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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 Sdo Paulo, and non-Japanese Brazilians living in the state of Sao Paulo.

Methods: A cross-sectional study was conducted using a control group of case-control studies in Nagano,
Japan, and Sao 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, bicavailable 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.
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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 Sao 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
variation 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 Séo Paulo, Brazil. The present study compared post-
menopausal endogenous sex hormone levels among
Japanese living in Japan, Japanese Brazilians living in
Sao Paulo and non-Japanese Brazilians living in Sédo
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 Sdo 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
S&o 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-
immunoassay 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 pug/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 (n = 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 (n = 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% (n = 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 Sao 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
Family history of breast cancer, n 17 (9.2) 5(114) 14 (10.5) 092
(%)
P 0.68 Reference 0.98
History of benign breast disease, 11 (6.0) 4(9.1) 8 (6.0) 046
n (%)
p? 0.65 Reference 062
Mean age at first menarche (+SE), 139 (0.12) 13.2 (0.26) 13.3 (0.15) <0.01
yr
P <001 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) 0.55
P 058 Reference 081
Number of births (more than four 6 (3.6) 12 (30.8) 57 (47.9) <0.01
births), n (%)®
P <001 Reference <001
Mean age at first birth (+SE), yrb 26.2 (0.34) 265 (0.72) 236 (0471) <0.01
P 0.65 Reference <0.01
Breast feeding (yes), n (%)° 154 (93.3) 35 (89.7) 107 (89.9) 0.72
P 027 Reference 061
Mean height (£SE), cm 1529 (0.43) 151.8 (0.89) 157.1 (0.52) <0.01
P 029 Reference <001
Mgan body mass index (£SE), kg/ 234 (0.28) 247 (0.57) 27.0 (0.34) <0.01
m
P? 0.04 Reference <001
Smoking (ever smoker), n (%) 6 (3.3) 7 (15.9) 38 (284) <0.01
P <001 Reference <0.01
Alcohol drinking (drinker), n (%) 67 (36.2) 5(114) 25 (18.7) <0.01
P <001 Reference 063
Physical activity in past 5 years 85 (46.5) 19 (43.2) 26 (194) <0.01
(yes), n (%)
P <0.01 Reference <0.01

2p values for comparison with Japanese Brazilians living in Sao Paulo, Brazil; Among 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
BMI, 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®
Japanese living in Japanese Brazilians living in Sao Non-Japanese Brazilians living in P for
Nagano, Japan Paulo, Brazil Sao Paulo, Brazil difference
Estradiol, pg/mL
Age-adjusted 9.0 13.8 155 <001
(95% ClI) (86 to 94) (125 to 15.3) (146 to 16.5)
P <0.01 Reference 0.052
Multivariate” 97 143 155 <001
(95% Cl) (8.7 to 10.9) (125 to 164) (140 to 17.1)
P <001 Reference 028
Bioavailable estradiol, %
Age-adjusted 231 306 229 <0.01
(95% ClI) (22.1 to 24.1) (280 to 334) (21.7 to 24.1)
P <001 Reference <001
Multivariate® 237 302 206 <0.01
(95% Cl) (21.6 to 26.0) (27.0 to 33.8) (19.0 to 22.3)
P <001 Reference <001
Estrone, pg/mL
Age-adjusted 230 40.3 341 <0.01
(95% Cl) (22.0 to 24.0) (36.8 to 44.1) (324 to 35.9)
P <001 Reference <001
Multivariate® 238 411 333 <001
(95% ClI) (215 to 26.3) (365 to 46.3) (30.6 to 364)
P <0.01 Reference <0.01
Sex hormone-binding
globulin, nM/L
Age-adjusted 74.1 543 60.2 <001
(95% Cl) (694 to 79.1) (47.5 to 62.0) (55.8 to 65.1)
P <001 Reference 0.18
Multivariate® 684 53.0 70.7 0.01
(95% Cl) (59.5 to 78.5) (449 to 62.4) (626 to 79.7)
P <0.01 Reference <0.01
Androstenedione, ng/mL
Age-adjusted 0.65 0.56 1.04 <0.01
(95% Cl) (0.60 to 0.70) (047 to 0.66) (0.95 to 1.15)
P 0.12 Reference <001
Multivariate” 073 060 1.00 <001
(95% ClI) (061 to 0.88) (0.48 to 0.76) (0.85 to 1.18)
P 0.06 Reference <001
DHEAS, pg/dL
Age-adjusted 50.6 58.0 445 0.03
(95% ClI) (46.3 to 554) (482 to 69.8) (40.0 to 494)
P 0.19 Reference 0.01
Multivariate® 57.2 63.1 46.7 0.04
(95% Cl) (46.6 to 70.2) (49.4 to 80.6) (39.2 to 55.8)
P 038 Reference 0.02
Testosterone, ng/mL
Age-adjusted 0.02 0.1 0.18 <0.01
(95% Cl) (0.02 to 0.03) (0.07 to0 0.17) (0.14 to 0.24)
P <001 Reference 0.06
Multivariate® 0.03 0.10 0.14 <0.01
(95% Cl) (0.02 to 0.04) (0.06 to 0.20) (0.09 to 0.22)
P <0.01 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% ClI) (0.19 to 0.23) (0.33 to 046) (040 to 048)
P <001 Reference 0.18
Multivariate® 022 0.39 0.39 <0.01
(95% CI) (0.19 to 0.26) (0.32 to 047) (0.34 to 045)
P <001 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+4), age at first birth (<22, 23 to 26, =27 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, =3 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
Sdo 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 BMIL

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 (n =
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
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Table 3 Adjusted geometric mean hormone levels® of three populations with stratification by body mass index”

Japanese living in Japanese Brazilians living in Sdo  Non-Japanese Brazilians living in P for
Nagano, Japan Paulo, Brazil Sao Paulo, Brazil difference

Estradiol, pg/mL
Low (BMI < 25) 9.5 14.2 150 <0.01
Pr <001 Reference 0.60
High (BMI >25) 8.2 12.2 145 <0.01
P <001 Reference 0.06

Bioavailable estradiol, %
Low (BMI <25) 224 28.7 179 <0.01
Pr <001 Reference <001
High (BMI > 25) 256 325 234 <0.01
P <001 Reference <0.01

Estrone, pg/mL
Low (BMI < 25) 225 404 321 <0.01
PF <001 Reference <001
High (BMI >25) 232 384 342 <0.01
P <001 Reference 0.19

Sex hormone-binding

globulin, nM/L
Low (BMI < 25) 76.6 62.8 85.8 0.03
Pc 0.04 Reference <001
High (BMI >25) 59.6 438 595 0.03
Pr 0.02 Reference 0.02

Androstenedione, ng/mL
Low (BMI < 25) 0.64 063 091 0.03
Pe 0.90 Reference 0.02
High (BMI >25) 0.76 0.51 1.05 <0.01
Pr 0.03 Reference <001

DHEAS, pg/dL
Low (BMI < 25) 519 64.7 48.7 021
P 013 Reference 0.11
High (BMI >25) 54.6 522 434 0.29
P 0.81 Reference 032

Testosterone, ng/mL
Low (BMI < 25) 0.01 0.07 013 <0.01
P <001 Reference 0.27
High (BMI >25) 0.04 0.15 0.18 <0.01
P <001 Reference 0.69

Free testosterone, pg/mL
Low (BMI < 25) 0.18 032 031 <0.01
P <001 Reference 090
High (BMI >25) 026 046 048 <0.01
Pr <001 Reference 0.85

BMI, body mass index; DHEAS, dehyroepianrosterone sulfate; “Adjusted for age (continuous), age at first menarche (continuous), age at menopause (continuous),
number of births (0, 1, 2 or 3, 44), age at first birth (<22, 23 to 26, =27, nulliparous), height (continuous), BMI (continuous), smoking (never smokers, past

smokers, current smokers), alcohol drinking (nondrinkers, occasional drinkers, regular drinkers) and physical activity in the past 5 years (no, <2 days/wk, =3 days/
wk); PThe total participants in the low and high BMI groups were 199 and 156, respectively; P values for comparison with Japanese Brazilians living in Séo Paulo,

Brazil.

proportion of participants with levels below the LOD
was relatively high for testosterone (24%) and free tes-
tosterone (69%). Our findings for testosterone and free
testosterone should therefore be interpreted cautiously.
Third, since our study included only a small number of

Japanese Brazilians (n = 44), the findings might be due
to chance and should be interpreted with caution.

We found higher circulating levels of estrogen and
androgen in Japanese Brazilians than in Japanese, which
were not accounted for by differences in the prevalence
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Table 4 Adjusted geometric mean hormone levels by breast cancer risk factors and lifestyle-factors®

Breast cancer Participants, Estradiol, Bioavailable Estrone, Sex Androstenedione, DHEAS, Testosterone, Free
risk and n pg/mL estradiol, % pg/mL  hormone- ng/mL pg/dL  ng/mL testosterone,
lifestyle binding pg/mL
factors globulin,

nM/L

Family history
of breast cancer

No 327 139 227 326 66.2 0.84 527 0.09 034
Yes 36 138 212 316 746 0.80 514 0.05 0.36
P for 0.90 0.18 057 0.12 0.66 083 0.08 040
difference

History of

benign breast

disease
No 339 139 226 325 66.9 0.84 529 0.09 034
Yes 23 143 220 335 69.0 0.78 52.1 0.08 031
P for 0.69 0.68 067 0.75 061 092 0.72 038
difference

Age at first

menarche, yr
<12 101 13.7 229 316 66.7 0.83 49.5 0.08 033
13 or 14 166 139 222 324 65.2 083 54.8 0.09 034
15+ 9% 139 226 336 69.7 0.85 533 0.08 0.35
P for trend 081 0.81 0.18 051 0.78 043 0.99 0.60
P for 0.70 047 030 024 0.68 0.29 083 0.39
trend®

Age at

menopause, yr
<48 116 14.0 230 326 64.5 0.89 57.0 0.08 0.34
49 to 51 108 14.0 220 33.1 702 0.78 516 0.09 0.34
52+ 139 136 225 321 67.0 0.80 48.5 0.09 033
P for trend 047 0.65 0.68 0.57 0.20 0.05 0.66 0.75
P for 0.80 0.06 093 0.02 032 051 0.59 1.00
trend®

Parity
Parous 326 138 220 323 675 0.80 484 0.08 033
Nulliparous 37 13.7 233 329 67.2 087 580 0.10 034
P for 0.89 0.28 0.73 0.95 042 0.11 0.51 0.86
difference

Number of

births
1 32 13.7 206 328 69.6 0.77 437 0.10 0.30
20r3 219 134 222 316 67.8 0.79 439 0.08 032
4+ 75 14.7 223 332 65.8 0.86 56.0 0.08 035
P for trend 027 0.26 0.71 0.55 0.38 0.046 0.76 0.20

Age at first

birth®, yr
<22 79 13.2 213 315 709 0.80 440 0.09 0.31
23 t0 269 138 139 215 33.1 68.1 0.78 46.7 0.07 0.33
27+ 109 14.7 223 33.1 64.3 0.84 522 0.10 032
P for trend 0.09 0.29 0.52 0.16 047 0.11 040 0.89
P for 0.10 032 053 037 0.58 0.39 047 0.81
trend®

Breast-feeding®
No 27 143 232 335 634 0.82 469 0.09 033

Yes 296 13.7 219 322 67.6 0.81 47.2 0.08 0.32
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Table 4 Adjusted geometric mean hormone levels by breast cancer risk factors and lifestyle-factors® (Continued)

P for 0.59 033 053 047 0.87 0.96 0.85 0.87
difference

Height, cm
<1509 107 138 223 322 69.4 0.84 54.7 0.09 0.34
151 to 126 143 221 334 67.2 0.81 519 0.08 0.34
1569
157+ 124 13.7 232 322 63.8 0.85 517 0.09 0.34
P for trend 0.83 0.31 0.99 0.16 091 0.54 0.71 0.86
P for 0.62 0.07 0.65 0.01 033 0.96 047 0.72
trend®

BMI, kg/m?
<249 199 133 209 311 753 0.77 51.1 0.07 0.30
25t0 299 116 14.5 242 322 60.2 0.79 484 0.09 034
30+ 40 15.5 264 384 512 1.15 653 0.16 0.50
P for trend 0.01 <0.01 <0.01 <0.01 0.01 0.21 0.01 <0.01
P for <0.01 <0.01 <0.01 <0.01 <0.01 013 0.01 <0.01
trend®

Smoking
Never 310 13.2 243 320 629 0.80 535 0.09 035
smoker
Past 37 136 237 324 623 0.77 514 0.06 0.38
smoker
Current 14 149 20.0 332 763 094 528 0.12 0.29
smoker
P for 048 0.06 091 0.28 0.55 0.95 043 0.28
difference

Alcohol

drinking
Nondrinker 266 14.0 220 327 699 0.85 494 0.10 0.34
Occasional 39 14.1 235 324 63.7 0.82 59.1 0.08 0.34
drinker
Regular 58 135 222 324 67.1 083 498 0.08 0.34
drinker
P for 0.76 048 097 042 0.89 0.29 0.48 0.98
difference

Physical activity

in past 5 years
No 231 14.0 225 328 66.7 0.84 522 0.11 034
<2 days/ 63 13.8 22.1 321 67.5 0.79 506 0.05 033
wk
>3 days/ 68 13.5 233 321 66.8 0.85 558 0.07 0.35
wk
P for trend 046 048 0.58 0.95 0.97 0.56 0.02 0.60

DHEAS, dehyroepianrosterone sulfate; BMI, body mass index; *Adjusted for age (continuous), ethnic group (Japanese, Japanese Brazilians, non-Japanese Brazilians
(Caucasian, mixed, Black), 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,
>27 yr, nulliparous), height (continuous), BMI (continuous), smoking (never smokers, past smokers, current smokers), alcohol drinking (nondrinkers, occasional
drinkers, regular drinkers) and physical activity in the past 5 years (no, <2 days/wk, =3 days/wk); "Continuous variables; “Among parous women only.

of known breast cancer risk factors. This hormonal pro-
file in Japanese Brazilians is consistent with the higher
incidence and mortality rate of breast cancer in this
population [4-6]. For instance, the age-adjusted inci-
dence per 100,000 population for breast cancer among
first-generation Japanese Brazilians from 1969 to 1978
was 24, while the incidences among Japanese from 1973
to 1977 were 12.7 in Osaka and 17.5 in Miyagi [4]. The
standard mortality ratio for breast cancer among first-

generation Japanese Brazilians from 1999 to 2001 on the
basis of age-specific rates for Japanese in 2000 was 139
[5].

We also found higher circulating levels of bioavailable
estradiol and estrone in Japanese Brazilians than in non-
Japanese Brazilians, although levels of estradiol, testos-
terone and free testosterone did not significantly differ
between the two populations. In the Multiethnic Cohort
Study, Japanese Americans had significantly higher
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estradiol levels than Caucasians and a slightly higher risk
factor-adjusted incidence of breast cancer [10,18].
Although previous studies have shown lower incidence
and mortality rates of breast cancer among Japanese Bra-
zilians than among non-Japanese Brazilians [4-6], our
findings suggest that the recent incidence and mortality
rates among Japanese Brazilians might be similar to or
higher than those of non-Japanese Brazilians.

The significant difference in sex hormone levels
between Japanese Brazilians and Japanese might be
determined by long-term exposure to environmental
and lifestyle factors in Brazil. These differences were
observed even after adjustment for known breast cancer
risk factors, including BMI, which is a major determi-
nant of estrogen levels in postmenopausal women.
Although diet is one environmental factor that substan-
tially differs between Japan and Brazil, the present study
did not take into account dietary factors because we
used different FFQ in the case-control studies in Nagano
and Sao Paulo. Given that the report from the World
Cancer Research Fund and American Institute for Can-
cer Research in 2007 showed no convincing or probable
dietary risk factors for breast cancer [19], however, the
difference in sex hormone levels between the two popu-
lations might not be explained by dietary factors only.

We observed an increase in estrogen and androgen
levels and a decrease in SHBG levels with increasing
BMI. Our findings are in general agreement with those
of previous studies, and these associations have been
consistently observed among both Asian and Western
populations [10-13,15]. On the other hand, the deter-
minants of sex hormone levels in postmenopausal
women have not been firmly established, notwithstand-
ing a relatively large number of epidemiological studies
[10-14,16]. In the present study, we found a higher
level of SHBG among women who had a later age at
menopause and among shorter women. We also
observed a higher level of DHEAS among women who
had more births and a lower level of testosterone
among physically more active women. In addition to
the lack of consistency in these findings between the
two study sites (that is, the study in Nagano vs. the
study in Sdo Paulo), our findings are inconsistent with
those of previous studies, which found no significant
associations among age at menopause, height and
SHBG level, for example, or number of births and
DHEAS level [12-14]. Higher physical activity levels
were associated with lower levels of both estrogen and
androgen [11,16], while another study reported no
such association [10]. Given this lack of consistency
with previous studies, our findings might be explained
by multiple comparisons.

Page 10 of 11

Conclusions

We found that levels of estrogen and androgen in Japa-
nese Brazilians were higher than those in Japanese and
similar to or higher than levels in non-Japanese Brazi-
lians. Our findings may explain the previously observed
increase in the incidence and mortality rate of breast
cancer among Japanese Brazilians.

Abbreviations

BMI: body mass index; DHEAS: dehydroepiandrosterone sulfate; FFQ: food
frequency questionnaire; IRMA: immunoradiometric assay; LOD: lower
detection limit; SHBG: sex hormone-binding globulin.

Acknowledgements

This study was supported by a Grant-in-Aid for Research on Risk of Chemical
Substances from the Ministry of Health, Labour and Welfare of Japan, and by
Grants-in-Aid for Scientific Research on Priority Areas (17015049) and for
Young Scientists (B) (17790378 and 19790415) from the Ministry of
Education, Culture, Sports, Science, and Technology of Japan and the Japan
Society for the Promotion of Science, and Foundation for Promotion of
Cancer Research in Japan. We are grateful to the participants of the “Sao
Paulo-Japan Breast Cancer Study Group": T. Hanaoka, M. Kobayashi, J.
Ishihara, S. lkeda, and C. Nishimoto (Research Center for Cancer Prevention
and Screening, National Cancer Center, Tokyo); C. I. Yamaguchi, C. M.
Kunieda, and S. S. Sugama (Nikkei Disease Prevention Center, S&o Paulo); C.
K. Taniguchi and J. A. Marques (Departamento de Ginecologia, Hospital
Pérola Byington, Sao Paulo); M. R. Eichhorn (Departamento de Nutrigdo,
Hospital Pérola Byington, Sao Paulo); M. M. Netto, H. lyeyasu, S. M. T.
Carvalho, J. B. D. Collins, and C. E. M. Fontes (Departamento de Mastologia,
Hospital A.C. Camargo, Sdo Paulo); L. P. Kowalski and J. M. F. Toyota
(Departamento de Cirurgia de Cabeca e Pescogo e Otorrinolaringologia, A.
C. Camargo Hospital, Sdo Paulo); E. M. Barbosa (Departamento de
Mastologia, Instituto Brasileiro de Controle ao Cancer, Sdo Paulo); O. Ferraro
(Departamento de Mastologia, Hospital do Servidor Publico Estadual
Francisco Morato de Oliveira, Sao Paulo); E. H. Hotta and D. A. Petti (Instituto
de Ginecologia e Mastologia, Hospital Beneficencia Portuguesa); and S.
Mendes (Instituto Brasileiro de Mastologia e Ginecologia, Hospital
Beneficencia Portuguesa).

Author details

'Epidemiology and Prevention Division, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo, Japan.
’Department of Surgery, Nagano Matsushiro General Hospital, Nagano,
Japan. *Department of Breast and Thyroid Surgery, Nagano Red Cross
Hospital, Nagano, Japan. “Department of Surgery, Nagano Municipal
Hospital, Nagano, Japan. “Department of Surgery, Nagano Hokushin General
Hospital, Nagano, Japan. SNikkei Disease Prevention Center, Sdo Paulo, Brazil.
’Statistical Section/Head and Neck Surgery and Otorhinolaryngology
Department, Hospital A.C. Camargo, Sao Paulo, Brazil. ®Breast Surgery
Department, Hospital A.C. Camargo, Sao Paulo, Brazil. “Department of Breast
Surgery, Hospital Pérola Byington, Sao Paulo, Brazil. '°Department of Breast
Surgery, Hospital Santa Cruz, Séo Paulo, Brazil.

Authors’ contributions

MI made substantial contribution to the conception and design of the
study, as well as the analysis and interpretation of data, and was involved in
drafting the manuscript. YK, SY, HO, HN, RK, GSH, INN, MSM, JM, FML and RA
made substantial contributions to the study conception and design and the
acquisition of data and were involved in critically revising the manuscript for
important intellectual content. ST made substantial contributions to the
study conception and design, as well as the analysis and interpretation of
data, and was involved in critically revising the manuscript for important
intellectual content. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.



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

Received: 7 January 2011 Accepted: 16 February 2011
Published: 16 February 2011

References

1. Ferlay J, Bray F, Pisani P, Parkin DM: GLOBOCAN 2002 Cancer Incidence,
Mortality and Prevalence Worldwide IARC CancerBase No. 5, version 2.0.
Lyon, France: International Agency for Research on Cancer (IARC) Press;
2004.

2. Matsuda T, Marugame T, Kamo K, Katanoda K, Ajiki W, Sobue T: Cancer
incidence and incidence rates in Japan in 2003: based on data from 13
population-based cancer registries in the Monitoring of Cancer
Incidence in Japan (MClJ) Project. Jpn J Clin Oncol 2009, 39:850-858.

3. Hirabayashi Y, Zhang M: Comparison of time trends in breast cancer
incidence (1973-2002) in Asia, from cancer incidence in five continents,
Vols IV-IX. Jpn J Clin Oncol 2009, 39:411-412.

4. Tsugane S, Gotlieb SL, Laurenti R, de Souza JM, Watanabe S: Cancer
mortality among Japanese residents of the city of Sao Paulo, Brazil. int J
Cancer 1990, 45:436-439.

5. Iwasaki M, Mameri CP, Hamada GS, Tsugane S: Cancer mortality among
Japanese immigrants and their descendants in the state of Sdo Paulo,
Brazil, 1999-2001. Jpn J Clin Oncol 2004, 34:673-680.

6. Iwasaki M, Mameri CP, Hamada GS, Tsugane S: Secular trends in cancer
mortality among Japanese immigrants in the state of Sdo Paulo, Brazil,
1979-2001. Eur J Cancer Prev 2008, 17:1-8.

7. Locke FB, King H: Cancer mortality risk among Japanese in the United
States. J Nat/ Cancer Inst 1980, 65:1149-1156.

8. Shimizu H, Ross RK, Bernstein L, Yatani R, Henderson BE, Mack TM: Cancers
of the prostate and breast among Japanese and white immigrants in
Los Angeles County. Br J Cancer 1991, 63:963-966.

9. Key T, Appleby P, Barnes |, Reeves G: Endogenous sex hormones and
breast cancer in postmenopausal women: reanalysis of nine prospective
studies. J Nat/ Cancer Inst 2002, 94:606-616.

10. Setiawan VW, Haiman CA, Stanczyk FZ, Le Marchand L, Henderson BE:
Racial/ethnic differences in postmenopausal endogenous hormones: the
Multiethnic Cohort Study. Cancer Epidemiol Biomarkers Prev 2006,
15:1849-1855.

11. McTiernan A, Wu L, Chen C, Chlebowski R, Mossavar-Rahmani Y,

Modugno F, Perri MG, Stanczyk FZ, Van Horn L, Wang CY, Women’s Health
Initiative Investigators: Relation of BMI and physical activity to sex
hormones in postmenopausal women. Obesity (Silver Spring) 2006,
14:1662-1677.

12. Boyapati SM, Shu XO, Gao YT, Dai Q, Yu H, Cheng JR, Jin F, Zheng W:
Correlation of blood sex steroid hormones with body size, body fat
distribution, and other known risk factors for breast cancer in post-
menopausal Chinese women. Cancer Causes Control 2004, 15:305-311.

13. Nagata C, Kabuto M, Takatsuka N, Shimizu H: Associations of alcohol,
height, and reproductive factors with serum hormone concentrations in
postmenopausal Japanese women: steroid hormones in Japanese
postmenopausal women. Breast Cancer Res Treat 1997, 44:235-241.

14. McTiernan A, Wu L, Barnabei VM, Chen C, Hendrix S, Modugno F, Rohan T,
Stanczyk FZ, Wang CY, WHI Investigators: Relation of demographic factors,
menstrual history, reproduction and medication use to sex hormone
levels in postmenopausal women. Breast Cancer Res Treat 2008,
108:217-231.

15. Lukanova A, Lundin E, Zeleniuch-Jacquotte A, Muti P, Mure A, Rinaldi S,
Dossus L, Micheli A, Arslan A, Lenner P, Shore RE, Krogh V, Koenig KL,
Riboli E, Berrino F, Hallmans G, Stattin P, Toniolo P, Kaaks R: Body mass
index, circulating levels of sex-steroid hormones, IGF-I and IGF-binding
protein-3: a cross-sectional study in healthy women. Eur J Endocrinol
2004, 150:161-171.

16.  Chan MF, Dowsett M, Folkerd E, Bingham S, Wareham N, Luben R, Welch A,
Khaw KT: Usual physical activity and endogenous sex hormones in
postmenopausal women: the European prospective investigation into
cancer-Norfolk population study. Cancer Epidemiol Biomarkers Prev 2007,
16:900-905.

17. Iwasaki M, Hamada GS, Nishimoto IN, Netto MM, Motola J Jr, Laginha FM,
Kasuga Y, Yokoyama S, Onuma H, Nishimura H, Kusama R, Kobayashi M,
Ishihara J, Yamamoto S, Hanaoka T, Tsugane S: Dietary isoflavone intake
and breast cancer risk in case-control studies in Japanese, Japanese
Brazilians, and non-Japanese Brazilians. Breast Cancer Res Treat 2009,
116:401-411.

Page 11 of 11

18.  Pike MC, Kolonel LN, Henderson BE, Wilkens LR, Hankin JH, Feigelson HS,
Wan PC, Stram DO, Nomura AM: Breast cancer in a multiethnic cohort in
Hawaii and Los Angeles: risk factor-adjusted incidence in Japanese
equals and in Hawaiians exceeds that in whites. Cancer Epidemiol
Biomarkers Prev 2002, 11:795-800.

19. World Cancer Research Fund and American Institute for Cancer Research:
Food, Nutrition, Physical Activity and the Prevention of Cancer: A Global
Perspective Washington, DC: American Institute for Cancer Research; 2007.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1741-7015/9/16/prepub

doi:10.1186/1741-7015-9-16

Cite this article as: Iwasaki et al. Comparison of postmenopausal
endogenous sex hormones among Japanese, Japanese Brazilians, and
non-Japanese Brazilians. BMC Medicine 2011 9:16.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/19797417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19797417?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19470690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19470690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19470690?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2307534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2307534?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18090903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18090903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18090903?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6933246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6933246?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2069852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2069852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2069852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11959894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11959894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11959894?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17035391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17035391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17030978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17030978?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15090725?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9266103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9266103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9266103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9266103?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18297397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18297397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18297397?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14763914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14763914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14763914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17507613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17507613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17507613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18777206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18777206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18777206?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12223421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12223421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12223421?dopt=Abstract
http://www.biomedcentral.com/1741-7015/9/16/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study participants
	Data collection
	Laboratory analysis
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

