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Abstract

Osteoporosis, characterized by a decline in bone mineral density (BMD), significantly
heightens the risk of bone fractures. The majority of osteoporosis cases are diagnosed in
the aged middle-aged, and above. Due to its associations with morbidity and mortality,
diminished quality of life, and the substantial costs associated with its treatment,
osteoporosis has emerged as a prominent public health concern. The vitamin D receptor
gene (VDR) is extensively expressed across various human tissues. Furthermore, four
single nucleotide polymorphism (SNP) sites within the VDR gene, namely Fokl, Bsml,
Apal, and Taql, have been associated with osteoporosis. The correlation between
osteoporosis and VDR gene polymorphism exhibits significant variability in different
racial and ethnic groups. Therefore, using larger samples in collaborative studies
involving multiple countries, regions, races, and ethnicities could contribute to a better
understanding of the association between VDR gene polymorphism and osteoporosis.
This review aims to synthesize current evidence on the relationship between VDR gene
polymorphisms (Fokl, Bsml, Apal, and Taql) and osteoporosis susceptibility, with a focus
on elucidating the role of racial and ethnic heterogeneity in these associations.
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1. Introduction

Osteoporosis, as a bone disease, is characterized by
compromised bone strength, making individuals
more susceptible to fractures(1). It has become a
major public health problem due to the associated
morbidity, mortality, reduced quality of life, and
high treatment costs(2-4) .

The main clinical symptoms of osteoporosis in the
middle and late stages are height decrease, hunched
posture, pain in the back or neck, and fractures of
the bone. These symptoms worsen as bone mass
deteriorates(5-6). In severe cases, 0steoporosis can
result in significant pain, impaired mobility, and one
or more fractures(7). Osteoporosis is often
described as a "silent" disease, and in the initial
phases of bone loss, there are no typically
discernible symptoms; however, early signs of
osteoporosis may include weaker grip strength,
receding gums, and more brittle fingernails(7).

Osteoporosis is a result of a number of risk factors
such as aging, low BMD, diet habits, physical
inactivity, medication use, smoking, alcohol abuse,
and concomitant diseases(8-9). Additionally,
genetic factors have been found to play a crucial role
in causing osteoporosis(10-12). One of these genes
is VDR, which has been identified as a crucial factor
in the modulation and progression of BMD and
osteoporosis(13-14). This review aims to highlight
the relationship between VDR polymorphism and
osteoporosis.

2.Definition and diagnosis of osteoporosis

The WHO defines osteoporosis as a systemic bone
disease marked by bone microstructure degradation,
decreased bone mass, decreased bone strength,
increased fragility of the bones, and an increased
risk of bone fractures(15). The WHO operational
definition of osteoporosis as a BMD at the hip or
lumbar spine is 2.5 standard deviations (SD) lower
than the mean value observed in young, healthy
women, which is indicated by a T-score of -2.5 SD
or lower(16-17). A more stringent criterion
establishes "low bone mass" or "osteopenia™ asa T-
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score between 1 and 2.5 SD below the average. The
phrase "severe"™ or “established" osteoporosis
pertains to osteoporosis diagnosed based on the
occurrence of one or more confirmed fragility
fractures(16-17). According to this definition, Dual-
energy X-ray absorptiometry (DXA) fracture scans
are used to assess BMD(18). DXA utilizes radiation
to measure the quantity of calcium and other
minerals in a particular region of the bone, usually
the hip and spine, which are the most frequently
fractured bones(18).

In fact, most osteoporotic fractures occur in people
who have negative tests (19). As a result, the
potential influence of broad BMD tests on fracture
burden is insufficient, and numerous organizations
do not recommend BMD population screening(19).
Furthermore, despite the fact that it is frequently
used by these organizations, the WHO definition of
osteoporosis is not universally recognized (20)

3.1Vitamin D

There are two types of vitamin D, which are fat-
soluble: vitamin D> and vitamin D3(21-22). Vitamin
Dz is produced by UVB irradiation of 7-
dehydrocholesterol in the skin(23). Vitamin D; is
obtained from plants and is created externally by
ergosterol irradiation. It is subsequently ingested
into the body through dietary means (24). In the
liver, vitamin D
originated from sun radiation and dietary sources
undergo a procedure that yields 25-hydroxyvitamin
D [25-(OH)D], also known as calcidiol. This
particular kind of vitamin D predominates in the
bloodstream and is employed to estimate A person's
vitamin D level(23; 25). To achieve the biological
activity, 25-(OH)D must be further hydroxylated in
the kidneys, resulting in active 1,25-(0OH)2D3(26)
(Figure 1 shown in the appendix). The physiological
actions of calcitriol are facilitated through its
binding to VDR(27). Calcium and phosphate
concentrations are regulated by the hormone
calcitriol, which circulates in the blood and
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encourages normal bone development and
remodeling(23; 25).

3.2VDR

VDR is a protein that results from the VDR gene's
expression. It is a member of the nuclear receptor
family of transcription factors and acts as a receptor
for the active form of 1, 25-( OH) 2D3(28). The
highly conserved NH2-terminal DNA-binding
domain (DBD) and the variable COOH-terminal
ligand-binding domain (LBD) make up VDR's two
fundamental functional domains(29). The DBD is a
zinc-rich domain that is rich in cysteines(30-31).
The LBD contains at least 12 alpha helices and 3
beta folds(32-33). Nuclear vitamin D receptors and
membrane vitamin D receptors are the two main
subtypes of VDR(34-35). The VDR can be divided
into six functional areas from the N-terminal to the
C-terminal (31-33). These functional areas have
different functions but cooperate (31-33). The six
functional zones between the terminals N and C of
VDR are A/B, C, D, E, F, and H(31-33). They each
have different functions, such as transcriptional
activity, coactivating protein binding, DNA
binding, etc (31-33). The A/B region is the shortest
functional region in the VDR and contains sites
where transcriptional activation and coactivation
proteins bind(31-33). Region C is a rich
transcriptional activation region that can bind to
coactivating proteins(32-33). Region D is the core
area and DNA-binding domain of VDR, and it is
responsible for attaching VDR's DNA to the target
gene's promoter region(31-33). The E region is a
variable region that has a significant impact in
regulating the transcriptional activation activity of
VDR and the binding ability of coactivating
proteins(32-33). Region F is involved in the
composition and operation of the LBD of VDR and
is the conformationally stable region of VDR(31-
33). Region H is the LBD terminal region of VDR
and an important site for VDR to bind to coactivator
proteins(31-33). When vitamin D3 is converted into
its active form in the body, it binds to VDR and
controls the expression of multiple genes involved
in calcium and phosphorus metabolism as well as
other physiological processes(36).
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3.3 Correlation between osteoporosis and the
VDR gene

The VDR gene (Figure 2 shown in the appendix) is
the effector gene for vitamin D. The VDR gene is
situated on chromosome 12 and comprises 9 exons
and 8 introns(37). It is about 100kb in length and has
more than 100 SNP sites(38). VDR gene
polymorphism is linked to osteoporosis risk, but
there are differences between races and genders(39).
Four polymorphic loci of VDR gene may be closely
related to osteoporosis, namely Apal, Fokl, Taql,
and Bsml (40). However, the effects of these sites
may vary in different populations(40).

3.3.1VDR gene Apal and osteoporosis

Apal is situated within the 3 '- regulatory region of
the VDR gene (intron 8)(41-42). This
polymorphism leads to cytosine substitution by
adenine (C—A), which affects VDR mRNA
stability and protein translation(41-42). In a study
examining the relationship between VDR
polymorphism and osteoporosis susceptibility in
postmenopausal Saudi women, it was found that the
heterozygous AC of Apal was significantly more
common in the osteoporosis group than in the
control group (p < 0.05), the heterozygous AC of
Apalwas significantly associated with an increased
risk of osteoporosis (43). The homozygous Apal
genotype was significantly associated with an
increased risk of osteoporosis, according to research
about the genetic susceptibility of the VDR gene
Apal to osteoporosis in Egyptian women(44).
Individuals who were homozygous had lower BMD
levels, whereas those who were heterozygous
showed greater BMD levels(44-45). Zhanwen et al.
determined VDR gene Apal polymorphism in 155
osteoporosis patients and 113 controls in Shandong
Peninsula region of China and found that VDR gene
Apal polymorphism is correlated with primary
osteoporosis in the Han people in Shandong
Peninsula region(45). The ‘a’ allele is the
susceptible gene in women 65 years and older, and
the ‘aa’ genotype is susceptible(45). Zhao et al.
found that postmenopausal Chinese Han women
with type aa had considerably less lumbar vertebral
bone density than type Aa women(46). Xie et al.



studied changes in SNP of the VDRI, VDRII-1, and
VDRII-2 genes between osteoporosis patients and
normal people from different regions in China,
including 417 people with primary osteoporosis
from Beijing (236), Wuhan (123), and Fujian (61),
as well as 60 normal adults as controls, and the study
found significant variations in SNP in the VDRI,
VDRII-1, and VDRII-2 genes between normal
people and osteoporosis patients, mainly between
Beijing and Wuhan(47).

Dundar investigated 136 postmenopausal women
and concluded that the Apal gene polymorphism in
the VDR may be an important factor that affects
post-menopausal women’s lumbar BMD(48). The
Apal polymorphism of the VDR gene is linked to
osteoporosis in post-menopausal women, according
to Marozik's study of 54 post-menopausal women in
Belarus who had the condition and 77 women who
were controls(49). However, Linyan et al. analyzed
179 cases of Apal polymorphism of the VDR gene
in Mongolian women in Inner Mongolia, and the
analysis showed that the VDR Apal genotype did
not correlate with arm BMD in all populations
tested(50). There weren't any statistically obvious
disparities in distributions of genotypes and alleles
between the bone mass reduction group and the
normal group, suggesting that Apal polymorphism
of the VDR gene may not be correlated with
osteoporosis(50). Dabirnia et al. conducted a case-
control study on Iranian menopausal women and
found that the polymorphism of Apal was unrelated
to the occurrence of osteoporosis in lIranian
menopausal women(51). Jirong et al. measured the
BMD of L4-2, Ward triangle, and greater trochanter
of the femoral neck in 592 post-menopausal women,
and they found that there were no statistically
significant disparities in BMD of three genotypes
‘AA’, ‘Aa’, and ‘aa’ in these regions (52). Through
meta-analysis, Shen et al. likewise came to the
conclusion that there was no significant correlation
between post-menopausal women's fracture risk and
Apal polymorphism (53).

3.3.2 VDR gene Fokl and osteoporosis

The VDR gene's Fokl site is at the start of
transcription at exon 2 of the gene initiation region's
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5'end, resulting in the replacement of thymine in the
VDR gene's second exon by cytosine at the first
ATG site (T—C) to form three shorter and more
active proteins(42; 54-55). This site is the only SNP
site known to date to have an effect on the protein
structure of VDR(54; 56). Some scholars have
found that the Fokl polymorphism is related to
calcium absorption rate, body BMC, and body
BMD, and the FF genotype is significantly greater
than the ff genotype, suggesting that the VDR gene
affects BMD accumulation by acting on calcium
absorption from the small intestine calcium
absorption(57-58). Mohammadi et al found that the
VDR gene's Fok | may influence bone mass and
foretell osteoporosis in the Iranian population after
a study of 1032 cases over 20 years of age, and the
ff genotype is a protective factor for
postmenopausal women (59). Xin et al. concluded
that the VDR gene's Fokl polymorphism may be
related to BMD in Beijing, China, by studying 230
Han men aged 20-80 years (60). A controlled study
of 105 Thai individuals with postmenopausal
osteoporosis and 132 normal postmenopausal
participants showed that the polymorphisms of the
Fokl loci and a significant connection between
osteoporosis, T appears as susceptibility alleles in
Thai women, Fokl may be the occurrence of
potential molecular biomarkers(61). loannidis et al.
conducted a meta-analysis about 3243 Asian
women and found that Fokl polymorphism is related
with  decreased lumbar bone density(62).
Yasovanthi et al. confirmed that Fokl
polymorphism is related to low bone mass and
BMD by studying Indian women and found that
Fokl gene polymorphism is a significant risk factor
for osteoporosis(63). Changxin et al. studied 118
elderly patients with osteoporosis and a 140-healthy
control population of Li nationality in Hainan. They
found that the risk of osteoporosis with the ‘Ff’
genotype was 1.13 times greater than that with the
‘FF’ genotype, and the risk of osteoporosis with the
‘ff> genotype was 1.64 times greater than that with
the ‘FF’ genotype(64). However, Cusack et al.
conducted a survey on 242 Danish girls who were
11.42 years old on average in 2006 and found that
there is no connection between BMD and the Fokl
polymorphism(65).



3.3.3 VDR gene Taql and osteoporosis

The Tagql locus of the VDR gene is situated in exon
9, and this polymorphism leads to a mutation of
ATC-ATT at codon 352 of the VDR gene. This SNP
site has been demonstrated to impact mRNA
stability and modify the biological function of VDR,
but since the synonymous mutation does not alter
the sequence of amino acids in VDR, this is a T/C
substitution in which the T allele creates a
restriction endonuclease recognition site for Taql
and the C allele does not(41-42; 66). Melissa Kow
et al. reported that the CC genotype frequency of the
Taql polymorphism was significantly lower in the
control group compared to the osteoporosis cohort
(p < 0.05)(38). Notably, this variant demonstrated a
significant association with lumbar spine BMD in
White British men, suggesting a potential protective
role of the C allele against bone loss(38). A study of
611 postmenopausal Polish women (median age:
65.82 + 6.29 years) demonstrated that Taqgl
genotypes exhibited significant differences in
BMD, with AG heterozygotes showing the lowest
median BMD values compared to homozygous
groups (p <0.05)(67). Wang et al studied 1212 cases
of post-menopausal women with osteoporosis and
404 cases of post-menopausal women without
osteoporosis, and found the proportion of tag SNP
of Tagl in the observation group exhibited a
statistically significant increase compared to the
control group(68). Dehghan & Pourahmad-Jaktaji
investigated post-menopausal Iranian women over
45 years old and found that the femoral neck BMD
was  substantially  correlated with  Taql
polymorphism(69). The femoral neck BMD was
lowest in patients carrying the 'TT' gene, indicating
that the Taql polymorphism might potentially
indicate the risk of osteoporosis in Iranian
women(69). Remes et al. found that the femoral
neck BMD of middle-aged Finnish men with the TT
genotype of Tagl was lower than that of the Tt and
tt(70).

In Jeddah, Saudi Arabia, a case-control
investigation ~ comprising 73 osteoporosis
individuals and 73 normal controls disclosed a
notable increase in the frequency of the
homozygous (tt) Tagl genotype among individuals
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with osteoporosis compared to the control group
(41). Xiaodan et al. studied the connection between
the BMD and VDR gene polymorphism in Han
Chinese children aged 0-6 and showed that different
alleles at the Taql site had no connection with BMD
of Han children between the ages of 0 and 6(71).
Dan et al. founded no statistical significance
between the polymorphism of Taqgl and osteoporotic
vertebral fracture(72).

3.3.4 VDR gene Bsml and osteoporosis

The Bsml is situated proximate to the Apal locus in
the 3’ untranslated region (intron 8). The nucleotide
adenine is replaced by guanine (A—G) in these
polymorphisms(73-74). This SNP locus plays a role
in modulating mMRNA stability(73-74). Sainz et al.
earlier reported the distribution of polymorphic sites
of Bsm | in 100 healthy preadolescent girls in the
Americas in 1997 and found that the femoral neck's
bone density in girls with "aa" and "bb" genotypes
exhibited a 2% to 3% elevation compared to girls
with "AA" and "BB" genotypes( P<0.05),
additionally 8%-10% higher lumbar bone density (
P<0.05), so the VDR allele can predict the BMD of
the femoral region and the Ilumbar vertebral
column(75). Changxin et al. studied 118 elderly
patients with osteoporosis of the Li ethnic group in
Hainan, China, and 140 healthy control population,
and discovered that individuals with the Bb
genotype were 1.87 times more likely to have
osteoporosis than people with the BB genotype,
while those with the bb genotype were 4.21 times
more likely to develop osteoporosis than people
with the BB genotype(64). It is suggested that the
polymorphism of the Bsm | enzyme restriction site
is related to osteoporosis susceptibility in the
elderly(64). Ahmad et al. conducted a case-control
investigation including 254  postmenopausal
osteoporosis individuals and 254 normal individuals
in Northern India and revealed that the individuals
with the bb genotype of Bsml exhibited the lowest
bone mineral density in both the lumbar spine and
hip joint(76). Langdahl et al. revealed an increased
frequency of BB + Bb genotypes in Bsml among
individuals with osteoporotic fractures, and those
who possess the bb genotype exhibited elevated
BMD throughout the whole hip as well as the



intertrochanteric area(77). The Bsml polymorphism
was correlated with reduced BMD at the hip and
showed a tendency to be linked with osteoporotic
fractures(77). The Bsml genotype showed a
significant variance in BMD among young Japanese
women, according to research by Yuri Sakamoto et
al. on 499 women between the ages of 20 and 24.
The bone sono-assessment score of the Bsml AA
genotype was also found to be lower than that of the
other genotypes (78). However, Wang Qi et al.
studied 323 cases of Tibetan women in China and
found that the Bsml site's polymorphism in Tibetan
women was not correlated with bone mass(79). Li
Shenggiang et al. revealed that there were no
statistical differences in BMD across various
genotypes at the Bsml polymorphism loci in the
lumbar spine, greater trochanter and Ward's area
among elderly Han Chinese men in Fuzhou,
China(37). A case-control study of Polish women
(N=442: 197 osteoporosis, 98 osteopenia, 147
controls) found no significant association between
the VDR rs1544410 (Bsml) polymorphism and
osteoporosis risk via real-time PCR genotyping (p >
0.05)(80). A meta-analysis encompassing 2969
people, comprising 1580 osteoporosis individuals
and 1389 control subjects, indicated that the
presence of the Bsml polymorphism did not exhibit
any significant association with the risk of
osteoporosis within the Han Chinese people(81).
Another meta-analysis of 4485 osteoporosis cases
and 5490 controls found that Bsml polymorphism
was obviously related to osteoporosis susceptibility
in Caucasians, without any significant association in
Asians, and that the Bsml genotype exhibited an
elevated risk for postmenopausal osteoporosis
among Caucasians, while such an association was
not observed within the Asian population(82).

4. Conclusion

Current studies on the relationship between
osteoporosis and VDR gene polymorphism have
shown contradictory results. These discrepancies
may be due to the ethnic differences among the
participants from different geographical areas.
Moreover, the variations of the osteoporosis risk
factors such as age, gender, postmenopausal
duration, dietary habits, lifestyle, and levels of
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physical activity among participants. Furthermore,
variations in the definition of osteoporosis, and
methods used to measure BMD, inclusion criteria,
sample size, and other aspects of the studies may
also cause variances in the analysis results.

Therefore, to clarify the actual relationship between
VDR gene polymorphisms and osteoporosis, future
research must prioritize large-scale, multinational
collaborative studies with longitudinal designs,
encompassing diverse populations across regions
and ethnicities. Standardizing protocols for
participant inclusion/exclusion criteria,
phenotyping, BMD assessment, and covariate
reporting is critical to minimize methodological
biases. Simultaneously, emerging genomic and
computational technologies offer unprecedented
opportunities to address current limitations:
genome-wide association studies (GWAS) can
extend beyond candidate-gene approaches to
identify polygenic interactions and population-
specific risk loci, while machine learning and

Bayesian  meta-analyses  disentangle  gene-
environment  interactions  and harmonize
heterogeneous datasets. Next-generation

sequencing (NGS) further resolves gaps in SNP-
centric research by characterizing rare VDR
variants and epigenetic modifications. To maximize
translational impact, consortia should adopt
federated learning platforms to securely integrate
multi-center data, ensuring privacy while enhancing
statistical power for developing ethnicity-specific
prevention strategies. Integrating multi-omics
approaches—combining genomics, epigenomics,
and metabolomics—will systematically elucidate
the mechanistic links between VDR polymorphisms
and bone metabolism, transforming fragmented
genetic associations into actionable targets for
personalized interventions. By  synergizing
standardized global collaboration with cutting-edge
technologies, this dual approach holds promise for
reducing the global burden of osteoporotic fractures
and advancing precision medicine in aging
populations.



Page 7 of 14

Conflicts of Interest: The authors declare that they Appendix:
have no conflict of interest.
Ag
%;)5
uvse

C=_ = = W =5 1T == X == 3 The skin(the epidermis)

g:l 7-Dehydrocholesterol

Cholecalciferol (Vitamin D3) <:1 Food intake
Liver (Hepatocytes), brain (Pericytes) ﬂ 25-hydroxylase
25-hydroxyvitamin D,

Kidney (Proximal tubule cells), glial cells, neurons ﬂ 1-alpha-hydroxylase

1, 25-dihydroxyvitamin D, LlH " Tom
Or ~N T
Calcitriol (active form) ,-

Figure 1. The generation path Synthesis of 1,25 -hydroxyvitamin D3 or calcitriol (active form) (83). reference
under the terms of the Creative Commons Attribution License (CC BY), which allows the use, distribution, or

reproduction in other forums as long as the source and original work are properly acknowledged.

DNA Ligand
binding binding

Promoter region
e i g domain domain

1f le 1ald 1Ib le2 3 45 6 78 93UIR

Cdx2
Fokl
B““'anl Apal

PolyA
repeat

Figure 2. Structure of Vitamin D Receptor (VDR) Gene(84). reference under the Creative Commons
Attribution 4.0 License, which allows for the copying, distribution, transmission, and adaptation of the

published work as long as the original work and source are properly cited.



REFERENCES

[1] NIH  Consensus Development Panel on
Osteoporosis Prevention, D. A. T. (2001). NIH
Consensus Development Panel on Osteoporosis
Prevention, Diagnosis, and Therapy, March 7-29,
2000: highlights of the conference [Consensus
Development Conference; Consensus
Development Conference, NIH; Journal Article;
Review]. Southern Medical Journal, 94(6), 569-
573.

[2] Harvey, N., Dennison, E., & Cooper, C. (2010).
Osteoporosis: impact on health and economics
[Journal Article; Review]. Nature Reviews
Rheumatology, 6(2), 99-105.
http://doi.org/10.1038/nrrheum.2009.260

[3] osteoporosis-workgroup. (2020). Healthy People
2030 Retreved 2024-3-28 from
https://health.gov/healthypeople/about/workgroup
s/osteoporosis-workgroup

[4] Sietsema, D. L. (2020). Fighting the Epidemic:
Bone Health and Osteoporosis [Journal Article;
Review]. Nurs Clin North Am, 55(2), 193-202.
http://doi.org/10.1016/j.cnur.2020.02.002

[5] Kanis, J. A., Cooper, C., Rizzoli, R., & Reginster,
J. Y. (2019). Executive summary of the European
guidance for the diagnosis and management of
osteoporosis in postmenopausal women [Journal
Article; Review]. Calcif Tissue Int, 104(3), 235-
238. http://doi.org/10.1007/s00223-018-00512-x

[6] Srivastava, M., & Deal, C. (2002). Osteoporosis in
elderly: prevention and treatment [Journal Article;
Review]. Clinics in Geriatric Medicine, 18(3),
529-555. http://doi.org/10.1016/s0749-
0690(02)00022-8

[7] Macias-Hernandez, S. 1., Degollado-Rodriguez,
M. M., Maldonado-Sanchez, H., de Ledn, A. O.,
Coronado-Zarco, R., Nava-Bringas, T. I., Ramirez-
Pérez, E., Cruz-Medina, E., Espinosa-Morales, R.,
& Morones-Alba, J. D. (2021). The yawning gap
between osteoporosis diagnosis and treatment after
a fragility fracture in Mexico. Archives of
Osteoporosis, 16(1), 59.
http://doi.org/10.1007/s11657-021-00926-5

[8] Sigurdsson, G., Halldorsson, B. V., Styrkarsdottir,
U., Kristjansson, K., & Stefansson, K. (2008).
Impact of genetics on low bone mass in adults
[Journal Article]. Journal of Bone and Mineral

Page 4 of 14

Research, 23(10), 1584-1590.

http://doi.org/10.1359/jbmr.080507

[9] Torgerson, D. J., Campbell, M. K., Thomas, R.
E., & Reid, D. M. (1996). Prediction of
perimenopausal fractures by bone mineral
density and other risk factors [Clinical Trial;
Journal Article; Randomized Controlled Trial;
Research Support, Non-U.S. Gov't]. Journal of
Bone and Mineral Research, 11(2), 293-297.
http://doi.org/10.1002/jbmr.5650110219

[10] Ralston, S. H., & Uitterlinden, A. G. (2010).
Genetics of osteoporosis [Journal Article;
Research Support, Non-U.S. Gov't; Review].
Endocrine  Reviews,  31(5), 629-662.
http://doi.org/10.1210/er.2009-0044

[11] Tobias, J. H., & Karasik, D. (2021). Editorial:
Recent Advances in the Genetics of
Osteoporosis [Editorial; Introductory Journal
Article]. Front Endocrinol (Lausanne), 12,
656298.
http://doi.org/10.3389/fendo.2021.656298

[12] Urano, T., & Inoue, S. (2014). Genetics of
osteoporosis  [Journal  Article; Research
Support, Non-U.S. Gov't; Review]. Biochem
Biophys Res Commun, 452(2), 287-293.
http://doi.org/10.1016/j.bbrc.2014.07.141

[13] Styrkarsdottir, U., Halldorsson, B. V.,
Gudbjartsson, D. F., Tang, N. L., Koh, J. M.,
Xiao, S. M., Kwok, T. C., Kim, G. S., Chan, J.
C., Cherny, S., Lee, S. H., Kwok, A., Ho, S.,
Gretarsdottir, S., Kostic, J. P., Palsson, S. T.,
Sigurdsson, G., Sham, P. C., Kim, B. J., Kung,
A.W., Kim,S.Y.,Woo, J., Leung, P. C., Kong,
A., Thorsteinsdottir, U., & Stefansson, K.
(2010). European bone mineral density loci are
also associated with BMD in East-Asian
populations [Journal Article; Research Support,
Non-U.S. Gov't]. PLoS One, 5(10), el3217.
http://doi.org/10.1371/journal.pone.0013217

[14] Wang, B., Li, H., Yang, C., Nie, R., Zhang,
X., & Pu, C. (2023). VDR gene Apal
polymorphism and risk of postmenopausal
osteoporosis: a meta-analysis from 22 studies
[Journal Article; Meta-Analysis]. Climacteric,
26(6), 583-593.
http://doi.org/10.1080/13697137.2023.223342
1



[15] Kanis, J. A., Cooper, C., Rizzoli, R., & Reginster,
J. Y. (2019). European guidance for the diagnosis
and management  of  osteoporosis  in
postmenopausal women [Journal Article; Practice
Guideline].  Osteoporos Int, 30(1), 3-44.
http://doi.org/10.1007/s00198-018-4704-5

[16] Genant, H. K., Cooper, C., Poor, G., Reid, 1.,
Ehrlich, G., Kanis, J., Nordin, B. E., Barrett-
Connor, E., Black, D., Bonjour, J. P., Dawson-
Hughes, B., Delmas, P. D., Dequeker, J., Ragi, E.
S., Gennari, C., Johnell, O., Johnston, C. J., Lau, E.
M., Liberman, U. A., Lindsay, R., Martin, T. J.,
Masri, B., Mautalen, C. A., Meunier, P. J,,
Khaltaev, N., & Et, A. (1999). Interim report and
recommendations of the World Health
Organization Task-Force for Osteoporosis [Journal
Article]. Osteoporos Int, 10(4), 259-264.
http://doi.org/10.1007/s001980050224

[17] WH, O. (1994). Assessment of fracture risk and
its application to screening for postmenopausal
osteoporosis. Report of a WHO Study Group
[Journal Article; Research Support, Non-U.S.
Gov't; Review; Technical Report]. World Health
Organ Tech Rep Ser, 843, 1-129.

[18] Jain, R. K., & Vokes, T. (2017). Dual-energy X-
ray Absorptiometry [Journal Article; Review].
Journal of Clinical Densitometry, 20(3), 291-303.
http://doi.org/10.1016/j.jocd.2017.06.014

[19] Organization, W. H. (2007). WHO scientific
group on the assessment of osteoporosis at the
primary health care level: summary meeting
report..Geneva, Switzerland.

[20] Kanis, J. A., & Gluer, C. C. (2000). An update on
the diagnosis and assessment of osteoporosis with
densitometry. Committee of Scientific Advisors,
International Osteoporosis Foundation [Comment;
Journal Article]. Osteoporos Int, 11(3), 192-202.
http://doi.org/10.1007/s001980050281

[21] Heaney, R. P. (2008). Vitamin D in health and
disease [Journal Article]. Clin J Am Soc Nephrol,
3(5), 1535-1541.
http://doi.org/10.2215/CJN.01160308

[22] Japelt, R. B., & Jakobsen, J. (2013). Vitamin D in
plants: a review of occurrence, analysis, and
biosynthesis [Journal Article]. Frontiers in Plant
Science, 4, 136.
http://doi.org/10.3389/fpls.2013.00136

Page 4 of 14

[23] Holick, M. F. (2006). The role of vitamin D
for bone health and fracture prevention [Journal
Article; Research Support, N.I.H., Extramural,
Research Support, Non-U.S. Gov't; Review].
Current Osteoporosis Reports, 4(3), 96-102.
http://doi.org/10.1007/s11914-996-0028-z

[24] Wolpowitz, D., & Gilchrest, B. A. (2006). The
vitamin D questions: how much do you need
and how should you get it? [Journal Article;
Review]. Journal of the American Academy of
Dermatology, 54(2), 301-317.
http://doi.org/10.1016/j.jaad.2005.11.1057

[25] Holick, M. F. (2006). High prevalence of
vitamin D inadequacy and implications for
health [Journal Article; Research Support,
N.I.H., Extramural; Research Support, Non-
U.S. Gov't; Review]. Mayo Clinic Proceedings,
81(3), 353-373.
http://doi.org/10.4065/81.3.353

[26] Holick, M. F. (2004). Sunlight and vitamin D
for bone health and prevention of autoimmune
diseases, cancers, and cardiovascular disease
[Journal Article; Research Support, Non-U.S.
Gov't; Research Support, U.S. Gov't, P.H.S,;
Review]. American Journal of Clinical
Nutrition, 80(6  Suppl), 1678S-1688S.
http://doi.org/10.1093/ajcn/80.6.1678S

[27] Zhang, R., & Naughton, D. P. (2010). Vitamin
D in health and disease: current perspectives
[Journal Article; Research Support, Non-U.S.
Gov't; Review]. Nutrition Journal, 9, 65.
http://doi.org/10.1186/1475-2891-9-65

[28] Haussler, M. R., Haussler, C. A., Bartik, L.,
Whitfield, G. K., Hsieh, J. C., Slater, S., &
Jurutka, P. W. (2008). Vitamin D receptor:
molecular signaling and actions of nutritional
ligands in disease prevention [Journal Article;
Research  Support, N.ILH., Extramural;
Review]. Nutrition Reviews, 66(10 Suppl 2),
S98-S112. http://doi.org/10.1111/j.1753-
4887.2008.00093.x

[29] Kashyap, J., & Tyagi, R. K. (2022). Mitotic
genome bookmarking by nuclear receptor VDR
advocates transmission of cellular
transcriptional memory to progeny cells
[Journal Article; Research Support, Non-U.S.
Gov't]. Experimental Cell Research, 417(1),
113193.



http://doi.org/10.1016/j.yexcr.2022.113193

[30] DeLuca, H. F. (2008). Evolution of our
understanding of vitamin D [Journal Article;
Research Support, Non-U.S. Gov't; Review].
Nutrition Reviews, 66(10 Suppl 2), S73-S87.
http://doi.org/10.1111/j.1753-4887.2008.00105.x

[31] Pike, J. W., & Meyer, M. B. (2010). The vitamin
D receptor: new paradigms for the regulation of
gene expression by 1,25-dihydroxyvitamin D(3)
[Journal Article; Research Support, N.IL.H.,
Extramural; Review]. Endocrinol Metab Clin
North Am, 39(2), 255-269.
http://doi.org/10.1016/j.ecl.2010.02.007

[32] Rochel, N., Hourai, S., & Moras, D. (2010).
Crystal structure of hereditary vitamin D-resistant
rickets--associated mutant H305Q of vitamin D
nuclear receptor bound to its natural ligand
[Journal Article; Research Support, Non-U.S.
Gov't]. J Steroid Biochem Mol Biol, 121(1-2), 84-
87. http://doi.org/10.1016/j.jsbmb.2010.04.008

[33] Rochel, N., Wurtz, J. M., Mitschler, A., Klaholz,
B., & Moras, D. (2000). The crystal structure of the
nuclear receptor for vitamin D bound to its natural
ligand [Journal Article; Research Support, Non-
U.S. Gov't]. Molecular Cell, 5(1), 173-179.
http://doi.org/10.1016/s1097-2765(00)80413-x

[34] Norman, A. W. (2008). From vitamin D to
hormone D: fundamentals of the vitamin D
endocrine system  essential for good health
[Journal Article; Research Support, N.ILH.,
Extramural; Review]. American Journal of
Clinical Nutrition, 88(2), 491S-499S.
http://doi.org/10.1093/ajcn/88.2.491S

[35] Norman, A. W., Roth, J., & Orci, L. (1982). The
vitamin D endocrine system: steroid metabolism,
hormone receptors, and biological response
(calcium binding proteins) [Journal Article;
Research Support, Non-U.S. Gov't; Research
Support, U.S. Gov't, P.H.S.; Review]. Endocrine
Reviews, 3(4), 331-366.
http://doi.org/10.1210/edrv-3-4-331

[36] Malloy, P. J., Peng, L., Wang, J., & Feldman, D.
(2009). Interaction of the vitamin D receptor with
a vitamin D response element in the Mullerian-
inhibiting substance (MIS) promoter: regulation of
MIS expression by calcitriol in prostate cancer
cells [Journal Article; Research Support, N.I.H.,

Page 4 of 14

Extramural; Research Support, Non-U.S.
Gov't; Research Support, U.S. Gov't, Non-
P.H.S.]. Endocrinology, 150(4), 1580-1587.
http://doi.org/10.1210/en.2008-1555

[37] Li Shenggiang, G. J. X. B. (2009).
Relationship between vitamin D receptor gene
polymorphism and bone density in elderly Han
males in Fuzhou area. Chinese Journal of
Osteoporosis, 15(8), 598-601.

[38] Kow, M., Akam, E., Singh, P., Singh, M.,
Cox, N., Bhatti, J. S., Tuck, S. P., Francis, R.
M., Datta, H., & Mastana, S. (2019). Vitamin D
receptor (VDR) gene polymorphism and
osteoporosis risk in White British men [Journal
Article]. Annals of Human Biology, 46(5), 430-
433.
http://doi.org/10.1080/03014460.2019.165985
1

[39] Jiang, L. L., Zhang, C., Zhang, Y., Ma, F., &
Guan, Y. (2022). Associations between
polymorphisms in VDR gene and the risk of
osteoporosis: a meta-analysis [Journal Article;
Meta-Analysis]. Archives of Physiology and
Biochemistry, 128(6), 1637-1644.
http://doi.org/10.1080/13813455.2020.178745
7

[40] Zintzaras, E., Rodopoulou, P., & Koukoulis,
G. N. (2006). Bsml, Taql, Apal and Fokl
polymorphisms in the vitamin D receptor
(VDR) gene and the risk of osteoporosis: a
meta-analysis  [Journal  Article;  Meta-
Analysis]. Disease Markers, 22(5-6), 317-326.
http://doi.org/10.1155/2006/921694

[41] Banjabi, A. A., Al-Ghafari, A. B., Kumosani,
T. A, Kannan, K., & Fallatah, S. M. (2020).
Genetic influence of vitamin D receptor gene
polymorphisms on osteoporosis risk [Journal
Article]. Int J Health Sci (Qassim), 14(4), 22-
28.

[42] Despotovic, M., Jevtovic, S. T., Stankovic, 1.,
Basic, J., & Pavlovic, D. (2017). Vitamin D
Receptor Gene Polymorphisms in Serbian
Patients With Bronchial Asthma: A Case-
Control Study [Clinical Trial; Journal Article;
Research Support, Non-U.S. Gov't]. Journal of
Cellular Biochemistry, 118(11), 3986-3992.
http://doi.org/10.1002/jcb.26054



[43] Ansari, M., Mohammed, A. K., Wani, K. A,
Hussain, S. D., Alnaami, A. M., Abdi, S., Aljohani,
N. J.,, & Al-Daghri, N. M. (2021). Vitamin D
Receptor Gene  Variants  Susceptible to
Osteoporosis in Arab Post-Menopausal Women
[Journal Article]. Current Issues in Molecular
Biology, 43(3), 1325-1334.
http://doi.org/10.3390/cimb43030094

[44] Hassan NE, E. S. Z. W. (2021). Narrative role of
vitamin D receptor with osteoporosis and obesity
in a sample of Egyptian females: a pilot study
[Narrative role of vitamin D receptor with
osteoporosis and obesity in a sample of Egyptian
females: a pilot study]. J Genet Eng Biotechnol,
19(1), 115. http://doi.org/10.1186/s43141-021-
00216-0.

[45] Zhanwen, C., Xiaoliang, C., Dechun, W.,
Yonggeng, C., Haiguang, Z., & Zhenggang, Z.
(2007). Association between vitamin D receptor
gene Apa [ polymorphism and osteoporosis.
Chinese Journal of Osteoporosis(06), 402-405.

[46] Zhao, J., Zhou, X., Meng, X., Liu, G., Xing, X.,
Liu, H., & Xu, L. (1997). Polymorphisms of
vitamin D receptor gene and its association with
bone mineral density and osteocalcin in Chinese
[Comparative Study; Journal Article; Research
Support, Non-U.S. Gov't]. Chin Med J (Engl),
110(5), 366-371.

[47] Yanming, X., Songnian, H., Hua, H., Qiuai, K., &
Rui, G. (2005). Single nucleotide polymorphisms
of VDRI, VDRII-1. VDRII-2 genes in primary
osteoporosis in Beijing, Wuhan and Fujian.
Chinese Journal of Osteoporosis(01), 62-65.

[48] Dundar, U., Solak, M., Kavuncu, V., Ozdemir,
M., Cakir, T., Yildiz, H., & Evcik, D. (2009).
Evidence of association of vitamin D receptor Apa
I gene polymorphism with bone mineral density in
postmenopausal women with osteoporosis [Journal
Article]. Clinical Rheumatology, 28(10), 1187-
1191. http://doi.org/10.1007/s10067-009-1220-1

[49] Marozik, P., Mosse, 1., Alekna, V., Rudenko, E.,
Tamulaitiene, M., Ramanau, H., Strazdiene, V.,
Samokhovec, V., Ameliyanovich, M., Byshnev,
N., Gonchar, A., Kundas, L., & Zhur, K. (2013).
Association Between Polymorphisms of VDR,
COL1Al1, and LCT genes and bone mineral
density in Belarusian women with severe
postmenopausal osteoporosis [Journal Article;

Page 4 of 14

Research Support, Non-U.S. Gov't]. Medicina
(Kaunas), 49(4), 177-184.

[50] Linyan, Z., Lifu, B., Xiulan, S., & Ruifang, Z.
(2009). Association between vitamin D
receptor geneApal polymorphism and bone
mineral  density. Chinese Journal of
Osteoporosis, 15(03), 189-192.

[51] Dabirnia, R., Mahmazi, S., Taromchi, A.,
Nikzad, M., & Saburi, E. (2016). The
relationship between vitamin D receptor (VDR)
polymorphism and the occurrence of
osteoporosis in menopausal Iranian women
[Journal Article]. Clin Cases Miner Bone
Metab, 13(3), 190-194.
http://doi.org/10.11138/ccmbm/2016.13.3.190

[52] Jirong, G., Ke, C., Lihua, X., Lian, X., &
Shenggiang, L. (2010). Relationship between
vitamin D receptor gene Apal polymorphism
and bone mineral density in postmenopausal
women. Chinese Journal of Osteoporosis,
16(10), 719-722.

[53] Shen, H., Xie, J., & Lu, H. (2014). Vitamin D
receptor gene and risk of fracture in
postmenopausal women: a meta-analysis
[Journal Article; Meta-Analysis]. Climacteric,
17(4), 319-324.
http://doi.org/10.3109/13697137.2013.856401

[54] Gonzalez-Mercado, A., Sanchez-Lopez, J. Y.,
Regla-Nava, J. A., Gamez-Nava, J. |,
Gonzalez-Lopez, L., Duran-Gonzalez, J., Celis,
A., Perea-Diaz, F. J., Salazar-Paramo, M., &
Ibarra, B. (2013). Association analysis of
vitamin D receptor gene polymorphisms and
bone mineral  density in postmenopausal
Mexican-Mestizo women [Journal Article;
Research Support, Non-U.S. Gov't]. Genet Mol
Res, 12(3), 2755-2763.
http://doi.org/10.4238/2013.July.30.13

[55] Yang, L., Ma, J., Zhang, X., Fan, Y., & Wang,
L. (2012). Protective role of the vitamin D
receptor [Journal Article; Research Support,
Non-U.S. Gov't; Review]. Cellular
Immunology, 279(2), 160-166.
http://doi.org/10.1016/j.cellimm.2012.10.002

[56] Sansoni, V., Perego, S., Colombini, A., Banfi,
G., Brayda-Bruno, M., & Lombardi, G. (2016).
Interplay between low plasma RANKL and



VDR-Fokl polymorphism in  lumbar disc
herniation independently from age, body mass, and
environmental factors: a case-control study in the
Italian population [Journal Article; Research
Support, Non-U.S. Gov't]. European Spine
Journal, 25(1), 192-199.
http://doi.org/10.1007/s00586-015-4176-7

[57] Abrams, S. A., Griffin, 1. J., Hawthorne, K. M.,
Chen, Z., Gunn, S. K., Wilde, M., Darlington, G.,
Shypailo, R. J., & Ellis, K. J. (2005). Vitamin D
receptor Fokl polymorphisms affect calcium
absorption, kinetics, and bone mineralization rates
during puberty [Clinical Trial; Journal Article;
Randomized Controlled Trial; Research Support,
N.I.H., Extramural; Research Support, U.S. Gov't,
Non-P.H.S.; Research Support, U.S. Govt,
P.H.S.]. Journal of Bone and Mineral Research,
20(6), 945-953.
http://doi.org/10.1359/JBMR.050114

[58] Strandberg, S., Nordstrom, P., Lorentzon, R., &
Lorentzon, M. (2003). Vitamin D receptor start
codon polymorphism ( Fokl) is related to bone
mineral density in healthy adolescent boys [Journal
Article]. Journal of Bone and Mineral Metabolism,
21(2), 109-113.
http://doi.org/10.1007/s007740300018

[59] Mohammadi, Z., Keshtkar, A., Fayyazbakhsh, F.,
Ebrahimi, M., Amoli, M. M., Ghorbani, M.,
Khashayar, P., Dini, M., Ebrahimi-Rad, M., &
Larijani, B. (2015). Prevalence of osteoporosis and
vitamin D receptor gene polymorphisms (Fokl) in
an  lranian general population based study
(Kurdistan) (IMOS) [Journal Article]. Med J Islam
Repub Iran, 29, 238.

[60] Xin, H., Zhiwei, Z., Honghong, Z., Yu, P.,
Yazhuo, H., Jiran, W., & Zhitao, H. (2009).
Relationship between vitamin D receptor gene Fok
I polymorphism and bone mineral density in Some
Han males in Beijing. Chinese Tissue Engineering
Research and Clinical Rehabilitation, 13(24),
4763-4766.

[61] Techapatiphandee, M., Tammachote, N.,
Tammachote, R., Wongkularb, A., &
Yanatatsaneejit, P. (2018). VDR and TNFSF11
polymorphisms are associated with osteoporosis in
Thai patients [Journal Article]. Biomed Rep, 9(4),
350-356. http://doi.org/10.3892/br.2018.1137

[62] loannidis, J. P., Stavrou, I., Trikalinos, T. A,

Page 4 of 14

Zois, C., Brandi, M. L., Gennari, L., Albagha,
O., Ralston, S. H., & Tsatsoulis, A. (2002).
Association of polymorphisms of the estrogen
receptor alpha gene with bone mineral density
and fracture risk in women: a meta-analysis
[Journal Article; Meta-Analysis]. Journal of
Bone and Mineral Research, 17(11), 2048-
2060.
http://doi.org/10.1359/jbmr.2002.17.11.2048

[63] Yasovanthi, J., Venkata, K. K., Sri, M. K.,
Pulla, R. B., Ajeya, K. P., Sesha, C. M., Aruna,
P., Narasimulu, G., & Jyothy, A. (2011).
Association of vitamin D receptor gene
polymorphisms with BMD and their effect on
1, 25-dihydroxy vitamin D3 levels in pre- and
postmenopausal South Indian women from
Andhra Pradesh [Journal Article; Research
Support, Non-U.S. Gov't]. Clinica Chimica
Acta, 412(7-8), 541-544.
http://doi.org/10.1016/j.cca.2010.11.035

[64] Changxin, W., Guozhi, W., Hui, W., &
Wensheng, C. (2015). Vitamin D receptor gene
polymorphism and susceptibility  to
osteoporosis in elderly Li people. Chinese
Journal of Gerontology, 35(18), 5254-5255.

[65] Cusack, S., Mglgaard, C., Michaelsen, K. F.,
Jakobsen, J., Lamberg-Allardt, C. J., &
Cashman, K. D. (2006). Vitamin D and
estrogen receptor-alpha genotype and indices
of bone mass and bone turnover in Danish girls.
(24, pp. 329-336).

[66] Fang, Y., van Meurs, J. B., D'Alesio, A.,
Jhamai, M., Zhao, H., Rivadeneira, F., Hofman,
A., van Leeuwen, J. P., Jehan, F., Pols, H. A.,
& Uitterlinden, A. G. (2005). Promoter and 3'-
untranslated-region haplotypes in the vitamin d
receptor gene  predispose to osteoporotic
fracture: the rotterdam study [Journal Article;
Research Support, Non-U.S. Gov't]. American
Journal of Human Genetics, 77(5), 807-823.
http://doi.org/10.1086/497438

[67] Gorczynska-Kosiorz, S., Tabor, E., Niemiec,
P., Pluskiewicz, W., & Gumprecht, J. (2024).
Associations between the VDR Gene rs731236
(Tagl) Polymorphism and Bone Mineral
Density in Postmenopausal Women from the
RAC-OST-POL [Journal Article].
Biomedicines, 12(4)
http://doi.org/10.3390/biomedicines12040917



[69] Dehghan, M.,

[68] Wang, G., Yang, J., Zheng, X., Zhu, J., Shi, W.,

Chen, A., Chen, G., & Zhou, F. (2016). Association
of genetic polymorphisms of GALNT3 and VDR
with osteoporosis in postmenopausal women
[Journal Article]. Experimental and Therapeutic
Medicine, 12(4), 2629-2633.
http://doi.org/10.3892/etm.2016.3665

Pourahmad-Jaktaji, R., &
Farzaneh, Z. (2016). Calcitonin Receptor Alul
(rs1801197) and Taql Calcitonin  Genes
Polymorphism in  45-and Over 45-year-old
Women and their Association with Bone Density
[Journal Article]. Acta Inform Med, 24(4), 239-
243. http://doi.org/10.5455/aim.2016.24.239-243

[70] Remes, T., Vaisanen, S. B., Mahonen, A,

Huuskonen, J., Kroger, H., Jurvelin, J. S., &
Rauramaa, R. (2005). Bone mineral density, body
height, and vitamin D receptor gene polymorphism
in  middle-aged men [Clinical Trial; Journal
Article; Randomized Controlled Trial; Research
Support, Non-U.S. Gov't]. Annals of Medicine,
37(5), 383-392.
http://doi.org/10.1080/07853890510011958

[71] Xiaodan, Y., Chonghuai, Y., Xingming, J., &

Xiaoming, S. (2005). Study on the relationship
between vitamin D receptor gene polymorphism
and bone mineral density in 0-6 years old Han
Children.  Chinese Journal of Practical
Pediatrics(12), 728-731.

[72] Dan, X., Xinlong, M., Jianxiong, M., Jie, W.,

Yang, C., Yang, Y., & Shaowen, Z. (2013). Meta-
analysis of association between polymorphisms of
Vitamin D receptor genes Bsml. Aoal. Taql.
FoklandCdx-2and osteoporotic vertebral fractures
f\JMeta3#7. Chinese Journal of Osteoporosis and
Bone Mineral Salt Diseases, 6(02), 165-173.

[73] Despotovic, M., Jevtovic, S. T., Stankovic, I.,

Basic, J., & Pavlovic, D. (2017). Vitamin D
Receptor Gene Polymorphisms in Serbian Patients
With Bronchial Asthma: A Case-Control Study
[Clinical Trial; Journal Article; Research Support,
Non-U.S. Gov't]. Journal of Cellular
Biochemistry, 118(11), 3986-3992.
http://doi.org/10.1002/jcb.26054

[74] Liao, J. L., Qin, Q., Zhou, Y. S., Ma, R. P., Zhou,

H. C, Gu, M. R, Feng, Y. P, Wang, B. Y., &
Yang, L. (2020). Vitamin D receptor Bsm |
polymorphism and  osteoporosis risk in

Page 4 of 14

postmenopausal women: a meta-analysis from
42 studies [Journal Article]. Genes and
Nutrition, 15(1), 20.
http://doi.org/10.1186/s12263-020-00679-9

[75] Sainz, J., Van Tornout, J. M., Loro, M. L.,
Sayre, J., Roe, T. F., & Gilsanz, V. (1997).
Vitamin D-receptor gene polymorphisms and
bone density in prepubertal American girls of
Mexican descent [Journal Article; Research
Support, U.S. Gov't, P.H.S.]. N Engl J Med,
337(2), 77-82.
http://doi.org/10.1056/NEJM19970710337020
2

[76] Ahmad, 1., Jafar, T., Mahdi, F., Arshad, M.,
Das, S. K., Waliullah, S., & Mahdi, A. A.
(2018). Association of Vitamin D Receptor
(Fokl and Bsml) Gene Polymorphism with
Bone Mineral Density and Their Effect on 25-
Hydroxyvitamin D Level in North Indian
Postmenopausal Women with Osteoporosis
[Journal Article]. Indian J Clin Biochem, 33(4),
429-437. http://doi.org/10.1007/s12291-017-
0706-x

[77] Langdahl, B. L., Gravholt, C. H., Brixen, K.,
& Eriksen, E. F. (2000). Polymorphisms in the
vitamin D receptor gene and bone mass, bone
turnover and osteoporotic fractures [Journal
Article; Research Support, Non-U.S. Gov't].
European Journal of Clinical Investigation,
30(7), 608-617. http://doi.org/10.1046/j.1365-
2362.2000.00686.x

[78] Sakamoto, Y., Oono, F., lida, K., Wang, P. L.,
& Tachi, Y. (2021). Relationship between
vitamin D receptor gene polymorphisms (Bsml,
Taqgl, Apal, and Fokl) and calcium intake on
bone mass in young Japanese women [Journal
Article; Research Support, Non-U.S. Gov't].
BMC  Womens Health, 21(1), 76.
http://doi.org/10.1186/s12905-021-01222-7

[799Wang Qi, G. B. Y. Y. (2005). The
polymorphism of vitamin D receptor gene
Bsml was not associated with bone mass in
Tibetan women. Chinese Journal of
Endocrinology and Metabolism, 21(6), 535-
536.

[80] Kaminski, A., Bogacz, A., Niezgoda-Nowak,
J. T., Podralska, M., Gorska, A., Soczawa, M.,
& Czerny, B. (2025). The VDR rs1544410 and



rs11568820 Variants and the Risk of Osteoporosis
in the Polish Population [Journal Article].
International Journal of Molecular Sciences, 26(2)
http://doi.org/10.3390/ijms26020481

[81] YU M, C. G. Q. Y. (2016). Lack of association
between vitamin D receptor polymorphisms Apal
(rs7975232) and Bsml (rs1544410) and
osteoporosis among the Han Chinese population: A
meta-analysis. Kaohsiung J Med Sci, 32(12), 599-
606.

[82] Liao, J. L., Qin, Q., Zhou, Y. S., Ma, R. P., Zhou,
H. C, Gu, M. R, Feng, Y. P, Wang, B. Y., &
Yang, L. (2020). Vitamin D receptor Bsm |
polymorphism and  osteoporosis  risk in
postmenopausal women: a meta-analysis from 42
studies [Journal Article]. Genes and Nutrition,
15(1), 20. http://doi.org/10.1186/s12263-020-
00679-9

[83] Faye, P. A., Poumeaud, F., Miressi, F., Lia, A. S.,
Demiot, C., Magy, L., Favreau, F., & Sturtz, F. G.
(2019). Focus on 1,25-Dihydroxyvitamin D3 in the
Peripheral Nervous System [Journal Article;
Review]. Front Neurosci, 13, 348.
http://doi.org/10.3389/fnins.2019.00348

[84] Patel, J. B., Patel, K. D., Patel, S. R., Shah, F. D.,
Shukla, S. N., & Patel, P. S. (2012). Recent
candidate molecular markers: vitamin D signaling
and apoptosis specific regulator of p53 (ASPP) in
breast cancer [Journal Article; Research Support,
Non-U.S. Gov't; Review]. Asian Pac J Cancer
Prev, 13(5), 1727-1735.
http://doi.org/10.7314/apjcp.2012.13.5.1727

Page 4 of 14



