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1. INTRODUCTION

Phytoestrogens which are found in a number of fruits, vegetables, and grains, but occur in the highest
concentrations in soy (1,2,3), have demonstrated both estrogenic and antiestrogenic activity (4).
Although they are not steroids, structurally they resemble estrogens and they bind to estrogen
receptors (5). Their estrogenic activity has been estimated at .002 and .001 (1/500 and 1/1,000) that
of estradiol (6,7). Animal studies have reported a protective effect of phytoestrogens in mammary
tumor models (8,9,10) while epidemiological studies in the Asian population have demonstrated an
inverse relationship between soy intake and breast cancer (11,12,13). This has expanded the debate
on identification of the environmental factors contributing to the observed lower risk of breast cancer
in the Asian population to include intake of fat, fiber, and phytoestrogens (14,15).

These interesting effects of soy have prompted dietary soy studies in premenopausal women
(16,17,18) measuring serum estrogens and gonadotropins and cycle length. A cross-cultural study
on menopause (19) reported lower levels of hot flashes in Japanese women compared to women in
North America which further implicated the possibility of soy intake in the Asian diet having
biological estrogenic effects. It is estimated that in this population the daily intake of phytoestrogens
is approximately 40 mg/day (20). Soy supplementation studies in post-menopausal women
(21,22,23) have investigated serum hormone and gonadotropin levels, vaginal cytology, and
menopausal symptoms.

Cassidy, et al. (16,17) studied premenopausal women who were given foods containing 45 mg of
phytoestrogens/day for one month and reported an increase in estradiol in the follicular phase of the
cycle, and a decrease in midcycle surge of luteinizing hormone (LH) and follicle stimulating
hormone (FSH). An increase in the length of the follicular phase of the menstrual cycle was also
observed. Lu, et al. (18) also studied premenopausal women but gave foods containing 200 mg/d
of phytoestrogens, for one month, and reported a decrease in estradiol. LH and FSH were not
measured. The differences in estradiol responses observed between the two studies could be due to
the difference in phytoestrogen intake since a biphase response to phytoestrogens has been reported
(24,25). Wilcox, et al (21) and Murkies, et al (23), studied post-menopausal women consuming 45
g of soy flour/day (estimated phytoestrogen intake of 80-138 mg/d) for 2 weeks or 12 weeks
respectively. Baird, et al (22), also studying post-menopausal women used foods containing 165
mg/day of phytoestrogens (in texturized soy vegetable protein) for one month and observed no
change in estradiol, LH, or FSH. Both Wilcox, et al (21) and Baird, et al (22) reported changes in
vaginal cytology that indicated an estrogenic effect of the soy products. Murkies, et al (23) reported
a decrease in menopausal symptoms in women while on the soy flour. However, a matched group
consuming wheat flour also reported a decrease in menopausal symptoms, and there was no
significant difference in reported hot flashes between the two groups after 12 weeks.

In order to test the effect of phytoestrogen intake on menopausal symptoms of hot flashes, we
designed a double-blind study using a dietary supplement bar in which menopausal women consume
45 mg of phytoestrogens/day or a placebo containing casein protein with 0 mg of phytoestrogen.
Participants are randomly assigned to consume either bar for 3 months with one month of wash-out,
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followed by another 3 months of the alternate bar. Menopausal symptoms are tracked and recorded
daily, and hormone and gonadotropins are determined at baseline and at the end of each dietary
phase.

Primary study hypothesis: Consumption of 45 mg/day of phytoestrogens in a soy product will
decrease the number of menopausal hot flashes reported by menopausal women with > 5 hot
flashes/day and will decrease gonadotropins luteinizing hormone (LH) and follicle stimulating
hormone (FSH) after one month.

Secondary study hypotheses: Women reporting higher numbers of hot flashes (> 5/day) will have
lower estrogen and higher FSH levels than women reporting lower numbers of hot flashes (< 2/day).
Frequency of hot flashes will correlate to serum levels of estrogen and gonadotropins.

2. BODY
A. Experimental Methods

Study design: Intervention Group: Women reporting hot flashes are recruited into the study and
during a one week baseline period record the number, time, and severity of each hot flash. Baseline
blood is obtained to determine estrogen and gonadotropin levels. Those women who report, on
average, 5 or more hot flashes per day are randomized into the double blind dietary intervention
study in which they were asked to consume two dietary bars per day for a period of 3 months. One
arm of the group consumes two dietary soy bars/day that contain 45 mg of phytoestrogens/day and
the other arm consumed two dietary casein bars/day with < 1 mg of phytoestrogen/day. A one
month washout period is followed by 3 months of the alternate dietary bar. During the last week of
each 12 week study period two blood samples are obtained for determination of serum estrogens and
gonadotropins. Women record daily hot flashes during the entire 7 months of the study.

Control Group: Women experiencing <2 hot flashes/day participate in a one week
study to obtain information about hormones, dietary intake, and menopausal symptoms.

Subjects: Women, 45-59 years of age, at increased risk for breast cancer, who have not had a period
for 6 or more months are recruited. Women currently taking hormones, steroids or other medications
that interfere with hormone metabolism are excluded. Women who had previously taken hormones
must be off them for at least six months prior to beginning the study. Women are excluded if they
have undergone surgical menopause with no intact ovaries or currently have a high intake of soy
products (greater than 2 times/week).

Dietary supplements: The soy supplement consists of a dietary bar that contains 196 kcal, 15.1 g
protein, 1.3 g fat, and 24 mg of phytoestrogens (genistein and diadzien). The phytoestrogens are
present in the soy protein fraction. The placebo bar uses casein protein in place of the soy protein
and contains 194 kcal), 16.4 g protein, 0.9 g fat, and < 1 mg of phytoestrogens. The dietary bars are
being supplied by Protein Technologies International. Subjects report whether they had consumed
their two dietary bars each day as part of their daily recording of menopausal symptoms.
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Menopausal symptoms: Subjects are given a menopausal symptom diary to keep daily records of
the number of symptoms they have during the day and at night (night sweats). During the final week
of each phase of the study, they are also asked to record the time of each hot flash and its severity
(mild, moderate, or severe).

Hormone determinations: Blood samples are collected on two days, within one week of each other,
after consuming the supplement bars for 11-12 weeks. Samples are centrifuged at 1400 x g rpm for
22 minutes at 4 C and the serum is stored at -70 C. Individual samples from each day are run in
duplicate. An average of the two determinations is used in the analysis. Serum hormone
measurements are carried out for estrone, estradiol, estrone-sulfate, androstenedione, testosterone,
sex hormone binding globulin (SHBG), and free estradiol using radioimmunoassays involving
solvent extraction and celite chromatography, as previously described (26,27). All samples are
coded using a random number system and blinded duplicates were inserted as a quality control
measure. LH and FSH are determinated using a double-antibody radioimmunoassay utilizing a kit
obtained from Radioassay Systems Laboratory, Inc., Carson, CA.

B. Progress Report/ Results
1. Site Visit Review

A site visit at Tufts University School of Medicine was carried out on October 9, 1996 for
the contract "Effect of a Soy Dietary Supplement on Menopausal Symptoms and Hormones in
Women at High Risk of Breast Cancer". The site visit team was composed of Drs. Hankinson,
Kurzer, Rose and Kalish. Dr. Heydrick and Mr. Glisson were present to represent the review team
and the Army. The two major recommendations of the review team were to terminate the sub-
contract with Sloan-Kettering due to difficulty in reaching recruitment goals and extension of the
contract into the fifth year to facilitate data analysis and writing of reports.

Following the recommendations of the committee, Tufts University School of Medicine
canceled the sub-contract to Sloan-Kettering effective November 30, 1996. The budget for the grant
was revised to reflect the changes and submitted to the Army contractors. This process was
registered and approved. The other points of discussion from the review team will be discussed
below, as appropriate.

2. Recruitment
A. Women reporting high levels of hot flashes (5 or more per day). Intervention Group.

During this current contract year, 74 women have been recruited into the study. Twenty-four
women had been recruited into the study previously. Eighteen women dropped out of the study over
the last year, resulting in a total of 80, out of the required 100 women that are being sought. Fifty-
nine women are currently in the protocol. Twenty women are still needed to meet our recruitment
goal of 100 and we are currently carrying out advertising and recruitment activities to complete this
requirement. Since the dietary soy intervention is a seven month study, we have targeted the end
of January to complete recruitment for the study. Over the past year, 250 study packets have been
mailed to interested potential candidates for the study. We have had approximately a 30% response
rate from these mailings which go to eligible persons that request further information. Currently,
10 packets have been mailed out and a followed-up call is made after two weeks.
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Study recruitment data:
Current recruitment = 80

Number recruited prior to October, 1996 = 24 women
Number recruited between October 1, 1996 and September 30, 1997= 74
Number of drop-outs in the past year = 18

Current number who have completed the study =24
Current number who are now in the study protocol = 59
Number needed to complete the study protocol = 20

Target date to reach this recruitment goal is January 31, 1998.

It is evident from these data that we have been successful in reaching and recruiting women in
this age category, not taking HRT, and having 5 or more hat flashes per day.

Over the past year we have used 3 radio ads, 10 newspaper ads, attended 5 Health Conferences
and posted the study on the Internet. We plan to continue to use radio spots, newspaper ads and
health fairs to recruit this population since these methods have been the most successful over the past
year.

B. Women reporting low levels of hot flashes (two or less per day). Control Group
The main focus of this past year has been to recruit women with 5 or more hot flashes/day to
enter into the intervention protocol. Those who had 2 or less hot flashes per day, during the run-in
period of one week, were approached to enter the Control group. This protocol only requires an
additional week of recording of menopausal symptoms and two blood samples. However, no
concerted effort has been directed yet at this study group. Currently, we have recruited fourteen
women into this group. During the next year we will be carrying out a recruitment campaign to
reach these women in order to complete the recruitment. This group is needed to address our
secondary study hypothesis which seeks to confirm that women having more hot flashes will have
lower serum estrogens and higher FSH values than women reporting lower number of symptoms.
Since only two weeks of observation is required for this group, we believed they will not be difficult
to recruit. While the control group may be less motivated to join the study, the short term
requirements for this study protocol and the interest in obtaining their serum estrogen values will
be sufficient incentive to recruit this population. In addition, those who are interested are offered
a month's supply of the soy dietary bars.
Current number of women who have completed data for the Control Group = 14

3. Menopausal Status
The original grant contained requirements for eligibility that included a definition of
"menopausal" as not having a period for at least one year and with a FSH/LH ratio greater than 1.
During the course of recruiting, it became clear that the group of women who were having the most
hot flashes were those in the "perimenopausal” phase. This appeared as a departure from what was
implied in the literature (24,25) and was different than our previous experience with post-
menopausal women in other studies. In order to recruit women who were having five or more hot-
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flashes per day, the eligibility criteria was changed to "not having a period over the last 6 months".
This would give us a population of menopausal and peri-menopausal women, but would still make
it possible to answer the primary and secondary hypotheses of the study. An FSH/LH value of
greater than 1 was still required. Higher baseline estrogens would be expected in the peri-
menopausal women, but since each woman served as her own control, this should not be important
when comparing the soy versus the placebo dietary bar. Analysis of data on the correlation between
number of hot flashes and baseline estrogens would need to control for time from menopause (or last
period) in the analysis.

4. Risk Factors for Breast Cancer

Risk factors for breast cancer include: family history, fibrocystic disease, benign breast biopsies,
breast cysts, and lobular carcinoma in situ (LCIS). Currently, 59 have family history, 25 fibrocystic
disease, 16 benign breast biopsies, 12 breast cysts and 3 LCIS. Some participants have multiple risk
factors. Eighteen women have none of the above, however, response to soy is not based on risk of
disease and therefore the primary and secondary hypothesis can be addressed using all the
participants. This topic was discussed with the site visit review team and everyone was in agreement
that this would not present a problem.

5. Measurement of serum levels of phytoestrogens

Questions on the optimal dose of phytoestrogens to elicit various responses in the different organ
systems (uterus, bone, cardiovascular, and hypocholesterolemic effects) were raised at the Second
International Symposium on the Role of Soy in Preventing and Treating Chronic Disease in
Brussels, September 1996 and at the Symposium on Phytoestrogen Research Methods in Tucson,
September 1997. The question of quantification of intake to achieve a serum level equivalent to that
found in Asian women, where soy is part of the habitual diet, was presented as a possible marker for
many of the studies. In order to determine whether the intervention protocol is achieving this serum
level, we have chosen serum from 10 women, at random, to be analyzed for serum phytoestrogen
levels (genistein and diadzen). Baseline serum and serum while on the soy supplement will be
analyzed for all ten women and in 3 women serum on the placebo will also be included. The
determinations will be carried out in the laboratory of Dr. Herman Adlercreutz who is one of the
recognized experts on phytoestrogens (26,27,28). He has determined and published the serum levels
of phytoestrogens in Asian women (28). We have collaborated with Dr. Adlercreutz over the last
20 years on 5 or 6 projects involving estrogens and phytoestrogens. Additional funds will be sought
for these analyses, if necessary since they will be critical in the evaluation of our data. Currently
investigators are using 30-150 mg of phytoestrogen/day to study its effects in various sites
(16,17,18,29,30,31). The site visit team enthusiastically supported the analysis of serum
phytoestrogens in a sub-group of our study population.

6. Markers for calcium metabolism in our study population.

The site visit team enthusiastically supported the use of collected urine samples, from our study
population, to determine calcium metabolism and the possible effect of soy supplementation. A
number of urinary parameters have been used as indices of calcium metabolism. We are currently
negotiating with two laboratories to carry out these determinations on a sub-set of the study
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population to obtain some preliminary data and evaluate if further analysis are warranted. Currently
effects of soy and phytoestrogens have been reported at levels of 90mg/day of phytoestrogen intake
(32). At 45 mg/day, our study levels of phytoestrogen consumption, an effect may not be seen but
verification would be desirable.

7. Data Entry

Data entry has been delayed due to the strong effort focused on recruitment. The data entry files
have been developed on SPSS and data from the earlier group of 24 women has been entered. We
have recently received the hormone and gonadotrophin data on this group of women also and will
plan to enter this data into data sets already developed. Hormone samples are batched so that all
samples from each woman are present which will eliminate any problem of batch variation within
each subject. Since each woman serves as her own control in the comparison between placebo and
soy effects on menopausal symptoms and hormone values, batching is of primary importance. This
does delay the hormone determinations from the group of women recruited over the last year since
many were recruited in the later part of the year and have not completed the 7 month protocol.

Plans are in place to begin data entry during the recruitment of the control group when demands
of the intervention protocol will be greatly reduced. We are meeting regularly with our statistician,
Dr. Donna Spiegelman, who has worked with us on numerous projects on diet and hormone and is
well qualified to carry out the data analysis. A sub-contract to Dr. Spiegelman had been authorized
last year.

8. Time Schedule

The site visit review team recommended a one year extension for the study due to the delay in
recruitment and the termination of the second site at Sloan-Kettering. Currently we expect to need
a six month extension but we would like to re-evaluate our options before the original ending of the
granting period, October 31, 1998.

C. Future Plans/Conclusions
Plans for the current year, November 1997 thru October 1998, include completion of

recruitment into the intervention group which we believe will be completed by January 1998.
Therefore, all intervention subjects should complete the protocol by July 1998. Active recruitment
of the control group is proceeding now and will intensify after January. Since this is only a two
week protocol, we anticipate completion of this cohort by July or August.

Progress in data entry will depend on the difficulty in recruiting the final group of participants.
If recruitment is easier than expected then data entry will progress throughout the year and may keep
pace with availability of subject data. There is a two month lag time needed for hormone
determination, so that the final hormone data can not be expected until August. Serum
phytoestrogens and urinary markers for calcium metabolism will also be determined in a sub-group.
Preliminary data analysis on the menopausal symptoms is expected for August-September. We will
keep the funding office informed on our progress in case adjustments need to be made. A request
for extension of the grant funding dates will be filed in an appropriate time schedule, if needed.
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