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The association between soyfood intake and breast cancer
risk is controversial. Most of the epidemiologic studies
published on this topic in the 1990s were not designed to
specifically address this question. We conducted a popula-
tion-based, case-control study of breast cancer among
Chinese, Japanese and Filipino women in Los Angeles
County to further investigate the role of soy. Our primary
objective was to quantify breast cancer risks associated
with intake of soy during adolescence and adult life among
Asian-American women. During 1995–1998, we successfully
interviewed 501 breast cancer patients and 594 control
subjects. Intake of soy among Asian-Americans is still
relatively high; the median intake was 12 mg isoflavones/
day, approximately one-third of that reported in a recent
study in Shanghai, China. The risk of breast cancer was
significantly inversely associated with soy intake during
adolescence and adult life. After adjusting for age, specific
Asian ethnicity, education, migration history and menstrual
and reproductive factors, women who reported soy intake
at least once per week during adolescence showed a statistic-
ally significantly reduced risk of breast cancer. There was
also a significant trend of decreasing risk with increasing
soy intake during adult life. When we considered soy intake
during both adolescence and adult life, subjects who were
high-soy consumers during both time periods showed the
lowest risk (OR�0.53, 95% CI�0.36–0.78) compared with
those who were low consumers during both time periods.
Risk of breast cancer was intermediate among subjects
who were high-soy consumers during adolescence and low-
soy consumers during adult life (OR�0.77, 95% CI�0.51–
1.10). Based on a relatively small number of subjects, the
risk did not appear to differ between those who were low
consumers during adolescence and high consumers during
adult life. Results remained similar after adjustment for
other potential confounders including other dietary and
non-dietary risk factors for breast cancer. These results
show that high soy intake in childhood in Asian-Americans
is associated with reduced breast cancer risk. Risk may be
further reduced by intake as an adult.

Introduction

Since Lee et al. (1,2) first reported a reduced risk of breast
cancer in premenopausal women in relation to high soy intake

Abbreviations: BMI, body mass index; CI, confidence intervals; OR, odds
ratio.
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in Singapore, there has been tremendous interest to further
investigate the possible role of soy in reducing breast cancer
risk. During the 1990s, two prospective studies (3,4) and four
case-control studies (5–8) provided mixed results on dietary
soy intake and breast cancer risk (see ref. 4, summary). These
epidemiologic studies on soy and breast cancer were not
specifically designed to study the role of soy and the assess-
ments of soy intake were crude and incomplete, offering
limited information on dose–response relationships. In addition,
only some of the studies considered potential confounders in
their analysis. In 2001, large case-control studies conducted
in Shanghai, China (9,10) and among non-Asians in the San
Francisco Bay Area (11) were published, providing additional
information on soy intake and risk of breast cancer. Both
studies were well designed, carefully assessed the intake of
soy and other dietary factors, and considered both dietary and
non-dietary potential confounders in their analyses. Intake of
soy during adolescence was also considered in the Shanghai
study but not in the San Francisco study. In Shanghai, the risk
of breast cancer was reduced in association with reported soy
intake. Soy intake during adolescence conferred a strong
significant protective effect (10) and there was a non-significant
reduced risk associated with adult soy intake (9). Risk of
breast cancer was not associated with intake of soy in the San
Francisco study (11). However, daily median intake of soy
was substantially lower (1.6 mg of isoflavones) among the
San Francisco Bay Area non-Asians than in the Chinese in
Shanghai (33 mg of isoflavones).

Since 1995, we have been conducting a case-control study
of breast cancer among Asian-Americans in Los Angeles
County to investigate further the role of soy and breast cancer.
We report below, results from the first 501 cases and 594
controls interviewed on soy intake during adolescence and
adult life. Intake of soy among Asian-Americans is intermediate
between those of Chinese in Shanghai and non-Asians in the
San Francisco Bay Area. This study offers some further
insights regarding doses of soy intake in human diets and
timing of exposure in relation to breast cancer risk.

Materials and methods

This population-based, case-control study includes women who were identified
as Chinese, Japanese or Filipino, between the ages of 25 and 74 years at the
time of diagnosis of an incident breast cancer on or after January 1, 1995.
Cases were identified through the Los Angeles County Cancer Surveillance
Program, a population-based cancer registry that is a member of the National
Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER)
Program and the statewide California Cancer Registry. Of the 871 Chinese,
Japanese and Filipino women identified, 523 were interviewed (22 were
partially complete and excluded from the final analysis), 244 declined to be
interviewed (198 patients declined, 46 physicians declined to give permission
to contact the patient), 11 were deceased and 93 could not be located or had
moved outside of Los Angeles County. 594 controls were selected from the
neighborhoods where cancer cases resided at the time of diagnosis using a
well-established, standard algorithm to identify neighborhood controls that
the USC Epidemiology Program have used in numerous case-control studies.
Controls were frequency-matched to cases on specific Asian ethnicity and age
(�5 years). On average, a suitable control was identified after walking 61
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Table I. Characteristics of cases and controls, Los Angeles County (percents are shown)

All subjects Chinese Japanese Filipinos

Cases Controls Cases Controls Cases Controls Cases Controls

n 501 594 160 228 146 175 195 191
Age
�39 9.8 15.5 10.10 18.4 7.5 13.7 11.3 13.6
40–49 31.9 36.2 38.8 44.7 21.9 27.4 33.8 34.0
50–59 28.9 24.4 24.4 20.6 34.2 26.9 28.7 26.7
60–69 20.8 15.5 19.4 9.6 24.7 20.0 19.0 18.3
70� 8.6 8.4 7.5 6.6 11.6 12.0 7.2 7.3
Mean age 52.9 50.8a 52.0 48.5a 55.5 53.2 51.7 51.2
Birthplace
US born 25.1 27.4 13.8 13.6 68.5 72.0 2.1 3.1
Non-US born 74.9 72.6 86.3 86.4 31.5 28.0 97.9 96.9
Mean year in USb 18.6 17.2 17.3 15.4 30.0 25.4 16.8 16.9
Mean age at migrationb 33.0 32.5 33.9 33.2 22.0 23.5 35.0 34.2
Education
�High school 22.4 19.5 32.5 29.8 22.6 17.7 13.8 8.9
Some college 20.0 27.1 16.9 22.8 32.9 36.6 12.8 23.6
College graduate 40.0 37.9 33.8 30.3 28.8 30.9 53.8 53.4
�College 17.6 15.5 16.9 17.1 15.8 14.9 19.5 14.1a

Age at menarche
�11 17.1 15.9 6.4 7.9 25.5 25.1 19.6 16.8
12–13 50.0 53.1 51.9 48.2 49.0 57.1 49.2 55.3
14� 32.9 31.0 41.7 43.9 25.5 17.7 31.2 27.9
Mean age 13.0 13.0 13.4 13.4 12.7 12.5 13.0 12.8

Pregnancy
Never 21.9 12.0 17.0 8.3 20.5 17.7 27.1 11.1
Yes, no livebirth 4.4 4.9 2.5 3.1 5.5 6.9 5.2 5.3
1� livebirth 73.6 83.1 80.5 88.6 74.0 75.4 67.7 83.7
Mean no. livebirthsc 1.88 2.32a 1.94 2.19 1.73 1.80 1.94 2.94a

Current BMI�
Q1 (low) 28.7 25.3 35.7 35.7 32.6 22.5 19.8 15.4
Q2 20.8 25.1 24.7 27.1 22.9 26.0 16.0 21.8
Q3 22.5 24.2 17.5 19.0 18.8 25.4 29.4 29.3
Q4 28.0 25.4 22.1 18.1 25.7 26.0 34.8 33.5
Mean BMI 23.4 23.3 22.6 22.3 23.0 23.7 24.3 24.0

aP�0.05, comparison between cases and controls � current BMI was calculated as weight in kilograms divided by square of height in meters. The quartile
cut points are selected based on all control subjects (�20.9, 20.9–22.8, 22.9–25.0, �25.0).
bAmong non-US born.
cAmong all women.

houses. In 151 instances, a first suitable control refused to participate and a
second or later control was identified.

In-person interviews were conducted using a standardized, structured
questionnaire that covered demographic characteristics and migration history,
menstrual and reproductive history, body size, physical activity and diet
history. The diet questionnaire was developed in collaboration with Dr Jean
Hankin at the University of Hawaii and was modeled after the validated diet
instrument used in the Multiethnic Cohort Study being conducted in Hawaii
and Los Angeles (12,13). Dietary intake during the year prior to cancer
diagnosis (for cases) and interview (for controls) was determined. Soy intake
during adult life was estimated based on the intake pattern of 14 foods that
are rich in soy [miso soup or soups with tofu, tofu with pork or beef, tofu
with chicken, fish or shellfish, tofu and vegetables (no meat), fresh green soy
beans, dried soy beans, natto, fresh tofu, fried tofu, dried or pressed tofu,
Chinese vegetarian meats, western vegetarian meats, soymilk and soy bean
desserts]. The frequency of intake and the usual amounts consumed were
asked. The assessment of soy intake during adolescence (between ages 12
and 18) was crude, based on the usual frequency of intake of tofu (did not
eat, less than once a month, two to three times per month, one to three times
per week, four to six times per week, daily or more often) (this will be
referred to hereafter as adolescent soy intake). Using the Hawaii Food
Composition Database (13), total intake of isoflavones (mg per day) during
adult life was estimated based on total combined levels of daidzein, genistein
and glycitein measured in these soy foods.

Data analyses were based on 501 cases and 594 controls. Odds ratios (ORs;
relative risk estimates) and their corresponding 95% confidence intervals
(95% CIs) and two-sided P values were calculated by conditional logistic
regression analysis, with matched sets defined jointly by age (�39, 40–44,
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45–49, 50–54, 55–59, 60–64, 65–69, 70�) and specific Asian ethnicity
(Chinese, Japanese, Filipino) (14). All regression models also included as
covariates, education (less than high school, high school, some college,
college graduate, graduate), birthplace (US born, non-US born), age at
menarche (�12, 12–13, 14–15, 16�), parity (never pregnant, ever pregnant
but no live births, 1� live birth) (categorical), current body mass index (BMI)
(in quartiles), menopausal status (premenopausal, postmenopausal) and use
of menopausal hormones (never, former, current). Quartile cut points for
isoflavone intake were selected based on intake of isoflavones among all
control women. Isoflavone density expressed as intake per 1000 kcal was
used in all data analyses as a means for adjusting for total reported energy
intake. Quartile ORs were computed by defining the lowest quartile of intake
as the referent category. We also examined separately the risk estimates in
relation to specific soy foods, and we considered various models to adjust for
other potential confounders. These are described in the results. All P values
quoted are two-sided.

Results

Table I shows select demographic and lifestyle characteristics
of 501 cases and 594 controls. Cases were, on average, 2 years
older than controls, but were similar in terms of birthplace,
education, age at menarche and BMI. Cases were significantly
more likely to be nulliparous and had fewer livebirths.

Table II shows the mean daily intake of soy (in mg of
isoflavones among control subjects) by Asian ethnicity and
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Table II. Adult mean daily intake of soy (mg isoflavones) (�standard deviation) among control women, by Asian ethnicity and migration status [numbers are
shown in parentheses]

All subjects Chinese Japanese Filipino

All subjects 18.7 � 22.1 26.8 � 26.8 [228] 18.4 � 17.4 [175] 9.3 � 15.0 [191]
By birthplace
US born 14.3 � 14.3 11.6 � 10.3 [31] 15.3 � 15.3 [126] 7.5 � 6.2 [6]
Non-US born 20.4 � 24.3 29.2 � 27.8 [197] 26.6 � 20.0 [49] 9.4 � 15.2 [185]

By years lived in the US among the Non-US born
21� years 17.5 � 24.5 25.7 � 29.3 [51] 22.7 � 15.1 [27] 9.3 � 21.0 [69]
11–20 years 20.7 � 23.0 27.4 � 26.8 [74] 34.2 � 21.5 [15] 9.6 � 10.4 [62]
�10 years 23.2 � 25.1 33.7 � 27.4 [72] 25.4 � 30.3 [7] 9.1 � 10.6 [54]

Table III. Risk of breast cancer in association with intake of soy during adolescence and adult life, Los Angeles County

No. cases No. controls Adjusted ORa (95% CI) Adjusted ORb (95% CI)

Tofu intake during adolescence
Less than monthly 171 148 1.00 1.00
1–3 times/month 79 89 0.75 (0.48–1.15) 0.73 (0.47–1.14)
1–3 times/week 189 270 0.56 (0.38–0.82) 0.62 (0.42–0.92)
4� times/week 55 85 0.51 (0.31–0.84) 0.65 (0.38–1.10)
P trend 0.002 0.04
Adult intake of isoflavone
(mg/1000 kcal)
�1.79 148 130 1.00 1.00
�1.79–6.24 125 147 0.76 (0.53–1.09) 0.85 (0.59–1.24)
�6.24–12.68 124 150 0.69 (0.46–1.02) 0.80 (0.54–1.20)
�12.68 104 166 0.51 (0.33–0.78) 0.61 (0.39–0.97)
P trend 0.003 0.04
Adolescent tofu Adult isoflavone intakec

Low Low 190 182 1.00 1.00
Low High 60 55 0.93 (0.58–1.48) 1.02 (0.63–1.66)
High Low 80 94 0.77 (0.51–1.16) 0.88 (0.58–1.36)
High High 164 261 0.53 (0.36–0.78) 0.65 (0.43–0.97)
P trend 0.001 0.03

aConditional logistic regression models with matched sets defined jointly by age (�39,40–44,45–49,50–54, 55–59, 60–64, 65–69, 70�) and Asian-ethnicity
(Chinese, Japanese, Filipino) were employed. Birthplace, education, age at menarche, pregnancy, current BMI, menopausal status and use of menopausal
hormones were included as covariates in all models.
bFurther adjusted for intake of dark leafy greens during adolescence (�4 times/week, 4–6 times/week, daily), smoking history (no/yes), alcohol intake (no/
yes), physical activity (0,1–19, 20� years) and family history of breast cancer (no/yes).
cMonthly or less intake comprised low tofu intake during adolescence; weekly or more intake comprised high tofu intake during adolescence. Quartiles 1 and
2 defined low soy isoflavone intake during adult life; quartiles 3 and 4 represented high intake.

nativity. Intake of soy was highest among Chinese (26.8 mg/
day), intermediate among Japanese (18.4 mg/day) and lowest
among Filipino women (9.3 mg/day). In each Asian ethnic
group, intake of soy was higher in migrants than in US-born
women; intake level tended to slightly decrease with increasing
years of residence in the US for the Chinese and Japanese but
not for the Filipinos. Among Los Angeles County Asian-
Americans, tofu eaten by itself or in mixed dishes was the
main source of soy (based on isoflavones), accounting for
some 60% of the soy foods eaten; soymilk (12%), miso (9%),
fresh soy beans (5%), and other processed soy foods (5%)
each accounted for a relatively small portion of the total soy
intake (data not shown).

Table III shows the risk of breast cancer in association with
intake of soy during adolescence and adult life. The ORs
associated with adolescent tofu intake (less than once a month,
one to three times per month, one to three times per week,
four or more times per week, daily or more often) after
adjustment for demographic and menstrual and reproductive
factors were 1.00, 0.75, 0.56 and 0.51, respectively (P trend �
0.002). The adjusted ORs by quartile of isoflavone intake during
adult life after adjustment for demographic and menstrual and
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reproductive factors were 1.00, 0.76, 0.69 and 0.51, respectively
(P trend � 0.003). Table III also shows the results after
adjustment for intake of dark leafy greens during adolescence,
other adult lifestyle habits (e.g. physical activity, smoking,
alcohol) and family history of breast cancer (adjusted ORb,
Table III). In this final model which considered all the potential
confounders, the magnitude of the associations between risk
and intake of soy during adolescence (P trend � 0.04) and
intake during adult life weakened (P trend � 0.04).

We also classified subjects by their joint intake of soy during
adolescence and adult life (Table III). The reduced risk of
breast cancer was apparent among individuals who were high
consumers during both time periods (OR�0.53, 95% CI�
0.36, 0.78). There was some suggestion of a reduction in risk
among individuals who were high (i.e. at least weekly)
consumers during adolescence but were low consumers (below
median level of isoflavone intake) during adult life (OR�0.77,
95% CI�0.51–1.16). In contrast, there was no risk reduction
among high (above median level of isoflavone intake) soy
consumers during adult life who were low soy (i.e. monthly
or less frequent) consumers during adolescence (OR�0.93,
95% CI�0.58–1.48). Results remained similar after adjustment
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Table IV. Riska of breast cancer in association with intake of soy during adolescence and adult life by Asian ethnicity, birthplace, menopausal status and
intake of dark leafy greens during adolescence

[Cases/controls] Intake of tofu during adolescence Intake of isoflavones (mg/1000 kcal)-adult

Monthly or less �1–3�/week �4�/week P trend �1.79 �1.79–6.24 �6.24–12.68 �12.68 P trend

Asian ethnicity
Chinese [160/228] 1.00 0.90 0.65 0.29 1.00 0.44 0.70 0.47 0.25
Japanese [146/175] 1.00 0.34c 0.37 0.14 1.00 1.24 0.93 0.57 0.07
Filipino [195/191] 1.00 0.57c 0.58 0.03 1.00 0.75 0.51c 0.46 0.02

Birthplace
US born [126/163] 1.00 0.38c 0.57 0.22 1.00 0.81 0.71 0.41 0.06
Non-US bornb [375/431] 1.00 0.70 0.54c 0.03 1.00 0.78 0.74 0.58c 0.05

Age
�50 [209/307] 1.00 0.71 0.64 0.23 1.00 0.81 0.74 0.47c 0.04
50� [292/287] 1.00 0.56c 0.45c 0.01 1.00 0.65 0.61 0.48c 0.02

Menopausal status
Pre [208/289] 1.00 0.78 0.64 0.25 1.00 1.00 0.81 0.60 0.14
Post [283/304] 1.00 0.54c 0.41c 0.007 1.00 0.54c 0.57c 0.39c 0.005

Dark leafy green intake during adolescence
�3�/week [219/184] 1.00 0.60 0.61 0.08 1.00 0.75 0.74 0.40c 0.04
4�/week [277/405] 1.00 0.64 0.60 0.13 1.00 0.81 0.70 0.60 0.08

aConditional logistic regression models with matched sets defined jointly by age (�39,40–44,45–49,50–54, 55–59, 60–64, 65–69, 70�) and Asian-ethnicity
(Chinese, Japanese, Filipino) were employed. Birthplace, education, age at menarche, pregnancy, current body mass index, menopausal status and use of
menopausal hormones were included as covariates. In analyses that were stratified by specific variables, Asian-ethnicity (Chinese, Japanese, Filipino),
birthplace, and menopausal status were excluded accordingly. In stratified analysis by age (�50 vs 50�), relevant age groups were included in the regression
model for ages �50 and ages 50� years.
bIn the analysis among non-US born subject, years of residence in the US were also included.
c95% CI excluded 1.0.

for various potential confounders as described above (see
adjusted ORb, Table III).

The association between soy intake and breast cancer risk
was examined separately by various subgroups including Asian
ethnicity, nativity, age, menopausal status and high/low intake
of dark leafy greens (Table IV). This pattern of risk reduction
in association with soy intake during adolescence and adult
life was observed in each of the Asian ethnic groups although
the results were not statistically significant in some subgroups
(Table IV). Similarly, a reduced risk of breast cancer in
association with soy intake during both time periods of
exposure was observed among US-born Asians and migrants.
Results on soy were also in the same direction in younger
(age �50 years) and older (age 50� years) and in premeno-
pausal and postmenopausal women. Results were statistically
significant in both younger and older women and in post-
menopausal women. As intake of dark leafy greens during
adolescence may be a marker of intake of other components
of the more traditional ‘Asian diet’, we evaluated the soy-
breast cancer among high (four times or more per week) and
lower (three times or less per week) consumers of dark leafy
greens separately. An association between soy intake and risk
was observed among both high and lower consumers of dark
leafy greens.

In addition to isoflavones, other constituents in soy beans
may have beneficial effects on risk of breast cancer. Risk
reductions were observed in association with each type of soy
foods; significant risk reductions were observed for the main
sources of soy in this population which included tofu, eaten
by itself or in mixed dishes, fresh soy beans and fried tofu (P
trend � 0.05 for each of these foods). Reduction in risk was
also found in association with high intake of miso (P trend �
0.09) and intake of soy milk (P trend � 0.10).
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Discussion

This case-control study has been designed specifically to
investigate the role of traditional Asian whole soy foods in
association with breast cancer development among Asian-
American women in Los Angeles County. Our results suggest
that soy food intake during adolescence and adult life is
associated with a significant reduced risk of breast cancer.
Although the results on soy and risk did not reach statistical
significance in some subgroup analyses, this pattern of risk
reduction was consistently observed in each of the three Asian
ethnic groups studied, in US-born women and migrants, in
younger and older women, in premenopausal and postmenopau-
sal women and among high and lower consumers of dark leafy
greens. Our finding in relation to the timing of soy exposure
is particularly intriguing. Similar to the results reported by
Shu et al. (9) from Shanghai, soy intake during adolescence
had a significant effect on risk that was more pronounced than
the effect of adult soy intake. In addition, there is a suggestion
of lasting protection associated with high soy consumption
during adolescence. Subjects who were low-soy consumers
during adult life but were high-soy consumers during adoles-
cence showed a 23% reduction in risk, although this was not
statistically significant. In contrast, in the small group of
subjects who were low-soy consumers during adolescence and
high-soy consumers in adult life (60 cases and 55 controls),
there was little difference in their risk compared with women
who were low-soy consumers during both time periods. Studies
with larger sample sizes will be needed to confirm this result.
If true, it has important implications in terms of prevention
strategies using soy or other similar agents.

There is support from animal studies that early life exposure
to genistein, the main isoflavone in soy beans, may be
associated with a significant reduction in the number of
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chemically induced mammary tumors. Pharmacological
(genistein at 500 mg/kg body wt) (15) or physiological
doses of genistein (1 mg/kg body wt) were injected (16)
or physiological amounts (25 and 250 mg genistein/kg diet)
were added in the diet (17) in these experiments. These
investigators found that genistein exposure favorably influ-
enced mammary gland morphology, resulting in a reduction
in the number of terminal end buds and increasing the ratio
of lobules to terminal end buds (ratio of most differentiated
to least differentiated terminal ductal structures) (16,17). These
observations led to the hypothesis that early life exposure to
genistein may have a lasting benefit in terms of breast cancer
risk by enhancing mammary gland differentiation (18–20).

Other mechanisms that have been implicated focus on the
potential effects of soy on hormone production and metabolism
(19–21). Although not all consistent, there is accumulating
evidence from short-term dietary intervention studies and
cross-sectional studies that high soy intake may be associated
with reduced endogenous estrogen levels (see below). There
are also supportive data from in vitro studies that genistein
has inhibitory effects on several key enzymes involved in
estrogen metabolism including aromatase, 17β-hydroxysteroid
dehydrogenase and 3β-hydroxysteroid dehydrogenase (19,21).
Soy’s effect on breast cancer development may be intimately
related to genistein’s preferential binding to estrogen receptor
β (ERβ) and its potent repression of ERβ-mediated genes
while having less effect on estrogen receptor α (ERα)-mediated
genes (22,23).

If the beneficial effects of Asian soy foods on breast health
suggested in this and other studies can be accepted at face
value, how much soy food is needed? Until recently, little data
were available to evaluate the amount of soy foods needed to
have an effect on breast health as the assessment of soy intake
was relatively crude in most of the studies published in the
1990s (24). A picture is now emerging regarding dose–response
relationships between adult soy intake and breast cancer risk.
Intake of soy among the Asian-American women in Los
Angeles County (median daily intake of isoflavones was 12
mg) appears comparable with that consumed by Chinese
women in Singapore (25). However, intake in our study was
considerably lower than that in Shanghai (median daily intake
was 33 mg of isoflavones) (10). The much lower soy intake
among non-Asians in the San Francisco Bay Area (11) may
explain, in part, the null association reported in this large
study. In Shanghai, a reduction in risk was observed between
those in the lowest decile of soy intake (2.7 gm soy protein/
day or ~10 mg isoflavones/day) and those not in the lowest
decile of intake. However, there was not a smooth trend of
decreasing risk with increasing amounts consumed (10). A
plateau level may exist so that there may be little additional
benefit above a certain level of soy intake. It is of interest that
in Los Angeles County, the median soy intake (12 mg
isoflavones) is close to the lowest decile intake in the Shanghai
study (10 mg isoflavones). In our study, a risk reduction was
most apparent among individuals in the highest quartile of
intake (see Table III, adjusted ORb).

Our study represents one of three population-based, case-
control epidemiologic studies that has been designed specific-
ally to investigate further the role of soy in breast cancer risk
(10,11). The sample size of our study provided a power of at
least 80% to detect an OR of 0.6 between the upper and lower
quartile of soy intake. However, a larger sample size is needed
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to sort out definitively the effects of timing of soy exposure
and whether certain dietary or non-dietary risk factors modify
the soy-breast cancer association. Our study has the advantage
of including three Asian ethnic groups who are soy consumers,
but whose intakes differ considerably (daily mean intake of
isoflavones ranged from 9 mg among Filipinos to 27 mg
among Chinese) and providing a wide range for study. In
addition to the supportive evidence from some epidemiologic
studies (1–3,7–10), high intake of soy has been associated
with lower endogenous estrogen levels in cross-sectional
studies conducted in Asia (25,26) and in some short-term soy
intervention studies (see reviews in refs 19,21). Provocative
protective effects of soy on mammographic density have been
reported in a cross-sectional study of some 400 Chinese women
in Singapore (27). In this study, Jakes et al. (27) correlated
mammographic density with information on soy intake that
was obtained as part of a baseline assessment for a cohort
study in Singapore. Detailed information on various lifestyle
and dietary habits (including soy intake) was collected some
1.8 years prior to the mammographic examination. These
investigators found that dietary soy protein intake was signi-
ficantly inversely related to risk of mammographic density
patterns, providing corroborative evidence that high soy intake
may reduce breast cancer risk.

Notwithstanding, there are several limitations with this
case-control study. We were able to interview only 60% of the
reported cases. The largest loss was due to refusal by the cases
(23%) or their physicians (5%) or the subjects (11%) had
moved outside of Los Angeles County. This modest interview
rate raises several methodological issues, the most important
of which is the comparability of interviewed and non-
interviewed cases in terms of intake of soy, the primary
exposure of interest. Place of birth was available on some
60% of the subjects we failed to interview; 15% of these
women were born in the US. Among the cases we interviewed,
25% of them were US born. As intake of soy is lower among
US-born subjects and assuming that the pattern of soy intake
is similar between those we interviewed and failed to interview,
our estimate of risk associated with soy intake may be an
underestimate of the true association.

A second limitation that applies to this and other studies on
soy and breast cancer is the extent to which soy intake is a
marker of some other lifestyle factor or factors that are causally
related to breast cancer risk. We have attempted to address
this issue by carefully adjusting for potential confounders and
conducting subgroup analyses that may reveal such differences.
Adult intake of plant foods rich in fiber and various micro-
nutrients (e.g. carotenoids, vitamin C, folate) were not potential
confounders for the soy-breast cancer association in this
population. Although our assessment of dietary patterns during
adolescence was very crude, we have used intake of dark leafy
greens during adolescence as a surrogate marker of other
aspects of early life diet that might be important in breast
cancer risk. Interestingly, in more homogeneous eastern (9)
and western populations (28), few strong influences of dietary
intakes during adolescence on risk of breast cancer have
emerged.

In conclusion, results from this study of breast cancer in
Asian-Americans suggest that soy food intake, particularly
during early life, may have a lasting protective effect on breast
cancer risk. A much larger study is needed to sort out the
added benefits of adult soy intake and the levels of intake
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needed. Data on early life and adult intake of soy from
prospective cohort studies will be needed to confirm these
results from case-control studies.
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