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The Effects of Soy Isoflavones in Postmenopausal Women: Clinical Review
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Abstract: The hormonal therapy (HT) is recommended for postmenopausal women primarily for the relief of vasomotor
symptoms, treatment of vaginal atrophy, and prevention of osteoporosis. Despite these important benefits, only 35% to
40% of the women ever start HT, and many do not continue it. The reasons for discontinuation include resumption of
bleeding, perceived risks of breast cancer, unacceptable side effects and the belief that treatment is no longer necessary.
As a result, there is an increasing interest in the use of plant-derived estrogens, also known as phytoestrogens, which seem
to be very promising. Isoflavones is the most investigated subgroup of phytoestrogens. They are attenuated estrogens and
behave both in vivo and in vitro as agonists and antagonists. The highest concentrations of isoflavones are found primarily
in soy beans. In this study, the effects of soy isoflavones on postmenopausal women were reviewed.
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INTRODUCTION

Some facts about menopause are applicable to all
women: menopause is a natural event to be experienced by
every woman. The common denominator is cessation of
menstrual cycles. On the other hand, in relation to the
symptoms and risks for osteoporosis, cardiovascular diseases,
cancer and Alzheimer disease, every woman is unique. The
notion that all postmenopausal women need hormonal
therapy (HT) or can be treated with the same dose and type
of therapy, is irrational and inappropriate [1]. HT is
recommended for postmenopausal women primarily for the
relief of vasomotor symptoms, treatment of atrophic
vaginitis and preservation of bone mass [2]. Despite these
well known benefits, approximately 70% of the women who
start HT discontinue therapy within a year [3]. One of the
main reasons for discontinuation is irregular bleeding. Others
include mastalgia, nausea, migraine, weight gain and edema
besides fear of breast cancer [4,5]. These effects have led
many women to choose a “more natural” approach. Moreover,
HT is contraindicated to some women to whom little may be
offered for the relief of climacteric symptoms [6]. Therefore,
there is an increasing interest in developing alternative
therapies that show the benefits of HT without its side
effects and contraindications [4,7]. Soy and isoflavone
dietary supplements are regularly used by millions of North
Americans for symptoms associated with menopausal
transition or for other purported health benefits [8]. In a
recent consensus, the North American Menopause Society
recommends changes in lifestyle either alone or along with
dietary isoflavones, black cohosh, or vitamin E. Estrogen-
therapy, however, remains the standard treatment for severe
symptoms in patients without contraindications to HT [9].

SOY ISOFLAVONE

Phytoestrongens are naturally occurring plant compounds
that are structurally and functionally similar to estradiol [10].
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There are four major classes of phytoestrogens: isoflavones,
found in soy beans and soy products; lignans, found in whole
grains, cereal and oilseeds; flavonoids, found in some fruits
and legumes; and, coumestans found in bean and alfafa
sprouts [11,12]. Isoflavones are the phytoestrogens with the
most potent estrogenic activity, being genistein, daidzein and
glycitein, found in soy beans, their most active components
[13] (Table 1). Soybeans are leguminous plants that have
been cultivated in Asia, especially in Chine, Korea and
Japan, for over 1000 years. However, due to their
outstanding nutritional properties, they have been introduced
to Western diets [14].

Soy isoflavones are non-steroidal compounds that bind
poorly to estrogen receptors (100 times less affinity than
estradiol) [10]. This binding ability is due to the fact that the
distance between their hydroxyl groups is the same as that
found in the 17B-estradiol molecule. Thus, as isoflavones
bind to estrogen receptors, a complex functionally equivalent
to that formed by 17B-estradiol is formed. Soy isoflavones
(genistein and daidzein) preferentially bind to B-estrogen
receptors that are found in the central nervous system, bones,
vascular walls and the urogenital tract. Unlike estrogens,
isoflavones have little affinity with the o receptors of breast
and uterine tissues [15]. Depending on the concentrations of
estradiol and the saturation of the receptors, they exert a
selectiveaction, i.e., in some tissues they display proestrogenic
responses whereas in others they inhibit estrogenic action
[16-18].

Soy isoflavones are naturally found as inactive glycosides.
Following oral ingestion, complex enzymatic metabolic
conversions take place in the gastrointestinal tract, resulting
in the formation of heterocyclic phenols structurally similar
to 17B-estradiol. Absorbed by the enterocytes, isoflavone
metabolites reach the peripheral circulation and are excreted
in 7 to 8 hours [10,11,19]. Aglycones (genistein, daidzein
and glycitein) are the active forms which are actually
absorbed. Absorption rate ranges from 20% to 55% [18].
The concentrations of the different isoflavone metabolites, as
well as their clinical effects, vary widely from individual to
individual even when a controlled quantity is administered.
Therefore, it is difficult to determine the ideal dosage. Some
recommend from 30 mg to 100 mg/day [3,12,20,21].
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Table 1. Total Values of Isoflavones in Foods
Foods Total Genistein Daidzein Glicytein
(ng/g) (ng/g) (ng/g) (ng/g)
Roasted Soybeans 2661 1426 941 294
Textured Soy Protein 987 640 191 156
Tempeh 865 422 405 38
Tofu 532 245 238 49
Soy Drink 28 21 7 _
Values in the table are expressed as j1g/g. (Modified from Wang & Murph, 1994 [94]).
SOY ISOFLAVONE AND CLINICAL EVIDENCE Vaginal Atrophy

Vasomotor Symptoms

There is evidence that isoflavones reduce both the severity
and the frequency of menopause-related vasomotor symptoms
[22]. Most observations on the use of phytoestrogens are
epidemiologic, based on studies conducted in regions where
soy is highly consumed [17]. Fewer than 25% of Japanese
and 18% of Chinese women experience hot flushes
compared with 85% of North American and 70%-80% of
European women. These differences have been partially
attributed to phytoestrogen consumption [11,23-25]. Even
though some clinical studies have demonstrated the efficacy
of isoflavones in reducing the frequency and severity of hot
flushes [6,23,24,26-31], others have not found differences
between treated and non-treated groups [32-34]. Albertazzi
et al., in a double-blind, placebo-controlled study, found that
60g/day of isolated soy protein (food supplementation) was
superior to placebo, reducing vasomotor symptoms in 50%
[6]. Faure et al. reported a 61% reduction in the frequency of
hot flushes with 70 mg of soy genistein versus a 21%
reduction with placebo [29]. Albert ef al., in multicentric,
observational, no-randomized trial, observed a significant
reduction in climacteric symptoms with the use of 35 mg of
a phytoestrogen preparation derived from Glycine max (L.)
[28]. Nahas ef al., in a double-blind, placebo-controlled
study demonstrated the alleviation of vasomotor symptoms
in 44% of the post-menopausal women using soy germ
versus a 10% decrease with placebo [31]. Crisafulli et al., in
a double-blind, randomized study, evaluated 90 women aged
47-57 years for 12 months and observed that hot flushes
were reduced in 24% of the women on genistein (54 mg)
and 54% in those on estradiol (I mg) combined with
norethisterone (0.5 mg) as compared to placebo [30].
However, Van Patten ef al., in a double-masked, randomized
clinical trial, studying the effectiveness of soy beverage (90
mg of isoflavone) in the treatment of hot flushes in
postmenopausal women with breast cancer, found no
reduction in the number or severity of hot flushes between
the treated group and the placebo group [33]. Burke et al., in
randomized clinical trial, also found no reduction in hot
flushes when 42 mg or 58 mg of isoflavone were used [34].
In 2005, Kok et al., in randomized, placebo-controlled trial,
evaluated the quality of life of 202 women aged 60-75 years
and observed no marked effect of soy protein supplementation
on health status, life satisfaction and depression [35].

In a pioneer study, Wilcox et al., in observational, no-
randomized trial, demonstrated that dietary supplementation
with soya flour (45g) improved vaginal cell maturation in 25
postmenopausal women [36]. However, results are contro-
versial, making it difficult to determine whether phytoestro-
gens have a beneficial effect on the vaginal epithelium. In
randomized clinical trials, Dalais et al., Chiechi et al., and
Uesugi et al. observed a significant increase in the index of
vaginal maturation in postmenopausal women receiving soy
supplementation [26,37,38]. In 2004, Nahas ef al., in a
double-blind, placebo-controlled study, found that the
average vaginal maturation rate remained unchanged for 6
months in women using 60 mg of isoflavone, suggesting the
maintenance of vaginal trophism in this group whereas those
in the placebo group experienced worsening [31]. However,
other studies failed to demonstrate a significant improvement
in the vaginal epithelium [24,39-41]. In a recent randomized
study, Nikander et al. evaluated 64 women with breast
cancer and observed that isoflavone (114mg/day for 3
months) did not alleviate vaginal dryness while maturation
of the vaginal epithelium remained unchanged [42]. Dietary
soy supplementation seems to exert minimal effects on the
female reproductive tract [39].

Cardiovascular Effects

Dyslipidemia, arterial hypertension and central obesity
have been associated with a higher risk for cardiovascular
disease (CVD) in postmenopausal women. Klejn ez al.
evaluated the diet of the 939 women participating in the
Framinghan Offspring Study, and demonstrated that waist/
hip ratio and triglycerides were significantly lower in the
women on an isoflavone-rich diet than in those who were
not. Furthermore, they suggested that a high postmenopausal
intake of soy derivatives is associated with a favorable
metabolic profile for CVD [43]. In 2003, Goodman-Gruen &
Kritz-Silverstein studied body fat in 208 women aged 45-74
years and observed that usual dietary isoflavone was
associated with reduced total body fat, suggesting that
isoflavone may play a role in the prevention of obesity-
related chronic diseases [44]. In a recent cohort study,
16.165 European women aged 49-70 years were assessed
with regard to their dietary phytoestrogen intake and its
association with CVD. During an average follow-up of 75
months, 372 women experienced a coronary event and 147 a
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stroke. No correlation between phytoestrogen intake and risk
for CVD was observed [45].

A soy-rich diet may benefit the cardiovascular system
due to its favorable effect on vascular reactivity and lipid
profile [17,46,47]. Some studies have associated isoflavone
with a significant reduction in LDL and triglycerides, and
increase in HDL [22]. In 1995, Anderson ef al., in a meta-
analysis of 38 controlled clinical trials, examined the relation
between soy protein consumption and serum lipid
concentrations. They found an average reduction of 13% in
LDL and no change in HDL [48]. However, others have
demonstrated average HDL increases ranging from 3.7% to
28.6% [31,41,49-51]. In recent meta-analysis of the effects
of soy protein on lipid profile, Zhan & Ho reviewed 23 trials
published from 1995 to 2002, and reported that isoflavone
was associated with significant decreases in serum total
cholesterol (3.77%), LDL (5.25%) and triglycerides (7.27%)
and increases in HDL (3.03%) [52]. These changes were
related to the level and duration of intake. Some studies have
shown that intakes greater than 80 mg/day are more
beneficial to lipid profile. The effects on total cholesterol and
LDL can be observed in a short term while those on HDL are
seen after 12 weeks of treatment. The benefits on lipid
profile led The United States Food and Drug Administration
to conclude that “a diet low in saturated fat and cholesterol,
including 25 grams/day of soy protein may reduce the risk
for coronary heart disease” [53].

Osteoporosis

Over the first years following menopause, due to
hypoestrogenism, bone mass loss rapidly occurs and the risk
for osteoporosis largely increases. Only 8% to 10% of the
women undergo HT to preserve bone mass. Phytoestrogens
have been proposed as an alternative to HT to prevent
osteoporosis and show beneficial effects on bone health
[5,54-56]. In the skeleton, isoflavones interact directly with
bone cell estrogenic receptors. In vitro, daidzein and genistein
promote the growth and the differentiation of osteoblasts
besides stimulating bone formation [57,58]. Blum ef al. and
Li & Yu demonstrated that, in ovariectomized rats, dietary
soy had a beneficial effect on bone health, sustaining bone
formation and preventing bone resorption [59,60]. On the
other hand, Cai ef al., in a similar study, observed that
isoflavone, in comparison with estradiol, did not prevent
trabecular bone loss without affecting calcium balance [61].

Research on the effects of phytoestrogens on bone after
menopause is at a relatively early stage [62]. The results of
clinical studies, though variable, have been promising [58].
Upon clinical observation postmenopausal women with a
high dietary consumption of isoflavone showed greater bone
mineral density values at both the spine and the hip [54,63-
65]. In 2003, Chen et al., in a double-blind, placebo-
controlled study, evaluated 203 postmenopausal women and
observed that the hip bone mineral density was higher in the
group using 80 mg of isoflavone [66]. In 2004, these same
investigators observed that the effect of soy on bone mass
was more marked in women in later menopause or lower
body weight [67]. On the other hand, some investigators
detected no effect on bone mineral density after 6 to 12
months of soy isoflavone supplementation [68-70]. Morabito
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et al., in a double-blind, placebo-controlled clinical trial,
studying bone markers in women at early menopause,
demonstrated that genistein reduced bone resorption and
increased bone formation [71]. Similarly, Arjmandi et al.
reported that soy supplementation positively influenced the
insulin-like growth factor (IGF-I), known to correlate with
bone formation, and reduced urinary deoxypyridinoline, a
biomarker of bone resorption, in 71 postmenopausal women
[70]. IGF-I exerts a strong effect on cell proliferation and
differentiation. Although IGF-I declines with aging, there is
evidence that its synthesis and activity are affected by
nutritional status as well as by insulin and gonadal steroids
[72]. Adams et al., observed no changes in serum IGF-I in
soy isoflavone users [73]. The majority of the studies of the
effects of isoflavone on bone mass is of short duration, with
relatively small sample sizes making it difficult to determine
the significance of the results [58]. There are no studies
available about bone fractures. The collective data suggest
that diets rich in isoflavone have bone-sparing effects
although the magnitude of such effects and the exact
mechanism of action are speculative. To Weaver & Cheong,
the beneficial effects of isoflavone on bone health are still
inconclusive [74].

Body Composition

Sarcopenia, the loss of muscle mass that is associated
with aging, is the direct cause of muscle strength reduction
[75]. After the age of 50 years, muscle mass is reduced in
approximately 6% every ten years while muscle strength
decreases 15% between the age of 60 and 70, 30% thereafter
[76]. Sarcopenia and physical inactivity positively correlate
with reduction in bone density in postmenopausal women.
However, adequate nutrition and physical exercises can
delay this process and improve the life quality of aged
women [77]. Wu et al., examined the effect of soy
isoflavone combined with moderate physical exercise on
body composition in ovariectomized mice. By using whole
body densitometry, they demonstrated that this combination
prevented body fat accumulation and bone mass loss as well
as increased muscle mass in the treated group [78]. Deibert
et al., conducted a six-month study with 83 postmenopausal
women divided into three groups: control, soy-rich diet with
physical activity and soy-rich diet without physical activity.
They concluded that a soy-rich diet along with physical
activity can improve body composition, promote fat loss, and
preserve muscle mass [79]. However, Méeller ef al., who
followed up 69 women at perimenopause for 24 weeks on
isoflavone-rich soy protein (n=24) or isoflavone-poor soy
protein (n=24) or placebo (n=21), did not observe changes in
body composition [80].

Cancer Risk/Benefit

The incidence of breast, colon, endometrial and ovarian
cancer in Asian countries is lower than in Western countries
[11]. Isoflavones may influence cell proliferation, playing an
inhibitory role during the initiation and promotional stages of
cancer [18,81]. In breast cancer cultured cells, isoflavones
show a dose-dependent antiproliferative effect [25,82].
Experimental and observational studies provide evidence on
the inverse association between breast cancer risk and
phytoestrogen intake [81]. Maskarinec et al., found no
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changes in mammographic density among postmenopausal
women using isoflavone compared with placebo, and thus
suggested that no estrogenic effect was exerted on the breast
tissue [83]. The proposed mechanisms of phytoestrogen-
containing foods as they relate to the prevention of
malignant tumors include inhibition of tyrosine kynases,
suppression of angiogenesis, and antioxidant effects [7,84].
The antioxidant properties of isoflavones seem to be
independent of receptor binding [8]. Dietary phytoestrogens
that play an immuno-modulating role may interfere with
the gene expression of interleukin-6 (IL-6) levels that
progressively increase with age. Pharmacological modu-
lations of IL-6 may favor the prevention of cancer
progression, aging diseases, inflammatory disorders and
immune homeostasis restoration [85]. Jenkins et al. observed
elevated IL-6 concentrations following soy-protein intake
(73 mg) suggesting that the estrogen-like effect of isoflavone
can modulate immune response and thus provide an
explanation for the lower incidence of cancer in regions
where soy consumptions is high [86].

Studies on the effects of isoflavone on the endometrium
have demonstrated that the use of supplementation in
postmenopausal women does not increase endometrial
thickness when measured by ultrasound [87]. Kayisly ef al.,
studying the effects of genistein and daidzein on cultured
human endometrial cells, found that isoflavones showed a
weak estrogenic activity (39%-67% less than estradiol) [88].
However, Unfer ef al., in a randomized, double-blind,
placebo-controlled study, followed-up 298 women who were
randomly assigned to either 150 mg/day of isoflavone or
placebo for 5 years and found that the occurrence of
endometrial hyperplasia was significantly higher in the
isoflavone group (3.37% versus 0.0%). Thus, these authors
called into question the long-term safety of isoflavones with
regard to the endometrium [89].

Adverse Effects

Although it is true that isoflavone have thus far exhibited
few negative effects, very little is known about dose-
response relationships, toxicity, synergistic effects, drug
interactions, and effects of ingesting concentrated forms of
isoflavone extracts [81]. Soy isoflavone is generally well
tolerated, with the most common side effects being mild
gastrointestinal upset (constipation, flatulence, nausea) [90].
Soybeans have been found to contain various allergenic
proteins. Women with allergies, asthma or severe peanut
allergy may experience an anaphylactic reaction to soy [91].
A final endocrine tissue sensitive to genistein is the thyroid
[92]. Use of soy isoflavone has been found to affect
concentrations of thyroxine [4]. Hypothyroidism may be
observed in adults who preferentially consume soy products.
Genistein and daidzein can block thyroid peroxidase and can
thus inhibit thyroxine synthesis [93]. Additionally, women
using levothyroxine in combination with soy foods should
stagger the time of administration by at least 2 hours because
soy protein can decrease levothyroxine absorption in the
gastrointestinal tract [90]. Despite these concerns, there is no
definitive evidence that the consumption of phytoestrogens
is likely to be harmful in adults [4]. In a recent review of the
current literature, Barnes concluded that isoflavones
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consumed orally and in doses below 2mg/kg body weight
per day should be considered safe for most population
groups [5].

CONCLUSIONS

Soy isoflavones have been the focus of research over the
past 10 years because of their potential roles in women’s
health. However, the body of published literature presents
conflicting data. This may be attributed to the differences
found among isoflavones, amounts used, estrogen status, and
environment-genetic interactions, and individual absorption
ability. The intestinal metabolism plays a key role in the
determination of soy isoflavone potency. To date, even
though some epidemiologic data and clinical studies suggest
potential protective effects on specific target organs, further
controlled, randomized studies are necessary to determine
the real benefits of soy isoflavone to postmenopausal
women.
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