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RESEARCH DESIGN AND METHODSdA population-based case-control study was
conducted using 1,000 incident case subjects and 1,074 control subjects. Blood samples and
information on health, diet, physical activity, and anthropometric measurements were obtained.
RESULTSdThe association between diabetes and BC risk decreased with increasing tertiles of
moderate-intensity physical activity (odds ratio [OR] = 4.9 [95% CI 2.3–10.8]; 3.0 [1.3–6.9]; and
1.0 [0.1–9.2], respectively, for each tertile) (test for interaction = 0.04). Compared with the
women in the lowest tertiles, increased risk was observed in those premenopausal women with
the highest serum C-peptide, IGF-1, and IGF-1 binding protein 3 levels.
CONCLUSIONSdModerate-intensity physical activity can substantially ameliorate the increased BC risk in diabetic women.
Diabetes Care 35:2500–2502, 2012
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n Mexico, the prevalence of type 2
diabetes has shown a gradual rise in
recent decades (from 6.7% of adults
$20 years of age in 1993 to 14.4% in
2006). According to the 2006 National
Health and Nutrition Survey (Encuesta
Nacional de Salud y Nutrición 2006), its
prevalence in women increases with age:
14.2% in women aged 50–59 years and
21.3% in those aged 60–69 years (1).
It has been suggested that diabetes
increases the risk of breast cancer (BC)
(2); however, physical activity appears to
reduce the risk of BC (3) by increasing
insulin sensitivity (4). Therefore, the aim
of this study was to evaluate the effect of
diabetes on the risk of BC in pre- and

postmenopausal Mexican women, the interaction with moderate-intensity physical activity, and the association of several
biomarkers, including IGF-1, its binding
protein 3 (IGFBP3), and C-peptide with
the risk of BC in a subsample of premenopausal women.
RESEARCH DESIGN AND
METHODSdA multicenter, populationbased, case-control study was conducted
by the National Institute of Public Health
in Mexico City, Monterrey, and Veracruz
(including their metropolitan areas) from
January 2004 through December 2007.
Detailed methods and inclusion and
exclusion criteria have been described
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OBJECTIVEdTo evaluate the association between self-reported diabetes and the risk of breast
cancer (BC) and its interaction with moderate-intensity physical activity in pre- and postmenopausal Mexican women.

elsewhere (3). In brief, 1,000 incident BC
case subjects and 1,074 control subjects
aged 35–69 years were selected. The case
subjects were enrolled in the study soon
after being informed about of their diagnoses (median = 3 days), were histologically conﬁrmed, and had not been
previously treated with chemotherapy or
antihormonal therapy.
The control subjects were frequency
matched to the case subjects by 5-year age
categories, membership in a participating
health care institution, and place of residence. They were enrolled at approximately the same time as the BC diagnoses.
The control group was selected using a
multistage probabilistic design.
After informed consent was reviewed
and signed by all of the participants,
information on health status, reproductive history, dietary intake, and physical
activity was obtained through a questionnaire administered by trained nurses;
fasting blood samples were obtained
from all of the case and control subjects
at recruitment. Information on diet and
physical activity was obtained during a
typical week prior to the ﬁrst BC symptoms in order to reduce the possibility of
reverse causation bias. Physical activity
was estimated using a 7-day recall questionnaire that estimated an individual’s
time spent performing physical activities
(sleep and light-, moderate-, and vigorousintensity physical activity) (5).
A history of diabetes was self-reported
using the following question: Have you ever
been diagnosed by a qualiﬁed physician as
having diabetes (yes/no)? Self-reported diabetes has been used as an accurate disease
measure (6,7).
Diet during the year prior to the onset
of symptoms was assessed using a 104item semiquantitative food frequency
questionnaire by Willet (8) that had
been adapted to the Mexican population
and validated in Mexico City (9). Further
details have been provided in a previous
publication (3).
A random subsample of premenopausal women (244 case subjects and 320
control subjects) was selected for measuring: C-peptide, IGF-1, and IGFBP3.

Torres-Mejıa and Associates
The blood samples were frozen at temperatures between 220 and 2708C and processed no later than 4 weeks after the
blood was collected. The C-peptide,
IGF-1, and IGFBP3 levels were determined using radioimmunoanalysis at
Laboratorios Clınicos de Puebla, México
(ISO 9001:2008).
This study was approved by the Ethics Committee of the National Institute of
Public Health and the local committees
from participating hospitals.

RESULTSdCharacteristics of study
population have been described elsewhere
(3). Overall, the women who reported a diabetes diagnosis had an increased risk of BC

(OR = 2.1 [95% CI 1.5–2.8]). This association was statistically signiﬁcant for the postmenopausal women (2.7 [1.7–4.1]) but not
for the premenopausal women (1.4 [0.7–
2.6]) (Table 1). Additionally, the effect of
diabetes on BC risk in the postmenopausal
women decreased with increasing tertiles of
moderate-intensity physical activity: 4.9
(2.3–10.8) for the lowest tertile (#5 h/
week); 3.0 (1.3–6.9) for the second tertile
(5.1 to ,19 h/week); and 1.0 (0.1–9.2) for
the highest tertile (.19 h/week). The P
value for the interaction term comparing
the lowest two tertiles combined and the
highest (#19 vs. .19 h/week) was 0.04.
In the premenopausal subsample, a
statistically signiﬁcant association with
BC risk was observed when comparing
the highest C-peptide tertile versus the

Table 1dDiabetes and BC risk in Mexican women residing in Mexico City, Monterrey, and Veracruz. Risk Factors for Breast Cancer
in Mexico: Mammographic Patterns, Peptide C, and Growth Factors, a Multi-Center Study, 2004–2007
Premenopausal*

Diabetes
No
Yes
Moderate-intensity physical
activity (hours/week)
#5
5.1–19
.19
P for trend
Effect on diabetes of moderate-intensity
physical activity (hours/week)‡
#5
5.1–19
.19
Biomarkersx
C-peptide (ng/mL)
#1.2
1.3–2
2.1–7.2
IGF-1 (ng/mL)
#123.8
123.9–206.5
$206.5
IGFBP3 (ng/mL)
#2676
2677–3451
$3452

Postmenopausal†

Case (n)

Control (n)

OR

95% CI

Case (n)

Control (n)

264
26

346
33

1.0
1.4

0.7–2.6

273
101

361
85

122
110
58

136
110
133

1.0
1.2
0.5
P = 0.002

0.8–1.8
0.3–0.8

197
142
35

160
162
124

197
142
35

160
162
124

42
55
91

87
94
70

1.0
2.1
6.5

1.1–3.8
3.3–12.5

31
55
102

76
97
78

1.0
1.5
2.7

0.8–2.8
1.5–5.0

17
37
134

86
84
81

1.0
2.0
9.6

1.0–4.1
4.7–19.6

OR
1.0
2.7

1.0
0.7
0.3
P , 0.001

4.9
3.0
1.0

95% CI

1.7–4.1

0.5–1.1
0.2–0.4

2.3–10.8
1.3–6.9
0.1–9.2

*In a multiple model a priori adjusted for 5-year age categories, health care institution, and site, the model was also adjusted for: European ancestry, socioeconomic
status (low, medium, and high), BMI (body weight in kilograms/height in centimeters squared), waist/hip ratio, height in centimeters, parity (number of children born
alive), history of BC in ﬁrst-degree relatives (grandmother, mother, or sisters; yes/no), personal history of benign breast disease (yes/no), smoking at least 100 cigarettes
(yes/no), occasional intake of .1 alcohol drinks per month during $1 year (yes/no), ever using oral contraceptives (ever/never), age at menarche (years), moderateintensity physical activity (hours/week, in tertiles), daily energy intake (kcal) using the residuals method, and daily carbohydrate intake, lipid intake, and protein
intake in grams. †In a multiple model adjusted for the same variables used for the premenopausal women, ever using hormones during menopause (yes/no) and age at
menopause (years). ‡In the postmenopausal women, the P value for interaction was 0.044 when comparing the two lowest tertiles combined to the highest tertile; the
P value for the interaction was 0.07 when comparing all of the tertiles individually. xIn a multiple model, with each biomarker adjusted as in the general premenopausal model.

care.diabetesjournals.org

DIABETES CARE, VOLUME 35, DECEMBER 2012

2501

Downloaded from http://diabetesjournals.org/care/article-pdf/35/12/2500/612450/2500.pdf by guest on 26 September 2022

Statistical analyses
To evaluate the effect of moderate-intensity physical activity on BC risk, conditional logistic multiple-regression models
were used to estimate odds ratios (ORs)
and 95% CI (10). An interaction term

(diabetes and moderate-intensity physical
activity) was added to the model in postmenopausal women, and the effect of biomarkers on BC risk was assessed in
premenopausal women. We exclude anyone diagnosed before 25 years of age to
reduce the probability of including type 1
diabetes women (one pre- and four postmenopausal women). The models were a
priori adjusted for 5-year age categories,
health institution, site, well-known potential confounders, and European ancestry. Statistical analysis was performed
using STATA version 10 (Stata Corp.).

Physical activity, breast cancer, and diabetes
lowest (OR = 6.5 [95% CI 3.3–12.5]) and
the highest IGF-1 and IGFBP3 tertiles versus the lowest tertiles (Table 1).
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CONCLUSIONSdOur results suggest that moderate-intensity physical activity can substantially ameliorate the
increased BC risk observed in diabetic
women. These results are consistent with
the results of other studies involving
Hispanic women residing in the U.S.
These studies have observed a protective
effect against BC in diabetic women who
exercise regularly, possibly through a reduced insulin resistance (11). Data from
Mexico, Chile, Peru, Argentina, Brazil,
and the multicountry Pan American
Health Organization study showed a
prevalence of adult physical inactivity
from 50–91% (12–14). Given that higher
serum levels of C-peptide, IGF-1, and
IGFBP3 have been found to increase BC
risk, further studies are required to address this issue. Our results suggest that
IGF-1 and C-peptide offer a potential biological mechanism that explains the increased BC risk associated with diabetes.
There is an urgent need to detect and treat
diabetes early and promote physical activity to control weight and improve women’s health by improving public policy.
Research on chronic disease prevention
is a top research priority.
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