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Abstract

The aim of the present review is to overview the common properties of corona virus and hence proofs well beginning of corona
virus in persons with diabetes, and its treatment. Globally, it has been observed that according to the statistics, India has the
second largest number of people with diabetes. Literature review has been implemented within the databases using suitable
keywords. For persons suffering from diabetic disorder, the COVID-19 infection becomes a dual challenge. Diabetes is a severe
metabolic situation which causes the sugar levels in the blood to increase than the normal level. Normally, communicable disease
like COVID-19 is more prevailing in patients with diabetes. Diabetic patient has poor immune response to infections. The
different bacterial, viral, parasitic, and mycotic infections showed increased probability in diabetic patients as compared to
non-diabetic patient. All these conclusions clear out the intention that the diabetic patients are more susceptible to enhanced
inflammatory response that may lead to rapid spreading of COVID-19 infection with high rate of mortality. In the present
situation of pandemic, managing diabetes seems to be quite challenging and diabetic patient having COVID-19 infection should
follow normal course of antihypertensive and antidiabetic drugs prescribed with the exception of sodium glucose co-transpoters-
2 inhibitors which would increase the risk of dehydration and ketoacidosis. In view of above discussion, this article highlights the
proposed mechanism of COVID-19 infection linking it with diabetes, antidiabetic drugs to be used in COVID-19 infection along
with their advantages, and disadvantages and management of COVID-19 infection diabetic patient.
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Introduction

Corona virus disease is caused by corona virus Severe Acute
Respiratory Syndrome (SARS)-COVID-2 that have been
quickly spread in near about 160 countries all over the world.
On average, 6—8 days is its incubation time, following 1-2
weeks of symptomatic disease. COVID-19 being highly in-
fectious disease. It spreads person-to-person through close
contact with someone who is infected with the virus.
COVID-19 symptoms can appear from 2 to 14 days after
being exposed, which includes cough, body temperature, my-
algia, pneumonia which is a viral infection, and failure of
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respiration. In severe situations, it also leads to death (Del
Rio and Malani 2020). A family of disease which is called
as diabetes type 1 and 2 is characterized by high blood sugar
level where body either fails to make enough insulin or unable
to use insulin effectively. (otherwise known as high or blood
glucose) (Yang et al. 2020a, b). Approximately 425 million
people at present across the world have diabetes of which 10%
cases are of type 1 and rest 90-95% are of type 2. The sugar
builds up in the plasma when our body does not make any or
enough of the insulin that aids in the body to gain sugar into
the cells for source of energy (Guan et al. 2020). Another
usual type is type 2 diabetes, in which the body does not
make enough of glucose or appropriately use the insulin it
has (Yang et al. 2020a, b). In diabetes management, healthy
nutrition is an essential component which is important for
patients with diabetes to have a different and balanced diet
to stabilize their blood glucose levels and enhance their im-
mune system (Zhang et al. 2020). Among those with severe
COVID-19, there is a severity of concomitant conditions such
as diabetes, cardiovascular disease, hypertension, obesity, and
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chronic obstructive pulmonary disease (COPD) (Ruan et al.
2020).

People above the age of sixty and people with pre-existing
diseased status, such as diabetes, heart disease, and asthmatic
conditions, appear to be more expected to become infected
and severely ill by COVID-19 virus (Bontempi 2020). The
reason for this is that if a diabetic individual gets infected with
virus, it is difficult to maintain fluctuating blood sugar level
because of diabetes complications, first in this condition im-
mune system is weak and therefore not able to fight with viral
infection and secondly virus grows well in the presence of
increased blood sugar level.

There is an evidence that due to COVID-19, there occurs
acute respiratory distress syndrome (ARDS) and respiratory
failure, caused by a defective immune response, symptomized
by a rapid proliferation and hyper activation of T cells, mac-
rophages, (Zhou et al. 2020) natural killer cells, and an over
production of chemical mediators (the so called cytokines
storm), including pro-inflammatory cytokines (Leung 2020)
and chemokines leading to an enhanced vascular permeability
with the failure of multiple-organs (Wu et al. 2020a).

Pathogenetic link between COVID-19 infection and diabe-
tes has impact on glucose homeostasis, immune status, in-
flammation, and renin angiotensin aldosterone system.
Various therapeutic agents used in the management of
COVID-19 infection may disturb the glucose metabolism, so
in order to lower down the rate susceptibility and to reduce the
serious outcomes of COVID-19 infection in a diabetic indi-
vidual, a strict control and monitoring of glucose level has to
be done. Various studies related to this suggest that insulin and
dipeptidyl peptides -4 inhibitors are drug of choice in order to
reduce the severe complications. Since till date there is no
definite therapy against COVID-19 infection, therefore, the
objective of the presented review is to discuss general clinical
guidelines a diabetic patient should follow to maintain glucose
level for the management of COVID- 19 infection which in-
cludes daily physical activity and maintaining healthy
diet along with antidiabetic drugs.

COVID-19 infection: mechanism

Corona virus is infecting humans since long time as it is the same
virus which is responsible for causing the common cold. It is a
transferable viral infection that primarily spread through the
droplets present in the air discharged by infected person in open
air as a result of coughing and sneezing which are then inhaled
by healthy individual or by touching the articles in contact with
infected person (Byass 2020). The genome of corona virus
formed of approximately 30000 nucleotides. It identifies four
structural proteins, nucleocapsid (N) protein, membrane (M) pro-
tein, spike (S) protein, and envelop (E) protein and many other
non-structural proteins (Cai 2020). The protein shell of virus is
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capsid that contains its genetic material and N-protein that binds
to the virus single positive strand RNA to allow the virus to have
a control over human cells and turn them into viral factories (Li
et al. 2020a; Fisher et al. 2020). The N protein envelops the viral
RNA genome and plays important role in viral replication and
transcription. Membrane (M) protein is present on the viral sur-
face and regulate the organization of corona virus assembly. The
S-protein is antigen component which is responsible for inducing
host immune response and attachment of the virus to the host cell
surface receptors and that allows virus to enter into the host cell.
E protein is small membrane protein and is responsible for viral
assembly, membrane permeability of host cell, and viral and host
cell interaction (Yang et al. 2020a, b). The mechanism involved
in the entry of virus causing Corona infection into human cells
followed by its replication and RNA packing is outlined in (Cave
2020; Hung et al. 2004) Fig. 1.

The corona virus spike (S) protein binds to angiotensin
converting enzyme 2 (ACE2) receptors found on the surface
of many human cells, involving those in the lungs make it
possible for virus to get assess in to human cells to induce
proteolytic cleavages by host proteases (Chen et al. 2020a,
b) (i.e., trypsin and furin), at the interface of S1, S2 subunits,
after this cleavage of the S2 domain occur in order to release
the fused peptide (Schoen et al. 2019; He et al. 2020).

Relationship between COVID-19 and diabetes

The relation between diabetes mellitus and the projection of
COVID-19 infection can be studied via comparing data from
diabetes and non-diabetes groups. In various investigations, it
has been found that diabetic individuals elicit high level of
neutrophils (Davies et al. 2020; Eslami and Jalili 2020; Fan
et al. 2020), C-reactive protein, procalcitonin, and D-dimer,
and lower levels of lymphocytes and albumin among in com-
parison to non-diabetic individuals. Further, there are signifi-
cantly higher incidence of bilateral pneumonia, respiratory
distress, acute cardiac injury, and death seen in diabetic pa-
tient. Observations suggested diabetes to be an independent
risk factor for the projection of COVID-19 (Wang et al.
2020a; Liu et al. 2020b). Risk of progression of disease
seemed higher and prediction appeared worse following the
infection of severe acute respiratory syndrome corona virus 2
(SARS-CoV-2) among patients with diabetes requiring insu-
lin (Ferlita et al. 2019; Yao et al. 2020).

Various mechanisms linking diabetes
to Corona virus infection

Different proposed mechanisms for understanding the nega-
tive effect of diabetes in Corona virus infected individual are
summarized in Fig. 2 which includes elevated blood glucose
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Fig. 1 The proposed process of entry of a virus followed by replication process and packing of RNA in the human cell

level along with accompanying imbalance in the pathway in-
volved in viral cell entry, decreases clearance of virus, poor
functioning of T Cells, increased susceptibility to hyper in-
flammation due to release of higher amount of inflammatory
cytokines, and finally complications related to diabetes such
as cardiovascular disease (Critchley et al. 2018; Wu et al.
2020b; Zietz and Tatonetti 2020).

Antidiabetic drugs in COVID-19 infection

Different considerations for patients with COVID-19 might
raise use of antidiabetic agents. In an out-patient having mild

===

Fig. 2 Different proposed mechanisms describing the negative impact of
diabetes in Corona virus infection

COVID-19 infection, with diabetes, usual glucose-lowering
therapies could be continued (Huttunen and Syrjdnen 2013;
Pal et al. 2020). Gliptins also called as dipeptidyl-peptidase 4
(DPP-4) may be considered as they have some potential of
preventing clinical course of COVID-19 infection as they
have positive impact on modulation of viral entry and over-
production of cytokines. Other antidiabetic drugs such as so-
dium glucose co-transporter 2 (SGLT-2) may likelihood to
increase the risk by inducing ketoacidosis in already insulin-
deficient condition therefore required to be stopped. Potential
advantages and disadvantages of some of the novel antidia-
betic drug in covid-19 infection are discussed in Table 1.

Management for COVID-19

Standard care should be followed for the proper management
of Corona virus infection. It puts forward a special challenge
for those with preexisting endocrinopathy, especially for dia-
betes. The special care should be taken to maintain hormonal
imbalance in persons on hormonal replacement or supplemen-
tation therapy (Hartzband and Groopman 2020; Han et al.
2020). Corticosteroids, for example, can cause instability in
maintaining blood sugar level means it may induce either
hypo or hyperglycemia, and on the other side, long-term use
of antiretroviral may be associated with metabolic syndrome.
Proper care should be taken while choosing parenteral nutri-
tion: a balance must be maintained between calorie intake,
nutrient intake balance, and sleep to achieve proper control
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Table1 Antidiabetic drugs for COVID-19 diabetic complication (Honce and Schultz-Cherry 2019; Almond et al. 2020; Dixon and Peters 2020; Wan
et al. 2020; Hoffmann et al. 2020; Li et al. 2017; Spiegel et al. 1983; Zhu et al. 2020)
Drug Efficacy Safety Indications for Covid-19 Reference
treatment
GLP1 Increased glucose lowering effect, Nausea, vomiting, diarrhea, risk ~ Improved clinical outcomes Belanci¢ et al. 2021
receptor modest weight loss, low risk of acute pancreatitis as per and proved beneficial due
agonist of hypoglycemia warning issued by FDA anti-inflammatory and
anti-obesogenic properties.
DPP-4 Moderate glucose lowering effect, does ~ Risk of acute pancreatitis as Reduce severity of COVID-19  De Vries and
inhibitors not affect body weight and per warning issued by FDA infection Rosenstock
less risk of hypoglycemia 2017
SGLT2- Moderate glucose lowering effect High risk of occurrence of Increase the risk of euglycemic ~ Kalra et al. 2020.
inhibitors and body weight, low risk of genitourinary infection, not diabetic ketoacidosis

hypoglycemia

recommended in eGFR
< 45 min/ml

(euDKA)
in acute COVID-19 illness.

over blood glucose level (Brancatella et al. 2020; Hultstrom
et al. 2020; Luo et al. 2020). All management for diabetic
patient with corona virus infection should follow the princi-
ples of investigative parsimony and therapeutic parsimony
(Ornstein et al. 2020; Zhang et al. 2020). According to these
systems, the minimum number of investigations, drugs, drug
combination, dose, and dosing frequency to be used in order
to have optimal therapeutic results (Chen et al. 2020a;
Kronbichler et al. 2020). Although it is difficult to apply these
principals in diabetes as it is metabolic disorder that is associ-
ated with multiple pathophysiological abnormalities because
of which it is difficult to maintain blood sugar level, but with
availability of recent fixed dose combination and therapeutic
agents having broad spectrum of glucometabolic control al-
lows the proper management of diabetes (Lai et al. 2020; Li
et al. 2020b).

The public health management

In order the treat severely ill patients, measurement of endo-
crine status can be taken as a tool for public health manage-
ment, especially for those suffering from diabetes, along with
the elderly individuals above 60 years of age, they are asked to
self-isolate and restrict their movement in view of their in-
creased susceptibility (Casqueiro et al. 2012; Gupta et al.
2020; Oliveiros et al. 2020). In the same way for those which
require chronic endocrine/metabolic care, for example in case
ofunderactive thyroid functioning, metabolic bone disorder or
gonadal disease are advised to avoid routine hospital visits
(Pivonello et al. 2016; Haramoto et al. 2020). Such measures
will help reduce exposure of susceptible individuals to the
COVID-19 virus, and slow down frequency of mass spread-
ability (Otter et al. 2016; Wang et al. 2020b). The COVID-19
pandemic is an ill-fated development for world health (Jiang
and Rajagopal 2020; Xie and Zhu 2020; Zheng et al. 2020a).

@ Springer

The link between endocrinology and COVID-19 is depicted in
Fig. 3.

Prevention

COVID-19 virus communicates via small drops that spread
into the environment when an infected sneezes or coughs.
Any person who is approachable at 6 feet of this infected
person can come in contact with these droplets (El-Farhan
et al. 2017; Mohammadi et al. 2020). COVID-19 may even
spread from touching the frequently touched surfaces the in-
fected person may have touched. Diabetic patients can take
precautions and save themselves from COVID-19 infection
by (Laffel 2000; Bornstein et al. 2016; Qin et al. 2019;
Umpierrez and Pasquel 2017; Tandon et al. 2017; Prajapat
et al. 2020) washing hands frequently, avoiding contact with
infected person and surfaces that were touched by others, reg-
ularly cleaning and disinfecting potentially contaminated sur-
faces like tabletops, door handles, countertops, etc., and not
touching the mouth, eyes, or nose, with unwashed hands;
follow social distancing — staying at least 6 feet away from
anyone in public places; avoiding any contact with sick peo-
ple, especially with those having fever, cough, or both; getting
at least 7-h sleep at night to keep the immune system strong
and reducing the stress level as much as possible; and main-
taining suitable intake of fluids and food but ensuring that this
is as per the diet plan to keep good control over the blood
sugar levels (Liu et al. 2020a; Zhao et al. 2020).

Future prospects and conclusion

An upcoming upliftment is immediately required for a proper
systematic understanding of the differences in predispositions
of genetics among different populations, that undergoes
patho-physiological mechanisms. Hence, a foremost
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Fig. 3 Endocrinology and COVID-19—the link (Bar-Or et al. 2019; Ortega Chavarria et al. 2019; Ellger et al. 2005)

informative and knowledgeable research in this relationship
and in its management must be warranted. All over the world,
in more than 200 countries or territories, there exists greater
than 14,650,000 confirmed cases, with more than 600,000
deaths. An evidence of people with diabetes which is in-
creased by two to three-folds are more likely to cause hike
in the death rate because of this pandemic (Prajapat et al.
2020; Zheng et al. 2020b; Singhal 2020; Yi and Kang
2017). It can be concluded that though diabetic patients are
at risk of more severe medical complications from COVID-
19, it is possible to decrease the risk by maintaining good
control over the blood sugar levels and following COVID-
19 infection prevention measures (Lescure et al. 2020;
Medema et al. 2020). To maintain a balanced glucose control
is important, as both higher and lower level of blood glucose

level are associated with enhanced inflammatory responses
and acute cardiovascular event. The different glucose-
lowering and anti-inflammatory agents such as insulin and
GLP-1RAs, alone or in combination, represent a strong ther-
apeutic approach to treat asymptomatic and non-critically ill
COVID-19 diabetic patients. However, more prospective and
detailed studies are required to evaluate the use of these
glucose-lowering injective agents and correlate them with bet-
ter outcomes that lowers the rate of morbidity and mortality
with respect to SARS-CoV-2.
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