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Abstract

This review systematically summarizes the latest research progress of vitamin D in the clinical treatment of osteoporosis to
consolidate available evidence for its clinical practice, combined medication schemes and relevant mechanisms linked to
adipokines, so as to provide valuable references for clinical medication and further scientific exploration of osteoporosis.
Literature retrieval was performed across authoritative databases including PubMed and CNKI, covering research articles
published in recent years before August 26, 2025. All eligible retrieved documents were managed, classified and screened via
EndNote reference management software. The incorporated studies concentrate on three core dimensions: clinical efficacy
observation of vitamin D monotherapy, diverse combination therapies with anti-osteoporotic agents, and the regulatory
relationship between vitamin D and multiple adipokines secreted by adipose tissue. Existing research confirms that vitamin D
possesses tremendous research and clinical application potential in osteoporosis intervention. Over recent years, abundant
clinical trials and basic researches have made continuous explorations and innovative breakthroughs regarding its practical
clinical performance, rational combined administration principles and adipokine-mediated bone metabolism pathways. These
emerging findings have greatly expanded the applicable scenarios of vitamin D and further improved its clinical value in
osteoporosis prevention and treatment. In summary, by sorting out cutting-edge research data, this paper integrates updated
research conclusions on vitamin D against osteoporosis. It not only helps clinicians formulate more individualized and
standardized therapeutic regimens in daily practice, but also lays a solid theoretical foundation for subsequent basic researches
and clinical trials targeting vitamin D, bone metabolism and adipokine network regulation.
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1. Introduction

Osteoporosis is one of the major epidemics of the 21st cen-  deficiency, while secondary osteoporosis stems from underly-
tury, significantly weakening bone strength, compromising ing diseases or medications [2, 3]. Among these, primary os-
the integrity of bone microstructure, and increasing fracture teoporosis accounts for 80% of all cases [4]. Similar to osteo-
risk. [1] The disease is categorized into primary and secondary  arthritis, the incidence of osteoporosis rises with age, affecting
types: primary osteoporosis results from aging and estrogen =~ women more than men [5, 6]. As global aging intensifies, its

'Correspondence: Haixiao Chen (chenhx(@tzhospital.com)

Received: 25 May 2026; Accepted: 2 June 2026; Published: 18 June 2026

@ Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/bs
http://www.sciencepg.com/journal/362/archive/3621202
http://www.sciencepg.com/
https://orcid.org/0009-0001-0774-8148
http://www.sciencepg.com

Biomedical Sciences

http://www.sciencepg.com/journal/bs

prevention and treatment have become critical medical chal-
lenges [7].

Vitamin D itself is biologically inactive and must undergo
two hydroxylation reactions in the liver and kidneys to be con-
verted into the active form, calcitriol [8]. Calcitriol binds to
vitamin D receptors (VDRs) in the intestines, kidneys, and
bones, enhancing the synthesis of calcium-binding proteins.
This increases the absorption of dietary calcium by the intes-
tinal mucosa and the reabsorption of calcium and phosphate

by the kidneys, significantly improving calcium absorption [9].

Calcitriol also induces the differentiation and mineralization
of osteoblasts while stimulating the secretion of RANKL by
osteoblasts, thereby enhancing osteoclast activity and com-
pleting bone remodeling [10, 11].

2. Analysis of Vitamin D Drugs

Vitamin D drugs have been applied clinically in China.
Siyong Huang's team evaluated vitamin D and its analogues,
calcitriol, alpha calcitriol, and eldecalcitol, based on Chinese
guideline [12]. The selected drugs have the following three
criteria: 1. Original drug; 2. Include in the national centralized
procurement catalog; 3. Include in the National Essential

Medicines List. There are five aspects to evaluate (100 points):

pharmaceutical properties, efficacy, safety, economy, and oth-
ers. A score greater than 70 is recommended for continued
clinical use. The final scores for alpha calcitriol soft capsules
were 73.17, calcitriol soft capsules I was 72.06, calcitriol soft
capsules 11 was 71.52, and alpha calcitriol tablets were 71.29.
These four drugs are strongly recommended for inclusion in
the drug list [13].

3. Vitamin D Combination Therapy

3.1. Calcium Supplements

Vitamin D, calcium supplements, bisphosphonates, calci-
tonin, estrogens, and other traditional medications are used to
treat osteoporosis. Among them, vitamin D promotes the ab-
sorption of calcium, while calcium supplements are used to
supplement exogenous calcium. The combination therapy of
calcium and vitamin D is the basic therapy for treating osteo-
porosis, which can improve bone density and reduce the inci-
dence of fractures [14, 15]. At present, this combination ther-
apy has been extensively studied in the treatment of glucocor-
ticoid induced osteoporosis [16], postmenopausal osteoporo-
sis [17, 18], and postmenopausal osteoporosis combined with
osteoarthritis [19]. The main focus is on efficacy evaluation,
with evaluation indicators including improved bone density
and reduced fracture risk.

3.2. Estradiol

The latest research reveals a new mechanism by which the
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combination therapy of estradiol and vitamin D promotes the
osteogenic process, which can prevent osteoporosis through
the miR-351-5p/IRS1 axis and mTOR/NF «k B pathway. Over-
expression of miR-351-5p inhibits the osteogenic process and
targets the inhibition of IRS1; Overexpression of IRS1 can to
some extent weaken the inhibitory effect of miR-351-5p over-
expression on osteogenesis, restore ALP activity, BGP levels,
and calcification nodule formation, and inhibit the mTOR/NF
k B pathway. The combination therapy of estradiol and vita-
min D can downregulate miR-351-5p, relieve the inhibition of
the target gene IRS1, reduce the expression of phosphorylated
proteins (p-mTOR, p-NF « B, p-1 k B) in the mTOR/NF « B
signaling pathway, inhibit pathway activation, and promote
osteogenesis [20].

3.3. Bifidobacterium longum FSHHK13M1

Bisphosphonate drugs are traditional treatment drugs for
osteoporosis, mainly targeting osteoclasts. By inhibiting the
activity of osteoclasts, they reduce bone resorption, increase
bone mass, and lower the risk of fractures. But this type of
drug has nephrotoxicity and is not suitable for patients with
liver and kidney function decline. Bifidobacterium longum
FSHHK13M1 can regulate gut microbiota, increase vitamin D
metabolism levels, and effectively alleviate osteoporosis. An-
imal experiments have shown that compared to the group sup-
plemented with vitamin D alone, the combination of
Bifidobacterium longum FSHHK13M1 significantly increases
bone density, effectively reduces serum calcium and alkaline
phosphatase, and has high research and application value in
patients with liver and kidney dysfunction [21].

3.4. Chinese Herbal Medicine

Clinical research analysis shows that the combination of
vitamin D with traditional Chinese medicine (such as Bushen
Huoxue Tang, Xianling Gubao Capsules) and calcium supple-
ments can increase bone density and reduce the risk of frac-
tures in patients with osteoporosis. However, the specific
mechanism of action of traditional Chinese medicine is still
unclear [22].

3.5. Food

Vitamin D-fortified cheese (a cheese product with added
vitamin D) [23]. The combination of fortified eggshell powder
and vitamin D [24] in food therapy can enhance the absorption
of vitamin D in the intestine, improve metabolic levels, signifi-
cantly increase bone density, and reduce the occurrence of frac-
tures. It has high clinical application value in preventing osteopo-
rosis, especially osteoporosis caused by low vitamin D levels.

4. Vitamin D and Adipokines

Research data shows that adipokines can affect the process
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of bone remodeling and are also related to the pathogenesis of
osteoporosis [25]. Vitamin D is stored and metabolized in ad-
ipose tissue, which can release adipokines such as resistin,
leptin [26]. Adipose factors can regulate bone metabolism,
among which resistin can increase osteoclast activity and re-
duce bone density [27]. The Sundus Tariq team collected data
from postmenopausal women (n=161) and divided them into
three groups: vitamin D adequate (n=87), vitamin D deficient
(n=64), and vitamin D deficient (n=10). Enzyme linked im-
munosorbent assay was used to measure serum resistin levels,
and multiple stepwise regression (including weight, height,
serum calcium, serum phosphatase, etc.) was used for data
processing. The results showed a negative correlation between
vitamin D and resistin [28].

5. Discussion

The clinical evaluation of vitamin D and its analogues drugs
has resulted in many clinical drugs not being included due to
their strict limitations; Due to inconsistent drug launch times,
there are differences in the reported clinical efficacy. In the
future, clinical analysis or tracking of drug reports for drugs
not included can be conducted to update paper data in a timely
manner.

The combination therapy of vitamin D aims to improve its
in vivo activity and utilization rate. In the future, we can ex-
plore how to enhance the activity of nuclear receptors (VDR),
design nano targeted vitamin D to enhance its binding with
VDR, or conduct repeated experiments based on existing lit-
erature to refine its data and clarify its mechanism.

Fatty factors are a hot research topic. Adipose factors can
regulate bone metabolism. In previous studies, only the rela-
tionship between adipokines and vitamin D, bone density was
discussed, without considering factors such as age and BMI.
The Sundus Tariq team provided multiple stepwise data anal-
ysis results to strengthen the argument for the negative corre-
lation between vitamin D and resistin. In the future, multiple
stepwise regression data analysis methods can be used to ana-
lyze a large amount of clinical data, in order to strengthen the
argument for the relationship between adipokines, osteoporo-
sis, and vitamin D. Cell or animal experiments can also be
conducted to find new therapeutic targets.
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BMI Body Mass Index

Author Contributions

Wenbin Sun: Conceptualization, Resources, Writing —
original draft
Haixiao Chen: Writing — review & editing

Conflicts of Interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

References

Cosman, F. et al. Clinician's Guide to Prevention and Treatment
of Osteoporosis. Osteoporos Int 25,2359-2381 (2014).
https://doi.org/10.1007/s00198-014-2794-2

(1]

[2] Tannenbaum, C. et al. Yield of laboratory testing to identify
secondary contributors to osteoporosis in otherwise healthy
women. J Clin Endocrinol Metab 87, 4431-4437 (2002).

https://doi.org/10.1210/jc.2002-020275

Castellani, C., De Martino, E. & Scapato, P. Osteoporosis: Fo-
cus on Bone Remodeling and Disease Types. BioChem 5, 31
(2025). https://doi.org/10.3390/biochem5030031

Arceo-Mendoza, R. M. & Camacho, P. Prediction of fracture
risk in patients with osteoporosis: a brief review. Womens
Health (Lond) 11, 477-482; quiz 483-474 (2015).
https://doi.org/10.2217/whe.15.14

Zhang, H. et al. Expert consensus on the bone repair strategy for
osteoporotic fractures in China. Front Endocrinol (Lausanne) 13,
989648 (2022). https://doi.org/10.3389/fendo.2022.989648

Xi, X. et al. Association of X-linked TLR-7 gene polymorphism
with the risk of knee osteoarthritis: a case-control study. Sci Rep 12,
7243 (2022). https://doi.org/10.1038/s41598-022-11296-4

Global, regional, and national burden of gout, 1990-2020, and
projections to 2050: a systematic analysis of the Global Burden
of Disease Study 2021. Lancet Rheumatol 6, €507-e517 (2024).
https://doi.org/10.1016/52665-9913(24)00117-6

Jones, G., Prosser, D. E. & Kaufmann, M. The Activating En-
zymes of Vitamin D Metabolism (25- and 1a-Hydroxylases).
(Vitamin D, 2011).

[9] Christakos, S. et al. Vitamin D target proteins: function and reg-
ulation. J Cell Biochem 88, 238-244 (2003).

https://doi.org/10.1002/jcb.10349

[10] Lemaire, V., Tobin, F. L., Greller, L. D., Cho, C. R. & Suva, L.
J. Modeling the interactions between osteoblast and osteoclast
activities in bone remodeling. J Theor Biol 229, 293-309

(2004). https://doi.org/10.1016/j.jtbi.2004.03.023


http://www.sciencepg.com/journal/bs

Biomedical Sciences

http://www.sciencepg.com/journal/bs

[11]

[19]

Starczak, Y. et al. Vitamin D receptor expression in mature os-
teoclasts reduces bone loss due to low dietary calcium intake in
male mice. J Steroid Biochem Mol Biol 210, 105857 (2021).
https://doi.org/10.1016/j.jsbmb.2021.105857

Zhigang, Z., Zhanjun, D. & Jianping, L. I. U. A Quick Guide-
line for Drug Evaluation and Selection in Chinese Medical In-
stitutions (the Second Edition). HERALD OF MEDICINE 42,
447-456 (2023).
https://doi.org/10.3870/;.issn.1004-0781.2023.04.001

Huang, S., Li, J., Hu, X. & Chen, J. A Health Technology As-
sessment Based on Chinese Guideline: Active Vitamin D and
Its Analogs in the Treatment of Osteoporosis. Drug Des Devel
Ther 18, 2593-2608 (2024).
https://doi.org/10.2147/dddt.S465960

Chung, M., Balk, E. M., Brendel, M., Ip, S. & Lee, J. Vitamin
D and calcium: a systematic review of health outcomes. Evi-
dence report/technology assessment 183, 1-420 (2009).

Weaver, C. M. et al. Calcium plus vitamin D supplementation
and risk of fractures: an updated meta-analysis from the Na-
tional Osteoporosis Foundation. Osteoporos Int 27, 367-376
(2016). https://doi.org/10.1007/s00198-015-3386-5

Pan, S. L., Li, C. C., Cui, H. W., Wang, W. X. & Li, C. H. Eval-
uation of the efficiency of calcium and vitamin D in treating
adults with corticosteroid-induced osteoporosis: A protocol for
systematic review and meta-analysis. Medicine (Baltimore)
100, 27197 (2021).
https://doi.org/10.1097/md.0000000000027197

Migliorini, F. ef al. Vitamin D and calcium supplementation in
women undergoing pharmacological management for post-
menopausal osteoporosis: a level I of evidence systematic re-
view. Eur J Med Res 30, 170 (2025).
https://doi.org/10.1186/s40001-025-02412-x

Bischoff-Ferrari, H. A. et al. Effect of calcifediol and cholecal-
ciferol on muscle function in postmenopausal women: a ran-
domized controlled trial. Osteoporos Int 36,1007-1018 (2025).
https://doi.org/10.1007/s00198-025-07456-7

Ma, R. et al. The use of bone turnover markers for monitoring
the treatment of osteoporosis in postmenopausal females un-
dergoing total knee arthroplasty: a prospective randomized
study. J Orthop Surg Res 16, 195 (2021).
https://doi.org/10.1186/s13018-021-02343-3

37

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

Dai, X. et al. Estradiol and vitamin D exert a synergistic effect
on preventing osteoporosis via the miR-351-5p/IRS1 axis and
mTOR/NF«B signaling pathway. Sci Rep 15, 18678 (2025).
https://doi.org/10.1038/s41598-025-02808-z

Wang, H. et al. Bifidobacterium longum increases serum vita-
min D metabolite levels and modulates intestinal flora to alle-
viate osteoporosis in mice. mSphere 10, €0103924 (2025).
https://doi.org/10.1128/msphere.01039-24

Park, H. J. et al. Determination of the Combined Effects of
Asian Herbal Medicine with Calcium and/or Vitamin D Sup-
plements on Bone Mineral Density in Primary Osteoporosis: A
Systematic Review and Meta-Analysis. Osteoporos Int 35, 1-
21 (2024). https://doi.org/10.1007/s00198-024-07061-0

Moschonis, G., van den Heuvel, E. G., Mavrogianni, C. &
Manios, Y. Effect of Vitamin D-Enriched Gouda-Type Cheese
Consumption on Biochemical Markers of Bone Metabolism in
Postmenopausal Women in Greece. Nutrients 13 (2021).
https://doi.org/10.3390/nu13092985

Joo, N. S. et al. Home Meal Replacement Fortified with Egg-
shell Powder and Vitamin D Prevents Bone Loss in Postmeno-
pausal Women: A Randomized, Double-Blind, Controlled
Study. Nutrients 16 (2024).
https://doi.org/10.3390/nu16081152

Corrado, A., Sanpaolo, E. R., Rotondo, C. & Cantatore, F. P.
Pattern of adipokine expression in osteoblasts from osteopo-
rotic and osteoarthritic bone. (2019).

Pedone, C. ef al. Bone health as a function of adipokines and
vitamin D pattern in elderly patients. Rejuvenation Res 16, 467-
474 (2013). https://doi.org/10.1089/rej.2013.1436

Tariq, S., Tariq, S., Khaliq, S. & Lone, K. P. Serum resistin lev-
els as predictor of low bone mineral density in postmenopausal
women. Health Care Women Int 42, 82-91 (2021).
https://doi.org/10.1080/07399332.2020.1798965

Tariq, S. et al. Association Between Vitamin D and Resistin in
Postmenopausal Females with Altered Bone Health. Front En-
docrinol (Lausanne) 11, 615440 (2020).
https://doi.org/10.3389/fend0.2020.615440


http://www.sciencepg.com/journal/bs

