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Effects of soy foods on ovarian function in
premenopausal women

AH Wu1, FZ Stanczyk 2, S Hendrich 3, PA Murphy 3, C Zhang 2, P Wan1 and MC Pike 1

Departments of 1Preventive Medicine and 2Obstetrics and Gynecology, University of Southern California, School of Medicine, Los Angeles, California, USA;
3Food Science and Human Nutrition, Iowa State University, Ames, IA, USA.

Summary It has been proposed that the high intake of soy foods among Asians may partly explain their lower rates of breast cancer,
perhaps by lowering endogenous oestrogen levels, although this has been inadequately studied. Twenty healthy cycling premenopausal
women (ten Asians and ten non-Asians) participated in a 7-month soy intervention study which was designed to investigate the effect of
supplementation on ovarian function. Asian soy foods (tofu, soymilk, green soybean peas) in the amount of approximately 32 mg of
isoflavones per day were added to the women’s diets for three menstrual cycles. The women’s baseline (two cycles) serum hormone levels
were compared to levels during soy intervention (three cycles) and levels after intervention (two cycles). During the entire study period,
subjects provided almost daily overnight urine samples and blood specimens during specified days of their menstrual cycles. The day of
urinary luteinizing hormone (LH) peak was used as a marker for the day of ovulation. Knowledge of day of ovulation allowed comparison of
hormone measurements at baseline to those obtained during intervention and recovery cycles with standardization of day of cycle. Soy
intervention was associated with a statistically significant reduction in serum luteal oestradiol level (–9.3%, P < 0.05), but there were no
significant changes in follicular phase oestradiol, follicular or luteal phase progesterone, sex hormone-binding globulin or menstrual cycle
length. This significant reduction in luteal phase oestradiol was, however, observed only among Asian (–17.4%) but not among non-Asian
(–1.2%) participants; urinary excretion of isoflavones was higher among Asians than non-Asians (29.2 vs 17.1 µmol day–1, P = 0.16) during
the intervention period. Thus, supplementation using traditional soy foods reduced serum oestradiol levels among Asian participants in this
study. Differences in the type of soy products (i.e. traditional soy foods versus soy protein products), amount of isoflavones, and race/ethnicity
of participants may have contributed to the divergent results. Larger soy intervention studies designed specifically to include participants of
different race/ethnicities and using both traditional soy foods and soy protein products providing comparable doses of isoflavones are needed
to definitively determine the effect of soy on ovarian function. © 2000 Cancer Research Campaign
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Historically, breast cancer rates in Asia are one-sixth of the ra
Whites in the USA. Corresponding to the lower breast cancer
in Asia, endogenous oestradiol levels are also lower among 
Asians compared to White women in the USA or UK (Wu 
Pike, 1995). Reasons for the lower endogenous oestradiol 
and lower breast cancer rates in Asians are not known.
hypothesis is that the traditionally high intake of soy in Asia
main source of isoflavones (one of two main classes of p
oestrogens in the human diet), may explain in part the lower b
cancer rates and oestrogen levels (Adlercreutz, 1990; Messin
Barnes, 1991). The mechanisms by which soy influences ri
breast cancer are not known. A predominant hypothesis focus
the potential effects of soy on hormone production and me
lism. There is currently only circumstantial evidence in suppo
this hypothesis. A small cross-sectional study of premenop
women in Japan reported an inverse association between int
soy foods and serum oestradiol levels (Nagata et al, 1997)
(Lu et al, 1996; Nagata et al, 1998) of five (Cassidy et al, 1
mpus
tudy
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Lu et al, 1996; Petrakis et al, 1996; Nagata et al, 1998; Du
et al, 1999) soy intervention studies in premenopausal wo
found a substantial reduction in serum oestradiol levels in ass
tion with soy supplementation. Both ‘positive’ studies (Lu et
1996; Nagata et al, 1998) used soy foods (instead of soy prot
isolates) and higher amounts of isoflavones than the other st
(Duncan et al (1999) used two doses; the higher dose was co
rable to that used in Nagata et al (1998)). We designed a 
to further investigate the effects of soy on ovarian function
premenopausal women using traditional Asian soy foods, a
protective effect observed in epidemiologic studies is base
populations consuming soy foods (not soy protein or isolates
part of the study design, we also collected daily morning u
specimens during the entire study in order that the dates of o
tion (based on peak levels of urinary luteinizing hormone (L
could be accurately estimated. Knowledge of the day of ovula
allowed us to evaluate hormonal responses to soy supplemen
after standardization for the day of blood specimen collection

SUBJECTS AND METHODS

Study subjects and data collection

Study participants were employees at the Health Sciences Ca
at the University of Southern California. We advertised the s
1879
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1880 AH Wu et al
and held several soy food-tasting luncheons to describe the o
tives of the study and requirements for participation. Intere
subjects completed a brief questionnaire that included informa
on demographic and selected lifestyle characteristics. Exclu
criteria included current or recent (within the last 12 months) p
nancy or lactation, irregular menstrual cycles, current use of 
or other hormonal contraceptives or hormones, history of chr
illness (e.g. diabetes) or cancer, current smoker and followi
special diet. Twenty women completed the study of at least s
menstrual cycles in a free-living environment.

The study protocol was approved by the University of South
California Institutional Review Board Human Subjec
Committee. The study consisted of a baseline period of 
menstrual cycles, a soy intervention period of three cycles a
‘recovery’ period of at least two cycles (eight of the 20 wom
completed an 8th month, i.e. had three recovery cyc
Throughout the duration of the study, participants were aske
consume their usual diets with added instructions to avoid in
of soy products during the baseline and recovery periods. Du
the soy intervention period, their usual diets were suppleme
with three traditional Asian soy foods (tofu, soymilk and froz
soybeans peas (edamame)) purchased by the investig
Subjects were instructed to consume 161 g of Mori-Nu Sil
Extra Firm tofu or 322 g of Eden soymilk or 75 g of Kimbo froz
soybean peas per day; these amounts of the three foods con
equivalent amounts of isoflavones. On the basis of published
food isoflavone levels (Coward et al, 1993), subjects w
permitted to consume any combination of the three foods 
provided an equivalent amount of isoflavone. The soy 
commenced on day 1 of the third menstrual cycle and ende
day 1 of the sixth menstrual cycle.

At study entry, subjects completed a questionnaire that a
about menstrual and reproductive history. During the stu
subjects completed a daily log which itemized consumption
alcoholic beverages, duration of physical exercise and consu
tion of any soy products during the months when they w
supposed to abstain from these foods. In addition, a daily ‘soy
was used to record the specific soy food and amount consu
during the soy intervention cycles. Four times during e
menstrual cycle (typically one recall per week), a 24-h diet re
was completed. Average intakes of energy, total and compon
of fat, protein, carbohydrate, cholesterol, dietary fibre and o
micronutrients were calculated for each menstrual cycle (f
records were analysed at the Nutrition Service Core at 
University of Hawaii).

Overnight daily voids were collected from participants dur
the study. Urine specimens were collected in plastic contai
containing 1 g of ascorbic acid. Subjects were instructed to 
prior to sleep and collect all subsequent voids including the 
morning one. The period of urine collection was at least 
A 100-ml aliquot of each urine specimen was taken for the s
and the remainder was discarded. The 100-ml aliquot was 
divided into 6 portions of 15–20 ml and stored at –20°C.
Creatinine (CR) was measured in all urine samples to standa
LH and isoflavone values. Blood specimens were obtained on
occasions (days 10–12 and days 20–22) of each menstrual 
allowed to clot and the serum was stored at –70°C. In the event
that menstrual cycles exceeded 28 days, blood specimens 
also collected on days 29, 36 and 43 (if applicable). Once
month at the time of blood collection, body weight and hip a
waist measurements were obtained.
British Journal of Cancer (2000) 82(11), 1879–1886
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Analysis of isoflavone levels in foods and urines

The same brand of soy foods was purchased and used durin
entire study. The total isoflavone levels (all 12 isomers 
daidzein, genistein, glycitein) in the soy foods (Mori-Nu Silke
Extra Firm tofu, Kimbo frozen soybean peas, and Eden soym
were determined by one of us (PM) nine times during the stud
assess variability in the amount of isoflavones in these foods. F
random urine samples (about one sample per week) per cycle 
selected and tested for urinary isoflavone levels to determ
compliance during the soy intervention period and avoidance
these foods during baseline and recovery (urinary isoflavo
analysis was conducted by Drs Patricia Murphy and Suza
Hendrich, Iowa State University). To determine both food a
urinary isoflavone levels, we used a high-performance liq
chromatography (HPLC) quantitation method, developed 
these investigators which hydrolyses isoflavone metabolites 
extracts and quantifies isoflavone aglycones (Wang and Murp
1994; Xu et al, 1994; Murphy et al, 1997).

Measurement of serum and urinary hormones

Hormone analyses were conducted by Dr Frank Z Stanczyk a
University of Southern California. Total oestradiol and proge
terone were measured in serum by validated spec
radioimmunoassay (RIA) methods following extraction (Sco
et al, 1978; Stanczyk et al, 1988). Urinary LH was measured by
immunoradiometric assay using the LH MAIA clone kit (Bioda
Diagnostics, Rome, Italy). SHBG was quantified by RIA utilizin
a commercial kit obtained from Diagnostics Systems Laborato
(Webster, TX, USA). Because the objective of this study was
test for differences in hormone profiles within individuals, th
urinary and serum hormone measurements for each partici
was performed in the same assay to reduce inter-assay variab
Urinary creatinine (CR) levels were measured colorimetrica
Cholesterol and triglyceride measurements were conducted 
commercial laboratory (Endocrine Sciences, Calabasas Hills, 
USA).

Statistical analysis

Daily urinary isoflavone excretion
Individual urinary isoflavone measurements were transform
logarithmically to achieve approximate normal distributions. W
calculated the daily urine isoflavone excretion as (isoflavo
concentration/CR concentration) × 1.2 g, where 1.2 g is the
assumed daily creatinine excretion (Krupps et al, 1982).

Standardization of hormone values
Our approach to ‘adjustment’ for day of the cycle was to calcul
‘standardized’ hormone values as follows. We first identified t
day when the urinary LH/CR level was a clear maximum a
assumed that day of ovulation was 1 day after this peak. 
follicular phase was defined as day 1 of the menstrual cy
through the day of the LH/CR peak, and the luteal phase 
defined as the remainder of the cycle through the last day be
the start of the next menses. Based on the ‘ovulation’ day (da
for a specific subject and menstrual cycle, each blood speci
was assigned a ‘true’ specimen collection day relative to ovula
(i.e. days –1, –2, –3, –4, etc. were assigned to specimens colle
prior to the day of ovulation, and days 0, +1, +2, +3, +4, etc. 
those collected at or after the day of ovulation).
© 2000 Cancer Research Campaign
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Table 1 Body mass index, serum lipid profile and dietary intake (mean ± s.d.)

Subjects Baseline Intervention Recovery

Body size All 23.1 ± 3.3 23.6 ± 3.5 23.7 ± 3.5
BMI (kg m–2) Asians 22.7 ± 4.1 23.1 ± 4.3 23.1 ± 4.4

Non-Asians 23.6 ± 2.4 24.2 ± 2.5 24.4 ± 2.5
Serum levels (mg dL–1

Total cholesterol All 169.6 ± 30.0 169.1 ± 26.7 170.7 ± 26.6
Asians 162.5 ± 30.7 161.9 ± 28.3 162.4 ± 26.4
Non-Asians 176.7 ± 29.0 176.1 ± 24.3 179.0 ± 25.4

HDL cholesterol All 59.8 ± 15.0 59.7 ± 13.3 60.5 ± 13.0
Asians 52.8 ± 10.9 53.6 ± 9.2 53.2 ± 8.9
Non-Asians 66.7 ± 15.8 65.6 ± 14.3 67.6 ± 12.6

LDL cholesterol All 92.3 ± 39.1 91.4 ± 40.0 90.1 ± 36.9
Asians 96.9 ± 50.8 92.1 ± 50.3 95.3 ± 45.1
Non-Asians 87.6 ± 24.6 90.3 ± 29.6 84.7 ± 28.1

Triglycerides All 86.3 ± 26.8 85.8 ± 23.9 87.7 ± 22.9
Asians 88.5 ± 30.6 87.3 ± 28.8 84.9 ± 27.1
Non-Asians 84.1 ± 23.8 84.1 ± 19.2 90.6 ± 18.8

Daily diet
% calories from fat All 33.2 ± 6.5 33.0 ± 4.8 33.4 ± 6.5

Asians 31.4 ± 6.4 32.7 ± 4.5 32.5 ± 4.8
Non-Asians 35.0 ± 6.3 33.3 ± 5.3 34.4 ± 8.1

% calories from All 15.9 ± 2.3 16.7 ± 2.4 16.0 ± 2.3
protein Asians 16.6 ± 2.7 17.5 ± 3.0 15.8 ± 2.8

Non-Asians 15.3 ± 1.8 15.9 ± 1.5 16.3 ± 1.8
% calories from All 51.0 ± 7.8 50.5 ± 5.0 50.8 ± 6.3
carbohydrates Asians 52.7 ± 7.5 50.1 ± 5.3 52.1 ± 6.1

Non-Asians 49.3 ± 8.2 50.8 ± 4.8 49.3 ± 6.5
Dietary cholesterol All 248.9 ± 130.1 236.3 ± 131.9 223.6 ± 121.1
(mg) Asians 300.7 ± 132.4 281.2 ± 140.7 244.3 ± 123.3

Non-Asians 197.0 ± 107.6 184.2 ± 100.3 193.2 ± 94.1
Dietary fibre (g) All 16.2 ± 4.3 18.6 ± 6.6 14.5 ± 5.1

Asians 17.4 ± 3.8 19.2 ± 6.8 14.6 ± 5.2
Non-Asians 15.0 ± 4.5 17.8 ± 6.4 14.3 ± 5.1
We then constructed a standard curve for oestradiol (and 
rately for progesterone and SHBG) by calculating the geom
mean of oestradiol values for each specific day of the mens
cycle (as defined above) utilizing all of the specimens collec
(Geometric mean values were calculated rather than mean v
because of the well-known skewed distribution of oestra
values.) ‘Adjusted’ oestradiol values were then calculated as
ratio of the measured oestradiol values to the values of
standard curve at the same day of the cycle. Adjusted horm
measurements were transformed logarithmically to ach
approximate normal distributions.

To evaluate whether serum hormone levels change in ass
tion with soy intervention, t-tests and analysis of varianc
(ANOVA) were conducted to compare the averaged log stand
ized ratios during baseline months to that obtained during i
vention and recovery months. Results shown in the tables
obtained by taking the exponential of the average difference i
standardized hormone levels between the study periods of int

A total of seven menstrual cycles (three intervention and 
recovery months) were excluded from data analysis because
specimens were unavailable for more than 3 days between da
and 22 of the menstrual cycle, and the LH peak could no
determined with confidence. Results are shown for analyses
included a total of 147 menstrual cycles (40 baseline, 57 inter
tion and 50 recovery). There were 13 other menstrual cycles (
baseline, seven intervention and three recovery) in which lu
© 2000 Cancer Research Campaign
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serum progesterone levels were below 3.0 ng ml–1 (a presumptive
marker of ovulation) (Israel et al, 1972) (range 0.35–2.76). Se
of these 13 specimens were collected 3 days after ovulation
three others were collected more than 10 days after ovula
Thus, the low progesterone levels of most of these samples m
related to the collection of samples either too soon or too late 
ovulation. We repeated all analyses after exclusion of these
menstrual cycles (referred to as the ‘clean’ analysis wh
included data on 134 menstrual cycles (37 baseline, 50 inter
tion and 47 recovery)).

RESULTS

The mean age of the 20 study participants was 34.1 ± 7.4 years
(range 21–44). An equal number of parous and nulliparous wo
(mean ages were 37.3 and 30.9 respectively) and an equal nu
of Asian and non-Asian (mean ages were 35.6 and 32.6 res
tively) participants were included. (Asians included six Chine
one Japanese, two Vietnamese and one Filipino; and non-As
included six whites and four Latinas.) There were only very sli
changes in body measurements during the study period in
subjects combined, or separately in Asians and non-As
(Table 1, data for circumferences of waist and hip and weight
shown). Similarly, there were no significant changes in total se
cholesterol or any of the lipid fractions during the study per
(Table 1). Intake of energy, fat, protein, carbohydrates (b
British Journal of Cancer (2000) 82(11), 1879–1886
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Table 2 Mean daily urinary excretion of total isoflavones/creatinine a(µmol day–1)

Subjects Baseline* Intervention* Recovery
Mean ± s.e. Mean ± s.e. Mean ± s.e.

All 0.34 ± 1.17 20.28 ± 1.26b 2.69 ± 0.56
Asians 0.31 ± 1.28 32.07 ± 1.27† 3.87 ± 0.66†
Non-Asians 0.36 ± 1.22 12.81 ± 1.42† 1.52 ± 0.27†

aGeometric means of total urinary isoflavone (daidzein, genistein, glycetein)/creatinine are
shown. bGeometric means of daidzein, genistein, glycetein (divided by creatinine) were 11.34,
6.39 and 1.27 respectively for all subjects combined; the corresponding levels were 17.00, 11.65
and 1.66 in Asian participants, and 7.56, 3.50 and 0.97 in non-Asian participants. *P < 0.05 for
difference in total urinary isoflavones/creatinine between baseline and intervention levels, for all
subjects combined and separately in Asians and non-Asians. †P < 0.05 for difference in total
urinary isoflavones/creatinine between Asians and non-Asians for the specific study period.

Table 3 Serum estradiol, progesterone and sex hormone-binding globulin levels during intervention and recovery months relative to baseline levels

Intervention/ Recovery/
Hormone Subjects Baseline (%) P-value Baseline P-value

(%)

Follicular oestradiol All 99.3 0.92 90.5 0.32
Asians 92.6 0.40 89.4 0.39
Non-Asians 106.0 0.54 91.4 0.58

Luteal oestradiol All 90.7 0.05 93.2 0.43
Asians 82.6 0.005 97.6 0.79
Non-Asians 98.8 0.87 88.8 0.47

Follicular progesterone All 99.4 0.96 106.4 0.55
Asians 96.5 0.84 101.5 0.94
Non-Asians 102.4 0.79 110.7 0.31

Luteal progesterone All 86.1 0.43 71.9 0.20
Asians 81.2 0.33 77.4 0.17
Non-Asians 90.9 0.77 66.3 0.43

Follicular SHBG All 98.5 0.80 98.1 0.78
Asians 85.1 0.08 94.9 0.68
Non-Asians 118.0 0.009 101.0 0.89

Luteal SHBG All 98.0 0.75 94.3 0.38
Asians 87.7 0.18 94.9 0.68
Non-Asians 116.4 0.05 96.6 0.65
absolute intakes and as per cent of calories), fibre and va
micronutrients, based on dietary recalls, also did not ch
significantly during the study period (Table 1).

On a per gram basis (wet weight), the total isoflavone (a
isomers of daidzein, genistein and glycitein) content found in
test foods was as follows: highest in tofu (0.247 mg g–1), inter-
mediate in soybean peas (0.197 mg g–1) and lowest in soymilk
(0.075 mg g–1). On the basis of these results, the isoflavone co
of 1 g of tofu is approximately equivalent to 1.2 g of soybean
3.3 g of soymilk. Using these isoflavone content values,
calculated that the mean daily isoflavone intake among s
participants during the intervention months was 32.0 ± 10.5 mg
(36.2 ± 12.0 mg in Asians, and 27.7 ± 7.0 mg in non-Asians
P = 0.07).

Each specific urinary isoflavone (daidzein, genistein, glycit
and total isoflavone/CR increased significantly (P < 0.001) during
soy intervention compared to baseline levels; this increase
observed in both Asians and non-Asians (Table 2 shows da
total isoflavones). Although baseline urinary isoflavone excret
did not differ between Asian and non-Asian participants (
were low for both groups), levels of the individual and t
isoflavones were significantly higher among Asian compare
British Journal of Cancer (2000) 82(11), 1879–1886
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non-Asian participants during the intervention period (32.1
12.8µmol day–1) (P = 0.04). The difference in urinary isoflavon
levels between Asians and non-Asians diminished after ad
ment for isoflavone intake (29.2 ± vs 17.1µmol day–1, P = 0.16).
During the intervention period, the sources of isoflavones did
differ between the two groups. Soymilk, tofu and soybe
accounted for 46%, 50% and 4% respectively, of soy intake am
Asian participants; the corresponding figures were 50%, 46%
4% among non-Asian participants. Urinary isoflavone lev
returned almost to baseline levels during the recovery month
they remained higher in Asian compared to non-Asian particip
during the recovery period.

Cycle length did not change during the study period. 
average cycle length was 29.2 ± 3.4 days during baseline
29.3 ± 3.8 days during intervention and 29.5 ± 5.6 days during
recovery. Both follicular and luteal phase length remai
unchanged: the mean follicular phase length was 16.5, 16.7
17.3 days respectively, while the corresponding luteal phase le
was 12.7, 12.5 and 12.2 days. The peak urinary LH level and
average follicular and luteal phase LH levels were not sign
cantly different during intervention compared to baseline lev
(data not shown). Results for cycle length and urinary LH w
© 2000 Cancer Research Campaign
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Table 4 Summary of soy dietary intervention and serum hormone response in premenopausal women. Published studies are ordered by increasing dose of
soy (mg of isoflavones per day) added during the intervention period

Study Blood specimen Cycle length Estradiol Pg SHBG LH
collection (intervention vs (intervention (intervention (intervention (intervention

baseline) vs baseline) vs baseline) vs baseline) vs baseline)

Cassidy et al, 1994a Bloods every 3 T: ↑ 5.4% F: ↑ 47.2% L: ↓ 14% T: ↓ 2.6% M: ↓ 66.5%
(1) 6 women in 1994 days – early F: ↑ 16.7% L: no change F: ↓ 1.8%
(2) 1 month morning L: ↓ 8% M: ↑ 9.9% L: ↓ 5.2%
(3) soy protein
(4) 45 mg isoflavones day–1

(5) 12.8 µmol day–1

Petrakis et al, 1996 Variable NA T: ↑ 18% T: ↓ 41% T: ↓ 36% NA
(1) 14 women
(2) 6 months
(3) soy protein isolate
(4) 74 mg isoflavones day–1

(5) 69.8 µmol day–1

Duncan et al, 1999 Bloods every LS vs C LS vs C LS vs C LS vs C LS vs C
(1) 14 women other day T: ↑ 2.1% MF: ↑ 9.0% MF: ↑ 22.4% No change MF: ↑ 1%
(2) 3 cycles + 9 days beginning 7 days MF: ↑ 3.6% ML: ↓ 6.4% ML: ↓ 16.8% ML: ↓ 4.0%
(3) soy protein powder, after LH surge in ML: no change

@ 3 doses menstrual cycle 2
(4) control [C] = 10 mg isof day–1 until end of diet HS vs C HS vs C HS vs C HS vs C HS vs C
low soy [LS] = 64 mg isof day–1 period T: ↑ 1.4% MF: ↑ 5.0% MF: ↓ 3.9% No change MF: ↓ 5.6%
hi soy [HS] = 128 mg isof day–1 MF: ↓ 3.6% ML: no change ML: ↓ 12.6% ML: ↑ 8.8%
(5) [C] = 4.9 µmol day–1 ML: ↑ 5.5%

[LS] = 23.4 µmol day–1

[HS] = 49.8 µmol day–1

Nagata et al, 1998 Morning bloods Entire group Entire group NA Entire group NA
(1) 31 women on soy [S], on day 11 of [C]: ↓ 2.7% [C]: ↑ 3.9% [C]: ↑ 3.5%

29 on control diet [C] cycles 1 and 3 [S]: ↑ 4.3% [S]: ↓ 27.3% [S]: no change
(2) 2 months
(3) soymilk Subgroupb Subgroupb Subgroupb

(4) 109 mg isofl day–1 for [S]; [C]: ↓ 1.7% [C]:↑ 10.4% [C]: ↑ 2.0%
18 gm isofl day–1 for [C] [S]: ↑ 5.1% [S]: ↓ 33.3% [S]: ↓ 3.4%

(5) NA
Lu et al, 1996 Blood samples T: ↑ 12.4% T: ↓ 62% T: ↓ 35% NA NA
(1) 6 women before and 1 day LF: ↓ 81%
(2) 1 month after starting L: ↓ 49%
(3) soymilk soymilk, at
(4) 216 mg isofl day–1 weekly intervals
(5) NA during soy

feeding
Wu et al (current study) Bloods on days T: no change F: no change F: no change F: ↑ 1.5% NA
(1) 20 women 10–12 and 20–22, F: no change L: ↓ 9.3% L: ↓ 13.9% L: ↑ 2.0%
(2) 3 months every cycle L: no change
(3) tofu, soymilk, soybean
(4) 32 mg isofl day–1

(5) 20.3 µmol day–1

aThese investigators reported in a letter (Setchell et al, 1995) that when results from three additional women were combined with those of the six subjects in
Cassidy et al (1994), the increase in follicular phase plasma oestradiol levels in association with soy supplementation was smaller (↑ 16%) and was not
statistically significant. bSubgroup included only women from whom blood samples were obtained on the same day or 1 day apart of the menstrual cycles 1 and
3. (1) Subjectsa; (2) duration of soy feeding; (3) type of soyfood; (4) isoflavones (mg day–1) during feeding; (5) urinary isoflavones (µmol day–1) during feeding.
T = total cycle; F = Follicular; l = Luteal; M = mid cycle; MF = midfollicular; ML = midluteal; LF = late follicular
similar in Asians and non-Asians, and were comparable whe
repeated the analysis restricted to the ‘clean’ dataset. Chan
serum oestradiol, progesterone and SHBG levels during the 
are shown in Table 3. In all subjects combined, luteal p
oestradiol levels were reduced statistically significantly (–9.
P = 0.05) during soy intervention compared to baseline oestr
level, but this was not observed for follicular phase oestra
levels (–0.7%, P = 0.92). Luteal phase progesterone levels w
also lower while SHBG levels were similar to baseline lev
© 2000 Cancer Research Campaign
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none of these differences were statistically significant. Level
oestradiol, progesterone and SHBG during recovery months
not differ significantly from baseline levels. Results were sim
when we repeated the analyses restricted to the ‘clean’ da
although the reduction in luteal phase oestradiol levels 
reduced slightly (–8.9%, P = 0.06).

Although not in the original study design, we conducted eth
specific analysis because of the higher urinary excretion
isoflavones during intervention among Asians. Among As
British Journal of Cancer (2000) 82(11), 1879–1886
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1884 AH Wu et al
participants, both follicular (–7.4%) and luteal phase oestra
(–17.4%) decreased in association with soy supplementa
although only the change during the luteal phase was statisti
significant (Table 3). Among non-Asian participants, there w
no reductions in serum oestradiol levels but there were statisti
significant increases in both follicular and luteal phase SH
levels (Table 3). Results were unchanged when we restricte
analysis to the ‘clean’ dataset. Urinary excretion of isoflavone 
not, however, correlated with the difference in serum luteal oe
diol in all subjects combined (P = 0.66) or separately in Asia
(P = 0.84) and non-Asian (P = 0.95) participants.

DISCUSSION

Intake of soy (in isoflavone units) in Asia was first reported to
around 150–200 mg per day (Cassidy et al, 1994). Howe
studies which provided details regarding the amounts of spe
types of soy foods consumed and their corresponding isofla
levels found a much lower intake in Japan and China, betwee
and 40 mg of isoflavones per day (Nagata et al, 1998; Chen 
1999; Wakai et al, 1999). The higher values initially repor
appear to have been based on the assumption that soy 
contain 2–3 mg of isoflavones per gram, when these levels a
primarily to whole soybeans, a form of soy food not ve
commonly consumed in Asia (Adlercreutz et al, 1991; Nag
et al, 1998; Chen et al, 1999; Wakai et al, 1999). Recent stu
(Franke et al, 1999; Murphy et al, 1999) confirmed that commo
consumed Asian soy foods (e.g. soymilk, tofu, miso) con
substantially lower isoflavone levels (0.10–0.35 mg g–1) than
whole soybeans; these values also tend to be lower than previ
published values. Failure to normalize for molecular weight dif
ences of the isoflavone isomers (Franke et al, 1999; Murphy e
1999) and inadequate accounting for moisture factor may exp
in part higher isoflavone values. The average amount
isoflavones (32.0 mg day–1) consumed by participants in our stud
during the intervention period is within the range of curr
isoflavone intake in Asia (Nagata et al, 1998; Chen et al, 19
Wakai et al, 1999).

Soy may reduce the risk of breast cancer by affecting ova
function, specifically endogenous oestrogen levels. This s
provided some support that soy supplementation in the amou
about 30 mg of isoflavones per day over 3 months is assoc
with a statistically significant 9% reduction in luteal phase oes
diol. This reduction in serum oestradiol was confined to As
participants who consumed more soy isoflavones (mean d
intake was 9 mg of isoflavones higher than non-Asians) 
excreted higher isoflavone levels during intervention than n
Asian participants. However, it is not clear that this difference
reported soy intake contributed to the difference in horm
response, as there was no significant correlation between cha
in serum oestradiol levels and urinary isoflavone levels in
subjects combined or separately in Asians and non-Asians. O
larger study designed specifically to evaluate possible et
differences in hormonal response can resolve this question.

Table 4 summarizes the five published soy intervention stu
in premenopausal women, showing differences in study des
including the type of soy products used, the amount of isoflavo
added (range 45–216 mg) and the duration of supplementa
One was conducted among native Japanese and the othe
were conducted presumably among non-Asians in the USA o
UK. Serum oestradiol was measured in all five studies, whe
British Journal of Cancer (2000) 82(11), 1879–1886
ol
n,
lly
e
lly
G
the
s
a-

e
r,

fic
ne
15
 al,
d
ods
ly

ta
ies
ly
in

sly
-
al,
in

of

t
9;

an
y

 of
ted
-

n
ily
d
-

n
e
ges
ll
y a
ic

es
n,
es
n.

four
he
as

progesterone, SHBG, LH and cycle length were measured in
some studies. The manner in which changes in ovarian fun
(i.e. timing and frequency of blood specimen collection) w
monitored also varied.

Two studies, using soymilk in the amounts of 109 (Nagata 
1998) and 216 mg of isoflavones daily (Lu et al, 1996) prov
strong support that soy supplementation may reduce serum o
diol levels. However, given that isoflavone levels vary subs
tially in soymilk (even within a single brand) (Murphy et al, 19
and it is unclear that the isoflavone content was monitored in 
studies, we are less certain of the actual isoflavone intake
significant reduction in serum oestradiol levels was found in
three studies which used soy protein or isolates (range 45–12
of isoflavones per day) (Table 4). One study measured both s
and urinary oestrogen levels; serum oestradiol levels did
change significantly (Duncan et al, 1999) but urinary excretio
oestrogens and the hypothesized genotoxic oestrogen meta
(Xu et al, 1998) decreased significantly in association with
supplementation. Reasons for the differences in blood and ur
oestrogen findings in this study are not apparent.

Interpretation of the current results is hampered by our lac
understanding of the relative importance of the source of an
amount of soy isoflavones and role of race/ethnicity in horm
response. Isoflavone may not be the ‘active’ ingredient in
foods or there may be other constituents (e.g. saponins, pro
inhibitors) that are also important. While there are undisp
East–West differences in the consumption of soy foods an
epidemiologic evidence on cancer risk is based on soy foods
soy ingredient), the majority of soy intervention studies have 
soy ingredients because of greater ease in use and acceptan
soy intervention study included both soy foods and soy ingred
as test foods (Cassidy et al, 1995); but because of the hig
content of miso (the soy food used), only three subjects comp
this diet. Thus, there are no data from intervention studies
have used both soy foods and soy ingredients as test foo
assess whether the sources of isoflavones and/or differences
amount of isoflavones or other factors are relevant. It wil
important to design intervention studies that include both 
foods and soy ingredients in the same study and in which com
able amounts of isoflavones are added. In addition, it is impo
to measure isoflavone levels in the test soy foods to determin
actual amount of isoflavones consumed.

While it is reasonable to presume that the amount of isoflav
would matter, the optimal dose to use in intervention studies i
known. The almost fivefold range in the amount of isoflavo
used in the published intervention studies may also contribu
the differences in study results.

Isoflavone bioavailability is known to depend on the rela
degradation ability of gut microflora. The ingested isoflavone
soy foods are largely in the form of glycosides that are po
absorbed in the small intestine compared with their aglyc
because of their larger molecular weight and higher hydrophi
(Brown, 1988). Glucosidases of intestinal microflora in the la
intestine can hydrolyse the isoflavone glycosides to pro
aglycones and promote their absorption. Deconjugating enz
(i.e. β-glucuronidases and arylsulfatases) may also influe
isoflavone bioavailability (Xu et al, 1995). Race/ethnicity may
associated with genetic variability in bacteria flora and/or dif
ences in dietary habits (e.g. fat and fibre intake) which may i
ence the concentration of microfloral enzymes (Adlercreutz e
1992; Goldin and Gorbach, 1994; Xu et al, 1994; Tew et al, 1
© 2000 Cancer Research Campaign
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Ovarian function and soy foods in premenopausal women 1885
Zhang et al, 1999) and consequently the metabolic fate of t
compounds. For example, faecal bacterial β-glucuronidase activity
has been found to increase in association with high dietary
intake and to decrease in association with high dietary fibre in
(Goldin and Gorbach, 1994).

In this study, cycle length did not change in association with
supplementation, whereas statistically significant increase
5–12% have been reported (Cassidy et al, 1994; Lu et al, 1
Nagata et al, 1998) (Table 4). Serum luteal or total progeste
levels decreased consistently in this and previous stu
(13–41%) although this reduction did not reach statistical sig
cance (Table 4). Serum SHBG decreased among Asian
increased statistically significantly among non-Asian participa
in this study. There are no consistent changes in serum SHB
previous studies (Table 4). Of previous studies that meas
serum LH levels, a statistically significant reduction in levels w
found in one (Cassidy et al, 1994). Urinary LH decrea
nonsignificantly in association with soy intervention in this stu
(serum LH was not measured). Consumption of soy protein
been associated with significant reductions in total and L
cholesterol and triglycerides, but the effect of soy on cholest
levels may depend on the initial levels prior to intervent
(Anderson et al, 1995). Serum lipid levels were normal to low
our participants; this may explain the absence of signific
changes in lipid profile in this study.

Variation also exists in the monitoring of changes in horm
levels from one cycle to the next (Table 4). Unless daily or ne
daily blood specimens can be collected, it is difficult to be cer
that comparisons of hormone levels between cycles are mad
specimens collected from comparable days cycle to cycle. 
ability to identify day of LH peak as a marker of ovulation for ov
90% of the menstrual cycles collected has enabled us to accu
determine day when specimens were collected relative to da
ovulation and to compare changes in each cycle with standar
tion for day of cycle.

In conclusion, supplementation using traditional soy foods m
reduce serum oestradiol levels. Results from this and prev
studies suggest that differences in the type of soy products
traditional soy foods versus soy protein products), amoun
isoflavones, race/ethnicity of participants and variations in 
monitoring of hormone changes have contributed to the diver
results. Larger studies of these questions are required.
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