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Abstract. Introduction. |diopathic scoliosis (IS) is a common spinal disorder that affects 2—4% of people worldwide.
There is a large research array investigating the relationship between blood vitamin D levels and IS. The purpose
of the work — to study the association between polymorphic variants in the CYP2R1 and GC genes and severe
idiopathic scoliosis (SIS) in Russian patients. Materials and methods. Patients with IS and controls were selected
based on the results of preliminary clinical studies. Blood samples were genotyped using allele-specific polymerase
chain reaction (PCR). Results. The distribution of CYP2R1 rs2060793 alleles and the distribution of CYP2R1
rs10766197 genotypes and alleles were statistically different (p <0.05) between patients and controls. No statistically
significant differences were found between TIS and the control group for single nucleotide variations in CYP2R1
rs10741657 and GC rs4588, rs842999, rs2282679. Stratification of the combined genetic risk (GSR) score for
vitamin D deficiency into three subgroups was performed by dividing the score according to the sum of risk alleles.
A statistically significant difference (p <0.05) was found between the groups. Paradoxically, low GSR was detected
in patients with TIS more often than in the controls (OR=2.28). The lowest GSR value (0 alleles) was found only in
the TIS group, but not in the control group: 0/92 (0%) and 8/91 (9%), respectively. Conclusions. The results obtained
in this study are not sufficient to make any clinical decision on the significance of testing vitamin D metabolites
in patients with IS or the therapeutic use of vitamin D preparations. Further studies are needed to determine the
influence of genetic factors of vitamin D metabolism on the progression of idiopathic scoliosis, prognosis of its
course and choice of treatment tactics.
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Pestome. BeedeHue. Vignonatunyeckuin ckonnos (VIC) — pacnpoctpaHeHHoe 3aboneBaHne No3BOHOYHIKA, KOTOPOE
BCTpeyaeTcs y 2—4% noaei Bo BceM Mupe. Mimeetcs 60MbLLOK MaccuB UccrnefoBaHUin N0 ONpeaesieHno CBA3M
Mexzay koHueHTpauven ButamuHa D B kposu n UC. Lenb uccnedosaHusi — n3yyeHue accounalum mexzay no-
numopdHbIMK BapuaHTamu B reHax CYP2R1 n GC v TsxenbiM ngnonatuyecknm ckonmosom (TUC) y poccunckmx
nayueHtoB. Mamepuanbi u MemoOdsl. Moabop nayneHToB ¢ VIC, a Takxe nnL, KOHTPONbHOI FPyNMbl NPOBOAKCS
no pesynsTatam NpeaBapuTeNbHbIX KMHUYECKUX UCCneaoBaHuin. feHoTMNMpoBaHmue 06pasLoB KpOBM NPOBOLMNOCH
METOAOM annefb-cneyunduyeckoil nonMMepasHoi LenHomn peakuum (MUP). Pesynbsmamel. Pacnpepenenve annenen
CYP2R1 rs2060793 n reHoTunos v annenen CYP2R1 rs10766197 ctatuctuuecku pasnuyanocs (p <0,05) mexay
nalneHTamm n KOHTPOMbHOW rpynnoi. He 66110 06HAPYXEHO CTAaTUCTUYECKM 3HAYUMBIX pasnnuun mexgy TUC u
KOHTPOJSIbHOM rPYNnon Ans 04HOHYKNeoTnaHbIX Bapuaumin CYP2R1 rs10741657 n GC rs4588, rs842999, rs2282679.
Crpatudmkaums wkansl KOMOUMHMPOBaHHOIO reHeTnyeckoro pucka (KI'P) gecduumta ButammHa D Ha Tpu nogrpynnbl
Obina npoBefeHa AeNeHNeM WKanbl B COOTBETCTBMM C CYMMOI annenemn pucka. bbino BbISBNEHO CTaTUCTUYECKM
3Ha4yumoe pasnuune (p <0,05) mexay rpynnamu. MapagokcansHo, HO HU3kui KIP 6bin BoisieneH y nayueHtos ¢ TUC
yaule, yem B KoHTpone (OR=2,28). Camoe Hu3koe 3HayeHue KI'P (0 annenen) bbiio oBHapyXeHo TONLKO B rpynne
TUC, Ho He B koHTponbHoM rpynne: 0/92 (0%) n 8/91 (9%) cooTBeTCTBEHHO. BbI80dbI. [0NyYeHHbIE B AaHHOM
nccrneaoBaHuM pesynbTaThl He ABAAKTCA 4OCTATOYHBIMW A5 NPUHATMSA Kakoro-nnbo KIMHUYECKOro peLeHmns o
3HaYMMoCTH TecTUpoBaHusa metabonutos BuTamuHa D y naynenToB ¢ VIC nnu TepaneBTMYECKOrO NPpUMEHEHMUS
npenapaToB BuTamuHa D. Heobxoaumbl ganbHenwmne nccnefoBanns, YTobbl OnpeaennTb BIUSHAE FTEHETUYECKNX
thakTopoB MeTabonnama ButamnHa D Ha nporpeccupoBaHne ngmonaTu4eckoro CKoNNo3a, NporHo3MpoBaHue ero
TEYEHUS 1 BbIBOP TaKTUKN NeYeHms.

KnioueBble cnoBa: ngnonatuyeckuin ckonmos, geuunt sutammua D, CYP2R1, GC, myTauus
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INTRODUCTION

|diopathic scoliosis (IS) is a common spinal disorder that
occurs in 2-4% of people worldwide, manifesting usually
in childhood [22]. The etiology and pathogenesis of IS still
remain unclear [5, 23, 27, 31].

Currently, there is an active search for biomarkers to
assess severity and progression of the disease, inclu-
ding those at the genetic level [1, 3]. Many studies have
been conducted to investigate the relationship between
vitamin D concentration and the clinical course of IS.
At the same time, a number of studies have shown a ge-
netic predisposition to vitamin D deficiency. However, a

direct relationship between IS and the genetic risk of hypo-
vitaminosis D has not been studied [2, 4, 6, 8]. Relatively
low plasma levels of vitamin D metabolites in patients with
IS have been reported in many trials [16, 21, 32]. In addi-
tion, vitamin D deficiency is a possible factor affecting a
clinical course of IS. Vitamin D deficiency is common in
patients with adolescent IS, and although it is similar to
healthy adolescents, a correlation has been found between
preoperative back pain scores and the severity of vitamin D
deficiency [14]. This observation fits with another research
showing that a Cobb angle was negatively correlated with
serum vitamin D levels [16]. Moreover, a prospective, ran-
domized, case-control trial showed clinical and radiological

Table 1
SNV of CYP2R1 and GC, associated with vitamin D blood concentrations
Tabnuua 1
OpHoHykneoTuaHble Bapuauum (SNV) B renax CYP2R1
n GC, BnusoLwme Ha KOHLEHTPALMIO B KPOBM MeTabonuToB BUTamuHa D
l'eH, SNV / Gene, SNV PervioH, nonynsuus / Region, population VICTONHAK AarHbix /
Data source

CYP2R1 rs10500804 Apabbl / Arabs [15]
[aryane / Danes [25]
Kopeiubl / Koreans [27]

CYP2R1 rs10741657 [atyane / Danes [17-19]
CesepHas Amepuka, EBponeonabl / North America, Caucasoids [23]
Woppanus / Jordan [20]

CwmeluaHHas (0630p) / Mixed (review) [24, 26]
CYP2R1 rs10766197 EBponeoungbl / Caucasoids [16]

[aryane / Danes [17-19]
CmeluaHHas (063op) / Mixed (review) [26]
CYP2R1 rs11023374 Anscka, amepukaHckve nHaenupl / Alaska, Americam Indians [22]
CYP2R1rs12794714 Apabbi / Arabs [15]
CYP2R1 rs2060793 CwmeluaHHas (063op) / Mixed (review) [26]
GC rs1155563 CwmeluaHHas (0630p) / Mixed (review) [26]
GC rs17467825 Apabbl / Arabs [15]
GC rs2282679 HOxHas Asmsi, apabbl / Southern Asia, Arabs [15]
CesepHast Amepuka, EBponeonabl / Northen America, Caucasoids [23]
CwmeluaHHas (0630p) / Mixed (review) [26]
GC rs2298850 tOxHas Asus, apabbl / Southern Asia, Arabs [15]
GC rs3755967 HOxHas Asmsi, apabbl / Southern Asia, Arabs [15]

GC rs4588 [aryane / Danes [17-19, 25]

Woppanws / Jordan [20]

CmeluaHHas (063op) / Mixed (review) [21, 26]
GC rs7041 HOxHas Asms, apabbl / Southern Asia, Arabs [15]
Woppanws / Jordan [20]
[atyare / Danes [25]

CwmeluaHHas (0630p) / Mixed (review) [21, 26]

GC rs842999 [aryane / Danes [17-19]
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improvement in patients with IS using melatonin, calcium
and vitamin D supplementation [15]. These examples sup-
port the role of low levels of vitamin D metabolites in IS
progression. However, there is still a lack of clarity regar-
ding the role of vitamin D in the etiopathogenesis and clini-
cal course of IS [13, 21].

Vitamin D deficiency or insufficiency may be caused
by many factors, such as race, ethnicity, geographic and
environmental factors, diet and lifestyle, and individual
genetic predisposition. Numerous studies have shown
that common genetic variants in the CYP2R1 (microso-
mal 25-hydroxylase of vitamin D) and GC (vitamin D-bin-
ding protein — DBP) genes are associated with lower
circulating 25-hydroxyvitamin D concentrations [7, 9-12,
18-20, 24-26, 28, 29]. Notably, the effect of CYP2R1 and
GC polymorphic alleles on serum 25-hydroxyvitamin D
concentrations was observed in different geographic
regions and populations (Table 1), although population
genetic features reflect the different significance of each
individual allelic variant for the development of hypovita-
minosis D.

A combined effect of “unfavorable” CYP2R1 and GC
alleles on blood 25-hydroxyvitamin D concentrations was
analyzed by J. Nissen et al. [24, 25] in the Danish popula-
tion. The authors proposed the combined genetic risk scale
(GRS — genetic risk score) as the sum of “unfavorable” al-
leles.

The genetic risk score (range 0-8) was calculated as
the sum of G alleles rs10741657, A alleles rs10766197,
A alleles rs4588 and C/A alleles rs842999 in each indivi-
dual [25, 26] and a positive correlation was shown be-
tween the GRS and mean plasma 25-hydroxyvitamin D
concentration. Thus, the impact of vitamin D deficiency re-
garding the progression of IS remains unclear. The study

of 25-hydroxyvitamin D concentration in patients with IS is
a “single snapshot”, while individual genetic characteris-
tics form a lifelong pattern.

AIM

The aim of the study was to examine associations be-
tween polymorphic genetic variants of CYP2R1 and GC
and severe idiopathic scoliosis (SIS) in Russian patients.
Six single nucleotide variations were included: rs2060793,
rs10766197, rs10741657 of the CYP2R1 gene and rs4588,
rs842999, rs2282679 of the GC gene. Associations of each
genetic polymorphic variants with SIS and distribution of
CGR in patients with TIS and healthy controls were ana-
lyzed.

MATERIALS AND METHODS

Patients and Control Group

91 patients with severe idiopathic scoliosis (TIS) and
92 healthy individuals (the control group) were included.
The research was approved by the local ethical commit-
tee of the institute. All patients had a progressive form of
SIS with stage Ill or IV according to SRS criteria [17]. Pa-
tients diagnosed with secondary form of scoliosis were not
included. Members of the control group were selected af-
ter physical examination. Detailed information about both
groups is presented in Table 2.

Genotyping

Genomic DNA was isolated from blood using a DNA iso-
lation kit (Syntol, Moscow, Russia).Allele-specific real-time
polymerase chain reaction with SYBR Green | detection
was used for genotyping. PCR of each DNA sample was

Table 2
Clinical characteristics of Patients with severe idiopathic scoliosis (SIS) and healthy controls
Tabnuya 2
KnuHnuyeckue xapaktepmcTUKW rpynnbl NaLMeHToB ¢ TAXeNbIM NAMONATNHECKNM CKONIMO3OM (THUC)
1 340POBbIX NUL, KOHTPOSLHON FPYNMbI
4 5 3 CreneHb ckonmosa /
VcnbiTyemble / Subjects Mcﬂjr:l?:b / owa&:;éc(prﬁi%:ljlr: :;)g)paCT) / Scoliosis degree
Il cTenexb [V cTeneHb

MaywenTsl TUC / Patients SIS 91 (100%) 6-20 (17,4) 14 77
XeHuwumHbl / Female 70 (77%) 6-20 (17,6) " 59
MysxumHbl / Male 21 (23%) 15-19 (16,9) 3 18
KoHTponbHas rpynna / Healthy controls 92 (100%) 18-56 (31,6) - -
KeHwuHbl / Female 82 (89%) 19-49 (28,4) - -
MysxumHbl / Male 10 (11%) 19-56 (35,7) - -
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performed simultaneously in two wells, each containing one
of the allele-specific primers, as well as equal amounts of the
second (common) primer and genomic DNA. The PCR mix-
ture contained 400 nM of each allele-specific and common oli-
gonucleotide primer, 0.2 units of SynTaq thermally activated
Taq polymerase (Sytol Moscow, Russia) in the appropriate
real-time PCR buffer with fluorescein (FAM) and SYBR Green
l, 3 mM MgCl,, 1 uM of each dNTP, and 1 pL of DNA solution
(8-15 ng). After initial heating at 95° for 5 min, 35 cycles of
10 s each for a denaturation step at 95° and 30 s for a conju-
gated annealing-synthesis step at 60° were repeated, during
which fluorescence data were collected. To confirm the speci-
ficity of AS-PCR, melting curve analysis of PCR products be-
tween 65° and 95° with a step temperature increase of +0.5°
was used. The delta-Ct method was used to recognize ho-
mozygous and heterozygous DNA samples. The list of PCR
oligonucleotide primers is given in Table 3.

Statistical analysis

An online medical statistics calculator (https://medstatis-
tic.ru/calculators.html) was used for statistical analysis.
The x? test was used for intergroup comparison of geno-

type and allele distributions. The x? test was calculated for
contiguity tables of 5x5 or less. The odds ratio (OR) was
calculated to assess the effect of statistically different geno-
types and alleles in the comparison groups on susceptibility
to SIS.

RESULTS

Detailed results of genotype and allele distribution of
CYP2R1 and GC in SIS patients and healthy controls are
presented in Table 4 and Table 5.

The x? test was used to compare genotype and al-
lele occurrence in SIS group and controls. The G allele
rs2060793 of CYP2R1 was predominant in the control
group: 129 (69%) versus 105 (58%) in the SIS group,
the difference was statistically significant (p <0.05)
The difference in genotype and allele distribution of
rs10766197 CYP2R1 and alleles was statistically signi-
ficant (p <0.05) between the SIS group and the control
group: 19 (21%) and 29 (31%), respectively. The A allele
of rs10766197 CYP2R1 was detected in 105 (56%) cases
in the SIS group and 79 (43%) cases in the control group,

Table 3

List of olygonucleotide PCR-primers

Tabnuua 3

Cnucok onuroHykneotuaHbix npanmepos ans MLP

['eH, SNV / Gene, SNV

HassaHwe npaiimepa / Primer name

5'-3' nocnegosatensHocTh / 5'-3' sequence

CYP2R1 rs10741657

CYP2R1-657sA GGGAGATACTTTAGCAGGCA
CYP2R1-657sG GGGAGATACTTTAGCAGGCG
CYP2R1-657aB TGTCAGCCCTGGAAGACTCA

CYP2R1rs10766197 CYP2R1-197aG

GGTCCTTTCTGTATCTTGGCAC

CYP2R1-197aA

GGTCCTTTCTGTATCTTGGCAA

CYP2R1-197sB ACCGAATACACAGCAGGCTA
CYP2R1 rs2060793 CYP2R1-793sA GCCCACCTGGATAATCCCA

CYP2R1-793sG GCCCACCTGGATAATCCCG

CYP2R1-793aB TTTCCCCCATATCTGCCTCA

GC rs2282679 GC-679aT CTCTGTCTCTTAATTATCTCACAA
GC-679aG CTCTGTCTCTTAATTATCTCACAC
GS-679sB TCACAGCCTCAGTTCCTATG
GC rs4588 GC-588sG ACCAGCTTTGCCAGTTCCG
GC-588sT ACCAGCTTTGCCAGTTCCT
GC-588aB TAGAATTTTCTTGAGACAGGCA
GC rs842999 GC-999aG CTTACACTTATACAAGAGCAGC
GC-999aA CTTACACTTATACAAGAGCAGT
GC-999aC CTTACACTTATACAAGAGCAGG
GC-999sB TTTAAGACTTGATGAGCCCTGT

& POCCHIICKHE BHOMEJIIMHCKHIE UCCTEIOBAHMA  TOM 10 No2

2025 ISSN 2658-6576 ( Online)




12 ORIGINAL PAPERS

Table 4

Distribution of genotypes and alleles of CYP2R1 in the groups of Patients with severe idiopathic scoliosis (SIS)
and Healthy Controls (HC)

Tabnuya 4

Pacnpepenenue reHotunoB n annenen CYP2R1 B rpynnax nauueHToB ¢ TsxenbIM nguonatmyeckum ckonunosom (TUC)
1 B KOHTPONLHOI rpynne

l'eH, SNV / Gene, SNV TUC, (%) / SIS (%) | KoHTtponb, (%) / Controls (%) X2 p
CYP2R1 rs2060793
l'eHoTunel / Genotypes GG 32 (35%) 46 (49%) X?=4,9825
AG 41 (45%) 37 (40%) p=0,082806
AA 18 (20%) 10 (11%)
Bcero / Total 91 (100%) 93 (100%)
Annenu / Alleles G 105 (58%) 129 (69%) x>=5,4038
A 77 (42%) 57 (31%) p=0,020093*
Bcero / Total 182 (100%) 186 (100%)
Hocutenu anneneit / Allele carries G 73 (55%) 83 (64%) X?=1,9844
A 59 (45%) 47 (36%) p=0,158931
Bcero / Total 132 (100%) 130 (100%)
CYP2R1 rs10741657
leHoTunbl / Genotypes GG 38 (42%) 45 (49%) X?=1,4059
16 35 (38%) 34 (37%) p=0,495127
1T 18 (20%) 13 (14%)
Bcero / Total 91 (100%) 92 (100%)
Annenu / Alleles G 111 (61%) 124 (67%) x>=1,6319
T 71 (39%) 60 (33%) p=0,201436.
Bcero / Total 182 (100%) 184 (100%)
Hocutenu anneneit / Allele carries G 73 (58%) 79 (62%) X?=0,5968
T 53 (42%) 47 (38%) p=0,439785
Bcero / Total 126 (100%) 126 (100%)
CYP2R1 rs10766197
l'eHoTunbl / Genotypes GG 31 (34%) 17 (18%) X?= 6,5548
AG 41 (45%) 47 (51%) p=0,037726"
AA 19 (21%) 29 (31%)
Bcero 91 (100%) 93 (100%)
Annenu / Alleles G 103 (57%) 81 (44%) X%=6,2616
A 79 (43%) 105 (56%) p=0,012338"
Bcero / Total 182 (100%) 186 (100%)
Hocutenu anneneit / Allele carries G 72 (55%) 64 (46%) X?=2,1195
A 60 (45%) 76 (54%) p=0,145436
Bcero / Total 132 (100%) 140 (100%)

* The result is reliable at p<0.05. / Pesynbtat goctosepeH npu p <0,05.
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Table 5
Distribution of genotypes and alleles of GC in the groups of Patients with severe idiopathic scoliosis (SIS)
and Healthy Controls (HC)
Tabnuya 5
Pacnpepenenue reHoTunoB u annenen GC B rpynnax nauueHToB ¢ TsXeNbIM uanonatuyeckum ckonuosom (TUC)
1 B KOHTPONLHOM rpynne
'eH, SNV / Gene, SNV TWUC, (%) / SIS (%) | Kontponb, (%) / Controls (%) X2 p
GC rs4588
l'eHoTunbl / Genotypes GG 51 (56%) 44 X?=2,0387
6 33 (36%) 37 p=0,360838
T 7 (8%) 12
Bcero / Total 91 (100%) 93
Annenv / Alleles G 135 (74%) 125 (67%) x2=2,1562
- 47 (26%) 61(33%) p=0,141995
Bcero / Total 182 (100%) 186 (100%)
Hocutenu annenei / Allele carries G 84 (68%) 81 (62%) X?=0,8234
T 40 (32%) 49 (38%) p=0,364192
Bcero / Total 124 (100%) 130 (100%)
GC rs2282679
l'eHotunbl / Genotypes GG 7 (8%) 13 (14%) X?=2,4248
TG 33 (36%) 36 (39%) p=0,207487
T 51 (56%) 44 (47%)
Bcero / Total 91 (100%) 93 (100%)
Annenu / Alleles G 47 (26%) 62 (33%) X?=2,4882
T 135 (74%) 124 (67%) p=0,114702
Bcero / Total 182 (100%) 186 (100%)
Hocutenu anneneit / Allele carries G 40 (32%) 49 (38%) x>=0,9092
T 84 (68%) 80 (62%) p=0,340323
Bcero / Total 124 (100%) 129 (100%)
GC rs842999
l'eHoTunbl / Genotypes cC 41 (45%) 33 (36%) X2=1,7241
GC 30 (34%) 37 (40%) p=0,78633
GG 14 (15%) 16 (17%)
TC 4 (4%) 4 (4%)
TG 2 (2%) 2 (2%)
T 0 1(1%)
Bcero / Total 91 (100%) 93 (100%)
Annenu / Alleles C 116 (64%) 107 (58%) X>=1,5293
G 60 (33%) 71 (38%) p=0,465495
T 6 (3%) 8 (4%)
Bcero / Total 182 (100%) 186 (100%)
Hocutenu anneneit / Allele carries C 75 (59%) 74 (55%) x?=0,5783
G 46 (36%) 55 (40%) p=0,748897
T 6 (5%) 7 (5%)
Bcero / Total 127 (100%) 136 (100%)
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Fig.1.  Distribution the values of the combined genetic risk score
(GRS, 0-8 points) for vitamin D deficiency in groups of
patients with severe idiopathic scoliosis (SIS) and in the
control group

Puc. 1. PacnpepeneHue 3Ha4YeHwil WKanbl KOMOWHUPOBAHHOTO re-
HeTuyeckoro pucka (KI'P, 0-8 6annoB) gecmumnta BUTaMu-
Ha D B rpynnax naumeHToB C TAXENbIM MAMONATUYECKUM
ckonuo3som (TUC) n B kKOHTPONLHOM rpynne

70 TUC (SIS), %

60 ® Koutp. (Contr.), %
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40+
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20 - ————

0 il

Husknit puck CpeaHuil puck Bbicoknii puck
Low GRS  Middle GRS High GRS

Distribution of patients with severe idiopathic scoliosis
(SIS) and control group individuals into subgroups of risk

Fig. 2.

Puc.2. PacnpegeneHue nauueHToOB C TAXKENbIM MAUONATUYECKUM

ckonuosom (TUC) u nuu KOHTPONBLHOW FPynnbl Ha NoA-
rpynnbl pucka

the difference was statistically significant (p <0.05). No
statistically significant differences were found between
SIS group and control group for CYP2R1 rs10741657 and
GC rs4588, rs842999, rs2282679 single nucleotide vari-
ations.

The genetic risk score (GRS) of susceptibility to vita-
min D deficiency (range 0-8) was calculated as the sum
of G alleles rs10741657, A alleles rs10766197, A alleles
rs4588 and C/A alleles rs842999, in accordance with J. Nis-
sen et al. [21]. Detailed information about distribution of
GRS in SIS patients and healthy individuals is presented in
the graph (Fig. 1).

Stratification of the GRS into three subgroups was
carried out by dividing it by the sum of risk alleles: low
GRS — 0 to 2 alleles, medium GRS — 3 to 5 alleles, high
GRS — 6 to 8 alleles. The x? test and odds ratio (OR)
calculation were used to compare subgroups of low GRS
and medium+high GRS for the SIS group and the control

group. A statistically significant difference (p <0.05) was
found between the groups; low GRS values were more
frequent in SIS patients compared to controls (OR=2.28).
The lowest GRS value (0 vitamin D deficiency risk al-
leles) was found exclusively in SIS group alone: 8/91 (9%)
vs. 0/92 (0%) (Fig. 2).

DISCUSSION

The significance of vitamin D in IS progression remains
uncertain [13]. The aim of our study was to identify a pos-
sible direct association between idiopathic scoliosis and
common CYP2R1 and GC polymorphic alleles, provided
that: 1) relatively low blood levels of vitamin D metabolites
are associated with the occurrence and progression of IS;
2) an association between certain alleles in the CYP2R1
and GC genes with susceptibility to hypovitaminosis D has
been shown; and 3) CGR calculated as the sum of the
number of alleles of the CYP2R1 and GC genes correlates
with mean blood levels of 25-hydroxyvitamin D.

Contrary to our expectations, the results show an as-
sociation of SIS with low GRS of vitamin D deficiency com-
pared to medium and high CRS (OR=2.28). Notably, the
lowest GRS value (0 vitamin D deficiency risk alleles) was
exclusively found in the SIS group but not in the control
group (0% vs. 9%, Figure 1). In addition, the -A risk allele
and AA CYP2R1 rs10766197 genotype were more com-
mon in controls.

In order to determine the association between IS and
allelic variants of CYP2R1 and GC genes, we used a case-
control study design comparing groups at “extreme risk” of
predisposition to the disease [30]. Such approach is based
on the comparison, on the one hand, of a group with severe
clinical manifestations and, on the other hand, of a control
group with no risk of IS development. In our opinion, such
a research design is justified for testing promising genetic
variants before conducting larger trials. However, the study
results obtained with this approach of comparing extremes
cannot be directly extrapolated to any clinical forms of idio-
pathic scoliosis.

CONCLUSIONS

The results obtained are not sufficient to make any
clinical decision regarding testing vitamin D metabolites
in patients with IS or the therapeutic use of vitamin D
supplements. Further studies are required to investigate
the influence of genetic factors of vitamin D metabolism
on the progression of idiopathic scoliosis, to predict its
course and, in the long term, to determine rational treat-
ment tactics.
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AOMNOJIHUTENIbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOPbl BHECAN CYLLECTBEHHDIN
BKNag B pa3paboTKy KOHLENuuW, NpoBeAeHne uccneaoBa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f406pUNM UHaNbHYH0
Bepcuto nepen nybnukayyen.

KoHdnukT mHTepecoB. ABTOpbI [EKNapupyT OTCyT-
CTBME SBHbIX W MOTEHUMANbHbIX KOH(IIMKTOB WHTEPECOB,
CBSI3aHHbIX C NybriMkaumen HacTosLEN CTaTbi.

WUcTouHuk chmHaHcupoBaHmMA. ABTOpbI 3asBRstoT 06
OTCYTCTBMM BHELIHErO (PUHAHCMPOBAHMS NPU NPOBEAEHUM
nccnegoBaHus.

WUHdopmupoBaHHOE cornacue Ha nyonukaumio. ABTo-
pbl MOMYYMAM NMCbMEHHOE COrnacue nauyueHToB Ha nybnuka-
LMK MEAULIMHCKIX OaHHbIX.
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