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Traditional soyfoods such as tofu and miso have been widely

used in many East Asian countries for centuries and have been
consumed by health-conscious individuals in Western countries
for several decades. In recent years, because of their purported
health benefits, increased numbers of Westerners have decided to
incorporate soy into their diets. Soyfoods hold particular appeal
for postmenopausal women because they are essentially unique
dietary sources of isoflavones, one type of phytoestrogen.

Isoflavones exhibit estrogen-like effects under certain experimental
conditions and have been posited to reduce the risk of coronary
heart disease’ and osteoporosis® and to alleviate menopause-
related hot flashes.?> Consequently, many women view soyfoods

as natural alternatives to conventional hormone therapy. Women
who use alternative therapies express a desire to have control over
their symptoms and the way in which their menopause is treated.*
Not surprisingly, interest in alternatives has risen following the
publication of the results from the Women'’s Health Initiative trial
in 2002, which showed that the risk of long-term use of combined
hormone therapy (estrogen plus progestin) outweighed

the benefits.®

However, isoflavones are not without controversy. Their estrogen-
like effects have raised concern that these soybean constituents
possess some of the same undesirable properties as hormone
therapy. In particular, there is controversy about whether soyfoods
are contraindicated for breast cancer patients and women at high
risk of developing this disease.® In the text that follows, the health
effects of soyfoods for postmenopausal women are discussed.

Overview of Isoflavones

Isoflavones have a very limited distribution in nature such that
diets that do not include soyfoods are almost devoid of these
compounds.” Not surprisingly, whereas average isoflavone

intake among adults ranges from about 30-50 mg per day in

Japan and Shanghai, China® it is less than 3 mg per day in the
United States and other Western countries.”™ Each gram of soy
protein in soybeans and unprocessed soyfoods is associated with
approximately 3.5 mg of isoflavones.? Consequently, one serving of
a traditional soyfood, such as three to four ounces of tofu or one
cup of soymilk, typically provides about 25 mg of isoflavones.

Soy protein is present in a wide range of commonly consumed
foods in the United States. However, isoflavone exposure from
these foods is almost negligible for two reasons. First, the amount
of soy protein in these foods is quite small because it is added for
functional not nutritional purposes such as bleaching, moisture
retention, inhibiting oxidation and improving texture. And second,
the isoflavone concentration of the soy protein used in this way is
generally quite low in comparison to traditional soyfoods.
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The two primary soybean isoflavones are genistein and daidzein.'®
In soybeans, a third isoflavone, glycitein, is present in relatively small
amounts. The three isoflavones genistein, daidzein and glycitein
comprise approximately 50, 40 and 10 percent respectively of the
total isoflavone content of soybeans. Isoflavones are naturally
present as the glycosides genistin, daidzin and glycitin, in which

a sugar molecule is attached to the basic isoflavone structure.'®

In fermented soyfoods such as miso, more of the isoflavones are
present as aglycones due to bacterial hydrolysis'® In this document,
isoflavone amounts are expressed in aglycone weights, because this
is the biologically active form.

Soyfoods are a unique dietary source of
isoflavones, a phytoestrogen that may offer
women heart health benefits and may help

alleviate hot flashes during menopause.

Isoflavones are diphenolic compounds with a chemical structure
similar to the hormone estrogen that bind to both estrogen
receptors (ER), ERa and ERB.” *® Their relative binding affinity is
lower than that of 17-estradiol but circulating levels of isoflavones
in people consuming soyfoods are approximately three orders

of magnitude higher than levels of estrogen.” In comparison to
ERa, isoflavones preferentially bind to and transactivate ER(3,*°%
which is one reason they are generally classified as selective
estrogen receptor modulators (SERMs).2?¢ SERMs have tissue
selective effects. In tissues that possess estrogen receptors, they
exert estrogen-like effects in some cases but either no effects or
antiestrogenic effects in others. The pharmaceutical industry has
for many years been actively developing SERMs; examples include
tamoxifen, used in breast cancer treatment, and raloxifene, which is
used for treatment of osteoporosis.”’



From the above discussion, it is clear that isoflavones should not
be equated with the hormone estrogen. The clinical literature

is replete with examples of differences between these two
molecules.” " Furthermore, isoflavones may exert potentially-
relevant hormone-independent physiological effects, therefore
even their classification as SERMs may be an incomplete
characterization.” Finally, not only should isoflavones not be
equated with estrogen but soyfoods should not be equated with
isoffavones as the soybean, like all foods, is a collection of hundreds
of biologically active molecules.”

Soy, Isoflavones and Hot Flashes

Hot flashes are the most common reason given by women for
seeking treatment for menopausal symptoms. For the majority

of women who experience them, hot flashes begin prior to
menopause and are severe and frequent in about 10-15 percent
of these women.*® Although hot flashes usually subside after six
months to two years,** > many women report having them for up
to 20 years after menopause.*

The etiology of hot flashes is not fully understood but the drop in
circulating estrogen levels that occurs during menopause is certainly
recognized as one factor. The low incidence of hot flashes in Japan
gave rise to initial speculation that isoflavones could be useful in
their prevention.® Even Chinese-American and Japanese-American
women are about one-third less likely to report experiencing hot
flashes than Caucasian women.** Interestingly, Asian women do
report having menopausal symptoms but chilliness and shoulder
aches are much more common than hot flashes, although recent
evidence suggests that this may be in part because Japanese women
are reluctant to report having hot flashes.®

In most clinical trials, hot flash relief was achieved

by ingesting 50 to 100 mg of isoflavones daily.

Since 1995, more than 50 clinical trials have examined the impact
of isoflavone-rich soyfoods or isoflavone supplements on the
alleviation of menopause-related hot flashes. In recent years,
investigators have gravitated toward the use of supplements rather
than soyfoods to enhance compliance and reduce the complexity
of study design.

The largest and longest hot flash trial, which was conducted in Italy,
found that there was a 50 percent net reduction (i.e, in comparison
to the placebo) in frequency in response to the administration of
54 mg per day genistein.> In the second year of this study, there was
no further decrease in the frequency of hot flashes in the genistein
group, but the severity of hot flashes continued to lessen relative to
the placebo group.” Another large study published in 2007 found
that, over the course of 10 months, isoflavones reduced the frequency
of hot flashes among Brazilian women by twice that of the placebo
group (62 percent versus 31 percent), a difference that was highly
statistically significant.®

However, not all trials have reported benefits. Although some recent
reviews and analyses of the literature have concluded isoflavone-rich
products alleviate hot flashes,® ** most have concluded that the data
do not allow definitive conclusions to be made.**¢' Some inconsistency
in the literature is expected given the small sample size of many trials
and the variable placebo response.

Research on menopause indicates that the more hot flashes a woman
experiences each day, the more soy may offer relief.

Interindividual differences in isoflavone metabolism may also be

a factor.? In response to the ingestion of the same amount of
isoflavones, serum levels of isoflavones and their metabolites differ
greatly (hundreds of fold) among individuals.®*

It is reasonable to speculate that this difference in metabolism
can affect the response to soyfoods, at least for health outcomes
thought to be affected by isoflavones. Some of the inconsistency
may also be because the two soy-derived isoflavone supplements
that are available commercially and that have been used in the
clinical trials have markedly different isoflavone profiles.> One has
an isoflavone profile similar to that found in soyfoods — high in
genistein and daidzein but low in glycitein whereas the other is
very low in genistein and high in daidzein and glycitein. Generally
speaking, genistein is considered to be much more potent than
daidzein or glycitein and there is evidence that genistein is more
potent than the other isoflavones for alleviating hot flashes.*

The most recently conducted comprehensive statistical analysis
of the literature, which is thus far available only as an abstract,
found that high-genistein supplements consistently alleviated

hot flashes.®” Including the placebo response, overall frequency
and severity were reduced by about 50 percent. While isoflavones
are less potent than estrogen, a recent survey found that among
women seeking non-hormonal treatments for hot flashes this
degree of benefit would be considered to be quite satisfactory.®

In conclusion, since substantial clinical data show isoflavones to be
efficacious, there seems little reason not to recommend isoflavones
for women suffering from hot flashes. If benefits are to occur, they
will be apparent within four to six weeks. In most clinical trials,
subjects ingested between 50 and 100 mg of isoflavones daily.
These amounts are found in approximately two to four servings of
traditional soyfoods.

Osteoporosis

In response to declining estrogen levels, women can lose substantial
amounts of bone mass in the decade following menopause, which
markedly increases their fracture risk® Estrogen therapy has been
definitively shown to reduce postmenopausal bone loss and hip fracture
risk by approximately one-third Initial speculation that soyfoods might
promote bone health in postmenopausal women was based on the
estrogen-like effects of isoflavones and early research showing that the
synthetic isoflavone, ipriflavone, exerted skeletal benefits.”

Continued on page 3



The relatively low hip-fracture rates in Asian countries have also
been cited as evidence for the skeletal benefits of isoflavones, but
other factors may help to explain these rates.”! For example, Asians
have a shorter hip axis length, which reduces risk for fracture’>”*
Also, Japanese women are less likely than Western women to fall, the
precipitating event for hip fracture.”*”> However, spinal bone mineral
density (BMD) and spinal fracture rates are similar between Asians
and Caucasians.”*® Nevertheless, the available evidence shows that,
among Chinese women, high-soy consumers are less likely to report
having a fracture.

Two prospective epidemiologic studies have evaluated the
relationship between soy intake and fracture risk. In both, risk

was reduced by approximately one-third when women in the
highest soy intake quintile or quartile were compared to women
in the lowest. This degree of protection is similar to that noted for
estrogen therapy.® In one of the prospective studies, approximately
1,800 fractures of all types occurred in the 24,000 postmenopausal
Shanghai women who were followed for 4.5 years.®* In the other,
there were almost 700 hip fractures (the only site studied) among
the 35,000 postmenopausal Singaporean women during the
seven-year follow up period.®* Although the results of these two
studies are certainly intriguing, definitive conclusions about the
skeletal effects of soyfoods can only be based on the results from
appropriately designed clinical studies.

Since the first clinical study to examine the effects of an
isoflavone-rich product on BMD in postmenopausal women was
published in 19982 more than 25 trials have done so (for reviews,
see references) although many involved small numbers of subjects
and were conducted for relatively short durations.*”#¢ Ideally, bone
trials should be at least two years in length. The results of the
clinical research are quite mixed. Although one recently published
meta-analyses of the data concluded that isoflavones reduce bone
breakdown® and increase both bone formation® and BMD in
postmenopausal women,? a more rigorously-conducted
meta-analysis failed to provide support for the skeletal benefits

of isoflavones.*

Among the many clinical trials, the longest and largest trial

published to date (304 subjects over a period of two years) found
that postmenopausal Italian women in the placebo group lost
approximately six percent of their BMD at the spine and hip, whereas
those women in the genistein group (54 mg per day provided as a
supplement) gained approximately this much bone at both skeletal
sites.® In fact, although intended to last only two years, among those
subjects who agreed to continue for a third year, the differences
between groups were even more striking”’ These results concur with
those from a two-year study that was much smaller in size.”*

However, the results of these two studies stand in stark contrast to
several recently conducted trials. For example, a one-year study involving
women from three European countries failed to show that isoflavone
supplements (110 mg per day) inhibit bone loss in early postmenopausal
women.” In agreement, another one-year trial failed to show that either
isoflavone supplements or isoflavone-rich soy protein affected bone

loss in postmenopausal women.” Similarly, a recently published two-
year study found soy protein, regardless of isoflavone content, failed to
prevent bone loss in postmenopausal women, although this study had

a large dropout rate and many women were non-compliant with the
intervention.”

Finally, and most importantly, a large, three-year trial sponsored by

the National Institutes of Health that used two different doses (80

and 120 mg per day) of isoflavone supplements found that only in
response to the high dose was there a suggestion of even modest
benefit® These results agree with those from trials that utilized a novel
methodology to examine the effects of estrogen and a variety

of phytoestrogen supplements on bone resorption; only at very

high doses — doses exceeding typical isoflavone exposure from
soyfoods — was there any evidence of antiresorptive effects.®®

Why the two epidemiologic studies show such pronounced protective
effects in contrast to the clinical studies remains to be determined. But,
it is worth noting that in the former studies isoflavone intake occurred
via the consumption of traditional soyfoods whereas the clinical studies
have generally used soy extracts — although there is no evidence this
difference matters with respect to skeletal effects. It may also be that
the effects noted in the epidemiologic studies result from lifelong intake
as opposed to the relatively short-term intervention periods begun

in adulthood in the clinical studies, although again, there is no direct
evidence supporting this suggestion.

At this point, it is quite clear that no conclusions about the possible
skeletal benefits of isoflavones can be made. Still, soyfoods provide

high quality protein,”” which may be important for bone health,® and
some soyfoods are good sources of calcium as well as vitcamin D Thus,
soyfoods can still be part of a bone-healthy diet, but whether isoflavones
offer a direct skeletal benefit remains to be determined.

Breast Cancer

There has been considerable investigation of the role of soyfoods in
reducing risk of cancer, especially cancer of the breast. To this point,

a recent meta-analysis found that in Asian epidemiologic studies,
higher soy intake was associated with a 29 percent decreased risk of
breast cancer.® However, there is solid evidence indicating that to
derive this benefit soy consumption must occur during childhood

or adolescence.™® In animal studies, when very young rodents are
exposed to isoflavones, breast or mammary cells undergo a change that
makes them permanently less likely to be transformed into cancer cells
later in life®"1941% This proposed mechanism may be similar to that
which has been proposed for the protective effect of early pregnancy
against breast cancer.'®

Continued on page 4



Despite the proposed benefits, the relationship between soyfoods
and breast cancer has been controversial due to concern, based
almost exclusively on in vitro and rodent data, that isoflavones
may be contraindicated for breast cancer patients and for women
at high risk of this disease."” Although a very detailed analysis is
required to fully explore this complex topic, the key findings are
summarized below.

At high concentrations, the isoflavone genistein inhibits the growth
of estrogen-sensitive breast cancer cells in vitro, whereas at lower
more physiologic concentrations, growth is stimulated.””® More
importantly, isoflavone-containing products have been found

to stimulate the growth of mammary tumors in ovariectomized
athymic mice implanted with estrogen-sensitive breast cancer
cells® Stimulation appears to result primarily from exposure to the
isoflavone genistein."™ Interestingly, in this particular animal model,
more highly processed soy products stimulate tumor growth

to a greater extent than less processed ones, despite containing
similar amounts of genistein.™ In fact, soy flour, the least processed
product to be evaluated, does not result in tumor stimulation.

In contrast to the animal data, the pertinent human data suggest
that isoflavones do not exert stimulatory effects on breast tissue.
Also, in contrast to the effects of combined hormone therapy,
isoflavones do not increase breast tissue density or breast cell
proliferation in vivo, both of which are markers of breast cancer
risk.”? Combined menopausal hormone therapy, which increases
breast cancer risk, increases breast cell proliferation fourfold within
just 12 weeks.™

The lack of harmful effects noted in the clinical studies is consistent
with the results from three epidemiologic investigations that have
examined the impact of soyfood intake on the prognosis of breast

Sources of Soy Protein

Grams of soy

Soyfood Serving size protein
Fortified soymilk 1cup 6-7
Soy cereal 1% cup 7
Soy yogurt, vanilla 1cup 6
Soy breakfast patty 2 patties 11
Soy bar 1 bar 14
Soy chips 1 bag 7
Soy nut butter 2 Tbsp 7
Soy nuts, roasted, unsalted Y cup 11
Tofu % cup 10
Edamame % cup 11
Soy burger 1 patty 13-14
Soy pasta (CZZ’ ;te%) 13
Soy pudding % cup 6

cancer patients. In one, neither soy nor isoflavone intake was
related to the disease-free survival of Chinese breast cancer
patients over the 5.2 year follow-up period.”™ In this study, of the
1,001 (total cohort included 1,459 subjects) patients for whom
data on receptor status was available, approximately 63 percent
were estrogen receptor-positive.

The second epidemiologic study, which was recently published
in the Journal of the American Medical Association (JAMA),

is the first specifically designed to examine the soy and breast
cancer controversy.® Data from the Shanghai Breast Cancer

Survival Study, a population-based cohort study of breast cancer
survivors, were analyzed to investigate the effect of soy intake
after diagnosis on breast cancer prognosis."” During the median
follow-up period of approximately 3.9 years, the hazard ratio
associated with the highest quartile of soy protein intake was
0.71 for total mortality and 0.68 for recurrence compared with
the lowest quartile of intake. In fact, in this study, high soy intake
was as protective as tamoxifen use. In an editorial accompanying
the JAMA article, researchers from the National Cancer Institute
and Fred Hutchinson Research Center in Seattle remarked that,
“Patients with breast cancer can be assured that enjoying a soy
latte or indulging in pad thai with tofu causes no harm and,
when consumed in plentiful amounts, may reduce risk of
disease recurrence.”"®

In the third study, which was conducted in the United States
and involved nearly 2,000 breast cancer patients, over the six
year follow-up period, results suggested that isoflavone intake
may have improved prognosis overall and in particular among
those women taking tamoxifen."® The findings of these three
epidemiologic studies are consistent with the position of the
American Cancer Society that breast cancer patients can safely
consume up to three servings of traditional soyfoods daily."”’
Nevertheless, breast cancer patients should discuss any dietary
changes with their primary healthcare provider.

For information about soy and heart health, please reference the
Soy Connection’s Soy & Heart Health fact sheet.

Summary and Conclusions

Epidemiologic and clinical data suggest that soyfoods can

make important contributions to the health of women, and
particularly postmenopausal women. More specifically, the
results from this research suggest that isoflavone-containing
products help alleviate hot flashes and perhaps reduce bone
loss although the latter is very speculative. Further, the data
overall suggest that soyfoods do not pose a risk to breast cancer
patients or women at high risk of this disease and therefore can
be safely consumed by all women at any point in their lifetime.
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