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ABSTRACT
Over the past 2 decades, soy foods have been the subject of a vast
amount of research, primarily because they are uniquely rich sources
of isoflavones. Isoflavones are classified as both phytoestrogens and
selective estrogen receptor modulators. The phytoestrogenic effects
of isoflavones have led some to view soy foods and isoflavone supple-
ments as alternatives to conventional hormone therapy. However, clin-
ical research shows that isoflavones and estrogen exert differing effects
on a variety of health outcomes. Nevertheless, there is substantial ev-
idence that soy foods have the potential to address several conditions
and diseases associated with the menopausal transition. For example,
data suggest that soy foods can potentially reduce ischemic heart dis-
ease through multiple mechanisms. Soy protein directly lowers blood
low-density lipoprotein-cholesterol concentrations, and the soybean
is low in saturated fat and a source of both essential fatty acids,
the omega-6 fatty acid linoleic acid and the omega-3 fatty acid alpha-
linolenic acid. In addition, soflavones improve endothelial function
and possibly slow the progression of subclinical atherosclerosis. Iso-
flavone supplements also consistently alleviate menopausal hot
flashes provided they contain sufficient amounts of the predominant
soybean isoflavone genistein. In contrast, the evidence that isofla-
vones reduce bone loss in postmenopausal women is unimpressive.
Whether adult soy food intake reduces breast cancer risk is unclear.
Considerable evidence suggests that for soy to reduce risk, consump-
tion during childhood and/or adolescence is required. Although con-
cerns have been raised that soy food consumption may be harmful to
breast cancer patients, an analysis in 9514 breast cancer survivors
who were followed for 7.4 y found that higher postdiagnosis soy in-
take was associated with a significant 25% reduction in tumor recur-
rence. In summary, the clinical and epidemiologic data indicate that
adding soy foods to the diet can contribute to the health of postmen-
opausal women. Am J Clin Nutr 2014;100(suppl):423S–30S.

INTRODUCTION

Soy foods have been consumed by Asian populations for cen-
turies. Only much more recently have foods made from soybeans
made their way into Western cuisine. Initially, they appealed pri-
marily to vegetarians because they are versatile sources of high-
quality protein (1). Many soy foods are also sources of the essential
omega-3 (n–3) fatty acid a-linolenic acid (2). However, over the
past 2 decades, there has been rigorous investigation of the po-
tential for soy foods to exert health benefits independent of their
nutrient content. Most of this research can be attributed to the
phytochemical content of soy, especially its uniquely rich iso-
flavone content (3).

Isoflavones bind to estrogen receptors (ERs)4 and exert es-
trogenic-like effects under certain experimental conditions (4).
However, isoflavones also appear to be tissue selective, likely
because of their preferential binding to and activation of ERb in
comparison to ERa. Consequently, in addition to being classi-
fied as phytoestrogens, isoflavones are considered to be selective
ER modulators, a classification to which tamoxifen and ralox-
ifene belong (4).

Estrogenic and antiestrogenic effects of isoflavones were
shown in rodents nearly 50 y ago (5, 6), but only within the past
25 y (7) has research focused on the possibility that isoflavone-
rich soy foods can be especially helpful to women transitioning
through menopause. This area of investigation gained increased
attention when greater numbers of women, because of the dis-
appointing results of the Women’s Health Initiative trial, began
seeking natural alternatives to conventional hormone therapy
(8). This review first provides background information on iso-
flavones and then briefly summarizes the effects of isoflavones
and soy foods on the health of menopausal women in 4 areas: 1)
cardiovascular disease, 2) osteoporosis, 3) menopausal symptom
relief, and 4) breast cancer.

ISOFLAVONE INTAKE

Among commonly consumed foods, only soybean-derived
products provide physiologically relevant amounts of isoflavones.
The soybean contains 12 different isoflavone isomers: the 3
aglycones genistein (4’,5,7-trihydroxyisoflavone), daidzein
(4’,7-dihydroxyisoflavone), and glycitein (7,4’-dihydroxy-6-
methoxyisoflavone); their respective b-glycosides genistin,
daidzin, and glycitin; and 3 b-glucosides each esterified with
either malonic or acetic acid (9). (Isoflavone amounts used in
this text refer to the aglycone equivalent weights.) When all
forms of the individual isoflavones are considered, genistein,
daidzein, and glycitein account for w50%, 40%, and 10%, re-
spectively, of the total soybean isoflavone content (9).
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There are w3.5 mg isoflavones (expressed in aglycone equiva-
lent weight) per gram of protein in traditional soy foods (10). One
serving of a traditional soy food provides w8 g protein and 25 mg
isoflavones. In contrast, .70% of the isoflavone content of whole
soybeans can be lost in the making of processed soy products, such
as isolated soy protein (11). Isoflavone intake varies among
Asian populations but ranges from w10 to 15 mg/d in Hong
Kong to 30–40 mg/d in Japan and Shanghai (10). National
intake estimates for China tend to obscure the markedly dif-
ferent isoflavone intake that exists among provinces (12).

Among Asian countries with Chinese populations, the vast
majority of soy is consumed in the form of unfermented foods
such as soy milk, tofu, and tofu products (13, 14), whereas in
Japan approximately half of the soy comes from fermented (natto
and miso) and half from unfermented (tofu) foods (15, 16). The
concentration of isoflavones in soy foods is not changed as
a result of fermentation, although in fermented products more of
the isoflavones occur in aglycone form due to bacterial hydrolysis
of the sugar from the glycoside, the form of isoflavones occurring
in soybeans and unfermented foods (11, 17). There are conflicting
data as to whether isoflavone form (glycoside compared with
aglycone) affects total isoflavone absorption, but if it does, it is
likely to be relatively modest (18–23).

The half-life of isoflavones is between 4 and 8 h; consequently,
24 h after isoflavone exposure, nearly all of the absorbed iso-
flavones are excreted (24). Serum isoflavone concentrations in-
crease in a dose-dependent fashion in response to isoflavone
ingestion, but at higher intakes there is a curvilinear relation (25,
26). Therefore, the highest sustained serum isoflavone concen-
trations are likely achieved by dividing daily isoflavone intake
into several doses, which reflects the pattern of isoflavone intake
from soy foods in Asia. There is a large interindividual variation
in isoflavone metabolism such that in response to the ingestion of
similar amounts of isoflavones, circulating concentrations of
isoflavone metabolites and parent isoflavones can vary hundreds-
fold (27, 28). It is noteworthy that onlyw25% of non-Asians and
w50% of Asians host the intestinal bacteria that convert the
isoflavone daidzein into the isoflavonoid equol (29). Equol has
been proposed as an especially beneficial isoflavonoid (30).

Finally, it is important to recognize that 2 primary types of iso-
flavone supplements available on the market, and that have been used
in clinical trials, differ markedly in genistein content. One is made
from whole soybeans so it is high in genistein and low in glycitein,
whereas the other, which is made from the germ or hypocotyledon
portion of the bean, is low in genistein and high in glycitein (31).

CARDIOVASCULAR DISEASE

In 1999, the US Food and Drug Administration approved a
health claim for soy foods and coronary heart disease (CHD)
on the basis of the cholesterol-lowering effects of soy protein
(25 g/d was established as the threshold intake for cholesterol
reduction) (32). Nevertheless, the hypocholesterolemic effects of
soy protein are not without controversy. In 2006, the American
Heart Association (AHA) concluded that the health claim was not
justified because, in their estimation, soy protein lowered LDL
cholesterol only by 3% (33). (The AHA did conclude, however,
that soy foods can help reduce CHD risk via their fiber and high
PUFA content.) However, when Jenkins et al (34) conducted
a statistical meta-analysis of the same studies identified by the

AHA, they found that soy protein lowered LDL cholesterol by
4.3%, an estimate in line with the 4–6% reduction reported by
4 other meta-analyses published since 2005 (35–38). The de-
crease in LDL cholesterol in response to soy protein is similar to
the effect of soluble fiber, which also has a Food and Drug
Administration health claim (39).

Isoflavones may not contribute to the cholesterol-lowering
effect of soy protein, but research suggests that they may exert
coronary benefits by improving endothelial function, as assessed
by changes in brachial arm flow-mediated dilation, notwith-
standing that studies evaluating this variable have produced in-
consistent results. A 2010 meta-analysis by Li et al (40) that
included 9 clinical trials involving postmenopausal women found
that isoflavones markedly improved flow-mediated dilation but
only in women with impaired endothelial function, which may
explain previously inconsistent findings. In this meta-analysis,
most trials used between 50 and 100 mg isoflavones/d (the
amounts provided by w2–4 servings of traditional soy foods).
Very limited observational data indicate that isoflavones may
also improve endothelial function by increasing the number of
circulating endothelial progenitor cells, which replace damaged
endothelial cells (41).

The results of 4 meta-analyses concluded that a variety of soy
products, including both isolated isoflavones and soy protein, lower
systolic blood pressure and diastolic blood pressure by w2.5 and
1.5 mm Hg, respectively (42–45), which, although modest, can
still meaningfully affect morbidity and mortality. However, in
most of the studies included in the meta-analyses, blood pres-
sure was a secondary outcome; therefore, although suggestive,
the results do not allow definitive conclusions to be made.

Finally, the results of a 3-y clinical trial arguably provide the
most intriguing data to date in support of the coronary benefits of
isoflavones (46). In research conducted by Hodis et al (46),
isoflavone-rich soy protein was found to reduce the progression
of subclinical atherosclerosis as measured by carotid intima
media thickness (CIMT). Women were randomly assigned to
receive either 25 g milk protein/d or 25 g soy protein/d that
provided 99 mg isoflavones. CIMT increased in both groups over
the study period but by 16% less in the soy group. Although this
difference was not significant (P = 0.35), because the difference
between groups increased steadily with time, it is reasonable to
speculate that a longer exposure period would have led to a larger
and significant difference. Furthermore, subanalysis found that
among young postmenopausal women (,5 y postmenopausal)
CIMT progression was reduced by 68% (P = 0.05). Not only was
this difference significant, but this finding is consistent with the
estrogen-timing hypothesis, which maintains that exposure to
estrogenic molecules soon, but not late, after menopause pro-
duces pronounced coronary and cognitive benefits (47).

Finally, no intervention studies have evaluated the effect of soy
products on myocardial infarction or stroke, although, as dis-
cussed above, intermediary markers of these diseases are fa-
vorably affected. Therefore, there is justification for conducting
long-term trials that include myocardial infarction and stroke as
health outcomes.

OSTEOPOROSIS

The well-established skeletal benefits of estrogen therapy (48)
combined with the estrogen-like effects of isoflavones (4)
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provided a sound basis for initial speculation that soy foods
promote bone health. However, isoflavones and estrogen often
exert very different effects, and their impact on bone mineral
density (BMD) appears to be one case in which this is true,
notwithstanding prospective epidemiologic data showing that
soy food consumption is protective against fracture.

With regard to the latter point, a study from Shanghai in 24,403
postmenopausal women found that higher soy protein intake
(.10 g/d) was associated with an approximate one-third re-
duction in fracture risk (49). After adjustment for age, major
osteoporosis risk factors, socioeconomic status, and other di-
etary factors, the RRs (95% CI) for fracture were 1.00, 0.72
(0.62, 0.83), 0.69 (0.59, 0.80), 0.64 (0.55, 0.76), and 0.63 (0.53,
0.76) across quintiles of soy protein intake (P-trend , 0.001).
During the 4.5-y follow-up period, there were 1170 fractures of
all types, although hip (3.3%) and spinal (14.9%) factures ac-
counted for ,20% of the total. In agreement are the results of
a Singaporean study that included 63,257 Chinese participants
between the ages of 45 and 72 y that found that soy intake was
unrelated to hip fracture risk in men, whereas in postmenopausal
women (n = 35,241) soy protein intake was associated with an
approximate 25% reduction in risk (50). Compared with women in
the lowest quartile of intakes for tofu equivalents (,49.4 g/d), soy
protein (,2.7 g/d), and isoflavones (,5.8 mg $ 1000 kcal21 $ d21),
those in the second–fourth quartiles exhibited a 21–36% reduction
in risk (all P, 0.036). Among the women in this cohort, there were
a total of 692 hip fractures during the 7.1-y follow-up period.

One caveat about both of these observational studies is that
most of the observed decrease in risk occurred when comparing
women in the second soy protein intake quintile or quartile with
those in the first. The low intake in this second-intake group raises
questions about the biological plausibility of the findings.

In any event, a third prospective study that included 337 post-
menopausal white Seventh-day Adventist women also provides
support for a bone-protective effect of soy foods. After a 2-y
follow-up period, in comparison to not drinking soy milk, con-
suming soy milk at least once per day was associated with a 56%
(OR: 0.44; 95% CI: 0.20, 0.98; P-trend = 0.04) decreased risk
of osteoporosis based on calcaneal broadband ultrasound attenu-
ation. In this study, soy milk consumption was almost as protective
as estrogen use. However, because dairy intake was protective to
a similar degree, the results suggest that the benefits of soy milk
may have been attributable to its high calcium content, rather than
its isoflavone content.

Despite containing oxalate and phytate, 2 compounds that
inhibit calcium absorption, the absorption of this mineral from
fortified soy milk is quite good (51). The high bioavailability of
calcium from soy milk is supported by the results of a 1-y in-
tervention study in nearly 200 adolescent Chinese girls from
Hong Kong aged 14–16 y, which found that supplementation
with calcium-fortified soy milk (375 mL/d, 600 mg calcium)
improved hip BMD relative to the control group who consumed
their usual diet without supplementation (52). In contrast, no
benefits were observed in an 18-mo intervention study in post-
menopausal Chinese women, but in this case, the soy milk pro-
vided only 250 mg calcium/d (53). Also, no information about the
bioavailability of the fortificant was provided.

The first clinical trial evaluating the effects of isoflavones on
BMD in postmenopausal women was published in 1998 (54).
Since then, the more than 25 clinical trials that have been con-

ducted have produced mixed results as evidenced by the con-
clusions of 3 recently published meta-analyses (55–57). However,
most trials were small in size and short in duration. Ideally, con-
clusions about skeletal benefits should be based on large, long-term
studies. Three such studies in postmenopausal women, 2 in the
United States (58, 59) and one in Taiwan (60), involving isoflavone
supplements have been conducted. They were 2 or 3 y in duration
and included between 200 and 400 women. Isoflavone intakes
ranged from 80 to 300 mg/d. None of the trials found isoflavones
to favorably affect hip or lumbar spine BMD. In addition to
these 3 studies, a 2-y study by Vupadhyayula et al (61) in 203
postmenopausal women also failed to find that isoflavone-rich
soy protein favorably affected lumbar spine, femoral neck, or
total femur. A 2-y study in postmenopausal women (n = 403)
also found that isoflavone supplementation was without effect,
but because the intervention product was a supplement derived
from soy germ, which, as noted has a different isoflavone profile
than soy foods, the findings may not be relevant to soy foods (62).

There are several possible explanations for the differing results
from the 2 Asian epidemiologic studies noted above and the
clinical trials. It may be that the benefits of soy in the epide-
miologic studies reflect lifelong intake, which contrasts with the
2- to 3-y intervention period in the clinical trials. It is also
possible that components in soybeans other than isoflavones
promote bone health, although there is no evidence in support of
this possibility.

MENOPAUSAL SYMPTOM RELIEF

On the basis of their estrogenic effects and the low prevalence
of hot flashes among native Japanese women (63), Adlercreutz
et al (64) proposed in 1992 that isoflavones alleviate hot flashes.
Since the first clinical trial was conducted in 1995 (65), at least
60 trials have examined the effects of isoflavone-rich products
(eg, soy foods, soy protein, and supplements derived from soy-
beans and red clover). These trials have produced mixed results as
reflected by the conclusions of several recently published analyses
(66–69), although a large meta-analysis by Bolaños et al (70)
did find that a variety of isoflavone products were efficacious.
It is notable that the findings from this analysis have been mis-
interpreted, because the results, which were expressed as the
standardized mean difference (20.39 to 20.51 for different
categories of soy products), were mistaken for the actual reduction
in hot flashes, that is, a decrease of w0.5 hot flashes/d (71).

One limitation with the previously cited analyses is that none
of them subanalyzed the data according to the isoflavone profile
of the intervention product. Doing so is important because the
isoflavone profile of red clover–derived supplements differs from
that of soybean-derived supplements, and soybean-derived sup-
plements can differ markedly in composition. The first to take
these differences into consideration was a systematic review and
meta-analysis by Taku et al (72), which was published in 2012.
This analysis, which involved 13 trials (n = 1196 women) that
evaluated frequency and 9 trials that evaluated severity (n = 988
women), included only those studies that intervened with sup-
plements of isoflavones derived from soybeans. In the overall
analysis, the net (minus the placebo effect) decrease in fre-
quency and severity in response to isoflavones was 20.62% (P =
0.00001) and 26.19% (P = 0.001), respectively. The combined
reduction in frequency and severity was 50.2% and 47.6%,
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respectively. Baseline hot flash frequency did not influence ef-
ficacy (when expressed as percentage reduction), although trials
lasting .12 wk led to larger decreases than did trials that were
shorter in duration. Most trials intervened with at least 50 mg
total isoflavones/d.

There was no evidence of a dose-response relation between
total isoflavone content and hot flash alleviation. However, the
genistein content of the supplement greatly influenced efficacy.
In 2006, Williamson-Hughes et al (73) showed that isoflavone
supplements that provide a threshold genistein intake were more
efficacious than those supplements low in genistein. In examining this
hypothesis, Taku et al (72) found that among studies providing
genistein intakes above the median for all studies (18.8 mg/d), the net
reduction in hot flash frequency was 29.13% compared with a re-
duction of only 12.47% for supplements providing #18.8 mg/d (dif-
ference between groups, P = 0.03). Therefore, one can anticipate an
approximate 60% reduction in hot flash frequency in response to
isoflavone supplements providing at least w19 mg genistein/d.

Because isoflavone pharmacokinetics in response to the in-
gestion of soy foods and isoflavone supplements are similar (74),
one would expect the former to be as efficacious as supplements
for alleviating hot flashes. However, studies evaluating the ef-
ficacy of soy foods have produced very mixed results, although
relatively few such trials have been conducted (75).

BREAST CANCER PREVENTION

The impact of soy intake and breast cancer risk has been rig-
orously investigated for .2 decades, ever since the US National
Cancer Institute first expressed interest in this area of research (76).
At that time, the proposed protective effect of soy, largely because
of its isoflavone content, was the focus of attention. However, in the
late 1990s, rodent research raised concerns that isoflavone exposure
might be harmful to breast cancer patients (77). Much has been
learned in recent years about both the proposed protective and al-
leged harmful effects of soy food consumption.

Epidemiologic data generally show that high soy food intake
among Asian women is associated with protection against breast
cancer (78–80). However, soy foods have little effect on in-
termediary markers of breast cancer risk (see the following
section) (81). In 1995, a hypothesis emerged, based on rodent
research, that exposure to isoflavones early in life reduces breast
cancer risk (82, 83). A similar benefit has been proposed for early
pregnancy (84, 85). Animal studies published in more recent years
support this hypothesis (86–89). In addition, all 4 Asian retro-
spective epidemiologic studies support this hypothesis, although
in the largest study, protective effects were evident only in pre-
menopausal women (90). Two of these studies were conducted in
Shanghai (90, 91) and 2 in the United States (92, 93), although the
US studies involved women of Asian ethnicity. Two Canadian
epidemiologic studies (94, 95) also found that early isoflavone
intake was protective against breast cancer, but because intake
was so low in these studies the reduced risks are not likely to
have a causal basis (96).

It is not possible to ascertain from the 4 studies referenced
above the precise age at which soy intake may be most protective,
but it is interesting to note that in the small study by Korde et al
(93), consumption during ages 5–11 y was more protective than
during the teenage years. Also, Boucher et al (97) reported that
women with a history of breast cancer were less likely to have

used soy infant formula during infancy; however, because this
finding was based on an extremely small sample size, it should
serve primarily as a basis for discussion about future research.
Several biological explanations for the breast cancer–protective
effects of soy foods have been proposed (85, 87, 88, 98). Al-
though this hypothesis remains speculative, it seems reasonable
to encourage young females to consume soy foods because the
epidemiologic data suggest as little as one serving per day may
be protective. In any event, these observational studies exam-
ining the effect of early soy intake suggest that postmenopausal
soy intake may not reduce the risk of developing breast cancer.

SOY INTAKE AND THE BREAST CANCER SURVIVOR

In athymic ovariectomized mice implanted with estrogen-
sensitive breast cancer cells (Michigan Cancer Foundation-7 cells),
dietary isoflavone exposure stimulates the growth of existing
mammary tumors (for review, see reference 99). This model is
widely used by cancer researchers, but recently published data
suggest that it may not be suitable for evaluating isoflavones be-
cause athymic mice metabolize these soybean constituents very
differently than humans (74). Furthermore, not all studies using this
model showed that isoflavones stimulate tumor growth (100). More
importantly, the human evidence is supportive of the safety and
potential benefit of soy food consumption by breast cancer patients.

Not unexpectedly, no intervention studies have examined the
effect of postdiagnosis isoflavone intake on the outcome (ie,
recurrence and/or death) of breast cancer patients. However, as
noted previously, clinical studies showed that soy does not affect
markers of breast cancer risk. For example, a meta-analysis by
Hooper et al (101) found that soy intake did not affect mam-
mographic density in postmenopausal women. In another meta-
analysis by these authors that evaluated reproductive hormones
(102) in postmenopausal women, isoflavone intake had no effects
on estradiol, estrone, sex hormone–binding globulin, follicle-
stimulating hormone, or luteinizing hormone, although there
was a small, nonsignificant increase (w14%) in total estra-
diol. However, Huber et al (103) noted that the parallel decrease in
estrone concentrations observed in this meta-analysis would have
theoretically nullified any possible increase in breast cancer risk
because of the increase in estradiol.

Five studies have evaluated the effects of soy-derived isoflavones
on breast cell proliferation, an intermediary marker of breast cancer
risk generally thought to be more reflective of risk than mammo-
graphic density and reproductive hormone concentrations. The in-
tervention periods ranged from 14 d (104) to 1 y (105), and the daily
isoflavone dose from 36 (106) to 239 (107) mg/d. All but one study
used isoflavone supplements (104). Two studies involved post-
menopausal women only (105, 106), one mostly postmenopausal
women (108), one premenopausal only (104), and one was equally
divided between pre- and postmenopausal women (107). None of
the studies found an increase in cell proliferation in response to
isoflavones relative to the placebo. In contrast to the lack of effect
of isoflavones, combined hormone therapy increases breast cell
proliferation in postmenopausal women by 4- to 10-fold (109, 110).

Of the 7 prospective epidemiologic studies that have evaluated
the impact of postdiagnosis soy intake on the prognosis of breast
cancer survivors (111–117), by far the 3 largest and longest are
the Shanghai Breast Cancer Survival Study (SBCSS) (111), the
Women’s Healthy Eating and Living (WHEL) Study (112), and
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the Life After Cancer Epidemiology (LACE) study (113). Re-
cently, Nechuta et al (118) pooled results from these 3 studies,
which included 9514 breast cancer patients (approximately half
of whom were white) who were followed for a mean of 7.4 y.
When comparing the highest isoflavone intake group with the
lowest ($10 compared with ,4 mg/d), risks of total mortality,
breast cancer–specific mortality, and breast cancer recurrence
were reduced by 13% (HR: 0.87; 95% CI: 0.70, 1.10), 17% (HR:
0.83; 95% CI: 0.64, 1.07), and 25% (HR: 0.75; 95% CI: 0.61,
0.92), respectively.

In the pooled analysis, soy consumption tended to reduce
recurrence to a greater extent in tamoxifen users than in nonusers
(HR: 0.63 compared with 0.79), in ER-negative compared with
ER-positive patients (HR: 0.64 compared with 0.81), and in post-
compared with premenopausal women (HR: 0.64 compared with
0.93), although there were no significant interactions observed
between these groups. That there was a suggestion that soy intake
was more beneficial in women with a history of tamoxifen use is
notable because the opposite would have been predicted on the
basis of the results from the ovariectomized athymic mouse
model discussed previously (119). That rodent model also found
that isoflavones inhibit the efficacy of letrozole, an aromatase
inhibitor (120). However, in a small prospective study, not only
did Kang et al (115) find that soy intake did not interact with
tamoxifen but they also found that it actually enhanced the ef-
ficacy of the aromatase inhibitor anastrozole. The results from the
studies included in the pooled analysis almost certainly greatly
contributed to the recent conclusions by the American Institute
for Cancer Research and the American Cancer Society that soy
foods are safe for breast cancer patients (121).

Finally, because the epidemiologic data are supportive of
benefit but the clinical studies are supportive only of safety, it is
possible that soy improves breast cancer prognosis via mecha-
nisms not detected by the breast cancer risk markers discussed
previously.

SUMMARY AND CONCLUSIONS

There is intriguing evidence indicating that soy foods can
potentially reduce CHD risk through multiple mechanisms. Both
the macronutrient (protein and PUFA) and isoflavone content of
soy foods likely contribute to the coronary benefits. There are also
impressive data indicating that genistein-rich isoflavone sup-
plements alleviate hot flashes. In contrast, the evidence that soy
foods, by virtue of their isoflavone content, improve bone health
is unimpressive. With regard to breast cancer, although obser-
vational studies suggest that postmenopausal soy intake reduces
risk, other data indicate that this benefit is a result of soy con-
sumption early in life. Finally, clinical studies evaluating in-
termediary markers of breast cancer risk indicate that isoflavone
exposure does not adversely affect breast tissue, and prospective
epidemiologic studies show that soy food intake reduces tumor
recurrence in breast cancer patients.

The author regularly consults for companies that manufacture and/or sell

soy foods and/or isoflavone supplements.

REFERENCES
1. Hughes GJ, Ryan DJ, Mukherjea R, Schasteen CS. Protein digestibility-

corrected amino acid scores (PDCAAS) for soy protein isolates and

concentrate: criteria for evaluation. J Agric Food Chem 2011;59:
12707–12.

2. Slavin M, Kenworthy W, Yu LL. Antioxidant properties, phyto-
chemical composition, and antiproliferative activity of Maryland-
grown soybeans with colored seed coats. J Agric Food Chem 2009;57:
11174–85.

3. Franke AA, Custer LJ, Wang W, Shi CY. HPLC analysis of iso-
flavonoids and other phenolic agents from foods and from human
fluids. Proc Soc Exp Biol Med 1998;217:263–73.

4. Oseni T, Patel R, Pyle J, Jordan VC. Selective estrogen receptor
modulators and phytoestrogens. Planta Med 2008;74:1656–65.

5. Folman Y, Pope GS. The interaction in the immature mouse of potent
oestrogens with coumestrol, genistein and other utero-vaginotrophic
compounds of low potency. J Endocrinol 1966;34:215–25.

6. Folman Y, Pope GS. Effect of norethisterone acetate, dimethyl-
stilboestrol, genistein and coumestrol on uptake of [3H]oestradiol by
uterus, vagina and skeletal muscle of immature mice. J Endocrinol
1969;44:213–8.

7. Setchell KD, Borriello SP, Hulme P, Kirk DN, Axelson M. Non-
steroidal estrogens of dietary origin: possible roles in hormone- de-
pendent disease. Am J Clin Nutr 1984;40:569–78.

8. Rossouw JE, Anderson GL, Prentice RL, LaCroix AZ, Kooperberg C,
Stefanick ML, Jackson RD, Beresford SA, Howard BV, Johnson KC,
et al. Risks and benefits of estrogen plus progestin in healthy post-
menopausal women: principal results from the Women’s Health Ini-
tiative randomized controlled trial. JAMA 2002;288:321–33.

9. Murphy PA, Barua K, Hauck CC. Solvent extraction selection in the
determination of isoflavones in soy foods. J Chromatogr B Analyt
Technol Biomed Life Sci 2002;777:129–38.

10. Messina M, Nagata C, Wu AH. Estimated Asian adult soy protein and
isoflavone intakes. Nutr Cancer 2006;55:1–12.

11. Lin J, Padmanaban PG, Wang C. Retention of isoflavones and sapo-
nins during the processing of soy protein isolates. J Am Oil Chem Soc
2006;83:59–63.

12. Zhao W, Hasegawa K, Chen J. The use of food-frequency questionnaires
for various purposes in China. Public Health Nutr 2002;5:829–33.

13. Liu Z, Li W, Sun J, Liu C, Zeng Q, Huang J, Yu B, Huo J. Intake of
soy foods and soy isoflavones by rural adult women in China. Asian
Pac J Clin Nutr 2004;13:204–9.

14. Zhang X, Shu XO, Gao YT, Yang G, Li Q, Li H, Jin F, Zheng W. Soy
food consumption is associated with lower risk of coronary heart
disease in Chinese women. J Nutr 2003;133:2874–8.

15. Wakai K, Egami I, Kato K, Kawamura T, Tamakoshi A, Lin Y,
Nakayama T, Wada M, Ohno Y. Dietary intake and sources of iso-
flavones among Japanese. Nutr Cancer 1999;33:139–45.

16. Somekawa Y, Chiguchi M, Ishibashi T, Aso T. Soy intake related to
menopausal symptoms, serum lipids, and bone mineral density in
postmenopausal Japanese women. Obstet Gynecol 2001;97:109–15.

17. da Silva LH, Celeghini RMS, Chang YK. Effect of the fermentation
of whole soybean flour on the conversion of isoflavones from gly-
cosides to aglycones. Food Chem 2011;128:640–4.

18. Izumi T, Piskula MK, Osawa S, Obata A, Tobe K, Saito M, Kataoka
S, Kubota Y, Kikuchi M. Soy isoflavone aglycones are absorbed faster
and in higher amounts than their glucosides in humans. J Nutr 2000;
130:1695–9.

19. Zubik L, Meydani M. Bioavailability of soybean isoflavones from
aglycone and glucoside forms in American women. Am J Clin Nutr
2003;77:1459–65.

20. Richelle M, Pridmore-Merten S, Bodenstab S, Enslen M, Offord EA.
Hydrolysis of isoflavone glycosides to aglycones by beta-glycosidase
does not alter plasma and urine isoflavone pharmacokinetics in
postmenopausal women. J Nutr 2002;132:2587–92.

21. Setchell KD, Brown NM, Desai PB, Zimmer-Nechimias L, Wolfe B,
Jakate AS, Creutzinger V, Heubi JE. Bioavailability, disposition, and dose-
response effects of soy isoflavones when consumed by healthy women at
physiologically typical dietary intakes. J Nutr 2003;133:1027–35.

22. Kano M, Takayanagi T, Harada K, Sawada S, Ishikawa F. Bio-
availability of isoflavones after ingestion of soy beverages in healthy
adults. J Nutr 2006;136:2291–6.

23. Setchell KD, Brown NM, Desai P, Zimmer-Nechemias L, Wolfe BE,
Brashear WT, Kirschner AS, Cassidy A, Heubi JE. Bioavailability of
pure isoflavones in healthy humans and analysis of commercial soy
isoflavone supplements. J Nutr 2001;131(suppl):1362S–75S.

SOY FOODS AND HEALTH 427S

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article/100/suppl_1/423S/4576564 by guest on 19 M

arch 2023



24. Rowland I, Faughnan M, Hoey L, Wahala K, Williamson G, Cassidy
A. Bioavailability of phyto-oestrogens. Br J Nutr 2003;89(suppl 1):
S45–58.

25. Xu X, Harris KS, Wang HJ, Murphy PA, Hendrich S. Bioavailability
of soybean isoflavones depends upon gut microflora in women. J Nutr
1995;125:2307–15.

26. Xu X, Wang HJ, Murphy PA, Cook L, Hendrich S. Daidzein is a more
bioavailable soymilk isoflavone than is genistein in adult women.
J Nutr 1994;124:825–32.

27. Wiseman H, Casey K, Bowey EA, Duffy R, Davies M, Rowland IR,
Lloyd AS, Murray A, Thompson R, Clarke DB. Influence of 10 wk of
soy consumption on plasma concentrations and excretion of iso-
flavonoids and on gut microflora metabolism in healthy adults. Am J
Clin Nutr 2004;80:692–9.

28. Rowland IR, Wiseman H, Sanders TA, Adlercreutz H, Bowey EA.
Interindividual variation in metabolism of soy isoflavones and li-
gnans: influence of habitual diet on equol production by the gut mi-
croflora. Nutr Cancer 2000;36:27–32.

29. Jackson RL, Greiwe JS, Schwen RJ. Emerging evidence of the health
benefits of S-equol, an estrogen receptor beta agonist. Nutr Rev 2011;
69:432–48.

30. Setchell KD, Brown NM, Lydeking-Olsen E. The clinical importance
of the metabolite equol-a clue to the effectiveness of soy and its
isoflavones. J Nutr 2002;132:3577–84.

31. Clarke DB, Bailey V, Lloyd AS. Determination of phytoestrogens in
dietary supplements by LC-MS/MS. Food Addit Contam Part A Chem
Anal Control Expo Risk Assess 2008;25:534–47.

32. Food labeling: health claims; soy protein and coronary heart disease.
Food and Drug Administration, HHS. Final rule. Fed Regist 1999;64:
57700–33.

33. Sacks FM, Lichtenstein A, Van Horn L, Harris W, Kris-Etherton P,
Winston M. Soy protein, isoflavones, and cardiovascular health: an
American Heart Association Science Advisory for professionals from
the Nutrition Committee. Circulation 2006;113:1034–44.

34. Jenkins DJ, Mirrahimi A, Srichaikul K, Berryman CE, Wang L,
Carleton A, Abdulnour S, Sievenpiper JL, Kendall CW, Kris-Etherton
PM. Soy protein reduces serum cholesterol by both intrinsic and food
displacement mechanisms. J Nutr 2010;140(suppl):2302S–11S.

35. Anderson JW, Bush HM. Soy protein effects on serum lipoproteins:
a quality assessment and meta-analysis of randomized, controlled
studies. J Am Coll Nutr 2011;30:79–91.

36. Zhan S, Ho SC. Meta-analysis of the effects of soy protein containing
isoflavones on the lipid profile. Am J Clin Nutr 2005;81:397–408.

37. Harland JI, Haffner TA. Systematic review, meta-analysis and re-
gression of randomised controlled trials reporting an association be-
tween an intake of circa 25 g soya protein per day and blood
cholesterol. Atherosclerosis 2008;200:13–27.

38. Reynolds K, Chin A, Lees KA, Nguyen A, Bujnowski D, He J. A
meta-analysis of the effect of soy protein supplementation on serum
lipids. Am J Cardiol 2006;98:633–40.

39. Brown L, Rosner B, Willett WW, Sacks FM. Cholesterol-lowering
effects of dietary fiber: a meta-analysis. Am J Clin Nutr 1999;69:30–42.

40. Li SH, Liu XX, Bai YY, Wang XJ, Sun K, Chen JZ, Hui RT. Effect of
oral isoflavone supplementation on vascular endothelial function in
postmenopausal women: a meta-analysis of randomized placebo-
controlled trials. Am J Clin Nutr 2010;91:480–6.

41. Chan YH, Lam TH, Lau KK, Yiu KH, Siu CW, Li SW, Chan HT, Tam
S, Lau CP, Tse HF. Dietary intake of phytoestrogen is associated with
increased circulating endothelial progenitor cells in patients with
cardiovascular disease. Eur J Cardiovasc Prev Rehabil 2011;18:360–8.

42. Dong JY, Tong X, Wu ZW, Xun PC, He K, Qin LQ. Effect of soya
protein on blood pressure: a meta-analysis of randomised controlled
trials. Br J Nutr 2011;106:317–26.

43. Liu XX, Li SH, Chen JZ, Sun K, Wang XJ, Wang XG, Hui RT. Effect
of soy isoflavones on blood pressure: a meta-analysis of randomized
controlled trials. Nutr Metab Cardiovasc Dis 2012;22:463–70.

44. Hooper L, Kroon PA, Rimm EB, Cohn JS, Harvey I, Le Cornu KA,
Ryder JJ, Hall WL, Cassidy A. Flavonoids, flavonoid-rich foods, and
cardiovascular risk: a meta-analysis of randomized controlled trials.
Am J Clin Nutr 2008;88:38–50.

45. Taku K, Lin N, Cai D, Hu J, Zhao X, Zhang Y, Wang P, Melby MK,
Hooper L, Kurzer MS, et al. Effects of soy isoflavone extract sup-
plements on blood pressure in adult humans: systematic review and

meta-analysis of randomized placebo-controlled trials. J Hypertens
2010;28:1971–82.

46. Hodis HN, Mack WJ, Kono N, Azen SP, Shoupe D, Hwang-Levine J,
Petitti D, Whitfield-Maxwell L, Yan M, Franke AA, et al. Isoflavone
soy protein supplementation and atherosclerosis progression in healthy
postmenopausal women: a randomized controlled trial. Stroke 2011;42:
3168–75.

47. Hodis HN, Mack WJA. “Window of opportunity”: the reduction of
coronary heart disease and total mortality with menopausal therapies
is age- and time-dependent. Brain Res 2011;1379:244–52.

48. Anderson GL, Limacher M, Assaf AR, Bassford T, Beresford SA,
Black H, Bonds D, Brunner R, Brzyski R, Caan B, et al. Effects of
conjugated equine estrogen in postmenopausal women with hyster-
ectomy: the Women’s Health Initiative randomized controlled trial.
JAMA 2004;291:1701–12.

49. Zhang X, Shu XO, Li H, Yang G, Li Q, Gao YT, Zheng W. Pro-
spective cohort study of soy food consumption and risk of bone
fracture among postmenopausal women. Arch Intern Med 2005;165:
1890–5.

50. Koh WP, Wu AH, Wang R, Ang LW, Heng D, Yuan JM, Yu MC.
Gender-specific associations between soy and risk of hip fracture
in the Singapore Chinese Health Study. Am J Epidemiol 2009;170:
901–9.

51. Zhao Y, Martin BR, Weaver CM. Calcium bioavailability of calcium
carbonate fortified soymilk is equivalent to cow’s milk in young
women. J Nutr 2005;135:2379–82.

52. Ho SC, Guldan GS, Woo J, Yu R, Tse MM, Sham A, Cheng J. A
prospective study of the effects of 1-year calcium-fortified soy milk
supplementation on dietary calcium intake and bone health in Chinese
adolescent girls aged 14 to 16. Osteoporos Int 2005;16:1907–16.

53. Gui JC, Brasic JR, Liu XD, Gong GY, Zhang GM, Liu CJ, Gao GQ.
Bone mineral density in postmenopausal Chinese women treated with
calcium fortification in soymilk and cow’s milk. Osteoporos Int 2012;
23:1563–70.

54. Potter SM, Baum JA, Teng H, Stillman RJ, Shay NF, Erdman JW Jr.
Soy protein and isoflavones: their effects on blood lipids and bone density
in postmenopausal women. Am J Clin Nutr 1998;68:1375S–9S.

55. Wei P, Liu M, Chen Y, Chen DC. Systematic review of soy isoflavone
supplements on osteoporosis in women. Asian Pac J Trop Med 2012;
5:243–8.

56. Taku K, Melby MK, Takebayashi J, Mizuno S, Ishimi Y, Omori T,
Watanabe S. Effect of soy isoflavone extract supplements on bone
mineral density in menopausal women: meta-analysis of randomized
controlled trials. Asian Pac J Clin Nutr 2010;19:33–42.

57. Ricci E, Cipriani S, Chiaffarino F, Malvezzi M, Parazzini F. Soy
isoflavones and bone mineral density in perimenopausal and post-
menopausal Western women: a systematic review and meta-analysis
of randomized controlled trials. J Womens Health (Larchmt) 2010;19:
1609–17.

58. Alekel DL, Van Loan MD, Koehler KJ, Hanson LN, Stewart JW,
Hanson KB, Kurzer MS, Peterson CT. The Soy Isoflavones for Re-
ducing Bone Loss (SIRBL) study: a 3-y randomized controlled trial in
postmenopausal women. Am J Clin Nutr 2010;91:218–30.

59. Levis S, Strickman-Stein N, Ganjei-Azar P, Xu P, Doerge DR,
Krischer J. Soy isoflavones in the prevention of menopausal bone loss
and menopausal symptoms: a randomized, double-blind trial. Arch
Intern Med 2011;171:1363–9.

60. Tai TY, Tsai KS, Tu ST, Wu JS, Chang CI, Chen CL, Shaw NS, Peng
HY, Wang SY, Wu CH. The effect of soy isoflavone on bone mineral
density in postmenopausal Taiwanese women with bone loss: a 2-year
randomized double-blind placebo-controlled study. Osteoporos Int
2012;23:1571–80.

61. Vupadhyayula PM, Gallagher JC, Templin T, Logsdon SM, Smith
LM. Effects of soy protein isolate on bone mineral density and
physical performance indices in postmenopausal women—a 2-year
randomized, double-blind, placebo-controlled trial. Menopause 2009;
16:320–8.

62. Wong WW, Lewis RD, Steinberg FM, Murray MJ, Cramer MA, Amato
P, Young RL, Barnes S, Ellis KJ, Shypailo RJ, et al. Soy isoflavone
supplementation and bone mineral density in menopausal women: a 2-y
multicenter clinical trial. Am J Clin Nutr 2009;90:1433–9.

63. Lock M. Contested meanings of the menopause. Lancet 1991;337:
1270–2.

428S MESSINA

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article/100/suppl_1/423S/4576564 by guest on 19 M

arch 2023



64. Adlercreutz H, Hamalainen E, Gorbach S, Goldin B. Dietary phyto-
oestrogens and the menopause in Japan. Lancet 1992;339:1233.

65. Murkies AL, Lombard C, Strauss BJ, Wilcox G, Burger HG, Morton
MS. Dietary flour supplementation decreases post-menopausal hot
flushes: effect of soy and wheat. Maturitas 1995;21:189–95.

66. Lethaby AE, Brown J, Marjoribanks J, Kronenberg F, Roberts H,
Eden J. Phytoestrogens for vasomotor menopausal symptoms. Co-
chrane Database Syst Rev 2007;CD001395.

67. Nedrow A, Miller J, Walker M, Nygren P, Huffman LH, Nelson HD.
Complementary and alternative therapies for the management of
menopause-related symptoms: a systematic evidence review. Arch
Intern Med 2006;166:1453–65.

68. Krebs EE, Ensrud KE, MacDonald R, Wilt TJ. Phytoestrogens for
treatment of menopausal symptoms: a systematic review. Obstet
Gynecol 2004;104:824–36.

69. Howes LG, Howes JB, Knight DC. Isoflavone therapy for menopausal
flushes: a systematic review and meta-analysis. Maturitas 2006;55:203–11.

70. Bolaños R, Del Castillo A, Francia J. Soy isoflavones versus placebo
in the treatment of climacteric vasomotor symptoms: systematic re-
view and meta-analysis. Menopause 2010;17:660–6.

71. Newton KM, Grady D. Soy isoflavones for prevention of menopausal
bone loss and vasomotor symptoms: comment on “Soy isoflavones in
the prevention of menopausal bone loss and menopausal symptoms”.
Arch Intern Med 2011;171:1369–70.

72. Taku K, Melby MK, Kronenberg F, Kurzer MS, Messina M. Extracted
or synthesized soybean isoflavones reduce menopausal hot flash fre-
quency and severity: systematic review and meta-analysis of ran-
domized controlled trials. Menopause 2012;19:776–90.

73. Williamson-Hughes PS, Flickinger BD, Messina MJ, Empie MW.
Isoflavone supplements containing predominantly genistein reduce
hot flash symptoms: a critical review of published studies. Menopause
2006;13:831–9.

74. Setchell KD, Brown NM, Zhao X, Lindley SL, Heubi JE, King EC,
Messina MJ. Soy isoflavone phase II metabolism differs between
rodents and humans: implications for the effect on breast cancer risk.
Am J Clin Nutr 2011;94:1284–94.

75. Levis S, Griebeler ML. The role of soy foods in the treatment of
menopausal symptoms. J Nutr 2010;140(suppl):2318S–21S.

76. Messina M, Barnes S. The role of soy products in reducing risk of
cancer. J Natl Cancer Inst 1991;83:541–6.

77. Hsieh CY, Santell RC, Haslam SZ, Helferich WG. Estrogenic effects
of genistein on the growth of estrogen receptor-positive human
breast cancer (MCF-7) cells in vitro and in vivo. Cancer Res 1998;
58:3833–8.

78. Wada K, Nakamura K, Tamai Y, Tsuji M, Kawachi T, Hori A,
Takeyama N, Tanabashi S, Matsushita S, Tokimitsu N, et al. Soy
isoflavone intake and breast cancer risk in Japan: from the Takayama
study. Int J Cancer 2013;133:952–60.

79. Wu AH, Yu MC, Tseng CC, Pike MC. Epidemiology of soy exposures
and breast cancer risk. Br J Cancer 2008;98:9–14.

80. Nagata C, Mizoue T, Tanaka K, Tsuji I, Tamakoshi A, Matsuo K, Wakai
K, Inoue M, Tsugane S, Sasazuki S. Soy intake and breast cancer risk: an
evaluation based on a systematic review of epidemiologic evidence
among the Japanese population. JJCO 2014;44:282–95.

81. Messina MJ, Wood CE. Soy isoflavones, estrogen therapy, and breast
cancer risk: analysis and commentary. Nutr J 2008;7:17.

82. Lamartiniere CA, Moore J, Holland M, Barnes S. Neonatal genistein
chemoprevents mammary cancer. Proc Soc Exp Biol Med 1995;208:
120–3.

83. Lamartiniere CA, Moore JB, Brown NM, Thompson R, Hardin MJ,
Barnes S. Genistein suppresses mammary cancer in rats. Carcino-
genesis 1995;16:2833–40.

84. Russo J, Balogh GA, Russo IH. Full-term pregnancy induces a spe-
cific genomic signature in the human breast. Cancer Epidemiol Bio-
markers Prev 2008;17:51–66.

85. Russo J, Mailo D, Hu YF, Balogh G, Sheriff F, Russo IH. Breast
differentiation and its implication in cancer prevention. Clin Cancer
Res 2005;11:931s–6s.

86. Lamartiniere CA, Zhao YX, Fritz WA. Genistein: mammary cancer
chemoprevention, in vivo mechanisms of action, potential for toxicity
and bioavailability in rats. J Women’s Cancer 2000;2:11–9.

87. Mishra P, Kar A, Kale RK. Prepubertal daidzein exposure enhances
mammary gland differentiation and regulates the expression of es-

trogen receptor-alpha and apoptotic proteins. ISRN Oncol 2011;2011:
896826.

88. de Assis S, Warri A, Benitez C, Helferich W, Hilakivi-Clarke L.
Protective effects of prepubertal genistein exposure on mammary
tumorigenesis are dependent on BRCA1 expression. Cancer Prev Res
(Phila) 2011;4:1436–48.

89. Peng JH, Zhang F, Zhang HX, Fan HY. Prepubertal octylphenol ex-
posure up-regulate BRCA1 expression, down-regulate ERalpha ex-
pression and reduce rat mammary tumorigenesis. Cancer Epidemiol
2009;33:51–5.

90. Lee SA, Shu XO, Li H, Yang G, Cai H, Wen W, Ji BT, Gao J, Gao YT,
Zheng W. Adolescent and adult soy food intake and breast cancer
risk: results from the Shanghai Women’s Health Study. Am J Clin
Nutr 2009;89:1920–6.

91. Shu XO, Jin F, Dai Q, Wen W, Potter JD, Kushi LH, Ruan Z, Gao YT,
Zheng W. Soyfood intake during adolescence and subsequent risk of
breast cancer among Chinese women. Cancer Epidemiol Biomarkers
Prev 2001;10:483–8.

92. Wu AH, Wan P, Hankin J, Tseng CC, Yu MC, Pike MC. Adolescent
and adult soy intake and risk of breast cancer in Asian-Americans.
Carcinogenesis 2002;23:1491–6.

93. Korde LA, Wu AH, Fears T, Nomura AM, West DW, Kolonel LN,
Pike MC, Hoover RN, Ziegler RG. Childhood soy intake and breast
cancer risk in Asian American women. Cancer Epidemiol Biomarkers
Prev 2009;18:1050–9.

94. Thanos J, Cotterchio M, Boucher BA, Kreiger N, Thompson LU.
Adolescent dietary phytoestrogen intake and breast cancer risk
(Canada). Cancer Causes Control 2006;17:1253–61.

95. Anderson LN, Cotterchio M, Boucher BA, Kreiger N. Phytoestrogen
intake from foods, during adolescence and adulthood, and risk of
breast cancer by estrogen and progesterone receptor tumor subgroup
among Ontario women. Int J Cancer 2013;132:1683–92.

96. Messina M. Western soy intake is too low to produce health effects.
Am J Clin Nutr 2004;80:528–9.

97. Boucher BA, Cotterchio M, Kreiger N, Thompson LU. Soy formula
and breast cancer risk. Epidemiology 2008;19:165–6.

98. Rahal OM, Simmen RC. Paracrine-acting adiponectin promotes
mammary epithelial differentiation and synergizes with genistein to
enhance transcriptional response to estrogen receptor beta signaling.
Endocrinology 2011;152:3409–21.

99. Helferich WG, Andrade JE, Hoagland MS. Phytoestrogens and breast
cancer: a complex story. Inflammopharmacology 2008;16:219–26.

100. Onoda A, Ueno T, Uchiyama S, Hayashi S, Kato K, Wake N. Effects
of S-equol and natural S-equol supplement (SE5-OH) on the growth
of MCF-7 in vitro and as tumors implanted into ovariectomized
athymic mice. Food Chem Toxicol 2011;49:2279–84.

101. Hooper L, Madhavan G, Tice JA, Leinster SJ, Cassidy A. Effects of
isoflavones on breast density in pre- and post-menopausal women:
a systematic review and meta-analysis of randomized controlled tri-
als. Hum Reprod Update 2010;16:745–60.

102. Hooper L, Ryder JJ, Kurzer MS, Lampe JW, Messina MJ, Phipps WR,
Cassidy A. Effects of soy protein and isoflavones on circulating
hormone concentrations in pre- and post-menopausal women:
a systematic review and meta-analysis. Hum Reprod Update 2009;15:
423–40.

103. Huber J, Imhof M, Schmidt M. Effects of soy protein and isoflavones
on circulating hormone concentrations in pre- and post-menopausal
women: a systematic review and meta-analysis. Hum Reprod Update
2010;16:110–1, author reply 111–2.

104. Hargreaves DF, Potten CS, Harding C, Shaw LE, Morton MS, Roberts
SA, Howell A, Bundred NJ. Two-week dietary soy supplementation
has an estrogenic effect on normal premenopausal breast. J Clin
Endocrinol Metab 1999;84:4017–24.

105. Palomares MR, Hopper L, Goldstein L, Lehman CD, Storer BE,
Gralow JR. Effect of soy isoflavones on breast proliferation in post-
menopausal breast cancer survivors. Breast Cancer Res Treat 2004;88
(suppl 1):4002 (abstr).

106. Cheng G, Wilczek B, Warner M, Gustafsson JA, Landgren BM.
Isoflavone treatment for acute menopausal symptoms. Menopause
2007;14:468–73.

107. Khan SA, Chatterton RT, Michel N, Bryk M, Lee O, Ivancic D, Heinz
R, Zalles CM, Helenowski IB, Jovanovic BD, et al. Soy isoflavone
supplementation for breast cancer risk reduction: a randomized phase
II trial. Cancer Prev Res (Phila) 2012;5:309–19.

SOY FOODS AND HEALTH 429S

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article/100/suppl_1/423S/4576564 by guest on 19 M

arch 2023



108. Sartippour MR, Rao JY, Apple S, Wu D, Henning S, Wang H,
Elashoff R, Rubio R, Heber D, Brooks MN. A pilot clinical study of
short-term isoflavone supplements in breast cancer patients. Nutr
Cancer 2004;49:59–65.

109. Conner P, Soderqvist G, Skoog L, Graser T, Walter F, Tani E, Carl-
strom K, von Schoultz B. Breast cell proliferation in postmenopausal
women during HRT evaluated through fine needle aspiration cytology.
Breast Cancer Res Treat 2003;78:159–65.

110. Murkes D, Conner P, Leifland K, Tani E, Beliard A, Lundstrom E,
Soderqvist G. Effects of percutaneous estradiol-oral progesterone
versus oral conjugated equine estrogens-medroxyprogesterone acetate
on breast cell proliferation and BCL-2 protein in healthy women.
Fertil Steril 2011;95:1188–91.

111. Shu XO, Zheng Y, Cai H, Gu K, Chen Z, Zheng W, Lu W. Soy food
intake and breast cancer survival. JAMA 2009;302:2437–43.

112. Caan BJ, Natarajan L, Parker B, Gold EB, Thomson C, Newman V, Rock
CL, Pu M, Al-Delaimy W, Pierce JP. Soy food consumption and breast
cancer prognosis. Cancer Epidemiol Biomarkers Prev 2011;20:854–8.

113. Guha N, Kwan ML, Quesenberry CP Jr, Weltzien EK, Castillo AL,
Caan BJ. Soy isoflavones and risk of cancer recurrence in a cohort of
breast cancer survivors: the Life After Cancer Epidemiology study.
Breast Cancer Res Treat 2009;118:395–405.

114. Boyapati SM, Shu XO, Ruan ZX, Dai Q, Cai Q, Gao YT, Zheng W.
Soyfood intake and breast cancer survival: a followup of the Shanghai
Breast Cancer Study. Breast Cancer Res Treat 2005;92:11–7.

115. Kang X, Zhang Q, Wang S, Huang X, Jin S. Effect of soy isoflavones
on breast cancer recurrence and death for patients receiving adjuvant
endocrine therapy. CMAJ 2010;182:1857–62.

116. Woo HD, Park KS, Ro J, Kim J. Differential influence of dietary soy
intake on the risk of breast cancer recurrence related to HER2 status.
Nutr Cancer 2012;64:198–205.

117. Zhang YF, Kang HB, Li BL, Zhang RM. Positive effects of soy
isoflavone food on survival of breast cancer patients in China. Asian
Pac J Cancer Prev 2012;13:479–82.

118. Nechuta SJ, Caan BJ, Chen WY, Lu W, Chen Z, Kwan ML, Flatt SW,
Zheng Y, Zheng W, Pierce JP, et al. Soy food intake after diagnosis of
breast cancer and survival: an in-depth analysis of combined evidence
from cohort studies of US and Chinese women. Am J Clin Nutr 2012;
96:123–32.

119. Du M, Yang X, Hartman JA, Cooke PS, Doerge DR, Ju YH, Helferich
WG. Low-dose dietary genistein negates the therapeutic effect of
tamoxifen in athymic nude mice. Carcinogenesis 2012;33:895–901.

120. Ju YH, Doerge DR, Woodling KA, Hartman JA, Kwak J, Helferich
WG. Dietary genistein negates the inhibitory effect of letrozole on the
growth of aromatase-expressing estrogen-dependent human breast
cancer cells (MCF-7Ca) in vivo. Carcinogenesis 2008;29:2162–8.

121. Rock CL, Doyle C, Demark-Wahnefried W, Meyerhardt J, Courneya
KS, Schwartz AL, Bandera EV, Hamilton KK, Grant B, McCullough
M, et al. Nutrition and physical activity guidelines for cancer survi-
vors. CA Cancer J Clin 2012;62:243–74.

430S MESSINA

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article/100/suppl_1/423S/4576564 by guest on 19 M

arch 2023


