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Plasma Isoflavone Level and Subsequent Risk of Breast
Cancer Among Japanese Women: A Nested Case-Control
Study From the Japan Public Health Center-Based
Prospective Study Group

Motoki Iwasaki, Manami Inoue, Tetsuya Otani, Shizuka Sasazuki, Norie Kurahashi, Tsutomu Miura,
Seiichiro Yamamoto, and Shoichiro Tsugane

A B S TR A CT

Purpose
Because they have large variations in consumption, Asian countries are suitable settings for

studies of the effect of relatively high-dose isoflavone intake on breast cancer risk. Nevertheless,
no prospective study from Asia has assessed blood or urine levels as biomarkers of isofla-
vone intake.

Patients and Methods
A total of 24,226 women ages 40 to 69 years in the Japan Public Health Center-based prospective

study who responded to the baseline questionnaire and provided blood in 1990 to 1995 were
observed to December 2002. During a mean 10.6 years of follow-up, 144 patients newly
diagnosed with breast cancer were identified. Two matched controls for each patient were
selected from the cohort. Isoflavone levels were assessed by plasma level and food frequency
guestionnaire, and the odds ratio of breast cancer according to isoflavone level was estimated
using a conditional logistic regression model.

Results

We found a statistically significant inverse association between plasma genistein and risk of breast
cancer, but no association for plasma daidzein. Adjusted odds ratios for the highest versus lowest
quartile of plasma level were 0.34 for genistein {95% Cl, 0.16 to 0.74; P for trend, .02) and 0.71
for daidzein (95% Cl, 0.35 to 1.44; Pfor trend, .54). Median plasma genistein values in the control
group were 31.9 ng/mL for the lowest and 353.9 ng/mL for the highest quartile groups. Regarding
dietary intake of isoflavones, nonsignificant inverse associations were observed for both genistein
and daidzein.

Conclusion

This nested case-control study found an inverse association between plasma genistein and the
risk of breast cancer in Japan.

J Clin Oncol 26:1677-1683. © 2008 by American Society of Clinical Oncology

anisms.>* Estrogen-dependent mechanisms arise

o through the mediation of estrogen receptor czand 3,
Soy foods, a traditional staple dish in Asian coun- ~ owing to the similar chemical structure of isofla-
tries, are a primary source of isoflavones, such as  vones to the human estrogen hormone and their
genistein and daidzein, which are dassified as phy-  binding affinity to estrogen receptors.*”® For this

toestrogens. Because breast cancer risk is substan-  reason, they have been hypothesized to behave
like selective estrogen receptor modulators. In

contribution of a high isoflavone intake to low
breast cancer risk has been hypothesized.” This hy-
pothesis has been supported by in vitro studies at
high genistein concentrations and in the majority of
animal studies, which together have demonstrated
various anticancer effects of isoflavones acting via
both estrogen-dependent and -independent mech-

contradiction to potential protective effects, how-
ever, genistein exhibits estrogenic properties at low
concentrations, which could theoretically enhance
breast cancer risk.>* In fact, some animal studies
have reported that genistein stimulates tumor devel-
opment and growth.®” Although a recent meta-
analysis found that soy intake was associated with a
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small reduction in breast cancer risk, the authors concluded that in
view of these risk-enhancing effects, recommendations for high-dose
isoflavone supplementation to prevent breast cancer or its recurrence
were premature.? Phytoestrogen supplements, however, are commer-
cially marketed for use by postmenopausal women as natural and safe
alternatives to hormone replacement therapy. The effect of relatively
high-dose isoflavone on breast cancer risk is now of concern.
Because they have large variations in consumption among indi-
viduals, Asian countries serve as suitable venues for studies of the effect
of relatively high-dose isoflavone intake on breast cancer risk. Despite
this advantage, only a few epidemiological studies on soy or isoflavone
intake and breast cancer risk from Asia have been reported.® In par-
ticular, no prospective study on isoflavone levels in blood or urine
samples has been reported, notwithstanding that, because they are
partly determined by individual differences in absorption and metab-
olism, blood or urine levels might better reflect interperson differences
_ than dietary assessment. The three nested case-control studies which
have investigated this association in Western populations have been
inconsistent, with one reporting an inverse association with plasma
genistein in the Netherlands,'® the second showing no association
with urinary genistein in the Netherlands,'" and the third finding a
positive association with urine and serum phytoestrogens in the
United Kingdom.'? This inconsistency might be in part explained by
the apparently small variation in isoflavone levels in Western coun-
tries. For example, studies in the Netherlands, which has a high inci-
dence of breast cancer (age-standardized rate per 100,000 world
population, 86.7 in 2002),"? reported a median genistein intake 0f0.14
mg/d in women ages 49 to 70 years,'* and a median plasma genistein
level of 4.89 ng/mL in the control group of a nested-case control
study.'® In contrast, a study in Japan, where the incidence of breast
cancer is low (age-standardized rate per 100,000 world population,
32.7 in 2002)," reported a median genistein intake of 22.3 mg/d and
median serum level of 90.2 ng/mL.'* This substantial variation in
isoflavone levels suggests that the Japanese population represents an
ideal setting for determining whether an association exists at relatively
high levels achievable from dietary intake only.
Herein, to darify the effect of relatively high-dose isoflavone expo-
sure on breast cancer risk, we conducted a nested case-control study
within a large-scale population-based prospective study in Japan.

EATIENTSTANDIV ETICOSIS L

Study Population

The Japan Public Health Center-based prospective study, which began
in 1990 for cohort I and in 1993 for cohort II, induded 140,420 subjeds
(68,722 men and 71,698 women) living in the municipalities supervised by 11
public health centers (PHC). Details of the study design have been described
elsewhere.'® The study protocol was approved by the institutional review
board of the National Cancer Center, Tokyo, Japan.

The study population comprised registered Japanese inhabitants living
in each PHC area, ages 40 to 59 years in cohort I and 40 to 69 years in cohort II.
In this analysis, one PHC area was exduded since data on cancer inddence
were not available. We thus defined a population-based cohort of 67,426
women (27,389 in cohort I and 40,037 in cohort II) after the exdusion of
ineligible subjects (n = 95).

Questionnaire Survey

A baseline survey was conducted from 1990 to 1994. A total of 55,891
women (83%) returned the questionnaire, which contained questions con-

1678 © 2008 by American Society of Clinical Oncology

cerning demographic characteristics, medical history, menstrual and repro-
ductive history, anthropometric factors, physical activity, smoking and
drinking habits, and diet.

Blood Collection

Subjects voluntarily provided 10 mL of blood during health check-ups
from 1990 to 1995. Blood samples were divided into plasma and buffy layers
and stored at —80°C until analysis. Among respondents to the baseline ques-
tionnaire, a total of 24,996 women (45%) donated blood.

Follow-Up

Allregistered subjects were observed from the start of the study period to
December 31, 2002. Data on residential relocation were obtained from resi-
dential registries. Among study subjects (n = 24,996), 1,289 subjects (5.2%)
moved out of the study area and 5 (0.02%) were lost to follow-up within the
study at-risk period.

Selection of Patients and Controls

Incidence data on breast cancer were collected for the Japan Public
Health Center cancer registry through two data sources—major local hospitals
and population-based cancer registries. Death certificates were used to supple-
ment information on cancer incidence. Site of origin and histologic type were
coded by members of our study group (Appendix Al, online only) using the
International Classification of Diseases for Oncology, third edition, code
C500-509. Up to the end of the study period, 144 new breast cancer cases (97 in
cohort 1and 47 in cohort II) were identified among the 24,226 women (9,689
in cohort I and 14,537 in cohort IT) who had returned the baseline question-
naire, reported no history of breast cancer or ovarian cystoma, and provided
blood samples. Diagnosis was microscopically verified in 98% of patients, and
based on death certificates only in 0.7%. The mortality/incidence ratio
was 0.14.

For each patient, two controls were selected using incidence density
sampling from subjects who were not diagnosed with breast cancer during the
follow-up period when the patient was diagnosed. Control selection was done
without reference to incidence of other cancer sites. Controls were matched
with each patient for age (within 3 years), PHC area, area (city or town and
village), date of blood collection (within 90 days), time of day of blood collec-
tion {within 3 hours), fasting time at blood collection (within 3 hours), and
baseline menopausal status.

Assessment of Dietary Intake

Dietary intakes of genistein and daidzein were assessed by a food fre-
quency questionnaire of 44 items for cohort 1 and 52 for cohort I1. Isoflavone
intake was defined for this study as the sum of genistein and daidzein intake.
We documented the questionnaire assessment of isoflavone intake to be rea-
sonably valid (details in Appendix A1).'*"

Laboratory Assay

Plasma levels of isoflavone were analyzed using high-performance liquid
chromatography with a coulometric array detector in accordance with the
modified methods of Gamache and Acworth.'® Concentrations of genistein
and daidzein were determined by linear regression of the peak height for each
standard, and adjusted according to the recovery rate of the internal plasma
standard. The regression coefficient of peak height and concentration calcu-
lated for isoflavones revealed a linearity range of 0 to 0.75 pg/mL, with corre-
lation coefficient values higher than 0.938. Voltametric response for the
standard solution displayed coefficients of variation of 8% for intra- and 11%
for interday variation. Recovery rates of isoflavones in plasma samples ranged
between approximately 73% and 98%. Detection limits were 2.2 ng/mL for
genistein and 2.7 ng/mL for daidzein. Laboratory personnel were blinded to
case-control status when performing the analyses.

Statistical Analysis

Comparison of baseline characteristics, as well as plasma levels and
dietary intake of isoflavones, between cases and controls was evaluated by the
Mantel-Haenszel test using matched-set strata. Spearman’s correlation coeffi-
cients were calculated among plasma levels and dietary intakes of isoflavone
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among control subjects. Using a conditional logistic regression model, we
calculated odds ratios (ORs) and 95% ClSs of breast cancer for plasma levels
and dietary intake of isoflavone divided into quartiles based on control distri-
bution. The ORs were adjusted for number of births and age at first birth as
potential confounders. The adjusted ORs were calculated based on a total of
405 subjects with complete information for covariates. Linear trends for ORs
were tested in the conditional logistic regression model using the exposure
categories as ordinal variables. All P values reported are two sided, and signif-
icance level was set at P < .05. All statistical analyses were performed with SAS
software, version 9.1 (SAS Institute Inc, Cary, NC).

b

X
3
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5

Case subjects and controls had significantly different distribution for
number of births (Table 1). Other characteristics, such as age at men-

Table 1. Characteristics of Patients and Matched Contro! Subjects at Baseline
Patients Controls
(n = 144) {n = 288)
Characteristic No. % No. % P
age;: ’ TB1L7 51.8
Stanmard devratto . A o7 —
Family history of breast cancer 2 1.4 2 0.7 .48
" Premeriopausal women - - - ©TEg 427 118 42 e
Postmenopausal women
Natural menopause 70 50 140 50 —
Surgical menopause 10 7.2 20 72 —
Mean age at menopa‘ : ’ 50007 . 498 76
SETL Ti : .. e 027
Mean age at menarche years 14.6 14.8 .33
SEt 0.15 0.10
Mean'No. of births TET S - 28 ot
SEL. S L0120 0 009 °
Mean age at first bmh years 25.7 25.0 .22
SEt 0.30 0.21
{se of exogénous fema!e hormcnes ’ ”4“ LB 0 T2 08 a0
{eurrent use) I e PR i )
Mean height, cm 151 7 1514 70
SEt 0.46 0.33
Mean body mass index; kgma? . 0 234 235 i
SEf . 025 . 0.18. .
Smokrng (current smoker) 5 35 17 59 .23
_ Alcohgi.drinking (regular drinker}. 18 -3 .77 94 28
Leisure-time physical activity 30 21 57 20 .42
{= once per week)
Vitarin sdpglement user S0 o33 240 8y 23 65
Green tea intake (= five cups per day) 36 25 71 25 .42
Mean total "ener& intake, kéalld 12694 12710 41
SE¥, 26,5 19.2
Mean fish and shellfish mtake o/d 45.4 45.7 .75
SE% 25 1.8
Mean meat intake, g/d v 305 28.5 A1
SEF ) ) 1.7 . 1.2
Mean vegetable mtake g/d 121.2 115.9 .20
SE# 5.7 4.1
Mean-fruit‘intake, g/d . 104.8 99.4 79
SE$ . ) 5.9 .43
*P for Mantel-Haenszel test with matched-set strata.
tAdjusted for age.
tAdjusted for age and cohort.

arche, age at first birth, body mass index (BMI), alcohol consumption,
or dietary intake did not substantially differ between the two groups.

Plasma genistein was significantly lower among cases than con-
trols whereas plasma daidzein values were similar (Table 2). No sig-
nificant differences between the groups were seen for dietary genistein,
daidzein, or isoflavone intake. Median isoflavone intake in the control
group was 34.8 mg/d (36.1 in cohort I and 29.9 mg/d in cohort II).
Genistein and daidzein were highly correlated for both plasma level
(r = 0.72) and dietary intake (r = 0.99). Correlation coefficients
between plasma and dietary levels were relatively low for both
genistein (r = 0.23) and daidzein (r = 0.31).

We found a statistically significant inverse association between
plasma genistein and the risk of breast cancer (P for trend, .02), but no
statistically significant association for plasma daidzein (P for trend,
.54; Table 3). Adjusted ORs for the highest versus lowest quartile of
plasma level were 0.34 for genistein (95% CI, 0.16 to 0.74; P= .01) and
0.71 for daidzein (95% CI, 0.35 to 1.44; P = .34). Moreover, the results
did not change substantially after adjustment for dietary intake of
isoflavone or other potential confounders such as age at menarche,
menopausal status at baseline, age at menopause, height, BMI, and
alcohol consumption. Further, exclusion of cases diagnosed before the
first 3 years of follow-up did not substantially change the results, nor
did the exclusion of subjects who used vitamin supplements or who
provided a nonfasting blood sample (ie, within 6 hours after a meal).
Regarding dietary intake, we observed inverse associations for both
genistein and daidzein but neither was statistically significant (Table
3). In addition, adjusted ORs by isoflavone intake were closely similar
to those by genistein intake (data not shown).

A stratified analysis according to baseline menopausal status
showed no remarkable difference between two strata for either
genistein and daidzein, regardless of whether the values were assessed
by plasma or questionnaire, although the inverse association between
plasma genistein and risk of breast cancer tended to be more stable in
postmenopausal than premenopausal women (Table 4).

In this study, we found a statistically significant inverse association
between plasma genistein and the risk of breast cancer, but no associ-
ation for plasma daidzein. This finding suggests that genistein may

Table 2. Plasma Levels and Dietary Intake of Isoflavone in Patients and
Matched Controls

Patients (n = 144) Controls (n = 288}

Interquartile Interquartile
Parameter Median Range Median Range P*
Plasma level - ' .
Genistein, ng/ml. 1318  67.92026 1445  78.8-2556 046 .

Daidzein, ngfmi. 16.7 7.034.0 17.8 55-408 45
Dietary intake

Genistein, mg/d 19.9 16.6-24.0 1.7 16.8-26.1 37

Daidzein, mg/d 125 10.1-14.8 13.3 10.3-16.3 .36
Isoffavone, mg/dt 32,6 26.8-38.7 34.8 27.042.4 36"

*P for Mantel-Haenszel test with matched-set strata.
tlsoflavone intake = sum of genistein and daidzein intake.
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Table 3. ORs and 95% Cls of Breast Cancer According to Plasma Level and Distary Intake of Isoflavone

Quartile
Parameter 1 2 3 4 P for trend
Piasmalevel =~~~ % )
Median genistein, ng/m 319 108.1 190.8 353.9
No. of patients - 41 37 a5 21
No. of controls ™% 72 v - 72 72 72
OR~ - 1.00 0.84 1.04 0.46
95% Cl : Reference 047 t0 1.51 057 10 1.91 0.23100.91
Adjusted, OR* . 100 . 0869 0.87 0.34
95% Cl £ _ Relerence . 0.36t0 1.32 0.45 t0 1.67 0.16 to 0.74
Median daidzein, ng/mL ¢ 12,0 270 53,7
No."of patients’ 30 45 44 25
72 72 - 72 72
1.00 1.50 1.44 0.79
59 Reference 08510 2.64 0.80 10 2.61 04110 1.54
Adjusted OR® - 1.00 1.30 151 0N
95% Cl Reference | 0.70102.42 0.80 1 2.86 0.35 10 1.44
Dietary intake
Median genistein, mg/d 15.7 185 22.9 27.3
No. of patients 42 36 37 29
No. of controls 69 75 71 73
OR 1.00 0.78 0.83 0.58 18
95% Cl Reference 0.46t0 1.35 0.47 to 1.48 0.30 to 1.12
Adjusted OR* 1.00 0.81 0.92 0.58 21
95% Ci Reference 0.46 t0 1.45 0.50 to 1.70 0.29 to 1.18
Median daidzein, mg/d 9.4 11.4 14.1 171
No. of patients 40 39 35 30
No. of controls 70 74 72 72
OR 1.00 0.91 0.82 0.65 21
95% Ct Reference 0.52to 1.58 0.46 to 1.47 0.33 t0 1.27
Adjusted OR* 1.00 0.96 0.94 0.67 34
95% Cli Reference 0.54 to 1.74 0.50 to 1.74 0.33 10 1.39

Abbreviation: OR, odds ratio.

subjects with complete information of covariates.

*Adjusted for number of births (0, 1, 2, 3, 4, 5+) and age at first birth {—21, 22-25, 26-29, 30+, nulliparous). Adjusted ORs were calculated based on a tota! of 405

play a more important role in the etiology of breast cancer than
daidzein. Our findings are in general agreement with those of a recent
nested case-control study in the Netherlands, '? albeit that our inverse
association occurred at substantially higher plasma concentrations.
For example, median plasma genistein values in the control group of
the Netherlands study were 3.75 ng/mL for premenopausal and 4.89
ng/mL for postmenopausal women."” In contrast, the median value in
our control group was 144.5 ng/ml, and only 3.2% of control subjects
was under 5 ng/mL. This apparently high level is not surprising con-
sidering that the median value of 353.9 ng/mL in our highest plasma
genistein quartile group, which had a significantly lower risk of breast
cancer than thelowest group, corresponded to a median dietary intake
of 28.5 mg/d for genistein and 46.5 mg/d for isoflavone, as estimated
by the validation study data. Although some in vivo and in vitro
studies have shown risk-enhancing effects of genistein, our study
suggests that relatively high-dose isoflavones exposure achievable
from dietary intake alone is associated with a decreased rather than
increased risk.

We observed an approximately 65% reduction in breast cancer
risk in the highest plasma genistein quartile group but no decrease in
the other quartiles, indicating that only the highest group benefited

1680 @ 2008 by American Society of Clinical Oncology

from risk reduction. The apparentlack ofa dose-response relationship
might imply the presence of a threshold level of effect. Interestingly,
this idea contradicts findings in Western populations, in whom in-
verse associations are seen despite materially low levels of isoflavones.
Given the differences in hormonal milieu between the two popula-
tions, the potential protective effect of isoflavones in breast cancer
might act differently between Western and Asian populations: sex
hormone levels are higher in Western than Asian women,'® for exam-
ple, as is the prevalence of obesity.”**' In this regard, a case-control
study in Shanghai found that the inverse association between urinary
isoflavone level and breast cancer risk was stronger among women in
the high BMI, waist-hip ratio, and estradiol level groups and in the low
sex hormone-binding globulin level group than in the respectively
converse low and high groups.? Alternatively, the apparent lack of a
dose-response relationship might merely reflect uncontrolled con-
founding by other dietary characteristics or risk-lowering behaviors.
The reason for a role for genistein but not daidzein in the eticlogy
of breast cancer is unclear, but several possibilities can be speculated.
Genistein possesses stronger binding affinity for estrogen receptor
than daidzein.” Further, a pharmacokinetic study showed higher
plasmalevels and a 1.5-fold longer half-life for genistein than daidzein
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Table 4. ORs and 95% Cls of Breast Cancer According to Plasma Level and Dietary Intake of Isoflavone By Baseline Menopausal Status
Quartile
Parameter 1 2 3 4 P for trend
Premenopausal women.
Plasma genistein, ng/mL
No. of patients 24 14 19 2
No: of-controls 41 28 25 24 .
Adjusted OR* 7 1.00 0.78 1.75 0.14 ©ola20
’ 95‘{1}“.(2! Reference 03110 1.86 0.68 10 4.50 0.03 10 0.69 Lo
Plasma daidzein, ng/mL
No. of-patients ' 17 21 15 6 LR
No..of controls = . 27 45 23 n R
Adjdstéd OR® - 1.00 0.80 127 0.49 A48
les% Cl Reference 03410 1.88 0.48 10 3.38 0.15 to 1.57
Dietary genistein intake, mg/d
No: of patients™ = 21 16 14 8
N 35 31 32 20
Adjusted OR* . 1.00 0.92 0.86 0.62
85% CI o Reference 0.41 to 2.05 0.34 10 2.18 0.211t0 1.84
Dietary. daidzein intake. mg/d
i 20 17 14 8
36 . 30 32 20
1.00 1.07 083 ' 0.67
95%:Ct . Reference 046 to 2.51 03710 2.34 0.22 10 2.03
Postmenopausal women
Plasma genistein, ng/mL
No. of patients 17 23 25 15
No. of controls 28 41 46 45
Adjusted OR* 1.00 0.54 0.57 0.36 .10
95% ClI Reference 0.18 to 1.62 0.20 to 1.65 0.12t0 1.12
Plasma daidzein, ng/mL
No. of patients 13 23 27 17
No. of controls 40 27 a7 46
Adjusted OR* 1.00 2.86 2.06 1.16 .85
95% ClI Reference 1.03 to 7.98 0.82 t0 5.17 043103.15
Dietary genistein intake, mg/d
No. of patients 20 20 22 18
No. of controls 33 42 35 50
Adjusted OR* 1.00 0.73 0.93 0.52 31
95% Cli Reference 0.30to 1.77 0.38 t0 2.27 0.19 to 1.42
Dietary daidzein intake, mg/d
No. of patients 19 22 20 19
No. of controls 33 42 36 49
Adjusted OR" 1.00 0.89 093 0.64 A3
95% ClI Reference 03810 2.10 0.38 t0 2.29 0.23t01.72
Abbreviation: OR, odds ratio.
*Adjusted for number of births (0, 1, 2, 3, 4, 5+) and age at first birth {-21, 22-25, 26-29, 30+, nulliparous).

after ingestion of baked soybean powder containing closely similar
amounts of the two.2> Moreover, the absence of an association for
plasma daidzein might be attributable to misclassification arising
from the metabolization of this compound. Daidzein can be metabo-
lized by intestinal bacteria to equol and O-desmethylangolites; be-
cause approximately only 30% to 50% of individuals are capable of
equol production, probably due to differences in gut microflora,
daidzein-to-equol metabolizers may have lower plasma daidzein lev-
els than nonmetabolizers.?* Equol has been suggested to have greater
biologic activity than daidzein,* and an inverse association between
equol level and breast cancer risk has been reported.?* Here, thelowest
plasma daidzein quartile group might conversely have had a lower

www.jco.org

breast cancer risk than the higher groups due to its inclusion of equol
metabolizers, and such misclassification, if present, would lead to a
null result.

Our study has several methodological advantages over previous
studies of isoflavones and the risk of breast cancer. First, the direct
measurement of plasma isoflavonelevels provides not only an index of
intake but also of the absorption and metabolism of isoflavone, an
understanding of which is important to elucidating the mechanisms
by which isoflavones might influence breast cancer development.
Indirect measurement by dietary intake of genistein is likely a major
reason for the present smaller and nonsignificant risk reduction of
breast cancer than by plasma genistein. Exposure assessment using
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blood samples is therefore likely a more sophisticated means of detect-
ing an association. Second, two case-control studies in Australia and
China showed an inverse association between urinary isoflavones and
breast cancer risk.>>? In view of the retrospective design of these
studies, however, blood or urine levels of isoflavones in breast cancer
cases might have been influenced by metabolic changesaafter the breast
cancer was detected or by altered eating habits among case subjects. In
our nested case-control study within a prospective cohont, in contrast,
blood samples were collected before cancer diagnosis, obviating any
potential bias due to the presence of cancer. Third, cases and controls
were selected from the same cohort, thereby avoiding the selection
bias inherent to case-control studies.

Several limitations of this study warrant mention. First, we mea-
sured plasma isoflavones only once for each individual. The consump-
tion of soy foods is a personal dietary preference, and intake levels of
most individuals are assumed to be relatively stable over time in Japan,
as suggested by our validation study, which showed high reproducibil-
ity of repeated measurements of genistein intake by food frequency
questionnaire (correlation coefficient = 0.72 for 1-year interval and
0.61 for 5-year interval)."'” By comparison, plasma isoflavone levels
may reflect short-term rather than long-term intake: isoflavones have
short half-lives in blood (eg, 6 to 8 hours),***” and plasma levels are
particularly affected by time elapsed since the last meal. To minimize
the attenuation of risk estimates derived from randorn measurement
errors, we matched fasting time between cases and controls. Second,
despite a reasonably large cohort population (24,226 women) and
long follow-up period (average, 10.6 years), the number of breast
cancer cases was relatively small, reflecting the low incidence rate in
Japan (age-standardized rate per 100,000 world population, 32.7 in
2002)." The interpretability of our results might therefore be limited,
particularly in stratified analyses. Third, although our cohort subjects
were selected from the general population, subjects were restricted to
the 24,226 women respondents (43%) to the baseline questionnaire
who provided blood samples, Although health check-up examinees in
our previous report had a different socioeconomic status than nonex-
aminees and a more favorable lifestyle profile,® no apparent differ-
ence in isoflavone intake and breast cancer risk factors was found

between subjects in the subcohort for this study and the original
cohort; median isoflavone intake, for example, was 32.5 and 32.1
mg/d, respectively, and the average number of births was 2.8 and 2.7,
respectively.”” Nevertheless, any extrapolation of the results to the
general population should be done cautiously, particularly in view of a
previous report showing the difficulty of extrapolating relative risk
estimates for a subcohort to an entire cohort. This difficulty might in
fact be inherent to prospective studies in general.*

Allowing for these methodological issues, we found an inverse
association between plasma genistein and the risk of breast cancer ina
nested case-control study in Japan. This finding suggests a risk-
reducing rather than a risk-enhancing effect of isoflavones on breast
cancer, even at relatively high concentrations within the range achiev-
able from dietary intake alone.
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Body Size and Risk for Breast Cancer in Relation
to Estrogen and Progesterone Receptor Status in Japan

MOTOKI IWASAKI, MD, PiD, TETSUYA OTANI, MD, PuD, MANAMI INOUE, MD, PuD,
SHIZUKA SASAZUKI, MD, puD, AND SHOICHIRO TSUGANE, MD, DRMS, FOR THE
JAPAN PUBLIC HEALTH CENTER-BASED PROSPECTIVE STUDY GROUP

PURPOSE: The aim of this study is to examine the association of height, weight, and body mass index
(BMI) with breast cancer and its hormone receptor—defined subtype in a low-risk population.
METHODS: We identified 441 newly diagnosed cases of breast cancer during a 9.9-year follow-up of a
population-based cohort consisting of 55,537 women aged 40 to 69 years. Body size was assessed by using
a self-administered questionnaire.

RESULTS: We found a significant positive association of height and marginally significant positive asso-
ciations of weight and BMI with breast cancer in postmenopausal women. Weight and BMI were associated
more strongly with estrogen recepror-positive (ER*) than ER—negatlve (ER™) breast cancer in postmeno-
pausal women. BMI was related significantly to increased risk for ER* (hazard ratio [HR] per BMI increment
of 1 kg/m?, 1. 08 95% confidence interval [CI], 1.01-1.15), but not ER™ breast cancer (HR per BMI incre-
ment of 1 kg/m 0.95; 95% CI, 0.84-1.06; p for difference of HRs = 0.048).

CONCLUSIONS: The present study suggests that height, weight, and BMI are associated with increased
risk for breast cancer among postmenopausal women in Japan. The positive association of weight and BMI

might be limited to ER* breast cancer.

Ann Epidemiol 2007;17:304-312. © 2007 Elsevier Inc.

All rights reserved.

KEY WORDS: Breast Cancer, Height, Body Mass Index, Hormone Receptor, Prospective Study.

INTRODUCTION

The incidence rate of breast cancer in Japan has increased
sharply during the past three decades (1, 2), although it re-
mains lower than in Western countries (3). Age-standard-
ized rates for 2002, for example, were 32.7 in Japan and
101.1 in the United States (4). This increase may be ac-
counted for by the changing prevalence of Japanese women
with such established risk factors as reproductive and
anthropometric factors (2). In concrete terms, Japanese
women have increased in height from approximately 151
cm in 1975 to approximately 156 c¢m in 2002 among those
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aged in their 40s (5) and in the prevalence of overweight in-
dividuals as defined by a body mass index (BMI) of 25 kg/m2
or more from approximately 23% in 1976 to 1980 to approx-
imately 27% in 1991 to 1995 among those aged in their 60s,
although it decreased in those younger than 60 years (6). In
addition, although the prevalence of obesity, defined as BMI
of 30 kg/m” or more, is less in Japan (~2% in 1991 to 1995
[6]) than in Western countries ( ~33% in the United States
[71 and ~19% in the European Union [8]), some reports sug-
gested that Asians have a greater percentage of body fat than
Western populations of the same age, sex, and BMI (9).
The association between body size and breast cancer risk
was studied extensively in Western countries. The majority
of earlier studies found a positive association between height
and breast cancer risk {10-13). For BMI, an inverse and pos-
itive association was observed among premenopausal and
postmenopausal women, respectively (10-12, 14). In addi-
tion, it was reported that age-specific incidence curves
showed different patterns (15), and risk factors (16—20) dif-
fered between breast cancer subtypes defined by estrogen
(ER) or progesterone receptor {PR) status. However, it re-
mains uncertain whether these associations also occur in
Asian populations because only a few Asian studies were
performed, even fewer of which were cohort studies. Two
cohort studies from Asian countries reported no association
between height and breast cancerrisk (21, 22). For BMI, one

1047-2797/07/$—see front matter
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Selected Abbreviations and Acronyms
BMI = body mass index

ER = estrogen receptor

PR = progesterone receptor

JPHC Swdy = The Japan Public Health Center-based Prospective Study
HR = hazard ratio

Cl = confidence interval

ER* = estrogen receptor-positive

PRT = progesterone receptor-positive
ER™ = estrogen receptor-negative
PR™ = progesterone receptor-negative

IGF-1 = insulin-like growth factor |
IGFBP = IGF-binding protein

cohort study in Japan showed no association and a positive
association for premenopausal and postmenopausal women,
respectively (23). In addition, because previous studies sug-
gested that Japanese women are more likely than Caucasians
to have ER-negative (ER™) or PR-negative (PR™) breast
cancer (24-26), it remains uncertain whether associations
between body size and breast cancer risk in Asian popula-
tions differ between hormone receptor—defined subtypes.

The purpose of the present study is to examine the asso-
ciation of height, weight, and BMI with breast cancer and its
hormone receptor—defined subtype separately in premeno-
pausal and postmenopausal women by using data from
a large-scale population-based prospective cohort of
Japanese women.

METHODS
Study Cohort

The Japan Public Health Center-based Prospective Study
(JPHC Study) was launched in 1990 for cohort I and 1993
for cohort II. Study subjects were registered Japanese inhab-
itants living in several municipalities in each public health
center area, aged 40 to 59 years in cohort [ and 40 to 69 years
in cohort I1. Additionally, cohort I included health checkup
examinees and cohort 1] included health checkup examinees
and a random sample aged 40 to 69 years from one of the mu-
nicipalities. Because cancer incidence data were not avail-
able, cohort I health checkup examinees (n = 4178) were
excluded in this report. Thus, we defined a population-based
cohort of 67,426 women, 27,389 in cohort 1 and 40,037 in
cohort 11 after exclusion of ineligible subjects (n = 95).
Details of the study’s design were reported elsewhere (27).
The JPHC Study was approved by the institutional review
board of the National Cancer Center, Tokyo, Japan.

Baseline Questionnaire Survey

A self-administered questionnaire survey was conducted in
1990 for cohort 1 and 1993 to 1994 for cohort 1I. A total
of 55,891 women (83%; 22,482 [82%] in cohort 1 and
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33,409 [83%] in cohort II) returned the questionnaire,
which contained questions concerning their personal and
family medical history, menstrual and reproductive history,
anthropometric factors, smoking history, habitual intake of
foods and beverages (including alcohol), physical activity,
and other lifestyle factors. We excluded subjects with a his-
tory of breast cancer (n = 354) from baseline questionnaire
respondents (n = 55,891), leaving 55,537 women.

Respondents reported their current height (centimeters)
and weight (kilograms) at baseline. BMI was calculated as
weight (kilograms) divided by squared height (square me-
ters). These self-reported height and weigh data were vali-
dated in our previous report (28). For the present analysis,
height, weight, and BMI were categorized as listed in Tables
1and 2.

Follow-Up and Identification of Cancer Cases

All registered subjects were followed up from the start of the
study period to December 31, 2002. Data for residential re-
location were obtained from residential registries. Among
study subjects, 3981 subjects (7.1%) moved out of the study
area and 27 subjects (0.05%) were lost to follow-up within
the study at-risk period. Death certificates coded according
to the requirements of the Ministry of Health, Labor and
Welfare were collected through local public health centers.
Incidence data for breast cancer were collected through two
data sources, major local hospitals and population-based
cancer registries. Death certificates were used to supplement
the information on cancer incidence. Cancer incidence data
were collected for subjects living in the study area only. Site
of origin and histologic type were coded by members of our
Study Group by using the International Classification of Dis-
eases for Oncology, Third Edition codes C500 to 509. Hor-
mone-receptor status was determined in a relatively large
number of clinical laboratories, primarily by using enzyme-
linked immunoassay, rather than immunohistochemical
techniques. Hormone-receptor positivity values were deter-
mined as specified by the laboratory that performed the
assay, in accordance with the laboratory’s written
interpretation thereof, or both. Information on extension -
of breast cancer was used to classify cases into two subgroups:
localized cases and advanced cases, defined by a diagnosis of
direct extension or metastasis including lymph nodes or
other organs. Up to the end of the study period, 441 new
breast cancer cases were identified among 55,537 women.
Diagnosis was microscopically verified in 97% of cases.
The mortality/incidence ratio was 0.13 and the proportion
of cases for which information was available from death
certificates only was 0.9%.

Statistical Analysis

We excluded 1680 subjects with incomplete information for
height, weight, BMI, or menopausal status from 55,537
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TABLE 1. Baseline characteristics by height and BMI category: The Japan Public Health Center-based Prospective Study

Height (cm)

<148 148-151 152-155 156-159 160+

No. of subjects 9907 15,449 14,848 8881 4712
Proportion (%) 18.4 28.7 216 16.5 8.9
Weight (kg), mean 49.8 52.7 55.0 56.8 59.2
BMI (kg/m?), mean 24.0 235 233 229 22,5
Age (year), mean 55.5 52.9 51.0 49.5 48.1
Family history of breast cancer, yes (%) 0.9 1.0 1.1 1.2 1.4
Age at menarche (year), mean 15.4 14.9 14.5 14.3 14.1
Menopausal status, premenopausal women (%) 23.7 349 44.2 519 60.4
Age at menopause (year), mean 49.2 494 49.5 49.4 49.3
Use of exogenous female hormones, current users (%) 0.9 1.0 1.2 1.3 1.5
No. of births, mean 3.0 2.8 2.7 25 2.4
Age at first birth (year), mean 25.1 24.8 24.8 249 25.1
Smoking status, current smokers (%) 5.1 5.8 6.8 8.3 9.7
Alcohol consumption, =100 g/wk ethanol (%) 23 36 4.3 5.5 6.2
Physical exercise, =1x/week (%) 16.3 17.0 18.4 194 215
Miso soup consumption, =3 bowls/day (%) 205 18.0 15.4 133 11.8
Green vegetable intake, every day (%) 324 314 30.8 28.2 26.8

BMI (kg/m?)

<19 19-20.9 21-12.9 23-24.9 25-26.9 27-29.9 30+

No. of subjects 3196 8840 14,161 12,842 8004 5093 1721
Proportion (%) 5.9 16.4 26.2 23.8 14.9 9.5 3.2
Height (cm), mean 153.6 1529 152.1 1519 151.2 150.8 149.6
Weight (kg), mean 42.5 47.1 51.1 55.3 59.3 64.1 72.2
Age (year), mean 51.6 50.5 51.4 52.1 52.9 53.3 53.0
Family history of breast cancer, yes (%) 1.0 1.0 1.1 1.1 1.1 09 0.7
Age at menarche (year), mean 14.7 14.6 14.6 14.7 14.8 14.9 14.9
Menopausal status, premenopausal women (%) 42.5 471.9 42.8 39.4 35.2 33.0 342
Use of exogenous female hormones, current users (%) 0.9 1.0 1.2 1.1 1.3 1.0 1.2
Age at menopause (year), mean 48.8 49.0 49.3 49.5 49.4 49.6 49.3
No. of births, mean 2.3 2.4 2.6 2.8 2.9 3.1 32
Age at first birth (year), mean 25.5 25.2 25.0 24.8 24.7 24.6 24.6
Smoking status, current smokers (%) 11.7 8.3 6.5 5.1 5.8 6.1 8.7
Alcohol consumption, = 100 g ethanol fwk (%) 5.7 5.1 4.3 3.6 33 3.7 3.0
Physical exercise, =1x/wk (%) 15.7 17.6 18.3 18.6 18.7 18.1 16.8
Miso soup consumption, = 3 bowls/day (%) 12.9 14.6 15.5 17.2 18.5 18.6 174
Green vegetable intake, every day (%) 29.9 30.1 30.8 30.7 30.6 30.0 30.4

BMI = body mass index.

women, leaving 53,857 women (21,799 premenopausal and
32,058 postmenopausal women), including 430 breast can-
cer cases (201 premenopausal and 229 postmenopausal
women) for inclusion in the analysis.

Person-years of follow-up were calculated from the base-
line survey until the date of diagnosis of breast cancer, relo-
cation from the study area, death, or end of the study period
{December 31, 2002), whichever occurred first.

The Cox proportional hazards model was used to estimate
hazard ratios {HRs) and 95% confidence intervals (CI) of
breast cancer by height, weight, and BMI by using the
SAS program (PROC PHREG; SAS Institute Inc., Cary,
NC). The assumption of the proportional hazards madel
was checked and found to be satisfied (29). Concemning po-
tential confounders, we used age, area, number of births, age

at first birth, and height on the basis of their having been se-
lected by a 10% change-in-estimate strategy (see footnotes
to Tables 2 and 3) (30). Other factors, such as a family his-
tory of breast cancer in female first-degree relatives, history
of benign breast disease, age at menarche, age at menopause,
use of exogenous female hormones, smoking status, alcohol
consumption, and food intake of such items as meat, vegeta-
bles, fruit, and soy foods also were examined as confounders,
but not included in the final multivariate-adjusted model.
Associations of height, weight, and BMI with hormone re-
ceptor—defined subtype were investigated by applying the
marginal approach of the model by Wei et al. (31) to the
Cox proportional hazards model. In the present study,
PROC PHREG simultaneously fics two marginal models:
one for hormone receptor—positive and the second for
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TABLE 2. Hazard ratio and 95% confidence interval of breast cancer by menopausal status according to height, weight,
and body mass index: The Japan Public Health Center-based Prospective Study, 1990-2002

Height (cm)
<148 148-151 152-155 156-159 160+ p for trend
Premenopausal women (n = 20,871)°
No. of cases 20 51 53 50 27
Person-years 25,426 56,589 66,927 45,993 27,851
Crude incidence rate 78.7 90.1 79.2 108.7 96.9
Hazard ratio® 1.00 131 1.15 1.66 1.48 0.08
95% Conftdence interval (Reference) (0.76-2.24) (0.67-1.99) (0.96-2.88) (0.79-2.74)
Postmenopausal women (n = 29,168)*
No. of cases . 47 68 51 39 24
Person-years 77,156 102,193 84,427 42,422 18,666
Crude incidence rate 60.9 66.5 60.4 91.9 128.6
Hazard ratio” : 1.00 1.16 1.00 1.64 239 0.003
95% Confidence interval (Reference) (0.79-1.71) (0.66-1.52) (1.05-2.57) (1.43-3.98)
Weight (kg)
<50 50-54 55-59 6064 65+ P value
Premenopausal women (n = 20,871)°
No. of cases 49 49 43 25 35
Person-years 57,171 63,334 49,209 30,158 22,920
Crude incidence rate 85.7 77.4 87.4 82.9 152.7
Hazard ratio® 1.00 0.89 1.02 0.97 1.57 0.13
95% Confidence interval (Reference) (0.59-1.34) (0.66—1.56) (0.59-1.61) (0.96-2.54)
Postmenopausal women (n = 29,168)
No. of cases 61 54 49 34 31
Person-years 91,976 89,579 69,097 43,064 31,147
Crude incidence rate 66.3 60.3 70.9 79.0 99.5
Hazard ratio® 1.00 0.98 1.02 1.22 1.40 0.053
95% Confidence interval (Reference) (0.67-1.43) (0.68-1.53) (0.78-1.90) (0.87-2.26)
Body mass index (kg/mz)
<19 19-20.9 21-22.9 23-249 25-26.9 27-29.9 30+ P value
Premenopausal women (n = 20,871)°
No. of cases 13 35 49 45 27 22 10
Person-years 13,079 41,753 61,616 52,776 29,636 17,809 6,122
Crude incidence rate 99.4 83.8 79.5 85.3 91.1 123.5 163.3
Hazard ratio® 1.00 0.94 0.89 0.95 1.07 1.47 1.35 0.19
95% Confidence interval (Reference) (0.49-1.80) (0.47-1.68) (0.50-1.81) (0.53-2.13) (0.72-3.02) (0.53-3.47)
Postmenopausal women (n = 29,168)°
No. of cases 10 31 56 62 34 25 11
Person-years 17,595 46,273 81,743 79,626 53,101 34,921 11,606
Crude incidence rate 56.8 67.0 68.5 77.9 64.0 71.6 94.8
Hazard ratio® 1.00 1.39 1.43 1.63 1.49 1.56 2.28 0.08
95% Confidence interval {Reference) (0.66-2.92) (0.71-2.91) (0.81-3.31) (0.71-3.11) (0.72-3.38) (0.94-5.53)

*Number of subjects included in multivariable analysis.

bAdjusted for age (continuous), area (10 public health centers), number of births (0, 1,2, 3, 4, and 5+), and age at first birth (<21, 22-25, 26-29, 30+, and nulliparous).
<Adjusted for age (continuous), area (10 public health centers), number of births (0,1, 2, 3,4, and 5+), age at first birth (<21, 22-25, 26-29, 30+, and nulliparous), and height

(continuous ).

receptor—negative breast cancer. Wald test was used to ex-
amine the null hypothesis that an estimate from hormone
receptor—positive breast cancer equals an estimate from re-
ceptor-negative cancer. Linear trends were tested in the
Cox proportional hazards models by treating each exposure
category as a continuous variable. All p reported are two
sided, and significance level was set at p < 0.05.

RESULTS

In 547,656 person-years for 53,857 study subjects (median
follow-up, 9.9 years), 430 newly arising cases of breast can-
cer were recorded. At baseline, overall mean values for
height, weight, and BMI were 151.9 + 5.59 (SD) cm,
54.0 + 7.78 kg, and 23.4 £ 3.19 kg/m?, tespectively.
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TABLE 3. Hazard ratio and 95% confidence interval of hormone receptor—defined breast cancer according to height, weight,
and body mass index: The Japan Public Health Center-based Prospective Study, 1990-2002

Estrogen receptor positive

Estrogen receptor negative

Hazard ratio 95% Confidence interval Hazard ratio 95% Confidence interval p’

Premenopausal women

No. of cases and subjects 62/20,871 41/20,871

Height (p/1 cm)® 1.03 (0.99-1.07) 1.03 (0.97-1.09) 0.97

Weight (p/1 ke)? 1.02 (0.99-1.05) 1.01 (0.97-1.05) 0.64

BMI (p/ 1 kg/m?)? 1.04 (0.98-1.11) 1.02 (0.93-1.13) 0.72
Postmenopausal women

No. of cases and subjects 65/29,168 41/29,168

Height {p/1 cm)* 1.00 (0.95-1.05) 1.06 (1.002-1.12) 0.11

Weight (p/1 kg)* 1.04 (1.01-1.07) 0.98 (0.93-1.03) 0.04

BMI {p/1 kg/m?) 1.08 (1.01-1.15) 0.95 (0.84-1.06) 0.048

Progesterone receptor positive Progesterone receptor negative
Hazard ratio 95% Concidence interval Hazard ratio 95% Confidence interval p°

Premenopausal women

No. of cases and subjects 53/20,871 42/20,871

Height (p/1 cm)© 1.03 (0.98-1.07) 1.04 (0.99--1.09) 0.75

Weight (p/1 kg)* 1.03 (0.996-1.05) 1.00 (0.95-1.04) 0.30

BMI (p/1 kg/m?)* 1.06 (0.99-1.13) 0.99 (0.89-1.10) 0.28
Postmenopausal women

No. of cases and subjects 46/29,168 55/29,168

Height (p/1 cm)© 1.02 (0.96-1.07) 1.03 (0.98-1.08) 0.78

Weight (p/1 kg)* 1.03 (0.995-1.07) 1.01 (0.97-1.04) 0.34

BMI (p/1 kg/m?)! 1.07 (0.98-1.16) 1.01 {0.93-1.10) 0.39

BMI = body mass index.

3p for the null hypothesis that an estimate from Estrogen receptor—positive equals an estimate from Estrogen receptor-negative.

b for the null hypothesis that an estimate from Progesterone receptor—positive equals an estimate from Progesterone receptor-negative.

“Adjusted for age (continuous), area (10 public health centers), number of births (0, 1, 2, 3, 4, and 5+), and age at first birth (<21, 22-25, 26-29, 30+, and nulliparous).
dAdjusted for age (continuous), area (10 public health centers), number of births (0, 1, 2, 3,4, and 5+), age at first birth (< 21, 22-25, 26-29, 30+, and nulliparous), and height

(continuous).

Baseline characteristics by height and BMI are listed in Ta-
ble 1. Taller subjects tended to be younger, premenopausal,
have earlier onset of first menstruation and smaller number
of births, and less frequently consume miso soup. Subjects
with a greater BMI tended to be postmenopausal and have
later onset of first menstruation, larger number of births,
and earlier first birth.

HRs and 95% Cls of breast cancer by menopausal status
according to height, weight, and BMI are listed in Table 2.
Overall, a positive association between height and breast
cancer risk was observed for both premenopausal and post-
menopausal women (p for trend = 0.08 and p for trend =
0.003, respectively). HRs for women 160 cm or taller com-
pared with those shorter than 148 cm were 1.48 (95% CI,
0.79-2.74) for premenopausal women and 2.39 (95% CI,
1.43-3.98) for postmenopausal women. Marginally positive
associations of weight and BMI with breast cancer risk were
found for postmenopausal (p for trend = 0.053 and p for
trend = 0.08, respectively), but not premenopausal women.
The HR for postmenopausal women 65 kg or more
compared with those less than 50 kg was 1.40 (95% CI,
0.87-2.26), whereas that for postmenopausal women with

a BMI of 30 kg/m* or more compared with those less than
19 kg/m? was 2.28 (95% ClI, 0.94-5.53).

Information on ER and PR status was available for 221
(50%) and 206 (47%) of 441 cases, respectively. Of these,
136 (62%) and 105 (51%) were ER-positive (ER™) and
PR-positive (PR ™) breast cancer, respectively. The associa-
tion of body size with hormone receptor—defined breast can-
cer is listed in Table 3. For premenopausal women,
associations of height, weight, and BMI did not differ signif-
icantly between ER* and ER-negative (ER ™) breast cancer.
However, for postmenopausal women, height was associated
more strongly with ER™ than ER* breast cancer, but the dif-
ference was not statistically significant. Conversely, weight
and BMI were associated more strongly with ER* than ER™
breast cancer. BMI was related significantly to increased risk
for ER* (HR, 1.08; 95% CI, 1.01-1.15), but not ER ™, breast
cancer (HR, 0.95; 95% CI, 0.84-1.06; p for difference of
HRs = 0.048). Associations of height, weight, and BMI
did not significantly differ berween PR* and PR~ breast
cancet for either premenopausal or postmenopausal women.

We conducted additional analyses using the joint classi-
fication of ER and PR status (results not listed in tables). The
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association of body size did not differ significantly between
ER*/PR* and ER™/PR™ breast cancer for premenopausal
women. For postmenopausal women, weight and BMI
were associated significantly with increased risk for ER*/
PR*™ (HR per weight increment of 1 kg, 1.04; 95% CI,
1.01-1.08 and HR per BMI increment of 1 kg/mz, 1.10;
95% CIl, 1.01-1.18, respectively), but not ER /PR~ breast
cancer (HR per weight increment of 1 kg, 0.99; 95% ClI,
0.94-1.04 and HR per BMI increment of 1 kg/m?, 0.98;
95% CI, 0.87-1.10, respectively), although the difference
was marginally significant (p for difference of HRs = 0.09
for weight and 0.10 for BMI, respectively). Because of the
small numbers of cases, we were unable to adequately assess
ER*/PR™ and ER /PR breast cancer cases.

Information on extension of breast cancer was available
for 412 of the 441 cases (93%), with 217 cases of localized
cancer and 195 of advanced cancer. Additional analyses
to investigate whether the association of body size differed
between localized and advanced cases showed no significant
differences for either premenopausal or postmenopausal
women (results not shown).

DISCUSSION

In this large-scale population-based prospective cohort of
Japanese women, we found a significant positive association
of height and marginally significant positive associations of
weight and BMI with breast cancer in postmenopausal
women. In addition, weight and BMI were associated signif-
icantly with risk for ER* breast cancer. To our knowledge,
this is the first prospective cohort study to show a significant
positive association between height and risk for breast
cancer and also examine associations between body size
and hormone receptor—defined breast cancer in an Asian
population.

The present study shows a positive association between
height and breast cancer risk for both premenopausal and
postmenopausal women, but the association was more evi-
dent for postmenopausal women. This finding is consistent
with the majority of findings in Western countries (10—
13), but inconsistent with those in Asian countries (21,
22, 32-35). Among studies in the latter, two cohort studies
that included 161 and 104 breast cancer cases showed no
association (21, 22). For case~control studies, one found
no association for either premenopausal or postmenopausal
women (32), whereas others found a positive association for
one of either premenopausal (33) or postmenopausal women
(34, 35), but not both.

Mechanisms underlying the association between height
and breast cancer risk were proposed, although they are
not fully understood. One possible explanation is the “en-
ergy deprivation in early life hypothesis,” which is supported
by animal studies showing that energy restriction in rodents
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clearly decreases mammary tumor rates (36). Adult height
may serve as an indicator of childhood or adolescent nutri-
tion and energy balance in that short women may have been
energy restricted during childhood and adolescence.
Women in this study born from 1923 to 1952 might have ex-
perienced energy deprivation in childhood and adolescence
during World War II. This may have resulted in sufficient
variation in energy intake to allow the present detection
of a positive association between height and breast cancer
risk. Some studies reported a positive association only in
populations in which inadequate energy and nutrient intake
in childhood and adolescence limited growth (13).

However, nutritional inadequacy may not be the sole fac-
tor explaining the observed association between height and
breast cancer risk. Rather, the influence of growth hormone,
insulin-like growth factor 1 (IGF-1), or possibly in utero
influences on ductal stem cells also may have a role. The
trend to tallness in an individual is associated with an earlier
growth spurt that might result from better nuwrition. The
adolescent growth spurt involves stimulation by both
growth hormone and sex steroids. The IGFs also have an im-
portant role during the peripubertal growth spurt (37), and
IGF-I levels in childhood correlated strongly with height
(38). Furthermore, adult height and mammary gland mass
are likely to be associated positively, albeit weakly, because
both reflect overall growth to a certain extent at least. Mam-
mary gland mass is likely to reflect the total number of ductal
stem cells that develop in the breast in utero, which would
emphasize the importance of prenatal exposure (39).

The present study shows a positive, although only mar-
ginally significant, association of weight and BMI with risk
for postmenopausal breast cancer. This association was
reported repeatedly in both Asian (23, 33, 35, 40) and
Western countries (10-12). A recent large-scale cohort
study in European countries reported that pooled relative
risk per BMI increment of 1 kg/m® was 1.03 (95% CI,
1.01-1.05) among postmenopausal women who did not
use menopausal hormones at the time of recruitment
(12), whereas it was 1.04 (95% CI, 0.996-1.08) in the
present study. This indicates that the strength of the asso-
ciation between BMI and breast cancer risk in Japanese
might be similar to that in Western countries, although
the prevalence of obesity substantially differed between
Japan and Western countries. The mechanism behind
this increase in risk may reflect an increase in serum con-
centration of bioavailable estradiol, which results in turn
from both an increase in estrogen production by aromatase
in adipose tissue and a decrease in serum concentration of
sex hormone-binding globulin (41).

The present study shows positive associations of weight
and BMI with breast cancer for premenopausal women, al-
though they were not statistically significant. Some studies
in Asian countries reported no association (23, 33, 35, 40),



