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A B S T R A C T

The Coronavirus Disease 19 (COVID-19) is a pandemic infectious disease caused by the novel corona
virus Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-CoV-2). Diabetes mellitus (DM) and
hyperglycemia are among the major comorbidities in patients with COVID-19 which might modulate
immune and inflammatory responses leading to poor outcomes. Several reports show that patients with DM
and COVID-19 are at an increased risk for developing severe complications including acute respiratory
distress syndrome, multi-organ failure, and death. Furthermore, compromised innate immunity, pro-
inflammatory cytokine milieu, reduced expression of ACE-2 and use of renin-angiotensin-aldosterone
system antagonists in diabetic patients may also contribute to poor prognosis in COVID-19. However, the
mechanisms underlying the relationship between COVID-19 and DM remain to be elucidated. The severity
and mortality was significantly higher in diabetic patients which may predispose patients with COVID-
19 to poor outcomes. Most of these conclusions are preliminary, and further investigation of the optimal
management in diabetic patients is necessary. Thus, it is imperative that diabetic patients should take all
necessary precautions and ensure good glycemic control amid with COVID-19 pandemic.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

The Corona Virus Disease 19 (COVID-19) is an infectious
disease caused by a novel corona virus, the Severe Acute
Respiratory Syndrome Corona Virus 2 (SARS-CoV-2),
was declared as global pandemic by the World Health
Organization (WHO) on March 11, 2020.1 Although SARS-
CoV-2 has shown phylogenetic and clinical similarities
with SARS-CoV, the novel corona virus has higher
transmissibility and lower case fatality rates.2 In spite of low
mortality rate of COVID-19, patients with co-morbidities
such as hypertension, cardiovascular disease (CVD), obesity
and diabetes mellitus (DM) are prone to more severe
symptoms leads to increase in mortality.3,4

DM is a chronic metabolic disorder that currently
affects about 422 million persons worldwide5,6and several

* Corresponding author.
E-mail address: vlashalatha@gmail.com (V. L. A. Latha).

evidences7,8 has highlighted that DM is one of the major
risk factors for fatal outcomes from COVID-19. It is known
that diabetic patients are vulnerable to infection because of
hyperglycemia in which angiotensin converting enzyme 2
(ACE2) is a receptor for SARS-CoV-2 in the human body
leading to impaired immune function.9 COVID-19 and DM
both are associated with acute and chronic inflammation,
which can impact each other in the clinical progression
and outcome. Therefore, it is vital to review studies on the
effect of these diseases and the pharmacological approach
in the management of diabetes coexisting with COVID-
19. In addition, knowledge of the molecular mechanism
of viral entry and replication can direct the treatment
strategies and future research on targeted antiviral drugs and
vaccines. In this review, we describe potential mechanisms
underlying the increased susceptibility of diabetic patients
to more COVID-19 disease, and also summarize the

https://doi.org/10.18231/j.ijcbr.2021.035
2394-6369/© 2021 Innovative Publication, All rights reserved. 163

https://doi.org/10.18231/j.ijcbr.2021.035
https://www.iesrf.org/
https://www.ipinnovative.com/open-access-journals
https://www.ijcbr.in/
https://www.ipinnovative.com/
https://crossmark.crossref.org/dialog/?doi=10.18231/j.ijcbr.2021.035&domain=pdf
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:reprint@ipinnovative.com
mailto:vlashalatha@gmail.com
https://doi.org/10.18231/j.ijcbr.2021.035


164 Latha / International Journal of Clinical Biochemistry and Research 2021;8(3):163–168

basic knowledge which extends the focus towards clinical
recommendations for diabetic patients at risk of or affected
by COVID-19.

2. Materials and Methods

An unrestricted search to December 31, 2020 in Scopus,
PubMed, Science direct, Google Scholar databases and
Web of science was executed. We searched the articles
related to “Type 1 diabetes mellitus”, “Type 2 diabetes
mellitus”, “new onset diabetes”, “pathophysiology”,
“age”, “gender”, “hyperglycaemia”, “comorbidities”,
“hypertension”, “cardiovascular disease”, “obesity”, in
conjunction with the terms “COVID-19” and “SARS-
CoV-2”. In addition, reference lists of eligible articles
were screened for further relevant studies and systematic
reviews scanned for appropriate references. No criteria for
publication data were set, and all articles in English were
included if published before August 30, 2020.

2.1. Clinical features

The COVID-19 is a highly contagious disease which
showed the wide spectrum of clinical presentations ranging
from asymptomatic infection to severe disease and classified
based on the severity10 i.e. into mild, moderate, severe,
and critical forms.3 The most common symptoms are
fever (98.6%), fatigue (69.6%), dry cough, and diarrhoea,
myalgia, and dyspnoea and uncommon symptoms include
sputum production, headache, haemoptysis, and diarrhoea.

The severity of COVID-19 in mild patients (81%) had
non-pneumonia or mild pneumonia with symptoms of an
upper respiratory tract viral infection11 i.e. dry cough,
mild fever, nasal congestion, sore throat, headache, muscle
pain, and malaise. Those with severe disease present with
severe pneumonia, acute respiratory distress syndrome
(ARDS), sepsis, or septic shock11 with clinical findings i.e.
severe dyspnea, tachypnea (respiratory rate > 30/minute),
respiratory distress, SpO2 ≤93%, PaO2/FiO2 < 300, and/or
greater than 50% lung infiltrates within 24 to 48 hours.
Critical patients had severe conditions, such as respiratory
failure, septic shock, and/or multiple organ dysfunction or
failure.11

Data from the Chinese Centres for Disease Control and
Prevention (CDC) suggest that the case fatality rate for
critical patients is 49%11and patients without comorbidities
have a lower case fatality rate (0.9%). Patients with pre-
existing comorbidities have a higher case fatality rate,
which include DM (7.3%), respiratory disease (6.5%),
cardiovascular disease (CVD) (10.5%), hypertension (6%),
and oncological complications (5.6%).12

2.2. Diagnosis

Understanding the evolving of COVID-19, the interim
guidance has been issued by the WebPages with links

and World Health Organization (WHO), by the United
States Centres for Disease Control and Prevention (US
CDC), Europe Centre of Disease Control (CDC), US FDA.

The preliminary identification of the SARS-CoV-2 has
been conducted by viral research institution in China
through the classical Koch’s postulates and observing its
morphology through electron microscopy.13 The clinical
diagnosis of SARS-CoV-2 is mainly based on a history of
epidemiology, clinical manifestations and some additional
examinations, such as detection of nucleic acids, CT scans,
IgM/IgG immune identification technology (POCT), related
to enzymes, immunosorbent assay (ELISA) and blood
culture.14

So far, the golden clinical diagnosis method of COVID-
19 is nucleic acid detection in the nasal and throat swab
sampling or other respiratory tract samplings by real-
time PCR (RT-PCR), chest x-ray or CT scan and further
confirmed by next-generation sequencing. The primers for
the SARS-CoV were developed with onset of disease in
2003 and are available on the WHO website at www.
who.int/csr/sars/primers. Presently ready to use PCR kits
are available for detections of this virus from various
specimens. Furthermore, clinical symptoms as well as
indications of patients infected with SARS-CoV-2 are very
unusual, such as respiratory symptoms, coughing, fever,
dyspnea, and viral pneumonia. Furthermore, additional tests
are needed for the diagnosis of COVID-19, as well as
epidemiological history of the patients.

2.3. Transmission

The early major cases (55%) clustered in Wuhan were
linked to the direct contact with local seafood whole sale
market and from local residents, but very soon WHO
identified that human-to-human is the frequent spread mode
of transmission.15 SARS-CoV-2 like SARS virus binds to
the human angiotensin-converting enzyme 2 receptor (ACE-
2) located on type II alveolar and intestinal cells.13 Thus
major mode of transmission of COVID-19 is inhalation
of infectious aerosols which include direct inhalation of
contaminated droplets released into the environment by
sneezing or coughing, and contact transmission via oral,
nasal, and eye mucous. Microbes in droplets <5µm in
diameter can stay in the air for a long time and can be
transmitted to others over distances of more than 1m. The
transmission ways of COVID-19 in humans were proposed
with incubation time of 2-14 days.16 In lab experiments,
infectious SARS-CoV particles were detected in aerosols
for 3 hrs.17 Some studies have shown the presence
of asymptomatic viral carriers with normal laboratory
and chest CT findings.18,19 The relative mechanism of
asymptomatic carriers to the COVID-19 disease burden
remains unclear so an effective intervention is needed to
prevent and control the spread of COVID-19.
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2.4. Clinical management

COVID-19 in majority of the population (80%) presents as
an asymptomatic or mild infection however, the pneumonia
and multiple complications, especially in certain high-risk
groups are developed by the disease. This can be achieved
with the use of acetaminophen, external cooling, oxygen
therapy, nutritional supplements, and anti-bacterial therapy.
The remaining 20% of infected patients will need admission
and hospital care, including 5% of them requires high flow
oxygen, extracorporeal membrane oxygenation (ECMO),
glucocorticoid therapy, and convalescent plasma therapy.
Therapeutically, aerosol administration of alpha-interferon
(5million units twice daily), chloroquine phosphate, and
lopinavir/ritonavir and11other anti-virals like ribavirin and
abidor12 are suggested. The use of three or more anti-
viral drugs simultaneously is not recommended. Ongoing
clinical studies suggest that remdesivir (GS5734) can be
used for prophylaxis and therapy.11 Furthermore, a fusion
inhibitor targeting the HR1 domain of spike protein is
reported to have the potential to treat COVID-19. Most
importantly, isolation remains the most effective measure
for containment of COVID-19.

3. Association between COVID- 19 and DM

3.1. DM and COVID-19: General considerations and
potential mechanisms

DM is one of the leading causes of morbidity and mortality
worldwide, and it is remain to be rise over the next few
decades and is more susceptible to broad range of infections
and seems to be independently associated with COVID-19
severity.9,20–22 Many studies show that DM is a frequent
pre-existing condition that is associated with severe disease
and death in patients with COVID-19.23 Furthermore, the
prevalence of DM in patients with COVID-19 depends on
the size and characteristics of study population. In a meta-
analysis of 7 studies including 1576 patients from China,
DM was the second most common comorbidity (9.7%)
followed by hypertension.22

The reports of the studies are suggested an association
between DM and poor prognosis, increased mortality of
COVID-19. So, to better understand COVID-19 in patients
with DM both basically and clinically we must be aware
of the clinical features, pathophysiology, and potential
mechanisms that increase the risk is needed to provide better
care and spur new investigations.

3.2. Covid-19, Hyperglycemia and ACE2

Several independent research groups investigated that
both SARS-CoV as well as SARS- CoV-2 utilizes
angiotensin converting enzyme-2 (ACE-2) as a cellular
entry receptor.24,25 Several studies also suggests that ACE-
2 protein is expressed in many human cells and tissues i.e.

alveolar cells of the lungs, pancreatic islets etc. and thus
serves as the site of entry for the virus into the body.26–28

Lu et al, suggests an association between ACE-2 and
glucose regulation and found that ACE-2 knockout mice is
more susceptible to high fat diet- induced pancreatic β-cell
dysfunction than wild- type mice.29 Furthermore, infection
with SARS-CoV can cause hyperglycaemia in people
without pre-existing diabetes mellitus. This finding and the
localization of ACE-2 expression in the pancreas together
suggest that corona viruses might specifically damages
islets, potentially leading to hyperglycaemia.30 SARS CoV-
2 induced impaired ACE-2 activity may hypothetically
attenuate the cardio protective role of ACE-2, exaggerate
inflammation, and contribute to severe lung injury in
COVID-19.

The primary target of SARS-CoV2 is lungs, in which
hyperglycaemia leads to a rapid deterioration in spirometric
functions, especially decreased forced expiratory volume
in 1 second and forced vital capacity.31 Furthermore, the
higher expression of “receptor” sites in pulmonary system
could help to explain the great proneness in DM patients
and hyperglycaemia for developing a severe disease.32,33

Further investigations are needed to better understand the
role of ACE-2 in diabetic patients during SARS-CoV-2
infection, which would enable the development of better
and more effective treatments for the COVID-19 pandemic.
Studies using samples from patients with COVID-19 are
warranted to investigate the co localization of SARS-CoV2
and ACE-2 and help in understanding the progression of
COVID-19 and the viral pathogenesis of SARS- CoV2.

4. Hyperglycemia and COVID-19

Glycemic variability is a prognostic factor in diabetic
patients with SARS-CoV2 infection. Bode et al.34 reported
that patients admitted with COVID-19 with either diabetes
or uncontrolled hyperglycemia (defined by two blood
glucoses of >180 mg/dL within a 24 hr period) had higher
mortality and longer hospitalizations. The mortality rate was
higher in those with uncontrolled hyperglycemia with or
without known history of diabetes (41.7%) as compared to
controlled diabetic patients (14.8%). Another recent study,
among 7300 hospitalized patients with COVID-19 found
that patients with diabetes and poorly controlled glycemia
has higher death rate compared to patients with better
controlled blood glucose.9

Several pathophysiological mechanisms were put
forward in supporting the association between DM and
COVID-19 severity. Some of them are higher-affinity
cellular binding, efficient viral entry, reduced viral
clearance, reduced T-cell function, enhanced susceptibility
to hyper inflammation and cytokine storm, and the presence
of cardiovascular diseases.35The COVID-19 infection
forces the stress of DM by releasing glucocorticoids and
catecholamines into circulation. These worsen glycemic
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control and increase the formation of glycation end
products in many organs and worsen prognosis.5 In
addition, hyperglycemia worsens the outcome by the
process of cytokine storm, endothelial dysfunction, and
multiple organ injuries.36

Apart from worsening of hyperglycemia, a retrospective
study from Wuhan reported that around 10% of the patients
with DM and COVID-19 suffered at least one episode of
hypoglycaemia (<3.9 mmol/L).37 Hypoglycemia, in turn,
contributes to cardiovascular events in patients with DM
by undue activation of the sympathetic nervous system and
by mobilizing pro-inflammatory monocytes and enhancing
platelet aggregation.38 Rodriguez-Guetierrez R et al39

found that severe hypoglycemia which may occur with strict
glycemic control may worsen the overall mortality rate.

4.1. SARS-CoV2 link with DM, immunity, cytokines and
increased inflammation

Innate immune system, the first line of defence against
SARS-CoV-2, is compromised in patients with uncontrolled
DM.5 The immune dysfunction in DM is contributed
by several factors, including hyperglycemia, inhibition
of neutrophil chemotaxis, altered cytokine production,
phagocytic cell dysfunction, impaired T cell-mediated
immune responses, and ineffective microbial clearance.40

The onset and progression of SARS-CoV-2 infection
is favoured in DM, by enhancing the inflammatory
reaction of innate immune system and impairing the
adaptive immune response to the virus.41 The humoral
system, which mediates immediate defence responses by
polymorphs, macrophages and dendritic antigen presenting
cells to pathogens, is attenuated in DM.42 Therefore,
increased susceptibility to infections has been related to
several immune defects, i.e. blunted anti-viral interferon-γ
response, delayed activation of CD4+ cells with shift toward
Th17 responses, and diminished regulatory T cells, which
all contribute to hyper inflammation.35,43 Furthermore,
increased production of advanced glycation end products
may also inhibit the generation of γ-interferon by T
lymphocytes44 which could reduce antiviral activity and
increase the severity of infection.

Yan Y8and his colleagues observed that immune,
inflammatory and coagulation abnormalities are
significantly pronounced in diabetics than in non-diabetics
in patients with COVID-19, independently of other co
morbidities, and to correlate with glycemic control,45

which may suggests that they are responsible for the
exacerbating effect of diabetes with related co-morbidities.
Evidence has suggested that SARS-CoV-2 infection
associated with DM can trigger stress conditions with
high secretion of hyperglycemic hormones (glucocorticoid
and catecholamines) which results in insulin resistance,
hyperglycemia and other complications.46,47 The main
target for infection is the insulin producing pancreatic

β-cells in the body leading to the subsequent destruction,
thus worsening the glucose homeostasis.

Respiratory viral infections including SARS-CoV-
2 generates the production of increased levels of
mainly type-1 cytokines, including interleukins (ILs),
IL-1, IL-8, chemokines, interferon (IFN-γ), interferon-
gamma-inducible protein-10 (IP-10), monocyte chemotactic
protein-1 (MCP-1) and tumor necrosis factor (TNF) in
the blood which is named as cytokine storm.48 The
concentration of these cytokines can be a predictive factor
in disease course and outcome,49 investigations on the
influence of the interaction between comorbidities, COVID-
19 and cytokines in DM are crucial for the development of
new treatments for COVID-19.50

Several studies have enumerated that serum levels of
interleukin-6 (IL-6), C-reactive protein (CRP) and ferritin
were significantly higher in patients with DM than those
without DM which is depicted in COVID-19 patients.51–53

As already discussed, the up regulation of ACE-2 is
associated with an increase in the levels of IL-1, IL-
10, IL-6, and IL-8 which are important cytokines in
the pathophysiology of COVID-19.4,54 However, IL-10
that acts as a negative regulator of inflammation process
which is at lower levels in diabetic patients.55 Fewer
studies have highlighted the usage of anti-TNF and anti-
IL-1β to regulate inflammation in COVID-19 patients.56

Thus, it is critical to maintain a balance between pro
and anti-inflammatory mechanisms to have balanced lung
homeostasis. This finding put forwards that diabetic patients
are more susceptible to an inflammatory cytokine storm
eventually leading to acute respiratory distress syndrome
(ARDS), shock and rapid deterioration of COVID-19.

In this review, we detail our present understanding of
the pathogenesis of SARS-CoV-2 and elucidate possible
mechanisms behind the increased susceptibility of DM
patients to infections.

4.2. Medical management of DM and COVID-19

Uncontrolled or stress hyperglycemia is associated with
increased severity of COVID-19 and mortality. In addition,
a very high level of blood glucose advances in the patient’s
illness and reaches to severe levels.57,58 Hyperglycemia can
also induce glycation of ACE-2, which may cause increased
entry of SARS-CoV-2 into the cells, leading to increased
inflammation and hyper immune responses.59 SARS-CoV-2
infection also increases the risk of thromboembolism which
is likely to induce cardio respiratory failure in patients with
DM than in patients without DM.60,61 All these mechanisms
are contributed to the poor prognosis of patients with DM
and COVID-19. Hence, it is essential to closely monitor and
manage blood glucose levels in patients hospitalized with
DM and COVID-19.

During the COVID-19 pandemic, the diabetic patients
should be aware that COVID-19 can increase blood levels
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of glucose and they should follow the clinical guidelines
strictly for the management of DM. The diabetic patients
should be extra vigilant in rigorous glucose monitoring and
careful consideration to prescribed medications which may
help in attenuating the worsening of symptoms and adverse
clinical outcomes.4,54

Even though hyperglycemia is main concern in this
context, one should not ignore the hypoglycemic episodes
as a result of viral pathogenesis, metabolic disturbances
in DM and interplay between drug treatments. Based on
the disease severity, presence of associated co morbidities
and diabetes-related complications one should formulate the
patient tailored therapeutic strategies and optimal glucose
control goals. Thus, in order to elucidate the impact of
DM as a risk factor for COVID-19 and to explore the best
prophylactic and therapeutic strategies for this high-risk
population, it is critical to design and conduct high-quality,
robust observational studies and clinical trials.

5. Conclusion

The knowledge about COVID-19 is growing rapidly in
which DM is most frequently reported co morbidities
in patients infected with COVID-19. There is paucity
of data in the India regarding comorbidities associated
with DM and COVID-19 outcomes and mechanisms that
modulate viral pathogenesis. Therefore it is pivotal for
clinicians to care for COVID-19 and diabetic patients in
sense of metabolic risk factors associated with severity of
disease, and the developments emerging on the metabolic
interactions between anti-diabetic agents, RAAS inhibitors
and potential drug treatments.

Identification of clinical and biochemical parameters
using multi-omics approaches that predict severity of the
COVID-19 in DM using large data sets is urgently needed.
The great challenge in management of diabetes in COVID-
19 patients is required by much-integrated therapy which
is an indispensable strategy to reduce the risk of medical
complications of the disease. Careful assessment of many
components that contribute to poor prognosis with COVID-
19 in diabetic patients may represent the best to overcome
the current situation and enable our health systems to
face any future challenges in a prompt and effective
management.
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