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women (83%) returned the questionnaire, which contained
questions concerning their demographic characteristics, med-
ical history, menstrual and reproductive history, anthropo-
metric factors, physical activity, smoking and drinking habits,
and diet.

23, Blood collection

A total of 10 m! blood was provided voluntarily by subjects
during their health checkups in 1990-1995. Blood samples
were divided into plasma and buffy layers and then stored at
-80 *C until analysis. Among respondents to the baseline
questionnaire, a total of 24,996 women (45%) donated blood.
2.4, Follow-up

All registered subjects were followed from the start of the study
period to December 31, 2002. Data on residential relocation were
obtained from residential registries. Among study subjects
(n=24,996), 1289 subjects (5.2%) moved out of the study area and
5 (0.02%) were lost to follow-up within the study at-risk period.
2.5.  Selection of cases and controls

Incidence data on breast cancer for the JPHC cancer registry were
collected via two data sources, major local hospitals and
population-based cancer registries. Death certificates were
used to supplement the information on cancer incidence. Site
of origin and histologic type were coded by members of our
Study Group using the International Classification of Diseases
for Oncology, Third Edition (ICD-0-3), code: C500-509. Hormone
receptor status was determined in a relatively large number of
clinical laboratories, primarily using enzyme-linked immunoas-

Table 1- Character

say rather than immunohistochemical technigues. Hormone
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. Up to the
end of the study period, 144 new breast cancer cases were
identified from among the 24,226 women who had retumed the
baseline questionnaire, did not report a history of breast cancer
or ovarian cystoma, and provided blood samples. Diagnosis was
microscopically verified in 98% of cases. The mortality/inci-
dence ratio was 0.14 and the proportion of cases for which
information was available from death certificates only was 0.7%.
For each case, two controls were selected from subjects
who had no prior history of breast cancer when the case was
diagnosed. Controls were matched for each case by age
{within 3 years), PHC area, area (city or town and village),
date of blood collection (within 90 days), time of day of blood
collection (within 3 hours), fasting time at blood collection
(within 3 hours) and menopausal status at bloed collection.
2.6. Laboratory assay
The plasma organochlorines measured were p,p’-dichlorodi-
phenyltrichloroethane (p,p*-DDT), p.p'-DDE, hexachloroben-
zene (HCB), and p-hexachlorocyclohexane (g-HCH) following
extraction from a S00-ul plasma sample according to the
method of Gill et al. (Gill et al., 1996). Quantitative analysis was
undertaken on a gas-chromatography isotope-dilution mass-
spectrometry (GC-1DMS) (QP2010, Shimadzu Co., Kyoto, Japan)
under the following operating conditions for GC. methyl
silicon capillary column (DB-1, 10 m=0.1 mm ID, 0.1 um film
thickness, J&W Scientific, USA); carrier gas, helium with a low
rate of 0.16 ml/min; splitless mjection mode (1 ul); inlet
temperature, 250 °C; column oven temperature program, 70 °C

Cases (n=139) Controls (n=278) p

Age (year), mean (SE) 518 {0.60) 519 (0.43) -

Family history of breast cancer, n (%) 2 (1.4) 2 .7 048
Premenopaussal women, n (%) 55 (41) 110 (41) -

Age at menopause (year), mean (SE)" 50.0 (0.39) 498 (0.28) 071
Age ot menarche (year), mean (SE)® 146 {0.15) 148 (0.10) 033
Number of births, mean (SE)® 23 {0.12) 28 (0.09) 0.01
Age at first birth (year), mean (SE)" 25.7 (0.30) 250 (0.22) 029
Use of exog female h (current use), n (%) 3 2.3 2 (0.8) 022
Height (cm), mean (SE)” 1517 (0:47) 1513 (0:34) 067
Body mass index (kg/m?), mean (SE)" 234 (D.26) 236 (0.18) 0.64
Smoking (current smoker), n (%) s (3.6) 15 (5.4) 0.30
Alcohol drinking (regular drinkes), n (%) 17 (12) 4 an 033
Lelsure-time physical activity (zonce per week), n (%) 28 (21) 53 (19) 042
Vitamin supplement user, n (%) 31 (23) 61 (23) 087
Total energy intake (keal/day), mean {SE) 18120 (12.0) 1804.6 (85) 0.60
Fish and shellfish intake (g/day), mean (SE}° 109.7 (123 109.8 (0.82) 0.83
Meat intake (g/day), mean (SE)° 685 (0.52) 67.8 (0.37) 011
Vegetable intake (g/day), mean (SE)* 267 (11 2957 (0.78) 0.16
Fruit intake (g/day), mean (SE)* 1813 (21) 1794 (19 0.78

* p for Mantel-Hsenszel test with matched-pair strata.
¥ Adjusted for age

© Intake for each subject was estimated from the food frequency questionnaires based on a regression function derived from the validation

study data.




ENCEOFTHETOTALINVIR

IHMENT 402 (J00N) 176-182 179

Table 2 - Crude plasma organochlorine levels in ca

Cases (n=139)

ses and matched control subjects

Controls (n=278) p"

Median (interquartile range) Median (interquartile range)
p.£"-DDT (ng/ml)® 110 (0.64, 2.04) 112 (0.72, 1.83) 0.19
p.p’-DDE (ng/mi)" 7.04 (4.36, 10.42) 608 (3.72,9.70) 0.42
HCB (ng/ml)® 029 (0.15,0.53) 029 (0.18, 0.51) 0.73
BHCH (ng/ml)® 051 (022, 1.10) 050 (Not detected, 0.94) 0.77

* p for Mantel-Haenszel test with matched-pair strata

" pp-DDT, dichlorodiphenyltrichloroethane; p,p'-DDE, dichlorodiphenyldichloroethyl

p-hexachlorocyclohexane.

; HCB, hexachlorot

1e; and B-HCH,

(1 min) —15 “C/min -280 °C (5 min). MS operating conditions
were as follows: ionization method, electron impact; ion
source temperature, 200 °C; detector gain, 1.50 kV, selected ion
mode (p,p'-DDT, m/z 234.95; p,p'-DDE, m/z 246.00; HCB, m/z
283.80, p-HCH, m/z 180.95). Detection limits were as follows: p,
p'-DDT, 0.005 ng/ml; p,p'-DDE, 0.002 ng/ml; HCB, 0.002 ng/ml,
B-HCH, 0.006 ng/ml Within-batch coefficients of vanation
ranged between approximately 15% and 20% based on 15
replicated measurements of plasma samples at a mean
concentration (ng/ml) range of 0.120 (HCB) to 5.263 (p,p'-DDT).
Cases and matched controls were assayed in the same batch by
laberatory personnel who did not know the case-control status
Serum total cholesterol and triglycerides were measured by
enzymatic methods in each study area. Data for serum total
cholesterol and triglycerides were available for 420 (97%) and
248 (57%) subjects, respectively. The precision and accuracy of
cholesterol measurement in all laboratories was found to be
satisfactory according to the Osaka Medical Center for Health
Science and Promotion, a member of the Cholesterol Reference
Method Laboratory Network (CRMLN) (Nakamura et al,, 2003),

Table 3 - Odds

2.7.  Statistical analysis

Linear regression analysis of log-transformed organochlorine
values was performed to adjust for serum cholesterol con-
centration. We then used these adjusted values in our
principal analysis of the 139 pairs for whom serum chelesterol
measurements were available. In supplementary analyses, we
used lipid-adjusted values calculated by the formula described
by Philips et al. (Phillips et al,, 1989) and crude values adjusted
for serum cholesterol concentration in the conditional logistic
regression model.

Comparison of baseline characteristics and plasma crude
organochlorine levels between cases and controls was eval-
uated by the Mantel-Haenszel test using matched-pair strata.
Using a conditional logistic regression model, we calculated
odds rations (ORs) and 95% confidence intervals (Cls) of breast
cancer for plasma organochlorine levels divided into quartiles
based on the distribution among controls. The following
vanables were adjusted for as potential confounders: age
at menarche (continuous), menopausal status at baseline

ording to plasma or chlorine level

Quartile category® p for trend
i 2 3 4

p.p'-DDT (ng/ml), median® 0.50 0.89 136 224

Ne. of cases/no. of controls 40/69 29/69 25/69 45/69

OR (95% CI) 1.00 0.69 (036, 1.30) 061 (032, 1.19) 1.19 (063, 2.24) 064
Multivariate OR (95% C1)© 1.00 0.65 (0.32, 1.32) 0.56 (0.26, 1.22) 0.99 (0.47, 2.08) 097
p.p'-DDE (ng/ml), median® 250 483 7.58 1441

No. of cases/no. of controls 25/63 32/69 36/69 46/69

OR (95% CI) 1.00 1.34 (0,89, 2.61) 1.56 (0.83, 2.93) 2.08 (1.09, 3.98) 0.02
Multivariate OR (95% CI)* 1.00 1.01 (0.47, 2.19) 1.24 (0.60, 2.53) 148 (0.70, 3.13) 025
HCB (ng/ml), median® 0.081 0.22 041 0.72

No. of cases/no, of controls 43/69 25/69 35/69 36/69

OR (35% CI) 1.00 0.57 (0.31, 1.06) 0.79 (0.44, 1.44) 0.82 (0.42, 1.60) 0869
Multivariate OR (95% CI)© 1.00 0.46 (0.22, 0.55) 0.80 (0.40, 1.58) 0.82 (0.38, 1.7¢) 0.80
p-HCH (ng/ml), median® Not detected 0.69 138

No. of cases/no. of controls 70/138 32/E9 37/70

OR (95% CI) 1.00 0.91 (055, 1.52) 1.06 (0.62, 1.82) 081
Multivariate OR (95% CI)© 1.00 0.84 (0.45, 1.57) 074 (0.39,1.39) 034

* Chelesterol-adjusted levels.

" Median crude plasma levels among the control group for pp’ -DDT, dichlorodiphenyltrichloroethane; p,p '-DDE,
dichlorodiphenyldichloroethylene; HCB, hexachlorobenzene; and p-HCH, j3-hexachlorocyclohexane.

¢ Adjusted for age at menarche (continuous), menopausal status at baseline (premenopausal women, age at menopause for postmenopausal
women [<47, 48-50, 51-53, >54]), number of births (0, 1, 2, 3, 4, 5+), age at first birth (<21, 22-25, 26-29, =30, nulliparous), height (continuous), BMI
(continuous), and alcchel consumption (non-drinkers, occasional drinkers, -50 (g/week), 50-100 (g/week), 100+ (g/week) among regular drinkers
(ethanol)). Adjusted ORs were calculated based on a total of 370 subjects with complete information on covariates
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(premenopausal women, age at menocpause for postmenopau-
sal women [£47,48-50, 51-53, z54]), number of births (0, 1,2, 3,4,
5+), age at first birth (<21, 22-25, 26-29, >30, nulliparous), height
(continuous), body mass index (BMI) (continuous), and alcohol
consumpton (non-drinkers, occasional drinkers, -50 (g/week),
50-100 (g/week), 100+ (g/week) among regular drinkers (etha-
nol)). The linear trend of OR was tested in the conditional logistic
regression model using the, exposure categories as ordinal
variables. 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)

A Results

Case subjects and controls had significantly different distribu-
tions for number of births (Table 1). Other characteristics, such
as age at menarche, age at first birth, BMI, alcchol drinking,
and dietary factors did not substantially differ between the
Broups

nfidence intervals (C

pp-DDT and pp"-DDE were detected in plasma mn all
subjects, and HCB and g-HCH in 91% and 73% of subjects,
respectively. We found no statistically significant difference in
plasma organochlorine levels between cases and controls
(Tables 2 and 3). Further, no significant differences were seen
on comparison of median concentrations of either estrogen
receptor-positive (ER+) (n=45) or -negative (ER~) (n=28) cases
and their respective controls according to analyses by the
Mantel-Haenszel test using matched-pair strata. Median
concentrations of plasma p,p'-DDE were 7.58 ng/ml for ER+
breast cancer cases and 6.22 ng/m! for their controls, and
6.60 ng/ml for ER- cases and 5.77 ng/ml for their controls

Adjusted ORs for p,p'-DDT, HCB, and p-HCH were less than
1, and no statistical significance was ohserved. For p,p'-DDE,
OR for the highest versus lowest quartile of plasma level was
2.08 {95% Q1 1.09-3.98; p for trend=0,02) in the conditional
model adjusted for matching factors only, but was attenuated
after further adjustment for potential confounders to 1.48 (95%
C10.70-3.13, p for trend =0.25). No substantial change was seen
after further adjustment for other potential confounders such

ccording to plasma organochlorine level by

Quartile category" P for trend
1 2 3 4
Premenopausal women

pp-DDT (ng/ml)®

No. of cases/no. of controls 12/21 12/37 11/25 20/27

Multivariate OR (25% CI)© 1.00 048 (0.14, 1.58) 0.69 (0.19, 252) 2.45 (0.70, 8.63) a1l
p.p'-DDE (ng/ml)*

No. of cases/no. of controls 15/36 11/30 1321 16/23

Multuvariate OR (95% CI)° 1.00 063 (0.19, 2.04) 1.78 {0.50, 6.32) 2.30 (0.73, 7.23) 0.08
HCB (ng/m1)*

N&. of cases/No. of controls 18729 9/26 15/24 13731

Multivariate OR (95% CI)® 1.00 0.69 (0.25, 1.94) 0.91(0.31, 2.63) 0.48 (0.14, 1.63) 0.34
#-HCH (ng/ml)®

No, of cases/No. of controls 29/58 13/25 13/27

Multivariate OR (35% CI)® 1.00 0.78 (0.29, 2.08} 0,68 (0.24, 1.94) 0.43

Pestmenopausal women

p.p"-DDT (ng/mi)®

No. of cases/no. of controls 26/43 15/30 13/42 25/41

Multivariate OR (95% Cij? 1.00 0280 (029, 2.22) 0.39 (0.13, 1.21) 0.53 (0.18, 1.61) 0.17
p¢’-DDE (ng/ml)®

No. of cases/no. of controls 10/32 17138 23/44 29/45

Multivariate OR [95% c1)? 1.00 1.56 {0.48, 5.06) 0.93 (0.32, 2.69) 107 (0.31, 3.63) 077
HCB (ng/ml) "

No. of cases/no. of controls 23/38 15/39 18/42 23/37

Multivariate OR (95% CI}? 1.00 0.35 (0.11, 1.05) 0.86 (0.32, 2.27) 1.09 (0.33, 3.54) 0.86
p-HCH (ng/ml)"

No. of cases/no. of controls 38/73 18/41 23/43

Multivariate OR (95% CI)* 1.00 0.61 (0.23, 1.63) 0.51 (0.19, 1.38) 0.19

Cholesterol-adjusted levels

® p.p'-DDT, dichlorodiphenyltrichlorcethane; pp’-DDE, dichlorodiphenyldichlorcethylene; HCB, hexachlorobenzens; and p-HCH,

p-hexachlorocyclchexane

© Adjustad for age at menarche (continuous), number of births (0, 1, 2, 3, 4, 5+), age at first birth ( 521, 22-25, 26-29, =30, nulliparous), height
(continuous), BMI {continuous), and alcohiol consumption (non-drinkers, occasional drinkers, -50 (gfweek), 50-100 (g/week), 100+ (g/week)

among regular drinkers (ethanol})

4 Adjusted for age at menarche (continuous), age at menopause (<47, 48-50, 51-53, 254}, number of births (0, 1, 2, 3, 4, 5+), age at first birth (=21,
22-25, 26~29, > 30, nulliparous), height (continuous), BMI (continuous), alcohol consumption (non-drinkers, occasional drinkers, -50 (g/week), 50-

100 (g/week), 100+ {[g/week) among regular dnnkers (ethanol)).
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as family history of breast cancer, use of exogenous female
hormones, leisure-time physical activity, and dietary intake of
meat, fish, vegetables, fruits, energy and isoflavones, More-
over, they did not substantially change after exclusion of cases
diagnosed within the first 3 years of follow-up. When we
excluded subjects who provided a non-fasting blood sample,
i.e, within 6 hours after a meal, no remarkable change was
observed for p,p'-DDT, HCB, and -HCH; however, the adjusted
OR for the highest versus lowest quartile of plasma p,p"-DDE
level was 2.71 (95% Cl 0.92-7.96; p for trend =0.06).

A stratified analysis according to baseline menopausal
status showed no statistically significant association between
plasma organochlorine level and the risk of breast cancer in
any stratum (Table 4). In terms of p,p’-DDT and p,p-DDE,
however, positive associations were observed in premeno-
pausal but not in postmenopausal women, although they
were not statistically significant.

We further examined the association of the risk of breast
cancer with the p,p’-DDT, p,p-DDE, HCB, and p-HCH values
adjusted for total serum lipids using the method of Phillips et
al. (Phillips et al, 1989). Analyses were conducted on the 81
pairs for whom serum lipid measurements were available. We
found no statistically positive association between these
values and the risk of breast cancer (data not shown). In
addition, no statistically positive association was observed by
analyses using crude values adjusted for serum cholesterol
concentration in the conditional logistic regression model
(data not shown),

4. Discussion

Our data do not support the hypothesis that plasma levels of
p,p’-DDT, p,p*-DDE, HCB, and p-HCH are associated with an
increased risk of breast cancer among Japanese women
overall. These findings are in general agreement with those
of the majority of studies published from Western countries to
date (Krieger et al., 1994; Lopez Carrillo et al , 1997, Hoyer et al,,
1993; Dorgan et al., 1999; Helzlsouer et al., 1939; Aronson et al,
2000; Ward et al,, 2000; Wolff et al., 2000; Laden et al., 2001a,b;
Gammeon et al.,, 2002; Lopez Cervantes et al, 2004; Raaschou
Nielsen et al, 2005, Gatto et al, 2007). Our study, to our
knowledge the first prospective study from an Asian country,
suggests that, as in Western populations, exposure to
organochlorines is unlikely to be an important cause of breast
cancer in Asian populations.

To our knowledge, 11 prospective studies of the asscciation
between DDE level and the risk of breast cancer have been
published (Wolff et al,, 1993; Krieger et al., 1994; Hoyer et al,,
1998; Dorgan et al, 1999, Helzlsouer et al, 1999, Hoyer et al,,
2000; Ward et al., 2000; Wolff et al., 2000; Laden et al., 2001b;
Raaschou Nielsen et al., 2005; Cohn et al., 2007). None of these
studies found a significant positive association, however,
apart from one early study by Wolff et al,, which reported a
four-fold elevation in breast cancer risk among women with
the highest compared to the lowest serum level of DDE (Wolff
et al, 1993). Six studies have investigated the assocation
between DDT level and risk, with three reporting no associa-
tion (Hoyer et al., 1998; Ward et al, 2000; Raaschou Nielsen
et al,, 2005), two reporting a significant positive (Hoyer et al.,

2000, Cohn et al, 2007) and one reporting an inverse
association (Dorgan et al, 1999). Further, none of the five
studies which examined the association between -HCH level
and risk of breast cancer found a significant positive associa-
tion (Hoyer et al., 1998; Dorgan et al,, 1999; Hoyer et al., 2000,
Ward et al, 2000, Raaschou Nielsen et al,, 2005). Two studies
reported an association with HCB level, a significant inverse
association in one (Raaschou Nielsen et al, 2005) and a
significant positive association in the other (Dorgan et al,
1999),

The range of DDE levels varied among studies, possibly
reflecting the year of blood sample collection. For example,
according to a combined analysis of five US studies, median
concentrations in a control group were 11.13 ng/ml in samples
collected in 1974 versus 2.63 ng/ml in samples collected in
1995-97 (Laden et al, 2001a). Levels in our study among
Japanese women who provided samples in 1990-95 were
comparable those in samples obtained in 1989-90 for the
Nurses' Health Study in US, with median control concentra-
tions of 6.08 ng/ml and 5.70 ng/ml, respectively (Laden et al,,
2001b). These levels were measured more than 10 years after
the use of DDT was banned. Although the long half-lives of the
compounds and their resistance to metabolism means that
current levels are used as a surrogate of past exposure, the
major source of exposure to DDT has shifted from the more
estrogenic o,p’-DDT found in technical DDT to the far less
estrogenic p,p’-DDE occurring via the diet (Kelce et al, 1995;
Soto et al,, 1995), This shift is one possible explanation for the
lack of association.

In this regard, one prospective study assessed serum
samples collected from 1964 to 1971, when DDT was still
heavily used in the US (Krieger et al, 1994). The mean
concentration of serum DDE in the control group (43.1 ng/ml)
was higher than those in the combined analysis of five US
studies (Laden et al., 2001a), but again found no significant
positive association between serum DDE levels and breast
cancer risk overall. This finding in turn suggests that there is
no association between DDE levels and breast cancer risk
regardless of the source of exposure to DDT.

Given that the action of estrogen on breast cell proliferation
appears to be mediated by estrogen receptors and that
organochlorines are hypothesized to act as hormone mimics,
any associations between organochlorines and breast cancer
risk might differ by hormone receptor-defined subtype. An
early study showed that the mean concentration of DDE in
breast adipose tissue was significantly higher in women with
ER+ breast cancer than in control women, but not in those
with ER- breast cancer (Dewailly et al, 1994). Although this
result suggests the possibility that DDE may influence breast
cancer risk through estrogen, mediated by its receptor, it is not
consistent with the majority of previous studies (Helzlsouer et
al, 1999, Hoyer et al, 2001; Laden et al, 2001b; Raaschou
Nielsen et al., 2005; Gatto et al., 2007). Among prospective
studies, one study reported an inverse association between
DDE in adipose tissue and the risk of ER- breast cancer
(Raaschou Nielsen et al, 2005), while others showed no
association between plasma DDE level and the risk of ER+
breast cancer (Laden et al,, 2001b) or no difference in risk by
hormone receptor-defined subtype (Helzlsouer et al, 1999,
Hoyer et al., 2001). Moreover, a recent population-based case-
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control study in the US also showed no difference in nisk by
hormone receptor-defined subtype (Gatto et al, 2007), In the
present study, no significant difference in median concentra-
tions was found between either ER+ or ER- breast cancer and
their respective controls. Any interpretation of these results
should be made with caution, however, because hormone
receptor status was available for only 73 cases (53%).

Findings to date on the association of organochlorines and
breast cancer risk stratified by menopausal status have been
inconsistent. In the present study, pp-DDT and p,p"-DDE
appeared to increase the risk among premenopausal but not
among postmenopausal women. Similar findings were
reported in a hospital-based case-control study of Canadian
women: an elevated OR was observed in premencpausal
women with the highest levels of breast adipose tissue DDE
(OR=1.52, 95%C1 0.70-3.33) but no assoctation was found in
postmenopausal women (OR=1.05, 95%Cl1 0.50-2.19) (Aronson
et al,, 2000). Further, a hospital-based case-control study in
Colombia found a higher OR for serum DDE level in pre-
menopausal (highest tertile category compared with the
lowest: OR=2.46, 95%Cl 0.96-6.30) than in postmenopausal
women (OR=185, 95%C] 0.85-4.05) (Olaya Contreras et al,
1998),

In contrast, Romieu et al's. population-based case-control
study in Mexico City reported a significant association
between serum DDE level and the risk of breast cancer in
postmenopausal women (highest quartile category compared
with the lowest: OR=5.26, 95%CI 0.80-34.30, p for trend=0.03)
but no significant assodation in premenopausal women
(OR=2.41, 95%CI 0,37-15.81, p for trend=0.16) (Romieu et al.,
2000). Moreover, other studies found no remarkable difference
between subgroups by menopausal status (Lopez Camillo
et al, 1997, Gammon et al, 2002). One reason for these
inconsistent results is the relatively small numbers of cases in
most of the subgroup analyses, i.e, less than 250 cases.

Our study has several methodological advantages. First,
since blood samples were collected before cancer diagnosis in
our nested case-control study within a prospective cohort, any
potential bias due to the presence of cancer is likely obviated.
Second, 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 discussion. First,
because organochlorine levels in blood are influenced by
circulating lipid levels, we adjusted arganochlorine levels for
serum cholesterol concentration in our primary analyses.
Moreover, we matched case subjects and controls for fasting
status at the time blood was drawn, limiting the potential
effect of short-term variation in blood lipid levels. In contrast,
a number of previous studies used an alternative lipid-
adjustment method suggested by Phillips et al. (Phillips
et al, 1989). In the present study, however, we used this
method in our supplementary analyses because serum
triglyceride measurement was available for only 57% of sub-
jects. Second, in spite of a reasonably large cohort population
(24,226 women) and long follow-up period (average 10.6 year),
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) (Ferlay et al.,
2004). 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 (43%) respon-
dents to the baseline questionnaire who provided blood
samples. Thus, any extrapolation of the results to the general
population should be done cautiously, particularly in view of
our previous report showing the difficulty of extrapolating
relative risk estimates for a sub-cohort to an entire cohort
(lwasaki et al , 2006). This difficulty might in fact be inherent to
prospective studies in general.

In conclusion, this study suggests that there is no overall
association between organochlorines at the levels measured
in plasma and the misk of breast cancer among Japanese
women. It is unlikely that exposure to these compounds can
explain the increasing rates of breast cancer in Japan.
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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 Sio 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 ‘moderate’ 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 nsk reduction if they consume at least moderate
amounts of isoflavones.

Keywords Breast cancer - Dietary 1soflavones -
Case—control study - Immigrants

Abbreviations

Cl  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 Asiathan Western countries [ 1]. This hypothesis is
supported by not only in vitro studies at high genistein
concentrations and the majornity of animal studies [2, 3] but
also epidemiological studies [4—10]. In panicular, 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-
trogen 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,
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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 Sio 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
Sao Paulo. 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 Sao Paulo, Brazil. Eligible cases were a
consecutive series of female patients aged 20-74 years
with newly diagnosed and histologically confirmed inva-
sive breast cancer, Cases were recruited between 2001 and
2005 at four hospitals in Nagano, and berween 2001 and
2006 at eight hospitals in Sao Paulo. A total of 405 cases
(989%) participated in Nagano, and 83 Japanese Brazilians
(91%) and 389 non-Japanese Brazilians (99%) in Sio
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 peniod. 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 protocol was approved by
CONEP (Comissdo Nacional de Ftica 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 concerming 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,
34 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 categories ranging from
less than 1-10 bowls per day, without reference to the
relative size of the bowl 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, one 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 seasons.
Spearman’s cormrelation coefficients between energy-
adjusted genistein and daidzein intake estimated from the
FFQ and from dietary records were .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
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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 recepror-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-
ease. 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 isofavone 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
al 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 tentile of isoflavone intake was 0.62 (95% CI 0.38—
1.01; P for trend = 0.06) for postmenopausal women, but
1.35 (95% Cl 0.72-2.54; P for trend = 0.41) for pre-
menopausal women. The inverse association was stronger
in premenopausal than postmenopausal 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+4/PR—), and negative for
both receptors (ER—/PR—) for Japanese, and ER+/PR+,
ER+/PR—, ER—/PR—, and unknown for Japanese 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 data 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 71.3 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 Charactenstics of case and matched control subjects

Japanese living
in Nagano, Japan

lapanese Brarilians living
in 530 Paulo, Brazil

Non-Japanese Brazilians
living in S0 Paulo, Brazil

Case Control

(n=390) (n=390)

Age (years), mean 538 540
Premenopausal women, % 46 5

Age at menopause (ycars), mean” 490 494
Age at menarche (years), mean® 134 132
Nulliparous women, % 13 14
Number of births (>4 hinhs), % 2 3
Age at first birth (years), mean™ © 269 26.4
Breast feeding (yes), %° 91 96
Oral contraceptives user, % 3 3
Family history of breast cancer, % 11 6
History of bemign breast disease, % 12 7
Height (cm), mean” 1553 155.5
Body mass index (kg/m°), mean® 227 23.0
Smoking (current smoker), % 8 5
Alcohol dnnking (regular dninker), % 26 29
Moderate physical activity past 5 years (yes), %& 32 40
Vitamin supplement user, % 18 12
Total energy intake (kcal/day), mean® 1881.6 19493
Fish and shellfish intake (g/day), mean® 87.6 94.4
Meat or red meat intake (g/day), mean™ * 58.1 576
Vegetable intake (g/day), mean® 257.6 3105
Fruit intake (g/day), mean® 2886 877
Isoflavone intake (mg/day), mean" 435 46.1
Genistein intake (mg/day), mean” 270 28.6
Daidzein intake (mg/day), mean” 16.5 17.5

P Case Control P Case Control =
(n=81) (n=81) {n=379) (n=2379)
56.6 56.5 - 524 515 -
<001 31 30 080 42 I8 0.04
0.15 499 50.6 073 49 ELE 0.13
D42 129 129 020 132 13.1 0.96
066 23 16 0.24 1 10 0.9
0.16 7 20 ooz 29 is 0.10
0.42 8.6 215 025 232 225 0.24
0.03 92 91 056 B8 91 0.67
100 29 36 030 63 65 0.62
0.02 15 2 0.65 6 6 0.88
0.03 12 ] 0.17 7 7 1.00
050 1540 1539 091 1582 158.4 0.96
0.07 243 245 043 266 261 0.11
<0.01 11 2 0.07 17 11 0.04
025 2 6 0.26 6 6 0.65
0.02 19 E ¥ 0.03 9 14 0.03
0.03 19 26 0.27 3 9 <0.01
0.27 16620 15877 044 18470 17528 0.09
011 274 305 056 137 16.6 0.24
0.36 543 533 044 721 64.2 0.14
<001 1467 930 <001 7.7 864 0.96
0.69 3640 o 002 2602 2509 0.35
<001 165 249 0.5 1.1 44 0.01
<0.01 102 158 0.15 073 31 0.01
<0.01 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

¢ 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 nisk 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 nisk [4-8), It is noteworthy that, although several
experimental studies have suggested adverse effects from
soy constituents [2, 3, 13, 14], no epidemiological study
esuimating isoflavone imake by FFQ has reported an
increased nisk 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. It remains unclear, however, whether
isoflavone exposure other than dietary intake is associated
with the nisk 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 patten might imply the
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Fig. 1 Odds ratios (ORs) and 95% confidence intervals of breast
cancer according 1o dietary isoflavone intake based on combined
individual data from three populations. Subjects were categonized into
11 groups: non-consumers and deciles of isoflavone consumers based
on the control distnbution. ORs were estimated using matching pars
with ady for menopausal status (premenopausal women,
postmenopausal women), number of births (0, 1, 2, 3, 4, 5+), family
hustory of breast cancer (yes, no), smoking status (never, past. current
smokers), moderate physical activity in the past 5 years (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 nsk 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 cohon 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 pattemns 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. 3]. 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. Moreover, results for the few studies to
date have been inconsistent [7, 16, 18, 19]. Although our
findings might merely be explained by a lack of statistical
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 Il 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 (interquartile
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 dictary 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 nsk-
enhancing effect of isoflavones on breast cancer within the
range achievable from dietary intake alone. In addition,
women may benefit from risk reduction if they consume at
least moderate amounts of isoflavones,
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Abstract
Objective  Most epidemiological studies of the association
between breast cancer risk and exposure to organochlorine
pesticides or polychlorinated biphenyls (PCBs), which are
suspected endocrine disrupters and potential risk factors for
human breast cancer, have been conducted in westen
countries, and the majority of results have been null and the
rest inconsistent, Here, we examined these associations in
Japanese women in the largest study in Asian women to
date.
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Methods The study was a matched case—control study of
breast cancer with 403 eligible matched pairs from May
2001 to September 2005 at four hospitals in Nagano Pre-
fecture, Japan.

Measurements Serum samples were measured for PCBs
and nine pesticide-related organochlorines, including
dichlorodiphenyltrichloroethane (DDT), Odds ratios of
breast cancer or its hormone-receptor-defined subtypes
according to serum organochlorines were calculated.
Results  No increase in the risk of breast cancer was seen
among women with higher serum concentrations of any
organochlorine: o,p'-DDT, p,p'-DDT, p,p/-dichlorodiphenyl-
dichloroethylene, hexachlorobenzene, f-hexachlorocyclo-
hexane, trans-nonachlor, cis-nonachlor, oxychlordane, mirex,
or PCBs. Rather, higher serum levels of cis-nonachlor, mirex,
or total PCBs were associated with a decreased risk of breast
cancer

Conclusions Overall, these results suggest that breast
cancer risk in Japan, a low-incidence country, is similar to
that in western countries in terms of organochlorine
exposure,

Keywords Hormone receptor - PCBs - DDT - DDE -
Mirex

Introduction

Breast cancer is the most frequent malignant disease
among women in many westem countries, and also in
Japan [1]. Epidemiological evidence for the occurrence of
breast cancer has suggested an association with several
estrogen-dependent factors, namely early menarche, lower
parity, late age at first childbirth, postmenopausal hor-
mone use, taller height, and obesity [2-5]. This hormonal
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dependency of breast cancer plays an important role in its
development.

Because established nisk factors for breast cancer
account for only about half of its incidence [6-8]; however,
epidemiological studies have also examined certain orga-
nochlorine pesticides, such as dichlorodiphenylitrichloro-
ethane (DDT) and polychlorinated biphenyls (PCBs),
which have shown estrogenicity or anti-estrogenicity in
experimental studies [9], as potential risk factors. Results
have been mainly null, with several inconsistent exceptions
[6, 10]. Some of these agents persist in the environment
and are bio-accumulative. Release of organochlorine pol-
lutants into the environment during pan of the last century
has resulted in exposure in humans, mainly via food intake,
particularly fish [11]. Although the human body burden of
traditional organochlorine compounds such as DDTs and
PCBs has decreased in recent decades following bans on
their use, they remain detectable in biologic samples [12].

Most studies of associations of breast cancer risk with
particular organochlorine compounds to date have been
conducted among Caucasians in western countries. Such
associations among relatively high-risk Caucasians in these
countries may not always be consistent with those among
lower-risk Asian women in Asian countries such as Japan,
however [13]. Indeed, the possibility that differences in
background, such as in lifestyle, internal hormonal milieu,
body burden of organochlorines, and hormone-receptor
subtypes, might influence the associations have now made
race, ethnicity, and area specificity issues in this field. In
recent years, three studies have assessed the association
between breast cancer and organochlorines in African-
Amernican women [14-16], one of which also included
Asian subjects (50 pairs) [15], but all reported null results;
and apart from one small study in India (25 pairs), no study
has yet been conducted in an Asian country. including
Japan [17].

Here, we conducted a matched case—control study to
investigate the association between breast cancer risk and
serum organochlorines in Japanese women. This is the first
large-scale study to examine the association between breast
cancer and DDTs, PCBs, and other organochlorine pesti-
cides in an Asian country and an Asian population,

Subjects and methods

Study subjects

This multicenter, hospital-based case-control study was
conducted from May 2001 to September 2005 at four
hospitals in Nagano Prefecture, Japan. Cases were a con-

secutive series of women aged 20-74 years with newly
arising, histologically confirmed invasive breast cancer
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admitted to the four hospitals during the survey period. Out
of the 412 eligible patients, 405 (98%) agreed to partici-
pate. Healthy controls were selected from among medical
checkup examinees in two of the hospitals, who were
confirmed as not having cancer, with one control matched
for each case by age (within 3 years) and residential area
during the study period. Among potential control subjects,
one declined to pamicipate. Consequently, we obtained
written informed consent from 405 matched pairs. Because
two control subjects refused to provide blood samples, the
analysis was finally restricted to 403 matched pairs. The
study protocol was approved by the institutional review
board of the National Cancer Center (Tokyo, Japan).

Data collection
Questionnaire survey

Participants were asked 1o complete a self-administered
questionnaire which included questions on demographic
characteristics, anthropometric factors, smoking habits,
family history of cancer, physical activity, medical history,
and menstrual and reproductive history. Dietary habits were
investigated using a 136-item semi-quantitative food-fre-
quency questionnaire (FFQ) which was developed and
validated in Japanese population [18]. The FFQ enquired
about the frequency of consumption of individual food
items, with response choices of 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; as well as relative sizes compared
to standard portions, expressed as small (50% smaller than
standard), medium (same as standard), and large (50%
larger). These data were then used to calculate average rates
of consumption for each food group (g/day) and nutrients
(mg/day).

Clinical dara

Estrogen receptor (ER) and progesterone receptor (PR)
status in breast cancer tissue of breast cancer patients were
obtained from medical records. Hormone receptor status
was determined using enzyme-linked immunoassay or
immunohistochemical assay. Hormone receptor positivity
values were determined either as specified by the labora-
tory that performed the assay, or in accordance with the
laboratory's written interpretation thereof, or both.

Laboratory analysis
Blood specimens were collected from all cancer patients

prior to surgery. Aliquots of serum samples were shipped
to a commercial laboratory, Shimadzu Techno Research
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Inc. (Kyoto, Japan), for analysis of o,p'-DDT, p,p-DDT,
p.p'-dichlorodiphenyldichloroethylene (p,p'-DDE), hexa-
chlorobenzene (HCB), f-hexachlorocyclohexane (ff-HCH),
rrans-nonachlor, cis-nonachlor, oxychlordane, mirex, and
more than 41 PCB congeners. An approximately 1.5-g
aliquot of each serum sample was gravimetrically mea-
sured and then spiked with respective '’C-labelled internal
standards, except for some PCB congeners. Compounds
were fractionated and purified using two-stage liguid-
liquid extraction with dichloromethane, ethanol and satu-
rated ammonium sulfate aqueous solution, and florisil
column chromatography. .

Organochlorine pesticides and PCBs were detected
and measured using a high-resolution mass spectrometer
(Autospec Ultima, Micromass, Manchester, UK) with
selected ion monitoring connected to a gas chromatograph
(HP6890, Hewlett Packard) equipped with a capillary
column (HT8-PCB fused silica capillary column 60 m x
0.25-mm id for PCBs; DB-17HT fused silica capillary col-
umn 30 m x 0.32 mm id, 0.15 pm for the organochlorine
pesticides) based on isotope-dilution mass spectrometry.

Lower limits of detection (LODs), determined from a
signal-to-noise ratio of 3, were 1.0 pg/g wet for organo-
chlorine pesticides and 0.6 pg/g wet for PCB congeners.
Measurement values below the LOD were assigned a value
equal 1o the LOD. Total PCBs was calculated as the sum
concentration of all PCB congeners measured, Cases and
matched controls were assayed in the same batch by lab-
oratory analysts who did not know the case-control status.
Some compounds were detected in the method blank but
were disregarded because of their sufficiently low contri-
bution to measured values in serum concentrations or the
sum of PCBs. Intraclass correlation coefficients derived
from duplicate measures of five serum samples at usual
concentration ranges were >0.99, except for that for HCB,
which was 0.87.

To standardize serum concentrations of lipophilic orga-
nochlorines, measurement values were divided by serum
total lipid concentration (TL), which was estimated using
serum concentrations of total cholesterol (TC) and triglye-
eride (TG), and the equation TL [g/l] = 2.27 x TC [¢/l] +
TG [g/1] + 0.623, as proposed by Phillips et al. [19], and
then divided by serum density (g/1). TC and TG values were
enzymatically measured at Kyoto Biken Laboratories, Inc.
(Kyoto, Japan).

Statistical analysis

Statistical analyses were performed using SAS 9.1 (SAS
Institute Inc., Cary, NC, USA). All statistical tests and 95%
confidence intervals (Cls) were two-sided and considered
significant at the 0.05 level. Serum lipid-adjusted organo-
chlorine concentrations were categonized into quartile

groups based on the distribution of controls. Missing
variables were handled by complete case analysis. Twelve
pairs which included women with a total energy intake of
less than 500 kcal or 4,000 kcal or more were excluded
from adjustment of odds ratios (ORs) for fish or vegetable
consumption.

ORs and 95% Cls of breast cancer according to quartile of
serum organochlorine concentration were calculated by
conditional logistic regression analysis using the PHREG
procedure with the STRATA statement in SAS. Stratified
analyses by menopausal status or age were performed using
unconditional logistic regression analysis. ORs were
adjusted for total lipid concentration in serum, body-mass
index, menopausal status and age at menopause, smoking
slatus, fish consumption, vegetable consumption, family
history of breast cancer in a first-degree relative, age at first
childbirth, parity, age at menarche, history of breast cancer
screening, and history of breast feeding. These adjusted
variables were established risk factors for breast cancer or
were correlated with breast cancer risk and serum orga-
nochlorines in this study. Owing to the significant inverse
association between risk and total lipid concentration in
serum, logistic regression models were additionally adjusted
for serum lipids. Because lactation results in the excretion of
organochlorines, a longer total duration of lactation may be
associated with increased excretion of organochlorines [20].
In addition, the unconditional logistic regression models
used for stratified analyses were also adjusted for the
matching factors of age and area of residence.

To evaluate differences in the effect of organochlorines
on breast cancer by hormone-receptor subtype, each breast
cancer case was categorized by the combined classification
of ER and PR status as follows: ER—PR—, ER—PR+,
ER+PR—, or ER+PR+. ER—PR+ cases were excluded
owing to their small number (n = 12). Polytomous logistic
regression was performed based on a generalized logit
model using the LOGIST procedure in SAS. The difference
in the beta coefficient for ordinal variables used in the trend
test by hormone receptor status was simultaneously tested
using the Wald test in polytomous logistic regression
maodels.

Along with the logistic regression analyses described
above, we also performed linear trend tests to examine the
monotonicity of the dose-response relationship based on
median value in each quartile category of serum organo-
chlorine concentration as an ordinal variable.

Results

Case and control characteristics are summarized in
Table 1. The cases included a higher percentage of pre-
menopausal women than the matched controls. Among
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