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Abstract

COVID-19 pandemic has shown greater severity in people with co-morbidities;
diabetes being the leading cause of higher mortality rates in COVID-19 pa-
tients. Besides compromised immunity, there are other factors that make
diabetics more prone to SARS-CoV-2 infection. To date, there is no clinically
proven treatment for this disease, but fortunately there are several reports of
vaccines in different stages of development. This review compiles some
commonly used anti-diabetic drugs and their probable efficacy during a
COVID-19 attack. This is also an attempt to understand the cause of severity
of SARS-CoV-2 infection in diabetic patients. Until a proper cure or ap-
proved vaccine is available, it is best to manage the disease by improving the
immune status and making use of already available drugs that show potential
against the virus.
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1. Introduction

The year 2020 started with the onset of a viral infection called the novel corona
virus disease (COVID-19), caused by severe acute respiratory syndrome corona
virus 2 (SARS-CoV-2). The first case was reported in December 2019 and the
disease was declared a pandemic by March 2020. The virus has spread world-
wide infecting millions of people to date [1]. Fortunately, the recovery rate is
high and the death rate is low. Although only a few people become critically ill,

the virus is a huge problem for people having a weak immune system. They in-

DOI: 10.4236/jbm.2020.812001 Dec. 10, 2020 1 Journal of Biosciences and Medicines


https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2020.812001
https://www.scirp.org/
https://doi.org/10.4236/jbm.2020.812001
http://creativecommons.org/licenses/by/4.0/

W. Mohammedsaeed et al.

clude the elderly and people with pre-existing medical conditions, the most
prevalent being hypertension and diabetes mellitus followed by cardiovascular
diseases and respiratory diseases [2]. Besides commonly visible symptoms that
include fever, dry cough, fatigue and dyspnoea, patients can also encounter pain,
sore throat, diarrhoea, conjunctivitis, headache, loss of taste or smell, skin
rashes, and/or discolouration of fingers or toes. Interestingly the disease may or
may not be symptomatic and the symptoms, if any may take up to 2 - 14 days to
become visible. The virus spreads in the form of droplets dispersed in the air
while an infected person coughs, sneezes and even talks. This pathogen can sur-
vive on surfaces the duration varying from a few hours up to a few days de-
pending on the environmental conditions and the type of surface [1].

Although scientists and doctors worldwide are working hard to prepare effec-
tive vaccines and drugs, unfortunately, to date there is no specific treatment
available for COVID-19. The only best option is prevention and management
that includes travel restrictions, patient isolation, and supportive medical care.
The present review is an attempt to understand COVID-19 and its interplay with
diabetes mellitus. Since, this virus is novel, not much has been reported regard-
ing its severity in patients having pre-existing non-communicable diseases like
diabetes. For better treatment strategies, it is pertinent that we understand the
reasons for the development of COVID-19 complications in immunocompro-
mised patients. Since there are no effective treatment options for COVID-19,
doctors have been prescribing drugs that are either approved for other condi-

tions or have been tested against viral infections other than SARS-CoV-2.

1.1. SARS-CoV-2 and COVID-19

Coronaviruses are a group of large, enveloped, RNA viruses. Their genome (27 -
32 kb) is packed inside a helical capsid formed by nucleocapsid proteins en-
closed within another envelope. At least three structural proteins are found as-
sociated with the viral envelope. The membrane proteins and the envelope pro-
teins are involved in the assembly of viral bodies. The spike proteins form sur-
face protrusions giving a crown-like appearance to the virus and help in the en-
try of virus particles into the host cells. They also help in deciding which host to
invade and are majorly responsible for the induction of host immune responses.
Understanding the structure and function of spike proteins, and their interac-
tion with the host, will help in the management of SARS-CoV-2 infection. Sev-
eral coronaviruses also encode an envelope-associated hemagglutinin-esterase
protein [3]. The spike proteins of SARS-CoV-2 fit into the ACE2 receptors (an-
giotensin-converting enzyme 2) present on human cell surfaces initiating a
structural change that causes the fusion of viral membranes with the host cell
membranes. This allows the entry of viral genes into the host cell where they are
replicated into multiple copies producing manifold viruses. The genome se-
quence has been published and tremendous research work is going on through-

out the world to unravel the mechanism of infection and an effective cure for

DOI: 10.4236/jbm.2020.812001

2 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2020.812001

W. Mohammedsaeed et al.

this contagious disease [4] [5]. The structure of spike proteins are specifically
studied using different techniques like cryo-electron microscopy. These proteins
are potential antiviral targets. Studies have shown that the SARS-CoV-2 spikes
have 10 - 20 times more binding affinity for ACE2 receptors on human cell sur-
faces in comparison to the spikes from the 2002 SARS virus. This may be the
reason for the rapid contagious spread of this new virus of 2019. Although the
structure and sequence of the spikes of both 2002 SARS virus and SARS-CoV-2
are similar, the antibodies generated against the old virus were unable to suc-
cessfully bind to the spikes of the new virus suggesting that completely different
antibody based treatment strategies would be required [6].

Understanding the infection mechanism by which the virus invades and
damages the human host are crucial to the identification of therapeutic and di-
agnostic strategies so that the disease can be predicted before it becomes fatal.
Several studies have been reported that attempt to explain the mechanism of
SARS-CoV-2 infection. It has been suggested that the infection mechanism in-
volves binding of the virus to the ACE2 receptors present on epithelial cells of
the host lungs, kidney, intestine and blood vessels and their consequent inter-
nalization. In fact the severity of the disease has been linked to type 1 integral
membrane glycoproteins. There are two forms of ACE2 receptors—glycoproteins
and metalloproteases. The membrane-bound glycoproteins contain a transmem-
brane domain and an extracellular domain while metalloproteases are soluble
and are secreted outside [7]. The significance of soluble circulating ACE2 is not
clear, but studies suggest that their levels increase in chronic diseases such as
diabetes, chronic kidney diseases, and hypertension [8]. The substrates for ACE2
include kinins, apelin, neurotensin, dynorphin, ghrelin, amyloid, and angio-
tensin. It regulates angiotensin II (Ang II) by converting Ang I into Ang-(1-9),
and degrading Ang II into Ang-(1-7), a vasodilatory and anti-proliferative pep-
tide which protects the tissues [9]. Besides ACE2, SARSCoV-2 uses the
TMPRSS2 (transmembrane protease serine 2) gene for spike protein priming.
Both the genes are expressed in the lungs, epithelial cells of small intestine, up-
per oesophagus, liver, colon, blood vessels, heart, kidneys, and the gonads. Since
the receptors are widely distributed on several organs and tissues, the infection
could cause multiple organ failure [9] [10] [11].

Studies suggest that the virus attacks the haemecomponent of the S chain of
haemoglobin dissociating the iron to form the porphyrin and reduces the capac-
ity of haemoglobin to carry oxygen and carbon dioxide [12]. Another more ac-
cepted mode of infection points towards the inflammatory cascades, cytokine
storms, and activation of coagulation cascades on entry of the virus into the hu-
man body. These cascades lead to severe and often fatal complications, such as
sepsis, disseminated intravascular coagulation (DIC), and acute cardiovascular
events [13].

1.2. Impact of COVID-19 on Diabetes Mellitus

Diabetes is a metabolic disorder that can lead to serious complications, such as

DOI: 10.4236/jbm.2020.812001

3 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2020.812001

W. Mohammedsaeed et al.

heart disease, stroke, retinopathy, nephropathy, and neuropathy. If uncontrolled,
it can lead to blindness, kidney failure and lower-limb amputations. The disease
results due to insufficient insulin secretion and/or insulin resistance. This
chronic disease is one of the principal causes of morbidity and mortality
throughout the world. At present 10.5% of the U.S. population is diabetic [14].
According to WHO, the rate of diabetes in Saudi Arabia is the second highest in
Middle Eastern countries, and seventh in the world [15]. Approximately 463
million people, in the age group of 20 - 79 years, were estimated to be living with
diabetes last year in 2019 [16]. Diabetes was presented as a risk factor for mor-
tality in virus infected patients during 2002-2004 Severe Acute Respiratory Syn-
drome (SARS) coronavirus, 2009 swine flu pandemic (Influenza A HIN1), and
2012 Middle East Respiratory Syndrome-related coronavirus (MERSCoV) [17]
[18]. It has been shown that COVID-19 deteriorates dysglycemia in diabetic pa-
tients [19].

Innate immune response, the first line of defence against SARS-CoV-2, is
compromised in patients with uncontrolled diabetes, and hence the virus prolif-
erates easily in the host without any hindrance. Moreover, there is an exagger-
ated cytokine response which leads to overproduction of pro-inflammatory cy-
tokines, particularly interleukins IL-1, IL-6 and tumour necrosis factor-a. Simi-
larly, patient with chronic obstructive pulmonary disease, have low levels of cy-
tokine production, specifically interferon-p This weakens host defence against
coronavirus [19]. Besides, the activation of renin angiotensin system (RAS) con-
tributes majorly to diabetic complications and blocks the vasoconstrictor and
hypertrophic activity of Ang II. These mechanisms slow down the progression of
diabetic complications but do not completely prevent it. The presence of ACE2
receptors in the heart and kidney make the RAS even more complex and are the
basis to investigate the role of this enzyme in pathophysiological conditions and
vascular complications of diabetes. Hence both ACE and ACE2 may play a vital
role in modulating equilibrium between vasoconstrictors and vasodilators inside
the heart and kidney but are counter-regulatory to each other. The role of ACE2
in diabetes is relatively unknown. Further studies can help in the development of
new drugs that affect ACE2 activity and expression. These novel compounds
may have immense clinical significance in the prevention and management of
diabetic complications [20].

Studies suggest that poor prognosis of diabetes in COVID-19 patients is due
to several factors that include compromised innate immunity, inflated cytokine
response, reduced expression of ACE2 and use of drugs that interfere with RAS
in diabetic patients. Glucose levels remain uncontrolled in these patients as
p-cells are damaged, insulin develops resistance, and potassium levels drop (hy-
pokalemia). Antiviral drugs like corticosteroids, lopinavir, ritonavir when ad-
ministered for the treatment of COVID-19 make the situation worse in people
with diabetes mellitus. The interplay between both diseases is such that

COVID-19 causes dysglycemia of patients to deteriorate and diabetes mellitus

DOI: 10.4236/jbm.2020.812001

4 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2020.812001

W. Mohammedsaeed et al.

exacerbates the severity of the viral infection [19]. Upregulation of ACE2 seems
to facilitate COVID-19 infection but interestingly the overall ACE2 expression is
reduced in patients with diabetes due to the drugs that are commonly prescribed
to patients. These drugs are often ACE inhibitors and angiotensin receptor
blockers [21]. Hence, ACE2-stimulating drugs may be the primary cause of se-
verity of COVID-19 disease observed in patients with metabolic co-morbidities
[19].

1.3. Management and Preventive Measures

Diabetes is increasing at an alarming rate in most countries. The United States
has the highest prevalence among developed nations. Qatar, Saudi Arabia, and
Kuwait are all in the top 10. China and India have the highest numbers, 110 mil-
lion and 69 million, respectively [16]. With such large numbers at stake, it be-
comes imperative that management and prevention strategies be developed for
diabetics and other patients with pre-existing conditions during pandemics like
COVID-19. Besides thorough hand-washing with soap and water and maintain-
ing respiratory hygiene, diabetic patients should keep their glucose levels under
control so that their immunity remains boosted. According to Pal and Bhadada,
Calcium channel blockers may be a feasible option instead of ACE inhibitors as
they do not upregulate ACE2 levels [19]. It is of utmost importance that diabetic
patients maintain good glycaemic control in order to reduce both the risk of in-
fection and the severity of the disease. This can be done by regularly monitoring
blood glucose levels. With proper nutrition the body is more apt in fighting the
infection. Care should be taken that the patient is not deficient in minerals and
vitamins. There are several reports that claim that exercise plays a big role in
improving immunity. General preventive measures advised worldwide include
covering mouth while coughing/sneezing, avoid touching of mouth, nose, and
eyes, and wearing appropriate face masks. These instructions should be followed
by everyone. Fortunately, more than 95% of COVID-19 patients experience mild
symptoms and can be taken care of at their residence (home quarantined). Gly-
cated hemoglobin (HAIc) levels are significantly high in type I diabetes. As a
result, the patient becomes highly susceptible to infections in an immuno-
compromised environment. Studies have shown severe ketoacidosis in type I
diabetic patients with COVID-19. Regular monitoring of blood sugar and ke-
tone levels along with proper awareness about the disease and its implications
during infections is absolutely vital. Regular and appropriate doses of insulin
should be administered [22]. Dehydration should be avoided, and energy levels
maintained.

There are no approved therapies for COVID-19 and hence the focus is more
on prevention and repurposing already available drugs that may be effective
against this virus. In case of SARS-CoV-2 infecting diabetic patients, insulin ad-
ministration is preferred for getting hyperglycemia under control. Oral drug

administration, particularly metformin and sodium glucose cotransporter-2 in-

DOI: 10.4236/jbm.2020.812001

5 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2020.812001

W. Mohammedsaeed et al.

hibitors, have been advised to be discontinued [23]. There are several reports
where usage of drugs like lopinavir, ritonavir, interferon S-1b, RNA polymerase
inhibitor remdesivir, and chloroquine have been advised although their efficacy
is still doubtful and not confirmed [24]. SARS-CoV-2 has receptors that strongly
bind to ACE2 and hence, as discussed earlier, RAS inhibition may play a role in
the treatment of severe respiratory diseases [25] [26]. There are some antivirals
that show promising effects against other viruses. Zinc nanoparticles have been
shown to inhibit HIN1 but have not been tested against SARS-CoV-2 [27].
Similarly, Vitamin C, which showed a positive effect in the prevention of pneu-
monia, should be evaluated against COVID-19 [28]. Dexamethasone, a corticos-
teroid used for the treatment of many conditions like asthma, allergies etc, has
been recommended for use in COVID-19 patients by WHO and many health
organisations. Caution must be taken in using it against diabetic patients as this
anti-inflammatory drug may increase blood glucose levels [29].

Metformin is a widely prescribed drug that lowers blood sugar levels in type 2
diabetes patients. It is also prescribed to those who have risk of developing this
metabolic disorder due to obesity and other conditions. Metformin stimulates
AMPK pathway. It has been reported that AMPK increases the expression of
phosphorylated ACE-2 Ser®® in HEK293T cells. Addition of a phosphate group
leads to conformational changes in ACE-2 receptor and prevents its activation.
Also, it inhibits mTOR via liver kinase Bl pathway which plays an important
role in MERS-CoV infection. It is hypothesised that metformin affects this
pathway in SARS-CoV-2 infection, but more data is needed to confirm this [30]
[31] [32]. Some reports interestingly claim that metformin has the ability to re-
duce inflammatory response and may help in reducing mortality rates [30] [33].
In the absence of any specific treatment or vaccine, these drugs should be used
but only after careful analysis of their effect on both the virus and host. [34].
Miglitol, celgosivir and miglustat are some drugs that need to be evaluated as
treatment options against COVID-19 [35]. Table 1 is a compilation of com-
monly used antidiabetic drugs and their effect, if any, on COVID-19. Research is
also going on to use the spike proteins of SARS-CoV-2 as potential candidates
for the development of vaccines. Antibodies generated against these proteins,
isolated from patients after recovery are used as a treatment option. Vaccines
play a major role in containing the pandemic. Their development is in progress
and till then we have to depend on available drugs and various treatment strate-

gies.

2. Conclusion

The health systems of several countries are hard-pressed due to the COVID-19
pandemic. The continuous lockdowns and social distancing measures have de-
stroyed quite a few economies across the world. People are waiting with hope for
normalcy to return which is unlikely until effective antiviral drugs and vaccines

are available. In the current situation when there is no approved drug or vaccine
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Table 1. Commonly used antidiabetic drugs and their effect on COVID-19.

Diabetes type Drug Class Drugs Mode of action Side effects Antiviral activity References
Humulin Restoration and . .
. . Hypoglycemia,  No direct effect
Insulin Novolog maintenance of cight eain reported on ACE-2 [36] [37]
w ~
Tresiba p-cell function g e P
Typel Synthetic analogue of N
Diabetes ynthetic analogue o ausea,
. o amylin, helps in anorexia, No data currently
Amylinomimetic L . . . . .
dr Pramlintide regulation of blood abdominal pain, available on their effect [38]
8 glucose and inhibits hypoglycemia, COVID-19 patients
glucagon secretion headache,
Disrupt SARS-CoV-2
bably by interferi
competitive pljo avly by .1n er e%‘lng
. . with S-protein folding
inhibitor of a-glucosidase . .
. . . mechanisms like
a-glucosidase Acarbose enzyme which hydrolyzes Diarrhea, .
e . K X N-glycosylation and [39] [35] [40]
inhibitors Miglitol complex sugars into hypoglycemia .
Jucose in the calnexin pathway; may
8 R . also effect ACE-2 and
small intestine .
membrane fusion between
host-virus endosomes
Stimulation of AMPK
Metformin Reduce glucose pathway and addition of a
(Glucophage, formation in the liver, Gastric problems, phosphate group leads to
Metformin inhibit mitochondrial vomiting, nausea, conformational changes [30] [31] [41]
Biguanides Hydrochloride  repiration, stimulate weakness, metallic and deactivation of ACE-2 [42] [43] [44]
ER, Glumetza, AMP-activated taste in mouth receptors. Also inhibits [45]
Riomet, protein kinase and may occur mTOR via liver kinase B1
Fortamet) decreasegluconeogenesis pathway crucial to
SARS-CoV-2 infection.
lower HbA1Ic, act mainly
Type 2 . e . L. No data currently
Dopamine Bromocriptine  on glucose/lipid Dizziness, . .
Diabetes . . available on their effect [46]
agonists (Cycloset) metabolism and nausea i
COVID-19 patients
central nervous system
Reduce entry and
inhibit activity of DPP-4, replication of the virus,
Dipeptidyl Alogliptin an enzyme which Respirator inhibit ACE and reduce
peptidase-4 Linagliptin destroys incretins, inf Pt' ¥ angiotensin-II, diminish [47] [48]
infections,
(DPP-4) Saxagliptin hormones that cytokine secretion and [49] [50]
. A . . headache .
Inhibitors Sitagliptin stimulate decrease in reduce inflammatory
blood glucose levels markers in lungs of
COVID-19 patients.
Albiglutid
Glucagon like e 1. ¢ L . Suggested that they
| Dulaglutide mimicincretin and . i
peptide-1 receptor . . Nausea, increase expression of
R Exenatide activate GLP-1 o [51] [52]
agonists (GLP-1 . ] vomiting ACE2 receptors but no
. Liraglutide receptor .
receptor agonists) R evidence to date
Semglutide
bind to SURI receptor No data currently
Nateglinid Weight gain,
Meglitinides aee 1n1 ¢ on fS-cell and stimulate el galn. available on their effect [53]
Repaglinide hypoglycemia

insulin secretion

COVID-19 patients
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Continued
S SGLT-2, red
Sodium-glucose Dapagliflozin ?IZ:I;I‘SZSstor tionrien Hee Uro-gential tract ~ Studies suggest they reduce
u
transporters Canagliflozin & P infection, inflammatory response,
o renal tubules and . [54] [55]
(SGLT) 2 Empagliflozin ltimately reduce abdominal macrophage IL-18and
ul u
inhibitors Ertugliflozin U pain, nausea TNEF-ain patients
blood glucose levels
Gli irid
Gli::;g; € Stimulate insulin from
Glvburid p-cells by closing of Weight gain, No data currently
uride
Sulfonylureas Ch}I d potassium channels headache, available on their effect [56]
orpropamide
Tol P I:] and opening of hypoglycemia COVID-19 patients
olazamide
Tolbutamide calcium channels.
u
activate the nuclear Studies suggested that
receptor peroxisome Pioglitazone reduces the
proliferator-activated inflammatory markers like
t Edema, weight ~ TNF-q, IL-6, elevated
Thiazolidinediones Rosiglitazone recepror gamma. ‘ema welg a‘ ¢ e\{a ¢ [57] [58]
L (PPAR-y) and stimulates gain, C-reactive levels in
(TZD) Pioglitazone o . . [59] [60]
the transcription of the  hypoglycemia COVID-19 patients. Also
genes involved in the some data suggested that
management of high TZD pioglitazone increases
glucose levels ACE-2 levels
Bicuanides Upregulation of ACE-2
Gestational 8 . ’ Metformin X X contributes to more
. Insulin, . Lowering glucose levels ~ Obesity . i [61]
Diabetes Insulin, etc sensitivity against

Sulfonylureas etc.

SARS-CoV-2

against COVID-19, it is convenient to repurpose already approved drugs or
drugs undergoing clinical trials. The mechanism of action, and antiviral targets
need to be further evaluated. Patients with co-morbidities like diabetes are defi-
nitely at higher risk and hence need special attention. Thus, it is imperative that
people with diabetes mellitus take all necessary precautions and ensure good
glycemic control amid the ongoing pandemic. Further studies are required that
will help in the development of effective vaccines to completely eradicate these

pathogens.
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