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small reduction in breast cancer risk, the authors concluded that in
view of these risk-enhancing effects, reccommendations 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, onlya 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 of 0.14
mg/d in women ages 49 to 70 years,"* and a median plasma genistein
level of 4.89 ng/mlL 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 clarify 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.

Study Population

The Japan Public Health Center- based prospective study, which began
in 1990 for cohort I and in 1993 for cohort I, included 140,420 subjects
(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 Iand 40 to 69 years in cohort IL
In this analysis, one PHC area was excluded since data on cancer incidence
were not available, We thus defined a population-based cohort of 67,426
women (27,389 in cohort I and 40,037 in cohott II) after the exclusion 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-
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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

All registered 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 A1, 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 I and 47 in cohort IT) were identified among the 24,226 women (9,689
in cohort Tand 14,537 in cohort 1) who had returned the baseline guestion-
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. Confrols 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 I and 52 for cohort IL. 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).'*"7

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 infra- and 11%
for interday variation. Recovery rates of isoflavones in plasma samples ranged
between approximately 73% and 98%. Detection limits were 22 ng/mlL for
genistein and 2.7 ng/mL for daidzein. Laboratory personnel were blinded to
case-control stats 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% Cls 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).

s ; : i

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 Control Subjects at Base!ine
Patients Controls
(n = 144) (n = 238)
Characteristic No. % No. % 4
Mean age, years 61.7 518
Standard deviation 71 71 —
Family history of breast cancer 2 1.4 2 07 48
Premenopausal wemen 59 42 118 42 —_
Postmenopausal women
Natural menopause 70 50 140 50 —
Surgical menopause 10 7.2 20 72 —
Mean age at mencpause, years 50.0 498 76
SEt 0.38 0.27
Mean age at menarche, years 148 148 33
SEt 0.15 0.10
Mean No. of births 23 28 o1
SEt 0.12 0.09
Mean age at first birth, years 26.7 250 22
SEt 0.30 o221
Use of exogenous female hormones 4 3.0 2 08 .10
(current use)
Mean height, cm 1617 1514 70
SEt 0.46 0.33
Mean body mass index, kg/m? 234 235 49
SEt 0.25 0.18
Smoking (currant smoker) 5 3.5 17 59 23
Icohol drinking (regular drinker) 18 13 26 91 28
Leisure-time physical activity 30 21 67 20 42
(= once per week)
Vitamin supplement user 33 24 61 23 66
Green tea intake (= five cups per day) 38 25 7 25 42
Mean total energy intake, kcal/d 1.269.4 1,271.0 41
SE# 26.5 19.2
Mean fish and shellfish intake, g/d 454 48.7 75
SE% 25 1.8
Mean meat intake, g/d 306 285 18
SE= 17 1.2
Mean vegetable intake, g/d 121.2 115.9 20
SE% 6.7 4.1
Mean fruit intake, o/d 104.8 954 72
SE# 5.9 4.3
*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 (BMT), 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 inthe 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).

s

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

ificant inverse association

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

Patients (n = 144)

Controls {n = 288}

Interquartile Interquartile
Parameter Median Range Median Range P

Flasma level

Genistein, ng/mL 1318  B7.9-2026 1446  78.8-266.6 .046

Daidzein, ng/mL 16.7 70-340 17.9 55-40.8 .45
Dietary intake

Genistein, mg/d 189 16.6-24.0 21.7 16.8-26.1 37

Daidzein, mg/d 125 10.1-14.8 13.3 10.3-16.3 .36
Isoflavone, mg/dt 326 268387 348 270424 36

*P for Mantel-Haenszel test with matched-set sirata
tisofiavone 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 Dietary Intake of Isoflavone
Quartile
Parameter 1 2 3 4 P for trend
Plasma level
Median genistein, ng/mL 318 108.1 1908 3639
No. of patients a1 37 45 21
No. of controls 72 72 72 72
OR 1.00 0.84 1.04 0.46 07
96% CI Reference 0.47 to 1.51 0.57 to 1.91 0.23to 0.91
Adjusted OR* 1.00 0.69 087 0.34 0z
95% C! Reference 0.36 to 1.32 0.45 to 1.67 0.16 to 0.74
Median daidzein, ng/mL 0 12.0 270 53.7
No. of patients 30 45 44 25
No. of controls 72 72 72 72
OR 1.00 1.50 1.44 072 .58
85% CI Reference 0.86 to 2.64 0.80 to 2 61 0.41 to 1.54
Adjusted OR* 1.00 1.30 1.51 071 54
95% Cl Reference 070 to0 2.42 08010286 036to1.44
Dietary intake
Median genistein, mg/d 15.7 18.5 229 273
No. of patients 42 36 37 29
No. of controls 69 75 71 73
OR 1.00 0.78 0.83 0.58 15
95% Cl Reference 04510 1.36 047to 148 030to 1.12
Adjusted OR* 1.00 0.81 092 0.58 21
95% CI Reference 0.46 to 1.45 050 to 1.70 0291t 1.18
Median daidzein, mg/d 94 1.4 141 i
No. of patients 40 39 36 30
No. of controls 70 74 T2 72
OR 1.00 0.91 082 0.65 21
85% ClI Reference 062 to 1.58 046 to 147 033 t0 1.27
Adjusted OR™ 1.00 0.96 094 067 34
96% ClI Reference 05410174 060to 174 033 to 1.39
Abbreviation: OR, odds ratic
“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 total of 405
subjects with complete information of covariates.

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 the lowest 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
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from risk reduction. The apparent lack 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 soflavones.
Given the differences in hormonal milien 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 giobulm 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 etiology
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
plasma levels and a 1.5-fold longer half-life for genistein than daidzein

JOURNAL OF CLIMCAL ONCOLOGY

Information downloaded from jco 68 .ascopubs.org and provided by Kokuritsu Gan Center on March 23, 2009 from .

Copyright ® 20

by the American Society of Clinical Oncology. All rights reserved.



Plasma Isoflavone and Breast Cancer Risk in Japan

Table 4. ORs and 95% Cls of Breast Cancer According to Plasma Leve! 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 4 28 25 : 24
Adjusted OR* 1.00 0.76 1.75 0.14 20
95% CI Reference 031 to1.86 0.68 to 450 0.03 to 0.69
Plasma daidzein, ng/mL
No. of patients 17 21 15 6
No. of controls 27 45 23 23
Adjusted OR* 1.00 0.80 1.27 0.49 48
95% CI Reference 0.34 to 1.88 048 t0 338 0.15 to 1.57
Dietary genistein intake, mg/d
No. of patients 2 16 14 8
No. of controls 35 3 32 20
Adjusted OR* 1.00 0.92 0.86 0.62 43
85% Cli Referance 0.41 t0 2.05 03410218 0.21 to 1.84
Dietary daidzein intake, mg/d
No. of patients 20 17 14 8
No. of controls 386 30 32 0
Adjusted OR* 1.00 1.07 0.93 0.67 53
96% ClI Reference 046 to 2.51 037 t0 2.34 022102.03
Postmenopausal women
Plasma genistein, ng/mL
No. of patients 17 23 25 16
No. of controls 28 4 46 45
Adjusted OR* 1.00 0.54 0.57 0.36 10
95% CI Reference 0.18 to 1.62 020 to 166 012to1.12
Plasma daidzein, ng/mL
No. of patients 13 23 27 17
No. of controls 40 27 47 46
Adjusted OR*® 100 2,86 206 1.16 =13
95% CI Reference 103 t07.98 08210617 04310 3.15
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% CI Reference 0.30 to 1.77 038 t0 227 0.1910 1.42
Dietary daidzein intake, mg/d
No. of patients 19 22 20 19
No. of controls 33 42 36 49
Adjusted OR* 100 089 0.93 0.64 43
95% CI Reference 0.38t0 2.10 03810229 0231t01.72
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.>* 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, the lowest
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.

Qur study has several methodological advantages over previous
studies of isoflavones and the risk of breast cancer. First, the direct
measurement of plasma isoflavone levels provides not onlyan 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. Fxposure 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 changes after the breast
cancer was detected or by altered eating habits among case subjects. In
our nested case-control study within a prospective cohort, 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 random 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, particularlyin 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 breastcancer 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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Abstract Although epidemiologic studies have shown an
inverse association between isoflavones and breast cancer
risk, little evidence for a dose-response relation is avail-
able. We conducted hospital-based case—control studies of
patients aged 20-74 years with primary. incident, histo-
logically confirmed invasive breast cancer, and matched
controls from medical checkup examinees in Nagano,
Japan and from cancer-free patients in Sdo Paulo, Brazil. A
total of 850 pairs (390 Japanese, 81 Japanese Brazilians
and 379 non-Japanese Brazilians) completed validated
food frequency questionnaires. The odds ratio of breast
cancer according to isoflavone intake was estimated using a
conditional logistic regression model. We found a statisti-
cally significant inverse association between isoflavone
intake and the risk of breast cancer for Japanese Brazilians
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and non-Japanese Brazilians. For Japanese, a non-signifi-
cant inverse association was limited to postmenopausal
women. In the three populations combined, breast cancer
risk linearly decreased from ‘no’ to ‘mederate’ isoflavone
intake and thereafter leveled off. Compared to non-con-
sumers, adjusted odds ratios (95% confidence interval) for
consumers in increasing quintile intake categories (median
intake in each category: 8.7, 23.1, 33.8, 45.7, and 71.3 mg/
day) were 0.69 (0.44-1.09), 0.54 (0.31-0.94), 0.45 (0.26-
0.77), 0.34 (0.19-0.62), and 0.43 (0.24-0.76). respectively.
Overall, we found an inverse association between dietary
isoflavone intake and risk of breast cancer. Our finding
suggests a risk-reducing rather than risk-enhancing effect
of isoflavones on breast cancer within the range achievable
from dietary intake alone. In addition, women may benefit
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from risk reduction if they consume at least moderate
amounts of isoflavones.

Keywords Breast cancer - Dietary isoflavones -
Case—control study - Immigrants

Abbreviations

CI Confidence interval

ER  Estrogen receptor

FFQ Food-frequency questionnaire
OR  Odds ratio

PR Progesterone receptor

Introduction

Soy foods, which are rich in isoflavones, are habitually
consumed by Asian populations in large amounts. Isoflav-
ones, of which genistein and daidzein are major examples,
are classified as phytoestrogens, which are plant-derived
non-steroidal compounds with estrogen-like biological
properties. A high intake of isoflavones has therefore been
hypothesized to contribute to the lower incidence of breast
cancer in Asia than Western countries [1]. This hypothesis is
supported by not only in vitro studies at high genistein
concentrations and the majority of animal studies [2, 3] but
also epidemiological studies [4-10]. In particular, a recent
meta-analysis showed a small decrease in risk of breast
cancer with higher soy intake [11] while a more recent meta-
analysis indicated that risk reduction was limited to Asian
populations [12]. In apparent contradiction to potential
protective effects, however, genistein exhibits estrogenic
properties at low concentrations, which could theoretically
enhance breast cancer risk [2, 3], and some animal studies
have in fact reported that genistein stimulates tumor
development and growth [13, 14].

Although research remains insufficient for any compre-
hensive determination of whether isoflavones are protective
or harmful for breast cancer, interest in soy foods and iso-
flavones is nevertheless increasing. This increase may
reflect an expectation of potential benefits in a wide variety
of medical conditions, including cancer of the endometrium
and prostate as well as breast, cardiovascular diseases,
osteoporosis, and menopausal symptoms. In fact, con-
sumption of soy foods in the United States has increased
over the past ten years, against fairly constant intake in
Japan over the past four decades [15]. Moreover, phytoes-
frogen supplements are commercially marketed for use by
postmenopausal women as natural and safe alternatives to
hormone replacement therapy. A dose-response pattern, in
particular the effect of relatively high-dose isoflavones on
breast cancer risk, is thus now of concern. Nevertheless,

@ Springer

little evidence of any dose-response relationship is avail-
able—indeed, we do not know the answer to ‘how much
isoflavones is needed?” This is partly because few studies
have estimated isoflavone intake using a validated food-
frequency questionnaire (FFQ) [4-6, 16, 17], and also
because most studies in Western countries have involved
only a small variation in isoflavone intake [6, 7. 16-20].
Here, to evaluate the dose-response relationship
between isoflavone intake and the risk of breast cancer,
ranging from zero to the relatively high levels achievable
from dietary intake only, we conducted hospital-based
case—control studies in Nagano, Japan and Sdo Paulo,
Brazil, areas with a low and middle incidence of breast
cancer, respectively (age-standardized rate per 100,000
world population, 32.7 and 46.0 in 2002, respectively) [21],
using validated FFQs with relatively high validity in three
populations: Japanese living in Japan, Japanese Brazilians
living in Sdo Paulo, and non-Japanese Brazilians living in
Séo Paunlo. The mortality of breast cancer among these
three populations has increased over the last 20 years, with
that in Japanese Brazilians intermediate between that in
Japanese and Brazilians [22]. In addition, because amounts
and variations in isoflavone intake are expected to be high
and large for Japanese, intermediate and relatively large for
Japanese Brazilians, and low and small for non-Japanese
Brazilians, respectively, these populations serve as suitable
venues for studies of the effect of dose-response relations.

Materials and methods
Study subjects

These multicenter, hospital-based case—control studies of
breast cancer were designed to determine lifestyle factors
and genetic susceptibility to the risk of breast cancer and to
compare potential risk factors among Japanese living in
Nagano, Japan, and Japanese Brazilians and non-Japanese
Brazilians living in S3o0 Paulo, Brazil. Eligible cases were a
consecutive series of female patients aged 20-74 vears
with newly diagnosed and histologically confirmed inva-
sive breast cancer. Cases were recruited between 2001 and
2005 at four hospitals in Nagano, and between 2001 and
2006 at eight hospitals in Sdo Paulo. A total of 403 cases
(98%) participated in Nagano, and 83 Japanese Brazilians
(91%) and 389 non-Japanese Brazilians (99%) in Sdo
Paulo. In the study in Nagano, eligible controls were
selected from medical checkup examinees in two of the
four hospitals and confirmed not to have cancer. One
control was matched for each case by age (within 3 years)
and residential area during the study period. Among
potential controls, one examinee refused to participate and
two refused to provide blood samples. Consequently, we
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obtained written informed consent from 405 matched pairs.
In the study in Sdo Paulo, eligible controls were prefer-
entially selected from cancer-free patients who visited the
same hospital as the index cases. One control was matched
for each case by age (within 5 years) and ethnicity during
the study period. Among potential controls, 22 patients
refused to participate (participation rate = 96%). Conse-
quently, we obtained written informed consent from 472
matched pairs (83 for Japanese Brazilians and 389 for non-
Japanese Brazilians). The study protocel was approved by
CONEP (Comissdo Nacional de Etica em Pesquisa),
Brasilia, Brazil and by the institutional review board of the
National Cancer Center, Tokyo, Japan.

Data collection

Participants in Nagano were asked to complete a self-
administered questionnaire, while in-person interviews
were conducted by trained interviewers using a structured
questionnaire in Sdo Paulo. The two questionnaires con-
tained closely similar questions concerning demographic
characteristics, medical history, family history of cancer,
menstrual and reproductive history, anthropometric factors,
physical activity, and smoking habits. For dietary habits,
we used a semi-quantitative FFQ (136 items for the Japa-
nese version and 118 items for the Brazilian version) which
was developed and validated in each population [23, 24].
Information on estrogen receptor (ER) and progesterone
receptor (PR) status was obtained from medial records.
Hormone receptor status was determined by either enzyme-
linked immunoassay or immunohistochemical assay. Hor-
mone receptor positivity values were determined either as
specified by the laboratory that performed the assay. or in
accordance with the laboratory’s written interpretation
thereof, or both.

Dietary assessment

In the FFQ, participants were questioned on how often they
consumed the individual food items (frequency of con-
sumption), as well as relative sizes compared to standard
portions. Response choices for frequency were never or
less than once/month, 1-3 times/month, 1-2 times/week,
3-4 times/week, 5-6 times/week, once/day, 2-3 times/day,
4-6 times/day, and 7 times/day or more, and relative sizes
to a standard portion were small (50% smaller than stan-
dard), medium (same as standard). and large (50% larger).
For the Japanese version, white rice intake was determined
in terms of the relative size of the rice bowl used and the
frequency of intake, with the nine choices of less than 1-10
bowls per day. Frequency for miso soup intake was given
in the six choices of almost never, 1-3 times/month, 1-2
times/week, 3-4 times/week, 5-6 times/week, or daily,

while amount was given in nine categorics ranging from
less than 1-10 bowls per day, without reference to the
relative size of the bow] used. Daily food intake was cal-
culated by multiplying frequency by standard portion and
relative size for each food item in the FFQ. Daily intakes of
genistein and daidzein were calculated using a food com-
position table of isoflavones developed previously [25, 26].
Isoflavone intake was defined for this study as the sum of
genistein and daidzein intake. Other nutrients were calcu-
lated using the Japanese Standard Tables of Food
Composition, 5th ed. for the Japanese version [27] and the
United States Department of Agriculture (USDA) food
composition tables for the Brazilian version [28]. For some
Japanese-specific foods in the Brazilian version, the Japa-
nese Standard Tables of Food Composition, 5th ed. was
used.

The validity of isoflavone intake estimated from the
Japanese version of the FFQ was evaluated in a subsample
of the Japan Public Health Center-based Prospective Study,
which includes Nagano as one of the study areas. The
estimated intake according to the FFQ was compared to
that in four consecutive 7-day dietary records, onc con-
ducted in each the four seasons. Spearman’s correlation
coefficients between energy-adjusted genistein and daidz-
ein intake estimated from the FFQ and from dietary records
were (.59 for genistein and 0.60 for daidzein [24]. For the
Brazilian version, the validity of isoflavone intake esti-
mated from the FFQ was evaluated in a subsample of the
control group in this case—control study by comparing the
estimated intake according to the FFQ to that in two con-
secutive 4-day dietary records, one each in two scasons.
Spearman’s correlation coefficients between energy-
adjusted genistein and daidzein intake estimated from the
FFQ and from dietary records were 0.76 for genistein and
0.76 for daidzein (unpublished data).

Statistical analysis

We excluded subjects who reported extremely low or high
total energy intake (<500 or > 4000 Kcal), leaving 390
pairs of Japanese, 81 pairs of Japanese Brazilians and 379
pairs of non-Japanese Brazilians for use in the present
analyses. Comparison of baseline characteristics between
cases and controls was evaluated by the Mantel-Haenszel
test using matched-pair strata in each population. Dietary
intake of isoflavones was adjusted for total energy intake
by the residual method and divided into median or tertile
categories based on control distribution for Japanese and
Japanese Brazilians, respectively. Because of the small
proportion of consumers, non-Japanese Brazilians were
categorized into non-consumers and consumers of iso-
flavones. Using a conditional logistic regression model, we
calculated odds ratios (ORs) and 95% confidence intervals

é Springer
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(CIs) of breast cancer for isoflavone intake. An uncondi-
tional logistic regression model was used for stratified
analyses according to menopausal status. Associations
between isoflavone intake and hormone receptor-defined
breast cancer were assessed by an unconditional polytom-
ous logistic regression model. Linear trends for ORs were
tested in the logistic regression model using the exposure
categories as ordinal variables. The following variables,
which were mainly selected based on comparison of
baseline characteristics between cases and controls, were
adjusted for as potential confounders: menopausal status.
number of births, family history of breast cancer, smoking
status, moderate physical activity in the past 5 years, and
vitamin supplement use. We did not include a history of
benign breast disease as a covariate since we regarded it as
an intermediate variable in the causal pathway between
isoflavone intake and breast cancer. All p values reported
are two-sided, and significance level was set at P < 0.05.
All statistical analyses were performed with SAS software
version 9.1 (SAS Institute, Inc., Cary, NC).

Results

Characteristics of cases and controls and isoflavone
intake (Table 1)

For Japanese, the proportion of premenopausal women,
current smokers, and vitamin supplement users was higher
in cases than in controls, and cases tended to have a family
history of breast cancer and history of benign breast dis-
eage, Cases were less likely than controls to breast-feed, be
physically active, and eat vegetables. For Japanese Bra-
zilians, cases were less likely than controls to give birth
and be physically active and more likely to eat vegetables
and fruits. For non-Japanese Brazilians, the proportion of
premenopausal women and current smokers was higher in
cases than controls while the proportion of physically
active women and vitamin supplement users was lower.
Isoflavone intake substantially varied among populations,
with mean intakes (mg/day) in control subjects of 46.1 for
Japanese, 24.9 for Japanese Brazilians, and 4.4 for non-
Japanese Brazilians. Because genistein and daidzein
intakes were highly correlated, with a Spearman's corre-
lation coefficient for the three populations of 0.99, only
isoflavone intake was used for the following analyses.

ORs in the three populations (Table 2)
We found a statistically significant inverse association
between isoflavone intake and the risk of breast cancer for

Japanese Brazilians and non-Japanese Brazilians but not
for Japanese. Adjusted OR for the highest versus lowest
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tertile of isoflavone intake was 0.25 (95% CI 0.09-0.68; P
for trend <0.01) for Japanese Brazilians. For non-Japanese
Brazilians, adjusted OR for consumers versus non-con-
sumers of isoflavones was 0.56 (95% CI 0.35-0.90). No
substantial change was seen after further adjustment for
other potential confounders, such as age at menarche, age
at menopause, age at first birth, history of breast feeding,
body mass index, alcohol drinking, or vegetable and fruit
intake.

A stratified analysis according to menopausal status
revealed that an inverse association was limited to post-
menopausal women in Japan although it was not
statistically significant. Adjusted OR for the highest versus
lowest tertile of isoflavone intake was 0.62 (95% CI0.38-
1.01; P for trend = 0.06) for postmenopausal women, but
1.35 (95% CI 0.72-2.54. P for trend = 0.41) for pre-
menopausal women. The inverse association was stronger
in premenopausal than postmenopaunsal women for Japa-
nese Brazilians but no remarkable difference between the
two strata was seen for non-Japanese Brazilians.

ORs of hormone receptor-defined breast cancer
(Table 3)

Information on the combined ER and PR status of the
breast tumor was available for 387 (99%) Japanese, 61
(75%) Japanese Brazilians, and 264 (70%) non-Japanese
Brazilians cases. The following subtypes were used for
modeling in an unconditional polytomous logistic regres-
sion model: positive for both receptors (ER+/PR+), ER-
positive and PR-negative (ER+/PR—), and negative for
both receptors (ER—/PR—) for Japanese, and ER+/PR+,
ER+/PR—, ER—/PR—, and unknown for Japanesc Bra-
zilians and non-Japanese Brazilians. Overall, we found no
remarkable difference in risk by hormone receptor-defined

subtype.

Dose-response pattern (Table 4; Fig. 1)

To evaluate dose—response relations using a wide range of
isoflavone intake, we combined individual study dafa from
three populations and categorized the subjects into six
groups, namely non-consumers and quintiles among
isoflavone consumers based on the combined control dis-
tribution. Compared to non-consumers, adjusted ORs (95%
CI) for consumers in increasing quintile categories (median
intake in each category: 8.7, 23.1, 33.8, 45.7, and 713 mg/
day) based on a conditional logistic regression model were
0.69 (0.44-1.09), 0.54 (0.31-0.94), 0.45 (0.26-0.77), 0.34
(0.19-0.62), and 0.43 (0.24-0.76), respectively. A stratified
analysis according to menopausal status based on an
unconditional logistic regression model revealed that this
inverse association was more prominent in postmenopausal
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Table 1 Characteristics of case and matched control subjects

Japanese living

Japanese Brazilians living  Non-Japanese Brazilians

in Nagano, Japan in Sdo Paulo, Brazil living in Sdo Paule, Brazil

Case Control ~ P* Case Control  P* Case Control  P*

(n=390) (n = 390) (n=281) (n=281 (n=379) (n=379)
Age (years), mean 53.8 54.0 - 56.6 56.5 524 525 -
Premenopausal women, % 46 s <001 31 30 080 42 38 0.04
Age at menopause (years), mean® 49.0 49.4 015 499 50.6 073 491 484 0.13
Age at menarche (years), mean® 13.4 13.2 0.42 12.9 129 0.20 13.2 13.1 0.96
Nulliparous women, % 13 14 066 23 16 0.24 11 10 0.91
Number of births (>4 births), % 2 3 0.16 7 20 0.02 29 35 0.10
Age at first birth (years), mean® ¢ 269 26.4 0.42 28.6 275 0.25 232 225 0.24
Breast feeding (ves), %° 91 96 0.03 92 91 0.56 88 91 0.67
Oral contraceptives user, % 3 3 1.00 29 36 030 63 65 0.62
Family history of breast cancer, % 11 6 0.02 15 12 0.65 6 6 (.88
History of benign breast disease, % 12 T 0.03 12 6 0.17 T 7 1.00
Height (cm), mean® 155.3 155.5 050 1540 153.9 091 1582 158.4 0.96
Body mass index (kg/m®), mean® 227 23.0 0.07 243 245 043 266 26.1 0.11
Smoking (current smoker), % 8 5 <001 11 2 007 17 11 0.04
Alcohol drinking (regular drinker), % 26 29 0.25 2 6 0.26 6 6 0.65
Moderate physical activity past 5 vears (yes), % 32 40 0.02 19 32 0.03 9 14 0.03
Vitamin supplement user, % 18 12 0.03 19 26 0.27 3 9 <0.01
Total energy intake (kcal/day), mean® 1881.6 1949.3 0.27 1662.0 1587.7 0.44 1847.0 1752.8 0.09
Fish and shellfish intake (g/day), mean® 87.6 94.4 0.11 274 30.5 0.56 137 16.6 0.24
Meat or red meat intake (g/day), mean® ¢ 58.1 57.6 036 543 53.3 044 T21 64.2 0.14
Vegetable intake {g/day), mean® 257.6 3105 <00l 1467 930 <001 777 86.4 0.96
Fruit intake (g/day), mean® 288.6 287.7 0.69 3640 311.0 0.02 2602 250.9 0.35
Isoflavone intake (mg/day), mean® 435 46.1 <0.01 16.5 249 0.15 ) i | 44 0.01
Genistein intake (mg/day), mean” 27.0 28.6 <0.01 10.2 15.8 0.15 0.73 3.1 0.01
Daidzein intake (mg/day), mean® 16.5 175 <001 6.3 9.1 0.15 0.33 1.4 0.01

* P for Mantel-Haenszel test with matched-pair strata
® Adjusted for age
¢ Among parous women

4 Meat intake for Japanease and red meat intake for Japanese Brazilians and non-Japanese Brazilians

than premenopausal women. To clarify the effect of high
isoflavone intake in detail, subjects were further catego-
rized into 11 groups, namely non-consumers and deciles of
isoflavone consumers. We found a linear decrease in breast
cancer risk from zero to moderate intake (20-30 mg/day)
and a leveling-off thereafter based on a conditional logistic
regression model (Fig. 1). No increasing trend was found
for relatively high intake.

Discussion

In these case—control studies of Japanese, Japanese Bra-
zilians, and non-Japanese Brazilians, overall, we found an
" inverse association between dietary isoflavone intake
and the risk of breast cancer. Our finding is in general

agreement with those of a recent meta-analysis [11] and in
five of the ten previous studies examining the association
between isoflavone intake as estimated by FFQ and breast
cancer risk [4-8]. It is noteworthy that, although several
experimental studies have suggested adverse effects from
soy constituents [2, 3, 13, 14], no epidemiological study
estimating isoflavone intake by FFQ has reported an
increased risk of breast cancer. Our study also suggests a
risk-reducing rather than risk-enhancing effect of isoflav-
ones on breast cancer within the range achievable from
dietary intake alone. Tt remains unclear, however, whether
isoflavone exposure other than dictary intake is associated
with the risk of breast cancer.

We found a linear decrease in breast cancer risk from
zero to moderate intake (20-30 mg/day) and thereafter a
leveling-off. This dose-responses pattern might imply the
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Fig. 1 Odds ratios (ORs) and 95% confidence intervals of breast
cancer according to dietary isoflavone intake based on combined
individual data from three populations. Subjects were categorized into
11 groups: non-consumers and deciles of isoflavone consumers based
on the control distribution. ORs were estimated using matching pairs
with adjustment for menopausal status (premenopausal women,
postmenopausal women), number of births (0, 1, 2, 3, 4, 5+), family
history of breast cancer (yes, no), smoking status (never, past, current
smokers), moderate physical activity in the past 5 vears (no, less than
3 days/month, 1-4 days/week, more than 5 days/week), and vitamin
supplement use (yes, no)

presence of a ceiling effect and suggests that women may
benefit from risk reduction if they consume at least a
moderate amount of isoflavones. Alternatively, it might
merely reflect differences in measurement errors due to the
use of different FFQs, selection bias, and residual con-
founding among the three populations, notwithstanding
that it clearly reflected the results of separate analyses.
Specifically, consumers had lower risk than non-consumers
in non-Japanese Brazilians, whose average intake of iso-
flavone was 4.4 mg/day among the control group: the risk
of breast cancer decreased with increasing intake of iso-
flavone in Japanese Brazilians, whose average intake of
isoflavone was 24.9 mg/day among the control group;
while higher intake of isoflavone was not associated with
further risk reduction in Japanese, whose average intake of
isoflavone was 46.1 mg/day among the control group.
Confirmation of this pattern would require further pro-
spective cohort studies using blood or urine samples as an
exposure assessment, because these could minimize the
measurement errors and selection bias mentioned above.
Our stratified analysis by menopausal status using data
from the three populations combined showed that an
inverse association was more prominent among postmen-
opausal than premenopausal women. In addition, our
separate analyses showed somewhat different patterns in
the three populations: the inverse association was limited to
postmenopausal women in Japanese; it was stronger in
premenopausal than postmenopausal women in Japanese
Brazilians; and no remarkable difference was found in non-
Japanese Brazilians. These findings are inconsistent with a
recent meta-analysis showing an inverse association
regardless of menopausal status [11]. Moreover, findings to
date on the association of isoflavone intake and the risk of

breast cancer stratified by menopausal status have been
inconsistent, with one prospective cohort study in Japan [4]
and one case—control study in the United States [8]
reporting that an inverse association was limited to post-
menopausal women; one case-control study in Japan [5]
showing it was limited to premenopausal women; and one
prospective cohort study in the United States [16] and three
case—control studies [6, 17, 18] finding no difference
between the two strata.

Several mechanisms by which isoflavones may reduce
the risk of breast cancer have been proposed [2, 2]. The
most prominent and thoroughly investigated mechanisms
are mediated via estrogen receptors, arising due to the
similar chemical structure of isoflavones to the human
estrogen hormone and their binding affinity to estrogen
receptors [3, 29]. Given that the action of estrogen on
breast cell proliferation appears to be mediated by estrogen
receptors, therefore, any association between isoflavone
intake and breast cancer risk might differ by hormone
receptor-defined subtype. The present study did not support
this hypothesis, however, showing no apparent difference
in risk by subtype. Morcover, results for the few studics to
date have been inconsistent [7, 16, 18, 19]. Although our
findings might merely be explained by a lack of stalistical
power, they suggest that the anti-cancer effects of iso-
flavones might be evoked not only by mechanisms
mediated by estrogen receptors but also by other mecha-
nisms, such as the modulation of endogenous hormones via
inhibition of the key enzyme involved in estrogen bio-
synthesis and metabolism; the arrest of cell cycle
progression; induction of apoptosis; inhibition of tyrosine
kinase activity, topoisomerase II activity, and angiogene-
sis; and antioxidant activity [2, 3].

Our study has several methodological advantages over
previous studies of isoflavones and the risk of breast can-
cer. First, isoflavone intake differed considerably among
the three populations, with median levels (interguartile
rage) in the control group (mg/day) of 40.6 (25.9-61.2)
among Japanese, 13.4 (8.1-35.0) among Japanese Brazil-
ians, and 0 (0-0) among non-Japanese Brazilians. This
range allowed the detailed evaluation of dose-response
relations, ranging from zero to a relatively high level
achievable from dietary intake only. and is unique to the
present study. Second, the overall consistency of findings
in the three populations allowed for the greater generaliz-
ability of results as compared to those from a single
population.

Several limitations of this study warrant mention. First,
dietary intake of isoflavone was assessed after the diagnosis
of breast cancer and is therefore sensitive to recall bias,
Second, although the substantially high participation rates
among both eligible cases and controls minimized potential
biases related to control selection, the use of controls from
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medical checkup examinees and cancer-free patients,
whose dietary habits may differ from the general popula-
tion due to health consciousness or disease, might have
lead to selection bias. Third, stratified analyses were per-
formed based on a relatively small number of cases. The
interpretability of our results might therefore be limited.

Allowing for these methodological issues, we found an
inverse association between dietary isoflavone intake and
the risk of breast cancer in case—control studies of Japa-
nese, Japanese Brazilians, and non-Japanese Brazilians.
Our findings suggest a risk-reducing rather than risk-
enhancing effect of isoflavones on breast cancer within the
range achievable from dictary intake alone. In addition,
women may benefit from risk reduction if they consume at
least moderate amounts of isoflavones,
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