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Abstract
Insulin-like growth factor (IGF)-I has mitogenic and
antiapoptotic effects on breast cancer cells. High-
circulating IGF-I was found to be associated with
increased risk of breast cancer in several previous
epidemiological studies, mostly conducted in the
Caucasian populations. Little is known about the
association between IGF and breast cancer in Asian
women whose dietary habits differ considerably from
their Caucasian counterparts. A population-based case-
control study was conducted to assess the associations of
IGFs and IGF binding protein-3, a major IGF binding
protein in the circulation, with breast cancer risk in
Chinese women. The study included 300 incident breast
cancer patients diagnosed between August 1996 and
March 1998 in Shanghai and 300 age- and menopause-
matched controls selected randomly from the general
population. Plasma levels of IGF-I, IGF-II, and IGFBP-3
were measured using commercial ELISA kits (Diagnostic
Systems Laboratories, Webster, TX). Conditional logistic
regression analysis was performed to examine the
association between IGF and breast cancer risk after
adjusting for potential confounding factors. Breast cancer
patients had higher plasma levels of IGF-I and IGFBP-3.
A dose-response relationship was observed between
breast cancer risk and the level of IGF-I or IGFBP-3.
The adjusted odds ratios were 2.01 (95% confidence
interval, 1.26–3.19) or 3.01 (95% confidence interval,
1.81–4.99), respectively, for women with the highest
tertile of IGF-I or IGFBP-3 compared with those with the
lowest tertile of these molecules. These associations were
more evident in premenopausal women or women with
high body mass index or high waist-to-hip ratio. No

significant association was found for IGF-II. The study
confirms that high circulating levels of IGF-I are
associated with elevated risk of breast cancer. In contrast
to the findings from several studies conducted in
Caucasian women, we found that IGFBP-3 was positively
associated with breast cancer risk in Chinese women.

Introduction
Emerging evidence suggests that IGF-I3 plays an important role
in breast cancer (1, 2). IGF-I is a single-chain polypeptide with
70 amino acids and is involved in the regulation of cell prolif-
eration, differentiation, and apoptosis (3, 4). Laboratory studies
demonstrate that IGF-I has strong mitogenic and antiapoptotic
effects on breast cancer cells (5–9) and interacts synergistically
with estrogen to stimulate breast cancer growth (10–12). An-
imal studies indicate that IGF-I levels in the circulation are
positively correlated with total energy intake and that IGF-I
administration can abolish the inhibitory effect of energy re-
striction on tumor growth (13, 14).

Several epidemiological investigations, including both
case-control and cohort studies, found that high circulating
levels of IGF-I were associated with increased risk of breast
cancer (15–19). High IGF-I was also correlated with the mam-
magraphic density of breast tissue, a strong indicator of breast
cancer risk (20). These findings lend additional support to the
role of IGF-I in breast cancer development. Thus far, all of
the epidemiological studies reported have been conducted in the
Caucasian populations. Little is known about the relationship
between IGF-I and breast cancer in Asian women. Given the
possible influence of diet and nutrition on circulating IGF-I,
and the substantial differences in dietary habits between Asian
and Caucasian populations, we conducted a population-based
case-control study to examine the associations of IGF-I, IGF-II,
and IGFBP-3 with breast cancer risk in Chinese women.

Materials and Methods
Study Subjects. A large population-based case-control study
was conducted in the urban area of Shanghai, China, from
August 1996 through March 1998. Detailed descriptions of the
study have been given elsewhere (21). Briefly, the study en-
rolled 1459 incident breast cancer patients aged between 25 and
64 years, and 1556 healthy controls with frequency-match on
age. The cases represented �91% of the breast cancer patients
newly diagnosed in the region during the study time; the con-
trols represented 90% of eligible women randomly selected, as
potential controls, from the general population in Shanghai.
The Shanghai Resident Registry, which keeps records for all of
the permanent residents in urban Shanghai, was used to select
potential controls randomly from female residents, frequency-
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matched to cases by age (5-year interval). The number of
controls in each age-specific stratum was determined in ad-
vance according to the age distributions of the incident breast
cancer cases reported to the Shanghai Cancer Registry in recent
years. Only women who lived at the address identified during
the study period were considered to be eligible for the study.
Each potential control was visited by an interviewer according
to the home address provided in the resident registry to addi-
tionally determine study eligibility and her interest in partici-
pating in the study. All of the study participants completed an
in-person interview with the use of a structured questionnaire,
which elicited information on demographic features, menstrual
and reproductive history, hormone use, medical history, phys-
ical activity, alcohol and tobacco use, dietary habits, and family
history of cancer. Eighty-two percent of the cases (1, 193) and
84% of the controls (1, 310) provided blood samples. The
specimens were collected in a 10-ml vacutainer tube with either
EDTA or heparin anticoagulant. Plasma was separated imme-
diately after collection and stored at �70°C until the study.

To enhance the comparability between the cases and con-
trols in the current study, we selected 300 cases whose blood
samples were collected before any radiotherapy or chemother-
apy, and 300 individually matched controls. For each index
case, a control was selected randomly from the pool of 1310
healthy women who completed the interview and provided a
blood sample. The cases and controls were individually
matched on age (�5 years), date of blood collection (�30
days), and menopausal status (except for 14 pairs). The ages of
the 300 patients ranged between 28 and 64 years, and the mean
was 48.5 years (SD � 8.3), which was comparable with the
mean age of the controls, 48.4 years (SD � 8.4; range 29–64).
Postmenopausal women accounted for �43% of the women in
the study. Of the 600 women selected, there was only 1 subject
whose plasma sample was not available for the study.
Specimen Measurement. Plasma concentrations of IGF-I,
IGF-II, and IGFBP-3 were determined with the use of com-
mercially available ELISA kits (DSL, Inc., Webster, TX).
These methods were used in most of previous epidemiological
studies and had fairly good reproducibility (15, 22, 23). The
calibrators used in the assays ranged between 4.5–640 ng/ml
for IGF-I, 50–2000 ng/ml for IGF-II, and 2.5–100 ng/ml for
IGFBP-3. For IGFBP-3 measurement, plasma samples were
diluted at 1:100 in an assay buffer. The intra- and interassay
precisions are 1.5–3.4 and 1.5–8.5% of CV, respectively, for
IGF-I, 4.2–7.2 and 6.3–10.7% of CV for IGF-II, and 0.5–1.9
and 1.8–3.9% of CV for IGFBP-3 (24). Each assay has no
cross-reaction with other members of the IGF family. To im-
prove the precision of case-control comparisons, samples from
a matched case-control pair were assayed in the same plate.
Statistical Analysis. Because it was known that the distribu-
tions of the IGF variables are positively skewed (24), levels of
IGF-I, IGF-II, and IGFBP-3 were compared between the cases
and controls using the Wilcoxon signed rank test. The Spear-
man correlation coefficients were used to evaluate the correla-
tions between the IGF variables or between IGF and other
variables. To measure the associations of IGF variables with
breast cancer risk, we calculated the adjusted ORs and their
95% CI using the conditional logistic regression model. In the
logistic regression analysis, IGFs and IGFBP-3 were analyzed
both as continuous and categorical variables. Values of IGFs
and IGFBP-3 were log transformed when analyzed as contin-
uous variables and were classified into three categories, low,
medium, and high, based on the tertile distributions in the
control group, when analyzed as categorical variables. Potential

confounding factors adjusted in the logistic regression analysis
included BMI (kg/m2), age at menarche (year), age at first live
birth (year), total energy intake (kcal), WHR, history of fibro-
adenoma (yes versus no), and family history of breast cancer
(yes versus no). The association of IGF with breast cancer was
additionally analyzed in women stratified by menopausal sta-
tus. Stratified analyses were also performed in subgroups of
women, stratified by BMI, WHR, and total energy intake,
to assess the joint effect of these variables with IGFs and
IGFBP-3. Levels of these variables were classified into two
groups using median values in the control group as a cutoff. To
assess the possible interactions between the IGF variables and
menopausal status, BMI, WHR, or total energy intake, we
included, in addition to two of the variables of interest, the
product of two selected variables, in the conditional logistic
regression models, but because menopause was one of the
matching conditions, the regression model was developed with-
out including menopausal status. All of the Ps were derived
from two-sided tests.

Results
Comparisons of selected demographic and risk factors between
breast cancer patients and their matched controls are shown in
Table 1. The ranges of BMI were between 15.9 and 42.2 for
cases, and between 17.5 and 36.6 for controls among the
premenopausal women, and were between 15.1 and 36.1, and
16.0 and 34.3, respectively, among the postmenopausal women.
The WHR ranges were between 0.60 and 0.95 for cases, and
0.64 and 0.97 for controls. There were no statistically signifi-
cant differences between cases and controls with respect to their
age, age at menarche, age at menopause, BMI, total energy
intake, education, family income, and number of parity. How-
ever, compared with controls, more cases had a later age at first
live birth (P � 0.005) and a history of fibroadenoma (P �
0.006). The results also indicated that cases had slightly higher
WHR (P � 0.048) and more frequently a family history of
breast cancer (P � 0.067) than controls.

Table 2 shows the range and median concentrations of
IGF-I, IGF-II, and IGFBP-3 in the study subjects. Plasma levels
of IGF-I and IGFBP-3 were all substantially higher in cases
than in controls (P � 0.001). Significant differences were seen
in both pre- and postmenopausal women for IGFBP-3 and in
premenopausal women for IGF-I. Also, cases had slightly
higher levels of IGF-II than controls, and the difference was
statistically significant (P � 0.022). However, no significant
differences were found in IGF-II when the subjects were clas-
sified by their menopausal status.

IGF-I levels in plasma were inversely correlated with age,
and the correlations were the same in cases and controls (r �
�0.42; P � 0.001). No correlation was found between IGF-II
and age in either cases or controls; IGFBP-3 was weakly and
positively correlated with age in the control group (r � 0.14;
P � 0.019). IGF-I was positively correlated with IGF-II and
IGFBP-3, and the correlation between IGF-I and IGFBP-3 was
stronger among controls (r � 0.26; P � 0.001) than among
cases (r � 0.17; P � 0.003), as was the correlation between
IGF-I and IGF-II, r � 0.33 (P � 0.001) for controls and r �
0.18 (P � 0.002) for cases. No correlation was found between
IGF-II and IGFBP-3. Also, no correlations were observed be-
tween IGFs and BMI, total energy intake, or WHR. IGFBP-3
was weakly and positively correlated with BMI both in controls
(r � 0.16; P � 0.005) and cases (r � 0.12; P � 0.046), but was
not correlated with total energy intake and WHR.

The results from conditional logistic regression analyses
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are shown in Table 3. In the univariate analysis, high IGF-I and
IGFBP-3, analyzed either as continuous variables (logarithmi-
cally transformed the actual concentrations of these variables,
with 1 ng/ml being the minimal increment unit) or categorical
variables, were associated with increased risk of breast cancer.
Because the change in OR was based on the increase in every
unit of e(IGFs) where (IGFs) were the actual values (ng/ml) of
these molecules, the associations seemed to be much stronger
when IGFs were analyzed as continuous variables as opposed to
categorical variables, suggesting that the associations were un-
derestimated in the study when categorical data were used in
calculation of the ORs. However, to make our results compa-
rable with the findings of other studies, we presented our results
mainly based on the categorical data. The ORs were 2.01 (95%
CI, 1.26–3.19) for IGF-I and 3.01 (95% CI, 1.81–4.99) for
IGFBP-3 when comparing women in the highest tertile with
those in the lowest one. Two multiple logistic regression mod-
els were developed to assess the independent effect of IGF-I.
The association between IGF-I and breast cancer was not sig-
nificant after adjusting for IGFBP-3 (OR, 1.59; 95% CI, 0.90–
2.80), but remained significant when other variables were ad-
justed (OR, 1.95; 95% CI, 1.18–3.23), including BMI, age at

menarche, age at first live birth, total energy intake, WHR,
history of fibroadenoma, and family history of breast cancer.
Similar analyses were also performed for IGFBP-3. A signifi-
cant association between IGFBP-3 and breast cancer was found
in both multivariate models. For IGF-II, a borderline significant
association was seen only when IGF-II was analyzed as a
continuous variable without adjusting for other variables, but
no association was found when the analysis was adjusted for
other risk factors or when it was analyzed as a categorical
variable either in univariate or in multivariate models. There
was a significant interaction between IGF-II and IGF-I (P �
0.034); a borderline significant interaction between IGF-II and
IGFBP-3 was also noted (P � 0.068). However, no interaction
was detected between IGF-I and IGFBP-3. Because of the
interaction, IGF-II was not adjusted in the multivariate analysis
of IGF-I and IGFBP-3, both of which were also not adjusted in
the analysis of IGF-II (Table 3).

The associations between breast cancer and IGFs or
IGFBP-3 were also examined in subgroups of women stratified
by menopausal status (Table 4). For IGF-I, a positive associa-
tion with breast cancer was seen in premenopausal women but
not in postmenopausal women. The significant association in
premenopausal women was diminished when IGFBP-3 was
adjusted in the analysis. However, it should be noted that the
association between IGF-I and breast cancer in premenopausal
was detected even after the power was substantially reduced.
With or without adjustment, high IGFBP-3 was strongly asso-
ciated with increased risk of breast cancer, particularly in pre-
menopausal women. Although the ORs for breast cancer were
somewhat elevated with IGF-II levels, none of the associations
or trends were statistically significant. Because interactions
existed between IGF-II and IGF-I and IGFBP-3, mutual adjust-
ment for these variables was not performed. Interactions be-
tween menopausal status and IGF variables were not found in
the analysis.

To assess the joint effect of IGF-I and IGFBP-3 with BMI,
WHR, and total energy intake, we compared the associations of
breast cancer with IGF-I, IGF-II, and IGFBP-3 in subgroups of
women stratified by BMI (high versus low), WHR (high versus
low), and total energy intake (high versus low; Table 5). A
weak additive effect appeared to be present between BMI and
IGF-I or IGFBP-3 as the ORs between high and low IGF-I or
IGFBP-3 increased from 1.71 (95% CI, 1.02–2.88) or 1.97
(95% CI, 1.17–3.33) in women with low BMI to 2.44 (95% CI,
1.50–3.97) or 2.48 (95% CI, 1.51–4.07) in those with high
BMI, respectively. Similar joint effects were also suggested
between WHR and IGF-I or IGFBP-3, but no joint effects were
found between total energy intake and IGF-I or IGFBP-3. For
IGF-II, none of the associations were significant. The interac-
tions between the IGF variables and BMI, WHR, or total energy
intake were examined, and statistically significant interaction
was not found in any of these variables except for IGFBP-3 and
total energy intake, which was borderline significant (P �
0.057).

Discussion
In the study, we found high plasma levels of IGF-I to be
associated with elevated risk of breast cancer in Chinese
women. The association was dose-dependent and was more
evident in premenopausal women than in postmenopausal
women. These results are consistent with the findings in Cau-
casian women (15–17), indicating that IGF-I may play a similar
role in breast cancer among different ethnic groups. A similar
finding was also suggested in a small study of 30 African-

Table 1 Comparison of characteristics between breast cancer patients
and controlsa

Variable
Case (n � 300) Control (n � 300)

P
Mean (SD) Mean (SD)

Age (year) 48.5 (8.3) 48.4 (8.4) 0.139
Age at menarche (year) 14.9 (1.9) 14.7 (1.7) 0.180
Age at first lifebirth (year)b 26.6 (4.2) 25.8 (4.1) 0.005
Age at menopause (year)c 48.9 (4.4) 48.2 (4.4) 0.185
BMI (kg/m2)

Premenopause 22.8 (2.9) 22.4 (3.2) 0.198
Postmenopause 24.5 (3.7) 23.8 (3.7) 0.130

WHR 0.81 (0.05) 0.80 (0.06) 0.048
Total energy intake (calorie) 2277 (507) 2234 (474) 0.275

Percent Percent Pd

Education
Elementary or less 15.0 17.0
Middle school 42.7 41.3
High school 29.3 30.0
College or higher 13.0 11.7 0.879

Family income
Low 32.7 29.0
Middle 29.7 32.7
High 37.7 38.3 0.576

Menopause
No 57.2 57.1
Yes (natural) 39.5 38.6
Yes (surgical) 3.3 4.3 0.804

Number of parity
1 61.1 59.0
2 25.6 27.8
3� 13.3 13.2 0.839

Fibroadenoma
No 90.3 96.0
Yes 9.7 4.0 0.006

Family history
No 96.3 98.7
Yes 3.7 1.3 0.067

a From paired Student’s t test.
b Parous women.
c Among those with natural menopause.
d From �2 test.
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American women (19). However, for Chinese women, the
positive association between IGF-I and breast cancer risk was
attenuated when IGFBP-3 was adjusted in the analysis.

In our study, high IGFBP-3 was strongly associated with
increased risk of breast cancer, and the association was inde-
pendent of IGFs and other risk factors. There was also a clear
dose-response relationship between plasma IGFBP-3 and breast
cancer risk. Our finding of a positive association between
IGFBP-3 and breast cancer risk in Chinese women was con-
tradictory to the findings of several studies conducted in the
Caucasian populations in which IGFBP-3 was inversely asso-
ciated with breast cancer risk after adjusting for IGF-I (15–17).
The inconsistent finding between Chinese and Caucasians may
underscore the complexity of IGF regulation and the possible
impacts of lifestyle and diet on this IGF binding protein in the

circulation. In addition, most studies reported have shown a
strong correlation between IGF-I and IGFBP-3, whereas in our
study this correlation was relatively weak. Because no epide-
miological studies of IGF have been done in Chinese women,
it is difficult to determine whether this difference is because of
the study population or the study itself.

However, our study was not the only study that found high
IGFBP-3 to be associated with increased risk of breast cancer.
Two previous studies also showed a positive association be-
tween plasma IGFBP-3 and breast cancer risk (18, 25). Fur-
thermore, high IGFBP-3 levels in the blood have also been
reported to be associated with elevated risk for prostate cancer
(26) and colorectal cancer (27). The potential adverse, instead
of protective, effect of IGFBP-3 on breast cancer was also
observed in tumor tissue studies. Clinical studies showed that

Table 2 Plasma levels of IGF-I, IGF-II, and IGFBP-3 in Chinese women

Variable
Case Control

Pa

No. Median (range) No. Median (range)

All women
IGF-I (ng/ml) 299 143 (31–334) 300 127 (34–350) �0.001
IGF-II (ng/ml) 299 860 (326–1,857) 300 856 (407–1,430) 0.022
IGFBP-3 (ng/ml) 299 4340 (2,100–11,810) 300 4030 (1,513–10,740) �0.001

Premenopausal women
IGF-I (ng/ml) 171 163 (41–334) 170 146 (69–299) �0.001
IGF-II (ng/ml) 171 852 (326–1,857) 170 867 (407–1,386) 0.205
IGFBP-3 (ng/ml) 171 4224 (2,100–9,767) 170 3901 (2,263–10,740) 0.002

Postmenopausal women
IGF-I (ng/ml) 128 114 (31–280) 130 106 (34–350) 0.060
IGF-II (ng/ml) 128 867 (362–1,472) 130 810 (454–1,430) 0.093
IGFBP-3 (ng/ml) 128 4597 (2,209–11,810) 130 4189 (1,513–10,730) 0.008

a From Wilcoxon signed rank test.

Table 3 Associations of breast cancer with IGF-I, IGF-II, and IGFBP-3 in all women

Variable
Number Unadjusted Number Adjusteda Adjustedb

Case/control OR 95% CI Case/control OR 95% CI OR 95% CI

IGF-I (ng/ml)
Continuous

ln (IGF-I) 299/300 2.47 (P � 0.001) 1.45–4.22 283/291 2.23 (P � 0.007) 1.25–3.99 1.46 (P � 0.279) 0.73–2.92
Categorical (by tertile)

�107.5 77/98 1.00 72/96 1.00 1.00
107.5–149.6 89/101 1.18 0.75–1.85 86/98 1.33 0.82–2.14 1.16 0.71–1.92
�149.6 133/101 2.01 1.26–3.19 125/97 1.95 1.18–3.23 1.49 0.85–2.59

Trend test P � 0.003 P � 0.009 P � 0.199
IGF-II (ng/ml)

Continuous
ln (IGF-II) 299/300 2.51 (P � 0.050) 1.00–6.31 283/291 1.76 (P � 0.280) 0.63–4.88

Categorical (by tertile)
�711.6 95/99 1.00 92/94 1.00
711.6–945.1 91/100 1.06 0.66–1.70 86/98 1.00 0.59–1.69
�945.1 113/101 1.54 0.79–2.97 105/99 1.22 0.58–2.57

Trend test P � 0.214 P � 0.613
IGFBP-3 (ng/ml)

Continuous
ln (IGFBP-3) 299/300 5.27 (P � 0.001) 2.34–11.88 283/291 4.31 (P � 0.001) 1.80–10.31 3.15 (P � 0.029) 1.12–8.82

Categorical (by tertile)
�3698 65/99 1.00 62/96 1.00 1.00
3698–4395 92/99 1.46 0.95–2.23 88/96 1.28 0.81–2.04 1.16 0.71–1.88
�4395 142/102 3.01 1.81–4.99 133/99 3.00 1.70–5.31 2.50 1.37–4.58

Trend test P � 0.001 P � 0.001 P � 0.004

a Adjusted for BMI, age at menarche, age at first live birth, total energy intake, WHR, history of fibroadenoma, and family history of breast cancer.
b Adjusted for BMI, age at menarche, age at first live birth, total energy intake, WHR, history of fibroadenoma, family history of breast cancer, and either IGFBP-3 or
IGF-I.
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high levels of IGFBP-3 in breast cancer tissue were associated
with tumors with poor prognosis, including an inverse associ-
ation with the status of estrogen and progesterone receptors,
and positive correlations with tumor size and S phase fraction
(28–31). Interestingly, the association between IGFBP-3 and
cancer prognosis varied by cancer site. In ovarian cancer, high
IGFBP-3 levels in tumor tissue were associated with favorable
prognosis (32). The inconsistent relationship between
IGFBP-3, and cancer risk and prognosis seems to support the
notion that IGFBP-3 has complex functions and does not act
alone on IGF action. It is known that the function of IGFBP-3
is regulated by IGFBP proteases in local tissue (33). Degrada-
tion of IGFBP-3 by IGFBP proteases changes the binding
affinity of IGFBP-3 to IGFs, which subsequently affects the
activity of IGF-I.

IGFBP-3 has been found to exert dual regulatory effects
on IGF-I action (34, 35). In most situations, IGFBP-3 inhibits
the action of IGF-I on cell proliferation and apoptosis, but
sometimes this binding protein enhances the mitogenic effect of
IGF-I. Functionally, IGFBP-3 has two distinct impacts on
IGF-I as a result of binding to the growth factor. When
IGFBP-3 binds to IGF-I, the binding protein suppresses IGF-I
action because it blocks the interaction between IGF-I and its
receptor, IGF-IR. Binding of IGFBP-3 to IGF-I also protects
IGF-I from degradation and transports the molecule to local
tissue. If IGFBP proteases are present and active in local tissue,

IGFBP-3 is degraded by the proteases and releases free IGF-I,
which resumes its activity to interact with the IGF-I receptor. In
this case, IGFBP-3 enhances the action of IGF-I by increasing
the bioavailability of IGF-I in local tissue. On the basis of the
different impact of IGFBP-3 on IGF-I, we speculate that high
levels of IGFBP-3 in the circulation may lead to two opposite
outcomes: (a) less biologically active free IGF-I available for
IGF action; and (b) more total IGF-I available in the system
because of prolonged half-life of IGF-I protected by IGFBP-3.
The ultimate effect of IGFBP-3 on IGF-I will be determined by
IGFBP proteases and other factors that affect IGFBP-3 func-
tion. Therefore, measuring the amount of total IGFBP-3 in the
blood without knowing its molecular structure and protease
activity may not be adequate in assessing its relationship with
disease. This may also be true when we adjust for IGFBP-3 in
the analysis of IGF-I without considering other factors.

The association between IGF-II and breast cancer risk has
not been investigated in previous epidemiological studies. The
lack of interest in IGF-II is probably because of several reasons.
First, IGF-II is believed to regulate cell proliferation and dif-
ferentiation only at an early stage of human development. After
birth, IGF-II plays a less important role in growth regulation
than IGF-I, and the effect of IGF-II is gradually replaced by
IGF-I (36). Second, the action of IGF-II on cell growth may be
regulated via paracrine mechanism; endocrine regulation is less
important for IGF-II than for IGF-I (1). Third, growth hormone

Table 4 Associations of breast cancer risk with IGF-I, IGF-II, and IGFBP-3 in pre- and postmenopausal women

Variable
Number Unadjusted Number Adjusteda Adjustedb

Case/control OR 95% CI Case/control OR 95% CI OR 95% CI

Premenopausal women
IGF-I by tertile (ng/ml)

�125.8 33/56 1.00 32/56 1.00 1.00
125.9–170.0 60/58 1.78 0.98–3.22 55/56 1.65 0.85–3.21 1.46 0.70–3.03
�170.0 78/56 2.41 1.35–4.29 74/55 2.29 1.20–4.37 1.92 0.88–4.20
Trend test P � 0.003 P � 0.012 P � 0.236

IGF-II by tertile (ng/ml)
�718.7 52/56 1.00 50/54 1.00
718.8–936.5 53/58 1.32 0.61–2.89 50/58 1.17 0.50–2.71
�936.5 66/56 1.96 0.74–5.21 61/55 1.50 0.51–4.44
Trend test P � 0.154 P � 0.439

IGFBP-3 by tertile (ng/ml)
�3593 36/56 1.00 35/56 1.00 1.00
3594–4258 52/57 1.54 0.86–2.75 48/56 1.35 0.72–2.54 0.98 0.47–2.06
�4258 83/57 3.43 1.72–6.87 78/55 3.71 1.67–8.26 2.69 1.12–6.47
Trend test P � 0.001 P � 0.002 P � 0.022

Postmenopausal women
IGF-I by tertile (ng/ml)

�94.47 39/43 1.00 38/43 1.00 1.00
94.5–121.7 32/44 0.82 0.41–1.67 28/42 0.66 0.27–1.59 0.57 0.22–1.43
�121.7 57/43 1.52 0.80–2.88 56/41 1.97 0.93–4.19 1.56 0.68–3.57
Trend test P � 0.155 P � 0.042 P � 0.166

IGF-II by tertile (ng/ml)
�703.4 39/43 1.00 38/41 1.00
703.5–962.2 41/43 1.08 0.59–1.99 39/43 1.08 0.53–2.18
�962.2 ng/ml 48/44 2.13 0.72–6.33 45/42 2.17 0.60–7.90
Trend test P � 0.281 P � 0.367

IGFBP-3 by tertile (ng/ml)
�3779 26/43 1.00 25/40 1.00 1.00
3780–4863 47/43 1.65 0.88–3.07 44/42 1.52 0.75–3.10 1.40 0.65–2.98
�4863 55/44 2.37 1.08–5.18 53/44 2.60 1.03–6.56 2.11 0.76–5.87
Trend test P � 0.027 P � 0.044 P � 0.178

a Adjusted for BMI, age at menarche, age at first live birth, total energy intake, WHR, history of fibroadenoma, and family history of breast cancer.
b Adjusted for BMI, age at menarche, age at first live birth, total energy intake, WHR, history of fibroadenoma, family history of breast cancer, and either IGFBP-3 or
IGF-I.
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regulates the production of IGF-I but not IGF-II. Fourth, energy
balance and protein intake have a significant impact on IGF-I
levels in the circulation but little on IGF-II. Because our study
focused on a special population that has a distinct lifestyle and
dietary habit from the Western society, we included IGF-II in
the study to assess its impact on breast cancer risk. Although we
did not find clear evidence for a positive association of IGF-II
with breast cancer risk, there were some indications suggesting
a potential relationship, which was more evident in postmeno-
pausal women. However, the reduced power in the subgroup
analysis may hamper our ability to detect any significant asso-
ciations. The possible interactions between IGF-II and IGF-I
and IGFBP-3 also indicate that IGF-II may play an interesting
role in the relationships of breast cancer with IGF-I and
IGFBP-3. Larger studies are warranted to clarify the role of
IGF-II in breast cancer.

Although we did not include IGF-II in our multivariate
analysis, the potential interaction between IGF-II and IGF-I or
IGFBP-3 indicates that the association between breast cancer
and IGF-I or IGFBP-3 may vary by IGF-II levels in the circu-
lation. To preliminarily assess the impact of IGF-II on the
relationship between the disease and IGF-I or IGFBP-3, we
performed additional analysis on subgroups of women stratified
by their IGF-II levels. On the basis of IGF-II median level in the
control group, the study subjects were classified into two
groups, low IGF-II versus high IGF-II. The associations be-
tween breast cancer and IGF-I and IGFBP-3 were analyzed in

each IGF-II category. The results showed that the disease
association with IGF-I was more evident in women with low
IGF-II, whereas the association with IGFBP-3 was more sig-
nificant in high IGF-II subjects (Table 6). Although these
associations were significant only in one IGF-II group, we
found no evidence that conflicting associations existed in
women with different levels of IGF-II, suggesting that the
interaction between IGF-II and IGF-I or IGFBP-3 has a mini-
mal impact on the association of breast cancer with IGF-I or
IGFBP-3.

Table 5 Joint effect of IGFs and IGFBP-3 with BMI, WHR, and total calorie intake on breast cancer risk

Variable

�Median �Median

Number OR Number OR

Case/control (95% CI) Case/control (95% CI)

BMI (median � 22.5)

IGF-I (ng/ml)
�127 48/73 1.00 (reference) 62/77 1.11 (0.65–1.88)
�127 78/78 1.71 (1.02–2.88) 110/72 2.44 (1.50–3.97)

IGF-II (ng/ml)
�856 65/73 1.00 (reference) 84/77 1.24 (0.78–1.98)
�856 61/78 0.90 (0.47–1.71) 88/72 1.42 (0.74–2.72)

IGFBP-3 (ng/ml)
�4019 53/84 1.00 (reference) 59/66 1.48 (0.89–2.47)
�4019 73/67 1.97 (1.17–3.33) 113/83 2.48 (1.51–4.07)

WHR (median � 0.7979)

IGF-I (ng/ml)
�127 40/75 1.00 (reference) 70/75 1.82 (1.06–3.13)
�127 86/73 2.51 (1.47–4.26) 102/77 3.10 (1.78–5.39)

IGF-II (ng/ml)
�856 73/86 1.00 (reference) 76/64 1.54 (0.93–2.56)
�856 53/62 1.04 (0.54–2.00) 96/88 1.38 (0.73–2.59)

IGFBP-3 (ng/ml)
�4019 51/75 1.00 (reference) 61/75 1.25 (0.75–2.09)
�4019 75/73 1.62 (0.97–2.72) 111/77 2.56 (1.52–4.32)

Total calorie intake (median � 2234)

IGF-I (ng/ml)
�127 58/86 1.00 (reference) 52/63 1.18 (0.71–1.96)
�127 101/84 2.11 (1.28–3.48) 88/67 2.18 (1.33–3.56)

IGF-II (ng/ml)
�856 75/81 1.00 (reference) 74/69 1.18 (0.74–1.89)
�856 84/89 0.99 (0.53–1.85) 66/61 1.16 (0.62–2.16)

IGFBP-3 (ng/ml)
�4019 57/94 1.00 (reference) 55/56 1.61 (0.96–2.71)
�4019 102/76 2.57 (1.56–4.23) 85/74 2.06 (1.28–3.32)

Table 6 Interaction between IGF-II and IGF-I/IGFBP-3 in relation to
breast cancer

Variable
Low IGF-II High IGF-II

ORa 95% CI ORa 95% CI

IGF-I Low 1.00 1.00
IGF-I Medium 1.89 0.87–4.09 1.16 0.52–2.56
IGF-I High 4.05 1.66–9.88 1.85 0.80–4.23
Test for trend P � 0.002 P � 0.125
IGFBP-3 Low 1.00 1.00
IGFBP-3 Med 1.00 0.44–2.30 2.34 1.10–4.96
IGFBP-3 High 2.37 0.91–6.18 4.32 1.71–10.93
Test for trend P � 0.098 P � 0.002

a Adjusted for BMI, age at menarche, age at first live birth, total energy intake,
WHR, history of fibroadenoma, and family history of breast cancer.
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Both human and animal studies have shown that malnu-
trition or restriction on total energy or protein intake causes
declines in serum concentrations of IGF-I and IGFBP-3. Levels
of these molecules can quickly normalize when the condition is
improved (37–41). Furthermore, high energy or high protein
intake results in increases in the production of IGF-I and
IGFBP-3 (42). However, these relationships have not been seen
in epidemiological studies (1). The inconsistency may be be-
cause of the homogeneity of the study population in lifestyle
and the insensitive methods used in measuring dietary nutrients
in epidemiological studies. To assess the potential impacts of
diet and lifestyle on the IGF system, we compared IGF-I
concentrations in plasma between healthy Caucasian women
and their Chinese counterparts using the data published in
literature (15). Among premenopausal women, the tertile cut-
offs were 158 ng/ml and 207 ng/ml for Caucasian women,
whereas for Chinese women the corresponding levels were
much lower, only 126 ng/ml and 170 ng/ml. The same trend
also existed for postmenopausal women when the quartile clas-
sifications were compared between the two groups. The quartile
cutoffs were 110 ng/ml, 145 ng/ml, and 220 ng/ml for Cauca-
sians and 87 ng/ml, 106 ng/ml, and 131 ng/ml for Chinese.
Overall, Chinese women had 20–40% lower IGF-I levels in
plasma than Caucasians. The discrepancies in IGF-I are un-
likely to be explained by the differences in laboratory methods
because the same assay from the same company is used in both
studies, or by the differences in the type of specimens analyzed
because both studies measure the concentration of IGF-I in
plasma, or by the differences in the controls because both
control groups are healthy women. Also, because this is a
population-based study, which has a high recruiting rate, 90%,
and the mobility of people permanently living in the city of
Shanghai is low because of better living conditions and tight
government control, the control women in our study should
well represent the general population in the city.

In the study, we found no correlation between total calorie
intake and serum levels of IGF-I and IGFBP-3, and no joint
effect of these factors on breast cancer risk. However, meas-
uring total calorie intake at one time point may not reflect the
overall long-term dietary habit and lifestyle; BMI and WHR
may be more relevant to these factors. We evaluated the joint
effect of IGFs and IGFBP-3 with BMI and WHR. The results
showed that women with both high IGF and high BMI or WHR
had much higher risk of breast cancer compared with those with
only one high variable. These findings suggest that in Chinese
women, there is a possible synergistic interaction among IGF,
diet, and lifestyle in relation to breast cancer risk.

In summary, we found that high IGF-I was associated with
increased risk of breast cancer in Chinese women. The associ-
ation was dose-dependent and was more evident in premeno-
pausal women. These results were in agreement with the find-
ings in Caucasians. However, our study also showed that high
IGFBP-3 was associated with elevated risk of breast cancer;
this finding was contradictory to those seen in some of the
Caucasian studies in which IGFBP-3 was found to be inversely
associated with breast cancer risk after adjusting for IGF-I. The
reason for the inconsistency remains to be determined. The
study also suggested possible synergistic interplay among IGF,
diet, and lifestyle in relation to breast cancer risk. In conclusion,
our results confirm that high circulating IGF-I is a risk factor
for breast cancer.
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