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Abstract Observational studies have suggested that

metformin decreases the incidence of several common can-

cers. However, findings regarding breast cancer have been

mixed. In order to explore this issue, a systematic literature

review and meta-analysis were performed with a focus on

potential biases. We conducted a comprehensive literature

search for all pertinent studies addressing metformin use and

breast cancer risk by searching PubMed, Cochrane Library,

and Scopus (which includes Embase, ISI Web of Science)

using the Mesh terms: ‘‘metformin’’ or ‘‘biguanides’’ or

‘‘diabetes mellitus, type 2/therapy’’ and ‘‘cancer’’ or ‘‘neo-

plasms.’’ When multiple hazard ratios (HR) or odds ratio (OR)

were reported, the most adjusted estimate was used in the base-

case analysis. We pooled the adjusted HR and performed

sensitivity analyses on duration of metformin use ([or B3 -

years use), study quality (assessed using the GRADE system),

and initial observation year of the cohort (before vs after 1997).

From a total of 443 citations, 18 full-text articles were

considered, and seven independent studies were included. All

were observational (four cohort and three case control). Our

combined OR of all seven studies was 0.83 (0.71–0.97).

Stronger associations were found when analyses were limited

to studies estimating the impact of longer metformin use

(OR = 0.75. 95 % CI 0.62, 0.91) or among studies that began

observing their cohort before 1997 (OR = 0.68. 95 % CI

0.55–0.084). Stratification according to study quality did not

affect the combined OR but higher quality studies had smaller

CI and achieved statistical significance. Interpretation is lim-

ited by the observational nature of reports and different com-

parison groups. Our analyses support a protective effect of

metformin on breast cancer risk among postmenopausal

women with diabetes. Clinical trials are needed for definitive

determination of the role of metformin in breast cancer risk

reduction.

Keywords Metformin � Breast cancer � Meta-analyses �
Literature review

Introduction

Both obesity [1, 2] and diabetes have been associated with

increased breast cancer risk with insulin as a potential medi-

ating factor [3–5]. Metformin is a biguanide, increasingly used

for type 2 diabetes management, that increases insulin sensi-

tivity and improves glycemic control [6, 7]. In addition, pre-

clinical studies have identified its properties suggestive of

anti-cancer activity independent of insulin effects [8, 9].

Consequently, observational studies have examined associa-

tions between metformin use and cancer incidence.

An early meta-analysis of studies in men and women

with diabetes found a 30 % lower incidence of all cancers

associated with metformin use compared with other
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Université de Montréal, Montreal, QC, Canada

A. K. Aragaki

Public Health Sciences, Fred Hutchinson Cancer Research

Center, Seattle, WA, USA

R. T. Chlebowski

Los Angeles Biomedical Research Institute at Harbor-UCLA

Medical Center, Torrance, CA, USA

123

Breast Cancer Res Treat (2012) 135:639–646

DOI 10.1007/s10549-012-2170-x



therapies for diabetes [10]. However, a meta-analysis of the

three studies examining breast cancer and metformin

[11–13] provided only suggestive, non-statistically signif-

icant evidence of an association with this disease [10]. As

new studies have examined the metformin and breast

cancer association, we searched the literature to identify

pertinent reports addressing this issue and combined

identified results in a meta-analysis.

Methods

We conducted a comprehensive literature search for all

studies addressing the relationship between metformin use

and breast cancer risk. Electronic databases searched

include Pubmed, Cochrane Library, and Scopus (which

includes Embase and ISI Web of Science). We used the

Mesh terms: ‘‘metformin’’ or ‘‘biguanides’’ or ‘‘diabetes

mellitus, type 2/therapy’’ and ‘‘cancer’’ or ‘‘neoplasms.’’ In

addition, a manual search was completed for references

of included studies and all studies reporting recently

published meta-analyses on metformin and cancer risk

[10, 14, 15].

With the first reports of metformin and breast cancer risk

published in 2009, and a published meta-analysis covering

the period January 1, 1966 to May 31, 2009, our electronic

search focused on the period January 1, 2009 to May 31,

2012. There were no restrictions on language or type of

article. Data extracted included information about the study

design, study population, treatment exposure, minimum

duration of use, comparison groups, year of cohort incep-

tion, number of breast cancer cases, variables considered in

their analysis (confounders), and study quality [16].

Abstracts and papers were independently reviewed and

abstracted by two coauthors (NC and LO).

Statistical analyses

When multiple hazard ratios (HR) or odds ratio (OR) were

reported, the most adjusted estimate was used in the base-

case analysis. When multiple durations of use were

reported, we chose the longest duration of use. We pooled

the adjusted HR using DerSimonian and Laird statistic. We

performed sensitivity analyses on predetermined subgroups

based on duration of metformin use ([ or B3 years use),

study quality, and initial observation year of the cohort

(before vs after 1996).

Criteria for including a study in the analysis included:

(1) published original observational study or clinical trial

evaluating the impact of treatment with metformin as

compared to a comparison group on the risk of incident

breast cancer; (2) reported HR, OR, or relative risk (RR),

and 95 % confidence intervals to estimate breast cancer

risk for women with diabetes using metformin in relation to

the identified comparison group, commonly women with

diabetes using other drug therapy for diabetes. Studies were

pooled and weighted according to inverse variance using

random effects model of Dersimonian Laird.

All analyses were done using Meta XL Version 1.2.

Results

A total of 443 studies were identified and reviewed by title

and abstract for inclusion (Fig. 1). Of these, 18 full-text

articles were considered for inclusion, and seven met

inclusion criteria. 11 were excluded: three were systematic

reviews of metformin and cancer risk in diabetic patients

[10, 14, 15]; six did not report HR on breast cancer inci-

dence but reported instead on overall cancer incidence

[17–22]; one did not disaggregate metformin from insulin

Studies identified through Medline, 
Cochrane Library and Scopus (includes ISI 
Web Science and Embase) search (n=439) 

Excluded: did not address study objective (n = 425) 

Studies considered for detailed evaluation (n=14)

Excluded (n = 11)
            Metaanalyses with no original data: 3 
            No pertinent data: 8 

Studies included in meta-analysis (n = 7) 

Studies identified from reference 
lists of retrieved articles (n = 3) 

or expert contact (n=1) 

Fig. 1 Study flow diagram
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treatment [23]; one addressed the impact of metformin on

patients with breast cancer [24].

All the seven studies included in our analyses were

observational. Four were cohort [11, 12, 25, 26] studies and

three were case–control [27–29] studies. Three studies

were conducted in the United Kingdom (UK) and one each

in the US [26], Netherlands [29], Scotland [12], and Den-

mark [27]. The number of breast cancer cases included

varied from 65 to 1,461.

All studies examined metformin use in comparison to

other therapies for diabetes, but different comparators were

used across studies. Four studies compared metformin to

any other drug used for diabetes therapy, one compared

metformin to sulfonylureas, and two contained multiple

comparison groups (one compared metformin use to sul-

fonylurea, insulin, and a combination of metformin and

sulfonylurea; the other compared metformin to thiazolid-

inediones, insulin, sulfonylurea, or any other treatment).

Three studies did not require a minimum duration of

metformin use to consider a metformin user. Five studies

included only invasive breast cancers, one reported sepa-

rate OR for invasive versus all types of breast cancer

(including ductal carcinoma in situ), and only one further

proved analyses by subtypes of breast cancer (hormone

receptor status and HER2 status) (Table 1) [26].

All studies performed adjusted multivariate analyses,

though the variables adjusted for differed across studies.

Four adjusted for body mass index (BMI), four adjusted for

age, four adjusted for smoking, three adjusted for A1c

(average blood glucose), three adjusted for severity/dura-

tion of diabetes, three adjusted for use of menopausal

hormone therapy, two adjusted for socioeconomic status,

two adjusted for prior cancer or biopsy, and two adjusted

for renal impairment. Three studies did dose–response

analyses of duration of use.

Study quality was assessed using the GRADE system

[16]. In the GRADE system, studies are categorized as high

(4), moderate (3), low (2), or very low quality (1), with

observational studies considered to be of low or very low

quality. Ratings are affected by the risk of bias, consis-

tency, directness, precision, publication bias, effect size,

dose response, and handling of potential confounders.

Studies were graded for quality independently by three

coauthors (VS, NC, and LO). Any discrepancies were

reviewed and discussed until consensus was achieved.

Of the seven studies, three were rated as low quality

(the highest quality the GRADE system affords observa-

tional studies) and three as very low quality. The four

studies rated as very low quality were given this rating

due to their small number of breast cancer cases [12, 13],

inadequate adjustment for critical confounders such as

BMI [11, 29], or absence of dose–response relationship

analyses [11, 29].

Six of seven studies reported an association between

metformin use and lower breast cancer risk with respect to

the comparison group and three reported that the associa-

tion was statistically significant [13, 26, 29]. The combined

OR of all seven studies for metformin use and breast cancer

incidence was 0.83 (95 % CI, 0.71–0.97) (Fig. 2). We

found weak evidence for heterogeneity among individual

study findings (p for heterogeneity = 0.06). Most of the

heterogeneity resulted from a single, relatively small,

cross-sectional study [13]. Omission of this study from the

meta-analysis substantially reduced the heterogeneity

(p for heterogeneity 0.28) and slightly decreased the

summary OR (0.90, 95 % CI 0.81–0.99).

Stronger associations were found when analyses were

limited to studies with longer duration of metformin use

(0.75 [95 % CI, 0.62, 0.91] vs 0.94 [95 % CI, 0.84, 1.06])

and for those who began MF before 1996 (0.68 [95 % CI,

0.55–0.084] vs after 1997 [95 % CI, 0.95 0.91–0.98]).

Stratification according to quality did not affect the com-

bined OR but higher quality studies had smaller confidence

intervals (Table 2).

To assess the presence of publication bias, we created a

funnel plot using the logarithm of the OR to ensure that

positive and negative effects are equally spaced (Fig. 3).

However, the small number of studies makes interpretation

difficult and inconclusive.

Because some small negative studies that are most

subject to publication bias might be missing, we excluded

studies with less than 50 breast cancer cases exposed to

metformin [12, 13] and obtained similar summary OR

(0.93, 0.87–0.99; Q = 4.26, p = 0.37) of breast cancer

incidence in women with diabetes using metformin in

relation to the comparison group.

Discussion

This meta-analysis of published studies finds metformin

use in women with diabetes associated with a lower inva-

sive breast cancer incidence compared to incidence in

women using other therapies for diabetes. While this

finding, based on observational studies alone, could reflect

confounding or bias, the stronger effect size seen in studies

of longer duration metformin use suggest a real association.

Emerging clinical studies support a potential metformin

influence on breast cancer [30]. Two pre-operative studies

involving women with diabetes with invasive breast cancer

have randomized participants to metformin or placebo

[31, 32]. In one report, women assigned to metformin for

2 weeks had reduced Ki-67 [30], a measure of tumor

proliferation [33], compared with non users. In a larger

study, 200 women with breast cancer but without diabetes

were randomly allocated to either metformin 850 mg twice
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Table 1 Details of Identified Studies

Study Country Mini duration txt Treatment duration Comparator Adjusting variables OR/
HR

95 % CI
(lower,
upper)

Libby 2009 Scotland C1 prescription NR Non-metformin users Smoking, BMI, A1c,

socioeconomic status,

sulfonylurea use, insulin use,

sex, age at index date

0.60 0.32 1.10

Unadjusted 0.44 0.32 0.73

Currie 2009 UK 6 months NR Sulfonylurea Age, prior cancer, smoking,

comorbidities, A1c, diabetes

duration, weight

1.02 0.71 1.45

Insulin therapies ‘‘ 0.93 0.69 1.27

Metformin ?

sulfonylurea

‘‘ 1.10 0.83 1.49

Bodmer 2010 UK Varied C40 prescriptions

(C5 years)

Other oral

hypoglycemics

BMI, HRT, diabetes duration,

A1c, renal failure; other

antidiabetes drugs, smoking,

CHF, IHD

0.44 0.24 0.82

C30 prescriptions Other oral

hypoglycemics

‘‘ 0.63 0.39 1.00

Bosco 2011 Denmark 1 year C1 year Other antidiabetic

meds

Diabetes complications, obesity,

predictors of breast cancer

0.81 0.63 0.96

Other antidiabetic

meds

Unadjusted 0.77 0.61 0.99

[5 years metformin

use

Other antidiabetic

meds

Hormone therapy, diabetes

complications, obesity,

predictors of breast cancer and

multiple imputation

0.83 0.56 1.22

Recent ‘‘ 0.83 0.63 1.08

Former ‘‘ 0.72 0.42 1.26

\1 year ‘‘ 0.93 0.74 1.17

Ruiter 2012 Netherlands [1 prescription Cumulative exposure Sulfonylurea Age at 1st prescription for oral

glucose lowering drug, #

drugs, # hospitalizations,

calendar time

0.95 0.91 0.98

Chlebowski

2012

USA 7.6 (SD 3.7) Other antidiabetic

drugs

Age, 1st degree relatives with

breast cancer, prior breast

biopsy, age at menarche,

menopause, parity, age at first

live birth, breastfeeding,

education, smoking, alcohol

use, BMI, physical activity,

duration of prior estrogen

alone,

estrogen ? progesterone use,

bilateral oophorectomy,

weight loss

0.75 0.57 0.99

‘‘ 0.64 0.45 0.92

VonStaa

2012

UK Varied in analysis from

0 to [60 months

6–24 months since

start of metformin

Metformin treatment

0–6 months

Age, calendar year, small-area

SES, tob, alcohol use, BMI,

coronary heart disease,

coronary revascularization,

hyperlipidemia, hypertension,

peripheral vascular disease,

renal impairment, stable

angina, any prescription in last

6 months of angiotensin II

receptor blockers,

antiplatelets, beta blockers,

calcium channel blockers,

diuretics, nitrates, non-

steroidal antiinflamatories,

aspirin, statins, or other

glucose lowering agents

0.73 0.56 0.96
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per day (n = 100) or placebo (n = 100). Reduction in Ki-

67 was seen only in women with insulin resistance

(homeostasis model assessment [HOMA] index[2.8) [32].

In a retrospective analyses of neoadjuvant chemotherapy

administered at MD Anderson Hospital, breast cancer

patients with diabetes who were on metformin had a sig-

nificantly higher frequency of complete response (24 %)

compared to patients with diabetes who did not use met-

formin (8 %), as well as compared to patients without

diabetes (16 %; p = 0.02) [34]. Finally, in a retrospective

Fig. 2 Adjusted risk ratios for breast cancer incidence among women with diabetes taking metformin

Table 1 continued

Study Country Mini duration txt Treatment duration Comparator Adjusting variables OR/
HR

95 % CI
(lower,
upper)

25–60 months since

start of metformin

Metformin

treatment

0–6 months

‘‘ 0.91 0.70 1.17

[60 months since

start of metformin

Metformin

treatment

0–6 months

‘‘ 0.82 0.61 1.10

Study Breast cancer cases (n)
metformin control

Subjects
in cohort

Subjects
with
diabetes (n)

min age
(ys)

Years
of observation

Study type Duration
response?

Study
quality
(GRADE)

Libby 2009 24 41 4,085 4,085 35 1994–2003 Observational

cohort study

Yes 1

Currie 2009 305 27,654 41 C2002 Retrospective

cohort

No 1

305

305

Bodmer 2010 17 120 22,261 1,153 30 1994–2005 Nested

case–control

Yes 1

33 305

Bosco 2011 96 393 4,323 3,930 50 1989–2008 Nested

case–control

Yes 2

96 1,154

35

15

Ruiter 2012 207 217 85,259 217 18 1998–2008 Case–control Yes*,

all cancers

1

Chlebowski 2012 104 129 68,019 3,401 50 1993–2011 Observational cohort No 2

VonStaa 2012 160 1,301 206,940 1,236 40 1997–2006 Observational

cohort/inception

cohorts

Yes 2

268

184
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report, metformin use was associated with improved breast

cancer-specific survival in diabetes patients [35]. Taken

together, these proof-of-principal studies suggest that

metformin may influence breast cancer proliferation.

The findings of this meta-analysis are limited by the

observational nature of the study designs which preclude

causal interpretation. Only one study [26] described the

association of metformin use with the type and character-

istics of breast cancers. These studies were conducted in

different countries using different entry criteria and dura-

tions of metformin use. In addition, breast cancer incidence

rates are influenced by frequency of mammography

screening and only one study [26] controlled for this

variable.

The mechanism by which metformin may influence

mammary cancer is not established. Proposed mechanisms

include direct effects on cancer cells through influence on

AMPk with associated inhibition of the mammalian target

of rapamycin (mTOR) pathway as well as indirect, insulin-

mediated effects [36–38]. It is not clear that at the dosage

of metformin used in clinical practice, mTOR inhibition is

achieved. However, another agent targeting mTOR inhi-

bition, everolimus, has demonstrated strong interaction in

enhancing the effectiveness of both tamoxifen [39] and

aromatase inhibitors [40] in randomized clinical trials

involving advanced breast cancer patient management. In

this regard, in preclinical studies co-administration of

metformin and everolimus intensified the inhibition of

breast cancer cell proliferation by chemotherapy [41].

An important question is if indirect insulin-mediating

effects predominate, will clinical activity against breast

cancer be limited to women with impaired glucose

homeostasis. In this regard, while Bonanni [32] found anti-

proliferative effects of metformin limited to breast cancer

patients with insulin resistance or high BMI, Chlebowski

et al. [26] reported no interaction between BMI and met-

formin influence on breast cancer incidence in their cohort

analyses. Further information on this question is needed to

inform clinical study designs.

Analyses of the potential association of metformin use

with breast cancer incidence in observational studies are

challenging [26]. In prospective cohort studies with several

years of observation, a number of postmenopausal women

will become newly diagnosed with diabetes over time.

Clinical diabetes management also changes over time, not

only reflecting disease progression and/or severity, but also

based on evolving concepts regarding optimal management

[42]. In addition, commonly used therapies such as insulin

may increase cancer incidence while other classes of agents

such as the thiazolidinediones increase insulin sensitivity

and improve glucose homeostasis [42] and may also

potentially influence breast cancer [43]. These factors

require complex analytical approaches to deal with changes

Table 2 Subgroup analyses

Criteria N OR (95 % CI) Q p value for

heterogeneity

Main effect 7 0.83 (0.71–0.97)

Quality

Higher

(GRADE 2)

3 0.80 (0.69–0.92)* 0.24 0.89

Lower

(GRADE 1)

4 0.80 (0.60, 1.08) 8.27 0.04

Inception year

[1996 3 0.95 (0.91–0.98)* 1.1 0.58

\1995 4 0.68 (0.55–0.84)* 2.61 0.46

Duration of

treatment

[3 years 4 0.75 (0.62–0.91)* 3.5 0.32

B3 years 3 0.94 (0.84–1.06) 2.28 0.32

* Denotes statistically significant results

ln ES
0

S
ta

nd
ar

d 
er

ro
r

0.329

0.3

0.27

0.24

0.21

0.18

0.15

0.12

0.09

0.06

0.03Fig. 3 Funnel plot of the

included studies
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in disease classification (diabetes or not) and changes in

therapies used by women with diabetes over the course of

observation.

The current analyses have been based on the best cur-

rently available data and were performed according to

accepted recommendations to minimize the problems

associated with meta-analyses of observational studies

[44]. In addition, the funnel plot analyses, and analyses

excluding small studies, suggest that publication bias in the

identified reports was not substantial.

There is an ongoing, full scale clinical trial evaluating

the potential influence of metformin on breast cancer. In

the National Cancer Institute of Cancer (NCIC), MA 32

study, women with early stage and resected breast cancer

receiving standard breast cancer therapy are being ran-

domized to metformin or placebo [45]. In addition, at least

14 other clinical studies are proceeding, largely pilot and

feasibility efforts, to address metformin and cancer issues

[30]. The current findings support such efforts.

In conclusion, our meta-analyses of published studies

find that metformin use in women with diabetes is asso-

ciated with a lower risk of invasive breast cancer. Because

this finding is based upon observational studies, it may

reflect bias or confounding. The finding of a stronger effect

size associated with studies of longer duration of metfor-

min use and those that had longer observation periods

suggest that the finding may be real. If this result is con-

firmed in prospective studies with a large number of breast

cancer events, clinical trials should assess whether met-

formin can reduce breast cancer risk.
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