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ARTICLE INFO ABSTRACT

Keywords: Pandemic coronavirus disease-2019, commonly known as COVID-19 caused by severe acute respiratory syn-
Coronavirus drome coronavirus-2 (SARS-CoV-2) is a highly contagious disease with a high mortality rate. Various co-
COVID-19 morbidities and their associated symptoms accompany SARS-CoV-2 infection. Among the various comorbidities
S"\RS'COV'z like hypertension, cardiovascular disease and chronic obstructive pulmonary disease, diabetes considered as one
]():(1;::]3;31 dities of the critical comorbidity, which could affect the survival of infected patients. The severity of COVID-19 disease
Epidemiology intensifies in patients with elevated glucose level probably via amplified pro-inflammatory cytokine response,
Treatment poor innate immunity and downregulated angiotensin-converting enzyme 2. Thus, the use of ACE inhibitors or
Management angiotensin receptor blockers could worsen the glucose level in patients suffering from novel coronavirus in-

fection. It also observed that the direct B-cell damage caused by virus, hypokalemia and cytokine and fetuin-A
mediated increase in insulin resistance could also deteriorate the diabetic condition in COVID-19 patients. This
review highlights the current scenario of coronavirus disease in pre-existing diabetic patients, epidemiology,
molecular perception, investigations, treatment and management of COVID-19 disease in patients with pre-
existing diabetes. Along with this, we have also discussed unexplored therapies and future perspectives for

coronavirus infection.

1. Introduction

Coronavirus Disease-19 (COVID-19) caused by a virus of the family
Coronaviridae (commonly known as Corona Virus), documented as
SARS-CoV-2. According to past studies, several severe diseases like
Severe Acute Respiratory Syndrome (SARS) and the Middle East re-
spiratory syndrome (MERS) affected humans by viruses belonging to
the same Coronaviridae family. Likewise, SARS-CoV-2, SARS and MERS,
HKU1, NL63 and OC43 viruses also belong to the family of
Coronaviridae. The first outbreak of the coronavirus reported in Wuhan
city of China where bats were consumed as a food item and are assumed
the foremost reason to justify the outbreak of this novel virus. There are
various theories associated with the outbreak of this deadly virus. Novel
coronavirus caused the disease to have an identical genome sequence to
the coronavirus found in the bats which are sold in Wuhan city market
[1]. The worst part about this novel virus is that it spread rapidly
throughout the world, due to its high contagious nature and as per now,
no effective treatment is available for which made it more detrimental.
Fig. 1 demonstrate worldwide SARS-CoV-2 affected areas [2].
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Scientists all over the globe, working hard to find suitable vaccines
or treatments to treat the novel virus infection. Recently the World
Health Organization (WHO) declared this novel virus infection as a
pandemic. At present, the exact number of confirmed infected patients
are 15,656,766 and 636,575 deaths from the COVID-19 as of July 24,
2020, 04:58 GMT (Fig. 2) [2,3].

In medicinal sciences, comorbidity mainly defined as a condition
present concurrently; however, individuals with an additional condi-
tion or a related medical condition. In simple term, comorbidity defines
the effect of all other situations an individual patient might have other
than the primary condition of interest and can be physiological or
psychological. American epidemiologist A. R. Feinstein first introduced
the term comorbidity in the 1970s. The combination of a prolonged
disease like diabetes and a severe viral infection like COVID-19 gives a
tough challenge to the medical profession to save lives. Diabetes mel-
litus (DM) is a chronic disease that affects the global population. Both
diabetes type 1 and 2 are a family of diseases that results in elevated
sugar level in the blood. When the body unable to produce a sufficient
amount of the hormone insulin, which helps the body to get glucose
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Fig. 1. Worldwide severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) affected areas.
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Fig. 2. Top 10 Countries affected by SARS-CoV-2 infection.

* First outbreak occurred in Wuhan City, China. (Highlighted in bold and red).
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

into cells for energy, the glucose builds up in the blood. The overall
diabetes occurrence in 2019 projected to be 9.3% with a probable value
of 463 million people suffering from the condition [4,5]. Patients with
diabetes considered as high-risk patients for acquired infections. The
higher the glucose, the higher the risk of infections [6]. The vast ma-
jority of patients in the United States are not reaching glucose goals
(70%) [7]. Besides, most patients with diabetes develop over time, co-
morbidities that increase such risks. Hypertension, diabetes, cardio-
vascular disease (CVD) and obesity are few known or common condi-
tions related to metabolic syndrome, and altogether or individually,
they can be inclined towards a set of causes linked to COVID-19 pa-
thogenesis. Coronavirus does have a potential ability to destroy islets by
their angiotensin-converting enzyme 2 (ACE2) receptor present in islets
and hence promote diabetes during the infection. According to studies,
the virus predominantly infects human by allowing the cells to enter
through the ACE2 receptor [8]. Due to insufficient genetic data, the
existence of coronavirus S-protein binding resistant towards ACE2 still
a mystery [9]. Dysglycemia is well known to downregulate critical
mediators of the innate immune response of the host to pathogenesis.

Patients associated with hyperglycaemia, diabetes and insulinopenia
deliberately disabled the host innate and humoral immune system by
weakening the synthesis of pro-inflammatory cytokines along with their
downstream acute phase reactant.

In addition, immune responses get reduced by impairing lympho-
cyte and macrophage functions due to metabolic disorders which
afterwards render patients more likely to be affected by the infectious
disease [10]. Though limited data is there regarding COVID-19 patients
with diabetes Wuhan shows 42.3% of 26 fatalities due to COVID-19,
where patients have diabetes [11]. The Wuhan city of China conducted
studies where it is found that diabetes was not a significant predictor of
mortality in one study group of 140 patients with COVID-19 [12].
Whereas, another group of 150 patients were 68 deaths cases and 82
recovered patients were reported showed that the number of co-mor-
bidities to be a risk factor for severe disease course [13]. Evaluation of
11 studies associating laboratory abnormalities in COVID-19 patients
did not report diabetes or raised blood glucose level as a risk factor
[14]. Apart from all these contradictory data and reports, Chinese
Centre for Disease Control and Prevention published a report where
they showed all over 72,314 cases of COVID-19 and showed increased
mortality rate in people with diabetes (2.3%, overall and 7.3%, patients
with diabetes) [15]. Agreeing with Current Diabetes Review, type 2
diabetes increase the incidence of infectious diseases and related co-
morbidities, and type 1 also do the same [16].

2. Diabetes as a threat in coronavirus infection

Diabetes is one of the standards and significant risk factor connected
with mortality triggered by COVID-19. Diabetes closely characterised
by impaired immunity that assumed to lead an augmented suscept-
ibility to COVID-19 contagion, particularly in those with an elevated
level of blood glucose. Cardiovascular disease, collective comorbidity
towards endocrine disease comprising diabetes, is a significant donor to
COVID-19 morbidity [6,17].

Prominent data of COVID-19 patients associating several other
diseases such as hypertension, diabetes and CVD suggest that different
studies have different prevalence rate globally, according to a report on
comorbidities in COVID-19 patients by Singh et al., states that a pooled
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Table 1
Different comorbidities in SARS-CoV-2 infected patients.
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Sl no Investigator Total number of patients Diabetes (%)

Hypertension (%)

Cardiovascular disease (%) Chronic obstructive pulmonary disease (%)

Comorbidities in coronavirus infected patients in China

1. Liu et al. [25] 61 8.2 19.7
2. Guan et al. [26] 1099 7.4 15.0
3. Huang et al. [27] 41 19.5 14.6
4. Chen et al. [17] 99 12.1 NR
5. Wang et al. [28] 138 10.1 31.2
6. Zhou et al. [29] 191 19.0 30.0
7. Zhang et al. [12] 140 12.1 30.0
8. Yang et al. [30] 52 17.0 NR
9. Wu et al. [31] 201 10.9 19.4
10. Guo et al. [32] 187 15.0 32.6
11. Liu et al. [33] 137 10.2 9.5
12. Chen et al. [34] 274 17.0 34.0
13. CDC (China) [20] 20,982 5.3 12.8
Comorbidities in coronavirus infected patients in Italy

1. Onder et al. [21] 355 35.5 NR
2. CSG (Italy)” [23] 481 33.9 73.8
Comorbidities in coronavirus infected patients in the USA

1. Bhatraju et al. [22] 24 58.0 NR
2. CDC (USA) [24] 7162 10.9 NR

1.6 8.2
3.8 1.1
15.0 2.4
40.0 1.0
19.6 2.9
8.0 3.0
8.6 1.4
23.0 8.0
4.0 2.5
11.2 2.1
7.3 1.5
8.0 7.0
4.2 2.4
42.5 NR
30.1 13.7
NR 4.0
9.0 9.2

2 COVID-19 Surveillance Group of Italy.

data from 10 Chinese studies (n = 2209) reported an occurrence of
diabetes, hypertension and CVD in 11%, 21% followed by 7% sepa-
rately [18]. Likewise, Yang et al. reports agreeing with a meta-analysis
of 8 trails of 46,248 patients having diabetes, CVD and hypertension
prevalence of 8%, 5% and 17% respectively [19]. A report from the
Chinese Center for Disease Control and Prevention (China CDC) that
investigate a study in 20,982 COVID-19 patients having pre-existing
diabetes followed by CVD and hypertension in approximately 5.3%,
4.2%, and 12.8% respectively. This study was done by the Epide-
miology Working Group of China CDC [20]. A report by Onder et al.
from Italy state that out of the total 355 novel coronavirus infected
patients 43% of the patients associated with CVD and 36% of patients
having a pre-existing diabetic profile [21]. Similarity with the Italian
study as reported by Bhatraju et al. claimed that out of 24 patients of
COVID-19, 58.0% of patients associated with diabetes [22]. COVID-19
surveillance group of the USA CDC reports an incidence of 10.9% from
the total 7162 coronavirus infected patients having diabetes, followed
by 33.9% of patients in Italy (n = 481) reported by COVID-19 sur-
veillance group, Italy [23,24]. In Table. 1 different comorbidity asso-
ciated with novel coronavirus infection is shown.

Due to less data availability, it is difficult to conclude that pre-ex-
isting diabetes in coronavirus affected patient increases the mortality
rate. In Table 1, the incidence of various comorbidities in obtainable
reports of patients having COVID-19 shown. In Fig. 3 a graphical re-
presentation demonstrates which elaborate the association of diabetes
along with novel coronavirus infection.

Only a few reports are existing that includes the severity of cor-
onavirus infection in pre-existing diabetes patients [35]. Liu et al. re-
port a study that includes 61 patients in which 5 patients are having a
pre-existing diabetic profile (8.2%). In that report, 17.6% of cases are
severe, whereas 4.5% of cases are non-severe [25]. In another study,
Guan et al. reports out of 1099 COVID-19 cases 81 patients also suf-
fering from diabetes (7.4%), in which severe and non-severe cases are
16.2% and 5.7 respectively [26]. Wu et al. state in a report that 14
patients out of 138 patients having diabetes (10.1%) as comorbidity, in
which 5.9 cases are severe and 22.2% cases are non-severe [31]. In
addition to these reports, Zhang et al. report a study of a total of 201
patients in which 22 are diabetic (12.1%). That further states 19.2%
and 5.1% of cases are severe and non-severe, respectively [12]. Huang
et al. in a study report that out of 41 total cases, 8 are having diabetes
(15%) in which 25% are severe cases, and 8% are non-severe cases
[27]. In a report of Centers for Disease Control and Prevention USA

states that out of 7162 patients 784 having a diabetic profile (10.9%) in
which 32% are severe, and 9.4% are non-severe [24]. Mention in Table.
2 highlights the incidence of diabetes in COVID-19 patients & Fig. 4
represent the severe and non-severe incidences of diabetes in COVID-19
patients.

The survivor, non-survivor percentage of patients having pre-ex-
isting diabetes suffering from COVID-19 is eye-catching. In a report by
Yang et al. demonstrate that out of 52 patients, 9 having a diabetic
profile (17%) in which 10% of cases are survivors whereas 22% of are
non-survivors [30]. In another study by Zhou et al. reports that 36 cases
are diabetic (19%) out of 191 cases, 14% survive, whereas 31% is non-
survival cases [29]. Wu et al. in a study report that out of 88 patients,
16 patients have diabetes in that 12.5% are survivors, and 25% are non-
survivors [31]. In a study of 274 patients, 47 having diabetes (17%)
reported by Chen et al., in which 14% are survivor, whereas 21 are non-
survivor [34]. In an extensive study by Guan et al. which reports that
out of 1099 cases, 81 having a diabetic profile (7.4%) in which 6.1% are
survivors and 26.9% cases are non-survivors [26]. Table 3 and Fig. 5
represent the incidence of survivor and non-survivor COVID-19 patients
with diabetes.

Death rate appears to be about threefold greater in the case of
people having diabetes matched with the overall mortality of COVID-19
in China [12,13,15,19,26,29-31,36,37]. Remarkably, diabetes used to
be a more significant risk factor for severe disease and mortality in the
earlier SARS, MERS coronavirus infections along with severe influenza
A H1IN1 pandemic in 2009 [38-40]. Patients with type 2 diabetes tend
to be obese, and obesity is another risk factor for severe infection [41].
It was clarified from the period of influenza A HIN1 epidemic in 2009
that the disease was more severe and had a lengthier duration of ap-
proximately two-fold more patients with obesity who were then treated
in intensive care units compared with a related population [40-42].
Specifically, a high-risk factor always associated with metabolically
active abdominal obesity. A chronic low-grade abdominal obesity re-
sulted due to abnormal secretion of adipokines and cytokines (TNF-a,
interferon) may lead to induce in impaired immune response [41-43].
People are suffering from severe abdominal obesity as well having
complications like mechanical respiratory problems, with the reduction
in the ventilation of the basal lung caused increase in the risk of
pneumonia in addition to resulting declined oxygen saturation of the
blood. Obesity suffering people are also showing an increased incidence
of asthma risk, and those patients with obesity and asthma have shown
diverse symptoms, extra frequent and severe exacerbations and also
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Table 2

Incidence of severe and non-severe cases of diabetes in SARS-CoV-2 infected patients.
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Sl no Investigator Total number of patients Patients with pre-existing diabetes Severe cases in percentage (%) Non-severe cases in percentage (%)
1. Liu et al. [25] 61 5 (8.2%) 17.6 4.5
2. Guan et al. [26] 1099 81 (7.4%) 16.2 5.7
3. Wang et al. [28] 138 14 (10.1%) 22.2 5.9
4. Wu et al. [31] 201 22 (10.9%) 19.0 5.1
5. Zhang et al. [12] 140 17 (12.1%) 13.8 11.0
6. Huang et al. [27] 41 8 (15%) 25.0 8.0
7. CDC (USA) [24] 7162 784 (10.9%) 32.0 9.4
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Fig. 4. Incidence of severe and non-severe cases of diabetes in SARS-CoV-2 infected patients.
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Table 3
Incidence of survivor and non-survivor COVID-19 patients having diabetes.
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Sl. no  Investigator Total number of patients

Patients with pre-existing diabetes

COVID-19 survivor in percentage (%) COVID-19 non-survivor in percentage (%)

1 Yang et al. [30] 52 9 (17%)

2. Zhou et al. [29] 191 36 (19%)

3. Wu et al. [31] 88 16" (18.2%)
4 Chen et al. [34] 274 47 (17%)

5 Guan et al. [26] 1099 81 (7.4%)

10 22
14.0 31.0
12.5 25.0
14.0 21.0
6.1 26.9

@ Patients having a profile of acute respiratory distress syndrome (ADRs).

affected decreased response to several asthma medications [44].

In general, patients who have diabetes, often have weakened im-
mune response, both concerning cytokine profile as well as changes in
immune-responses together with T-cell and macrophage activation
[45]. Weaker glycaemic control harms several aspects of the immune
response by a viral infection and in addition to the risk of potential
bacterial secondary infection in the lungs [46]. According to reports, it
is shown that a novel virus-infected patient having pre-existing diabetes
history shows a reduction in metabolic control all over the world.

Not only diabetes, its associated diseases such as diabetes ketoaci-
dosis, nephropathy and ischaemic heart disease can also cause the
susceptibility to COVID-19 disease severity. This kind of complication
results not only in an increased number of infected patients but also
causes an inadequate immune response. In several cases, patients re-
quired care, such as acute dialysis. Few reports indicate that COVID-19
could be the reason behind acute cardiac injury through heart failure,
leading towards deterioration in circulation [37]. Without a doubt,
individuals with diabetes are always in high-risk for severe disease.

3. Epidemiology behind diabetes and COVID-19

The latest meta-analysis from China states that among 46,248 pa-
tients infected by COVID-19, most of the patients have pre-existing
disease background. Hypertension remains on top (17 * 7, 95%
confidence interval (CI) 14-22% followed by diabetes (8 + 6, 95% CI
6-11%), cardiovascular diseases (5 = 4, 95% CI 4-7%) and re-
spiratory diseases (2 = 0, 95% CI 1-3%), which unexpectedly arises
much later than the components of metabolic syndrome. Patients suf-
fering from the severe disease were 2.36 times more probable to have

hypertension (95% CI 1.46-3.83), 2.46 times expected to have re-
spiratory disease (95% CI 1.76-3.44) and 3.42 times likely to have
underlying cardiovascular disease (95% CI 1.88-6.22), as compared to
those with the mild disease who do not require any hospitalization
[19]. In a cohort of 54 severely ill patients admitted with COVID-19
pneumonia in China, 44.4%, 24.1% and 14.8% of patients had pre-
existing hypertension, diabetes and coronary heart disease, respec-
tively. In which 44.4% of patients were complicated with myocardial
injury as demonstrated by elevated cardiac enzymes, and N-terminal
pro-B-type natriuretic peptide. These patients are having a profile of
very high mortality of 48.1% [47]. In another cohort study of 131 pa-
tients with COVID-19 infection admitted at a hospital in Wuhan, hy-
pertension was the most common associated comorbidity (30%), fol-
lowed by diabetes (19%) and coronary artery disease (8%) [48].

4. Molecular perceptions of diabetes and COVID-19

Earlier SARS virus has been reported to bind target cells through
angiotensin-converting enzyme 2 (ACE2), which mainly expressed by
the epithelial cells of the lung, kidneys, intestines and blood vessels.
The upregulated expression in people usually treated with angiotensin-
converting enzyme (ACE) inhibitors and angiotensin II type I receptor
blockers (ARBs), which are also a drug of choice to treat hypertension
when a patient is suffering from a metabolic disorder like diabetes.
Medicines like ibuprofen and thiazolidinediones, precisely pioglitazone
linked to increased ACE2 expression [49,50]. Augmented ACE2 ex-
pression, on the contrary, found to be useful and linked to reduced
inflammation in the lungs, which a probable area of therapy in people
living with inflammatory lung disease. In addition, individuals with

Survivor vs Non-survivor cases
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Fig. 5. Incidence of survivor and non-survivor COVID-19 patients with diabetes.
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different ACE2 polymorphisms would more complicate the picture.
Still, this leftover an area of active research and the picture is likely to
be more transparent shortly.

5. Diabetes investigation in COVID-19 patients

COVID-19 management teams around the world must be conscious
about the nuances of endocrine screening and diagnosis for patients
with diabetes. People infected with coronavirus must be screened for
diabetes and other illnesses. At present, there is lack of proper guide-
lines to screen diabetes patients suffering from COVID-19, standard
American Diabetes Association criteria for the diagnose of diabetes
should use for the screening process [51]. Two abnormal glycaemic test
reports usually required to approve a diagnosis of diabetes in infected
persons. In symptomatic cases, a solo abnormal glucose value might be
sufficient to diagnose diabetes. Health care personals must be aware of
the possibility of stress hyperglycaemia and differentiate it from pre-
existing diabetes.

In the case of type 1 diabetes, the immune cells of the body begin to
destroy [-cells, which are solely liable for the production of insulin
hormone in the pancreas. Data from various studies as well as cor-
onavirus infected patients indicates that the novel virus destroys in-
sulin-producing f-cells, which is further resulted as hyperglycemia
[52]. Different viruses, including one that causes SARS, were related to
autoimmune conditions, including such as type 1 diabetes [53]. There
are multiple organs involved behind the regulation of blood sugar in the
body and also consists of different proteins like ACE2, and coronavirus
further uses it to infect the cells [54]. Blood sugar and ketones are seen
in higher levels in COVID-19 infected patients. If the body is unable to
produce an adequate level of insulin to breakdown the blood sugar, it
utilizes ketone as another source of fuel, which further leads to diabetic
ketoacidosis [55,56].

In the pancreas, -cells produce blood sugar-lowering hormone in-
sulin, and a-cells make the glucagon hormone that increases blood
sugar. SARS-CoV-2 may infect a- and [(3-cells; as a result, few of them
gets destroyed. The virus can also induce some protein production
(chemokines and cytokines), which can trigger an immune response
that can also kill the specific cells and alter insulin secretion [57]. In
obese people, insulin resistance (IR) may be a crucial aspect of the in-
cidence of COVID-19. ACE2 is the potential link between IR and COVID-
19 since the virus enters the host body via ACE2. ACE2 helps in the
maintenance of RAAS and abnormality of the same leads to IR and
cardiovascular dysfunction. Degradation of angiotensin 2 results to the
reduction of IR by decreasing oxidative stress, improving insulin sig-
naling and enhanced insulin transport. It is important to normalize the
blood glucose and insulin level, thereby reducing the expression of
ACE2 and eventually COVD-19 severity [58]. It is assumed that insulin
production and SARS-CoV-2 are interconnected to each other. Low le-
vels of insulin contribute to hyperglycemia, and patients with COVID-
19 exacerbates the situation. However, IR and interaction with COVID-
19 are not yet fully understood. Clinical and biochemical insulin re-
sistance markers should, therefore, be evaluated for their prognostic
usefulness. In addition, where there is a correlation between insulin
sensitivity and the incidence of COVID-19 is found, and attention
should be given to the evaluation of medical measures to improve in-
sulin sensitivity. Therefore, additional care and treatment are also re-
quired for patients with low insulin levels.

6. Genetic polymorphism of ACE

Spike proteins of coronavirus usually bind to the ACE receptors in
the lungs. It is a peptidase enzyme and expressed in other tissues too to
regulate the renin-angiotensin-aldosterone system (RAAS). This enzyme
is the main component that converts Ang-I to Ang-II. Binding of the
virus to the receptor helps the virus to invade to the host body as well as
it causes depletion of ACE2 and degradation of lung tissues due to

Life Sciences 258 (2020) 118202

damaging effects of AnglIl [59]. Genetic polymorphism to ACE is re-
cently observed in human populations. ACE1 enzyme shows poly-
morphism by insertion/deletion (I/D) in intron 16; it is associated with
a change in levels of ACE in different tissues, including lungs. Even
though they have genetic variation, there is no marked difference in
their structural conformation. ACE polymorphism causes the blood
pressure to change due to its effect on RAAS. Deletion leads to reduced
levels of ACE2 in circulation. This I/D polymorphism is different in
different geographical regions; e.g. in China, the northern region shows
the genetic difference from the southern region [60].

Genetic mutation to this ACE2 affects its interaction with the spike
proteins. Based on this polymorphism, the incidence rate in different
geographic areas around the globe is different. COVID-19 vulnerability
cannot be clarified exclusively by severity or even by ACE2 poly-
morphism. ACE2 polymorphism and Ang II lead levels were observed in
severe COVID-19 patients. Multi-organ failure is another risk factor
related to COVID-19. ACE2 polymorphism is associated with a change
in blood pressure due to its influence on RAAS [61]. ACE2 mutation is
first identified in Chinese people, with three forms of polymorphism. In
Canadian teenagers, another three types of genetic polymorphism are
observed. Mutations of both ACE1l and ACE2 are recorded among
Brazilians. Such mutations have clinical effects, primarily cardiac
complications, diabetes and complications of the cerebrovascular
system. Cardiac complications among COVID-19 patients was found to
be one of the comorbidities. ACE2 expression is less frequent in patients
with SARS-CoV. Genetic polymorphism may explain why COVID-19 has
the highest incidence rate in Europe than in Africa [62-65].

7. Management of diabetes in SARS-CoV-2 infected patients

Endocrinopathy required long-lasting management and without
proper guidance; patients should not alter the therapy or stop the
medications. In the case of COVID-19 disease affected patients; the
daily routine must change to decrease the chances of spreading as well
as the severity of the disease [66]. Persons affected with the virus must
inform the healthcare persons about their diabetic profile when they
admitted to hospital for their better treatment management; especially
people dealing with type 1 diabetes and those who depend on adrenal
corticosteroids/mineralocorticoids for survival. If patients are not in a
condition to take the oral tablets or are unable for subcutaneous insulin,
they must give them intravenously. The management of diabetes itself a
unique challenge, particularly for those who are on non-insulin de-
pended diabetes mellitus (NIDDM) or type 2 diabetes. In cases with
uncontrolled hyperglycaemia, it would be pragmatic to intensify insulin
dosing, relatively than other oral drugs [67]. Present data give an idea
that hydroxychloroquine (HCQ) is the drug of choice for the patient
affected with Coronavirus due to its antiviral properties [68]. Still,
there are not enough pieces of evidence present to support the uses of
hydroxychloroquine as an ideal drug for the management of diabetes
complicated by COVID-19 infection. Healthcare professions must alert
the potential endocrine and adverse metabolic effects of the drugs,
which are in use. Like corticosteroids, able to cause dysglycaemia,
however long-term antiretroviral therapy may be associated with me-
tabolic syndrome [69]. Apart from the lack of specific therapies and
knowledge about potential therapeutic targets, it is challenging to treat
a disease along with other comorbidities. The drug repurposing for
SARS-CoV-2 also found to be an exciting option to combat with this
novel virus infection for diabetic patients [70].

8. Treatment of diabetes during SARS-CoV-2 infection

Poor glycaemic control always results in a severe risk factor for
different infections and adverse outcomes. Escalation of any infection
(can be bacterial pneumonia) depends on the average glucose level of a
human being. Treating with glucocorticoids to hyperglycaemic patients
affected with COVID-19 come up with tremendous challenges to the
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Fig. 6. General prevention advice to control coronavirus infection.

medical professional. The problem associate with this novel virus in-
fection results in loss of glycaemic, control due to unstable food intake
and intercurrent diseases like fever and others. To keep the glucose
level optimum, frequent glucose monitoring in addition to continuous
change in antidiabetic medications required.

Patients having type 1 diabetes generally treated with basal-bolus or
insulin pump therapy and the doses of insulin should be frequent and be
monitored to avoid a situation like hypoglycaemia as well as severe
hyperglycaemia and ketoacidosis mainly in patients with reduced food
intake. Patients having a diabetic profile should follow some basic
prevention instruction to dodge the novel coronavirus infection. This
quickly spreading virus infection can stop since this is a communicable
disease; several recommendations help to diminish the spread of the
deadly virus (Fig. 6).

Patients are having a profile of type 2 diabetes, Sodium-glucose co-
transporter-2 (SGLT2) inhibitors along with metformin, should be
stopped to control moderate to severe illness. Chances of dehydration
and diabetic ketoacidosis during infection is there, so additional pre-
caution requires to be taken by the patients to avoid such incidences.
Inhibitors like Dipeptidyl peptidase-4 (DPP4) linagliptin can be useful
in the cases of impaired kidney function without risk of hypoglycaemia.
Drugs class, like sulphonylureas, consider as one of the reasons for in-
ducing hypoglycaemia in patients having a low-calorie intake, so before
taking this class of drug, proper guidance should be followed. Uses of
drugs like long-acting glucagon-like peptide-1 (GLP-1) receptor agonist
should not be discontinued without the proper consultation of a phy-
sician. Patients having a profile of Type 2 Diabetes Mellitus, insulin
treatment is better and vital to be started. Treatment of patients in the
case of intercurrent disease a time-involved process, which is a serious
issue [71]. A drug like pioglitazone a thiazolidinedione should be
avoided; it may trigger the severity of the disease. In Fig. 7 illustrate the
list of drug therapies recommended for COVID-19 patients who have
diabetes [72].

There is no current treatment available for this novel virus infection.
Still, a small trial testified from France using a combination of hydro-
xychloroquine and azithromycin, showing decent outcomes in patients
suffering from respiratory symptoms [73]. The reported study endpoint

based on a negative test, which means the absence of the virus after
receiving treatment, and not on the health status of the participating
persons. Furthermore, a clinical trial with remdesivir versus placebo for
the treatment of COVID-19 (ClinicalTrials.gov identifier NCT:
NCT04280705) presently under process in the National Institute of
Allergy and Infectious Diseases [74]. This trial is still in progress and
needs time; due to the short duration of the intervention, findings must
turn out to be accessible in a reasonable time.
Angiotensin-converting-enzyme 2 (ACE2), a membrane glycopro-
tein, mainly expressed in epithelial cells of the lungs, intestine, kidney
and blood vessels. ACE2 plays a vital role in the breakdown of angio-
tensin-II (Ang-II) and to some extent, angiotensin-I (Ang-I) to peptides,
angiotensin_y) and angiotensing_g), separately [75]. ACE2/Angio-
tensin 17, have significant anti-inflammatory, anti-oxidant role in the
protection of lung against acute respiratory distress syndrome as well as
in the case of H5N1 infection. The role of ACE2 in the relation between
COVID-19 and DM is often found attractive [76]. The expression level
of ACE2 found reduced in case of DM probably because of glycosyla-
tion. Due to this reason, the chances of severe lung injuries closely
followed by acute respiratory distress syndrome (ARDs) with COVID-19
increases [31,75]. Some reports even also state that overexpression of
ACE2 unfavourable in the case of COVID-19. SARS-CoV-2 considered
ACE2 as their receptor to enter into the host pneumocytes [77]. ACE
inhibitors and Angiotensin II receptor blocker (ARBs) are widely used in
the treatment of DM. ACE2 expression found remarkably increased in
DM suffering patients, which is an adaptive response to counter the
increased levels of Ang-II and Ang-I. So the use of ACE2 stimulating
drugs found detrimental in SARS-CoV-2 infected cases. At present,
pioglitazone and liraglutide shown upregulation of ACE2 in animal
studies [78,79]. However, none of these drugs was used in the treat-
ment. Due to ACE2 expression, thiazolidinediones class of drugs cannot
be used in patients suffering from COVID-19 along with diabetes [78].
Some reports recommend that several incidences of COVID-19 in-
fection in patients primarily connected with the low cytosolic pH. The
regulation of cell pH often a complex mechanism involving Serum
lactate dehydrogenase (LDH), a cytosolic enzyme and its rising level in
serum cause the cell to break down. Due to this novel virus infection,


http://ClinicalTrials.gov
http://clinicaltrials.gov/show/NCT04280705

S. Das, et al.

Life Sciences 258 (2020) 118202

Biguanides
* Drugs like metformin recommended.

+» During severe cases addtional attention required for continuation of this therapy.

Sodium-glucose-co-transporter 2 inhibitors+

= Drugs like canagliflozin, dapagliflozin, and empagliflozin suggested.

« Patients should discontinued the therapy if some respiratory illness occurs.

Glucagon-like peptide-1 receptor agonists
+» Drugs like albiglutide, dulaglutide, exenatide-extended release, liraglutide, lixisenatide,

and semaglutide recommended.

Dipeptidyl peptidase-4 inhibitors

= Drugs like alogliptin, linagliptin, saxagliptin, and sitagliptin recommended.

= Therapy should not be discontinued.

+ Regular blood-glucose monitoring required.

+ Sensibly regulate systematic or regular therapies.
* Use of telemedicine and self-management also advisable.

Sulfonylurea=**
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Fig. 7. List of drugs therapies recommended for COVID-19 patients suffering from diabetes.
*Chances of dehydration and diabetic ketoacidosis during infection is there, so additional precaution should be taken by the patients to avoid such cases.
** But the use of this class of drugs is still questionable during SARS-CoV-2 infection.

serum LDH level dramatically increased in patients. In the case of
anaerobic conditions, lactate formation increases from pyruvate. Due to
increased lactate level in the extracellular area, the symporter carries
the lactate and H™ ion into the cell, resulting in acidic intracellular pH
followed by Na*/H* exchange activation. Even though H* ion threw
out of the cell, Na™ and Ca2™" enter into the cell. When the level of Na*
and Ca®" increase within the cell, the cells start swelling and further
leading to cell death. An SGLT2 inhibitor (Dapagliflozin) reported to
have a lactate reducing profile is useful in this scenario. Reduction in
lactate level is found beneficial for pH maintenance. In another me-
chanism, dapagliflozin also inhibits the Na* and Ca®™ flow. It is worthy
of using dapagliflozin in patients having a pre-diabetic profile to pre-
vent the severe development of COVID-19 infection as well as a com-
bination therapy for diabetes treatment [80].

Dipeptidyl peptidase-4 (DPP-4) was revealed as a receptor for
MERS-CoV while SARS-CoV-2 appears to use preferentially angiotensin-
converting enzyme 2 to enter the cell [81]. Yet, since DPP-4 inhibitors
are popular glucose-lowering medications worldwide, it will be of in-
terest to explore whether they might protect against SARS-CoV-2 in-
fection [82,83]. And so far now, no such specified drug or vaccine has
been approved for COVID-19 [84]. To get control over the pandemic,
large clinical trials of drugs (like tocilizumab, chloroquine phosphate,
remdesivir, ribavirin, lopinavir/ritonavir, arbidol, interferon etc.) are
under progress to assess both the therapeutic activity and safety as well
[85]. Despite being an immunomodulant and anti-malarial drug,
chloroquine (CQ) and its hydroxy-analogue (Hydroxychloroquine) do
have broad-spectrum antiviral activity. Thus, it comes under the lime-
light of having potential pharmacological activity for the patient of
COVID-19 with diabetes though no such clinically proven reports are
submitted in the support. However, there are pieces of evidence for
being a highly effective drug in controlling SARS-CoV-2 in vitro. The
most reliable and considerable reason for taking it under consideration
is that it interrupts the glycosylation of SARS-CoV's cellular receptors by
increasing endosomal pH and hence effectively blocks the viral infec-
tion [86]. As per the report of a Chinese Clinical trial of more than 100
patients depicts that CQ showed a superior effect in controlling the
disease along with promoting a negative virus conversion, inhibiting
pneumonia exacerbation and radiological improvement without any
severe adverse effects [87].

And on the other hand, countable studies have been reported which
states that HCQ improves treatment-refractory diabetic patients and
glycaemic control in decompensated [88,89]. In India, CQ already
being approved for the treatment of Type-2 DM along with as a therapy
for those patients who cannot achieve glycaemic targets even after
administrating two other glucose-lowering drugs [90]. HCQ lowers
glycosylated haemoglobin (HbAlc) in diabetes patients without the
rheumatic disease, the mechanism of HCQ over glycaemia remains still
unknown [88]. Somewhere down the line, an improved pancreatic f3-
cell function has been reported by the increase in C-peptide response by
the impact of CQ [89]. According to a few submitted reports of animal
studies, it has been found that HCQ effectively increased insulin accu-
mulation and reduced intracellular insulin degradation [91]. Apart
from all the data and reports on glucose metabolism, considerable
caution should be taken before the use of HCQ/CQ to diabetic patients
and COVID-19 patients as well and if required dose adjustment can be
made to prevent hypoglycaemic events. In Table. 4 summarizes the list
of drugs used to treat COVID-19 and their effect on glucose along with
their dose and common side effects [92,93]. More than 2200 clinical
trials are currently underway seeking to find a vaccine or treatment for
COVID-19 [94]. Dexamethasone, an uncommon medication, has been
found potential in Covid-19 treatment [94,95]. ChAdOx1 nCoV-19
vaccine displayed an appropriate safety profile, although homologous
boosting increased responses to the antibody. Such findings, along with
the activation of humoral and cellular immune responses, support this
candidate vaccine's wide-ranging evaluation in an ongoing phase 3 trial
[961.

In silico molecular modelling and docking studies has been widely
used in identifying newer drugs or repurposing of existing drugs for the
treatment of COVID-19. In several of such in silico docking studies lo-
pinavir, remdesivir and ritonavir reported interacting with more than
one protein targets of COVID-19. Notably, anti-HIV drug lopinavir, as
compared with others closely followed by ritonavir, showed very in-
teresting in silico binding with COVID-19 main protease (MP™) but
showed poor bioavailability in in vivo studies. Most of the HIV protease
inhibitors are tested for their action against novel coronavirus infection
solely or in a combination form along with some other drugs.
Remarkably, these drugs are successful in in silico, in vitro and animal
models but unfortunately failed to deliver the maximum efficacy in



Life Sciences 258 (2020) 118202

umouy J0N umouy JoN umouy J0N poxiN  Jaeuoiry/aaeurdoT snid ¢ uoayrajuy 81
umouy 10N umouy 10N umowy 10N POXIN uoxajru] snid uLARqry L1
[onuod
‘sooueqanisip dosys ‘erwseue ‘uondajul 1oen Areurm ‘eruadonnan JTuRRdA[3 AP skep £ A1289 AT 8w 006 Apoqnue [eUO[DOUOIA qeuwnzinayg ‘91
eruadoyfdoquioryy [onuod
pue UONIIJUT Joe1) ATRULIN ‘SonI[EULIOUqR SWAZUD DA ‘eTuadonnaN JTRRIA[S 2ANIH AI 3w 002 Apoqniue [eUO[DOUO\ qewmjLes ST
uondajur 1oe1 Areurmn ‘sdurerd [onuod
S[dsnur pprur ‘Suryd)r ‘ssaurzzip ‘dyoepesy ‘esou Auuni ‘ured snurg OTWaBIA[S 9ATIIYH Y g1 ul AI Sw 00 Apoqnue [euo[douoy qewnzI[o], b1
dIqe[rearun [9A9] 2509N[3 USSIOM umowy 10N J0)IQIYUT SSEI[ONUOPUD [BIIA [IX0qIeuw JIATXO[Rq €1
pas[gasou [onuod
‘3UNIWOA BISNEU ‘LIOJUIODSIP 943 DUIEPRIY ‘SSUIZZIP ‘BIOYLIRI] STWIBIA[S DAY qid rero 8w gz 10}1qIYUT SSEPIUTUIRINAN IIATWR)[ISO z1
9SOPISAO UO UOTIIIRJUT [RIPIBIOAUX
‘o8ey1I0WARY ‘DIN[IRJ [RUAI ‘SanI[euLIOUqe dWAZUD dnedoH [9A3] 9s00N[3 UISIOM (uonezingau) qid NW § S9UN01AD 0 UOIQJIAIUI PIZI[0SOIOY 11
$9INZ19S
‘a8ueyd aAnmuS0d pue [emoraeyaq ‘@ndnej ‘nssaid poo[q paIAIy [9A9] 2509N[3 USSIOM sAep areurdlfe snoauendqns 3 0gg SaUN|0ILD 1¢-uoIayIajuy 01
JIqe[reae jou
umouy 10N umouy 10N uaw3a1 aso( ‘s[elAnue I9ylo Ym Aderay) Juean(py 10)1qIyul uoIsng I1AoURJTUI) ‘6
fonuod  skep ¢ 10§ a1d 3w 008 ‘Aep T 103 QId Sw 0OZT :2S0P Y3IH
SOWIAZUD JSAT] UI 9seadul ‘uononpoid [[90 DGy pasearaq JTwoedA[S 9ADAH  sAep § 10j (Id Sw 00 ‘Aep T 10j Ig Sur QQQT :9SOp MO s10)1qIquI aserowAjod YN Jaendiaeq ‘8
[onuod
ured [eunwopqe ‘Sunrwoa ‘easneu ‘ysel ‘erwsepidipadAy ‘esoyirerq S1waedA[S 9A1AH aid Sw 001/00% SI0JIqIYUI dSB0IJ I1aeuolll/aaeurdo ‘L
JIqereae [onuod
10U ST BIBP IIARUNIEDP (JBISIDIqOD) BISNEU ‘SNISDI JB[NDO ‘@dIpuner STWREIA[S AT Arep 1e1s191q0d 8w G pue Jraeuniep Sur 008 SI0JIqIYUT 9SB0IJ 1eISIDIqOd/IIARUNIB( ‘9
[onuod
eaoyLIeIp ‘smiumid ‘elIednIn pue ewopy STWSEIA[S 9ATIRYH (Aep e sowmng 3w 0og) Sw 009 SI0JIqIYUI dSB]0IJ de[ISoW JelISoureD) 'S
[onuod (aig) Aep 1ad syv[qe) T
Bunrwoa ‘sdurerd yoewols ‘@dOYLIRIP ‘SSaUIZZIP ‘DUoepesH STwaedA[S 9A1O9H  ULY) pue ABp B sawn ¢ 9s0p [elo 3ur gog Jo asop Surpeo] aurjoumbourure-i sumboioydAxoIpAH b
ayoepeay [onuod
‘sSaUBOM I[ISNUW ‘ssO] Irey ‘sdurerd [eurwiopqe ‘Uoisia paimyg JTuRRIA[S AT Aqrep Sur o1 uayd pue 3w gOg Jo asop Jurpeo] surjoumbourure- sumboioyn €
ynowr A1p ‘unys A1p ‘@nedde [onuod
JO sso[ asdn YOBWIO}S ‘UOISIA PALIN] ‘SIZUBYD poow ‘AIBIKUY STWIBIA[S DAY [e10 10 AT Y ZT A109A0 Swr 00f san3o[eue apHOSINN uLIARqry T
Tonuod Al 8ur 90T jo asop san3ofeue
BunNIuoA ‘BISNeU ‘SOWAZUD IOAT] PISEIIIU] JTwIeIA[S 9A1IYH ddueULIUTRW PUB UOISNJul AT Swr 0pZ Jo Isop Surpeo 9pNO3[ONU JUISOUIPY IIATSOPWY ‘1
$199JJ9 9PIS UOWIWOD 9s0on[3 uo 1997 s3nap jo asoq ad£ 8niq sweu Sniq ‘ou '[§

S. Das, et al.

*2500N[3 U0 129)3° 119} pue syuaned 6T-JIAQD I0J pasn s3nip jo IsIT
¥ slqelL



S. Das, et al.

clinical studies [97-99]. Remdesivir, an analogue of adenosine, is a
remdesivir-triphosphate prodrug shows its action by inhibiting RNA-
dependent RNA polymerase [100]. In in silico molecular docking si-
mulation studies, remdesivir also demonstrate promising results
[101,102]. Other than this, drugs like ribavirin, chloroquine, hydro-
xychloroquine, camostat mesylate, darunavir, cobicistat, favipiravir,
umifenovir, interferon-f1 and Oseltamivir, which are used to treat
SARS-CoV-2 in patients with pre-existing diabetic profile, shows good
to excellent in silico binding efficacy with the protein structure of
COVID-19 MP™ [102]. In a study reported by Shah et al. [101], the
protease inhibitor lopinavir interacted with the protein structure of
COVID-19 MP™ (PDB: 5R81) and displays H-bond binding interactions
with amino acid Glu166, His41 [101]. Nevertheless, it is failed to prove
its worth in clinical trials. In the same study, remdesivir showed H-bond
interaction with Glu166 and Asn142 of COVID-19 MP™. It is assumed
that the 5-cyano-3,4-dihydroxytetrahydrofuran ring scaffold present in
remdesivir is responsible for decent clinical activity against the deadly
SARS-CoV-2. In another in silico study, Kumar et al. [102] demonstrate
a combination of lopinavir-ritonavir displays various binding interac-
tions with different amino acids of viral protein (SARS-CoV-2 MP™ PDB
ID: 6Y2F) and promising antiviral action against SARS-CoV-2. Simi-
larly, baloxivir-marboxil also exhibited interesting in silico interactions
with the same protein structure.

9. Unexplored therapies and future prospective

In the absence of any particular drug therapy, various antiviral
drugs are used to treat the novel virus infection. Drugs like lopinavir,
ritonavir followed by RNA polymerase inhibitors, interferon-1f and
hydroxychloroquine are widely used. Some reports suggest that the
binding site of the novel coronavirus receptor having a strong affinity
with the ACE2. Therefore, it is assumed that the renin-angiotensin
system (RAS) inhibitors could have an essential role in the treatment. In
the other side, zinc nanoparticles and vitamin C like options not yet
tested with currently used drugs, so it is interesting to check their ef-
fectiveness in combination with other drugs. There is still no specific
vaccine available to treat this novel virus, and the process of develop-
ment of a vaccine is ongoing, which is assumed to be a significant way
to overcome this pandemic. Leprosy medication sepsivac showed pro-
mise in the COVID-19 trial, and its efficacy is further being evaluated.
Some Rasayana botanicals defined in Ayurveda like Withania somnifera
(Ashwagandha), Tinospora cordifolia (Guduchi), Asparagus racemosus
(Shatavari), Phyllanthus embelica (Amalaki), and Glycyrrhiza glabra
(Yashtimadhu) are potential immunomodulators, may also consider as
an add-on treatment for COVID-19 patients. Repurposing of existing
drugs could be considered as an excellent option in identifying novel
therapies for COVID-19 treatment. The severity of this contagion also
warrants the design and development of new chemical entities (NCEs).

10. Conclusion

The Coronavirus disease-19 pandemic is disastrous for world health.
The combination of one medical pandemic (COVID-19) with another
medical epidemic (diabetes mellitus) seems to be a severe threat to
human life. Treatment of diabetes to make sure the patient stays within
target ranges, keeping patients well hydrated and following the re-
commendations to prevent infection is crucial to stop further spread of
Coronavirus disease in patients with a chronic condition like diabetes.
For endocrinologists, it is a difficult challenge to deal with two or more
diseases at the same time in which one is an infectious disease caused
by a novel virus. Few articles have reported the relation between dia-
betes and novel coronavirus infection. A better understanding of the
various ways in which endocrine status, and endocrine interventions,
influence COVID-19, and vice versa, can help to improve therapeutic
outcomes. Research in this particular area is urgently required to de-
liver an improved understanding concerning possible alterations in
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genetic predispositions across populations, fundamental pathophysio-
logical mode of action between COVID-19 and diabetes, followed by its
clinical management.
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