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Aims: The COVID-19 pandemic is a global public health emergency and patients with

diabetes mellitus (DM) are disproportionately affected, exhibiting more severe out-

comes. Recent studies have shown that metformin is associated with improved out-

comes in patients with COVID-19 and DM and may be a potential candidate for drug

repurposing. We aimed to investigate the effects of metformin on outcomes in

patients with COVID-19 and DM.

Methods: Databases (PubMed, Scopus, Web of Science, EMBASE, Clinicaltrials.gov

and Cochrane library) were searched up to 10 April 2021 for studies reporting data

on metformin use in COVID-19 patients with DM. The risk of bias was assessed

using the Newcastle–Ottawa scale. Certainty of evidence was rated using the

GRADE approach. The primary outcome was mortality reported as odds ratio (OR). A

random-effects meta-analysis was carried out on both unadjusted and adjusted ORs.

This study is registered with PROSPERO, CRD42020221842.

Results: In total, 2 916 231 patients from 32 cohort studies were included in the

quantitative and qualitative synthesis. The meta-analysis showed that metformin was

significantly associated with lower mortality in COVID-19 patients with DM in both

unadjusted (OR 0.61 [95% confidence interval: 0.53–0.71], P < .00001, I2 = 70%)

and adjusted (OR 0.78 [95% confidence interval: 0.69–0.88], P < .00001, I2 = 67%)

models.

Conclusion: Poor outcomes in COVID-19 patients with DM can be attributed to

inadequate glycaemic control and weakened immune responses. Metformin has mul-

tiple effects that can improve outcomes in patients with DM and our findings high-

light a possible role of its use. However, robust randomised trials are needed to

thoroughly assess its use.
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1 | INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), the

causative agent of coronavirus disease 2019 (COVID-19), has been

associated with 141 400 973 total cases worldwide with 3 026 206

deaths and 18 283 297 active cases as of 18 April 2021.1 While it is

estimated that the overall case fatality ratio of the disease is 1.38%

(95% confidence interval [Cl], 1.23–1.53), which is much lower than that

of SARS-CoV andMERS-CoV with 15% and 35% respectively, the abso-

lute number of deaths have been remarkably high due to its high trans-

mission rate and increased risk of death with age and comorbidities.2

Diabetes mellitus (DM) and hyperglycaemia have been identified as

poor prognostic markers for pneumonia and observations from previous

outbreaks have elucidated the damaging role of hyperglycaemia in

infection.3 It has been reported that a known history of diabetes (odds

ratio [OR] 3.0; 95% CI, 1.4–6.3) and elevated fasting plasma glucose

levels (OR 3.3; 95% CI, 1.4–7.7) are independent predictors of mortality

in patients infected with SARS-CoV.4 A retrospective cohort study of

144 patients admitted for SARS-CoV also showed that the DM as a

comorbidity was independently associated with a 3-fold increase in

poor outcomes (relative risk, 3.1; 95% CI, 1.4–7.2).5 With regards to

COVID-19, a retrospective, multicentre study of 7377 COVID-19

patients in China demonstrated that those with new or pre-existing dia-

betes and poor glycaemic control had higher all-cause mortality, higher

progression to multiorgan failure and required more medical interven-

tions (such as systemic corticosteroids, antibiotics, noninvasive and inva-

sive ventilation) than patients without type 2 diabetes (T2D) or with

well-controlled blood glucose.6 Another report from China that analysed

174 COVID-19 patients demonstrated that patients with DM had a

higher prevalence of CVD and were also at a higher risk of pneumonia,

uncontrolled inflammatory responses and hypercoagulable states due to

dysfunctional glucose metabolism.7 In addition, they presented with

increased lactate dehydrogenase, C-reactive protein and D-dimer, and

more pronounced lung pathologies on CT scans, supporting the notion

that diabetes is a risk factor for rapid progression of COVID-19. Lastly,

a recent meta-analysis that included 16 003 patients found diabetes to

be significantly associated with mortality from COVID-19 with an OR of

1.90 (95% Cl, 1.37–2.64) and a combined pooled OR of mortality or

severity to be 2.16 (95% Cl, 1.74–2.68).8

Acute and chronic hyperglycaemia can significantly impact the

body's innate and adaptive immune responses towards infection and

is associated with dysfunctional neutrophil chemotaxis, impaired mac-

rophage function (via decreased superoxide formation) and dampened

T-cell mediated responses.9 In an in vivo mouse model investigating

the effects of DM following MERS-CoV infection, more severe dis-

ease was observed in diabetic male mice, which was characterised by

fewer inflammatory macrophages, CD4+ T cells and higher levels of

interleukin (IL)-17a.10 In another model, hyperglycaemic mice demon-

strated higher rates of influenza infection and bacterial pneumonia

due to decreased alveolar macrophage activation as well as lower

levels of chemokines.11 This dysfunctional immune system has been

mirrored in patients with COVID-19 and poor glycaemic control as

they exhibited lower peripheral counts of CD4+ and CD8+ T cells, NK

cells, impaired macrophage activation and phagocytosis as well as

higher levels of proinflammatory markers.12 Lower serum levels of IL-

10, an anti-inflammatory cytokine that inhibits the synthesis and

release of proinflammatory cytokines such as IL-6, interferon-γ and

tumour necrosis factor (TNF)-α, which are characteristic of the cyto-

kine storm seen in COVID-19, have also been observed in patients

with DM.13 In terms of localised defence, insulin resistance and hyper-

glycaemia can lower levels of surfactant protein-D, a lung derived

innate immune protein, as well as increase glucose concentrations in

the airway surface liquid which consequently promotes lung pathogen

overgrowth.14 Therefore, patients with DM already exhibit a baseline

level of low-grade inflammation due to hyperglycaemia and insulin

resistance which predisposes them to an exaggerated immune

response upon SARS-CoV-2 infection. This leads to a characteristic

hyperinflammatory syndrome or cytokine storm responsible for the

progression to severe disease (Figure 1).

Recent evidence has shown that metformin, an oral biguanide, is

associated with reduced mortality and improved outcomes in patients

with COVID-19 and DM with an OR of 0.77 (95% CI 0.73–0�81)
reported in 1 study.15–18 Alongside its glucose-lowering effects, met-

formin has immunomodulatory, anti-inflammatory, antitumour, anti-

ageing and antiviral activity, which suggests the possibility of it to

affect outcomes in critical illness.19 Indeed, several studies have dem-

onstrated the use of metformin being associated with reduced compli-

cations such as diabetic cardiomyopathy, myocardial infarction and

hypertrophy.20 Moreover, metformin has been found to be linked

with lower mortality in other lung pathologies such as chronic

obstructive pulmonary disorder and tuberculosis.21,22 It is thus impor-

tant to examine whether the pleiotropic effects of metformin could

be beneficial in COVID-19 patients with DM.

1.1 | Objectives

The aim of this study was to perform a systematic review and meta-

analysis to investigate whether the use of metformin in COVID-19

patients with new or pre-existing diabetes mellitus affects outcomes

such as mortality and severity of the disease.

2 | METHODS

This systematic review and meta-analysis are reported based on the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) protocol.23 This study was also registered in the PROS-

PERO, international prospective register of systematic reviews (ID:

CRD42020221842) on 20 November 2020.

2.1 | Search strategy and study selection

A comprehensive search strategy with the relevant key terms were

designed for use in PubMed, Scopus, Web of Science, EMBASE,
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Cochrane library and Clinicaltrials.gov to retrieve all relevant studies

published in English language between 1 December 2019 and 10 April

2021. The search strategy used for the PubMed database was:

(“COVID-19”[All Fields] OR “COVID-19”[MeSH Terms] OR

“COVID-19 Vaccines”[All Fields] OR “COVID-19 Vaccines”[MeSH

Terms] OR “COVID-19 serotherapy”[All Fields] OR “COVID-19

Nucleic Acid Testing”[All Fields] OR “covid-19 nucleic acid

testing”[MeSH Terms] OR “COVID-19 Serological Testing”[All Fields]
OR “covid-19 serological testing”[MeSH Terms] OR “COVID-19

Testing”[All Fields] OR “covid-19 testing”[MeSH Terms] OR “SARS-
CoV-2”[All Fields] OR “sars-cov-2”[MeSH Terms] OR “Severe Acute

Respiratory Syndrome Coronavirus 2”[All Fields] OR “NCOV”[All
Fields] OR “2019 NCOV”[All Fields] OR ((“coronavirus”[MeSH Terms]

OR “coronavirus”[All Fields] OR “COV”[All Fields]) AND 2019/11/01

[PubDate]: 3000/12/31[PubDate])) AND (“metformin”[MeSH Terms]

OR metformin[title] OR biguanide[title] OR insulin[title]) AND

(“2019/12/01”[PubDate]: “2021/04/10”[PubDate])

The inclusion and exclusion criteria for the studies were as

follows:

i. The studies should be published in English language in all

databases.

ii. All participants should be adult patients (>18 y) diagnosed with

COVID-19 and diabetes mellitus.

iii. Study design should be randomised controlled trials (RCTs) or

observational studies (retrospective/prospective cohort, cross-

sectional and case–control) that looked at patients taking metfor-

min vs. patients not taking metformin which reported at least

1 outcome (mortality or composite endpoint) and an OR, risk ratio

or hazards ratio in either adjusted and/or nonadjusted forms.

iv. The studies should have at least 70 patients with COVID-19 and

diabetes mellitus.

v. Case reports, conference abstracts, review articles, commentar-

ies, editorials and nonhumane studies were excluded.

The authors searched each database and the titles and abstracts

were reviewed to identify any potentially relevant articles. After

identification of articles, the full texts were individually analysed

according to the inclusion and exclusion criteria. Additionally, hand

searches were performed to include any relevant studies that were

not shown in the initial database search. The reference lists of

included articles, review articles and meta-analyses were also

screened to identify any other potential studies that could be

utilised.

F IGURE 1 Mechanisms contributing to worsened outcomes in patients with COVID-19 and diabetes mellitus (DM). Acute and chronic
hyperglycaemia compromises the innate immune system through impaired neutrophil chemotaxis, decreased macrophage activity, dampened
T-cell responses, decreased levels of anti-inflammatory cytokines (IL-10) and increased proinflammatory cytokines. The increased angiotensin-
converting enzyme 2 (ACE2) expression in these patients favours more efficient SARS-CoV-2 entry into cells and potential damage to β islet cells
of the pancreas. The presence of multiple comorbidities contributes to endothelial dysfunction and hypercoagulation. Lastly, vitamin D deficiency
is a common finding which can further compromise the immune system
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2.2 | Data extraction and quality assessment

The following data were extracted from each study and transferred to

a spreadsheet: author(s), date of online publication, country, study

design, number of patients with COVID-19 and diabetes mellitus, sex,

patient age-range, primary outcomes (mainly mortality), and OR

(unadjusted and/or adjusted forms). In studies that reported sufficient

data on metformin use vs. nonmetformin use but did not report an

OR, the OR was calculated separately on statistical software and put

in the nonadjusted OR column.

The quality of the included studies and their risk of bias was

assessed using the Newcastle–Ottawa Scale (NOS). The NOS has

been developed to assess the quality of cohort studies used for a sys-

tematic review by using a star system where each study is judged on

3 broad domains: the selection of study groups; the comparison of

cohorts and the establishment of the outcomes of interest in the

cohort.24 Each study was rated a maximum of 4 stars for selection,

2 stars for comparability and 3 stars for the outcome, with a total

score of 9 and higher scores indicating better quality.

The GRADE (Grading of Recommendations Assessment, Develop-

ment, and Evaluation) approach25 was used to evaluate the quality of

evidence for outcomes. All included studies only reported mortality as

an outcome, and thus the effect of metformin on mortality in COVID-

19 patients with DM was tested. Only the studies that reported an

adjusted OR was included in the analysis. The certainty of evidence was

classified as very low, low, moderate or high using the GRADE criteria.

RCTs start as high-quality evidence and observational studies as low-

quality evidence, which can subsequently be rated down based on 5 fac-

tors (risk of bias, inconsistency, indirectness, imprecision and publication

bias), or rated up based on 3 factors (large magnitude of effect, dose–

response gradient and plausible biases reducing an apparent treatment

effect). The GRADEpro software was used to rate evidence and present

it in GRADE evidence profiles and summary of findings tables.26

2.3 | Data synthesis and statistical analysis

To evaluate the association between metformin use and mortality, the

ORs in nonadjusted and adjusted forms (with 95% CI) were taken as

the effect size. A meta-analysis was then performed with the generic

inverse variance method using a random-effects model to account for

any significant heterogeneity between studies. To avoid any con-

founding effects, separate meta-analyses were carried out for

unadjusted ORs and adjusted ORs that were reported/calculated from

each study. Data including mortality in the metformin group, mortality

in the nonmetformin group and total number of patients in each group

were entered when calculating the nonadjusted ORs. Adjusted ORs

were taken directly from the studies. Sensitivity analyses were carried

out by excluding studies that could significantly influence the overall

analysis, including those with large sample sizes or anomalous ORs. A

P-value of <.05 was set to show a statistically significant association.

The heterogeneity of the studies was assessed using the inconsis-

tency index (I2), with values of 25, 50 and 75% representing low,

moderate and high heterogeneity, respectively. The possibility of pub-

lication bias was assessed through visual inspection of a funnel plot

and results from the Eggers's and Begg's test. All analyses were per-

formed on Microsoft Excel, MedCalc (Version 20.013) and Review

Manager software 5.4.1 (Cochrane collaboration).

3 | RESULTS

3.1 | Study selection and characteristics

The initial literature search from all databases (PubMed, Scopus, Web

of Science, EMBASE, Clinicaltrials.gov, Cochrane library) and other

sources yielded 1349 articles. After excluding duplicates, 753 articles

were retained for title and abstract screening. Of these, 708 articles

were excluded with the remaining 45 articles fully assessed for eligi-

bility. Finally, 32 studies with 2 916 231 patients were included in the

qualitative and quantitative synthesis15–18,27–54 (Figure 2). Out of the

32 studies, 11 were from China; 6, USA; 6, UK; 4, South Korea;

2, France; 1, Spain; 1, Italy; and 1, Belgium. No RCTs or cross-

sectional studies were identified from the search. All of the 32 studies

identified were observational cohort studies (31 retrospective and

1 prospective) and 5 were preprint studies. The included studies

scored between 7–9 on the NOS with a mean score of 8.59 ± 0.61,

signifying a high overall quality of studies used for the analysis. The

characteristics of the included studies are shown in Table 1.

3.2 | Association between metformin use and
mortality

Forest plots for the effects of metformin on mortality in COVID-19

patients with diabetes mellitus are shown in Figures 3 and 4. Pooled

analysis showed a statistically significant association between metfor-

min use and reduced mortality in both unadjusted (OR 0.61 [95% CI:

0.53–0.71]), P < .00001, I2 = 70%) and adjusted (OR 0.78 [95% CI:

0.69–0.88], P < .00001, I2 = 67%) models. A sensitivity analysis was

performed excluding the study by Gao et al.,31 which then yielded an

overall OR 0.60 (95% CI: 0.53–0.69), P < 00001, I2 67% in the

unadjusted analysis and an OR 0.77 (95% CI: 0.69–0.87), P < .00001, I2

66% in the adjusted analysis. Furthermore, given that the study by

Khunti et al.18 contributed to 2 851 456 out of 2 916 231 patients in

this meta-analysis, another sensitivity analysis was performed excluding

this study which yielded an overall OR 0.58 (95% CI: 0.48–0.70),

P < .0001, I2 70% in the unadjusted analysis and an OR 0.75 (95% CI:

0.65–0.88), P < .00001, I2 61% in the adjusted analysis.

3.3 | Publication bias

In this meta-analysis the inverted funnel plot analysis from the

adjusted studies showed a symmetrical distribution on the funnel plot,

highlighted by the contour lines, indicating a low risk of publication
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bias (Figure 5). The P-values for the Egger's and Begg's test were .061

and .064, respectively.

3.4 | Certainty measure—GRADE approach

Table 2 shows the GRADE evidence profile and summary of findings

for the adjusted studies. Population comprised of COVID-19 patients

with DM taking or not taking metformin. The outcome was mortality

(reported in adjusted OR). The risk difference (95% CI) with metformin

use was based on the assumed risk (i.e. risk with no metformin use,

which was the mean control group risk across included studies) and

the relative effect (95% CI) of the intervention. Overall certainty of

evidence was rated as low quality, with the assessment of criteria

shown in the table and the associated footnotes.

4 | DISCUSSION

The findings of this extensive meta-analysis showed that the use of

metformin in patients with COVID-19 and diabetes was significantly

associated with lower mortality with a pooled unadjusted OR of 0.61

(95% CI, 0.53–0.71) and a pooled adjusted OR of 0.78 (95% CI, 0.69–

0.88), both with a moderate heterogeneity of I2 = 70% and I2 = 67%

respectively. To our knowledge, this meta-analysis has used the larg-

est number of studies and sample size so far with regards to metfor-

min use in COVID-19 patients with DM across multiple regions,

reporting both adjusted and nonadjusted ORs, and provides valuable

insight into the potential preventative and treatment strategies to

minimise the progression and fatality of the disease in this subset of

patients. This analysis builds on the findings by Lukito et al.,55 which

analysed 10 233 patients and also found metformin use to be associ-

ated with lower mortality (adjusted OR 0.64 [0.43, 0.97], P = .035).

The presence of multiple comorbidities such as obesity, cardio-

vascular disease, hypertension and kidney damage in patients with

DM is a common finding when admitted for COVID-19 and studies

have confirmed that they are at an even higher risk of severe out-

comes such as mortality.56 Both hyperglycaemia and insulin resistance

are associated with endothelial dysfunction and prothrombotic activ-

ity.57 With COVID-19 also being linked to coagulation abnormalities

in the latter stages of the disease, the presence of both hyper-

coagulation states puts these patients at an even higher risk of life-

F IGURE 2 PRISMA flow diagram for
study selection
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threatening thrombotic complications.12 Additionally, the prevalence

of obesity in patients with T2D is widely observed and a body mass

index of >35 kg/m2 is considered a risk factor for poor prognosis and

associated with an increased requirement for invasive mechanical

ventilation.58 This is largely due to the conflicting comorbidities that

compromise cardiometabolic health and obese patients being more

prone to obstructive sleep apnoea and decreased pulmonary ventila-

tion which predisposes them to poor outcomes when faced with

respiratory tract infections.59

Increased levels of angiotensin-converting enzyme 2 (ACE2) have

been noted in the kidneys, lungs, heart and pancreas in murine models

of DM and ACE2 is also overexpressed in chronic diseases in humans,

which is thought to facilitate higher levels of SARS-CoV-2 entry into

various organs and thus contribute to the poorer prognoses. A recent

study showed that patients with DM or hypertension had reduced

clearance and shedding of the SARS-CoV-2 virus which could be

explained by the increased ACE2 expression.60 Within the pancreas,

ACE2 expression has been seen specifically in the β cells of the islets

of Langerhans which can have implications during a SARS-CoV-2

infection. Indeed, it has been shown that SARS-CoV could potentially

enter the pancreas using ACE2 and subsequently damage the islets

causing an acute insulin deficiency and hyperglycaemia and, while this

is not confirmed with SARS-CoV-2, it may be likely that not only is

diabetes correlated with a poor prognosis, but infection itself could

trigger new-onset diabetes in patients with COVID-19.61 This notion

has been supported by the increased plasma blood glucose seen in

COVID-19 patients without diabetes, increased reports of acute crises

such as diabetic ketoacidosis and hyperosmolar hyperglycaemic state

in COVID-19 patients with diabetes, newly diagnosed diabetes in

admitted COVID-19 patients and the unusually increased insulin

requirements in patients.62–64 Taken together, the association

between DM and severe outcomes in COVID-19 can be attributed to

an array of mechanisms not limited to poor baseline glycaemic control,

diminished T-cell and macrophage function, increased susceptibility to

SARS-CoV-2 entry and the presence of other comorbidities,

summarised in Figure 1. It is therefore essential that patients with DM

receive optimal glycaemic control and tailored treatment to both mini-

mise the risk of infection and severe clinical outcomes.

The results from this meta-analysis suggest that metformin could

be effective in not only maintaining adequate glycaemic control but

directly enhancing immune responses to the SARS-CoV-2, improving

outcomes in patients with DM. The study by Khunti et al.,18 a nation-

wide observational cohort study assessing 2 851 465 patients, which

provided a significant percentage to our meta-analysis, found metfor-

min, SGLT2 inhibitors and sulfonylureas to be associated with lower

mortality, with metformin being most associated with decreased mor-

tality. This study included all people diagnosed with T2D in England

and comprehensively assessed the risk across all classes of glucose-

F IGURE 3 Unadjusted odds ratio. Forest plot of meta-analysis of the effect of metformin consumption on mortality in COVID-19 patients
with diabetes mellitus, random-effects model
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lowering drugs. Moreover, the cohort included all patients with T2D

regardless of their admission status and the outcome of all deaths due

to COVID-19 included both in-hospital and outside hospital, hence

providing a robust outcome without influence of hospital bias and

resource availability.

Metformin acts via activation of 5-adenosine monophosphate-

activated protein kinase (AMPK).20 AMPK has been shown to modify

ACE2 by phosphorylating ACE2 Ser680 in human umbilical vein

endothelial cells and human embryonic kidney 293 (HEK293T) cells.65

Therefore, it could be proposed that AMPK brings about a conforma-

tional change in the ACE2 receptor which leads to decreased binding

within the SARS-CoV-2 receptor and hence reduced infectivity and a

reduced risk of severe disease.66 Another study in human umbilical

vein endothelial cells showed that AMPK activation was able to inhibit

the replication of Zika virus in endothelial cells as well as upregulate

the expression of genes with antiviral properties (such as interferons,

F IGURE 4 Adjusted odds ratio. Forest plot of meta-analysis of the effect of metformin consumption on mortality in COVID-19 patients with
diabetes mellitus, random-effects model

F IGURE 5 Funnel plot for the assessment of
publication bias, adjusted studies
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OAS2 and MX1) while downregulating inflammatory mediators such

as TNF-α.67

Other mechanisms that metformin uses to improve outcomes in

COVID-19 is through its ability to reduce the levels of proinflammatory

cytokines such as IL-6 and TNF-α, which are characteristically seen in

the systemic cytokine storm while boosting the levels of anti-

inflammatory cytokines, namely IL-10.68 One study used in this meta-

analysis found that metformin had sex-specific immunomodulatory

actions in that the reduction in cytokines were more prominent in

females than males.16 Metformin also strengthens both the adaptive

and innate immune system by promoting autophagy, which helps con-

tain and destroy pathogens, alters the composition of gastrointestinal

microbiota, stimulates the formation of M2 macrophages and CD8+

memory T cells, increases the neutrophil to lymphocyte ratio, stabilises

mast cells and improves protection against reactive oxygen

species.69–71 Lastly, it has also shown to improve endothelial function,

which can thus limit vascular damage and the risk of thrombotic events,

which are life-threatening complications of COVID-19.72

Previous studies on humans have shown consistent benefits—a

recent meta-analysis of 5 cohort studies showed that the use of met-

formin in patients with diabetes before admission resulted in signifi-

cantly less mortality during sepsis compared to nonusers (OR 0.59 95%

CI 0.43–0.79).73 In a follow-up study of 5266 patients, metformin use

was associated with a significantly decreased risk of mortality in

patients with DM and chronic obstructive pulmonary disease (OR 0.30,

95% CI 0.10–0.93) after adjustment of multiple confounders.74 How-

ever, while metformin does have a good safety profile, some patients

may develop gastrointestinal side effects including nausea, vomiting,

diarrhoea and bloating. These may be eliminated in over 80% of

patients with the administration of newer extended-release formula-

tions and use after a meal.75 Additionally, the use of metformin has

been challenged due to its risk of lactic acidosis especially in patients

with renal and liver dysfunction. The study by Gao et al.31 with a rela-

tively small sample size of 110 patients highlighted a potential safety

concern for metformin; however, it was noted that both blood glucose

(8.17 vs. 6.39 mmol/L, P = .013) and lactate dehydrogenase levels

(212.00 vs. 178.50 U/L, P = .024) upon admission were statistically sig-

nificantly higher in the metformin group vs. nonmetformin group, which

are both predictors of poor outcomes.6,76 It should also be noted that

as metformin is an oral drug, orotracheal intubated patients cannot

receive this treatment and hence are more likely to exhibit worse out-

comes. Thus, with hyperglycaemia being an independent risk factor for

severe outcomes in COVID-19 patients, metformin's ability to improve

insulin sensitivity and modify glycogen synthesis taken together with

F IGURE 6 Potential mechanisms through which metformin can improve outcomes in COVID-19 patients with diabetes mellitus (DM).
Metformin dampens levels of proinflammatory cytokines (interleukin [IL]-6 and tumour necrosis factor [TNF]-α) while boosting anti-inflammatory
cytokines (namely IL-10). It increases levels of M2 macrophages, neutrophils, CD8+ T cells, stabilises mast cells, promotes autophagy and
improves endothelial function. It can also inhibit the Na+/H+ exchanger on cells, thereby increasing cellular pH and impairing viral replication.
Metformin also activates 5-adenosine monophosphate-activated protein kinase (AMPK) which leads to decreased gluconeogenesis, increased
insulin sensitivity, inhibition of PI3K/AKT/mTOR pathways and phosphorylation of angiotensin-converting enzyme 2 (ACE2) receptors, which
impairs binding and subsequent entry of SARS-CoV-2 into cells
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its immunomodulatory, anti-inflammatory effects, antiviral effects

(Figure 6) as well as the results from this meta-analysis, suggests that

metformin may be highly beneficial in attenuating the cytokine storm

seen in patients with DM and COVID-19 while maintaining optimal

glycaemic control and hence improve outcomes.

This systematic review has several limitations that need to be

addressed in order to ascertain a clear picture with regards to metfor-

min use in COVID-19 patients with DM. Firstly, most of the studies

were retrospective in nature and are therefore prone to selection bias,

recall bias and misclassification bias, especially in large sample sizes

and hence randomised prospective studies are needed in geographi-

cally diverse cohorts to solidify the association between metformin

use and improved outcomes in patients. Although most of the studies

included did adjust for major confounding factors, the residual con-

founding effect cannot be eliminated. These include the use of treat-

ments such as ACE inhibitors/angiotensin receptor blockers, which

are commonly prescribed in patients with DM for nephroprotection

and could have played a role in either improving or worsening out-

comes. Additionally, the prevalence of obesity in some studies was

missed and a large body of evidence has suggested the association

between obesity and severe outcomes in COVID-19. In some studies,

the proportion of metformin users vs. nonusers was uneven and the

presence of multiple comorbidities was fewer in the metformin users

vs. nonusers which could indeed alter the strength and validity of the

results. Moreover, there were a few studies that contained a small

sample size in the metformin group and some that reported a compos-

ite outcome rather than plain mortality. Strategies for future studies

to tackle these biases could be through restriction and matching of

individuals when selected for the study as well as stratification and

propensity score matching when undergoing the data analysis phase

to strengthen the comparability of the treatment vs. the control

group.77 While we tried to extract all relevant information from each

study, most studies failed to report the mean duration of diabetes,

dosage regimens and duration of treatment, which probably contrib-

uted to the heterogeneity seen in our meta-analysis (alongside differ-

ences in mean/median ages, percentage of male patients used and

differences in healthcare delivery and patient characteristics from dif-

ferent countries). More patient-specific data on this could have pro-

vided more detailed information regarding metformin's

pharmacokinetics, interactions and potential use in clinical practice.

The use of the GRADE approach provides valuable information

regarding the certainty of evidence and sheds light into further

research that may be warranted. Our review included the GRADE

approach and used mortality as an outcome; however, it is likely that

future studies, alongside RCTs will provide more data regarding met-

formin use in this population and we call for future reviews to use the

GRADE approach to assess multiple outcomes (such as hospital

admission, risk of deterioration, intubation and recovery) to thor-

oughly assess the potential clinical implications of metformin use.

With this in mind, more research is needed to confirm the role of met-

formin in COVID-19 through blinded RCTs. Given its promising

nature, multiple trials are currently underway including the MET-

Covid trial (ClinicalTrials.gov identifier: NCT04510194) and the

DMMETCOVI9 trial (ClinicalTrials.gov identifier: NCT04626089),

which are estimated to be completed by late 2021 to early 2022.

5 | CONCLUSION

This systematic review evaluated whether the use of metformin

affected outcomes in COVID-19 patients with DM and the results

from this extensive meta-analysis showed that it was associated with

lower mortality in both nonadjusted and adjusted ORs. Beyond its

effects on glycaemic control, metformin could improve outcomes in

these patients through multiple mechanisms, some of which lead to

an attenuated cytokine storm, improved adaptive and innate immune

system, and decreased viral entry. The findings in this review provide

valuable insight into the impact of DM on COVID-19 and the possible

preventative and protective role of metformin in these patients. Given

that metformin is an inexpensive drug with a good safety profile, it

should be thoroughly assessed for its use in not only COVID-19

patients with DM but all patients. Indeed, RCTs are the next steps in

thoroughly investigating the effectiveness of metformin in the treat-

ment of COVID-19 and with time may prove to be a wonder drug.

5.1 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to

corresponding entries in http://www.guidetopharmacology.org, and

are permanently archived in the Concise Guide to PHARMACOLOGY

2019/20.78
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