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ABSTRACT

Background: Physical activity combined with mineral supplementation has been
reported to enhance bone mineral density and improve bone health after
menopause. Accordingly, the present study aimed to investigate the effects of
BodyPump training in combination with calcium and vitamin D supplementation
on bone health biomarkers in postmenopausal women.

Methods: In this quasi-experimental study with a pretest-posttest placebo-
controlled design, 45 postmenopausal women from Isfahan, aged 55-65 years
with a body mass index (BMI) of 24+3 kg/m?, were purposively selected and
randomly assigned to three groups: BodyPump training, BodyPump training plus
calcium and vitamin D supplementation, and placebo. The exercise protocol was
conducted for eight weeks, three sessions per week, lasting 40-60 minutes per
session with 10% One-Repetition Maximum. In addition, participants in the
BodyPump+supplementation group consumed two calcium+vitamin D tablets
daily for eight weeks. Data were analyzed using multivariate analysis of
covariance (MANCOVA) followed by Bonferroni post hoc tests.

Results: A significant increase in bone-specific alkaline phosphatase (BSAP)
was observed in both the BodyPump and BodyPump+supplementation groups
(»<0.001). Moreover, a significant reduction in the C-terminal telopeptide of
type I collagen (CTX) was found in both intervention groups (p<0.002).
Notably, the changes in these biomarkers were significantly greater in the
BodyPump+ supplementation group compared to exercise alone.
Conclusion: These findings suggest that BodyPump training combined with
calcium and vitamin D supplementation has beneficial effects on bone health
biomarkers in postmenopausal women. Therefore, the combined use of exercise
and supplementation may be a valuable strategy to improve bone health
outcomes in this population.
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Extended Abstract

Background: Menopause marks the permanent
cessation of menstruation and the consequent
loss of ovarian follicular function, resulting in
various physiological changes [1]. One of the
most prevalent complications associated with
menopause is decreased bone mineral density,
which often manifests as back pain, bone
fractures, loss of height, and reduced mobility
due to osteoporosis [2]. Lifestyle factors such
as insufficient calcium and vitamin D intake,
smoking, and physical inactivity further
exacerbate these conditions. It is recommended
that women consume 1000-1500 mg of calcium
and 400-800 IU of vitamin D daily to maintain
bone health [4]. Evidence suggests that
adequate vitamin D intake, in combination with
calcium supplementation, plays a critical role in
mitigating bone loss among postmenopausal
women. For instance, a longitudinal study
involving 72,337 postmenopausal participants
demonstrated that sufficient vitamin D intake
was inversely associated with the risk of
osteoporotic fractures [7]. Regular physical
activity is another key determinant in
maintaining skeletal integrity. A systematic
review supporting the WHO physical activity
and sedentary behavior guidelines reported that
structured exercise programs significantly
improve bone health and reduce the risk of
osteoporosis among older adults [10]. One such
modality, BodyPump training, a high-repetition,
resistance-based group fitness program, has
shown promising effects on bone density and
overall musculoskeletal health [13]. When
coupled with an adequate intake of calcium and
vitamin D, BodyPump training may further
enhance bone metabolism and reduce
osteoporosis risk [15]. Despite these findings,
there remain substantial gaps in understanding
the combined effects of this exercise modality
and nutritional supplementation on bone
biomarkers in postmenopausal populations.
Therefore, the present study aimed to
investigate the effects of BodyPump training
combined with calcium and vitamin D
supplementation on  bone  metabolism
biomarkers in postmenopausal women.

Methods: This semi-experimental, applied
study was conducted in 2024 on
postmenopausal women aged 55-65 years with

a body mass index (BMI) of 2443 kg/m?
residing in Isfahan, Iran. A total of 45 eligible
participants were recruited through purposive
sampling and randomly assigned into three
groups (n=15 per group): (1) BodyPump
training, (2) BodyPump training+calcium and
vitamin D supplementation, and (3) placebo.
The study protocol was approved by the Ethics
Committee of the Islamic Azad University,
Isfahan (Khorasgan) Branch (ethics code:
IR.TAU.KHUISF.REC.1404.472). Before
participation, all subjects completed a medical
screening questionnaire and provided written
informed consent. The intervention groups
underwent an eight-week BodyPump training
program consisting of three sessions per week,
each lasting 40-60 minutes, including 5-10
minutes of warm-up, 40-60 minutes of
resistance-based exercise, and 5—10 minutes of
cool-down, following the principle of
progressive overload [14]. Participants in the
exercise + supplementation group received two
calcium and vitamin D tablets daily, one-hour
post-meal, throughout the study period. The
placebo group maintained their normal daily
routines and consumed 800 mg of maltodextrin
per day. Bone metabolism biomarkers,
including bone-specific alkaline phosphatase
(BSAP) and C-terminal telopeptide of type I
collagen (CTX), were assessed at baseline (pre-
test) and after the eight-week intervention
(post-test). Data analysis was performed using
multivariate analysis of covariance
(MANCOVA) followed by Bonferroni post hoc
tests to identify between-group differences.

Results: The analysis of covariance comparing
mean levels of CTX and BSAP biomarkers
among postmenopausal women indicated a
significant effect of the pretest on posttest
values at the 5% error level (p<0.001). After
controlling for pretest effects, significant
between-group differences were observed in the
posttest results for both CTX (F=13.296,
p<0.001) and BSAP (F=6.036, p=0.001). The
effect size for CTX was 0.425, suggesting that
approximately 43% of the variance in CTX
changes could be attributed to group
differences. Similarly, the effect size for BSAP
was 0.251, indicating that around 25% of the
variation in BSAP values was due to group
effects. Post hoc comparisons using the
Bonferroni test, adjusted for pretest scores,
revealed that CTX levels in both the BodyPump
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training group and the  BodyPump
training+calcium and vitamin D (Ca+D) group
were significantly lower than those in the
placebo group (p=0.001). Furthermore, CTX
levels were significantly lower in the combined
training+(Ca+D) group compared to the
training-only group (p=0.002). In contrast,
BSAP levels were significantly higher in both
the BodyPump and BodyPump+(Ca+D) groups
compared to the placebo group (p=0.001).
Additionally, BSAP levels were significantly
higher in the combined training+(Ca+D) group
than in the training-only group (p=0.012).

Conclusion: The findings of this study
demonstrated that eight weeks of BodyPump
training combined with calcium and vitamin D
supplementation led to a significant reduction
in the bone resorption marker (CTX) and an
increase in the bone formation marker (BSAP)
among postmenopausal women. These results
suggest that this combined intervention
effectively promotes bone remodeling by
reducing bone turnover and enhancing
osteoblastic activity. The observed decrease in
CTX is consistent with the findings of Alev
(2013), who reported that two months of
submaximal aerobic exercise significantly
reduced bone resorption in premenopausal
women [19]. Similarly, Tartibian et al. (2009)
found that nine weeks of aerobic exercise at
70-80% HR max significantly increased serum
alkaline phosphatase in young women [20]. In
line with these findings, Kazemi et al. (2025)
reported that high-intensity interval training
(HIIT) increased both alkaline phosphatase and
calcium levels in postmenopausal women [21].
However, some studies have yielded
inconsistent results. For instance, Bamben
(2007) observed no significant changes in bone
metabolism indices following a single session
of resistance training [30]. Such discrepancies
may stem from variations in exercise intensity,
duration, population characteristics, and
adherence to experimental protocols [31]. The

underlying mechanism for the present findings
can be attributed to the mechanical loading
induced by BodyPump exercises, which
generate sufficient strain to stimulate bone
tissue remodeling. This mechanical stress
activates  osteocytes, increases osteoblast
activity, and inhibits osteoclasts, thereby
promoting bone formation [32]. Furthermore,
BodyPump training enhances angiogenesis and
nutrient delivery within bone tissue, improving
osteoblastic function through the release of
mediators such as nitric oxide and endothelin-1
[31]. In addition, long-term exercise improves
calcium metabolism by increasing intestinal
calcium absorption, reducing urinary calcium
excretion, and enhancing serum calcium levels
[25]. Nutritional supplementation also plays a
synergistic role. Chen and Wen (2020)
emphasized that combined calcium and vitamin
D supplementation exerts a greater positive
effect on bone mineral density than vitamin D
alone [37]. Consistent with these observations,
the current study found that supplementation
amplified the effects of exercise on both BSAP
and CTX, creating a favorable biochemical
environment for bone formation. Overall, the
results underscore the importance of
multimodal interventions combining structured
exercise with targeted nutritional
supplementation in promoting bone health
among postmenopausal women. The integration
of mechanical stress from resistance-based
exercise and nutritional support from calcium
and vitamin D facilitates optimal bone
remodeling and may contribute to the
prevention of osteoporosis. Future studies
should consider longer intervention periods,
employ advanced imaging techniques (e.g.,
DXA, pQCT), and explore molecular signaling
pathways related to bone metabolism to provide
stronger mechanistic evidence for clinical
applications and the development of preventive
protocols for bone health in postmenopausal
populations.
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