2020).

6. Singh AK, Gupta R, Ghosh A, Misra A. Diabetes in COVID-19: prevalence, pathophys-
iology, prognosis and practical considerations. Diabetes Metab Syndr Clin Res Rev
2020;14:303-10. https://doi.org/10.1016/j.dsx.2020.04.004.

7. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retro-
spective, observational study. Lancet Respir Med 2020:0. https://doi.org/10.1016/
S2213-2600(20)30079-5.

8. Jin ZJ, Dong X, Yuan CY, Dong YY, Bin YY, Qin YY, et al. Clinical characteristics of 140
patients infected with SARS-CoV-2 in Wuhan, China. Allergy Eur J Allergy Clin
Immunol 2020. https://doi.org/10.1111/all.14238.

9. Guan W, Ni Z, Hu Y, Liang W, Ou C, He J, et al. Clinical characteristics of coronavirus
disease 2019 in China. N Engl J Med 2020. https://doi.org/10.1056/NEJMoa2002032.
(NEJMoa2002032).

10. Jafar N, Edriss H, Nugent K. The effect of short-term hyperglycemia on the innate im-
mune system. Am J Med Sci 2016;351:201-11. https://doi.org/10.1016/J.
AMJMS.2015.11.011.

11. Guo W, Li M, Dong Y, Zhou H, Zhang Z, Tian C, et al. Diabetes is a risk factor for the
progression and prognosis of COVID-19. Diabetes Metab Res Rev 2020:e3319.
https://doi.org/10.1002/dmrr.3319.

12. Kornum JB, Thomsen RW, Riis A, Lervang HH, Schønheyder HC, Sørensen HT. Diabetes,
glycemic control, and risk of hospitalization with pneumonia: a population-based case-
control study. Diabetes Care 2008;31:1541-5. https://doi.org/10.2337/dc08-0138.

13. Kornum JB, Thomsen RW, Riis A, Lervang HH, Schønheyder HC, Sørensen HT. Type 2
diabetes and pneumonia outcomes: a population-based cohort study. Diabetes Care
2007;30:2251-7. https://doi.org/10.2337/dc06-2417.

14. Martins M, Boavida JM, Raposo JF, Froes F, Nunes B, Ribeiro RT, et al. Diabetes hinders
community-acquired pneumonia outcomes in hospitalized patients. BMJ Open Dia-
betes Res Care 2016;4, e000181. https://doi.org/10.1136/bmjdrc-2015-000181.

15. Alves C, Casqueiro J, Casqueiro J. Infections in patients with diabetes mellitus: a re-
view of pathogenesis. Indian J Endocrinol Metab 2012;16:27. https://doi.
org/10.4103/2230-8210.94253.

16. Morra ME, Van Thanh L, Kamel MG, Ghazy AA, Altibi AMA, Dat LM, et al. Clinical out-
comes of current medical approaches for Middle East respiratory syndrome: a sys-
tematic review and meta-analysis. Rev Med Virol 2018;28, e1977. https://doi.
org/10.1002/rmv.1977.

17. Philips BJ, Meguer JX, Redman J, Baker EH. Factors determining the appearance of
glucose in upper and lower respiratory tract secretions. Intensive Care Med
2003;29:2204-10. https://doi.org/10.1007/s00134-003-1961-2.

18. Pal R, Bhansali A. COVID-19, diabetes mellitus and ACE2: the conundrum. Diabetes
Res Clin Pract 2020;162:108132. https://doi.org/10.1016/j.diabres.2020.108132.

19. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, et al.
SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 and is blocked by a clinically
proven protease inhibitor. Cell 2020. https://doi.org/10.1016/j.cell.2020.02.052.

20. Bornstein SR, Dalan R, Hopkins D, Mingrone G, Boehm BO. Endocrine and metabolic
link to coronavirus infection. Nat Rev Endocrinol 2020:1-2. https://doi.org/10.1038/
s41574-020-0353-9.

21. South AM, Tomlinson L, Edmonston D, Hiremath S, Sparks MA. Controversies of
renin–angiotensin system inhibition during the COVID-19 pandemic. Nat Rev
Nephrol 2020. https://doi.org/10.1038/s41581-020-0279-4.

22. Yang JK, Lin SS, Ji XJ, Guo LM. Binding of SARS coronavirus to its receptor damages is-
lets and causes acute diabetes. Acta Diabetol 2010;47:193-9. https://doi.org/10.1007/
s00592-009-0109-4.

23. Yang JK, Feng Y, Yuan MY, Yuan SY, Fu HJ, Wu BY, et al. Plasma glucose levels and di-
abetes are independent predictors for mortality and morbidity in patients with SARS.
Diabet Med 2006;23:623-8. https://doi.org/10.1111/j.1464-5491.2006.01861.x.

24. Zhou J, Tan J. Diabetes patients with COVID-19 need better blood glucose manage-
ment in Wuhan. China Metab 2020;107:154216. https://doi.org/10.1016/j.
metabol.2020.154216.

25. Simões e Silva A, Silveira K, Ferreira A, Teixeira M. ACE2, angiotensin-(1-7) and Mas re-
ceptor axis in inflammation and fibrosis. Br J Pharmacol 2013;169:477-92. https://doi.
org/10.1111/bph.12159.

26. Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J, et al. Role of AMP-activated
protein kinase in mechanism of metformin action. J Clin Invest 2001;108:1167-74.
https://doi.org/10.1172/JCI13505.

https://doi.org/10.1101/2020.02.07.937862
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://refhub.elsevier.com/S1056-8727(20)30396-2/rf0015
http://refhub.elsevier.com/S1056-8727(20)30396-2/rf0015
https://www.idf.org/our-network/regions-members/europe/europe-news/196-information-on-corona-virus-disease-2019-covid-19-outbreak-and-guidance-for-people-with-diabetes.html
https://www.idf.org/our-network/regions-members/europe/europe-news/196-information-on-corona-virus-disease-2019-covid-19-outbreak-and-guidance-for-people-with-diabetes.html
https://www.idf.org/our-network/regions-members/europe/europe-news/196-information-on-corona-virus-disease-2019-covid-19-outbreak-and-guidance-for-people-with-diabetes.html
https://www.idf.org/our-network/regions-members/europe/europe-news/196-information-on-corona-virus-disease-2019-covid-19-outbreak-and-guidance-for-people-with-diabetes.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2Findex.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2Findex.html
https://doi.org/10.1016/j.dsx.2020.04.004
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1111/all.14238
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/J.AMJMS.2015.11.011
https://doi.org/10.1016/J.AMJMS.2015.11.011
mailto:sarah.cuschieri@um.edu.mt
https://doi.org/10.2337/dc08-0138
https://doi.org/10.2337/dc06-2417
https://doi.org/10.1136/bmjdrc-2015-000181
https://doi.org/10.4103/2230-8210.94253
https://doi.org/10.1002/rmv.1977
https://doi.org/10.1007/s00134-003-1961-2
https://doi.org/10.1016/j.diabres.2020.108132
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1038/s41574-020-0353-9
https://doi.org/10.1038/s41574-020-0353-9
https://doi.org/10.1038/s41581-020-0279-4
https://doi.org/10.1007/s00592-009-0109-4
https://doi.org/10.1007/s00592-009-0109-4
https://doi.org/10.1111/j.1464-5491.2006.01861.x
https://doi.org/10.1016/j.metabol.2020.154216
https://doi.org/10.1016/j.metabol.2020.154216
https://doi.org/10.1111/bph.12159
https://doi.org/10.1172/JCI13505


5S. Cuschieri, S. Grech / Journal of Diabetes and Its Complications 34 (2020) 107637
27. Amin S, Lux A, O’Callaghan F. The journey of metformin from glycaemic control to
mTOR inhibition and the suppression of tumour growth. Br J Clin Pharmacol
2019;85:37-46. https://doi.org/10.1111/bcp.13780.

28. Plattner F, Bibb JA. Serine and threonine phosphorylation. Basic Neurochem 2012:
467-92. https://doi.org/10.1016/B978-0-12-374947-5.00025-0.

29. Sharma S, Ray A, Sadasivam B. Metformin in COVID-19: a possible role beyond
diabetes. Diabetes Res Clin Pract 2020;164. https://doi.org/10.1016/J.
DIABRES.2020.108183.

30. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for mor-
tality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet 2020;395:1054-62. https://doi.org/10.1016/S0140-6736(20)
30566-3.

31. RizzoM, Nikolic D, Patti AM, Mannina C, Montalto G, McAdams BS, et al. GLP-1 recep-
tor agonists and reduction of cardiometabolic risk: potential underlyingmechanisms.
Biochim Biophys Acta Mol basis Dis 1864;2018:2814-21. https://doi.org/10.1016/J.
BBADIS.2018.05.012.

32. Pal R, Bhadada SK. Should anti-diabetic medications be reconsidered amid COVID-19
pandemic? Diabetes Res Clin Pract 2020;163:108146. https://doi.org/10.1016/j.
diabres.2020.108146.

33. Fralick M, Schneeweiss S, Patorno E. Risk of diabetic ketoacidosis after initiation of an
SGLT2 inhibitor. N Engl J Med 2017;376:2300-2. https://doi.org/10.1056/
NEJMc1701990.

34. Bornstein SR, Rubino F, Khunti K,MingroneG,Hopkins D, BirkenfeldAL, et al. Practical
recommendations for themanagement of diabetes in patients with COVID-19. Lancet
Diabetes Endocrinol n.d.;0. doi:https://doi.org/10.1016/S2213-8587(20)30152-2.

35. Iacobellis G. COVID-19 and diabetes: can DPP4 inhibition play a role? Diabetes Res
Clin Pract 2020;162. https://doi.org/10.1016/J.DIABRES.2020.108125.

36. Lebovitz HE. Thiazolidinediones: the forgotten diabetes medications. Curr Diab Rep
2019;19:151. https://doi.org/10.1007/s11892-019-1270-y.

37. Qiu D, Li X-N. Pioglitazone inhibits the secretion of proinflammatory cytokines and
chemokines in astrocytes stimulated with lipopolysaccharide. Int J Clin Pharmacol
Ther 2015;53:746-52. https://doi.org/10.5414/CP202339.

38. Carboni E, Carta AR, Carboni E. Can pioglitazone be potentially useful therapeutically
in treating patients with COVID-19? Med Hypotheses 2020;140:109776. https://doi.
org/10.1016/j.mehy.2020.109776.

39. Jia H. Pulmonary angiotensin-converting enzyme 2 (ACE2) and inflammatory lung
disease. SHOCK 2016;46:239-48. https://doi.org/10.1097/SHK.0000000000000633.

40. Gurwitz D. Angiotensin receptor blockers as tentative SARS-CoV-2 therapeutics. Drug
Dev Res 2020. https://doi.org/10.1002/ddr.21656. (ddr.21656).

41. Fedson SD. Treating the host response to emerging virus diseases: lessons learned
from sepsis, pneumonia, influenza and Ebola. Ann Transl Med 2016;4:5. https://doi.
org/10.21037/12396.

42. Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes mellitus
at increased risk for COVID-19 infection? Lancet Respir Med 2020;8, e21. https://doi.
org/10.1016/S2213-2600(20)30116-8.

43. HFSA, ACC, AHA. HFSA/ACC/AHA statement addresses concerns re: using RAAS an-
tagonists in COVID-19. https://professional.heart.org/professional/ScienceNews/
UCM_505836_HFSAACCAHA-statement-addresses-concerns-re-using-RAAS-
antagonists-in-COVID-19.jsp 2020. (accessed April 9, 2020).

44. Cardiology ES of. Position statement of the ESC council on hypertension on ACE-
inhibitors and angiotensin receptor blockers. https://www.escardio.org/Councils/
Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-
hypertension-on-ace-inhibitors-and-ang 2020. (accessed April 9, 2020).

45. Saavedra JM. Angiotensin receptor blockers and COVID-19. Pharmacol Res 2020;156:
104832. https://doi.org/10.1016/J.PHRS.2020.104832.

46. Liamis G, Liberopoulos E, Barkas F, Elisaf M. Diabetes mellitus and electrolyte disor-
ders. World J Clin Cases 2014;2:488. https://doi.org/10.12998/wjcc.v2.i10.488.

47. Pal R, Bhadada SK. COVID-19 and diabetes mellitus: an unholy interaction of two
pandemics. Diabetes Metab Syndr Clin Res Rev 2020;14:513-7. https://doi.
org/10.1016/J.DSX.2020.04.049.

48. Sallard E, Lescure F-X, Yazdanpanah Y, Mentre F, Peiffer-Smadja N. Type 1 interferons
as a potential treatment against COVID-19. Antivir Res 2020;178:104791. https://doi.
org/10.1016/J.ANTIVIRAL.2020.104791.

49. Nakamura K, Kawasaki E, Imagawa A, Awata T, Ikegami H, Uchigata Y, et al. Type 1
diabetes and interferon therapy. Diabetes Care 2011;34:2084-9. https://doi.
org/10.2337/DC10-2274.

50. McLaughlin T, Ackerman SE, Shen L, Engleman E. Role of innate and adaptive immu-
nity in obesity-associated metabolic disease. J Clin Invest 2017;127:5-13. https://doi.
org/10.1172/JCI88876.

51. Kassir R. Risk of COVID-19 for patients with obesity. Obes Rev 2020;21. https://doi.
org/10.1111/obr.13034.

52. Kaye SM, Pietiläinen KH, Kotronen A, Joutsi-Korhonen L, Kaprio J, Yki-Järvinen H,
et al. Obesity-related derangements of coagulation and fibrinolysis: a study of obe-
sity-discordant monozygotic twin pairs. Obesity 2012;20:88-94. https://doi.
org/10.1038/oby.2011.287.

53. Magro C, Mulvey JJ, Berlin D, Nuovo G, Salvatore S, Harp J, et al. Complement associated
microvascular injury and thrombosis in thepathogenesis of severe COVID-19 infection: a
report of five cases. Transl Res 2020. https://doi.org/10.1016/j.trsl.2020.04.007.

54. Kernan KF, Canna SW. Should COVID-19 take advice from rheumatologists? Lancet
Rheumatol 2020:0. https://doi.org/10.1016/S2665-9913(20)30129-6.

55. Rahman S, Rahman T, Ismail AA-S, Rashid ARA. Diabetes-associated
macrovasculopathy: pathophysiology and pathogenesis. Diabetes Obes Metab
2007;9:767-80. https://doi.org/10.1111/j.1463-1326.2006.00655.x.

56. Gonzalez JS, Fisher L, Polonsky WH. Depression in diabetes: have we been missing
something important? Diabetes Care 2011;34:236-9. https://doi.org/10.2337/dc10-
1970.

57. Winchester RJ, Williams JS, Wolfman TE, Egede LE. Depressive symptoms, serious
psychological distress, diabetes distress and cardiovascular risk factor control in pa-
tients with type 2 diabetes. J Diabetes Complicat 2016;30:312-7. https://doi.
org/10.1016/J.JDIACOMP.2015.11.010.

58. Mukhtar S, Mukhtar S. Mental health and psychological distress in people with dia-
betes during COVID-19. Metabolism 2020;108:154248. https://doi.org/10.1016/j.
metabol.2020.154248.

59. Szymczak-Pajor I, Śliwińska A. Analysis of association between vitamin D deficiency
and insulin resistance. Nutrients 2019;11:794. https://doi.org/10.3390/nu11040794.

60. Iacobucci G. Covid-19: diabetes clinicians set up social media account to help allevi-
ate patients’ fears. BMJ 2020;368:m1262. https://doi.org/10.1136/bmj.m1262.

61. Malta Association of Public Health Medicine (MAPHM). Coronavirus Malta - REAL
public health advice on Covid19 public group | Facebook n.d. https://www.
facebook.com/groups/covid19malta/?multi_permalinks=3024020160987935&notif_
id=1585507824889978&notif_t=group_highlights&ref=notif (accessed March 30,
2020).

https://doi.org/10.1111/bcp.13780
https://doi.org/10.1016/B978-0-12-374947-5.00025-0
https://doi.org/10.1016/J.DIABRES.2020.108183
https://doi.org/10.1016/J.DIABRES.2020.108183
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/J.BBADIS.2018.05.012
https://doi.org/10.1016/J.BBADIS.2018.05.012
https://doi.org/10.1016/j.diabres.2020.108146
https://doi.org/10.1016/j.diabres.2020.108146
https://doi.org/10.1056/NEJMc1701990
https://doi.org/10.1056/NEJMc1701990
https://doi.org/10.1016/J.DIABRES.2020.108125
https://doi.org/10.1007/s11892-019-1270-y
https://doi.org/10.5414/CP202339
https://doi.org/10.1016/j.mehy.2020.109776
https://doi.org/10.1097/SHK.0000000000000633
https://doi.org/10.1002/ddr.21656
https://doi.org/10.21037/12396
https://doi.org/10.1016/S2213-2600(20)30116-8
https://professional.heart.org/professional/ScienceNews/UCM_505836_HFSAACCAHA-statement-addresses-concerns-re-using-RAAS-antagonists-in-COVID-19.jsp
https://professional.heart.org/professional/ScienceNews/UCM_505836_HFSAACCAHA-statement-addresses-concerns-re-using-RAAS-antagonists-in-COVID-19.jsp
https://professional.heart.org/professional/ScienceNews/UCM_505836_HFSAACCAHA-statement-addresses-concerns-re-using-RAAS-antagonists-in-COVID-19.jsp
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://doi.org/10.1016/J.PHRS.2020.104832
https://doi.org/10.12998/wjcc.v2.i10.488
https://doi.org/10.1016/J.DSX.2020.04.049
https://doi.org/10.1016/J.ANTIVIRAL.2020.104791
https://doi.org/10.2337/DC10-2274
https://doi.org/10.1172/JCI88876
https://doi.org/10.1111/obr.13034
https://doi.org/10.1038/oby.2011.287
https://doi.org/10.1016/j.trsl.2020.04.007
https://doi.org/10.1016/S2665-9913(20)30129-6
https://doi.org/10.1111/j.1463-1326.2006.00655.x
https://doi.org/10.2337/dc10-1970
https://doi.org/10.2337/dc10-1970
https://doi.org/10.1016/J.JDIACOMP.2015.11.010
https://doi.org/10.1016/j.metabol.2020.154248
https://doi.org/10.1016/j.metabol.2020.154248
https://doi.org/10.3390/nu11040794
https://doi.org/10.1136/bmj.m1262
https://www.facebook.com/groups/covid19malta/?multi_permalinks=3024020160987935&amp;notif_id=1585507824889978&amp;notif_t=group_highlights&amp;ref=notif
https://www.facebook.com/groups/covid19malta/?multi_permalinks=3024020160987935&amp;notif_id=1585507824889978&amp;notif_t=group_highlights&amp;ref=notif
https://www.facebook.com/groups/covid19malta/?multi_permalinks=3024020160987935&amp;notif_id=1585507824889978&amp;notif_t=group_highlights&amp;ref=notif

