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Diabetes mellitus (DM) increases the risk of viral infections especially during the period of
poor glycemic controls. Emerging evidence has reported that DM is one of the most
common comorbidities in the novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) infection, also referred to as COVID-19. Moreover, the management and
therapy are complex for individuals with diabetes who are acutely unwell with suspected or
confirmed COVID-19. Here, we review the role of antidiabetic agents, mainly including
insulin, metformin, pioglitazone, dipeptidyl peptidase-4 (DPP4) inhibitors, sodium-glucose
cotransporter 2 (SGLT2) inhibitors, and glucagon-like peptide 1 (GLP-1) receptor agonists
in DM patients with coronavirus infection, addressing the clinical therapeutic choices for
these subjects.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by a novel severe acute respiratory syndrome
coronavirus (SARS-CoV2), was declared to be a pandemic by the World Health Organization
on March 11 and had aroused worldwide public concerns [https://www.who.int/dg/speeches/detail/
who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19—11-march-2020 (2020)].
The global epidemic of SARS-CoV2 has direct implications for the therapy of common metabolic
diseases such as diabetes mellitus (DM). Furthermore, DM is known to be associated with an
increased risk of viral respiratory tract infections, including HIN1 influenza (Allard et al., 2010) and
is emerging as an important comorbidity for disease severity and mortality in the context of COVID-
19 (Targher et al., 2020; Yan et al., 2020). Strikingly, prevalence of DM was about twofold increase in
the nonsurviving compared to the surviving COVID-19 individuals in China and Italy (Fadini et al.,
2020a; Wu C. et al., 2020a), which was consistent with the independent association of this condition
with fatal complications during the other two coronavirus-related respiratory infection epidemics,
such as the Middle East Respiratory Syndrome (MERS) in 2012, and the Severe Acute Respiratory
Syndrome (SARS) in 2002 (Zhou et al., 2020). Proposed mechanisms for these apparent associations
between COVID-19 and DM may be attributed to the dysregulated immune response (Guo et al.,
2020).

To date, the management of people with DM who are acutely unwell with COVID-19 is complex,
and improved glycemic control should be of utmost importance in patients with COVID-19 and
preexisting type 2 diabetes (Zhu et al., 2020). Although it would be wise to stick to the ongoing or
intensive treatment, the choice of antidiabetic drugs needs to be reviewed. Herein, we summarize the
role and perspective of antidiabetic agents, mainly including insulin, metformin, pioglitazone,
dipeptidyl peptidase-4 (DPP4) inhibitors, sodium-glucose cotransporter 2 (SGLT2) inhibitors, and
glucagon-like peptide 1 receptor agonists (GLP-1RAs) in DM patients with coronavirus infection.
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Uncontrolled

Multi-organ dysfunction and

glycemia pancreatic beta damage cytokines
Coronavirus
Diabetes mellitus <«——— DPP4 _ infections
Dys\'eg“‘ated
Poor glycemic
control

Pro-inflammatory

FIGURE 1 | Associations between diabetes mellitus and coronavirus infections. Diabetes mellitus contributes to poor glycemic control, which has been shown to
dysregulate ACE2 glycosylation and increase proinflammatory cytokines, facilitating viral cell entry. Preexisting proinflammatory state, in turn, predisposes patients to
coronavirus infections and aggravates multiorgan dysregulation and pancreatic beta damage, leading to uncontrolled glycemia and diabetes mellitus. DPP4, a common
pharmacological target for type 2 diabetes, is also a functional coronavirus receptor, which increases the susceptibility to coronavirus infections. On the other hand,
DPP4 exerts proinflammatory activity. DPP4, dipeptidyl peptidase-4; ACE2, angiotensin converting enzyme 2.

ASSOCIATIONS BETWEEN DM AND
CORONAVIRUS INFECTIONS

DM was correlated with an increased risk of viral respiratory tract
infections (Allard et al, 2010) and was considered as a major
contributor to disease severity and mortality in MERS (Memish
etal., 2020). A systematic review and meta-analysis described that
the overall prevalence of DM in MERS cases was 3.6-fold higher
than in HIN1 (Badawi and Ryoo, 2016). Moreover, both smaller
and larger studies revealed that DM was strongly associated with
adverse outcomes and mortality in subjects with MERS (Assiri
etal., 2013; Alqahtani et al., 2018). Similarly, a retrospective study
performed by Booth et al. showed that the presence of DM was
independently associated with significant morbidity and
mortality in 114 adults hospitalized with SARS-CoV (Booth
et al., 2003). Analysis of individuals hospitalized with SARS-
CoV in China demonstrated that increases in fasting glucose were
involved in the increased rates of death (Yang et al., 2010).
Database from Chinese Centers for Disease Control and
Prevention (CDC) showed a diabetes prevalence of
approximately 5% from the 20,982 patients with COVID-19
(Epidemiology Working Group for NCIP Epidemic Response,
Chinese Center for Disease Control and Prevention, 2020). A
report from Italy indicated nearly 17% diabetes prevalence from
the 1043 COVID-19 patients (Grasselli et al, 2020).
Noteworthily, available evidence from the CDC and hospitals
indicated that the risk of fatal complications from COVID-19 was
up to 50% higher in patients with DM than in those without
(Remuzzi and Remuzzi, 2020). Moreover, the presence of typical
complications of DM (heart failure and chronic kidney disease)
increased COVID-19 mortality (Barron et al, 2020; Holman
et al, 2020). Among 1,590 laboratory confirmed cases of
COVID-19 from China, 8.2% of patients with DM yielded
poorer clinical endpoints than those without (Guan et al,
2020). Consistent with these observations, DM is one of the

comorbidities associated with adverse outcomes in hospitalized
patients with SARS in China and Italy (Fadini et al., 2020a).

Currently, there are mainly two specific mechanisms that
might explain the link between DM and COVID-19
(Figure 1). First, both SARS and SARS-CoV2 coronavirus
enter the body through angiotensin converting enzyme 2
(ACE2) and play a crucial role in metabolism and
inflammation (Hoffmann et al, 2020). ACE2 has been
identified as the receptor for the coronavirus. Poor glycemic
control has been shown to dysregulate ACE2 glycosylation
(Brufsky, 2020), which might facilitate viral cell entry or make
the cells vulnerable to the inflammation (Hoffmann et al., 2020).
Preexisting proinflammatory state accentuated the cytokine
storm and was believed to contribute to multiorgan
dysfunction and severity of diseases (Maddaloni and Buzzetti,
2020). In addition, the expression of ACE2 on pancreatic p cells
could directly affect the B cell function (Yang et al., 2010; Roca-
Ho et al,, 2017), which might additionally worsen the clinical
outcomes.

Second, dipeptidyl peptidase-4 (DPP4) enzyme, a common
pharmacological target for type 2 diabetes, was also a functional
coronavirus receptor (Raj et al., 2013), which might be another
potential mechanism that explains the link between COVID-19
and DM. Transgenic mice expressing human DPP4 became
susceptible to coronavirus infection with MERS-CoV (Li et al,
2016). Antibodies inhibited MERS-CoV infection of primary cells
by directing against DPP4 (Raj et al, 2013). Analogously,
recombinant human adenosine deaminase blocked MERS-CoV
spike protein S1 binding to DPP4 and inhibited MERS-CoV
infection of cells transfected with human DDP-4 (Raj et al., 2014).
Moreover, human neutralizing antibodies directed against
MERS-CoV spike protein blocked viral binding to DPP4,
thereby inhibiting MERS-CoV infection (Tang et al., 2014).
Surprisingly, transgenic mice overexpressing human DPP4
exhibited relative resistance to MERS-CoV infection and
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reduced rates of mortality (Algaissi et al., 2019). Although the
association of SARS-CoV-2 and DDP-4 remains unknown, the
use of DDP-4 inhibitors can provide therapeutic opportunities for
the treatment of diabetic patients with COVID-19 in clinical
practice (Iacobellis, 2020).

PERSPECTIVES OF ANTIDIABETIC
AGENTS IN DM PATIENTS WITH
CORONAVIRUS INFECTION

Considering the severity and mortality, extra precautions should
be taken in DM patients with coronavirus infection. Of note,
specific attention should be paid to the use of antidiabetic agents
in these patients.

Insulin

Insulin has been widely used for decades in critically ill
hospitalized patients with DM and the usage of continuous
glucose monitoring reduces the rates of hypoglycemia
associated with insulin use (Lu et al, 2018). Of interest,
insulin was also a preferred treatment option for critically ill
patients with DM amid the COVID-19 pandemic (Drucker, 2020;
Gupta et al., 2020). Additionally, selective loss of insulin action
attenuated the anti-inflammatory T cell response to influenza
infection in murine immune cells (Tsai et al., 2018). Furthermore,
insulin played an important role in anti-inflammatory actions
and reduced markers of inflammations in hospitalized patients
with critical illness (Hansen et al., 2003). Intravenous insulin
treatment had strong beneficial effects on inflammation and
coagulation in hospitalized type 2 diabetic patients with
COVID-19 over a period of 2 weeks (Sardu et al., 2020). As
with other severe infection, diabetic ketoacidosis (DKA) has been
reported in DM patients with COVID-19. Available evidence
highlighted that subcutaneous insulin therapy was a useful
strategy for uncomplicated DKA during the pandemic
(Palermo et al, 2020). Particularly, Chen et al. showed that
attention needed to be paid to patients with DM and COVID-
19 who use insulin (Chen et al., 2020). They performed a
retrospective study involving 904 patients with DM and
COVID-19 and confirmed that insulin users had a greater risk
of poor prognosis compared with noninsulin users (aOR 3.58
[95% CI 1.37, 9.35]; p = 0.009), but the study could not rule out
the possible existence of truly uninfected patients among the
clinically diagnosed cases (Chen et al., 2020).

Using the nonobese diabetic mice model, Heleia et al. reported
that insulin downregulated ACE2 receptors (Roca-Ho et al,
2017), which might reduce the risk of viral infection.
Moreover, an observational study revealed significantly higher
insulin requirements among COVID-19 patients (Bornstein et al.,
2020), which might be attributed to the beta-cell dysfunction
induced by SARS-CoV2. Further research is required to clarify
the clinical influence of insulin in the context of COVID-19.

Metformin
Metformin, a first line antidiabetic drug in the treatment of type 2
diabetes, has anticipated antiproliferative and immunomodulatory

Antidiabetic Agents and Coronavirus Infections

effects. Previous studies suggested prohibiting metformin in patients
with DM and COVID-19, due to an anticipated DKA in the context
of multiorgan dysregulation (Puig-Domingo et al., 2020; Sinclair
et al, 2020; Singh et al, 2020). Emerging evidence found that
treatment with metformin in DM patients with coronavirus
infection is not harmful and could possibly be beneficial (Kumar
Singh and Singh, 2020). A multicenter study explored the association
of blood glucose control and outcomes in patients receiving different
antidiabetic agents with COVID-19 and found no harm with
metformin (Zhu et al, 2020). In the Coronavirus Disease and
Diabetes Outcome (CORONADO) trial, Bertrand et al. showed
that only metformin users had a lower rate of death among all the
antidiabetic agents, but the sample size and short-term prognosis
(ie, 7 days after admission) limited the credibility of the study
(Cariou et al., 2020). Consistent with this result, Luo et al. performed
a retrospective study including 283 patients with COVID-19 and
suggested that in-hospital mortality was significantly lower in those
receiving metformin compared with those not receiving (2.9% vs.
12.3%; p = 0.01) (Luo et al., 2020), but this finding might have been
driven by selection bias, as patients with severe respiratory problems
could not be treated with metformin. Noteworthily, metformin was
recommended to be contraindicated in patients with or at risk of
acidosis (Flory et al., 2020), and it should be discontinued if the
glomerular filtration rate (GFR) was less than 30 ml per minute per
1.73m*  [https://www.fda.gov/drugs/drug-safety-and-availability/
fda-drug-safety-communication-fda-revises-warnings-regarding-
use-diabetes-medicine-metformin-certain (2017)]. Recently, the
guidelines for the management of diabetes during the COVID-
19 pandemic addressed that it was recommended to stop treatment
with metformin in those with fever and acute illness (body
temperature >38.5 °C, GFR <30 ml/min/1.73 m?) (Sinclair et al.,
2020).

Mechanistically, metformin activates AMP-activated protein
kinase (AMPK) by causing its phosphorylation and regulates
glucose and lipid metabolism (Zhou et al,, 2001). Of note, as a
downstream of AMPK, PI3K/AKT/mTOR pathway played major
roles in MERS-CoV infection (Kindrachuk et al., 2015). Therefore,
metformin may offer benefits in DM patients with coronavirus
infection by indirectly mediating the mTOR pathway.

Pioglitazone

Pioglitazone, a classical antidiabetic agent, has anti-inflammatory
and antifibrotic activities (Radwan and Hasan, 2019). Studies
have suggested that pioglitazone upregulated the expression of
ACE2 (Zhang, et al., 2013), raising concerns about possible
increased susceptibility to SARS-CoV2 infection (Pal and
Bhadada, 2020). Furthermore, due to its adverse effects such
as fluid retention (Alam et al, 2019), pioglitazone was
recommended for discontinuation in acutely ill patients. In
contrast, Mukherjee et al. considered that pioglitazone had
more potential benefit than harm, and it could be continued
in people with moderate COVID-19 (Jagat et al., 2020). Indeed,
pioglitazone has been shown to decrease the secretion of various
proinflammatory cytokines in the monocytes and macrophages
(Bassaganya-Riera et al., 2010). Similarly, pioglitazone had the
potential of blunting the cytokine storm by blocking caspase
recruitment domain-containing protein 9 (CARDY) at the center
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of the immune activation mechanism in macrophages (Erol,
2020). Interestingly, computer-simulation-based bioinformatic
analysis found that pioglitazone may target 3-chymotrypsin-
like protease (3CLpro) and potentially inhibited SARS-CoV2
RNA synthesis and replication (Wu C. et al., 2020b). However,
pioglitazone therapy was associated with weight gain and oedema
and more importantly was associated with aggravation of heart
failure (Kernan et al., 2016), which did not support the use of
pioglitazone in patients with COVID-19. More clinical trials are
needed to optimize the risk-benefit ratio of using pioglitazone in
patients with COVID-19.

DPP4 Inhibitors

DPP4, originally known as cluster of differentiation 26 (CD26), is
a multifunctional soluble and cell-bound serine protease and
plays critical roles in glucose homeostasis and inflammatory
responses (Deacon, 2019). A previous study identified that
DPP4 was a functional receptor for MERS-CoV (Raj et al,
2013) and may also participate in SARS-CoV2 infection
despite not being its primary entry receptor. Targeting DPP4
has been thus considered as a pharmacologically reasonable
strategy in the case of severe respiratory diseases related to
coronaviruses and COVID-19 (Reinhold and Brocke, 2014;
Tacobellis, 2020). It was also noteworthy that DPP4 was also
involved in inflammatory and immune functions (Trzaskalski
etal., 2020). Studies have proved that sitagliptin, one of the DPP4
inhibitors, was believed to reduce levels of proinflammatory
markers such as tumor necrosis factor-a (TNF-a) and
interleukin-6 (IL-6) (Matsubara et al., 2013; Satoh-Asahara
et al., 2013). In this regard, DPP4 inhibitors might prevent
coronaviruses infection and exert anti-inflammatory role. In a
multicenter, retrospective study of the 338 consecutive patients
with type 2 diabetes and COVID-19, sitagliptin treatment was
associated with reduced mortality and improved clinical
outcomes (Solerte et al, 2020). However, this retrospective
study has several shortcomings, including the nonrandomized
uncontrolled design, a slight increase in some of the
inflammatory markers detected at baseline in the standard-of-
care group as compared with the sitagliptin-treated patients, and
the lack of some clinical data that were not available for all
patients. Current knowledge did not all support the beneficial
effects of DPP4 inhibitors on patients with diabetes and COVID-
19. Recently, a retrospective study involving 904 patients with
DM and moderate-severe COVID-19 showed that the use of
DPP4 inhibitors did not significantly affect mortality and clinical
outcomes (Chen et al, 2020). Another epidemiological study
including 403 hospitalized COVID-19 patients found that DPP4
inhibitors might not affect the risk of hospitalization for COVID-
19 patients with type 2 diabetes (Fadini et al., 2020b). A case series
involving 387 COVID-19 patients in Italy described the
association between DPP4 inhibitors treatment and a
statistically reduced mortality, but the result was based on
only 11 patients (Mirani et al, 2020). Of note, DPP4
inhibitors treatment was associated with worse outcomes in 27
patients with type 2 diabetes treated with DPP4 inhibitors than in
49 patients treated with other glucose-lowering drugs (Dalan
et al,, 2020). Consequently, there are some essential issues to be

Antidiabetic Agents and Coronavirus Infections

addressed before claiming possible beneficial effects of DPP4
inhibitors on COVID-19, and the effects of DPP4 inhibitors in
patients with type 2 diabetes and COVID-19 should be confirmed
in an ongoing randomized, placebo-controlled trial.

SGLT2 Inhibitors

SGLT2 inhibitors were proposed as the second line treatment
following metformin in the latest guidelines for the management
of type 2 diabetes. Although several studies have discussed the
potential benefits of SGLT2 inhibitors in COVID-19 patients
(Chatterjee, 2020; Koufakis et al, 2020), the use of SGLT2
inhibitors was not beyond criticism. SGLT2 inhibitors were
reported to increase ACE2 expression in kidney and therefore
forming theoretical concern to increase susceptibility to SARS-
CoV2 infection (Pal and Bhadada, 2020). Moreover, an expert
panel recommended to avoid SGLT2 inhibitors among patients
with DM and moderate-to-severe COVID-19 due to risk of
dehydration and euglycemic DKA (Bornstein et al, 2020).
Recently, Bossi et al. showed that SGLT2 inhibitors lacked
efficacy in severe pneumonia related to novel coronavirus
infection (Bossi et al., 2020). Conversely, SGLT2 inhibitors might
exert anti-inflammatory effect in animal models (Bonnet and
Scheen, 2018), which could favorably impact the dysregulated
process in the context of cytokine storm of COVID-19.
Intriguingly, dapagliflozin, a SGLT2 inhibitor, has been shown to
decrease lactic acidosis and reverse acid-base balance inside the cells
during hypoxia, thus contributing to prevent cell injury in the
setting of cytokine storm of COVID-19 illness in patients with DM
(Cure and Cure Cumhur, 2020). SGLT2 inhibitors have already
been reported to provide a significant cardiorenal benefit, and thus
they also might offer a protection to vital organs in the context of
COVID-19. With these assumptions, “Dapagliflozin in Respiratory
Failure in Patients with COVID-19” (DARE-19), a phase-3
multinational ~ double-blind  placebo-controlled randomized
clinical trial (NCT04350593) has been initiated [https://www.
clinicaltrials.gov/ct2/show/NCT04350593  (2020)].  Although
SGLT?2 inhibitors have been considered to provide benefits, they
should be carefully reevaluated in case of body temperature >38.5°C
or in case of food abstinence of insulin deficiency. Therefore, the
potential benefit of SGLT2 inhibitors requires further validation.

GLP-1RAs

GLP-1RAs, known as incretin mimetics, improve glucose
homeostasis through enhancing glucose-dependent insulin
secretion. Researchers found that liraglutide, the first long-
acting GLP-1RAs, increased the expression of ACE2 in lungs
and heart, which also raised a theoretical concern in patients with
COVID-19 (Pal and Bhadada, 2020). Similar to DPP4 inhibitors,
GLP-1RAs exerted anti-inflammatory effects by interfering with
NF-kB signaling pathways (Lee and Jun, 2016). Furthermore,
GLP-1RAs were associated with significant reduction in
inflammatory cytokine in the respiratory epithelium in mice
infected with respiratory syncytial virus (Bloodworth et al,
2018). Given that beneficial roles of GLP-1RAs for the
prevention of cardiovascular and kidney diseases have been
well established (Prattichizzo et al., 2019), these drugs could
be an ideal option for the treatment of patients with DM at
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TABLE 1 | Potential benefits or risks of antidiabetic agents in the context of coronavirus infections.

Roca-Ho et al. (2017)
Hansen et al. (2003), Sardu et al.

Chen et al. (2020), Cariou et al.

References Recommendations

Preferred treatment options for critically ill patients

Palermo et al. (2020)
Chen et al. (2020)

Continued in mild to moderate COVID-19 and avoided
in critically ill

Kindrachuk et al. (2015)

Antidiabetic Beneficial
agents or adverse effects
Insulin Downregulated ACE2 receptors
Reduced inflammatory markers
(2020)
Reduced uncomplicated DKA
Increased the risk of poor prognosis
Metformin Lowered deaths and interleukin-6 levels
(2020)
Lowered in-hospital mortality Luo et al. (2020)
Targeted PIBK/AKT/mTOR pathways and inhibited
viral replication
Pioglitazone Upregulated ACE2 receptors

Decreased various proinflammatory cytokines
(2020)

Targeted 3CLpro and potentially inhibited SARS-

CoV2 RNA synthesis and replication

Suppressed MERS-CoV infection

Reduced levels of proinflammatory markers

DPP4 inhibitors

Zhang, et al. (2013)
Bassaganya-Riera et al. (2010), Erol

Reinhold and Brocke (2014)
Satoh-Asahara et al. (2013),

Continued in mild to moderate COVID-19 and avoided
in critically ill

Wu C. et al. (2020b)

Continued in mild to moderate COVID-19. More data
needed for the acutely ill patients

Matsubara et al. (2013)

Reduced mortality and improved clinical outcomes
Did not significantly affect mortality and clinical
outcomes

Might not affect the risk of hospitalization
Associated with worse outcomes

Upregulated ACE2 expression in kidney

Exerted anti-inflammatory action and reduced
cardiovascular and renal complications

Decreased lactic acidosis and reversed acid-base
balance inside the cells during hypoxia

Increased the expression of ACE2 in lungs and heart
Exerted anti-inflammatory effects and reduced
inflammatory cytokine

Reduced hypoglycemia and glucose variability

SGLT2 inhibitors

GLP-1RAs

Pal and Bhadada (2020)

Lee and Jun (2016), Bloodworth
et al. (2018)

Mustafa and Whyte (2019)

Solerte et al. (2020)
Chen et al. (2020)

Fadini et al. (2020a)

Dalan et al. (2020)

Pal and Bhadada (2020)
Bonnet and Scheen (2018)

Continued in mild to moderate COVID-19 and avoided
in critically il

Cure and Cure Cumhur (2020)

Continued in mild to moderate COVID-19. More data
needed for the acutely ill patients

ACE2, angiotensin converting enzyme 2; DKA, diabetic ketoacidosis; COVID-19, coronavirus disease 2019; 3CLpro, 3-chymotrypsin-like protease; DPP4, dipeptidyl peptidase-4;, SGLT2,

sodium-glucose cotransporter 2; GLP-1RAs, glucagon-like peptide 1 receptor agonists.

such risk (Ceriello et al., 2020). Of note, GLP-1RAs therapy was
associated with reduction of hypoglycemia and glucose variability
in the intensive care unit (ICU) setting, which could be protective
in the critically ill patients (Mustafa and Whyte, 2019). However,
initiating or maintaining such therapies in acute or critical
situations (such as severe COVID-19) was not recommended
because they will take time to become effective, due to slow
uptitration, and might provoke nausea and vomiting (Nauck and
Meier, 2019). There is insufficient evidence to clarify the use of
GLP-1RAs in the context of the coronavirus infection. To date, no
relative clinical-epidemiological studies have been carried out
concerning the correlation between GLP-1RAs and COVID-19.

CONCLUSION AND FUTURE
PERSPECTIVE

As available clinical evidence implicated diabetes as important
risk factor impacting the severity of coronavirus infections,
including SARS-CoV2, intensive monitoring and antidiabetic
drug therapy should be considered in diabetic patients with
COVID-19. We have attempted to highlight the potential
benefits or risks of antidiabetic agents in the context of

coronavirus infections (Table 1). Furthermore, we also
addressed the clinical therapeutic choices of these agents for
critically ill or moderate COVID-19 patients.

Accumulative clinical studies have confirmed that DM was
associated with a higher risk of severity and fatality of COVID-19
(Wu J. et al.,, 2020b; Zhang, et al., 2020), but few researchers
clarified the influence of COVID-19 on DM. Remarkably, recent
studies pointed that there was a bidirectional relationship
between DM and COVID-19 (Rubino et al., 2020). New onset
diabetes and severe metabolic complications of preexisting
diabetes have been observed in patients with COVID-19 (Chee
et al,, 2020; Li et al., 2020), which posed challenges for clinical
management of DM and suggested a complex pathophysiology of
COVID-19-related diabetes. Thus, it is essential to investigate the
epidemiologic features and pathogenesis of COVID-19-related
diabetes and to gain clues regarding appropriate use of
antidiabetic agents for patients during the COVID-19 pandemic.

Although current evidence has affirmed the role of
antidiabetic agents in patients with COVID-19, it is not yet
fully clear that these agents have a favorable or unfavorable
effect. Nonetheless, well-controlled blood glucose is
particularly crucial for DM patients with COVID-19 (Critchley
et al., 2018; Wu J. et al., 2020a; Zhu et al., 2020). Therefore, it is
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essential to balance blood glucose control and avoid
hyperglycemia or hypoglycemia during the use of antidiabetic
agents. Noteworthily, a previous study indicated that insulin
combined with continuous glucose monitoring (CGM)
reduced hypoglycemia and proved to be safe and feasible
(Breton et al, 2018). In this regard, antidiabetic agents
combined with CGM might be a good treatment option for
COVID-19 patients, particularly for the critical patients. On
the other hand, another research showed that lixisenatide
added to basal insulin significantly balanced blood glucose
excursions without increasing the risk of hypoglycemia
(Umpierrez et al., 2017). Thus, antidiabetic drugs combination
might contribute to good blood glucose control and reduce
adverse risks in moderate COVID-19 patients. Currently, there
is only weak evidence to elucidate specific effects of antidiabetic
drugs on COVID-19, and the retrospective analyses are subject to
biases and unmeasured confounding. Further prospective
randomized studies to confirm these therapeutic strategies are
warranted.

Taken together, particular attention should be given to the
safety concerns related to COVID-19 and the use of antidiabetic
agents in patients with DM, and further clinical research in these
domains will contribute to providing evidence-based therapies.
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