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ABSTRACT
Background: Osteoporosis is a common bone disease characterized by reduced bone mass result-
ing from continuous bone resorption.
Methods: PubMed, Scopus, and Embase were searched to find published trials on the effect of
soy isoflavones on bone mineral density (BMD) and bone turnover markers (bone-specific alkaline
phosphatase, osteocalcin, osteoprotegerin, pyridinoline, deoxypyridinoline, C-telopeptide, and N-
telopeptide). Random-effects inverse-variance model was used to calculate the pooled effects.
Results: A total of 5313 articles were found, screened, and assessed for eligibility, and finally 52
trials were included in the meta-analysis. Consumption of soy isoflavones caused significant
improvement in BMD of lumbar spine (mean difference (MD) ¼ 0.76%; 95% CI: 0.09, 1.42%;
p¼ 0.03), hip (MD ¼ 0.22%; 95% CI: 0.02, 0.42%; p¼ 0.04), and femoral neck (MD ¼ 2.27%; 95%
CI: 1.22, 3.31%; p< 0.001). Subgroup analysis showed that in all 3 sites, the improvement was sig-
nificant in normal weight subjects and interventions longer than a year, although trial location
and dosage were also factors influencing isoflavones’ impact on BMD. Among markers of bone
turnover, osteoprotegerin (MD¼ 5.79; 95% CI: 3.08, 8.51 pg/ml; p< 0.001), pyridinoline (MD ¼
�5.13; 95% CI: �7.76, �2.50nmol/mmol; p< 0.001), and C-telopeptides (MD¼�0.08; 95% CI:
�0.16, �0.00 ng/ml; p¼ 0.04) were favorably affected by isoflavones while osteocalcin and bone
alkaline phosphatase did not change. Subgroup analysis of bone markers showed that in over-
weight/obese individuals and dosages <90mg/day, isoflavones are more effective.
Conclusions: Soy isoflavones prevent osteoporosis-related bone loss in any weight status or treat-
ment duration. They increase BMD in normal weight subjects and diminish bone resorption in
overweight/obese individuals. Although bone resorption may be decelerated over short-term
isoflavone consumption, periods longer than a year are probably needed to affect BMD.
Isoflavones also appear benefits on bone in any dose or subjects’ ethnicity.
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Introduction

Bone is dynamic tissue with continual remodeling through-
out the life (Shetty et al. 2016). Bone remodeling or bone
turnover includes two phenomena: bone formation and
bone resorption (Eastell and Szulc 2017). During growth,
the rate of bone formation exceeds that of bone resorption,
but at middle and old ages (>40 years) the opposite occurs.
Accelerated and continuous bone resorption in old ages
leads to osteoporosis and increased risk of fracture which is
prevalent and complicated among elderly.

Osteoporosis is characterized by reduced bone mass and
highly porous structure associated with increased bone fra-
gility and susceptibility to fracture (Shetty et al. 2016). What
makes osteoporosis important is that it is a silent disease
that progresses without manifestation of any symptom for
years; in the majority of cases, fractures are the first
announcement of the disease. Bone mineral density (BMD)
measured by dual-energy x-ray absorptiometry has been

accepted as the gold standard tool for diagnosis of osteopor-
osis (Carey and Buehring 2018; Lorentzon and Cummings
2015). However, BMD assessment does not provide detailed
information about bone turnover (Vervloet and
Brandenburg 2017).

Bone turnover markers are metabolites liberated from
osteoblasts and osteoclasts during bone remodeling in the
amount relative to the rate of bone turnover (Greenblatt,
Tsai, and Wein 2017). These markers are useful for diagno-
sis of bone metabolic disorders and evaluating the efficiency
of anti-osteoporotic treatments (Eastell and Szulc 2017).
Most commonly measured bone turnover markers are osteo-
calcin and bone-specific alkaline phosphatase as markers of
bone formation, and pyridinoline, deoxypyridinoline, C-ter-
minal cross-linked type I collagen telopeptide (C-telopep-
tide), and N-terminal cross-linked type I collagen
telopeptide (N-telopeptide) as markers of bone resorption.

Based on cell culture and animal studies, isoflavones, a
group of phytochemicals with extensive biological activity,
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stimulate osteoblastic bone formation and inhibit osteoclastic
bone resorption (Castelo-Branco and Cancelo Hidalgo 2011;
Zheng, Lee, and Chun 2016). Due to structural similarity with
estrogen, isoflavones are classified as phytoestrogens, plant
compounds that are able to bind to estrogen receptors and
imitate estrogen activity (Taku et al. 2011). Soy is the major
source of isoflavones. Soy and soy isoflavones have been
known as protective compounds for bone against estrogen-
deficient states such as postmenopausal bone loss (Taku et al.
2011; Zheng, Lee, and Chun 2016).

Studies on estrogen-deficient animals have documented
the ability of soy isoflavones to increase serum concentration
of osteocalcin and alkaline phosphatase. In cultured osteo-
blasts, daidzein demonstrated anti-resorptive activity via
stimulation of osteoblast differentiation, increased estrogen
receptor b expression, and inhibition of osteoclastogenesis,
the last one through decreasing receptor activator of nuclear
factor-jB ligand (RANK-L)/osteoprotegerin ratio (De Wilde
et al. 2004). In cultured bone marrow cells, genistein has
decreased formation or viability of osteoclasts (Sliwi�nski
et al. 2005). In addition, genistein has shown the ability to
regulate dozens of bone-related genes (Pie et al. 2006). Soy
isoflavones may also improve intestinal calcium absorption
and thus reduce bone turnover and loss (Zafar et al. 2004).

A number of past meta-analyses have investigated the
effect of soy isoflavones on BMD or bone turnover markers
(Ma et al. 2008a; Ma et al. 2008b; Liu et al. 2009; Taku et al.
2010; Ricci et al. 2010; Lambert, Hu, and Jeppesen 2017).
However, all but one of these meta-analyses were conducted
almost a decade ago. On the other hand, no meta-analysis
has yet investigated the effect of soy isoflavones on both
BMD and bone turnover markers using various subgroup
analysis. This meta-analysis is an update on previous meta-
analyses and gives a rather comprehensive insight on various
bone turnover markers and BMD sites.

Methods

Search

PubMed, Scopus, and Embase were searched to find pub-
lished articles on the effect of soy isoflavones on bone turn-
over and bone density up to December 2018. No limitation
on date, language, etc. was made in the search. Main search
words included: isoflavone, phytoestrogen, genistein, daid-
zein, glycitin, soy, soya, soybean, soymilk, bone, bone min-
eral density, bone mass, bone turnover, bone remodeling.
Search strategies are available as supplementary file. Two
independent investigators searched the literature, screened
titles and abstracts, and assessed articles for eligibility.
Disagreements were resolved through discussion with a third
investigator.

Eligibility criteria

The articles were screened, evaluated, and selected based on
predetermined eligibility criteria. We included controlled trials
examining the effect of soy isoflavones on BMD or bone

turnover markers. Studies were excluded in case of the follow-
ings: 1) participants younger than 18 years; 2) participants with
diseases affecting bone health such as ovarian failure; 3) lack of
control group; 4) unsuitable control, for instance, administration
of calcium/vitamin D supplements to the control without giving
them to the treatment group; 5) estrogen therapy in either treat-
ment or control group during the study period; 6) administra-
tion of indefinite amounts of isoflavones in the treatment
group; 7) considerable difference in the amounts of nutrients
administered to treatment and control groups, for instance
when unequal quantities of calcium, vitamin D, vitamin K, or
other effective compounds were administered; 8) treatments
with isoflavones from origins other than soy, such as red clover
or synthetic isoflavones; 9) isoflavone treatments combined with
other bone-effective compounds such as milk; 10) repeated pub-
lications; and 11) reports with insufficient information on mean
and standard deviation (SD) or standard error.

Outcomes

Selected locations for BMD were lumbar spine, femoral
neck, and total hip because these were the most assessed
sites. Less reported sites included trochanter (n¼ 9), Ward’s
triangle (n¼ 6), intertrochanter (n¼ 4), total femur (n¼ 2),
proximal femur (n¼ 2), greater trochanter (n¼ 1), and
radius (n¼ 1). The most reported markers of bone remodel-
ing were bone-specific alkaline phosphatase, osteocalcin,
pyridinoline, deoxypyridinoline, osteoprotegerin, C-telopep-
tide, and N-telopeptide. There were also reports on procolla-
gen 1N-terminal (P1NP) that due to low number of trials
(n¼ 3) were not included in this meta-analysis.

Data extraction

In addition to the mean and SD of the outcomes, following
information was extracted from selected articles and gathered
in an excel sheet: the first and corresponding authors’ name,
Journal’s name, publication year, participants’ description (e.g.
healthy or osteoporotic, pre- or post-menopausal), participants’
age and body mass index, study location and design (parallel
or crossover), intervention duration, blinding, randomization,
number of participants in each group, the form of treatment
(e.g. isoflavones, soy, or soy milk), the dosage of isoflavones,
and the substance used as placebo. Data presented as graphs
was enumerated by Plot Digitizer software version 2.6.6 (Free
Software Foundation Inc., USA).

Risk of bias assessment

The quality of trials was assessed by two investigators
according to Cochrane’s instructions for risk of bias assess-
ment (Higgins and Green 2011). The criteria used by this
tool include: random sequence generation (selection bias),
allocation sequence concealment (selection bias), blinding of
participants and personnel (performance bias), blinding of
outcome assessment (detection bias), incomplete outcome
data (attrition bias), selective outcome reporting (reporting
bias), and other potential sources of bias.

2 M. AKHLAGHI ET AL.



Statistical analysis

Mean and SD of the difference between pre- and post-inter-
vention data for control and treatment groups were used to
calculate pooled effects. Since some studies had expressed
net BMD data and some had presented them as percent
change, calculations were performed to convert net data to
percentage change. So, BMD data used in the analysis was
percentage change. The random-effects inverse-variance
model was used to calculate weighted mean difference and
95% confidence interval (CI). Between-study heterogeneity
was evaluated using Cochrane v2 test and I2. Publication
bias was determined by visual evaluation of funnel plots and
Egger’s and Begg’s tests (Sedgwick 2015). Subgroup analysis
was performed based on trial region (Asia vs. West), body
mass index (BMI) (<25 kg/m2 vs. �25 kg/m2), isoflavone
dose (<90mg/day vs. �90mg/day) (Ricci et al. 2010), and
intervention length (<1 year vs. �1 year). STATA software
version 12.0 (StataCorp, USA) was used for data analysis.
p< 0.05 was considered statistically significant.

Results

After searching the literature, titles and abstracts were care-
fully screened to find reports on the effect of soy isoflavones
on BMD or bone turnover markers. One hundred and
eleven articles passed the screening process and then were
more carefully explored through reading their full text. At
last, 52 citations were found eligible to be included in the
meta-analysis according to the criteria described in the
Methods (Figure 1). Ten of the articles were cited more
than once because of reports on multiple doses (Alekel et al.

2010; Chen et al. 2003; Cheong et al. 2007; Gallagher et al.
2004; Huang et al. 2006; Potter et al. 1998; Wangen et al.
2000; Ye et al. 2006), study locations (Brink et al. 2008), and
participants’ bone mass (Arcoraci et al. 2017).

Overall, data of 5313 participants was used in the meta-ana-
lysis. All but 16 participants (Newton et al. 2006) were females
and mostly postmenopausal. Intervention duration was various,
ranging from 1month to 3 years. The dosages ranged from
36mg/day to 200mg/day. Isoflavones were administered in the
supplement form, soy protein, or soy foods. More details of
the included trials are provided in Table 1.

Effect of soy isoflavones on BMD

Isoflavones caused significant improvement in BMD of lum-
bar spine (mean difference (MD) of BMD percentage change
in isoflavones minus control group ¼ 0.76%; 95% CI: 0.09,
1.42%; p¼ 0.03), hip (MD ¼ 0.22%; 95% CI: 0.02, 0.42%;
p¼ 0.04), and femoral neck (MD ¼ 2.27%; 95% CI: 1.22,
3.31%; p< 0.001) (Table 2). Subgroup analysis based on trial
region (Asia vs. West) revealed that isoflavones increased
lumbar spine BMD of Western and hip BMD of Asian pop-
ulations but femoral neck BMD was improved in both pop-
ulations. In subgroup analysis based on BMI, normal weight
participants benefited from isoflavones for BMD of all sites
but overweight/obese subjects only benefited for BMD of
femoral neck. In isoflavone dose categorization, doses
�90mg/day were effective on lumbar spine and hip BMD
but doses <90mg/day were beneficial on femoral neck
BMD. Subgroup analysis based on intervention length
showed that interventions �1 year caused significant

Figure 1. Summary of the screening and selection process of the trials.
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increase in BMD of all sites but shorter interventions were
not effective. There was a high between-study heterogeneity
in the results, and subgrouping did not resolve this hetero-
geneity (I2 ¼ 76.4%–99.9%).

Effect of soy isoflavones on biomarkers of
bone turnover

Osteocalcin, one of the most important biomarkers of bone for-
mation, was not significantly changed following isoflavone treat-
ment (MD ¼ 0.08ng/ml; 95% CI: �0.72, 0.88ng/ml; p¼ 0.85)
(Figure 2). Similarly, bone-specific alkaline phosphatase showed
no significant change over isoflavone treatment (MD ¼
0.14lg/L; 95% CI: �0.87, 1.14lg/L; p¼ 0.79) (Figure 3). Only
3 studies measured osteoprotegerin; they showed a significant
elevation (MD ¼ 5.79pg/ml; 95% CI: 3.08, 8.51pg/ml;
p< 0.001) (Figure 4). Contrariwise, pyridinoline demonstrated a
significant reduction (MD ¼ �5.13nmol/mmol; 95% CI:
�7.76, �2.50nmol/mmol; p< 0.001) (Figure 5) and deoxypyri-
dinoline demonstrated a trend towards reduction upon isofla-
vone supplementation (MD ¼ �0.54nmol/mmol; 95% CI:
�1.19, 0.11nmol/mmol; p¼ 0.10) (Figure 6). C-telopeptide
(MD ¼ �0.08ng/ml; 95% CI: �0.16, �0.00ng/ml; p¼ 0.04)
(Figure 7) and N-telopeptide (MD ¼ �2.27nmol/mmol; 95%
CI: 6.80, 2.27nmol/mmol; p¼ 0.33) (Figure 8) also showed
reductions although only the change in C-telopeptide was statis-
tically significant. Similar to BMD, results on bone markers had
high between-study heterogeneity except for osteoprotegerin
which showed a moderate heterogeneity.

Subgroup analysis was performed for 3 of the markers
which had responded to isoflavones, i.e. pyridinoline,
deoxypyridinoline, and C-telopeptide (Table 3).
Subgroups of participants with BMI � 25 kg/m2 and iso-
flavone doses <90mg showed reduction in all 3 markers.
Also, subgroups of Western populations and intervention
durations <1 year demonstrated decreases in pyridinoline
and deoxypyridinoline. Again, high heterogeneity was
observed between studies.

Quality of the trials

Risk of bias was assessed according to the criteria described
in the Methods section (Supplemental Table 1 and Figure
1). Twenty five percent of the trials had risk of bias due to
high attrition which is likely due to long duration of the
interventions for bone protection against osteoporosis.

Publication bias

Except for femoral neck BMD (Egger’s test p¼ 0.039), no
publication bias was detected in the investigated outcomes.
Funnel plots are available in supplementary materials
(Supplemental Figures 2A–C and 3A–G).

Discussion

Results of this meta-analysis showed that consumption of
soy isoflavones caused significant improvement in BMD ofU
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femoral neck, lumbar spine, and hip. The improvement was
more pronounced in normal weight subjects and interven-
tions longer than one year although trial location and dos-
age were also factors influencing isoflavones’ impact on
BMD. Among markers of bone turnover, osteoprotegerin,
pyridinoline, and C-telopeptides were affected by isoflavones
while osteocalcin and bone alkaline phosphatase did not
change. Subgroups of overweight/obese individuals and dos-
ages <90mg/day benefited more from the effect of isofla-
vones on bone biomarkers.

Participants’ weight

Results of subgroup analysis of this meta-analysis showed
that although isoflavones benefited BMD of both normal
and overweight subjects, the effect was significant in normal
weight individuals, indicating that isoflavones may have
potential to compensate, in normal weight subjects, the lack
of protection which could be provided by extra weight.
Weight is generally thought to have a protective effect on
bone mass, and overweight and obese individuals are
assumed to be at lower risk of bone loss (Shapses and

Figure 2. Forest plot of clinical trials examining the effect of soy isoflavones on osteocalcin. Data are mean difference and 95% CI using the random-effects model.

Table 2. Subgroup analysis for the effect of soy isoflavones on bone mineral density of lumbar spine, hip, and femoral neck.

Lumbar spine Total hip Femoral neck

n Mean difference (95% CI) p I2 n Mean difference (95% CI) p I2 n Mean difference (95% CI) p I2

All studies 30 0.76 (0.09, 1.42) 0.03 99.6% 11 0.22 (0.02, 0.42) 0.04 91.7% 22 2.27 (1.22, 3.31) <0.001 99.7%

Subgroups
Trial region
Asia 8 �0.3 (�0.73, 0.14) 0.18 96.6% 5 0.20 (0.16, 0.25) <0.001 0 6 0.68 (0.23, 1.14) 0.003 93.7%
West 22 1.07 (0.01, 2.14) 0.048 99.7% 6 0.22 (�0.32, 0.75) 0.43 95.4% 16 2.61 (0.70, 4.52) 0.007 99.8%
Participants’ BMI
<25 kg/m2 14 0.61 (0.15, 1.07) 0.009 97.7% 5 0.20 (0.16, 0.25) <0.001 0 8 0.67 (0.11, 1.24) 0.02 97.4%
�25 kg/m2 16 0.86 (�0.44, 2.15) 0.20 99.8% 6 0.22 (�0.32, 0.75) 0.43 95.4% 14 2.99 (0.86, 5.11) 0.006 99.8%
Isoflavone dose
<90mg/day 16 1.02 (�0.10, 2.14) 0.07 99.6% 7 �0.02 (�0.26, 0.22) 0.85 90.8% 11 4.34 (2.19, 6.48) <0.001 99.9%
�90mg/day 14 0.59 (0.08, 0.89) 0.02 95.6% 4 0.54 (0.23, 0.85) 0.001 82.6% 11 0.00 (�0.43, 0.44) 0.98 94.1%
Intervention duration
<1 year 13 0.03 (�1.03, 1.09) 0.95 98.7% 4 �0.20 (�1.06, 0.65) 0.64 76.4% 8 0.53 (�0.15, 1.22) 0.13 92.5%
�1 year 17 1.30 (0.43, 2.16) 0.003 99.7% 7 0.38 (0.23, 0.54) <0.001 88.3% 14 3.16 (1.57, 4.75) <0.001 99.8%
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Figure 3. Forest plot of clinical trials examining the effect of soy isoflavones on bone-specific alkaline phosphatase. Data are mean difference and 95% CI using the
random-effects model.

Figure 4. Forest plot of clinical trials examining the effect of soy isoflavones on osteoprotegerin. Data are mean difference and 95% CI using the random-
effects model.
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Figure 5. Forest plot of clinical trials examining the effect of soy isoflavones on pyridinoline. Data are mean difference and 95% CI using the random-effects model.

Figure 6. Forest plot of clinical trials examining the effect of soy isoflavones on deoxypyridinoline. Data are mean difference and 95% CI using the random-
effects model.
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Figure 7. Forest plot of clinical trials examining the effect of soy isoflavones on C-telopeptide. Data are mean difference and 95% CI using the
random-effects model.

Figure 8. Forest plot of clinical trials examining the effect of soy isoflavones on N-telopeptide. Data are mean difference and 95% CI using the random-
effects model.
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Sukumar 2012; Dimitri et al. 2012; Kim et al. 2017). A part
of the protective effect of weight on bone is suggested to be
due to mechanical loading of excess body weight (Shapses
and Sukumar 2012). Furthermore, adipose tissue releases
hormones such as estrogen and leptin which have shown to
stimulate osteoblasts and/or inhibit osteoclasts. Nonetheless,
a number of investigations have documented that fat mass
may not have beneficial effect on bone mass, but instead
may have a deleterious impact (Messina et al. 2019; Zhu
et al. 2017; Zhao et al. 2007). We also found that in over-
weight/obese individuals isoflavones caused significant
reduction in bone resorption markers, pyridinoline, deoxy-
pyridinoline, and C-telopeptide, indicating that consumption
of isoflavones also benefits the bone of people with extra
weight. These results suggest that the protective effect of iso-
flavones on bone is not limited to specific weight.

Intervention duration

Only interventions longer than 1 year showed significant
improvement in BMD of all sites, but both intervention
durations revealed diminution of bone resorption markers
although merely some of these subgroups were statistically
significant. This suggests that any intervention duration may
be efficacious to inhibit bone resorption but interventions
�1 year are long enough to affect BMD.

Bone remodeling consists of five phases: osteoclast activa-
tion, bone resorption, osteoblast recruitment, bone matrix
formation, and mineralization (termination phase)
(Katsimbri 2017). The first 3 phases last for about 6weeks
with resorption phase taking one third of this time, forma-
tion phase takes approximately 4months, and mineralization
continues for 3–4months (Katsimbri 2017; Kenkre and
Bassett 2018). The shortest intervention time among the tri-
als of this meta-analysis was 1month, which is longer than
bone resorption phase, suggesting that all of the interven-
tions have been long enough to allow affecting bone resorp-
tion by isoflavones. In addition, calcium kinetic studies have
documented that even interventions as short as 3 days can
affect different bone remodeling phases (Shahnazari et al.
2010). Human trials have also shown that interventions as
short as 7 days can modify bone turnover markers including
osteocalcin (Sirtori et al. 1996). Therefore, the lack of effect

on bone formation biomarkers could not be due to short
intervention length in some trials although subgroups ana-
lysis for bone alkaline phosphatase showed that interven-
tions shorter than 4months diminished alkaline phosphatase
while longer interventions made no change (data not
shown). Such result was not observed for osteocalcin.

Dosage

The effect of dose may be explained by the balance in differ-
entiation of bone marrow stromal cells into osteoblasts and
adipocytes (Shapses and Sukumar 2012). Cell culture studies
have shown that lower doses of daidzein stimulated osteo-
genesis and decreased adipogenesis but higher doses
behaved contrarily (Dang and L€owik 2004). This type of
dose-dependent effect was observed in bone turnover
markers (pyridinoline, deoxypyridinoline, and C-telopeptide)
of the present meta-analysis and also BMD of lumbar spine
and femoral neck but not in total hip BMD, suggesting that
doses less than 90mg/day might prevent bone resorption
and improve BMD of lumbar spine and femoral neck but
higher doses may also be beneficial for hip and lumbar spine
BMD.

Trial region

Subgroup analysis based on region suggested that both
Asians and non-Asian populations may benefit from isofla-
vones in BMD of different sites but non-Asians may get
more advantages in decreasing bone resorption markers,
pyridinoline and deoxypyridinoline. There are reasons that
explain the effectiveness of isoflavones in various popula-
tions. For instance, compared to Western populations,
Asians are reported to have a higher percentage of equol
producers who are individuals capable of intestinal conver-
sion of isoflavones to their active and absorbable metabolite,
equol (Song et al. 2006; Vergne et al. 2009). On the other
hand, the habitual intake of soy by Asians may diminish the
effectiveness of collateral soy isoflavone consumption and
lower benefits of isoflavones supplements in this population
(Maskarinec et al. 2017). Hence, people in each ethnicity
can benefit from isoflavones for either BMD or bone

Table 3. Subgroup analysis for the effect of soy isoflavones on pyridinoline, deoxypyridinoline, and C-telopeptide.

Pyridinoline Deoxypyridinoline C-telopeptide

n Mean difference (95% CI) p I2 n Mean difference (95% CI) p I2 n Mean difference (95% CI) p
I2

All studies 9 �5.13 (�7.76, �2.50) <0.001 96.8% 23 �0.54 (�1.19, 0.11) 0.11 93.1% 13 �0.08 (�0.16, �0.00) 0.04396.5%
Trial region
Asia 1 �8.00 (�10.83, �5.17) <0.001 � 9 0.23 (�1.00, 1.45) 0.72 95.8% 2 �0.17 (�0.50, 0.16) 0.32 98.9%
West 8 �4.71 (�7.46, �1.95) 0.001 97.0% 14 �1.01 (�1.78, �0.23) 0.01 89.3% 11 �0.06 (�0.14, 0.02) 0.13 96.0%
Participants’ BMI
<25 kg/m2 5 �1.75 (�4.27, 0.78) 0.18 97.2% 14 �0.17 (�1.16, 0.81) 0.73 94.5% 4 �0.01 (�0.08, 0.05) 0.70 0
�25 kg/m2 4 �11.11 (�21.02, �1.19) 0.03 92.5% 9 �1.19 (�2.10, �0.29) 0.01 89.6% 9 �0.11 (�0.20, �0.01) 0.02 97.6%
Isoflavone dose
<90mg/day 5 �9.37 (�15.27, �3.47) 0.002 95.3% 14 �1.34 (�2.15, �0.52) 0.001 92.1% 8 �0.12 (�0.22, �0.02) 0.02 95.9%
�90mg/day 4 0.49 (�0.57, 1.56) 0.36 66.2% 9 0.61 (�0.59, 1.81) 0.32 94.3% 5 �0.01 (�0.03, 0.01) 0.31 0
Intervention duration
<1 year 4 �7.25 (�11.26, �3.25) <0.001 66.0% 13 �1.04 (�1.90, �0.19) 0.02 89.7% 11 �0.07 (�0.16, 0.02) 0.14 97.1%
�1 year 5 �3.84 (�6.95, �0.74) 0.02 98.1% 10 �0.00 (�1.09, 1.08) 0.99 95.4% 2 �0.14 (�0.29, 0.01) 0.07 86.3%
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turnover markers and there are genetic or non-genetic rea-
sons that justify this responsiveness.

High heterogeneity

We observed a high heterogeneity between trials which was
not resolved by subgroup analysis, suggesting a multifactor-
ial essence for the heterogeneity. Although the majority of
the trials recruited peri- or postmenopausal women, the par-
ticipants were not all in the same menopausal age. It is very
likely that small difference in the level of estrogen in these
women have affected the results (Rapuri, Gallagher, and
Haynatzki 2004). As explained earlier, participants’ weight
and ethnicity also affect bone metabolism. Diversities in
study design, such as form of isoflavones (glycosides or agly-
cones), isoflavones composition (proportion of different fla-
vonoids in the supplements), dosage, form of treatment
(pure compounds vs. soy foods), intervention length, and
habitual intake of isoflavones in the study populations added
more to the extent of the heterogeneity. It is likely that the
influence of these factors on the results is too broad and
complicated to be solved by subgroup analysis.

This high heterogeneity and controversy also exists in the
results of different meta-analyses published on the issue. For
instance, while some meta-analyses found no effect from
isoflavones on lumbar spine BMD (Ricci et al. 2010; Liu
et al. 2009) others reported benefits for spine (Ma et al.
2008a) and both femoral neck and lumbar spine (Lambert,
Hu, and Jeppesen 2017). Results of subgroup analysis have
also been conflicting. For instance, Ma et al. (2008a)
reported more significant favorable effects in doses >90mg/
day, interventions >6months, and Western populations
while Liu et al. (2009) and Ricci et al. (2010) found no effect
from subgroups of dose, ethnicity, and intervention duration
on lumbar spine BMD. The controversy in the results of
these meta-analyses is likely due to differences in their inclu-
sion/exclusion criteria, publication date, and cutoff points
used for subgroup analysis.

Clinical significance

Although results of this and other relevant meta-analyses are
positive for the beneficial effects of isoflavones on BMD and
bone resorption markers, the clinical significance of the
effects is unclear. What is clinically important is whether
isoflavones can protect bone from osteoporotic fractures.
Although no meta-analysis has yet evaluated such effect,
cohort studies have shown the inverse association between
soy/isoflavone consumption and bone fracture. For instance,
a prospective cohort of 63,257 Chinese men and women liv-
ing in Singapore indicated that in follow-up durations of
more than 5 years, compared to women, but not men, in the
lowest quartile of intakes for tofu equivalents (<49.4 g/day),
soy protein (<2.7 g/day), and isoflavones (<5.8mg/
1000 kcal/day), those in the second to fourth quartiles exhib-
ited 21% to 31% reduction in the risk of hip fracture (Koh
et al. 2009). Considering the minimum dose of 5.8mg/
1000 kcal reported by Koh et al., the doses tested in trials of

this meta-analysis are likely to have potential for protecting
bones against fracture.

Among isoflavones, genistein has the highest binding
affinity for estrogen receptor, with having 13%–87% of the
estradiol potential for binding to estrogen receptor (Kuiper
et al. 1998; Pil�s�akov�a, Rie�cansk�y, and Jagla 2010). At the
highest accessible levels which occur after consumption of
soy-rich meals, genistein may exhibit estrogenic activity
comparable to endogenous estradiol. This effect is especially
dominant in estrogen-deficient individuals, such as postme-
nopausal women, for whom isoflavones can be used as an
alternative for hormone replacement therapy (Pil�s�akov�a,
Rie�cansk�y, and Jagla 2010). In this regard, a meta-analysis
was performed to evaluate and compare the effect of estro-
gen or isoflavones on the incidence of osteoporotic fractures
in postmenopausal women (Bola~nos and Francia 2010). The
results indicated that there was no statistically significant
difference between hormone therapy and isoflavones in
reducing osteoporosis-related fractures.

Adverse effects

Structural and functional similarity between isoflavones and
estrogen poses the concern about possible adverse effect of
isoflavones for increasing the risk of breast cancer. However,
available evidence supports the opposite: recent meta-analy-
ses of cohort (Zhao et al. 2019) or observational (Qiu and
Jiang 2018) studies have shown an inverse association
between intake of soy and isoflavones with the risk of devel-
opment (Zhao et al. 2019) or overall survival from breast
cancer (Qiu and Jiang 2018). However, caution needs to be
taken for use of high doses of isoflavones in women with a
family history of breast cancer (Touillaud et al. 2019).

Limitations

As stated, broad between-study heterogeneity was the major
limitation in this and similar meta-analyses. Furthermore, to
study the dose effect, a number of trials with two isoflavone
groups were included in the meta-analysis, and thus the
control group was used twice, causing an overestimation of
the statistical significance. This meta-analysis had advantages
over the previous works due to assessing BMD of three
important sites with a rather extensive view on bone turn-
over markers, and subgroup analysis on both BMD and
bone turnover markers. It is an update on the previous
works and contains almost twice the number of trials of the
last meta-analysis.

Conclusion

Results of this meta-analysis showed that consumption of
soy isoflavones benefits BMD in normal weight people and
diminishes bone resorption in overweight/obese individuals.
Although bone resorption can be decelerated over short-
term isoflavone consumption, periods longer than a year are
probably needed to affect BMD. Isoflavones also appear ben-
efits on bone in any dose and subjects’ ethnicity. More
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studies, however, are needed to confirm the lack of the effect
of isoflavones on bone formation biomarkers and clarify
underlying mechanisms in humans.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Albertazzi, P., S. A. Steel, and M. Bottazzi. 2005. Effect of pure genis-
tein on bone markers and hot flushes. Climacteric: The Journal of
the International Menopause Society 8 (4):371–9. doi: 10.1080/
13697130500345257.

Alekel, D. L., A. S. Germain, C. T. Peterson, K. B. Hanson, J. W.
Stewart, and T. Toda. 2000. Isoflavone-rich soy protein isolate
attenuates bone loss in the lumbar spine of perimenopausal women.
The American Journal of Clinical Nutrition 72 (3):844–52. doi: 10.
1093/ajcn/72.3.844.

Alekel, D. L., M. D. Van Loan, K. J. Koehler, L. N. Hanson, J. W.
Stewart, K. B. Hanson, M. S. Kurzer, and C. T. Peterson. 2010. The
soy isoflavones for reducing bone loss (SIRBL) study: A 3-y
randomized controlled trial in postmenopausal women. The
American Journal of Clinical Nutrition 91 (1):218–30. doi: 10.3945/
ajcn.2009.28306.

Anderson, J. J. B., X. Chen, A. Boass, M. Symons, M. Kohlmeier, J. B.
Renner, and S. C. Garner. 2002. Soy isoflavones: No effects on bone
mineral content and bone mineral density in healthy, menstruating
young adult women after one year. Journal of the American College
of Nutrition 21 (5):388–93. doi: 10.1080/07315724.2002.10719240.

Arcoraci, V., M. Atteritano, F. Squadrito, R. D’Anna, H. Marini, D.
Santoro, L. Minutoli, S. Messina, D. Altavilla, and A. Bitto. 2017.
Antiosteoporotic activity of genistein aglycone in postmenopausal
women: Evidence from a post-hoc analysis of a multicenter random-
ized controlled trial. Nutrients 9 (2):179. doi: 10.3390/nu9020179.

Arjmandi, B. H., D. A. Khalil, B. J. Smith, E. A. Lucas, S. Juma, M. E.
Payton, and R. A. Wild. 2003. Soy protein has a greater effect on
bone in postmenopausal women not on hormone replacement ther-
apy, as evidenced by reducing bone resorption and urinary calcium
excretion. The Journal of Clinical Endocrinology & Metabolism 88
(3):1048–54. doi: 10.1210/jc.2002-020849.

Arjmandi, B. H., E. A. Lucas, D. A. Khalil, L. Devareddy, B. J. Smith, J.
McDonald, A. B. Arquitt, M. E. Payton, and C. Mason. 2005. One
year soy protein supplementation has positive effects on bone for-
mation markers but not bone density in postmenopausal women.
Nutrition Journal 4 (1):8. doi: 10.1186/1475-2891-4-8.

Atteritano, M., H. Marini, L. Minutoli, F. Polito, A. Bitto, D. Altavilla,
S. Mazzaferro, R. D’Anna, M. L. Cannata, A. Gaudio, et al. 2007.
Effects of the phytoestrogen genistein on some predictors of cardio-
vascular risk in osteopenic, postmenopausal women: A two-year
randomized, double-blind, placebo-controlled study. The Journal of
Clinical Endocrinology & Metabolism 92 (8):3068–75. doi: 10.1210/jc.
2006-2295.

Bola~nos, R., and J. Francia. 2010. Isoflavones versus hormone therapy
for reduction of vertebral fracture risk: Indirect comparison.
Menopause 17 (6):1201–5. doi: 10.1097/gme.0b013e3181df48f0.

Brink, E., V. Coxam, S. Robins, K. Wahala, A. Cassidy, and F. Branca;
PHYTOS Investigators. 2008. Long-term consumption of isoflavone-
enriched foods does not affect bone mineral density, bone metabol-
ism, or hormonal status in early postmenopausal women: A
randomized, double-blind, placebo controlled study. The American
Journal of Clinical Nutrition 87 (3):761–70. doi: 10.1093/ajcn/87.3.
761.

Brooks, J. D., W. E. Ward, J. E. Lewis, J. Hilditch, L. Nickell, E. Wong,
and L. U. Thompson. 2004. Supplementation with flaxseed alters
estrogen metabolism in postmenopausal women to a greater extent
than does supplementation with an equal amount of soy. The

American Journal of Clinical Nutrition 79 (2):318–25. doi: 10.1093/
ajcn/79.2.318.

Carey, J. J., and B. Buehring. 2018. Current imaging techniques in
osteoporosis. Clinical and Experimental Rheumatology 36 Suppl 114
(5):115–26.

Castelo-Branco, C., and M. J. Cancelo Hidalgo. 2011. Isoflavones:
Effects on bone health. Climacteric 14 (2):204–11. doi: 10.3109/
13697137.2010.529198.

Chen, Y. M., S. C. Ho, S. S. Lam, S. S. Ho, and J. L. Woo. 2003. Soy
isoflavones have a favorable effect on bone loss in Chinese postme-
nopausal women with lower bone mass: A double-blind, random-
ized, controlled trial. The Journal of Clinical Endocrinology &
Metabolism 88 (10):4740–7. doi: 10.1210/jc.2003-030290.

Cheong, J. M., B. R. Martin, G. S. Jackson, D. Elmore, G. P. McCabe,
J. R. Nolan, S. Barnes, M. Peacock, and C. M. Weaver. 2007. Soy
isoflavones do not affect bone resorption in postmenopausal women:
A dose-response study using a novel approach with 41Ca. The
Journal of Clinical Endocrinology & Metabolism 92 (2):577–82.

Chilibeck, P. D., H. Vatanparast, R. Pierson, A. Case, O. Olatunbosun,
S. J. Whiting, T. J. Beck, P. Pahwa, and H. J. Biem. 2013. Effect of
exercise training combined with isoflavone supplementation on
bone and lipids in postmenopausal women: A randomized clinical
trial. Journal of Bone and Mineral Research 28 (4):780–93. doi: 10.
1002/jbmr.1815.

Choquette, S., �E. Riesco, �E. Cormier, T. Dion, M. Aubertin-Leheudre,
and I. J. Dionne. 2011. Effects of soya isoflavones and exercise on
body composition and clinical risk factors of cardiovascular diseases
in overweight postmenopausal women: A 6-month double-blind
controlled trial. British Journal of Nutrition 105 (8):1199–209. doi:
10.1017/S0007114510004897.

Dalais, F. S., P. R. Ebeling, D. Kotsopoulos, B. P. McGrath, and H. J.
Teede. 2003. The effects of soy protein containing isoflavones on
lipids and indices of bone resorption in postmenopausal women.
Clinical Endocrinology 58 (6):704–9. doi: 10.1046/j.1365-2265.2003.
01771.x.

Dang, Z., and C. W. L€owik. 2004. The balance between concurrent
activation of ERs and PPARs determines daidzein-induced osteogen-
esis and adipogenesis. Journal of Bone and Mineral Research 19 (5):
853–61. doi: 10.1359/jbmr.040120.

De Wilde, A., M. Lieberherr, C. Colin, and A. Pointillart. 2004. A low
dose of daidzein acts as an ERbeta-selective agonist in trabecular
osteoblasts of young female piglets. Journal of Cellular Physiology
200 (2):253–62. doi: 10.1002/jcp.20008.

Dimitri, P., N. Bishop, J. S. Walsh, and R. Eastell. 2012. Obesity is a
risk factor for fracture in children but is protective against fracture
in adults: A paradox. Bone 50 (2):457–66. doi: 10.1016/j.bone.2011.
05.011.

Eastell, R., and P. Szulc. 2017. Use of bone turnover markers in post-
menopausal osteoporosis. The Lancet Diabetes & Endocrinology 5
(11):908–23. doi: 10.1016/S2213-8587(17)30184-5.

Evans, E. M., S. B. Racette, R. E. Van Pelt, L. R. Peterson, and D. T.
Villareal. 2007. Effects of soy protein isolate and moderate exercise
on bone turnover and bone mineral density in postmenopausal
women. Menopause 14 (3):481–8. doi: 10.1097/01.gme.0000243570.
78570.f7.

Gallagher, J. C., R. Satpathy, K. Rafferty, and V. Haynatzka. 2004. The
effect of soy protein isolate on bone metabolism. Menopause 11 (3):
290–8.

Garc�ıa-Mart�ın, A., M. Quesada Charneco, A. Alv�arez Guisado, J. J.
Jim�enez Mole�on, J. Fonoll�a Joya, and M. Mu~noz-Torres. 2012. Effect
of milk product with soy isoflavones on quality of life and bone
metabolism in postmenopausal Spanish women: Randomized trial]
[Article in Spanish]. Medicina Cl�ınica 138 (2):47–51. doi: 10.1016/j.
medcli.2011.04.033.

Greenblatt, M. B., J. N. Tsai, and M. N. Wein. 2017. Bone turnover
markers in the diagnosis and monitoring of metabolic bone disease.
Clinical Chemistry 63 (2):464–74. doi: 10.1373/clinchem.2016.
259085.

Harkness, L. S., K. Fiedler, A. R. Sehgal, D. Oravec, and E. Lerner.
2004. Decreased bone resorption with soy isoflavone

12 M. AKHLAGHI ET AL.

https://doi.org/10.1080/13697130500345257
https://doi.org/10.1080/13697130500345257
https://doi.org/10.1093/ajcn/72.3.844
https://doi.org/10.1093/ajcn/72.3.844
https://doi.org/10.3945/ajcn.2009.28306
https://doi.org/10.3945/ajcn.2009.28306
https://doi.org/10.1080/07315724.2002.10719240
https://doi.org/10.3390/nu9020179
https://doi.org/10.1210/jc.2002-020849
https://doi.org/10.1186/1475-2891-4-8
https://doi.org/10.1210/jc.2006-2295
https://doi.org/10.1210/jc.2006-2295
https://doi.org/10.1097/gme.0b013e3181df48f0
https://doi.org/10.1093/ajcn/87.3.761
https://doi.org/10.1093/ajcn/87.3.761
https://doi.org/10.1093/ajcn/79.2.318
https://doi.org/10.1093/ajcn/79.2.318
https://doi.org/10.3109/13697137.2010.529198
https://doi.org/10.3109/13697137.2010.529198
https://doi.org/10.1210/jc.2003-030290
https://doi.org/10.1002/jbmr.1815
https://doi.org/10.1002/jbmr.1815
https://doi.org/10.1017/S0007114510004897
https://doi.org/10.1046/j.1365-2265.2003.01771.x
https://doi.org/10.1046/j.1365-2265.2003.01771.x
https://doi.org/10.1359/jbmr.040120
https://doi.org/10.1002/jcp.20008
https://doi.org/10.1016/j.bone.2011.05.011
https://doi.org/10.1016/j.bone.2011.05.011
https://doi.org/10.1016/S2213-8587(17)30184-5
https://doi.org/10.1097/01.gme.0000243570.78570.f7
https://doi.org/10.1097/01.gme.0000243570.78570.f7
https://doi.org/10.1016/j.medcli.2011.04.033
https://doi.org/10.1016/j.medcli.2011.04.033
https://doi.org/10.1373/clinchem.2016.259085
https://doi.org/10.1373/clinchem.2016.259085


supplementation in postmenopausal women. Journal of Women’s
Health 13 (9):1000–7. doi: 10.1089/jwh.2004.13.1000.

Higgins, J. P. T., and S. Green, editors. 2011. Cochrane handbook for
systematic reviews of interventions. Version 5.1.0. Chapter 16.4.5:
Methods for incorporating cross-over trials into a meta-analysis
[updated March 2011]. The Cochrane Collaboration. http://hand-
book.cochrane.org/chapter_16/16_4_5_methods_for_incorporating_
cross_over_trials_into_a.htm.

Huang, H. Y., H. P. Yang, H. T. Yang, T. C. Yang, M. J. Shieh, and
S. Y. Huang. 2006. One-year soy isoflavone supplementation pre-
vents early postmenopausal bone loss but without a dose-dependent
effect. The Journal of Nutritional Biochemistry 17 (8):509–17. doi:
10.1016/j.jnutbio.2006.01.003.

Katsimbri, P. 2017. The biology of normal bone remodelling. European
Journal of Cancer Care 26 (6):e12740. doi: 10.1111/ecc.12740.

Kenkre, J. S., and J. Bassett. 2018. The bone remodelling cycle. Annals
of Clinical Biochemistry: International Journal of Laboratory
Medicine 55 (3):308–27. doi: 10.1177/0004563218759371.

Kenny, A. M., K. M. Mangano, R. H. Abourizk, R. S. Bruno, D. E.
Anamani, A. Kleppinger, S. J. Walsh, K. M. Prestwood, and J. E.
Kerstetter. 2009. Soy proteins and isoflavones affect bone mineral
density in older women: A randomized controlled trial. The
American Journal of Clinical Nutrition 90 (1):234–42. doi: 10.3945/
ajcn.2009.27600.

Kim, Y. S., J. J. Han, J. Lee, H. S. Choi, J. H. Kim, and T. Lee. 2017.
The correlation between bone mineral density/trabecular bone score
and body mass index, height, and weight. Osteoporosis and
Sarcopenia 3 (2):98–103. doi: 10.1016/j.afos.2017.02.001.

Knight, D. C., J. B. Howes, J. A. Eden, and L. G. Howes. 2001. Effects
on menopausal symptoms and acceptability of isoflavone-containing
soypowder dietary supplementation. Climacteric 4 (1):13–8. doi: 10.
1080/cmt.4.1.13.18.

Koh, W. P., A. H. Wu, R. Wang, L. W. Ang, D. Heng, J. M. Yuan, and
M. C. Yu. 2009. Gender-specific associations between soy and risk
of hip fracture in the Singapore Chinese Health Study. American
Journal of Epidemiology 170 (7):901–9. doi: 10.1093/aje/kwp220.

Kreijkamp-Kaspers, S., L. Kok, D. E. Grobbee, E. H. de Haan, A.
Aleman, J. W. Lampe, and Y. T. van der Schouw. 2004. Effect of
soy protein containing isoflavones on cognitive function, bone min-
eral density, and plasma lipids in postmenopausal women: A
randomized controlled trial. JAMA 292 (1):65–74. doi: 10.1001/jama.
292.1.65.

Kuiper, G. G., J. G. Lemmen, B. Carlsson, J. C. Corton, S. H. Safe,
P. T. van der Saag, B. van der Burg, and J. A. Gustafsson. 1998.
Interaction of estrogenic chemicals and phytoestrogens with estro-
gen receptor beta. Endocrinology 139 (10):4252–63. doi: 10.1210/
endo.139.10.6216.

Kwak, H. S., S. Y. Park, M. G. Kim, C. H. Yim, H. K. Yoon, and K. O.
Han. 2009. Marked individual variation in isoflavone metabolism
after a soy challenge can modulate the skeletal effect of isoflavones
in premenopausal women. Journal of Korean Medical Science 24 (5):
867–73. doi: 10.3346/jkms.2009.24.5.867.

Lambert, M. N. T., L. M. Hu, and P. B. Jeppesen. 2017. A systematic
review and meta-analysis of the effects of isoflavone formulations
against estrogen-deficient bone resorption in peri- and postmeno-
pausal women. The American Journal of Clinical Nutrition 106 (3):
801–11. doi: 10.3945/ajcn.116.151464.

Lee, H., R. Choue, and H. Lim. 2017. Effect of soy isoflavones supple-
ment on climacteric symptoms, bone biomarkers, and quality of life
in Korean postmenopausal women: A randomized clinical trial.
Nutrition Research and Practice 11 (3):223–31. doi: 10.4162/nrp.
2017.11.3.223.

Levis, S., N. Strickman-Stein, A. P. Ganjei, P. Xu, D. R. Doerge, and J.
Krischer. 2011. Soy isoflavones in the prevention of menopausal
bone loss and menopausal symptoms: A randomized, double-blind
trial. Archives of Internal Medicine 171 (15):1363–9. doi: 10.1001/
archinternmed.2011.330.

Liu, J., S. C. Ho, Y. X. Su, W. Q. Chen, C. X. Zhang, and Y. M. Chen.
2009. Effect of long-term intervention of soy isoflavones on bone

mineral density in women: A meta-analysis of randomized con-
trolled trials. Bone 44 (5):948–53. doi: 10.1016/j.bone.2008.12.020.

Lorentzon, M., and S. R. Cummings. 2015. Osteoporosis: The evolution
of a diagnosis. Journal of Internal Medicine 277 (6):650–61. doi: 10.
1111/joim.12369.

Lydeking-Olsen, E., J. E. Beck-Jensen, K. D. Setchell, and T. Holm-
Jensen. 2004. Soymilk or progesterone for prevention of bone loss –
A 2 year randomized, placebo-controlled trial. European Journal of
Nutrition 43 (4):246–57. doi: 10.1007/s00394-004-0497-8.

Ma, D. F., L. Q. Qin, P. Y. Wang, and R. Katoh. 2008a. Soy isoflavone
intake increases bone mineral density in the spine of menopausal
women: Meta-analysis of randomized controlled trials. Clinical
Nutrition 27 (1):57–64. doi: 10.1016/j.clnu.2007.10.012.

Ma, D. F., L. Q. Qin, P. Y. Wang, and R. Katoh. 2008b. Soy isoflavone
intake inhibits bone resorption and stimulates bone formation in
menopausal women: Meta-analysis of randomized controlled trials.
European Journal of Clinical Nutrition 62 (2):155–61. doi: 10.1038/sj.
ejcn.1602748.

Marini, H., A. Bitto, D. Altavilla, B. P. Burnett, F. Polito, V. Di
Stefano, L. Minutoli, M. Atteritano, R. M. Levy, R. D’Anna, et al.
2008. Breast safety and efficacy of genistein aglycone for postmeno-
pausal bone loss: A follow-up study. The Journal of Clinical
Endocrinology & Metabolism 93 (12):4787–96. doi: 10.1210/jc.2008-
1087.

Maskarinec, G., D. Ju, Y. Morimoto, A. A. Franke, and F. Z. Stanczyk.
2017. Soy food intake and biomarkers of breast cancer risk: Possible
difference in Asian women? Nutrition and Cancer 69 (1):146–53.
doi: 10.1080/01635581.2017.1250924.

Messina, C., C. Buonomenna, G. Menon, S. Magnani, D. Albano, S.
Gitto, F. M. Ulivieri, and L. M. Sconfienza. 2019. Fat mass does not
increase the precision error of trabecular bone score measurements.
Journal of Clinical Densitometry. doi: 10.1016/j.jocd.2019.01.001.

Morabito, N., A. Crisafulli, C. Vergara, A. Gaudio, A. Lasco, N.
Frisina, R. D’Anna, F. Corrado, M. A. Pizzoleo, M. Cincotta, et al.
2002. Effects of genistein and hormone-replacement therapy on
bone loss in early postmenopausal women: A randomized double-
blind placebo-controlled study. Journal of Bone and Mineral
Research 17 (10):1904–12. doi: 10.1359/jbmr.2002.17.10.1904.

Mori, M., M. Sagara, K. Ikeda, T. Miki, and Y. Yamori. 2004. Soy iso-
flavones improve bone metabolism in postmenopausal Japanese
women. Clinical and Experimental Pharmacology and Physiology 31
(s2):S44–S6. doi: 10.1111/j.1440-1681.2004.04118.x.

Newton, K. M., A. Z. LaCroix, L. Levy, S. S. Li, P. Qu, J. D. Potter,
and J. W. Lampe. 2006. Soy protein and bone mineral density in
older men and women: A randomized trial. Maturitas 55 (3):270–7.
doi: 10.1016/j.maturitas.2006.04.011.

Nikander, E., M. Mets€a-Heikkil€a, O. Ylikorkala, and A. Tiitinen. 2004.
Effects of phytoestrogens on bone turnover in postmenopausal
women with a history of breast cancer. The Journal of Clinical
Endocrinology & Metabolism 89 (3):1207–12. doi: 10.1210/jc.2003-
031166.

Orsatti, F. L., E. A. Nahas, J. Nahas-Neto, C. L. Orsatti, and A. S.
Teixeira. 2013. Effects of isoflavone and counter-resistance training
on bone mineral density in postmenopausal women. [Article in
Portuguese]. Revista Brasileira de Cineantropometria & Desempenho
Humano 15 (6):726–36. doi: 10.5007/1980-0037.2013v15n6p726.

P�erez-Alonso, M., L. S. Briongos, M. Ruiz-Mambrilla, E. A. Velasco, L.
Linares, L. Cuellar, J. M. Olmos, D. De Luis, A. Due~nas-Laita, and
J. L. P�erez-Castrill�on. 2017. The effect of genistein supplementation
on vitamin D levels and bone turnover markers during the summer
in healthy postmenopausal women: Role of genotypes of isoflavone
metabolism. Journal of Nutrigenetics and Nutrigenomics 10 (5–6):
139–45. doi: 10.1159/000484480.

Pie, J. E., J. H. Park, Y. H. Park, Y. M. Ryu, K. N. Kim, S. W. Suh,
K. G. Becker, Y. S. Cho-Chung, and M. K. Kim. 2006. Effect of gen-
istein on the expression of bone metabolism genes in ovariectomized
mice using a cDNA microarray. The Journal of Nutritional
Biochemistry 17 (3):157–64. doi: 10.1016/j.jnutbio.2005.06.002.

Pil�s�akov�a, L., I. Rie�cansk�y, and F. Jagla. 2010. The physiological actions
of isoflavone phytoestrogens. Physiological Research 59 (5):651–64.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 13

https://doi.org/10.1089/jwh.2004.13.1000
http://handbook.cochrane.org/chapter_16/16_4_5_methods_for_incorporating_cross_over_trials_into_a.htm
http://handbook.cochrane.org/chapter_16/16_4_5_methods_for_incorporating_cross_over_trials_into_a.htm
http://handbook.cochrane.org/chapter_16/16_4_5_methods_for_incorporating_cross_over_trials_into_a.htm
https://doi.org/10.1016/j.jnutbio.2006.01.003
https://doi.org/10.1111/ecc.12740
https://doi.org/10.1177/0004563218759371
https://doi.org/10.3945/ajcn.2009.27600
https://doi.org/10.3945/ajcn.2009.27600
https://doi.org/10.1016/j.afos.2017.02.001
https://doi.org/10.1080/cmt.4.1.13.18
https://doi.org/10.1080/cmt.4.1.13.18
https://doi.org/10.1093/aje/kwp220
https://doi.org/10.1001/jama.292.1.65
https://doi.org/10.1001/jama.292.1.65
https://doi.org/10.1210/endo.139.10.6216
https://doi.org/10.1210/endo.139.10.6216
https://doi.org/10.3346/jkms.2009.24.5.867
https://doi.org/10.3945/ajcn.116.151464
https://doi.org/10.4162/nrp.2017.11.3.223
https://doi.org/10.4162/nrp.2017.11.3.223
https://doi.org/10.1001/archinternmed.2011.330
https://doi.org/10.1001/archinternmed.2011.330
https://doi.org/10.1016/j.bone.2008.12.020
https://doi.org/10.1111/joim.12369
https://doi.org/10.1111/joim.12369
https://doi.org/10.1007/s00394-004-0497-8
https://doi.org/10.1016/j.clnu.2007.10.012
https://doi.org/10.1038/sj.ejcn.1602748
https://doi.org/10.1038/sj.ejcn.1602748
https://doi.org/10.1210/jc.2008-1087
https://doi.org/10.1210/jc.2008-1087
https://doi.org/10.1080/01635581.2017.1250924
https://doi.org/10.1016/j.jocd.2019.01.001
https://doi.org/10.1359/jbmr.2002.17.10.1904
https://doi.org/10.1111/j.1440-1681.2004.04118.x
https://doi.org/10.1016/j.maturitas.2006.04.011
https://doi.org/10.1210/jc.2003-031166
https://doi.org/10.1210/jc.2003-031166
https://doi.org/10.5007/1980-0037.2013v15n6p726
https://doi.org/10.1159/000484480
https://doi.org/10.1016/j.jnutbio.2005.06.002


Potter, S. M., J. A. Baum, H. Teng, R. J. Stillman, N. F. Shay, and J. W.
Erdman, Jr. 1998. Soy protein and isoflavones: Their effects on
blood lipids and bone density in postmenopausal women. The
American Journal of Clinical Nutrition 68 (6):1375S–9S. doi: 10.
1093/ajcn/68.6.1375S.

Qiu, S., and C. Jiang. 2018. Soy and isoflavones consumption and
breast cancer survival and recurrence: A systematic review and
meta-analysis. European Journal of Nutrition. doi: 10.1007/s00394-
018-1853-4.

Radhakrishnan, G., N. Agarwal, and N. B. Vaid. 2009. Evaluation of
isoflavone rich soy protein supplementation for postmenopausal
therapy. Pakistan Journal of Nutrition 8 (7):1009–17. doi: 10.3923/
pjn.2009.1009.1017.

Rapuri, P. B., J. C. Gallagher, and G. Haynatzki. 2004. Endogenous lev-
els of serum estradiol and sex hormone binding globulin determine
bone mineral density, bone remodeling, the rate of bone loss, and
response to treatment with estrogen in elderly women. The Journal
of Clinical Endocrinology and Metabolism 89 (10):4954–62. doi: 10.
1210/jc.2004-0434.

Ricci, E., S. Cipriani, F. Chiaffarino, M. Malvezzi, and F. Parazzini.
2010. Soy isoflavones and bone mineral density in perimenopausal
and postmenopausal Western women: A systematic review and
meta-analysis of randomized controlled trials. Journal of Women’s
Health 19 (9):1609–17. doi: 10.1089/jwh.2010.2021.

Roughead, Z. K., J. R. Hunt, L. K. Johnson, T. M. Badger, and G. I.
Lykken. 2005. Controlled substitution of soy protein for meat pro-
tein: Effects on calcium retention, bone, and cardiovascular health
indices in postmenopausal women. The Journal of Clinical
Endocrinology and Metabolism 90 (1):181–9. doi: 10.1210/jc.2004-
0393.

Sathyapalan, T., M. Aye, A. S. Rigby, W. D. Fraser, N. J. Thatcher,
E. S. Kilpatrick, and S. L. Atkin. 2017. Soy reduces bone turnover
markers in women during early menopause: A randomized con-
trolled trial. Journal of Bone and Mineral Research 32 (1):157–64.
doi: 10.1002/jbmr.2927.

Sedgwick, P. 2015. What is publication bias in a meta-analysis? BMJ
(Clinical Research ed.) 351:h4419. doi: 10.1136/bmj.h4419.

Shahnazari, M., D. B. Burr, W. H. Lee, B. R. Martin, and C. M.
Weaver. 2010. Cross-calibration of 45calcium kinetics against
dynamic histomorphometry in a rat model to determine bone turn-
over. Bone 46 (5):1238–43. doi: 10.1016/j.bone.2010.02.003.

Shapses, S. A., and D. Sukumar. 2012. Bone metabolism in obesity and
weight loss. Annual Review of Nutrition 32 (1):287–309. doi: 10.
1146/annurev.nutr.012809.104655.

Shetty, S., N. Kapoor, J. D. Bondu, N. Thomas, and T. V. Paul. 2016.
Bone turnover markers: Emerging tool in the management of osteo-
porosis. Indian Journal of Endocrinology and Metabolism 20 (6):
846–52. doi: 10.4103/2230-8210.192914.

Sirtori, P., C. Sosio, G. Resmini, and A. Rubinacci. 1996. Effect of short
course of 1,25-dihydroxyvitamin D3 on biochemical markers of
bone remodelling in postmenopausal women. Pharmacological
Research 33 (6):353–9. doi: 10.1006/phrs.1996.0049.

Sliwi�nski, L., J. Folwarczna, W. Janiec, G. Grynkiewicz, and K. Kuzyk.
2005. Differential effects of genistein, estradiol and raloxifene on rat
osteoclasts in vitro. Pharmacological Reports 57 (3):352–9.

Song, K. B., C. Atkinson, C. L. Frankenfeld, T. Jokela, K. W€ah€al€a,
W. K. Thomas, and J. W. Lampe. 2006. Prevalence of daidzein-
metabolizing phenotypes differs between Caucasian and Korean
American women and girls. The Journal of Nutrition 136 (5):
1347–51. doi: 10.1093/jn/136.5.1347.

Spence, L. A., E. R. Lipscomb, J. Cadogan, B. Martin, M. E. Wastney,
M. Peacock, and C. M. Weaver. 2005. The effect of soy protein and
soy isoflavones on calcium metabolism in postmenopausal women:
A randomized crossover study. The American Journal of Clinical
Nutrition 81 (4):916–22. doi: 10.1093/ajcn/81.4.916.

Tai, T. Y., K. S. Tsai, S. T. Tu, J. S. Wu, C. I. Chang, C. L. Chen, N. S.
Shaw, H. Y. Peng, S. Y. Wang, and C. H. Wu. 2012. 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. Osteoporosis International 23 (5):
1571–80. doi: 10.1007/s00198-011-1750-7.

Taku, K., M. K. Melby, M. S. Kurzer, S. Mizuno, S. Watanabe, and Y.
Ishimi. 2010. Effects of soy isoflavone supplements on bone turn-
over markers in menopausal women: Systematic review and meta-
analysis of randomized controlled trials. Bone 47 (2):413–23. doi: 10.
1016/j.bone.2010.05.001.

Taku, K., M. K. Melby, N. Nishi, T. Omori, and M. S. Kurzer. 2011.
Soy isoflavones for osteoporosis: An evidence-based approach.
Maturitas 70 (4):333–8. doi: 10.1016/j.maturitas.2011.09.001.

Tit, D. M., S. Bungau, C. Iovan, D. C. Nistor Cseppento, L. Endres, C.
Sava, A. M. Sabau, G. Furau, and C. Furau. 2018. Effects of the hor-
mone replacement therapy and of soy isoflavones on bone resorp-
tion in postmenopause. Journal of Clinical Medicine 7 (10):297. doi:
10.3390/jcm7100297.

Touillaud, M., A. Gelot, S. Mesrine, C. Bennetau-Pelissero, F. Clavel-
Chapelon, P. Arveux, F. Bonnet, M. Gunter, M. C. Boutron-Ruault,
and A. Fournier. 2019. Use of dietary supplements containing soy
isoflavones and breast cancer risk among women aged >50 y: A
prospective study. The American Journal of Clinical Nutrition 109
(3):597–605. doi: 10.1093/ajcn/nqy313.

Turhan, N. O., F. Bolkan, C. I. Duvan, and Y. Ardicoglu. 2008. The
effect of isoflavones on bone mass and bone remodelling markers in
postmenopausal women. Turkish Journal of Medical Sciences 38 (2):
145–52.

Uesugi, T., Y. Fukui, and Y. Yamori. 2002. Beneficial effects of soybean
isoflavone supplementation on bone metabolism and serum lipids in
postmenopausal Japanese women: A four-week study. Journal of the
American College of Nutrition 21 (2):97–102. doi: 10.1080/07315724.
2002.10719200.

Uesugi, T., T. Toda, T. Okuhira, and J. T. Chen. 2003. Evidence of
estrogenic effect by the three-month-intervention of isoflavone on
vaginal maturation and bone metabolism in early postmenopausal
women. Endocrine Journal 50 (5):613–9. doi: 10.1507/endocrj.50.613.

Vergne, S., P. Sauvant, V. Lamothe, P. Chantre, J. Asselineau, P. Perez,
M. Durand, N. Moore, and C. Bennetau-Pelissero. 2009. Influence
of ethnic origin (Asian v. Caucasian) and background diet on the
bioavailability of dietary isoflavones. British Journal of Nutrition 102
(11):1642–53. doi: 10.1017/S0007114509990833.

Vervloet, M. G., and V. M. Brandenburg; CKD-MBD working group
of ERA-EDTA. 2017. Circulating markers of bone turnover. Journal
of Nephrology 30 (5):663–70. doi: 10.1007/s40620-017-0408-8.

Vupadhyayula, P. M., J. C. Gallagher, T. Templin, S. M. Logsdon, and
L. M. Smith. 2009. Effects of soy protein isolate on bone mineral
density and physical performance indicesin postmenopausal women
- A 2-year randomized, double-blind, placebo-controlled trial.
Menopause 16 (2):320–8. doi: 10.1097/gme.0b013e3181844893.

Wangen, K. E., A. M. Duncan, B. E. Merz-Demlow, X. Xu, R. Marcus,
W. R. Phipps, and M. S. Kurzer. 2000. Effects of soy isoflavones on
markers of bone turnover in premenopausal and postmenopausal
women. The Journal of Clinical Endocrinology and Metabolism 85
(9):3043–8. doi: 10.1210/jcem.85.9.6787.

Wu, J., J. Oka, M. Higuchi, I. Tabata, T. Toda, M. Fujioka, N. Fuku, T.
Teramoto, T. Okuhira, T. Ueno, et al. 2006. Cooperative effects of
isoflavones and exercise on bone and lipid metabolism in postmeno-
pausal Japanese women: A randomized placebo-controlled trial.
Metabolism 55 (4):423–33. doi: 10.1016/j.metabol.2005.10.002.

Wu, J., J. Oka, I. Tabata, M. Higuchi, T. Toda, N. Fuku, J. Ezaki, F.
Sugiyama, S. Uchiyama, K. Yamada, and Y. Ishimi. 2006. Effects of
isoflavone and exercise on BMD and fat mass in postmenopausal
Japanese women: A 1-year randomized placebo-controlled trial.
Journal of Bone and Mineral Research 21 (5):780–9. doi: 10.1359/
jbmr.060208.

Yamori, Y., E. H. Moriguchi, T. Teramoto, A. Miura, Y. Fukui, K. I.
Honda, M. Fukui, Y. Nara, K. Taira, and Y. Moriguchi. 2002.
Soybean isoflavones reduce postmenopausal bone resorption in
female Japanese immigrants in Brazil: A ten-week study. Journal of
the American College of Nutrition 21 (6):560–3. doi: 10.1080/
07315724.2002.10719255.

14 M. AKHLAGHI ET AL.

https://doi.org/10.1093/ajcn/68.6.1375S
https://doi.org/10.1093/ajcn/68.6.1375S
https://doi.org/10.1007/s00394-018-1853-4
https://doi.org/10.1007/s00394-018-1853-4
https://doi.org/10.3923/pjn.2009.1009.1017
https://doi.org/10.3923/pjn.2009.1009.1017
https://doi.org/10.1210/jc.2004-0434
https://doi.org/10.1210/jc.2004-0434
https://doi.org/10.1089/jwh.2010.2021
https://doi.org/10.1210/jc.2004-0393
https://doi.org/10.1210/jc.2004-0393
https://doi.org/10.1002/jbmr.2927
https://doi.org/10.1136/bmj.h4419
https://doi.org/10.1016/j.bone.2010.02.003
https://doi.org/10.1146/annurev.nutr.012809.104655
https://doi.org/10.1146/annurev.nutr.012809.104655
https://doi.org/10.4103/2230-8210.192914
https://doi.org/10.1006/phrs.1996.0049
https://doi.org/10.1093/jn/136.5.1347
https://doi.org/10.1093/ajcn/81.4.916
https://doi.org/10.1007/s00198-011-1750-7
https://doi.org/10.1016/j.bone.2010.05.001
https://doi.org/10.1016/j.bone.2010.05.001
https://doi.org/10.1016/j.maturitas.2011.09.001
https://doi.org/10.3390/jcm7100297
https://doi.org/10.1093/ajcn/nqy313
https://doi.org/10.1080/07315724.2002.10719200
https://doi.org/10.1080/07315724.2002.10719200
https://doi.org/10.1507/endocrj.50.613
https://doi.org/10.1017/S0007114509990833
https://doi.org/10.1007/s40620-017-0408-8
https://doi.org/10.1097/gme.0b013e3181844893
https://doi.org/10.1210/jcem.85.9.6787
https://doi.org/10.1016/j.metabol.2005.10.002
https://doi.org/10.1359/jbmr.060208
https://doi.org/10.1359/jbmr.060208
https://doi.org/10.1080/07315724.2002.10719255
https://doi.org/10.1080/07315724.2002.10719255


Ye, Y. B., X. Y. Tang, M. A. Verbruggen, and Y. X. Su. 2006. Soy iso-
flavones attenuate bone loss in early postmenopausal Chinese
women: A single-blind randomized, placebo-controlled trial.
European Journal of Nutrition 45 (6):327–34. doi: 10.1007/s00394-
006-0602-2.

Zafar, T. A., C. M. Weaver, K. Jones, D. R. Moore, 2nd, and S. Barnes.
2004. Inulin effects on bioavailability of soy isoflavones and their
calcium absorption enhancing ability. Journal of Agricultural and
Food Chemistry 52 (10):2827–31. doi: 10.1021/jf035080f.

Zhao, L. J., Y. J. Liu, P. Y. Liu, J. Hamilton, R. R. Recker, and H. W.
Deng. 2007. Relationship of obesity with osteoporosis. The Journal
of Clinical Endocrinology and Metabolism 92 (5):1640–6. doi: 10.
1210/jc.2006-0572.

Zhao, T. T., F. Jin, J. G. Li, Y. Y. Xu, H. T. Dong, Q. Liu, P. Xing,
G. L. Zhu, H. Xu, and Z. F. Miao. 2019. Dietary isoflavones or iso-
flavone-rich food intake and breast cancer risk: A meta-analysis of
prospective cohort studies. Clinical Nutrition 38 (1):136–45. doi: 10.
1016/j.clnu.2017.12.006.

Zheng, X., S. K. Lee, and O. K. Chun. 2016. Soy isoflavones and osteo-
porotic bone loss: A review with an emphasis on modulation of
bone remodeling. Journal of Medicinal Food 19 (1):1–14. doi: 10.
1089/jmf.2015.0045.

Zhou, Y., D. L. Alekel, P. M. Dixon, M. Messina, and M. B. Reddy.
2011. The effect of soy food intake on mineral status in premeno-
pausal women. Journal of Women’s Health 20 (5):771–80. doi: 10.
1089/jwh.2010.2491.

Zhu, K., M. Hunter, A. James, E. M. Lim, B. R. Cooke, and J. P.
Walsh. 2017. Discordance between fat mass index and body mass
index is associated with reduced bone mineral density in women
but not in men: The Busselton Healthy Ageing Study. Osteoporosis
International 28 (1):259–68. doi: 10.1007/s00198-016-3710-8.

Zittermann, A., J. Geppert, S. Baier, N. Zehn, I. Gouni-Berthold, H. K.
Berthold, J. Reinsberg, and P. Stehle. 2004. Short-term effects of
high soy supplementation on sex hormones, bone markers, and lipid
parameters in young female adults. European Journal of Nutrition 43
(2):100–8. doi: 10.1007/s00394-004-0447-5.

CRITICAL REVIEWS IN FOOD SCIENCE AND NUTRITION 15

https://doi.org/10.1007/s00394-006-0602-2
https://doi.org/10.1007/s00394-006-0602-2
https://doi.org/10.1021/jf035080f
https://doi.org/10.1210/jc.2006-0572
https://doi.org/10.1210/jc.2006-0572
https://doi.org/10.1016/j.clnu.2017.12.006
https://doi.org/10.1016/j.clnu.2017.12.006
https://doi.org/10.1089/jmf.2015.0045
https://doi.org/10.1089/jmf.2015.0045
https://doi.org/10.1089/jwh.2010.2491
https://doi.org/10.1089/jwh.2010.2491
https://doi.org/10.1007/s00198-016-3710-8
https://doi.org/10.1007/s00394-004-0447-5

	Abstract
	Introduction
	Methods
	Search
	Eligibility criteria
	Outcomes
	Data extraction
	Risk of bias assessment
	Statistical analysis

	Results
	Effect of soy isoflavones on BMD
	Effect of soy isoflavones on biomarkers of bone turnover
	Quality of the trials
	Publication bias

	Discussion
	Participants’ weight
	Intervention duration
	Dosage
	Trial region
	High heterogeneity
	Clinical significance
	Adverse effects
	Limitations

	Conclusion
	Disclosure statement
	References


