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Effect of metformin on the risk of depression: A systematic review and meta-regression of 
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1. Introduction 

Depression, a common mood disorder, affects more than 280 million 
people around the globe (World Health Organization, 2023). Despite the 
increasing use of antidepressants, patients with depression do not al-
ways experience symptom alleviation due to varying responsiveness to 
antidepressant monotherapy (Rush et al., 2006). Metformin is a first-line 
treatment for type 2 diabetes mellitus. Preclinical and clinical studies 
found that metformin reduced depressive-like behaviors by modulating 
the balance of proinflammatory markers, brain-derived neurotrophic 
factor (BDNF) and insulin-like growth factor-1 (IGF-I), the cytokines and 
neurotrophic markers consistent with the pathogenesis of depression, 
therefore suggesting the possibility of repurposing metformin as anti-
depressant monotherapy or adjunctive to current treatments (Fang et al., 
2020; Hammad et al., 2021; Karnevi et al., 2013). Recently, two 
meta-analyses of randomized controlled trials (RCTs) investigated the 
effect of metformin or anti-glycaemic drugs and cognition and depres-
sion in general patients, but they showed inconsistent results and were 
restricted to a limited number of included studies with varied quality 
(Moulton et al., 2018; Nibber et al., 2022). The results from relevant 
observational studies to date have been less discussed. Therefore, we 
aimed to evaluate the potential of metformin in alleviating depression 
and explore subgroups that would most likely benefit from treatment by 
systemically aggregating evidence from observational studies. 

2. Methods 

The study protocol is pre-registered with PROSPERO 
(CRD42023398184). We systematically searched four databases, 
including PubMed, Cochrane, Web of Science, and Embase, using 
designated search terms updated to 19 October 2022 to identify litera-
ture reporting the risk of depression following metformin use (Supple-
mentary Table 1). We included quantitative observational studies in 
which odds ratios (OR), relative risk (RR), or hazard ratios (HR) for 95% 
confidence intervals (CI) were provided or could be calculated. We 
excluded reviews, abstracts, unpublished results, non-English articles, 
and studies in which metformin was used in combination with other 

interventions. The Newcastle-Ottawa Scale and the Agency for Health-
care Research and Quality Scale were used to assess the quality of 
included studies (Supplementary Table 2). 

All statistics were performed using STATA/SE 17 (StataCorp LLC, 
Texas, USA) and R 4.1.3. Based on the study design (cohort, case- 
control, and cross-sectional studies), separate meta-analyses by 
random effects models were conducted to calculate the combined effect 
size for the association between metformin use and the risk of depres-
sion. Heterogeneity was assessed by the I-squared index (I2). Subgroup 
analysis was performed stratified by indications (Diabetes mellitus, DM; 
Polycystic Ovary Syndrome, PCOS; General population) and regions 
(Asia, Europe, Oceania) to assess the effects of metformin on different 
populations after combining all studies with pooled effect size (ES). 
Univariate meta-regression was conducted to explore the sources of 
heterogeneity, and covariates included year of publication, indications, 
female proportion (%), regions (Asia, Europe, or Oceania), and identi-
fication of depression (self-reported questionnaires or medical records/ 
clinical interviews). Sensitivity analysis determined whether the quality 
of publications affected the overall effect size. Funnel plot, and Egger’s 
weighted regression statistics were performed to assess publication bias 
(Supplementary Fig. 1). Two researchers (YZ and VC) performed the 
screening, data extraction, evaluation, and analyses independently. 

3. Results 

11 studies were included in the qualitative synthesis and their 
characteristics and results are shown in Fig. 1. Flowchart and charac-
teristics of eligible studies are shown in Supplementary Fig. 2 and 
Supplementary Table 3. The included studies were published between 
2006 and 2022 and were conducted in 10 countries or territories. A total 
of nine studies were included in the final analysis after excluding two 
studies that did not report required risk estimates. 

Pooled estimates from four cohort studies showed a reduced but not 
significant risk of depression among metformin users compared with 
non-metformin users (RR: 0.69, 95% confidence interval (CI): 
0.46–1.02, p=0.06, I2=53.5%) (Fig. 2). In three case-control studies, 
patients with metformin had a significantly lower risk of depression than 
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those without (OR: 0.92, 95%CI: 0.89–0.96, p<0.001, I2=34.9%). In 
two cross-sectional studies, the association between metformin use and 
depression risk was not significant. 

In the subgroup analysis by region, metformin use significantly 
reduced the risk of depression in five studies involving 520,557 partic-
ipants in Asia (ES=0.67, 95% CI=0.50–0.91, p= 0.011), and within- 
group heterogeneity was reduced (I2=48.9%); the relationship be-
tween metformin and depression was not significant in three studies 
involving 542,304 participants in Europe (ES: 0.95, 95%CI: 0.89–1.02, 
P= 0.130, I2=50.3%, Supplemental Fig. 3). Additionally, subgroup 
analysis by indication showed no significant association. Univariate 
meta-regression showed that the association between metformin and 
risk of depression was significantly linked to continent (b=0.43, 
P=0.02, I-squared_res=49.28%, Adj R-squared=48.30%). None of the 
other factors explained the observed heterogeneity between studies 
(Supplemental Fig. 4). 

4. Discussion 

This study found that metformin was significantly associated with 
decreased risk of depression in case-control studies but not in other 
study designs. One of two previous meta-analyses of RCTs showed that 
metformin did not significantly reduce depressive symptoms compared 

to placebo (Moulton et al., 2018). The meta-analysis included three 
small placebo-controlled RCTs with high heterogeneity (I2=92.3%), 
including one unpublished study. The second meta-analysis indicated 
that metformin also showed some antidepressant properties in patients 
with depression and T2D compared with placebo; the effect was insig-
nificant compared with pioglitazone (Nibber et al., 2022). 

Limited evidence from the RCTs and high heterogeneity reflect the 
need for real-world evidence aggregation. This study’s synthesis of 
observational studies involving over 1 million participants, a mean 
follow-up time of 9.4 years in cohort and nested case-control studies, 
would be valuable supporting evidence. An interesting finding of this 
meta-analysis was that metformin was associated with a significantly 
reduced risk of depression in Asian populations. Among the risk factors 
examined in the meta-regression, only the continent explained part of 
the observed heterogeneity (P=0.02). This is possibly attributed to 
differences in life or social determinants and genetic differences be-
tween populations. Factors such as differences in lifestyle, dietary 
habits, economic disparities, and education levels in different pop-
ulations may play a role (Lankarani and Assari, 2015). Furthermore, the 
difference in inflammatory status may also underlie differences in the 
risk assessment of metformin for depression between populations 
(Beydoun et al., 2020). 

Due to the limited variables of the included studies in this systematic 

Fig. 1. Characteristics of the studies included in the systematic review and their results. Note: (A) The inner circle represents the inclusion of studies divided into 
three subcategories based on continent. The outer circle indicates the results of the effect of metformin on depression in the included studies. (B) Effects of metformin 
on depression base on study designs; (C) Indications; (D) Measures of depression. Abbreviations: Improved: indicates improvement of depression by metformin; No 
significance: no significant effect of depression by metformin; T2D =Type 2 diabetes; PCOS =Polycystic Ovary Syndrome; General: General population. 
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review, further comparisons for differences between Asian populations 
and other populations, such as glucose control, dietary structure and 
medication adherence, were not feasible. The biological mechanisms of 
this ethnically specific effect of metformin on depression merit further 
investigation. Additionally, most included studies (6 out of 9) were 
conducted among patients with diabetes with inconsistent findings. 
Diabetes is associated with a greater risk of depression and anxiety 
(Jaisoorya et al., 2022). Current literature suggested an association 
between glycaemic control with risk and severity of depression in 

patients with diabetes (Papelbaum et al., 2011), and certain antide-
pressants have a positive effect on glycaemic control (Zhang et al., 
2022). Therefore, the additional consideration of glycaemic control in 
subsequent studies would be valuable in investigating biological path-
ways that might link metformin use with a potential reduction in the risk 
of depression. Also, it was shown that antidepressant treatment during 
pregnancy may increase the risk of pregnancy and neonatal complica-
tions (Su et al., 2023), so further study on the effect of metformin at 
different periods would be beneficial. 

Fig. 2. Forest plots of effects of metformin on depression in observational studies with different study designs. Note: (A) Cohort studies; (B) Case-control studies; (D) 
Cross-sectional studies. 
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Based on the underlying anti-depression properties of metformin 
observed in this study, the potential of repurposing metformin for 
depression control is possible but it warrants well-designed RCTs in 
selected populations. In particular, our findings indicate that metformin 
may be a promising anti-depression therapy for Asians, inviting more 
research into mechanisms behind racial differences to suggest poten-
tially more targeted treatments. Study limitations include the limited 
number of included studies may affect the stability of the results and 
statistical hence the heterogenicity observed. In addition, relationship 
between metformin and depression may be mediated by glycemic con-
trol; hence a more elaborate study design would be worthwhile (Kyr-
iacou and Lewis, 2016). 

In conclusion, reduced risk of depression associated with metformin 
was observed in case-control studies, but not significant in cohort 
studies. Regional differences were observed. Metformin may have the 
potential to be repurposed to improve depression management, partic-
ularly in the Asian population. The biological mechanism of ethics- 
specific effect warrants further investigation. 
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