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This cross-sectional study was designed specifically to
determine whether plasma levels of IGF-I, IGFBP-3, and the
molar ratio IGF-I/IGFBP-3 (an indicator of bioavailability of
IGF-I) were separately related to mammographic breast
density among premenopausal and postmenopausal women.
Data also allowed examination of the combined relation of
IGF-I and IGFBP-3 with breast density.

Materials and Methods

Study Population and Recruitment Procedures. The study
subjects were women who received a screening mammogram
between February 2001 and March 2002 at two private
radiology clinics. Women were considered to be having a
screening mammogram if they were referred for (a) a
mammography within the Quebec organized breast cancer
screening program (Programme québécois de dépistage du
cancer du sein), (b) a routine periodic mammography in the
absence of any breast problem (such as family history of breast
cancer) even if outside of the Programme québécois de
dépistage du cancer du sein, or (c) a routine periodic
mammography for follow-up of a known and stable benign
breast condition.

To be eligible for the present study, women were either
premenopausal if they had at least one natural menstrual cycle
within 12 months or were younger than 48 years (if a
nonsmoker) or 46 years (if a smoker) after hysterectomy
without bilateral oophorectomy or use of hormonal derivatives
(35). They were considered postmenopausal if they reported
complete cessation of menses for at least 12 months, radiation-
induced menopause, or bilateral oophorectomy or were at least
ages 56 years (if a nonsmoker) or 54 years (if a smoker) after
hysterectomy without bilateral oophorectomy or use of
hormonal derivatives (35). Finally, eligibility was restricted to
women not taking hormone medication, including oral contra-
ceptives or postmenopausal hormones, within 3 months of the
mammography, never having used tamoxifen or raloxifene,
not pregnant, without a history of cancer at any site, without
breast reduction or implants, and without diabetes mellitus,
dwarfism/acromegaly, or thyroid, adrenal, or hepatic disease.
No restriction criteria on age were applied.

Eligible women who accepted to participate provided
written consent, including authorization for blood sampling
and banking of samples, to provide information on breast
cancer risk factors, to borrow, digitize, evaluate, and keep a
digitized copy of their mammogram, and to review medical
records to obtain the results of the mammographic examina-
tion, including pathologic findings. Women with known
cognitive deficit of any cause were excluded because of
impaired ability to provide informed consent.

Of the 9,559 women who received a screening mammogram
and were approached, 1,021 refused to participate in our
study. In the remaining 8,538 women, 6,924 were ineligible
because they were using hormonal derivatives (n = 4,987) or
did not meet other eligibility criteria (n = 1,937). A total of 800
premenopausal and 814 postmenopausal women were identi-
fied as potentially eligible for the study and provided
informed consent. Among these women, 7 women (n = 1
premenopausal and n = 6 postmenopausal) were found
ineligible during the interview because they had had a breast
reduction (n = 1 postmenopausal), they used hormone
replacement therapy within the last 3 months (n = 1
premenopausal and n = 3 postmenopausal), they used
raloxifene (n = 1 postmenopausal), or they had uncertain
menopausal status (n = 1 postmenopausal). After the review of
the reports provided by the radiologists, 9 women (n = 8
premenopausal and n = 1 postmenopausal) were excluded
because they did not meet our definition of screening
mammogram and 7 women (n = 4 premenopausal and n = 3

postmenopausal) were excluded because the investigation
recommended by the radiologists following their screening
mammogram led to a diagnosis of breast cancer. In the
remaining 787 premenopausal and 804 postmenopausal
women, a blood sample could not be obtained for 3 post-
menopausal women and film mammograms were not avail-
able for 3 women (n = 2 premenopausal and n = 1
postmenopausal). Finally, 10 women (n = 2 premenopausal
and n = 8 postmenopausal) declined to be interviewed and 1
postmenopausal woman revoked her participation. Therefore,
a total of 783 premenopausal and 791 postmenopausal women
were eligible for the present analysis. Of those, 99.5% were
recruited at the Clinique Radiologique Audet (n = 1,566) and
8 were recruited at the Clinique de radiologie Saint-Pascal.

Data Collection

Anthropometric Measures and Blood Sampling at Time of
Mammography. Women wearing light clothing without shoes
were weighed (kg), and height (cm) was measured by a trained
research nurse. Waist circumference was measured using a
soft tape midway between the lowest rib margin and the iliac
crest in the standing position, and hip circumference was
measured over the widest of the gluteal region. From these
measurements, the body mass index (BMI; kg/m2) and waist-
to-hip ratio (WHR; an indicator of central body fat distribu-
tion) were obtained. For each woman, blood (20 mL) was
drawn and fasting status was recorded as the number of hours
since last meal. Anthropometric measures and blood sampling
occurred at time of mammography for 95.4% of the subjects
(n = 1,501), with an average F SD of 0.4 F 1.9 day between the
time of the mammogram and when the blood was drawn. For
premenopausal women, the first day of the last menstrual
cycle was documented. In addition, a calendar was distributed
to indicate the first day of the menstrual cycle after their
mammogram and to transmit this information during the
phone interview. Age (years) at time of the mammogram
was recorded for all women. Finally, each woman received a
validated (36) and self-administered semiquantitative food
frequency questionnaire (97GP copyrighted at Harvard Uni-
versity) and was requested to return it by mail once completed.
Intake of foods obtained through the questionnaire was trans-
lated into nutrient intake, including energy intake (kcal/d), at
the Channing Laboratory of Harvard University (Boston, MA).
This semiquantitative questionnaire was answered by 99.3% of
women (n = 1,563).

Information during Telephone Interview. Data on potential
breast cancer risk factors were collected by trained inter-
viewers using a questionnaire designed for this study. Risk
factors for breast cancer included reproductive history, family
history of breast cancer, history of breast biopsies, past use of
hormonal derivatives, smoking status, alcohol intake, educa-
tion, and physical activity. For the latter, the level of physical
activity in metabolic equivalents-hour/wk was assessed using
the Nurses’ Health Study II Activity and Inactivity Question-
naire (37) and the classification by Ainsworth et al. (38) for the
metabolic equivalent. Phone interviews took place on average
F SD of 27 F 13 days after the mammogram; 72.7% of the
subjects had their interview within 1 month of their screening
mammogram.

Digitization of Mammograms and Assessment of Mammographic
Features. All mammograms were digitized using a Kodak
Lumiscan85 digitizer at 260 Am per pixel (0.067 mm2 per pixel),
which creates a 12-bit gray scale image that is linear in the
absorbance range 0 to 4.0. Calibration of the scanner was
verified before each utilization. All mammograms were
reviewed by one of the authors (C.D.). This reviewer was
trained in the assessment of breast density using a set of
mammographic images (n = 110) previously read by one of
the authors (C.B.) who has experience in the assessment
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P = 0.027) compared with the third tertile of IGFBP-3 (rs =
�0.039; P = 0.530). Similarly, within the highest tertile of IGF-I,
the adjusted mean breast density was lower with ascending
levels of IGFBP-3 (53.8%, 41.4%, and 39.5%). From Table 3,
multivariate-adjusted correlation of IGFBP-3 with breast
density was stronger in the highest tertile of IGF-I (rs =
�0.150; P = 0.016) compared with the lowest tertile of IGF-I
(rs = �0.008; P = 0.904).
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at low compared with high levels of IGFBP-3. Similarly, the
association of IGFBP-3 with breast density was stronger at high
compared with low IGF-I levels. Thus, the highest breast
density was observed for women with the combination of high
IGF-I and low IGFBP-3. To our knowledge, combined IGF-I and
IGFBP-3 levels have not been investigated in relation with
breast density. However, the combination of high IGF-I with
low IGFBP-3 levels is related to an increased risk of ductal
carcinoma in situ of the breast among premenopausal women
compared with those with a combination of low IGF-I and high
IGFBP-3 (13). Prospective data from the Physicians’ Health
Study on advanced-stage prostate cancer risk (47) and colorectal
cancer risk (48) also suggest that patients with a combination
of high IGF-I and low IGFBP-3 levels incur the greatest risk.
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density should be relatively small, most likely be random, and
therefore should not have biased our results. Thirdly,
circulating levels of IGF-I and IGFBP-3 were each measured
within 1 month using the same type of reagents for all assays.
The laboratory analyses were done without any information on
women, and the reliability of these measures was also shown
to be high. Thus, our findings are unlikely to be explained by
random misclassification of the measurements of the analytes.
Fourth, for 95.4% of women, the blood was drawn on the same
day as the mammogram, eliminating the potential problem of
timing of density and growth factor measurements. Fifth,
several factors potentially related to breast density and/or
growth factors were documented and their confounding
effects were assessed and taken into account when necessary.
Finally, the effective sample size is relatively large.

This study has some limitations. Women in the present
study reported a family history of breast cancer more
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