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Abstract

Background. Osteoporosis is a systemic skeletal disease characterized by a decrease in bone mineral density (BMD),
which leads to an increased risk of fractures and greater bone fragility [1]. The global prevalence of osteoporosis is estimated
to be 18.3%. Gender and genetics are non-modifiable risk factors for osteoporosis, whereas other factors (modifiable ones)
can be influenced, such as diet, physical activity, and lifestyle. Vitamin D plays a crucial role in bone metabolism and is
essential for the prevention of osteoporosis (OP). In recent years, numerous studies have been conducted to explore the
correlation between VDR gene variants and osteoporosis risk, suggesting the presence of ethnic differences in the genetic
association with osteoporosis. However, there is still no definitive evidence confirming their impact in the studies conducted
so far.

The aim was of this review is to examine the available literature on the role of vitamin D and the association of Bsml and
Apal polymorphisms in the development of low mineral density.

Search Strategy: A systematic search was conducted in the electronic databases PubMed and Google Scholar using
the following keywords: “osteoporosis,” “Bsml,” “Apal,” “VDR gene,” “bone mineral density, and “vitamin D.” The search was
limited to English-language studies published between 2014 and 2024. A total of 24 sources were reviewed. The article
selection for this review was conducted by the authors, who identified relevant studies and excluded those that did not meet
the inclusion criteria.

Conclusion. Although some studies on various populations have identified an association between several VDR gene
polymorphisms and bone mineral density (BMD), many questions in this area remain unresolved. Research on VDR gene
polymorphisms has shown that their impact on low BMD can yield different results across populations.

Keywords: osteoporosis, Bsml, Apal, VDR gene, bone mineral density, vitamin D.
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"HAO «MeauumHckuin yHuBepcuteT Cemeny,
Cewmen, Pecnybnuka KasaxcraH;

AxtyanbHocTb. OCTeOnopo3 sBMSETCH CUCTEMHbIM 3ab0rneBaHWeM CKerneTa, XapakTEepu3YIOLEecs CHUXEHUEM
MWHepanbHOW nnoTHocT kocTw (MIK), koTopoe NpMBOOWMT K PUCKY NEPENOMOB 1 MOBBILEHHOA XPYMKOCTW KOCTEW.
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lmobanbHas  pacnpocTpaHeHHOCTb — ocTeonopo3a oueHuBaetcd B 18,3%. [lom  wnnm  reHeTuka  ABRSOTCA
HeMOAMMULMPYIOLWMMY (haKTOpamu pucka 0CTEONOPO3a, B TO BPeMS Kak Apyrie daktopsl (MoguduumpytoLLme) MoryT ObiTh
M3MEHEHbI, Hanpumep aueTa, uanyeckas akTMBHOCTb M 00pa3 wu3Hu. Bknap reHeTudeckon uameHumsoct VDR B
natoreHe3 Ol Bce elle HesiceH u nonoH npobenos. B nocneaHue rogbl GbIN0 NPOBEAEHO MHOXECTBO MCCNEA0BaHUI ANs
N3y4YeHUs Koppensauuu mexay BapuaHtamu reHa VDR w puckom OCTEONOpo3a, YTO MpeanonaraeT Hanuune 3THUHECKMX
pasnuumMii B reHEeTUYECKON accoumauum C ocTeonopo3oM. Ho [0 Cux Mop HET YeTKMX A0Ka3aTenbCTB MX BUSHUS B
NPOBEAEHHBIX MCCIIEA0BAHUSX.

Llenbto 0630pa sBnseTCA U3yyeHue nuTepaTypHbIX AaHHbIX O ponu ButamuHa D 1 cBsisu nonumopduamos Bsml, Apal
B pa3suTu cHkeHns MIIK.

Crpaterusi nowucka: [lpoBedeH CuUCTEMATUYECKMIA MOMCK B 3MekTpoHHbIX Basax PubMed, Google Academy, no
KMIOYEBLIM CNOBaM, Kak «octeonopo3», «Bsmly, «Apal», «reH VDR», «MuHepanbHas nfioTHOCTb KOCTW», «BUTAMUH [».
OTOT NoucK ObIN OrpaHNyeH aHrMos3bIYHbIMU McCegoBaHusamMm, onybnmkoaHHbiMM ¢ 2014 no 2024 rr. Beero usyueHo 24
ncTouHuka. Mownck craten ans 063opa OCYLLECTBAANCSA aBTOPaMM, KOTOpblE OTOMpanu NoAXo4sAWMe CTaTbi U UCKMoYanu
BCe CTaTby, He COOTBETCTBYIOLLME TPeBOBaAHMAM.

BbiBogbl. HecMOTpst Ha TO, YTO B HEKOTOPbIX MCCMEAOBAHMAX HAa PasnuyHbIX nonynsauusx Gbina BbisBNEHa CBs3b
Heckonbkux nonumopcmamoB reHa VDR ¢ MIK, mHorve Bompockl B 3TOi 006nacTt 40 KOHUA He u3yueHbl. M3yueHue
nonumopdgmnamos reHa VDR nokasarno, YTo B pasHbiX NONynAUMX BIUSHWE NonnmMopdinamoB Ha Hu3kyto MITK MoxeT nmeTb
pasHble pesynbTathl.

Knroyeenie cnosa: ocmeonopos, Bsml, Apal, eeH VDR, MuHepanbHas niomHocms Kocmu, sumamut D.

Tyvingeme
D OoPYMEH PELIENTOPbLI BSMI, APAI NOJIMMOP®U3MAOEPIHIH
EPECEK ADAMAOAPOAfbl CYMEK TIHIHIH MUHEPANbAbI
Tbifbl3AblfblHbIH TOMEHAEYIHE oCEPIL. SQAEBMETTIK LUOJY.
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! «Cemeit meguumHa yHuBepcuTteTi» KEAK,
Cewmewn k., KazakctaH Pecnybnukacoil.

Kipicne. OcTeonopo3 CblHy KayinTifiri MEH CyWEKTiH, XOfapbl CbIHFbIWTbIFbIHA SKEMETiH, CYWeKTiH, MuHeparnbAbl
TbIfbI3AblFbIHbIH, TOMEHAEYIMEH cunaTTanaTtbiH KaHkaHblH, Xyiieni aypybl bonbin Tabbinagel. OcTeonoposasiH, Xorapbl
TapanbiMbl  18,3% Kypangbl. XbiHbIC MeH reHeTMka OCTeonopo3dbliH, MoauduumpreHbereH (e3repMenTiH) Kayin
hakTopnapbiHa XaTKbl3blNaabl, COHbIMEH KaTap 6acka dakTopnap MoAWcUUMPREHTEH, SiFHKU e3repMeni hakTopnapra
XaTKpI3blnagdbl, Mbicansl, eMaaM, uankanbik 6enceHainik xaHe emip cypy cantbl. VDR reHeTukansik esrepriuTiriHiv, O
nartoreHesiHaeri MaHbI3bl ani ToNbIk 3epTTenMereH. Congbl xbingapbl VDR reHi MeH ocTeonopos famy kayni apacblHaarbl
OannaHbICTbl aHbIKTay YLLIH KenTereH 3epTTeynep Xyprisingi, on ocTeonopo3beH reHeTukanblk, OainaHbIcTa STHUKabIK,
anbipMaLLbInbIKTbIH, 6onybiH 6omkampaingbl. bipak ani ge eTkisinreH 3epTTeynep HaTWXenepiHAe OHbIH, acepi 6obIHWA
TOMbIK, 4NN XOK,

WonyabiH makcatbl 6yn D gapymeHi MaHbI3bINblFbl MEH CyMEKTiH, MAHEpPanbabl ThiFbi3ablFbl ToMeHaeyiHe Bsml,
Apal nonumopdu3amaepiHiH, 6aiinaHbICbIH aHbIKTay.

opictepi. I3gey ctparterusicbl: PubMed, Google Academy anekTpoHabl 6asanapbiHga "octeonopos”, "Bsml”, "Apal”,
"VDR reHi", "cyiekTiH, MuHepanbl ThiebiaablFbl", "D AapyMeHi” TyliH ce3nep GovbiHWa Xyiieni i3ney xyprisingi. Byn isgey
2014 xbingaH 2024 xbinFa AemiH xapusnaHsaH arbinlbIH TiNIHAEr 3epTTeynepMeH LWekTengi.bapnbiebl 24 Makanara wony
xacanbiHgpl. Wony xyprisy 6apbicbiHaa aBTOpniap Tanantapsa Cal  KeneTiH Makananapfbl XWHakTtan, cal KenmenTiH
Makananapgabl anbin Tactagbl.

KopbITbIHAbIL. DPTypni nonynauyuanapga xyprisinreH 3eptrey HaTukenepiHoe VDR reHiHiH, CyMekTiH MuHepanbabl
TbifbI3AblFbIHA SCEPI aHblKTanfFaHbIMeH, Oyn canafga TyblHAaFaH KenTereH cypakTap COHplHa fewiH 3eptTenmereH. VDR
reHi nonuMopdguamMaepiH 3epTTey apTypni nonynsuusnapaa CyMeKTiH, MUHepanbbl ThifbI3AblFbIHA SCEPIH aHblkTay ap
arnyaH HaTuxe KepCeTyi MyMKiH eKeHi AianengeHreH.

Tytin ce3dep: ocmeonopos, BSMI, Apal, VDR eeHi, cyliekmin MuHepanobi mbirbi3dbirbl, D 0apymeHi.
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Introduction Bsml and Apal polymorphisms in the development of
Osteoporosis is a systemic skeletal disease  decreased BMD.
characterized by a decrease in bone mineral density (BMD), Keywords: osteoporosis; Bsml; Apal; VDR gene; bone
which leads to an increased risk of fractures and greater  mineral density; vitamin D.
bone fragility [11]. The global prevalence of osteoporosis is Methods. Search Strategy: A systematic search was

estimated to be 18.3%. The World Health Organization  conducted in the electronic databases PubMed and Google
(WHO) has projected that by 2025, there will be  Scholar using the following keywords: «osteoporosis»,
approximately three million hip fractures annually due to  «Bsmly, «Apal», «VDR gene», «bone mineral density», and
osteoporosis [21]. Assessing genetic predisposition to  «vitamin D». The search was limited to English-language
osteoporosis is particularly important because the disease  studies published between 2014 and 2024. A total of 23
is asymptomatic; in most cases, the first clinical  sources were reviewed.

manifestation is a low-energy fracture. Additionally, the Inclusion Criteria: Studies were included in the review
number of elderly individuals at high risk of fractures due to ~ based on the following criteria: (1) data on the global
bone fragility is increasing [12]. Since the population of  prevalence of osteoporosis, (2) data on risk factors for
most Asian countries is aging, the frequency of fractures  osteoporosis development in adults, (3) studies published in
caused by osteoporosis is also rising in these regions.  English, (4) research on the role of vitamin D receptor gene
Forecasts suggest that by 2050, more than 50% of hip  polymorphisms (Bsml, Apal) in osteoporosis development.
fractures will occur in Asian countries [16]. Gender and Exclusion Criteria. The following exclusion criteria
genetics are non-modifiable risk factors for osteoporosis,  were applied: (1) studies describing cases in the pediatric
whereas other factors (modifiable ones) can be influenced,  population, (2) studies where full-text access was
such as diet, physical activity, and lifestyle. Vitamin D plays ~ unavailable for review, (3) case reports, case series, and
a crucial role in bone metabolism and is essential for the ~ commentaries, (4) studies published in languages other
prevention of osteoporosis (OP). One of its primary  than English, (5) studies that did not investigate VDR gene
functions is regulating calcium (Ca®*) absorption efficiency ~ polymorphisms, (6) studies published before 2014.

[5]. The biological activity of vitamin D is mediated through Article Selection

its receptor, which is encoded by the VDR gene [1]. The The article selection for this review was conducted by
vitamin D receptor (VDR) has been proposed and continues  the authors, who identified relevant studies and excluded
to be studied by researchers worldwide as a candidate  those that did not meet the inclusion criteria. The next stage
gene for osteoporosis [23]. However, the contribution of  of our research involved reviewing and analyzing the
VDR genetic variability to OP pathogenesis remains unclear  selected articles.

and full of gaps. Variations in literature findings may be For the PubMed database search, three types of
explained by several factors, including differences in allele  queries were used:

distribution among ethnic groups, which are critical for 1. “Osteoporosis and VDR’

determining disease susceptibility [10]. The potential 2. “Osteoporosis and VDR polymorphisms”
influence of the vitamin D receptor (VDR) on bone mineral 3. “Osteoporosis and vitamin D  receptor
homeostasis has attracted significant scientific interest due  polymorphisms in women”

to its essential role in cellular metabolism and bone For the Google Scholar database search, three types of
structure remodeling [2]. In recent years, numerous studies ~ queries were applied:

have been conducted to explore the correlation between 1. Allintitle: Osteoporosis and VDR

VDR gene variants and osteoporosis risk, suggesting the 2. Allintitle: Osteoporosis and VDR polymorphisms
presence of ethnic differences in the genetic association 3. Allintitle: Osteoporosis and vitamin D receptor
with osteoporosis. However, there is still no definitive  polymorphisms in women.

evidence confirming their impact in the studies conducted Ethical Statement

so far [13,24]. Our analysis is based on studies previously conducted

The aim was of this review is to examine the available by other authors; therefore, no ethical committee approval
literature on the role of vitamin D and the association of  or patient informed consent was required for this review.
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Article search: PubMed databases, Google Scholar. Limitations: did not include
descriptions of clinical cases, studies of a series of clinical cases.
The time period is 2014-2024. Articles with free full text.

Number of articles from PubMed:
1 request - n=118

2 request-n=72;

3 reauest — n=23:

Number of Google Scholar articles:

1 request- n=2;
2 request- n=2;
3 reauest - n=2.

Excluded at the first stage of the selection of

Combined search results: n=219

Selected articles after the first stage: n=118

Included (as a result of the second selection): n= 24

Discussion

Postmenopausal osteoporosis (PMO) is the most common
form of primary osteoporosis, affecting women during
menopause. The clinical significance of osteoporosis lies in its
severe complications, such as low-energy fractures, which
significantly increase the risk of morbidity and mortality,
particularly in elderly individuals. The impact of osteoporosis on

articles (by keywords)

Excluded at the second stage of the selection
of articles (by key parameters): n=95

human health is substantial, with more than 9 million
osteoporotic fractures recorded worldwide each year [11].

The pathogenesis of osteoporosis is complex, involving
multiple factors, among which genetic factors play a
particularly important role. It is estimated that up to 90% of
osteoporosis predisposition may be genetically determined
[24].

Table 1.
Association of the Apal (rs7975232) Polymorphism of Vitamin D in Different Populations (2014-2024).
Ne Author, year of publication Country Total sample | Genotype AOR p-value
1 Marozik P. et al. 2021 Belarus 602 A/A 1,9 (1,2-3,1) <0,05
2 Ansari M.G.A. et al. 2021 UAE 600 AC 1,6 (1,1-2,3) <0,023
3 Yaghoobi M.M. et al. 2024 Iran 82 AA 0.9 (0.471-1.742) <0.767
4 Meng D. et al. 2018 China 336 AA 0.7(0.513-1.325) < 0,946
5 Dehghan M. et al. 2016 Iran 200 AA 1,8 (1,3-2,9) > 0,05
Table 2.
Data on the association of Bsml (rs1544410) vitamin D polymorphism in Different Populations (2014-2024).
Ne Author, year of publication Country Total Sample Genotype AOR p-value
1 Marozik P. et al. 2021 Belarus 602 TT 1,9 (1,2-3,1) <0,05
2 Ansari M.G.A. et al.2021 UAE 600 CIT 1,6 (1,1-2,3) <0,023
3 Yaghoobi M.M. et al.2024 Iran 82 AA 0.9(0471-1.742) | <0.767
4 Techapatiphandee et al. 2018 | Thailand 237 AA 0,31(0,01-2,98) <0,26
5 Dehghan M. et al. 2016 Iran 200 A/A 1,7 (1,3-2,9) > 0,05
6 Moran J.M. et al. 2015 Spain 210 A/A 1,9 (1,42-3,26) > 0,05
The VDR Apal polymorphism is located in the 3rd  focus for understanding the pathogenesis  of

regulatory region of the VDR gene (in intron 8), leading to
changes in the biological functions of vitamin D [22]. The
VDR gene is located on chromosome 12q12-14 and
consists of eight exons encoding the protein (exons 2-9)
and six alternatively spliced untranslated exons (1a-1f).
SNPs and point mutations frequently occur in introns or in
the 3'untranslated region (UTR) of the VDR gene. Changes
in these regions can affect transcriptional regulation, mMRNA
stability, or protein translation efficiency, ultimately
influencing VDR protein levels [19].

The VDR receptor belongs to the nuclear receptor
family of ligand-activated transcription factors and regulates
downstream target genes involved in various biological
functions, including calcium and phosphate homeostasis in
bone metabolism. Given the importance of VDR in
mediating the effects of vitamin D, its study is a crucial

musculoskeletal diseases, particularly osteoporosis [10].

In their study, Meng D. et al. (2018) investigated the
association between the VDR Apal polymorphism and
osteoporosis risk in postmenopausal Han Chinese women
from the Xinjiang region. A total of 336 women participated
in the study. No significant differences were found in the
genotype frequencies of Apal between the osteoporosis
group (90 cases) and the non-osteoporosis group (246
cases) (P = 0.946). This study did not analyze the

association  between osteoporosis and the Bsml
polymorphism. Based on their findings, the authors
concluded that the VDR Apal single nucleotide

polymorphism (SNP) is associated with osteoporosis risk in
women of European and African descent [13]. However, no
significant association was identified between the VDR Apal
polymorphism and bone mineral density (BMD) at specific
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skeletal sites in postmenopausal Han Chinese women
(Table 1).

Morozik P. et al. (2021) examined the association
between specific VDR gene variants and osteoporosis risk
in postmenopausal Belarusian women. The study included
602 women, divided into an osteoporosis group (355
women) and a control group (247 women), followed by
clinical examination and genetic testing. The study found
that the Bsml (rs1544410) T/T genotype was significantly
more prevalent among osteoporosis patients (27.9%)
compared to the control group (17.0%) (OR = 2.4, 95% ClI
1.5-3.8, P = 0.0028) (Table 2). Additionally, individuals in
the osteoporosis group were more likely to carry the Apal
(rs7975232) A/A genotype (30.4%) compared to the control
group (20.6%) (OR = 1.9, 95% CI 1.2-3.1, P = 0.0175)
(Table 1) [11].

In 2021, Ansari MGA et al. conducted a study to
investigate the role of the vitamin D receptor (VDR) gene in
osteoporosis development. The study included 600
postmenopausal Saudi women (300 with osteoporosis and
300 controls), recruited from various primary healthcare
centers (PHCCs) in Riyadh, Saudi Arabia. The study results
showed that the heterozygous A/C genotype of Apal
(rs7975232) (OR = 1.6, 95% Cl 1.1-2.3, P < 0.023) and the
CIT genotype of Bsml (rs1544410) (OR = 1.6, 95% CI 1.1—
24, P < 0.022) were significantly associated with an
increased risk of osteoporosis, independent of age and BMI
[2].

Yaghoobi M.M. et al. (2024) examined the potential
association between six single nucleotide polymorphisms
(SNPs) in the VDR gene (rs11568820, rs4516035,
rs2228570, rs1544410, rs7975232, and rs731236) and the
development of osteoporosis in Kerman Province, Iran [21].

The study included 82 individuals from southeastern
Iran, divided into two groups: osteoporosis patients (n = 40)
and control subjects (n = 42). The authors highlighted
the significance of VDR genetic polymorphisms in
osteoporosis risk in this specific population.

Another study from Iran, conducted by Dehghan M. et
al. (2016), examined 200 individuals from southwestern Iran
(130 patients and 70 healthy controls). Statistical analysis
did not reveal a significant association between the Apal
polymorphism and bone mineral density (BMD) in the
femoral neck and lumbar spine (P < 0.05). However, the
distribution of Bsml genotypes among osteoporosis patients
was as follows: Bb genotype: 70 (53.8%), BB genotype: 31
(23.8%), bb genotype: 29 (22.3%). In the control group, the
distribution was: Aa genotype: 39 (55.7%), AA genotype: 14
(20%), aa genotype: 17 (24.3%). Statistical analysis
showed a significant association between the Bsml
polymorphism and BMD in the femoral neck (P < 0.05), but
no significant association with BMD in the lumbar spine (P >
0.05) [23].

In the study by Israr Ahmad et al. (2018), the genotypic
and allelic frequency distribution of VDR Apal between
osteoporosis patients and controls did not show any
significant differences [9].

In 2015, Moran J.M. et al. conducted a study involving
150 postmenopausal Spanish women with osteoporosis, 30
women with osteopenia, and 30 healthy controls. The
objective was to assess the association between the VDR
Bsml polymorphism and bone mineral density (BMD) [14].

The study concluded that the Bsml polymorphism in the
VDR gene was not associated with BMD in Spanish women
[17].

Postmenopausal osteoporosis (PMO) is a common
condition requiring intensive treatment, with effects
measurable only over a long period, and its primary goal is
to prevent bone fractures [20]. The key mechanisms of
genetic variability in the vitamin D receptor (VDR)
associated with bone mineral density (BMD) and
osteoporosis remain unclear [8]. Genetic factors primarily
influence bone size, mass, structure, microstructure, and
intrinsic characteristics, with 60-80% of peak bone mass
determined by genetic factors [7]. Numerous studies,
including meta-analyses, have investigated the relationship
between VDR gene polymorphisms and osteoporosis
diagnosed using dual-energy X-ray absorptiometry (DXA).
BMD assessment via DXA is the gold standard for
diagnosing osteoporosis, as recommended by the World
Health Organization (WHO) [3].

Several other VDR gene polymorphisms have also
been identified. The VDR gene contains allelic variants
recognized by restriction endonucleases: Apal (allele A/a
CA), Taql (allele T/t TC), Bsml (allele B/b GA), and Fokl
(allele F/f CT), which have been reported to be associated
with BMD [17]. In a study by Techapatiphandee M. et al.,
the association of three SNPs in VDR (Taql, Bsml, and
Fokl) with osteoporosis was evaluated. The study found
that the VDR TT genotype in the Fokl SNP was a risk factor
for osteoporosis, whereas no significant association was
found between the Taql and Bsml SNPs and osteoporosis
among Thai patients. Similarly, studies have reported
inconsistent results regarding the associations of VDR Fokl
and Bsml polymorphisms with osteoporosis risk. These
discrepancies may be attributed to small sample sizes,
racial differences, regional variations, and sampling
methods. Other meta-analyses [6] have reported an
association between VDR Bsml, Fokl, and Cdx2
polymorphisms and osteoporosis risk [18].

A meta-analysis conducted by Mu Y. et al. (2022) found
no significant association between the VDR Bsml
polymorphism and the risk of osteoporotic fractures (p >
0.05) across all genetic models [15]. The study did not
establish a link between the VDR Bsml polymorphism and
osteoporosis and could not determine whether the VDR
Apal polymorphism significantly increases the risk of
osteoporotic fractures (p > 0.05 in all genetic models)
among Europeans.

To date, no studies have analyzed the association
between VDR gene polymorphisms and osteoporosis in the
Kazakh population.

Conclusion

Although some studies on various populations have
identified an association between several VDR gene
polymorphisms and bone mineral density (BMD), many
questions in this area remain unresolved. Research on VDR
gene polymorphisms has shown that their impact on low
BMD can yield different results across populations.

Identifying VDR gene polymorphisms could help identify
individuals at high risk for osteoporosis (OP) in the Kazakh
population. Such genetic studies could assist in diagnosing
the risk of OP development in pre- and postmenopausal
women, formulating a comprehensive prevention strategy
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for at-risk groups, and assessing the effectiveness of
therapy.
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