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Study name

Alp 2013

Habibnezhad et al 2023
Kimetal 2022
Gombos et al 2016a
Gombos et al 2016b
Alghadir et al 2014a
Alghadir et al 2014b
Khorshidi et al 2011
Osalou et al 2025

Statistics for each study

Std dift  Standard

in means

0.340
0.624
0.973
0.139
0.284
0.566
0.499
-0.150
0.007
0.331

error

0.145
0.282
0.324
0.142
0.144
0.200
0.177
0.303
0.267
0.063

Variance

0.021
0.080
0.105
0.020
0.021
0.040
0.031
0.092
0.071
0.004

limit
0.055

0.070
0.337

-0.139

0.001
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-0.744
-0.517

0.207

Lower Upper

Iimit
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0.418
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0.531
0.455

Z-Value

2.338
2.210
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2.829
2.825
-0.494
0.026
5.217

Std diff in means and 95% CI

p-Value

0.019
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0.327
0.049
0.005
0.005
0.621
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Study name Statistics for each study
Std diff Standard Lower Upper
inmeans error  Variance limit limit

Adilakshmi et al 2024a 0.059 0.142  0.020 -0.219 0.336

Adilakshmi et al 2024b 0.245 0.144 0.021 -0.037 0.526

Borzooeian et al 2023a 0.769 0294  0.086 0.193 1.345

Borzooeian et al 2023b 0.769 0.294  0.086 0.193 1.345

Yang et al 2020 -0.277 0186  0.035 -0.642 0.088

Abaszade et al 2013 1.680 0.518  0.268 0.666 2.695

Rostamizadeh et al 2021a 1.383 0422 0178 0.556 2.210

Rostamizadeh et al 2021b 1.383 0.422 0.178  0.556 2.210

Khorshidi et al 2022 0.737 0.282  0.079 0.184 1.289

Bakhtiyari et al 2021 1.281 0.389  0.152 0.517 2.044

Haryono et al 2017a 0.668 0202 0.041 0272 1.064
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Alghadir et al 2014a 0.499 0.177  0.031 0.153 0.846

Alghadir et al 2014b 0.566 0.200 0.040 0.174 0958

Osalou et al 2025 0.805 0.308  0.095 0.202 1.408

0.560 0.095  0.009 0374 0.746
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Abstract
Background: The skeletal system is a dynamic and active metabolic tissue that is constantly
involved in a complex process called regeneration. Among non-pharmacological solutions
for maintaining and improving bone health, exercise has a special place. However, the effect
of exercise on markers of bone metabolism is still controversial. Therefore, the aim of this
systematic review and meta-analysis was to determine the effect of exercise on the levels of
markers of bone formation, specifically osteocalcin and bone-specific alkaline phosphatase.
methods: Articles published in Persian and English without a time limit until June 1, 2025,
were searched and entered into the meta-analysis from the databases Scopus, Science Direct,
PubMed, and Web of Science for English articles, and the SID and Magiran for Persian
articles. Fixed and random effects models were used to meta-analyze the average effect size
(difference in mean with 95% confidence interval) in the study on osteocalcin and bone-
specific alkaline phosphatase using CMA2 software.

Results: The results of the meta-analysis showed that bone-specific alkaline phosphatase
levels increased as a result of exercise (ES=0.33, 95% CI=0.455 to 0.207, P=0.001). The
results also showed a significant increase in osteocalcin levels as a result of exercise
(ES=0.56, 95% CI=0.74 to 0.37, P=0.001).

Conclusion: Exercise effectively increases bone formation markers, osteocalcin and bone-
specific alkaline phosphatase. These findings highlight the role of exercise as a non-
pharmacological approach to preventing bone loss.
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