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Recent follow-up analyses of the previous findings from the Women’s Health Initiative and 
the Women’s Health Initiative Memory Study confirmed some health benefits of estrogen-
containing hormone therapy (HT) in women within 10 years from the onset of menopause. 
However, the potential risks associated with long-term administration of HT, such as breast 
cancer and stroke, remain a concern for therapy recipients, underlying the need for an 
alternative treatment that is functionally equivalent but with a greater safety profile. Owing 
to their structural and functional resemblance to mammalian estrogens and lack of 
evident adverse effects, research interest in plant-derived phytoestrogens has increased in 
the past decade. While multiple health-promoting benefits of phytoestrogens have been 
proposed from basic science, the clinical data remain inconclusive. This review provides a 
comparative analysis of human studies on the effects of soy-based isoflavones on 
cognition. Of the eight studies published in 2000–2007, seven were conducted in 
postmenopausal women, four of which revealed a positive impact of isoflavones on 
cognitive function. Multiple factors could have contributed to the discrepant outcomes 
across studies, such as variation in the composition of phytoestrogen interventions and the 
heterogeneous characteristics of the study population. Thus, a well-designed clinical study 
based on a standardized stable formulation in a well-characterized study population is 
required in order to reach a clinical consensus. A formulation composed of select estrogen 
receptor β-selective phytoestrogens with a rationally designed composition would avoid 
the potential antagonism present in a mixture and thus enhance therapeutic efficacy. In 
addition, inclusion of equol in a study formulation offers a potential synergistic effect from 
equol in both equol-producing and nonproducing individuals, as well as added benefits 
for men. With respect to the design of study population, a clinically consistent effect could 
potentially be achieved by stratifying populations based on genotype, age, hormonal 
history and even diets. Development of an effective phytoestrogen formulation would 
benefit both women and men to prevent or treat hormone-dependent conditions and, 
most of all, to improve neurological health and reduce the risk of Alzheimer’s disease. 
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Women’s Health Initiative Memory Study & 
follow-up messages
Estrogen-containing hormone therapy (HT)
has long been suggested to promote cognitive
health and reduce the risk of developing Alzhe-
imer’s disease (AD) in postmenopausal women
[1,2]. Until recent years, such an inter-relation
has been challenged by results from the
Women’s Health Initiative (WHI) Memory
Study (WHIMS).

The aim of WHIMS, an ancillary study to
the WHI hormone program, was to determine
the effects of HT on global cognitive function
and the risk of developing dementia in post-
menopausal women [3]. WHIMS was con-
ducted at 39 WHI clinical centers throughout
the USA, involving a total of 7480 women
between the ages of 65 and 79 who were free
of dementia when the study started in 1995. A
total of 2948 women who had undergone a
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hysterectomy were included in the estrogen-alone study
(E-Alone; one pill per day of conjugated equine estrogen
[CEE], 0.625 mg; brand name Premarin™ by Wyeth). A total
of 4532 women who had not had a hysterectomy were included
in the combination estrogen plus progestin study (E + P; one
pill per day of CEE, 0.625 mg, plus medroxyprogesterone
acetate [MPA], 2.5 mg; brand name PremPro™ by Wyeth). 

Results from a mean of 4.2 years of follow-up of the E + P
arm of the WHIMS revealed that this combination HT not
only did not benefit global cognitive function measured with
the Modified Mini-Mental State Examination [4], but also dou-
bled the risk for probable dementia in postmenopausal women
aged 65 years or older [5]. Results from a mean of 5.4 years of
follow-up of the E-Alone arm of the WHIMS showed a similar
risk for global cognition and probable dementia in women at
the same age range, although these adverse effects were not clin-
ically significant [6,7]. Although these results clearly indicate that
estrogen-containing HT does not promote cognition or reduce
the risk of developing dementia in women aged 65 years or
older, the observed actual number of cases of dementia was
small. Overall, 61 women were diagnosed with probable
dementia in the E + P study and the ratio between women tak-
ing the therapy and women taking the placebo pill was 40:21 [5].
In the E-Alone study, 47 women were diagnosed with probable
dementia and the ratio between women taking the therapy and
women taking the placebo pill was 28:19 [7]. Translated to a
population of 10,000 older women taking the E-Alone therapy,
there would be an additional 12 cases of dementia per year; for
10,000 women taking the E + P therapy, there would be an
additional 23 cases of dementia per year [5,7]. Owing to an
increased incidence of breast cancer, and the increased risks for
heart attacks, stroke and blood clots that outweighed the bene-
fits of prevention of hip fractures and colorectal cancer in
women on the E + P therapy, all the E + P components of the
WHI, including the WHIMS, were halted in July 2002 [8]. In
February 2004, owing to the findings of similar risks for stroke
and blood clots and no reduction of the risks of coronary heart
disease (CHD), all the E-Alone therapy components of the
WHI were halted, prior to the planned end date in 2005 [9]. 

Since then, rigorous debate has ensued in the research com-
munity. Multiple factors have been proposed to explain the dis-
parity between the negative outcomes from the WHIMS and
positive results from a large number of observational studies
[10–13]. First, the combination E + P therapy of the WHIMS
included a synthetic progestin, MPA, which may have induced
greater adverse impact of E + P than E-Alone therapy on the
risk of dementia [14]. Second, the WHIMS was conducted in
women aged 65 years or older. It has been hypothesized that
the time of initiating HT and duration of HT exposure could
be significant regulators of the health impact of HT, particu-
larly on cognition, in postmenopausal women [15]. Specifically,
the advanced age at which HT was started in the WHI and
WHIMS trials could have contributed to the overall out-
weighed risks compared with the benefits of HT for women’s
health [201]. In support of this hypothesis, a prospective study

conducted in Cache County, Utah, USA, revealed that prior
HT use was associated with a threefold lower risk of developing
AD in women who began HT at the time of menopause and
continued the therapy for 10 years [16]. Age-related effects of
HT use on cognition were further indicated by results from the
recent Research into Memory, Brain Function and Estrogen
Replacement (REMEMBER) pilot study, where it was found
that early initiation of HT during menopause was beneficial for
some cognitive domains, while initiation of HT in late meno-
pause appeared to be detrimental [17]. A summary of a number
of observational studies that consistently reported positive
results of a prevention paradigm for HT treatment indicates a
20–50% reduction of the risk for developing AD in women
who began HT at the time of menopause [16,18–22]. However,
some experts argue that observational studies may be systemati-
cally biased, since hormone users tend to be healthier and better
educated than nonusers [10]. 

Recent data from a reassessment of findings from the
WHIMS further supported such a theory. A follow-up study
that was part of the WHIMS, in which 7153 women aged
65–79 years provided information on their past HT exposure,
revealed that women who reported using any form of HT
before they were 65 years old were nearly 50% less likely to
develop AD or other types of dementia than women who did
not use such a therapy by that age. However, women who
started the E-Alone therapy after the age of 65 years had an
approximately 50% increased risk of developing dementia. The
risk was nearly double among women using the combined
E + P therapy [202]. The impact of ‘age factor’ on the study out-
comes is also illustrated in a recent release of a secondary analy-
sis of the data from both arms of the WHI to explore a trend of
the effect of HT on CHD and stroke in relation to the distance
from the menopause [23]. Three subgroups of women based on
age (50–59, 60–69 and 70–79 years) or years since the onset of
menopause (less than 10, 10–19 and 20 years or more) were
examined separately. The primary results from the WHI trials
showed that there was no benefit of HT for prevention of
CHD when data from both younger and older women were
collapsed together [8]. The new study further confirmed the
previous results. However, the extent of the impact varies by age
or years since menopause. That is, women who initiated HT
closer to menopause tended to have a reduced CHD risk com-
pared with an increase in CHD risk among women who started
the therapy at a time more distant from menopause, although
this trend did not meet criteria for statistical significance (Haz-
ard ratio [HR]: 0.93 for 50–59 years, 0.98 for 60–69 years and
1.26 for 70–79 years, p = 0.16; or HR: 0.76 for less than
10 years since menopause, 1.10 for 10–19 years and 1.28 for
20 or more years, p = 0.16) [23]. A similar trend was observed
for total mortality where the effect of HT was more favorable in
younger than older women (HR: 0.70 for 50–59 years, 1.05 for
60–69 years and 1.14 for 70–79 years; p = 0.06) [23]. However,
elevated risk of stroke associated with HT (HR: 1.32) did not
appear to be affected by age or time since menopause [23]. In
addition, this new study confirmed the overall risk for breast
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cancer due to HT. There appeared to be an increased risk of
breast cancer even in women who started the E + P treatment
within 10 years of menopause [23]. Furthermore, in a most
recent report of another follow-up study, the WHI Coronary
Artery Calcium Study, involving 1064 women aged 50–59
years at enrollment in the E-Alone arm of the WHI, the com-
puted tomography imaging conducted at 28 of the 40 WHI
clinical centers revealed that women receiving the E-Alone
therapy for a mean of 7.4 years followed by a mean of 1.3 years
of lag time prior to the imaging were 30–40% less likely to have
measurable levels of calcified plaque in the coronary arteries, a
marker for atherosclerotic plaque burden and predictor for
future risk of cardiovascular events, than women receiving the
placebo treatment [24]. Women who had an at least 80% adher-
ence to the treatment had a 60% lower risk of severe calcium
plaque [24]. These results are consistent with Rossouw’s report,
suggesting that HT may be protective against heart diseases in
younger but not older women [23,24]. 

Although the later stage outcomes of women who received
early HT are still unclear, it is anticipated that these new find-
ings will redress the negative impact of earlier reports from the
WHI and WHIMS on the public and offer some reassurance to
younger women and their physicians of certain health-promot-
ing benefits that HT can provide if the treatment is initiated
soon after the onset of menopause before the endogenous estro-
gen is significantly diminished as a result of menopause. How-
ever, caution should be taken since estrogen has complex effects
and potential health risks could become apparent upon long-
term administration, as highlighted by a recent disclosure of the
correlation between the age-adjusted incidence rate of breast
cancer and use of HT in postmenopausal women [25]. Before
the question of whether any possible short-term benefit from
HT to postmenopausal women in their 50s would extend into
older ages if they were to continue using the therapy is
answered, HT is recommended to be used on a short-term basis
to alleviate menopausal symptoms in recently menopausal
women, but should not be used on a long-term basis for the

prevention of diseases such as cardiovascular diseases and cog-
nitive decline that are associated with estrogen deficiency due
to menopause. Meanwhile, the problematic aspects associated
with HT have spurred research interest in an attempt to find
an estrogen alternative therapy that can mimic the beneficial
effects of estrogen on women’s health while not eliciting the
deleterious effects as observed in WHI trials. In the last several
years, research has focused on two types of estrogen alterna-
tives: phytoestrogens and synthetic selective estrogen receptor
(ER) modulators (SERMs). This article reviews phytoestro-
gens and their potential effects on human health with a focus
on cognition. 

Phytoestrogens: classification, distribution, metabolism & 
health effects
Phytoestrogens are a class of naturally occurring polyphenolic
molecules that structurally resemble mammalian estrogens but
are distributed in plants [26]. Owing to the structural similari-
ties, phytoestrogens can bind to mammalian ERs; some of
them have a binding preference to ERβ, but overall they have
weaker binding affinities when compared with the female
endogenous estrogen 17β-estradiol. In mammalian systems,
through their interactions with ERs, phytoestrogens can mod-
erately interfere with the endogenous estrogen-responsive sign-
aling and result in either estrogenic or antiestrogenic bioactivi-
ties, depending on the status of the endogenous estrogens and
the distribution of two ER subtypes, ERα and ERβ [27,28]. 

Three major subclasses of phytoestrogens have been identified
and chemically defined as isoflavones, lignans and coumestans
(TABLE 1) [26]. Isoflavones are predominantly enriched in red
clover and legumes such as soybeans; lignans are largely distrib-
uted in oilseeds such as flaxseeds; and coumestans are widely
distributed in plant sprouts including red clover sprouts and
alphafa sprouts. Mature red clover leaf is the richest known
source of total isoflavones, mainly biochanin A and formonone-
tin, along with lesser amounts of genistein and daidzein.
Biochanin A and formononetin are O-methylated precursor

Table 1. Three main classes of naturally occurring phytoestrogens, isoflavones, lignans and coumestans*. 

Classification Main source Main constituent(s) Concentration (mg/100 g 
dry weight)‡

Isoflavones Soybeans Genistein 26.8–84.1

Daidzein (→equol) 10.5–56.0

Glycitein 6.72–20.40

Red clover Biochanin A 417

Formononetin 647

Lignans Flax seeds Matairesinol 1.087

Secoisolariciresinol 369.9

Coumestans Red clover sprouts Coumestrol 28.1

*Equol is not present in nature but can be produced exclusively from daidzein metabolism in 30% of human adults.
‡Data from [29–31,203].
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molecules of genistein and daidzein, respectively, and are enzy-
maticly converted to genistein and daidzein once ingested in
mammals [29]. Soy is the richest source of genistein, rich in
daidzein and the known exclusive source of glycitein. Besides
red clover and soy, kudzu root is another major botanical source
for isoflavones, serving as the richest source of daidzein among
all plants [30]. Flaxseed provides the richest dietary source of lig-
nans, with a large amount of secoisolariciresinol and lesser
amount of matairesinol [203]. Once ingested, these plant lignans
are enzymatically converted to mammalian lignans, secoisolar-
iciresinol to enterodiol, and matairesinol to enterolactone.
Coumestrol is a major coumestan, with a structure quite differ-
ent from isoflavones while highly estrogenic owing to the pres-
ence of two phenol groups at both ends which allows it to bind
strongly to ERs as does genistein. Only a small trace amount of
coumestrol exists in human diets [203]. 

Among all known phytoestrogens, soy-based isoflavones,
owing to their enrichment in human diets (especially in Asian
diets), are the most extensively studied. Substantial research had
attributed the estrogenic activity of soy products mainly to gen-
istein and daidzein, until the third main constitutive compo-
nent, glycitein, was characterized [31]. Glycitein accounts for
5–10% of the total isoflavones in soy foods and may be up to
40% in some soy supplements made from soy germ [31]. These
soy-derived isoflavones commonly exist as inactive but water-
soluble glucosides (genistin, daidzin and glycitin), which, inside
the mammalian digestive system, are converted to estrogenically
active genistein, daidzein and glycitein by intestinal glucosi-
dases, prior to absorption. Daidzein can be further metabolized
to equol and O-desmethylangiolesin [32]. Because the bioavaila-
bility of estrogenically active soy isoflavones is largely dependent
upon the metabolic conversion in the gastrointestinal tract,
which can be significantly different between individuals, the
estrogenic responses derived from the intake of even an equal
amount of the same soy product could be varied in different
individuals. One typical case known to date is the production of
equol, a structural mimic of daidzein. Unlike genistein and
daidzein, equol is not of plant origin, yet can be exclusively pro-
duced through the metabolism of daidzein that is catalyzed by
intestinal microbial flora following the intake of pure daidzein
or soy products [32]. Interestingly, wide variations in the ability
to produce equol from daidzein metabolism exist both between
animals and humans, and across human populations. It has been
found that almost all rodents and monkeys can produce equol in
large quantities; however, only approximately 20–35% of
human adults have such equol-producing ability [33]. Since it
was first identified in human urine [34], equol has been widely
recognized for its highly potent estrogenic activity in some
ER-distributed tissues, largely through strong binding to both
ERs (with an approximately tenfold binding preference to ERβ)
that are roughly equal to genistein. By contrast, its precursor iso-
flavone, daidzein, only exhibits weak ER-binding affinity and
estrogenic activity [33]. Therefore, it is conceivable that the varia-
tion in response to soy products could be significant in two dis-
tinct subpopulations, equol-producers and equol nonproducers.

It can be speculated that the clinical efficacy of a soy product in
humans could be significantly enhanced by the presence of equol
in equol producers as compared with equol nonproducers. 

Historically, research interests in the health effects of soy iso-
flavones were spurred, in large part, by a number of early com-
parative observational studies, for example, studies conducted in
Asian and Western populations, where large differences in the
daily dietary intake of total isoflavones and other types of phy-
toestrogens exist. The daily consumption of total phytoestro-
gens, mainly soy isoflavones, in Asian populations such as Japa-
nese and Chinese, is estimated to range from 20 to 80 mg,
whereas the daily dietary intake of phytoestrogens in Caucasians
in the USA has been estimated to be less than 1 mg, of which lig-
nans account for 80% of the total phytoestrogen content, fol-
lowed by isoflavones (20%) and a trace amount of coumestans
(p < 0.1%) [35]. Although it has been argued that high consump-
tion of soy foods is only one of many potentially protective life-
style factors that distinguish Asian and Western women, it has
been associated, to a large extent, with the low incidence rates of
a number of hormone-dependent conditions in Asian popula-
tions. For example, it was found that only 25% of Japanese and
18% of Chinese postmenopausal women suffer from hot flashes
as compared with 85% of North American and 70% of Euro-
pean women [36]. In addition, historically, breast cancer rates in
the USA have been four- to seven-times higher than those in
Asia [37,38]. An interesting study conducted in Asian–Americans
revealed a strong link between a low risk for breast cancers and
the intake of tofu in these women [39]. Specifically, a lower breast
cancer rate was observed in those Asian–American women who
were born in Asia and then immigrated to the USA yet still con-
sumed substantial soy foods, as compared with those women
born in the USA who had more Americanized dietary structure
with lower intake of soy isoflavones. Moreover, the same study
revealed that the reduction of risk was only seen in perimeno-
pausal women, not postmenopausal women [39]. As an example
of how the demography and culture might change the dietary
structure, in a study in 274 Japanese–American women aged
65 years or older living in King County, Washington State, USA,
the mean dietary intake of soy isoflavones (10.2 mg/day) was
about a quarter to a half that of women living in Japan, but
higher than that consumed by Caucasian women [40]. 

The high content of soy isoflavones in Asian diets may have
also contributed to the low prevalence of AD in Japan and
China compared with that in the USA and Europe. FIGURE 1

summarizes the prevalence rates for all-cause dementias and sub-
types AD and vascular dementia (VaD), reported in 22 studies
across continents, 13 studies conducted in Asia (nine in Japan
[41–47] and four in China [48–51]), four studies in North America
(three in the USA [52–54] and one in Canada [55]) and five studies
in Europe (two in Great Britain [56,57], one in France [58], one in
Italy [59] and one in Sweden [60]). Despite a few exceptional
cases, it is apparent that the overall prevalence rates for all-cause
dementias in Japan and China are similar to the rate in North
America, although they are lower than the rate in Europe. How-
ever, the prevalence ratios of AD to VaD in Japan and China are
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lower than the ratios in both North America and Europe, due to
lower prevalence rates for AD and similar rates for VaD in Japan
and China compared with North America and Europe. These
data suggest that AD is more prevalent in Western than Asian
populations (∼2.5-fold), while the prevalence of VaD is similar.
Moreover, AD is more prevalent than VaD in Western popula-
tions (∼2.2-fold). In comparison, the prevalence of AD and VaD
is similar in Asian populations, although the AD/VaD ratio has
been increasing owing to greater longevity and a higher percent-
age of elderly, which leads to increased risk of AD [61]. In addition
to the age factor, the AD prevalence rates in women have been
consistently found to be higher than those in men across both
Asian and Western nations [46,51–53]. 

Additional evidence for a potential role of dietary intake of soy
isoflavones in preventing the onset of AD in Asian populations can
be found in two large-scale studies conducted in Asian–Americans

that had adapted towards Western style diets [40]. The Hono-
lulu–Asia Aging Study (HAAS) in a cohort of 3734 Japa-
nese–American men (71–93 years) living in Hawaii, found the
overall prevalence rates for all-cause dementias (9.3%) and AD
(5.4%) [62] were similar to the rates reported in Europe
(FIGURE 1; 9.1 and 5.1%, respectively) [56–60], plus a higher prev-
alence rate for VaD (4.2%) [62] than that in Europe (FIGURE 1;
2.5%) [56–60]. Similarly, the Kame Project, in a cohort of 3045
Japanese Americans (65 years or older) living in King County,
Washington State, USA, found the overall prevalence rates for
all-cause dementias (6.8%), AD (3.9%) and VaD (1.6%) [63]

were similar to the rates reported in North America (FIGURE 1;
5.5, 3.1 and 1.3%, respectively) [52–55]. In agreement with these
studies conducted in a single-cohort population, a retrospective
analysis on data collected at AD Research Centers of California,
compared the frequency of dementia etiologies between 1992

Figure 1. Summary of prevalence rates for all-cause dementias, and subtypes Alzheimer disease and vascular dementia, in Japan, China, North 
America and Europe. It indicates that: excluding the three exceptional cases (A), the overall prevalence rates for all-cause dementias in Japan (5.1%) and China 
(3.3%) are similar to the rate in North America (5.5%), and approximately half of the rate in Europe (9.1%) (B is an x-axis justified version of A). The figure also 
demonstrates that the prevalence ratios of AD to VaD in Japan (0.8%) and China (1.4%) are lower than the ratios in North America (3.4%) and Europe (2.1%) (A,B), 
as a result of lower prevalence rates for AD and similar rates for VaD in Japan (1.5% for AD vs 2.3% for VaD) and China (1.8% for AD versus 1.2% for VaD) 
compared with North America (3.1% for AD vs 1.3% for VaD) and Europe (5.1% for AD vs 2.5% for VaD) (C). These data suggest that AD is more prevalent in 
Western than Asian countries (~2.5-fold), while the prevalence of VaD is similar. Moreover, AD is more prevalent than VaD in Western countries (~2.2-fold); in 
comparison, the prevalence of AD and VaD is similar in Asian countries.
AD: Alzheimer’s disease; VaD: Vascular dementia. 
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and 2002 in four ethnic groups [64]. Cases for all the neurodegen-
erative causes of dementia were identified for 452 Asian and
Pacific Islander (API), 472 black, 675 Latino and 2926 white
patients. No statistical differences were found among study
groups, but there was a trend of less AD in API [64]. Taken
together, these comparisons suggest that the prevalence of AD in
older Japanese immigrants is similar to that among Caucasians in
the USA and Europe, and higher than that among the matching
population living in Japan. This trend correlates well with the
daily intake of soy isoflavones among these three groups of popu-
lations. The dietary change associated with migration from Japan
to the USA may have contributed to the increased risk for AD.
However, this dietary factor appears to have less or no effect on
the pathogenesis of VaD. Despite population-based epidemiolog-
ical research which suggests a positive correlation between soy
isoflavone intake and a reduction of AD prevalence, an adverse
relationship was reported as part of HAAS, where higher midlife
tofu consumption was associated with cognitive impairment and
brain atrophy in late life [65]. 

In the last 5 years, research interest in soy isoflavones and other
phytoestrogens have greatly expanded, largely owing to the reve-
lations of health risks associated with estrogen-containing HT, in
particular those seen in the WHI and WHIMS trials. In view of
the promising results from in vitro culture and animal studies, it
has been proposed that phytoestrogens could play a positive role
in those areas when estrogen has demonstrated its effectiveness,
particularly in postmenopausal women, such as alleviation of the
climacteric symptoms [36], preservation of the bone mineral den-
sity [66,67], reduction of the risks of cardiovascular diseases [68] and
improvement of cognitive function (reviewed later). However, at
this time, the mixed results across studies remain problematic. 

In addition to the impact of soy isoflavones on a woman’s
health, recent research revealed a reduction of risk of prostate
cancer associated with soy products in men. A case–control study
to compare the percentage of equol producers between prostate
cancer patients and cancer-free control subjects resident in Japan,
Korea and the USA, revealed that the incidence of prostate can-
cer was significantly higher in equol nonproducers, suggesting
that the ability to produce equol or equol itself may be closely
associated with reduced risk of prostate cancer [69]. The underly-
ing mechanism in support of clinical findings indicated that
equol can effectively block the action of the potent male hor-
mone dihydrotestosterone (DHT), which normally stimulates
prostate growth [70]. Unlike many conventional DHT blockers
that inhibit a certain enzyme that converts testosterone to DHT,
equol does not prevent DHT from being made but prevents it
from functioning. It directly binds to DHT which prevents
DHT from binding to the androgen receptor and thereby pre-
venting the prostate from growing [70]. Since DHT is also rele-
vant to male pattern baldness, acne and excess body hair, it has
been proposed that equol may offer some help in treating these
androgen-mediated conditions.

In addition to the research and discussions on the health-pro-
moting effects of phytoestrogens, another important area of
debate is the relationship between soy intake and breast cancer,

especially in women at high risk [71]. Concern has arisen from a
number of in vitro and animal studies revealing that treatment
with soy isoflavones increased the growth of breast cancer cells
[72,73]. However, there is no clinical data in support of such a
link. And, in fact, as reviewed earlier, epidemiological studies
suggested that high dietary intake of soy isoflavones may be
associated with reduced risk of breast cancer in Japanese and
Chinese women. It is argued that the differences between non-
human and human, for example, metabolism, and differences in
experimental design and methods, would induce different out-
comes. Thus, it is inadequate to extrapolate the conclusions
from in vitro and animal data to humans [74]. At this time,
before further clinical data are available for a definite conclu-
sion, it is recommended that “the impact of isoflavones on breast
tissue needs to be evaluated at the cellular level in women at
high risk for breast cancer” [75]. 

Human intervention studies of soy isoflavones on cognition
The effects of phytoestrogens on the nervous system and cogni-
tive function have received much less attention than their effects
in the peripheral systems, although increasing evidence suggests
that as mammalian estrogen does, phytoestrogens may play a
role in the brain [76,77]. Both ER subtypes, ERα and ERβ, are
enriched throughout the brains of both rodents and humans,
providing the structural basis required for estrogen actions in the
brain [78–80]. It is demonstrated that activation of either ERα or
ERβ is able to activate the downstream signaling cascades leading
to estrogen promotion of neuroprotection against various neuro-
degenerative insults [81,82]. ERβ appears to play a more central
role in the regulation of brain development and mediation of
estrogen promotion of neuronal plasticity and memory function
[83]. Results of both in vitro cellular and in vivo animal studies
indicate that phytoestrogens at a physiologically relevant concen-
tration are effective at promoting neuroprotection, neurogenesis
and memory [84–88]; however, the neuroendocrine actions of
high-dose phytoestrogens are largely antiestrogenic [76,89] or cyto-
toxic [90,91]. Clinical research on the impact of phytoestrogens on
brain function has been sparse. Few available observational stud-
ies showed that a short-term consumption of soybeans had a
small positive effect on the cognitive function in women aged
25–40 years [92,93]. Eight randomized and placebo-controlled
intervention studies of soy isoflavones on cognition, which were
reported in 2001–2007, are identified (TABLE 2) and reviewed
below in an attempt to identify a trend for the correlation,
particularly in postmenopausal women. 

Among the eight human intervention studies, five studies
revealed a positive effect of soy isoflavone administration on
select cognitive activities. The first study, conducted in Lon-
don, UK, examined the effects of supervised intake of high ver-
sus low soy diets on attention, memory and frontal lobe func-
tion in young healthy adults (average age 25 years) of both
sexes [94]. Results from this 10-week intervention study showed
that intake of the high-soy diet (100 mg total isoflavones per
day) significantly improved both verbal and nonverbal short-
term memory, long-term memory and mental flexibilities in
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both sexes. In comparison, a significantly improved perform-
ance in two other tests of frontal lobe function, letter fluency
and planning, associated with the high-soy diet, were observed
only in females. There was no effect of diet on tests of attention
and in a category generation task related to semantic memory
[94]. Despite the small sample size and other limitations, this
study clearly indicates that soy isoflavones have the potential to
benefit cognition in both women and men. 

Following the first study, the same investigators conducted
another two studies using the same cognitive test battery but in
postmenopausal women aged 50–66 years [95,96]. These two
studies revealed a similar beneficial effect of soy isoflavones on
some of the measures of cognitive function in older women. In
summary, women receiving 60 mg total isoflavones per day for
6 or 12 weeks had a better overall performance on tests of epi-
sodic memory, although there were variations with regard to
the specific tasks. Furthermore, in comparison with a less
robust effect in memory tests, it was consistently found in both
studies that soy isoflavone administration significantly
improved performance on both tests of frontal lobe function,
mental flexibility and planning ability [95,96]. In addition, the
12-week study found an additional benefit of soy isoflavones on
sustained attention [96], which, however, was not observed in
the 6-week study [95], suggesting that longer duration of the
treatment may offer greater health benefits. 

Concurrently, a separate study, the Soy and Postmenopausal
Health In Aging Study (SOPHIA), was launched in the USA
[97]. In comparison with the studies conducted by File et al.
[95,96], in this study, Kritz-Silverstein and her group examined a
higher dose of soy isoflavone administration (110 mg total iso-
flavones per day) for a longer duration (6 months) in an average
older population of postmenopausal women (55–74 years) [97].
Kritz-Silverstein reported that owing to a learning effect over
time, women in both the isoflavone treatment group and the
placebo group showed an improvement in performance on all
five cognitive tests with a focus on attention and verbal memory.
However, women in the active treatment group tended to show
greater improvement for four of the five tests than women in the
placebo group, with a significant difference in category fluency
(23% improvement in the treatment group vs 3% improvement
in the placebo group), a test of verbal memory. Results were sim-
ilar after adjustment for age and education. Furthermore, the
investigators conducted a stratified analysis of both groups on
change in test scores in younger (aged 50–59 years) versus older
(aged 60–74 years) women after adjustment for education, and
they found a significant improvement in trails B, a test of visuo-
motor tracking and attention, in the active treatment group
compared with the placebo group among the younger women.
No such an improvement was observed among the older
women [97]. These results suggest that soy isoflavones may have
a favorable effect on cognitive function, particularly verbal
memory, in postmenopausal women. Furthermore, soy iso-
flvaones may have greater impact in perimenopausal to early
menopausal women on select cognitive functions relative to the
impact in older postmenopausal women.

In support of those early studies, a recent study conducted in
Milan and Rome, Italy, revealed that daily administration of
60 mg total isoflavones in postmenopausal women with a mean
age of 49.5 years and a mean of 5.7 years of menopause, for
6 months, was associated with a small-to-moderate improve-
ment in performance in three standard cognitive tests [98]. More
impressively, women receiving the soy supplement treatment
had significantly better mood than women on placebo treat-
ment, as reflected by the three self-rating mood scales and the
eight visual analogue scales, where five of nine and seven of eight
scores, respectively, were statistically significant between two
treatment groups. Furthermore, 48 participants reported a pref-
erence to isoflavone treatment, as compared with eight to pla-
cebo and 18 reporting no preference [98]. These results are par-
ticularly significant in that they provide strong support for a
possible role of soy isoflavones in alleviating or reversing the psy-
chological disturbances often associated with menopause and
improving the overall quality of life in postmenopausal women. 

In contrast to the above studies, three studies failed to dem-
onstrate a favorable effect of soy isoflavone intake on cognitive
function, including the study with the longest duration [99]

among all eight studies published to date. In this study con-
ducted in Utrecht, Netherlands, Kreijkamp-Kaspers et al inves-
tigated the effects of a 12-month intervention of a soy protein
supplement, containing 99 mg total isoflavones per day (52 mg
genistein, 41 mg daidzein and 6 mg glycitein), on cognitive
function, along with measures of bone mineral density and
plasma lipids, in postmenopausal women aged 60–75 years [99].
These women were more advanced in age (mean age
66.0 years) and had been postmenopausal for a mean of
18 years. In addition, approximately 21 and 19% of women
were on active cholesterol-lowering and antihypertensive medi-
cation, respectively [99]. No significant differences in perform-
ance were found in all measures that are sensitive to cognitive
aging, including memory, verbal skills, complex attention func-
tions and risk of dementia, between the soy protein supplement
group and the placebo group [99]. Similarly, no significant
changes were found in measures of bone mineral density and
lipid profiles between two groups [99]. 

In agreement with Kreijkamp-Kaspers’s findings, a similar
study conducted in Hong Kong, China, found no significant
effect of daily intake of a total of 80 mg soy isoflavones in Chi-
nese postmenopausal women aged at 55–76 years (mean age
63.5 years) and with at least 5 years (mean 13.8 years) of meno-
pause on 13 standardized neuropsychological tests of memory,
executive function, attention, motor control, language, visual
perception and a global function assessment, as compared with
the placebo group [100]. This is the first and only study con-
ducted in a population for which soy is a staple food through-
out life. The mean usual dietary isoflavone intake in this study
population was approximately 20 mg/day. The investigators
postulated that the insignificant finding of a positive effect of
soy supplement in a Chinese population of postmenopausal
women may be related to their lifetime habitual intake of soy
foods that could have had some overall protective effects on
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cognitive function, even among the placebo group, and thus
could have lessened the between-group differences of the trial
results [100]. 

In another recent study conducted in the USA, Fournier and
colleagues examined the respective effects of soy milk and a soy
isoflavone supplement intervention over a 16-week period on
several cognitive tasks that measured behavioral responses
(accuracy and response time) in 79 healthy postmenopausal
women [101]. In comparison with the study population
included in the other two studies that failed to show a effect
[99,100], women recruited in this study were relatively younger at
a mean age of 56.1 years (range 48–65 years), but had a similar
wide range of years since the onset of menopause (1–35 years,
mean 8 years). It was found neither soy milk containing 72 mg
total isoflavones per day nor soy isoflavone supplement contain-
ing 70 mg total isoflavones per day yielded any appreciable
improvement on performance in all tests of selective attention
or working (verbal and visual-spatial), visual-spatial short-term
and long-term memory [101]. 

In summary, eight intervention studies addressing the rela-
tionship between soy isoflavones and cognition in humans are
identified. Of them, one study conducted in young adults of
both sexes showed a beneficial effect of a high soy diet on select
cognitive activities. Among seven studies conducted in post-
menopausal women, four demonstrated a beneficial effect of soy
supplementation primarily on verbal memory and frontal lobe
function. Three studies failed to demonstrate such an effect,
including a study conducted on Chinese postmenopausal
women with a high exposure to soy foods throughout life [100].
To conclude, although a subset of studies report promising find-
ings, a definite conclusion cannot be drawn yet owing to the
inconsistencies across studies. Thus, it is important to address
the potential factors that may have contributed to the mixed
outcomes and take these factors into the design of future studies. 

Standardization of human studies on phytoestrogens
As exemplified in TABLE 2, the data remains sparse and inconclu-
sive with respect to the effects of phytoestrogens on human
health. The overall results derived from basic science research in
cell cultures and animals are encouraging, however, there is
either a lack of clinical data in support of preclinical findings,
or the results derived from clinical studies have been inconsist-
ent. Multiple factors could have contributed to the disparities
between the in vitro/in vivo preclinical and clinical data, or data
from various clinical studies. One main impact factor that
could have contributed to the discrepant clinical outcomes is a
lack of standardization across studies, including, but not lim-
ited to, the composition of the study interventions, the profile
of the characteristics of the study populations and the outcomes
measured. Elaborated below is the potential impact from the
variations in these key elements on clinical results. It is antici-
pated these analyses would emphasize the importance of stand-
ardization of these elements in order to reach a clinical consen-
sus in search for a definite answer for phytoestrogen use in
relation to human health. 

Phytoestrogen composition
Significant research has related the health effects of soy-based
foods and products to two most extensively studied isoflavones,
genistein and daidzein. Increasing evidence indicates that
besides genistein, daidzein and recently discovered glycitein,
there are a number of additional structurally similar and hormo-
nally active phytoestrogenic molecules present in soy foods and
other products, and the types and amounts of these molecules
can be significantly different from source to source. First, the
complex biosynthetic pathway leading to the production of vari-
ous phytoestrogenic molecules in soy plants could be readily
altered in response to external stimuli, such as environmental
factors and growth conditions, adding more complexities in the
phytoestrogen profile. For instance, soy plants grown under
stressed conditions were found to involve increased biosynthesis
of isoflavonoid phytoalexin compounds, glyceollins, which can
represent up to 56% of the total isoflavone composition [102].
Increased accumulation of glyceollins can be also present in soy
foods prepared from stress-treated soy such as freezing and fer-
mentation [102]. Second, the contents and present forms (agly-
cons vs glucosides and solid vs liquid) of three main constitutive
phytoestrogens, genistein, daidzein and glycitein, naturally
present in different soy foods, could be significantly different
leading to marked variations in bioavailability. As revealed in a
comparative analysis by Cassidy et al., consumption of tempeh
(∼50% as aglycons) resulted in higher serum peak levels of both
genistein and daidzein compared with textured vegetable pro-
tein (predominantly isoflavone glucosides, <15% as aglycons).
However, soy milk (<15% as aglycons) was absorbed faster and
peak levels of isoflavones were attained earlier than with wither
tempeh or textured vegetable protein [103]. Additional variability
in phytoestrogen composition in different soy supplements
could be introduced from the preparation protocols. An exten-
sive analysis of 33 commercially available phytoestrogen supple-
ments or extracts revealed that there were not only considerable
differences in actual isoflavone content from what was claimed
by the manufacturers, but an abundance of peaks of unknown
origin and chemical structure was found in many of the supple-
ments [104]. Although the bioactivity of these unknown mole-
cules remains undefined, their potential impact on the overall
estrogenic activity and effects of a soy product on human health
must not be neglected. Based on the facts and clinical data sum-
marized in TABLE 2, one could reasonably conceive that the dis-
crepant outcomes across studies could be, in large part, origi-
nated from the heterogeneity in the types and relative amounts
of both known and unknown but intrinsically hormonally active
molecules present in the soy products studied. 

A complex formulation comprising a mixture of various
phytoestrogenic molecules could induce either a synergistic or
antagonistic effect depending on the composition and interac-
tions among these molecules. One possible antagonism could be
derived from the antagonistic interactions among components
that have preference to bind to and activate either ERα or ERβ.
Research in primary neuron cultures revealed that coadministra-
tion of an ERα-selective agonist and an ERβ-selective agonist



WHI and WHIMS follow-up

www.future-drugs.com 1559

was less effective than treatment with either single agonist in
various neuroprotective measurements, suggesting that although
both ERα and ERβ contribute to estrogen promotion of neuro-
nal survival, simultaneous activation of both ERα and ERβ in
the same context may diminish the efficacy [81]. Thus, it can be
extrapolated that such an antagonism may occur in a complex
formulation composed of various known and unknown constit-
uents, such as a soy-derived supplements or extracts, which may
offset the overall effect and cause clinical insignificance.

Another possible antagonism present in a complex formula-
tion could be induced by molecules that are predominantly
antiestrogenic. For instance, glyceollins that are rich in soy
plants grown under stressed conditions and processed such as
fermented soy foods, exerted potent antiestrogenic effects in a
number of hormone-responsive systems, whereas genistein and
daidzein were found to be estrogenic at similar concentrations
[102]. In addition, most phytoestrogens possess a biphasic estro-
genic and antiestrogenic activity depending on the dose, target
tissue and/or estrogen status in a mammalian system. For
instance, studies have shown that some phytoestrogens tend to
exert an estrogenic effect at relatively low doses, and develop
antiestrogenic [105] or cytotoxic [90,91] effects at higher doses.
This dose and tissue-related biphasic effect has significant
implications for the design of a clinical study with a specific
clinical end point. For example, in a study addressing the rela-
tionship between phytoestrogen use and cancer prevention, an
overall antiestrogenic activity would be advantageous, whereas
in a study that investigates the protective effects of phytoestro-
gens on the cardiovascular system, bone mass and cognition,
an estrogenic activity would be desired. Moreover, the dose of
phytoestrogens studied could significantly impact the efficacy
and safety. On one hand, a low dose could be insufficient to
induce a clinically significant effect. As revealed in the observa-
tional Study of Women’s Health Across the Nation (SWAN)
that included a cohort of midlife Chinese and Japanese women
aged 42–52 years, low dietary genistein intake, 6.8 and
3.5 mg/day, respectively, could be a factor for the lack of asso-
ciation between genistein intake and measures of cognitive
performance in either ethnic groups [106]. On the other hand, a
high dose during long-term treatment could raise the red flag
for safety reasons. This can be illustrated by results from two
clinical studies that assessed the effects of phytoestrogens on
histological characteristics of endometrium, a target tissue with
high risk for neoplasia associated with the use of steroidal
estrogen-containing HT. One study revealed that a 5-year
exposure to 150 mg soy isoflavones significantly increased the
occurrence of endometrial hyperplasia, although the absolute
number was relatively small, six cases of 154 participants on
isoflavone treatment (3.8%) versus 0% in placebo group [107].
However, at a low dose that was sufficient to alleviate meno-
pausal hot flashes to a large degree (56.4% reduction in the
mean number of hot flashes) [108] and to reduce cardiovascular
risk markers [109], no adverse effects in the endometrium were
observed in women exposed to a daily intake of 54 mg pure
genistein after 2 years [109]. 

In summary, the phytoestrogen composition may serve as a
major determinant of the overall effects of a soy-based product
on human health. An optimal composition and dose should be
determined based on the target clinical outcomes investigated.
Standardization of such a composition would eliminate the var-
iation related to the phytoestrogens studied and make the data
from various studies comparative. 

Study population
The characteristics of the study population is another potential
factor that may affect study outcomes. Recent re-analyses of the
findings from the WHI and WHIMS trials evidently indicate
that the estrogen-containing HT may benefit younger women
who start HT treatment within 10 years of the onset of meno-
pause, while it appears to have an insignificant or even detri-
mental effect in older women who start the treatment 10 or
more years later after the onset of menopause. Owing to the
structural and functional resemblances between mammalian
estrogens and phytoestrogens, it can be extrapolated that, as in
the WHI and WHIMS trials, age and hormonal history of
women may also regulate the health effects of phytoestrogens. In
support of this hypothesis, Tempfer et al reviewed that in
selected studies involving women with early natural postmeno-
pause and mild-to-moderate vasomotor symptoms, a strong link
between the phytoestrogen treatment and reduced hot flashes
was observed [110]. Health benefits associated with early inter-
ventions with soy-based products are to some extent in concord-
ance with the habitual consumption of a substantial amount of
soy foods in Asian populations through life. 

The impact of the characteristics of the study population
could also be derived from the interindividual differences in
equol production in humans. As reviewed earlier, equol binds to
both ERα and ERβ, although with a preference for ERβ, at
affinities comparable to genistein. In comparison, daidzein, the
precursor isoflavone of equol, mainly binds to ERβ at a ten- to
100-fold lower affinity than equol [111]. Furthermore, it was
found that equol was most potent in inducing the transcriptional
expression of β-galactosidase in yeast cells, especially in those
transfected with ERα, among all test isoflavones [111]. In compar-
ison, daidzein only induced a very weak transcription [111]. The
substantial differences in the binding and estrogenic activity
between daidzein and equol could dramatically influence the
overall responses to soy consumption in humans. Therefore, the
failure to factor these differences into human studies could be
another major cause of the disparity in outcomes across studies.
The more potent estrogenic activity associated with equol impli-
cates that individuals with equol-producing ability could be
more sensitive to phytoestrogen treatment [33]. In support of
such a theory, a recent 1-year randomized trial revealed that an
intake of 75 mg isoflavone conjugates per day in Japanese post-
menopausal women offered a more favorable effect in preserving
the bone mineral density in the ‘equol-producers’, with an annu-
alized change of -0.04%, compared with the nonproducers,
with a change of -0.46%. Overall, women in the isoflavone
group exhibited a smaller change than the control group (-2.28
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and -2.6%, respectively) [112]. A similar result was observed in
an independent study conducted in an American postmeno-
pausal study [113]. These studies confirm that the presence of
equol in the circulating system can enhance the overall efficacy
of isoflavones, at least on the bone system. 

In addition to the intrinsic metabolic environment, equol pro-
duction can be affected by other external factors. One factor is the
form in which daidzein exists in a soy product. In a soy food or
product that is made from soy plants grown under a normal con-
dition, daidzein along with other isoflavones is present mainly in
the inactive sugar-conjugated glycoside forms. The glycosides of
genistein and daidzein are referred to as genistin and daidzin,
respectively. However, in a stress-processed soy food or product
made from soy germ, daidzein along with other isoflavones exist
mainly in the unconjugated hormonally active forms, aglycons. A
study by Setchell et al. revealed that equol appeared in the plasma
of half of the women who ingested daidzin, the glucoside conju-
gate of daidzein, while it was not found in the plasma of the
women who consumed daidzein [104]. The other known factor is
the dietary matrix, which may impact the composition of the
intestinal microflora and thus the amount of the equol produced
in ‘equol-producers’. Two human studies showed that a high
equol production was associated with a high fiber diet [114,115]. In
addition, since rodents have much greater capacity to produce
equol, it may explain the difference between results derived from
animal models that largely showed significant benefits of phytoes-
trogens, for example, on brain function, and data from human
studies which demonstrated a heterogeneous picture. 

On the other hand, owing to the potent estrogenic activity of
equol through activation of ERα, the predominant ER subtype
mediating estrogen functions in female reproductive tissues, the
enhanced responsiveness to soy isoflavones in ‘equol-producers’
could lead to increased risk of estrogenic stimulation in the breast
and endometrium upon a long-term use. In a study reported by
Unfer et al., six (3.8%) of 154 participants receiving soy tablets
containing a total of 150 mg isoflavones daily for 5 years were
diagnosed with endometrial hyperplasia, which was statistically
significant compared with the placebo group (0%) [107]. It would
be insightful to investigate whether the increased occurrence of
endometrial hyperplasia is linked to the equol-producing status
of individuals. 

In summary, the heterogeneity in the characteristic profile of a
study population could obscure the positive response from a favo-
rable subpopulation and bring the overall effects of a soy product
down below a clinically detectable range. A stratified investigation
justified by defined characteristics including age, hormone status,
equol-producing capacity and even habitual diet, would likely
provide insights into a ‘window of opportunity’ for the use of
phytoestrogens to maximally reap their health benefits. 

Expert commentary & five-year view
Despite the fact that recent follow-up analyses of the previously
collected data and findings from WHI and WHIMS have con-
firmed some health benefits of estrogen-containing HT in younger
postmenopausal women, the potential risks, such as breast cancer

and stroke, remain. Phytoestrogens structurally resemble mam-
malian estrogens and thus may provide similar functional out-
comes. Clinical data on the impact of phytoestrogens on human
health is promising, while not convincing. 

Identification of factors that may have caused discrepant out-
comes across studies will be crucial for future design of human
research. Standardization of the study interventions and popula-
tions may be essential in reaching a clinical consensus. Phytoes-
trogens bind to ERs at modest affinities, which may account for
their weak-to-moderate estrogenic activity and low benefit to
human health. Such small effects could be significantly impacted
by external factors such as the composition of the study interven-
tions and the heterogeneity of the characteristics of the human
subjects. Thus, a high bar for the standardization of the key ele-
ments will be required in future human studies in search for a
definite answer.

ERβ has been suggested as a novel therapeutic target for the
development of the an novel estrogen alternative therapy [83].
Selective targeting of ERβ has three major advantages:

• To reduce antagonistic interactions that may occur in a
complex preparation

• To minimize adverse effects associated with the activation of
ERα in reproductive tissues

• To take advantage of additional beneficial health effects
exclusively mediated by ERβ [83,116]

One can envision that:

• A formulation composed of rationally selected ERβ-selec-
tive phytoestrogens would offer a greater effect than a com-
plex formulation mixed with both ERα and ERβ-selective
components;

• A composition composed of phytoestrogens with a rationally
defined content that can induce a synergistic rather than
antagonistic effect would likely generate enhanced and
comparative results across studies that seek an estrogenic
effect;

• A composition with inclusion of equol would impair the
potential influence of the interindividual differences in the
capacity to produce equol on the study outcomes, and thus
elevate the estrogenic response across the study subjects;

• Inclusion of equol would be beneficial in men to help
prevent male hormone-dependent disorders, such as prostate
cancer. 

In conclusion, estrogen-containing HT and alternative thera-
pies will continue to be one of the most important focuses for
research because they address serious issues that affect the
health and quality of life of millions of women. Phytoestrogens,
in particular soy-derived isoflavones, have potential therapeutic
promise in both women and men. Criticism of such promise
may lead to the loss of the opportunity to take advantage of the
potential health benefits of these products, which have been
widely consumed in Asian populations for centuries. Standardi-
zation of future human studies may be the only path that leads
to a clinical consensus. 
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Key issues

• Recent follow-up analyses of the data and findings previously collected from the Women’s Health Initiative and the Women’s 
Health Initiative Memory Study confirmed some health benefits of the currently available estrogen-containing hormone therapy 
(HT) in younger women within 10 years from the onset of menopause. 

• Specifically, in the CNS, estrogen-containing HT is associated with an approximate 50% reduction of risk for Alzheimer’s disease 
(AD) or other dementias when started before the age of 65 years; by contrast, initiation of HT after 65 years of age increases the 
risk of developing dementias by 50% for the estrogen (conjugated equine estrogen [CEE])-alone therapy and the risk can be 
doubled for the combined estrogen (CEE) plus progestin (medroxyprogesterone acetate) therapy. 

• Despite the plentiful health-promoting benefits in postmenopausal women, potential risks associated with the long-term 
administration of estrogen-containing HT, such as breast cancer and stroke, remain a serious concern for therapy recipients, 
underlying the medical need for an alternative treatment that is functionally effective but safe.

• Plant-derived estrogenic compounds, known as phytoestrogens, structurally resemble mammalian estrogens and exert weak-to-
moderate estrogenic/antiestrogenic activity in a concentration- and tissue-dependent manner. Owing to the lack of evident adverse 
effects as seen with estrogens, research interest in developing phytoestrogens into a potential estrogen alternative therapy has 
greatly expanded in the past decade. 

• Eight human studies, seven conducted in postmenopausal women, were published in 2000–2007 that sought to determine the 
impact of phytoestrogens, in particular soy-based isoflavones, on cognitive function. However, data from these clinical studies are 
mixed and thus inconclusive. 

• Multiple factors could have contributed to the discrepant outcomes across studies, such as variation in the composition of 
phytoestrogens present in the study interventions and the heterogeneous profile of the characteristics of the study population. 
Thus, well-designed clinical studies based on a standardized formulation in a well-characterized study population are required in 
order to reach a clinical consensus. 

• From the study intervention perspective, a formulation composed of rationally selected estrogen receptor-β-selective 
phytoestrogens would avoid the potential antagonism present in a mixture and thus enhance therapeutic efficacy. Moreover, 
inclusion of equol in a study formulation offers a potential synergistic effect from equol in both equol-producing and 
nonproducing individuals, as well as added benefits for men. 

• From the study population perspective, a clinically consistent effect could be achieved by stratifying populations based on 
genotype, age, hormonal history and even diets. 

• In summary, given the current status of research, development of an effective phytoestrogen formulation would have therapeutic 
potential to benefit both women and men to prevent or treat hormone-dependent conditions, and most of all, to reduce age- and 
hormone deficiency-related risk of cognitive decline and AD.
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