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Abstract
Background: Diabetes mellitus has been associated with increased breast cancer 
(BC) risk; however, the magnitude of this effect is uncertain. This study focused 
on BC risk for women with type 2 diabetes mellitus (T2DM).
Methods: Two separate meta-analyses were conducted (1) to estimate the rela-
tive risk (RR) of BC for women with T2DM and (2) to evaluate the risk of BC for 
women with T2DM associated with the use of metformin, a common diabetes 
treatment. In addition, subgroup analyses adjusting for obesity as measured by 
body mass index (BMI) and menopausal status were also performed. Studies were 
identified via PubMed/Scopus database and manual search through April 2021.
Results: A total of 30 and 15 studies were included in the first and second meta-
analyses, respectively. The summary RR of BC for women with T2DM was 1.15 
(95% confidence interval [CI], 1.09–1.21). The subgroup analyses adjusting BMI 
and adjusting BMI and menopause resulted in a summary RR of 1.22 (95% CI, 
1.15–1.30) and 1.20 (95% CI, 1.05–1.36), respectively. For women with T2DM, the 
summary RR of BC was 0.82 (95% CI, 0.60–1.12) for metformin users compared 
with nonmetformin users.
Conclusions: Women with T2DM were more likely to be diagnosed with BC and 
this association was strengthened by adjusting for BMI and menopausal status. 
No statistically significant reduction of BC risk was observed among metformin 
users.
Impact: These two meta-analyses can inform decision-making for women with 
type 2 diabetes regarding their use of metformin and the use of screening mam-
mography for early detection of breast cancer.

K E Y W O R D S

breast cancer, diabetes, meta-analysis, metformin, type 2 diabetes

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5545 by U
niversity of W

isconsin,M
adison C

am
 D

epartm
ent of Pathology and, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

www.wileyonlinelibrary.com/journal/cam4
mailto:﻿
https://orcid.org/0000-0002-5133-1382
http://creativecommons.org/licenses/by/4.0/
mailto:alagoz@engr.wisc.edu


2  |      LU et al.

1   |   INTRODUCTION

Over 15 million American women have type 2 diabetes 
mellitus (hereafter referred to as type 2 diabetes) and this 
figure is projected to increase in the future.1 Type 2 diabe-
tes increases the risk of other diseases including nephrop-
athy, cardiovascular diseases, and retinopathy as well as 
cancer.2-5 In particular, diabetes is recognized as an inde-
pendent risk factor for breast cancer.6-9

Many potential pathways have been suggested to ex-
plain the association between type 2 diabetes and breast 
cancer risk. For instance, type 2 diabetes is a chronic in-
flammatory disorder and is associated with inflamma-
tory cell infiltrations, commonly seen in adipose tissue, 
which might lead to an increase in aromatase expres-
sion and increased local estrogen production. Increased 
estrogen production may drive the growth of estrogen 
receptor-positive (ER+) breast cancer.10 Another biolog-
ical link is hyperinsulinemia, a condition that occurs due 
to the body's resistance to the effects of insulin in the 
blood and the pancreas attempts to compensate for the 
lack of insulin by producing increasingly more insulin. 
Hyperinsulinemia is a risk factor for type 2 diabetes.11 
Independent of obesity, alcohol consumption, physical 
inactivity, family history of breast cancer, history of be-
nign breast disease, reproductive factors, and age, insulin 
resistance and hyperinsulinemia which are highly associ-
ated with diabetes have been identified as risk factors for 
breast cancer.6-9

Three peer-reviewed meta-analysis studies, all pub-
lished prior to 2012, examined the relationship between 
breast cancer risk and diabetes (type 1, type 2, or gesta-
tional diabetes). All three studies found that women with 
diabetes had an increased risk of breast cancer (reported 
relative risk [RR]: 1.20, 1.23, and 1.27).12-14

The objective of the first part of the present study is 
to estimate the risk of breast cancer only for women with 
type 2 diabetes. The objective of the second meta-analysis 
in the present study is to estimate the breast cancer risk for 
women with type 2 diabetes associated with metformin 
use. Subgroup analyses with a focus on menopausal sta-
tus and obesity had been planned depending on the avail-
ability of data.15,16 A total of eight new studies published 
since prior meta-analyses were included in our analysis. 
Moreover, while previous meta-analyses included all 
types of diabetes including type 1 and type 2 diabetes, we 
focused solely on type 2 diabetes to ensure that our results 
are not confounded. This is crucial because type 1 diabe-
tes is caused by autoimmune destruction of the islets and 
resulting insulin deficiency,17 whereas type 2 diabetes is 
linked to insulin resistance, inflammation, and high insu-
lin levels,18 which drive the initiation and progression of 
cancers.6,8,9

The objective of the second meta-analysis in the present 
study is to estimate the breast cancer risk for women with 
type 2 diabetes associated with metformin use. Subgroup 
analyses with a focus on menopausal status and obesity 
had been planned depending on the availability of data. 
Metformin is commonly prescribed to adults with type 2 
diabetes, and around 40% of adults with type 2 diabetes in 
the USA take metformin as a treatment.19 Metformin has 
been suggested to inhibit cellular proliferation and tumor 
growth.20-22 Combined, these two meta-analyses can in-
form decision-making for women with type 2 diabetes re-
garding their use of metformin and the use of screening 
mammography for early detection of breast cancer.

2   |   MATERIALS AND METHODS

Following the guidance in the Cochrane Handbook,23 
we estimated the RR for breast cancer for women with 
type 2 diabetes compared with those without diabetes and 
the RR for breast cancer for women with type 2 diabetes 
associated with metformin use. Subgroup analyses with a 
focus on menopausal status and obesity were planned de-
pending on the availability of the data.

2.1  |  Search strategy

We searched the PubMed and Scopus databases through 
April 2021 for studies published in English using the 
search terms summarized in Table S1. Additional studies 
were identified through a manual search of references of 
review papers12,13,14,24,25 published after 2010.

2.2  |  Study selection

The meta-analysis for the RR for breast cancer for women 
with type 2 diabetes compared with women without dia-
betes included (1) any observational study reporting an 
odds ratio (OR), RR, or hazard ratio (HR) estimate with 
a 95% confidence interval (CI), and (2) for females diag-
nosed with type 2 diabetes (or diagnosed at age ≥30 if the 
type of diabetes was not specified). We used 30 as an age 
cutoff which is a common age cutoff to distinguish type 2 
from type 1 diabetes in previous studies.26-28

The meta-analysis for the RR of breast cancer for 
women with type 2 diabetes associated with metformin 
use included (1) any observational study reporting an OR, 
RR, or HR estimate with 95% CI, (2) comparing metformin 
users to average nonmetformin users, and (3) included 
studies of females diagnosed with type 2 diabetes (or diag-
nosed at age ≥30 if the type of diabetes was not specified).
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Two independent investigators (Y.L. and A.H.) iden-
tified eligible studies by screening titles and abstracts. 
Disagreements related to the selection of the studies were 
resolved by a consensus decision after discussion.

2.3  |  Data extraction and 
quality assessment

Two investigators (Y.L. and A.H.) independently reviewed 
the selected studies and extracted the relevant information 
including full citation (authors, year of publication), geo-
graphic location of participant recruitment, age of the study 
population, adjustment of covariates, risk estimate, and the 
corresponding 95% CI. When one study reported multiple 
HRs, RRs, or ORs, the estimate adjusted for the highest 
number of covariates (first priority) for the longest dura-
tion of follow-up was used (second priority). When multiple 
publications used the same cohort, only the result from the 
most recent publication was included, and if the previous 
publications reported the results by adjusting for different 
sets of covariates, they were used in the subgroup analysis.

Two investigators (Y.L. and A.H.) independently eval-
uated the study quality using the Newcastle-Ottawa 
Assessment scale, an assessment for observational studies, 
in terms of selection, comparability, and exposure for cohort 
studies and selection, comparability, and outcomes for case–
control studies.29 Each study was assigned a score ranging 
from 0 to 9 with higher scores indicating higher quality. 
Each cohort study was judged on four items related to se-
lection (representativeness of exposed cohort, selection of 
nonexposed cohort, ascertainment of exposure, and demon-
stration of outcome not presented at start), one item related 
to comparability (control for other confounding factors), 
and three items related to exposure (assessment of outcome, 
enough length for follow-up and adequacy of follow-up co-
horts). A cohort study could be assigned one point for each 
item in selection and exposure categories and two points in 
comparability. Each case–control study was judged on four 
items related to selection (definition of cases, definition of 
controls representativeness of the cases, and selection of 
controls), one item related to comparability (control for other 
confounding factors), and three items related to outcome 
(assessment of outcome, same analysis method for cases 
and controls, and nonresponse rates). A case–control study 
could be assigned one point for each item in the selection 
and outcome categories and two points in comparability.29

2.4  |  Statistical analysis

All extracted data were analyzed by Revman5 and 
MedCalc.30,31 Summary risk estimates were obtained using 

a random effects model with the inverse variance method. 
The I2 test was used to evaluate heterogeneity across stud-
ies, where the recommended categories are set as possibly 
not important for I2 = 0%–40%; moderate for I2 = 30%–
60%; substantial for I2 = 50%–90%; and considerable for 
I2 = 70%–100%.23 Subgroup analyses were performed for 
further investigation of the RR for women with type 2 dia-
betes. Two subgroups were created to investigate the fac-
tors of obesity and menopausal status. Furthermore, we 
summarized the estimates for pre- and postmenopausal 
women separately. When the studies included estimates 
stratified by menopausal status, we used those estimates 
for subgroup analysis instead of the overall estimates. 
Funnel plots along with Egger's test were used to assess 
potential publication bias. An asymmetric funnel plot will 
indicate a risk of publication bias, and this is further veri-
fied by Egger's test with a p value of <0.05.23,26,32

3   |   RESULTS

3.1  |  The relative risk of breast cancer 
according to type 2 diabetes

Of 3,161 possible studies identified through database 
search, 34 relevant studies of the effect of type 2 diabetes 
on breast cancer were found after screening abstracts and 
titles, and any nonobservational study was excluded during 
this process. Two additional studies33,34 were found through 
a manual search of references in other review papers.12-14 
After assessing the eligibility of each study according to our 
inclusion criteria, we included a total of 30 studies for analy-
sis. Among the 30 studies, two studies35,36 used the same 
cohort. Since one of them adjusted for menopausal status 
and BMI,36 we used one of them in estimating the overall 
effect, and the other one in the subgroup analysis. Figure 1 
describes the screening and selection process. The charac-
teristics of each study were summarized in Table 1.

The quality of the included studies was moderate 
with an average score of 6 using the Newcastle-Ottawa 
Assessment scale. Of the 30 studies, 11 studies had high 
quality (scoring between 7 and 9); 16 studies had moder-
ate quality (scoring between 5 and 6); and three studies 
had low quality (scoring below 4) (Table 1).

Considerable heterogeneity was observed among the 
included studies as the I2 was 81%; and thus, the random 
effects model was used. A funnel plot was produced, and 
no obvious evidence of publication bias was observed as 
the p value was 0.34 from Egger's test (Figure S1).

The overall effect indicated that women with type 2 di-
abetes were more likely to have breast cancer (RR = 1.15; 
95% CI, 1.09–1.21). The summary risk estimate using only 
the cohort studies (RR  =  1.14; 95% CI, 1.08–1.20) was 
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consistent with that using only the case–control studies 
(RR = 1.21; 95% CI, 1.04–1.40) (Figure 2). Of the 29 studies 
included in this meta-analysis, six studies were conducted 
in Asia27,33,41,42,43,60 with a summary RR equal to 1.25 (95% 
CI, 1.03–1.52); two studies focused on Hispanic women47,50; 
and one study focused on Asian-American women.46 The 
summary RR was 1.13 (95% CI,1.07–1.20) for the rest of the 
studies conducted in Europe or North America (Figure S2).

A limited number of studies presented results ac-
cording to race or ethnicity, and subgroup analyses were 
conducted using the 20 studies in which women were 
randomly sampled in European and North American 
countries. A slightly greater RR was observed among the 
seven studies  that provided estimates adjusted for BMI 
(RR = 1.22; 95% CI, 1.15–1.30). For the three studies ad-
justing for BMI and menopausal status, the summary RR 
was 1.20 (95% CI, 1.05–1.36). Furthermore, some studies 
reported their estimates stratified by menopausal status. 
The summary RR was 1.07 (95% CI, 1.03–1.11) and 0.97 
(95% CI, 0.88–1.07) for the risk of breast cancer associated 
with type 2 diabetes for post- and premenopausal women 
with diabetes, respectively (Table S2 and Figure S3).

3.2  |  The relative risk of breast cancer 
according to the use of metformin

For the second meta-analysis, we identified 724 studies to 
estimate the risk of breast cancer according to metformin 

use for women with type 2 diabetes through a database 
search, and 17 studies were selected after screening ab-
stracts and titles. One study28 was added through a man-
ual search of the bibliographies of recent reviews.28,61 
After assessing the eligibility of each study, we included 
a total of 15 studies for the final analysis (Figure 3). The 
characteristics of each study were summarized in Table 2.

Considerable heterogeneity was identified among stud-
ies as the I2 was 97%. Therefore, the random effects model 
was used in the analysis. A funnel plot was produced, and 
no obvious evidence of publication bias was observed as 
the p value was 0.65 from Egger's test (Figure S4).

The quality of the included studies was high with an av-
erage score of 7 using the Newcastle-Ottawa Assessment 
scale. Of the 15 studies, 11 studies had high quality, 
whereas four studies had moderate quality (Table 2).

The overall risk estimate of breast cancer risk associ-
ated with the use of metformin was 0.82 with substan-
tial variation around this estimate (95% CI, 0.60–1.12) 
(Figure  4). The limited number of studies prevented a 
subgroup analysis.

4   |   DISCUSSION

Our analysis found that women with type 2 diabetes 
were more likely to have breast cancer (RR = 1.15; 95% 
CI, 1.09–1.21). A stronger association was observed after 
the adjustment of BMI or BMI and menopausal status 

F I G U R E  1   Flow chart of the 
literature search process for the meta-
analysis estimating the relative risk of 
breast cancer for women with type 2 
diabetes

3,161 studies
identified through
database search

Abstract and title
screened

34 papers selected

Assessed for
eligibility

Two papers added from
manual search of citations
in review papers published

Jan 2010-April 2021

A total of 30 papers
included
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(RR = 1.22; 95% CI, 1.15–1.30 and 1.20; 95% CI, 1.05–1.35, 
respectively). For women with type 2 diabetes, our meta-
analysis suggested that metformin use was associated 
with a reduced risk of breast cancer although the varia-
tion around the risk estimate was large (RR = 0.82, 95% 
CI, 0.60–1.12).

We found three meta-analysis studies on the relation-
ship between breast cancer risk and diabetes published 
since 2010. Note that while none of the three previous 
reviews considered a quality assessment for the included 
studies, we assigned a score to each study using Newcastle-
Ottawa Assessment scale to represent its quality. This ap-
proach has led to a more reliable estimation of the RR. 
More specifically, three studies in our meta-analysis were 
evaluated as low quality,33,43,45 and these three studies had 
the minor effect on the overall estimate. The summary 
RR of breast cancer for women with type 2 diabetes was 
1.14 (95% CI, 1.09–1.20) when these three studies were 
excluded.33,43,45

The study published by Boyle et al.12 included 40 stud-
ies. They found women with diabetes had a higher risk 
of breast cancer (RR = 1.27; 95% CI, 1.16–1.39), and the 
study population included female patients having type 
1 or type 2 diabetes. The meta-analysis published by 
Hardefeldt et al.14 included 43 observational studies on fe-
male or male patients having type 1, type 2, or gestational 
diabetes. The summary RR was 1.20 (95% CI, 1.13–1.29), 
and evidence of publication bias was observed. These two 
studies included a larger number of studies compared to 
the present study since we focused on only type 2 diabe-
tes, whereas they included studies focusing on all types 
of diabetes. The meta-analysis published by Liao et al. in 
2011 included a total of 12 observational studies, some of 
which did not specify the type of diabetes. The summary 
RR was 1.23 (95% CI, 1.18–1.27).13 In addition to these 
three peer-reviewed publications, we found a conference 
presentation from Bota et al.,73 which reported a summary 
RR of 1.13 (95% CI, 1.04–1.24). No details on the selected 
studies were provided in this presentation.

The overall estimates on summary RR from the three 
meta-analyses are higher than our summary RR estimate 
as we limited the study population to female patients with 
only type 2 diabetes. A subgroup analysis on women with 
only type 2 diabetes by Boyle et al.12 including 14 studies 
reported an RR of 1.16 (95% CI, 1.04–1.29), which is con-
sistent with our estimate, and all of those 14 studies were 
included in our analysis. They also found that the associa-
tion was stronger when only studies published after 1997 
were included in the meta-analysis.12 Another subgroup 
analysis on type 2 diabetes was conducted by Hardefeldt 
et al.,13 with 10 studies all published after 1997, reported 
an RR of 1.22 (95% CI, 1.07–1.40), and all these studies 
were included in our analysis. The trend was not obvious St
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in our analysis as our analysis included only four studies 
published before 1997 (Figure S5). There are two possible 
reasons for this discrepancy. First, we included eight new 
studies27,35,53,56,57,59,74,75 having smaller risk estimates with 
a summary RR of 1.14 (95% CI, 1.05–1.24) and we only 
included studies on women with type 2 diabetes. Second, 
the use of metformin may inhibit the growth of certain 
tumors.22 Metformin is the most widely used oral medica-
tion for diabetes since the 1950s, and the extended release 
of metformin was approved in the USA in 2000.76-78 In the 
US, around 40% of diabetes patients use metformin as a 
treatment.19 Thus, the wide use of metformin might have 
also compromised the effect of diabetes mellitus on breast 
cancer risk.

Boyle et al.12 and Liao et al.13 found postmenopausal 
women with diabetes had a 15% and 23% higher risk of 
breast cancer, respectively, while the association between 

diabetes and breast cancer risk was closer to the null for 
premenopausal women.12,13 We observed the same trend 
in our analysis. Of the 20 studies, a total of 11 studies in-
dicated the menopausal status of their study population, 
where five studies reported their estimates stratified by 
menopausal status and six studies were on postmeno-
pausal women. The summary RR of breast cancer was 
1.07 (95% CI, 1.03–1.11) and 0.94 (95% CI, 0.81–1.09) for 
post- and premenopausal women with diabetes, respec-
tively (Table S2 and Figure S5). However, the determina-
tion for pre- and postmenopausal status varies among the 
studies we included. Some studies used simple age cutoff 
to separate pre- and postmenopausal groups, whereas oth-
ers used menstrual data to define a woman as postmeno-
pausal if she reported no cycles within 12 months.

Obesity is a confounding factor for the association be-
tween diabetes and the risk of breast cancer.16 In 2018, 

F I G U R E  2   Summary of relative risk of breast cancer among women with type 2 diabetes according to study design (CI, confidence 
interval; IV, inverse variance; SE, standard error)
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around 90% of patients with diabetes were overweight or 
obese in the USA.1 We conducted a subgroup analysis to 
account for the effect of obesity. Of the 20 studies in the 
meta-analysis, seven studies adjusting breast cancer risk 
for BMI resulted in a summary RR of 1.22 (95% CI, 1.15–
1.30). Boyle et al.12 and Hardefeldt et al.14 conducted a sub-
group analysis with the studies that adjusted for BMI and 
found that the summary RR were 1.16 (95% CI, 1.08–1.24) 
and 1.12 (95% CI, 1.04–1.21), respectively. We observed a 
stronger association among the studies that adjusted for 
BMI. The association was also stronger than our overall 
estimate. In the present seven studies adjusting for BMI, 
six of them either included predominately postmeno-
pausal women or had a study population with an average 
age over 50. Therefore, the study population in seven stud-
ies consisted of mostly older and postmenopausal women, 
leading to a higher RR in the subgroup analysis among 
the studies that included BMI. This is likely because stud-
ies of the risk of breast cancer and obesity have generally 
observed an increased risk of breast cancer for overweight 
and premenopausal women.79 Furthermore, as noted by 
the study by Boyle et al.,12 various methods of adjustment 
for BMI were used within the studies included in the 
meta-analysis. Most of the studies that were included in 
our analysis did not state how they parameterized BMI for 
adjustment in their statistical model.

There are some limitations to our analysis. In addi-
tion to obesity, menopausal status is another factor that 
might affect the final estimate.15 In the subgroup analy-
sis, although we suspect both BMI and menopausal sta-
tus can impact the RR of breast cancer for women with 

type 2 diabetes, only three studies adjusted for BMI and 
menopausal status. Thus, the reliability of our estimate 
when both BMI and menopausal status were adjusted was 
compromised by the limited number of included studies. 
Considerable heterogeneity was observed among stud-
ies, and this might be largely caused by the differences 
in adjustment for confounding variables among studies. 
Furthermore, although no strong indication of publica-
tion bias was observed from the funnel plot and Egger's 
test, the actual RR might be higher than we observed as 
diabetes is still an under-diagnosed disease.1

We also did not account for the differences in mam-
mography screening utilization between women with 
and without diabetes. We do not expect the control on 
mammography screening utilization would affect our 
results. This is because although women with diabetes 
have higher healthcare utilization than women without 
diabetes, the complexity of diabetes care often decreases 
the rates of mammography screening for women with di-
abetes.80-84 For the 30 studies in our analysis, only three 
studies adjusted for the effect of mammography screen-
ing.35,50,55 Lack of control for mammography screening 
utilization may have led to the underestimation of the RR 
of cancer since women with diabetes who have existing 
breast cancer at the time of the study may not have been 
diagnosed due to lower rates of screening. This was further 
verified by the differences in the results from case–control 
studies and cohort studies. A stronger effect was observed 
among case–control studies, while cohort studies, espe-
cially those with long follow-up, may be vulnerable to the 
screening bias and led to an overall lower estimate.

F I G U R E  3   Flow chart of the 
literature search process for the meta-
analysis estimating the relative risk of 
breast cancer for women using metformin

724 studies
identified through
database search

Abstract and title
screened

17 papers selected

Assessed for
eligibility

One paper added from
manual search of

citations in review
papers published Jan

2010-April 2021

A total of 15 papers
included

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5545 by U
niversity of W

isconsin,M
adison C

am
 D

epartm
ent of Pathology and, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10  |      LU et al.

T
A

B
L

E
 2

 
C

ha
ra

ct
er

is
tic

s o
f t

he
 st

ud
ie

s i
nc

lu
de

d 
in

 th
e 

m
et

a-
an

al
ys

is
 e

st
im

at
in

g 
th

e 
re

la
tiv

e 
ri

sk
 o

f b
re

as
t c

an
ce

r f
or

 w
om

en
 w

ith
 ty

pe
 2

 d
ia

be
te

s w
ho

 u
se

 m
et

fo
rm

in

St
ud

y
G

eo
gr

ap
hi

c 
lo

ca
ti

on
St

ud
y 

de
si

gn
N

o.
 o

f 
ca

se
s

N
o.

 o
f 

co
nt

ro
ls

A
ge

R
R

/O
R

/H
R

95
%

 C
I

A
dj

us
tm

en
t

Q
ua

lit
y 

sc
or

e

Li
bb

y 
et

 a
l.28

U
K

C
oh

or
t

4,
08

5
4,

08
5

35
–1

00
0.

60
0.

32
–1

.1
A

ge
, s

m
ok

in
g,

 d
ep

ri
va

tio
n,

 B
M

I, 
A

1C
, i

ns
ul

in
 u

se
, a

nd
 

su
lfo

ny
lu

re
a 

us
e

6

Bo
dm

er
 e

t a
l.62

U
K

C
as

e–
co

nt
ro

l
30

5
1,

15
3

30
–7

9
0.

42
0.

21
–0

.7
7

A
ge

, s
ex

, g
en

er
al

 p
ra

ct
ic

e,
 a

nd
 c

al
en

da
r t

im
e 

by
 

m
at

ch
in

g 
an

d 
fu

rt
he

r a
dj

us
te

d 
fo

r e
ac

h 
ot

he
r p

lu
s 

th
e 

us
e 

of
 p

ra
nd

ia
l g

lu
co

se
 re

gu
la

to
rs

, a
ca

rb
os

e,
 

es
tr

og
en

s, 
sm

ok
in

g,
 B

M
I, 

di
ab

et
es

 d
ur

at
io

n,
 a

nd
 

A
1C

8

M
or

de
n 

et
 a

l.63
U

SA
C

oh
or

t
15

,2
86

66
,3

95
≥

68
1.

28
1.

05
–1

.5
7

N
/A

6

Bo
sc

o 
et

 a
l.64

D
en

m
ar

k
C

as
e–

co
nt

ro
l

1,
25

0
3,

07
3

≥
50

0.
83

0.
56

–1
.2

2
C

on
fo

un
di

ng
 a

nd
 se

le
ct

io
n 

bi
as

 w
er

e 
in

tr
od

uc
ed

 b
y 

m
at

ch
in

g 
on

 th
e 

co
un

ty
, a

nd
 c

om
pl

ic
at

io
ns

 d
ue

 
to

 d
ia

be
te

s, 
cl

in
ic

al
 o

be
si

ty
, a

ge
 a

t i
nd

ex
 d

at
e,

 a
nd

 
po

st
m

en
op

au
sa

l h
or

m
on

e 
us

e

8

C
hl

eb
ow

sk
i 

et
 a

l.55
U

SA
C

oh
or

t
3,

40
1

64
,6

18
50

–7
9

0.
75

0.
57

–0
.9

9
A

ge
, f

ir
st

-d
eg

re
e 

re
la

tiv
e 

w
ith

 b
re

as
t c

an
ce

r, 
be

ni
gn

 
br

ea
st

 d
is

ea
se

, a
ge

 a
t m

en
ar

ch
e,

 a
ge

 a
t m

en
op

au
se

, 
pa

ri
ty

, a
ge

 a
t f

ir
st

 b
ir

th
, e

du
ca

tio
n,

 n
um

be
r 

of
 m

on
th

s o
f b

re
as

tfe
ed

in
g,

 sm
ok

in
g,

 a
lc

oh
ol

 
co

ns
um

pt
io

n,
 b

od
y 

m
as

s i
nd

ex
, p

hy
si

ca
l a

ct
iv

ity
, 

du
ra

tio
n 

of
 u

se
 o

f e
st

ro
ge

n 
al

on
e,

 d
ur

at
io

n 
of

 u
se

 o
f 

es
tr

og
en

 p
lu

s p
ro

ge
st

er
on

e,
 b

ila
te

ra
l o

op
ho

re
ct

om
y,

 
an

d 
m

am
m

og
ra

m
 w

ith
in

 2
 ye

ar
s o

f b
as

el
in

e;
 

st
ra

tif
ie

d 
ac

co
rd

in
g 

to
 a

ge
 (1

0-
ye

ar
 g

ro
up

s)
, 

ho
rm

on
e 

th
er

ap
y 

tr
ia

l r
an

do
m

iz
at

io
n,

 d
ie

ta
ry

 tr
ia

l 
ra

nd
om

iz
at

io
n 

or
 o

ve
ra

ll 
su

rv
iv

al
 e

nr
ol

lm
en

t, 
en

ro
llm

en
t o

nt
o 

W
om

en
's 

H
ea

lth
 In

iti
at

iv
e 

ex
te

ns
io

n,
 a

nd
 ra

ce
/e

th
ni

ci
ty

6

R
ed

an
ie

l e
t a

l.53
U

K
C

oh
or

t
52

,6
57

30
,2

10
≥

35
1.

02
0.

79
–1

.3
A

ge
, r

eg
io

n 
an

d 
BM

I
8

Ts
en

g 
et

 a
l.65

Ta
iw

an
C

oh
or

t
19

1,
19

5
28

5,
08

7
A

vg
 =

 5
7

0.
28

0.
25

–0
.3

1
A

ge
 a

nd
 o

be
si

ty
8

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5545 by U
niversity of W

isconsin,M
adison C

am
 D

epartm
ent of Pathology and, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



      |  11LU et al.

St
ud

y
G

eo
gr

ap
hi

c 
lo

ca
ti

on
St

ud
y 

de
si

gn
N

o.
 o

f 
ca

se
s

N
o.

 o
f 

co
nt

ro
ls

A
ge

R
R

/O
R

/H
R

95
%

 C
I

A
dj

us
tm

en
t

Q
ua

lit
y 

sc
or

e

C
he

n 
et

 a
l.66

Ta
iw

an
C

oh
or

t
2,

22
3

5,
10

2
≥

30
0.

8
0.

3–
2.

13
A

ge
, s

ex
, C

ha
rl

so
n 

co
m

or
bi

di
ty

 in
de

x,
 sm

ok
in

g-
re

la
te

d 
co

m
or

bi
di

tie
s, 

al
co

ho
l u

se
 d

is
or

de
rs

, m
or

bi
d 

ob
es

ity
, 

pa
nc

re
at

iti
s, 

hy
pe

rt
en

si
on

, m
on

th
ly

 in
co

m
e,

 a
nd

 
ur

ba
ni

za
tio

n 
le

ve
l

7

So
ffe

r e
t a

l.67
U

S
C

oh
or

t
4,

88
7

61
,8

91
18

–1
03

1.
08

0.
88

–1
.3

2
A

ge
 o

f i
nd

ex
 d

ia
be

te
s d

ia
gn

os
is

, r
ac

e/
et

hn
ic

ity
, E

R
T 

st
at

us
, s

ta
tin

 u
se

, C
ha

rl
so

n 
co

m
or

bi
di

ty
 in

de
x,

 a
nd

 
ou

tp
at

ie
nt

 u
til

iz
at

io
n

7

G
ar

ci
a-

Es
qu

in
as

 
et

 a
l.57

Sp
ai

n
C

as
e–

co
nt

ro
l

91
6

1,
09

4
20

–8
5

0.
95

0.
86

–1
.0

4
A

ge
, p

er
io

d,
 re

gi
on

, a
nd

 B
M

I
8

C
al

ip
 e

t a
l.68

U
S

C
oh

or
t

10
,0

50
9,

74
9

≥
40

1.
14

0.
68

–1
.9

1
O

th
er

 d
ia

be
te

s m
ed

ic
at

io
ns

, a
ge

 a
t c

oh
or

t e
nt

ry
, s

tu
dy

 
en

tr
y 

ye
ar

, s
m

ok
in

g 
st

at
us

, m
en

op
au

sa
l s

ta
tu

s, 
C

ha
rl

so
n 

sc
or

e,
 a

nd
 st

at
in

8

V
ic

en
tin

i e
t a

l.69
It

al
y

C
oh

or
t

7,
46

0
9,

56
6

20
–8

4
0.

69
0.

32
–1

.4
8

N
/A

7

H
os

io
 e

t a
l.70

Fi
nl

an
d

C
oh

or
t

37
6,

23
3

26
6,

55
7

≥
40

0.
94

0.
86

–1
.0

4
N

/A
6

D
an

kn
er

 e
t a

l.71
Is

re
al

C
oh

or
t

17
2,

94
8

14
2,

94
2

21
–8

7
0.

88
0.

56
–1

.3
9

A
ge

, s
ex

, s
oc

io
ec

on
om

ic
 st

at
us

, e
th

ni
c 

or
ig

in
, s

m
ok

in
g 

an
d 

pa
ri

ty
.

8

Su
ng

 e
t a

l.72
H

on
gk

on
g

C
oh

or
t

11
,3

65
22

,7
30

≥
18

1.
32

0.
88

–1
.9

7
A

ge
, s

ex
, a

nd
 c

om
or

bi
di

tie
s

7

N
ot

e: 
Q

ua
lit

y 
sc

or
e 

ba
se

d 
on

 N
ew

ca
st

le
-O

tta
w

a 
A

ss
es

sm
en

t s
ca

le
.

A
bb

re
vi

at
io

ns
: A

vg
, a

ve
ra

ge
; C

I, 
co

nf
id

en
ce

 in
te

rv
al

; H
R

, h
az

ar
d 

ra
tio

; O
R

, o
dd

s r
at

io
.

T
A

B
L

E
 2

 
(C

on
tin

ue
d)

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.5545 by U
niversity of W

isconsin,M
adison C

am
 D

epartm
ent of Pathology and, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12  |      LU et al.

Two review studies examined the risk of breast cancer 
for women with type 2 diabetes associated with metformin 
use. The review by Tang et al.24included 25 estimates from 
12 observational studies up to November 2016, which 
found no significant association between metformin 
exposure and risk of breast cancer (RR  =  0.93; 95% CI, 
0.85–1.03). Multiple estimates were included from some 
studies in this review as these studies included results for 
several different types of glucose-lowering medicines. Of 
the total 12 studies, Currie et al.,61 Ruiter et al.,85 Hsieh 
et al.,60 Tsilidis et al.,86 and Kowall et al.87 were not in-
cluded in the present study because their reference groups 
were sulfonylurea or insulin-based treatment users, while 
we only considered nonmetformin users as comparators 
as we suspect other glucose-lowering medicines may in-
crease or decrease the risk of breast cancer.88 Tang et al.24 
suggested the presence of publication bias based on their 
Egger's test.

Another study of the association between metformin 
use and breast cancer risk by Yang et al. included 11 es-
timates from nine studies, which reported a summary 
RR of 0.96 (95% CI, 0.76–1.22). Among the nine studies, 
Tsilidis et al.,86 Qiu et al.,89 and Hsieh et al.60 were not in-
cluded because their reference groups were either sulfo-
nylurea or insulin-based treatment users. Three estimates 
from different durations of metformin use were included 
in the same study done by Bodmer et al. In this analysis, 
we only included the estimate for the longest duration of 
metformin use from Bodmer et al.62 Evidence of publica-
tion bias was also observed in this review article based on 
Egger's test.25

Our meta-analysis included four additional studies 
published after 2016. However, similar to these stud-
ies, while we found a slightly lower summary RR (0.82; 

95% CI, 0.60–1.12), the association was not statistically 
significant.

The summary estimate was highly driven by the esti-
mate from Tseng et al.,65 which is a large-scale study re-
porting the lowest HR with the smallest standard error 
and accounted for a weight of 7.6% in our analysis. After 
removing this study, the summary RR increased dramati-
cally to 0.98 (95% CI, 0.89–1.07).

Unlike the previous reviews, no obvious evidence 
of publication bias among the studies was observed as 
the p value from Egger's test was 0.65. Although two 
prior reviews included estimates compared with other 
glucose-lowering medicines (sulfonylurea or insulin-
based treatments), we only selected studies having non-
metformin users as the reference group. Furthermore, 
although Egger's test can be used to assess the asym-
metry of funnel plots, it works better for continuous 
outcomes with intervention effects measured as mean 
differences.23 Therefore, other possible reasons might 
affect the reliability of our results. As discussed above, 
obesity and menopausal status could serve as two con-
founding factors that may have affected our results. 
Unfortunately, we could not conduct subgroup analyses 
with a focus on obesity and menopausal status due to the 
limited number of studies. We found the baseline charac-
teristics of the included metformin users were different 
across the included studies. Differences existed among 
the inclusion criteria for the minimum dose and length 
of use, and a stronger association was found among the 
few studies with a longer duration of metformin use. 
Another limitation of our study is that we cannot make a 
definite conclusion on the required dose of metformin to 
decrease the risk of developing breast cancer. This is be-
cause the studies included in this meta-analysis provide 

F I G U R E  4   Summary of relative risk of breast cancer according to the use of metformin among women with type 2 diabetes (CI, 
confidence interval; IV, inverse variance; SE, standard error)
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little information on the dose of metformin and therefore 
the minimum dose of metformin likely varies across the 
studies. Metformin, as a treatment for type 2 diabetes, 
lowers blood glucose levels, and research shows that the 
antitumor effect of metformin depends on both glucose 
availability and metformin concentration.90,91 Among 
the studies we included, only two studies adjusted their 
results with hemoglobin A1C (a measure of glucose con-
trol) test results,28,62 and the majority did not. The cohort 
study from Libby et al.28 included 4,085 cases and 4,085 
controls, and the result did not show a statistically sig-
nificant reduction of breast cancer risk associated with 
the use of metformin (RR = 0.60; 95% CI, 0.32–1.10). The 
case–control study from Bodmer et al.62 included 305 
cases and 1,153 controls, and the result indicated a pre-
ventive effect of metformin on breast cancer (RR = 0.42; 
95% CI, 0.21–0.77). The weights for these studies are rel-
atively smaller compared with other studies in the cal-
culation of the overall estimates because of their wide 
CIs. Therefore, we cannot make a definite conclusion 
based on these studies but suspect that blood glucose 
level could be another confounding factor affecting our 
estimates. In addition, patients who take metformin may 
also receive other glucose-lowering medicines, and there 
is no information on the number of such patients in most 
of the studies included in our meta-analysis, as other 
glucose-lowering medicines can serve as a confounding 
factor affecting our estimate of the risk of breast cancer.88

Overall, obesity and menopausal status could serve as 
confounding factors that may have affected our results. 
However, a limited number of observational studies ad-
justed for these two factors, and thus, future work could 
examine the effects of these two factors. Also, based on 
the estimates from these two meta-analyses, another fu-
ture research direction could be to optimize the decision-
making for women with type 2 diabetes regarding their 
use of metformin and the use of screening mammography 
for early detection of breast cancer.

5   |   CONCLUSION

Overall, we found women with type 2 diabetes were about 
15% more likely to be diagnosed with breast cancer than 
women without type 2 diabetes. A stronger association 
(RR = 1.22) was observed after the adjustment of BMI and 
menopausal status. Metformin use was not associated with 
a statistically significant reduction in breast cancer risk.
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