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Introduction

Studies have demonstrated high prevalence of mortality in coronavirus disease
(COVID-19) patients with type 2 diabetes mellitus; however, the effects of antidiabetic
pharmacotherapy on COVID-19 complications need further exploration. The aim of the
study was to explore the association of metformin use and mortality in COVID-19
patients. A literature search was conducted using the databases Medline (via PubMed)
and Cochrane Central Register of Controlled Trials until February 09, 2021. Nine studies
were included in the meta-analysis, including 12,684 COVID-19 patients. The meta-
analysis suggested 37% lower risk of mortality in patients receiving metformin (risk
ratio: 0.63; 95% confidence interval: 0.50-0.78; p <0.001). However, no significant
difference in hospitalization days between the two groups (p=0.197) was observed.
The analysis revealed significantly lower risk of having obesity (p <0.001), hyperten-
sion (p < 0.001), heart failure (p < 0.001), and cerebrovascular disease (p=0.015) in
the group receiving metformin. The analysis also demonstrated significantly lower risk
of using anticoagulants (p=0.015), diuretics (p < 0.001), and antiplatelets (p =0.010)
in patients receiving metformin. Our findings suggest that metformin use decreases
mortality in COVID-19 patients. However, randomized studies demonstrating the
consequences of metformin use are needed to understand the magnitude of the
beneficial effects of metformin.

mellitus has been reported as a risk factor for COVID-19, the

The novel coronavirus disease (COVID-19), now a worldwide
public health concern, is associated with varied fatality.' Some
of the recognized risk factors for poor prognosis of COVID-19
patients include age (>65 years), chronic obstructive pulmo-
nary disease (COPD), hypertension, cardiovascular disease,
and type 2 diabetes mellitus.? Although type 2 diabetes
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effect of pharmacologic agents used to treat type 2 diabetes
mellitus on COVID-19 outcomes remains unclear.
Metformin, the first-line treatment for type 2 diabetes
mellitus with adequate safety profile, is being suggested for
treatment of COVID-19 as a host-directed therapy.> A retro-
spective study highlighted metformin use to be associated
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with a higher risk of severe COVID-19.3 On the contrary,
some retrospective cohort studies have revealed a significant
reduction in mortality with metformin use in type 2 diabetes
mellitus patients diagnosed with COVID-19."4-® The mech-
anism by which metformin seems to reduce the mortality
risk of COVID-19 patients remains unclear. However, its anti-
inflammatory actions are hypothesized to be one of the
mechanisms.”™®

Several studies have demonstrated higher prevalence of
mortality in type 2 diabetes mellitus patients with COVID-
19146 however, the effects of antidiabetic pharmacothera-
py on COVID-19 complications need further exploration.
Studying the probable effects of pharmacologic agents on
clinical prognosis may provide an important understanding
to design further studies related to mitigating the risk
factors.? Thus, in this systematic review and meta-analysis,
we aimed to explore the association of metformin use and
mortality in COVID-19 patients. We hypothesized that mor-
tality would be lower in COVID-19 patients receiving
metformin.

Methods

We followed the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guidelines for system-
atic reviews'? and Meta-analyses Of Observational Studies in
Epidemiology (MOOSE)"" guidelines in designing, conduct-
ing, and reporting of this systematic review. The systematic
review protocol was registered at PROSPERO (registration ID:
CRD42020204384).

Data Sources and Searches

We searched Medline (via PubMed) and Cochrane Central
Register of Controlled Trials using the keywords “COVID-19
and metformin” and “2019 novel coronavirus and Metfor-
min.” Additional search was done on LitCovid using the
keyword “Metformin” until February 08, 2021. We also
searched gray literature using Google Scholar and reference
list of eligible articles.

Inclusion and Exclusion

The studies comparing the effect of metformin use on
mortality in COVID-19 patients with existing type 2 diabetes
mellitus were included. We excluded duplicate publications,
reviews, editorials, case reports, letters, meta-analysis, pro-
tocols, and studies not reporting the required data. Studies in
language other than English were also excluded because of
lack of understanding of the data. First author (RP) searched
the databases and screened articles for eligibility. Another
author (PM) double checked all the included articles and any
dispute was resolved by consensus.

Quality Assessment

Two reviewers (RP and RL) assessed the quality of data in the
included studies using the National Institutes of Health (NIH)
quality assessment tools.'? The NIH tool is comprehensive
and widely accepted for assessment of data quality specially
in observational study designs. The tools are specific to
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individual types of included study designs and are designed
to assist reviewers in focusing on concepts that are key to
critical appraisal of the internal validity of a study. The tools
include items for evaluating research question, objective and
study population, selection of subjects, sample size justifica-
tion, exposure, and outcome measures. Quality reviewers
could select “yes,” “no,” or “cannot determine/not reported/
not applicable” in response to each item on the tool. The
overall quality of included studies was rated as good, fair, and
poor, and the results were incorporated in the meta-
analysis.'?

Data Extraction

Data were extracted using a standardized data extraction in
Excel and independently checked by a second reviewer (PM)
for accuracy. The following variables were extracted: name
of the first author, year of publication, study design, age,
gender, number of mortalities, comorbidities, and concomi-
tant medications.

Data Synthesis

An exploratory meta-analysis was performed to understand
the magnitude and direction of effect estimate. For dichoto-
mous outcomes, risk ratios (RRs) were calculated and
presented with respective 95% confidence intervals (CIs).
Mantel-Haenszel random-effects meta-analysis using
DerSimonian and Laird method was used to pool RRs.'3
Continuous outcomes are presented using mean difference
(MD) and 95%ClIs and pooled using the inverse variance
approach. Meta-analysis for each continuous outcome was
processed using a random effects model (using DerSimonian
and Laird method) since heterogeneity among studies was
expected. Heterogeneity between studies was assessed using
the x2-based Cochran’s Q statistic (p < 0.1 considered as the
presence of heterogeneity) and I-squared (I%) statistics
(>50% representing moderate-high heterogeneity).'® Forest
plot was produced, and subgroup analysis was conducted
according to the study design. The 95% prediction interval
(PI) was calculated, which estimates the uncertainty bounds
for a new study evaluating that same association by consid-
ering between-study heterogeneity.13 Across the meta-anal-
ysis, the statistical significance was set as a p-value of <0.05.
Publication bias was not assessed as the total number of
included studies in meta-analysis was less than 10.14

Results

Search Results

The systematic search yielded a total of 135 publications
using the keyword “Metformin and COVID-19.” After
removing duplicates, 86 articles were found to be potential
publications for screening. A total of 76 articles (42 review
articles and 14 not reporting the required data) were
excluded after the application of predefined inclusion and
exclusion criteria. Ten studies*'>23 were included for
systematic review, while 9%1°718:20-23 were included in
the meta-analysis (=Fig. 1). All included studies were
retrospective cohort studies.
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Fig. 1 Prisma flowchart. n, number.

Study Characteristics

All the included studies were retrospective cohort
studies.*1°720-22.23 Most of the studies were conducted in
China. The studies enrolled a total of 12,684 patients (metfor-
min group: 5,819; no-metformin group: 6,865). The sample
size of the studies varied from 120 to 6,250. The study
characteristics are provided in =Table 1.

Quality Assessment

We assessed the quality of data in the included studies using
the NIH quality assessment tools. The quality assessment
indicated that included studies were of acceptable quality.
All the papers clearly stated the research question or objec-
tive, the study population was clearly specified and defined,
and all the subjects were selected from the same or similar
populations. The detailed result of the quality assessment is
provided in the Supplementary File (available in the online
version).

Association between Metformin Use with Mortality
and Hospitalization Days

The analysis of the nine retrospective cohort studies sug-
gested that metformin is associated with lower mortality
rate (RR: 0.63; 95% CI: 0.50-0.78; p < 0.001; I?: 73.9%) with
substantial heterogeneity in individual study estimates. The
results highlight that mortality was 37% lower in patients
receiving metformin (~Fig. 2), while Cheng et al'® reported
no significant difference in the mortalities of individuals
between the metformin and the no-metformin groups
(adjusted hazard ratio [HR]: 0.87; 95%Cl: 0.36-2.12;
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p=0.757). Univariate analysis by Pérez-Belmonte et al'®

showed significant association of metformin with mortality
(RR: 0.73; CI: 0.58-0.90; p=0.004). However, the multivari-
ate analysis revealed no significant association (RR: 1.10; CI:
0.76-1.60; p=0.616). Multiple logistic regression analysis by
Crouse et al'® revealed that metformin use is an independent
factor affecting mortality in COVID-19 patients. Lally et al®>
showed that the patients taking metformin were at signifi-
cantly reduced hazard of death (adjusted HR: 0.48; 95%Cl:
0.28-0.84). Multivariate analysis by Luo et al'> showed that
the use of metformin was negatively correlated with the
mortality of type 2 diabetes mellitus patients. Four studies
qualified for quantitative analysis of hospitalization days.
The analysis revealed no significant difference in hospitali-
zation days between the two groups (MD: 1.07; 95%CI: -0.55
to 2.69; p=0.197; I: 0.0; ~Table 2).

Association between Metformin Use and Laboratory
Parameters

The analyzed hematological parameters included white
blood cells, neutrophils, lymphocytes, monocytes, platelets,
glucose, and eosinophils. The eosinophil level was higher
in the group receiving metformin (MD: 0.02; 95%CI: 0.002-
0.04; p=0.034). However, no difference was observed in
other hematological parameters (=Table 2). Additionally,
higher levels were observed for albumin (MD: 2.23; 95%Cl:
1.04-3.43; p<0.001), HbAlc (%; MD: 0.70; 95%CI: 0.27-
1.13; p=0.001), HbAlc (mmol/L; MD: 1.77; 95%Cl: 0.98-
2.56; p <0.001), and estimated glomerular filtration rate
(eGFR; MD: 3.43; 95%Cl: 0.55-6.32; p=0.020) in the group
receiving metformin (~Table 2).

Association between Metformin Use with
Comorbidities, Clinical Severity, and Oxygen Support
The analysis revealed that the risk of having obesity (RR:
0.53; 95%CI: 0.43-0.65; p <0.001), hypertension (RR: 0.93;
95%Cl: 0.91-0.96; p <0.001), heart failure (RR: 0.41; 95%Cl:
0.33-0.51; p < 0.001), cerebrovascular disease (RR: 0.48; 95%
Cl: 0.27-0.87; p=0.015), and COPD (RR: 0.71; 95%CI: 0.62-
0.81; p < 0.001) was significantly lower by 48, 7, 59, 53, and
30%, respectively, in the group receiving metformin. No
significant difference was observed in clinical severity be-
tween the two groups. The risk of using nasal canula was
significantly higher in the group not receiving metformin
(RR: 1.44; 95%CI: 1.06-1.97; p=0.02; =Table 3).

Association between Metformin Use and Concomitant
Treatments

The analysis revealed that the risk of using anticoagulants (RR:
0.70; CI: 0.53-0.94; p=0.015), diuretics (RR: 0.69; C95%CI:
0.63-0.76; p < 0.001), and antiplatelets (RR: 0.91; 95%CI: 0.84-
0.98; p=0.010) was significantly lower by 30, 32, and 10%,
respectively, in patients receiving metformin (~Table 3).

Discussion

Emerging evidence suggest that the presence of comorbid-
ities increases the mortality risk in COVID-19 patients.
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Author Metformin ~ No-metformin Risk Ratio
(year) n/N n/N (95% CI)
Chen 2020 4/43 15/77 < - : 0.48 (0.17, 1.35)
Bramante 2020 394/2333  791/3923 E - 0.84 (0.75, 0.93)
Luo 2020 3/104 221179 €& : 0.23 (0.07,0.77)
Crouse 2020 8/76 34/144 -~ : 0.45(0.22,0.91)
Belmonte 2020 244/825 244/663 E ——— 0.80 (0.70, 0.93)
Jinghong 2020 /137 21/94 < : 0.24 (0.06, 0.98)
Jiang 2020 3/100 25/228 <€ < : 0.27 (0.08, 0.89)
Lalau 2020 239/1496  273/953 —0—%— 0.56 (0.48, 0.65)
Lally 2020 16/127 12/69 : - 0.72(0.36, 1.44)
Overall 913/5141  1437/6330 —0—— 0.63 (0.50, 0.78)
with estimated prediction interval (0.35,1.13)
(I-squared = 73.9%)

| | |

2 5 1 15

Favours metformin Favours Control

NOTE: Weights are from random-effects model

Fig. 2 Association of metformin use and mortality in covid-19 patients.

Table 2 Random-effects meta-analysis results between metformin and control groups for hospitalization and laboratory
parameters

Outcomes No. of Sample | MD 95% Cl p-value I-squared | Heterogeneity
studies | size (%) statistic (p-value)
Hospitalization (d) 4 1,646 1.07 —0.55 to 2.69 0.197 0.0 0.18 (0.758)
Hematologic parameters (10°/L)
White blood cells 3 731 0.01 —0.29 to 0.31 0.953 0.0 1.79 (0.409)
Neutrophils 2 403 —0.11 —0.48 to 0.26 0.561 0.0 0.61 (0.436)
Lymphocytes 3 731 0.12 —0.02 to 0.28 0.085 39.2 3.29 (0.193)
Monocytes 2 403 —0.02 —0.08 to 0.05 0.650 51.7 2.07 (0.150)
Platelets 2 403 12.57 —12.46 to 37.57 0.324 45.8 1.84 (0.174)
Eosinophils 1 283 0.02 0.002 to 0.04 0.034 - -

Biochemical parameters

ALT (UJL) 3 731 0.02 ~2.27 t0 2.31 0.986 0.0 0.41 (0.815)
AST (U/L) 3 731 —1.66 —6.11t0 2.78 0.464 78.3 9.20 (0.010)
Urea (mmol/L) 2 403 —0.65 —1.49t0 0.19 0.129 53.8 2.16 (0.141)
LDH (U/L) 1 328 —12.30 —28.79to 4.19 0.144 - -
Ferritin (pg/L) 1 328 78.47 —53.00 t0 209.94 | 0.242 - -
Albumin (g/L) 1 328 2.23 1.034 to 3.433 <0.001 | - -
Triglyceride (mmol/L 1 131 0.12 —0.18 to 0.42 0.432 - -
FBG (mmol/L) 2 611 1.00 —0.59 to 2.58 0.218 71.7 3.53 (0.060)
HbATc (%) 1 328 0.70 0.27t0 1.13 0.001 - -
(Continued)
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Table 2 (Continued)

Outcomes No. of Sample | MD 95% Cl p-value I-squared | Heterogeneity
studies | size (%) statistic (p-value)

HbA1c (mmol/L) 1 131 1.77 0.98 to 2.56 <0.001 - -

eGFR (mL/min) 1 1,213 3.43 0.55 to 6.32 0.020 - -

y-Glutamyltransferase | 1 283 —0.23 —5.33 to 4.86 0.928 - -

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; eGFR, estimated glomerular filtration rate;
FBG, fasting blood glucose; HbA1c, hemoglobin Alc; LDH, lactic dehydrogenase; MD, weighted mean difference.

Table 3 Random-effects meta-analysis results between metformin and control groups for comorbidities, clinical severity, oxygen
support and treatments

Outcomes No. of | Sample | RR 95% ClI p-value | I-squared | Heterogeneity
studies | size (%) statistic (p-value)

Comorbidities

Overweight 1 28 0.56 | 0.24-1.32 0.184 - -

Obese 1 465 0.53 | 0.43-0.65 <0.001 | - -

Weight loss 1 26 0.63 | 0.31-1.29 0.210 - -

Hypertension 4 5,873 0.93 | 0.91-0.96 <0.001 | 0.0 1.85 (0.603)

Heart failure 2 282 0.41 | 0.33-0.51 <0.001 | 0.0 0.38 (0.536)

Cerebrovascular disease 1 45 0.48 | 0.27-0.86 0.015

Dementia 2 1,071 0.81 0.58-1.13 0.213 88.1 8.39 (0.004)

COPD 4 1,241 0.71 | 0.62-0.81 <0.001 | 9.3 3.31 (0.346)

Clinical severity

Moderately ill 1 66 1.19 | 0.78-1.83 0.421 - -

Seriously ill 1 207 0.98 | 0.84-1.13 0.768 - -

Critically ill 1 10 0.43 | 0.09-1.99 0.280 - -

Severe 1 103 0.81 | 0.56-1.17 0.265 - -

Nonsevere 1 225 1.10 | 0.94-1.27 0.237 - -

Oxygen support

Ambient air 1 66 1.19 | 0.78-1.83 0.421 - -

Noninvasive oxygen support 1 211 0.97 | 0.84-1.12 0.667 - -

Invasive ventilation 1 9 0.62 | 0.13-3.02 0.551 - -

Nasal canula 1 69 1.44 | 1.06-1.97 0.020 - -

Nonrebreathing mask 1 7 0.17 | 0.01-2.85 0.216 - -

High-flow oxygen 1 7 0.42 | 0.05-3.39 0.419 - -

Room air 1 26 0.76 | 0.33-1.75 0.521 - -

Noninvasive ventilation 1 19 0.68 | 0.24-1.91 0.461 - -

Concomitant medications

Insulin 4 3,427 0.85 | 0.59-1.22 0.386 96 75.33 (<0.001)

Other oral antidiabetic treatment | 4 1,948 1.50 | 1.22-1.85 <0.001 | 85.8 21.06 (<0.001)

Chloroquine/hydroxychloroquine | 2 80 0.75 | 0.31-1.83 0.522 65.4 2.89 (0.089)

Anticoagulants 4 2,977 0.70 | 0.53-0.94 0.015 93 42.67 (<0.001)

Glucocorticoids/steroids 4 1,948 0.80 | 0.56-1.16 0.240 90.7 32.14 (<0.001)

B-blockers 2 4,268 0.82 | 0.61-1.11 0.203 96.6 29.17 (<0.001)

Antibacterial treatment 2 1,058 1.00 | 0.90-1.10 0.975 0 0 (0.986)
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Outcomes No. of Sample | RR 95% Cl p-value | I-squared | Heterogeneity
studies | size (%) statistic (p-value)
Statins 3 5,698 1.15 | 1.05-1.27 0.004 65.4 5.79 (0.055)
Diuretics 1 989 0.69 | 0.63-0.756 | <0.001 | - -
ARBs and/or ACE inhibitors 2 5,137 1.22 | 1.01-1.46 0.037 95.2 20.64 (<0.001)
Antiplatelet 2 1,999 0.91 | 0.84-0.98 0.010 0 0.26 (0.611)
Antivirals 3 796 1.08 | 1.03-1.13 0.001 0 1.24 (0.5307
Overall 33 30,325 0.95 | 0.86-1.04 0.276 96.8 1,008.44 (<0.001)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blockers; Cl, confidence interval; COPD, chronic obstructive

pulmonary disease; RR, relative risk.

Diabetes forms an important risk factor to predict the
adverse outcomes.' Several studies have demonstrated
high mortality rate in type 2 diabetes mellitus
patients'>%24; however, the effect of antidiabetics on the
mortality remains to be elucidated.”® Thus, the present
meta-analysis was conducted to assess the association of
metformin use with mortality in COVID-19 patients. The
present meta-analysis was based on data from nine studies
on COVID-19 patients. The analysis demonstrated lower
mortality in the group receiving metformin; however, no
significant difference in hospitalization days was observed
between the two groups. The analysis also revealed signifi-
cant difference in the prevalence of obesity, hypertension,
heart failure, cerebrovascular disease and COPD. No signifi-
cant difference was observed in clinical severity between the
two groups.

Several retrospective cohort studies have demonstrated
low mortality in patients receiving metformin.'>'”242> In
line with our findings, other meta-analysis have revealed a
significantly lower mortality in patients receiving metfor-
min.”?® Retrospective cohort studies have shown metformin
use to be an independent factor associated with mortality.'®2°
However, retrospective cohort studies have revealed no differ-
ence in hospitalization days.?%%! Additionally, no difference in
the clinical severity between the groups receiving and not
receiving metformin was revealed in retrospective cohort
studies.’?" Furthermore, retrospective cohort studies have
reported a lower number of patients with obesity,'” hyper-
tension,'”?2 heart failure,'®?2 cerebrovascular disease,'® and
COPD?? in patients receiving metformin.

The potential mechanisms underlying the reduction of
mortality by metformin in COVID-19 patients remain unclear.’
However, several mechanisms have been proposed for the
same. Metformin is thought to increase the expression of
angiotensin converting enzyme 2 (ACE2),>?’~2° a receptor
for severe acute respiratory syndrome coronavirus 2.2 Metfor-
min has been demonstrated to activate adenosine monophos-
phate-activated protein kinase (AMPK) in in vitro and in vivo
experiments,?’ thus regulating ACE2 and protein stability.?
Activation of AMPK further leads to the inhibition of nuclear
factor kappa B (NF-kB), which is a transcription regulator
involved in inflammation. Inhibition of NF-kB subsequently
inhibits the production of proinflammatory cytokines, such as
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interleukins 8 and 1a.” Metformin is also suggested to have
antithrombotic effects. Evidence suggests excessive inflamma-
tory responses as well as disseminated thromboembolic
events are associated with increased mortality in COVID-19
patients.? Therefore, metformin is suggested to have benefi-
cial effect by its antifibrinolytic activities>® and inhibiting
the cytokine storm in COVID-19 patients.” Additionally, met-
formin induces autophagy, thus controlling inflammation and
activating innate and adaptive immunity.31 Furthermore,
metformin is suggested to act on Na*/H" exchangers and
vacuolar ATPase, subsequently inhibiting viral infection by
raising the cellular pH leading to interference with the endo-
cytic cycle.

This study had several limitations. A small number of
studies have been included in the meta-analysis; retrospec-
tive cohort studies were included, and substantial hetero-
geneity was observed among the studies, which poses a
significant limitation for the conclusions drawn. Although
an extensive search was done, studies might have been
missed inadvertently. Exclusion of studies in languages
other than English might have resulted in missing of rele-
vant studies.

Conclusion

To conclude, our findings suggest that metformin may con-
tribute to reduced mortality in COVID-19 patients. However,
randomized studies demonstrating the effects of metformin in
COVID-19 are needed to support clinical recommendations of
metformin in high-risk population. Further investigations are
warranted to look into the likelihood of metformin improving
prognosis of COVID-19.
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