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Abstract
Summary Tocotrienols have shown bone-protective effect in animals. This study showed that a 12-week tocotrienol supplemen-
tation decreased concentrations of bone resorption biomarker and bone remodeling regulators via suppressing oxidative stress in
postmenopausal osteopenic women.
Introduction Tocotrienols (TT) have been shown to benefit bone health in ovariectomized animals, a model of postmenopausal
women. The purpose of this study was to evaluate the effect of 12-week TT supplementation on bone markers (serum bone-
specific alkaline phosphatase (BALP), urine N-terminal telopeptide (NTX), serum soluble receptor activator of nuclear factor-
kappaB ligand (sRANKL), and serum osteoprotegerin (OPG)), urine calcium, and an oxidative stress biomarker (8-hydroxy-2′-
deoxyguanosine (8-OHdG)) in postmenopausal women with osteopenia.
Methods Eighty-nine postmenopausal osteopenic women (59.7 ± 6.8 year, BMI 28.7 ± 5.7 kg/m2) were randomly assigned to
three groups: (1) placebo (430mg olive oil/day), (2) low TT (430mgTT/day, 70% purity), and (3) high TT (860mgTT/day, 70%
purity). TT, an extract from annatto seed with 70% purity, consisted of 90% delta-TT and 10% gamma-TT. Overnight fasting
blood and urine samples were collected at baseline, 6, and 12 weeks for biomarker analyses. Eighty-seven subjects completed the
12-week study.
Results Relative to the placebo group, there were marginal decreases in serum BALP level in the TT-supplemented groups over
the 12-week study period. Significant decreases in urine NTX levels, serum sRANKL, sRANKL/OPG ratio, and urine 8-OHdG
concentrations and a significant increase in BALP/NTX ratio due to TTsupplementation were observed. TTsupplementation did
not affect serumOPG concentrations or urine calcium levels throughout the study period. There were no significant differences in
NTX level, BALP/NTX ratio, sRANKL level, and sRANKL/OPG ratio between low TT and high TT groups.
Conclusions Twelve-week annatto-extracted TTsupplementation decreased bone resorption and improved bone turnover rate via
suppressing bone remodeling regulators in postmenopausal women with osteopenia. Such osteoprotective TT’s effects may be, in
part, mediated by an inhibition of oxidative stress.
Trial registration ClinicalTrials.gov identifier: NCT02058420. Title: Tocotrienols and bone health of postmenopausal women.

Keywords Antioxidant . Bonemetabolism . Osteoporosis . Tocotrienols .Women . 8-OHdG

* C.-L. Shen
Leslie.Shen@ttuhsc.edu

S. Yang
shengping.yang@ttuhsc.edu

M. D. Tomison
michael.d.tomison@ttuhsc.edu

A. W. Romero
west.romero@ttuhsc.edu

C. K. Felton
carol.felton@ttuhsc.edu

H. Mo
hmo@gsu.edu

1 Department of Pathology, School of Medicine, Texas Tech
University Health Sciences Center, Lubbock, TX, USA

2 Clinical Research Institute, Texas Tech University Health Sciences
Center, Lubbock, TX, USA

3 Department of Obstetrics and Gynecology, School of Medicine,
Texas Tech University Health Sciences Center, Lubbock, TX, USA

4 Department of Nutrition, Byrdine F. Lewis College of Nursing and
Health Professions, Georgia State University, Atlanta, GA, USA

Osteoporosis International (2018) 29:881–891
https://doi.org/10.1007/s00198-017-4356-x

Tocotrienol supplementation suppressed bone resorption and oxidative
stress in postmenopausal osteopenic women: a 12-week randomized
double-blinded placebo-controlled trial

http://crossmark.crossref.org/dialog/?doi=10.1007/s00198-017-4356-x&domain=pdf
http://clinicaltrials.gov
mailto:Leslie.Shen@ttuhsc.edu


Introduction

Increasing body of evidence suggests a detrimental effect of
excessive oxidative stress on bone metabolism (bone forma-
tion < bone resorption) [1], microstructural deterioration, and
bone loss [1], significantly increasing bone fragility and sus-
ceptibility to fracture [2]. Half of postmenopausal women will
experience a bone fracture due to osteoporosis [2]. According
to the World Health Organization, it is estimated that about 22
million women have low bone mass (called osteopenia) in the
USA and 8 million women have severe bone loss (called
osteoporosis) [3]. Although the usage of antiosteoporotic ther-
apies (e.g., hormone therapy, bisphosphonates, parathyroid
hormone) has been widely accepted, their inherent side effects
after long-term use have raised some concerns [4]. Thus, iden-
tifying alternative natural compounds to mitigate the progres-
sion of bone deterioration and bone loss in postmenopausal
women has become a high public health priority.

Tocotrienols (TTs), a subgroup of vitamin E with four iso-
mers—alpha, beta, gamma, and delta, have gained much at-
tention on management of chronic diseases including osteo-
porosis in the past decade [5] due to their strong antioxidant
and anti-inflammation properties [6]. TTs protect osteoblasts
from lipid peroxidation [6] and suppress osteoclast differenti-
ation [7], osteoclast maturation [7], and bone resorption activ-
ity [7] by inhibiting the activation of nuclear factor κB (NF-
kB) and extracellular signal-regulated kinase (ERK) [7].

The rodent model of ovariectomy (OVX)-induced bone
loss and microstructure deterioration has been widely used
to mimic estrogen deficiency-induced bone loss in postmeno-
pausal women with low bone mass [9]. Previous animal stud-
ies have shown the bone-protective effects of TTs, in the forms
of palm-oil-derived TT mixture [10], pure TTs (γ-TT in Deng
et al. [11], δ-TT in Abdul-Majeed et al. [12]), or TT-rich frac-
tion Aktifanus et al. [13]) in the OVX animals, due to TT’s
anti-inflammatory properties. Gamma- or delta-TT supple-
mentation to OVX animals had similar osteoprotective effects
shown as increased bone formation, decreased bone resorp-
tion, and improved bone strength [11, 12].

These evidence from in vitro and animal studies provide
the rationale for the translation of the findings to postmeno-
pausal women [10–13]. However, no study has ever been
conducted to demonstrate the antioxidant role of TT in post-
menopausal women with low bone mass. This study was de-
signed to examine the effects of dietary TT (consisting of 90%
δ-TT and 10% γ-TT extracted from annatto seeds) supple-
mentation on bone turnover biomarkers, bone modeling reg-
ulators, and urine calcium in postmenopausal osteopenic
women. In addition, we also evaluated the biomarker for ox-
idative stress-mediated DNA damage, 8-hydroxy-2′-
deoxyquanosine (8-OHdG), in urine of study participants.
Our hypotheses were (1) 12 weeks of dietary TT supplemen-
tation favors bone remodeling in postmenopausal womenwith

osteopenia as shown in an increase in bone formation, a de-
crease in bone resorption, and a decrease in osteoclastic activ-
ity; and (2) the changes in bone markers are associated with
reduced oxidative stress. These hypotheses are based on the
premise that TT would protect osteoblasts and osteoclasts
from excessive oxidative stress-induced damage, resulting in
osteoprotective benefit to postmenopausal osteopenic women
who are at increased fracture risk.

Methods

Study design

This was a 12-week double-blinded, placebo-controlled, ran-
domized trial to investigate the effects of TT on relevant pri-
mary and secondary outcomes in postmenopausal osteopenic
women. The primary outcome measure included urine N-
terminal telopeptide (NTX, a bone resorption marker), while
the secondary outcome measures included serum bone-
specific alkaline phosphatase (BALP), serum soluble receptor
activator of nuclear factor-kappaB ligand (sRANKL), serum
osteoprotegerin (OPG), urine calcium (Ca), and urine 8-
OHdG.

In this study, we used tocotrienols extracted from annatto
seeds. Each TT capsule contains 90% δ-TT and 10% γ-TT
with a 70% purity. The tocopherol-free TT sample precludes
the potential tocopherol-mediated attenuation of the TT effect
[14]. The δ-TTand γ-TTcontained in the capsule are the most
active TT isomers for bone health with their antioxidant and
mevalonate-suppressive activities [15]. The selection of
600 mg TT daily was based on the following: (i) previous
animal studies showing the osteoprotective impacts of TT at
60 mg/kg body weight on the OVX animals [12] and (ii) dose
conversion from rat to human based on body surface area [16].
Two dosages of TT at 300 and 600 mg daily were used to
evaluate their effects on bone biomarkers. Since there is no
study evaluating dietary TT supplement on bone turnover
markers, a 12-week intervention period was chosen based on
previous studies using dietary supplements on postmenopaus-
al women for bone turnover marker assessment [17, 18].

Participants

The complete study protocol has been published previously,
and only a brief description is provided here [19].
Postmenopausal women were recruited through study flyers,
local media, community centers, and clinics. Of 326 potential
participant candidates, 89 were recruited after screening based
on the inclusion and exclusion criteria. The included partici-
pants had to be ≥ 45-year postmenopausal women with no
menses for at least 1 year; bone mineral density (BMD) T-
score greater than − 2.5 at measured site (spine and/or hip);
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normal function of thyroid, liver, and kidney; serum 25-
hydroxy vitamin D ≥ 20 ng/mL; and no bisphosphonate use
for at least 12 months before the start date of study. Exclusion
criteria included (1) having history of, or evidence for, meta-
bolic bone disease including recent fracture (other than low
BMD); (2) having history of cancer within the last 5 years,
except for treated superficial basal or squamous cell carcino-
ma of the skin; (3) having history or evidence of endocrine
disease or malabsorption syndrome that would be a contrain-
dication to the investigation of TT absorption; (4) having
HbA1c of ≥ 7% in the last 3 months; (5) having alcohol intake
> 1 drink/day; (6) having use of non-steroidal anti-inflamma-
tory drugs on a regular basis; (7) taking medication that is
known to affect bone metabolism; (8) taking statin or other
drugs for cholesterol control ≤ 3 months before the start date
of study; (9) taking hormone/hormone-like therapy ≤ 6months
before the start date of study; (10) taking anticoagulants that
may interact with TT; (11) having cognitive impairment, de-
pression, or other medical/eating disorders; (12) smoking > 10
cigarettes/day; or (13) unwillingness to accept randomization.
Written informed consent was obtained from all the partici-
pants before enrollment into the study. This study was ap-
proved by Texas Tech University Health Sciences Center
Institutional Review Board, and it was registered at
ClinicalTrials.gov as NCT02058420.

Randomization, blinding, and intervention

Participants were randomly assigned in a 1:1:1 ratio in block
size of 3 and 6 to one of three treatments: placebo, low TT, and
high TT groupswithmatched bodymass index (BMI) (≥ 30 or
< 30 kg/m2) and age (≥ 50 or < 50 years) for 12 weeks. Both
the study participants and investigators were blinded to treat-
ment allocation.

The participants in the placebo group received two 430 mg
olive oil soft gels per day (one in the morning and another in
the evening). The low TT participants received one 430 mg
olive oil soft gel in the morning and one 430 mg TT soft gel
from Delta Gold® Tocotrienol 70% (containing 300 mg TT)
in the evening. Delta Gold® Tocotrienol 70% is an extract of
annatto containing 90% δ-tocotrienols and 10% γ-
tocotrienols with 70% purity. The high TT participants re-
ceived two 430 mg TT soft gels per day (containing 600 mg
TT) with one in the morning and another in the evening.
Placebo (olive oil soft gels) and intervention (TT soft gels,
registered with FDA Investigational New Drug (IND) number
120761) were provided by American River Nutrition, Inc.,
Hadley, MA. The olive oil soft gels and TT soft gels were
indistinguishable in taste, smell, and appearance. During the
intervention, all participants were provided with a 500 mg
elemental calcium as Oster Shell and 400 IU vitamin D as
cholecalciferol supplement daily (GlaxoSmithKline, PA).

Data collection

Medical history, food intake, physical activity level, height,
and body composition were recorded at the time of enroll-
ment. For screening purpose, both BMD (dual-energy X-ray
absorptiometry, Norland Excel X-Ray Bone Densitometer)
and laboratory blood chemistry parameters were measured
prior to the baseline data collection. At baseline, 6, and
12 weeks, body composition including body weight, fat mass,
fat-free mass, and bone mass was determined through
bioimpedance measurement (SC-331S Body Composition
Analyzer, Tanita Corporation of America, Inc., Arlington
Height, IL, USA). Overnight fasting blood and urine samples
were collected for outcome measures. In addition, at baseline
and 12 weeks, food intake and physical activity level were
monitored for any deviation from baseline macro- and
micro-nutrient intake as well as routine physical activity level
throughout 12-week study period.

Compliance and adverse event monitoring

At 6- and 12-week visits, participants were asked to return any
remaining soft gels. Compliance of placebo and TT groups
was determined as the number of soft gels ingested divided by
the number a participant should have ingested throughout the
study period. Adverse effects, if any, were self-reported by the
participants. In addition, the activities of aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) in serum
were determined at 6 and 12 weeks to monitor liver function.
All adverse events, whether observed by investigators or vol-
untarily disclosed by subjects, were recorded on the adverse
event form throughout the study.

Measurement of bone markers, urine calcium,
and 8-OHdG

Serum BALP concentrations were measured using Metra™
BALP immunoassay (Quidel Corporation, San Diego, CA),
intra-assay and inter-assay CVs < 5.0%. Urine NTX concen-
trations were measured using an ELISA kit (Alere,
Providence, RI), intra-assay and inter-assay CVs < 3.0%.
Urine creatinine concentrations were measured using
MicroVue™ Creatinine Assay Kit (Quidel Corporation).
The final NTX was normalized by urinary creatinine. Serum
sRANKL concentrations were measured using sRANKL
(total) human ELISA (BioVendor, LLC, Asheville, NC),
intra-assay and inter-assay < 12%. SerumOPG concentrations
were measured using a MicroVue OPG kit (Quidel
Corporation), intra-assay and inter-assay < 5%. Urine Ca
levels were analyzed by a certified diagnostic laboratory
(Quest Diagnostic Laboratory, Dallas, TX, USA). Urine 8-
OHdG levels were measured by OxiSelect™ Oxidative
DNA Damage ELISA Kit (Cell Biolabs, Inc., San Diego,
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CA, USA), and the intra-assay and inter-assay CVs were 9.38
and 11.99%, respectively.

Statistical analysis

The minimum sample size for assessing urine NTX was cal-
culated using the reported urine NTX level [20] as the baseline
value for placebo and intervention groups. Compared with the
placebo group with no anticipated changes throughout the
study period, the low TT and high TT groups were expected
to decrease by 15 and 20% from the baseline, respectively. We
also assumed that the adjusted covariates explained about
20% of the variability in NTX, i.e., a Pearson correlation co-
efficient of 0.45 (R2 = 0.20) between NTX and the adjusted
covariates. With an estimated attrition rate of 15% over
12 weeks of intervention, a minimal sample size of 78 partic-
ipants was needed.

The outcome measures and other cofactors were summa-
rized using appropriate summary measures as per the type and
distribution of the variable according to each intervention lev-
el. The baseline cofactors were compared among the three
groups using one-way ANOVA or Fisher’s exact test/chi-
squared test as appropriate.

To assess the effect of intervention on NTX at 12 weeks,
repeated measures ANCOVA was conducted to adjust the
baseline NTX and other significant cofactors, including par-
ticipant age, BMI, baseline calcium intake, and exercise fre-
quency. A post hoc comparison among the three intervention
groups was made, if there was a significant effect of interac-
tion. The assumptions of the ANCOVA model were assessed,
and appropriate transformations were made, if needed. An
intention-to-treat analysis was carried out for efficacious end
point. The results were summarized using mean differences
and their 95% confidence intervals. The same analysis ap-
proach used for NTX was also employed for BALP,
sRANKL, OPG, Ca, and 8-OHdG.

For the secondary analysis, Spearman correlation between
change in NTX and change in the secondary biomarker
(BALP, sRANKL, OPG, Ca, and 8-OHdG) was computed.
All the statistical analyses were carried out using SAS 9.3
(Cary, NC).

Results

Study participants

Figure 1 is a flow chart showing the recruitment and group
assignment of study participants. A total of 89 subjects were
recruited, and 87 subjects completed the study (attrition rate
2%). Based on the results of pill count, all groups have a high
average compliance rate (> 90%) at 12 weeks. Neither serum
ALT nor AST activity was affected throughout the study. No

adverse event due to study treatment was reported by the
participants. In addition, there was no difference in body com-
position, self-reported physical activity level, or food intake
(micro- and macro-nutrients) among three groups at baseline
and 12 weeks. Readers are advised to anticipate a follow-up
report detailing the impacts of tocotrienols on safety, body
composition, physical activity, and food intake report.

Table 1 describes the baseline characteristics of study partic-
ipants. At the baseline, there were no significant differences in
age, BMI, BMD, dietary calcium intake, serum 25-hydroxy vi-
tamin D and thyroid-stimulating hormone, race, education, life-
style profiles, general health, and outcomemeasures among three
groups, except for serum HbA1c, exercise frequency, alcohol
consumption, urine NTX, and urine 8-OHdG. In terms of out-
comemeasures, at the baseline, the placebo group had the lowest
urine NTX level and the low TT group had the highest urine 8-
OHdG concentration among three groups.

Bone biomarkers

We have employed a mixed regression model to investigate the
effect of treatment on bonemarker while adjusting for participant
age, BMI, calcium intake, and exercise frequency at baseline
level. The results of mixed regression model are described in
Fig. 2 (a (BALP), b (NTX), c (BALP/NTX)). There was mar-
ginal and significant difference in the change of serum BALP in
the TT-treated groups over the 12-week study period (Fig. 2a).
Relative to the placebo group, the low TT group had a weekly
decrease of 0.207 U/L in BALP (p= 0.026), while the high TT
group had a weekly decrease of 0.230 U/L in BALP (p = 0.013).
Participant’ age (p = 0.772), BMI (p= 0.082), and calcium intake
(p= 0.672) seemed to be not associated with serum BALP level.
Each additional session of excise per week was also not associ-
ated with serum absolute BALP level (p= 0.097).

There was highly significant difference in the change of urine
NTX (bone resorption marker) over the study period (Fig. 2b).
Compared to the placebo group, the low TT group had a weekly
decrease of 0.048 nM BCE/mM Crt of urine NTX (p < 0.001),
while the high TT group had a weekly decrease of 0.062 nM
BCE/mM Crt in urine NTX (p< 0.001). Compared to partici-
pants with BMI ≥ 30 kg/m2, urine NTX level was 0.195 nM
BCE/mM Crt greater for those with BMI < 30 kg/m2 (p =
0.001). Participant’s age (p = 0.290), calcium level (p = 0.450),
and exercise frequency (p = 0.720) were not associated with
urine absolute NTX level.

Comparedwith the placebo group, the lowTTgroup and high
TT group had a weekly increase of 5.06 and 5.50% in the
BALP/NTX ratio, respectively (both at p < 0.001) (Fig. 2c).
Comparing with participants with BMI ≥ 30 kg/m2, the
BALP/NTX ratio for those with BMI < 30 kg/m2 was 16.5%
lower (p= 0.043). Participant’s age, baseline calcium level, and
baseline exercise frequency were not associated with the
BALP/NTX ratio (p = 0.146, 0.961, and 0.705, respectively).
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Table 2 assesses the total within-subject change in BALP,
NTX, and the BALP/NTX ratio from baseline to 12 weeks.
Kruskal test showed that there was no difference among the three
treatments in relative% change in BALP. There was a significant
decline in NTX after 12 weeks of low TTand high TTcompared
to placebo (p < 0.001).Moreover, therewas a significant increase
in BAP/NTX after 12 weeks of lowTTand high TTcompared to
placebo (p < 0.001). There was no significant difference between
the low TTand the high TT groups in relative % change of NTX
(p= 0.632) and BALP/NTX (p = 0.865).

Figure 2 also illustrates the effects of TT supplementation on
bone remodeling regulators including sRANKL (Fig. 2d), OPG
(Fig. 2e), and sRANKL/OPG (Fig. 2f). Relative to the placebo
group, (i) the low TT group and the high TT group had a weekly
decrease of 2.0 and 2.2% in serum sRANKL throughout the
study period, respectively (p = 0.006 for low TT group, p =
0.002 for high TT group), and (ii) there was no difference in
serum sRANKL levels between the low TT and the high TT
groups (p = 0.765) (Fig. 2d). Neither age (p= 0.714), BMI (p =
0.256), baseline calcium intake (p = 0.093), nor baseline exercise
frequency (p = 0.659) of participant was associated with serum
sRANKL level. Regarding serum OPG, (i) the high TT group
had a weekly increase of 1.1 pmol/L comparing with the placebo
group, (ii) there was no significant difference in serum OPG
between the placebo and the low TT groups, and (iii) there was
no significant difference in OPG between the low TT and high
TT groups (Fig. 2e). Participant’s age (p = 0.424), BMI (p =
0.277), calcium intake (p= 0.779), and exercise frequency (p =
0.861) were not associated with serum OPG level. Furthermore,
compared to the placebo group, the low TT group had a weekly
decrease of 2.6% in the sRANKL/OPG ratio (p = 0.001), while
the high TT group had a weekly decrease of 3.6% in the

sRANKL/OPG ratio (p < 0.001) throughout the study period
(Fig. 2f). There was no significant difference in the sRANKL/
OPG ratio between the low TT group and the high TT group
(p = 0.235). Age (p = 0.940), BMI (p = 0.690), calcium intake
(p= 0.053), and exercise frequency (p = 0.237) were not associ-
ated with the sRANKL/OPG ratio.

In the study, we further determined the proportion of subjects
in whom the decline in NTX at 12 weeks exceeded the least
significant change (LSC) using a LSC formula described by
Naylor et al. [21]. We found that (1) for the placebo group, none
of the subjects was a LSC responder, and (2) for both the low TT
and the high TT groups, there were four LSC responders, which
corresponded to approximately 15% by LSC.

Urine calcium levels

No significant differencewas found in the change of urine Ca/Crt
over the 12-week period among the placebo, low, and high TT
groups (p = 0.806) (Fig. 3). Participant’s age (p= 0.484), calcium
intake (p= 0.187), and exercise frequency (p = 0.369) were not
associated with urine Ca/Crt level; however, participants with
BMI < 30 kg/m2 had significantly higher Ca/Crt than those with
BMI ≥ 30 kg/m2 (p= 0.002).

Urinary 8-OHdG levels

Figure 4 illustrates the urine 8-OHdG levels at 0, 6, and 12weeks.
Using a similar approach of mixed regression model, we found
that relative to the placebo group, the low TT group and the high
TT groups had weekly decreases of 11.2% (p < 0.001) and 8.0%
(p< 0.001), respectively, in urine 8-OHdG. The participant’s age
(p = 0.907), BMI (p = 0.895), calcium level (p = 0.126), and

Assessed for eligibility (n=416)

Excluded (n=326)
¨ Not meeting inclusion criteria (n=234)
¨ Declined to participate (n=80)
¨ Other reasons (n=12)

Placebo (n=28)
Loss of interest (n=1) 

Placebo (n=29)
One 430-mg olive-oil soft gel 
in the morning and another in 

in the evening.

6-week follow-up

Randomized (n=89)

Low TT (n=30)
One 430-mg olive-oil soft gel 
in the morning and one 430-

mg TT soft gel in the evening.

High TT (n=30)
One 430-mg TT soft gel in the 

morning and another in the 
evening.

Low TT (n=29)
Loss of interest (n=1) 

High TT (n=30)

12-week follow-up and 
analysisHigh TT (n=30)Low TT (n=29)Placebo (n=28)

Fig. 1 Study flow chart
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Table 1 Baseline characteristics of study participants

Variables Placebo Low TT High TT p value

Number 28 29 30

Age (years) 59.4 (6.3) 58.5 (6.7) 61.2 (7.2) 0.431

Weight (kg) 74.3 (17.9) 76.3 (14.8) 74.3 (16.8) 0.680

Height (cm) 160 (6.2) 163.7 (6.5) 155.6 (27.1) 0.107

Body mass index (BMI, kg/m2) 28.9 (6.5) 28.5 (5.0) 28.8 (5.8) 0.986

Dietary calcium intake (mg/day) 1164.1 (587.9) 1277.4 (730.3) 1318.2 (792.1) 0.846

Bone mineral density score (T-score)

Femoral neck − 1.66 (0.65) − 1.52 (0.82) − 1.34 (1.17) 0.795

Trochanter − 1.06 (0.95) − 1.04 (0.79) − 0.85 (1.30) 0.945

Total sBMD 0.79 (0.89) − 0.87 (0.85) − 0.53 (1.10) 0.654

L1–L4 − 0.67 (0.99) − 0.72 (1.17) − 0.59 (1.23) 0.919

Serum profiles

25(OH)D (ng/mL) 35.79 (9.13) 36.45 (9.70) 34.27 (9.97) 0.634

TSH (mIU/L) 2.25 (1.01) 2.45 (1.46) 2.52 (1.71) 0.944

HbA1c (%) 5.66 (0.35) 5.81 (0.34) 5.56 (0.36) 0.011

AST (U/L) 23.0 (10.7) 20.8 (6.6) 20.8 (8.0) 0.724

ALT (U/L) 23.8 (11.5) 19.9 (8.4) 19.0 (7.8) 0.235

Ca (mg/dL) 9.6 (0.4) 9.5 (0.4) 9.5 (0.3) 0.310

Creatinine (mg/dL) 0.79 (0.12) 0.85 (0.13) 0.83 (0.12) 0.152

Race (n, %) 0.361

White 20 (74.1) 17 (60.7) 23 (76.7)

Hispanic 6 (22.2) 7 (25.0) 3 (10.0)

Others 1 (3.8) 4 (14.3) 4 (13.3)

Education (n, %)

High school 1 (3.8) 2 (7.7) 3 (10.3) 0.623

Some college 13 (50.0) 8 (30.8) 11 (37.9)

College 5 (19.2) 6 (23.1) 9 (31.0)

Graduate school 7 (26.9) 10 (38.5) 6 (20.7)

Physical activity profiles

Exercise frequency (sessions/week) 2.1 (0.9) 2.0 (0.9) 1.6 (0.6) 0.039

Exercise time (min/session) 30.3 (22.5) 31.1 (27.4) 34.3 (19.1) 0.649

Lifestyle profiles (n, %)

Use of HRT in the past 2 years 10 (35.71) 8 (27.59) 6 (20.00) 0.409

History of steroid or glucocorticoid use 5 (17.86) 4 (13.79) 3 (10.00) 0.687

History of prescribed osteoporosis drug 1 (3.57) 4 (13.79) 7 (23.33) 0.093

Ever smoked cigarettes 7 (25.00) 2 (6.90) 5 (16.67) 0.176

Alcohol consumption 14 (50.00) 7 (24.14) 16 (53.33) 0.048

Usage of dietary supplement 20 (71.43) 20 (68.97) 18 (60.00) 0.620

General health questions (n, %)

Broken bone as adult 6 (21.43) 7 (24.14) 8 (26.67) 0.897

Family history of low bone mass 10 (35.71) 8 (27.59) 9 (30.00) 0.793

History of osteoarthritis 3 (12.00) 5 (20.83) 3 (11.54) 0.584

History of diabetes 2 (7.14) 2 (6.90) 0 (0.00) 0.331

History of caner 21 (75.00) 26 (89.66) 24 (80.00) 0.347

History of asthma 4 (14.29) 3 (10.34) 2 (6.67) 0.636

Outcome measuresa

Serum BALP (U/mL) 27.18 (8.20) 28.3 (6.84) 29.19 (7.59) 0.674

Urine NTX (nM BCE/mM Crt) 0.95 (0.56) 1.33 (0.70) 1.36 (0.84) 0.033

Serum sRANKL (pmol/L) 303.7 (331.8) 281.3 (208.9) 340.0 (283.5) 0.712
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exercise frequency (p = 0.335) were not associated with urine 8-
OHdG. There was a statistically significant correlation between
8-OHdG and NTX (p= 0.342, p < 0.001).

Discussion

The present study is the first to evaluate dietary TT supple-
mentation on bone biomarkers along with a possible mecha-
nism in postmenopausal women with osteopenia. We ob-
served a marginal decreasing trend of serum BALP, an

indicator of bone formation, in the TT-supplemented groups.
Lower values of BALP were observed at 6 weeks and
sustained at 12 weeks, although the trend was marginal
(0.05 < p < 0.10). The observation of suppressed bone forma-
tion due to TT treatment corroborates with Muhammad et al.
[13] using palm oil-derived TT mixture (60 mg/kg body
weight) for 8 weeks in Wistar OVX rats, a model of postmen-
opausal women. Intriguingly, the lower values of NTX, an
indicator of bone resorption, were also observed at 6 and
12 weeks in both TT-supplemented groups (low TT and high
TT), in a time-dependent and dose-dependent pattern. This

Fig. 2 Effect of tocotrieniol supplementation on bone markers, serum
BALP (a), urine NTX (b), BALP/NTX ratio (c), serum sRANKL (d),
serum OPG (e), and sRANKL/OPG ratio (f), in postmenopausal women

with osteopenia. Data are presented as means of groups. BALP bone-
specific alkaline phosphatase, NTX N-terminal telopeptide.

Placebo; low TT; high TT

Table 1 (continued)

Variables Placebo Low TT High TT p value

Serum OPG (pmol/L) 49.4 (14.1) 50.0 (13.7) 48.3 (16.1) 0.894

Urine Ca (U/mL) 27.18 (8.20) 28.3 (6.84) 29.19 (7.59) 0.674

Urine 8-OHdG (ng/mL) 132.8 (122.2) 236.0 (19.4) 144.5 (95.1) 0.014

All data are mean ± standard deviation unless otherwise specified

ALTalanine aminotransferase, ASTaspartate aminotransferase, BALP bone-specific alkaline phosphatase,Ca calcium,HbA1c hemoglobin A1c,High TT
TTsupplementation at 860 mg daily (70% purity), 25(OH)D 25-hydroxy-vitamin D,HRT hormone replacement treatment, Low TT TTsupplementation
at 430 mg daily (70% purity), NTX N-terminal telopeptide, 8-OHdG 8-hydroxydeoxyguanosine, OPG osteoprotegerin, sRANKL soluble receptor
activator of nuclear factor-kappaB ligand, TSH thyroid-stimulating hormone
aOnly performed on the participants who completed the study
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finding was consistent with previous animal studies that TT
supplementation, in the forms of pure γ-TT [11], palm TT
[10], or a mixture of TTand tocopherols [22], suppressed bone
resorption activity in OVX animals. The ability of TT to sup-
press bone resorption biomarker demonstrated in this study
corroborates with TT’s effect on osteoclastic activity sug-
gested in in vitro study [8]. Brook et al. [8] reported TT (α-,
δ-, and γ-TT) treatments suppressed osteoclast formation in
pre-osteoclasts. Besides individual bone biomarkers, the ratio
of bone formation to resorption (BALP/NTX) has been also
used as an indicator of the state of bone turnover to evaluate
the effects of dietary supplement on bonemetabolism [23, 24].
In this study, the TT-mediated increases in BALP/NTX ratio at
6-week (35.70% for low TT group and 48.28% for high TT
group) and 12-week (112.82% for low TT group and 98.75%
for high TT group) time points are mainly due to a slightly
decreased bone formation (BALP) and significantly sup-
pressed bone resorption (NTX), suggesting that TT supple-
mentation favored bone remodeling of postmenopausal
osteopenic women.

In addition to estrogen deficiency-induced bone loss [25],
centralized fat deposition (obesity) [26] and loss of muscle
mass/strength (sarcopenia) [27] also have significant negative
impacts onmusculoskeletal health in postmenopausal women.
Fu et al. reported that central body fat mass has a negative
relationship with total and regional BMD in postmenopausal
women [28]. Although the data of fat mass of study

participants was not available in this study, we evaluated the
potential impact of BMI on bone turnover biomarkers. We
found that BMI at ≥ 30 kg/m2 contributed to a greater urine
NTX level without affecting serum BALP level, resulting in a
lower BALP/NTX ratio. Our findings are consistent with the
Fu’s cross-sectional findings that fat mass was negatively as-
sociated with BMD, a status of bone health in postmenopausal
women [28].

The OPG/RANK/RANKL pathway plays a central role in
bone modeling by coupling osteoblasts and osteoclasts
[29–34]. RANK is expressed on precursors of osteoblasts,
and it is a member of tumor necrosis factor (TNF) receptor
family [29]. RANKL, a ligand for RANK, is expressed on the
cell surface of both osteoblasts and stromal cells. Once RANK
binds to its ligand (RANKL), it initiates the differentiation and
maturation of osteoclasts through NF-κB pathways [30],
resulting in bone resorption. OPG, a glycoprotein, is also
expressed by osteoblasts, and it is a member of TNF receptor
superfamily [31]. OPG is a decoy receptor for RANKL. Once
OPG binds to RANKL, it blocks the interaction of RANKL
and RANK [32], resulting in downregulation of osteoclast
formation and bone resorption [33]. Thus, a greater
RANKL/OPG ratio expressed by osteoblasts is commonly
used as an indicator of an increased rate of osteoclastogenesis
with a result of increased bone resorption. The loss of estrogen
in postmenopausal women has major effects on bone remod-
eling, resulting in imbalance between bone resorption

Fig. 3 Effect of tocotrieniol supplementation on urine calcium (Ca) in
postmenopausal women with osteopenia. Data are presented as means of
groups. Placebo; low TT; high
TT

Fig. 4 Effect of tocotrieniol supplementation on urine 8-hydroxy-2′-
deoxyguanosine (8-OhdG) in postmenopausal women with osteopenia.
Data are presented as means of groups. Placebo;

low TT; high TT

Table 2 Total within-subject
change in BALP, NTX, and BAP/
NTX ratio from baseline to
12 weeks

Variable Placebo

Mean (SD) (%)

Low TT

Mean (SD) (%)

High TT

Mean (SD) (%)

p value

BALP relative % change 4.50 (24.51) − 6.11 (9.48) − 7.95 (17.19) 0.082

NTX relative % change 33.37 (63.39) − 31.05 (34.38) − 35.93 (27) < 0.001

BALP/NTX relative % change − 2.10 (54.69) 112.82 (251.44) 98.75 (163.85) < 0.001
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(osteoclasts) and bone formation (osteoblasts) activities [34].
An ample body of evidence suggests that the impacts of es-
trogen on bone are mediated through OPG/RANK/RANKL
pathway [35, 36]. Nabipour et al. [37] reported that the circu-
lating levels of OPG and the RANKL/OPG ratio were signif-
icantly correlated with age, and age, BMI, and RANKL ap-
peared to be independently associated with femoral neck
BMD of postmenopausal women.

Dietary bioactive compounds have been considered as alter-
natives in mitigating the progression of bone loss in OVX ani-
mals and postmenopausal women. One of molecular mecha-
nisms underlying osteoprotective effect is to lower the
RANKL/OPG ratio [32, 33]. In this study, the placebo group
had the highest RANKL and RANKL/OPG ratio among three
groups, suggesting a higher rate of bone resorption. Such obser-
vation in the placebo group was consistent with findings of
higher urine NTX levels of placebo participants. When we
expressed the respective percentage change of RANKL/OPG
ratio at 6 weeks relative to the baseline, there were a 35.78%
increase, a 6.81% decrease, and a 12.8% decrease in the placebo,
low TT, and high TT, respectively (p < 0.001). Similar to the
changes at 6 weeks, there were a 21.06% increase in the placebo
group, a 12.47% decrease in the low TT group, and a 23.78%
decrease in the high TT group (p = 0.031) at 12 weeks compared
to baseline (0 week). The changes in %RANKL/OPG ratio fur-
ther confirm the benefit of dietary TT supplementation on bone
remodeling through a suppression of osteoclastic activity (as
shown in decreased urine NTX and serum sRANKL levels),
resulting in a reduced bone resorption. Our clinical findings on
suppression of RANKL by TT supplementation were supported
byHa’s cellular study [7]. In co-culture of bonemarrow cells and
osteoblasts, Ha et al. [7] have demonstrated α-TT-suppressed
RANKL induced the differentiation of osteoclasts from precur-
sors, probably through inhibiting NF-κB and ERK activation,
and reduced bone-resorbing activity of mature osteoclasts with-
out affecting their survival.

Osteoporosis is attributed, in part, to excessive oxidative stress
caused by reactive oxygen species (ROS) and low-grade chronic
inflammation [1]. Excess ROS increases osteoclastogenesis and
bone resorption and degradation [1, 38] but induces osteoblast
and osteocyte apoptosis, resulting in suppression of bone forma-
tion [39]. Cervellati et al. recently [40] reported an independent
and positive association between urine 8-OHdG (oxidative stress
biomarker) and RANKL/OPG ratio in postmenopausal women
with osteopenia but not in those with normal bone or osteoporo-
sis, further implicating oxidative stress in the imbalance of bone
homeostasis that precedes development of postmenopausal
women. In this study, both low TT and high TT significantly
suppressed urine 8-OHdG by 37.8 and 33.5%, respectively
(p< 0.001), at 6 weeks. Such a suppression sustained at week
12 (a 48.5% decrease in the low TT group and a 30.9% decrease
in the high TT group, p< 0.001). We also noted that the placebo
group had a 121.3 and 105.5% increase at weeks 6 and 12

compared to week 0. Our urine 8-OHdG observation provides
a possible mechanism on how TT supplementation is beneficial
to bone remodeling in postmenopausal women due to TT’s an-
tioxidant and anti-inflammatory properties. Tocotrienols have
been shown to increase antioxidant capacity and decrease oxida-
tive stress/inflammation in bone cells [6, 8, 41, 42] and in OVX
animals [10]. The impacts of δ-TT on inflammatory biomarkers
have been studied in hypercholesterolemic subjects [43, 44].
Authors reported a dose-dependent reduction in inflammation
(i.e., resistin, IL-1δ, IL-12, TNF-α, IFN-δ, IL-6) induced by daily
intake of 125–750 mg Delta Gold TT (the same study supple-
ment used in our study) in hypercholesterolemic subject [43, 44].
Recently, Qureshi et al. further demonstrated that consumption of
Delta Gold TT plus American Heart Association Step-1 diet
significantly reduced serum inflammatory cytokines (TNF-α,
IL-2, IL-4, IL-6, IL-8, IL-10) and lipids (total cholesterol,
LDL-cholesterol, and triglycerides) in hypercholesterolemic sub-
jects [44].

There are limitations in the present study: (1) since this is a
short-term 12-week study, we did not assess the changes in BMD
of study participants pre- and post-intervention, and (2) the study
agent TT (90% δ-TT and 10% γ-TT) has a 70% purity, and we
do not know if the remaining 30% (mainly plant essential oils)
would also play a role in bone health. Future study is suggested
to assess the effects of long-term TT supplementation on change
of BMD using DXA, a gold standard clinical parameter. Other
advanced imaging technology, such as peripheral quantitative
computed tomography (pQCT), may be employed to evaluate
the changes in bonemicrostructure to further evaluate the clinical
impact of dietary TT on bone health. Furthermore, examination
of potential interactions (additive, synergistic, or counter effect)
of TT and other dietary bioactive compounds may be warranted
in long-term clinical trials.

Conclusions

This study showed that supplementation of TTs (mainly delta-
TT) suppressed bone resorption and RANKL and increased
BALP/NTX ratio. These TT’s osteoprotective effects are, in
part, mediated through a suppression of oxidative stress and
the OPG/RANK/RANKL pathway in postmenopausal wom-
en with osteopenia.
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