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Background: Although isoflavones, such as those found in
soy, have been shown to inhibit breast cancer in laboratory
studies, associations between consumption of isoflavone-
containing foods and breast cancer risk have been inconsis-
tent in epidemiologic studies. We evaluated the relationship
between isoflavone consumption and breast cancer risk
among women in the Japan Public Health Center-Based
Prospective Study on Cancer and Cardiovascular Diseases
(JPHC Study). Methods: In January 1990, 21 852 Japanese
female residents (aged 40–59 years) from four public health
center areas completed a self-administered questionnaire,
which included items about the frequency of soy consump-
tion. Through December 1999 and 209 354 person-years of
follow-up, 179 women were diagnosed with breast cancer.
Cox proportional hazards regression was used to estimate
the relative risks (RRs) and 95% confidence intervals (CIs)
for breast cancer in relation to consumption of miso soup,
soyfoods, and estimated isoflavones. All statistical tests were
two-sided. Results: Consumption of miso soup and isofla-
vones, but not of soyfoods, was inversely associated with the
risk of breast cancer. The associations did not change sub-
stantially after adjustment for potential confounders, includ-
ing reproductive history, family history, smoking, and other
dietary factors. Compared with those in the lowest quartile
of isoflavone intake, the adjusted RRs for breast cancer for
women in the second, third, and highest quartiles were 0.76
(95% CI = 0.47 to 1.2), 0.90 (95% CI = 0.56 to 1.5), and 0.46
(95% CI = 0.25 to 0.84), respectively (Ptrend = .043). The
inverse association was stronger in postmenopausal women
(Ptrend = .006). Conclusion: In a population-based, prospec-
tive cohort study in Japan, frequent miso soup and isofla-
vone consumption was associated with a reduced risk of
breast cancer. [J Natl Cancer Inst 2003;95:906–13]

Soy is widely consumed in Asian countries, where the inci-
dence of breast cancer is lower than that in Western countries
(1). In Japan, soy is consumed in various forms, including dried
or green soybeans, tofu (soybean curd), natto (fermented soy-
beans), miso (fermented soybean paste), okara (tofu lees), soy-
bean sprouts, soymilk, yuba (soy milk skin), kinako (soy flour),
and soy sauce. Soy is a primary source of isoflavones, a group
of phytoestrogens that have been hypothesized to reduce the risk
of breast cancer. Genistein, daidzein, and their corresponding
glucosides account for the major portion of isoflavones and have
been the focus of numerous studies. Several experimental stud-
ies have shown that soy or isoflavones have anticarcinogenic
effects on hormone-related cancers and that these effects may be
related to their estrogenic, antiestrogenic, or other activities (2–
5). Other possible anticarcinogenic mechanisms associated with
soy or isoflavones include inhibiting protein tyrosine kinases or

other enzymes that interfere with cell growth and survival;
stimulating sex hormone-binding globulin production, thereby
decreasing the amount of free and active hormone in the blood;
protecting DNA from damage via antioxidant effects; and in-
hibiting angiogenesis (2–5).

By contrast with results from experimental studies, results
from epidemiologic studies that assessed associations between
soy or isoflavone consumption and breast cancer risk have var-
ied. To date, 13 studies have evaluated associations between soy
or isoflavone consumption and breast cancer risk (Table 1).
Among studies that reported results for premenopausal women,
four case–control studies conducted among Singapore Chinese
(6), Japanese (7), Asian American (8), and Chinese (9) popula-
tions found statistically significant inverse associations between
soy consumption and breast cancer risk. However, one prospec-
tive American study (10) and four case–control studies con-
ducted among Chinese (11), American and Canadian (12), non-
Asian American (13), and Asian American (14) populations
found no such association. Among studies that reported results
for postmenopausal women, two case–control studies conducted
among Chinese (9) and Asian American (14) populations found
statistically significant inverse associations, whereas two pro-
spective American studies (10,15) and five case–control studies
conducted among Singapore Chinese (6), Japanese (7), Chinese
(11), Asian American (8), and non-Asian American (13) popu-
lations found no such associations. Two other prospective stud-
ies and one case–control study conducted among Japanese popu-
lations (16–18) reported combined results for pre- and
postmenopausal women and found no statistically significant
association between soy consumption and breast cancer risk.
Thus, results were equivocal, even in studies using the same
study design, geographic location, and menopausal status.

Because Japanese women have a low incidence of breast
cancer (1) and a high intake of isoflavones, approximately 700
times that of U.S. Caucasians (19), the Japanese population is an
ideal setting for determining whether an association exists. To
examine the possible association between consumption of soy
and isoflavones and the risk of breast cancer, we conducted a
population-based, prospective cohort study in Japan.
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SUBJECTS AND METHODS

Study Cohort

The study cohort is a part of the Japan Public Health Center-
Based Prospective Study on Cancer and Cardiovascular Dis-
eases (JPHC Study) (20–23). A detailed design of the study has
been presented elsewhere (24). The JPHC Study Cohort I was
established on January 1, 1990, and includes 27 435 women and
27 063 men aged 40–59 years who registered their address in one
of 14 administrative districts supervised by five public health
centers (Ninohe Public Health Center in Iwate Prefecture, Yo-
kote Public Health Center in Akita Prefecture, Saku Public
Health Center in Nagano Prefecture, Ishikawa Public Health
Center in Okinawa Prefecture, and Katsushika Public Health
Center in the Tokyo metropolitan area) (25). The subjects from
the Katsushika Public Health Center were not included in the
analysis because incidence data were not collected. This study
was approved by the institutional review board of the National
Cancer Center, Tokyo, Japan.

Exposure Data

The study period was from January 1, 1990, through Decem-
ber 31, 1999. In 1990, a baseline survey was conducted in which
the study participants completed a self-administered question-
naire. Participants answered questions regarding smoking status;
habitual intake of foods and beverages, including alcohol; physi-
cal activity; personal and family history of diseases; occupation;
educational level; personality; and reproductive history. Thirty-
eight questions concerned the consumption of foods and nonal-
coholic beverages, of which two items dealt specifically with
consumption of soy and isoflavones. One item asked about con-
sumption of “miso soup” and the other about consumption of

“soybeans, tofu, deep-fried tofu, and natto,” which are foods that
have soybeans as the major ingredient. We refer to the latter
items as “soyfoods” throughout this article.

The frequency of miso soup consumption was divided into
four categories: almost never, one or two bowls per week, three
or four bowls per week, and almost daily. Study participants
who answered “almost daily” were then asked an additional
question regarding the average number of bowls of miso soup
consumed per day. The frequency of soyfood intake was divided
into four categories: almost never, one or two times per week,
three or four times per week, and almost daily. Isoflavone intake
was calculated using these two items, with a portion size of 100
mL for miso soup (10 g of miso paste, 2.9 mg of genistein) and
55 g for soyfoods (17.3 mg of genistein). Among the isofla-
vones, we reported all the results for genistein as “isoflavones”
because the intake estimates of genistein, daidzein, and total
isoflavone (defined as the sum of genistein and daidzein intake)
were highly correlated and the relative risk (RR) estimates for
them were similar. This similarity among estimates came from
the fact that all three were calculated using answers to questions
about miso soup and soyfood consumption. The portion size and
isoflavone content were estimated from the validation study
(19,26). In the validation study, 247 subjects had provided 28-
day dietary records and blood and urine samples between 1994
and 1995. The validation study showed that miso soup and soy-
foods contributed more than 80% of the total isoflavone intake.
The Spearman’s correlation coefficients between the frequency
of miso soup and soyfood consumption from the questionnaire
and that from dietary records were 0.54 and 0.49, respectively,
and between isoflavone intake estimated from the questionnaire
and that from dietary records was 0.54. For reproducibility of
estimation from the questionnaire, the correlation coefficients

Table 1. Summary of epidemiological studies investigating soy or isoflavone comsumption and breast cancer

Author, year of
publication (reference) Population No. of subjects Exposure comparison category

Menopausal
status

Relative risk (95%
confidence intervals)

Cohort study
Hirayama 1990 (16) Japanese 241 cases Miso soup: daily vs. non-daily Combined 0.85 (0.68 to 1.06)

2 140 369 person-years
Greenstein et al. 1996 (15) American 1018 cases Soy or tofu: consumers vs. Post 0.76 (0.50 to 1.18)

34 388 women nonconsumers
Key et al. 1999 (17) Japanese 427 cases Miso soup: �5 vs. �1 time/wk Combined 0.87 (0.68 to 1.12)

488 989 person-years
Horn-Ross et al. 2002 (10) American 711 cases Genistein: fifth vs. first quintile Combined* 1.0 (0.7 to 1.3)

222 249 person-years
Case–control study

Hirohata et al. 1985 (18) Japanese 212 cases Fat from soybean products: mean Combined Not significant
212 controls intake

Lee et al. 1992 (6) Singapore 200 cases Total soya products: �55.0 vs. Pre 0.4 (0.2 to 0.9)
Chinese 420 controls <20.3 g/day Post 1.1 (0.5 to 2.3)

Hirose et al. 1995 (7) Japanese 1186 cases Tofu: >3 vs. �3 times/wk Pre 0.81 (0.65 to 0.99)
23 163 controls Post 1.17 (0.92 to 1.49)

Yuan et al. 1995 (11) Chinese 834 cases Soy protein: per 18 g/day Combined* 1.0 (0.7 to 1.4)
834 controls

Wu et al. 1996 (8) Asian-American 597 cases Tofu: per 1 time/wk Pre 0.84 (0.70 to 0.99)
966 controls Post 0.86 (0.66 to 1.13)

Witte et al. 1997 (12) American and 140 cases Tofu or soybeans: 1 serving/wk Pre 0.5 (0.2 to 1.1)
Canadian 222 controls vs. none

Dai et al. 2001 (9) Chinese 1459 cases Soy protein: >139.1 vs. �18.6 g/wk Combined* 0.66 (0.46 to 0.95)
1556 controls

Horn-Ross et al. Non-Asian 1326 cases Isoflavones: per 1000 �g/day Pre 1.00 (0.98 to 1.02)
2001 (13) American 1657 controls Post 0.99 (0.97 to 1.01)

Wu et al. 2002 (14) Asian-American 501 cases Isoflavones: >12.68 vs. Pre 0.60; P>.05
594 controls �1.79 mg/1000 kcal Post 0.39; P<.05

*Results were not substantially different when analyzed separately by menopausal status.
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for the frequency of consumption of miso soup and of soyfoods,
and estimated isoflavone intake between two questionnaires ad-
ministered 5 years apart were 0.70, 0.53, and 0.61, respectively.

The questionnaire included an item regarding consumption of
“vegetables other than yellow and green vegetables such as Chi-
nese cabbage, radish, tomato, cucumber, and so on”; this item
includes soybean sprouts, which also contain isoflavones. Iso-
flavone intake from this item is negligible (0.6% of total isofla-
vone intake) but was included in the analysis.

Follow-Up

On January 1, 1990, a specific cancer registry for the JPHC
Study was established to collect cancer incidence data on the
study subjects living within the study area via voluntary reports
from local major hospitals, on-site visits to the hospitals, and
records from the prefecturewide population-based cancer regis-
try, if available (Akita prefecture does not have a prefecturewide
cancer registry).

The site of origin and histologic type of all cancers were
coded using the International Classification of Diseases for On-
cology, second edition (ICD-O-2) (27). Among the 27 435 fe-
male study participants, 37 found to be ineligible after study
entry and 12 diagnosed with breast cancer before study entry—
the date of diagnosis was confirmed from death certificates—
were excluded from the analysis. Of the remaining 27 386 par-
ticipants, 225 participants were diagnosed with breast cancer
during the study period. Eleven participants diagnosed with car-
cinoma in situ and two participants with uncertain diagnosis
with regard to whether the tumor was benign or malignant were
not considered as having breast cancers. A diagnosis of breast
cancer was histologically confirmed for 97.4% of the patients by
pathologists in local hospitals. The ratio of incidence to mortal-
ity was 5.4, and no cancer diagnoses were ascertained by death
certificate alone, indicating that the completeness of cancer reg-
istration in this cohort was high.

Migration data were obtained from the residential registry.
Among study participants, 1837 persons (6.7%) moved out of a
study area and 34 persons (0.1%) were lost to follow-up during
the study period.

Statistical Analysis

We excluded 4913 participants, of whom 33 were breast can-
cer patients, who did not answer the baseline questionnaire; 615
participants, of whom 13 were breast cancer patients, who an-
swered a positive history of any cancer; and six participants,
none of whom were breast cancer patients, who did not answer
questions regarding dietary intake of foods and drinks. Thus, our
analysis included 21 852 study participants, 179 of whom had
breast cancer.

Person-years of follow-up were counted from the start of the
study period (January 1, 1990) until the date of breast cancer
diagnosis, the date of emigration from a study area, the date of
death, or the end of the study period (December 31, 1999),
whichever came first. For 34 participants who were lost to fol-
low-up, the last confirmed date of their existence was used as the
date of censoring. In total, 209 354 person-years were observed
for 21 852 women. The crude incidence rate for breast cancer
was calculated by dividing the number of breast cancer cases by
the number of person-years. The incidence rates and the RRs of
breast cancer are calculated for the categories of the frequency of
miso soup consumption, soyfood consumption, and isoflavone

intake in quartiles, with the lowest consumption category as the
referent. Because most participants consumed miso soup daily,
the frequency of miso soup consumption was categorized further
into four groups using the information concerning average bowls
per day as follows: not daily, one bowl per day, two bowls per
day, and three or more bowls per day. Because few participants
answered “almost never” to the questions on soyfood consump-
tion, the frequency of soyfood consumption was also categorized
further into three groups: less than two times per week, 3–4
times per week, and almost daily. RRs of breast cancer were
estimated using the Cox proportional hazards model, with area
(public health center) and 5-year age category at baseline (1990)
as strata, by using the SAS PHREG procedure (version 8.02;
SAS Institute, Cary, NC). This procedure allows for a different
baseline hazard for each stratum. The assumptions for the Cox
proportional hazards model were checked and found to hold.

In addition, adjusted RRs were also calculated. The following
variables were included as potential confounders: history of be-
nign breast diseases; family history of breast cancer in female
first-degree relatives; active smoking status (never smoker, pre-
vious smoker, current smoker); passive smoking history at
home; leisure-time physical activity (almost never, 1–3 times per
month, 1–2 times per week, 3–4 times per week, almost daily);
educational level (junior high school, high school, junior col-
lege, university, or higher); alcohol consumption (almost never,
1–3 times per month, more than once per week with less than
100 g ethanol per week, and more than once per week with more
than 100 g ethanol per week); total energy intake; consumption
of meat, vegetables, and fruits; age at menarche; number of
pregnancies; menopausal status at the baseline questionnaire;
use of exogenous female hormones (never used, previously
used, currently used); height; weight; body mass index (BMI);
and age at first pregnancy. Study participants were not asked
about oral contraceptive use, but use among this population is
rare. We did not include miso soup, soyfoods, and isoflavone
consumption in the same models because of their colinearity.
We performed two separate analyses: one with all participants
and one after excluding 45 participants who were diagnosed
with breast cancer during the first 3 years of follow-up and the
seven participants whose diagnoses were not based on micro-
scopic evidence. We excluded the 45 participants to eliminate
those who may have had breast cancer but were not diagnosed
when they answered the questionnaire. Linear trends were tested
in the Cox models by treating the consumption categories as
ordinal variables (consecutive integers). All P values are two-
sided.

RESULTS

Baseline Characteristics

At the time of the baseline survey, 2.7% of all study partici-
pants almost never consumed miso soup, 7.1% consumed one or
two bowls per week, 15.4% consumed three or four bowls per
week, and 74.8% consumed miso soup almost daily. Among the
participants who consumed miso soup almost daily, 22.8% con-
sumed one bowl per day, 43.1% consumed two bowls per day,
and 34.1% consumed three or more bowls per day. Also at
baseline, 2.2% of all participants almost never consumed soy-
foods, 17.3% consumed soyfoods one or two times per week,
35.1% consumed soyfoods three or four times per week, and
45.4% consumed soyfoods almost daily.
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From this information, we calculated the isoflavone con-
sumption. The characteristics of the participants according to
quartile of isoflavone consumption are shown in Table 2. Par-
ticipants with higher isoflavone consumption were slightly
older, had fewer pregnancies, were more likely to be postmeno-
pausal, were younger at first pregnancy, and had slightly less
education than those with lower isoflavone consumption
(Ptrend<.001 for all variables). Smoking status was associated
with isoflavone consumption. Among those with higher isofla-
vone consumption, there were more never smokers and fewer
past and current smokers than among those with lower isofla-
vone consumption (Ptrend<.001). Passive smoking history was
slightly less common among those in the lowest quartile of
isoflavone consumption than it was among those in the other
quartiles. Participants with higher isoflavone consumption had
higher total energy intake; higher consumption of fish, meat,
vegetables, and fruits; and lower consumption of alcohol than
participants with lower isoflavone consumption (Ptrend<.001 for

all variables). Isoflavone intake was not linearly associated with
a history of benign breast diseases, family history of breast can-
cer in female first-degree relatives, age at menarche, use of
exogenous female hormones, height, weight, body mass index,
or leisure time physical activity.

Miso Soup, Soyfood, and Isoflavone Intake and Breast
Cancer Risk

We next determined whether there was an association be-
tween the consumption of miso soup, soyfoods, and isoflavones
and risk of breast cancer. Area- and age-adjusted and fully ad-
justed RRs were not substantially changed. We found statisti-
cally significant inverse associations between breast cancer risk
and consumption of miso soup (Ptrend � .042) and isoflavone
consumption (Ptrend � .043) (Table 3). Compared with women
in the lowest quartile of isoflavone consumption, those in the
second, third, and highest quartiles of isoflavone consumption
had adjusted RRs of breast cancer of 0.76 (95% CI � 0.47 to

Table 2. Characteristics of study participants at baseline according to isoflavone* consumption in the Japan Public Health Center-Based
Prospective Study on Cancer and Cardiovascular Diseases Cohort I

Isoflavone consumption

Ptrend†
Lowest

(N � 4690)
Second

(N � 6003)
Third

(N � 5643)
Highest

(N � 5516)

Age, y‡ 48.8 ± 5.8 49.4 ± 5.9 49.8 ± 5.9 50.5 ± 5.8 <.001
History of benign breast disease, %§ 9.3 10.6 9.3 9.5 .60
Family history of breast cancer in female first-degree relatives, % 0.9 1.1 1.1 0.9 .98
Age at menarche, y 14.7 ± 1.9 14.6 ± 1.8 14.6 ± 1.8 14.7 ± 1.7 .15
No. of pregnancies 3.3 ± 1.9 3.2 ± 1.7 3.2 ± 1.7 3.1 ± 1.5 <.001
Age at first pregnancy, y 24.5 ± 3.7 24.5 ± 3.5 24.2 ± 3.5 23.7 ± 3.2 <.001
Menopausal status, % <.001

Premenopause 52.5 48.3 44.6 38.9
Natural menopause 39.7 43.7 46.2 51.5
Surgical menopause 7.8 8.1 9.3 9.6

Use of exogenous female hormones, % .52
Never 80.1 78.9 79.4 78.8
Past 18.1 19.3 18.9 19.6
Current 1.9 1.9 1.7 1.7

Height, cm 151.5 ± 5.4 151.8 ± 5.3 151.6 ± 5.3 151.6 ± 5.3 .95
Weight, kg 54.2 ± 8.2 54.3 ± 7.5 54.4 ± 7.9 54.2 ± 7.7 .76
Body mass index, kg/m2 23.6 ± 3.4 23.5 ± 3.1 23.6 ± 3.3 23.5 ± 3.1 .62
Smoking, % <.001

Never 88.5 92.6 92.9 95.9
Past 2.3 2.0 1.7 0.9
Current 9.3 5.4 5.4 3.2

History of passive exposure to smoke at home, % 67.2 70.5 70.6 70.4 <.001
Leisure-time physical activity (>1 time/mo), % 20.4 22.7 23.0 19.4 <.001
Educational level beyond high school, % 10.4 12.2 10.7 7.8 <.001
Alcohol consumption (>100 g ethanol/wk), % 11.5 11.1 11.5 8.4 <.001
Total energy intake, kcal/day 1202.3 ± 390.0 1352.0 ± 317.1 1414.9 ± 343.3 1586.0 ± 368.5 <.001
Fish, g/day 31.1 ± 24.6 40.8 ± 26.4 47.8 ± 29.3 59.3 ± 30.9 <.001
Meat, g/day 34.7 ± 19.7 38.5 ± 20.5 39.0 ± 21.4 40.1 ± 22.7 <.001
Vegetables, g/day 139.1 ± 86.9 172.5 ± 86.0 183.2 ± 91.9 221.1 ± 84.8 <.001
Fruits, g/day 105.0 ± 107.1 126.5 ± 98.0 133.8 ± 109.0 152.2 ± 114.5 <.001
Miso soup, % <.001

<1 time/day 62.0 22.2 22.4 0.0
1 cup/day 14.9 22.9 29.5 0.0
2 cups/day 21.6 40.3 24.7 40.1
�3 cups/day 1.5 14.6 23.4 59.9

Soyfoods, % <.001
<2 times/wk 76.7 10.3 0.4 0.1
3–4 times/wk 23.3 86.9 23.0 1.3
Almost every day 0.0 2.8 76.6 98.7

Isoflavone, mg/day 6.9 ± 2.6 13.0 ± 2.1 20.0 ± 2.1 25.3 ± 2.2 <.001

*All results for genistein are reported as isoflavones because the intake estimates for genistein, daidzein, and total isoflavone were highly correlated.
†All P values are two-sided.
‡Values are reported as means with standard deviations.
§Because of rounding, not all percentages add to 100.
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1.2), 0.90 (95% CI � 0.56 to 1.5), and 0.46 (95% CI � 0.25 to
0.84), respectively. There was no statistically significant asso-
ciation between consumption of soyfoods and breast cancer risk
(Ptrend � .44). Crude incidence rates varied from 57.2 to 109.7
per 100 000 person-years for miso soup consumption categories,
which was a larger variation than those for soyfood categories
(81.7 to 94.2 per 100 000 person-years) and those for isoflavone
intake quartiles (61.6 to 99.2 per 100 000 person-years).

Breast Cancer Risk by Menopausal Status

We next stratified the data according to menopausal status at
the time of the baseline questionnaire and examined associations
between miso soup, soyfood, or isoflavone consumption and
breast cancer risk, using participants in the lowest consumption
category as the referent group. Among premenopausal and post-
menopausal women considered separately, miso soup consump-
tion was inversely associated with breast cancer risk. Consump-
tion of soyfoods was inversely associated with breast cancer risk
among postmenopausal women (Ptrend � .031). This inverse

association led to a stronger inverse association found in post-
menopausal women for isoflavone consumption (Ptrend � .006)
than in premenopausal women (Table 4). Crude incidence rates
varied from 49.1 to 123.6 per 100 000 person-years among iso-
flavone quartiles for premonopausal women, which was a larger
variation than that for postmenopausal women.

Sensitivity Analysis

We next excluded the 45 participants who were diagnosed
with breast cancer during the first 3 years of follow-up and the
seven participants whose diagnoses were not made on the basis
of histologic evidence. None of the results changed substan-
tially.

The results for the multivariable analysis in Tables 3 and 4
show the RRs after adjusting for possible confounding variables
that were associated with isoflavone consumption (P<.20 for all
associations). None of the results substantially changed by using
other multivariable models, such as those including all the po-
tential confounding variables listed in Table 2.

Table 3. Relative risk (RR) and 95% confidence intervals (CIs) of breast cancer according to miso soup, soyfood, and isoflavone*
consumption in the Japan Public Health Center-Based Prospective Study on Cancer and Cardiovascular Diseases Cohort I

No. of
cases

Person-years
of follow-up

Incidence
rate per
100 000

Area- and age-adjusted Multivariable†

RR (95% CI) Ptrend‡ RR (95% CI) Ptrend

Miso soup
<1 cup/day 51 51 859 98.3 1 .005 1 .042
1 cup/day 39 35 560 109.7 1.1 (0.71 to 1.6) 1.1 (0.67 to 1.7)
2 cups/day 58 67 764 85.6 0.80 (0.54 to 1.2) 0.74 (0.46 to 1.2)
�3 cups/day 31 54 171 57.2 0.51 (0.32 to 0.83) 0.60 (0.34 to 1.1)

Soyfoods
<2 times/wk 38 40 356 94.2 1 .49 1 .44
3–4 times/wk 60 73 434 81.7 0.86 (0.57 to 1.3) 0.83 (0.52 to 1.3)
Almost daily 81 95 564 84.8 0.85 (0.57 to 1.3) 0.81 (0.49 to 1.3)

Isoflavone quartile
Lowest 44 44 361 99.2 1 .025 1 .043
Second 50 57 457 87.0 0.85 (0.56 to 1.3) 0.76 (0.47 to 1.2)
Third 52 54 006 96.3 0.90 (0.60 to 1.4) 0.90 (0.56 to 1.5)
Highest 33 53 530 61.6 0.54 (0.33 to 0.87) 0.46 (0.25 to 0.84)

*All results for genistein are reported as isoflavone because the intake estimates for genistein, daidzein, and total isoflavone were highly correlated.
†Adjusted by area; age; age at menarche; number of pregnancies; menopausal status; age at first pregnancy; active and passive smoking; alcohol consumption;

leisure-time physical activity; educational level; total energy; and meat, fish, vegetable, and fruit consumption.
‡All P values are two-sided.

Table 4. Relative risk (RR) and 95% confidence intervals (CIs) of breast cancer according to isoflavone* consumption by baseline
menopausal status in the Japan Public Health Center-Based Prospective Study on Cancer and Cardiovascular Diseases Cohort I

Isoflavone quartile
No. of
cases

Person-years of
follow-up

Incidence
rate per
100 000

Area- and age-adjusted Multivariable†

RR (95% CI) Ptrend‡ RR (95% CI) Ptrend

Premenopausal women
Lowest 21 22 676 92.6 1 .20 1 .97
Second 29 27 129 106.9 1.1 (0.63 to 2.0) 1.0 (0.50 to 2.0)
Third 29 23 467 123.6 1.3 (0.71 to 2.3) 1.6 (0.79 to 3.1)
Highest 10 20 356 49.1 0.48 (0.22 to 1.1) 0.66 (0.25 to 1.7)

Postmenopausal women
Lowest 22 20 644 106.6 1 .037 1 .006
Second 21 29 168 72.0 0.64 (0.35 to 1.2) 0.58 (0.29 to 1.1)
Third 23 29 630 77.6 0.64 (0.35 to 1.2) 0.50 (0.25 to 1.0)
Highest 21 32 195 65.2 0.47 (0.25 to 0.90) 0.32 (0.14 to 0.71)

*All results for genistein are reported as isoflavone because the intake estimates for genistein, daidzein, and total isoflavone were highly correlated.
†Adjusted by area; age; age at menarche; number of pregnancies; age at first pregnancy; active and passive smoking; alcohol consumption; leisure-time physical

activity; educational level; total energy; and meat, fish, vegetable, and fruit consumption.
‡All P values are two-sided.
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DISCUSSION

Our cohort study found a statistically significant inverse as-
sociation between miso soup or isoflavone intake and risk of
breast cancer in Japanese women. Women with the highest in-
take of isoflavone (as genistein, 25.3 mg/day) or those with the
highest consumption of miso soup (three or more bowls/day)
had approximately half the risk of breast cancer as women with
the lowest intake of isoflavone (as genistein, 6.9 mg/day) or
those with the least consumption of miso soup (less than once a
day), respectively. We found no association between consump-
tion of soyfoods and breast cancer risk.

The inverse association between isoflavone intake and breast
cancer risk found in our epidemiologic study is consistent with
results from ecologic and experimental studies (2–5). Lack of
association between soy or isoflavone consumption and breast
cancer risk in previous epidemiologic studies may be the result
of recall bias in case–control studies, errors in exposure mea-
surements, or small exposure variation in Western subjects.

Our study had several methodologic advantages over previ-
ous studies. First, we evaluated the association in a prospective
cohort study of participants enrolled from the general popu-
lation. A prospective study is free from recall bias, and the
results from the general population are more applicable than
those from a specific population, such as an occupational co-
hort or a cohort of a population with a specific characteristic.
Second, we determined the risk for breast cancer incidence
rather than breast cancer deaths using highly precise cancer in-
cidence data. Incidence is a more direct measure of breast can-
cer risk than death because time to breast cancer death is greatly
influenced by the treatment received. Third, we estimated
isoflavone intake as well as soy intake by using a validated
questionnaire. We could therefore investigate the associa-
tion between breast cancer and isoflavone intake separately
from other contents in soy. Fourth, we determined that there
was a large variation in isoflavone consumption among partici-
pants. Associations between disease and exposure can be
detected more easily when exposure has wide variability. In-
deed, median isoflavone intake among all the study participants
was seven times higher than that among Chinese in Singapore,
15 times higher than that among U.S. non-Asian (African
American, Latina, and white) women, and 700 times higher
than that among U.S. Caucasians (28–30). Fifth, our cohort
was established in 1990, thus reflecting present-day lifestyles
and dietary habits and a large variation in the distribution
of possible risk factors. Although consumption of isoflavones
was high throughout Japan before World War II, the variation in
intake levels is increasing with increasing westernization of
the Japanese population. In addition, other risk factors for breast
cancer, such as earlier age at menarche and high fat and meat
consumption (31) are also becoming more common among
the Japanese. This difference in the distribution of possible risk
factors may explain the difference between our results and
those of Japanese cohorts that were established in the 1960s and
1970s (16,17).

The highest incidence (99.2/100 000) of breast cancer in the
present study was observed among women in the lowest quartile
of isoflavone consumption. This incidence rate is lower than that
among corresponding age groups (40–69 years) in Western
populations (1). Women in the lowest quartile of isoflavone
consumption consumed approximately 6.9 mg/day of genistein,
which is still 250 times more than the daily amount consumed by

U.S. Caucasian women but only several times more than that
consumed by U.S. non-Asian women. One hypothesis drawn
from this comparison is that there may be a potential dose–
response relationship, even among those with lower intake levels
of isoflavones observed among Western cohorts, although it may
be difficult to detect because of small variations.

Our study has several limitations. First, the number of breast
cancer cases was small. Possible associations between breast
cancer risk and soyfoods that were not statistically significant in
our study may be detected among larger sample sizes. For miso
soup and isoflavones, although our study found a statistically
significant association with breast cancer, more precise RR es-
timates can be derived from larger sample sizes. Second, our
food-frequency questionnaire included only two items concern-
ing soybean-ingredient foods (i.e., miso soup and soyfoods),
making it impossible to investigate the difference in effects be-
tween types of soybean-ingredient foods. Third, although we
adjusted for the consumption of dietary items other than soy as
much as possible, we cannot exclude the possibility of residual
confounding by other dietary characteristics.

The inverse association between isoflavone intake and breast
cancer risk was stronger in postmenopausal women than pre-
menopausal women. Although this result is somewhat surprising
in that it is not consistent with previous epidemiologic studies
(Table 1), experimental studies have shown effects of soy or
isoflavones on hormone levels in postmenopausal women (32–
34). This stronger inverse association observed in postmeno-
pausal women may explain the larger discrepancy in breast can-
cer incidence between Japan and Western countries in older age
groups than in younger age groups (1). Although components of
soy are known to affect menstrual cycles in different ways (35–
40) and late menopause is known to be associated with breast
cancer risk (31), the link between soy, menopause, and breast
cancer remains to be elucidated. Because a proportion of the
premenopausal women at the baseline survey may have experi-
enced menopause during the study period, our results for pre-
menopausal women may be contaminated with those for the
postmenopausal women. Regardless, our data suggest that
menopausal status would be a confounder, an intermediate vari-
able, or an effect modifier when analyzing the association be-
tween intake of isoflavones and breast cancer risk and should be
taken into account in any analysis. In addition, the fact that the
proportion of hormone receptor-positive breast cancers increases
with age among U.S. women (41) may also explain the discrep-
ancy between Japanese and Western countries in incidence
among older age groups. This is consistent with evidence that
the anticarcinogenic effect of isoflavones comes from the anti-
estrogenic or estrogenic activity through their affinity to estro-
gen receptors (42).

Monotonic inverse relationships were observed between
breast cancer risk and miso soup consumption but were not
clearly observed in soyfood and isoflavone consumption. This
non-monotonicity may be a result of the relatively low validity
of intake estimates from soyfood because they consist of four
different types of soybean-ingredient foods (soybeans, tofu,
deep-fried tofu, and natto). Indeed, the difference between sub-
jects in the second and third quartiles of isoflavone intake was
due mainly to a difference in the consumption frequency of
soyfoods (Table 2). The difference in results for soyfoods and
isoflavones may also be due to the composite nature of the
question on soyfoods. More valid estimates of soyfood intake
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might reveal monotonic relationships between soyfood and iso-
flavone intake and breast cancer risk.

A reduced breast cancer risk was also associated with other
Japanese eating habits including eating more rice, pickles, veg-
etables, fish, and less bread and butter (Yamamoto S: unpub-
lished data). Among these, some (rice, pickles, vegetables, and
fish) are commonly served with miso soup and soyfoods,
whereas others (bread and butter) are less commonly served with
them. Japanese eating habits, food items, or lifestyle might also
help to explain the low risk of breast cancer among this popu-
lation. Soy, however, showed the strongest associations after
adjustment for other foods and lifestyles and, on the basis of
experimental data, provides the most biologically plausible ex-
planation for reducing breast cancer risk. The relationship be-
tween soy or isoflavone intake and breast cancer risk should be
further investigated by collecting more cases, by more sophis-
ticated analyses, and by using a more intensive food-frequency
questionnaire such as that used in the 5-year follow-up survey of
our cohort (19). This further investigation may clarify different
roles for various soybean-ingredient foods on breast cancer risk,
which was suggested by our stratified analysis by menopausal
status in which a statistically significant relationship was ob-
served between soyfoods and breast cancer risk for postmeno-
pausal women. We plan to conduct a series of nested case–
control studies using stored blood samples collected at the
baseline survey and the 5-year follow-up survey (43) to eluci-
date the association between levels of serum isoflavones and the
risk of breast cancer (44).

In conclusion, in a prospective cohort study in Japan, we
found that frequent miso soup and isoflavone consumption re-
duced the risk of breast cancer. We found no evidence for such
an association for intake of soyfoods.
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M. Kinjo, T. Fukuyama, Okinawa Prefectural Ishikawa Public Health
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