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INTRODUCTION

Ovarian hormones are biomarkers for breast cancer risk. Soybean
consumption may be responsible in part for lower levels of ovarian
hormones and decreased rates of breast cancer in women in Asia
compared with Western populations. Soybeans contain a significant
amount of the isoflavones daidzein and genistein, which are weak
estrogens. The purpose of this study was to determine whether soya
feeding decreases circulating levels of ovarian hormones and gonadotropins. Ten healthy, regularly cycling women consumed a constant
soya-containing diet on a metabolic unit, starting on day 2 of a menstrual cycle until day 2 of the next cycle. Blood and urine samples were
obtained daily for one menstrual cycle before and during soy feeding.
The diet was calculated to maintain constant body weight, included 400
kilocalories from a 36-ounce portion of soymilk, and provided 113–207
mg/day (154.0 ⴞ 8.4 mg/day, mean ⴞ SE) of total isoflavones. For the
group, the soya diet provided more carbohydrate and less protein than
the home diets. Daily consumption of the soya diet reduced circulating
levels of 17␤-estradiol by 25% (P < 0.01, Wilcoxon signed rank test,
two-tailed) and of progesterone by 45% (P < 0.0001) compared with
levels during the home diet period but had no effect on luteinizing
hormone or follicle-stimulating hormone. Mean menstrual cycle length
did not change during the soya diet; a slight decrease in mean luteal
cycle length was marginally statistically significant (P ⴝ 0.06). Urinary
excretion of isoflavones was 33.8 ⴞ 5.3 mg/day (mean ⴞ SE) and when
expressed as percentage of intake, varied substantially (21.9 ⴞ 3.3% of
intake; range, 9.1–36.7%) among the subjects. Mean daily serum levels
of daidzein and genistein (free and conjugated forms) 15 h after
soymilk were 2.89 ⴞ 0.53 g/ml and 0.85 ⴞ 0.22 g/ml, respectively,
indicating systemic bioavailability of these substances. Secondary analyses by multiple regression showed that decreases in follicular and
luteal phase 17␤-estradiol levels were positively associated with urinary isoflavone excretion, an association affected by age, and were
inversely associated with decreases in protein intake. Decreases in
progesterone levels during the soya diet were inversely associated with
increases in intakes of genistein and were affected by the interaction of
the intakes of daidzein with energy or with fiber. Consumption of an
isoflavone-containing soya diet reduced levels of ovarian steroids in
normal women over the entire menstrual cycle without affecting gonadotropins. This suggests that at least under the conditions of this study,
soya-induced reductions of circulating ovarian steroids are not mediated by gonadotropins. Decreases in ovarian hormones are related to
isoflavones contained in soy and also to energy intake and other
components such as protein and fiber but not fat. Our results may
explain decreased ovarian hormone levels and decreased risk of breast
cancer in populations consuming soya diets and have implications for
reducing breast cancer risk by dietary intervention.

Breast cancer is a serious public health problem, especially in more
affluent Western countries (1). Geographic and ethnic differences in
breast cancer risk may be attributable in large part to environmental
factors (2– 6). Immigrants to Western countries who generally adopt
the dietary habits of the host country are at increased risk for breast
and other hormone-dependent cancers (2, 6 – 8). Epidemiological
studies have associated dietary consumption of soy products with a
reduced risk for breast and other cancers (9 –15). For example, in
premenopausal women in Singapore and pre- and postmenopausal
Asian women in California and Hawaii, breast cancer risk was inversely related to soy protein intake (10, 11, 13, 16). Consumption of
rice and tofu (a soy product) was inversely related to prostate cancer
risk among men of Japanese ancestry in Hawaii (9). Urinary levels of
phytoestrogens were lower in breast cancer cases compared with
case-controls (14, 17). These epidemiological observations are supported by results of animal studies in which soya feeding was protective against experimentally induced mammary and other organ
cancers (12, 18).
Ovarian hormone levels (19 –22) and related reproductive factors
(e.g., age of menarche, menopause, and parity; Refs. 4 and 5) are
known to influence breast cancer development. Increased levels of
estrogens in blood and urine correlate with increased risk for breast
cancer (22–24). Serum levels of estrogens and androgens are in
general lower in women who live in or have recently immigrated from
low-risk areas for breast cancer, such as rural China and Japan, than
in women from high-risk areas such as Britain and the United States
(20, 23, 25, 26). Large cohort studies, one involving women in New
York (27) and another the nationwide Nurse’s Health Study (28),
found a positive association of serum estrogens and androgens and
breast cancer development. 17␤-Estradiol stimulates breast and endometrium cell proliferation (21). Progesterone antagonizes the proliferative effect of 17␤-estradiol on the endometrium. However, the fact
that breast cell proliferation increases during the luteal phase of the
menstrual cycle, when progesterone concentrations are the highest,
suggests that progesterone may enhance breast cell proliferation
(21, 29).
Soya consumption may in part account for geographical variation in
breast cancer incidence. Soya contains many chemopreventive components, including Bowman-Birk protease inhibitors, inositol phosphates, phytosterols, saponins, and the isoflavones genistein and daidzein (12). Mechanisms underlying the oncoprotective effects of soya
have been studied in cell cultures and laboratory animals. For example, isoflavones have been shown to have estrogen agonist and antagonist effects and can induce differentiation and inhibit cell proliferation, angiogenesis, tyrosine kinase, and topoisomerase II.
Bowman-Birk protease inhibitor influences cell transformation. In a
previous study, we found that circulating ovarian hormone levels were
decreased by 1 month of soya consumption in six premenopausal
women when measured on 3 different days during the menstrual cycle
(30). Because of the cyclic nature of ovarian hormones, to better
assess their changes induced by a soya diet, we have measured
circulating levels of ovarian hormones and gonadotropins in 10
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ABSTRACT

SOY DIET AND OVARIAN HORMONES

women over an entire cycle once during usual home diets and once
during a soya diet.
MATERIALS AND METHODS

3
The abbreviations used are: GCRC, General Clinical Research Center; LH, luteinizing hormone; FSH, follicle-stimulating hormone; AUC, area under the concentration time
curve; BMI, body mass index; CV, coefficient of variation; LDL, low density lipoprotein;
HDL, high-density lipoprotein.
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Study Design. This was a longitudinal study that compared circulating
hormone concentrations in premenopausal women during a 3-month baseline
observation period while subjects consumed their usual home diets to those
during 1 month of a controlled diet that included soymilk. The study was
approved by the Institutional Review Board of the University of Texas Medical
Branch. Written informed consent was obtained from each subject.
Subject Selection. Subjects were premenopausal women who were healthy
as determined by history, physical examination, standard blood cell counts,
clinical chemistry determinations, and serum ferritin levels. Those who were
vegetarians or smokers, consumed more than two alcohol-containing drinks/
month, had experienced recent significant changes in weight or eating habits,
had taken antibiotics within the preceding 3 months, had irregular menstrual
cycles, or had taken contraceptive medications during the preceding 6 months
were excluded. Contraceptive medications were not allowed during the study.
Small doses of acetaminophen or aspirin were permitted. One subject was
taking replacement levothyroxine, 0.1– 0.25 mg/day, for hypothyroidism and
was determined to be euthyroid. Another was taking sertraline, 25 mg/day, for
mild depression before and during the study.
Baseline Study Period. Day 1 of each cycle (the first day of menstrual
bleeding) was recorded throughout the study. After enrollment, subjects underwent baseline studies as outpatients on the GCRC3 for at least 3 months but
no more than 6 months while consuming their usual home diets prior to being
placed on a soya diet for 1 month. Soy products were not part of the usual diet
of any subject, and all were instructed to avoid soy products during the baseline
observation period. The major purposes of the baseline observations were to
assure that the subjects had regular cycles and to record cycle length. During
the first month of the baseline period, blood was obtained on cycle days 5
(follicular phase), 12 (mid-cycle), and 22 (luteal phase) for measurement of
17␤-estradiol and progesterone. Subjects were retained in the study if luteal
phase progesterone levels exceeded 4 ng/ml. During the second month of the
baseline period, blood samples were collected on cycle days 5 and 7 and then
daily from day 9 through the second day of the subsequent cycle. After a rest
period of at least one menstrual cycle, subjects were studied as inpatients on
the GCRC beginning on cycle day 2 and discharged on cycle day 2 of the next
cycle. Intakes of energy, protein, carbohydrate, fat, and fiber during consumption of usual home diets were estimated using Block’s Health Habit History
Questionnaire (31), and the values were used for comparison with intakes
during the soya diet.
Soya Diet Period. Subjects consumed a soya-containing diet for one menstrual cycle on the GCRC. Meals and soymilk were consumed under direct
supervision. Soymilk used for this study was an homogenized, pasteurized
preparation containing no preservatives, purchased in lots (Banyang Food Co.,
Houston, TX), stored frozen, and thawed on the day of consumption by the
subjects. The soya diet, including both soymilk and non-soya foods, for each
subject was calculated to match that needed to maintain constant body weight,
based on the Harris-Bennedict equation, with adjustment for physical activity
(32, 33). The soya diet consisted of three rotating daily menus and included a
36-ounce portion of soymilk daily that provided 400 kilocalories, 37.9 g of
protein, 20.3 g of fat, and 16.6 g of carbohydrate (analysis by Protein Technology Inc., St. Louis, MO). The content of protein, carbohydrate, and fat did
not vary significantly between different lots of soymilk. Soymilk was ingested
between 5 and 8 p.m. without other foods and in place of the evening meal. The
energy distribution of the soya diet was 35.5% fat, 14.0% protein, and 50.1%
from carbohydrate daily, which is similar in macronutrient distribution to that
consumed by many residents of Western countries (34).
Subjects continued their usual daily activities, including work, study, and
exercise. Basal body temperatures were recorded daily to determine the time of
ovulation. Fasting blood samples were obtained between 7 and 9 a.m. on cycle
days 5, 7, and 9 and then daily until the second day of the next cycle for

measurement of 17␤-estradiol, progesterone, gonadotropins, daidzein, and
genistein. Two 12-h urine samples were collected daily starting on cycle day
2 and continuing until cycle day 2 of the next cycle for analysis of urinary
excretion of daidzein and genistein. Sera were separated and stored immediately at ⫺80°C until analysis. Urine samples were refrigerated during collection and then stored at ⫺20°C until analyzed.
Blood cell counts, liver function tests, serum calcium, phosphorous, creatinine, cholesterol, HDL, LDL, triglycerides, and ferritin were determined on
cycle days 3 and 15, as well as on day 2 of the next cycle during the baseline
and the soya diet periods. If the serum ferritin fell below 10 ng/ml during the
study, an oral iron supplement was provided.
Hormone Analysis. 17␤-Estradiol concentrations in the serum, after extraction with hexane and ethyl acetate (v/v, 3:2), were measured by a specific
RIA as described previously (35). Progesterone levels were measured by direct
RIA using commercial kits (Diagnostic Laboratory Inc., Webster, TX; Ref.
30). Blank and control sera were run with each assay. Assays were performed
in duplicate. Levels of LH and FSH were measured by immunoradiometric
assay using commercial kits (Diagnostic Laboratory, Inc.). The intra-assay
coefficients of variation were 4 – 8%, and inter-assay variation was 5–9%. All
of the samples from each subject, i.e., baseline and treatment samples, were
analyzed together in a single batch.
Analysis of Soya Isoflavones Genistein and Daidzein in Soymilk and in
Urine. Isoflavone content in soymilk and urine was analyzed by a gas chromatography flame ionization detection method as described previously (36).
Amounts of isoflavones in soymilk or urine were expressed as amounts of the
aglycone forms.
Serum Levels of Daidzein and Genistein. Serum levels of daidzein and
genistein were analyzed by competitive enzyme-linked immunoassays, using
monoclonal antibodies generated against daidzein and genistein, and horseradish peroxidase conjugates of daidzein and genistein as tracers, as described
previously (37, 38). The detection limit of the assay is 0.5 ng/well. Sera were
obtained ⬃15 h after soymilk ingestion, and daily blood samples of each study
cycle were individually measured for daidzein and genistein. Mean values for
the entire cycle were calculated.
Data Analysis. The outcome measures were serum concentrations of 17␤estradiol, progesterone, LH, FSH, and menstrual cycle length. Because of the
cyclic nature of these hormones, summary measures of the data were used in
the data analysis (39). The hormone data were expressed as AUCs, mean daily
levels, peak levels, and rates, as appropriate for assessing changes in hormones
over two entire cycles under the two different dietary conditions.
Serum levels of hormones, obtained once every other day initially and daily
after day 9 until day 2 of the next cycle, were used to calculate area under the
serum concentration versus time curves (AUC, concentration ⫻ time) using
WinNonlin software (Scientific Consulting, Inc., Cary, NC). AUC represents
the integrated or cumulative exposure to these cyclic hormones during each
dietary period. AUC was divided by the number of days to obtain the mean
daily level. Peak levels represent the maximum levels recorded during the
cycle and during the follicular and luteal phases. The rates of increase in
17␤-estradiol level leading up to the follicular (or mid-cycle) peak were
calculated for each subject by solving for the parameter b in the second order
polynomial regression equation: Y ⫽ intercept ⫹ bX ⫹ cX2, where Y is the
serum 17␤-estradiol level at day X of the cycle, using the day of the LH surge
as the reference point. The statistical analysis compared the b estimates from
before and during the soya diet. AUCs and mean daily levels were calculated
for the entire cycle and for the follicular and luteal phases using the day of the
serum LH surge as a reference point. The LH surge represents the end of the
follicular phase and the beginning of the luteal phase. For graphical analysis of
the time courses of hormone levels, values were plotted using the day of serum
LH surge as a reference point.
Each outcome summary measure, i.e., cycle length, AUC, mean daily
levels, peak levels, and rates of increase, was analyzed across the entire cycle
and then also within the follicular and the luteal phases. Most comparisons
were for within-subject changes and used paired t tests or Wilcoxon signed
rank tests.
Secondary analyses by multiple regression were carried out to further
explore the possible mechanisms of the hormone changes between home diet
and soya diet periods as related to study-associated variables. The equation for
the regression analysis for changes in hormone, Y, is
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Table 2 Intakes and urinary and serum levels of daidzein and genistein (expressed as
free forms) during the soya diet

Y ⫽ ␤ 0 ⫹ ␤1X 1 ⫹ ␤2X 2 ⫹ ␤3(X 1 ⫻ X 2) ⫹ ⑀

RESULTS
Subject Enrollment and Dietary Intakes. Ten of the 26 women
who were enrolled completed the study (Table 1). They were
(137 ⫾ 7)% (mean ⫾ SE) of ideal body weight and had regular cycles
(CV in cycle length during the 3-month baseline of 5.7–11%). Seven
were Caucasians, three were African-Americans, and nine were nulliparous. (Table 1). The demographic variables of the dropouts were
in general very similar to those who completed the study regarding
age (29.7 ⫾ 7.7 years; P ⫽ 0.31, Student’s t test), body weight
(69.9 ⫾ 13.9 kg; P ⫽ 0.77), height (1.7 ⫾ 0.7 m; P ⫽ 0.55), and BMI
(25.1 ⫾ 5.1 kg/m2; P ⫽ 0.40) except race (3 African-Americans, 1
Asian, 3 Hispanics, and 9 Caucasians). The dropouts all occurred
during the baseline observation period. The main reason for the
dropouts was frequency of blood drawing.
Body weight in all subjects who completed the study was not
significantly different during home and soya diet periods (Table 1).
For the group, average energy and fat provided by home diets and the
soya diet did not differ significantly. The soya diet on average
provided more energy from carbohydrate than did the home diets
(50.1 versus 45.3% of calories; P ⫽ 0.02), less energy from protein
(14 versus 17%; P ⫽ 0.01), and less fiber (6 versus 18.3%; P ⫽ 0.001;
Table 1). There was individual variation in these dietary differences.

Mean

SE

Intakes
Daidzein (mg/day)
68.8
3.7
Genistein (mg/day)
85.2
5.4
Isoflavones (mg/day)
154.0
8.4
Daidzein (mg/cycle)
1844.1
143.0
Genistein (mg/cycle)
2285.4
201.4
a
4129.5
329.6
Isoflavones (mg/cycle)
Urinary excretion
Daidzein (mg/day)
24.6
3.5
Genistein (mg/day)
9.2
1.9
Isoflavones (mg/day)
33.8
5.3
Daidzein (mg/cycle)
644.1
99.2
Genistein (mg/cycle)
240.5
49.7
Isoflavones (mg/cycle)
884.6
146.5
% intake excreted in urine (amount excreted/amount ingested)
Daidzein
35.1
4.2
Genistein
11.1
2.3
Isoflavones
22.0
3.3
Serum levels (sum of free and conjugated forms)
Daidzein (g/ml)
2.95
0.53
0.85
0.22
Genistein (g/ml)
a

Range
49.6–106.4
63.4–120.0
113–207
1190–2784
1522–3840
2712–6624
11.15–39.16
1.35–18.20
13.0–57.4
279–1131
36.5–437
350–1553
19.6–58.1
1.6–21.3
9.1–36.7
0.45–6.17
0.14–2.16

Isoflavone refers to both daidzein and genistein.

Intakes of Soya Isoflavones. The soymilk used in this and previous studies (36) contained the isoflavones daidzein and genistein,
mostly as conjugates (⬃85 mol-% glucoside conjugates and ⬃15
mol-% free). Because soybean isoflavone content varies with season
of harvesting and storage (40), there was variation in isoflavone
content between lots. Because different subjects ingested soymilk
from different lots, isoflavone intake varied among the subjects.
However, each subject ingested the same lot throughout the soyafeeding period.
Table 2 shows that subjects ingested 68.8 ⫾ 3.7 mg/day (n ⫽ 10)
of daidzein and 85.2 ⫾ 5.4 mg/day of genistein. The daily total
isoflavone intakes varied from 113 to 207 mg/day (154.0 ⫾ 8.4
mg/day). Because of interindividual variation in cycle length as well
as isoflavone content of the soymilk lots, isoflavone intake over entire
cycles varied from 2712 to 6624 mg/cycle (4129.5 ⫾ 329.6 mg/cycle).
The individual intakes were used to determine the association of
isoflavones and observed changes in various hormones (see below).
Urinary and Serum Levels of Isoflavones. Isoflavones were detected in all daily urine samples of the 10 subjects during the entire
soya-feeding period. There were large interindividual variations in
urinary excretion of daidzein and genistein, when expressed as total
cycle excretion, mean daily excretion (total cycle excretion/cycle
length), and percentage of intake excreted (CV, 46% for daidzein and
63% for genistein; Table 2). There was also considerable intraindividual variation in isoflavone excretion (CV, 26% for daidzein and
28% for genistein). Subjects excreted more daidzein (35.1 ⫾ 4.2%;
range, 19.6 –58.0%) than genistein (11.3 ⫾ 2.3%; range, 1.6 to 21.3%;

Table 1 Characteristics of study subjects
Home diet

Age, yr
Body weight, kg
Height, m
BMI, kg/m2
Cycle lengths, mean day
Variation in cycle lengths, CV, %
Total calories
% fat
% carbohydrate
% protein
Fiber, g

Soya diet

Mean

SD

Range

32.7
71.5
1.6
26.4
26.6
7.39
2277
36.2
45.3
17.0
18.3

6.6
13.7
0.1
4.7
1.6
1.78
785
6.6
5.6
3.2
7.8

23–42
52.9–97.9
1.56–1.74
19.43–36.85
25–29
5.7–11.0
1332–3440
24.2–45.6
38.1–57.6
12.7–24.6
7.1–29.5
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Mean

SD

Range

32.7
71.5
1.6
26.4
26.0

6.6
13.7
0.1
4.7
2.0

23–42
52.9–97.9
1.56–1.74
19.43–36.85
23–29

2341.1
35.5
50.1
14.0
6.0

156.9
0.9
0.7
0.5
0.8

2069–2576
34.3–37.0
49.0–51.0
13.3–14.7
5.2–7.2

P

0.79
0.74
0.02
0.01
0.001
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where ␤0 is the intercept and ␤1 is the parameter for one of the predictor
variables of isoflavone levels, i.e., intakes, plasma levels, or urinary levels of
daidzein, genistein, or the sum of daidzein and genistein. The second variable
in the model associated with parameter ␤2 can be viewed as a covariate
adjustment using one of the five possible variables for nutrients (i.e., home ⫺
soya values for: energy, protein, fat, carbohydrate, or fiber), age, or BMI. The
final term is the interaction of the two main effects, X1 and X2. The residual
error is denoted as ⑀. Each isoflavone level predictor variable was fitted
separately with changes in hormone levels expressed as AUCs, mean daily
levels, and peak values. Each of these models was then adjusted for age, BMI
(kg/m2), or nutrient intake variables. Because of the small sample size, it was
necessary to make each adjustment separately. To identify highly correlated
variables for the regression models (R ⬎ 0.5), pair-wise correlations were
computed. Because hormonal profiles are different in the follicular and luteal
phases, the models were obtained separately for the total cycle and for the
follicular and luteal phases. Not surprisingly, AUC, mean daily, and peak level
were influenced in the same manner by all factors examined, and therefore,
model results only for mean daily levels are presented. Likewise, because
results for the total cycle were generally consistent with the results of separate
analyses for the follicular and luteal phase, only the latter two are presented.
For brevity of presentation, groups of related regression models are reported as
a range of R2 values plus the maximum P (e.g., all P ⱕ 0.05).
All statistical analyses were performed using SAS (SAS Institute, Inc.,
Cary, NC). All results were expressed as mean ⫾ SE, and all Ps are from
two-tailed tests.
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Fig. 2. Effects of an isoflavone- and soya-containing diet on serum lipid levels in 10
premenopausal women. Women provided three blood samples at the beginning, middle,
and the end of a study cycle for one cycle before (Home) and for one cycle during soya
feeding (Soya) for the analysis of cholesterol, triglycerides, LDL, and HDL. For study
design, see the legend of Fig. 1. For statistical analysis, the average of all three measurements during the baseline period and the average of the last two measurements during
the soya diet period were compared using two-tailed, paired t tests.

Fig. 1. Urinary excretion of soya isoflavones during 1 month of soymilk ingestion by
10 premenopausal women. Women with regular menstrual cycles on a metabolic unit
ingested one 36-ounce portion of soymilk containing 70.7 ⫾ 5.0 mg of daidzein and
82.7 ⫾ 4.0 mg of genistein (85 mol-% as glucosides in soymilk) daily from cycle day 2
until day 2 of the next cycle with 24 h urine collection for the analysis of daidzein and
genistein. A, the mean percentage of intakes recovered (bars, SE of amount excreted/dose
of daidzein or genistein ingested) in relation to the day of LH surge in sera. B, the
individual mean daily urinary excretion of daidzein and genistein (mg/day) averaged for
each menstrual phase and the group mean. Ps refer to two-tailed, paired t tests.

tively; P ⫽ 0.006; genistein excretion, 9.97 ⫾ 1.99 mg/day and
8.62 ⫾ 1.73 mg/day during follicular and luteal phases, respectively;
P ⫽ 0.03; n ⫽ 10; Fig. 1B).
Effects on Serum Lipids. The effects of 1 month of soya consumption on serum lipid levels in this group of premenopausal women
are shown in Fig. 2. Cholesterol, triglycerides, LDL, HDL, and the
ratios of cholesterol to HDL were measured three times per cycle
during the baseline and during soya diet periods, generally at cycle
onset, mid-cycle, and at the end of the cycle. Averages during both
dietary periods were calculated, with exclusion of the first measurement in the soya diet period, because this was taken after only one day
of this diet. As shown in Fig. 2, during the soya diet period, the
average serum cholesterol decreased by 6% (P ⫽ 0.07, paired t test),
triglyceride by 17% (P ⫽ 0.08), HDL by 6% (P ⫽ 0.23), and LDL by
4% (P ⫽ 0.32). The ratios of cholesterol to HDL did not change
significantly (not shown).
Effects on Menstrual Cycle Length. As shown in Fig. 3, consumption of soymilk containing 113–207 mg of isoflavones/day for 1
month did not significantly alter menstrual cycle length (1.2% decrease; P ⫽ 0.51) or follicular phase length (2.7% increase; P ⫽ 0.67)
in this group of women but was associated with a decrease in average
length of the luteal phase that approached statistical significance (6%;
P ⫽ 0.07). By multiple regression analysis, decreases in luteal cycle
lengths among individuals were positively and significantly associated with the amounts of daidzein and genistein ingested or excreted
and with the decrease in protein intake during soya feeding, and there
was some evidence of an interaction between these two variables (R2,
0.51– 0.54; all P ⬍ 0.05).
Effects on 17␤-Estradiol Levels. Differences in 17␤-estradiol
levels were studied over the entire cycle as well as during the follicular and luteal phases. Because interindividual variation in cycle
length is largely attributable to variation in follicular phase length (43,
44), the day of the LH surge was used as a reference point for
separation of the follicular and luteal phases. The levels of 17␤estradiol averaged for each day were decreased over the full cycle
during soymilk ingestion (Fig. 4A), as were AUC (Fig. 4B), mean
daily level (AUC/cycle length), and peak levels (Fig. 4C) of 17␤estradiol in most subjects. These decreases in circulating 17␤-estradiol levels were evident when analyzed over the entire cycle, over the

4115

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2479047/ch150004112.pdf by guest on 24 September 2022

Table 2 and Fig. 1) as reported in previous studies (41, 42). Average
daily levels of daidzein and genistein (sum of free and conjugated
forms) over a cycle in serum were 2.95 g/ml (range, 0.45– 6.17
g/ml) and 0.85 g/ml (range, 0.14 –2.16 g/ml), respectively, with
substantial interindividual variation (Table 2).
In previous studies in which the initiation of soya ingestion was not
timed with the menstrual cycle, urinary excretion of isoflavones
decreased during 1 month of soymilk ingestion (42). In this study,
soymilk ingestion was timed to begin on cycle day 2. Because
follicular phase length tends to vary more than luteal phase length,
urinary excretion of isoflavones was plotted using the LH surge as a
reference point in time that separates the follicular and luteal phases
of the cycle. As shown in Fig. 1A, urinary excretion of ingested
isoflavones decreased progressively during the menstrual cycle such
that isoflavone excretion was greater during the follicular phase than
the luteal phase.
This was examined further by calculating average daily excretion
during the follicular and luteal phases for each subject. This confirmed
that the excretion of daidzein (in all 10 subjects) and genistein (in 8 of
10 subjects) were both greater during the follicular phase than the
luteal phase (daidzein excretion, 25.72 ⫾ 3.58 mg/day and
23.71 ⫾ 3.35 mg/day during the follicular and luteal phases, respec-

SOY DIET AND OVARIAN HORMONES

Effects on Progesterone Levels. Average daily levels of progesterone for the group of subjects during the luteal phase decreased
during the soya diet (Fig. 5A). The luteal phase AUC (Fig. 5B;
P ⫽ 0.002), mean daily level, and mean peak level (Fig. 5C;
P ⱕ 0.004) of progesterone were lower in all 10 subjects during the
soya diet than during the home diets. Progesterone levels were ⬃45%
lower over the total cycle during the soya diet period than during the
home diet period. Progesterone levels during the follicular phase were

follicular phase, and over the luteal phase. For the total cycle, follicular phase, and luteal phase AUCs (pg/ml ⫻ day), 17␤-estradiol
decreased by ⬃24% during soya diet feeding (all P ⬍ 0.04; Fig. 4B).
Average daily levels (pg/ml) of 17␤-estradiol were decreased by
19 –23% during the follicular and the luteal phases of the cycle
(P ⱕ 0.05; Fig. 4C). Maximal levels of 17␤-estradiol during the
follicular phase were suppressed to a similar degree during the soya
diet (⬃28%; P ⫽ 0.004; Fig. 4C).
17␤-Estradiol levels before the ovulatory peaks were fitted into the
regression model: Y ⫽ intercept ⫹ bX ⫹ cX2, where Y is the serum
17␤-estradiol level on day X of the cycle. The mean for regression
coefficient b was 96.0 ⫾ 15.2 (SE) for all 10 subjects while consuming their own home diets and 45.5 ⫾ 5.6 during the soya diet. The
mean difference in bs during the two dietary periods was 50.5 ⫾ 12.7
(P ⫽ 0.003). If one ignores the quadratic term, the soya diet decreased
the average rate of increase of 17␤-estradiol before the LH surge and
the total amount of 17␤-estradiol in serum over the full cycle.
The effects of intakes and levels of isoflavones, macronutrient
intakes, age, and BMI on soy-induced decreases in 17␤-estradiol were
examined by multiple regression analysis as described in “Materials
and Methods.” The results showed that during the soya diet, the
decreases of both follicular and luteal phase 17␤-estradiol levels were
positively associated with subject’s age and with the urinary levels of
daidzein, genistein, or the sum of daidzein and genistein, and with
plasma levels of genistein, but were inversely related to the interaction
of age and isoflavone levels (R2 ⫽ 0.60 – 0.80; P ⬍ 0.05 for follicular
phase levels; and R2 ⫽ 0.61– 0.68; P ⬍ 0.05 for luteal phase levels).
The decrease in 17␤-estradiol was also inversely associated with
change in protein intake (R2 ⫽ 0.53– 0.64; P ⬍ 0.05 for follicular
phase levels; and R2 ⫽ 0.81– 0.83; P ⬍ 0.001 for luteal phase levels),
either with or without adjustment for age or urinary isoflavone levels.
This suggests that a greater decrease in energy intake from protein
during the soya diet may blunt the inhibitory effect of isoflavones on
17␤-estradiol levels. This influence of protein intake on 17␤-estradiol
levels was greater during the luteal phase than during the follicular
phase. Changes in 17␤-estradiol were not predicted by variables such
as BMI, fat intake, carbohydrate intake, or fiber intake. None of these
independent variables singularly explained the outliers in Fig. 4.
Group mean changes did not differ between Caucasians and AfricanAmericans.
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Fig. 3. Effects of soya feedings on menstrual cycle lengths of 10 premenopausal
women. For study design, see the legend of Fig. 1. Subjects recorded day 1 of menstrual
bleeding during the baseline and the soya diet periods. Follicular phase lengths are days
between onset of menstrual bleeding and the day before LH surge. Luteal phase lengths
are days from LH surge day to the day before subsequent menstrual bleeding. Ps are from
two-tailed, paired t tests.

Fig. 4. Effects of 1 month of soya consumption on 17␤-estradiol levels in 10
premenopausal women. Women provided one blood sample on cycle days 5, 7, and then
daily from day 9 until day 2 of the subsequent cycle for one menstrual cycle while
consuming their home diet (Home) and for one cycle during the soya feeding (Soya). For
study design, see the legend of Fig. 1. A, the mean daily levels (means; bars, SE) of the
group in relation to the day of serum LH surge over the full cycle. B, the AUCs; C (log
Y-scale), individual mean daily levels of a cycle or a menstrual phase and individual peak
levels and their group average. Ps refer to a Wilcoxon signed rank test for differences of
ovarian hormones between the home diet and the soya diet.
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Fig. 5. Effects of 1 month of soya consumption on progesterone levels in 10 premenopausal women. A, mean daily levels for the group in relation to LH surge day; bars,
SE. B, individual AUCs; C, individual mean daily levels of a cycle or a menstrual phase
and individual peak levels and the group average. For study design, see legends of Figs.
1 and 4.

generally very low, as expected, and the difference during the two
dietary periods was not statistically significant (P ⫽ 0.84).
Multiple regression analysis showed that the higher the intake of
total isoflavone, in particular genistein, and the greater the decrease in
energy and fiber intake during soy diet, the less was the decrease in
progesterone level (R2 ⫽ 0.87– 0.90; all P ⱕ 0.002), with or without
adjustment for age and intakes of protein, carbohydrate, or fat. Intakes
of energy and fiber modified the influence of isoflavone and daidzein
dose (R2 ⫽ 0.87– 0.94; all P ⱕ 0.05), but not genistein dose, on
progesterone level change induced by the soya diet. Urinary or serum
levels of daidzein and genistein and the sum of these isoflavones were
not significantly related to changes in progesterone. When urinary or
serum isoflavone levels were included in the regression analysis,
energy, protein, carbohydrate, fat, and fiber intakes became significant predictors for changes in serum progesterone levels (R2 ⫽ 0.46 –
0.87; P ⬍ 0.05). By this analysis, providing more energy during the
soya diet compared with the home diet, for example, led to a greater

Fig. 6. Effects of 1 month of consumption of a soymilk-containing diet on mean (bars,
SE) cyclical levels of LH (A) and FSH (B) in premenopausal women. For study design,
see the legends of Figs. 1 and 4.
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soya-induced decrease in progesterone level. Other study-associated
variables, such as fat intake, carbohydrate intake, and age, were not
predictors for progesterone changes. Qualitatively, group mean
changes for African-Americans (n ⫽ 3) were greater than those of
Caucasians (n ⫽ 7) but without statistical significance.
Effects on Gonadotropin Levels. Circulating levels of gonadotropins LH and FSH were measured during both dietary periods to
determine whether the soya diet might influence 17␤-estradiol and
progesterone levels (Figs. 4 and 5) by decreasing the levels of these
gonadotropins, perhaps by the interaction of the weakly estrogenic
isoflavones genistein and daidzein with receptors in the pituitary and
hypothalamus. As shown in Fig. 6, consumption of the soya diet for
1 month did not influence the total cycle, mean daily, or peak levels
of LH and FSH.
Autocorrelation Analysis. The cycle profiles of ovarian steroids
and gonadotropins, as shown in Figs. 4 and 6, of our study subjects are
typical of those found in premenopausal women (44 – 46). These
figures indicate that intracycle variation is substantial for all individuals. To assess the within-subject correlation during one cycle of
home diet measurements, autocorrelations for each subject were plotted for progesterone and 17␤-estradiol (Fig. 7). These correlations
give information about how much a single measurement correlates
with previous measurements. For 17␤-estradiol (Fig. 7A), measurements within a few days (e.g., ⬍2 days) are highly correlated, but for
⬎4 days apart the correlations diminish. For progesterone (Fig. 7B),
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measurements within 3 days or ⬎10 days apart are highly correlated,
whereas the correlations drop off for measurements 3–9 days apart.
The negative correlations for measurements ⬎5 days apart reflect the
cyclic nature of these two ovarian hormones. The similarity of the
shapes and closeness of the lines for progesterone show that subjects
follow a similar cyclical pattern, whereas the more scattered pattern
for 17␤-estradiol shows higher between-subject variability.
DISCUSSION
By controlling daily energy and nutrient intakes and obtaining
blood samples for a full cycle, we have shown that soya feeding
effectively reduces circulating levels of 17␤-estradiol and progesterone (Figs. 4 and 5) and that this hormonal effect occurs throughout the
menstrual cycle. This expands the result of a prior study during which
subjects ate unrestricted while consuming soymilk as a supplement
(30). Furthermore, we have shown that soya feeding has no effects on
gonadotropins (Fig. 6). The soya diet also marginally shortened luteal
phase duration (Fig. 3) and reduced serum lipids (Fig. 2). Decreases
in serum 17␤-estradiol were observed during both the follicular and
the luteal phases of the menstrual cycle (Fig. 4), whereas decreases in
progesterone were observed only during the luteal phase, when progesterone synthesis in ovaries is more active (Fig. 5). The results
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Fig. 7. Plot of autocorrelation for increasing lags between days, for each subject. The
correlations were performed for observations between 2 and 15 days apart, because
autocorrelation estimates for lags ⬎15 days become unstable.

suggest that the synthesis and/or metabolism of these two ovarian
steroids may be affected by a soymilk-containing diet.
Secondary analysis by multiple regression, the use of which was
made possible by individual differences among subjects in intakes of
isoflavones (ranging from 113 to 207 mg/day; Table 2) and other
nutrients and in metabolism and disposition of ingested isoflavones
(Fig. 1) provided insight into other factors in the soya diet in addition
to isoflavones that may influence these ovarian hormones. After
adjustment for these variations, isoflavone intake and plasma and
urinary levels of isoflavones were found to be associated with soyainduced changes in ovarian hormone levels.
The isoflavones daidzein and genistein in soybeans are weak estrogens and may bind to estrogen receptors (47) in the pituitary and
hypothalamus and regulate ovarian hormone synthesis by influencing
production of gonadotropins. However, despite the high daily intakes
of isoflavones in this study (113–207 mg/day; Table 2), the levels of
LH and FSH (Fig. 6) were not significantly different between the soya
and the home dietary periods, even after controlling for individual
differences in intakes and urinary levels of isoflavones. These data
suggest that the inhibitory effects of the soya diet on ovarian steroid
hormone levels may not be mediated by gonadotropins. Two other
studies in which women ingested 45– 60 mg of isoflavones/day found
a suppressive effect on serum LH and FSH concentrations (48, 49). In
the present study providing isoflavone doses ⬎100 mg/day, no effects
on serum LH and FSH were observed compared with basal non-soya
diet (Fig. 6). This is consistent with the results of Duncan et al. (49).
In fact, in the present study peak LH levels were higher during soya
feeding in 8 of the 10 women. Comparisons of results from these
different studies suggest the possibility that low doses of isoflavones
may act as estrogen agonists in the hypothalamus and pituitary,
whereas high doses do not. Additional studies in humans over a wide
range of isoflavone dosages are needed to fully characterize whether
gonadotropins mediate the effects of soya isoflavones on ovarian
steroids. Alternatively, soya isoflavones may directly inhibit steroid
synthesis enzymes in ovaries, as has been suggested by in vitro studies
(50 –53).
Multiple regression analysis has shown that individual decreases in
17␤-estradiol level are not associated with individual differences in
isoflavone intake but are positively associated with individual plasma
and urinary levels of daidzein and genistein, and this association is
influenced by age. This result suggests that isoflavones play a role in
influencing 17␤-estradiol levels. The lack of correlation between
isoflavone intakes and changes in 17␤-estradiol is attributable to large
interindividual differences in plasma and urinary levels of isoflavones
(Fig. 1 and Refs. 41, 42, and 54). We showed previously that urinary
recoveries of ingested isoflavones varied from 3 to 80% (41, 42, 54).
Isoflavones in soy exist mostly as glucosides (glycones), and the
hydrolysis of these glycones to aglycones (free forms) by intestinal
flora is thought to be necessary prior to systemic absorption (55). The
large interindividual variability in urinary recovery of ingested isoflavones is attributable possibly to interindividual differences in composition of intestinal flora as discussed previously (41). Thus, plasma or
urinary levels of isoflavones may be better biomarkers of soya exposure than isoflavone intake per se.
In contrast to the positive association between individual levels of
isoflavones and individual decreases of 17␤-estradiol, the inhibitory
effect of soya on progesterone levels is inversely related to individual
intakes of genistein with or without controlling for age and intake
changes in macronutrients: protein, fat, and carbohydrate. The influence of daidzein intake on progesterone changes is affected by intakes
of energy and fiber. It was surprising that despite this strong inverse
relationship between isoflavone doses and decreases in progesterone,
there was no correlation between urinary and serum levels of genistein
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reduce ovarian hormone levels when measured on cycle days 5, 12,
and 22 (30). Therefore, two different study designs involving two
different groups of premenopausal women both have shown that
consumption of a soya diet can lower circulating ovarian steroid
hormone levels (30). The sample size of our study is small, and this
makes inference to a larger population difficult. However, as shown in
Fig. 5, all 10 subjects had decreases in progesterone levels during the
soy diet. On the basis of a binomial event, the lower bound of the 95%
confidence limits for the probability of success for 10 successes in 10
trials is 0.69. This implies that our results can be generalized to at least
70% of the population randomly sampled. Despite a small sample
size, our results are consistent with the observation in Japanese
women of a 25% reduction of 17␤-estradiol level after consumption
of soymilk containing 109 mg isoflavones daily and also with the
result of a cross sectional study showing an inverse relationship
between soya intake and 17␤-estradiol levels (64, 65).
The following additional studies showed effects of soya feedings on
ovarian steroids that differ from data presented here. With lower doses
of isoflavones (⬍65 mg/day) an increase (48, 66) or no effect (49, 63)
of soya feedings on serum 17␤-estradiol levels were found. Our
present and previous studies (30) have noted an effect of soya with
isoflavones on progesterone levels. Others have not noted such an
effect. The studies of Duncan et al. (49) and Petrakis et al. (66), which
did not control for energy intake, as was done in the present study, and
provided soya as a supplement, found no effects on 17␤-estradiol
levels. Our regression analysis indicates that endocrine effects of soya
feeding are complex and may relate to multiple dietary components,
including doses of isoflavones as discussed above and characteristics
of the subjects such as age, which may explain the differing endocrine
effects of studies of soya feeding.
As shown in Fig. 7, single measurements of blood ovarian hormone
levels have limited ability to project the actual cycle levels of ovarian
hormones in cycling women. Daily blood samples may have enhanced
the capacity of this study to detect changes in circulating ovarian
hormones. Differences in results among reported studies might also be
attributable in part to differences in soya preparations. The soya
preparation used in this study was a homogenate prepared from whole
soybeans and contained compounds other than isoflavones and might
differ from the preparations used by other investigators. The other
chemopreventive components of soya are Bowman-Birk protease
inhibitor, which was detected in our soya preparation, inositol phosphates, phytosterols, and saponins, and these have established biological effects in laboratory animals and in cell cultures (reviewed in
Refs. 12, 67). Whether the latter compounds can influence ovarian
steroids remains to be determined.
Serum concentrations of cholesterol and other lipids tended to
decrease during soya feeding (Fig. 2). These effects approached
statistical significance (P ⫽ 0.07– 0.08, in the two tailed t test; Fig. 2).
Small decreases in serum lipids have also been observed in other
studies in subjects with normal lipid levels (48, 68). Soya has been
reported to be quite effective in lowering serum lipids in hypercholesterolemic patients (69, 70). Given the role of fat in cancer risk (61),
a small decrease in serum lipids if it occurred over an extended period
might be significant for cancer risk reduction.
In summary, a diet maintaining energy intake and containing soya
and weakly estrogenic isoflavones is effective in reducing circulating
levels of ovarian hormones in premenopausal women without apparent effect on the levels of gonadotropins. Analysis of data suggests
that multiple components of the soya diet including isoflavones may
modulate ovarian hormone levels directly and the effect is not mediated by gonadotropins. Because decreased levels of ovarian hormones
may reduce breast cell proliferation and breast cancer risk, the results
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and daidzein and progesterone changes. When serum and urinary
levels of both isoflavones were included in the regression analysis, all
macronutrient intakes became significant predictors of progesterone
level changes. These data suggest that the macronutrient components
of the soya diet also influence progesterone levels. Dosage of genistein provided in soymilk in this study ranged from 63–100 mg/day. It
remains to be determined whether genistein intakes lower than 63
mg/day might have a different dose-response relationship with progesterone level changes. Dose-response relationships for genistein are
frequently biphasic or U-shaped in many biological systems. For
example, the effects of genistein on progesterone synthesis (50), cell
proliferation (56, 57), pituitary responsiveness to the stimulation of
gonadotropin-releasing hormone (58), and bone loss (59) can be
stimulatory or inhibitory, depending upon genistein dose. Additional
studies with lower doses of soya isoflavones are needed to fully
characterize human responses to soya isoflavone effects.
BMI and fat intake, each of which may influence hormone levels
and cancer risk (60, 61), do not explain the observed soya-induced
changes in ovarian steroid hormone levels, because none of our study
subjects gained weight during the month of soya feeding. This is not
surprising because the soya diet was eucaloric compared with the
home diets for the group. Total fat intakes for the group were similar
during both dietary periods (Table 1) and approximated the amounts
of fat (e.g., 35%) commonly consumed by populations in the United
States (34). Despite the high fat content, fat intake change is not a
predictor for hormonal effects. The study subjects consumed more
energy from carbohydrate by the soya diet than by the home diets
(Table 1), but this change in carbohydrate intake was not a predictor
of soya-induced inhibition of ovarian hormone levels. Protein intake
was somewhat lower during the soya diet than during the home diets
of this group of study subjects (14% versus 17% of total energy,
respectively; Table 1). This change in energy intake from protein
appears to have modified soya-induced changes in 17␤-estradiol but
not progesterone. The regression data suggest that increased energy
intake from protein during the soya diet enhanced soya-induced
inhibition of 17␤-estradiol levels and modified the influence of isoflavone levels on luteal phase lengths. Altered fat:carbohydrate (60) and
protein:carbohydrate ratios (62), where energy intake remains constant, have been shown to affect sex hormone levels. In this study, a
decrease in dietary protein appears to have lessened the isoflavonerelated reduction in 17␤-estradiol. More dietary intervention studies
are needed to determine the role of protein and other specific nutrients
on sex hormone levels in humans.
In the present study, in which the lengths of the follicular and luteal
phases were estimated based on daily measurement of serum LH, a
significant decrease in luteal phase length was observed after controlling for the isoflavone levels and change in protein intake. Effects of
soya feeding on menstrual cycle lengths have been examined in five
other studies (30, 48, 49, 63, 64), four of which showed an increase or
a trend toward an increase in the lengths of the follicular phase or total
cycle during soya ingestion (30, 48, 63, 64). By accurately measuring
the occurrence of serum LH surge day, we showed that soya feeding
significantly reduced luteal phase lengths after controlling for isoflavone levels. Because breast cells are more proliferative during the
luteal phase than the follicular phase, a shortening of the luteal phase
may reduce the length of time of proliferation of breast cells, and
thereby reduce the probability of neoplastic transformation and breast
cancer development.
In a prior study, in which women were provided the same amount
of soymilk as in this study for 1 month but began soymilk ingestion
3– 6 days after the onset of menstrual bleeding rather than on cycle
day 2 as in this study, and consumed self-selected hospital diets rather
than a controlled diet as in this study, soya feeding was found to

SOY DIET AND OVARIAN HORMONES

of this study have implications for breast cancer prevention by dietary
intervention.
ACKNOWLEDGMENTS
We thank Ann Livengood of the GCRC of The University of Texas Medical
Branch for designing the research diets; the excellent technical assistance of
Amy Nimmo, Emily Thomas, and Xin Ma; and the nursing and dietary
research assistance provided by the staff of the GCRC, University of Texas
Medical Branch.

REFERENCES

4120

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2479047/ch150004112.pdf by guest on 24 September 2022

1. ACS: Cancer Facts and Figures. American Cancer Society, Atlanta, GA, 1997.
2. Kolonel, L. N. Variability in diet and its relation to risk in ethnic and migrant groups.
Basic Life Sci., 43: 129 –135, 1988.
3. Parkin, D. M. Cancers of the breast, endometrium and ovary: geographic correlations.
Eur. J. Cancer Clin. Oncol., 25: 1917–1925, 1989.
4. Kelsey, J. L., and Horn-Ross, P. L. Breast cancer: magnitude of the problem and
descriptive epidemiology. Epidemiol. Rev., 15: 7–15, 1993.
5. Marshall, E. Search for a killer: focus shifts from fat to hormones in special report on
breast cancer. Science (Washington DC), 259: 618 – 621, 1993.
6. Ziegler, R. G., Hoover, R. N., Pike, M. C., Hildesheim, A., Nomura, A. M., West,
D. W., Wu-Williams, A. H., Kolonel, L. N., Horn-Ross, P. L., Rosenthal, J. F., et al.
Migration patterns and breast cancer risk in Asian-American women. J. Natl. Cancer
Inst., 85: 1819 –1827, 1993.
7. Shimizu, H., Ross, R. K., Bernstein, L., Yatani, R., Henderson, B. E., and Mack,
T. M. Cancers of the prostate and breast among Japanese and white immigrants in Los
Angeles County. Br. J. Cancer, 63: 963–966, 1991.
8. Parkin, D. M. Studies of cancer in migrant populations. IARC Scientific (Lyon), 123:
1–10, 1993.
9. Severson, R. K., Nomura, A. M. Y., Grove, J. S., and Stemmermann, G. N. A
prospective study of demographics, diet, and prostate cancer among men of Japanese
ancestry in Hawaii. Cancer Res., 49: 1857–1860, 1989.
10. Lee, H. P., Gourley, L., Duffy, S. W., Esteve, J., Lee, J., and Day, N. E. Dietary
effects on breast cancer risk in Singapore. Lancet, 337: 1197–2000, 1991.
11. Lee, H. P., Gourley, L., Duffy, S. W., Esteve, J., Lee, J., and Day, N. E. Risk factors
for breast cancer by age and menopausal status: a case-control study in Singapore.
Cancer Causes Control, 3: 313–322, 1992.
12. Messina, M. J., Persky, V., Setchell, K. D. R., and Barnes, S. Soy intake and cancer
risk: a review of the in vitro and in vivo data. Nutr. Cancer, 21: 113–131, 1994.
13. Wu, A. H., Ziegler, R. G., Horn-Ross, P. L., Nomura, A. M., West, D. W., Kolonel,
L. N., Rosenthal, J. F., Hoover, R. N., and Pike, M. C. Tofu and risk of breast cancer
in Asian-Americans. Cancer Epidemiol. Biomark. Prev., 5: 901–906, 1996.
14. Ingram, D., Sanders, K., Kolybaba, M., and Lopez, D. Case-control study of phytooestrogens and breast cancer. Lancet, 350: 990 –994, 1997.
15. Goodman, M. T., Wilkens, L. R., Hankin, J. H., Lyu, L. C., Wu, A. H., and Kolonel,
L. N. Association of soy and fiber consumption with the risk of endometrial cancer.
Am. J. Epidemiol., 146: 294 –306, 1997.
16. Seow, A., Shi, C. Y., Franke, A. A., Hankin, J. H., Lee, H. P., and Yu, M. C.
Isoflavonoid levels in spot urine are associated with frequency of dietary soy intake
in a population-based sample of middle-aged and older Chinese in Singapore. Cancer
Epidemiol. Biomark. Prev., 7: 135–140, 1998.
17. Zheng, W., Dai, Q., Custer, L. J., Shu, X. O., Wen, W. Q., Jin, F., and Franke, A. A.
Urinary excretion of isoflavonoids and the risk of breast cancer. Cancer Epidemiol.
Biomark. Prev., 8: 35– 40, 1999.
18. Troll, W., Wiesner, R., Shellabarger, C. J., Holtzman, S., and Stone, J. P. Soybean diet
lowers breast tumor incidence in irradiated rats. Carcinogenesis (Lond.), 1: 469 – 472,
1980.
19. Bernstein, L., Yuan, J. M., Ross, R. K., Pike, M. C., Hanisch, R., Lobo, R., Stanczyk,
F., Gao, Y. T., and Henderson, B. E. Serum hormone levels in pre-menopausal
Chinese women in Shanghai and White women in Los Angles: results from two breast
cancer case-control studies. Cancer Causes Control, 1: 51–58, 1990.
20. Key, T. J. A., Chen, J., Wang, D. Y., Pike, M. C., and Boreham, J. Sex hormones in
women in rural China and in Britain. Br. J. Cancer, 62: 631– 636, 1990.
21. Pike, M. C., Spicer, D. V., Dahmoush, L., and Press, M. F. Estrogens, progestogens,
normal breast cell proliferation, and breast cancer risk. Epidemiol. Rev., 15: 17–35,
1993.
22. Toniolo, P. G. Endogenous estrogens and breast cancer risk: the case for prospective
cohort studies. Environ. Health Perspect., 105: 587–592, 1997.
23. MacMahon, B., Cole, P., Brown, J. B., Aoki, K., Lin, T. M., Morgan, R. W., and
Woo, N. Urine estrogen profiles of Asian and North American women. Int. J. Cancer,
14: 161–167, 1974.
24. Bernstein, L., and Ross, R. K. Endogenous hormones and breast cancer risk. Epidemiol. Rev., 15: 48 – 65, 1993.
25. Goldin, B. R., Adlercreutz, H., Gorbach, S. L., Woods, M. N., Dwyer, J. T., Colon,
T., Bohn, E., and Gershoff, S. N. The relationship between estrogen levels and diets
of Caucasian American and Oriental immigrant women. Am. J. Clin. Nutr., 44:
945–953, 1986.
26. Shimizu, H., Ross, R. K., Bernstein, L., Pike, M. C., and Henderson, B. E. Serum
oestrogen levels in postmenopausal women: comparison of American Whites and
Japanese in Japan. Br. J. Cancer, 62: 451– 453, 1990.

27. Toniolo, P. G., Levitz, M., Zeleniuch-Jacquotte, A., Banerjee, S., Koenig, K. L.,
Shore, R. E., Strax, P., and Pasternack, B. S. A prospective study of endogenous
estrogens and breast cancer in postmenopausal women. J. Natl. Cancer Inst., 87:
190 –197, 1995.
28. Hankinson, S. E., Colditz, G. A., Hunter, D. J., Manson, J. E., Willett, W. C.,
Stampfer, M. J., Longcope, C., and Speizer, F. E. Reproductive factors and family
history of breast cancer in relation to plasma estrogen and prolactin levels in
postmenopausal women in the Nurses’ Health Study (United States). Cancer Causes
Control, 6: 217–224, 1995.
29. Anderson, T. J., Battersby, S., King, R. J. B., McPherson, K., and Going, J. J. Oral
contraceptive use influences resting breast proliferation. Hum. Pathol., 20: 1139 –
1144, 1989.
30. Lu, L. J. W., Anderson, K. E., Grady, J. J., and Nagamani, M. Effects of soya
consumption for one month on steroid hormones in premenopausal women: implications for breast cancer risk reduction. Cancer Epidemiol. Biomarker. Prev., 5:
63–70, 1996.
31. Block, G., Hartman, A. M., Dresser, C. M., Gannon, J., and Gardner, L. A data-based
approach to diet questionnaire design and testing. Am. J. Epidemiol., 124: 453– 469,
1986.
32. Harris, J. A., and Bennedict, F. G. A biometric study of basal metabolism in man. No.
279. Washington, DC: J. B. Lippincott, The Carnegie Institution of Washington
Publication, 1919.
33. Blackburn, G. L., Bistrian, B. R., Maini, B. S., Schlamm, H. T., and Smith, M. F.
Nutritional and metabolic assessment of the hospitalized patient. J. Parenteral. Enteral. Nutr., 1: 11–22, 1977.
34. McDowell, M. A., Briefel, R. R., Alaimo, K., Bischof, A. M., Caughman, C. R.,
Carroll, M. D., Loria, C. M., and Johnson, C. L. Energy and macronutrient intakes of
persons ages 2 months and over in the United States: Third National Health and
Nutrition Examination Survey, Phase 1, 1988 –1991. Advance data from vital and
health statistics, Vol. 255, pp. 1–23. 1994. Hyattsville, MD, National Center for
Health Statistics.
35. Nagamani, M., McDonough, P. G., Ellegood, J. O., and Mahesh, V. B. Maternal and
amniotic fluid steroids throughout human pregnancy. Am. J. Obstet. Gynecol., 134:
674 – 680, 1979.
36. Lu, L. J. W., Broemeling, L. D., Marshall, M. V., and Sadagopa Ramanujam, V. M.
A simplified method to quantify isoflavones in commercial soybean diets and human
urine after legume consumption. Cancer Epidemiol. Biomark. Prev., 4: 497–503,
1995.
37. Kohen, F., Lichter, S., Gayer, B., DeBoever, J., and Lu, L. J. The measurement of the
isoflavone daidzein by time resolved fluorescent immunoassay: a method for assessment of dietary soya exposure. J. Steroid Biochem. Mol. Biol., 64: 217–222, 1998.
38. Kohen, F., Gayer, B., Amir-Zaltsman, Y., Ben-Hur, H., Thomas, E., and Lu, L. J. W.
A nonisotopic enzyme-based immunoassay for assessing human exposure to genistein. Nutr. Cancer, 35: 96 –103, 1999.
39. Mathews, J. N. S., Altman, D. G., Campbell, M. J., and Royston, P. Analysis of serial
measurements in medical research. Br. Med. J., 300: 230 –235, 1990.
40. Wang, H-J., and Murphy, P. A. Isoflavone composition of American and Japanese
soybeans in Iowa: effects of variety, crop year, and location. J. Agric. Food Chem.,
42: 1674 –1677, 1994.
41. Lu, L. J. W., Grady, J. J., Marshall, M. V., Sadagopa Ramanujam, V. M., and
Anderson, K. E. Altered time course of urinary daidzein and genistein excretion
during chronic soya diet in healthy male subjects. Nutr. Cancer, 24: 311–323, 1995.
42. Lu, L. J. W., Lin, S. N., Grady, J. J., Nagamani, M., and Anderson, K. E. Altered
kinetics and extent of urinary daidzein and genistein excretion in women during
chronic soya exposure. Nutr. Cancer, 26: 289 –302, 1996.
43. McIntosh, J. A., Matthews, C. D., Crocker, J. M., Broom, T. J., and Cox, L. W.
Predicting the luteinizing hormone surge: relationship between the duration of the
follicular and luteal phases and the length of the human menstrual cycle. Fertil. Steril.,
34: 125–130, 1980.
44. Lenton, E. A., Lawrence, G. F., Coleman, R. A., and Cooke, I. D. Individual variation
in gonadotrophin and steroid concentrations and in the lengths of the follicular and
luteal phases in women with regular menstrual cycles. Clin. Reprod. Fertil., 2:
143–150, 1983.
45. Sherman, B. M., and Korenman, S. G. Hormonal characteristics of the human
menstrual cycle throughout reproductive life. J. Clin. Investig., 55: 699 –706, 1975.
46. Goebelsmann, U., and Mishell, D. R. The menstrual cycle. In: D. R. Mishell and V.
Davajan (eds.), Reproductive Endocrinology: Infertility and Contraception, pp. 67–
89. Philadelphia: F. A. Davis Company, 1979.
47. Martin, P. M., Horwitz, K. B., Ryan, D. S., and McGuire, W. L. Phytoestrogen
interaction with estrogen receptors in human breast cancer. Endocrinology, 103:
1860 –1867, 1978.
48. Cassidy, A., Bingham, S., and Setchell, K. D. R. Biological effects of a diet of soy
protein rich in isoflavones on the menstrual cycle of premenopausal women. Am. J.
Clin. Nutr., 60: 333–340, 1994.
49. Duncan, A. M., Merz, B. E., Xu, X., Nagel, T. C., Phipps, W. R., and Kurzer, M. S.
Soy isoflavones exert modest hormonal effects in premenopausal women. J. Clin.
Endocrinol. Metab., 84: 192–197, 1999.
50. Kaplanski, O., Shemesh, M., and Berman, A. Effects of phyto-estrogens on progesterone synthesis by isolated bovine ganuolsa cells. J. Endocrinol., 89: 343–348, 1981.
51. Gangrade, B. K., Davis, J. S., and May, J. V. A novel mechanism for the induction
of aromatase in ovarian cells in vitro: role of transforming growth factor ␣-induced
protein tyrosine kinase. Endocrinology, 129: 2790 –2792, 1991.
52. Makela, S., Poutanen, M., Lehtimaki, J., Kostian, M. L., Santti, R., and Vihko, R.
Estrogen-specific 17␤-hydroxysteroid oxidoreductase type I (E.C.1.1.1.62) as a pos-

SOY DIET AND OVARIAN HORMONES

53.

54.
55.

56.

57.

58.

59.

61.

62. Anderson, K. E., Rosner, W., Khan, M. S., New, M. I., Pang, S. Y., Wissel, P. S., and
Kappas, A. Diet-hormone interactions: protein/carbohydrate ratio alters reciprocally
the plasma levels of testosterone and cortisol and their respective binding globulins in
man. Life Sci., 40: 1761–1768, 1987.
63. Cassidy, A., Bingham, S., and Setchell, K. Biological effects of isoflavones in young
women: importance of the chemical composition of soybean products. Br. J. Nutr.,
74: 587– 601, 1995.
64. Nagata, C., Takatsuka, N., Inaba, S., Kawakami, N., and Shimizu, H. Effect of
soymilk consumption on serum estrogen concentrations in premenopausal Japanese
women. J. Natl. Cancer Inst., 90: 1830 –1835, 1998.
65. Nagata, C., Kabuto, M., Kurisu, Y., and Shimizu, H. Decreased serum estradiol
concentration associated with high dietary intake of soy products in premenopausal
Japanese women. Nutr. Cancer, 29: 228 –233, 1997.
66. Petrakis, N. L., Barnes, S., King, E. B., Lowenstein, J., Wiencke, J., Lee, M. M.,
Miike, R., Kirk, M., and Coward, L. Stimulatory influence of soy protein isolate on
breast secretion in pre- and postmenopausal women. Cancer Epidemiol. Biomark.
Prev., 5: 785–794, 1996.
67. Messina, M., and Barnes, S. The role of soy products in reducing risk of cancer.
J. Natl. Cancer Inst., 83: 541–546, 1991.
68. Nagata, C., Takatsuka, N., Kurisu, Y., and Shimizu, H. Decreased serum total
cholesterol concentration is associated with high intake of soy products in Japanese
men and women. J. Nutr., 128: 209 –213, 1998.
69. Anderson, J. W., Johnstone, B. M., and Cook-Newell, M. E. Meta-analysis of the
effects of soy protein intake on serum lipids [see comments]. N. Engl. J. Med., 333:
276 –282, 1995.
70. Baum, J. A., Teng, H. Y., Erdman, J. W., Weigel, R. M., Klein, B. P., Persky, V. W.,
Freels, S., Surya, P., Bakhit, R. M., Ramos, E., Shay, N. F., and Potter, S. M.
Long-term intake of soy protein improves blood lipid profiles and increases mononuclear cell low-density-lipoprotein receptor messenger RNA in hypercholesterolemic, postmenopausal women. Am. J. Clin. Nutr., 68: 545–551, 1998.

4121

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2479047/ch150004112.pdf by guest on 24 September 2022

60.

sible target for the action of phytoestrogens. Proc. Soc. Exp. Biol. Med., 208: 51–59,
1995.
Keung, W. M. Dietary estrogenic isoflavones are potent inhibitors of ␤-hydroxysteroid dehydrogenase of P. testosteronii. Biochem. Biophys. Res. Commun., 215:
1137–1144, 1995.
Lu, L. J., and Anderson, K. E. Sex and long-term soy diets affect the metabolism and
excretion of soy isoflavones in humans. Am. J. Clin. Nutr., 68: 1500S–1504S, 1998.
Axelson, M., Sjovall, J., Gustafsson, B. E., and Setchell, K. D. R. Soya: a dietary
source of the non-steroidal oestrogen equol in man and animals. J. Endocrinol., 102:
49 –56, 1984.
Peterson, G., and Barnes, S. Genistein inhibition of the growth of human breast cancer
cells: independence from estrogen receptors and the multi-drug resistance gene.
Biochem. Biophys. Res. Commun., 179: 661– 667, 1991.
Makela, S., Davis, V. L., Tally, W. C., Korkman, J., Salo, L., Vihko, R., Santti, R.,
and Korach, K. S. Dietary estrogens act through estrogen receptor-mediated processes
and show no antiestrogenicity in culture breast cancer cells. Environ. Health Perspect., 102: 572–578, 1994.
Faber, K. A., and Hughes, J. The effect of neonatal exposure to diethylstilbestrol,
genistein, and zearalenone on pituitary responsiveness and sexually dimorphic nucleus volume in the castrated adult rat. Biol. Reprod., 45: 649 – 653, 1991.
Anderson, J. J. B., Ambrose, W. W., and Garner, S. C. Biphasic effects of genistein
on bone tissue in the ovariectomized, lactating rat model. Proc. Soc. Exp. Biol. Med.,
217: 345–350, 1998.
Boyd, N. F., Lockwood, G. A., Greenberg, C. V., Martin, L. J., and Tritchler, D. L.
Effects of a low-fat high-carbohydrate diet on plasma sex hormones in premenopausal
women: results from a randomized controlled trial. Canadian diet and breast cancer
prevention study group. Br. J. Cancer, 76: 127–135, 1997.
Wynder, E. L., Cohen, L. A., Muscat, J. E., Winters, B., Dwyer, J. T., and Blackburn,
G. Breast cancer: weighing the evidence for a promoting role of dietary fat. J. Natl.
Cancer Inst., 89: 766 –775, 1997.

