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Abstract: Low circulating levels of adiponectin and high levels of insulin-like growth factor-1 (IGF-1), C-reactive pro-
tein (CRP), and C-peptide have been shown to be related to postmenopausal breast cancer risk, and to partially
mediate the obesity-postmenopausal breast cancer association; however, data from prospective studies, especially
those limited to non-users of postmenopausal hormones, are sparse. To further evaluate these associations, we
measured these markers in a case-control study nested in the Cancer Prevention Study-Il (CPS-II) Nutrition Cohort.
Plasma samples from 302 postmenopausal breast cancer cases and matched controls were analyzed. None of the
women were taking postmenopausal hormones at blood draw. Multivariable-adjusted odds ratios (OR) and 95%
confidence intervals (Cl) were estimated using conditional logistic regression models. Low levels of total adiponectin
and high levels of total IGF-1 and CRP were associated with increased breast cancer risk, but associations were
not statistically significant. The association with C-peptide was statistically significant (T3 vs. T1: OR=1.63, 95% Cl
1.08-2.45; p-value for linear trend=0.001), but was slightly attenuated after further adjustment for BMI (T3 vs. T1:
OR=1.51, 95% CI 0.99-2.31; p-value for linear trend=0.004). The association between BMI and breast cancer risk
was attenuated toward the null after controlling for C-peptide (from OR=1.43 to OR=1.25 for BMI >30 kg/m? com-
pared to <25 kg/m?). The elevated risk of postmenopausal breast cancer associated with higher circulating levels
of C-peptide is consistent with a role of hyperinsulinemia in breast carcinogenesis, and might account for some of
the higher risk associated with obesity.
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Introduction terized by numerous proteins that can be read-
ily measured in serum. These investigations
focused primarily on obesity-related biomark-
ers, including total adiponectin [8] and
C-reactive protein (CRP) [9] to characterize the
inflammation pathway and C-peptide [10] in lieu
of insulin and IGF-1 [11] to characterize the
insulin/IGF-axis.

High body mass index (BMI) is an established
risk factor for postmenopausal breast cancer
[1-4]; however, the biological mechanisms
mediating this association are not completely
elucidated. Elevated circulating estrogen con-
centrations due to higher levels of aromatase
from adipocytes only partially explain the asso-

ciation between large body size and postmeno-
pausal breast cancer. Indeed, two large pro-
spective studies showed that the BMI-post-
menopausal breast cancer link persists even
after accounting for levels of blood estrogen
concentrations [5, 6]. Increasingly, investiga-
tions have explored inflammation and hyperin-
sulinemia as possible mediators of the relation-
ship between obesity and breast cancer risk
[7]. The inflammation pathway and the insulin/
insulin-like growth factor (IGF) axis are charac-

Epidemiologic studies consistently show that
the association between obesity and breast
cancer is limited to women who did not use
postmenopausal hormones at the time BMI is
assessed [12]. The excess estrogens from
postmenopausal hormone use likely masks an
association in the current users. A major limita-
tion of some of the published studies that
explored the mediating effects of obesity mark-
ers on the relationship between obesity and
postmenopausal breast cancer risk is the inclu-
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sion of women who were using postmenopaus-
al hormones at the time of blood collection.
Therefore, it is possible that some studies
might have missed important relationships
with these markers.

To better understand the associations of obesi-
ty-related markers and breast cancer risk, we
measured plasma levels of total adiponectin,
CRP, C-peptide, and total IGF-1 in a nested
case-control study of women who did not use
postmenopausal hormone in the American
Cancer Society’s Cancer Prevention Study-Il
(CPS-II) Nutrition Cohort. In this study, we exam-
ined the associations of each marker with risk,
and whether these markers mediated associa-
tions of BMI and waist circumference with risk.

Materials and methods
Study population

Women in this analysis were drawn from the
97,786 women in the CPS-Il Nutrition Cohort, a
prospective study of cancer incidence and mor-
tality established by the American Cancer
Society in 1992 as a subgroup of a larger mor-
tality study initiated in 1982 [13]. At enrollment
in 1992, most of the CPS-Il Nutrition Cohort
participants were 50-74 years of age.
Participants completed a mailed baseline
questionnaire on demographic, medical, behav-
ioral, environmental, and occupational factors.
Follow-up questionnaires were sent to cohort
members every two years starting in 1997 to
update exposure information and to ascertain
newly diagnosed cancer outcomes. Waist cir-
cumference was ascertained once as part of
the 1997 follow-up survey. With the 1997 sur-
vey, study participants were provided with a
tape measure and instructed to measure their
waist circumference just above the navel to the
nearest quarter inch, while standing, and to
avoid measuring over bulky clothing. BMI was
calculated from weight reported on the 1997
survey and height reported on the 1982 survey.
Incident cancers diagnosed through June 30,
2007 were self-reported on follow-up question-
naires and subsequently verified by obtaining
medical records or through linkage with state
registries when complete medical records
could not be obtained [21]. Interval deaths
between the biennial questionnaires were
obtained through linkage of the cohort with the
National Death Index [14].
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From 1998 to 2001, participants in the CPS-II
Nutrition Cohort were invited to provide a blood
sample at a medical facility in their community.
All participants provided informed consent and
completed a brief questionnaire about risk fac-
tors and parameters related to the blood collec-
tion. Non-fasting blood samples, including two
15-ml tubes containing EDTA and a 13-ml
serum separator tube, were provided by 21,956
female participants. Blood samples were
shipped chilled overnight to a central repository
where they were fractionated and placed in lig-
uid nitrogen freezers for long-term storage.

Subject selection

Of the 21,956 women that provided a blood
sample, we excluded those who reported a his-
tory of cancer prior to blood draw (except non-
melanoma skin cancer, n=3,274), were lost to
follow-up (n=17), were diagnosed with another
cancer prior to their breast cancer diagnosis
(n=17), were not postmenopausal (n=102), and
were using postmenopausal hormones at the
time of blood draw (n=9,637). From this popula-
tion, a total of 302 postmenopausal breast
cancer cases diagnosed between blood draw
and end of follow-up as of June 30, 2007 were
available for analysis. Each case was matched
to a randomly selected control who was alive
and cancer-free at the time of the case’s diag-
nosis and matched on race, birth date within 6
months, and blood draw date within 6 months.
The latter criteria had to be relaxed to match
four cases: two controls were matched to cases
with birth dates within one year, one control
was matched to a case with the birth date with-
in one year and the draw date within one year,
and one control was matched to a case with the
birth date and draw date within one and one-
half years.

Laboratory measurement

The plasma fraction of the blood samples was
used for these analyses. Circulating levels of
total adiponectin, C-peptide, total IGF-1, and
CRP were measured in the laboratory of Dr.
Michael Pollak at McGill University (Montreal,
Quebec, Canada) using analyte-specific, com-
mercially-available ELISA-based assays with
the exception of total IGF-1, which was mea-
sured using an immunoassay with chemilumi-
nescence. The identity of the samples, includ-
ing quality control (QC) replicates and
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Table 1. Relationships of circulating levels of analytes with blood collection parameters and select
breast cancer risk factors among 302 controls, Cancer Prevention Study-Il Nutrition Cohort

Characteristics N %  Total Adiponectin  Total Insulin-like  C-Reactive Protein C-peptide
(ng/ml) Growth Factor-1 (ng/ml) (ng/ml)
(ng/ml)
Median p-value! Median p-value® Median p-value® Median p-value*
All controls 302 13,239 99 1,801 3.9
Age (years) at blood draw
<65 59 195 12,773 106 1,808 3.3
65-69 64 212 11,825 109 1,597 3.8
70-74 106 35.1 13,281 94 1,655 4.0
75+ 73 242 14,015 0.08 96 0.04 1,957 0.85 4.6 0.07
Hours since last meal
<2 156 51.7 13,273 98 1,909 4.4
2-4 118 39.1 13,290 98 1,793 3.6
5+ 17 5.6 11,493 0.73 114 0.52 1,741 0.88 2.6 0.01
Unknown 11 3.6 12,115 116 708 4.8
Any alcohol consumed in 24 hours prior to blood draw
No 216 715 12,616 98 1,869 4.1
Yes 75 24.8 14,423 0.02 103 0.19 1,587 0.55 3.7 0.06
Missing 11 3.6 12,115 116 708 4.8
Usual alcohol consumption
Not current drinker 150 49.7 12,434 97 1,841 3.9
<1 drink/day 113 374 13,397 103 1,642 4.1
1+ drink(s)/day 22 7.3 14,010 0.46 102 0.08 1,502 0.32 3.9 0.93
Missing 17 5.6 12,583 92 2,323 3.9
Diagnosis of diabetes
No 273 90.4 13,303 99 1,655 3.8
Yes 19 6.3 8,999 0.01 112 0.27 2,697 0.01 5.3 0.01
Missing 10 3.3 13,422 74 2,359 4.4
Family history of breast cancer
Yes 56 18.5 15,185 97 1,565 3.5
No 246 815 12,493 0.005 99 0.73 1,818 0.42 4.1 0.14
Body mass index (kg/m?)
<25 141 46.7 14,551 104 1,046 3.4
25-<30 71 235 11,650 94 2,219 4.5
>30 55 18.2 10,440 0.001 96 0.21 4,161 <0.001 4.6 0.02
Missing 35 11.6 14,279 98 1,597 4.4
Weight change (Ibs) from age 18 to 1997
Loss >5 21 7.0 18,560 92 609 2.8
Loss 5 - Gain 5 31 10.3 15,635 96 844 3.0
Gain 6-20 50 16.6 14,263 113 1,003 3.7
Gain 21-40 92 305 12,118 101 1,801 4.4
Gain 41-60 29 9.6 9,812 112 3,024 4.0
Gain 61+ 42 139 10,263 <0.001 98 0.47 4,222 <0.001 5.2 <0.001
Missing 37 12.3 14369 96 1,830 4.4
Waist circumference (cm)
<80 94 311 15,428 102 907 3.2
80-88 67 222 13,273 102 1,912 3.9
158 Int J Mol Epidemiol Genet 2013;4(3):156-166
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>89 116 384 11,185 <0.001

Missing 25 83 13,278
Recreation physical activity (MET hours/week)

0 18 6.0 12,835

0.1-6.9 65 215 12,773

7.0-17.5 141 46.7 13,443

17.6-24.4 27 89 15,656

>24.5 27 89 10,065 0.05

Missing 24 79 13,909

98 0.45 2,792 <0.001 5.1 <0.001
96 1,660 4.0

91 1,815 5.1

109 2,476 4.1

97 1,601 3.9

110 1,801 2.8

97 0.74 1,501 0.15 4.2 0.11
98 1,724 3.9

p-value calculated using Wilcoxon rank sum test if the risk factor had two categories and using the Kruskal-Wallis test if the

risk factor had three or more categories.

case-control status, were blinded to the labora-
tory personnel. Each batch contained 37 sam-
ples including three QCs of which two were
identical and one was a replicate of QC samples
included in another batch. The between-batch
coefficient of variation (CVs) and intraclass cor-
relation coefficients (ICCs) for each analyte
were <10% and >98%, respectively. Each case
and her matched control were assayed in the
same batch.

Statistical approach

Five sets of cases and controls were excluded
from analysis of CRP (297 cases and 297 con-
trols remained in the analytical dataset for CRP)
because at least one subject in the pair had
CRP values exceeding 40,000 ng/ml, the clini-
cal cut-point foran acute inflammatory response
[15]. Included in analyses of total adiponectin,
total IGF-1, and C-peptide were 302 case-con-
trol pairs. Total adiponectin, C-peptide, total
IGF-1, and CRP values were categorized based
on tertiles of the control distribution.

Odds ratios (OR) and 95% confidence intervals
(Cl) were estimated using multivariable logistic
regression models, conditional on the matched
sets. Potential confounders that were related to
at least one analyte in the control population
and associated with breast cancer risk in the
nested case-control study were included in the
parsimonious multivariable model, including
time from last meal to blood draw, alcohol in
the 24 hours before blood draw, prior diagnosis
of diabetes, and family history of breast cancer.
Other covariates considered but not included in
the parsimonious model were measures of time
of blood draw (season of blood draw and hour
of blood draw) and known or suspected breast
cancer risk factors (history of benign breast dis-
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ease, former use of postmenopausal hor-
mones, age at menopause, age at first birth
and parity, age at menarche, use of oral contra-
ceptives, and usual alcohol consumption). We
additionally considered whether these biomark-
ers were associated with breast cancer risk
independent of potential upstream determi-
nants of the biomarkers, by adding recreational
physical activity, waist circumference, BMI (cal-
culated as weight (kg) / height (m) squared),
and adult weight change individually to the par-
simonious multivariable model. Lastly, we
examined the final multivariable model with
BMI and the four biomarkers under study simul-
taneously. To examine associations of breast
cancer risk with BMI and waist circumference,
unconditional logistic regression models were
adjusted for age, education, age at menarche,
age at first birth, parity, age at menopause,
active smoking status, family history of breast
cancer in a sister or mother, history of breast
cysts, alcohol consumption, and recent mam-
mogram. Linear tests of trend for the analytes
were conducted by modeling the continuous
variables.

Sensitivity analyses were conducted to assess
whether undiagnosed breast cancer might
affect analyte values by excluding breast can-
cer cases (and matched controls) diagnosed
less than one year after blood collection (n=47
pairs) and to assess the influence of insulin
usage by excluding women who reported taking
insulin at the time of blood draw (n=10 pairs).

Results
Relationships with analytes among controls

Among controls, the mean and standard devia-
tion of the biomarkers were 14,273 + 7,094
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Table 2. Multivariable-adjusted* odds ratios (OR) and 95% confidence intervals (Cl) of the association
of biomarkers with breast cancer risk among postmenopausal women who did not use postmeno-

pausal hormones at the time of blood collection, Cancer Prevention Study-ll Nutrition Cohort

Analytes Case N (%) Control N (%) Multivariable-adjusted* Body Mass Index + Multivariate-
OR (95% Cl) adjusted?
OR (95% Cl)
Total adiponectin (ng/ml)
3,896-10,095 97 (32.1) 100 (33.2) 1.00 1.00

>10,095-15,627 112 (37.1) 101(33.4)
>15,627-51,376 93 (30.8) 101 (33.4)
p for trend?
Total insulin-like growth factor-1 (ng/ml)

39.4-88.5 93 (30.8) 101 (33.4)
>88.5-114.1 93 (30.8) 100 (33.2)
>114.1-198 116 (38.4) 101 (33.4)

p for trend?
C-reactive protein (ng/ml)

107-1,076 91 (30.6) 99 (33.3)
>1,076-2,669 100 (33.7) 99 (33.3)
>2,669-28,647 106 (35.7) 99 (33.3)
p for trend?
C-peptide (ng/ml)
0.90-3.09 82(27.2) 102 (33.8)
>3.09-5.15 92 (30.6) 99 (32.8)
>5.15-13.55 127 (42.2) 101 (33.4)

p for trend?

1.02 (0.67, 1.55)
0.81(0.52, 1.24)
0.26

1.00

0.98 (0.64, 1.51)

1.21 (0.81, 1.82)
0.12

1.00
1.08 (0.71, 1.64)
1.19 (0.79, 1.79)
0.10

1.00
1.22 (0.80, 1.85)
1.63 (1.08, 2.45)
0.001

1.01 (0.66, 1.53)
0.84 (0.54, 1.30)
0.38

1.00
1.07 (0.69, 1.66)
1.28 (0.85, 1.93)
0.08

1.00
1.03 (0.67, 1.60)
1.09 (0.70, 1.70)
0.16

1.00

1.17 (0.77, 1.80)

1.51 (0.99, 2.31)
0.004

The conditional logistic regression models included cases and controls matched on age and race and adjusted for time from
last meal to blood draw, alcohol in the 24 hours before blood draw, prior diagnosis of diabetes, and family history of breast

cancer. ?p for trend was calculated using the continuous variable.

ng/ml for adiponectin, 103.7 £ 30.6 ng/ml for
total IGF-1, 2,912 + 3,408 ng/ml for CRP, and
4.56 + 2.43 ng/ml for C-peptide. There were
weak to no pairwise correlations for total adipo-
nectin, total IGF-1, CRP, and C-peptide (Pearson
partial correlation coefficients ranged from
-0.30 to 0.16; results not shown). IGF-1 levels
were lowest among older women (p=0.04) but
age was not related to levels of total adiponec-
tin, CRP, or C-peptide (Table 1). C-peptide levels
significantly varied by time since last meal with
lowest levels in women fasting for five hours
(p=0.01). Women who consumed alcohol 24
hours prior to blood collection had higher levels
of adiponectin compared to women who
abstained (p=0.02); however, usual alcohol
consumption was not associated with adipo-
nectin levels (p=0.46). Women with type 2 dia-
betes had lower levels of adiponectin (p=0.01)
and higher levels of CRP (p=0.01) and C-peptide
(p=0.01) than women without diabetes. Women
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with a family history of breast cancer had high-
er levels of adiponectin (p=0.005). BMI at
baseline, weight gain from age 18 to age in
1997, and waist circumference were inversely
associated with adiponectin, but positively
associated with CRP and C-peptide. IGF-1 was
not associated with any anthropometric factor.
MET-hours per week of physical activity was not
associated with any of the analytes.

Associations of breast cancer with obesity
markers

In the multivariable-adjusted model, there were
suggestions of associations of low levels of
total adiponectin and high levels of total IGF-1,
and CRP, with breast cancer risk but results
were not statistically significant (Table 2).
Women with C-peptide levels in the highest ter-
tile compared to the lowest tertile had a 63%
higher risk of breast cancer (OR=1.63, 95% Cl
1.08-2.45; p for trend=0.001).

Int J Mol Epidemiol Genet 2013;4(3):156-166
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Table 3. Multivariable-adjusted odds ratios (OR) and 95% confidence intervals (Cl) of the association
of body size variables with breast cancer risk among postmenopausal women who did not use post-
menopausal hormones at the time of blood collection, Cancer Prevention Study-Il Nutrition Cohort

Body Size Variables  Case N (%) Control N (%)

OR (95% Cl)

Multivariable-adjusted* C-peptide + Multivariable-adjusted*

OR (95% Cl)

Body mass index (kg/m?)
<25.0 121 (44.3) 141 (52.8)

25.0-29.9 94 (34.4) 71 (26.6)
>30.0 58 (21.2) 55 (20.6)
p for trend?
Per 1 kg/m? unit
Waist circumference (cm)
<80.0 78 (28.0) 94 (33.9)
80.0-88.9 73(26.2) 67 (24.2)
>89.0 128 (45.9) 116 (41.9)
p for trend?
Per 10 cm

1.00
1.62 (1.07, 2.46)
1.43 (0.88, 2.32)
0.21
1.02 (0.99, 1.06)

1.00
1.38 (0.86, 2.23)
1.56 (1.02, 2.37)
0.02
1.17 (1.02, 1.34)

1.00

1.48 (0.97, 2.26)

1.25 (0.76, 2.06)
0.51

1.01 (0.98, 1.05)

1.00
1.24 (0.76, 2.01)
1.31(0.84, 2.05)
0.13
1.12(0.97, 1.29)

The unconditional logistic regression models were adjusted for age, education (< high school graduate, some college, college
graduate, missing), age at menarche (<12, 12, 13, 214 years, missing), age at first birth and parity (nulliparous, age <25 and
1-2 births, age <25 and 3+ births, age >25 and 1-2 births, age >25 and 3+ births, missing) age at menopause (<50, 50-54,
55+, missing), active smoking (never, current, former, missing), family history of breast cancer in a sister or mother (yes, no),
history of breast cysts (yes, no), alcohol consumption (not current drinkers, <1 drink/day, 1+ drinks/day, missing), and recent
mammogram (never or not recent, in last 2 years, unknown). 2p for trend was calculated using the continuous variable.

Associations of adiponectin, IGF-1, and CRP
with breast cancer risk still did not reach the
level of statistical significance after controlling
for BMI. Additional control for BMI slightly
attenuated the association between C-peptide
levels and breast cancer risk, but the associa-
tion was still statistically significant (p for
trend=0.004; Table 2). Further adjustment for
the other markers under study only slightly
attenuated the association between C-peptide
levels and breast cancer risk (T3 vs. T1:
OR=1.44, 95% Cl 0.90-2.29; p-value for linear
trend=0.10; data not otherwise shown).

The association between C-peptide levels and
breast cancer risk appeared slightly stronger
among women aged 70 years or older (T3 vs.
T1: OR=2.06, 95% CI 1.16-3.65) compared to
women younger than 70 years (T3 vs. T1:
OR=1.49, 95% Cl 0.75-2.96), although this dif-
ference was not statistically significant (p for
interaction: 0.43; data not otherwise shown).

Results were similar to those in Table 2 after
removal of women diagnosed with breast can-
cer within one year of blood collection and after
removal of women using insulin at the time of
blood collection (data not shown).
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Associations of breast cancer with anthropo-
metric factors

In this analytical dataset, BMI in a range of
25.0 to 29.9 kg/m? and >30.0 kg/m?, com-
pared to BMI <25.0 kg/m?, were associated
with higher risk of breast cancer, although the
results for BMI >30.0 kg/m? were not statisti-
cally significant (Table 3). The highest tertile of
waist circumference, compared to the lowest,
was positively associated with risk of breast
cancer. Controlling for C-peptide levels attenu-
ated the magnitude and strength of the asso-
ciations with BMI and waist circumference
(Table 3).

Discussion

In our study of postmenopausal women who
were not using exogenous hormones at the
time of blood collection, circulating C-peptide
levels were statistically significantly positively
associated with subsequent risk of breast can-
cer. Although controlling for BMI slightly attenu-
ated the breast cancer association, the magni-
tude of the relative risk with C-peptide still
suggested a moderate relationship. C-peptide
only explained a portion of the associations of
BMI and waist circumference with breast can-
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cer risk. Low levels of total adiponectin and
high levels of total IGF-1 and CRP also were
associated, albeit not statistically significantly,
with breast cancer risk.

Although our results for adiponectin, IGF-1, and
CRP were not statistically significant, the mag-
nitude of the relative risks was consistent with
previous findings. In the largest prospective
cohort study published to date, including
approximately 226 postmenopausal cases and
501 controls who never used postmenopausal
hormones, the BMI-adjusted relative risk for
the highest versus lowest quartile of serum lev-
els of adiponectin was 0.57 (95% CI1 0.35-0.93);
no association was detected in ever postmeno-
pausal hormone users [8]. Although two other
prospective studies failed to detect an associa-
tion, their results were not stratified by post-
menopausal hormone use [16, 17]. Given that
adiponectin has potent insulin-sensitizing
effects [18] and is expressed with its receptors
in breast epithelial cells [19-22], additional epi-
demiology studies with prospectively collected
blood are needed to further evaluate its asso-
ciation with postmenopausal breast cancer
risk. Consistent with its mitogenic and anti-
apoptotic activity [23, 24], a recent pooled
analysis of 17 prospective studies showed a
positive association between IGF-I and the risk
of breast cancer in postmenopausal women
(Q5 vs. Q1: RR=1.33, 95% CI 1.14-1.55, p for
trend=0.0002) [11]. Obese women have higher
levels of CRP than normal weight women [25].
In a meta-analysis of five prospective studies
with 1,240 cases, a log unit increase in CRP
levels, controlled for BMI, was associated with
a borderline, 1.10-fold increase in postmeno-
pausal breast cancer risk (OR=1.10, 95% CI
0.97-1.26); none of the studies included in the
meta-analysis excluded postmenopausal hor-
mone users [9].

Unlike the positive association between breast
cancer risk and C-peptide levels observed in
the CPS-IlI Nutrition Cohort, most other pro-
spective studies showed no association overall
[10, 16, 26, 27]. However, results from two
studies that specifically examined older post-
menopausal women showed high C-peptide
levels were associated with greater risk of
breast cancer [10, 16]. In the largest study to
date, which was conducted within the European
Prospective Investigation into Cancer and
Nutrition cohort and included 1,141 breast
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cancer cases and 2,204 matched controls,
high C-peptide levels were not associated with
breast cancer risk overall; whereas, a positive
association was observed among women over
age 60 years (Q5 vs. Q1: OR=1.69, 95% CI 0.97-
2.95) [10]. Similarly, in a Swedish cohort,
C-peptide levels were not associated with risk
among women <55 years, but were associated
with a statistically non-significant higher risk
among women 55 years or older (T3 vs. T1:
OR=1.32, 95% CI 0.84-2.05) [16]. These obser-
vations suggest that the association of breast
cancer with C-peptide might be limited to older
women. Alternatively, the association might
only be observable in women who do not use
postmenopausal hormones as our study was
restricted to non-users of postmenopausal hor-
mones, while in other studies older women
would be less likely than younger women to be
using hormones at blood collection.

Although C-peptide has no biological function
of its own [28, 29], it has a longer half-life than
insulin [30], and therefore provides a better
measure of insulin secretion from the pancre-
as when specimens were not collected under
fasting conditions [31-33]. Insulin is a growth
factor for a wide range of tissues, including the
breast, and plays a significant role in normal
breast development [34]. Specifically, binding
of insulin to its receptor can promote cell prolif-
eration by activation of the mitogen-activated
protein kinase (MAPK) and the phosphoinosit-
ide 3-kinase (PI-3K) pathways [23, 24]. In addi-
tion, insulin increases the bioavailability of
estrogen by down-regulating hepatic sex hor-
mone binding protein synthesis and can sensi-
tize the estrogen receptor to estrogen thereby
enhancing its activity [35]. The results for
C-peptide are consistent with the moderate
association between diabetes and postmeno-
pausal breast cancer risk [36], and particularly
with recent evidence that women are at highest
risk of breast cancer in the years leading up to
diabetes mellitus diagnosis [37], when insulin
and C-peptide levels would be the highest.

Although smaller cohort studies failed to detect
an association [38-40], in the Women’s Health
Initiative, the largest study to-date with pro-
spectively-collected specimens from fasting
women not using postmenopaual hormones,
high levels of insulin were associated with a
two-fold higher in breast cancer risk compared
to the lowest level, independent of estradiol
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[41]. In aggregate, results from studies with
prospectively collected blood samples suggest
that hyperinsulinemia, measured directly by cir-
culating levels of fasting insulin or indirectly by
C-peptide, is associated with postmenopausal
breast cancer.

In our study, the association between BMI and
breast cancer risk was only modestly attenuat-
ed by adjustment for C-peptide levels. This
result supports the hypothesis that excess
weight might increase risk of postmenopausal
breast cancer partly through hyperinsulinemia
and partly through other mechanisms.

Our study benefitted from a restricted study
population of non-hormone users at the time of
blood collection, which might have provided
additional power compared to similarly sized
studies. While we only used a single baseline
measurement, prior evidence indicates that the
markers of interest exhibit sufficient temporal
stability to be reliable indicators of long-term
exposure. For example, we previously found
adiponectin varied only by 11% over a 2-3 year
period, based on data from a cohort of post-
menopausal women, most aged 51 to 70 years,
with blood samples collected and stored in a
manner similar to the CPS-Il samples [17]. Also,
several other studies have shown that levels of
IGF-1[38, 42, 43], CRP [44], and C-peptide [38,
45] in women are stable over several time
points, suggesting that their measurement at
one time point should not impact our observed
results. In our study, we measured total IGF-1
and total adiponectin; it is possible that stron-
ger associations might be observed for the
biologically-active fractions of these molecules,
namely free IGF-1 [46] and high molecular
weight adiponectin [47].

The results from the CPS-Il Nutrition Cohort
provide additional evidence that hyperinsu-
linemia, as measured by circulating C-peptide,
is associated with risk of postmenopausal
breast cancer. Interventions to reduce hyperin-
sulinemia might be effective strategies for low-
ering risk of postmenopausal breast cancer.
However, our results also suggest that addition-
al research is needed to identify other meta-
bolic perturbations caused by obesity that
increase risk of postmenopausal breast
cancer.
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