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Abstract
Objective: To assess the association between metformin and endometrial cancer risk by conducting a meta-analysis.

Methods: A comprehensive search of electronic databases, conference abstracts, and clinical trial registers was performed to identify
available evidence. Studies that evaluated the association between metformin use and endometrial cancer risk were considered. We pooled
relative risk (RR) estimates with 95% con�dence intervals (CIs) by using either a �xed-effects or a random-effects model.

Results: Nine studies (1 randomized controlled trial, 5 cohort studies, and 3 case-control studies) involving more than 1.20 million
participants and 7,762 cases of endometrial cancer met eligibility criteria. There was no evidence of an association between metformin use
and endometrial cancer risk (RR, 0.96; 95% CI, 0.80 to 1.16). Similarly, the pooled data showed that metformin use was not signi�cantly
associated with endometrial cancer risk in patients with diabetes (RR, 0.93; 95% CI, 0.78 to 1.11). In subgroup analyses, the results were
stable across different study designs and comparisons, and remained unchanged after adjusting for age and BMI or obesity.

Conclusions: The current meta-analysis suggests that metformin has no chemopreventive effect against endometrial cancer.

Introduction
Endometrial carcinoma is the most common gynaecologic cancer in developed countries, with 60,050 new cases in the United States alone
in the year 2016 [1]. Several risk factors have been reported to be related to an increased risk of endometrial cancer, including reproductive
factors, obesity, and diabetes mellitus [2 − 4].

Diabetes mellitus has been linked to associated with an increased risk of endometrial cancer via mechanisms involving insulin resistance
and secondary hyperinsulinemia [5, 6]. In the condition of insulin resistance, the elevated insulin may have growth stimulation effects and
directly and indirectly increase the risk of endometrial cancer [7, 8]. The direct mechanism includes activation of key signaling pathways,
while in the indirect mechanism, insulin interacts with insulin-like growth factor-1 (IGF-1) and affects sex hormone levels, which in turn may
promote cell growth [7 − 9]. Insulin resistance is associated with a spectrum of disease, such as abnormal glucose metabolism, type II
diabetes mellitus, obesity, polycystic ovary syndrome (PCOS) [10, 11].

Metformin, an oral biguanide hypoglycaemic drug, is the the �rst line treatment of type II diabetes [12]. It is a well-tolerated and effective
drug that normalizes hyperglycemia by reducing insulin resistance and lowering insulin levels [12, 13]. Metformin also has bene�cial effects
in women with PCOS, obesity, and metabolic syndrome [14 − 16].

A growing body of evidence suggests that metformin may have a chemopreventive role against cancer. Several meta-analyses have shown
that metformin use may decrease the incidence of site-speci�c cancers, including colorectal, pancreatic, and liver cancer [17 − 19], while
others have not shown this effect, including prostate and breast cancer [20 − 21]. Recently, several studies have investigated the relationship
between metformin use and endometrial cancer risk, with inconsistent �ndings. Some studies have shown that that metformin use may be
associated with a reduced risk of endometrial cancer, whereas others have found no protective effect. Therefore, we carried out a meta-
analysis of existing evidence to determine the effect of metformin on endometrial cancer risk.

Materials And Methods
This meta-analysis was prepared in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement [22].

Search strategy

A systematic search was performed in the databases of PubMed, Embase and the Cochrane Central Register of Controlled Trials (CENTRAL)
to �nd all relevant articles from inception to October 2019. Both subject headings and free text words were used in the search. The detailed
search strategies are presented in Appendix A. We searched the following trial registers electronically for potentially relevant ongoing trials:
ClinicalTrials.gov, ISRCTN registry, and World Health Organization International Clinical Trials Registry Platform (ICTRP). We also searched
conferences reports in the following sources: Annual Meeting on Women's Cancer of the Society of Gynecologic Oncology, Biannual Meeting
of the International Gynecologic Cancer Society, Biannual Meeting of the European Society of Gynecologic Oncology, and Annual Meeting of
the American Society of Clinical Oncology. No language restrictions were applied in our search strategy. In addition, we screened the
reference lists of the relevant papers for additional studies.

Eligibility criteria
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After removing duplicate records, two reviewers screened the titles and abstracts independently. The potentially relevant studies were
evaluated in detail to determine their eligibility. The inclusion criteria were as follows: (1) randomized controlled trials (RCTs) or non-
randomized studies; (2) evaluated exposure to metformin and endometrial cancer risk; (3) reported risk ratio (RR) and a 95% con�dence
interval (CI) or provided data for their calculation. Articles were excluded if they were: (1) editorials, letters, reviews, and case reports; (2)
studies without appropriate data for determining an estimate of RR and a 95% CI. In cases of multiple publications from the same
population, only the most comprehensive studies were included.

Data extraction and quality assessment

The following information was collected from each study: publication data (ie, �rst author’s name, year of publication, and study location),
study design, study population, type of comparison, sample size, de�nition of metformin exposure, RRs and 95% CIs, and control for
potential confounders by matching or adjustments. When multiple RR estimates were presented, the most adjusted estimate was extracted.

Two reviewers assessed the quality of included studies independently. The risk of bias in RCTs was evaluated according to the Cochrane
Collaboration’s tool [23]. The methodological quality of non-randomized studies was assessed according to the Newcastle–Ottawa scale
[24]. Studies with a score of 7 or higher were considered as high quality studies.

Statistical analysis

Heterogeneity among study results was explored using the Chi-square (χ2, or Chi2) and I2 test. If substantial heterogeneity (p value < 0.10 or
I2 > 50%) was found, a random-effects model was used to calculate the pooled effect with appropriate cautious interpretation; otherwise, a
�xed-effects model was applied. Heterogeneity was explored in subgroup analyses by study design, reference therapy, and adjustment for
age and BMI or obesity. Sensitivity analysis was performed to assess the stability of the results. The analyses were performed using Stata
version 12.0 software (Stata Corporation, College Station, TX).

Results
Description of studies

A total of 744 records were screened of which 13 articles were assessed for eligibility. Of these, 4 studies were excluded for the following
reasons: 1 used overlapping data [25], and 3 did not have available data [(26 − 28]. No additional studies were identi�ed from reference lists.
Finally, 9 studies ful�lled the eligibility criteria and were included in the meta-analysis [29 − 37]. The �ow diagram for study selection is
showed in Fig. 1.

The characteristics of the included 9 studies (1 RCT, 5 cohort studies, and 3 case–control studies) are described in Table 1. The studies were
published between 2010 and 2017. Of these, 1 study was carried out in Europe and Australasia [29], 3 in USA [30,32,35], 2 in UK [31,33], 1 in
Taiwan [34], 1 in Italy [36], and 1 in Canada [37]. These 9 studies included more than 1.20 million participants. The number of endometrial
patients was 14 in the RCT, ranged from 71 to 2885 in cohort studies, and from 376 to 2,554 in case–control studies. All non-randomized
studies [30 − 37] were controlled for potential confounders by matching or adjustments. Of the included 9 studies, 7 evaluated the
association between metformin use and endometrial cancer risk in diabetic patients [29, 30, 32 − 34, 36, 37], while 2 in both diabetic and
non-diabetic patients [31,35].

The risk of bias in the included RCT is shown in Fig. 2. The study [29] was considered at low risk of selection bias, attrition bias, and other
bias, but unclear risk of detection bias, high risk of performance bias and reporting bias. The NOS scores calculated for non-randomized
studies are shown in Table 1. Five studies were considered as high-quality studies (scores of 7 or higher) [30, 32 − 35].

Metformin use and endometrial cancer risk

In meta-analysis of all studies involving 7,762 cases of endometrial cancer, no evidence for an association between metformin use and
endometrial cancer risk was observed (RR, 0.96; 95% CI, 0.80 to 1.16). The results showed signi�cant heterogeneity among the studies (p = 
0.000; I2 = 75.5%) (Fig. 3).

After stratifying the data into subgroups based on study design, we found that metformin had no effect on endometrial cancer risk in RCT
(RR = 0.98; 95% CI, 0.35 to 2.77), cohort studies (RR = 0.92; 95% CI, 0.71 to 1.20), or case–control studies (RR = 1.01; 95% CI, 0.85 to 1.20).
Analyses strati�ed by comparisons showed no signi�cant differences between patients receiving metformin vs metformin non-users (RR = 
0.86; 95% CI, 0.71 to 1.04), or patients receiving other hypoglycemic agents (RR = 1.16; 95% CI, 0.96 to 1.39). When we limited the meta-
analysis to studies that adjusted for potential confounders, the pooled data also showed no signi�cant association between metformin use
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and endometrial cancer risk in the studies that adjusted for age (RR, 0.95; 95% CI, 0.73 to 1.23), or BMI or obesity (RR, 1.02; 95% CI, 0.90 to
1.17).

Metformin use and endometrial cancer risk in diabetic patients

Nine studies [29–37] investigated the association between metformin use and endometrial cancer risk in diabetic patients, involving 920,478
participants. There was signi�cant heterogeneity among the studies (p = 0.001; I2 = 68.7%). The pooled data using the random effects model
showed no evidence for an association between metformin use and endometrial cancer risk in diabetic patients (RR, 0.93; 95% CI, 0.78 to
1.11) (Fig. 4).

In subgroup meta-analyses, we found that metformin had no effect on endometrial cancer risk in RCT (RR = 0.98; 95% CI, 0.35 to 2.77),
cohort studies (RR = 0.86; 95% CI, 0.69 to 1.07), or case–control studies (RR = 1.03; 95% CI, 0.86 to 1.23). Analyses strati�ed by comparisons
showed no signi�cant differences between diabetic patients receiving metformin vs metformin non-users (RR, 0.86; 95% CI, 0.71 to 1.05), or
patients receiving other hypoglycemic agents (RR, 1.04; 95% CI, 0.84 to 1.30). When we limited the meta-analysis to studies that adjusted for
potential confounders, the pooled data also showed no signi�cant association between metformin use and endometrial cancer risk in the
studies that adjusted for age (RR, 0.89; 95% CI, 0.71 to 1.12), or BMI or obesity (RR, 0.96; 95% CI, 0.83 to 1.12).

Sensitivity analysis

In sensitivity analysis, each study was excluded sequentially and the in�uence was accessed by recalculating the pooled RR. The analysis
con�rmed the stability of our �ndings because the results did not change substantially after sequentially excluding each study.

Discussion
With the high incidence of endometrial cancer and extremely poor prognosis associated with advanced-stage disease, it is important to
identify potential chemopreventive agents. The present comprehensive meta-analysis included all available clinical studies, involving more
than 1.20 million participants with 7762 cases of endometrial cancer. In this meta-analysis, metformin use was not associated with a
substantially decreased or increased risk of endometrial cancer. Similarly, for women with diabetes mellitus, metformin use did not affect
endometrial cancer risk.

A climbing amount of laboratory studies have shown that metformin has direct and indirect anti-tumorigenic effects. Metformin may exert
direct anti-tumor effects mainly by activating LKB1 dependent AMP-activated protein kinase (AMPK) [38,39]. AMPK activation leads to the
regulation of multiple downstream signaling pathways, including down-regulation of PI3K/Akt/mTOR pathway and the block of lipid
biosynthesis through inhibition of the acetyl co-carboxylase [ACC] [40 − 42]. In addition, metformin may indirectly affect tumor growth by
reducing insulin resistance, lowering insulin and IGF-1 levels [12,43]. Recent laboratory studies have shown that metformin has several anti-
tumorigenic effects in endometrial cancer cell lines, such as inhibits cell proliferation, induces apoptosis, attenuates invasion and
metastasis, and reverses progestin resistance [44 − 47].

Apart from the results from laboratory studies, the present meta-analysis did not support the metformin have clinical chemopreventive
potential against endometrial cancer. Luo et al. [32] contributed the difference to that metformin may not be a effective chemopreventive
agent against endometrial cancer, but has a therapeutic role. Our �ndings are consistent with a meta-analysis of RCTs suggesting a neutral
effect of metformin on the overall incidence of cancer [48]. A recently published meta-analysis found that metformin use was associated
with a decreased risk of endometrial cancer among patients with diabetes (RR = 0.87, 95% CI, 0.80 to 0.95) [49]. However, there were only 5
studies included in this meta-analysis.

Compared with the existing study [49], our meta-analysis has several advantages. We carried out a comprehensive search, including
electronic databases, conference abstracts and clinical trial registers for available published and unpublished evidence with no language
restrictions. Hence, the likelihood of important publication bias was small. As a result, we identi�ed a much larger number of studies and
patients, which may provide more precise results. Since metformin can have bene�ts and be prescribed for multiple indications in women,
we evaluated the association between metformin use and endometrial cancer risk in both diabetic and non-diabetic patients, and assessed
the association exclusively in diabetic patients. In addition, besides study design, we performed additional subgroup analyses by
comparisons and adjustments for age and BMI or obesity. As obesity is an established risk factor for endometrial cancer [50], it is important
to adjust for the confounding effect of BMI when evaluating the association between metformin use and endometrial cancer risk. In
subgroup analyses, our results were stable across different study designs and comparisons, and remained unchanged after adjusting for
age and BMI or obesity.
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Nevertheless, several limitations of the present meta-analysis should be acknowledged. First, most of the included studies were non-
randomized studies. Meta-analysis of RCTs allows for a more objective evaluation of the evidence because they are more likely to provide
unbiased �ndings than other study designs. However, non-randomized studies should be included in the meta-analysis when the available
RCTs are limited. Second, there was signi�cant heterogeneity among the studies, which might partly due to the diversity of study design,
de�nition of drug exposure, and control for potential confounders. To minimize the biases in this meta-analysis, we extracted the most
adjusted estimates to pool the effects, performed subgroup analyses and sensitivity analysis. Third, the limited data made it impractical to
evaluate dose, duration effects of metformin.

In conclusion, this comprehensive meta-analysis does not support a chemopreventive effect of metformin against endometrial cancer at the
population level. However, the results should be interpreted with caution given the limited data and possibility of residual confounding.
Therefore, further randomized chemoprevention trials are needed to validate our �ndings.
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Study Study
Location

Study
Design

Population  Comparison
groups 

No. of
paticipants

No.
of EC
patients

RR 95%
CI

Control for

Potential

Confounders a

NOS
value

Home
et al.,
2010 

Europe and
Australasia

RCT Diabetics Metformin
vs.

rosiglitazone

2225 14 0.98 0.35
to
2.79

Randomization      –

Ferrara
et al.,
2011 

USA Cohort Diabetics Metformin
users vs.
non-users

117,603 552 0.9 0.8
to1.2

1–10 7

Becker
et al.,
2013 

UK C–C Diabetics
and non-
diabetics

Metformin
users vs.
non-users

17,878 2,554 0.92

0.79 

0.65
to
1.31

0.54
to
1.17

1, 6, 11–15 6

Luo et
al.,
2014 

USA Cohort Diabetics Metformin
users vs.
non-users

4,247 71       0.97 0.60
to
1.58

11 8

Tsilidis
et al.,
2014 

UK Cohort Type 2
diabetics

Metformin
vs.

sulfonylurea

30,277  89 1.38 0.74
to
2.57

1, 6, 8, 11,

16–20

9

Tseng
et al.,
2015 

Taiwan Cohort Type 2
diabetics

Metformin
users vs.
non-users

478,921 2,885 0.675 0.614
to
0.742

1, 21–33 7

Ko et
al.,
2015 

USA Cohort Diabetics
and non-
diabetics

Metformin
vs.

sulfonylurea

541,128 729 1.09  0.88
to1.35

1, 12, 28, 34–
40

8

Franchi
et al.,
2015 

Italy C–C Diabetics Metformin
users vs.
non-users

7,861 376 1.07  0.82
to
1.41

1–3, 11, 17–
19, 34, 41–44 

6

Kwon
et al.,
2017 

Canada C–C Diabetics  Metformin
only vs.
other
diabetes
medications

4,896 492 1.5 0.9 to
2.4

1, 20 6

EC, endometrial cancer; RR, relative risk; CI, con�dence interval; NOS, Newcastle–Ottawa scale; USA, United States of America; United
Kingdom; C–C, case–control; NA, not available

a Potential Confounders: 1, age; 2, ever use of other diabetes medications; 3, year of cohort entry; 4, race/ethnicity; 5, income; 6, smoking; 7,
baseline HbA1c; 8, diabetes duration; 9, creatinine; 10, congestive heart failure; 11, BMI; 12, diabetes mellitus; 13, calendar time; 14, general
practice; 15, number of years of active history prior to the index date; 16, alcohol consumption status; 17, use of aspirin or non-steroidal anti-
in�ammatory drugs; 18, use of statins; 19, use of exogenous hormones; 20, year of the �rst antidiabetes prescription; 21, hypertension; 22,
chronic obstructive pulmonary disease; 23, stroke; 24, nephropathy; 25, ischemic heart disease; 26, peripheral arterial disease; 27, eye
disease; 28, obesity; 29, dyslipidemia; 30, urinary tract disease; 31, other cancers; 32, other drugs; 33, propensity score; 34, Charlson index; 35,
polycystic ovarian syndrome; 36, endometrial hyperplasia; 37, infertility; 38, combination oral contraceptive; 39, ultrasound; 40, inverse
probability of treatment weights (IPTW) derived from the propensity score; 41, duration of follow-up; 42, cardio/cerebrovascular diseases; 43,
antihypertensive drugs; 44, antidepressants

Table 2 Subgroup analysis
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Subgroups No. of studies RR (95% CI) Heterogeneity

 I2 (%) p value

Study design        

     RCT 1 0.98 (0.35 to 2.77) – –

     Cohort studies 5 0.92 (0.71 to 1.20) 83.4 0.000

     Case–control studies 3 1.01 (0.85 to 1.20) 33.3 0.213

Comparison        

     Metformin non-users 5 0.86 (0.71 to 1.04) 70.4 0.005

     Other hypoglycemic agents 4 1.16 (0.96 to 1.39) 0.0 0.619

Adjustment for confounders        

     Adjustment for age 5 0.95 (0.73 to 1.23) 86.1 0.000

     Adjustment for BMI or obesity 5 1.02 (0.90 to 1.17) 0.0 0.631

Risk in diabetic patients        

Study design        

     RCT 1 0.98 (0.35 to 2.77) – –

     Cohort studies 5 0.86 (0.69 to 1.07) 71.5 0.007

     Case–control studies 3 1.03 (0.86 to 1.23) 17.5 0.304

Comparison        

     Metformin non-users 5 0.86 (0.71 to 1.05) 70.4 0.005

     Other hypoglycemic agents 4 1.04 (0.84 to 1.30) 28.8 0.239

Adjustment for confounders        

     Adjustment for age 5 0.89 (0.71 to 1.12) 79.6 0.001

     Adjustment for BMI or obesity 5 0.96 (0.83 to 1.12) 0.0 0.759

Abbreviations: ; RR, odds ratio. 

 

Figures
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Figure 1

Study �ow diagram.
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Figure 2

Risk of bias graph: review authors' judgements about each risk of bias item. The study was considered at low risk of selection bias, attrition
bias, and other bias, unclear risk of detection bias, and high risk of performance bias and reporting bias.
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Figure 3

Forest plot of metformin use and endometrial cancer risk. Pooled effect estimate was from a random-effects model; RR, relative risk; CI,
con�dence interval.
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Figure 4

Forest plot of metformin use and endometrial cancer risk in patients with diabetes. Pooled effect estimate was from a random-effects
model; RR, relative risk; CI, con�dence interval.
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