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Abstract

Coronavirus Disease 2019 (COVID-19), caused by Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), has
been the global health problem for more than one year. Diabetes mellitus has been a common comorbid condition in
COVID-19 patients. The prognosis of COVID-19 disease is adversely affected by diabetes mellitus. Diabetes mellitus could
be a risk factor for severity and mortality in patients with COVID-19. This review aims to explore the effectiveness and safe-
ty of the antidiabetic drugs in COVID-19 patients. Numerous studies have shown that pro-inflammatory cytokine levels are
extremely high in COVID-19 patients. Dipeptidyl peptidase-4 (DPP-4), also known as CD26, is involved in cytokine produc-
tion and inflammation. DPP4 inhibitors, commonly called gliptins, are widely used as effective oral hypoglycemic drugs in
the treatment of type-2 diabetes mellitus. The research studies of DPP-4 inhibitors have exciting potential for diabetic pa-
tients infected with COVID-19. Sodium-glucose cotransporter-2 (SGLT2) inhibitors, reduce blood glucose levels. SGLT2 in-
hibitors have anti-inflammatory effect. However, SGLT2 inhibitors can cause ketoacidosis, especially in critically ill
COVID-19 patients. A significant number of COVID-19 patients develop cardiac complications. Glucagon-like peptide 1
(GLP-1) agonists and thiazolidinediones such as pioglitazone have shown to upregulate ACE2. Metformin use is associated
with a significant reduction in the rate of heart failure and with increased incidence of acidosis in critically ill patients.
Hence, insulin remains the drug of choice in these situations. The results may be useful for the clinical treatment of
COVID-19 patients with comorbid Diabetes Mellitus.
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Core Tip: Diabetes mellitus is a common comorbid condition in patients with COVID-19. The prognosis of COVID-19 dis-

ease is adversely affected by diabetes mellitus. Diabetes Mellitus could be a risk factor for severity and mortality in patients

with COVID-19. This review aims to explore the effectiveness and safety of the antidiabetic drugs in COVID-19 patients.
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Introduction

Coronavirus Disease 2019 (COVID-19), caused by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS--
CoV-2), has been the global health problem for more than
one year. COVID-19 is highly contagious and is leading to
high mortality rates [1]. The most common symptoms and
clinical spectrum of COVID-19 ranges from asymptomatic
presentation or upper respiratory symptoms (flu like symp-
toms, fever, headache, fatigue, sore throat, coughing, dysp-
nea) to gastrointestinal symptoms, severe pneumonia, acute
respiratory distress syndrome (ARDS), septic shock and
death [1-3]. Hypertension and Diabetes Mellitus are the
most common comorbid conditions in patients with
COVID-19. The prognosis of COVID-19 disease is adverse-
ly affected by diabetes mellitus [4]. In a systematic review in-
cluding eight different studies, encompassing a total of
46,248 confirmed cases, Yang et al. found that the most com-
mon co-morbidities among COVID-19 patients were hyper-
tension (17%), diabetes (8%). and respiratory diseases (2%)
[5]. Diabetes could be a risk factor for severity and mortali-
ty in patients with COVID-19. The Chinese Center for Dis-
ease Control and Prevention, after analysing 72.314
COVID-19 cases, reported that diabetic patients had a three-
fold higher mortality rate than non-diabetic patients (7.3%
vs 2.3%) [6]. The literature has shown that diabetes mellitus
is a major comorbidity that significantly increases the risk
of death and adverse complications in individuals with
COVID-19 [7,8]. Patients with diabetes are expected to
have an increased severity and risk of being admitted to the
intensive care unit (ICU) with respiratory failure and multi-
organ dysfunction following SARS-CoV-2 infection [2,6]. It
has been shown that hyperglycemia is one of the risk factors
in these patients [9]. One of the largest retrospective cohort
studies conducted on in-patient subjects, indicates that wel-
l-controlled blood glucose levels are associated with a re-
markable reduction in death and adverse complications in
COVID-19 patients with comorbid Diabetes Mellitus
[8,10]. Such studies show the importance of intensive blood
glucose management in COVID-19 patients with comorbid
diabetes mellitus [10]. Glycemic control is beneficial in res-
toring the dysregulation of the immune system and prevent-
ing infections [11]. Most antihyperglycemic medications

showed anti-inflammatory effects in animal models of lung
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injury [12]. It is worthwhile considering that such patients
are on multiple oral hypoglycemic agents and these medica-
tions may also affect the response to infections [13]. There-
fore, this review aims to explore the effectiveness and safety
of antidiabetic drugs in COVID-19 patients with comorbid
Diabetes Mellitus.

DPP4, DPP4 Inhibitors and COVID-19

Dipeptidyl peptidase-4 (DPP4), also known as
CD26, is a glycoprotein on the cell surface [14]. This pro-
tein is multifunctional and is involved in cytokine produc-
tion, DNA synthesis, signal activation, and cell proliferation
[15]. Interferons upregulate the expression of DPP4 [16]. In-
terleukin (IL)12 and tumor necrosis factor (TNF)-alpha are
involved in the DPP4 translation and translocation [16]. DP-
P4 also has a role in the induction of hypoxia-inducible fac-
tor-1 (HIF-1) alpha, which increases the inflammation [16].
In recent years, the role of DPP-4 in chronic inflammation
has been proved [16]. CD26 has a role in regulating the mi-
gration and maturation of CD4+T-cell, antibody produc-
tion, cytokine secretion but the exact role of this protein in
immune cells is not clear. CD26+T cells have a strong abili-
ty to migrate via endothelial cells [16,17]. So, DPP-4 has a
different role in the immune system, such as inflamma-
tion-related disease, immune responses, and T cell activa-
tion. It also increases inflammation [16]. DPP4 inhibitors,
commonly called gliptins, are widely used as effective oral
hypoglycemic drugs in the treatment of type-2 diabetes mell-
itus. However, DPP4 inhibition has the potential to exert a
positive pleiotropic effect on vascular and inflammatory dis-
eases [18,19], or even direct anti-inflammatory effect on
various cell types: T cells, macrophages, and adipocytes
[20]. DPP4 (CD26) inhibitor sitagliptin affect adipocytes
and macrophages as an anti-inflammatory agent and exerts
anti-inflammatory effects by suppressing NF-kB activation
[15,16].

Numerous studies have shown that pro-inflamma-
tory cytokine levels are extremely high in subjects with sev-
ere/critical COVID-19. Cytokine storm syndrome (CSS)
seems to be of particular concern in patients with severe or
critical conditions of infection. COVID-19 patients have
high levels of pro-inflammatory cytokines in the lung; thus,
blocking circulating IL-6, IL-1, and TNF could be effective
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for patients in respiratory insufficiency in COVID-19
[20,21]. DPP4/CD26 is variously expressed on epithelia and
endothelial of the systemic vasculature, lung, kidney, small
intestine and heart. In particular, DPP4 distribution in the
human respiratory tract may facilitate the entrance of the
virus into the airway tract itself and could contribute to the
development of cytokine storm and immunopathology thus
causing fatal COVID-19 pneumonia [22]. A recent commen-
tary on Diabetes Research and Clinical Practice described
the interplay between the Middle East Respiratory Syn-
drome (MERS-CoV), another coronavirus responsible for
an outbreak of acute respiratory syndrome, and human DP-
P4 identified as a functional receptor for virus spike protein
[23]. It is speculated that membrane-related human DPP4
may also be a functional SARS-CoV-2 receptor. Therefore,
the research of DPP4 inhibitors, currently available for type
2 diabetes can be used as a new strategic direction to pre-
vent COVID-19 [24]. Furthermore, as a class of oral hypog-
lycemic agents, DPP4 inhibitors can effectively reduce glyco-
sylated hemoglobin. Therefore, the research studies of DP-
P-4 inhibitors have exciting potential for diabetic patients
infected with COVID-19 [24]. DPP4 inhibitors may have
the anti-inflammatory effect independent of their effect on
the GLP-1 level. DPP4 inhibitors are supposed to decrease
the expression of CD26 on the immune cell surface, which
led to the inhibition of innate immune system activity.
Some data suggest that the positive role of DPP4 inhibitors
like sitagliptin in controlling the inflammation is due to the
increase of GLP-1 [16]. Using existing DPP4 inhibitors
(such as sitagliptin, linenegliptin, vildagliptin, etc.) to inhib-
it the activity of DPP4/CD26 may be an effective weapon to
block the host CD26 receptor, thereby blocking SARS CoV-
2 to enter T cells to prevent infection of COVID-19 [24,25].
With specific respect to lung diseases, Kawasaki et al. de-
monstrated the direct anti-inflammatory effects of DPP4 in-

hibition on lipopolysaccharide (LPS)-induced lung injury in
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mice and in human lung epithelial cells. Similarly, DPP4 in-
hibitor administration in mice is able to exert protective ef-
fects in the lung [20,26]. Telikani et al. have determined
serum levels of TNF-q, IL-1 B, and IL-10 in 60 patients with
DM,; sitagliptin treatment significantly decreased the high
levels of pro-inflammatory TNF-q, and at the same time in-
creased anti-inflammatory IL-10 concentrations [27]. Thus,
increased plasma DPP4 may represent a driver for clinical
severity of SARS-COV?2 infection. On one side, the broad
DPP4 distribution could contribute to explain the large
number of SARS-CoV-2 target organs, which are more than
those expressing angiotensin-converting enzyme 2 (ACE2)
receptors, identified as the main SARS-CoV-2 receptor so
far [28]. One can speculate that DPP4 inhibitors could
block an alternative entry site for SARS-CoV-2, thus being
beneficial for COVID-19 patients [29]. On the other hand,
while binding to soluble DPP4, they could decrease its puta-
tive neutralizing/antiviral potential [29]. What is the ratio-
nale for postulating link between DPP4 and lower suscepti-
bility to COVID-19 in children? It has been found that DP-
P4 may also be released in a soluble form. Possibly, the lat-
ter might act as a decoy receptor for viral spike proteins, de-
creasing the virulence of SARS-CoV-2 [29]. Two observa-
tions seem to support this hypothesis. First, it was proven
that the level of soluble DPP4 negatively correlated with pa-
tient's age. Furthermore, as shown in a small proof of con-
cept study, children were slightly less sensitive to DPP4 in-
hibitor alogliptin, compared to adults, possibly due to the in-
creased level of soluble DPP4 [29].

Given the already established safety profile of th-
ese classes of drugs, and their clinical availability, they
might be “repurposed” as potential therapeutic drug candi-
dates for coronavirus pneumonia in DM patients. Interest-
ingly, as gliptins are known to have little or no hypog-
lycemic effects, they might be used safely in non-diabetic pa-
tients [20]. Figure 1.
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Figure 1: Role of Dipeptidyl peptidase-4 (DPP4) reseptors and effects of DPP4 inhibitors in COVID-19. IFs; interferons, IL-1; Interleukin 1,
IL-6; Interleukin 6, and TNFa ; tumor necrosis factor (TNF)-alpha

Metformin and COVID-19

Metformin is a leading first-line anti-diabetic med-
ication, and it is the most commonly prescribed drug for
the treatment of DM [8,10]. Metformin has shown anti-in-
flammatory actions in preclinical studies, and furthermore
metformin treatment reduced the circulating levels of in-
flammation biomarkers in people with DM [30,31]. The re-
sults of a study which compared the outcomes in hospital-
ized Chinese patients showed that mortality was significant-
ly lower in the subjects receiving metformin (2.9% versus
12.3%; P =0.01) [32]. For individuals with COVID-19 and
diabetics, the established beneficial effects of metformin on
blood glucose management, cardiac protection, and im-
mune modulation may result in a more beneficial outcome
of the viral disease than if metformin use is withheld [10].
However, concerns have been raised regarding the potential
side effects of metformin use as it can promote lactic acido-
sis in individuals with COVID-19 and pre-existing DM, par-
ticularly for individuals with severe symptoms of
COVID-19 [33]. In addition, the potential of metformin to
enhance the expression of ACE2 [34], the viral receptor for
SARS-COV-2 [35], has also raised the concern that metfor-
min use may promote the progression of COVID-19.

Hence, whether metformin use should be recommended or
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discontinued in individuals with COVID-19 and pre-exist-
ing DM remains highly controversial. Considering the ur-
gency of the COVID-19 pandemic, and the significant num-
ber of individuals with COVID-19 and pre-existing DM
who could be treated with metformin, information on the
clinical impact of its usage in the context of COVID-19
would have significant and immediate implications [10].
Furthermore, metformin use is significantly associated with
reduced heart failure as well as an inflammatory response.
These findings offer important information to assist clini-
cians in the decision to use metformin to manage diabetic
patients with COVID-19 [10].

Sodium-Glucose Cotransporter-2 (SGLT2) Inhibi-
tors and COVID-19

Sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors, inhibit the SGLT-2 protein in the proximal convoluted
tubule in the kidney, thereby preventing the uptake of both
sodium and glucose to promote their urinary excretion
[36]. SGLT2 inhibitors reduce blood levels of glucose. Re-
search studies also suggest the anti-inflammatory effect of
SGLT?2 inhibitors [37]. In diabetic patients, the treatment
with SGLT?2 inhibitors reduced infiltration of inflammatory
cells into arterial plaques [38] and decreased the mRNA ex-

pression levels of some cytokines and chemokines, such as
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TNF, IL-6 and monocyte chemoattractant protein 1 (M-
CP1) [39]. However, SGLT?2 inhibitors can cause ketoacido-
sis, especially in critically ill patients[30]. Importantly,
SGLT?2 inhibitors have profound effects on urinary glucose
and sodium excretion, resulting in osmotic diuresis and po-
tentially dehydration. COVID-19 may induce cardiomyopa-
thy and lead to unstable hemodynamics, causing renal is-
chemia. The natriuretic effect of SGLT2 inhibitors induces
blood volume contraction, interferes the hemodynamic sta-
bility, and may be detrimental during active COVID-19 dis-
ease. Another important concern is that use of SGLT2 in-
hibitors in patients with diabetes and COVID-19 infection
may increase urinary tract infection and diabetic ketoacido-
sis [30,40]. As such, the use of SGLT2 inhibitors could be
difficult in patients under critical care, who need cautious

control of their fluid balance.

However, clinicians should consider if SGLT2 in-
hibitors use would promote virus replication by enhancing
intrarenal ACE2 expression in COVID-19 patients, which
may lead to deterioration of renal function and further im-
pact the viral activity in the lungs and heart. Unlike An-
giotensin-Converting Enzyme Inhibor/Angiotensin Recep-
tor Blockor (ACEI/ARB), the clinical benefits of SGLT2 in-
hibitors use to improve cardiac and renal outcomes may
need more strong evidence to support its irreplaceability.
Additional prospective trials are imperative to confirm the
advantages and disadvantages of SGLT2 inhibitors in
COVID-19 patients, including the combined use with
ACEI/ARB. Due to the uncertainty of SGLT2 inhibitors use
in patients with COVID-19 infection, an international
prospective phase III clinical study (DARE-19) is ongoing
to evaluate the effect of dapagliflozin versus placebo, given
once daily for 30 days, in reducing disease progression, com-
plications and all-cause mortality in all patients admitted
with COVID-19 (Clinicaltrials.gov NCT04350593) [40] The
result of this study might help reveal the implications of the
use of SGLT2 inhibitors in such patients [30].

Thiazolidinediones and COVID-19

The thiazolidinediones are agonists of the peroxi-
some proliferator-activated receptor-y (PPARYy), a nuclear
receptor that regulates the transcription of various genes in-

volved in glucose and lipid metabolism [41]. In many
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studies, thiazolidinediones have been found to reduce in-
sulin resistance and to have putative anti-inflammatory and
antioxidant effects, contributing to their anti-atherosclerot-
ic properties [30,42,43]. PPAR-y agonists attenuated LPS-in-
duced lung injury in murine models [44]. Thiazolidine-
diones reduce cardiovascular events in terms of recurrent
myocardial infarction/stroke in people with DM [45]. How-
ever, thiazolidinedione therapy was associated with weight
gain and oedema and more importantly was associated with
aggravation of heart failure [30]. Increased plasma volume
secondary to fluid retention is attributed as cause of heart
failure [45]. A significant number of COVID-19 patients,
25% of total cases, develop cardiac complications causing
cardiac failure/arrest and death [2,45]. Heart failure is likely
to be exacerbated by use of pioglitazone; in fact, it has been
associated with significant elevations in Natriuretic pep-
tides. Moreover, pioglitazone has been shown to upregulate
ACE2 [45]. These results do not support the use of thiazo-
lidinedione in patients with COVID-19. More clinical trials
are needed to optimize the risk-benefit ratio of using thiazo-

lidinediones in patients with COVID-19 [30].

Glucagon-like Peptide 1 (GLP-1) Agonists and
COVID-19

Glucagon-like peptide 1 (GLP-1) agonists attenuat-
ed LPS-induced lung injury in murine models [46]. Interest-
ingly, the GLP-1 agonist, liraglutide, provoked an increase
in ACE2 expression in the lungs of both diabetic and con-
trol rats, and in the circulating angiotensin-(1-7) in diabetic
animals [47,48]. GLP-1 analogues may interact with the
COVID-19 disease process through two key processes [49];
upregulation of ACE2 receptors and anti-inflammatory ef-
fects. In rats, use of the GLP-1 analogue liraglutide was asso-
ciated with upregulation of ACE2 receptors in the cardiopul-
monary system [47]. Secondly, the use of GLP-1 analogues
is known to improve metabolic health generally at least part-
ly through reducing endovascular inflammation [50]. In-
deed, one pre-clinical trial found that use of liraglutide in
rats was associated with reduced inflammatory measures, in-
cluding macrophage infiltration, and reduced TNF-a and
IL-6 levels [51]. Based on these findings, it might be pro-
posed that GLP-1 agonist therapy might exert protective ef-
fects against SARS-CoV-2 induced lung injury [48]. Howev-

er, there is a paucity of evidence from human studies in this
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area [52] and we are not aware of any ongoing trials examin-
ing the potential impact of these medications of COVID-19

outcomes [49].

Insulin and COVID-19

Pro-inflammatory cytokines such as TNF-alpha
and IL6, disturb the insulin action, which consequently
leads to systemic and local insulin resistance [53]. Insulin ex-
erts immunomodulatory effects independent of glycemic
control. Several studies suggest a potential benefit of insulin
therapy in different animal models of acute lung injury and
ARDS. Insulin inhibits synthesis of pro-inflammatory fac-
tors, including TNFa and IL-6 and attenuates oxidative
stress seen in acute lung injury [48]. Optimal glucose con-
trol using an insulin infusion significantly reduced IL-6 and
D-dimer levels and improved severity in patients with
COVID-19 with or without diabetes mellitus [30,54]. In crit-
ically ill COVID-19 patients, the risk of metabolic acidosis

associated with metformin might be exacerbated as well as

JScholar Publishers

6

the consequences of volume depletion with SGLT-2 inhibi-
tors. Hence, insulin remains the drug of choice in these situ-
ations [14]. Early insulin therapy reduces the risk of develop-
ing diabetic ketoacidosis or hyperglycemic hyperosmolar
states, taking into account that some diabetic patients with
COVID-19 may deteriorate rapidly to acute lung injury and
ARDS [48].

Conclusion

COVID-19 is a worldwide pandemic, which has re-
sulted in an extraordinary number of infections and deaths
worldwide. People with diabetes are particularly vulnerable
to develop more severe forms of the disease. Common path-
ways appear to exist that may explain the susceptibility of
this patient population to COVID-19, and some medica-
tions commonly used for people with diabetes may interact
with these pathways. The results may be useful for clinical
treatment of COVID-19 patients with comorbid diabetes

mellitus.
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