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The continued increase in diabetes indicates it to be a significant global challenge to the health and wellbeing of
people. Hyperglycemia is linked to chronic inflammatory processes and diabetes-related vulnerability to infec
tion. There is historic evidence linking viruses and microbes with diabetes and in some instances considered the
causative agent. The viral infection causes inflammation and autoimmune destruction of beta cells, which, in
turn, give rise to hyperglycemia, finally leading to diabetes. This review considers the historic aspects of viruses
and diabetes, immune dysfunction with hyperglycemia, bidirectional relations between COVID-19 virus and
diabetes, and new-onset diabetes in COVID-19.

1. Introduction

and 1.4% of them carry hepatitis C virus (HCV). The risk of type 2
diabetes mellitus (T2DM) is nearly four times greater in HCV-positive
individuals than HCV-negative individuals. The association between
HCV and diabetes gives a fair idea of the benefits of anti-HCV treatment
in T2DM management. Anti-HCV treatment in diabetes has been shown
to significantly improve glycemic control and has also been observed to
reduce the need for insulin in persons with T2DM. As per the latest in
vitro study, the infection of pancreatic islet cells by HCV may alter the
cytokine expression, which, in turn, may contribute to insulin
deficiency.4
The same trends that ushered severe acute respiratory syndrome
(SARS) into the human population are prevalent in the current pandemic
situation and there are many lessons to draw from the SARS experience:5

Diabetes is a growing global concern as its incidence is increasing at a
rapid rate. Approximately 537 million a dults are living with diabetes as
of 2021, and the numbers are projected to rise to 783 million by the year
2045.1 In India, the number of people with diabetes is estimated to
roughly double from 77 million in the year 2019 to 134 million by the
year 2045. One in 10 people worldwide are currently living with dia
betes and every sixth person with diabetes in the world is an Indian.1
The microbes and viruses have been observed to play a key role as in
fectious agents linked to diabetic status and also as factors responsible
for causing diabetes mellitus.2
1.1. History of viruses and diabetes
In the mid-nineteenth century, Stang mentioned the possibility of a
relationship between mumps and diabetes. In 1899, Harris talked about
the association of viruses with diabetes in detail. He mentioned a case of
glycosuria followed by the onset of a mumps attack. However, it took
almost 3 years for that person to develop full-blown diabetes with
ketosis. In 1924, Patrick reported an association between mumps and
diabetes in sporadic cases. Finally, in 1927, Gundersen published a
paper with the title, “Is diabetes of infectious origin?” He suggested that
mumps produced pancreatic disease, which resulted in diabetes in
young after 3 years of initial infection. Since then, many studies have
reported on the connection between mumps and diabetes.3
In the United States, approximately 9.4% of people have diabetes

• History of diabetes and ambient hyperglycemia was found to be in
dependent factors of death and mortality in people with SARS.
• Hyperglycemia had devastating effects on organ function in people
with SARS.
• Intensive monitoring and optimal metabolic control have been re
ported to improve the prognosis of people with SARS.
2. Hyperglycemia and immune dysfunction
Hyperglycemia is linked to chronic inflammatory processes and
diabetes mellitus-related vulnerability to infection. People with diabetes
are prone to develop periodontal disease, tuberculosis, lung infection by
legionella bacteria, and mucormycosis by the Mucoraceae family of
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fungi. Impaired functioning of macrophages, dendritic cells, natural
killer T cells, and B and T lymphocytes causes defects of the innate
response.6

• Newer emerging evidence suggests that the coronavirus might
trigger diabetes. Increased risk of development of new-onset hyper
glycemia in infected individuals15,16
• Moreover, COVID-19 infection in people with diabetes causes virus
exploitation in multiple organs due to multiple mechanisms, such as
altered angiotensin-converting enzyme 2 (ACE2) activity,17 break
down of Ca2+ homeostasis, activation of the renin-angio
tensin–aldosterone system (RAAS),18 pre-existing diabetes-related
organ damage, impairment of sympathetic nervous system, and
raised oxidative stress.19,20
• Several studies have also reported that COVID-19 may induce dia
betes by causing beta-cell destruction, hepatic manifestations,
increased stress, and changes in the pancreas–liver–gut-brain axis in
people without diabetes.14–16

2.1. Immune defects associated with hyperglycemia
Hyperglycemia is responsible for impeding the production of
interleukin-22 (IL-22) and type1 interferon, which, in turn, diminishes
the protective effects offered by both the cytokines. Type 1 interferon
possesses antiviral activity. IL-22 decreases chronic inflammation and
improves antimicrobial immunity and insulin sensitivity.6 Hyperglyce
mia downregulates the expression of cathelicidins in macrophages
which further decreased antimicrobial properties and chemotaxis,
impaired antibacterial activity, neutrophil degranulation in response to
bacterial lipopolysaccharide6 Hyperglycemia causes nonenzymatic gly
cation of multiple proteins, including those of the complement system
involved in the opsonization of pathogens. Glycation stops complement
activation through the mannan-binding lectin pathway as well as func
tions of the CD59 inhibitor of the membrane attack complex.6

Yang et al. evaluated whether the multiorgan damage (mainly in the
pancreas) was related to the expression of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) receptor, ACE2 (Fig. 2). As per
the study findings, the organ expression of SARS was linked to the organ
expression of ACE2. The localization of ACE2 expression in the part of
the pancreas confirmed that SARS-CoV-2 binds to the ACE2 receptor and
damages the islet cells in the pancreas, further resulting in acute dia
betes.21 ACE2 is a functional receptor for SARS-CoV-2. The basic
mechanism of engagement of RAAS with SARS-CoV-2 is given below.22

2.2. Mechanisms of beta-cell destruction associated with viral infections
The direct effects of viral infections on beta cells include different
cytolytic effects in pancreatic beta cells. The viral infection causes
inflammation and autoimmune destruction of beta cells, which, in turn,
give rise to hyperglycemia, finally leading to diabetes.7
The various indirect effects of viral infections on beta cells include
the following: Viral antigens expressed in beta cells cause infection; the
release of substances toxic to beta cells destroys surrounding tissues;
altered expression of major histocompatibility complex and cos
timulatory molecules; bystander activation of autoreactive lymphocytes
by cytokines, antigen-presenting cells, and beta cells; virally encoded
antigens activate and expand autoreactive T cells; molecular mimicry of
viral antigens with beta-cell antigens; altered immune regulation; and
altered repertoire of memory T cells.7

• SARS-CoV-2 binds to ACE2 and thus promotes the internalization of
the viral receptor.
• ACE2-mediated production of angiotensin (1–7) gets disturbed and
production of angiotensin II (1–8) increases.
• The alteration in the levels of angiotensin further changes the target
receptor activity in selected tissues.

3.1. Angiotensin-converting enzyme-2: double-edged sword for people
with diabetes
There has been an ongoing debate regarding the use of angiotensinconverting enzyme inhibitors (ACEIs) and angiotensin receptor blockers
(ARBs) in people with COVID-19. It is important to understand how
ACE2 acts as a double-edged sword for people with diabetes.

2.3. Viral infections implicated in diabetes
Multiple varieties of viruses have a possible role as a major envi
ronmental factor in inducing diabetes.7 Viruses for which there is
extensive evidence for association with diabetes are Enterovirus
including Coxsackie B strains,8 and Rubella.9 Viruses less commonly
associated with diabetes are Cytomegalovirus,10 Epstein-Barr virus,11
Mumps,12 Rota virus13 and Retro virus.8
Multiple viruses including RNA and DNA viruses implicated in dia
betes7 is shown in Fig. 1.

• ACE2, an extracellular transmembrane enzyme, is responsible for
converting angiotensin II into the angiotensin (1–7) heptapeptide.22
• ACE2 is the main receptor for binding and uptake of SARS-CoV-2 into
the cell.22
• Viral binding causes internalization and enzymatic degradation of
ACE2, hence resulting in hypertensive effects due to enhanced
angiotensin II levels.23
• ACEIs and ARBs lead to overexpression of ACE2 and thus persons
treated with ACEIs and ARBs could be at risk of developing COVID19.23

3. Bidirectional relationship between COVID-19 and diabetes
Diabetes has been reported to be one of the common comorbidities in
persons infected with coronavirus disease 2019 (COVID-19). This has
generated interest in exploring the two-way relationship between dia
betes and COVID-19.14

3.2. Diabetes: a strong risk factor for COVID-19 severity
Research has indicated a higher risk of severe COVID-19 in in
dividuals with comorbidities:
• Pre-existing T2DM has been reported to be independently associated
with poor outcomes in people with SARS.24
• As per the study by Algahtani et al., T2DM was found to be the pri
mary comorbidity linked to severe or lethal Middle East respiratory
syndrome-related coronavirus infections.25
• Diabetes status has been associated with an increase in the require
ment of medical interventions during COVID-19 and also escalated
mortality risk of people with COVID-19.26

Fig. 1. Viruses causing type 1 diabetes.
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Fig. 2. The binding of SARS-CoV-2 to ACE2 receptor damages islet cells in the pancreas and causes acute diabetes
SARS-Cov: Severe acute respiratory syndrome coronavirus, ACE: Angiotensin-converting enzyme.

Several mechanisms explain that diabetes could be a strong risk
factor for COVID-19. The major mechanisms are those linked directly to
hyperglycemia and the associated imbalances in pathways involved in
virus entry into the cell as well as in the immune and inflammatory
response. Also, the diabetes-related comorbidities/complications with
poor prognosis mediate certain effects of diabetes in people with COVID19.27

• As per the latest clinical observations, SARS-CoV-2 infection causes
induction of endothelins in several organs.38
• Endotheliitis may result in life-threatening complications and even
multiple organ failure.39
• Increased Inflammatory response could be the reason for COVID19–associated coagulopathy.40
3.5. Time to rethink diabetes management in COVID-19

3.3. New-onset diabetes in COVID-19

The clinical management of diabetes is extremely challenging in the
current COVID-19 times as the pathophysiology of COVID-19–related
diabetes is complex. People with diabetes carry an increased risk of
severe COVID-19. In people with COVID-19, high doses of insulin are
needed for new-onset diabetes and related complications.41,42
SARS-CoV-2 is related to multiorgan damage with the most affected
organs being kidneys, lungs, and heart. The severity of COVID-19 is
directly related to old age, thrombocytopenia, and hyperglycemia. As
SARS-CoV-2 causes ACE2-dependent damage to pancreatic cells, hy
perglycemia could be the final consequence. Hyperglycemia, if left un
treated, could result in various complications, such as limb amputations,
kidney failure, blindness, and cardiovascular disease.3 Therefore, it is
important to regulate blood glucose levels.43,44

Clinical evidence is being accumulated regarding new-onset diabetes
in COVID-19:
• A bidirectional relationship between COVID-19 and diabetes has
emerged.14
• Recent evidence shows that coronavirus may trigger diabetes.28
• Many studies have reported new-onset diabetes and severe compli
cations of pre-existing diabetes, such as diabetic ketoacidosis and
hyperosmolarity in people with COVID-19.29–31
• People with COVID-19 with increased blood sugar and no prior
history of diabetes should be tested for new-onset diabetes mellitus
and diabetic ketoacidosis.7

4. Conclusion

SARS-CoV-2 after binding to ACE2 may lead to pleiotropic changes
in glucose metabolism. This, in turn, complicates the pathophysiology of
already existing diabetes or results in new mechanisms of disease.32
Previous research has also indicated high incidences of fasting glycemia
and acute-onset diabetes in people infected with SARS coronavirus 1
pneumonia.33

Viral infections are a major environmental factor in the etiology of
diabetes mellitus. Recent evidence indicates the bidirectional relation
ship between COVID-19 and diabetes. People infected with COVID-19
with elevated blood sugar levels and no history of diabetes should be
evaluated for the possibility of new-onset diabetes mellitus.
Complement-mediated thrombotic microangiopathies should be
watched in persons with COVID-19. A multidisciplinary approach
should be looked into while managing diabetes in persons with COVID19.

3.4. COVID-19 and thrombotic microangiopathy
Recent evidence suggests that signs and symptoms of COVID-19
infection resemble more the pathophysiology and phenotype of
complement-mediated thrombotic microangiopathies (TMA). Throm
botic microangiopathies are characterized by microvascular thrombosis
with thrombocytopenia, hemolytic anemia, and red blood cell
fragmentation:34
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• Pre-existing TMA and its markers (poor glycemic control and dura
tion of diabetes) are risk factors for the severity of the disease.35
• Thrombotic microangiopathies have been reported to be a common
event in people with COVID-19 and possibly involve endotheliummediated complement activation.36
• Due to overexpression of ACEs in endothelial cells and podocytes,
endothelium-mediated complement activation could be considered
as a single mechanism of viral action in susceptible organs.37
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