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Abstract: Objective: Several observational studies have shown that metformin therapy may modify the risk of pros-
tate cancer. We carried out a meta-analysis of relevant studies evaluating the effect of metformin therapy on pros-
tate cancer risk. Methods: We searched pubmed database (January 1966-February 2014) for case-control and 
cohort studies that assessed metformin therapy and prostate cancer risk. Two authors independently assessed 
eligibility and extracted data. Summary RRs was calculated using fixed-effects model or random-effects model. 
Heterogeneity among studies was examined using Q and I2 statistics. Results: We included six cohort studies and 
four case-control studies in the present meta-analysis, comprising 863,769 participants and 39,073 prostate can-
cer cases. The pooled RR of prostate cancer in relation to metformin therapy was 0.92 (95% CI: 0.84-1.02, P = 
0.112). When we stratified the various studies by study type, we found that metformin therapy was associated with 
a significant reduced risk of prostate cancer among cohort studies (RR = 0.92, 95% CI [0.87, 0.96], P<0.001); 
however, no significant association was detected among case-control studies (RR = 0.95, 95% CI [0.78, 1.16], P = 
0.632). There was also no indication of publication bias as suggested by Begg’s test (P = 0.421) and Egger’s test (P 
= 0.627). Conclusion: Our findings indicate that metformin therapy is not significantly associated with lower prostate 
cancer risk.
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Introduction 

Prostate cancer is the most common malignan-
cy detected in males in the western world, and 
is the sixth leading cause of cancer death in 
males worldwide [1]. As a result, much research 
has focused on identifying pharmacologic 
agents that may prevent or delay its occurrence 
[2, 3]. Metformin (1, 1-dimethylbiguanide hydro-
chloride) is the most widely used oral hypogly-
cemic agent in type 2 diabetes, because of its 
excellent tolerability and efficacy in reducing 
insulin resistance and reducing mortality [4]. 
Recently, the potential antitumor effect of  
metformin has become the subject of a num-
ber of observational studies [5]. Furthermore, 
researchers have found that metformin has a 
variety of mechanisms by which cancer pro-
gression and carcinogenesis may be retarded. 
These include direct effects (on the tumor and 
microenvironment) and indirect effects (on the 
host that may influence the tumor). In general, 
both of these effects are thought to be medi-

ated through the AKT-MTOR pathway [6]. 
Mechanisms for pathway activation that are 
most relevant and common in prostate cancer 
include loss of tumor suppressor PTEN, muta-
tion of PI3K, or activation of growth factor 
receptors such as insulin [7-9]. Results of in 
vitro and in vivo studies in cancer models have 
been encouraging [10, 11]. 

Findings from several epidemiological studies 
also support an antineoplastic role of metfor-
min on prostate cancer risk. If metformin thera-
py ultimately proves effective on reducing the 
risk of prostate cancer, it would likely be recom-
mended for the overwhelming majority of diabe-
tes patients for both blood glucose control and 
cancer prevention. Nonetheless, despite accu-
mulating evidence from population studies that 
indicate a lower risk of cancer at large with met-
formin therapy, data on its effect on prostate 
cancer are limited and inconsistent. Therefore, 
our meta-analysis was designed to pool the  
currently available data to determine the asso-
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ciation between metformin use and prostate 
cancer risk among patients with diabetes.

Materials and methods

Search strategy

A comprehensive literature search was per-
formed using the PubMed database (January 
1966-February 2014). The Medical Subject 
Heading (MeSH) terms and/or the text words 
that were used included “metformin” or “bigu-
anides”, “diabetes” or “mellitus” and “cancer” 
or “neoplasms”. Data from abstracts, review 
articles, editorials, case reports, and letters 
were excluded. There were no restrictions on 
language. According to the retrieved original 
studies and relevant review articles, we also 
manually searched the reference lists to iden-
tify those possible eligible articles that were 
not found in our primary search.

Selection criteria

The studies were included in our statistical 
analysis if they fulfilled the following criteria: (1) 
epidemiologic studies, including case-control 
study or cohort study; (2) the objective was 
designed to determine the relationship between 
metformin and risk of prostate cancer in dia-
betic patients; (3) risk estimates, including 
odds ratio (OR ) for case-control studies, rela-
tive risks (RRs) or hazard ratio (HR) for cohort 
studies, and their corresponding 95% confi-
dence intervals (CIs) were provided or could be 
calculated based on the available data. If more 
than one paper was derived from the same 
research, only the recently published paper, 
which provided the most abundant information, 
was included. When necessary, we contacted 
the authors to gain the corresponding required 
information.

Data extraction 

Each potentially eligible study was evaluated 
independently by at least two authors. If evalu-
ation results diverged, agreement was reached 
in a joint session. For included studies, these 
data were recorded, including the first author, 
year of publication, country or area, type of 
study, total participants, number of prostate 
cancer cases, source of control groups, study 
time, adjusted RR with their 95% CIs, and the 
confounding factors, which had been adjusted.

Statistical analysis

Stata 11.0 (Stata Corp, College Station, Texas) 
was used to perform statistical analysis. We  
followed the guidelines for the meta-analysis  
of observational studies in epidemiology pro-
posed by MOOSE group [12]. In our meta-anal-
ysis, we pooled data using the fixed or random 
effect models depending on heterogeneity 
between studies. Heterogeneity was assessed 
using the Cochran Q and I2 statistics. For the Q 
statistic, a P value <0.10 was considered sta-
tistically significant for heterogeneity; for the  
I2 statistic, heterogeneity was interpreted as 
absent (I2: 0%-25%), low (I2: 25.1%-50%), mod-
erate (I2: 50.1%-75%), or high (I2: 75.1%-100%) 
[13]. When substantial heterogeneity was 
detected, the summary estimate based on the 
random-effect model (Der Simonian-Laird 
method) was reported, which assumed that the 
studies included in the meta-analysis had vary-
ing effect sizes [14]. Otherwise, the summary 
estimate based on the fixed-effect model (the 
inverse variance method) was reported, which 
assumed that the studies included in the meta-
analysis had the same effect size. The overall 
analysis including all eligible studies was  
performed first, and subgroup analyses were 
performed according to (i) study design (case-
control studies, cohort studies), (ii) study loca-
tion (north America, Europe, Asia), (iii) study 
setting (population-based, hospital-based), (iv) 
adjustment for use of other antidiabetic drugs 
(yes, no), adjustment for diabetes duration 
(yes, no), adjustment for PSA (yes, no) to exam-
ine the impact of these factors on the associa-
tion. To test the robustness of association and 
characterize possible sources of statistical het-
erogeneity, sensitivity analysis was carried out 
by excluding studies one-by-one and analyzing 
the homogeneity and effect size for all of rest 
studies. To better investigate the possible 
sources of between-study heterogeneity, a 
meta-regression analysis was performed [15]. 
Publication bias was assessed using Begg and 
Mazumdar adjusted rank correlation test and 
the Egger regression asymmetry test [16, 17]. 

Results

Search results and baseline characteristics of 
included studies

We identified 796 potentially relevant articles 
from our search of the PubMed databases. 
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Hand searching of the bibliographic references 
identified 15 additional articles. Of these, 797 
articles were excluded after the first screening 
based on abstracts or titles, leaving 14 articles 
for full-text review. Figure 1 shows a flow dia-
gram, identifying the relevant studies. After 
exclusion, the remaining 10 articles were 
included in the present meta-analysis [18-28], 
involving a total of 39,073 prostate cancer 
cases and 863,769 participants (Table 1). Of 
these 10 studies, six were cohort studies [19, 
22, 25-28], and the remaining four were case-
control studies [18, 20, 21, 24]. Five studies 
were conducted in North America [19, 21, 24, 
25, 27], four in Europe [18, 20, 22, 26], and the 
remaining one in Asia [28].

Overall analysis: prostate cancer risk in dia-
betic patients with metformin

Table 1 showed the adjusted RRs and their cor-
responding 95% CIs, and confounding adjust-
ment in included studies. Considering the  
statistically significant heterogeneity among 
included studies using Cochrane Q statistic 
(31.30, P<0.001; I2 = 71.2%), we used the  
random effects model to perform the overall 
analysis. The pooled RR was 0.92 (95% CI: 
0.84-1.02, P = 0.112) (Figure 2).

therapy and prostate cancer risk among popu-
lation-based studies or hospital-based studies 
(RR = 0.86, 95% CI [0.66, 1.13], P = 0.278; RR 
= 0.93, 95% CI [0.84, 1.04], P = 0.227, respec-
tively). When stratified the various studies by 
study location, we found no significant associa-
tion between metformin therapy and prostate 
cancer risk among studies conducted in North 
America (RR = 1.01, 95% CI [0.95, 1.08], P = 
0.738), Europe (RR = 0.93, 95% CI [0.81, 1.07], 
P = 0.336), and Asia (RR = 0.79, 95% CI [0.56, 
1.11], P = 0.177). When we examined whether 
the associations were affected by adjustment 
for other antidiabetic drugs, diabetes duration, 
or PSA, the associations were not significantly 
affected by adjustment for other antidiabetic 
drugs, or diabetes duration; however, the asso-
ciations were significantly affected by adjust-
ment for PSA.

Sensitivity analysis and meta-regression analy-
sis

To test the robustness of association and  
characterize possible sources of statistical  
heterogeneity, sensitivity analyses were carried 
out by excluding studies one-by-one and an- 
alyzing the homogeneity and effect size for all 
of rest studies. Sensitivity analysis indicated 
that no significant variation in combined RR  
by excluding any of the study, confirming the 

Figure 1. Flow diagram of screened, excluded, and analysed publications.

Subgroup analysis

The results of subgroup 
analyses according to study 
type, control source, geo-
graphic region, adjustment 
factors are presented in 
Table 2. When we stratified 
the various studies by study 
type, we found that metfor-
min therapy was associated 
with a significant reduced 
risk of prostate cancer 
among cohort studies (RR = 
0.92, 95% CI [0.87, 0.96], 
P<0.001). However, no sig-
nificant association was 
detected among case-con-
trol studies (RR = 0.95, 95% 
CI [0.78, 1.16], P = 0.632). 
In a stratified analysis by 
control source, we haven’t 
found significant associa-
tion between metformin 
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Table 1. Baseline characteristics of included studies

First author Publication 
year Study type Control 

source Region Study 
period

Total  
participants

PCa 
cases Comparison groups Risk estimates 

and 95% CI Adjusting variables

Margel D 2013 Case-control 
study

Population-
based

Canada 1994-
2008

31,836 5,306 Metformin users vs. non-users OR: 1.03 (0.96-1.10) Age, year of cohort entry, diabetes duration, use 
of other antidiabetic drugs, weighted adjusted 
clinical groups comorbidity index, socioeconomic 
status, rural/urban, and use of cyclooxygenase 
2, statins and 5-alpha reductase inhibitors (ever 
vs never)

Lehman DM 2012 Cohort study Population-
based

USA 1999-
2005

5,042 708 Metformin users vs. non-users HR: 1.23 (0.40-3.74) Propensity scores of metformin and statin use

Ruiter R 2012 Cohort study Population-
based

Nether-
lands

1998-
2008

158,599 226 Metformin vs. sulfonylurea 
derivatives

HR: 0.92 (0.88-0.97) Age at first OGLD prescription, sex, year in which 
the first OGLD prescription was dispensed, 
number of unique drugs used in the year, and 
number of hospitalizations in the year before the 
start of the OGLD

Azoulay L 2011 Case-control 
study

Population-
based

UK 1988-
2009

8,098 739 Metformin users vs. non-users RR: 1.23 (0.99-1.52) Hemoglobin A1c, excessive alcohol use, obesity, 
smoking, lower urinary tract symptoms, previous 
cancer, and previous use of NSAID, antihyper-
tensive drugs, and statins ever use of other 
anti-diabetic agents

He XX 2011 Cohort study Hospital-
based

USA 1999-
2008

233 132 Metformin users vs. non-users HR: 0.55 (0.32-0.96) Race, Gleason grade, TNM stage, obesity, insulin 
usage, insulin secretagogue usage, thiazolidin-
edione usage and PSA

Tseng CH 2011 Cohort study Population-
based

Taiwan 1995-
2006

494,630 471 Metformin users vs. non-users RR: 0.79 (0.56-1.11) Age, diabetes duration, comorbidities, medica-
tions, occupation, PSA

Morden NE  2011 Cohort study Hospital-
based

USA 2003-
2008

81,681 5,466 Metformin users vs. non-glargine 
users

HR: 0.97 (0.76-1.24) Age, race, diabetes complications, obesity, 
estrogen use, tobacco, income, comorbidities 
and insulin dose

Currie CJ 2009 Cohort study Hospital-
based

UK 2000–
2009

32,261 301 Metformin monotherapy vs. 
sulfonylureas monotherapy

HR: 0.93 (0.67-1.32) Age, sex, smoking status, diagnosis of a previous 
cancer

Wright JL 2009 Case-control 
study

Population-
based

USA 2002-
2005

1,943 1,001 Metformin users vs. non-users OR: Caucasians: 
0.56 (0.32-1.00) 

African-Americans: 
1.62 (0.53-5.02)

BMI, statin and aspirin use, other diabetes treat-
ment, PSA screening history, family history of PCa

Murtola TJ 2008 Case-control 
study

Population-
based

Finland 1995–
2002

49,446 24,723 Metformin users vs. non-users OR: 0.80 (0.73-0.88) Age, place of residence, and simultaneous use of 
other medications (aspirin,cholesterol-lowering 
drugs, or antihypertensive drugs)

OGLD = oral glucose-lowering drug; BMI = body mass index; PSA = prostate specific antigen; NSAID = nonsteroidal antiinflammatory drug.



Metformin and prostate cancer: a meta-analysis

13093 Int J Clin Exp Med 2015;8(8):13089-13098

stability of present results. To better investi-
gate the possible sources of between-study 
heterogeneity, a meta-regression analysis was 
performed. Study design, study location, con-
trol source, publication year, major confound-
ers adjusted (other antidiabetic drugs, diabetes 
duration, PSA), which may be potential sources 
of heterogeneity, were tested by a meta-regres-
sion method. We found that study design (P = 
0.003) had statistical significance in a multi-
variate model.

Publication bias

Visual inspection of the funnel plot did not 
detect import asymmetry (Figure 3). There was 
also no indication of publication bias as sug-
gested by Begg’s test (P = 0.421) and Egger’s 
test (P = 0.627).

Discussion

Despite a marked global discrepancy in age 
adjusted mortality rates from prostate cancer, 

autopsy studies have confirmed that small foci 
of prostate cancer exist ubiquitously in 42% to 
80% of males in their eighth decade [29]. 
Furthermore, histological evidence suggests 
that microscopic disease may be present in 
one of three men in their thirties [30]. These 
observations have led to the theory of a late-
stage promoter that converts latent prostatic 
cancer into clinical prostate cancer. It is now 
believed that prostate cancer is a disease that 
histologically starts among men in the fourth 
decade of life. Thus it takes decades for these 
malignancies to progress into a potentially clini-
cally detectable disease, and the vast majority 
of these would never be identified [31]. As such, 
preventing progression of prostate cancer to 
clinically detectable disease appears to be a 
realistic goal. Previously, several commonly 
used drugs have been found to be associated 
with reduced risk of prostate cancer, such as 
statin, non-steroidal anti-inflammatory drugs 
(NSAIDs) [32, 33].

Figure 2. Forest plot: overall meta-analysis of metformin therapy and prostate cancer risk. Squares indicated study-
specific risk estimates (size of square reflects the study-statistical weight, i.e. inverse of variance); horizontal lines 
indicate 95% confidence intervals; diamond indicates summary relative risk estimate with its corresponding 95% 
confidence interval.
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To our knowledge, this is the first meta-analysis 
evaluating the relationship between metformin 
therapy and prostate cancer risk. This meta-
analysis included 10 observational studies cur-
rently available (six cohort studies and four 
case-control studies), involving a total of 
863,769 male participants and 39,073 pros-
tate cancer cases. There was statistically sig-
nificant heterogeneity among the 10 included 
studies, so a random-effects model was cho-
sen over a fixed-effects model. At last, we found 
that metformin use was not significantly associ-
ated with a reduced risk of prostate cancer, 
although a trend was noted. Meta-regression 
analysis revealed that study design may be the 
source of heterogeneity. In our subgroup analy-
ses, the results were significantly affected by 
study design. When we stratified the various 
studies by study type, we found that metformin 
therapy was associated with a significant 
reduced risk of prostate cancer among cohort 
studies, however, no significant association 
was detected among case-control studies, 
although a trend was noted. Compared with 
case-control studies, cohort studies are less 
susceptible to bias (e.g. recall bias, selection 
bias) due to their nature. Furthermore, we 
should notice that there were only four case-
control studies investigating the association 

between metformin therapy and prostate  
cancer risk. That number is rather low to get  
a narrow confidence interval and a significant 
result. In our subgroup analyses, the results 
were not substantially affected by study loca-
tion, control source, and some confounder 
adjustment (other antidiabetic drugs, diabetes 
duration); however, the associations were sig-
nificantly affected by adjustment for PSA. 
Metformin use was associated with a reduced 
overall risk of prostate cancer among studies 
adjusting for PSA, while no significant asso- 
ciation was detected among studies not ad- 
justing for PSA testing. Metformin use has  
been shown to affect PSA levels in a multi-
center phase 2 trial [34]. Metformin lower PSA 
levels and therefore delay the detection of 
prostate cancer. Even a small decrease in PSA 
levels at the population level could translate to 
lower detection of prostate cancer with an 
apparent inverse association between cancer 
risk and metformin use. So future studies 
should adjust for PSA, as well as other impor-
tant factors as more as possible, such as age, 
race, family history of prostate cancer, dietary, 
tobacco, and antiandrogen drugs.

Metformin is widely used in the treatment of 
diabetes mellitus type 2 where it reduces insu-

Table 2. Subgroup analyses

Subgroup Number 
of Studies Model

Pooled RR Heterogeneity
RR (95% CI) P value Q value P value I2 (%)

Type of design of studies
    Case-control study 4 Random 0.95 (0.78-1.16) 0.632 25.38 <0.001 88.2 
    Cohort study 6 Fixed 0.92 (0.87-0.96) <0.001 4.55 0.474 0.0 
Control selection
    Hospital control 3 Fixed 0.86 (0.66-1.13) 0.278 3.48 0.175 42.6 
    Population control 7 Random 0.93 (0.84-1.04) 0.227 27.63 <0.001 78.3 
Geographic region
    North America 5 Fixed 1.01 (0.95-1.08) 0.738 7.31 0.12 45.3 
    Europe 4 Random 0.93 (0.81-1.07) 0.336 15.02 0.002 80.0 
    Asia 1 Fixed 0.79 (0.56-1.11) 0.177 / / /
Adjustment for use of other antidiabetic drugs
    Yes 7 Random 0.93 (0.83-1.04) 0.196 30.14 <0.001 80.1 
    No 3 Fixed 0.87 (0.69-1.10) 0.253 0.82 0.663 0.0 
Adjustment for diabetes duration
    Yes 3 Random 0.95 (0.86-1.06) 0.390 8.17 0.017 75.5 
    No 7 Random 0.90 (0.74-1.08) 0.259 17.4 0.007 66.2 
Aadjustment for PSA
    Yes 3 Fixed 0.71 (0.55-0.91) 0.008 1.21 0.546 0.0 
    No 7 Random 0.96 (0.87-1.06) 0.402 25.45 <0.001 76.4 
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lin resistance and diabetes-related morbidity 
and mortality. Population-based studies show 
that metformin treatment is associated with a 
dose-dependent reduction in cancer risk, sug-
gesting a potential role as an anti-cancer drug 
[35-38]. Several mechanisms for the antican-
cer effect of metformin have been postulated 
[39]. Indirect pathways include the prevention 
of weight gain and the amelioration of hyperin-
sulinemia, both of which may promote carcino-
genesis. In addition, metformin activates AMPK 
through LKB-1, a tumor suppressor protein 
kinase. AMPK inhibits protein synthesis and 
gluconeogenesis during cellular stress and in- 
hibits mammalian target of rapamycin (mTOR), 
a downstream effector of growth factor signal-
ing, which is frequently activated in malignant 
cells. Metformin also induces cell cycle arrest 
and apoptosis and reduces growth factor sig-
naling. Supporting the idea of these direct 
effects, metformin reportedly potentiated the 
effect of neoadjuvant chemotherapy in early-
stage breast cancer [40], decreased the risk of 
colorectal cancer in a small randomized trial 
involving non-diabetic subjects [41], and was 
associated with a decreased cancer risk while 
another insulin-sensitizer, thiazolidinedione, 
were not [42, 43]. Previous meta-analyses 
found that metformin therapy was significantly 
associated with reduced risk of breast cancer 
[44], colorectal cancer [45, 46], and liver can-
cer [47-49]. However, in the present meta-anal-
ysis, we found that metformin use was not  
significantly associated with a reduced risk of 
prostate cancer, although a trend was noted. 

limitations to this meta-analysis should be 
noted. Firstly, as a meta-analysis of observa-
tional data, the possibility of recall and selec-
tion biases cannot be ruled out. Treatment was 
not randomly assigned, and differences 
between individuals treated with different 
drugs or differing lengths of time may be relat-
ed to the outcomes independent of any metfor-
min modifying effects. Secondly, we did not 
search for unpublished studies, so only pub-
lished studies were included in our meta-analy-
sis. Therefore, publication bias may have 
occurred although no publication bias was indi-
cated from both visualization of the funnel plot 
and Egger’s test. Thirdly, most studies were 
conducted in western countries, and only one 
study was conducted in Asia. Therefore, more 
studies are need to investigate the association 
between metformin therapy and prostate can-
cer risk among Asians. Lastly, we haven’t done 
dose-response analysis or duration-response 
analysis, for a lack of available data.

In summary, our meta-analysis of all relevant 
cohort and case-control studies indicated that 
there was no significant association between 
metformin therapy and the risk of prostate  
cancer, although a trend was noted. More stud-
ies, especially high quality prospective cohort 
studies with larger sample size, well controlled 
confounding factors are warranted to confirm 
this association.

Disclosure of conflict of interest
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Figure 3. Funnel plot for publication bias in the studies investigating risk for 
prostate cancer associated with metformin therapy.

We thought that the most 
important reason is that 
the number of included 
study and participants was 
not enough to get a narrow 
confidence interval and a 
significant result.

The strength of the pres- 
ent meta-analysis lies in no 
significant evidence of pub-
lication bias. Two investiga-
tors independently perform- 
ed the article identification, 
data extraction, and verifi-
cation and resolved all di- 
screpancies. Furthermore, 
our findings were stable 
and robust in sensitivity 
analyses. However, several 
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