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Abstract
Background  Metformin, a drug widely used in the treatment of diabetes, has proven preventive and survival benefits for 
various malignancies. However, the effect of metformin on gastric cancer risk and survival rate in T2DM patients remains 
controversial. Therefore, we conducted a systematic review and meta-analysis to evaluate the effect of metformin on gastric 
cancer in T2DM patients.
Methods  We searched PubMed, EMBASE, Medline and the Cochrane Library for related studies up to October 22, 2019. 
Pooled hazard ratios with 95% confidence intervals were calculated using random-effects model. Heterogeneity was assessed. 
All articles were evaluated by Newcastle–Ottawa Scale.
Results  A total of 11 cohort studies met eligibility criteria and were included in the meta-analysis. The use of metformin was 
related to a significant 21% reduction in GC incidence (HR 0.790; 95% CI 0.624–1.001). Subgroup analysis showed that the 
use of metformin significantly reduced the risk of gastric cancer in T2DM patients in Asian populations, but not in western 
populations. In a pooled analysis of 3 studies, metformin use was associated with increased overall survival rate (HR 0.817; 
95% CI 0.600–1.113) and cancer-specific survival rate (HR 0.824; 95% CI 0.614–1.106) of T2DM patients.
Conclusions  Metformin could reduce the risk of gastric cancer in T2DM patients, particularly in Asian populations. However, 
it is debatable whether metformin use can improve the prognosis of gastric cancer in T2DM patients.

Keywords  Metformin · Gastric cancer · Diabetes · Meta-analysis

Introduction

Gastric cancer (GC) is the fifth most common cancer in the 
world (World Health Organization 2012). This cancer has a 
poor prognosis with a 5-years survival rate of 25–30% [1], 
which is the third leading cause of cancer-related deaths 
worldwide (World Health Organization 2012), with 723,000 
deaths (8.8% of all cancer deaths) in a year. The current 

treatment is mainly surgery combined with traditional chem-
otherapy [2].

The prevalence of type 2 diabetes (T2DM) is predicted 
to increase from 2.8 in 2000 to 4.4% in 2030 [3]. From pre-
vious epidemiological studies, we have found that T2DM 
patients have a significant increase in cancer risk and mortal-
ity compared to non-diabetic patients [4–9].

Metformin, one of the biguanide classes, is a widely used 
drug for the treatment of diabetes. In previous meta-analy-
ses, the survival benefits of metformin have been demon-
strated in a variety of malignancies, including breast, pros-
tate, pancreatic, colorectal, and lung cancer [10–14]. For 
GC, metformin can inhibit the proliferation of tumor cells 
in vivo and in vitro [15, 16].

Currently, the effect of metformin on GC risk and sur-
vival rate in T2DM patients remains controversial. Previ-
ous meta-analyses have suggested that metformin appears 
to play a protective role in the development of GC in T2DM 
patients, but the results are limited [17, 18], and new studies 
published recently did not support that conclusion [19–21].
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Considering this controversial issue, and the prognostic 
significance and survival outcomes of metformin in T2DM 
patients with GC have not been systematically evaluated, we 
conducted a systematic review and meta-analysis including 
recent cohort studies to evaluate whether metformin can pre-
vent the development of GC in T2DM patients and whether 
metformin can improve overall survival (OS) and cancer-
specific survival (CSS) of T2DM patients with GC.

Methods

Search strategy

We performed a search of PubMed, EMBASE, Medline and 
the Cochrane Library for studies published up to October 
22, 2019. The databases were searched based on a com-
bination of the following words: (“Stomach Neoplasms” 
OR “Neoplasm, Stomach” OR “Stomach Neoplasm” OR 
“Neoplasms, Stomach” OR “Gastric Neoplasms” OR “Gas-
tric Neoplasm” OR “Neoplasm, Gastric” OR “Neoplasms, 
Gastric” OR “Cancer of Stomach” OR “Stomach Cancers” 
OR “Gastric Cancer” OR “Cancer, Gastric” OR “Cancers, 
Gastric” OR “Gastric Cancers” OR “Stomach Cancer” OR 
“Cancer, Stomach” OR “Cancers, Stomach” OR “Cancer of 
the Stomach” OR “Gastric Cancer, Familial Diffuse”) and 
(“Metformin” OR “Dimethylbiguanidine” OR “Dimethyl-
guanylguanidine” OR “Glucophage” OR “Metformin Hydro-
chloride” OR “Hydrochloride, Metformin” OR “Metformin 
HCl” OR “HCl, Metformin”). No language restrictions were 
applied. We also performed a manual search of the refer-
ences from selected articles and reviews which related to our 
research to identify additional relevant studies. The inves-
tigation was conducted independently by two investigators 
and differences were resolved through discussion.

Study selection

Studies were selected if they met the following criteria: 
[1] original full-text studies that were designed to evalu-
ate the effect of metformin on GC in T2DM patients; [2] 
studies which comprised an observation group that received 
metformin therapy and a control group that received other 
antidiabetic drugs; [3] the association between metformin 
and GC was assessed using hazard ratio (HR) or adjusted 
HR and 95% confidence intervals (CIs); [4] retrospective or 
prospective cohort studies, randomized clinical trials, and 
case–control studies. When multiple publications came from 
the same population, the most recent or comprehensive one 
was given precedence.

The following studies were excluded from the meta-
analysis: [1] duplicate studies; [2] studies based on cell or 

animal models; [3] letters, reviews, comments, and confer-
ence abstract; [4] studies lacking relevant outcomes.

Quality assessment

The quality of the included studies was assessed using 
the Newcastle–Ottawa scale (NOS), which judges the 
selection of the study groups according to three domains: 
selection, comparability and outcome [22]. The full score 
was 9 stars, and studies with a cumulative score ≥ 7 (NOS 
scores = 7, 8, 9) were defined as high-quality studies. Stud-
ies scoring 4–6 were defined as moderate-quality studies, 
and studies scoring 3 or below were defined as low-quality 
studies.

Data extraction

The following data were extracted from eligible articles 
by two researchers into a standard spreadsheet: (a) author 
names; (b) country of origin; (c) year of publication; (d) 
study design; (e) number of patients with or without met-
formin use; (f) patient age; g) follow-up time; h) treatment in 
the control group; (i) adjusted hazard ratio (AHR) and 95% 
CI; (j) adjustment variables. Any disagreements over the 
retrieved information were resolved by consensus, referring 
back to the original articles.

Statistical analysis

Pooled HRs with 95% CI were analyzed using a random-
effects model as substantial interstudy heterogeneity existed 
for most outcomes [23]. We assessed the statistical hetero-
geneity among the summary data by the I2 statistic and the 
Cochran’s Q statistic. For the Q statistic, P < 0.05 was con-
sidered statistically significant for heterogeneity. For the I2 
statistic, 25–50% is regarded as low heterogeneity; a value 
of > 50% as the standard of significant heterogeneity [24]. 
We conducted sensitivity analyses to assess the robustness 
of results. Subsequently, we conducted subgroup analysis 
for the risk of GC and metformin use in T2DM patients 
to assess the sources of heterogeneity more accurately: [1] 
study location; [2] control drugs; [3] adjustment variables. 
We did not generate funnel plots because there were fewer 
than 10 studies in each group [25–27]. Due to the lack of 
articles about the impact of metformin on survival outcomes 
in T2DM patients with GC (n = 3), we did not perform rel-
evant subgroup analysis. Two investigators analyzed the data 
independently. All statistical analyses were conducted using 
Stata software (version 13.0; Stata Corporation, College Sta-
tion, Tex).
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Results

Search results

A total of 327 citations were identified using PubMed, 
EMBASE, Medline and the Cochrane Library. Of these, 
99 duplicate studies were excluded. After screening title 
and abstract, 147 studies were excluded, and the remain-
ing 81 articles were retrieved for full-text review. Then, 
we excluded 70 articles which did not meet the inclusion 
criteria. Of these articles, 36 were excluded because of 
their publication type, 27 because they were animal or 
laboratory studies, and 4 because they did not have rel-
evant outcomes. In addition, Chen et al. [28], Lee et al. 
[29] and Tseng et al. [30] assessed the same population 

from the Taiwan National Health Insurance Research 
Database (NHIRD), and the populations in Ruiter et al.’s 
study [31] and de Jong et al.’s study [32] were both from 
the Netherlands Cancer Registry (NCR)-PHARMO data-
base. To avoid the overlap of the patient population, three 
overlapping studies were excluded [28, 29, 31]. Finally, 
11 cohort studies [15, 19, 20, 30, 32–38], were included 
in our overall analysis of the effect of metformin on GC in 
T2DM patients. No additional articles from the references 
were added to this review. A flowchart of the selection 
process for this study is presented in Fig. 1.

Study characteristics

The characteristics of the included studies and patients are 
summarized in Table 1. The selected studies were all cohort 

Fig. 1   Flow diagram of studies included in the meta-analysis
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studies published in the past 5 years (2014–2019). Of the 
included studies, five were conducted in Asia (China, Repub-
lic of Korea), and five in Europe (Italy, Netherlands, Swe-
den, UK, Lithuania). The remaining were from the United 
States. The case sources of the included studies were all 
population based. Among the included articles, eight studied 
the effect of metformin on the risk of GC in T2DM patients, 
and the remaining three studied the effect of metformin on 
survival of T2DM patients with GC. In seven studies, the 
treatment of the control group was T2DM patients taking 
non-metformin drugs; in two studies, the control group was 
T2DM patients taking non-insulin antidiabetic drugs; and in 
the remaining two, the control group was treated with Sul-
fonylurea derivatives. Different confounding variables were 
adjusted in each study (Table 2), such as age, sex, race, date 
of cohort entry, body mass index (BMI), blood pressure, 
glomerular filtration rate, hemoglobin A1c, low-density lipo-
protein levels, smoking status, select medications, number 
of medications, number of outpatient visits, etc.

The quality assessment with reference to the Newcas-
tle–Ottawa statement is shown in Table 3. On the whole, 
the studies achieved relatively high scores ranging from 7 
to 9, which indicated that these studies were of high quality.

Overall analysis

On meta-analysis of 8 included studies (1,238,382 patients) 
assessing the relationship between the risk of GC and met-
formin use in T2DM patients, pooled HRs and correspond-
ing 95% CIs are shown in Fig. 2. The use of metformin 
has been shown to be related to a significant 21% reduc-
tion in GC incidence. (HR 0.790; 95% CI 0.624–1.001; 
P = 0.051). Heterogeneity was significant between the stud-
ies (I2 = 88.3% and P < 0.001). We excluded one study at a 
time and recalculated the combined HR of the rest of the 
study to perform sensitivity analyses. Sensitivity analyses 
demonstrated that the removal of any individual article 
had no substantial effect on the overall results, but when 
we excluded Cheung et  al., the Heterogeneity reduced 
(I2 = 40.6% and P = 0.12).

And the estimated HRs for association between GC 
survival rate and exposure to metformin for each study 
are shown in Figs. 3 and 4. In a pooled analysis of 3 stud-
ies (707 patients), the use of metformin is associated with 
increased overall OS rate (HR 0.817; 95% CI 0.600–1.113; 
P = 0.201) and cancer-specific CSS rate (HR 0.824; 95% CI 
0.614–1.106; P = 0.197) of T2DM patients. Low heterogene-
ity was observed between the studies. (I2 = 38.2%, P = 0.198; 
I2 = 23.3%, P = 0.271, respectively). As there was only one 
study regarding the effect of metformin on the recurrence-
free survival (RFS) of GC, a meta-analysis on this was not 
conducted.Ta
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Subgroup analysis

We performed subgroup analysis to explore the potential het-
erogeneity among the articles and the effect of these charac-
teristics on the summary results (Table 4). Stratified analyses 
by location found that Asian showed a significant association 
between the use of metformin and the risk of GC in people 
with T2DM (HR 0.54; 95% CI 0.38–0.78; P = 0.001), with 
high heterogeneity (I2 = 67.1%). Although there were signifi-
cant differences among Western, metformin use could hardly 
reduce the incidence of gastric cancer in T2DM patients (HR 
0.99; 95% CI 0.99–0.99; P < 0.001). In addition, the Western 
group had no heterogeneity (I2 = 0). In the subgroup analysis 
grouped by control drugs, no significant differences were 
found. After adjusting for BMI, age and H. pylori eradica-
tion therapy, no vital association was found between met-
formin use and the risk of GC in T2DM patients. In terms 
of Hemoglobin A1c, the use of metformin was related to a 
statistically significant 37% reduction in GC incidence (HR 
0.63; 95% CI 0.61–0.97; P = 0.034), with low heterogeneity 
(I2 = 2.1%).

Discussion

Metformin is the most common first-line treatment for 
T2DM. Previous epidemiological studies have shown 
that diabetics treated with metformin have a significantly 
lower risk of developing cancer than those who are not [21, 
39]. The anti-cancer activity by metformin is proposed to 
be mediated by two pathways. First, metformin is an insu-
lin sensitizer, which reduces the production of insulin and 
insulin growth factors (IGFs). The IGFs signaling pathway 

can stimulate the proliferation of cancer cells expressing 
IGF receptors [40]. Second, metformin has also direct anti-
proliferative effects, through the activation of 5′-adenosine 
monophosphate activated protein kinase (AMPK), met-
formin inhibits the expression of mammalian target of rapa-
mycin (mTOR), which in turn prevents cell aging and can-
cer development [41]. The upstream regulator of AMPK is 
the protein kinase LKB1, which is a well-recognized tumor 
suppressor.

Observational studies have suggested a possible rela-
tionship between treatment with metformin and decreased 
incidence of cancer in participants with T2DM. Currently, 
some experiments have shown that metformin can inhibit the 
proliferation of cancer cells in cell culture [16, 42–44]. How-
ever, a randomized controlled trial did not support the previ-
ous results. Home PD et al. extracted data for malignancies 
from the ADOPT (A Diabetes Outcome Progression Trial) 
and RECORD (Rosiglitazone Evaluated for Cardiovascular 
Outcomes and Regulation of Glycaemia in Diabetes) rand-
omized controlled clinical trials, in which the efficacy and/
or safety of metformin was assessed in comparison with 
sulfonylureas and rosiglitazone. The results suggested that 
metformin did not offer any particular protection against 
malignancy compared with rosiglitazone [45].

Our meta-analysis of 8 observational cohort studies 
showed that metformin could reduce the risk of GC in 
T2DM patients and the results were of borderline statisti-
cal significance (P = 0.051). Three more trials studying the 
relationship between metformin use and GC survival out-
comes shown different results. Lee et al. [15] shown that 
T2DM patients with GC who received metformin after gas-
trectomy had a better prognosis than those who did not (OS: 
HR 0.584 [95% CI 0.369–0.926], CSS: HR 0.57 [95% CI 

Table 2   Adjustment variables of the included studies

NSAIDs nonsteroidal anti-inflammatory drugs, BMI body mass index, GI gastrointestinal

Authors Adjustment variables

Lee et al. [15] Sex, age, BMI, insulin use, postoperative chemotherapy, stage
Baglia et al. [33] Education, BMI, smoking status, regular exercise, comorbidity, TNM stage of cancer, chemotherapy, radiotherapy, surgery
Valent et al. [20] Sex, age at incidence of diabetes, the total number of prescriptions of each drug category, a time-dependent explanatory
Kim et al. [34] Sex, age, residential area, other anti-diabetic drug use
Tsilidis et al. [35] Smoking status, BMI, alcohol consumption status, use of aspirin or NSAIDs, use of statins, use of exogenous hormones in 

women, diabetes duration, year of the first anti-diabetes prescription
Tseng et al. [30] Age, sex, occupation, living region, metformin use, diabetes severity, cancer risk
Cheung et al. [36] Age, sex, comorbidities, medications, time-weighted average hemoglobin A1c
Murff et al. [37] Age, sex, race, date of cohort entry, BMI, blood pressure, glomerular filtration rate, hemoglobin A1c, low-density lipopro-

tein levels, smoking status, select medications, number of medications, number of outpatient visits
Zheng et al. [38] Sex, age, calendar year, use of non-steroidal anti-inflammatory drugs or aspirin, use of statins, Charlson comorbidity index, 

Helicobacter pylori eradication treatment
De Jong et al. [32] Age, the duration of diabetes in years, the use of other Drugs known to impact GI cancer risk in the 90 days prior to the start 

of each interval, the use of helicobacter pylori eradication therapy, the year of start of follow-up
Dulskas et al. [19] Sex, age at diagnosis, stage at diagnosis
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0.334–0.975], RFS: HR 0.633 [95% CI 0.410–0.977]), and 
the efficacy of metformin was proportional to the cumulative 
duration of use. The results of Baglia et al. [33] and Dulskas 
et al. [19] showed that the use of metformin had no positive 

effect on the survival rate of T2DM patients with GC. In 
addition, the study of Lacroix et al. [46] did not adjust 
the type of diabetes suggesting that metformin use might 
improve overall mortality. However, no such association was 

Fig. 2   Forest plots of metformin use and the risk of gastric cancer in T2DM patients

Fig. 3   Forest plot of the association between metformin use and gastric cancer overall survival
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found for cancer-specific survival. In view of this problem, 
on the one hand, the studies were based on different popula-
tions, and the effect of population differences on the efficacy 
of metformin is still unclear. On the other hand, we hope 
that in the future, more relevant studies will be conducted 
to explore the effect of metformin use on the prognosis of 
T2DM patients with GC, so as to help clinicians provide 
more targeted treatment to patients and improve their qual-
ity of life.

In our opinion, previous meta-analyses had some limi-
tations. In the article of Zhou et al. [17], the four articles 
from Taiwan used the same database, which might result in 
patient duplication. Li et al. [18] only reported a systematic 

review about metformin use and its effect on GC in T2DM 
patients.

From the data, it seems that different study populations 
have significant effects on metformin efficacy. Zheng et al. 
[38] indicated that metformin use did not decrease the risk of 
gastric cancer in a Western population during the follow-up 
of a median of 6 years. Our subgroup analysis showed that 
metformin use significantly reduced the risk of gastric can-
cer in T2DM patients in the Asian population (HR 0.54; 95% 
CI 0.38–0.78; P = 0.048); however, there is no evidence of 
protective effect of metformin in the western population (HR 
0.99; 95% CI 0.99–0.99; P < 0.001), which is consistent with 
previous reports. As for hemoglobin A1c, a population-based 

Fig. 4   Forest plot of the association between metformin use and cancer-specific mortality

Table 4   A subgroup analysis of 
metformin use and its effect on 
gastric cancer in patients with 
type 2 diabetes

Subgroup No. of 
studies

Pooled HR (95% CI) P value I2 % Heterogene-
ity P value

Location
 Asian 3 0.54 (0.38–0.78) 0.001 67.1 0.048
 Western 5 0.99 (0.99–0.99) < 0.001 0 0.647

Control drugs
 Non-metformin 4 0.74 (0.52–1.05) 0.095 94.5 < 0.001
 Sulfonylurea derivatives 2 0.85 (0.60–1.21) 0.366 0 0.467
 NIAD 2 0.83 (0.59–1.17) 0.287 29 0.235

Adjusting variables
 BMI 2 0.85 (0.60–1.21) 0.366 0 0.467
 Age 6 0.72 (0.49–1.07) 0.102 44.1 < 0.001
 H. pylori eradication therapy 2 1.08 (0.93–1.25) 0.326 0 0.947
 Hemoglobin A1c 2 0.63 (0.41–0.97) 0.034 2.1 0.312
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cohort study shown that GC risk was higher among individuals 
with higher hemoglobin A1c levels [47]. However, Cheung 
et al. [36] categorized the time-weighted average HbA1c into 
a binary variable by a cut-off value of 7% and found a higher 
time-weighted average HbA1c level of at least 7% was not 
an independent risk factor for GC after H. pylori eradication 
for T2DM patients. Due to the lack of relevant trials, more 
relevant trials could help to better understand the effect of 
hemoglobin A1c levels on GC risk in the future.

Meanwhile, there are several limitations in this meta-anal-
ysis that should be acknowledged. First, due to the limited 
number of included articles, we did not use funnel plots to 
evaluate publication bias, which may also be a part of the 
source of high heterogeneity. Second, there are some methodo-
logical shortcomings in observational articles, which are prone 
to time-related biases, such as immortal time bias and time-
lagging issues [48]. Third, adjustment variables of included 
studies were inconsistent and incomplete. Helicobacter pylori 
is known to be an important cause of GC, but only two stud-
ies have adjusted for this confounding factor. In our study, for 
example, information on BMI, follow-up time, use time of 
metformin, regular exercise, dietary habits, other treatments 
(chemotherapy, radiotherapy, surgery) would have been impor-
tant to adjust for residual confounding, and insufficient adjust-
ment for important confounding factors may lead to decreased 
accuracy of results. Finally, 4 articles were rejected without 
relevant results; a selection bias might occur.

In conclusion, our study suggested that metformin might 
reduce the risk of gastric cancer in T2DM patients, particu-
larly in Asian populations. However, it is debatable whether 
metformin use can improve the prognosis of gastric cancer 
in T2DM patients. Considering our limitations and the het-
erogeneity among the studies, relevant randomized controlled 
trials and more well-designed prospective cohort studies are 
expected.
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