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Summary
Phytoestrogens are a family of plant-derived components that present a steroid structure and can act in the
estrogen receptor. They contain both estrogenic and antiestrogenic properties, depending on the tissue in
which they act.
The potential mechanisms by which phytoestrogens can affect cell activities have been divided into geno-
mic and non-genomic effects. The former act through estrogen receptors, and the latter are mediated by
cellular proteins. The active mechanism of soy isoflavones in bone may be beneficial, as they act by sti-
mulating the activity of the osteoblasts. On the other hand, through the RANK-L/OPG system they bring
about a decrease in osteoclast survival and activity. This article reviews in vitro studies, in animals and
humans, that involve isoflavones and bone health to ascertain how these substances affect those postme-
nopausal women who use them in treatment or prevention of the climacteric syndrome.
In general, the global assessment of human studies shows variability in the design, in the variety of iso-
flavone sources, in the time of the analysis and in the dose. In addition, the variability in the bioavaila-
bility and metabolism of isoflavones between the subjects must be considered. All this makes it difficult
to obtain consistent conclusions.
To sum up, some positive results justify the need for further research. From a clinical point of view, iso-
flavones are used in women with climacteric symptoms who cannot or do not wish to undergo hormo-
ne therapy. They would not be indicated for treating osteoporosis, but those women who use them at
the right doses and time can expect a benefit in maintaining bone mass.
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Introduction
The estrogenic deficit derived from decreased ova-
rian function leads to increased bone remodeling,
with a negative balance that contributes to a loss
of bone mass. The result is the increased risk of
developing osteopenia, osteoporosis and, as a
consequence, increased risk of fracture.

Hormone therapy is considered a very effecti-
ve treatment for the relief of climacteric
symptoms. It has been shown to have a beneficial
effect on bone with reduction of vertebral and hip
fracture even in non-osteoporotic postmenopausal
women1, but information about the increased risk
of some chronic diseases have markedly increased
the interest of clinicians and women for alternati-
ves to this treatment. Some of the most popular
are based on food or phytoestrogen supplements.

Of all the natural alternatives currently under
study, phytoestrogens and their components, iso-
flavones, seem to offer the greatest potential for
bone loss prevention.

Isoflavones and bone metabolism
Phytoestrogens are a group of plant-derived com-
pounds that have been shown to have both estro-
gen agonist and antagonist properties, depending
on the tissue where they act.

Based on their chemical structure, phytoestro-
gens are divided into four main classes:

1.- Isoflavones
2.- Stilbenes
3.- Coumestans 
4.- Lignans
Isoflavones are the best known, with their

main representatives genistein and daidzein. They
are found in significant quantities in soybeans.
The chemical structure is similar to 17β estradiol
and can bind to estrogen receptors (ER). The bin-
ding of a phytoestrogen to ER may result in partial
activation of the same (agonist effect) or displace-
ment of an estrogen molecule, which reduces
receptor activation (antagonistic effect).

They have an affinity for ER that is lower than
that of estradiol. The affinity and the time of occu-
pation of the isoflavones by the β receptor is
about 30 times higher than by the α receptor. In
tissues, there is a different distribution of these
receptors, suggesting that they exert selective tis-
sue effects depending on the tissue in which they
act. In the reproductive tissue, especially the ute-
rus and breast, the type predominates, while the
bone tissue has a greater amount of receptors β2.
In addition, isoflavones present other actions inde-
pendent of ER, such as enzymatic inhibition or
antioxidant activity. 

The exact mechanisms of the effect of isoflavo-
nes and other components of soy on bone are still
not fully understood. It has been postulated that the
main effect would be genomic through ERs, but
other non-genomic effects have also been verified3.

The presence of ER in osteoblastic cells and
genistein binding to ER have been demonstrated.
The result appears to be increased bone formation
by activating osteoblasts through the genomic

mechanism involving the activation of the nuclear
estrogen receptor. A variety of non-genomic
mechanisms have also been described, including
the inhibition of tyrosine kinase and topoisomera-
se II4. On the other hand, it has been shown that
daidzein induces apoptosis of osteoclasts5.

Another mechanism of action proposed more
recently is through increased osteoprotegerin
synthesis (OPG) by the osteoblast. In a cohort of
osteopenic postmenopausal women, genistein
administration compared with placebo showed
that the level of RANK-L was lower (p<0.001 vs.
placebo) and that of OPG higher (p<0.001 vs. pla-
cebo) in the follow-up over one and two years6.

Another possible mechanism of action is the
different behavior of soy protein compared to ani-
mal proteins versus intestinal calcium absorption7.
The consumption of soy protein produces a lower
urinary calcium excretion than the intake of ani-
mal protein8. This could have clinical importance
regarding recommendations on health habits for
postmenopausal women, suggesting the substitu-
tion of animal protein for soy protein.

In summary, from the physiological point of
view of bone remodeling, these findings support
the hypothesis of a stimulating effect of osteo-
blasts and a possible inhibiting effect of osteoclast
recruitment (via RANK-L), as well as a shortening
of their half-life to promote its apoptosis. The
result would be an antiresorptive effect with posi-
tive balance towards the formation mediated by
the OPG, and with action in the ER, but also
through the action in certain enzymes9.

In vitro studies
Many basic research studies indicate the positive
effect of isoflavones on the variables related to
bone metabolism, osteoporosis, fracture and bone
quality. The MC3T3-E1 osteoblastic cells have
been cultured in medium containing various con-
centrations of daidzein, showing a significant
increase in alkaline phosphatase activity and pro-
tein content. This effect is completely counterac-
ted by adding an antiestrogen such as tamoxifen,
which indicates the stimulatory effect on prolifera-
ting and differentiating the osteoblastic cells
MC3T3-E1 mediated through the ER. The effect of
genistein on osteoblastic cells seems to be the
same as that of daidzein10.

On the other hand, genistein inhibits osteoclast
activity directly through tyrosine kinase inhibition,
which in turn inhibits bone resorption11.

Studies in animals
Most studies of phytoestrogens action on bone, in
animal experiments, have been carried out in ova-
riectomized rat (OVX) models and some in prima-
tes. They vary considerably depending on whe-
ther the administration route has been subcutane-
ous, continuous parenteral injection or oral fee-
ding. In general, the analyzed product is isoflavo-
nes, either pure compounds (mainly genistein) or
soy proteins, with or without their isoflavones, but
with a wide variety of doses used.
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Controls have been made with casein or semi-
purified diets. In several studies, the effect of
phytoestrogens has been compared with conjuga-
ted equine estrogen or estradiol.

The main objectives have been the variation of
the trabecular and/or cortical bone mass, bone
mineral density (BMD) and the mechanical resis-
tance in some studies. Secondary objectives inclu-
ded variation in markers of bone turnover and
effects on uterine weight.

In general, the effects of isoflavones in the ske-
letal tissue of experimental animals have been
consistent in the sense of showing a favorable
effect of isoflavones on bone.

The first studies examined the effects of soybe-
an milk12 and soybean protein7 compared to casein
in the animal model of OVX rats. The rats fed soy
diet showed significantly higher bone density in
the femur and lumbar spine than the rats in the
control group. The question of whether the effect
was due to the protein itself or to the presence of
isoflavones in soy is not clarified in these initial
studies. To clarify this question, the OVX rats were
fed a diet containing 44 µmol/day of genistein.
The control rats were fed an identical diet in
which the isoflavones were eliminated. The results
showed that genistein was effective in reducing
bone loss in OVX rats, supporting the hypothesis
that it would act as an osteoclast inhibitor4.

In another study, soy protein isolate proved to
be as effective as estradiol in controlling bone loss
after ovariectomy was carried out in rats13.

However, in another study, which showed a sig-
nificant IGF-1 mRNA increase in the groups treated
with isoflavone, and in a dose-dependent way, no
significant effect on bone density was found14.

Using techniques such as DXA, the trabecular
bone volume of the distal femoral metaphysis was
reported to be markedly reduced in OVX mice,
showing the genistein capacity to restore this loss15.

In a randomized trial that studied the ability to
reverse bone loss already established by daily inta-
ke of soy isoflavones in the long term and in dif-
ferent doses (20, 40 or 80 mg/kg/day for 84 days),
and carried out in rats from which ovaries were
removed and rats that underwent simulated sur-
gery conserving the ovaries16, the BMD was signi-
ficantly lower in the OVX rats than in those that
underwent sham surgery. Feeding with isoflavo-
nes did not affect BMD in this population. Neither
induced changes in uterine weight, indicating the
absence of uterotrophic effect. The anti-osteoclas-
tic activity induced by isoflavones occurred in a
dose-dependent manner. However, although iso-
flavone administration reduced bone turnover, it
did not reverse the already established bone loss.
These results support the idea that consumption of
soy isoflavones may have a more preventive than
curative role in bone health.

The importance of neonatal exposure to isofla-
vones has been reported. The analysis of BMD
and bone resistance in mice in adulthood is hig-
her when they have had an intrauterine exposure
to genistein and/or daidzein17.

In bone quality analysis, genistein retained the
biomechanical quality of trabecular bone regar-
dless of microstructure parameters, such as density
or length of microfractures, mineral apposition
rate or BMD18.

However, studies in primates do not concur
with results in OVX rats. In premenopausal cyno-
molgus monkeys (Macaca fascicularis), a high-
isoflavon content soybean diet did not signifi-
cantly affect bone characteristics, BMD, or bone
biomarker measurements19. In ovariectomized
monkeys, no effect of soy phytoestrogens in the
diet was observed for any bone mass measure-
ment20, and soy protein alone did not prevent the
increase in bone turnover21.

In summary, the effect of isoflavones in basic
research (in vitro studies and animal models)
points to:

• Reduction of markers of bone resorption
• Increase in markers of bone formation
• Preservation of bone structure and quality
• Preservation of bone resistance to fracture

Human studies
Observational studies
Observational studies of dietary intervention have
shown similar findings to the in vitro effects of
phytoestrogens in bone cell cultures and markers
of bone turnover, which are indirectly consistent
with the reduction of bone remodeling.

Most observational studies on bone markers
have been conducted in women living in coun-
tries where the population has a relatively high
intake of phytoestrogens. These have found a sig-
nificant inverse correlation between isoflavone
intake and urinary excretion of bone resorption
markers pyridinoline and deoxypyridinoline in
postmenopausal women of Asian countries22.

Among Asian populations, several observatio-
nal studies show that postmenopausal women
who consume soy foods, and therefore isoflavo-
nes, present the highest BMD of the lumbar
and/or hip spine23, as in American populations of
Japanese origin24,25. A greater peak of bone mass
and the maintenance of this bone mass in young
women has been described26, and a lower loss in
perimenopausal women27 and postmenopausal
women28. This effect has not been shown in bre-
ast cancer survivors29.

In adults who live in Western countries, the data
are limited, so it is difficult to draw conclusions
about the relationship between phytoestrogen inta-
ke and BMD or the rate of fractures, since their con-
sumption is generally insignificant in these coun-
tries30. A study in American white women found a
decrease of 18% in resorption markers in those with
high intake of genistein in the diet28.

Clinical studies
The biggest problem with clinical trials in humans
that analyze the effect of isoflavones on bone is
the great variability in terms of design, source of
the products analyzed, dosage and, especially, the
relatively short duration in order to accurately
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detect significant changes in the BMD. In addition,
a confounding factor in isoflavone treatment stu-
dies is the variability in the bioavailability and
metabolism of isoflavones among subjects.

Subjects vary from low to moderate and high
metabolizers. Therefore, even if the same dose of
isoflavone is administered, a variability in respon-
se can be expected. Daidzein is metabolized to
equol by the gut microbiota in approximately 30%
of people. This metabolite is biologically more
active than its precursor31.

A one-year randomized, double-blind, place-
bo-controlled trial administering equol supple-
ments (10 mg/day) to 93 non-equol menopausal
Japanese menopausal women showed that the
intervention increased the concentrations of this
metabolite in serum and urine in a dose-depen-
dent manner. Urinary deoxypyridinoline decrea-
sed significantly, with a -23.94% change in the
group receiving equol supplement compared to a
change of -2.87% in the placebo group (p=0.020).
In addition, BMD was maintained in the treated
group, which decreased in the placebo group32.

There are few reports of studies in premeno-
pausal women, and it is not possible to draw con-
clusions about the impact of phytoestrogens on
bone in them33,34. The administration of soy rich in
isoflavones had no effect on BMD in healthy
young adult women with normal menstruation35.

In another 24-week study conducted in 69
perimenopausal women, the effect on bone loss
of administering soy protein rich in isoflavones
(80.4 mg/day), soy protein poor in isoflavones or
casein (4.4 mg/day) was analyzed. The control
group had a significant loss of bone, while the tre-
atment rich in isoflavones attenuated lumbar spine
bone loss27. A study of similar design in postmeno-
pausal hypercholesterolemic women obtained
similar results36. 

According to this information, it is possible that
the inclusion of soy products containing isoflavo-
nes in diets of perimenopausal women can atte-
nuate bone loss and decrease the risk of osteopo-
rosis. However, in another study conducted in
apparently healthy early postmenopausal white
women (51-56 years), consumption of foods con-
taining soybean isoflavone aglycone at 110
mg/day for one year did not prevent postmeno-
pausal bone loss nor did it affect bone turnover37.
Similar results are shown in another study in late
postmenopausal women, with one year of follow-
up, in which, although changes were identified in
the markers, it did not occur in BMD, even when
the results were analyzed by producers and non-
producers of equol38.

The cooperative effects of isoflavones and
exercise on bone and lipid metabolism were
analyzed in 128 postmenopausal women during
24 weeks randomly assigned to 4 groups: placebo;
placebo combined with walking (3 times a week);
Isoflavone intake (75 mg of isoflavone conjugates
per day); and isoflavone combined with walking.
The combination of isoflavones and exercise sho-
wed favorable effects on serum lipids and body

composition of postmenopausal women. The fin-
dings of this study suggest that the preventive
effects of isoflavones on bone loss depend on the
individual's intestinal microbiota for the produc-
tion of equol39, although other studies do not find
differences depending on the producer or non-
producer phenotype of equol37.

A meta-analysis of ten randomized, placebo-
controlled trials, related to the effects of soy isofla-
vone intake on BMD of the lumbar spine, inclu-
ded 608 women who were administered soy iso-
flavones in doses of 44-160 mg/day with a treat-
ment time of 4-24 months. In conclusion, the
intervention with isoflavones significantly attenua-
ted the bone loss of the spine in menopausal
women. These favorable effects are more marked
when more than 90 mg/day of isoflavones are
administered. The beneficial effect would be evi-
dent after consumption for 6 months40.

However, another meta-analysis that included
ten randomized, placebo-controlled trials of at
least one year and that analyzed 896 women indi-
cated that supplementation with soy isoflavones is
unlikely to have a significant favorable effect on
BMD. in the lumbar spine and the hip. Similar
results were obtained in subgroup analyses by
sources of isoflavones (soy protein vs. isoflavone
extract) and ethnic differences (Asian vs. western).
Only the analysis according to the dose equal to
or greater than 80 mg/day compared to lower
doses tended to have a weak beneficial effect on
the BMD of the lumbar spine41.

On the effects of isoflavone intake on markers
of bone remodeling, the results of nine randomi-
zed trials in which 432 subjects were included in
a meta-analysis. It was concluded that the inter-
vention with isoflavones significantly inhibits
resorption and stimulates bone formation, accor-
ding to the response of bone turnover markers.
These favorable effects occur even if <90 mg/day
of isoflavones are consumed or if the intervention
lasts less than 12 weeks42.

The effects of isoflavones on bone strength in
humans are unknown. It has been indicated that
the treatment with soy isoflavones over 3 years
was modestly beneficial in the measurement of
the volumetric bone mineral density of the medial
femur, as well as in the force-deformation index43.

A recent meta-analysis44 analyzed the effect of
isoflavones on BMD. We included 21 studies with
2,652 postmenopausal women. The results indica-
ted that in the lumbar spine, treatment with isofla-
vones is associated with a significant increase in
BMD compared to the control. In the femoral
neck, the number of studies that provide this
information is 18 (n=1,604), also finding a signifi-
cant change. The studies that used isoflavones
aglycone found better results compared to the
control, being higher the effects to the studies that
used the glycosylated forms.

Genistein reduced the urinary excretion of
pyridoline and deoxypyridoline by increasing the
levels of alkaline phosphatase and insulin-like
growth factor-1 (IGF-1), without showing changes
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in the ultrasound measurement of the endometrial
thickness. The authors concluded that treatment
with isoflavones exerts a moderate beneficial
effect against bone loss related to estrogen depri-
vation in post-menopause. The effect seems to be
related to the aglycone form of the isoflavones.

Effect on fracture risk
The only information on the effect of isoflavones
on fracture risk is derived from some population
studies. There are no clinical trial data on fracture.

A prospective study of a large Asian cohort45 of
24,403 postmenopausal women with no history of
fracture or cancer, followed for a mean of 4.5
years, and after adjusting for age, socioeconomic
status, osteoporosis risk factors, and other dietary
factors, found a relationship of fracture risk with
the consumption of soy protein or isoflavones,
with an inverse relationship that was more pro-
nounced in women in early menopause. The
authors concluded that soy consumption can
reduce the risk of fracture in postmenopausal
women, especially among those approaching
menopause.

Conclusions
Evidence from epidemiological and prospective
cohort studies indicates a positive effect of isofla-
vone intake on the risk of osteoporosis and fragi-
lity fracture.

There are several mechanisms of action that
explain the actions of isoflavones on bone and,
although the exact mechanisms involved are not
fully understood, it seems that the consumption of
soy isoflavones attenuates bone loss induced by
menopause by decreasing resorption and training
stimulation.

As shown consistently in both in vitro and ani-
mal studies, isoflavones appear to stimulate bone
formation through action on osteoblasts, being
able to inhibit bone resorption by acting on oste-
oclasts and thus establishing a positive balance

Human studies show variability in the results
due, at least in part, to the different methodology
used, the variety of isoflavone sources, the doses
used and the time of the analysis; to which we
must add the variability of the bioavailability and
the metabolism of the isoflavones between the
subjects, being sometimes difficult to separate the
results of a possible genetic and environmental
influence.

The studies reviewed show evidence of a
beneficial effect of soy isoflavones on bone health
in perimenopausal and postmenopausal women
when soy protein with high isoflavone content is
incorporated into the diet. This could be an ade-
quate strategy to improve the bone health of pos-
tmenopausal women.

The evidence is insufficient to recommend the
consumption of isoflavones for the prevention or
treatment of osteoporosis, but in those women
taking adequate doses of isoflavones, lower BMD
loss related to estrogenic deprivation can be
expected.

The results of the studies show some positive
results, which justifies the need to carry out additio-
nal clinical trials in which it would be desirable to
have a larger sample population and a longer dura-
tion than allowed, in addition to demonstrating the
effect of isoflavones on the biochemical markers of
bone remodeling, bone density and bone quality,
investigate the effect on the prevention of fractures.
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