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Abstract

The coronavirus disease 2019 (COVID-19), which is caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), is a previously unrecognized viral illness with high infectivity that has sparked
a global crisis. Poorly controlled diabetes was demonstrated to be a crucial risk factor for poor COVID-19
outcomes. COVID-19 infections are associated with severe metabolic dysfunctions, new-onset diabetes,
and increased thrombotic events against the backdrop of aberrant endothelial function. The current body
of evidence suggests that when hyperglycemia interacts with other risk factors, it might modify immune and
inflammatory responses such that individuals become susceptible to severe COVID-19 infection and worse
outcomes including higher mortality. Apart from their glucose-lowering actions, the pleiotropic effects of anti-
diabetic medications can inhibit viral action, attenuate endothelial dysfunction, ameliorate oxidant effects, and
modulate inflammatory and immune responses during COVID-19 infections. These actions make antidiabetic
medications feasible candidates for drug repurposing to combat the SARS-CoV-2-induced tsunami in diabetic
COVID-19 patients. This review discusses the association between diabetes and COVID-19, pathophysiology
of the disease in diabetes, and therapeutic potential of antidiabetic medications for diabetic patients during the
current COVID-19 pandemic. Given the short history of human infection with SARS-CoV-2, the information
provided by recent studies is limited. Hence, further investigations of the optimal management of patients with
diabetes who are affected by COVID-19 are warranted. (J Intern Med Taiwan 2022; 33: 110-127)
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Introduction

In early 2020, the new highly infectious organ-
ism known as the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), which is the
novel coronavirus that causes coronavirus disease
2019 (COVID-19), was formally declared as a public
health emergency by the World Health Organi-

zation!. The prevalence of diabetes is high, and

diabetes is among the most common comorbidi-
ties observed in patients infected with COVID-
192. Angiotensin-converting enzyme 2 (ACE2) in
human cells is the main entry receptor for SARS-
CoV-2, which are highly expressed in multiple organ
systems3. Hence, SARS-CoV-2 may cause pleiotro-
pic alterations of glucose metabolism that compli-
cate the pathophysiology of pre-existing diabetes or

give rise to a new disease mechanism.
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Patients with diabetes infected with COVID-
19 are more prone to progress to severe or critical
conditions with higher mortality rates relative to
patients without diabetes, and both hyperglycemia
and pre-existing diabetes are independent predic-
tors for COVID-19 mortality*. An initial mild pre-
sentation of SARS-CoV-2 infection may be hidden
during the assessment of COVID-19 severity among
patients with diabetes, suggesting the absence of
classic signs and clinical symptoms, and this may
lead to a life-threatening delay in the provision of
required care®. Moreover, diabetes-induced abnor-
malities, such as underlying metabolic disorders,
immunological changes, and low-grade systemic
inflammation may predispose these patients to
infectious events of greater severity®.

This review discusses the basic and clinical
science spanning the intersections of diabetes with
COVID-19, and it emphasizes clinical relevance,
pathophysiology of COVID-19 in diabetes, and ther-
apeutic potential of antidiabetic medications during
the current COVID-19 pandemic.

Potential mechanisms

Although the mechanisms linking COVID-19
infection and increased susceptibility to worsening
diabetic complications remain largely unclear, many
hypotheses were proposed to explain how COVID-
19 infection damages beta-cell function, includ-
ing direct attack of beta cells, bystander effects on
beta cells due to infection of surrounding cells, and
systemic effects of COVID-19 with either direct or
indirect effects on beta cells’. The virus was demon-
strated to be capable of entering islet cells through
the use of ACE2 as its receptor, leading to damage
of insulin-producing beta cells and, subsequently,
insulin deficiency that causes acute diabetes in
patients with SARS-CoV-2 infections®. Moreover,
proinflammatory cytokines play essential roles in
the pathogenesis of both diabetes and COVID-19,

driving beta cell dysfunction, damage, and death

in diabetes through intrinsic cellular signaling
pathways and the augmentation of the islet immune
cell response’. Hence, in predisposed individuals,
local islet inflammation associated with COVID-
19 may theoretically result in increased islet auto-
immunity. Finally, research suggests that severe
acute illness and chronic systemic inflammation
lead to increased systemic insulin resistance (IR)
and gluconeogenic stress hormones, which give rise
to increased demand on beta cells and influence

insulin secretion®.

Inflammation

Diabetes can increase susceptibility and
exacerbate disease severity following COVID-19
infection because of a compromised innate immune
response. SARS-CoV-2 infection can increase
the levels of inflammatory mediators, which can
increase the interstitial and/or vascular permeability
of proinflammatory products!®. Moreover, SARS-
CoV-2 infection is associated with increased reactive
oxygen species (ROS) production!?. ROS production
and viral activation of the renin—angiotensin—aldo-
sterone system (RAAS) causes IR, hyperglycemia,
and even vascular endothelial damage, all of which
contribute to cardiovascular and all-cause mortality
following SARS-CoV-2 infection!?.

Glucose metabolism

Both beta cells and hepatocytes can be infected
by SARS-CoV-2 through ACE2, which may result
in the progression of IR and impaired insulin secre-
tion and, consequently, worsening hyperglyce-
mia during an acute infection'!. Moreover, in the
long term, infected beta cells can trigger beta-cell
autoimmunity, which may elicit new-onset diabe-
tes (NOD) in susceptible subjects!’. SARS-CoV-2
infection in an individual with diabetes can trigger
stress and increase the secretion of glucocorticoid
and catecholamines, which may result in increased

blood glucose, abnormal glucose variability, and
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diabetic complications!2. COVID-19 infection
can increase the risk of both diabetic ketoacidosis
(DKA) and hyperosmolar hyperglycemic state in
individuals with or without pre-existing diabetes'3.
Nevertheless, further investigations must be con-
ducted to clarify whether such alterations of glucose
metabolism that occur with the sudden onset of
severe COVID-19 will persist or remit when the

infection resolves.

New-onset diabetes

Studies have explored the concept of virus-
associated diabetes. Viral infections play a caus-
ative role in type 1 diabetes'®. Similarly, despite the
absence of pre-existing diabetes, the occurrence
of NOD was reported in patients with COVID-19
following SARS-CoV-2 infection'>10. Studies have
indicated that SARS-CoV-2 infection downregu-
lates ACE2, resulting in the overactivation of angio-
tensin II and reduction of angiotensin 1-7 through
the activation of the RAAS pathway; this can lead to
a cytokine storm, which results in the excessive syn-
thesis and secretion of proinflammatory cytokines/
markers, leading to damage of the insulin-produc-
ing beta cells'”. Subsequently, insulin deficiency
will occur, which may partially elucidate NOD in
patients with SARS-CoV-2 infections®.

In a study of 184 patients hospitalized for
COVID-19, 29 patients developed new and persis-
tent hyperglycemia during COVID-19 treatment,
and some of them presented with normal glycated
hemoglobin (HbAlc) concentration on admission's.
During the COVID-19 pandemic, more patients pre-
sented with ketoacidosis than expected, suggesting
an increase in the numbers of patients with NOD'.
Notably, studies have reported that relative to pre-
existing diabetes, COVID-19-induced hypergly-
cemia without diabetes may result in a significant
increase in mortality?%-2!. Nevertheless, the role of
COVID-19 in altering the underlying pathophysiol-

ogy and natural history of diabetes has yet to be clar-

ified. Notably, SARS-CoV infection in patients with
undiagnosed diabetes is associated with the devel-
opment of hyperglycemia that was demonstrated to
persist for 3 years after SARS recovery, suggesting
insulin deficiency owing to damage in beta cells®.
Although the coronaviruses are not on the list
of viruses involved in the etiopathogenesis of diabe-
tes, SARS-CoV-2 may be a causative environmen-
tal stimulus for the development of diabetes. Given
the short history of human infection with SARS-
CoV-2, further large-scale studies are necessary to
clarify the development of COVID-19-induced dia-
betes, nature history of the disease’s progression,

and appropriate management measures.

Susceptibility and SARS-CoV-2
severity

Two case series examined critically ill patients
with COVID-19 infection who were admitted to
intensive care unit (ICU), and a diabetes prevalence
of 33% and 58% was reported?-23, suggesting an
association between severe COVID-19 and diabe-
tes. Drugs used to treat SARS-CoV-2 infection were
reported to induce beta-cell damage, IR, and lipo-
dystrophy, thereby contributing to worsening hyper-
glycemia®*. Moreover, ROS, endothelial damage,
and glucotoxicity caused by inflammatory cyto-
kines contribute to an increased risk of thrombo-
embolic complications and damage to vital organs
in patients with diabetes who are infected with
COVID-19'9. Notably, the risk of COVID-19 rein-
fection may be high in patients with uncontrolled
diabetes because of the impairment of the adaptive
immune response®*. However, studies have not yet
verified whether diabetes-related changes that occur
during severe COVID-19 will disappear or persist
after the disease has resolved?’; to this end, long-

term studies should be conducted.

Antidiabetic medications

Antidiabetic medications used to control dia-
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betes may have effects on COVID-19 pathogenesis,
and these effects can extend beyond their glucose-
lowering actions and play a role in mitigating pro-
gression to severe complications. These potential
benefits stem from the modification of mechanisms
associated with the pathophysiology of adverse
complications of COVID-19, which modulates
ACE2 expression to lower inflammatory markers
and improve coagulopathy. Moreover, some anti-
diabetic medications may also provide protection
to major organs commonly affected by COVID-19.
During the ongoing COVID-19 pandemic, no stan-
dard recommendations are available to guide dia-
betes management to minimize the disruption of
stable metabolic state, maintain optimal glycemic
control, and prevent adverse glycemic events, par-
ticularly for patients with diabetes who have con-
current COVID-19 infection. A study reported that
every 1% reduction in HbAlc automatically trans-
lates to a 21% decreased risk of developing severe
COVID-19%%. Hence, it is necessary to re-examine
current knowledge of these agents and investigate
their potential benefits in treating diabetic patients

during the pandemic (Table 1).

Metformin

Metformin, which is the most prescribed oral
antidiabetic medication, may have multiple benefi-
cial effects beyond its glucose-lowering actions, such
as the suppression of the production of proinflam-
matory cytokines through activated macrophages,
the formation of neutrophil extracellular traps, and
the immune responses of pathogenic T helper (Th)
1 and Thl7; therefore, metformin could suppress
the cytokine storm associated with severe COVID-
1927, Metformin may reduce plasminogen activator
inhibitor-1, factor VII levels, and C-reactive pro-
teins (CRPs), and it may have direct effects on fibrin
structure/function and platelet stabilization, con-
tributing to a lower coagulation risk28. Moreover,

metformin stimulates adenosine monophosphate

(AMP) activated protein kinase, leading to the direct
phosphorylation of the ACE2 receptor?’. Hence, this
modification of ACE2 may lead to conformational
changes of the SARS-CoV-2 binding site to ACE2
receptors and, subsequently, reduce SARS-CoV-2
viral recognition?®. Several studies have demon-
strated that metformin can directly work on Na*/
H* exchangers and/or vacuolar ATPase, which are
2 crucial membrane compartments for the mainte-
nance and regulation of endosomal acidic pH; this
results in the inhibition of viral infection through an
increase in the cellular pH that interferes with the
endocytic cycle’?. Moreover, metformin can reverse
established lung fibrosis; therefore, it was proposed
as an effective treatment for COVID-19-related pul-
monary fibrosis3°.

Several meta-analyses have assessed met-
formin use for patients with diabetes who have
COVID-193133, Several retrospective studies of
patients with Type 2 diabetes (T2D) who were hos-
pitalized for COVID-19 have suggested that metfor-
min is associated with a reduced mortality rate3!.
Moreover, a meta-analysis reported that metformin
users exhibited a 25% overall reduction of mortal-
ity (P < 0.00001) relative to non-metformin users3!.
Similarly, a meta-analysis of 5 retrospective cohort
studies revealed that metformin is associated with
a significant 46% reduction in mortality (P = 0.02)
among patients with COVID-19%2. A meta-analy-
sis of 32 observational studies indicated that met-
formin reduces the risk of SARS-CoV-2 mortality
(odds ratio [OR], 0.56; P < 0.001; 22 studies) but not
disease severity (OR, 0.85; P = 0.077; 15 studies)
33, Moreover, in the subgroup analysis, metformin
reduced the risk of mortality (OR, 0.69; P = 0.002)
and severity (OR, 0.83; P = 0.023) in patients aged
70 years or older3.

A retrospective cohort study demonstrated that
metformin use significantly reduces hospitalization
rates (relative hazard [RH] = 0.71), mortality (RH =

0.34) and severe coronavirus infection (RH = 0.32)
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among older minority patients with COVID-1934,
Similar results were observed among nursing home
residents with SARS-CoV-2 infection, indicating
that metformin is associated with decreased 30-day
mortality, which could be related to its mammalian
targeting of rapamycin inhibition3. However, a ret-
rospective cohort study of 1213 hospitalized patients
with pre-existing diabetes who have COVID-19
suggested that metformin treatment is significantly
associated with a higher incidence of acidosis (par-
ticularly for patients with severe COVID-19) but
not mortality, which is significantly correlated with
high metformin dosage, compromised kidney func-
tion, and severe COVID-1936.

Although metformin can reduce inflammation
and provide cardioprotection for patients with dia-
betes who have COVID-19, researchers have rec-
ommended the continuation of metformin therapy
in conjunction with the continual monitoring of
patients for acidosis and deterioration of renal func-
tion3¢. Notably, metformin use prior to COVID-19
diagnosis was reported to be significantly associated
with reduced mortality among patients with diabe-
tes who have COVID-19 (OR, 0.33; P = 0.0210),
whereas prior insulin use did not affect mortal-
ity3”. Moreover, the beneficial effect of metformin
persisted even after correcting for other COVID-19
risk factors such as age, sex, obesity, hypertension,
chronic kidney disease (CKD) and heart failure
(HF) 7.

Because of the possible biases in retrospective
observational studies, and the divergent findings
derived from such studies, definitive answers will
only be provided by randomized controlled trials
(RTCs). For this reason, at least two parallel-group
RTCs investigating the effects of metformin on the
prognosis for COVID-19 are currently ongoing. One
is the COVID-OUT: Early Outpatient Treatment
for SARS-CoV-2 Infection trial (NCT04510194).
The investigators intend to evaluate whether met-

formin treatment in non-hospitalized patients with

SARS-CoV-2 can (1) prevent decreased oxygenation
and emergency department utilization, (2) prevent
COVID-19 disease progression, and (3) improve
viral load and serologic markers associated with
COVID-19. The other is the Pilot Study Into the Use
of Metformin and Low Dose Naltrexone for Patients
With COVID-19 trial (NCT04604678). The inves-
tigators intend to study the effect of a combination
of metformin and low dose naltrexone on the atten-
uation of symptoms and disease severity, recovery
time, hospitalization rates, and mortality in COVID-
19 patients at definite intervals over 4 weeks.
Collectively, the aforementioned results indi-
cate that metformin may provide protective effects
through several mechanisms beyond glucose-lower-
ing actions during COVID-19 infection and could
subsequently reduce mortality. However, further
studies are necessary to explore how metformin
can confer these benefits, provide a thorough risk—
benefit assessment, and determine whether the indi-
cations of metformin use should be broadened given

the ongoing COVID-19 pandemic.

Thiazolidinediones

Thiazolidinediones (TZDs) can inhibit inflam-
matory nuclear factor-kxB and mitogen-activated
protein kinase pathways by reducing the expres-
sion of caspase recruitment domain-containing
protein 9 and attenuating the dendritic cell traffick-
ing, antigen uptake and dendritic cell-T cell interac-
tions at the initiation of immune response3®. TZDs
can positively influence platelet function and coag-
ulation pathways, which may benefit the treatment
of the prothrombotic state in patients with T2D.
Moreover, TZDs can upregulate ACE2 expression
to support the control of ongoing inflammation*0.
A study suggested that a subtherapeutic TZD dose
reduces the expression of inflammatory adipo-
kines by suppressing interleukin (IL)-6 and tumor
necrosis factor-o. (TNF-a)*!. Hence, TZDs was sug-

gested as an anti-inflammatory treatment option for
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patients with COVID-19%8. Nevertheless, TZDs are
associated with peripheral edema, weight gain, and,
crucially, increased risk of HF due to fluid reten-
tion*2. These results do not support TZD treatment
for patients with COVID-19. A dedicated ongoing
RCT, the Effect of Pioglitazone on T2D Patients
With COVID-19 trial (NCT04604223), is being col-
lected to investigate whether pioglitazone treatment
in T2D with moderate-to-severe COVID-19 can
improve the clinical outcome of their COVID-19
disease. Currently, no clinical study has verified the
benefits of TZD use for patients with diabetes who
have COVID-19. Further clinical studies are neces-
sary to clarify the risk—benefit ratio of TZD use for
patients with COVID-19.

Sulfonylureas

Sulfonylureas (SUs) can substantially improve
glycemic control by stimulating insulin secretion,
but they may also increase the risk of hypoglycemia,
which can be severe and prolonged®. For COVID-
19, retrospective studies have reported that SU use
does not have beneficial or detrimental effects on
ICU admissions**, moderate-to-severe COVID-19
infection®, and primary outcome of mortality or
ICU admissions within 30 days*. Similar results
were reported in a prospective study of patients with
diabetes who have COVID-19; the study suggested
that the combined use of SUs and glinide is not ben-
eficial or harmful with respect to primary and sec-
ondary outcomes at days 7 (interim report) and 28
(final report)*748. Moreover, in an age-adjusted anal-
ysis, SU/glinide use did not affect discharge rates or
mortality within 28 days*S.

Controversy has arisen over the safety of SUs
for patients with myocardial infarction (MI). Some
studies have reported that SU use does not influ-
ence mortality and MI*°, whereas others have dem-
onstrated that SU use is linked to poorer outcomes
in patients with MI°?, Studies have suggested that
COVID-19 results in myocardial injury, which

could be attributed to the associated cytokine storm
or myocardial dysfunction linked to the direct effect
of SARS-CoV2 on the heart>2. In this context,
caution is advised with regard to the potential
adverse cardiovascular effect of SU use for hos-
pitalized patients with severe illness who have an
increased risk of myocardial injury, particularly
those receiving nonselective drugs.

Glinides are short-acting drugs that act simi-
larly to SUs. Nevertheless, they should be used with
caution, particularly for patients with COVID-19-as-
sociated myocardial injury because their mechanism
is similar to that of SUs and may, consequently, pose
similar cardiovascular risk.

No ongoing RCT thus far has evaluated the
benefits or harms of SUs or glinides treatment on
T2D patients with COVID-19 infection.

Collectively, the aforementioned findings indi-
cate that SUs and glinides should be avoided for
hospitalized patients with COVID-19 infection, par-
ticularly those with COVID-19-associated cardio-
vascular risk and severe illnesses, on the basis of
the risk of severe hypoglycemia and cardiovascular

safety.

Alpha-glucosidase inhibitors

Alpha-glucosidase inhibitors (AGls) delay the
absorption of carbohydrates in the small intestine
and, thus, reduce postprandial hyperglycemia and
improve glycemic control. Several studies have sug-
gested that AGIs exhibit promising effects beyond
their glucose-lowering action on oxidative stress,
inflammation, cardiac interstitial fibrosis, carotid
intima-media thickening, and endothelial func-
tion pathways>3. Nevertheless, no ongoing RCT has
evaluated the efficacy and safety of AGIs treatment
to date and the existing clinical studies have yet to
verify the beneficial or harmful effects of AGI use
on patients with diabetes who have COVID-19.
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Dipeptidyl peptidase-4 inhibitors

Dipeptidyl peptidase-4 (DPP-4) inhibitors
(DPP-4is) block the degradation of incretins and
subsequently prolong the response of insulin stimu-
lation in response to elevated blood glucose levels>®.
DPP-4is are commonly used to treat T2D; however, a
disproportionately higher number of venous throm-
boembolism events have occurred following DPP-4i
use relative to the use of other noninsulin antidia-
betic medications, and such events occurred mainly
at the gastrointestinal level and with sitagliptin use
(relative to the use of other DPP-4is) °°. Moreover,
vildagliptin was reported to increase the risk of
interstitial lung injury, although the precise mecha-
nism remains uncertain®®. Hence, patients who use
DPP-4is and also present with risk factors for venous
thromboembolism or interstitial lung injury should
be carefully monitored given the ongoing COVID-
19 pandemic.

Although ACE2 is the main entry receptor for
SARS-CoV-23, a crystallographic study reported
that the DPP-4 can act as a candidate-binding target
or co-receptor of SARS-CoV-2°7. Moreover, studies
have suggested that although SARS-CoV-2 does not
directly involve DPP-4, its interaction with DPP-4
in conjunction with ACE2 (and probably mutations
resulting in involvement) cannot be entirely ruled
out’s.

Numerous studies have suggested that DPP-4i
has beneficial effects on coagulation and inflamma-
tory pathways, which may contribute to the reduc-
tion of the risks of adverse outcomes associated with
COVID-19%. More crucially, DPP-4i can reduce
virus entry and replication in the airways and
hamper sustained cytokine storms and inflamma-
tion within the lung in patients with COVID-19%.

However, more recent studies do not suggest
that DPP-4i use poses safety problems for patients
with diabetes who have COVID-1946-59-64 Observa-
tional studies have suggested that DPP-4i use has

protective effects on patients with diabetes who have

COVID-19%%0, In a meta-analysis of patients with
diabetes who have COVID-19, in-hospital use of
DPP-4i was associated with a reduction of COVID-
19 mortality by 63% and 73% for unadjusted and
adjusted analyses, respectively®!. However, pread-
mission use of the drug did not result in any change
in mortality®!. In this context, the potential mecha-
nisms that allow DPP-4i use to improve clinical out-
comes in patients with diabetes who have COVID-19
are speculative. First, DPP-4i can induce a confor-
mational change in DPP-4 molecules and thereby
interfere with the interaction between SARS-CoV-2
spike S1 protein and human DPP-4. Second, cir-
culating levels of soluble dipeptidyl peptidase-4
(sDPP-4) were reduced in patients who were hospi-
talized for severe COVID-19. sDPP-4 could act as a
decoy receptor for SARS-CoV-2 and prevent vital
replications. Moreover, an experimental model of
mice demonstrated that DPP-4i can increase levels
of sDPP-4 by 50%-100%. Hence, apart from inter-
fering with viral entry, DPP-4i can promote seques-
tration of viral particles in circulation by increasing
sDPP-4 levels and consequently limiting viral pro-
liferation. Finally, both human and experimental
studies have suggested that DPP-4i has a potent anti-
inflammatory effect on reducing proinflammatory
cytokines, which may be instrumental in curbing
the inflammatory storm observed in patients with
severe COVID-19%!, Similarly, another meta-analy-
sis demonstrated that DPP-4i use is associated with
lower mortality in patients with COVID-19, and
this association is weaker in patients who also take
metformin and/or angiotensin converting enzyme
inhibitors®2.

By contrast, several retrospective case—control
studies have assessed the effects of exposure to
DPP-4i in hospitalized patients with diabetes who
have COVID-19 and have reported no significant
differences in ICU admission and mortality®® and
the primary outcome of mortality or ICU admission

within 30 days in DPP-4i users compared with the
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nonusers*®. Moreover, a comprehensive meta-anal-
ysis of 10 studies revealed that DPP-4i use does not
lead to significant improvements in the compos-
ite poor outcome of COVID-19; hence, it does not
alter the COVID-19 severity and mortality, regard-
less of gender, age, cardiovascular disease (CVD),
hypertension, and admission blood glucose level®.
In this context, several contradicting reasons were
proposed to explain these inconsistencies. First,
although the S1 domain of the SARS-CoV-2 spike
glycoprotein may interact with membrane-bound
human DPP-4, a functional assay study reported
that ACE2 is a major binding partner for COVID-
19 and that DPP-4 does not play a significant role
for SARS-CoV-2 internalization in host cells. Thus,
DPP-4i does not significantly change the course of
COVID-19. Second, a recent experimental study
demonstrated that proinflammatory cytokines levels
did not differ between mice that were subjected to a
calorie deficit and mice that consumed a high-fat and
high-cholesterol diet after a 2-week administration
of DPP-4i, which suggests that DPP-4 and sDPP-4
levels are not associated with cytokine levels in the
plasms, liver, or adipose tissue of high-fat-diet-fed
mice treated with DPP-4i and brings into question
the anti-inflammatory effect of DPP-4i. Finally,
relative to non-DPP-4i users, no difference in the
markers of severe-COVID-19 (e.g., sSDPP-4 protein
levels and circulating levels of 1L-6, TNF-a, and
CRP relative to baseline values) was observed in
patients who received DPP-4i at 12 months. Hence,
DPP-4i treatment in patients with diabetes who have
COVID-19 cannot reduce inflammation and prevent
the cytokine storm associated with COVID-19; con-
sequently, DPP-4i use does not alter the severity and
mortality outcomes of COVID-19%4,

At least three ongoing parallel-group RCTs are
conducted to investigate the effects of DPP-4is on
the prognosis for COVID-19. One is an open-label
Effect of Sitagliptin Treatment in COVID-19-Posi-
tive Diabetic Patients trial (NCT 04365517) to eval-

uate the effect of sitagliptin as an add-on to standard
care with nutritional therapy with or without insulin
treatment. The other two are to investigate whether
linagliptin added to background insulin therapy can
help with diabetes control and reduce the severity
of the COVID-19 infection (NCT 04341935; NCT
04371978).

Collectively, the aforementioned body of evi-
dence suggests that DPP-4 is associated with mul-
tiple biological processes, such as inflammatory
and immune mechanisms, and a hypothesis was
proposed that DPP-4i can moderate outcomes in
patients with diabetes who have SARS-CoV-2. Nev-
ertheless, several mechanisms appear to be deleteri-
ous, whereas others may be associated with favorable
effects on patients with COVID-19. Hence, whether
DPP-4i affects COVID-19 activity and produces
beneficial, neutral, or harmful effects is a topic that

requires further clarification.

Glucagon-like peptide-1 receptor agonist
Glucagon-like peptide-1 receptor agonist
(GLP-1 RA) contributes to glucose homeosta-
sis in patients with diabetes through the stimu-
lation of glucose-dependent insulin secretion,
delayed gastric emptying, and increased postpran-
dial satiety®. Moreover, GLP-1 RA was suggested
to reduce the production of various inflammatory
cytokines and infiltration of immune cells in mul-
tisystem organs, which produces beneficial effects
for chronic inflammatory diseases such as athero-
sclerosis neurodegenerative disorders and nonal-
coholic fatty liver disease (NAFLD) because of
a reduction in the activity of inflammatory path-
ways!?. GLP-1 RA may be useful in modifying risk
factors for severe COVID-19 complications such as
CVD, obesity, and NAFLD%. Furthermore, GLP-1
RA was proposed as a potential therapeutic candi-
date for acute COVID-19 infection to reduce respi-
ratory injuries®®. However, animal studies have
demonstrated that GLP-1 RA liraglutide is associ-



120 K. B. Tseng

ated with increased ACE2 expression, which has a
negative effect on inflammatory and fibrotic pro-
cesses®’. Moreover, a follow-up study reported that
liraglutide treatment prevents the alteration of lung
function and promotes the positive effects of the
ACE2-angiotensin system in restoring lung func-
tion®. Thus, the aforementioned studies indicate
that GLP-1 RA is a double-edged sword with respect
to the treatment of patients with diabetes who have
COVID-19. GLP-1 RA may facilitate the infection
and replication of SARS-CoV-2 through the stimula-
tion of ACE2 expression. Alternatively, it may result
in the generation of soluble ACE2, which serves as
decoy receptor that can efficiently block or mitigate
SARS virus infection%8,

The current body of evidence is inadequate to
support the use of GLP-1 RA as a therapeutic drug
for patients with diabetes who have COVID-19. In
an observational study, premorbid GLP-1 RA use
was associated with lower mortality and other clini-
cal adverse outcomes relative to DPP-4i use among
patients with SARS-CoV-2 (OR, 0.54) . A case
report reported a good outcome for GLP-1 RA use
in patients with diabetes who have COVID-197°, In
a retrospective study, GLP-1 RA use in individuals
with diabetes who have COVID-19 was not asso-
ciated with improved clinical outcomes’!. Similar
results were reported in a prospective study of
patients with diabetes who have COVID-19, indi-
cating that GLP-1 RA use does not have a benefi-
cial or harmful effect on discharge rate (OR, 1.11;
P = 0.45) or mortality (OR, 0.78; P = 0.21) relative
to GLP-1 RA nonusers in an age-adjusted analy-
sis*. Moreover, given the sustained attenuation in
appetite sensations and dietary energy intake and
the presence of gastrointestinal intolerance, a tem-
porary suspension of GLP-1 RA is recommended
for patients with COVID-19 who are severely ill
because of the further delay of patient recovery’2.
Hence, these findings do not indicate the preventive

or attenuation effect of the current use of GLP-1 RA

in patients with diabetes who have COVID-19. No
ongoing RCT thus far has evaluated the benefits or
harms of GLP-1 RA treatment on T2D patients with
COVID-19 infection.

GLP-1 RA is involved in many biologic pro-
cesses such as inflammatory and immune path-
ways; however, the nature of the effects of GLP-1
RA use (beneficial, natural, or harmful) on patients
with diabetes who have COVID-19 is inconclusive
based on the current body of evidence. Hence, pro-
spective RCTs involving such patients are necessary
to investigate the potential benefits associated with
GLP-1 RA use in patients with diabetes who have
COVID-19.

Sodium-glucose cotransporter-2 inhibitor
The current body of evidence suggests that
sodium-glucose cotransporter-2 inhibitor (SGLT-
2i) has anti-inflammatory properties that have ben-
eficial effects on oxidative stress, tissue hypoxia,
autophagy, thrombosis, and energy metabolism?’,
all of which may have a positive effect on the dys-
regulated process of cytokine storms associated
with COVID-1973. Moreover, SGLT2i can produce
other positive effects that can benefit COVID-19
patients with interstitial lung oedema and hypox-
emia through increased hematocrit, reduction
of interstitial volume without changes in blood
volume, and cellular protection due to reductions in
cytoplasmic Na™ and Ca** concentration™. SGLT-2i
was suggested to increase lactate concentration
and reduce intracellular pH, which can reduce the
COVID-19 viral load”3. Because COVID-19 dispro-
portionately affects individuals with cardiovascu-
lar/cardiometabolic comorbidities, the significant
cardiorenal benefit of SGLT-2i use for patients
with T2D who have CKD and high cardiovascular
risk suggests potential positive effects on COVID-
19 patients. However, DKA, acute kidney injury,
and risk of increased volume depletion were docu-
mented in patients with T2D who took SGLT-2i'°,
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particularly patients who were severely ill. The
aforementioned concerns led to recommendations
from expert groups to temporarily suspend SGLT-2i
use for patients with COVID-19 at admission to
reduce the risk of metabolic decompensation (even
though they have conditions for which SGLT-2i use
was proven to produce substantial benefits) 7.
Whether SGLT-2i use has favorable or delete-
rious effects on clinical outcomes in patients with
diabetes who have COV-ID-19 remains unclear. In
a 1:1 propensity score-matched multivariate analy-
sis of patients with COVID-19 who have diabetes,
a higher prevalence was observed for disease sever-
ity (OR, 1.75; P = 0.59) and mortality (OR, 5.05;
P =0.18) in SGLT-2i users compared with the non-
users; however, these findings were not statisti-
cally significant®. In a retrospective cohort study
of patients with diabetes who have COVID-19,
lower ICU admission or death within 30 days was
observed in SGLT-2i users compared with nonus-
ers (OR, 0.66; P = 0.40) 6. By contrast, in a retro-
spective study that involved a multivariate analysis,
SGLT-2i users exhibited a marginally lower risk of
mechanical ventilation (adjusted relative risk, 0.03;
P = 0.03) compared with SGLT-2i nonusers**. In
an observational study of patients with COVID-
19, SGLT-2i use was associated with lower 60-day
mortality and decreased total mortality, emergency
room visits, and hospitalization relative to DPP-4i
use®. The Dapagliflozin in Respiratory Failure in
Patients with COVID-19 (DARE-19) trial provided
encouraging but inconclusive evidence that dapa-
gliflozin (compared with a placebo) reduces the risk
of organ dysfunction or mortality in patients with
cardiometabolic risk factors who were hospitalized
with COVID-197. Moreover, the Randomised Eval-
uation of COVID-19 Therapy (RECOVERY) trial
(NCTO04381936)"7, which is a dedicated ongoing
COVID-19 trial of SGLT-2i, is assessing whether
empagliflozin reduces the risk of mortality among

patients hospitalized for COVID-19. It is also inves-

tigating whether the treatment shortens the length
of hospital stay and reduces the need for a mechani-
cal ventilator. In contrast to the DARE-19 trial, the
RECOVERY trial further includes empagliflozin
in a much larger comparison; therefore, the results
of the RECOVERY trial will be able to determine
whether SGLT-2i provides organ protection and
improves the chances of recovery for hospitalized
patients with COVID-19.

Collectively, the aforementioned findings
indicate that the pleiotropic benefits of SGLT-2i
use can favorably influence outcomes in patients
with COVID-19, although this hypothesis has yet
to be demonstrated in ongoing prospective RCTs.
However, concerns regarding the potential increase
in DK A risk should not be ignored. SGLT-2i use may
be continued in patients in asymptomatic or mild
COVID-19 to control blood glucose and take advan-
tage of its potential mechanistic effects beyond its
glucose-lowering effect. However, caution is rec-
ommended for patients with more severe COVID-
19 who require hospitalization, and the suspension
of SGLT2i is recommended because of a possible

increase in DK A risk’.

Insulin

For patients with a severe or critical course of
illness, insulin is regarded as the most appropriate
pharmacologic agent for achieving and maintaining
glycemic control effectively. Insulin also has anti-
inflammatory effects and reduces the biomarkers of
inflammation in hospitalized patients with critical
illnesses’s.

An experimental model using non-obese dia-
betic mice reported that insulin downregulated
ACE2 receptors’, which might reduce the risk of
COVID-19 infection. Furthermore, an observational
study showed tremendous insulin requirement
among COVID-19 patients®’, which might be attrib-
uted to the beta-cell dysfunction induced by SARS-
CoV2. To what extent COVID-19 plays a direct role
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in this high IR remains unclear. Further research is
needed to clarify the clinical influence of insulin in
the context of COVID-19.

Although no ongoing RCT thus far has evalu-
ated the benefits or harms of insulin treatment on
T2D patients with COVID-19 infection, several
recent retrospective studies have assessed the
effects of insulin treatment in hospitalized patients
with COVID-19-related complications and reported
conflicting results®!-34, In a study of patients with
diabetes who have COVID-19 and also presented
with hyperglycemia, insulin users exhibited a
lower risk of severe disease relative to insulin non-
users (P = 0.027)%. By contrast, several studies
have suggested that insulin treatment is associated
with worse outcomes32-34, In a retrospective obser-
vational study of patients with diabetes who have
COVID-19, patients who underwent insulin treat-
ment at home exhibited significantly higher mor-
tality relative to those who did not receive insulin
treatment (OR, 2.65; P = 0.013) after adjustment
for confounders®2. Moreover, peak daily inpatient
insulin requirements for COVID-19 was suggested
as a marker for poor prognosis®? that can be used
to identify patients who require more aggressive
treatments to prevent mortality®>. However, a study
suggested that the reported association between out-
patient or inpatient insulin therapy and increased
risk of mortality can mainly be attributed to the
confounding effects of baseline glycemic control,
metformin use, and other unadjusted confounders®>.
Similarly, in another retrospective cohort study of
patients with diabetes who have COVID-19, insulin
users exhibited a significant increase in mortality
relative to insulin nonusers (adjusted hazard ratio,
5.38)%. Moreover, insulin treatment enhances sys-
temic inflammation and aggravates vital organ
injuries®3, which contradicted previous findings’s.
A meta-analysis suggested that insulin treatment
is associated with increased mortality (OR, 2.10),

severe/critical complications (OR, 2.56), and in-hos-

pital admission (OR, 1.61) in patients with diabetes
who have COVID-19%4. However, given the high
heterogeneity, presence of multiple confounders,
limited amount of prospective data, and lack of
clarity regarding diabetes type that were discussed
in the present study, further large-scale RCTs are
necessary to verify the aforementioned finding.
Although the beneficial or harmful effects of
insulin treatment on patients with diabetes who have
COVID-19 remain unclear and controversial, given
the unique role of insulin in the management of dia-
betes and its complications, insulin treatment should
not be abandoned until better and safer antidiabetic
medications can be identified for patients with dia-
betes who have COVID-19. Furthermore, patients
with diabetes who have COVID-19 and are critically
unwell have high insulin requirements and poorer
time in the optimal target range for blood glucose
during a peak inflammatory response®, which sug-
gests that insulin use is necessary during the late
stage of COVID-19. Finally, the results of existing
studies should be interpreted with caution because
of the complexity associated with the effectiveness
of insulin in controlling glycemic levels at various
stages of diabetes; therefore, more well-designed
RCTs are necessary to establish clearer conclusions

regarding insulin use for COVID-19 progression®*.

Conclusion

Patients with diabetes are susceptible to severe
complications from COVID-19. Several underlying
physiological mechanisms in individuals with dia-
betes may contribute to worsening outcomes during
a COVID-19 infection. Maintaining optimal glyce-
mia control and avoiding glucose fluctuations are
the cornerstone of care for patients with diabetes
who have COVID-19. Several antidiabetic medica-
tions are discussed because of their immunomod-
ulating properties beyond their glucose-lowering
effects, and these properties are crucial in combat-

ing COVID-19-associated hyperinflammatory syn-
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drome. However, the benefits of the medications
must be assessed against their potential risks.
Metformin may provide protective effects
through several mechanisms beyond its glucose-
lowering actions during a COVID-19 infection;
therefore, it can reduce mortality. This suggests that
patients with COVID-19 should continue using met-
formin unless they exhibit deteriorating renal func-
tion, increasing hypoxemia, multiple organ failure.
Although no clinical data support the beneficial
effects of TZDs, they should not be administered to
hospitalized patients with COVID-19 who are at risk
of acute HF because of their current illness. Given
the risk of severe hypoglycemia and cardiovascular
safety, SUs and glinides should be avoided for hos-
pitalized individuals with COVID-19, particularly
those with COVID-19-associated cardiovascular
risk and severe illnesses. No existing data currently
support AGIs; thus, their safety for patients with dia-
betes who have COVID-19 remains unclear. Further
studies are required to verify whether DPP-4i affects
COVID-19 activity and has beneficial, neutral, or
harmful effects. For GLP-1 RA and SGLT-2i, exist-
ing data have not verified any significant beneficial
or harmful effects. Nevertheless, a temporary sus-
pension of GLP-1 RA is recommended for patients
with COVID-19 who are severely ill because of the
further delay of patient recovery. Similarly, SGLT-2i
should not be continued in hospitalized patients
with multiple organ failure or in the presence of
another contraindication that may preclude SGLT-2i
use. For critically unwell patients with diabetes who
have COVID-19 and high insulin requirements, the
body of evidence does not support the suspension of
insulin treatment unless better and safer antidiabetic
medications can be identified for such patients.
Future research will improve our understand-
ing of COVID-19 and how we can maximize the
benefits of antidiabetic medications for patients
with diabetes who have COVID-19. Because of the

limitations of real-world studies, further RCTs are

required to verify the clinical relevance and applica-

bility of the findings discussed in the present study.
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