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Abstract

Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has posed a remarkable global challenge as a previously unrecognized viral infec-
tion with high infectivity. The high prevalence of diabetes makes it one of the most common comorbidities
observed in patients with COVID-19 infection. Studies have suggested that diabetes is associated with unfa-
vorable COVID-19-related outcomes. Lower mortality rates have been observed among individuals with good
glycemic control than among those with poor glycemic control, and glycemic management may affect the
prognoses and outcomes of COVID-19 infection. Several studies have demonstrated that COVID-19 infec-
tion contributes to hyperglycemia, metabolic dysfunction, and increased microvascular complications and
thrombotic events against the backdrop of aberrant endothelial function. Metformin, the most prescribed oral
antidiabetic medication, exhibits multiple beneficial effects beyond its glucose-lowering functions, such as
anti-infection, anti-inflammation, immunomodulation, anti-hypertension, preventive effects on chronic obstruc-
tive pulmonary disease and heart failure. Hence, metformin may share similar mechanisms of these pleio-
tropic benefits or contribute to the reduced morbidity/mortality in COVID-19 infection. Therefore, metformin is a
feasible candidate drug for repurposing to address the rising number of patients with COVID-19 infection who
have diabetes. This review article presents a summary of the multiple potential mechanisms through which
metformin produces beneficial therapeutic effects and summarizes real-world data supporting the repurposing
of metformin for use in patients with COVID-19 who have type 2 diabetes.
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Introduction

In late December 2019, a previous unidentified
coronavirus, currently named as the 2019 novel coro-
navirus, emerged from Wuhan, China, and resulted
in a formidable outbreak in many cities in China
and expanded globally. The disease is officially
named as Coronavirus Disease-2019 (COVID-19)
by the World Health Organization'. The relatively

severe outcomes and high mortality rates in patients

infected with COVID-19 can be attributed to various
factors such as age; obesity; and chronic diseases
including diabetes, hypertension, and cardiovascu-
lar disease (CVD). These factors may be associated
with imbalances in angiotensin-converting enzyme
2 (ACE2) and cytokine storms induced by glucolipid
metabolic disorders?. Moreover, ACE2 is the main
entry receptor for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) and is highly

expressed in human pancreatic beta cells, renal
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proximal tubules, and the small intestine®. There-
fore, SARS-CoV-2 may cause pleiotropic altera-
tions of glucose metabolism that can complicate the
pathophysiology or induce new mechanisms of pre-
existing diabetes.

A clinical study by Zhu et al. reported that
well-controlled blood glucose was associated with
a lower mortality risk and improved outcomes
of multiple organ injury in patients with COVID-
194, Since the outbreak, drug repurposing studies
have explored the potential of different treatments,
including antidiabetic medications, for use in the
management of COVID-19. Several clinical studies
have demonstrated that metformin exerts multiple
pleiotropic functions beyond its glucose-lowering
actions, such as anti-infection, anti-inflamma-
tion/immunomodulation”®, anti-hypertension®, and
preventive effect on heart failure (HF)!°. Therefore,
metformin may share similar mechanisms of these
pleiotropic benefits or contribute to the reduced
morbidity/mortality (e.g., hypertension/HF) in
COVID-19 infection. This article provides an in-
depth review of the beneficial effects of metformin
through various molecular mechanisms and sum-
marizes clinical evidence that supports repurposing
metformin for use in patients with COVID-19 with
type 2 diabetes (T2D).

Excessive inflammation of COVID-
19 infection and its association with
diabetes

ACE2 is the main entry receptor for SARS-
CoV-2 and is highly expressed in various human
organs’. Hence, SARS-CoV-2 may cause pleiotropic
alterations of glucose metabolism that complicate
the pathophysiology or engender a new mechanism
of pre-existing diabetes. Moreover, high expression
of ACE2 is closely associated with SARS-CoV-2-re-
lated multiorgan failure by initiating or even directly
targeting certain organs!!.

A growing body of research has investigated

the mechanisms through which COVID-19 infec-
tion affects beta-cell function; such research has
proposed mechanisms such as those involving
direct attacks on beta cells, bystander effects on
beta cells through the infection of surrounding cells,
and systemic effects of COVID-19 that exert direct
or indirect impacts on beta cells!?>. Attachment of
SARS-CoV-2 to ACE2 causes the virus to penetrate
the islet cells, which contributes to the destruction
of insulin-producing beta cells, thereby causing
insulin deficiency that induces acute diabetes in
patients with COVID-19 infection'3.

Since the onset of the pandemic, several studies
have investigated COVID-19-induced pancreatic
injury and pancreatitis, revealing elevations in
lipase and amylase, which resulted in both endocrine
and exocrine cell damage and diabetes!'2. More-
over, proinflammatory cytokines play key roles in
the pathogenesis of both diabetes and COVID-19;
they drive beta-cell dysfunction, damage, and even
demise in diabetes through intrinsic cellular signal-
ing pathways and through the augmentation of the
islet cell immune response!?. Therefore, in predis-
posed individuals, COVID-19-associated local islet
inflammation may lead to increased islet autoim-
munity. Accordingly, diabetes is one of the most
common comorbidities observed in patients with
COVID-19 infection'*. Several mechanisms under-
lying increased COVID-19 severity are associated
with less efficient innate immune system responses,
diabetes-related endothelial dysfunction (ED), and
impaired viral clearance in patients with COVID-19
infection with diabetes!'.

SARS-CoV-2 infection stimulates an exag-
gerated or hyperactive inflammatory immune
response. A study suggested that the plasm levels
of cytokines, chemokines, growth factors, and vas-
cular endothelial growth factor—were higher in
patients with COVID-19 than in healthy adults!®.
A meta-analysis of 44 articles (50 studies) revealed

that compared with other individuals, patients with
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severe COVID-19 exhibited elevated neutrophil-
to-lymphocyte ratios; increased interleukin (IL)-2,
IL-4, IL-10, IL-6, and tumor necrosis factor-a
(TNF-a) levels; elevated routine inflammatory-
related parameters; and reduced total lymphocytes
and lymphocyte subsets!’. This meta-analysis also
indicated significant decreases in CD4 and CD8 T
lymphocytes in patients with severe COVID-19"7.,
Similarly, another meta-analysis of 23 studies dem-
onstrated that severe COVID-19 was significantly
associated with increased levels of proinflammatory
cytokines (IL-6, IL-8, IL-10, IL-2R, and TNF-a)
and reduced numbers of T lymphocytes (CD3, CD4,
and CD8)'8, These findings suggest that a patient’s
inflammatory immune response is correlated with
the severity of their COVID-19 progression.

Neutrophil extracellular traps (NETs) are
key mediators of tissue damage in inflammatory
diseases!®. A 2020 study reported that the con-
centration of NETs was elevated in the plasma,
tracheal aspirate, and lung tissues of patients with
COVID-19 and that the patients’ neutrophils exhib-
ited higher NET expression'®. Notably, the study
observed that viable SARS-CoV-2 could directly
induce the release of NETs by healthy neutrophils'®.
NETs triggered by SARS-CoV-2 depend on ACE2,
serine protease, virus replication, and protein argi-
nine deiminase-4; NETs released by SARS-CoV-
2-activated neutrophils promote lung epithelial cell
death in vitro'®. These findings reveal that NETs
may play a detrimental role in the pathophysiology
of COVID-19. Therefore, targeting NETs with exist-
ing drugs is suggested to reduce the clinical severity
of COVID-19%.

Accumulating bodies of evidence indicate that
aberrant activation of immune cells may contribute
to the severity of COVID-19 symptoms. Aberrant T
helper (Th)l and Th17 may activate innate immune
cells by producing proinflammatory cytokines such
as IL-17, TNF-o , and interferon-y (IFN-y)%0. In a

single-cell study of bronchoalveolar large fluid,

patients with mild COVID-19 presented with highly
expanded clonal CD8* T cells, whereas those with
severe COVID-19 exhibited a decline in T cells and
natural killer (NK) cells and an increase in inflam-
matory FCN* macrophages?!. These results indicate
that weak adaptive immunity may be associated
with an inadequate ability to control viral infection.
Hence, persistent COVID-19 infections may activate
alveolar macrophages or epithelial cells to produce
various inflammatory cytokines and chemokines,
triggering or recruiting more innate immune cells
and thereby amplifying inflammation?°,

Overall, the aforementioned findings reveal the
pivotal role of inflammatory immune responses in
COVID-19. Therefore, targeting patients’ inflam-
matory immune responses may attenuate the sever-

ity of disease progression.

Molecular mechanisms underlying
metformin action

The molecular mechanisms underlying the
effect of metformin have long been a topic of debate,
and variable responses to metformin have been
studied?2. In patients with diabetes, metformin can
activate the cellular energy sensor AMP-activated
protein kinase (AMPK) to reduce hepatic gluconeo-
genesis and increase hepatic insulin sensitivity.??
AMPK activation increases glucose utilization by the
gut, enhances glucagon-like-1 secretion, and poten-
tially alters the intestinal microbiome??. Metformin
inhibits the secretion of proinflammatory cytokines
irrespective of diabetes status?, which may be of
primary significance in the treatment of COVID-19.
Metformin directly blocks complex I activity of the
mitochondrial electron transport chain, resulting in
AMPK activation that inhibits the expression of pro-
inflammatory cytokines?’. Metformin substantially
reduces lipopolysaccharide-induced and paraquat
poisoning—induced acute lung injury2). Moreover,
metformin may mediate the expression of cytokines

involved in the inhibition of inflammatory storms
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in an AMPK-independent manner??. Although the mortality risk in patients with diabetes with severe
exact mechanism underlying SARS-CoV-2-trig- COVID-19 by suppressing cytokine storms2’. The
gered cytokine storms remains poorly understood, possible mechanisms through which metformin
severe COVID-19 is implicated in cytokine storms, protects against COVID-19 have been explored in
which lead to considerable morbidity and mortal- recent studies?>?¢ and are summarized in Figure 1.

ity?0. Metformin may contribute to the reduction of
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Figure 1. Molecular mechanisms through which metformin attenuates the severity of COVID-19.

Abbreviations: ACE2: angiotensin-converting enzyme 2; AMPK: adenosine monophosphate—activated protein kinase; COVID-19:
coronavirus disease 2019; mTOR: mammalian target of rapamycin; NETs: neutrophil extracellular traps; ROS: reactive oxidative
stress; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; STAT: signal transducer and activator of transcription.
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3.1 Anti-inflammatory effects

In diabetes, the activation of receptors of
advanced glycation end product (RAGE) by
advanced glycation end products triggers the
nuclear factor-kappa B (NF-kf)-mediated tran-
scription of inflammatory genes that contribute to
chronic ED and vascular complications character-
ized by vascular hyperpermeability, increased leu-
kocyte adhesion and extravasation, and consequent
acquisition of procoagulant status?’”. SARS-CoV-2
infection can increase the levels of inflammatory
mediators such as inflammatory cytokines, toxic
metabolites, and lipopolysaccharides and modulate
NK cell activity and INF-y production, all of which
can increase the interstitial and vascular perme-
ability of proinflammatory products®®. Moreover,
SARS-CoV-2 infection is associated with increased
reactive oxygen species (ROS) production?8. ROS
production and viral activation of the renin—angio-
tensin—aldosterone system (RAAS) cause insulin
resistance (IR), hyperglycemia, and even vascu-
lar endothelial damage, all of which contribute to
cardiovascular and all-cause mortality following
SARS-CoV-2 infection?8.

ED may be a key mechanism and therapeutic
target in mitigating COVID-19 sequelae. Metformin
exerts multifaceted protective effects on the vascu-
lar endothelium, attenuates ED, and improves endo-
thelium-mediated vascular responses in patients
with diabetes through several potential mechanisms,
such as the activation of AMPK, silent information
regulator 1, and endothelial nitric oxide synthase?’.
Furthermore, metformin can protect the endothe-
lium by inhibiting inflammation, leukocyte adhe-
sion to endothelial cells, endothelial cell senescence,
endothelial-to-mesenchymal transition, and endo-
thelial permeability and by preventing endothelial
cell demise and apoptosis, in addition to facilitating
the differentiation of endothelial progenitor cells3C.

These pharmacological effects of metformin are

exerted through liver kinase BI/AMPK and AMPK-
independent targets®. In addition, through its anti-
oxidant effects, metformin inhibits ROS production
and reduces ROS levels in endothelial cells3C.
COVID-19-associated

thrombosis are unique, and the pathophysiology of

coagulopathy  and

such conditions remains poorly understood?!. Met-
formin has been reported to reduce thrombosis at
long-term follow-ups, probably through the inhi-
bition of mitochondrial DNA release and platelet-
activating factor’>3, and might mediate improved
cardiovascular outcomes through mechanisms
beyond glucose control.

Endoplasmic reticulum (ER) stress plays a
key role in the progression of diabetes and develop-
ment of complications, especially CVD. Metformin
therapy was reported to inhibit ER and oxidative
stress by activating the AMPK/peroxisome prolif-
erator-activated receptor § pathway in an animal
model of diabetes3®. Moreover, metformin confers
vascular protection through the correction of RAGE
overexpression caused by signaling dysregulation
and NF-«kB targeted gene change, thereby attenuat-
ing the effects of proinflammatory cytokines such
as TNF-a, cyclooxygenase-2, IL-6, and IL-1p and
those of cell adhesion molecules in vascular endo-
thelial 1 cells, smooth muscle cells, and macro-
phages3*33. Some clinical studies have shown that
metformin decreases risk of inflammatory bowel
disease (IBD)?, helicobacter pylori®, and tubercu-
losis® infection in T2D patients possibly through
the aforementioned pivotal role of inflammatory

immune responses.

3.2 Immunomodulatory effects

Metformin has been suggested to favorably
modulate immune responses irrespective of diabe-
tes status by inhibiting cytokines such as IFN-vy,
TNF-a, IL-17, IL-1B, and IL-6243%. Metformin can

activate the AMPK/mammalian target of rapamycin
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(mTOR)/signal transducer and activator of transcrip-
tion pathway, which inhibits the proinflammatory
classical activation of macrophages, thereby inhibit-
ing the expression of IL-6, IL-1B, and TNF-a, cyto-
kines that contribute to morbidity and mortality
associated with COVID-193¢-38, Clinical evidence
of this effect has been reported by several retrospec-
tive studies®>49,

Sera from individuals with COVID-19 infec-
tion might trigger the release of NETs from neutro-
phils*!. Excessive NET formation results in cytokine
overproduction, microthrombus, and ultimately
acute respiratory distress syndrome in patients
with COVID-19 infection'®. Moreover, metformin
reduces the release of NETs from neutrophils*? and
the neutrophil-to-lymphocyte ratio’**. Metformin
may also inhibit T-cell-mediated immune responses,
including antigen-specific recall responses and Thl
or Th17 cytokine production, to slow the progres-
sion of experimental autoimmune encephalomyeli-
tis and other inflammatory diseases**. Furthermore,
neutrophil infiltration and lymphopenia in pulmo-
nary capillaries are a key feature of severe COVID-
192440 Hence, targeting NETs with metformin
could reduce the clinical severity of COVID-19.

SARS-CoV-2 might activate mast cells (MCs),
which release early inflammatory chemical com-
pounds such as histamine and protease and may
thus constitute an indicator of impending cyto-
kine storms***>, Metformin inhibits the IgE- and
aryl hydrocarbon receptor-mediated activation
of MCs*. MCs were reported to cause a greater
increase in TNF-a in female rats than in male rats,
which may explain the observational data reflect-
ing differences in metformin-associated mortality
reduction between women and men?’. Interferon-o
and Toll-like receptors play key roles in the patho-
physiology of SARS-CoV-2%8. Metformin inhibits

interferon-o production and Toll-like receptor sig-

naling, which can attenuate the severity of COVID-

19 symptoms*3.

3.3 Viral entry inhibition

Metformin benefits beta cells by reducing IR,
increasing islet cell viability, and improving glucose
metabolism®. Insulin signaling plays a key role in
boosting the immune system and protecting against
viral infections. The major immune cells, namely
T cells, B cells, and macrophages, express insulin
receptors>’. Impaired T-cell function was reported
to be associated with poor viral clearance and inad-
equate vaccine response and to be correlated with
impaired insulin signaling®®. Hence, metformin
might inhibit viral infections by reducing IR through
the blockade of the insulin signaling pathway and its
associated immune responses.

ACE2 is the main entry receptor for SARS-
CoV-2 and is highly expressed in various organs’.
Moreover, individuals with diabetes exhibit
increased shedding of ACE2 from different tissues,
which leads to the redistribution of ACE2 in the
body and its accumulation in the lungs, thereby sup-
porting the spread of the virus to different organ
systems®!. Metformin increases ACE2 phosphory-
lation and expression through AMPK activation2.
ACE2 receptor phosphorylation may alter the con-
formation and function of the extracellular domain
of ACE2, thereby inhibiting the binding of SARS-
CoV-2>3, Additionally, experimental studies have
supported the anti-inflammatory and antifibrotic
effects of ACE24. Studies have indicated that
SARS-CoV-2 infection downregulates ACE2, which
contributes to the overactivation of angiotensin
(Ang) II and reduction of Ang 1-7 through RAAS
pathway activation. This can lead to a cytokine
storm, which results in the excessive synthesis and
secretion of proinflammatory cytokines/markers®.

Through ACE2 upregulation, metformin may avert
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the imbalance of RAAS. Therefore, metformin may
not only reduce SARS-CoV-2 entry into cells but

also attenuate its deleterious effects.

3.4 Viral lifecycle interruption

After entering a host cell, SARS-CoV-2 may
induce the downregulation of cell-surface ACE2
expression. This in turn results in a RAAS imbal-
ance, which promotes the deleterious proinflam-
matory and profibrotic effects of SARS-CoV-2
infection, causing lethal pulmonary and cardiac
complications®®. Endosomal pH is crucial for virus
survival within the host cell. A low intracellular pH
level is conducive to the binding of SARS-CoV-2
to its host cell, multiplication of SARS-CoV-2, and
maturation of endosomal virions>’. Hence, the use of
drugs capable of altering endosomal pH may reduce
viral maturation, assembly, and survival within the
host cell. Another potential mechanism underlying
the antiviral action of metformin is the inhibition
of the release of SARS-CoV-2 from the endosome.
The vacuolar ATPase (V-ATPase) and endosomal
Na*/H* exchangers (eNHEs) are crucial regulators
of endosomal pH. Several studies have reported that
metformin can regulate the endocytic cycle by alter-
ing endosomal pH through targeting the V-ATPase
and eNHESs to reduce viral replication®’>°, Metfor-
min directly and indirectly inhibits mTOR activ-
ity through protein kinase B inhibition or AMPK
activation, thereby contributing to the suppression
of virus—host protein interactions®. Furthermore,
metformin indirectly alters the mTOR pathway and
suppresses the viral lifecycle by interacting with
viral (SARS-CoV-2) Nsp7 and Orf9c proteins®!.
Therefore, growing bodies of evidence suggest that
mTOR inhibitors can serve as potential therapeu-
tic treatments for COVID-19%2. Overall, these data
support the repurposing of metformin for use as an

adjuvant therapy for patients with COVID-19 infec-

tion, irrespective of whether their conditions are
acute or chronic or whether they are in the recovery

phase.

3.5 Gut microbiome regulation

ACE2 expressed in gastrointestinal tissue reg-
ulates gut homeostasis and innate immune func-
tion%. Dysbiosis of the gut microbiome is associated
with various disorders and diseases such as T2D,
CVD, and IBD%. Gut microbiome composition con-
tributes to disease severity and immune response
dysfunction in patients with COVID-19 infec-
tion®. Clinical evidence demonstrates that COVID-
19 infection can contribute to microbial dysbiosis,
which might be a potential mechanism underlying
the immune dysregulation and overt inflammation
associated with the disease®%¢. Pollak investigated
the antidiabetic and immunomodulatory effects of
metformin on the gut microbiome®’. Another mech-
anism potentially underlying metformin’s benefits
in the treatment of COVID-19 is its ability to alter
the composition of gut microbes and the functional
aspects of the gut microbiome, as indicated by its
association with reductions in fasting blood sugar
and glycated hemoglobin concentrations®.

In summary, metformin, in addition to exhib-
iting a powerful glucose-lowering effect, exhibits
considerable therapeutic potential against SARS-
CoV-2 in the gut because of its anti-inflammatory,
immunomodulatory, and ACE2 stabilization effects
and its effects on the regulation of gut microbi-
ome composition that allow for maintenance of gut

homeostasis.

Real-world data in patients with dia-
betes with COVID-19 infection

Some clinical studies have shown that metfor-
min reduces risk of chronic obstructive pulmonary

disease’, hypertension’, and HF'? in patient with
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T2D, which may contribute to the reduced morbid-
ity/mortality in COVID-19 infection. A growing
number of studies have investigated the use of met-
formin in patients with COVID-19 infection with
diabetes*%97%, A retrospective study indicated that
well-controlled diabetes (receiving metformin in
39%) had a significant reduction in all-cause mor-
tality, compared to the poorly-controlled diabetes
(receiving metformin in 26%) after a 1:1 propen-
sity matching (adjusted hazard ratio [HR], 0.13;
p < 0.001)* A retrospective study suggested that
metformin users had a trend of decreased in-hos-
pital mortality compared to the non-users (9.3 vs.
19.5%; p = 0.19)®. An observational study showed
that metformin users had a lower rate of mortality,
compared to the non-users (odds ratio [OR], 0.59)7°.
Moreover, a trend of lower rate of mortality was
also observed in metformin users compared to non-
users, even after the full adjustment (OR, 0.80; p =
0.45)79, Similarly, a retrospective study compared
the outcome of metformin users and non-users
in hospitalized COVIDI9 patients with diabetes
suggesting that in-hospital mortality was signifi-
cantly lower in those receiving metformin (2.9%
vs. 12.3%; p = 0.01)’'; however, this finding might
have been driven by selection bias, as patients with
severe respiratory problems cannot be treated with
metformin2®. A retrospective study reported that
metformin was associated with decreased 30-day
mortality among nursing home residents with
COVID-19 infection , which may be attributed to its
inhibition of the mTOR pathway’2. Similar results
were observed among older minority patients with
COVID-19 infection, among whom metformin sig-
nificantly reduced the rates of hospitalization (rela-
tive hazard [RH], 0.71), mortality (RH, 0.34), and
severe COVID-19 infection (RH, 0.32)73. Notably,
metformin use prior to COVID-19 diagnosis was
reported to be significantly associated with reduced

mortality among patients with COVID-19 infection

with diabetes (OR, 0.33; p = 0.0210), whereas prior
insulin use did not affect mortality’*. In addition, the
beneficial effects of metformin persisted even after
adjustment for other COVID-19 risk factors such as
age, sex, race, obesity, hypertension, chronic kidney
disease (CKD), and HF74,

Several meta-analyses have assessed the use of
metformin in the treatment of patients with COVID-
19 infection with diabetes”>-77. Retrospective studies
have indicated that metformin was associated with
a reduced mortality rate among patients with T2D
who were hospitalized for COVID-197. Further-
more, a meta-analysis reported that the mortality
rate of patients treated with metformin was 25%
lower (p < 0.00001) than that of patients not treated
with metformin”. A meta-analysis of 32 observa-
tional studies revealed that metformin reduces the
risk of SARS-CoV-2-related mortality (OR, 0.56; <
0.001; 22 studies) but not disease severity (OR, 0.85;
p = 0.077; 15 studies)’®. 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 older’®. Similarly,
a meta-analysis of 5 retrospective cohort studies
revealed that metformin is associated with a signifi-
cant (46%) reduction in mortality (p = 0.02) among
patients with COVID-19 infection’’.

Overall, the aforementioned results indicate that
metformin may exhibit protective effects beyond its
glucose-lowering functions through several mecha-
nisms and may thereby reduce mortality in patients
with COVID-19 infection. Nevertheless, additional
studies are necessary to explore how metformin can
confer these benefits, to provide a thorough risk—
benefit assessment, and to determine whether the
indications of metformin use should be broadened
considering the ongoing COVID-19 pandemic. A
summary of the real-world data assessing metfor-
min use in patients with diabetes with COVID-19

infection is presented in Table 1.



294

K. B. Tseng

Table 1. A summary of real-world data assessing metformin use in patients with COVID-19 infection and diabetes

Authors

Study population

Methods

Outcomes (hazard ratio (HR) [95% confidence interval]; p value)

Zhu et al*

Chen et al®

Cariou et al”®

Luo et al”!

Lally et al”?

Ghany et al”3

Crouse et al™

Oscanoa et al’®

Hariyanto et al”’

Cheng et al’®

Gao et al”®

952 patients with
coronavirus disease
2019 (COVID-19)
and pre-existing type
2 diabetes (T2D)

904 patients with
COVID-19 (136
with diabetes, mostly
T2D)

1317 patients with
diabetes hospital-
ized for COVID-
19 (mostly T2D
(88.5%))

283 patients with
T2D hospitalized
with COVID-19

775 nursing home
residents infected
with severe acute
respiratory syn-
drome coronavirus 2
(SARS-CoV-2)

1139 COVID-19
positive patients of
whom 392 were met-
formin users

25,326 patients
tested for COVID-19
between 2/25/20 and
6/22/20

A total of 32 obser-
vational studies with
a total of 44306
patients with diabetes
and COVID-19

A total of 5 studies
with a total of 6937
patients with diabetes
and COVID-19

1213 patients with
COVID-19 and pre-
existing T2D admit-
ted in hospitals

110 hospitalized
patients with COVID-
19 with diabetes

Retrospective longitudinal
study assessing the association
between plasma glucose levels
and clinic outcomes in COVID-
19 patients with T2D

Retrospective cohort study,
assessing outcome of hospital
mortality in metformin users
compared to the non-users

Observational study, assessing
rate of mortality in metformin
users compared to the non-users

Retrospective cohort study.
Compared the outcome of met-
formin use and no metformin
use in hospitalized COVID-19
patients with diabetes

Retrospective cohort study.
Main outcome was for 30-day
mortality as measured from the
date of SARS-CoV-2 positiv-
ity; secondary outcome was
hospital-free survival at 30 days
from the date of SARS-CoV-2
positivity

Retrospective cohort study.
Main outcome was hospitaliza-
tion; secondary outcomes were
mortality and acute respiratory
distress syndrome (ARDS)

Retrospective electronic health
records study assessing mortal-
ity in COVID-19

Meta-analysis, assessing the
association between metfor-
min use and risk of severity
and mortality in SARS-CoV-2
infection

Meta-analysis, assessing bene-
fits of metformin in reducing the
mortality rate from COVID-19
infections

Retrospective cohort study,
assessing the safety and efficacy
of metformin on T2D patients
with COVID-19

Retrospective cohort study,
assessing the effect of metfor-
min on disease severity

Well-controlled diabetes (receiving metformin in 39%) had a sig-
nificant reduction in all-cause mortality, compared to the poorly-
controlled diabetes (receiving metformin in 26%) after a 1:1 pro-
pensity matching [adjusted HR 0.13; p < 0.001]

A trend of decreased in-hospital mortality was observed in met-
formin users, compared to the non-users (9.3 vs. 19.5%; p = 0.19)

Metformin use associated with lower rate of mortality (OR 0.59).
A trend of lower rate of mortality in metformin use, even after the
full adjustment (odds ratio [OR] 0.80; p = 0.45).

Hospital mortality, metformin vs. no-metformin: (2.9% vs. 12.3%,
p=0.01)

No difference in length of stay (21.0 days for metformin vs. 19.5
days for no metformin, p = 0.74)

No associations with other T2D medications

Four-fold decrease in-hospital mortality in metformin users vs.
the non-users, in a multi-variate analysis [OR 4.36 (1.22-15.59);
p=0.02]

Relative to no diabetes medications, metformin was significantly
associated with decreased 30-day mortality from COVID-19 diag-
nosis [adjusted HR 0.48 (0.28-0.84)].

No association with insulin [adjusted HR 0.99 (0.60-1.64)] or
other diabetes medications [adjusted HR 0.71 (0.38-1.32)].

Metformin users had a higher comorbidity score vs. non-users (p
<0.01).

Hospitalization in metformin users: adjusted relative hazard [RH]
0.71 (0.52-0.86).

Mortality in metformin users: RH 0.34 (0.19-0.59)

ARDS in metformin users: RH 0.32 (0.22-0.45).

Metformin treatment prior to diagnosis of COVID-19 was inde-
pendently associated with a significant reduction in mortality in
patients with diabetes and COVID-19 [OR 0.33 (0.13- 0.84); p =
0.0210].

Metformin was associated with a reduced risk of SARS-CoV-2
mortality [OR 0.56 (0.46-0.68); p < 0.001; 22 studies] but not
with disease severity [OR 0.85 (0.71-1.02); p= 0.077; 15 studies].
Metformin reduced the risk of mortality [OR 0.69 (0.55-0.88); p
=0.002] and severity [OR 0.83 (0.70-0.97); p = 0.023] in patients
aged 70 and above.

Metformin was associated with reduction in mortality rate from
COVID-19 infections [risk ratio [RR] 0.54 (0.32-0.90); p = 0.02]

Metformin users compared to non-users had significantly higher
lactic acidosis [adjusted HR 4.66 (1.45-14.99); p = 0.010) and aci-
dosis [adjusted HR 2.45 (1.08-5.54); p = 0.032] by Time-Varying
Cox Model.

No difference between the durations of hospitalization in the met-
formin and the non-metformin users (21 days vs 21 days; p =
0.687)

Metformin users compared to non-users had significantly higher
life-threatening complications (28.6% vs. 7.4%; p = 0.004).
Metformin was associated with a higher risk of disease progres-
sion during hospitalization [adjusted OR 3.964 (1.034-15.194); p
=0.045].
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Adverse effects and possible contra-
indications of metformin in COVID-
19 patients

Although most studies have confirmed the ben-
eficial effects of metformin in COVID-19 patients,
some studies have reported that metformin treat-
ment can increase risk of lactic acidosis and disease
severity in COVID-19 patients using metformin’87°,
A retrospective cohort study of 1213 hospitalized
patients with pre-existing diabetes with COVID-19
infection revealed that metformin was significantly
associated with a higher incidence of acidosis (par-
ticularly among patients with severe COVID-19) but
not with mortality, which was significantly corre-
lated with high metformin dosage, compromised
kidney function, and severe COVID-1978. A retro-
spective case-control study enrolled 110 hospitalized
patients with COVID-19 with diabetes prescribed
either metformin or non-metformin hypoglycemic
treatment”. Strikingly, the percentage of patients
who experienced life-threatening complications was
significantly higher in the metformin group (28.6%
vs. 7.4%; p = 0.004). Moreover, antidiabetic therapy
with metformin was associated with a higher risk
of disease progression in patients with COVID-19
with diabetes during hospitalization (adjusted OR,
3.964; p = 0.045)7°. This advocates that metformin
treatment is not an appropriate choice in patients
with severe respiratory distress, renal impairment,
or HF%9, and highlights the importance of paying
attention to pre-existing conditions and comorbidi-
ties in drug selection. Moreover, contraindications
to metformin must be addressed before administra-

tion.

Practical recommendations for met-
formin use in the management of
CQOVID-19

Although metformin can reduce morbidity
and mortality for patients with COVID-19 infec-

tion with diabetes based on the data from previous
preclinical and clinical studies and the most recent
information available from current publications,
few published recommendations exist for metfor-
min treatment during the COVID-19 pandemic®!.
Based on Drucker’s recommendations, metformin
should be used with caution in unstable hospitalized
patients and should be discontinued in patients with
concomitant sepsis or severe impairment of hepatic
and renal function®. The practical recommenda-
tions by Bornstein et al. suggested that dehydration
and lactic acidosis will probably occur if patients are
dehydrated, therefore, patients should stop taking
metformin and follow sick days®?. Furthermore,
renal function should be carefully monitored during
illness because of the high risk of CKD or acute
kidney injury$2-#3, Similarly, Korytkowski et al. rec-
ommended that hospitalized patients with COVID-
19 can experience sudden and rapid deteriorations in
clinical status which contraindicates continued use
of metformin in these patients when hospitalized®*.
Moreover, metformin is contraindicated for patients
with respiratory problems and hypoxia, hemody-
namic instability, and unstable renal or hepatic
function3-84, Therefore, physicians should be con-
servative in their prescription of metformin, with
the above considerations in mind, because there is
little evidence providing superiority in the efficacy
and safety of metformin in diabetic patients with
severe COVID-19 infection.

Conclusions

COVID-19 is a previously unrecognized viral
infection with high infectivity that has triggered a
global crisis. Although effective vaccines are at the
forefront of the fight against COVID-19, the potential
efficacy of drugs routinely used for other pathologi-
cal conditions in the treatment of COVID-19 must
not be overlooked. In the context of SARS-CoV-2
infection, metformin offers protection not only met-

abolically but also through the mitigation of com-
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plications related to exaggerated immune responses
and thrombotic events. The plausible mechanisms
underlying metformin’s effect in reducing COVID-
19-related morbidity and mortality, its minimal side
effects and low cost, and the devastating nature of
the global COVID-19 pandemic must be considered
when assessing metformin as a potential COVID-
19 treatment. Despite the potential benefits of using
metformin in the treatment of COVID-19 infection,
the continual monitoring of patients for acidosis
and renal function deterioration is recommended,
especially for patients with severe COVID-19, and
decisions to administer metformin under certain
conditions should be made judiciously after thor-
ough examination. Furthermore, some concerns
related to metformin treatment in patients infected
with SARS-CoV-2—such as its clinically beneficial
or detrimental effects on patients with COVID-19
infection who have diabetes, its safety or unsafety
in patients who have not previously taken metfor-
min, and its effect on patients with other comorbid-
ities, particularly in relation to the risk of adverse
cardiopulmonary outcomes—require further inves-
tigation. With new biotechnologies combined with
advanced molecular genomics and proteomics,
a more thorough understanding of COVID-19—
including its etiology, possible therapeutic targets
for intervention, candidate drugs for its treatment,
drug—drug interactions, and underlying molecular
mechanisms of the disease and its treatment—will
be attained. Nevertheless, bridging the translational
gap between research and clinical advancement into
patient care remains challenging and warrants more
collaborative research between clinicians and aca-

demic researchers.
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