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Abstract Although epidemiologic studies have shown an

inverse association between isoflavones and breast cancer

risk, little evidence for a dose–response relation is avail-

able. We conducted hospital-based case–control studies of

patients aged 20–74 years with primary, incident, histo-

logically confirmed invasive breast cancer, and matched

controls from medical checkup examinees in Nagano,

Japan and from cancer-free patients in São Paulo, Brazil. A

total of 850 pairs (390 Japanese, 81 Japanese Brazilians

and 379 non-Japanese Brazilians) completed validated

food frequency questionnaires. The odds ratio of breast

cancer according to isoflavone intake was estimated using a

conditional logistic regression model. We found a statisti-

cally significant inverse association between isoflavone

intake and the risk of breast cancer for Japanese Brazilians

and non-Japanese Brazilians. For Japanese, a non-signifi-

cant inverse association was limited to postmenopausal

women. In the three populations combined, breast cancer

risk linearly decreased from ‘no’ to ‘moderate’ isoflavone

intake and thereafter leveled off. Compared to non-con-

sumers, adjusted odds ratios (95% confidence interval) for

consumers in increasing quintile intake categories (median

intake in each category: 8.7, 23.1, 33.8, 45.7, and 71.3 mg/

day) were 0.69 (0.44–1.09), 0.54 (0.31–0.94), 0.45 (0.26–

0.77), 0.34 (0.19–0.62), and 0.43 (0.24–0.76), respectively.

Overall, we found an inverse association between dietary

isoflavone intake and risk of breast cancer. Our finding

suggests a risk-reducing rather than risk-enhancing effect

of isoflavones on breast cancer within the range achievable

from dietary intake alone. In addition, women may benefit
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from risk reduction if they consume at least moderate

amounts of isoflavones.

Keywords Breast cancer � Dietary isoflavones �
Case–control study � Immigrants

Abbreviations

CI Confidence interval

ER Estrogen receptor

FFQ Food-frequency questionnaire

OR Odds ratio

PR Progesterone receptor

Introduction

Soy foods, which are rich in isoflavones, are habitually

consumed by Asian populations in large amounts. Isoflav-

ones, of which genistein and daidzein are major examples,

are classified as phytoestrogens, which are plant-derived

non-steroidal compounds with estrogen-like biological

properties. A high intake of isoflavones has therefore been

hypothesized to contribute to the lower incidence of breast

cancer in Asia than Western countries [1]. This hypothesis is

supported by not only in vitro studies at high genistein

concentrations and the majority of animal studies [2, 3] but

also epidemiological studies [4–10]. In particular, a recent

meta-analysis showed a small decrease in risk of breast

cancer with higher soy intake [11] while a more recent meta-

analysis indicated that risk reduction was limited to Asian

populations [12]. In apparent contradiction to potential

protective effects, however, genistein exhibits estrogenic

properties at low concentrations, which could theoretically

enhance breast cancer risk [2, 3], and some animal studies

have in fact reported that genistein stimulates tumor

development and growth [13, 14].

Although research remains insufficient for any compre-

hensive determination of whether isoflavones are protective

or harmful for breast cancer, interest in soy foods and iso-

flavones is nevertheless increasing. This increase may

reflect an expectation of potential benefits in a wide variety

of medical conditions, including cancer of the endometrium

and prostate as well as breast, cardiovascular diseases,

osteoporosis, and menopausal symptoms. In fact, con-

sumption of soy foods in the United States has increased

over the past ten years, against fairly constant intake in

Japan over the past four decades [15]. Moreover, phytoes-

trogen supplements are commercially marketed for use by

postmenopausal women as natural and safe alternatives to

hormone replacement therapy. A dose–response pattern, in

particular the effect of relatively high-dose isoflavones on

breast cancer risk, is thus now of concern. Nevertheless,

little evidence of any dose–response relationship is avail-

able—indeed, we do not know the answer to ‘how much

isoflavones is needed?’ This is partly because few studies

have estimated isoflavone intake using a validated food-

frequency questionnaire (FFQ) [4–6, 16, 17], and also

because most studies in Western countries have involved

only a small variation in isoflavone intake [6, 7, 16–20].

Here, to evaluate the dose–response relationship

between isoflavone intake and the risk of breast cancer,

ranging from zero to the relatively high levels achievable

from dietary intake only, we conducted hospital-based

case–control studies in Nagano, Japan and São Paulo,

Brazil, areas with a low and middle incidence of breast

cancer, respectively (age-standardized rate per 100,000

world population, 32.7 and 46.0 in 2002, respectively) [21],

using validated FFQs with relatively high validity in three

populations: Japanese living in Japan, Japanese Brazilians

living in São Paulo, and non-Japanese Brazilians living in

São Paulo. The mortality of breast cancer among these

three populations has increased over the last 20 years, with

that in Japanese Brazilians intermediate between that in

Japanese and Brazilians [22]. In addition, because amounts

and variations in isoflavone intake are expected to be high

and large for Japanese, intermediate and relatively large for

Japanese Brazilians, and low and small for non-Japanese

Brazilians, respectively, these populations serve as suitable

venues for studies of the effect of dose–response relations.

Materials and methods

Study subjects

These multicenter, hospital-based case–control studies of

breast cancer were designed to determine lifestyle factors

and genetic susceptibility to the risk of breast cancer and to

compare potential risk factors among Japanese living in

Nagano, Japan, and Japanese Brazilians and non-Japanese

Brazilians living in São Paulo, Brazil. Eligible cases were a

consecutive series of female patients aged 20–74 years

with newly diagnosed and histologically confirmed inva-

sive breast cancer. Cases were recruited between 2001 and

2005 at four hospitals in Nagano, and between 2001 and

2006 at eight hospitals in São Paulo. A total of 405 cases

(98%) participated in Nagano, and 83 Japanese Brazilians

(91%) and 389 non-Japanese Brazilians (99%) in São

Paulo. In the study in Nagano, eligible controls were

selected from medical checkup examinees in two of the

four hospitals and confirmed not to have cancer. One

control was matched for each case by age (within 3 years)

and residential area during the study period. Among

potential controls, one examinee refused to participate and

two refused to provide blood samples. Consequently, we

402 Breast Cancer Res Treat (2009) 116:401–411

123



obtained written informed consent from 405 matched pairs.

In the study in São Paulo, eligible controls were prefer-

entially selected from cancer-free patients who visited the

same hospital as the index cases. One control was matched

for each case by age (within 5 years) and ethnicity during

the study period. Among potential controls, 22 patients

refused to participate (participation rate = 96%). Conse-

quently, we obtained written informed consent from 472

matched pairs (83 for Japanese Brazilians and 389 for non-

Japanese Brazilians). The study protocol was approved by

CONEP (Comissão Nacional de Ética em Pesquisa),

Brası́lia, Brazil and by the institutional review board of the

National Cancer Center, Tokyo, Japan.

Data collection

Participants in Nagano were asked to complete a self-

administered questionnaire, while in-person interviews

were conducted by trained interviewers using a structured

questionnaire in São Paulo. The two questionnaires con-

tained closely similar questions concerning demographic

characteristics, medical history, family history of cancer,

menstrual and reproductive history, anthropometric factors,

physical activity, and smoking habits. For dietary habits,

we used a semi-quantitative FFQ (136 items for the Japa-

nese version and 118 items for the Brazilian version) which

was developed and validated in each population [23, 24].

Information on estrogen receptor (ER) and progesterone

receptor (PR) status was obtained from medial records.

Hormone receptor status was determined by either enzyme-

linked immunoassay or immunohistochemical assay. Hor-

mone receptor positivity values were determined either as

specified by the laboratory that performed the assay, or in

accordance with the laboratory’s written interpretation

thereof, or both.

Dietary assessment

In the FFQ, participants were questioned on how often they

consumed the individual food items (frequency of con-

sumption), as well as relative sizes compared to standard

portions. Response choices for frequency were never or

less than once/month, 1–3 times/month, 1–2 times/week,

3–4 times/week, 5–6 times/week, once/day, 2–3 times/day,

4–6 times/day, and 7 times/day or more, and relative sizes

to a standard portion were small (50% smaller than stan-

dard), medium (same as standard), and large (50% larger).

For the Japanese version, white rice intake was determined

in terms of the relative size of the rice bowl used and the

frequency of intake, with the nine choices of less than 1–10

bowls per day. Frequency for miso soup intake was given

in the six choices of almost never, 1–3 times/month, 1–2

times/week, 3–4 times/week, 5–6 times/week, or daily,

while amount was given in nine categories ranging from

less than 1–10 bowls per day, without reference to the

relative size of the bowl used. Daily food intake was cal-

culated by multiplying frequency by standard portion and

relative size for each food item in the FFQ. Daily intakes of

genistein and daidzein were calculated using a food com-

position table of isoflavones developed previously [25, 26].

Isoflavone intake was defined for this study as the sum of

genistein and daidzein intake. Other nutrients were calcu-

lated using the Japanese Standard Tables of Food

Composition, 5th ed. for the Japanese version [27] and the

United States Department of Agriculture (USDA) food

composition tables for the Brazilian version [28]. For some

Japanese-specific foods in the Brazilian version, the Japa-

nese Standard Tables of Food Composition, 5th ed. was

used.

The validity of isoflavone intake estimated from the

Japanese version of the FFQ was evaluated in a subsample

of the Japan Public Health Center-based Prospective Study,

which includes Nagano as one of the study areas. The

estimated intake according to the FFQ was compared to

that in four consecutive 7-day dietary records, one con-

ducted in each the four seasons. Spearman’s correlation

coefficients between energy-adjusted genistein and daidz-

ein intake estimated from the FFQ and from dietary records

were 0.59 for genistein and 0.60 for daidzein [24]. For the

Brazilian version, the validity of isoflavone intake esti-

mated from the FFQ was evaluated in a subsample of the

control group in this case–control study by comparing the

estimated intake according to the FFQ to that in two con-

secutive 4-day dietary records, one each in two seasons.

Spearman’s correlation coefficients between energy-

adjusted genistein and daidzein intake estimated from the

FFQ and from dietary records were 0.76 for genistein and

0.76 for daidzein (unpublished data).

Statistical analysis

We excluded subjects who reported extremely low or high

total energy intake (\500 or C 4000 Kcal), leaving 390

pairs of Japanese, 81 pairs of Japanese Brazilians and 379

pairs of non-Japanese Brazilians for use in the present

analyses. Comparison of baseline characteristics between

cases and controls was evaluated by the Mantel-Haenszel

test using matched-pair strata in each population. Dietary

intake of isoflavones was adjusted for total energy intake

by the residual method and divided into median or tertile

categories based on control distribution for Japanese and

Japanese Brazilians, respectively. Because of the small

proportion of consumers, non-Japanese Brazilians were

categorized into non-consumers and consumers of iso-

flavones. Using a conditional logistic regression model, we

calculated odds ratios (ORs) and 95% confidence intervals
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(CIs) of breast cancer for isoflavone intake. An uncondi-

tional logistic regression model was used for stratified

analyses according to menopausal status. Associations

between isoflavone intake and hormone receptor-defined

breast cancer were assessed by an unconditional polytom-

ous logistic regression model. Linear trends for ORs were

tested in the logistic regression model using the exposure

categories as ordinal variables. The following variables,

which were mainly selected based on comparison of

baseline characteristics between cases and controls, were

adjusted for as potential confounders: menopausal status,

number of births, family history of breast cancer, smoking

status, moderate physical activity in the past 5 years, and

vitamin supplement use. We did not include a history of

benign breast disease as a covariate since we regarded it as

an intermediate variable in the causal pathway between

isoflavone intake and breast cancer. All p values reported

are two-sided, and significance level was set at P \ 0.05.

All statistical analyses were performed with SAS software

version 9.1 (SAS Institute, Inc., Cary, NC).

Results

Characteristics of cases and controls and isoflavone

intake (Table 1)

For Japanese, the proportion of premenopausal women,

current smokers, and vitamin supplement users was higher

in cases than in controls, and cases tended to have a family

history of breast cancer and history of benign breast dis-

ease. Cases were less likely than controls to breast-feed, be

physically active, and eat vegetables. For Japanese Bra-

zilians, cases were less likely than controls to give birth

and be physically active and more likely to eat vegetables

and fruits. For non-Japanese Brazilians, the proportion of

premenopausal women and current smokers was higher in

cases than controls while the proportion of physically

active women and vitamin supplement users was lower.

Isoflavone intake substantially varied among populations,

with mean intakes (mg/day) in control subjects of 46.1 for

Japanese, 24.9 for Japanese Brazilians, and 4.4 for non-

Japanese Brazilians. Because genistein and daidzein

intakes were highly correlated, with a Spearman’s corre-

lation coefficient for the three populations of 0.99, only

isoflavone intake was used for the following analyses.

ORs in the three populations (Table 2)

We found a statistically significant inverse association

between isoflavone intake and the risk of breast cancer for

Japanese Brazilians and non-Japanese Brazilians but not

for Japanese. Adjusted OR for the highest versus lowest

tertile of isoflavone intake was 0.25 (95% CI 0.09–0.68; P

for trend\0.01) for Japanese Brazilians. For non-Japanese

Brazilians, adjusted OR for consumers versus non-con-

sumers of isoflavones was 0.56 (95% CI 0.35–0.90). No

substantial change was seen after further adjustment for

other potential confounders, such as age at menarche, age

at menopause, age at first birth, history of breast feeding,

body mass index, alcohol drinking, or vegetable and fruit

intake.

A stratified analysis according to menopausal status

revealed that an inverse association was limited to post-

menopausal women in Japan although it was not

statistically significant. Adjusted OR for the highest versus

lowest tertile of isoflavone intake was 0.62 (95% CI 0.38–

1.01; P for trend = 0.06) for postmenopausal women, but

1.35 (95% CI 0.72–2.54; P for trend = 0.41) for pre-

menopausal women. The inverse association was stronger

in premenopausal than postmenopausal women for Japa-

nese Brazilians but no remarkable difference between the

two strata was seen for non-Japanese Brazilians.

ORs of hormone receptor-defined breast cancer

(Table 3)

Information on the combined ER and PR status of the

breast tumor was available for 387 (99%) Japanese, 61

(75%) Japanese Brazilians, and 264 (70%) non-Japanese

Brazilians cases. The following subtypes were used for

modeling in an unconditional polytomous logistic regres-

sion model: positive for both receptors (ER?/PR?), ER-

positive and PR-negative (ER?/PR-), and negative for

both receptors (ER-/PR-) for Japanese, and ER?/PR?,

ER?/PR-, ER-/PR-, and unknown for Japanese Bra-

zilians and non-Japanese Brazilians. Overall, we found no

remarkable difference in risk by hormone receptor-defined

subtype.

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

To evaluate dose–response relations using a wide range of

isoflavone intake, we combined individual study data from

three populations and categorized the subjects into six

groups, namely non-consumers and quintiles among

isoflavone consumers based on the combined control dis-

tribution. Compared to non-consumers, adjusted ORs (95%

CI) for consumers in increasing quintile categories (median

intake in each category: 8.7, 23.1, 33.8, 45.7, and 71.3 mg/

day) based on a conditional logistic regression model were

0.69 (0.44–1.09), 0.54 (0.31–0.94), 0.45 (0.26–0.77), 0.34

(0.19–0.62), and 0.43 (0.24–0.76), respectively. A stratified

analysis according to menopausal status based on an

unconditional logistic regression model revealed that this

inverse association was more prominent in postmenopausal
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than premenopausal women. To clarify the effect of high

isoflavone intake in detail, subjects were further catego-

rized into 11 groups, namely non-consumers and deciles of

isoflavone consumers. We found a linear decrease in breast

cancer risk from zero to moderate intake (20–30 mg/day)

and a leveling-off thereafter based on a conditional logistic

regression model (Fig. 1). No increasing trend was found

for relatively high intake.

Discussion

In these case–control studies of Japanese, Japanese Bra-

zilians, and non-Japanese Brazilians, overall, we found an

inverse association between dietary isoflavone intake

and the risk of breast cancer. Our finding is in general

agreement with those of a recent meta-analysis [11] and in

five of the ten previous studies examining the association

between isoflavone intake as estimated by FFQ and breast

cancer risk [4–8]. It is noteworthy that, although several

experimental studies have suggested adverse effects from

soy constituents [2, 3, 13, 14], no epidemiological study

estimating isoflavone intake by FFQ has reported an

increased risk of breast cancer. Our study also suggests a

risk-reducing rather than risk-enhancing effect of isoflav-

ones on breast cancer within the range achievable from

dietary intake alone. It remains unclear, however, whether

isoflavone exposure other than dietary intake is associated

with the risk of breast cancer.

We found a linear decrease in breast cancer risk from

zero to moderate intake (20–30 mg/day) and thereafter a

leveling-off. This dose–responses pattern might imply the

Table 1 Characteristics of case and matched control subjects

Japanese living

in Nagano, Japan

Japanese Brazilians living

in São Paulo, Brazil

Non-Japanese Brazilians

living in São Paulo, Brazil

Case Control Pa Case Control Pa Case Control Pa

(n = 390) (n = 390) (n = 81) (n = 81) (n = 379) (n = 379)

Age (years), mean 53.8 54.0 – 56.6 56.5 – 52.4 52.5 –

Premenopausal women, % 46 35 \0.01 31 30 0.80 42 38 0.04

Age at menopause (years), meanb 49.0 49.4 0.15 49.9 50.6 0.73 49.1 48.4 0.13

Age at menarche (years), meanb 13.4 13.2 0.42 12.9 12.9 0.20 13.2 13.1 0.96

Nulliparous women, % 13 14 0.66 23 16 0.24 11 10 0.91

Number of births (C4 births), % 2 3 0.16 7 20 0.02 29 35 0.10

Age at first birth (years), meanb, c 26.9 26.4 0.42 28.6 27.5 0.25 23.2 22.5 0.24

Breast feeding (yes), %c 91 96 0.03 92 91 0.56 88 91 0.67

Oral contraceptives user, % 3 3 1.00 29 36 0.30 63 65 0.62

Family history of breast cancer, % 11 6 0.02 15 12 0.65 6 6 0.88

History of benign breast disease, % 12 7 0.03 12 6 0.17 7 7 1.00

Height (cm), meanb 155.3 155.5 0.50 154.0 153.9 0.91 158.2 158.4 0.96

Body mass index (kg/m2), meanb 22.7 23.0 0.07 24.3 24.5 0.43 26.6 26.1 0.11

Smoking (current smoker), % 8 5 \0.01 11 2 0.07 17 11 0.04

Alcohol drinking (regular drinker), % 26 29 0.25 2 6 0.26 6 6 0.65

Moderate physical activity past 5 years (yes), % 32 40 0.02 19 32 0.03 9 14 0.03

Vitamin supplement user, % 18 12 0.03 19 26 0.27 3 9 \0.01

Total energy intake (kcal/day), meanb 1881.6 1949.3 0.27 1662.0 1587.7 0.44 1847.0 1752.8 0.09

Fish and shellfish intake (g/day), meanb 87.6 94.4 0.11 27.4 30.5 0.56 13.7 16.6 0.24

Meat or red meat intake (g/day), meanb, d 58.1 57.6 0.36 54.3 53.3 0.44 72.1 64.2 0.14

Vegetable intake (g/day), meanb 257.6 310.5 \0.01 146.7 93.0 \0.01 77.7 86.4 0.96

Fruit intake (g/day), meanb 288.6 287.7 0.69 364.0 311.0 0.02 260.2 250.9 0.35

Isoflavone intake (mg/day), meanb 43.5 46.1 \0.01 16.5 24.9 0.15 1.1 4.4 0.01

Genistein intake (mg/day), meanb 27.0 28.6 \0.01 10.2 15.8 0.15 0.73 3.1 0.01

Daidzein intake (mg/day), meanb 16.5 17.5 \0.01 6.3 9.1 0.15 0.33 1.4 0.01

a P for Mantel-Haenszel test with matched-pair strata
b Adjusted for age
c Among parous women
d Meat intake for Japanease and red meat intake for Japanese Brazilians and non-Japanese Brazilians

Breast Cancer Res Treat (2009) 116:401–411 405

123



T
a

b
le

2
O

d
d

s
ra

ti
o

s
(O

R
s)

an
d

9
5

%
co

n
fi

d
en

ce
in

te
rv

al
s

(C
Is

)
o

f
b

re
as

t
ca

n
ce

r
ac

co
rd

in
g

to
d

ie
ta

ry
is

o
fl

av
o

n
e

in
ta

k
es

M
ed

ia
n

is
o

fl
av

o
n

e
in

ta
k

ea
A

ll
su

b
je

ct
s

P
re

m
en

o
p

au
sa

l
w

o
m

en
P

o
st

m
en

o
p

au
sa

l
w

o
m

en

N
o

.
O

R
b

9
5

%
C

I
O

R
c

9
5

%
C

I
N

o
.

O
R

d
9

5
%

C
I

N
o

.
O

R
d

9
5

%
C

I

C
as

e
C

o
n

tr
o

l
C

as
e

C
o

n
tr

o
l

C
as

e
C

o
n

tr
o

l

Ja
p

an
es

e
li

v
in

g
in

N
ag

an
o

,
Ja

p
an

T
er

ti
le

1
2

2
.1

1
5

2
1

2
9

1
.0

0
1

.0
0

8
0

6
7

1
.0

0
7

2
6

2
1

.0
0

T
er

ti
le

2
3

9
.6

1
1

8
1

3
1

0
.7

5
(0

.5
3

–
1

.0
7

)
0

.8
6

(0
.5

9
–

1
.2

7
)

5
2

4
4

0
.9

9
(0

.5
8

–
1

.7
1

)
6

6
8

7
0

.7
9

(0
.4

8
–

1
.2

9
)

T
er

ti
le

3
6

9
.1

1
2

0
1

3
0

0
.7

5
(0

.5
2

–
1

.1
0

)
0

.8
3

(0
.5

4
–

1
.2

8
)

4
6

2
6

1
.3

5
(0

.7
2

–
2

.5
4

)
7

4
1

0
4

0
.6

2
(0

.3
8

–
1

.0
1

)

P
fo

r
tr

en
d

0
.1

2
0

.3
9

0
.4

1
0

.0
6

Ja
p

an
es

e
B

ra
zi

li
an

s
li

v
in

g
in

S
ão

P
au

lo
,

B
ra

zi
l

T
er

ti
le

1
4

.7
4

1
2

6
1

.0
0

1
.0

0

T
er

ti
le

2
1

3
.4

2
5

2
8

0
.5

1
(0

.2
3

–
1

.1
5

)
0

.4
8

(0
.2

0
–

1
.1

6
)

T
er

ti
le

3
4

2
.8

1
5

2
7

0
.3

5
(0

.1
5

–
0

.8
0

)
0

.2
5

(0
.0

9
–

0
.6

8
)

P
fo

r
tr

en
d

0
.0

1
<

0
.0

1

M
ed

ia
n

1
8

.0
4

8
4

0
1

.0
0

1
.0

0
1

6
1

0
1

.0
0

3
2

3
0

1
.0

0

M
ed

ia
n

2
3

5
.0

3
3

4
1

0
.6

8
(0

.3
7

–
1

.2
6

)
0

.5
2

(0
.2

6
–

1
.0

6
)

9
1

4
0

.1
7

(0
.0

3
–

0
.8

4
)

2
4

2
7

0
.8

4
(0

.3
7

–
1

.9
2

)

N
o

n
-J

ap
an

es
e

B
ra

zi
li

an
s

li
v

in
g

in
S

ão
P

au
lo

,
B

ra
zi

l

N
o

n
-c

o
n

su
m

er
s

0
3

4
3

3
1

8
1

.0
0

1
.0

0
1

4
7

1
2

4
1

.0
0

1
9

6
1

9
4

1
.0

0

C
o

n
su

m
er

s
1

5
.0

3
6

6
1

0
.5

4
(0

.3
4

–
0

.8
4

)
0

.5
6

(0
.3

5
–

0
.9

0
)

1
4

2
1

0
.5

4
(0

.2
6

–
1

.1
3

)
2

2
4

0
0

.5
8

(0
.3

3
–

1
.0

3
)

a
C

ru
d

e
in

ta
k

e
(m

g
/d

ay
)

b
C

ru
d

e
O

R
c

C
o

n
d

it
io

n
al

m
o

d
el

ad
ju

st
in

g
fo

r
m

en
o

p
au

sa
l

st
at

u
s

(p
re

m
en

o
p

au
sa

l
w

o
m

en
,

p
o

st
m

en
o

p
au

sa
l

w
o

m
en

),
n

u
m

b
er

o
f

b
ir

th
s

(0
,

1
,

2
,

3
,

4
,

5
?

),
fa

m
il

y
h

is
to

ry
o

f
b

re
as

t
ca

n
ce

r
(y

es
,

n
o

),
sm

o
k

in
g

st
at

u
s

(n
ev

er
,

p
as

t,
cu

rr
en

t
sm

o
k

er
s)

,
m

o
d

er
at

e
p

h
y

si
ca

l
ac

ti
v

it
y

in
th

e
p

as
t

5
y

ea
rs

(n
o

,
le

ss
th

an
3

d
ay

s/
m

o
n

th
,

1
–

4
d

ay
s/

w
ee

k
,

m
o

re
th

an
5

d
ay

s/
w

ee
k

),
an

d
v

it
am

in
su

p
p

le
m

en
t

u
se

(y
es

,
n

o
)

d
U

n
co

n
d

it
io

n
al

m
o

d
el

ad
ju

st
in

g
fo

r
m

at
ch

in
g

fa
ct

o
rs

(a
g

e
an

d
ar

ea
fo

r
Ja

p
an

es
e;

ag
e

an
d

h
o

sp
it

al
fo

r
Ja

p
an

es
e

B
ra

zi
li

an
s;

ag
e

an
d

et
h

n
ic

it
y

fo
r

n
o

n
-J

ap
an

es
e

B
ra

zi
li

an
s)

,
n

u
m

b
er

o
f

b
ir

th
s

(0
,

1
,
2

,
3

,
4

,
5
?

),
fa

m
il

y
h

is
to

ry
o

f
b

re
as

t
ca

n
ce

r
(y

es
,
n

o
),

sm
o

k
in

g
st

at
u

s
(n

ev
er

,
p

as
t,

cu
rr

en
t

sm
o

k
er

s)
,
m

o
d

er
at

e
p

h
y

si
ca

l
ac

ti
v

it
y

in
th

e
p

as
t

5
y

ea
rs

(n
o

,
le

ss
th

an
3

d
ay

s/
m

o
n

th
,
1

–
4

d
ay

s/
w

ee
k

,

m
o

re
th

an
5

d
ay

s/
w

ee
k

),
an

d
v

it
am

in
su

p
p

le
m

en
t

u
se

(y
es

,
n

o
)

B
o

ld
ch

ar
ac

te
rs

in
d

ic
at

es
st

at
is

ti
ca

ll
y

si
g

n
ifi

ca
n

t
v

al
u

es

406 Breast Cancer Res Treat (2009) 116:401–411

123



T
a

b
le

3
O

d
d

s
ra

ti
o

s
(O

R
s)

an
d

9
5

%
co

n
fi

d
en

ce
in

te
rv

al
s

(C
Is

)
o

f
h

o
rm

o
n

e
re

ce
p

to
r-

d
efi

n
ed

b
re

as
t

ca
n

ce
r

ac
co

rd
in

g
to

d
ie

ta
ry

is
o

fl
av

o
n

e
in

ta
k

es

N
o

.
o

f
co

n
tr

o
ls

E
R

?
/P

R
?

E
R

?
/P

R
-

E
R

-
/P

R
-

U
n

k
n

o
w

n

N
o

.
o

f
ca

se
s

O
R

a
9

5
%

C
I

N
o

.
o

f
ca

se
s

O
R

a
9

5
%

C
I

N
o

.
o

f
ca

se
s

O
R

a
9

5
%

C
I

N
o

.
o

f
ca

se
s

O
R

a
9

5
%

C
I

Ja
p

an
es

e
li

v
in

g
in

N
ag

an
o

,
Ja

p
an

,
al

l
su

b
je

ct
s

T
er

ti
le

1
1

2
9

8
2

1
.0

0
2

3
1

.0
0

3
8

1
.0

0

T
er

ti
le

2
1

3
1

7
0

0
.9

8
(0

.6
4

–
1

.5
1

)
2

4
1

.1
0

(0
.5

8
–

2
.0

8
)

2
1

0
.5

8
(0

.3
2

–
1

.0
7

)

T
er

ti
le

3
1

3
0

6
7

0
.9

7
(0

.6
2

–
1

.5
1

)
2

2
0

.7
1

(0
.3

6
–

1
.4

3
)

2
8

0
.7

1
(0

.4
0

–
1

.2
8

)

P
fo

r
tr

en
d

0
.8

9
0

.3
5

0
.2

3

Ja
p

an
es

e
li

v
in

g
in

N
ag

an
o

,
Ja

p
an

,
p

re
m

en
o

p
au

sa
l

w
o

m
en

T
er

ti
le

1
6

7
4

6
1

.0
0

8
1

.0
0

1
8

1
.0

0

T
er

ti
le

2
4

4
4

0
1

.3
5

(0
.7

4
–

2
.4

6
)

4
0

.8
0

(0
.2

2
–

2
.8

9
)

6
0

.4
7

(0
.1

7
–

1
.3

2
)

T
er

ti
le

3
2

6
2

7
1

.5
1

(0
.7

4
–

3
.0

7
)

7
1

.6
4

(0
.4

8
–

5
.5

8
)

1
0

0
.9

4
(0

.3
4

–
2

.5
6

)

P
fo

r
tr

en
d

0
.2

2
0

.5
2

0
.6

5

Ja
p

an
es

e
li

v
in

g
in

N
ag

an
o

,
Ja

p
an

,
p

o
st

m
en

o
p

au
sa

l
w

o
m

en

T
er

ti
le

1
6

2
3

6
1

.0
0

1
5

1
.0

0
2

0
1

.0
0

T
er

ti
le

2
8

7
3

0
0

.6
8

(0
.3

7
–

1
.2

5
)

2
0

1
.2

5
(0

.5
7

–
2

.7
3

)
1

5
0

.6
5

(0
.3

0
–

1
.4

4
)

T
er

ti
le

3
1

0
4

4
0

0
.6

8
(0

.3
8

–
1

.2
2

)
1

5
0

.5
3

(0
.2

2
–

1
.2

6
)

1
8

0
.5

7
(0

.2
7

–
1

.2
2

)

P
fo

r
tr

en
d

0
.2

1
0

.1
4

0
.1

5

Ja
p

an
es

e
B

ra
zi

li
an

s
li

v
in

g
in

S
ão

P
au

lo
,

B
ra

zi
l,

al
l

su
b

je
ct

s

M
ed

ia
n

1
4

0
2

4
1

.0
0

7
1

.0
0

7
1

.0
0

9
1

.0
0

M
ed

ia
n

2
4

1
1

6
0

.6
3

(0
.2

7
–

1
.4

5
)

2
0

.2
2

(0
.0

4
–

1
.3

6
)

4
0

.3
4

(0
.0

8
–

1
.4

9
)

1
1

1
.2

4
(0

.3
8

–
4

.0
3

)

N
o

n
-J

ap
an

es
e

B
ra

zi
li

an
s

li
v

in
g

in
S

ão
P

au
lo

,
B

ra
zi

l,
al

l
su

b
je

ct
s

N
o

n
-c

o
n

su
m

er
s

3
1

8
9

7
1

.0
0

4
1

1
.0

0
7

6
1

.0
0

1
0

8
1

.0
0

C
o

n
su

m
er

s
6

1
8

0
.4

6
(0

.2
1

–
1

.0
0

4
)

9
1

.1
0

(0
.5

0
–

2
.4

1
)

1
0

0
.6

7
(0

.3
3

–
1

.4
0

)
7

0
.3

5
(0

.1
6

–
0

.8
0

)

a
U

n
co

n
d

it
io

n
al

m
o

d
el

ad
ju

st
in

g
fo

r
m

at
ch

in
g

fa
ct

o
rs

(a
g

e
an

d
ar

ea
fo

r
Ja

p
an

es
e;

ag
e

an
d

h
o

sp
it

al
fo

r
Ja

p
an

es
e

B
ra

zi
li

an
s;

ag
e

an
d

et
h

n
ic

it
y

fo
r

n
o

n
-J

ap
an

es
e

B
ra

zi
li

an
s)

,
m

en
o

p
au

sa
l

st
at

u
s

(p
re

m
en

o
p

au
sa

l
w

o
m

en
,

p
o

st
m

en
o

p
au

sa
l

w
o

m
en

),
n

u
m

b
er

o
f

b
ir

th
s

(0
,
1

,
2

,
3

,
4

,
5

?
),

fa
m

il
y

h
is

to
ry

o
f

b
re

as
t

ca
n

ce
r

(y
es

,
n

o
),

sm
o

k
in

g
st

at
u

s
(n

ev
er

,
p

as
t,

cu
rr

en
t

sm
o

k
er

s)
,

m
o

d
er

at
e

p
h

y
si

ca
l

ac
ti

v
it

y
in

p
as

t
5

y
ea

rs
(n

o
,

le
ss

th
an

3
d

ay
s/

m
o

n
th

,
1

–
4

d
ay

s/
w

ee
k

,
m

o
re

th
an

5
d

ay
s/

w
ee

k
),

an
d

v
it

am
in

su
p

p
le

m
en

t
u

se
(y

es
,

n
o

)

B
o

ld
ch

ar
ac

te
rs

in
d

ic
at

es
st

at
is

ti
ca

ll
y

si
g

n
ifi

ca
n

t
v

al
u

es

Breast Cancer Res Treat (2009) 116:401–411 407

123



T
a

b
le

4
O

d
d

s
ra

ti
o

s
(O

R
s)

an
d

9
5

%
co

n
fi

d
en

ce
in

te
rv

al
s

(C
Is

)
o

f
b

re
as

t
ca

n
ce

r
ac

co
rd

in
g

to
d

ie
ta

ry
is

o
fl

av
o

n
e

in
ta

k
e

b
as

ed
o

n
co

m
b

in
ed

in
d

iv
id

u
al

st
u

d
y

d
at

a
fr

o
m

th
re

e
p

o
p

u
la

ti
o

n
s

N
o

n
-c

o
n

su
m

er
s

an
d

q
u

in
ti

le
ca

te
g

o
ry

am
o

n
g

co
n

su
m

er
s

P
fo

r
tr

en
d

0
1

2
3

4
5

M
ed

ia
n

is
o

fl
av

o
n

e
in

ta
k

e
(m

g
/d

ay
)a

0
8

.7
2

3
.1

3
3

.8
4

5
.7

7
1

.3

Ja
p

an
es

e
li

v
in

g
in

N
ag

an
o

,
Ja

p
an

N
o

.
o

f
ca

se
s/

N
o

.
o

f
co

n
tr

o
ls

0
/0

4
9

/3
1

9
3

/9
0

8
9

/8
5

7
2

/9
6

8
7

/8
8

Ja
p

an
es

e
B

ra
zi

li
an

s
li

v
in

g
in

S
ão

P
au

lo
,

B
ra

zi
l

N
o

.
o

f
ca

se
s/

N
o

.
o

f
co

n
tr

o
ls

9
/5

4
6

/4
1

1
6

/1
2

3
/8

1
/6

6
/9

N
o

n
-J

ap
an

es
e

B
ra

zi
li

an
s

li
v

in
g

in
S

ão
P

au
lo

,
B

ra
zi

l

N
o

.
o

f
ca

se
s/

N
o

.
o

f
co

n
tr

o
ls

3
4

3
/3

1
8

2
7

/3
3

5
/3

2
/1

3
2

/3
0

/9

A
ll

su
b

je
ct

s
in

th
re

e
p

o
p

u
la

ti
o

n
s

N
o

.
o

f
ca

se
s/

N
o

.
o

f
co

n
tr

o
ls

3
5

2
/3

2
3

1
2

2
/1

0
5

1
1

4
/1

0
5

9
4

/1
0

6
7

5
/1

0
5

9
3

/1
0

6

O
R

1
.0

0
0

.6
9

0
.5

4
0

.4
5

0
.3

4
0

.4
3

<
0

.0
1

(9
5

%
C

I)
b

(0
.4

4
–

1
.0

9
)

(0
.3

1
–

0
.9

4
)

(0
.2

6
–

0
.7

7
)

(0
.1

9
–

0
.6

2
)

(0
.2

4
–

0
.7

6
)

P
re

m
en

o
p

au
sa

l
w

o
m

en
in

th
re

e
p

o
p

u
la

ti
o

n
s

N
o

.
o

f
ca

se
s/

N
o

.
o

f
co

n
tr

o
ls

1
5

0
/1

2
7

4
8

/3
7

5
8

/5
2

4
9

/3
7

2
3

/3
0

3
6

/2
3

O
R

1
.0

0
0

.6
8

0
.4

4
0

.5
4

0
.2

7
0

.6
2

0
.2

7

(9
5

%
C

I)
c

(0
.3

3
–

1
.3

9
)

(0
.1

9
–

1
.0

1
)

(0
.2

4
–

1
.2

4
)

(0
.1

0
–

0
.6

9
)

(0
.2

5
–

1
.5

4
)

P
o

st
m

en
o

p
au

sa
l

w
o

m
en

in
th

re
e

p
o

p
u

la
ti

o
n

s

N
o

.
o

f
ca

se
s/

N
o

.
o

f
co

n
tr

o
ls

2
0

2
/1

9
6

7
4

/6
8

5
6

/5
3

4
5

/6
9

5
2

/7
5

5
7

/8
3

O
R

1
.0

0
0

.7
0

0
.5

2
0

.3
1

0
.3

4
0

.3
3

<
0

.0
1

(9
5

%
C

I)
c

(0
.4

0
–

1
.2

4
)

(0
.2

6
–

1
.0

4
)

(0
.1

5
–

0
.6

4
)

(0
.1

7
–

0
.7

1
)

(0
.1

6
–

0
.6

6
)

a
E

n
er

g
y

ad
ju

st
ed

b
y

re
si

d
u

al
m

et
h

o
d

b
C

o
n

d
it

io
n

al
m

o
d

el
ad

ju
st

in
g

fo
r

m
en

o
p

au
sa

l
st

at
u

s
(p

re
m

en
o

p
au

sa
l

w
o

m
en

,
p

o
st

m
en

o
p

au
sa

l
w

o
m

en
),

n
u

m
b

er
o

f
b

ir
th

s
(0

,
1

,
2

,
3

,
4

,
5

?
),

fa
m

il
y

h
is

to
ry

o
f

b
re

as
t

ca
n

ce
r

(y
es

,
n

o
),

sm
o

k
in

g

st
at

u
s

(n
ev

er
,

p
as

t,
cu

rr
en

t
sm

o
k

er
s)

,
m

o
d

er
at

e
p

h
y

si
ca

l
ac

ti
v

it
y

in
th

e
p

as
t

5
y

ea
rs

(n
o

,
le

ss
th

an
3

d
ay

s/
m

o
n

th
,

1
–

4
d

ay
s/

w
ee

k
,

m
o

re
th

an
5

d
ay

s/
w

ee
k

),
an

d
v

it
am

in
su

p
p

le
m

en
t

u
se

(y
es

,
n

o
)

c
U

n
co

n
d

it
io

n
al

m
o

d
el

ad
ju

st
in

g
fo

r
ag

e
(c

o
n

ti
n

u
o

u
s)

,
st

u
d

y
p

o
p

u
la

ti
o

n
(J

ap
an

es
e

li
v

in
g

in
N

ag
an

o
,
Ja

p
an

;
Ja

p
an

es
e

B
ra

zi
li

an
s

li
v

in
g

in
S

ão
P

au
lo

,
B

ra
zi

l;
n

o
n

-J
ap

an
es

e
B

ra
zi

li
an

s
li

v
in

g
in

S
ão

P
au

lo
,

B
ra

zi
l)

,
n

u
m

b
er

o
f

b
ir

th
s

(0
,

1
,
2

,
3

,
4

,
5

?
),

fa
m

il
y

h
is

to
ry

o
f

b
re

as
t

ca
n

ce
r

(y
es

,
n

o
),

sm
o

k
in

g
st

at
u

s
(n

ev
er

,
p

as
t,

cu
rr

en
t

sm
o

k
er

s)
,

m
o

d
er

at
e

p
h

y
si

ca
l

ac
ti

v
it

y
in

th
e

p
as

t
5

y
ea

rs
(n

o
,

le
ss

th
an

3
d

ay
s/

m
o

n
th

,
1

–
4

d
ay

s/
w

ee
k

,
m

o
re

th
an

5
d

ay
s/

w
ee

k
),

an
d

v
it

am
in

su
p

p
le

m
en

t
u

se
(y

es
,

n
o

)

B
o

ld
ch

ar
ac

te
rs

in
d

ic
at

es
st

at
is

ti
ca

ll
y

si
g

n
ifi

ca
n

t
v

al
u

es

408 Breast Cancer Res Treat (2009) 116:401–411

123



presence of a ceiling effect and suggests that women may

benefit from risk reduction if they consume at least a

moderate amount of isoflavones. Alternatively, it might

merely reflect differences in measurement errors due to the

use of different FFQs, selection bias, and residual con-

founding among the three populations, notwithstanding

that it clearly reflected the results of separate analyses.

Specifically, consumers had lower risk than non-consumers

in non-Japanese Brazilians, whose average intake of iso-

flavone was 4.4 mg/day among the control group; the risk

of breast cancer decreased with increasing intake of iso-

flavone in Japanese Brazilians, whose average intake of

isoflavone was 24.9 mg/day among the control group;

while higher intake of isoflavone was not associated with

further risk reduction in Japanese, whose average intake of

isoflavone was 46.1 mg/day among the control group.

Confirmation of this pattern would require further pro-

spective cohort studies using blood or urine samples as an

exposure assessment, because these could minimize the

measurement errors and selection bias mentioned above.

Our stratified analysis by menopausal status using data

from the three populations combined showed that an

inverse association was more prominent among postmen-

opausal than premenopausal women. In addition, our

separate analyses showed somewhat different patterns in

the three populations: the inverse association was limited to

postmenopausal women in Japanese; it was stronger in

premenopausal than postmenopausal women in Japanese

Brazilians; and no remarkable difference was found in non-

Japanese Brazilians. These findings are inconsistent with a

recent meta-analysis showing an inverse association

regardless of menopausal status [11]. Moreover, findings to

date on the association of isoflavone intake and the risk of

breast cancer stratified by menopausal status have been

inconsistent, with one prospective cohort study in Japan [4]

and one case–control study in the United States [8]

reporting that an inverse association was limited to post-

menopausal women; one case–control study in Japan [5]

showing it was limited to premenopausal women; and one

prospective cohort study in the United States [16] and three

case–control studies [6, 17, 18] finding no difference

between the two strata.

Several mechanisms by which isoflavones may reduce

the risk of breast cancer have been proposed [2, 3]. The

most prominent and thoroughly investigated mechanisms

are mediated via estrogen receptors, arising due to the

similar chemical structure of isoflavones to the human

estrogen hormone and their binding affinity to estrogen

receptors [3, 29]. Given that the action of estrogen on

breast cell proliferation appears to be mediated by estrogen

receptors, therefore, any association between isoflavone

intake and breast cancer risk might differ by hormone

receptor-defined subtype. The present study did not support

this hypothesis, however, showing no apparent difference

in risk by subtype. Moreover, results for the few studies to

date have been inconsistent [7, 16, 18, 19]. Although our

findings might merely be explained by a lack of statistical

power, they suggest that the anti-cancer effects of iso-

flavones might be evoked not only by mechanisms

mediated by estrogen receptors but also by other mecha-

nisms, such as the modulation of endogenous hormones via

inhibition of the key enzyme involved in estrogen bio-

synthesis and metabolism; the arrest of cell cycle

progression; induction of apoptosis; inhibition of tyrosine

kinase activity, topoisomerase II activity, and angiogene-

sis; and antioxidant activity [2, 3].

Our study has several methodological advantages over

previous studies of isoflavones and the risk of breast can-

cer. First, isoflavone intake differed considerably among

the three populations, with median levels (interquartile

rage) in the control group (mg/day) of 40.6 (25.9–61.2)

among Japanese, 13.4 (8.1–35.0) among Japanese Brazil-

ians, and 0 (0–0) among non-Japanese Brazilians. This

range allowed the detailed evaluation of dose–response

relations, ranging from zero to a relatively high level

achievable from dietary intake only, and is unique to the

present study. Second, the overall consistency of findings

in the three populations allowed for the greater generaliz-

ability of results as compared to those from a single

population.

Several limitations of this study warrant mention. First,

dietary intake of isoflavone was assessed after the diagnosis

of breast cancer and is therefore sensitive to recall bias.

Second, although the substantially high participation rates

among both eligible cases and controls minimized potential

biases related to control selection, the use of controls from

0.78
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Fig. 1 Odds ratios (ORs) and 95% confidence intervals of breast

cancer according to dietary isoflavone intake based on combined

individual data from three populations. Subjects were categorized into

11 groups: non-consumers and deciles of isoflavone consumers based

on the control distribution. ORs were estimated using matching pairs

with adjustment for menopausal status (premenopausal women,

postmenopausal women), number of births (0, 1, 2, 3, 4, 5?), family

history of breast cancer (yes, no), smoking status (never, past, current

smokers), moderate physical activity in the past 5 years (no, less than

3 days/month, 1–4 days/week, more than 5 days/week), and vitamin

supplement use (yes, no)
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medical checkup examinees and cancer-free patients,

whose dietary habits may differ from the general popula-

tion due to health consciousness or disease, might have

lead to selection bias. Third, stratified analyses were per-

formed based on a relatively small number of cases. The

interpretability of our results might therefore be limited.

Allowing for these methodological issues, we found an

inverse association between dietary isoflavone intake and

the risk of breast cancer in case–control studies of Japa-

nese, Japanese Brazilians, and non-Japanese Brazilians.

Our findings suggest a risk-reducing rather than risk-

enhancing effect of isoflavones on breast cancer within the

range achievable from dietary intake alone. In addition,

women may benefit from risk reduction if they consume at

least moderate amounts of isoflavones.
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