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Rosana Peiró-Pérez4,12 • Vicente Martı́n4,13 • Concepción Moreno-Iribas14,15 •

Adonina Tardón4,16 • Francisco Javier Caballero17,18 • Montse Puig-Vives19 •

Marcela Guevara4,14 • Tania Fernández Villa13 • Dolores Salas4,12 •

Pilar Amiano4,11 • Trinidad Dierssen-Sotos4,10 • Roberto Pastor-Barriuso1,4,9 •

Marı́a Sala20 • Manolis Kogevinas4,6,7,8,22 • Nuria Aragonés1,4,9 • Vı́ctor Moreno4,5,21 •

Marina Pollán1,4,9

Received: 2 September 2014 / Accepted: 12 April 2015 / Published online: 29 April 2015

� The Author(s) 2015. This article is published with open access at Springerlink.com

Abstract

Aims The aim of this study was to evaluate the asso-

ciation of diabetes and diabetes treatment with risk of

postmenopausal breast cancer.

Methods Histologically confirmed incident cases of

postmenopausal breast (N = 916) cancer were recruited

from 23 Spanish public hospitals. Population-based

controls (N = 1094) were randomly selected from primary

care center lists within the catchment areas of the par-

ticipant hospitals. ORs (95 % CI) were estimated using

mixed-effects logistic regression models, using the re-

cruitment center as a random effect term. Breast tumors

were classified into hormone receptor positive (ER? or

PR?), HER2? and triple negative (TN).

Results Diabetes was not associated with the overall risk

of breast cancer (OR 1.09; 95 % CI 0.82–1.45), and it was
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only linked to the risk of developing TN tumors: Among 91

women with TN tumors, 18.7 % were diabetic, while the

corresponding figure among controls was 9.9 % (OR 2.25;

95 % CI 1.22–4.15). Regarding treatment, results showed

that insulin use was more prevalent among diabetic cases

(2.5 %) as compared to diabetic controls (0.7 %); OR 2.98;

95 % CI 1.26–7.01. They also showed that, among

diabetics, the risk of developing HR?/HER2- tumors

decreased with longer metformin use (ORper year 0.89;

95 % CI 0.81–0.99; based on 24 cases and 43 controls).

Conclusion This study reinforces the need to correctly

classify breast cancers when studying their association with

diabetes. Given the low survival rates in women diagnosed

with TN breast tumors and the potential impact of diabetes

control on breast cancer prevention, more studies are

needed to better characterize this association.

Keywords Diabetes Mellitus � Breast cancer � Triple-
negative breast neoplasms � Metformin � Insulin

Introduction

Diabetes mellitus and cancer are two leading causes of

death and disability worldwide. In Europe alone, by 2011

there were around 52.6 million people with diabetes, and

10 % of deaths in adults were attributed to this disease [1].

In this same continent, an estimated 3.4 million cancer

cases and 1.75 million cancer deaths occurred during 2012.

Breast, colorectal, prostate and lung tumors represented

more than half of the overall burden of cancer [2].

Substantial evidence supports that type 2 diabetes is a

risk factor for the development of numerous types of

cancer, including those of the pancreas, liver, stomach,

colorectum, kidney, bladder, postmenopausal breast and

endometrium [3]. Still, a number of important questions

remain unanswered. First, it is unclear whether this asso-

ciation can be attributed to the existence of common risk

factors for both diseases (i.e., age, obesity, lack of physical

activity), or to the direct effect of insulin resistance and its

compensatory hyperinsulinemia and hyperglycemia. Se-

cond, the latency period from diabetes exposure to cancer

risk is unknown. Because changes in glucose concentra-

tions, insulin sensitivity or insulin secretion can precede

diagnosis of diabetes to up to 6 years [4], the increased risk

of cancer could also predate clinical diagnosis of diabetes

[5]. Finally, anti-diabetes medication may also modulate

the risk of cancer, and further research is needed to dis-

entangle the effects of diabetes from those derived from its

treatment. This is even more difficult if we take into ac-

count that most diabetic patients are treated with more than

one glucose-lowering drug at the same time and that

treatment schemes change over the course of the disease

according to its severity [6].

There is epidemiological evidence showing that the as-

sociation between breast cancer and its risk factors vary

according to the expression of tumor receptors. However,

few previous reports have explored the possible role of dia-

betes on specific breast cancer subtypes [7]. The objective of

this report is to evaluate the association between diabetes and

diabetes treatment with incidence of postmenopausal breast

cancers, overall and by specific subtypes.

Materials and methods

MCC is a population-based multicase–control study in

Spain. Incidence cases of histologically confirmed breast

tumors were recruited from 23 Spanish public hospitals

from 2008 to 2013. Inclusion criteria required that cases

had lived for at least 6 months in the same study area and

were 20–85 years of age. Age- and region-matched

population controls were randomly selected from primary

care center lists. Response rates were 71 % for breast

cancer and 72 % for controls, with no differences in the

main socio-demographic variables among those who par-

ticipated and those who refused to participate. All par-

ticipants who agreed to participate signed an informed

consent, and the study was formally approved by the cor-

responding ethics committee of each area. The MCC-Spain

study also followed the Declaration of Helsinki and the

Spanish Personal Data Protection Act of 1999.

Both cases and controls were interviewed by trained

personnel, collecting data on socio-demographic factors,

health behaviors, gynecologic/obstetric history, preexisting

medical conditions, treatments received and family history

of cancer. Waist and hip circumferences were measured at

the time of the interview.

In the present study, we initially included all cases of

postmenopausal breast cancer (N = 1018) and their mat-

ched controls (N = 1243). We then excluded women with

lack of information on diabetes status (N = 43 women)

and, in order to reduce the probability of including type 1

diabetic individuals as exposed, women who had been di-

agnosed of diabetes before the age of 45 (N = 19 women).

To allow for a minimum latency period and to avoid that

the clinical conditions that lead to diabetes and cancer di-

agnosis could overlap, we also excluded women who had

been diagnosed of diabetes B1 year before the diagnosis of

cancer (N = 12 women;). Finally, to obtain effect
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estimators adjusted by BMI, we excluded 177 women with

missing values, leading to a final sample of 916 cases/1094

controls. In a sensitivity analysis, we included these par-

ticipants and imputed their BMI to check the consistency of

our results (data not shown).

Variables definition

Time since diagnosis was computed as the age at interview

minus the age at fist diagnosis of diabetes. To allow for a

minimum latency period, all potential confounders that

could be modified by the disease (tobacco and alcohol

consumption, energy intake, physical exercise) were cen-

sored to 1 year prior to the interview.

Self-reported diabetic drugs were classified according

to the Anatomical Therapeutic Chemical Classification

System of the World Health Organization. Because the

number of participants per subgroup was small, only two

main categories are considered for this report: A10A

(insulin and analogs) and A10B (blood glucose-lowering

drugs, excluding insulin). In accordance with this,

diabetic participants were classified into three groups if

they had ever received this treatment for at least 1 year:

(1) conservative therapy, (2) treatment with blood glu-

cose-lowering drugs and (3) treatment with insulin

(±anti-diabetic agents).

Tumor classification

Trained personnel reviewed all pathologic records and

registered information regarding histological type and re-

ceptor status in breast cancer cases. Breast tumors were

divided into groups according to the presence/absence of

the estrogen receptor (ER), progesterone receptor (PR) or

the human epidermal growth factor receptor (HER2) as

follows: (1) hormone receptor-positive tumors (ER? or

PR? with HER2-); (2) HER2? tumors (independent of

ER or PR) and (3) triple-negative (TN) tumors (ER-, PR-

and HER2-).

Statistical analyses

Descriptive statistics of participant characteristics were

calculated for both cases and controls by diabetes status

(Table 1). To evaluate the association between diabetic

status and cancer risk, we fitted multivariate logistic mixed

models, including the study region as a random effect term,

and adjusted for age, educational level, BMI, age of me-

narche, age at first birth, existence of previous biopsies and

family history of the studied cancer. To study whether

diabetes treatment could be associated with cancer inci-

dence, we followed two strategies. First, we evaluated the

risk of cancer associated with different treatment regimens

(conservative, oral medication, insulin ± oral medication)

using the non-diabetic population as the reference category.

Then, we quantified the association between duration of

use of specific anti-diabetic drugs and cancer risk in the

diabetic subgroup.

To explore whether the effects of diabetes, diabetes

treatment or diabetes duration could differ by cancer sub-

type, multinomial logistic models were fitted, considering

in each case the aforementioned subtypes of breast cancer.

Heterogeneity of effects was tested using a Wald test

comparing the coefficients obtained for the different

subtypes.

As sensitivity analyses, we first adjusted all models for

waist-to-hip circumference instead of BMI. Second, we

further adjusted the models for tobacco and alcohol con-

sumption, energy intake and physical exercise when this

information was available (N = 1732). Third, we explored

the results of including participants with missing values in

BMI (N = 177) after performing multiple imputation on

this variable. Fourth, we further adjusted models on dia-

betes treatment by diabetes duration. Finally, we evaluated

whether the effect of diabetes varied across categories of

BMI by introducing an interaction term between the in-

dependent variable and BMI (non-obese vs. obese). All

sensitivity analyses gave similar results (data not shown in

tables).

Results

Table 1 shows the main characteristics of the study par-

ticipants. Compared to their controls, cases were slightly

younger and had greater BMI values. Diabetic women were

older, had lower education levels, higher prevalence of

obesity and were more likely to be diagnosed with TN

tumors than those without diabetes.

Table 2 shows the results for the association between

diabetes status, diabetes management and breast cancer

risk, overall and by subtypes. After multivariate adjust-

ment, diabetic women showed no overall increased risk

of breast cancer when compared to non-diabetics (OR

1.09; 95 % CI 0.82–1.45). However, significant hetero-

geneity of the effect was observed by intrinsic subtypes

(pheterogeneity\ 0.01), with a positive association encoun-

tered for TN tumors (OR 2.25; 95 % CI 1.22–4.15).

Compared to non-diabetics, diabetic women under con-

servative management, as well as those under treatment

with oral hypoglycemic agents, showed no overall in-

creased risk of breast cancer, although, again, the results

suggested a heterogeneous effect by tumor subtype. Con-

servative management was associated with a nonsignificant
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Table 1 Main characteristics of the female population by diabetic and cancer status

Characteristics Cases p-val1
a Controls p-val1

a p-val2
b

No DM (N = 835) DM (N = 81) No DM (N = 995) DM (N = 99)

Age 62.0 (8.7) 68.9 (8.0) \0.01 64.1 (9.14) 71.7 (8.4) \0.01 \0.01

Study level

No studies 168 (20.1) 33 (40.7) 192 (19.3) 41 (41.4)

\High school 319 (38.2) 27 (33.3) 357 (35.9) 32 (32.3)

High school 235 (28.1) 15 (18.6) 283 (28.4) 16 (16.2)

[High school 113 (13.5) 6 (7.4) \0.01 163 (16.4) 10 (10.1) \0.01 0.32

BMI (kg/m2)

\25 316 (37.8) 14 (17.3) 462 (46.4) 19 (19.2)

25–30 338 (40.5) 29 (35.8) 339 (34.1) 38 (38.4)

[30 181 (21.7) 38 (46.9) \0.01 194 (19.5) 42 (42.4) \0.01 \0.01

Age menarche

\12 years 171 (20.5) 13 (16.1) 213 (21.4) 23 (23.2)

12–13 years 378 (45.2) 39 (48.1) 445 (44.7) 33 (33.4)

[13 years 286 (34.3) 29 (35.8) 0.69 337 (33.9) 43 (43.4) 0.09 0.17

Age first birth 27.0 (26.3) 27.0 (4.8) 0.21 26.0 (26.4) 27 (26.4) 0.97 0.75

Family history BC

No 721 (86.4) 72 (88.9) 905 (91.0) 83 (83.8)

Yes 114 (13.7) 9 (11.1) 0.52 90 (9.1) 16 (16.2) 0.02 \0.01

Previous biopsies

No 742 (88.9) 76 (93.8) 979 (98.4) 98 (99.0)

Yes 93 (11.1) 5 (6.2) 0.17 16 (1.6) 1 (1.0) 0.65 \0.01

Screening behavior (mammogram last 5 years)

No 91 (8.8) 17 (15.9)

Yes 949 (91.3) 90 (84.1) 0.02 \0.01

DM characteristics

Duration – 8.73 (7.9) – 8.6 (7.1) 0.95

Treatment

Conservative – 14 (17.3) – 21 (21.2)

Drugs – 67 (82.7) – 78 (78.8) 0.51

Tumor characteristics

Bilateral

Yes 798 (97.6) 79 (97.5) – –

No 20 (2.4) 2 (2.5) 0.99 – – –

Histologic subtype

Ductal 608 (85.0) 64 (87.7) – –

Lobular 53 (7.4) 4 (5.5) – –

Other 54 (7.6) 5 (6.9) 0.80 – – –

*Subtypes

RH?, HER2- 529 (73.1) 51 (66.2) – –

HER2? 121 (16.7) 9 (11.7) – –

Triple- 74 (10.2) 17 (22.1) 0.01 – – –

Data are number of participants (percentage) for categorical variables or means (SD) for continuous variables

DM diabetes mellitus
a p-val1: p value from Chi-square or ANOVA test for differences in the distribution of the studied variables by diabetic status; b p-val2: p value

from Chi-square or ANOVA test for differences in the distribution of the studied variables by case/control status

* Numbers in tables differ because not all tumors could be classified according to intrinsic subtypes

102 Acta Diabetol (2016) 53:99–107

123



T
a
b
le

2
O
R

(9
5
C
I)

fo
r
th
e
as
so
ci
at
io
n
b
et
w
ee
n
d
ia
b
et
es
,
d
ia
b
et
es

m
an
ag
em

en
t
an
d
b
re
as
t
ca
n
ce
r
in

M
C
C
-S
p
ai
n
,
o
v
er
al
l
an
d
b
y
tu
m
o
r
su
b
ty
p
e

E
x
p
o
su
re

v
ar
ia
b
le
s

C
o
n
tr
o
ls

O
v
er
al
l

H
R

?
/H
E
R
2
-

H
E
R
2
?

T
N

p
-h
et

C
as
es

O
R

(9
5
%
C
I)

C
as
es

O
R

(9
5
%
C
I)

C
as
es

O
R

(9
5
%
C
I)

C
as
es

O
R

(9
5
%
C
I)

O
ve
ra
ll
p
o
p
u
la
ti
o
n

D
ia
b
et
es

N
o
n
-d
ia
b
et
ic

9
9
5

8
3
6

1
.0
0

5
3
0

1
.0
0

1
2
1

1
.0
0

7
4

1
.0
0

D
ia
b
et
ic

9
9

8
0

1
.0
9
(0
.8
2
–
1
.4
5
)

5
1

0
.9
4
(0
.6
8
–
1
.2
9
)

1
0

0
.8
3
(0
.3
8
–
1
.8
5
)

1
7

2
.2
5
(1
.2
2
–
4
.1
5
)

<
0
.0
1

D
ia
b
et
es

m
an
ag
em

en
t

N
o
n
-d
ia
b
et
ic

9
9
5

7
2
4

1
.0
0

5
2
9

1
.0
0

1
2
1

1
.0
0

7
4

1
.0
0

C
o
n
se
rv
at
iv
e
m
an
ag
em

en
t

2
1

1
4

0
.9
2
(0
.4
5
–
1
.8
8
)

6
0
.4
9
(0
.1
8
–
1
.3
2
)

5
2
.0
0
(0
.9
9
–
4
.7
1
)

1
*

<
0
.0
1

T
re
at
m
en
t
w
it
h
o
ra
l
h
y
p
o
g
ly
ce
m
ic

ag
en
ts

7
0

4
6

0
.8
3
(0
.5
5
–
1
.2
5
)

3
2

0
.8
5
(0
.5
8
–
1
.2
5
)

2
*

1
1

2
.1
3
(1
.0
8
–
4
.2
3
)

<
0
.0
1

T
re
at
m
en
t
w
it
h
in
su
li
n
(±

o
ra
l
h
y
p
o
g
ly
ce
m
ic

ag
en
ts
)

8
2
0

2
.9
8
(1
.2
6
–
7
.0
1
)

1
3

2
.9
4
(0
.7
4
–
1
1
.6
2
)

2
*

5
4
.8
1
(1
.3
1
–
1
7
.6
3
)

0
.1
7

D
ia
b
et
ic

p
o
p
u
la
ti
o
n

M
et
fo
rm

in
u
se

(y
ea
rs
)*
*

4
3

3
5

0
.9
5
(0
.8
6
–
1
.0
4
)

2
4

0
.8
9
(0
.8
1
–
0
.9
9
)

3
1
.1
1
(0
.9
5
–
1
.2
8
)

8
1
.0
2
(0
.9
2
–
1
.1
3
)

0
.0
1

S
u
lf
o
n
y
lu
re
a
u
se

(y
ea
rs
)*
*

2
4

1
8

1
.0
5
(0
.9
9
–
1
.1
3
)

1
3

1
.0
3
(0
.9
3
–
1
.1
3
)

1
*

4
1
.1
0
(1
.0
0
–
1
.2
0
)

0
.4
0

In
su
li
n
u
se

(y
ea
rs
)*
*

6
2
0

1
.1
0
(0
.9
8
–
1
.2
3
)

1
3

1
.1
1
(0
.9
3
–
1
.3
3
)

2
*

5
1
.0
7
(0
.8
3
–
1
.3
8
)

0
.9
1

N
u
m
b
er
s
m
ay

d
if
fe
r
d
u
e
to

la
ck

o
f
in
fo
rm

at
io
n
o
n
tu
m
o
r
re
ce
p
to
rs

in
so
m
e
p
ar
ti
ci
p
an
ts

M
o
d
el
s
fo
r
d
ia
b
et
es

an
d
d
ia
b
et
es

m
an
ag
em

en
t
ar
e
ad
ju
st
ed

fo
r
ag
e,

st
u
d
y
le
v
el

(n
o
st
u
d
ie
s/
\
h
ig
h
sc
h
o
o
l/
h
ig
h
sc
h
o
o
l/[

h
ig
h
sc
h
o
o
l)
,
B
M
I
(c
o
n
ti
n
u
o
u
s)
,
ag
e
at

m
en
ar
ch
e,

ag
e
at

fi
rs
t
b
ir
th
,

ex
is
te
n
ce

o
f
p
re
v
io
u
s
b
io
p
si
es

an
d
fa
m
il
y
h
is
to
ry

o
f
th
e
st
u
d
ie
d
ca
n
ce
r
(n
o
n
e/
o
n
e
fi
rs
t
d
eg
re
e/
m
o
re

th
an

o
n
e
fi
rs
t
d
eg
re
e/
se
co
n
d
d
eg
re
e)

M
o
d
el
s
fo
r
m
et
fo
rm

in
an
d
su
lf
o
n
y
lu
re
a
fu
rt
h
er

ad
ju
st
ed

fo
r
in
su
li
n
tr
ea
tm

en
t
(y
es
/n
o
)
an
d
fo
r
tr
ea
tm

en
t
w
it
h
o
th
er

h
y
p
o
g
ly
ce
m
ic

ag
en
t
(y
es
/n
o
),
w
h
il
e
m
o
d
el
s
fo
r
in
su
li
n
ar
e
ad
ju
st
ed

fo
r

tr
ea
tm

en
t
w
it
h
m
et
fo
rm

in
(y
es
/n
o
)
o
r
su
lf
o
n
y
lu
re
a
(y
es
/n
o
)

A
ss
o
ci
at
io
n
s
th
at

re
ac
h
st
at
is
ti
ca
l
si
g
n
ifi
ca
n
ce

ar
e
in

b
o
ld

*
V
al
u
es

ar
e
n
o
t
p
re
se
n
te
d
d
u
e
to

th
e
sm

al
l
n
u
m
b
er

o
f
ca
se
s
in

th
es
e
su
b
g
ro
u
p
s

*
*
B
as
ed

o
n
d
ia
b
et
ic

p
ar
ti
ci
p
an
ts

w
h
o
h
ad

re
ce
iv
ed

d
ru
g
tr
ea
tm

en
t
fo
r
at

le
as
t
1
y
ea
r

Acta Diabetol (2016) 53:99–107 103

123



risk of HER2 tumors, while treatment with oral hypo-

glycemic agents alone showed a positive link with TN

breast cancer. Diabetes treatment with insulin was associ-

ated with an overall increased risk of breast cancer (OR

2.98; 95 % CI 1.26–7.01).

The last part of Table 2 shows the association between

duration of specific anti-diabetic treatments and breast

cancer risk considering only diabetic women. Analyses

based on metformin use alone showed a heterogeneous

effect of this drug over different tumor subtypes: While the

number of years under metformin treatment was not as-

sociated with the risk of HER2 or TN tumors, a negative

association with the risk of HR?/HER2- breast cancer

was observed (ORper year 0.89; 95 % CI 0.81–0.99). Du-

ration of treatment with sulfonylurea was associated with a

nonsignificant increased risk of breast cancer, after ad-

justment for insulin and metformin use (ORper year 1.05;

95 % CI 0.99–1.13). Although we could not evaluate the

dose–response association between years of insulin glar-

gine use and cancer risk due to a lack of power, we found

that women who were receiving insulin glargine at the time

of the interview had an increased risk of breast cancer

when compared to women who had never received this

drug (OR 4.97; 95 % CI 1.09–22.7).

Interaction analyses revealed no effect modification of

BMI on the association between diabetes or diabetes

management and breast cancer risk.

Discussion

Our findings do not support an overall association between

diabetes and breast cancer, although they suggest an in-

creased risk of TN tumors in postmenopausal diabetic

women. They also suggest that insulin use may increase the

risk of breast cancer. Finally, results among diabetic pa-

tients indicate that the risk of developing HR?/HER2-

tumors may decrease with longer metformin use, while the

risk of TN tumors may increase with a longer duration of

sulfonylurea use.

Despite a number of meta-analyses linking diabetes

and breast cancer incidence in postmenopausal women,

results from three recently published large population-

based studies have raised uncertainty. The first of these

null studies retrospectively evaluated the risk of breast

cancer in postmenopausal women using data from the

Columbia Linked Health Database [8]. The second,

based on record linkage between the Danish National

Diabetes Register and Cancer Registry, found no as-

sociation between diabetes prevalence or diabetes du-

ration and breast cancer risk [9]. The third, which

included 68,019 postmenopausal women followed over

a mean of 11.8 years, also failed to find an overall in-

creased risk of breast cancer among those with diabetes

[10]. However, results from this last study were mod-

ified when diabetes medication was taken into account,

as a reflection of the importance of considering diabetes

treatment when studying the risk of cancer associated

with this disease. Women under treatment with ‘‘drugs

other that metformin’’ showed a nonsignificant in-

creased risk of breast cancer (hazard ratio 1.16; 95 %

CI 0.93–1.45), while those receiving metformin pre-

sented lower incidence (hazard ratio 0.75; 95 % CI

0.57–0.99).

Differences in breast cancer risk factors by intrinsic

subtypes are well documented, and some authors have

suggested that TN tumors may be more strongly associated

with insulin resistance [11]. Our results, showing a strong

association between diabetes and incidence of TN tumors,

would support this hypothesis. However, the few previous

epidemiological studies that have evaluated the influence

of diabetes on different breast cancer subtypes have yielded

contradictory results. In the Carolina Breast Cancer Study,

an increased risk of basal-like breast tumors was seen in

postmenopausal women with higher waist circumference

and waist-to-hip ratio [12]. However, although these

measures of central adiposity are well-known markers of

insulin resistance and were strongly associated with a

history of diabetes, no elevated prevalence of diabetes was

found in women with TN tumors when compared to other

breast cancer subtypes [12]. Results from the Study of

Osteoporotic Fractures showed that diabetes was associated

with a borderline significant increased risk of ER? and

PR? cancers, while no effect was seen for ER- or PR-

[7]. Finally, a retrospective cohort study focusing on the

metabolic syndrome as a whole instead of diabetes as an

individual component found a higher prevalence of this

syndrome in patients with TN tumors, with blood glucose

being an independent risk factor for this specific subtype

[13]. In light of these conflicting results, additional re-

search is warranted.

The biological mechanisms behind a potential increased

risk of breast cancer in women with diabetes are unknown,

although are probably related to alterations in circulating

concentrations of insulin, insulin-like growth factors and

endogenous sex hormones. Insulin and IGF-1 receptors are

frequently expressed in breast cancer cells [14], with evi-

dence that their signaling pathways are of crucial impor-

tance in the role of breast cancer tumorigenesis [15, 16],

also in the case of TN tumors [17]. Insulin has a paracrine

effect on secretion of adipokines [18], which may con-

tribute to the increasing risk of more aggressive breast

tumors. Additionally, insulin can inhibit the production of

sex hormone-binding globulin in the liver [19], with sub-
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sequent increased levels of free estradiol and increasing

proliferation of breast epithelial cells.

Diabetes treatment and risk of breast cancer

Metformin

Metformin is the most commonly used drug in patients

with type 2 diabetes. Experimental studies have shown that

this biguanide drug is capable of inhibiting the proliferation

of breast cells [20]. Additionally, it can induce apoptosis of

TN [21] and HER2-positive cells [22], and it can repress

the process of epithelial-to-mesenchymal transition [23].

Interestingly, metformin also reduces the growth of several

tumoral xenografts in mice including those established

from breast cancer cells [24].

The evidence on the association between metformin use

and the risk of breast cancer has been mixed in epi-

demiologic studies [25–27]. Results from most meta-ana-

lyses have suggested a nonsignificant decreased risk of

breast cancer in metformin users [25, 26], while no effect

has emerged from randomized clinical trials (RCTs) [26].

To date, only one previous study, based on data from the

Women’s Health Initiative clinical trials, has evaluated the

incidence of specific subtypes of breast cancer in diabetic

women under metformin treatment [10]. Interestingly,

findings from this study were very similar as those from

our study, with a protective effect of metformin only ob-

served for ER?/PR? and not ER-/PR- tumors.

Sulfonylurea

A meta-analysis using data from 296,904 subjects in cohort

studies found an increased risk of total cancer among

participants using sulfonylureas when compared to non-

sulfonylurea users [28]. However, data from 6573 subjects

in RCTs and 12,040 subjects in case–control studies failed

to demonstrate a similar association [28]. Regarding breast

cancer, the evidence is scarce and the few existing studies

have yielded inconsistent findings [29–31]. Our results

point toward a possible detrimental effect of sulfonylureas

on the risk of TN breast cancer.

Insulin

Insulin is a well-known growth factor with particularly

strong mitogenic effects over cancer cells. According to

our results, showing an increased prevalence of insulin use

among cases than among controls, insulin treatment may

increase the risk of breast cancer. However, because longer

duration of insulin use among diabetics was not associated

with breast cancer risk, this positive association cannot be

easily explained based on the mitogenic effects of this drug

and it can also reflect the influence of a longer duration of

diabetes among insulin users.

Results from a meta-analysis of observational studies

have lately shown an overall increased risk of cancer in

patients treated with insulin, although a nonsignificant in-

creased risk of breast cancer (RR 1.86; 95 % CI 0.92–2.98)

was reported [32]. Data from RCTs do not support that

insulin increases the risk of total cancer, although inter-

pretation of the results is limited because cancer is not

among the end points of interest. Additionally, the few

RCTs on insulin therapy that have reported data on cancer

have focused on mortality [33].

Available data from in vitro experiments suggest that

insulin glargine may have greater proliferative effects than

human insulin in some breast cancer cell lines [34]. This

finding is supported by observational studies showing that

glargine use may be associated with an increased risk of

breast cancer [35], at least at high doses and with long

duration of treatments [5, 33]. A population-based cohort

with more than 27,000 users of insulin glargine and

100,757 users of NPH has shown a 30 % increased risk of

breast cancer in patients with ever use of glargine (RR 1.3;

95 % CI 1.0–1.8) [36]. Our results also suggest an in-

creased risk of breast cancer, although the number of

women that specifically reported the use of glargine was

too small to reach any firm conclusion.

Strengths and limitations

This is the first population-based study that evaluates the

association between diabetes and breast cancer in the

Spanish population. Our main strength is that we have

histologically confirmed incident cases and that we have

classified tumors according to their receptor status. Very

few studies have previously evaluated the association be-

tween diabetes and breast cancer by specific subtypes, and

our results suggest the importance of this approach.

Since our results are based on a case–control study,

several methodological limitations may exist. First, dia-

betes history is self-reported and so it is subjected to recall

bias. According to the International Diabetes Federation,

around 35 % of the European diabetic population is una-

ware of having this condition [1]. However, we expect

underdiagnosis not to be so important in our population

because participants had frequent contact with the health

system, as reflected by their high prevalence of screening

behaviors. Additionally, results from a meta-analysis on

the association between diabetes and breast cancer showed

that findings were unchanged when the diagnosis of dia-

betes was self-reported or confirmed with medical records

[37]. Second, we were limited by the sample size, par-

ticularly for evaluating certain subgroup associations.

Third, it is hard to disentangle the effects of diabetes
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treatment from those of the disease itself. As an example,

diabetic patients receiving insulin are a subgroup with very

specific characteristics; they usually have more severe

forms of diabetes and greater prevalence of comorbidities

that can lead to an increased risk of cancer. Fourth, indi-

viduals receiving insulin usually visit their doctors more

frequently, and this may increase their probability of

screening and cancer detection. Additionally, we do not

have information on glycemic control, and we can there-

fore not evaluate its potential mediating role in the ob-

served associations. Finally, although many confounders

have been taken into account, we cannot rule out some

residual confounding by lifestyle-related factors associated

with both diabetes and breast cancer development.

Conclusions

Our findings do not support an overall association between

diabetes and breast cancer, but they provide some sug-

gestive hypothesis for associations with particular tumor

subtypes. Although our results should be interpreted with

caution due to limitations in sample size, results suggest

that diabetes may increase the risk of TN breast tumors.

Given the low survival rates in women diagnosed with TN

breast tumors, more studies are needed to better charac-

terize this association.
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