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Effect of whole soy and isoflavones daidzein 
on bone turnover and inflammatory markers: 
a 6-month double-blind, randomized 
controlled trial in Chinese postmenopausal 
women who are equol producers
Zhao-min Liu, Bailing Chen, Shuyi Li , Guoyi Li, Di Zhang, Suzanne C. Ho, Yu-ming Chen, 
Jing Ma, Huang Qi and Wen-hua Ling

Abstract
Background: Human studies have demonstrated the beneficial effects of soy or isoflavones 
on bone metabolism. However, conflicting data remain. Equol is the intestinal metabolite of 
the isoflavone daidzein. The health benefits of soy are more pronounced in equol producers 
than those not producing equol. This 6-month randomized controlled trial aimed to examine 
the effect of whole soy (soy flour) and purified daidzein on bone turnover markers (BTMs) in 
Chinese postmenopausal women who are equol producers.
Methods: A total of 270 eligible women were randomized to either one of the three isocaloric 
supplements as follows: 40 g soy flour (whole soy group), 40 g low-fat milk powder + 63 mg daidzein 
(daidzein group), or 40 g low-fat milk powder (placebo group) given as a solid beverage daily for 
6 months. The following fasting venous samples were collected at the baseline and end of the trial 
to analyze BTMs: serum cross-linked C-telopeptides of type I collagen, bone-specific alkaline 
phosphatase, osteocalcin, procollagen type I N-terminal propeptide, and 25(OH)D3. Inflammation-
related biomarkers, such as serum interleukin-6, tumor necrosis factor-alpha, C-reactive protein, 
transferrin, and homocysteine, were also tested to explore potential mechanisms.
Results: A total of 253 subjects validly completed the study protocol. Urinary isoflavones 
suggested a good compliance to the treatments. Intention-to-treat and per-protocol analyses 
indicated no significant difference in the 6-month or percentage changes in the parameters of 
bone metabolism and inflammatory markers among the three treatment groups.
Conclusions: Whole soy and purified daidzein at provided dosages exhibited no significant 
effect on the bone metabolism and inflammation levels among Chinese equol-producing 
postmenopausal women.
Trial registration: ClinicalTrials.gov identifier NCT01270737.
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Introduction
One out of three women aged over 50 years 
 worldwide will experience osteoporotic fractures, 
and this number will increase to one out of two for 

women aged over 60 years.1 More than 50% of 
osteoporotic hip fractures are projected to occur in 
Asia by 2050.2 Postmenopausal estrogen loss 
accelerates osteoporosis, which could result in 
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nearly 9 million fractures annually, worldwide.3 
The prevalence of osteoporosis in China also 
increased significantly over the past decade, affect-
ing more than one third of adults aged 50 years and 
above.4 The increasing number of fractures and 
their associated disability places a heavy burden on 
healthcare resources. Thus, effective strategies fea-
turing public health implications are essential for 
the prevention of postmenopausal bone loss. 
Pharmacological agents for osteoporosis are often 
limited by potential side effects, thereby restricting 
their applicability, and resulting in poor adher-
ence. Although hormone replacement therapy is 
effective for menopausal bone preservation, it may 
increase the risk of cardiovascular diseases (CVDs) 
and breast cancer.5 Thus, there is considerable 
research interest in exploring natural food compo-
nents, especially phytoestrogens, to improve post-
menopausal bone health.

Soybean is a traditional Asian food containing a 
number of beneficial components for bone health. 
As an important phytoestrogen and potential 
alternative therapy for estrogen,6 soy isoflavones 
have received considerable attention for their 
roles in maintaining postmenopausal bone health. 
Soy isoflavones comprise several subtypes, such 
as genistein, daidzein, and glycitein, which show 
structural similarity to endogenous 17β -estradiol. 
Several large-scale observational studies in post-
menopausal women reported that high habitual 
soy food or isoflavone intake is associated with 
low prevalence of osteoporosis7 and good bone 
mineral density (BMD).8 Rat experiments also 
suggested that soy or isoflavones could prevent 
ovariectomy-induced bone loss by altering the 
receptor activator for the nuclear factor κB ligand/
osteoprotegerin pathway (the key to the regula-
tion of bone turnover),9 thereby inhibiting inflam-
mation,10 increasing calcium absorption,11 or 
inducing osteoclast apoptosis.12 Daidzein and 
estradiol are equally effective, and perform better 
than genistein in the prevention of postmenopau-
sal bone loss.13

Clinical trials using soy foods or isoflavones have 
yielded mixed findings on bone. Most of the 
studies examined the effect of soy on BMD, 
whereas trials on bone metabolism markers are 
limited. Systematic reviews and meta-analyses 
also reported inconsistent findings on soy and 
bone mass.14–16 One possible reason could be the 
inadequate treatment duration, with several trials 

of less than 12 months, which resulted in the 
non-significant change in BMD due to the slow 
rate of the bone-mass remodeling process. By 
contrast, human trials have shown that treatment 
lasting less than 12 weeks can adequately exert a 
detectable effect on bone turnover markers 
(BTMs).17,18 One review reported that the daily 
ingestion of an average of 56 mg soy isoflavones 
for 10 weeks to 12 months can significantly 
decrease the bone resorption marker of deoxypyri-
dinoline (DPD) by 18%.19 However, a meta-
regression indicated that the effect is unrelated to 
the isoflavone dosage and intervention duration. 
The available relevant randomized controlled tri-
als (RCTs) on other bone biomarkers, except 
DPD, are limited.

Several reviews15,20 suggested that soy foods/ 
isoflavones may exert beneficial effects on bone 
health in postmenopausal women who are equol 
producers. Clinical trials that were specifically 
conducted among equol producers are limited. 
Most of the findings were obtained from non-
prespecified subgroups. Equol is the end prod-
uct of daidzein, produced by intestinal bacteria; 
it shows superiority over other isoflavones in 
terms of estrogenic and antioxidant activities. 
Setchell and colleagues have hypothesized that 
equol production is the key to the clinical effec-
tiveness of isoflavones, and equol producers 
may derive additional benefits from soy supple-
mentation compared with non-producers.21 
Thus, daidzein is speculated to be bone protec-
tive in equol producers. At present, no RCT has 
been specifically conducted among equol-pro-
ducing postmenopausal women. Daidzein is the 
second most abundant isoflavone in soy. Several 
animal models and cultured cells22,23 suggest 
that daidzein is more efficient than other phy-
toestrogens, but not all, in the promotion of 
bone formation or prevention of bone resorp-
tion.24 The favorable effect of purified daidzein 
on bone has not been reported in human con-
trolled trials.

Bone remodeling involves a series of highly reg-
ulated steps that depend on the interaction of 
two cell lineages, that is, the formation of new 
bone by osteoblasts and resorption of old bone 
by osteoclasts. The activities of both kinds of 
cells are triggered by hormonal and non-hormo-
nal stimulations.25 Bone densitometry cannot be 
used to detect early or small treatment effects. 
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Quantitative changes in skeletal turnover can be 
assessed easily and non-invasively by the meas-
urement of biochemical markers, although limi-
tations still exist in using BTMs alone, in 
assessing therapies or predicting bone loss 
because no standardized assays nor optimal 
thresholds are available for evaluating the effi-
cacy of several BTMs. Although human studies 
reported that equol producers could obtain 
more health benefits than non-producers26 and 
whole soy foods (less processed soy products, 
that is, soy nuts, soy flour, soy milk, and tofu, 
etc.) exert more favorable effect than isolated 
soy components,27 the enhanced effects were 
primarily observed on cardiovascular and lipid 
parameters. To date, limited research has com-
pared the effects of whole soy with purified iso-
flavones on bone health in the context of the 
equol-producing status of participants. In the 
present study, we have observed a significant 
decrease in inflammatory marker [high-sensitiv-
ity C-reactive protein (hs-CRP)] and lipid levels 
by whole soy consumption.28 Inflammation is a 
primary mediator of the accelerated bone loss at 
menopause,29 and cardiovascular health strongly 
affects skeletal health.30 Thus, whole soy or 
purified daidzein may feature a potential benefi-
cial effect on bone metabolism, especially in 
equol producers.

Thus, on the basis of our established RCT, we 
proposed to test the effects of whole soy and isofla-
vone daidzein on bone turnover and inflammatory 
markers among equol-producing postmenopausal 
women. We hypothesized that whole soy or isoca-
loric-purified daidzein may reduce bone resorption 
or increase bone formation in equol-producing 
postmenopausal women, and the effect might be 
mediated by the interactions with inflammatory 
markers.

Methods
The study was a 6-month randomized, double-
blind, placebo-controlled trial. This trial was 
conducted among 270 equol-producing post-
menopausal women with either pre- or stage 1 
hypertension, with the original aim of examining 
the effects of whole soy and isoflavone daidzein 
on cardiovascular health. We used the remaining 
serum samples stored in an ultra-freezer for the 
further analysis of bone remodeling and inflam-
matory markers.

Participants
The participants were recruited from local com-
munities or health centers via advertisement in 
newspaper or referrals. The first eligible patient 
was enrolled in June 2011. The detailed recruit-
ment has been published elsewhere.31 In brief, 
the eligible participants were Chinese postmeno-
pausal women aged 45–71 years, and equol pro-
ducers, as determined by a standardized method 
based on the ratio of 24 h urinary equol and daid-
zein. The participants self-reported their meno-
pausal status, that is, they ceased menstruation 
for at least 1 year. The participants were excluded 
if they had systolic blood pressure (SBP) 
⩾160 mmHg or diastolic blood pressure (DBP) 
⩾100 mmHg on average or both, used certain 
medications (e.g. hormone replacement therapy, 
or agents for antihypertension, hypoglycemia, or 
weight reduction) within the past 6 months, suf-
fered from several metabolic disorders or malig-
nancies, and had known soy/milk allergy. Written 
informed consent was obtained from each par-
ticipant prior to enrolment. The institutional 
review boards of the Chinese University of Hong 
Kong (for primary outcomes) and Sun Yat-sen 
University (for outcomes on bone metabolism 
markers) approved the study protocol.

Sample size and study power
The sample size was estimated based on the pri-
mary outcome on the changes in SBP. The 
planned numbers were 270 and 90 for each inter-
vention arm. Based on the current withdrawal 
rate of 6.3%, a two-sided 5% significance (type 1 
error), and the standard deviation (SD) of the 
bone markers derived from our pilot tests and 
published reports on soy/isoflavone interven-
tion,32,33 the post hoc power analysis suggested an 
80% power for the detection of a 5.46 ng/ml 
change in procollagen type I N-terminal propep-
tide (PINP; 7.8%, SD = 5.5 ng/ml), 4.52 ng/ml 
change in osteocalcin (OC; 11.3%, SD = 2.4 ng/
ml), and 0.44 ng/ml change in serum cross-linked 
C-telopeptides of type I collagen (CTX; 10.2%, 
SD = 0.23 ng/ml).

Randomization, intervention, and supplement 
preparation
Block randomization (random block sizes of 6, 
9, and 12) was applied for participant assign-
ment. A list of random numbers was computer 
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generated, with each random number corre-
sponding to one of the three possible interven-
tions. A total of 270 serial numbers were labeled 
on the identical-looking boxes of the supple-
ments by personnel who were not involved in the 
trial and assigned to eligible women in accord-
ance with the sequence of their visits. All the 
research staff, technicians, and participants were 
blinded to the treatment allocation. The effec-
tiveness of blinding has been reported in our 
published article,31 and revealed a good blinding 
efficacy.

A total 270 women were randomized to either 
one of the three treatment groups: 40 g soy flour 
(whole soy group); 40 g low-fat milk pow-
der + 63 mg daidzein (daidzein group); and 40 g 
low-fat milk powder (placebo group) daily, given 
as a solid beverage each day for 6 months. The 
three kinds of supplements featured similar 
colors, odors, and major nutrient profiles. The 
daily dosage of 40 g soy flour contained 12.8 g 
protein and 49.8 mg total isoflavones (23.2 mg 
daidzein and 19.4 mg genistein, expressed in 
aglycone equivalents). The products were tested 
prior to and after packaging to ensure content 
uniformity. The isoflavone concentrations were 
provided by the manufacturers and verified based 
on the supplements’ formula. The supplements 
were mixed with 300 ml water or beverages to 
partially replace breakfast or snacks. The women 
were required to discontinue their use of other 
dietary and herbal supplements (i.e. soy prod-
ucts, dietary fiber, minerals, vitamins C and E, 
fish oils, and flavonoids) during the run-in and 
intervention period. The participants were 
instructed to minimize soy food intake (⩽2 serv-
ings/week), refrain from salty diet, restrict alco-
hol intake to less than two drinks/week, and 
maintain their normal dietary habits and physical 
activities. Empty wrappers and uneaten sachets 
were required to be returned and counted by the 
study investigators for the estimation of intake 
percentage. Compliance with treatment was 
additionally assessed by food diaries at each clini-
cal visit, 24 h urinary isoflavone excretion at 
baseline and at end of the trial.

Data collection
Biological samples were collected in a standard-
ized procedure. Overnight fasting (10–12 h) 
venous blood samples and 24 h urine samples 

were collected at the baseline and after 6 months. 
Blood collection for participants with acute 
inflammation or taking anti-inflammation drugs 
(i.e. aspirin or antibiotics) was postponed 1 week 
after the cease of treatment. Serum was centri-
fuged at 3000g for 15 min at 4°C and isolated 
within 2 h post collection. Each participant’s 
serum samples were divided into several aliquots 
and stored at −85°C until analysis. All samples 
from each subject were run in the same assay or 
batch to avoid inter-assay variability. Structured 
questionnaire interview and anthropometric 
measurements were administered at baseline and 
at end of the trial.

BTMs and inflammatory markers
We tested the CTX for bone resorption marker 
and PINP, N-mid OC, and bone alkaline phos-
phatase (BALP) as bone formation markers. The 
coupling index34 was calculated as the ratio of Z 
scores of resorption marker (CTX) and formation 
marker (PINP). We also tested serum 25 hydrox-
yvitamin D [25(OH)D3] and inflammatory mark-
ers, including interleukin-6 (IL-6), tumor necrosis 
factor-α (TNF-α), transferrin (TFR), and homo-
cysteine (Hcy).

BTMs were measured on freshly thawed aliquots by 
a sole analyst who was blinded to clinical allocation. 
Except BALP, which was tested by Immunoassay 
Analyzer Access 2 (Beckman Coulter, Inc., Brea, 
CA, USA), the other serum BTMs were measured 
by electrochemiluminescent immunoassay using 
the Cobas 6000 analyzer (Roche Diagnostics, 
Auckland, New Zealand) following the manufac-
turer’s instructions. The inter- and intra-coefficients 
of variations (CVs) for β-CTX (Roche Diagnostics), 
PINP (Roche Diagnostics), OC (Roche 
Diagnostics), and 25(OH)D3 (Roche Diagnostics) 
were all less than 4%. Serum IL-6 (Siemens 
Healthineers, Erlangen, Germany) and TNF-α 
(Siemens Healthineers) were measured by electro-
chemiluminescent immunoassay on the Immulite 
2000 Immunoassay System (Siemens Healthineers). 
Serum TFR (Roche Diagnostics) was measured by 
turbidimetric inhibition immunoassay on the Cobas 
6000 analyzer. Serum Hcy (Jiu Qian Inc., Beijing, 
China) was measured by enzymatic method on an 
autoanalyzer (Hitachi 7180, Hitachi High-Tech 
Corporation, Tokyo, Japan). The intra- and inter-
assay CVs for all inflammatory markers were all less 
than 10%.
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Covariates
Individual information was collected by trained 
interviewers via face-to-face interview on the basis 
of a series of validated and structured question-
naires on sociodemographic data, years since 
menopause, medical history, medications, dietary 
habits, and physical activities. Dietary intakes over 
the intervention course were evaluated by 3-day 
food diaries, which were administered to partici-
pants at baseline and at end of trial.31 Women 
received a 30 min training on the estimation of 
food amounts, portions, and utensil sizes. Dietary 
nutrients (energy, protein, total fat, calcium, and 
vitamin D) and soy isoflavones were calculated 
based on the Chinese Food Composition Table. 
Habitual physical activity was assessed by a modi-
fied Baecke questionnaire.35 Urinary sodium, 
potassium, and creatinine (Hitachi 917 autoana-
lyzer, Roche Diagnostics) levels had been tested 
previously. Body weight, height, waist and hip cir-
cumferences, and blood pressures (BPs) were 
measured in accordance with standard protocols. 
Body fat percentage and fat-free mass were meas-
ured using a bioimpedance method (BIA, TBF-
410-GS Tanita Body Composition Analyzer, 
Japan). Urinary isoflavones were tested by high-
performance liquid chromatography.31

Statistical analysis
Statistical analysis was performed by IBM SPSS 
21.0 (IBM SPSS Statistics, IBM Corp., United 
States) statistics software. Two-tailed p <0.05 was 
considered statistically significant for all analyses. 
Skewed variables or variables with heterogeneity 
in variance were corrected by log transformation. 
The primary analysis was intention-to-treat analy-
sis that included all 270 subjects who were rand-
omized. The last value that was carried forward 
was used to process the missing data during follow 
up. A secondary per-protocol analysis was per-
formed on 253 subjects showing good compli-
ance. The major approach of analysis was one-way 
analysis of variance to compare the changes in bio-
markers and their percentages after 6 months 
among the three groups. The Bonferroni test was 
used for post hoc multiple comparisons. We tested 
the effect of modification by adding interaction 
terms of intervention and subgroup variables to 
the univariate models. The subgroup variables 
included post-menopause years (<5 versus >5 
years), baseline body mass index (BMI, <24 ver-
sus >24), and 25(OH)D level (<25 versus >25). 

Partial bivariate correlation was examined by 
Spearman’s correlation tests, with adjustment for 
menopausal years and total physical activities to 
examine the associations between the 6-month 
changes in bone biomarkers and inflammatory 
markers to explore the potential mechanisms.

Results
A total of 270 eligible women were randomized 
into three intervention arms, and 265 attended 
the final visit. There were only five participants 
required for last value carried forward method. 
Detailed study flow and reasons for withdrawals 
were reported previously.31 Seventeen (6.3%) 
participants withdrew during the study course. 
No significant differences were observed in the 
dropout rates among the three study groups 
(p = 0.172). Baseline characteristics (Table 1) 
were similar among the three groups; these char-
acteristics comprised age, menopausal year, BMI, 
education attainment, medical history of diabetes 
and CVDs, medications, dietary habits, and 
physical activity. No significant differences were 
noted in the baseline and follow-up dietary intakes 
among the three study groups (Table 2). The 
baseline values of the bone and inflammatory bio-
markers were comparable among the three study 
groups. No significant differences were observed 
in the changes and percentage changes in all bio-
markers within the three study groups from the 
baseline to 6 months (Tables 3 and 4). Additional 
analyses of the data, with the exclusion of women 
on lipid-lowering therapy (n = 6) or poor compli-
ance (n = 17), showed minimal change in the 
results (data not shown).

Subgroup analysis showed that post-menopause 
years, BMI, and 25(OH)D3 caused no alteration 
in the conclusions (Table S1). The partial corre-
lation analysis (Table S2) indicated that the 
6-month change in Hcy resulted in a significant 
and positive correlation with the changes in bone 
remodeling markers, such as β-CTX, PINP, 
BALP, OC, and 25(OH)D3 (all p <0.05). The 
changes in serum TFR were also positively cor-
related with the changes in BALP, OC, 25(OH)
D3, and coupling index. Adverse events and com-
pliance were reported previously.31 A total of 99 
participants were randomly selected for the final 
24 h urinary isoflavone testing for compliance 
check. The urinary isoflavone levels indicated 
good compliance among participants.
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Table 1. Baseline characteristics of 270 Chinese postmenopausal women by the three study groups.

Whole soy group Daidzein group Placebo group p value

 n = 90 n = 90 n = 90  

Age (years) 57.6 ± 5.3 57.7 ± 5.0 58.5 ± 4.7 0.464

Housewife (%) 37 (13.7%) 46 (17.0%) 54 (20.0%) 0.128

Education beyond university (%) 19 (7.0%) 11 (4.1%) 15 (5.6%) 0.782

Body weight (kg) 56.5 ± 7.3 56.5 ± 9.2 57.6 ± 9.0 0.615

Body weight change at 6 months (kg) 0.2 ± 1.8 0.5 ± 3.3 −0.2 ± 1.5 0.100

Body fatness (%) 30.5 ± 5.9 30.6 ± 6.6 30.6 ± 6.4 0.992

Ambulatory blood pressure (24 h)
SBP (mmHg)

134.4 ± 16.1 134.0 ± 14.5 132.8 ± 13.6 0.762

DBP (mmHg) 81.0 ± 7.1 80.6 ± 8.9 79.2 ± 8.1 0.288

BS total PA (MET-min/day) 1251.3 ± 726.4 1218.5 ± 625.1 1134.2 ± 534.7 0.450

Sports frequency (time/week) 3.67 ± 1.29 3.36 ± 1.20 3.45 ± 1.22 0.325

Years after menopause 9.0 ± 6.4 8.9 ± 5.7 9.1 ± 5.2 0.977

Natural menopause (%) 76 (86.4%) 78 (87.6%) 76 (84.4%) 0.981

Null parity (%) 15 (16.7%) 13 (14.4%) 9 (10.0%) 0.667

Null gravidity (%) 13 (14.6%) 12 (13.5%) 9 (10.0%) 0.627

Never breastfed (%) 43 (56.6%) 47 (61.8%) 44 (55.0%) 0.666

Use of HRT ever (%) 9 (3.3%) 13 (4.8%) 19 (7.0%) 0.112

Duration of HRT for ever-HRT users (months) 42.9 ± 34.8 23.7 ± 27.6 29.5 ± 31.9 0.368

Use of contraceptives ever (%) 46 (17.0%) 39 (14.4%) 45 (16.7%) 0.528

Medical history (%)

Type 2 diabetes 5 (5.6%) 2 (3.4%) 6 (2.2%) 0.471

Hypertension 24 (27.0%) 29 (32.6%) 24 (26.7%) 0.728

Hyperlipidemia 35 (39.3%) 31 (34.8%) 37 (41.1%) 0.726

Passive smoking (%) 13 (4.8%) 12 (4.4%) 15 (5.6%) 0.814

Regular alcohol drinking (%) 7 (2.6%) 8 (3.0%) 10 (3.7%) 0.738

Regular coffee drinking (%) 34 (12.6%) 37 (13.7%) 32 (11.9%) 0.742

Regular tea drinking (%) 73 (32.7%) 73 (32.7%) 77 (34.5%) 0.662

Data are presented as mean ± SD for continuous variables with comparison by one-way analysis of variance or number (%) for categorical variables, 
with comparison by Chi-square test. Regular drinking means habitual drinking of alcohol, tea, or coffee more than once per week. METs are 
multiples of resting metabolic rates and a MET-min is computed by multiplying the MET score of an activity by the minutes performed.
BS, baseline; DBP, diastolic blood pressure; HRT, hormone replacement treatment; PA, physical activity; SBP, systolic blood pressure; SD, standard 
deviation.
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Discussion
This 6-month RCT among equol-producing post-
menopausal women indicated that the consumption 
of whole soy and purified daidzein showed no benefi-
cial effects on bone remodeling and inflammation 
status. This work is the first RCT  specifically con-
ducted among equol- producing  postmenopausal 
women, who are a population at high risk of bone 
loss and fracture due to estrogen deficiency, and 
most likely to benefit from soy intervention due to 
equol-producing capacity, to examine the effect of 
soy on bone metabolism. One novel aspect of the 
study was the comparison of the commonly used 
whole soy foods (soy flour and potentially active soy 

component of daidzein) in one study. This work is 
also the first RCT testing the independent effect of 
daidzein on bone remodeling markers. This study 
featured a relatively large sample size, effective rand-
omization and blinding, low dropout rate, and good 
participant compliance, as indicated in our published 
article.31 In this trial, equol status was defined by a 
standardized method via consecutive several days of 
daidzein challenge to ensure sufficient daidzein expo-
sure. Rigorous strategies have been implemented for 
standardization to minimize the possible variations 
from preanalytical and analytical biological sources, 
which include the following: biological samples col-
lected under the same conditions to reduce circadian 

Table 2. Dietary intakes at baseline and 6 months after treatment among the three study groups.

Whole soy group Daidzein group Placebo group p value

 n = 90 n = 90 n = 90  

Dietary intake at baseline

Energy (kcal/day) 2048.3 ± 543.2 2090.4 ± 655.3 1983.5 ± 431.6 0.341

Protein (g/day) 88.9 ± 22.7 90.1 ± 29.4 86.1 ± 20.6 0.373

Fat (g/day) 64.9 ± 21.8 69.0 ± 22.6 63.4 ± 37.1 0.386

Isoflavones (mg/day) 14.6 ± 10.1 14.2 ± 8.5 14.5 ± 9.5 0.852

Refined grains (g/day) 413.0 ± 163.4 452.93 ± 141.8 433.1  ± 141.5 0.224

Whole grains (g/day) 103.6 ± 160.0 104.9 ± 123.7 94.7 ± 135.3 0.869

Fruits (g/day) 299.0 ± 203.5 281.0 ± 174.6 282.1 ± 170.6 0.765

Dark green vegetables (g/day) 109.7 ± 84.4 112.3 ± 70.7 107.5 ± 96.5 0.930

Legumes (g/day) 17.2 ± 32.8 15.0 ± 29.4 15.3 ± 26.9 0.863

Red/processed meat (g/day) 66.9 ± 50.4 76.3 ± 53.4 65.2 ± 41.6 0.261

Fish (g/day) 43.1 ± 40.6 54.8 ± 42.8 56.2 ± 42.3 0.492

Dietary intake at 6 months (not including supplements)

Energy (kcal/day) 1956.2 ± 475.65 2006.9 ± 560.6 1938.7 ± 391.1 0.443

Protein (g/day) 82.6 ± 21.9 80.8 ± 27.5 76.5 ± 18.4 0.368

Fat (g/day) 61.5 ± 19.8 63.6 ± 15.8 60.4 ± 23.9 0.325

Isoflavones (mg/day) 8.6 ± 6.6 8.3 ± 7.5 7.9 ± 7.2 0.714

Data are presented as mean ± SD for continuous variables and compared by one-way analysis of variance among the three groups. The dietary 
survey was conducted by food frequency questionnaires and 3-day dietary records at baseline and after treatment. Dietary nutrient intakes were 
calculated based on the China Food Composition Tables 2002 and 2004.36

SD, standard deviation.
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Table 3. The effect of whole soy and purified daidzein on bone turnover markers among the three study groups.

Whole soy group Daidzein group Placebo group p value

 n = 90 n = 90 n = 90  

Bone resorption marker

β-CTX (ng/ml)

Baseline 0.359 ± 0.125 0.341 ± 0.139 0.350 ± 0.104 0.632

6 months 0.330 ± 0.122 0.318 ± 0.117 0.345 ± 0.105 0.319

Change −0.029 ± 0.100 −0.022 ± 0.079 −0.006 ± 0.089 0.209

% change −5.169 ± 27.171 −3.140 ± 20.756 1.232 ± 25.995 0.217

Bone formation markers

PINP (ng/ml)

Baseline 54.389 ± 18.176 51.42 ± 17.425 52.021 ± 14.078 0.458

6 months 51.935 ± 17.154 49.39 ± 16.451 50.157 ± 13.141 0.544

Change −2.453 ± 13.763 −2.032 ± 11.094 −1.864 ± 10.264 0.943

% change −2.131 ± 22.324 −0.831 ± 23.320 −1.794 ± 19.381 0.920

BALP (μg/l)

Baseline 15.689 ± 4.923 19.46 ± 32.729 16.124 ± 4.478 0.362

6 months 15.299 ± 4.527 18.40 ± 31.315 16.103 ± 4.855 0.507

Change −0.390 ± 2.747 −1.052 ± 2.905 −0.020 ± 3.002 0.060

% change −0.985 ± 15.623 −3.633 ± 13.845 1.010 ± 20.947 0.201

OST (ng/ml)

Baseline 18.807 ± 4.967 19.261 ± 7.824 18.517 ± 4.622 0.709

6 months 18.208 ± 5.257 18.067 ± 7.137 18.075 ± 4.388 0.983

Change −0.599 ± 3.079 −1.195 ± 3.185 −0.442 ± 2.842 0.228

% change −2.099 ± 16.529 −1.459 ± 16.758 −1.279 ± 14.741 0.476

25(OH)D3 (ng/ml)

Baseline 24.799 ± 8.010 24.628 ± 7.741 25.110 ± 8.237 0.922

6 months 21.912 ± 7.377 22.331 ± 6.760 22.431 ± 7.433 0.878

Change −2.887 ± 5.459 −2.298 ± 4.044 −2.679 ± 4.288 0.684*

% change −9.394 ± 21.788 −7.350 ± 18.170 −8.651 ± 20.249 0.795

(Continued)
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Whole soy group Daidzein group Placebo group p value

 n = 90 n = 90 n = 90  

Coupling index (Z score)

Baseline −0.027 ± 0.955 −0.060 ± 0.989 0.086 ± 1.060 0.601

6 months −0.145 ± 0.895 −0.071 ± 0.952 0.217 ± 1.114 0.038

Change −0.125 ± 0.966 −0.015 ± 1.052 0.142 ± 0.976 0.201

% change −11.088 ± 74.144 3.006 ± 138.742 8.437 ± 75.483 0.406

*p value.
Data are presented as mean ± SD and compared by one-way analysis of variance. Variables with significant heterogeneity 
in variances which cannot be adjusted by data transformation were compared by Kruskal–Wallis non-parametric analysis. 
Coupling index was calculated as normalizing resorption (CTX) and formation marker (PINP) as Z scores and expressed as 
the ratio of the two markers.
β-CTX, beta C-terminal telopeptide of type I collagen; BALP, bone alkaline phosphatase; OST, N-mid osteocalcin; P1NP, 
N-terminal propeptides of type I procollagen; SD, standard deviation; 25(OH)D3, 25-hydroxyvitamin D.

Table 3. (Continued)

variance, block randomization that reduced the error 
from seasonal variance, and exclusion of the partici-
pants with limited mobility. Although current results 
were secondary outcomes, the study showed suffi-
cient power to detect expected changes in BTMs and 
inflammatory markers and accounted for dropouts. 
The measures of the BTMs offer advantages in clini-
cal practice, such as reflecting the metabolic activity 
of the entire skeleton, with the major change occur-
ring in a relatively shorter time (3–6 months) follow-
ing treatment, than that of BMD (at least 1–2 years).37 
Bone markers also aid in understanding the patho-
genesis and mechanism of osteoporosis. BTMs per-
form important functions in fracture prediction, and 
the predictive value is independent of bone mass.38 
Thus, the routine measurement of BTMs is impor-
tant in clinical practice.39

Current evidence on soy or isoflavones on bone 
metabolism remains uncertain and limited by 
considerable heterogeneity across trials.19 The 
latest research suggests that different isoflavones 
forms (aglycone/glycoside), isoflavone composi-
tion and dosages, as well as equol status (gut 
microbiota) may have a crucial impact on the 
bioavailability, metabolism, and, ultimately, effi-
cacy of bone health.40 Isoflavone aglycones 
exhibit enhanced bioavailability and efficacy for 
treating estrogen-deficient bone loss.16 Providing 
bioavailable isoflavone aglycones together with 
probiotics may maximize uptake and minimize 
the influence of inter-individual differences in 

microflora on metabolism.41 Future clinical tri-
als prespecifying these factors are necessary to 
investigate the therapeutic effect of isoflavones 
on bone loss.

The lack of significant effect on bone markers in 
our study is unlikely to be due to inadequate 
duration or relatively high habitual soy intake of 
Chinese women. Compared with BMD, the evi-
dent changes in BTMs can only occur in 
3–6 months following treatment.37 Although sev-
eral long-term RCTs (>6 months) indicated the 
remarkable effect of soy on BTMs,41,42 clinical tri-
als with shorter duration (50 days to 6 months) 
than our study also reported a significant effect on 
bone remodeling markers.43,44 Soy isoflavones 
show weak estrogenic activity with an effective-
ness that is incomparable with that of medica-
tions for osteoporosis. Thus, long duration is 
required to acquire favorable effect on the bone 
remodeling process. The relatively high back-
ground soy intake in our participants also cannot 
explain the nil effect in our study. The partici-
pants were given instructions on the restriction of 
habitual soy intake to less than two servings per 
week since the run-in period. The subsequent 
dietary survey during follow up suggested a good 
compliance of our participants on the required 
lifestyle modifications. We have also specifically 
recruited equol-producing women who are sup-
posed to obtain more health benefits from soy 
treatment than non-producers.
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Table 4. The effect of whole soy and purified daidzein on inflammatory markers among the three study 
groups.

Whole soy group Daidzein group Placebo group p value

 n = 90 n = 90 n = 90  

Inflammatory markers

IL-6 (pg/ml)

Baseline 1.704 ± 0.894 1.687 ± 1.306 1.987 ± 2.046 0.330

6 months 1.657 ± 1.009 1.712 ± 1.142 2.077 ± 1.944 0.108

Change −0.023 ± 1.249 0.025 ± 1.550 0.090 ± 2.128 0.904

% change 20.026 ± 102.278 17.239 ± 79.761 34.077 ± 140.971 0.562

TNF-α (pg/ml)

Baseline 5.710 ± 2.114 6.304 ± 5.079 5.427 ± 1.887 0.212

6 months 5.738 ± 2.497 6.426 ± 5.293 5.370 ± 1.669 0.381*

Change 0.027 ± 1.913 0.122 ± 1.304 −0.057 ± 1.326 0.748

% change 3.298 ± 30.868 3.309 ± 23.273 9.489 ± 87.589 0.694

Hcy (μmol/l)

Baseline 9.700 ± 2.071 9.624 ± 2.348 9.836 ± 2.259 0.818

6 months 9.457 ± 2.062 9.360 ± 2.183 9.841 ± 2.387 0.316

Change −0.244 ± 1.597 −0.264 ± 1.008 0.005 ± 1.283 0.638*

% change −1.654 ± 14.649 −2.026 ± 11.726 0.820 ± 13.757 0.315

TFR (g/l)

Baseline 2.601 ± 0.394 2.811 ± 2.170 2.579 ± 0.297 0.529*

6 months 2.555 ± 0.344 2.739 ± 1.929 2.562 ± 0.311 0.492*

Change −0.046 ± 0.263 −0.072 ± 0.335 −0.017 ± 0.216 0.415

% change −1.051 ± 9.607 −1.503 ± 8.734 −0.406 ± 7.877 0.947*

Hs-CRP (mg/l)

Baseline 1.747 ± 2.041 1.260 ± 1.155 1.686 ± 2.267 0.946*

6 months 1.411 ± 1.963 2.011 ± 3.262 1.648 ± 2.734 0.327

Change −0.330 ± 1.801 0.402 ± 2.643 −0.05  ± 3.192 0.022*

*p values.
Data are presented as mean ± SD and compared by one-way analysis of variance. Variables with significant heterogeneity 
in variances which cannot be adjusted by data transformation were compared by Kruskal–Wallis non-parametric analysis.
Hcy, homocysteine; Hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin-6; SD, standard deviation; TFR: 
transferrin; TNF-α: tumor necrosis factor alpha.
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Although isoflavones possess an anti- inflammatory 
property, clinical trials assessing the effects of soy 
on inflammatory markers offer inconclusive 
results.45 Our study showed that whole-soy con-
sumption marginally reduced the hs-CRP level, 
but no effects on other inflammatory markers 
were observed. Our findings agree with those of a 
recent meta-analysis,45 wherein soy foods or 
 isoflavones showed no significant effects on inflam-
matory markers, including IL-6 and TNF-α. The 
non-significant findings in inflammatory markers 
in our trial could be due to the relatively healthy 
status of our participants, although they presented 
with slightly increased BPs. The  clinical trials 
conducted among patients with ischemic stroke,46 
overweight and obese menopausal women,47 or 
menopausal women with metabolic syndromes48 
all reported improved anti-inflammatory effects. 
Inflammatory status may interfere with isoflavone 
metabolism. Thus, healthy and diseased individ-
uals may metabolize flavonoids differently. Our 
results also reveal a significant correlation between 
the pre–post changes in BTMs, and inflammatory 
markers of Hcy and TFR. The findings were con-
sistent with those of previous reports indicating 
that Hcy could modulate bone remodeling 
through the generation of reactive oxygen spe-
cies,49 and increased iron stores can be a risk fac-
tor for oxidative damage and bone resorption.50

The present study features several limitations. First, 
we did not determine the basal bone mass status of 
the participants. Although the study was not specifi-
cally conducted among women with osteopenia or 
osteoporosis, remarkable bone loss is common in 
women after menopause,51 with the prevalence of 
osteoporosis and osteopenia accounting for nearly 
two thirds in Chinese women (Hong Kong and 
Beijing) aged 50–79 years.52 Stratification analysis 
also showed that women in early menopause (less 
than 5 years after menopause), who are supposed to 
present with higher bone loss than late-year post-
menopausal women, showed no significant differ-
ence among the three study groups. Thus, the basal 
bone mass status of participants may be insufficient 
to completely explain the null findings. Additional 
RCTs specifically conducted in women with 
remarkable bone loss are necessary. Second, the 
participants were volunteers with either pre- or early 
hypertension and had relatively high education 
attainment. Thus, the participants may be more 
health conscious than the general population of 
similar ages, which may influence the study general-
izability. Third, the trial was conducted among 

equol producers, and we did not compare the effects 
on bone biomarkers between equol and non-equol 
producers. Future clinical trials including different 
equol phenotypes in one trial would validate our 
findings. Fourth, the participants in this study 
belonged to different menopausal age groups. 
Estrogen and follicle-stimulating hormone were 
also not assessed when defining the menopausal 
state. Therefore, differences in the estrogen levels in 
these women may have affected the results of this 
study. Finally, certain biomarkers reflecting bone 
metabolism and regulation were present. However, 
given the budget limit, we only tested the biomark-
ers that are often applied in clinical practice. Soy or 
isoflavones may affect the untested biomarkers.

Conclusion
This 6-month RCT among equol-producing post-
menopausal women indicated that the consump-
tion of whole soy and isocaloric isoflavone daidzein 
in the provided dosages caused no significant effects 
on bone remodeling and inflammatory markers.
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