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Abstract

Background: Metformin is a commonly prescribed oral hypoglyce-
mic agent for diabetic patients. Its effect in reducing the incidence of 
stroke has already been proven. We aimed to explore the impact of 
prior metformin use on stroke outcomes.

Methods: The Web of Science, PubMed, Embase, and Cochrane 
Library were searched to identify relevant studies involving stroke 
patients with a history of metformin use and comparing them to 
non-metformin users. We analyzed the following outcomes: modi-
fied Rankin Scale (mRS), National Institutes of Health Stroke Scale 
(NIHSS), mortality, or length of hospitalization.

Results: Eleven studies, with 13,825 participants, were included. The 
metformin group showed higher favorable mRS 0 - 2 than the non-
metformin group (risk ratio (RR) = 1.14, 95% confidence interval (CI): 

1.09 - 1.19, P value < 0.01). Also, significantly lower mortality rates 
were seen in the metformin group (RR = 0.54, 95% CI: 0.46 - 0.63, P 
value ≤ 0.01). NIHSS at discharge was lower in the metformin group 
than the non-metformin group (mean difference (MD) = -0.46, 95% CI: 
-0.82 - -0.11, P value < 0.01). The mRS 3 - 6 indicates less favorable 
outcomes were higher in the non-metformin group (RR = 0.85, 95% CI: 
0.77 - 0.93). At the same time, NIHSS at admission showed no statisti-
cally significant difference between the two groups. These results in-
dicate that metformin has a beneficial impact on the severity of stroke.

Conclusions: Pre-stroke metformin therapy is associated with better 
post-stroke clinical outcomes and lower mortality rates. These results 
highlight the potential neuroprotective role of metformin and empha-
size its role as an adjunctive treatment in stroke management. Further 
research is required to understand its mechanism better.
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Introduction

Metformin is the first-line treatment for type 2 diabetes mel-
litus (T2DM) according to the American Diabetic Associa-
tion, due to its blood glucose-lowering effect. It belongs to 
biguanides, a class of antidiabetic drugs [1, 2]. Metformin 
increases peripheral tissue sensitivity to insulin, promotes pe-
ripheral glucose uptake, and inhibits hepatic gluconeogenesis. 
This effect is mediated through the activation of adenosine 
5’-monophosphate-activated protein kinase (AMPK). It regu-
lates energy homeostasis and contains two regulatory subunits 
(β and γ) and α catalytic subunit [2].

Stroke incidence has recently increased. It has emerged as 
a leading cause of disability and the second most frequent cause 
of death globally [3]. Diabetic patients experience a higher rate 
of stroke compared to the general population, with a 10-year 
cumulative recurrence rate of ischemic stroke being 40.9% for 
type 1 diabetes mellitus (T1DM) (14 events), 29.7% for T2DM 
(15 events), and 12.0% for non-diabetic individuals. This means 
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that diabetes is a significant risk factor for stroke [4].
Metformin has demonstrated significant effectiveness in 

lowering stroke occurrences among 14,856 diabetic patients 
(10,857 on metformin and 3,999 on other oral hypoglycemic 
agents). A total of 1,695 stroke events were recorded (994 in 
the metformin group and 701 in the non-metformin group), 
with notably fewer stroke events observed in the metformin-
treated patients (9.2% vs. 17.5%, P < 0.001) over a 4-year 
follow-up period [5].

Metformin’s clinical benefits in reducing stroke incidence 
are already proven, but what happens if a stroke has occurred? 
Then, AMPK activation in metformin users shows lower odds 
of poor functional outcomes [6].

Metformin activates AMPK, which has protective effects 
against cerebral ischemia by either inhibiting the NF-κB cascade 
to reduce post-ischemic neuroinflammation or by activating the 
nuclear factor-erythroid 2-related factor 2 (Nrf2) antioxidant 
pathway. Administering metformin to diabetic patients before the 
onset of stroke may be associated with decreased neurological 
severity and enhanced outcomes during acute-phase therapy [7].

Previous reviews assessed metformin’s effects on stroke 
incidence. Therefore, this review aimed to evaluate whether 
prior metformin use was associated with better stroke out-
comes and improved prognosis.

Materials and Methods

We reported this study following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [8]. Furthermore, the review protocol was registered with 
PROSPERO (CRD42024530349), the international prospec-
tive registry for systematic reviews. The Institutional Review 
Board approval and ethical compliance with human studies are 
not applicable to this study.

Search strategy

We searched medical electronic databases, PubMed, Web of 
Science, Cochrane Library, and Embase, for relevant studies 
until April 2024. For a sensitive search strategy, we used the 
MESH database and the following search queries: (“Metform-
in” OR “Glucophage”) AND (“Stroke*” OR “Cerebrovascular 
Accident”). The full search strategy is provided here (Sup-
plementary Material 1, jocmr.elmerjournals.com). After the 
literature search, the retrieved studies were downloaded and 
imported into Endnote X20 for duplicate removal and then ex-
ported into an Excel sheet. To enhance the validation of our 
search approach, we developed an additional search strategy 
that focused on stroke type. These search terms related to 
stroke type are presented here for reference (Supplementary 
Material 1, jocmr.elmerjournals.com).

Selection of the studies

Two independent authors reviewed each study. The disagree-

ment was resolved by a discussion between the two authors 
and a senior author’s decision. The study was retrieved for a 
full-text check to see the eligibility criteria. The full text of all 
related articles was then obtained and checked by at least two 
independent authors.

Inclusion criteria

We included studies that met these inclusion criteria: 1) pri-
mary studies that used metformin therapy before stroke onset 
and had a control group of non-metformin users; 2) assessed 
the post-stroke clinical outcomes and reported clear outcomes 
related to modified Rankin Scale (mRS), National Institutes of 
Health Stroke Scale (NIHSS), and mortality; 3) published in 
international peer-reviewed journals. We excluded the previ-
ous reviews, preclinical studies, animal studies, pharmacoki-
netics, and pharmacodynamics studies, which had no clear 
clinical outcomes.

Data extraction and risk of bias assessment

Two authors independently extracted the data, and a third re-
viewer resolved any conflict for the studies included. Extracted 
data were divided into four domains: 1) study characteristics 
(study ID, study design, duration, inclusion criteria, exclusion 
criteria, results); 2) characteristics of the included study popu-
lation (age, sex, body mass index (BMI), systolic blood pres-
sure (SBP), and diastolic blood pressure (DBP)) and their risk 
factors (hypertension, smoking, and hyperlipidemia); 3) risk of 
bias domains; 4) study outcomes (mRS, NIHSS, mortality rate, 
and length of hospitalization).

At least two independent authors reviewed each study pro-
tocol, and full text and supplementary material are available for 
risk of bias assessment. Randomized controlled trials (RCTs) 
were evaluated using the Cochrane Risk-of-Bias assessment 
tool for randomized trials (ROB-2), as recommended by the 
Cochrane Handbook for Systematic Reviews [9]. This tool 
involves eight questions covering areas such as randomiza-
tion methods, allocation concealment, blinding of participants, 
personnel, and outcome assessors, management of incomplete 
outcome data, selective reporting of outcomes, and identifica-
tion of other potential biases. Each aspect was rated as having 
a high, unclear, or low risk of bias (ROB). For observational 
cohort and cross-sectional studies, we employed the National 
Institutes of Health (NIH) Quality Assessment Tool [10] to de-
termine their quality.

Two authors independently evaluated the risk of bias in 
the included studies, and a third reviewer resolved any disa-
greements.

Statistical analysis

All statistical analyses were performed with the R software 
(version 4.1.3). Continuous variables were presented as the 
mean difference (MD) and the corresponding 95% confi-
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dence intervals (CIs), which describe the difference between 
metformin and non-metformin groups for an outcome, having 
taken into account the weighting of the individual studies.

The categorical variables were presented as risk ratios 
(RRs) and the corresponding 95% CIs, which describe the ra-
tio of the risk of an outcome event in the metformin group to 
the risk of the outcome event in the non-metformin group.

Dealing with missing data

When the standard deviation (SD) of the change in outcome 
was unavailable, we calculated it using the standard error (SE) 
or the 95% CI, as recommended by Altman [11].

Assessment of heterogeneity

After visually inspecting the forest plot, we used the Chi-
square (χ2) test and the I2 statistic to evaluate heterogeneity 
among the studies. The χ2 test assessed whether significant 
heterogeneity existed, while the I2 statistic quantified the ex-
tent of heterogeneity when present. We interpreted the I2 val-
ues following the guidelines from the Cochrane Handbook 
for Systematic Reviews [9], considering the following rang-
es: 0-40% (might not be important), 30-60% (may indicate 
moderate heterogeneity), 50-90% (may indicate substantial 
heterogeneity), and 75-100% (considerable heterogeneity). 
As per the Cochrane Handbook (Part 2, Chapter 9), a sig-
nificance level (α) less than 0.1 in the χ2 test was considered 
evidence of significant heterogeneity.

Publication bias

We did not assess publication bias because, according to Cochrane 
guidelines [9], tests for funnel plot asymmetry should only be 
performed when each outcome includes at least 10 studies.

Results

Study results and characteristics

The electronic databases search identified 2,063 studies. After 
duplicate removal by Endnote, 1,143 articles were imported 
into an Excel sheet for title and abstract screening. Twenty-
six articles were read in full text for eligibility. A further 15 
articles were excluded. The reason for exclusion and details of 
included studies are presented in the PRISMA flow diagram 
(Fig. 1). Finally, 11 studies with 13,825 patients were included 
after full-text screening based on the inclusion criteria. Except 
for one randomized control trial, all included studies were ob-
servational cohorts. Two studies [12, 13] were published in 
2024, five in 2022 [14-18], two in 2020 [19, 20], one in 2018 
[21], and one in 2015 [7]. Studies were conducted in different 
countries: two studies in China [15, 16], two studies in Japan 
[7, 13], and the others in Qatar, Netherlands, Switzerland, Ko-

rea, Turkey, and Iran [12, 14, 17, 19-21], respectively. More 
details about the study’s characteristics are presented in Table 
1 [7, 12-15, 17-22].

Baseline characteristics

Patients’ mean ages in the included studies ranged between 
54 and 75 years, and 60% were male. Three studies reported 
the mean BMI (kg/m2) ranging between 23 and 28. Seventy-
two percent and 34% of the population were hypertensive and 
hyperlipidemic, respectively. Baseline creatinine was within 
normal limits. Nine studies assessed the post-stroke outcomes 
in diabetic patients on metformin, but two studies [13, 21] re-
ported it in metformin users with no diabetes. Blood glucose 
level was reported in eight studies; it was below 200 mg/dL 
except in the study by Jian et al [15] (2023), which showed 
high blood glucose level (higher than 200 mg/dL). Six studies 
reported previous stroke events, which estimated 18% of their 
total population. More details including the baseline charac-
teristics of the included population are shown in Table 2 [7, 
12-15, 17, 18-22].

Quality assessment

We utilized the NIH Quality Assessment Tool for observa-
tional cohort studies. Two studies [16, 17] showed a low risk 
of bias as they scored 10 or more. Seven studies [7, 12-15, 
18, 19] were of moderate risk; their sample size justification, 
power description, or variance and effect estimates were not 
provided, and their exposures were not assessed more than 
once over time, as they ranged between 5 to 9 in the scoring 
system. The last observational study [20] was of high risk, as 
most domains of NIH were not provided or assessed in this 
study (Supplementary Material 2, jocmr.elmerjournals.com). 
We also used RoB 2 (a revised Cochrane risk-of-bias tool 
for randomized trials) for the RCT study [21]. The study was 
stratified as having a high risk of bias because of some missing 
outcome data, and there were some concerns with the selec-
tion of the reported data [9] (Supplementary Material 3, jocmr.
elmerjournals.com).

Meta-analyses

mRS outcomes

The mRS 0 - 2 between the metformin and non-metformin 
groups was reported in six studies. The overall RR is statisti-
cally significant in favor of the metformin group (RR = 1.14, 
95% CI: 1.09 - 1.19), and there is no significant heterogeneity 
(I2 = 40%, P value = 0.14) (Fig. 2). But the overall RR for mRS 
3 - 6 between the two groups was reported in three studies and 
statistically significantly higher in the non-metformin group 
(RR = 0.85, 95% CI: 0.77 - 0.93), and the pooled studies were 
homogenous (I2 = 0%, P value = 0.40). These results are dis-
played in Figure 3.
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Akhtar et al [14] reported mRS 0 - 2 at discharge as a 
proportion and revealed that the metformin group had a higher 
proportion than the non-metformin group (55.4% vs. 51.9%, 
respectively). Kersten et al [17] reported the mRS 0 - 22 as the 
odds ratio (OR) for the metformin users compared with non-
metformin users and reported a higher OR in the metformin 

group (OR = 1.96, CI 1.49 - 2.57).

NIHSS outcomes

The NIHSS at discharge was reported in two studies. The overall 

Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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MD was statistically significantly lower in the metformin group 
than the non-metformin group (MD = -0.46, 95% CI: -0.82 - 
-0.11; P value ≤ 0.01), and pooled studies were homogenous 
(I2 = 0%, P = 0.62) (Fig. 4). In contrast, The NIHSS at admis-
sion was reported in eight studies. The overall MD showed a 
non-statistically significant difference between the two groups 
(MD = 0.15, 95% CI: -1.46 - 1.75; P value ≥ 0.05), and there 
is significant heterogeneity found (I2 = 92%, P < 0.01) (Fig. 5).

Kersten et al [17] reported the OR for mild stroke (NIHSS 

score below 4) in the metformin group compared to the non-
metformin and reported a higher OR in the metformin group 
(OR = 1.53 (1.16 - 2.01)).

Mortality and length of stay outcomes

The overall RR for mortality was statistically significantly lower 
in the metformin group compared with the non-metformin group 

Figure 2. Forest plot of modified Rankin Scale (mRS 0 - 2) outcome. RR: risk ratio; CI: confidence interval; mRS: modified Rankin 
Scale.

Figure 3. Forest plot of modified Rankin Scale (mRS 3 - 6) outcome. RR: risk ratio; CI: confidence interval; mRS: modified Rankin 
Scale.

Figure 4. Forest plot of NIHSS at discharge outcome. SD: standard deviation; MD: mean difference; CI: confidence interval; 
NIHSS: National Institutes of Health Stroke Scale.
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(RR = 0.54, 95% CI: 0.46 - 0.63; P value < 0.01), and there is 
no significant heterogeneity found (I2 = 46%, P = 0.13) (Fig. 6).

Two studies reported the length of hospital stay. There is 
no statistically significant difference (MD = -0.02, 95% CI: 
-0.21 - 0.18) between both groups, which may be due to the 
limited number of studies that reported these outcomes. Pooled 
studies were homogenous (I2 = 0%, P = 0.50) (Fig. 7).

Some outcomes showed heterogeneity, so we used random 
models to report them. We also conducted a leave-out meta-
analysis to explain the cause of the heterogeneity.

Sensitivity analysis and leave-one-out meta-analysis

We performed a sensitivity analysis in multiple scenarios for 

mRS 0 - 2, mRS 3 - 6, NIHSS at admission, and mortality, by 
excluding one study at each time and conducting the forest 
plot for other studies. It did not significantly change the pooled 
results or the heterogeneity levels (Figs. 8-11).

Discussion

This meta-analysis revealed that the metformin group has higher 
favorable mRS 0 - 2 than the non-metformin group (RR = 1.14, 
95% CI: 1.09 - 1.19, P value ≤ 0.01), and the mRS 3 - 6 shows 
that the non-metformin group had a higher rate of fewer favora-
ble results (RR = 85, 95% CI: 0.77 - 0.93, P value ≤ 0.01). While 
NIHSS at discharge was lower in the metformin group than the 
non-metformin group (MD = -0.46, 95% CI: -0.82 - -0.11, P 

Figure 6. Forest plot of mortality outcome. RR: risk ratio; CI: confidence interval.

Figure 7. Forest plot of length of stay outcome. SD: standard deviation; MD: mean difference; CI: confidence interval.

Figure 5. Forest plot of NIHSS at admission outcome. SD: standard deviation; MD: mean difference; CI: confidence interval; 
NIHSS: National Institutes of Health Stroke Scale.
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value ≤ 0.01), the RR for mortality was statistically significantly 
lower in the metformin group compared with the non-metformin 
group (RR = 0.54, 95% CI: 0.46 - 0.63, P value ≤ 0.01). Con-
versely, the NIHSS at admission revealed no statistically sig-
nificant difference between the two groups. Based on these find-
ings, Metformin reduces the severity of stroke.

Metformin may improve stroke prognosis through several 
mechanisms. Firstly, it exerts antioxidant and anti-inflammatory 
effects by activating AMPK [22]. Through increasing angiogen-
esis, metformin promotes post-stroke recovery; AMPK signaling 
mediates these benefits [23]. Furthermore, by inducing AMPK, 

metformin may protect cells by regulating Nrf2 antioxidant and 
inflammatory pathways [24]. Patients with diabetes who were 
taking metformin at the time of their stroke were more likely to 
have a better prognosis than those who were not [14]. Second-
ly, the polarization of microglia and macrophages mediated by 
AMPK and angio-neurogenesis could be essential in metform-
in-promoted recovery [16]. Thirdly, metformin demonstrated 
neuroprotective effects against ischemic brain injury following 
cardiopulmonary resuscitation and sudden cardiac arrest via en-
hancing autophagy, which is dependent on AMPK initiation [25].

Several studies included in our meta-analysis reported a 

Figure 9. Leave-one-out meta-analysis for mRS 3 - 6. RR: risk ratio; CI: confidence interval; mRS: modified Rankin Scale.

Figure 10. Leave-one-out of the meta-analysis for NIHSS at admission. MD: mean difference; CI: confidence interval; NIHSS: 
National Institutes of Health Stroke Scale.

Figure 8. Leave-one-out meta-analysis for mRS 0 - 2. RR: risk ratio; CI: confidence interval; mRS: modified Rankin Scale.
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statistically significant reduction in the risk of recurrent stroke 
among patients treated with metformin. These findings align 
with our analysis, suggesting a potential protective effect of 
metformin in the post-stroke period, and it is not limited to dia-
betic patients. Abbasi et al conducted an RCT, which reported 
that metformin reduced the severity and stroke symptoms and 
accelerated recovery and clinical outcome in patients with cor-
tical stroke on metformin [21]. However, it is important to note 
that one study [20] reported conflicting results or non-signif-
icant findings. These conflicting findings may be because of 
the bias predicted in the methodology of this study. According 
to the NIH, the quality of the assessment tool was of high risk 
due to bias predicted in multiple domains (its score: 4 out 14). 
Regarding the benefits of metformin in specific age groups, 
we found no significant differences in the effect of metformin 
across certain age groups in our included studies. We can at-
tribute that to the high prevalence of stroke in elderly patients. 
However, metformin has already showed a beneficial effect 
in obese patients, as it has less weight gain and fewer hypo-
glycemic attacks compared to other antidiabetic medications 
[26]. The dose of metformin did not show a dose-dependent 
effect on prognosis or clinical outcomes. Correlation analysis 
conducted by Westphal et al showed no significant association 
between metformin dose and NIHSS at admission, mRS after 
3 months, mortality, and intracerebral hemorrhage (ICH) [19]. 
Same findings were reported by Kim et al [12].

Pakkam et al [27] conducted the most recent meta-anal-
ysis, which showed a significantly higher rate of mRS 0 - 2 
score at discharge and a lower rate of 90-day mortality, which 
is consistent with our study. Our meta-analysis is more com-
prehensive and included 11 studies with larger populations. We 
also reported NIHSS scores at admission and discharge, which 
showed that the NIHSS at discharge was significantly lower in 
the metformin group [27].

The strength of our study is that it is the most updated me-
ta-analysis to discuss the impact of prior metformin on clinical 
outcomes in stroke patients with 11 included studies. Another 
strength is the inclusion of a substantial number of studies in 
our meta-analysis. We incorporated 11 studies to allow strong 
quantitative analysis. The large sample also enhanced the 
statistical power of our analysis and increased confidence in 
the result. Moreover, our meta-analysis included studies with 
diverse study designs, encompassing randomized clinical tri-
als and observational studies; including various study designs 

adds strength to our findings and increases applicability.
Despite these strengths, our study also has some limita-

tions that should be taken into consideration. Firstly, most 
studies included in our meta-analysis were of moderate qual-
ity, although we conducted a thorough risk of bias assessment 
using appropriate tools. The limitations of individual studies 
could influence the overall quality of evidence. Secondly, the 
included studies exhibited some heterogeneity in outcome 
measures, which affected the interpretation of the results. To 
address this, we performed a sensitivity analysis to explore 
the impact of these factors on the overall findings. Lastly, our 
meta-analysis focused on the impact of metformin on stroke 
outcomes and did not explore potential adverse effects or safe-
ty concerns associated with metformin use in stroke patients. 
Therefore, future research should address the safety aspect to 
provide a more comprehensive understanding of the risk-ben-
efit profile of metformin in this population. We cannot reach a 
solid conclusion regarding publication bias due to the limited 
study numbers according to Cochrane guidelines.

Conclusions

Pre-stroke metformin therapy is associated with better post-
stroke clinical outcomes and lower mortality rates. These 
findings demonstrate the possible neuroprotective effects of 
metformin and also highlight its practical value as an adjuvant 
treatment for stroke patients. Further research is required to 
understand its mechanism.
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