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Abstract

To evaluate the effects of glucose metabolism related factors, such as insulin and insulin-like growth-factors
(IGFs), on breast cancer development among Japanese women, we conducted a case-referent study comparing 187
women presenting with operable breast cancer and 190 women of the same age having no breast cancer. Odds ratios
(OR) and 95% confidence intervals (95%CI) were determined by multiple logistic regression analysis.

In the present study, no association in risk was observed with increasing levels of IGF-I or IGF binding protein-

3 (IGFBP-3), before or after adjustment these factors. However, a suggestion of a positive association of an increased
breast cancer risk was evident in postmenopausal women with elevated plasma insulin levels, particularly those with
BMI>23.07. The OR for plasma insulin in the top tertile was 4.48 (95%CI:1.07-18.7) compared to the bottom tertile.
For C-peptide, there was a similar positive association, with a corresponding OR of 2.28. In addition, we observed
strong links between plasma insulin, C-peptide levels and estrogen receptor (ER) negative breast cancer, with ORs
of 2.79(95%CI:1.09-7.16), and 2.52 (95%CI:0.91-6.97) respectively, for the top versus bottom tertiles. In conclusion,
the present study suggested that plasma insulin level is a predictor of postmenopausal breast cancer in obese women
and ER negative breast cancer. Additional studies are needed to clarify the role of glucose metabolism pathways in
breast cancer development and interaction of IGF systems.

Key Words: insulin - IGF-I - breast cancer - BMI - hormone receptor status

Asian Pacific J Cancer Preg, 239-246

Introduction correlated with total energy intake (Dunn et al., 1997), it is
possible that the differences in dietary habits between
The insulin-like growth factor (IGF) system is a keyJapanese and Caucasian population exert on influence.
growth regulatory pathway in breast cancer. Thus various IGF-I is a peptide hormone with a high degree of
components have been directly or indirectly implicated imhomology with proinsulin. Together with IGF-I, insulin is
neoplasia of the mammary glands and it is essential to gatentral to the regulation of anabolic processes as a function
a better understanding of their role in its etiology. IGF-I, af available energy with a key role in modulating IGF-I
mitogenic and antiapoptotic peptide, can affect thdioactivity. Estradiol is generally regarded as the most
proliferation of breast epithelial cells, but little is knownimportant hormonal promoter of breast cancer development,
about its relationship for breast cancer in Asian women sindaut insulin may also have significance, partly by increasing
most previous epidemiological studies have been conductéite availability of IGF-I within the ovaries (Poretsky and
in the Caucasian. Energy intake, body mass index (BMKalin, 1987). The effects of insulin on steroid hormone
and physical activity all appear to affect blood levels of IGFsnetabolism even may be mediated entirely by increased
and IGF-binding proteins (IGFBPs). As animal studiephysiologic activity of IGF-I (Poretsky and Kalin, 1987).
indicate that IGF-I levels in the circulation are positivelylnsulin also may play an etiologic role in association with
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obesity, which increases insulin resistance and, moreoveeferred to the Department of Breast Surgery in ACCH
decreases serum levels of sex hormone binding globullretween November, 2000 and September, 2002, 187 women
(SHBG) and thus elevates estrogen availability (Kaya et alpresenting with operable breast cancer aged 30 to 78 years,
1991). We have provided evidence that gain in body massgether with 190 women with no breast cancer and
as an adult is a predictor of breast cancer risk amorgelonging to the same age group, were studied. After
postmenopausal Japanese women (Hirose et al., 1998joviding informed consent, study subjects donated a 7 ml
Although the risk impact related to insulin resistance and/@ample of peripheral venous blood on the first-visit day.
type 2 diabetes, such as obesity, has addressed (Kahn &tasma was separated soon after collection, and then stored
Flier, 2000; Mayer-Davis et al., 1997; Storlien et al., 1996)at -80°C until laboratory analyses could be conducted.
few epidemiological studies have directly investigated the
relationship between related hormone levels and breaSpecimen Measurement
cancer risk. We have report the results of plasma insulin Trained staff, blind to the case-reference status, assayed
and C-peptide (a marker of pancreatic insulin secretiorgll samples at a single laboratory (SRL,Hachioji). Plasma
measurements in a case-control study to evaluate tltencentrations of IGF-I and IGFBP-3 were measured by
relationship between such factors and breast cancer riskimmunoradiometric assay, using commercially available kits
(Dai-ichi Radioisotope Lab., Tokyo). Total IGF-I can be

Materials and Methods measured with kits by separating IGFs from their binding
proteins. The manufacturer validated the IGF assays against
Study subjects methods using acid-ethanol extraction and/or acid-column

As we have reported in detail (Hirose et al., 1999; Tajimahromatography. Plasma insulin and C-peptide were
et al., 2000), the hospital-based epidemiologic researcheasured enzymatically using a two-step sandwich-type EIA
program at Aichi Cancer Center (HERPACC) studyassay kit from Eiken Chemical Co., Ltd.
featuring a self-administered questionnaire completed by Both estrogen receptor (ER) and progesterone receptor
first-visit outpatients at the Aichi Cancer Center Hospita{PR) levels in breast tissue were determined using
(ACCH), has been ongoing for some time. Before diagnosiommercially available enzyme immunoassay kits. In this
subjects complete a questionnaire with items concerningudy, the receptor status was known for 88.9% of cases,
family history of cancer, age at menarche and menopauseith ER and PR positive rates of 68.1% and 59.4%,
reproductive history, height and weight. Among womerrespectively.

Table 1. Comparison of Characteristics between Breast Cancer Patients and Referents

Cases (n=187) Referents (n=190)

Variable Mean (SD) Mean (SD) P (a)
Age (year) 52.7 (10.6) 52.2 (10.9) 0.679
Age at menarche (year) 13.4 (1.5) 13.4 (2.0) 0.912
Age at first full-term pregnancy 26.5 (3.7) 25.7 (3.4) 0.052
BMI (kg/m?)

Premenopause 21.5(3.0) 21.3(2.3) 0.596

Postmenopause 23.1(2.9) 23.1(3.4) 0.936

Percent Percent P (b)

Menopausal status

Pre 47.1 41.6

Post 52.9 58.4 0.284
Number of parity

1 20.1 15.6

2 54.4 58.1

3+ 25.4 26.3 0.564
Family history

No 90.7 94.0

Yes 9.3 6.0 0.226
History of diabetes (self-reported)

No 95.5 97.9 0.214

Yes 4.5 2.2

a: t-test, by2 test
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Statistical Analysis (Spearman’s r=-0.34; P<0.0001) and references (r=-
Logistic regression was used to obtain odds ratios (OF)-36;P<0.001). Insulin was positively correlated with BMI,
and 95% confidence intervals (95% CI) as estimates d¢his being particularly remarkable in the case group
relative risk. Tertiles were defined according to the(r=0.39;P<0.0001). IGF-I was strongly correlated with
distribution among reference subjects. To control fofGFBP-3 in both cases (r=0.53; P<0.0001) and referents
potential confounding by established risk factors for breagt=0.48;P<0.0001).
cancer, we carried out multivariate analyses using a model Table 3-a summarizes results from conditional logistic
including age, family history, age at menarche, parity, ageegression analyses for all women. For plasma
at first delivery and BMI (weight / heightkg/n?)). Inthe  measurements among all women, none of the associations
multivariate analysis, IGFBP-3 and IGF-l were mutuallywere significant. Associations were also examined in
adjusted as these molecules might positive correlated wigbgroups of women stratified by menopausal status (Tables
regard to biological function. Calculations were performed-b and 3-c). With or without adjustment, high insulin levels
using the SAS (SAS Institute) LOGISTIC procedure. Thevere strongly associated with increased risk among
statistical significance of the differences between ER (opostmenopausal women but not premenopausal women. The
PR)-positive vs. ER (or PR)-negative was determined bgdjusted OR for the top versus bottom tertiles was
case-to-case comparisons, using the multiple logisti¢.43(95%CI:1.06-5.58) among postmenopausal women

regression model. (Table 3-c). Although the ORs for postmenopausal breast
cancer were somewhat elevated with C-peptide, none of the
Results associations or trends was statistically significant.

To assess the joint effects of insulin or C-peptide

Table 1 summarizes data for characteristics comparepncentrations with BMI, we compared the risk of breast
between breast cancer patients and referents. There wéancer with these variables in subgroups of postmenopausal
no statistically significant differences with respect to agewomen stratified by BMI (Table 4). There was a positive
age at menarche, BMI, parity, family history of cancer an@ssociation between insulin concentration and breast cancer
medical history of diabetesCompared with referents, more risk in heavier postmenopausal women. Plasma insulin in
cases had a later age at first full-term pregnancy (P<0.052he top tertile was associated with an OR of 4.48

Ranges and median concentrations of IGF-1, IGFBP-395%CI:1.07-18.7) compared to the bottom tertile. For C-
insulin and C-peptide in plasma are given in Table 2. Ngeptide, there was a similar positive association, with an
significant differences were found with the menopausaPR of 2.28, for the top versus the bottom tertile.
status, although postmenopausal cases had slightly higher Tables 5-a and 5-b summarize ORs for breast cancer
levels of insulin than referents. IGF-I levels in plasma wer@mong all women according to hormone receptor status. The
inversely correlated with age, with similar trends in casegssociation between plasma insulin concentration and ER-

Table 2 Plasma Levels of IGF-I, IGFBP-3, Insulin and C-peptide for Breast Cancer Cases and Referents

Variable Cases Referents P a
No. Median(range) No. Median(range)
All women
IGF-I (ng/ml) 187 170 (73-390) 190 180 (59-420) 0.79
IGFBP-3 (0 g/ml) 187 2.87 (1.68-3.94) 190 2.89 (1.63-3.90) 0.79
insulin @ U/ml) 187 7.64 (1.54-122.0) 190 7.26 (1.53-87.7) 0.79
C-peptide (ng/ml) b 187 0.50 (0.08-3.46) 189 0.50 (0.11-3.68) 0.86
Premenopausal women
IGF-I (ng/ml) 88 190 (86-390) 79 190 (95-420) 0.23
IGFBP-3 (0 g/ml) 88 2.86 (2.36-3.41) 79 2.89 (2.27-3.41) 0.23
insulin @ U/ml) 88 6.23 (1.53-86.0) 79 6.12 (1.53-73.9) 0.23
C-peptide (ng/ml) 88 0.39 (0.08-2.72) 78 0.39 (0.11-2.62) 0.19
Postmenopausal women
IGF-I (ng/ml) 99 160 (73-310) 111 160 (59-370) 0.16
IGFBP-3 (0 g/ml) 99 2.89 (1.68-3.94) 111 2.89 (1.63-3.90) 0.16
insulin @ U/ml) 99 9.75 (2.50-122.0) 111 7.42 (2.57-87.4) 0.16
C-peptide (ng/ml) 99 0.63 (0.20-3.46) 111 0.59 (0.21-3.68) 0.16

a Wilcoxon signed rank test.
b One sample was not measured due to lack of plasma.
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Table 3-a. ORs for Breast Cancer by Tertiles of Plasma Measurements for all Women

Variable Number OR1 OR 2
Case/Reference (95%Cl) (95%CI)
IGF-I =<150 72169 1.00 (reference) 1.00 (reference)
(ng/ml) 150-200 45/55 0.80 (0.47-1.34) 0.74 (0.40-1.37)
>=200 70/66 1.06 (0.64-1.74) 1.00 (0.53-1.89)
p for trend 0.837 0.967
IGFBP-3 =<2.74 66/ 65 1.00 (reference) 1.00 (reference)
(1 g/ml) 2.74 - 3.02 71/62 1.15 (0.70-1.87) 1.15 (0.65-2.05)
>= 3.02 50/63 0.79 (0.47-1.30) 0.76 (0.40-1.45)
p for trend 0.376 0.403
Insulin =<5.06 52/63 1.00 (reference) 1.00 (reference)
(1 U/ml) 5.06 - 10.2 65 /62 1.26 (0.76-2.10) 1.24 (0.70-2.20)
>=10.2 70/65 1.29 (0.78-2.14) 1.21 (0.68-2.16)
p for trend 0.332 0.532
C-peptide =<0.36 54163 1.00 (reference) 1.00 (reference)
(ng/ml) 0.36 - 0.68 70/63 1.28 (0.77-2.13) 1.30 (0.73-2.31)
>=0.68 63 /64 1.13 (0.67-1.91) 0.97 (0.53-1.77)
p for trend 0.676 0.864

OR1:adjusted for age
OR2:adjusted for age, family history, age at menarche, parity, age at first delivery, BMI, and either IGFBP-3 or IGF-pflbainéey

negative breast cancer risk increased with an OR of 2.78gnificant (OR=2.52, 95%Cl:0.91-6.97). In contrast, no
(95%CI:1.09-7.16) between the top and bottom tertile$ignificant variation in the association of breast cancer risk
(Table 5-a). The corresponding OR with plasma C-peptid#ith plasma measurements was apparent for the PR status

was similar, although the association was not statisticall{frable 5-b).

Table 3-b. ORs for Breast Cancer by Tertiles of Plasma Measurements for Premenopausal Women

Variable Number OR1 OR 2
Case/Reference (95%CI) (95%CI)
IGF-I =<160 33/24 1.00 (reference) 1.00 (reference)
(ng/ml) 160-210 23/25 0.70 (0.32-1.52) 0.82 (0.30-2.20)
>=210 32/30 0.88 (0.41-1.88) 0.86 (0.32-2.29)
p for trend 0.741 0.783
IGFBP-3 =<2.74 30/25 1.00 (reference) 1.00 (reference)
(1 g/ml) 2.74-2.99 38/27 1.25 (0.60-2.62) 1.34 (0.53-3.40)
>=2.99 20/ 27 0.68 (0.30-1.54) 0.88 (0.31-2.49)
p for trend 0.385 0.762
Insulin =<4.67 321726 1.00 (reference) 1.00 (reference)
(1 U/ml) 4.67-9.84 29/25 1.02 (0.48-2.17) 0.85 (0.34-2.13)
>=90.84 27128 0.76 (0.36-1.61) 0.55 (0.22-1.36)
p for trend 0.482 0.195
C-peptide =<0.30 25/26 1.00 (reference) 1.00 (reference)
(ng/ml) 0.30 - 0.55 38/26 1.53 (0.72-3.21) 1.27 (0.49-3.28)
>=0.55 25/27 0.97 (0.44-2.10) 0.85 (0.32-2.23)
p for trend 0.925 0.662

OR1: adjusted for age

OR2: adjusted for age, family history, age at menarche, parity, age at first delivery, BMI, and either IGFBP-3 or IGFapfibabie).
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Table 3-c. ORs for Breast Cancer by Tertiles of Plasma Measurements for Postmenopausal Women

Variable Number OR1 OR 2
Case/Reference (95%CI) (95%CI)
IGF-I =<130 29/ 36 1.00 (reference) 1.00 (reference)
(ng/ml) 130-170 35/40 1.15 (0.58-2.26) 0.90 (0.39-2.05)
>=170 35/35 1.48 (0.73-3.02) 1.30(0.48-3.42)
p for trend 0.277 0.594
IGFBP-3 =<2.68 35/35 1.00 (reference) 1.00 (reference)
(1 g/ml) 2.68 - 3.03 31/38 0.84 (0.43-1.65) 0.71 (0.32-1.57)
>= 3.03 33/38 0.91 (0.47-1.77) 0.60 (0.24-1.47)
p for trend 0.784 0.266
Insulin =<5.19 16 /37 1.00 (reference) 1.00 (reference)
(n U/ml) 5.19-11.0 43/ 36 2.69 (1.29-5.64) 2.56 (1.14-5.78)
>=11.0 40/ 38 2.41 (1.15-5.05) 2.43 (1.06-5.58)
p for trend 0.033 0.054
C-peptide =<0.43 21/37 1.00 (reference) 1.00 (reference)
(ng/ml) 0.43-0.72 37136 1.75 (0.86-3.55) 2.11 (0.94-4.72)
>=0.72 41/ 38 1.83 (0.91-3.68) 2.00 (0.89-4.52)
p for trend 0.105 0.125

ORL1: adjusted for age

OR2: adjusted for age, family history, age at menarche, parity, age at first delivery, BMI, and either IGFBP-3 or IGFapplibabde).

provided insight into normal daily conditions and most blood
samples were drawn at least 2 hours after eating. A major
The present case-referent study conducted to examirstérength of the present study is that all blood samples were
the association of breast cancer with insulin, c-peptide, IGFsollected before diagnosis. Thus, the observed case-
I and IGFBP-3 levels in plasma among Japanese wometrgference difference in level of plasma insulin and C-peptide
demonstrated a positive association of plasma insulin levelannot be attributed to any influence of resultant treatment.
with breast cancer risk in heavier (BMI>23.07) Our finding that high insulin levels are associated with
postmenopausal women, especially in cases with an E&n increased risk of breast cancer among heavier
negative status. postmenopausal women needs to be interpreted cautiously
Fasting blood samples are needed for measuring blodeecause of the low sample size and limitations of blood
insulin or C-peptide, because insulin secretion is heavilgollection. Itis possible that the effect of BMI in the present
influenced by recent meals. The non-fasting state of owstudy is explained by both the relation between increased
study subjects was chosen mainly for practical reasons, bbody fat and insulin resistance and secretion of IGF-I (De

Discussion

Table 4. Joint Effects of Insulin or C-peptide Concentration and BMI on the Risk of Breast Cancer among
Postmenopausal Women

BMI =<23.07 (median)

BMI >23.07 (median)

Variable OR1 OR2 Number OR1 OR2
Case/Reference (95%Cl) (95%Cl) Case/Reference (95%Cil) (95%Cl)
Insulin =<5.19 13/24 1.00 (reference) 1.00 (reference) 3/13 1.00 (reference) 1.00 (reference)
(M U/ml) 5.19-11.0 20/16 2.30 (0.89-5.96) 1.43 (0.49-4.18) 23/20 4.88 (1.21-19.7) 6.13(1.40-26.8)
>=11.0 17/16 2.09 (0.79-5.55) 1.45 (0.48-4.44) 23/22 4.42 (1.10-17.7) 4.48 (1.07-18.7)
p for trend 0.129 0.506 0.092 0.127
C-peptide =<0.43 16/25 1.00 (reference) 1.00 (reference) 5/12 1.00 (reference) 1.00 (reference)
(ng/ml) 0.43-0.72 15/19 1.19 (0.47-3.02) 0.93 (0.32-2.70) 22/17 3.08 (0.91-10.5) 4.59 (1.12-18.8)
>=0.72 19/12 2.43 (0.93-6.37) 1.86 (0.61-5.69) 22/26 2.01 (0.61-6.61) 2.28 (0.59-8.74)
p for trend 0.077 0.305 0.532 0.61

OR1:adjusted for age

OR2:adjusted for age, family history, age at menarche, parity and age at first delivery
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Table 5-a ORs for Breast Cancer among all Women According to Estrogen Receptor Status

ER (-) ER (+) P value for
Variable OR1 OR2 Number OR1 OR2 inter-case
Case/Reference (95%Cl) (95%Cl) Case/Reference (95%Cl) (95%CIl) comparison a
IGF-I =<150 15/69 1.00 (reference) 1.00 (reference) 49/69 1.00 (reference) 1.00 (reference)

(ng/ml) 150-200 13/55 1.09 (0.47-2.51) 1.07 (0.38-2.97) 29/55 0.77 (0.43-1.40) 0.76 (0.37-1.54)
>=200 25/66 1.76(0.81-3.81) 1.99 (0.73-5.47) 35/66 0.80 (0.45-1.45) 0.70 (0.33-1.47)
p for trend 0.141 0.153 0.438 0.341 0.413

IGFBP-3 =<2.74 17/65 1.00 (reference) 1.00 (reference) 42/65 1.00 (reference) 1.00 (reference)
(u g/ml) 2.74-3.02 20/62 1.21(0.58-2.53) 0.82(0.33-2.03) 43/62 1.10(0.63-1.93) 1.19(0.61-2.31)
>=3.02 16/63  0.96(0.44-2.06) 0.70 (0.27-1.83) 28/63 0.76 (0.42-1.39) 0.81 (0.38-1.73)
p for trend 0.911 0.466 0.405 0.602 0.334

Insulin =<5.06 12/63 1.00 (reference) 1.00 (reference) 36/63 1.00 (reference) 1.00 (reference)
(u U/ml) 5.06-10.2 14/62 1.20(0.51-2.80) 1.97 (0.71-5.44) 41/62 1.20(0.67-2.14) 0.92(0.48-1.76)
>=10.2 27/65 2.25(1.04-4.86) 2.79 (1.09-7.16) 36/65 0.96 (0.53-1.75) 0.78 (0.39-1.53)
p for trend 0.031 0.033 0.900 0.468 0.078

C-peptide =<0.36 11/63 1.00 (reference) 1.00 (reference) 39/63 1.00 (reference) 1.00 (reference)
(ng/ml) 0.36-0.68 19/63 1.87(0.81-4.32) 2.72(1.00-7.38) 39/63 0.98(0.55-1.75) 0.80 (0.41-1.55)
>=0.68 23/64 2.29(0.99-5.25) 2.52(0.91-6.97) 35/64 0.89(0.48-1.63) 0.68 (0.34-1.38)
p for trend 0.056 0.108 0.698 0.286 0.116

ORL1: adjusted for age and menopausal status
OR2: adjusted for age, menopausal status, family history, age at menarche, parity, age at first delivery and BMI
a: Likelihood ratio test for differences between ER-positve and ER-negative breast cancer cases, adjusted for all other covaria

Table 5-b ORs for Breast Cancer among all Women According to Progesterone Receptor Status

PR (-) PR (+) P value for
Variable OR1 OR 2 Number OR1 OR2 inter-case
Case/Reference (95%Cl) (95%Cl) Case/Reference (95%Cl) (95%Cl) comparison a
IGF-I =<150 23/69 1.00 (reference) 1.00 (reference) 40/69 1.00 (reference) 1.00 (reference)

(ng/ml) 150-200 15/55 0.87(0.41-1.84) 0.92(0.37-2.30) 27155 0.90 (0.48-1.67) 0.97 (0.46-2.06)
>=200 29/66 1.48(0.74-2.95) 1.57 (0.61-4.03) 31/66 0.81(0.43-1.51) 0.70 (0.32-1.56)
p for trend 0.256 0.325 0.501 0.383 0.213

IGFBP-3 =<2.74 22/65 1.00 (reference) 1.00 (reference) 37/65 1.00 (reference) 1.00 (reference)

(u g/ml) 2.74-3.02 21/62 1.02(0.51-2.06) 0.61 (0.25-1.49) 42/62 1.20(0.67-2.14) 1.28(0.64-2.55)
>=3.02 24/63 1.11(0.56-2.18) 0.87 (0.35-2.17) 19/63 0.61(0.31-1.18) 0.58 (0.26-1.32)
p for trend 0.769 0.835 0.188 0.224 0.558

Insulin =<5.06 18/63 1.00 (reference) 1.00 (reference) 30/63 1.00 (reference) 1.00 (reference)
(u U/ml) 5.06-10.2 20/62 1.10(0.53-2.28) 1.39 (0.57-3.39) 35/62 1.33(0.71-2.47) 1.07 (0.54-2.13)
>=10.2 29/65 1.51(0.76-3.00) 1.88(0.82-4.31) 33/65 1.15(0.61-2.16) 0.83(0.41-1.71)
p for trend 0.230 0.136 0.677 0.614 0.263

C-peptide =<0.36 17/63 1.00 (reference) 1.00 (reference) 33/63 1.00 (reference) 1.00 (reference)
(ng/ml) 0.36-0.68 24/63 1.36(0.66-2.80) 1.57 (0.67-3.67) 34/63 1.06 (0.57-1.98) 0.91 (0.45-1.83)
>=0.68 26/64 1.42(0.69-2.93) 1.49 (0.63-3.52) 31/64 1.06 (0.55-2.02) 0.72 (0.34-1.53)
p for trend 0.362 0.400 0.869 0.394 0.376

ORL1: adjusted for age and menopausal status
OR2: adjusted for age, menopausal status, family history, age at menarche, parity, age at first delivery and BMI
a: Likelihood ratio test for differences between PR-positve and PR-negative breast cancer cases, adjusted for all dteer covaria

Perola et al., 1993). Insulin has a mitogenic effect onverexpressed in human breast cancer (Shafie et al., 1977;
mammary epithelium cells (Milazzo et al., 1992; Cullen ePekonen et al., 1988; Papa et al., 1997; Webster et al., 1996).
al., 1990; Osborne et al., 1990) and insulin and IGF-I caBy decreasing the levels of SHBG, insulin also can lead to
synergistically stimulate mammary cell proliferation. It hasncreased availability of free estradiol (Henderson and
also been observed that insulin receptor may bEeigelson, 2000). Furthermore, insulin can stimulate the
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synthesis of both androgen and estrogen in ovarian tissbetween plasma IGF-1 and breast cancer risk was observed,
(Stoll, 1998). Therefore, the link between insulin and breagspecially in premenopausal women. These results are
cancer risk may be through the role of this hormone iconsistent with the findings for Caucasian, indicating that
regulation of the levels, bioavailability, and effects of bothGF-I may play a similar role in breast cancer in different
IGF-1 and estrogen. ethnic groups. However, we have failed to detect any
The presence of both ER and PR in breast cancer tisspesitive association between IGF-I and Japanese women
has been recognized as an important prognostic factor fbreast cancer risk. Because no other epidemiological studies
the clinical course. However, it is not yet clear whetheof IGF have so far been performed for Japanese women, we
mammary neoplasms with differing hormone receptor statusan not conclude whether this discrepancy is because of the
represent etiologically distinct forms of the disease wittstudy population or the study itself.
different risk factor profiles. In our previous study with A high IGFBP-3 level is generally associated with a
HERPACC data, some evidence was obtained that certaiaduced risk of cancer. However, two case-control studies,
risk factors, including reproductive factors, may differ byone from Canada (Del Giudice et al., 1998) and the other
PR status, but not by ER status (Yoo et al., 1997). A highhom China (Yu et al., 2002), suggested that risk was
level of insulin was, however, associated with increased oddiscreased in association with relatively high levels. Most
for ER-negative breast cancer, although not statisticallgf the currently available data are from case-control studies,
significant (P<0.078). The present study indicated theome nested within prospective investigations. Case-control
association between breast cancer risk and high insulin studies are generally unable to establish the temporal nature
not differ significantly with the PR status. Although we didof an association due to possible effects of the disease process
not find a statistically significant association between seruran blood levels of the molecules of interest and are
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