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Fig. 1. Annual (a) mortality and (b) incidence rates of breast cancer in Japan, the US, and UK (standardized rate per 100 000 by age to world
population). Data for the incidence rate are from Ferlay et a/.:? Japan (three registries: Miyagi, Yamagata, and Osaka) from 1963 to 2002; US
(Surveillance Epidemiology and End Results [SEER]; nine registries: Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mexico, San Francisco-
Oakland, Seattle-Puget Sound, and Utah) from 1975 to 2002; and UK (five registries in England: Birmingham and West Midlands Region,
Merseyside and Cheshire, North Western, Oxford, and Yorkshire) from 1985 to 2002. Mortality data are from Ferlay:® Japan, US, and UK from

1961 to 2005.
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Fig. 2. Age-specific breast cancer incidence rate (per 100 000) in 2002
in Japan (three registries: Miyagi, Yamagata, and Osaka), the US
(Surveillance Epidemiology and End Results [SEER]; nine registries:
Atlanta, Connecticut, Detroit, Hawaii, lowa, New Mexico, San
Francisco-Oakland, Seattle-Puget Sound, and Utah), and UK (five
registries in England: Birmingham and West Midlands Region,
Merseyside and Cheshire, North Western, Oxford, and Yorkshire).
Data are from Ferlay et al.®)

and reproductive factors, are not modifiable for the purpose of
reducing risk. In addition, only a few dietary factors have been
causally related to the etiology of breast cancer, even thought
diet is an environmental factor that may contribute to the popu-
lation distribution of breast cancer risk (Table 1). Not surpris-
ingly, present knowledge has proved insufficient to allow the
disease to be overcome and the identification of other important
etiological factors is thus required.
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Rational for epidemiological studies among Japanese

Given that the population distribution of breast cancer risk is
determined by variations in exposure, the substantial difference
in lifestyle and environment between Japan and Western coun-
tries leads to the following general hypothesis: if a factor is
characterized by high exposure in Japan (a low-risk country),
but low exposure in those Western countries that are considered
high-risk countries, it may be associated with a decreased risk of
breast cancer. Good examples are traditional foods in Japan,
such as soy foods and green tea. Similarly, a factor with low
exposure in Japan but high exposure in Western countries may
be associated with increased risk. We have used this hypothesis
to conduct population-based cohort and hospital-based
case—control studies among Japanese women with the goal of
identifying risk factors and to further our understanding of the
etiology of breast cancer, as detailed below.%?

Briefly, the Japan Public Health Center-based Prospective
(JPHC) study, which began in 1990 for Cohort I and in 1993 for
Cohort II, enrolled 140 420 subjects (68 722 men and 71 698
women) living in municipalities supervised by 11 public health
centers.®® The study population consisted of registered Japa-
nese inhabitants aged 40-59 years in Cohort I and 40-69 years
in Cohort II. Approximately 55 000 women returned a self-
administered questionnaire (response rate ~83%) and approxi-
mately 25 000 women provided a blood sample (response rate
~45%) in the baseline survey from 1990 to 1995. We conducted
5- and 10-year follow-up surveys to collect information regard-
ing dietary habits, changes in lifestyle, and disease occurrence,
as well as information regarding residential status, mortality,
and incidence of cancer and cardiovascular diseases.

Regarding the multicenter, hospital-based case—control stud-
ies, these were conducted from 2001 to 2005 at four hospitals in
Nagano Prefecture, J apan, and from 2001 to 2006 at eight hospi-
tals in S&o Paulo, Brazil.*" Cases were recruited from a consec-
utive series of female patients aged 20-74 years who were
newly diagnosed with histologically confirmed invasive breast
cancer. In the Nagano study, healthy controls were selected from
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Established risk factors for breast cancer and corresponding results from the Japan Public Health Center-based Prospective (JPHC)

Table 1.
study
Results from the JPHC study
Factor High-risk group
Category HR (95% CI)
Endogenous and exogenous hormones
Endogenous estrogen levels Higher levels NA
Oral contraceptive use Users NA
Hormone replacement therapy Users NA
Menstrual and reproductive factors
Age at menarche Earlier age 216 years 0.73 (0.53-1.00)
vs <14 yearst
Age at menopause Later age >54 years 1.98 (1.12-3.52)
vs <48 yearst
Parity Nulliparity Nulliparous 1.92 (1.38-2.65)
vs paroust
Age at first birth Later age >30 years 1.63 (1.05-2.52)
vs <22 yearst
History of breast feeding No history Have history 0.86 (0.65-1.15)

Anthropometric factors
Height Taller women

Body fatness (postmenopausal) Heavier women

Body fatness (premenopausal) Leaner women
Diet and physical activity

Alcohol intake Drinkers

Physical activity Inactive women

Other factors
History of benign breast disease Have history
Mammographically dense breasts More dense
Family history in first-degree relatives Have history
lonizing radiation Exposure

vs no historyt

2160 cm

vs 148 cm*

BMI >30 kg/m?

vs BMI <19 kg/m?t
NA

2.39 (1.43-3.98)

2.28 (0.94-5.53)

Regular drinkers 1.75 (1.16-2.65)
(>150 g ethanol/week)
vs never drinkerst

>3 days/week

vs <3 days/montht§

0.73 (0.54-1.00)

NA
NA
NA
NA

+All women (both premenopausal and postmenopausal women). ¥Postmenopausal women. §Participation in sports and physical activity in
leisure time. Data are from Iwasaki et al.®*2® and Suzuki et a/.®*3*” BMI, body mass index; Cl, confidence interval; HR, hazard ratio; NA, not

available.

medical checkup examinees who were confirmed to be cancer
free, with one control matched for each case according to age
and residential area. In the Sdo Paulo study, controls were pref-
erentially selected from cancer-free patients who visited the
same hospital as the index cases with one control matched for
age and ethnicity. Eventually, a total of 877 matched pairs
participated (405 Japanese in Nagano, along with 83 Japanese
Brazilians and 389 non-Japanese Brazilians in Sdo Paulo).

Here, we review our findings in the JPHC study and case—
control studies in Nagano and SZo Paulo in comparison with
those from other Japanese and Western studies.

Epidemiological evidence from Japanese studies:
established risk factors

Menstrual and reproductive factors. Menstrual and reproduc-
tive factors play an important role in the development of breast
cancer. A meta-analysis of eight case—control studies in Japan
showed that early age at menarche, nulliparity and low parit 2%
and late age at first birth were associated with increased risk.¢
Similar to previous studies from both Western and Asian
countries,">™'” the JPHC study confirmed that early age at men-
arche, late age at menopause, nulliparity and low parity, and late
age at first birth were associated with an increased risk of breast
cancer (Table 1).%® Although a 2007 report of the World
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Cancer Research Fund (WCRF) and American Institute for Can-
cer Research g CR) concluded that lactation protects against
breast cancer,*® the JPHC study failed to replicate this associa-
tion.?® Furthermore, although a recent pooled analysis of
35 568 invasive breast cancer cases showed that nulliparity and
late age at first birth were more closely ass001ated with hormone
receptor-positive than -negative tumors,®> the JPHC study
observed no significant difference in association by hormone
receptor-defined breast cancer.¢

Anthropometric factors. The 2007 WCRE/AICR report iden-
tified adult height as a convincing risk factor for postmenopausal
breast cancer and a probable factor for premenopausal breast
cancer.® The causal factor is unlikely to be tallness itself, but
factors that promote linear growth in childhood, mcludmg
energy intake and exposure levels to growth hormone and insu-
lin-like growth factor.?* Consistent with the WCRE/AICR
report, the JPHC study observed an increased risk associated
with greater height, primarily among postmenopausal women
(Table 1).*

The 2007 WCRE/AICR report documented that the associa-
tion between body fatness and breast cancer risk depends on
menopausal status: although greater body fatness probably
protects against premenopausal breast cancer, convincing evi-
dence suggests that it is a cause of postmenopausal breast
cancer.””” In addition, adult weight gain is a probable cause of
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postmenopausal breast cancer. The mechanism of this associa-
tion likely relates to levels of circulating estrogen: specifically, a
decrease in levels due to an increased frequency of anovulatory
cycles in premenopausal women and an increase in levels due to
both an increase in estrogen production by aromatase in adipose
tissue and a decrease in circulating level of sex hormone-binding
globulin (SHBG) in postmenopausal women.?”

In the JPHC study, we found a positive association between
body mass index (BMI) and breast cancer risk, with the associa-
tion beiné stronger in post- than premenopausal women
(Table 1). %) We also found an association between an increase
in BMI from age 20 years to recent age with increased risk

(28) ;

among postmenopausal women. These findings generally
agree_with those of studies in Japan and other Asian coun-
tries.?>3® A recent meta-analysis of cohort studies showed that
risk was increased by 16% and 31% per 5 kg/m?* increment of
BMI in pre- and postmenopausal Asian women, respectively,
but decreased by 9% in premenopausal and increased by 15% in
postmenopausal North American women.®® The lack of an
inverse association among premenopausal women may be due
to the lower prevalence of overweight women in Asian coun-
tries, with few who are sufficiently overweight to likely develop
anovulation. Conversely, risk reduction due to greater body fat-
ness in early adulthood appears to continue into the postmeno-
pausal years, which may explain the stronger association among
postmenopausal Asian than North American women. In addi-
tion, a recent meta-analysis showed a 10% decrease in risk per
5 kg/m? increment of BMI among premenopausal women and a
33% increase among postmenopausal women for estrogen and
progesterone receptor-positive (ER*PR*) tumors, although no
association was seen for estrogen receptor-positive and proges-
terone receptor-negative (ER*PR™) or estrogen and progesterone
receptor-negative (ER"PR™) tumors.®" In the JPHC study, BMI
was more strongly associated with estrogen receptor-positive
(ER") than -negative (ER™) tumors in postmenopausal women.
These findings may support the involvement of an ER-mediated
estrogen-dependent mechanism.

Physical activity. The 2007 WCRE/AICR report concluded
that the evidence that any type of physical activity, including
occupational, household, transport, and recreational activity,
protects against breast cancer is limited-suggestive for premeno-
pausal and probable for postmenopausal breast cancer.”” A
meta-analysis showed a 6% decrease in risk for each additional
hour of physical activity per week.®® The proposed mecha-
nisms behind this association include the beneficial effect of
physical activity on body fatness, effects on endogenous sex
hom(lg)le levels, and possible improvement of immune func-
tion. B

In the JPHC study, we observed an inverseé association
between leisure time physical activity and breast cancer risk
(Table 1).%% Compared with women who participated in sports
and physical activity on <3 days/month, adjusted hazard ratio
(HR) and 95% confidence intervals (CI) for women who partici-
pated in sports on >3 days/week was 0.73 (0.54-1.00;
Pireng = 0.037) for overall breast cancer and 0.43 (0.19-1.00;
Piena = 0.022) for ER*PR* tumors. Conversely, we did not
observe an inverse association between daily total physical
activity and risk of overall breast cancer, but did see an inverse
association for ER*PR* tumors. In addition, we also investigated
associations between age- and intensity-specific leisure time
physical activity and the risk of hormone receptor-defined breast
cancer in the case-control study in Nagano. Strenuous, but
not moderate, physical activity at age 12 years was inversely
associated with breast cancer risk regardless of menopausal sta-
tus and hormone receptor-defined breast cancer. Among post-
menopausal women, moderate physical activity in the previous
5 years was somewhat more closely associated with ER*PR*
than ER*PR™ and ER"PR™ tumors. Our findings generally agree
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with those of the WCRF/AICR report and other Japanese
studies.®*3® Moreover, our findings regarding hormone recep-
tor-defined breast cancer may support the involvement of an
ER-mediated estrogen mechanism.

Alcohol intake. We found a significant positive association
between alcohol intake and the risk of breast cancer in the JPHC
study (Table 1).°” An increase in consumption of 10 g etha-
nol/day (continuous) was associated with a 6% (95% CI 1-13;
Pena = 0.047) increase in the risk of breast cancer. Our findings
generally agree with those from the WCRF/AICR report.*? A
meta-analysis of cohort studies reported a 10% increase in risk
per 10 g increment of ethanol/day.*” However, Nagata et al.
concluded that epidemiological evidence from Japanese popula-
tions remains insufficient, given that a systematic review
revealed that only three of three cohort and eight case—control
studies observed a positive association.®®

Several biological mechanisms for this association have been
proposed, including an increase in circulating hormone levels, a
direct carcinogenic effect of alcohol metabolites (e.g. acetalde-
hyde, a known mutagen), and an antagonistic effect on folate
absorption and metabolism.®® In the JPHC study, we found
positive associations for both ER'PR* and ER*PR™ tumors, but
not for ER"PR™ tumors, although the associations failed to reach
statistical significance. A recent meta-analysis showed that the
relative risk (RR) and 95% CI per 10 g increment of etha-
nol/day was 1.12 (1.08-1.15) for all ER" tumors, 1.07 (1.00—
1.14) for all ER™ tumors, and 1.11 (1.07-1.14) for ER*PR*, 1.15
(1.02-1.30) for ER*PR™, and 1.04 (0.98-1.09) for ER"PR™
tumors.“? These findings suggest that the biological mechanism
involves both an ER-mediated estrogen-dependent and hor-

- mone-independent mechanism.

Notable epidemiological evidence from Japanese studies

Body weight at age 20 years. A number of epidemiological
studies have shown that greater body fatness during childhood
and adolescence is associated with a decreased risk of breast
cancer.“’™ The proposed biological mechanism behind this
risk reduction is that obese women tend to have an increased fre-
quency of menstrual irregularities and anovulatory cycles, which
reduces their lifetime number of ovulations and alters their cir-
culating hormone levels.?” To date, most studies have been
conducted in Western countries, where the prevalence of obesity
is high, and little is known about whether greater body fatness
during childhood and adolescence is associated with a decreased
risk of breast cancer among the lean population.

In the JPHC study, we found a significant inverse association
between BMI at age 20 years and the risk of breast cancer. This
inverse association was not modified by menopausal status or
recent BMI level. Adjusted HR for each 5 unit increment was
0.75 (95% CI 0.61-92).® Similarly, the Miyagi Cohort Study
also observed a decreased risk associated with higher BMI at
age 20 years.“*) These findings from a lean population generally
agree with those from Western countries. Interestingly, few
women are likely to be sufficiently overweight to cause anovula-
tion in Japan. Moreover, the Nurses’ Health Study II reported
that the observed inverse association of BMI in early adulthood
with risk was not eliminated after adjustment for ovulatory dis-
orders. " Therefore, our findings from Japan imply the pres-
ence of other biological mechanisms apart from anovulation.

Soy foods and isoflavone. Soy foods, which are rich in iso-
flavones, are habitually consumed by Asian populations in large
amounts. Isoflavones, of which genistein and daidzein are the
major examples, are classified as phytoestrogens, which are
plant-derived non-steroidal compounds with estrogen-like bio-
logical properties. A high intake of isoflavones has been hypoth-
esized to contribute to the lower incidence of breast cancer in
Asian compared with Western countries. >
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In the JPHC study, we observed an approximate 50%
decrease in breast cancer risk associated with higher 1soﬂavone
intake, as assessed by a food frequency questionnaire.“®’ More-
over, a nested case-control study within the JPHC study
revealed a decrease in risk associated with a hl%her level of
plasma genistein, but not plasma daidzein (Fig. 3). 4D Although
accumulating ev1dence suggests that risk is reduced with higher
isoflavone intake, there is little available evidence for a
dose-response relationship. In the case—control studies in Nag-
ano and Sdo Paulo, we evaluated the dose—response relationship
using the three populations combined, because the respective
amount of and variation in isoflavone intake is high and large
for Japanese, intermediate and relatively large for J apanese Bra-
zilians, and low and small for non-Japanese Brazilians.? We
found that breast cancer risk decreased linearly from ‘‘no’’ to
“‘moderate’’ isoflavone intake (20-30 mg/day) and thereafter
leveled off (Fig. 4), suggesting that isoflavones have a risk-
reducing rather than risk-enhancing effect on breast cancer
within the range achievable from dietary intake alone.

Several biological mechanisms have been proposed to explain
how isoflavones may reduce the risk of breast cancer. Isoflav-
ones and human estrogen share similar chemical structures;
given the consequent binding affinity of isoflavones to estrogen
receptors, they may act as estrogen agonists and antagonists that
compete for estradiol at the receptor complex.®
may also influence risk by altering the biosynthesiss, metabolism,
and bioavailability of endogenous hormones.®**® In this
regard, isoflavones have been shown to inhibit aromatase®> and
17B-hydroxysteroid dehydrogenase Type I (17B HSD1),%? as
well as to increase the synthesis of SHBG.®® Considering these
mechanisms, we tested the hypothesis that polymorphisms in
estrogen receptor genes and genes related to the biosynthesis,
metabolism, and bioavailability of endogenous hormones may
modify the association between isoflavone intake and breast
cancer risk in the case—control studies in Nagano and S&o
Paulo.®*> The results showed several suggestive interactions
between isoflavone intake and polymorphisms of estrogen
receptor beta (ESR2), 17-HSDI, and SHBG: an inverse associ-

) Tsoflavones.

ation between intake and risk in women with the GG genotype
of the rs4986938 polymorphism in ESR2 among postmeno-
pausal Japanese Japanese Brazilians, and non-Japanese Brazil-
ians (Fig. 5);5% an inverse association in women with at least
one A allele of the rs605059 polymorphism in 175-HSDI among
the three populations;®> and an inverse association in women
with the GG allele of the 16259 polymorphism in SHBG among
Japanese populations and women Wlth at least one A allele
among non-Japanese Brazilians.®> Our findings support the
idea that isoflavones may reduce the risk of breast cancer via
mechanisms that involve estrogen receptors or the biosynthesis,
metabolism, and bioavailability of endogenous hormones.

A recent meta-analysis observed risk reduction with higher
isoflavone intake among Asian, but not Western, populations.**
Overall, our studies suggest that isoflavone intake has a protec-
tive effect against breast cancer. Because we found a decreased
risk not only in Japanese, but also Japanese Brazilians and non-
Japanese Brazilians, our findings are somewhat inconsistent with
those of the meta-analysis. This heterogeneity of findings across
populations and studies warrants careful consideration. In this
regard, Nagata noted that the association between soy isoflavone
intake and the risk of breast cancer may be variously modified
by the amount of soy isoflavones consumed, the form and food
source of the isoflavones, the timing of isoflavone exposure, the
estrogen receptor status of tumors, the equol-producer status,
and the hormonal profile of individuals.®®

Green tea. Although rarely consumed in Europe and North
America, where black tea is the common tea beverage, green tea
is one of the most popular beverages in Japan and China. Green
tea has a higher catechin content than black tea, which may con-
tribute to its protective effects against cancer via the strong anti-
oxidant activity of catechin, its inhibition of cell proliferation
and angiogenesis, induction of apoptosis, and antiestrogenic
properties.

In the JPHC study, we found no significant inverse assoc1a—
tion between green intake and the risk of breast cancer.®®’ Com-
pared with women who drank less than one cup of Sencha or
Bancha/Genmaicha per week, the adjusted HR for those who
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Fig. 3. Plasma isoflavones and the risk of breast cancer: the Japan Public Health Center-Based Prospective (JPHC? study. (a) Genistein; (b)
daidzein. Odds ratios were adjusted for the numbers of births and the age at first birth. Data are from lwasaki et al.*
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Fig. 4. Isoflavone intake and the risk of breast cancer in hospital-

based case—control studies among- Japanese, Japanese Brazilians, and
non-Japanese Brazilians. Subjects were categorized into 11 groups:
non-consumers and deciles of isoflavone consumers based on the
control distribution. Odds ratios were estimated using matching pairs
with adjustment for menopausal status, number of births, family
history of breast cancer, smoking status, moderate physical activity in
the p&s)t 5 years, and vitamin supplement use. Data are from lwasaki
et al.

drank 10 or more cups per day was 1.02 (95% CI 0.55-1.89;
Pieng = 0.48) for Sencha and 0.86 (0.34-2.17; Pyeng = 0.66) for
Bancha/Genmaicha. One noteworthy strength of this study over
previous studies is its remarkably wide variation in green tea
intake, from women who drank less than one cup per week to
those who drank 10 or more cups per day.

Tea polyphenol content in green tea varies according to prep-
aration, the type and amount of green tea leaves, the frequency
of renewing the tea batch in the pot, water temperature, and
brewing time, among others. To reduce misclassification due to
these factors, we conducted a nested case—control study within
the JPHC study and measured plasma levels of (—)-epigallocate-
chin (EGC), (-)-epicatechin (EC), (-)-epigallocatechin-3-gal-
late (EGCG), and (-)-epicatechin-3-gallate (ECG).? We
found no significant association between plasma tea polyphenol
levels and breast cancer risk. Adjusted odds ratios (OR) for the
highest versus lowest group were 0.90 (95% CI 0.42-1.96;
Prena = 0.98) for EGC, 0.95 (95% CI 0.43-2.08; Pyena = 0.86)
for EC, 1.21 (95% CI 0.52-2.80; Pyeng = 0.53) for EGCG, and
1.75 (95% CI 0.81-3.78; Pyena = 0.15) for ECG.

To our knowledge, four cohort and three case—control studies
have been published on the association between green tea intake
and breast cancer, but findings have been inconsistent.¢%” Our
findings generally agree with those of three of the cohort studies,
including two Japanese cohorts, which found no association
between green tea intake and risk, 64-66) but contradict those of

(@ (b)
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the three case—control studies, which showed an inverse associa-
tion between green tea intake and risk.©®'® Possible explana-
tions for these apparent discrepancies in results include the
influence of recall and selection bias stemming from the case—
control design; differences in the type of tea and drinking
methodsﬁ; and possible effect modification by dietary and genetic
factors.©?6*6® Moreover, among studies investigating the asso-
ciation between circulating tea polyphenol levels and breast can-
cer risk using prediagnostic biological specimens, the Shanghai
Women’s Health Study found no dose-response relationship
between urinary levels of tea polyphenols and their metabolites
and the risk of breast cancer,®® which is similar to the results of
our JPHC study.

Smoking and passive smoking. The JPHC study found that
both active and passive smoking were associated with an
increased risk of breast cancer among premenopausal
women.®> When the reference group was defined as never-
active smokers without passive smoking, adjusted HR (95% CI)
for ever-smokers were 3.9 (1.5-9.9) and 1.1 (0.5-2.5) in pre-
and postmenopausal women, respectively. In never-active smok-
ers, the adjusted HR (95% CI) for passive smoking was 2.6
(1.3-5.2) in premenopausal women and 0.6 (0.4-1.0) in post-
menopausal women. Subsequently, Nagata et al.”® concluded
that tobacco smoking possibly increases the risk of breast cancer
in the Japanese population, considering that a systematic review
of evidence showed a positive association in five of three cohort
and eight case—control studies in Japan.

In 2004, the International Agency for Research on Cancer
(IARC) endorsed the “‘lack of carcinogenicity of tobacco smok-
ing in humans for cancers of the female breast’."’”” However,
large cohort studies published since 2002 have observed an
increased risk associated with a long duration and/or high num-

‘ber of pack-years of smoking.”’® Moreover, a meta-analysis

found a significant interaction between smoking, N-acetyltrans-
ferase 2 (NAT2) genotype, and risk of breast cancer: higher
pack-years were associated with an increased risk among women
with the NAT2 slow genotype, but not among rapid acetyla-
tors.’® Recent reappraisals have therefore suggested an
increased risk of breast cancer and the IARC concluded that
there is limited evidence that tobacco smoking causes breast can-
cer.” With regard to passive smoking, a meta-analysis pub-
lished in 2007 showed that this was associated with a 60-70%
increase in breast cancer risk among younger, primarily
premenopausal women who had never smoked.'”’ However, a
more recent meta-analysis found an increased risk associated
with passive smoking based on case—control, but not cohort,
studies.¢

Conclusions

Evidence establishing menstrual and reproductive factors,
anthropometric factors, physical activity, and alcohol intake

(c)
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Fig. 5. Isoflavone, polymorphisms in the estrogen receptor beta gene (rs4986938) and breast cancer risk in hospital-based case—control studies
among (a) Japanese (postmenopausal), (b) Japanese Brazilians (all), and (c) non-Japanese Brazilians (all). Odds ratios were estimated using
matching pairs with adjustment for menopausal status, the number of births, family history of breast cancer, smoking status, moderate physical
activity in the past 5 years, and vitamin supplement use. Data are from lwasaki et a/.®4
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as risk factors for breast cancer was derived primarily from
Western countries, but only a few dJetary factors have been
causally related to this disease.’>'7*? "Our studies among
Japanese women have confirmed that these previously estab-
lished factors zglaéy an important role in the development of
breast cancer.®?%337 In addition, we have provided further
evidence of the role of traditional Japanese foods in the
etiology of breast cancer.®!46:4754555950) 1y particular, our
studies of isoflavones and breast cancer have clarified a
dose—resyonse relationship and gene-environment interac-
tions.¢ Given the evidence reviewed above, we suggest
that isoflavones exert a protective effect against breast cancer
in Asian populations. Finally, current knowledge of protective
and risk factors for breast cancer suggest that primary pre-
vention by lifestyle modification in individuals should focus
on alcohol intake, weight control, physical activity, and
tobacco smoking.
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confidence intervals.

Objective. The study aims to investigate the association between leisure-time physical activity and breast
cancer risk in consideration of tumor estrogen-receptor/progesterone-receptor status.

Methods. We conducted a population-based prospective cohort study among 53,578 women in the Japan
Public Health Center-based Prospective Study. Leisure-time physical activity was assessed by self-reported
questionnaires. A Cox proportional hazards regression model was used to derive relative risks and 95%

Results. From 1990-1993 to the end of 2007, 652 cases were identified. The breast cancer rates (per 100,000

Risk person-years) in the sedentary groups (<3 days/month) was 84 in overall, 97 in premenopausal and 75 in
postmenopausal women. We observed a statistically significant inverse association between leisure-time
physical activity and breast cancer risk (relative risks 3 daysweek vs. <3 days/month = 0.73; 95% confidence interval
0.54-1.00; prrenq 0.037), particularly in estrogen receptor+progesterone receptor+ (relative risk 0.43; 0.19-
1.00; Prrena 0.022), and this inverse trend was apparent among postmenopausal women (relative risk 0.25; 0.06-
1.06; Drrend 0.041). An inverse trend was also observed between daily total physical activity and postmenopausal
estrogen receptor+progesterone receptor+ risk (p = 0.046). Among body mass index > 25 kg/m? group, leisure-
time physical activity was associated with decreased risk (relative risks 1 gay/week vs. <3 days/month = 0.65; 0.43—

0.97; Ptrend 0.033).

Conclusion. Active participation in leisure-time physical activity may contribute to a decrease in breast
cancer risk, particularly for postmenopausal estrogen receptor+-progesterone receptor+ tumors.

© 2011 Elsevier Inc. All rights reserved.

Introduction

The latest report of the World Cancer Research Fund (World
Cancer Resarch Fund/American Institute for Cancer Resarch, 2007)
states that physical activity (PA) probably contributes to a decrease in
the risk of breast cancer. The biological mechanisms underlying this
inverse association have yet to be confirmed but may partly include
the decreased production or bioavailability of endogenous female

Abbreviations: Cls, confidence intervals; BMI, body mass index; DTPA, daily total
physical activity; EFH, exogenous female hormone; ER, estrogen receptor; PA, physical
activity; PHC, public health center; PR, progesterone receptor; FFQ, food frequency
questionnaire; LPA, leisure-time physical activity; METs, metabolic equivalents; RR,
relative risk; SD, standard deviation.

* Corresponding author. Fax: +81 3 3547 8578.

E-mail address: moiwasak@ncc.go.jp (M. Iwasaki).

0091-7435/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.ypmed.2011.01.016

hormones (McTiernan et al., 2004), or of metabolic-related hormones
and growth factors, such as estrogens, insulin (Regensteiner et al.,
1991) and insulin-like growth factors (Raastad et al., 2000), which
may stimulate cellular proliferation/differentiation in the breast
(Bernstein and Ross, 1993; Hankinson et al,, 1998). Other proposed
mechanisms include an improvement in immune function (Shephard
et al, 1995).

Owing to the possible involvement of hormone-related mechanisms,
the association has been evaluated with consideration to the estrogen-
and progesterone-receptor (ER/PR) status of tumors (Adams et al.,
2006; Bardia et al., 2006; Bernstein et al.,, 2005; Britton et al.,, 2002;
Chlebowski et al., 2007; Dallal et al., 2007; Enger et al., 2000; Lee et al.,
2001; Leitzmann et al., 2008; Peters et al., 2009; Schmidt et al., 2008).
The majority of studies were conducted among Western populations,
however, and the results have been inconsistent.

In Japan, the incidence rate of breast cancer has increased steeply
over the last three decades, and this cancer is currently the most
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common cancer (Matsuda et al.,, 2010). Among Asian populations,
however, few epidemiological studies have prospectively evaluated
the association in consideration of ER/PR (Suzuki et al., 2010).

We hypothesized that PA may be associated with a decreased risk
of breast cancer partly through hormone-related mechanisms, on the
basis that PA may lead to a decrease in body fat (Sternfeld et al., 2005),
the main source of endogenous estrogen after menopause (Cleland
et al., 1985). Here, we evaluated the association between PA and ER/
PR-defined breast cancer risk in 53,578 Japanese women in the Japan
Public Health Center-based Prospective Study (JPHC).

Methods
Study participants

The JPHC was launched in 1990 to evaluate the association between
lifestyle factors, cancer, and cardiovascular disease among the Japanese
population. Details have been provided elsewhere (Tsugane and Sobue,
2001). The target population was all Japanese residents aged 40-69 years
enrolled in the residential registries of 11 public health centers (PHCs). Two
cohorts were enrolled (cohort I, Iwate-Ninohe, Akita-Yokote, Nagano-Saku,
Okinawa-Chubu, and Tokyo-Kastushika; and cohort II, Ibaraki-Mito, Niigata-
Nagaoka, Kochi-Chuohigashi, Nagasaki-Kamigoto, Okinawa-Miyako, and
Osaka-Suita). Initially, 71,698 women were invited. Kastushika (cohort I)
could not be included due to a lack of information on cancer incidence
(n=4,178). We excluded women who did not possess Japanese nationality,
moved before the start of follow-up, were not aged 40-69 years, or who had
duplicate data (n=146).

Of the remainder, 55,838 completed the baseline questionnaires (response
rate 83%). All eligible subjects were sent 5-year (1995-1998; response rate
80%) and 10-year follow-up questionnaires (2000-2003; response rate 78%).
We excluded women with a self-reported history of cancer before the start
of follow-up (n=1,509). To investigate the impact of leisure-time physical
activity (LPA) on breast cancer risk, we excluded women with missing
information on LPA (n=751). Age-area-adjusted analysis was conducted
in 53,578 women.

Further, we then excluded women who had missing or unreliable
information on height, BMI, BMI at age 20 years (<14 or >40), alcohol
intake, smoking, or use of exogenous female hormones (EFH) (n=13,804), as
well as those with a family history of breast cancer (n=210) and women
who reported unreasonable estimates of total energy intake (4 3SD)
(n=2395). Finally, 39,169 women were included in multivariable-adjusted
analysis. We also performed sub-analyses to evaluate the impact of daily total
physical activity (DTPA) in cohort II only because baseline information on
DTPA was available.

Exposure measurement

The main exposure of interest was participation frequency in LPA. We
inquired about the frequency of participation in non-occupational LPA, such
as sports and exercise, at the baseline and 5-year follow-up surveys. In both
questionnaires, we asked ‘How many times did you participate in sports and
PA other than during working hours,” with five predefined categories of
almost never exercise: 1-3 days per month, 1-2 days per week, 3-4 days per
week, and almost daily.

In cohort I, we evaluated the impact of DTPA on breast cancer risk. DTPA
was measured as metabolic equivalents (METs-hours/day). Calculation in
METs has been explained elsewhere (Inoue et al., 2008). The same methods
were used in the baseline and 5-year follow-up surveys because they
contained common questions on sleeping time, heavy physical work or
strenuous exercise, standing or walking time, and sitting time.

Although LPA was not directly validated, the validity and reproducibility
of the total METs/day score for the 5-year follow-up questionnaire was
previously evaluated using 4-day, 24-hour PA records as an objective
standard in 108 volunteer subjects in the cohort. In brief, correlations
between the 5-year follow-up questionnaire and 4-day, 24-h record showed
reasonable validity, with a Spearman rank correlation coefficient of 0.35
in women (Inoue et al, 2008). Reproducibility for the 5-year follow-up
questionnaire was also supported, with a Spearman rank correlation
coefficient of 0.68 (Imai et al., 2010).

Ascertainment of cases and follow-up

Breast cancer cases were identified by active patient notification from
major local hospitals and data linkage with population-based cancer
registries, with permission from the local governments responsible for
the registries. Cases were defined as codes C500—509 (World Health
Organization, 2000). Diagnosis was microscopically verified for 97% of all
case patients. ER/PR status was evaluated by either immunochistochemical
assay or enzyme-linked immunoassay. The cut-off point for positive receptor
status was defined by clinical estimation at the treating hospital or by the
assay method of the clinical laboratory. In most but not all cases, hormone
receptor-positivity was defined as the presence of >10 fmol/mg protein
in enzyme-linked immunoassay or by the finding of any positive cells in a
specimen in immunohistochemical assay.

Follow-up was started on the date of administration of the baseline
questionnaire and continued until the date of diagnosis of breast cancer, date
of death, date of moving, or end of follow-up (December 31, 2007), whichever
occurred first. Date of death or moving was verified through linkage with the
death or residential registry at the respective PHC.

Statistical analysis

We used time-dependent multivariable Cox proportional hazards regres-
sion models to evaluate relative risks (RRs) and 95% confidence intervals (CIs)
using age as the time scale (Korn et al., 1997). Women were subdivided
into three categories by LPA [<3 days/month, 1-2 days/week, >3 days/week].
The multivariable adjusted model included height, recent BMI, BMI at age
20 years, smoking status, age at menarche, age at first birth, parity, age at
menopause, use of EFH, alcohol intake and isoflavone intake. These factors
were based on the self-administered baseline questionnaires and were
updated with the follow-up surveys, if available. If they could not be properly
adjusted due to the small number of ER/PR-defined cases, these covariates
were excluded, as mentioned in the footnotes in Table 2. For DTPA, women
were subdivided according to tertile. Trend tests were conducted by creating
a continuous variable in the rank order of each category. Additional
analyses were conducted with stratification by menopausal and BMI status.
All analyses were performed using the SAS statistical package version 9.1
(SAS Institute, Cary, NC). All statistical tests were two-sided, and statistical
significance was defined as p<.05.

Results

After an average 14.5 years of follow-up, 652 breast cancer cases
were diagnosed among 53,578 women. Information on ER/PR status
was available for 299, showing 135 cases of ER+PR+, 64 of ER+PR—,
and 83 of ER—PR—. Although height and BMI did not appear to differ
by LPA level, women who tended to participate were more likely to be
older and not to use EFH (Table 1).

Overall, we observed a statistically significant inverse associa-
tion between LPA and breast cancer risk [multivariable-adjusted
RRZB days/week vs. <3 days/week = 0-73; 95% (I 0-54‘1-00; Ptrend 0038]
In particular, the observed inverse association was apparent for
ER+PR+ tumors (corresponding RRerpr+ =0.43 (0.19-1.00) Prena
0.022), but not for others (Table 2). Without updating exposure
information (i.e. by using the baseline information only), the
corresponding result for ER+PR+ was no longer statistically significant
[0.64 (0.29-1.38) Pirena = 0.13 (text only)], although the point estimates
of RRs were less than 1 at either baseline alone or with updated
information. Further analyses without adjustment of recent BMI or BMI
at 20 years old gave similar results.

In analyses stratified by menopausal status, LPA participation
was marginally inversely associated with overall breast cancer
risk among premenopausal women, although null association was
observed after considering ER/PR tumor status. Among postmeno-
pausal women, in contrast, LPA was associated with a decreased
risk of ER+PR+ tumors using repeated exposure information
(i.e. both baseline and 5-year follow-up surveys) [multivariable-
adeStEd RRzB days/week vs. <3 days/month = 0.25 (0-06_1-06) Ptrend 0-04];
Table 2].
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Table 1

Subject characteristics according to category of participation in leisure-time activity in the Japan Public Health Center-based Prospective Study (1990/1993-).

229

Characteristic

Frequency of participation in leisure-time physical activity

<3 days/month

1-2 days/week

>3 days/week

At baseline survey (%) 814
At 5-year follow-up survey (%) 78.1
Age at baseline survey, y, mean (SD) 51.1 (7.8)
Body mass index at age 20, kg/m? mean (SD) 215 (2.6)
Body mass index at baseline, kg/m? mean (SD) 233 (3.1)
Height, cm, mean (SD) 152.2 (5.4)
Age at menarche, y, mean (SD) 14.5 (1.8)
Age at first birth, y, mean (SD)? 249 (34)
Number of children, n, mean (SD) 26(1.5)
Age at menopause, y, mean (SD) 483 (4.7)
Use of exogenous hormones at baseline (ever), % 12.6
Alcohol drinking status at baseline (ever), % 224
Smoking status at baseline (ever), % 8.0
Intake of isoflavones, mg, mean® 36.2

9.7 89
10.8 11.2
505 (7.9) 542 (82)
212 (24) 216 (2.7)
232 (29) 235 (32)
1534 (5.3) 152.1 (5.7)
143 (1.8) 149 (1.9)
25.1 (3.1) 25.0 (3.5)
26 (14) 27 (1.6)
484 (4.8) 487 (45)
125 117
299 23.1
76 72
39.0 429

BMI = body mass index, SD =standard deviation.
2 Based on information among parous women.
b Standardized according to food frequency questionnaires.

In cohort II, the impact of DTPA on breast cancer risk showed no overall
association (multivariable-adjusted RRiertile3 vs. tertile1 METs/day score = 1.03
(0.75-1.41) Pend 0.86; Table 3). On consideration of menopausal and
ER/PR status, however, we observed a substantial inverse trend between
DTPA and ER+PR+ tumors among Postmenopausal women (age-area
ad.jUSted RRterﬁle3 vs. tertilel METs/day 5c0re=0-43 (0-1 7_1-08) Dtrend 0.046;
Table 3).

On stratification by BMI (<25 or >25kg/m?), no association
between LPA and breast cancer risk was seen among women with BMI
<25 kg/m2 Among overweight women (BMI >25 kg/m?), however,
participation in LPA was associated with a decreased risk of breast
cancer risk overall (RRx 1 day/week vs. <3 days/month = 0.65 (0.43-0.97)
Prrena 0.033; Table 4).

Discussion

This is the first large prospective cohort study to evaluate the
association between LPA and breast cancer risk in consideration of ER/
PR status in a Japanese population. Overall, LPA showed a substantial
inverse association with breast cancer risk after adjustment for all co-
variates. Among premenopausal women, LPA was marginally associ-
ated with a decreased risk overall but not for specific ER/PR tumors.
Among postmenopausal women, LPA was associated with a decreased
risk for ER+PR+ tumors. Although there was no overall association
between DTPA and breast cancer risk, we observed a considerable
inverse trend between DTPA and postmenopausal ER4-PR+ tumors in
a JPHC sub-cohort. Further, on stratification by BMI, we observed a
substantial inverse association between LPA and breast cancer risk
among overweight women.

Our observed favorable impact of LPA against breast cancer risk
was consistent with previous results for overall (Bardia et al., 2006)
and ER+ tumors (Bernstein et al., 2005), although a cohort study
suggested an inverse association for ER— but not ER+ tumors (Dallal
et al., 2007).

Among premenopausal women, the marginal inverse trend of an
association of LPA with breast cancer risk was found for overall
tumors but not for any tumor subtypes. PA has been reported to exert
a protective effect on risk for overall tumors (Maruti et al., 2008) and
irrespective of hormone receptor positivity (Enger et al, 2000)
(Adams et al., 2006) (Suzuki et al.,, 2010). The observed weak inverse
trend might be due to the fact that our follow-up period did not cover
the entire premenopausal period because follow-up started at around
age 40.

Unlike previous results (McTiernan et al., 2003) (Lee et al., 2001),
we found no inverse trend among postmenopausal women. For ER+

PR+ tumors, however, a substantial inverse trend was found, in line
with some (Chlebowski et al., 2007; Peters et al., 2009; Schmidt et al.,
2008) but not all previous studies (Lee et al., 2001) (Leitzmann et al.,
2008). A protective effect of PA on both ER+PR+ and ER+PR—
tumors has also reported (Bardia et al., 2006).

Among overweight women, a substantial decreased in risk with
LPA was observed overall. Similarly, a weak inverse trend was also
observed for ER4+PR+ tumors. In other studies, however, an inverse
association was observed among a low-BMI group (Leitzmann et al.,
2008), particularly for ER+PR+ tumors (Enger et al., 2000). These
inconsistent results indicate the need for further careful evaluation.

Unlike LPA, our sub-analyses for DTPA (average 9.2 person-years
of follow-up) did not show any overall favorable impact, which was
consistent with our previous analysis with an average 7.5 person-
years of follow-up (from 1995-1999 to 2004) (Inoue et al., 2008). In
contrast, our corresponding present results for the postmenopausal
ER+PR+ tumors showed a substantial inverse trend with DTPA.
Although these results could not be clearly explained and might not
exclude the possible involvement of non-hormone-related mecha-
nisms, the observed results for postmenopausal ER+PR+ tumors might
support the idea that PA is associated with a decreased risk of breast
cancer partly through hormone-related mechanisms. After menopause,
exercise may lead to a decrease in adipose tissue (Sternfeld et al., 2005),
a major source of endogenous estrogen derived from the peripheral
conversion of androgens to estrogens (Cleland et al, 1985) or to an
increase in sex hormone-binding globulin (van Gils et al., 2009), the
main protein carrier of estradiols, or both. A lack of association of
DTPA with overall breast cancer risk in the present and a previous
JPHC study (Inoue et al.,, 2008) might be explained without consider-
ation of menopausal and ER/PR status. Further study with regard to
menopausal status, ER/PR status or type of PA is required.

Strengths of our study include its prospective population-based
cohort study design and large study size, adjustment for a broad range
of potential confounders, and availability of repeated measurements
for éxposure as well as some covariates, which can change during long
follow-up. Time-dependent analyses may reduce the misclassification
of exposure and improve statistical efficiency. The study design, with
a long follow-up period and repeated exposure measurements, might
have aided detection of this inverse association.

Our main limitation was that ER/PR status was available for only
about 46% of cases. The major reason for an unknown ER/PR status
was likely that data collection began in 2002, while data during
follow-up from 1990 to 2002 were obtained by retrospective review
of medical records or pathology reports. Potential bias due to this
relatively large number of cases with unknown ER/PR status should be



Table 2
Relative risks (RRs) and 95% confidence intervals (Cls) for the association between leisure-time activity and breast cancer risk among Japanese women in the Japan Public Health Center-based Prospective Study, 1990-2007.
Type of All Premenopausal women® Postmenopausal women*®
il Participation frequency in leisure-time physical activity Participation frequency in leisure-time physical activity Participation frequency in leisure-time physical activity
<3days/ 1-2days/ >3 days/ <3days/ 1-2days/ >3 days/ <3days/ 1-2days/ >3 days/
month week week month week week month week week
Cases/n Ref. RR (95% CI) RR (95% CI) Drrena  Cases/n Ref. RR (95% CI) RR (95% CI) Direna  Cases/n Ref. RR (95% CI) RR (95% CI) Dtrend
Cases 529 59 64 254 25 21 275 34 43
Total 627669 73985 78439 260618 33986 24129 367051 39999 54310
person-years

Model® 652/53,578 1.00 (ref) 0.98 (0.75—1.29) 0.83 (0.64—1.08) 0.19 300/21,799 1.00 (ref.) 0.76 (0.50—1.15) 0.70 (0.45—1.10) 0.06 352/31,779 1.00 (ref.) 1.16 (0.81—1.66) 0.98 (0.71—1.36) 0.89
389 45 45 200 23 17 189 22 28

Model? 479/39,169 1.00 (ref.) 0.86 (0.63—1.18) 0.73 (0.54—1.00) 0.037 240/17,332 1.00 (ref) 0.82 (0.53—1.27) 0.66 (0.40—1.09) 0.074 239/21837 1.00 (ref.) 0.88 (0.56—1.38) 0.78 (0.52—1.17) 0.21

ER+PR+ 115 10 10 55 3 4 60 7 6

Model® 135/53,578 1.00 (ref.) 0.83 (0.43—1.58) 0.61 (0.32—1.18) 0.12 62/21,799 1.00 (ref.) 0.48 (0.15—1.54) 0.61(0.22—1.70) 0.19 73/31,779 1.00 (ref.) 1.13 (0.51—2.47) 0.67 (0.29—1.54) 0.44
89 6 6 48 3 4 41 3 2

Model? 101/39,169 1.00(ref) 0.55(0.24—1.26) 043 (0.19—1.00) 0.022 55/17,332 1.00 (ref.) 054 (0.17—1.74) 064 (0.23—1.78) 025 46/21,837 1.00 (ref) 0.62(0.19—2.01) 0.25 (0.06—1.06) 0.041

ER+PR— 50 6 8 25 4 2 25 2 6

Model® 64/53,578 1.00 (ref) 1.21(0.52—2.82) 1.18 (0.55—2.50) 0.60 31/21,799 1.00 (ref.) 1.45(0.50—4.20) 0.73 (0.17—3.11) 091 33/31,779 1.00 (ref) 0.83 (0.20—3.50) 1.60 (0.65—3.94) 0.37
33 e 8 19 4 2 14 1 6

Maodel® 46/39,169 1.00 (ref) 1.28 (049—3.32) 1.93 (0.87—4.26) 0.11 25/17,332 1.00 (ref.) 2.04 (0.68—6.16) 090 (0.20—3.94) 0.74 21/21,837 1.00 (ref.) 0.56 (0.07—4.56) 3.12 (1.15—8.50) 0.049

ER—PR— 66 6 11 28 1 4 38 5 7

Model® 83/53,578 1.00 (ref) 091 (0.39—2.11) 1.30 (0.68—2.47) 0.51 33/21,799 1.00 (ref.) 0.34 (0.045—2.47) 1.35(0.47—3.89) 092 50/31,779 1.00 (ref.) 1.35(0.53—3.45) 1.34(0.59—3.02) 0.41
49 4 8 22 3 27 4 5 B

Model® 61/39,169 1.00 (ref) 067 (0.24—1.88) 1.06 (049—2.26) 092  25/17332 1.00 (ref.) 0.55 (0.16—1.86)" 034 36/21,837 1.00 (ref) 1.32(046—3.82) 1.07 (041—2.82) 0.79

Unknown 285 35 33 137 15 9 148 20 24

Model® 353/53,578 1.00 (ref.) 0.99 (0.70—1.42) 0.75(0.52—1.07) 0.15 161/21,799 1.00 (ref.) 0.74 (043—1.28) 0.53 (0.27—1.04) 0.038 192/31,779 1.00 (ref.) 1.22 (0.76—1.95) 0.96 (0.62—1.48) 0.97
210 28 22 104 14 7 106 14 15

Model? 260/39,169 1.00 (ref) 0.94 (0.63—1.40) 0.64 (041—1.00) 0.06 125/17,332 1.00 (ref) 0.85(0.48—1.51) 0.51(0.23—1.10) 0.08 135/21,837 1.00 (ref.) 0.95 (0.54—1.67) 0.72 (0.41—1.24) 0.25

2 Cox proportional hazards models was adjusted for age (time-scales) and area (10).
® For premenopausal women, multivariable Cox proportional hazards models were adjusted for all covariates (footnote d or e), except age at menopause.
¢ For postmenopausal women, multivariable Cox proportional hazards models were adjusted for all covariates (footnote d or e) and age at menopause (<44, 45-54, > 55 years).
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4 Multivariable Cox proportional hazards models were adjusted for age (time-scales), area (10), height (continuous), recent BMI (continuous), BMI at age 20 years (continuous), smoking status (never, ever), age at menarche (<13, 14, 15,
> 16 years, or missing), age at first birth (nulliparous, <26 years, > 26 years, or missing), parity (nulliparous, 1-2 times, 3 times, and >4 times, or missing), age at menopause (pre, <44, 45-54, > 55 years), use of exogenous female hormones
(ever, never), alcohol intake (non-/past-/occasional drinkers, regular drinkers <150 or >150 ethanol g/week), and energy-adjusted intake of isoflavones (continuous) and daily total physical activity (tertile of METs or missing).

¢ Multivariable Cox proportional hazards models were adjusted for age (time-scales), area (10), height (continuous), recent BMI (continuous), BMI at age 20 years (continuous), smoking status (never, ever), age at menarche (<13, 14, 15,
>16 years, or missing), age at menopause (pre, <44, 45-54, >55 years), use of exogenous female hormones (ever, never), alcohol intake (non-/past-/occasional drinkers, regular drinkers), and energy-adjusted intake of isoflavones
(continuous) and daily total physical activity (tertile of MET or missing).

T Participation frequency in leisure-time physical activity was categorized (< 3 days/month vs. >1 day/week).



Table 3

Relative risks (RRs) and 95% confidence intervals (Cls) for the association between daily total physical activity (DTPA) level and breast cancer risk among Japanese women in the Japan Public Health Center-based Prospective Study (Cohort 1),
1990-2007.

All Premenopausal women® Postmenopausal women®
DTPA (METs/day score) DTPA (METs/day score) DTPA (METs/day score)
Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3 Tertile 1 Tertile 2 Tertile 3

Cases/n Ref. RR (95% CI) RR (95% CI) Dtrena  Cases/n Ref. RR (95% CI) RR (95% CI) Duwena Cases/n Ref. RR (95% CI) RR (95% CI) Dtrend

Total 128960 143178 152199 46084 57485 53928 82875 85694 98270
person-years
All 106 92 96 41 44 43 65 48 53
Model* 294/31917 1.00 (ref.) 1.08 (0.82-1.43) 0.90 (0.68-1.19) 0.48 128/11953 1.00 (ref) 1.07 (0.70-1.65) 0.86 (0.56-1.32) 0.48 166/19964 1.00 (ref.) 1.07 (0.73-1.55) 0.93 (0.65-1.34) 0.72
82 70 76 35 40 35 47 30 41

Model® 228/23977 1.00 (ref.) 1.13 (0.82-1.56) 1.03 (0.75-1.41) 0.86 110/9979  1.00 (ref) 1.24(0.78-1.97) 0.89 (0.55-1.43) 0.61 118/13998 1.00 (ref.) 1.02 (0.64-1.63) 1.11 (0.72-1.70) 0.65
ER+PR-+ 22 32 43 4 5 5 18 5 6
Model® 43/31917 1.00 (ref.) 0.61(0.29-1.30) 0.57 (0.27-1.17) 0.11 14/11953 1.00 (ref) 1.35(0.36-5.04) 1.19 (0.31-4.56) 0.81 29/19964 1.00 (ref.) 0.2 (0.16-1.13) 043 (0.17-1.08) 0.046
ER+PR— 7 10 5 4 4 3 3 6 2
Model® 22/31917 1.00 (ref) 1.94 (0.73-5.18) 0.79 (0.25-2.50) 0.74 11/11953 1.00 (ref.) 1.03 (0.26-4.12) 0.59 (0.13-2.64) 049 11/19964 1.00 (ref.) 3.87 (0.89-1691) 0.98 (0.16-5.91) 0.88
ER—PR— 4 8 9 2 3 2 2 5 7
Model® 21/31917 1.00 (ref.) 238 (0.71-7.93) 2.36 (0.72-7.70) 0.17 7/11953 1.00 (ref.) 1.58 (0.26-9.46) 0.90 (0.13-6.37) 0.90 14/19964 1.00 (ref) 3.20 (0.62-16.55) 4.17 (0.86-20.14) 0.07
Unknown 71 64 70 31 32 32 40 32 38
Model® 205/31917 1.00 (ref.) 1.10 (0.79-1.55) 0.95 (0.68-1.32) 0.73 95/11953 1.00 (ref.) 1.01 (0.62-1.66) 0.83 (0.50-1.36) 0.44 110/19964 1.00 (ref.) 1.14(0.72-1.82) 1.03 (0.66-1.61) 0.90
* Cox proportional hazards models was adjusted for age (time-scales) and area (10).
b For premenopausal women, multivariable Cox proportional hazards models were adjusted for all following covariates (d or e) except age at menopause.
c

d

For postmenopausal women, multivariable Cox proportional hazards models were adjusted for all following covariates (d or e) and age at menopause (<44, 45-54, > 55 years).
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Multivariable Cox proportional hazards models were adjusted for age (time-scales), area (10), height (continuous), recent BMI (continuous), BMI at age 20 years (continuous), smoking status (never, ever), age at menarche (<13, 14, 15,
> 16 years, or missing), age at first birth (nulliparous, <26 years, > 26 years, or missing), parity (nulliparous, 1-2 times, 3 times, and > 4 times, or missing), age at menopause (pre, <44, 45-54, > 55 years), use of exogenous female hormones
(ever, never), alcohol intake (non-/past-/occasional drinkers, regular drinkers <150 or >150 ethanol g/week), and energy-adjusted intake of isoflavones (continuous) and participation frequency in leisure-time physical activity (<3 days/
month, 1-2 days/week, =3 days/week).

LET
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Table 4

Relative risks (RRs) and 95% confidence intervals (Cls) for the association between leisure-time physical activity and hormone receptor status-defined breast cancer risk stratified by

BMI in the Japan Public Health Center-based Prospective Study 1990-2007.

BMI 225 (n=14,619)

Type of BMI <25 (n=238,959)

tumor Cases Leisure-time physical activity Cases Leisure-time physical activity
<3 days/month >1 day/week <3 days/month >1 day/week
Ref. RR (95% CI) Preend  Ref RR (95% CI) Preend

Person-years 454047 110033 173623 42391
359 94 170 29

AlR 453/38959 1.00 (ref.) 1.02 (0.81-1.28) 0.90 199/14619 1.00 (ref.) 0.65 (0.43-0.97) 0.033
75 15 40 5

ER+PR+2 90/38959 1.00 (ref) 0.84 (0.48-1.48) 0.55 45/14619 1,00 (ref.) 0.50 (0.20-1.27) 0.14
32 12 18 2

ER+PR—2 44/38959 1.00 (ref) 1.61 (0.82-3.16) 0.17 20/14619 1.00 (ref.) 0.51 (0.12-2.23) 037
51 14 15 3

ER—PR—2 65/38959 1.00 (ref) 1.11 (0.61-2.01) 0.74 18/14619 1.00 (ref.) 0.93 (0.27-3.27) 091
192 49 93 19

Unknown? 241/38959 1.00 (ref.) 0.92 (0.67-1.26) 0.6 112/14619 1.00 (ref.) 0.72 (0.43-1.18) 0.19

2 Cox proportional hazards models were adjusted for age (time-scales), area (10).

considered. Nevertheless, RR for unknown tumors was similar to that Appendix

for overall tumors, suggesting that there was little bias in our results.
Further, our information on LPA included frequency only and not
intensity or duration. Finally, we are unable to rule out the possibility
of a chance finding, measurement error in exposure information due
to self-reporting, and residual confounding due to unmeasured/
unknown information.

Conclusion

LPA was associated with a decreased risk of breast cancer in overall
and postmenopausal ER+PR+ tumors. Among overweight women, a
substantially decreased risk with LPA was observed. We also observed
a substantial inverse trend between DTPA and postmenopausal ER+
PR+ tumors, although DTPA was not associated with overall breast
cancer risk. Active participation in LPA might represent a useful public
health message against breast cancer, particularly among elderly
women, given that the majority of breast tumors occurring after
menopause are ER+PR+ tumors.
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Abstract

Background: Differences in sex hormone levels among populations might contribute to the variation in breast
cancer incidence across countries. Previous studies have shown higher breast cancer incidence and mortality
among Japanese Brazilians than among Japanese. To clarify the difference in hormone levels among populations,
we compared postmenopausal endogenous sex hormone levels among Japanese living in Japan, Japanese
Brazilians living in the state of S&o Paulo, and non-Japanese Brazilians living in the state of S&o Paulo.

Methods: A cross-sectional study was conducted using a control group of case-control studies in Nagano,
Japan, and S&o Paulo, Brazil. Participants were postmenopausal women older than 55 years of age who
provided blood samples. We measured estradiol, estrone, androstenedione, dehydroepiandrosterone sulfate
(DHEAS), testosterone and free testosterone by radioimmunoassay; bioavailable estradiol by the ammonium
sulfate precipitation method; and sex hormone-binding globulin (SHBG) by immunoradiometric assay. A total
of 363 women were included for the present analyses, comprising 185 Japanese, 44 Japanese Brazilians and
134 non-Japanese Brazilians.

Results: Japanese Brazilians had significantly higher levels of estradiol, bioavailable estradiol, estrone, testosterone
and free testosterone levels, and lower SHBG levels, than Japanese. Japanese Brazilians also had significantly higher
levels of bioavailable estradiol, estrone and DHEAS and lower levels of SHBG and androstenedione than non-
Japanese Brazilians. Levels of estradiol, testosterone and free testosterone, however, did not differ between
Japanese Brazilians and non-Japanese Brazilians. These differences were observed even after adjustment for known
breast cancer risk factors. We also found an increase in estrogen and androgen levels with increasing body mass
index, but no association for most of the other known risk factors.

Conclusions: We found higher levels of estrogens and androgens in Japanese Brazilians than in Japanese and
levels similar to or higher than in non-Japanese Brazilians. Our findings may help explain the increase in the
incidence and mortality rate of breast cancer among Japanese Brazilians.

* Correspondence: moiwasak@ncc.gojp

'Epidemiology and Prevention Division, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo, Japan
Full list of author information is available at the end of the article

© 2011 Iwasaki et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons

O BioMed Centra| Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.



Iwasaki et al. BMC Medicine 2011, 9:16
http://www.biomedcentral.com/1741-7015/9/16

Background

The incidence and mortality rate of breast cancer vary
considerably across countries and regions [1]. Although
Japan has a lower risk for female breast cancer than
Western countries, the incidence has gradually increased
over the past 30 years [2,3]. The incidence and mortality
rates in Japanese immigrants living in the United States
and Brazil have approximated those in the host country
[4-8]. For example, the mortality rate of first-generation
Japanese immigrants to Sdo Paulo, Brazil, increased
from 1979 to 2001, with rates being intermediate
between Japanese living in Japan and Brazilians living in
the state of Sdo Paulo [6].

Many epidemiologic studies have indicated that endo-
genous sex hormones, particularly estrogens, play an
important role in the etiology of breast cancer [9]. A
pooled analysis of nine prospective studies showed that
higher estrogens and their androgen precursors were
associated with a higher risk of breast cancer in postme-
nopausal women [9]. Differences in sex hormone levels
among populations might therefore contribute to the
varijation in breast cancer incidence across countries and
regions. Clarification of the difference in sex hormone
levels among populations and their determinants might
help our understanding of the etiology and prevention
of breast cancer.

A relatively large number of epidemiological studies
have examined sex hormone levels among ethnic groups
and factors associated with sex hormone levels [10-16].
To our knowledge, however, no study has investigated
sex hormone levels among Japanese Brazilians. In addi-
tion, although previous studies consistently showed that
body weight and obesity were associated with higher
estrogen levels in postmenopausal women [10-12,15],
findings regarding other factors that influence circulating
sex hormone levels have been inconsistent [10-14,16].

We have conducted a cross-sectional study using a
control group of case-control studies in Nagano, Japan,
and Sdo Paulo, Brazil. The present study compared post-
menopausal endogenous sex hormone levels among
Japanese living in Japan, Japanese Brazilians living in
Sdo Paulo and non-Japanese Brazilians living in Séo
Paulo, and examined factors associated with these levels.

Methods

Study participants

Participants were postmenopausal women who were
enrolled as controls in multicenter, hospital-based, case-
control studies of breast cancer. In addition to determin-
ing lifestyle factors and genetic susceptibility to the risk
of breast cancer, the protocols of these studies were also
designed to compare potential risk factors among Japa-
nese living in Nagano, Japan, and Japanese Brazilians and
non-Japanese Brazilians living in the state of Sdo Paulo,
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Brazil. Details of this study have been described pre-
viously [17]. The study protocol was approved by Comis-
sdo Nacional de Etica em Pesquisa, Brasilia, Brazil, and
by the institutional review board of the National Cancer
Center, Tokyo, Japan. ;

Briefly, eligible cases were a consecutive series of
female patients ages 20 to 74 years with newly diag-
nosed and histologically confirmed invasive breast can-
cer. Inhabitants of the state of Sdo Paulo were recruited
and asked their ethnicity. Japanese and their descen-
dants were defined as Japanese Brazilians, and Cauca-
sian, black and mixed ethnicity populations were
defined as non-Japanese Brazilians. A total of 405 indivi-
duals (98%) participated in Nagano, and 83 Japanese
Brazilians (91%) and 389 non-Japanese Brazilians (99%)
participated in Sdo Paulo. In the study in Nagano, eligi-
ble controls were selected from among medical checkup
examinees in two of the four hospitals and were con-
firmed not to have cancer. One control was matched for
each case by age (within 3 years) and by residential area.
Among potential controls, one examinee refused to par-
ticipate and two refused to provide blood samples. In
the study in Sdo Paulo, eligible controls were preferen-
tially selected from among cancer-free patients who vis-
ited the same hospital as the index cases. One control
was matched for each case by age (within 5 years) and
by ethnicity. Among potential controls, 22 patients
refused to participate (participation rate, 96%). Conse-
quently, we obtained written, informed consent from a
total of 877 matched pairs (405 for Japanese, 83 for
Japanese Brazilians and 389 for non-Japanese Brazilians).

Of 877 controls, we selected postmenopausal women
over 55 years of age who provided blood samples and
reported an energy intake between 500 and 4,000 kcal.
Menopausal status was determined by self-report, and
energy intake was assessed using a food frequency ques-
tionnaire (FFQ). The present study included a total of
382 women comprising 185 Japanese, 46 Japanese Brazi-
lians and 151 non-Japanese Brazilians.

Data collection

Participants in Nagano were asked to complete a self-
administered questionnaire, while in-person interviews
were conducted in Sdo Paulo by trained interviewers
using a structured questionnaire. The two question-
naires contained closely similar questions concerning
demographic characteristics, medical history, family his-
tory of cancer, menstrual and reproductive history,
anthropometric factors, physical activity, smoking habits
and dietary factors assessed by FFQ.

Participants in Nagano provided blood samples at the
time they returned their self-administered questionnaire,
and those in Sdo Paulo provided blood samples at the
time of the interview. Blood samples were divided into
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serum aliquots in Nagano and into plasma aliquots and
buffy coat layers in S&o Paulo. All blood samples were
shipped to the Epidemiology and Prevention Division,
Research Center for Cancer Prevention and Screening,
National Cancer Center, Tokyo, Japan, and stored at
-80°C until analysis.

Laboratory analysis

We used a radioimmunoassay method to measure estra-
diol, estrone, androstenedione, dehydroepiandrosterone
sulfate (DHEAS), testosterone and free testosterone in
serum for the Nagano participants and in plasma for the
Sdo Paulo participants. The following kits were used:
- estradiol (DSL-4800 Ultra-Sensitive Estradiol Radioim-
munoassay Kit; Diagnostic System Laboratories, Inc.,
Webster, TX, USA), estrone (DSL-8700 Estrone Radio-
immunoassdy Kit; Diagnostic System Laboratories, Inc.),
androstenedione (DPC - Androstenedione; Diagnostic
Products Corporation, Llanberis, UK), DHEAS (DPC -
DHEA-S Kit, Diagnostic Products Corporation), testos-
terone (DPC - Testosterone Kit; Diagnostic Products
Corporation) and free testosterone (DPC - Free Testos-
terone Kit; Diagnostic Products Corporation). Bioavail-
able estradiol (free and albumin-bound estradiol) was
measured using the ammonium sulfate precipitation
method. Sex hormone-binding globulin (SHBG) was
measured by immunoradiometric assay (IRMA) using
Spectria SHBG IRMA (Orion Diagnostica, Espoo, Fin-
land). The kit for estrone was applicable to serum sam-
ples only, although other kits or methods were
applicable to both serum and plasma samples. We
therefore measured estrone levels in both serum and
plasma from the same women over 50 years of age (n =
38) and calibrated estrone levels in plasma on the basis
of a regression function, although the two levels were
highly correlated (correlation coefficient = 0.94) and the
percentage difference was relatively small (mean = -4%;
95% confidence interval, -9% to 1%). Lower detection
limits (LODs) were 5 pg/mL for estradiol, 15 pg/mL for
estrone, 6.25 nM/L for SHBG, 0.1 ng/mL for androste-
nedione, 5 pg/dL for DHEAS, 0.05 ng/mL for testoster-
one and 0.4 pg/mL for free testosterone. Measurement
values below the LOD were assigned half the value of
the LOD if measurable values below the LOD were not
available. The intra-assay coefficients of variation were
6.5% for estradiol at a mean concentration of 24.9 pg/
mL (n = 12), 10.6% for bioavailable estradiol at a mean
concentration of 48.1% (n = 10), 5.6% for estrone at a
mean concentration of 101.7 pg/mL (n = 10), 4.7% for
SHBG at a mean concentration of 104.6 nM/L (n = 10),
9.4% for androstenedione at a mean concentration of
1.33 ng/mL (1 = 10), 5.2% for DHEAS at a mean con-
centration of 75 pg/dL (n = 10), 4.5% for testosterone at
a mean concentration of 0.83 ng/mL (n = 10) and 11.6%
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for free testosterone at a mean concentration of 5.4 pg/
mL (# = 10). Interassay coefficients of variation were
9.7% for estradiol at a mean concentration of 28.0 pg/
mL (n = 8), 11.9% for bioavailable estradiol at a mean
concentration of 52.3% (# = 9), 11.1% for estrone at a
mean concentration of 90.1 pg/mL (n = 8), 5.5% for
SHBG at a mean concentration of 124.0 nM/L (n# = 10),
9.8% for androstenedione at a mean concentration of
1.10 ng/mL (n = 20), 5.3% for DHEAS at a mean con-
centration of 92.5 pg/dL (n = 20), 7.7% for testosterone
at a mean concentration of 0.90 ng/mL (n = 20) and
9.0% for free testosterone at a mean concentration of
6.4 pg/mL (n = 10). All hormone assays were performed
by a commercial laboratory (Mitsubishi Kagaku Bio-
Clinical Laboratories, Tokyo, Japan).

Statistical analysis

We excluded a total of 19 participants with estrone
values >125 pg/mlL, estradiol values >75 pg/mL or tes-
tosterone values >125 ng/dL (indicating postmenopausal
hormone use), leaving 185 Japanese, 44 Japanese Brazi-
lians and 134 non-Japanese Brazilians for inclusion in
the present analyses. ’

All hormone values were natural log-transformed to
produce approximately normal distributions. Geometric
mean hormone levels according to the three popula-
tions, known breast cancer risk factors and lifestyle fac-
tors were calculated using multivariate regression
analysis. The following variables were used for adjust-
ment: age, ethnic group, age at first menarche, age at
menopause, number of births, age at first birth, height,
body mass index (BMI), smoking status, alcohol drink-
ing habits and physical activity during the past 5 years.
Analysis of covariance was used to test for differences in
mean hormone levels across the three populations,
known breast cancer risk factors and lifestyle factors.
For comparisons among the three populations, Japanese
Brazilians living in Sdo Paulo were used as the reference
group. Linear trends for mean hormone levels were
tested in the multivariate regression model using cate-
gories of each factor as ordinal or continuous variables.
All P values reported are two-sided, and the statistical
significance level was set at P < 0.05. All statistical ana-
lyses were performed using SAS software version 9.1
(SAS Institute, Inc,, Cary, NC, USA).

Results

The characteristics of the study populations are pre-
sented in Table 1. Japanese participants had a later
menarche, fewer births and lower BMI, and they
smoked less, drank more and were physically more
active than the other two populations. On the other
hand, non-Japanese Brazilians had earlier ages at meno-
pause and at first birth, more births and greater BMI,
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Table 1 Characteristics of study populations
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Japanese living in Japanese Brazilians living in Non-Japanese Brazilians living in P for
Nagano, Japan Séo Paulo, Brazil Sao Paulo, Brazil difference

Number of participants 185 44 134
Mean age (£SE), yr 62.8 (0.40) 63.8 (0.82) 63.6 (047) 037
P 031 Reference 0.84
fal)'nily history of breast cancer, n 17 9.2) 5(114) 14 (10.5) 0.92
%,
P 068 Reference 098
History of benign breast disease, 11 (6.0) 4 (9.7) 8 (6.0) 046
n (%)
P : 0.65 Reference 062
Mean age at first menarche (£SE), 139 (0.12) 132 (0.26) 133 (0.15) <0.01
yr
P <0.01 Reference 0.75
Mean age at menopause (+SE), yr 50.0 (0.34) 50.8 (0.69) 48.2 (0.40) <0.01
P 0.29 Reference <0.01
Nulliparous, n (%) 17 (9.2) 5(114) 15 (11.2) 055
P 0.58 Reference 081
Number of births (more than four 6 (3.6) 12 (308 57 (47.9) <0.01
births), n (%)°
P <0.01 Reference <001
Mean age at first birth (+SE), yr® 262 (0.34) 265(0.72) 236 (041) <0.01
P 0.65 Reference <0.01
Breast feeding (yes), n (%)° 154 (93.3) 35 (89.7) 107 {89.9) 072
P 027 Reference 061
Mean height (£SE), cm 1529 (043) 151.8 (0.89) 157.1 (0.52) <0.01
P 029 Reference <0.01
Mcizan body mass index (+SE), kg/ 234 (0.28) 24.7 (0.57) 27.0 (0.34) <0.01
m
P 004 Reference <0.01
Smoking (ever smoker), n (%) 6 (33) 7 (15.9) 38 (284) <0.01
P <0.01 Reference <0.01
Alcohol drinking (drinker), n (%) 67 (36.2) 5(114) 25 (187) <0.01
P <001 Reference 0.63
Physical activity in past 5 years 85 (46.5) 19 (43.2) 26 (194) <0.01
(yes), n (%)
P <001 Reference <001

2P values for comparison with Japanese Brazilians living in Séo Paulo, Brazil; bAmon(_:j parous women only.

and they smoked more and were taller and physically
less active than the other two populations. Japanese Bra-
zilians had an earlier menarche, more births and greater
BM], and they smoked more, drank less and were physi-
cally less active than Japanese, but they had later ages at
menopause and first birth, fewer births and lower BMI,
and they smoked less and were shorter and physically
more active than non-Japanese Brazilians.

Because of an insufficient amount of sampled blood,
we did not measure the levels of the following hor-
mones: estradiol for 17 participants; bioavailable estra-
diol, estrone or SHBG for two participants each; or
androstenedione for one participant. The proportion of
participants with levels below the LOD were 0.9% for
estradiol, 3.6% for estrone, 0% for bioavailable estradiol

and SHBG, 0.6% for androstenedione and DHEAS, 24%
for testosterone and 69% for free testosterone.

Adjusted hormone levels varied significantly across the
three populations for all hormones (Table 2). Japanese
Brazilians had significantly higher levels of estradiol,
bioavailable estradiol, estrone, testosterone and free tes-
tosterone, and lower SHBG levels, than Japanese,
whereas levels of androstenedione and DHEAS did not
differ between the two populations (Table 2). Similar
results were seen for analyses stratified by BMI (under
and over 25), except for androstenedione level, which
did not differ between Japanese Brazilians and Japanese
whose BMI was under 25, but androstenedione level
was significantly lower among Japanese Brazilians than
among Japanese whose BMI was over 25 (Table 3).
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Table 2 Adjusted geometric mean hormone levels in three populations®
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Japanese living in Japanese Brazilians living in Séo  Non-Japanese Brazilians living in P for
Nagano, Japan Paulo, Brazil Séao Paulo, Brazil difference
Estradiol, pg/mL
Age-adjusted 9.0 138 155 <0.01
(95% Ci) (86 10 94) (125 10 15.3) (14.6 to 16.5)
P <001 Reference 0.052
Multivariate® 97 143 155 <001
(95% Cl) (8.7 t0 10.9) (12,5 to 164) (14.0 to 17.1)
7 <001 Reference 028
Biocavailable estradiol, %
Age-adjusted 231 306 229 <001
(95% Cl) (22.1 to 24.1) (280 to 334) (21.7 t0 24.1)
7~ <001 Reference <001
Multivariate® 237 302 206 <001
(95% ClI) (21.6 to 26.0) (27.0 to 33.8) (19.0 to 22.3)
i <001 Reference <0.01
Estrone, pg/mL’
Age-adjusted 230 403 34.1 <0.01
(95% C) (220 to 24.0) (36.8 to 44.1) (324 10 359
P <001 ‘Reference <001
Multivariate® 238 411 333 <0.01
(95% Cl) (21.5 t0 26.3) (365 to 46.3) (30.6 to 36.4)
P <0.01 Reference <0.01
Sex hormone-binding
globulin, nM/L
Age-adjusted 74.1 54.3 60.2 <0.01
(95% Cl) (694 10 79.1) (47.5 t0 62.0) (55.8 to 65.1)
P <001 Reference 018
Multivariate® 684 530 707 001
(95% C) (59.5 to 78.5) (44.9 t0 624) (626 t0 79.7)
P <001 Reference <0.01
Androstenedione, ng/mL
Age-adjusted 0.65 056 104 <0.01
(95% CI) (0.60 to 0.70) (047 to 0.66) (095 to 1.15)
P 0.12 Reference <001
Multivariate® 073 060 1.00 <001
(95% CI) (061 to 0.88) (048 10 0.76) (0.85 t0 1.18)
7 0.06 Reference <001
DHEAS, pg/dL
Age-adjusted 506 580 445 003
(95% C!) (463 to 55.4) (48.2 t0 69.8) (400 to 494)
P 0.19 Reference 001
Multivariate® 572 63.1 467 004
(95% Cl) (46.6 t0 70.2) (494 to 80.6) (39.2 to 55.8)
P 038 Reference 002
Testosterone, ng/mL
Age-adjusted 002 0.1 0.18 <0.01
(95% CI) (0.02 to 0.03) (0.07 t0 0.17) (0.14 to 0.24)
P <001 Reference 0.06
Multivariate® 003 0.10 0.14 <0.01
(95% CI) (0.02 to 0.04) (0.06 to 0.20) (0.09 t0 0.22)
P <001 Reference 038

Free testosterone, pg/mL
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Table 2 Adjusted geometric mean hormone levels in three populations® (Continued)

Age-adjusted 0.21 039 044 <001
(95% CI) (0.19 t0 0.23) (0.33 to 046) (040 to 048)

P <001 Reference 0.18

Multivariate® 022 039 039 <001
(95% CI) (0.19 to 0.26) (032 to 047) (034 to 045)

P <0.01 Reference 092

DHEAS, dehyroepianrosterone sulfate; 95% Cl, 95% confidence interval; P values for comparison with Japanese Brazilians living in Sao Paulo, Brazil; "Adjusted for
age (continuous), age at first menarche (continuous), age at menopause (continuous), number of births (0, 1, 2 or 3, 4+), age at first birth (<22, 23 to 26, 227 yr,
nulliparous), height (continuous), body mass index (continuous), smoking (never smokers, past smokers, current smokers), alcohol drinking (nondrinkers,
occasional drinker, regular drinkers), and physical activity in past 5 years (no, <2 days/wk, 23 days/wk).

Japanese Brazilians had significantly higher levels of
bioavailable estradiol, estrone and DHEAS, and lower
levels of SHBG and androstenedione, than non-Japanese
Brazilians. Levels of estradiol, testosterone and free tes-
tosterone, however, did not differ between Japanese Bra-
zilians and non-Japanese Brazilians (Table 2). Similar
results were obtained when analyses were stratified by
BMI (under and over 25), except for estrone and
DHEAS. Levels of estrone were significantly higher
among Japanese Brazilians than among non-Japanese
Brazilians in individuals with a BMI under 25, but
estrone levels did not differ between the two popula-
tions in individuals whose BMI was over 25, while
DHEAS level did not differ regardless of BMI (under or
over 25) (Table 3).

We further examined associations between endogenous
sex hormone levels and known breast cancer risk factors
or lifestyle factors (Table 4). BMI was significantly asso-
ciated with higher estradiol, bioavailable estradiol,
estrone, androstenedione, testosterone and free testoster-
one levels, as well as lower SHBG levels, but was not
associated with DHEAS levels. Stratified analyses by
study site (that is, the study in Nagano vs. the study in
Sao Paulo) showed similar results for the two study sites.
No statistically significant associations were observed
between sex hormone levels and family history of breast
cancer, history of benign breast disease, age at first
menarche, age at menopause, parity, number of births,
age at first birth, breast-feeding, height, smoking, alcohol
drinking or physical activity during the past 5 years
except for the following. We found a significantly higher
level of SHBG among women who had a later age at
menopause and among shorter women. We also observed
a significantly higher level of DHEAS among women who
had more births and a significantly lower level of testos-
terone among physically more active women. In stratified
analyses by study site, however, we did not observe any
findings which were consistent between the sites.

Discussion
In this cross-sectional study among postmenopausal
Japanese, Japanese Brazilian and non-Japanese Brazilian

women, we found significant differences in endogenous
sex hormones among the three populations even after
adjustment for known breast cancer risk factors. In par-
ticular, levels of estrogen and androgen in Japanese Bra-
zilians were higher than levels in Japanese and were
similar to or higher than levels in non-Japanese Brazi-
lians. This pattern was observed for women with BMI
values under and over 25. We also confirmed an
increase in estrogen and androgen levels and a decrease
in SHBG levels with increasing BML

As an initial comment, several methodological limita-
tions of this study should be considered. First, our find-

‘ ings might be subject to the difference in study methods

between Japan and Brazil, albeit that the two studies
were conducted under a similar protocol. For example,
we used serum samples for Japanese and plasma sam-
ples for both Japanese Brazilians and non-Japanese Bra-
zilians. In this regard, we measured estrone levels in
both serum and plasma from the same participants (# =
38). Although both levels were highly correlated (corre-
lation coefficient = 0.94) and the percentage difference
was relatively small (mean = -4%; 95% confidence inter-
val, -9% to 1%), we used corrected values for the present
study because the kit for estrone was applicable to
serum samples only. Concurrently, we compared estrone
levels among the three populations using crude values
and observed the same results. The difference in blood
samples is therefore unlikely to have affected the differ-
ence in sex hormone levels between the two popula-
tions. Given that blood collection methods also differed
between the Japan and Brazil study sites, in addition to
the types of blood samples used, we cannot exclude the
possibility that our findings were affected by these dif-
ferences. Another example is the difference in question-
naire data and data collection methods between Japan
and Brazil. If such differences led to exposure misclassi-
fication, this might explain the observed absence of
associations between sex hormone levels and known
breast cancer risk factors or lifestyle factors. Second,
although at least more than 96% of participants
had detectable levels of estradiol, estrone, bioavailable
estradiol, SHBG, androstenedione and DHEAS, the



