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Protective Effect of Metformin on Venous Thrombosis in 
Diabetic Patients: Findings From a Systematic Review
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Abstract

Background: Despite the effects of metformin on cardiovascular dis-
eases, there is limited evidence supporting its beneficial effects on 
venous thrombosis, and such evidence is not qualitatively synthesized 
both from observational and intervention studies, thereby limiting our 
understanding of the role of metformin in preventing venous throm-
boembolism (VTE). Thus, we carried out a systematic review of the 
epidemiological studies assessing the role of metformin in preventing 
VTE among diabetic patients.

Methods: A systematic search of three main electronic databases 
including Embase, PubMed, and EBSCO was undertaken in 2021. 
Any study conducted between 2000 and 2021 that addressed the role 
of metformin in preventing venous thrombosis in patients diagnosed 
with type 2 diabetes mellitus was considered eligible.

Results: Following a comprehensive review of the research articles 
based on the eligibility criteria, six articles were incorporated into the 
review. The findings of the review demonstrate that metformin was 
found to be associated with 22% to 58% risk reduction for venous 
thrombosis among diabetic patients. However, due to the observa-
tional studies included in the meta-analysis, the protective effect may 
not be independent of other risk factors or other variables.

Conclusion: Overall, the findings showed a beneficial effect of met-
formin against venous thrombosis, meaning that metformin may play 
a vital role in preventing deep venous thrombosis among patients di-
agnosed diabetes mellitus. However, future studies are warranted be-
fore making any conclusions about the efficacy of metformin against 
venous thrombosis in diabetic patients.
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Introduction

Vascular disease including venous thromboembolism (VTE) is 
a common cause of death among patients with comorbid condi-
tions such as diabetes mellitus [1, 2]. VTE results in a range of 
events from symptomless distal venous thrombus of deep veins 
to threatening deep venous thrombus and fatal pulmonary em-
bolism [3]. The likelihood of VTE and its associated complica-
tions are higher in older patients than younger ones and the risk 
becomes two-fold with every decade of aging [4]. This risk also 
varies by the sex of the patients with males being affected more 
by the second episode than females. The yearly incidence of 
VTE is between 1.5 and 3.0 cases per 1,000 individuals. The in-
cidence of VTE is even higher among diabetic patients. For ex-
ample, the data suggest the annual rate of VTE among diabetic 
patients was 432 per 100,000 population [2]. VTE is considered 
as the third most common cause of cardiovascular disease fol-
lowing stroke and myocardial infarction [3, 5].

It seems that metformin being an antihyperglycemic drug 
prevents cardiovascular disease beyond glycemic control [6]. 
However, despite the effects of metformin on glycemic con-
trol, its effects on venous thrombosis may be different. Over-
all, there is limited evidence supporting such beneficial effects 
with scarce evidence from well-conducted trials. Few epide-
miological studies have shown that hypoglycemic agents such 
as metformin may have a direct effect on VTE [7]. However, 
such evidence is not qualitatively synthesized both from obser-
vational and intervention studies, thereby limiting our under-
standing of the role of metformin in preventing VTE. Thus, we 
carried out a systematic review of the epidemiological studies 
assessing the role of metformin in preventing VTE. The find-
ings of this review will help clinicians and researchers to plan 
further studies and make evidence-based clinical and policy 
decisions to treat the patients appropriately and reduce the bur-
den of VTE and its associated morbidity and mortality.

Materials and Methods

Searching strategy

The updated Preferred Reporting Items for Systematic Re-
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views and Meta-Analyses (PRISMA) was employed to carry 
out this systematic review on assessing the role of metformin 
in preventing VTE [8]. A systematic search of three main elec-
tronic databases including Embase, PubMed, and EBSCO was 
undertaken. Additionally, using two techniques such as snow-
balling and pearl growing methods, relevant articles were also 
searched and reviewed [9, 10]. All relevant published articles 
from January 2001 to December 2021 were included and we 
limited the search to articles published in the English language 
due to translation issues in other languages. Search restrictions 
with filters were employed on the language (English), publica-
tion period, and age category to include eligible studies in the 
search.

Using different combinations of keywords and after con-
ducting a deep literature search by using the following search 
terms: “Metformin AND venous thrombus AND Diabetes”, 
“Metformin AND thrombus formation AND Diabetes”, “Met-
formin AND thromboembolism AND Diabetes Mellitus”, 
metformin AND deep vein thrombosis AND prediabetes”, 
and “Metformin AND thromboembolism OR thrombus AND 
Diabetes Mellitus”. In addition, the most prevalent concepts 
were employed including metformin AND venous thrombus. 
Then these major concepts were combined using combinations 
(AND, OR) relevant to the research question. An example of 
a complete search strategy included: “Metformin AND throm-
boembolism OR thrombus AND Diabetes Mellitus OR Type 
2 Diabetes Mellitus” ((“metformin”/exp OR metformin) AND 
(“thromboembolism”/exp OR thromboembolism) OR “throm-
bus”/exp OR thrombus) AND (“diabetes mellitus”/exp OR 
“diabetes mellitus” OR ((“diabetes”/exp OR diabetes) AND 
mellitus)). Further, truncation (*) with a similar root word was 
employed to identify more germane articles.

Study selection

Any study that focused on the role of metformin in preventing 
VTE in patients diagnosed with type 2 diabetes mellitus was 
considered eligible to be included in the review. We considered 
both observational and interventional studies that had assessed 
the beneficial role of metformin in preventing VTE formation 
among diabetic patients. However, grey literature, review ar-
ticles, qualitative studies, letters to the editor, secondary data, 
and case reports were excluded from this review. The main 
outcome of interest was VTE in diabetic patients and to in-
clude the maximum literature on this topic, we considered both 
descriptive and analytical observational studies.

Data extraction

Data extraction was carried out independently. Initially, all 
appropriate research studies were imported into the reference 
manager software, where an individual study was reviewed, 
and all duplicate studies were discarded. As a first step, the 
chosen articles were screened by titles, then by abstracts, and 
finally, a full-text articles evaluation was carried out. The fol-
lowing information was extracted in the chosen observational 

studies: research author, reference of the study, year of pub-
lication, country, total sample size, gender of the study par-
ticipants, age group, key findings, and main conclusion of the 
studies. The abstracts that did not explicitly explore the study 
objective were not reviewed further and this was followed by 
retrieving and reviewing the full-text articles of the appropri-
ate. A standardized proforma was used to abstract and summa-
rize the articles that met the required eligibility criteria. In ad-
dition, the references of all relevant studies were also assessed 
to evade missing any useful studies.

Study Results

A total of 8,879 records were identified in three databases 
(Embase, PubMed, and EBSCO). After removing 4,578 dupli-
cates, the remaining 4,301 unique studies were left whose titles 
and abstracts were screened. During this process of reviewing 
abstracts, 186 articles did not meet the eligibility criteria based 
on the abstract reading, and 34 articles were not considered 
potentially eligible after reviewing full documents. Following 
a comprehensive review of the research articles based on the 
eligibility criteria, six articles were incorporated in the review 
as shown in Figure 1.

Study characteristics

Studies were conducted in different countries across the world 
such as Taiwan, Saudi Arabia, Sudan, and Turkey (Table 1 
[11-16]). Overall, the sample size of the included studies was 
reasonable ranging from 24 to 907,277 diabetic patients. Re-
garding the gender distribution of the -participants, the find-
ings revealed that both males and females equally participated 
in the respective studies. Almost all of the studies were ob-
servational studies except one randomized controlled trial and 
majority of the studies mentioned their outcome, which was 
mainly VTE or thrombus formation or mortality in diabetic 
patients.

Summary of the key findings included in the review

Overall, the results revealed a favorable effect of metformin 
against deep venous thrombosis, meaning that metformin 
may play a vital role in preventing deep venous thrombosis 
among patients (Table 2). For example, a non-randomized, 
pair-matched cohort study was undertaken in Taiwan in 2014 
on 14,945 diabetic patients [14]. Of these 7,167 patients were 
taking metformin and the remaining 7,778 were in the con-
trol group. The cohort of diabetic patients was followed for 
3.74 years and it was found that out of 7,167 patients given 
metformin, 0.21% developed deep venous thrombosis while 
0.56% from the control group [14]. Patients who received 
metformin were 58% less likely to develop venous thrombo-
sis than those who did not receive metformin with significant 
results (hazard ratio (HR): 0.42, 95% confidence interval (CI): 
0.240 - 0.758) [14]. One more prospective cohort study was 
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conducted in Saudi Arabia on 277 patients diagnosed with ve-
nous thrombosis [12]. After the average time of follow-up of 
1 year, it was found that metformin reduced the risk of throm-
bosis by 84% (HR: 0.78, 95% CI: 0.65 - 0.95) among elderly 
patients after adjusting for other variables in the model [12]. 
Likewise, a cross-sectional study was conducted in Khartum-
Sudan on 96 diabetic patients. These patients were either given 
metformin or glimperide and effects were seen on platelet indi-
ces such as mean platelet volume, platelet large cell ratio, and 
platelet distribution width [11]. The findings revealed that both 
types of treatments were found to reduce the platelet indices 
with insignificant results for glimperide [11]. Both metformin 
and glimperide were shown to have a favorable prognostic ef-
fect on pro-thrombotic state. However, metformin was found 
to have a much better effect on platelet indices than glimperide 
[11].
A large nationwide prospective cohort study was conducted 
in Taiwan using the data of 907,277 patients with the age up 

to 104 years [13]. The subjects were followed for about 10.4 
years and various risk and protective factors were identified 
for the retinal vein occlusion. The study findings demonstrated 
that metformin was found to be protective against retinal vein 
occlusion among diabetic patients [13]. More precisely, it re-
duced the risk of retinal vein occlusion by 54% after adjusting 
for demographic and clinical factors (HR: 0.46, 95% CI: 0.30 
- 0.71) [13]. These findings are consistent with a national pri-
mary care database study conducted in London in 2019 [17]. 
Likewise, a prospective open-labeled study was conducted in 
diabetic patients; however, the sample size was only 24. The 
study findings showed that metformin reduced the formation 
of plasminogen activator inhibitors and vascular endothelial 
growth factors [16]. After 4 weeks of follow-up, metformin 
was found to improve endothelial function and prevent throm-
bus formation. However, there was no effect on chronic sub-
clinical vascular formation among obese insulin-resistant 
diabetic individuals [16]. Likewise, a study was conducted to 

Figure 1. Flow chart summarizing the identification and selection of relevant papers.
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examine the effects of metformin in 38 patients diagnosed with 
type 2 diabetes mellitus in a double-blinded randomized con-
trolled trial. Patients were followed for about 6 weeks after be-
ing randomized to metformin and placebo [15]. Among those 
who were treated with metformin, basal and post-venous oc-
clusion plasminogen activator inhibitor fell after 3 weeks with-
out any change in these concentrations in the placebo group. 
After 3 weeks, post venous occlusion for plasminogen activa-
tor activity increased in the metformin group [15].

Discussion

This review was undertaken to summarize the evidence re-
garding the protective effect of metformin on VTE in diabet-
ic patients. Overall the findings of the review demonstrated 
a protective effect of metformin among diabetic patients in 
terms of reducing venous thrombus formation. Though, limit-
ed evidence exists and perhaps there is a need to conduct more 

Table 1.  Characteristics of the Included Studies in the Systematic Review (n = 6)

Study name Year Study design Setting Sample size Age Gender
Hussein et 
al [11]

2021 Cross-sectional 
study

Khartum-
Sudan

96 55.4 years 55.2% females and 
44.8% males

Aleidan [12] 2020 A prospective 
cohort study

Saudi Arabia 277 70 ± 4 years 52% were males

Lin et al [13] 2017 Population-based 
cohort study

Taiwan 907,277 57.5 ± 12.3, 57.5 ± 14.4 
years, and 31.9 ± 19.7 in 
branch retinal occlusion group 
(BRVO), central retinal vein 
occlusion group (CRVO), and 
control group, respectively

48.8% in BRVO, 53.8% in 
CRVO, and 50.9% males 
in the control group

Lu et al [14] 2014 A non-randomized, 
pair-matched 
cohort study

Taiwan 14,945 57.70 ± 12.55 years 53.1% males in the 
metformin group and 
52.6% in the control group

Grant et 
al [15]

1991 Randomized 
controlled trial

NR 38 NR NR

Ersoy et 
al [16]

2008 Prospective 
follow-up study

Turkey 24 50.5 ± 1.5 years 62.5% females

Table 2.  Summary of Findings From the Included Studies in the Systematic Review (n = 6)

Study name and author Key findings Summary of findings
Hussein et al [11] Both metformin and glimperide reduced the platelet indices; 

however, metformin had much greater effect than glimperide
Metformin had much greater effect 
on platelet indices than glimperide

Aleidan [12] Metformin reduced the risk of venous thrombosis in the multivariable 
regression (HR: 0.16, 95% CI: 0.08 - 0.33) among elderly patients

Metformin may protect the 
venous thrombosis in elderly

Lin et al [13] Metformin reduced the risk of retinal vein occlusion 
by 54% after adjusting for demographic and clinical 
factors (HR: 0.46, 95% CI: 0.30 - 0.71).

Metformin is beneficial against retinal 
vein occlusion in diabetic patients

Lu et al [14] -Out of 7,167 patients given metformin, 0.21% developed deep 
venous thrombosis after being followed for about 3.74 years and 
0.56% from the control group. -Patients who received metformin 
were 58% less likely to develop venous thrombosis than those who 
did not receive metformin. (HR: 0.42, 95% CI: 0.240 - 0.758)

Metformin is protective against deep 
venous thrombosis in diabetic patients

Grant et al [15] In the metformin group, basal and post-venous 
occlusion plasminogen activator inhibitor 1-antigen 
fell after 3 weeks (P < 0.001) without any change 
in these concentrations in the placebo group.

Metformin reduces the venous 
occlusion among diabetic patients

Ersoy et al [16] After 4 weeks of follow-up, metformin was found to improve 
endothelial function and prevent thrombus formation. However, 
there was no effect on chronic subclinical vascular formation 
among obese insulin-resistant diabetic individuals.

Metformin reduced the formation of 
plasminogen activator inhibitors and 
vascular endothelial growth factors.

HR: hazard ratio; CI: confidence interval.
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randomized controlled trials, the available evidence is sugges-
tive of beneficial effects of metformin against VTE. This can 
be further confirmed by undertaking large intervention studies 
to endorse the findings.

According to the current guidelines of the American Dia-
betes Association/European Association, metformin should be 
considered as either as a monotherapy or in combination for 
patients diagnosed with type 2 diabetes mellitus. This is even 
more beneficial for patients who are at risk of thrombus for-
mation. Metformin being an insulin sensitizer can improve the 
function of vessels and related vascular abnormalities with few 
side effects in patients with type 2 diabetes mellitus [18]. The 
potential mechanisms by which metformin may prevent venous 
thrombosis are by inhibiting platelet activation in vivo and in 
vitro [19]. The evidence suggests that platelets are involved in 
several biological processes such as clotting, vascular lesions, 
and activation of other platelets [20]. This activity of platelets 
is markedly suppressed in the presence of metformin and it is 
mainly by suppression of platelet prothrombinase activity and 
by reducing extracellular mitochondrial release [1, 19].

This is consistent with the reduced platelet adhesive func-
tion after administering metformin. The animal studies sug-
gest that metformin significantly suppressed aggregation of 
platelets and prevent both arterial and venous thrombosis in rat 
models [19]. And thrombus formation deteriorated in the rats 
treated with metformin [19]. Besides, it has been found that 
metformin reduces the size and weight of arterial and venous 
thrombi and subsequently reduces the incidence of pulmonary 
embolism [19]. Also, metformin reduces markers of endothe-
lial activation such as Von Willebrand factor and it also de-
creases the inflammation and levels of plasminogen activator 
inhibitor 1 [19, 21-23]. These potential mechanisms contribute 
to the protective effect of metformin in reducing thrombus for-
mation and associated mortality in diabetic patients.

Strengths and limitations

This is a unique review as it is the first of its type that syn-
thesized the findings of the role of metformin in preventing 
thromboembolism or associated mortality in diabetic individu-
als. The findings of this review can provide a framework to 
clinicians, endocrinologists, and policymakers to use met-
formin among diabetic patients who are at risk of developing 
thrombus formation to reduce morbidity and mortality mainly 
in the elderly. We also used an updated PRISMA checklist to 
conduct this review and most of the studies were large enough 
to be adequately powered to detect the protective effect of 
metformin on VTE. Besides, we included studies mainly from 
high-middle income countries, therefore, findings may not be 
generalizable to resource poor-settings with differences in the 
prevalence of causal partners or other factors that may interact 
with metformin differently in different settings.

Despite these strengths, the findings of the current review 
should be interpreted with caution due to some caveats associ-
ated with the individual studies. Since most all of the studies 
were observational epidemiological studies, one cannot es-
tablish causality between metformin and the outcome under 
investigation. Since the observational studies suffer from is-

sues of unmeasured confounding, therefore, the researchers 
could not collect data on all confounders or covariates in their 
individual studies. Hence, the effect of metformin cannot be 
independent of all the factors. To address this issue, it is rec-
ommended to undertake randomized controlled trials in the 
future to prove the preventive effect of metformin independent 
of other factors. In addition, due to the overall dearth of litera-
ture on this area, studies from low-middle income countries 
were almost negligible, which warrant conducting more such 
studies in resource-poor settings. Also, the overall sample size 
of the review was small due to the scarcity of research in this 
area. Despite performing a deep literature search, we could not 
find more articles relevant to the study objective, which im-
plies undertaking more research in this area before making any 
firm conclusions. Lastly, the included studies were of varying 
sample sizes, which is unavoidable but almost all of the studies 
were able to detect the desired effect size of metformin against 
VTE. However, overall, the included studies were very few as 
the literature is scarce on this topic mainly in human beings 
and most of the evidence is from animal or laboratory stud-
ies. These warrants conducting more epidemiological studies 
in human beings before making any robust conclusions about 
the role of metformin against thrombus formation in diabetic 
patients.

Conclusion and Implications for Future

Overall, the existing studies included in this review demon-
strate that metformin may be found protective against VTE, 
mainly in diabetic patients. Based on the available findings, 
metformin may be safely used in diabetic patients at risk of 
thromboembolism; however, we would recommend conduct-
ing more epidemiological studies particularly randomized con-
trolled trials to assess the effect of metformin on VTE before 
making any definitive conclusions about the same. Consider-
ing the limited sample size of this review, more studies and 
their respective reviews are required to confirm these findings 
and these studies need to be undertaken both in developing and 
developed countries to confirm these findings and recommend 
the use of metformin on a broader scale for the prevention of 
thromboembolism in diabetic patients.
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