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KAlo40OBi cAoBa: PE3IOME

AiTn nybepTaTHoro BiKy, KICTKOBa TKaHWHa,  AKTyanbHicTb. [lepiog iHTEHCMBHOrO pOCTy AiTel CynpOBOAXYETbCA aKTUBHUMMU
BiTamiH D, AeHCUTOMETpIA, MOnekynspHa  3MiHaMW B apXiTEKTOHILi KICTKOBOi TKaHWHW. [lpouecn HakonuyeHHs KIiCTKOBOI Macu
AiarHocTuka. npoxoAsiTe Ha BWCOKOMY PpiBHi. AAEKBaTHICTb LMX MPOLECiB Mae 3anexHiCTb BiA
baratbox ghakTopis, Ta, 6€3yMOBHO, B OCHOBI BCiX MPOLIECIB NEXWUTb reHETUYHA CKNagoBa.
Ekcnpecis reHiB mae BNNMB Ha BCi NPOLECU B OpraHi3Mi i KICTKOBa TKaHMHA HE BUHSTOK.
Monimopdiamm BSML Ta Fokl reHa VDR, skuii BignoBsigae 3a akTMBHICTb pelenTopis
KniTmHn o BiTamiHy D, BuBYaeTbCA B acouiauii 3 MaTtonorielo KiCTKOBOI TKaHWHWU,
aBTOIMYHHMX 3aXBOPIOBaHb, 3aXBOPIOBaHb LIEHTPanbHOI HEpPBOBOI, CEepLEeBO-CYANHHOI
Ta iHLWKWX CUCTEM.

AAS KOPECNOHAEHLi:

OcmaH Hamanisi CepeaiigHa
XapKiBCbKUN  HaLiOHaNbHUA  MeanyHuin

YHIBEpCATET MinicTepcTBa OXOPOHW 30~ Meta pPOBOTM — BUSHAYEHHS [EHCUTOMETPUUHNX OCOBANBOCTEN CTPYKTYpPHO-ChYHKLIO-

poB'a YkpaiHu, kadeapa MPOMEASBTUKN  anuioro cTaHy KICTKOBOI TKAHUHM Y AiTel B Nepion POCTOBOMO CTPUEKa 3 ypaxyBaHHSM

nepjaTpii Net; ) . nonimopdiamis BSML, FOKL rexa VDR Ta pigHs BitamiHy D.

npocn. Hayku, 6ya. 4, M. Xapkis, Ykpaia,  Marepianu Ta meToam. OBcTexeHo 205 aiteit Bikom 9—17 pokis, ki Bynu posnogineHi

6102_2' Ha rpynu B 3anexHOCTi Big HasBHOCTI poctoBoro cnypty (PC) Ta MOro iHTEHCUMBHOCTI.

email: ns.osman@knmu.edu.ua OBCTeXeHHs1 BKMIOYAnNo aHania JgaHux aHaMHesy, OLiHKy PiBHIB (hi3MUHOrO Ta CTaTeBoro
po3BuTKy, ynbtpa3sykoBy (QUS) Ta peHTtreHiBcbky (DXA) AeHCUTOMETPIlO, BU3HAYEHHS

iBHA 25-(OH)-D, monekynsipH jarHoCTUKy — BU3Ha4YeHHs nonimopdgismis BSML,
© OcmaH H.C., ®pornosa T.B., IEOKL reHa( VDI?. ypRy- A y P

Cmerikosa H.®., Avaw A.I, 2022 Pesynstatm Ta ix 06GroBopeHHsA. [lpn NpOBEAEHH yNbTPasByKOBOi [AEHCUTOMETPIi

3HIDKEHHS MiHepasnbHOi LWiNbHOCTI KicTKoBOi TKaHmHu (BMD) BctaHoBneHo y 24 pfi-
Ten (48,0%), Z-score — 1,8 + 0,56 | rpynu; 28 piten (60,87%), Z-score — 1,96 + 0,27
Il rpynn Ta 43 giten (39,45%), Z-score — 1,68 £+ 0,72 Il rpynu. 3a gonomoroo DXA
6yno obctexeHo 32 autmHK, y 18 3 Hux (56,25%) piarHoctoBaHO 3HWxeHHs BMD.
Y aitewn | rpynu, ski manun 3Hwkery BMD, cepepnii piBeHb BiTamiHy 25-(OH)-D cknapas
39,04 + 11,84 Hmonb/n, ToAi AK y AiTen 3 HopmanbHoio BMD — 42,43 + 6,3 Hmonb/n.
Y piten Il rpynu, BMD y skux Oyna 3HwxeHa, cepepHi piBeHb 25-(OH)-D cknapas
45,68 + 5,48 Hmonb/n; npyu HopMmanbeHin BMD — 45,47 + 4,69 umone/n. [itu Il rpynun
3i 3HmkeHoto BMD manu cepepHin piseHb 25-(OH)-D 36,73 + 8,94 Hmonb/n, 3 Hopmarnb-
Hoilo BMD — 42,91 + 9,1 Hmonb/n. lNpy npoBedeHHi MOMEKYNApHOro AOCHIAKEHHS
BCTAHOBMEHO, WO y 48,76% Aaiten He BusBnNeHo wmyTauin nonimopdismy BSML
reHa VDR, y 41,32% piten BusiBneHa retepoavrotHa myTauis, y 9,92% — romoauroTtHa
MyTauis. He BusBneHo myTtauito nomimopdiamy Fokl reHa VDR y 27,81% piten,
reTepo3vroTHy myTauito maTb 61,95% i romosurotHy — 10,24% paiten.

BucHoBKW. 3HWXKEHHA MiHepanbHOI LWiNbHOCTI KICTKOBOI TKaHWHW Yy AiTer B nepiog
POCTOBOrO CMypTy 3yMOBIEHe HELOCTaTHICTIO abo AedpiumMTom BiTamiHy D Ta reHeTnyHO
CXuUnbHicTo. MpoTe HanbinbL CyTTEBUM YMHHUKOM 3HWXeHHst BMD € came BigcTtaBaHHs
NPOLECIB HAKOMUYEHHS KICTKOBOT Macy Ha Tri iIH-TEHCUBHOIO NiHIMHOrO POCTy ckenera.
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ABSTRACT

Background. The period of intensive growth in children is associated with active
changes in the bone tissue architecture. A high level of bone mass accumulations
was observed. Whether such processes are adequate depends on numerous factors,
however, all of them are based on a genetic component. Gene expression affects all
the processes in the body, including bone tissue. The BSML and Fokl polymorphisms
of the VDR gene responsible for the activity of cell receptors for vitamin D is studied
in association with bone pathology, autoimmune diseases, diseases of the central
nervous, cardiovascular and other systems.

Purpose — of the research is aimed at determining densitometric features of the
structural and functional condition of bone tissue in children during the growth spurt,
taking into account polymorphisms of BSML, FOKL gene VDR and vitamin D levels.
Materials and Methods. The examination covered 205 healthy children aged 9-17,
who were divided into groups depending on the presence or absence of growth spurt (GS)
and its intensity. The examination presupposed analysis of the medical history,
assessment of physical and sexual development, ultrasound (QUS) and X-ray (DXA)
densitometry, determination of 25-(OH)-D levels, molecular diagnostics- definition
of polymorphisms of BSML, FOKL gene VDR.

Results. Ultrasound densitometry showed a decrease in bone mineral density (BMD)
in 24 children of Group | (48.0%), Z-score: — 1.8 £ 0,56; 28 children in Group Il (60.87%),
Z-score: — 1.96 £+ 0,27 and 43 children of Group Ill (39.45%), Z-score: — 1.68 + 0,72.
DXA was used for 32 children, 18 of them (56.25%) were diagnosed with a decreased
BMD. Children of Group | with a reduced BMD had an average level of vitamin 25-(OH)-D
at the value of 39.04 + 11.84 nmol/l, while in children with a normal BMD it averaged —
42.43 £ 6.3 nmol/l. In children of group Il BMD in which it was reduced, the average
level of 25-(OH)-D was 45.68 + 5.48 nmol/l, with normal BMD — 45.47 + 4.69 nmol/l.
Children of Group Il with a reduced BMD had an average 25-(OH)-D level of
36.73 = 8.94 nmol/l, those with a normal BMD showed the 25-(OH)-D level
of 42.91 + 9.1 nmol/l. A molecular study found that 48.76% of children did not have
any mutations in the VDR gene BSML polymorphism, 41.32% of children showed
a heterozygous mutation, and 9.92% of children revealed a homozygous mutation.
27.81% of children had no mutation of Fokl polymorphism in the VDR gene,
61.95% showed a heterozygous mutation and a homozygous mutation was detected
in 10.24% of children.

Conclusions. Decreased bone mineral density in children during growth spurt is due
to insufficiency or deficiency of vitamin D and is determined genetically. However, the most
significant factor in the BMD reduction is the retardation of bone mass accumulation
processes against the background of an intensive linear growth of the skeleton.

Osman NS, Frolova TV, Stenkova NF, Amash AH. Densitometric features of bone tissue in children during the
growth spurt considering the VDR gene polymorphisms and vitamin D levels. Ukrainian journal of radiology and
oncology. 2022;30(1):57—-66. DOI: https://doi.org/10.46879/ukroj.1.2022.57-66
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BCTYN

[Outaunin Ta nigniTkoBui BiK XapakTepusyeTbCcs ak-
TUBHMMU 3MiHaGMM apXiTEKTOHIKM KICTKOBOI TKaHWHW, KOMu
HakonuyyeTbest 90% reHeTM4YHo AeTepMiHOBaHOI KiCTKOBOI
macu. B nepiog 3akiH4eHHsI cTaTeBOro A03piBaHHA Ta
no 25-30 pokiB popmyeTbCa Mik KicTkoBoi Macu [1].

Y piten nybepratHoro BiKy, Konu BigbyBaeTbCA aKTUB-
He cTaTeBe [03piBaHHs, CrMoOCTepiraeTbCs ApYruni pocTo-
BUA cTpnbok abo nybepTaTHWin cnypT (iCTUHHUIA POCTOBMIA
CNypT) 3a paxyHOK MOAOBXEHHS KiHUiBOK Ta Tyny6a.
MpoBiaHy porb y LbOMY MpOLECi BigirpaloTs cOMaToTpor-
HWM | cTaTteBi ropMoHW. Y AdiByatok nybepratHuin cnypt
HacTtae y Biui 11-12 pokiB, KON LWIBUAKICTbL POCTY 3a pik
cknagae B cepegHoomy 7,4 cm (6,5 ; 8,33). Y xnonuukis
iCTUHHUIA POCTOBUI CNYPT crnocTepiraeTbes y Bili 12—14 po-
KIB Ta XapakTepusyeTbCsl CepedHbOPIYHON  LUBUAKICTIO
pocty 8,01 cm (7,98 ; 9,46) [2, 3].

Bnnme HecnpuATNMBMX eHAOreHHWX i/abo ek3oreHHux
haKkTopiB HABKONULLHLOMO CEpenoBuLLa CrpUSE MNopy-
LUEHHIO npoueciB ¢popMyBaHHA KiCTKOBOI TKaHWUHW, LWO
B CBOI Yepry Moxe Mpu3BOAWMTU OO0 BWHUKHEHHSA OCTeO-
MOPOTUYHNX MEPENOMIB, SKi 3HAYHO BMMMBAIOTb Ha SAKICTb
XKUTTS NoAnHK [4].

lMpoBeaeHHs apekBaTHOI KOpekLuii MopylleHb MiHepa-
nisauii KICTKOBOI TKaHWHW B OUTAYOMY Biui cnpuse
agekBaTHOMY (DOPMYBaAHHIO MiKy KICTKOBOI TKaHWHW B
NoBHOMY 06cA3i y ManbyTHbOMY.

Kpim Toro, Tpeba BpaxoByBaTW, L0 came B nepiof
pPOCTOBOro CnypTy BMCOKA aKTMBHICTb GionoriyHnx npo-
LeciB Ha TNi MPUCKOPEHOTO MiHIMHOrO POCTY MOXE BUKIU-
KaTn npuckopeHe (POPMyBaHHA KiCTKOBOI TKaHUHW i
CYNPOBOMKYBATUCH 3HWKEHHSAM MiHEeparnbHOi  LWiNbHOCTI
kicTkoBoi TkaHuHM (BMD) y nignitkis [5]. Llen ctan mae
Ha3By TpaH3WTOpHa oOcCTeoneHiss. BoHa He noTpebye
KOpEeKLii, ane BaXnMBO BYACHO NPOBECTU ANMDEPEHLINHY
[iarHoCTuKy 3 ICTUHHOK OCTeoreHielo, fka Moxe OyTu
MPUYMHOK YacTMX MepenomMiB, WO He BiAnoBigaloTb
XapakTtepy TpaBMMm.

Mpouecn dopmyBaHHA Ta pe3opbuii KICTKOBOI Tka-
HVHN TeHEeTUYHO [feTepMiHoBaHi. HasiBHICTb y reHowmi
MNIOAMHU NaTONOriYHMX MYTaUin reHiB, ki BiAnoBigaoTb 3a
PO3BMTOK Ta CTPYKTYpY KICTKOBOI TKaHuHW, 1i 3abesne-
YEHHS MiHepanbHWMKU pevyoBMHaMM, X BCMOKTYBAHHS Ta
TPaHCMOpPTyBaHHA € Hanbinbw BaromMmum cakTopoMm Ans
3abesneyeHHs agekBaTHOro (QOPMyBaHHsSI  KICTKOBOTO
marpukcy [6].

Hapasi reH peuentopa sitamiHy D (VDR) aktusBHO
BMBYAETLCA HaykoBLUsIMM GaraTbox KpaiH cBiTy. Lle 3ymos-
NEHO TUM, WO came Yepes peuentopu Ao BiTaMiHy D, ski
po3TalloBaHi Ha MeMOpaHi KniTMH Ta pearylwTb nuwe
Ha aktuBHy dopmy 1,25-(OH)2-D, peanisyetbcs noro
MOAEMOYMIN  BMMMB Ta TFEHW-MILUEHi LUNSAXOM TpaHc-
Kpunuii. Llen reH BigHeCceHO A0 OQHOro 3 OCHOBHUX TEHIB,
SKi BigNOBi4alOTb 3a CTaH KICTKOBOI TkaHuHW. MyTauii
LbOro reHa, sk i HU3bkU piBeHb BiTaMiHy D, BMBYaloTbCA
B acoujauii 3 OHKONATOmori€l0, MEeHTanbHUMU MOPYLUEH-
HAMW, 3axXBOPIOBAHHSIMU CepLIEBO-CYAMHHOI, AuXanbHOI,
TPaBHOI Ta iHLWKX cuctem [7].

Monpu Benuky KinbkicTb iHopMaLii Woao ontu-
MarnbHUX piBHIB BiTaMiHy D, nuTaHHa 3anuwaeTbcs ANCKY-
TabenbHUM. Lle nosicHOETbCS TMM, WO HaBiTb XUTENi
perioHiB 3 BENUKMM piBHEM iHCOMALji, MaloTb noro gediuunt
4n  HedocTaTHICTb Ta MoOTPebylTb MeAUKaMEHTO3HOI
kopekuii. Cepen [OUTSYOro HaceneHHs kpaiH €sponu

INTRODUCTION

Children and adolescents experience active changes
in bone tissue (BT), when 90% of genetically determined
bone mass is accumulated. A peak of bone mass is
accumulated during the period of puberty and up to the
age of 25-30 [1].

In the course of active pubertal development, a second
growth spurt or pubertal spurt (true growth spurt) is
observed due to elongation of the limbs and torso.
Somatotropic and reproductive hormones play a major role
in the process. In girls, pubertal spurt normally occurs at
the age of 11-12, when the growth rate per year averages
7.4 cm [6,5 ; 8,33]. In boys, true growth spurt is observed
at the age of 12-14 and is characterized by an average
annual growth rate of 8.01 cm [7,98 ; 9,46] [2, 3].

The influence of adverse endogenous and/or exoge-
nous environmental factors contributes to disruption of
bone tissue modelling processes, which in its turn may
cause osteoporotic fractures that significantly affect the
quality of life [4].

Adequate correction of disruptions in bone tissue
modelling in children provides for a normal and complete
peak in bone tissue in the future.

Moreover, it is during the growth spurt that active
biological processes against the background of accele-
rated linear growth can provoke an accelerated bone
modelling and are associated with a decrease in bone
mineral density (BMD) in adolescents [5]. This condition
is termed as transient osteopenia. It does not require any
correction, but a differential diagnosis of true osteopenia
must be established in a timely manner as it can lead
to fractures even in case of a slight injury.

Bone modelling and remodelling processes are deter-
mined by genetics. The presence of pathological muta-
tions in genes within the human genome responsible
for the development and structure of bone tissue, its
supply with minerals, their absorption and transpor-
tation constitutes the most important factor to ensure
an adequate formation of the bone matrix [6].

Currently, the vitamin D receptor gene (VDR) is subject
to active investigations by scientists around the world
due to the fact that it is through vitamin D receptors which
are located on the cell membrane and respond only to the
active form of 1,25-(OH)2-D that its modelling effect is
produced as well as target genes by transcription.
This gene is one of the main ones responsible for bone
health. Mutations in this gene, as well as low vitamin D
levels, are studied jointly with oncopathology, mental
disorders, disorders of cardiovascular, respiratory, digestive
and other systems [7].

Despite a significant amount of data on optimal levels
of vitamin D, the issue remains debatable as even
residents of regions with a considerable exposure to the
sun have a vitamin D deficiency or insufficiency and
require medical correction. Among the children in Europe,
vitamin D deficiency is found in 25-95% of children
depending on the region and the season [8]. In Ukraine,
only 1.4% of children aged 10-17 have a normal level
of 25-(OH)-D, and 92% of schoolchildren suffer from
its deficit [9].

Evaluation of the bone tissue condition requires
analyzing not only the medical history and clinical data
of the child, but also the results of laboratory and instru-
mental studies [10, 11]. Currently, the BMD can be measu-
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HegocTaTHiCTb abo pgediunt BiTamiHy D 3a paHumun
pocnigkeHb BusineHi y 25-95% piten, B 3anexHocTi Big
perioHy Ta nopu poky [8]. B YkpaiHni nuwe 1,4% aurtayoro
HaceneHHs BikoMm 10—17 pokiB MatoTb nokasHuku 25-(OH)-D
B MexXax HopMu, a 92% Lukonsipis MatoTb 1oro aediumt [9].

[Ons OuiHKM cTaHy KICTKOBOI TKaHWHM HeobXigHo
NPOBOAMTM aHani3 He TiflbKM aHAMHECTUYHUX i KMiHIYHUX
OaHux OWTWHKW, ane W pe3ynstatm nabopaTopHux Ta
iHCTpyMeHTanbHux pocnigpkeds [10, 11]. Ons Bumipto-
BaHH BMD BMKOpPUCTOBYIOTb: JBOXEHEPTETUYHY PEHTre-
HiBCbKy abcopbuiomeTtpito (DXA), KinbKicHy KOMM'IOTEPHY
Tomorpadito (QCT), nepudepuyHy KinbKiCHy KOMM'IOTEPHY
Tomorpadpito  (pQCT), MarHiTHo-pe3oHaHCHy Tomorpa-
dito (MRI) Ta ynerpassykoBy geHcutometpito (QUS) [11].
«30M0TMM CTaHOapTOM» [iarHOCTUKM OCTeomnopo3y Ta
ocTteoneHii € DXA. B 0oCHOBI LbOro Metoay nexuTb BUKO-
PUCTaHHSA PEHTIEHIBCbKUX MNPOMEHIB, $Ki BUKIOYAKOTb
BMIMB M'AKMX TKAaHUH Ha OCTaTOMHWIA pe3ynbraTt; BUMi-
PIOBaHHS MNpPOBOAWUTLCS Ha MOMEpPeKoBUX Xpebusax Ta
LML CTErHOBOI KiCTKM, WO € Hanbinbw iHhopMaTUBHUM
B AiarHoctuui 3HwkeHHs BMD [12]. TpoTe uen metopq
HEe MOXHa BWKOPUCTOBYBATU Y SIKOCTi CKPUHIHIOBOT
OIarHOCTMKN CTaHy KiCTKOBOI TKaHMHW MpU OOCTEXEHHi
BEMNVKNX Tpyrn HAaCENeHHs, OCKINbKW WOro npoBeaEeHHS
notpebye u4itkmx nokasaHo [10, 13]. Ona npoBeaeHHs
MOHiTOopuHry BMD y pitern Ha piBHi nonynsuii nepesara
HapgaeTbca QUS, ockinbku Npuy K0ro BUKOPUCTaHHI BiACYTHE
NpOMEHEBE HaBaHTaXEHHsl, MeTod MOBINbHUIA, BiHOCHO
NpoCTMI, WO Hagae MOXNUBICTb MOro 3acTocoByBaTw
nosa mexamu nikapHi. OgHak Hegonikamu UbOro MeToay
€ HegocTaTHA TOYHICTb Ta HEMOXIMBICTb BUMIpIOBaHHS
BMD nonepekoBux XxpebuiB, OCKiNbKA BUMIPIOBaHHSA
NPOBOAATLCS HA MPOMEHEBI abo M'ATKOBIN KicTkax [4, 10].

Yce 3asHayeHe BULLE CBigYNTb NPO HEOOXigHICTb
CBOEYACHOI AiarHOCTMKM NopyLleHb MeTaborni3amy KiCTKOBOI
TKAHWMHM 3 METOI MpOoBedeHHs HeoOXiaHOI Kopekuii Ta
3abe3neyeHHsa npouecy agekBaTHOro OpPMyBaHHSA MKy
KiCTKOBOI Macu y giten.

Meta po6oTm — BM3HAYEHHA [EHCUTOMETPUYHMX
0COo6MNMBOCTEN CTPYKTYPHO-(PYHKLIIOHANbHOTO CTaHy KiCT-
KOBOI TKaHWHW Yy AiTed B nepiog PpOCTOBOro CnypTy
3 ypaxyBaHHsaM nonimopgiamy BSML, FOKL reHa VDR
Ta piBHA BiTamiHy D.

MATEPIAAU TA METOAU AOCAIAXXEHHA

B npoBepeHomy pocnigxeHHi 6panu yyacte 205 wko-
nsapis M. XapkoBa Bikom 9-17 pokis, i3 HUX 112 (54,63%)
xnonuukis Ta 93 (45,37%) ai4mHkM. OBCTEXEHHS 3ainc-
HioBanocs ambynaTtopHO Ha KniHiYHIn 6as3i  kadeapwn
nponenesTuku negiatpii Ne1 XapkiBCbKOro HauioHanbHOro
Mean4Horo yHiBepcuTeTy MinicTepcTBa OXOPOHU
300poB’'st YkpaiHu — guTtadomy BigaineHHi KomyHanbHoro
HekomepuinHoro nignpmemctea «Micbka kniHiyHa GaraTo-
npoginbHa nikapHa Ne 17» XapkiBCbkOi MiCbKOi pagu.
Kputepismu BKMOYEHHS B AOCNIAKEHHSA Byno: HapomKeHHS
B CTPOK, BIiANOBIAHICTb (Di3NYHOrO Ta HEPBOBO-MCUXIYHOIO
PO3BUTKY BiKY OUTUHMW, HEOOTSDKEHWA CIMEMHUA aHamHe3
(wono 3axBOpHOBaHb  KiCTKOBOI, €HOOKPUHHOI  CUCTEM,
nopyLlieHb 0bMiHy peYoBMH TOLLO); BiACYTHICTb MpUOMY
BiTaMiHHO-MiHEpanbHUX KOMMMEKCiB, B TOMY 4ucni BiTa-
MiHy D npotarom 6 MicAuiB OO MOMEHTY NpOBeAEeHHS
obcTexeHHa. [1o  KpuTepiiB  BUKMIOYEHHA  BiAHOCUNW:
HasiBHICTb  XPOHIYHOI  COMAaTWMYHOi, EHOOKPWHHOI Ta
CMaaKoBOI NaToNOorii.

red through dual energy X-ray absorptiometry (DXA),
quantitative computed tomography (CT), peripheral QCT,
magnetic resonance imaging (MRI), and ultrasound
densitometry (QUS) [11]. DXA is considered the «gold
standard» for diagnosing osteoporosis and osteopenia.
This method is based on the use of X-rays, which prevent
any influence of soft tissues on the final result; measure-
ments are taken on the lumbar vertebrae and femoral
neck as they are the most informative in the BMD
diagnostics [12]. However, this method cannot be used
for BMD screening in the examination of large groups
of population, as it requires specific indications for its
use [10, 13]. QUS is preferred for the purposes of
monitoring BMD in children at the population level,
because it does not cause any radiation exposure.
In addition, the method is mobile and relatively simple,
which allows for its use outside the hospital. Neverthe-
less, it has its disadvantages which include lack of
accuracy and inability to measure BMD of the lumbar
vertebrae, as the measurements are performed on the
radial or heel bones [4, 10].

All the information above substantiates the need
for timely diagnosis of bone metabolism disorders in
order to make the necessary corrections and ensure
an adequate formation of the bone mass peak in children.

Objective — of the research is aimed at determining
densitometric features of the structural and functional
condition of bone tissue in children during the growth
spurt, taking into account polymorphisms of BSML, FOKL
gene VDR and vitamin D levels.

MATERIALS AND METHODS

The study involved 205 relatively healthy schoolchild-
ren from Kharkiv aged from 9 to 17. The studied group
included 112 boys (54.63%) and 93 girls (45.37%).
The examination was conducted on an outpatient basis
at the clinical base of the Department of Propaedeutics
of Pediatrics Ne1 Kharkiv National Medical University
of the Ministry of Health of Ukraine — Children’s Depart-
ment of Kharkiv City Hospital Ne17. Criteria for partici-
pation were as follows: birth within a normal pregnancy
term, physical and neuropsychological development
of the child corresponding to his/her age, no known history
of disorders of the skeletal, endocrine systems, metabolic
disorders, etc.; no intake of vitamin and mineral comp-
lexes, including vitamin D for 6 months before the
examination. Exclusion criteria covered chronic somatic
or hereditary pathologies.

The children were divided into three groups taking
into account the presence and intensity of the growth
spurt: Group | included 50 children: 25 boys and 25 girls
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it 6ynn posnoAineHi Ha Tpu rpynu 3 ypaxyBaHHSIM
HasiIBHOCTI Ta iHTEHCMBHOCTI pOCTOBOro cnypTy: Ao | rpynu
Beinwwnu 50 aiten (cepepHin Bik 12 pokiB £ 1 pik 5 micauis),
AKi 32 NOTOMHUI piK goganu y pocTi Big 8 Ao 12 cm, cepen
sakux byno 25 xnonuukiB Ta 25 pisyatok; go Il rpynm —
46 piten (cepepHin Bik 13 pokiB * 1 pik), AKi 3@ NOTOYHMN
pik gopanu y pocTi noHag 12 cm, cepen skux 6yno
34 xnonuukn Ta 12 pisdatok, Ao Il rpynn — 109 giten
(cepepHint Bik 12 pokiB * 2 poku), siki HE Manu pocTOBOro
cnypty, cepeq fkux Oyno 53 xnmonuukm Ta 56 giByarok.
26 piten (12,7%) 3 ycix O0BCTEXEHUX Manu pUsuK
po3BWTKY HaaMipHoi macu Tina, 8 aiten (3,9%) — came
HagMipHY macy Tina.

O6CTexxeHHA BKMHOYaNo aHania gaHux aHamHe3y 3a
iHOMBIgyanbHUMW  KapTKaMu  PO3BUTKY AOWTUHW, OLHKY
piBHS (Qi3UYHOrO po3BUTKY 3a pekoMeHpauismm WHO
(«Child Growth Standards», 2007), BM3Ha4eHHs iHOEKCY
Macw Tina, OLiHKy CTaTeBOro pO3BMTKY 3a LLKanok TaHHepa.
[N ouiHKM CTPYKTYPHO-(PYHKLIOHANbHOro CTaHy KiCTKOBOI
TKaHWHW BUKOPVCTOBYBANN yNbTPa3ByKOBY OEHCUTOMETPIO
Ta [BOXEHepreTMyHy peHTreHiBCbKy abcopbuiomeTpito.
YnbTpasByKkoBY [OEHCMTOMETPIO BUKOHyBanuW Ha anapari
«Sonost-2000» (Kopes) Ha m’'ATKOBIA KicTUi B SIKOCTI
CKPVHIHFOBOrO MeTofdy BCiM AiTaAM, siki 6panmn yyactb y
pocrnigkeHHi. [aHi obctexeHHs Oynu npoBedeHi Ha bGasi
autayoro  BigaineHHs KomyHanbHOro  HekomepuinHOro
nignpnemctea «Micbka KkniHiyHa GaratonpodinbHa ni-
kapHa Ne 17» XapkiBCbKOi MiCcbKOT pagu. Tpuauatn gBom
nitam, ski manu 3HuxkeHHs BMD pogatkoBo nposogunuv
obcTexxeHHs 3a gonomoroto metogy DXA (xpebui L1-L4,
anapat «HOLOGIC QDR W Explorer», USA). O6cTexeHHs
npoBedeHo Ha 0asi [epxaBHOi ycTaHOBUM «IHCTUTYT
natonorii xpebTa Ta cyrnobis im. npodecopa M.l. CuteHka
HauioHanbHOi  akagemii  MeauvHux Hayk  YKpaiHu».
KpuTepiaMn 3HWKEHHS MiHepanbHOI LWifbHOCTI KICTKOBOI
TKaHVHW BBaxanu nokasHuk Z-score < — 2 (The Inter-
national Society For Clinical Densitometry, 2019).

3abesneveHicTb BiTamiHoM D BM3Hauyanacb 3a piBHEM
noro aktmsHoro metabonity 25-(OH)-D y kpoBi metogom
iMyHocbepmeHTHOro aHanizy. 3abip KpoBi npoBogunun
METOAOM BeHenyHKUii Ta 6panu He GinbL HiXX 3 MN KPOBI.
PedepeHTHMMM noka3HMKaMu BBaXanu AaHi METOONYHMX
pekoMeHAauin 3 nikyBaHHA Ta npodinaktukM pediunty
BiTamiHy D y HaceneHHs kpaiH LleHTpanbHOi €Bponu:
pekoMeHOoBaHi [o3u npenapartiB BiTamiHy D ans 3gopo-
BoOi nonynsuii Ta rpyn pu3uky (2013 p.). PiBeHb 25-(OH)-D
meHwe 50 HMonbk/n posuiHoBanu Sk AediuunTt BiTaMiHy D,
piBeHb 50-75 Hmonb/m — sk 6pak BiTamiHy D, piBeHb
25-(OH)-D 75-125 Hmonb/n BBaXanu 3a ONTMMAanbHUW.
3abip kpoBi AnNA nNpoBeAeHHSA OOCNIMKEHHS MPOBOAMIM
Ha ©6asi guTtayoro BigaineHHs KomyHanbHOro Hekomep-
uirHoro nignpmemctBa «Micbka kniHiyHa Garatonpo-
dinbHa nikapHa Ne  17» XapkiBCbKOI MICbKOi  paawn,
BM3HavyeHHs 25-(OH)-D npoBemeHo KniHiko-AiarHOCTWY-
Hoto nabopartopieto AJIBIC-KJTAC.

Ons BU3HAYEHHS nonimopdismis BSML
(c.1024+283 G > A) Ta FOKL (30920 A > G) reHa VDR
BMKOPWUCTOBYBanuM MeToq — nomniMepasHol  naHurosoil
peakuii (Realtime); B skocTi Giomartepiany BUKOPWUCTOBY-
Banu 3ilkpi6 OykanbHoro enitenito. 3abip GionoriyHoro
mMaTtepiany 3giicHioBanuM Ha 6asi guTavoro BigAineHHs
KomyHanbHoro HekomepuinHoro nignpuemctea «Micbka
KniHiyHa OGaraTtonpodinbHa nikapHsa Ne 17» XapkiBcbKoi
MICbKOI pagn, LOCRiMKEHHs npoBedeHO ToBapuUCTBOM
3 obmexeHoto BignosiganeHicTio «MAJIIKC-ME» (nabo-
patopis INVIVO).

(the average age was 12 years + 1 year and 5 months)
who grew 8 to 12 cm this year; Group Il — 46 children:
34 boys and 12 girls (the average age was
13 years + 1 year) who gained more than 12 cm in
height this year; Group Ill — 109 children: 53 boys and
56 girls (the average age was 12 years * 2 years) who
did not experience any growth spurt. Assessment of the
physical development found that 26 children (12.7%)
of all the examined participants were at possible risk
of overweight, 8 children (3.9%) were overweight.

The examination consisted of the medical history
analysis based on individual child development records,
assessment of physical development according to WHO
recommendations (Child Growth Standards, 2007),
determination of the body mass index, assessment of
sexual development according to the Tanner scale.
Ultrasound densitometry (QUS) and dual energy X-ray
absorptiometry (DXA) were applied to assess the struc-
tural and functional status of the bone tissue. QUS was
performed on the heel bone using Sonost-2000 (Korea)
as a screening method for all children who participated
in the study. These examinations were conducted on the
basis of the children’s department of Kharkiv City
Hospital Ne17. Thirty-two children with a reduced BMD
were further examined by DXA (L1-L4 vertebrae,
HOLOGIC QDR W Explorer, USA). The examination
was conducted on the basis of the State Institution
«Sytenko Institute of Spine and Joint Pathology National
Academy of Medical Sciences of Ukraine». Z-score < — 2
(The International Society for Clinical Densitometry, 2019)
was considered as the indicator of reduced mineral
density of the bone tissue.

The 25-(OH)-D level in the blood was determined
through enzyme-linked immunosorbent assay. Blood samp-
ling was carried out by venipuncture. No more than 3 ml
of blood was taken. The reference indicators followed
the guidelines for the treatment and prevention of
vitamin D deficiency in the population of Central Europe:
The Recommended Doses of Vitamin D for a Healthy
Population and At-Risk Groups (2013). Levels of 25-(OH)-D
lower than 50 nmol/l were regarded as vitamin D
deficiency, 50-75 nmol/l as insufficient level of vitamin D,
and 25-(OH)-D at the level of 75-125 nmol/l was
considered optimal. Blood sampling for the study was
performed on the basis of the Children’s Department
of Kharkiv City Hospital Ne17, the study was conducted
by the clinical diagnostic laboratory Alvis-Clas.

The polymerase chain reaction (Realtime) was used
to determine the BSML (c.1024 + 283 G > A) and FOKL
(30920 A > G) polymorphisms of the VDR gene; scraping
of buccal epithelium was taken as biomaterial. The collec-
tion of biological material was carried out on the basis of
the Children’s Department of Kharkiv City Hospital Ne17,
the study was conducted by laboratory Invivo.

The obtained data were statistically processed in
Microsoft Office Excel 2007 and STATISTICA 7. Verification
of the normality of the distribution was performed using
the Kolmogorov—Smirnov test and the Bolshev's
correction (for groups from 25 to 50 elements). The hypo-
thesis of equality of the mean values of the obtained data
corresponding to the normal distribution law was checked
using the Student’s test for independent samples. The null
hypothesis was rejected at the confidence level (p < 0.05).
Fisher's test, which can be used when working with
small samples, was used to compare relative indicators
(the percentage of cases of low BMD), the confidence
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OTpumaHi gaHi Oynu CTaTMCTMYHO OnpauboBaHi Y
nporpamax Microsoft Office Excel 2007 ta STATISTICA 7.
[MepeBipKy Ha HOpmanbHICTb Po3noAiny piBHA BiTamiHy D
Ta 3HavyeHHs BMD nposoaunuM 3a [OMNOMOro TecTy
KonmoropoBa—-CmipHOBa 3  BMKOPUCT@HHS  MOMpaBKu
Bonblesa (ansa rpyn Big 25 o 50 enemeHTiB). MepeBipky
rinotTesm npo PpiBHICTb CepedHiX 3Ha4yeHb OTPUMAHUX
[aHuX, WO BiAMOBIalOTb HOPMAarbHOMY 3aKOHY pO3ro-
4iny, 3gicHioBanM 3a gonomMorow kputepito CTbiogeHTa
Ons  HesanexHux Bubipok. HynboBa rinotesa 6yna
BigxuneHa Ha gosipyomy piBHi p < 0,05. [na nopiBHAHHS
BiAHOCHMX MOKa3HWKiB (BIACOTOK BMNaakKiB 3HmkeHHS BMD)
3acTocoByBanu kputepin Qiwepa, SKAA MOXe BUKO-
pucToByBaTUCA Yy pobOTi 3 ManMmu BMbipkaMu, LOBipUNiA
piBeHb p < 0,05. NS OLiHKM 3B’sI3KY MiXK 3Ha4eHHsiM1M BMD
Ta piBHA BiTaMiHy D, nonimoppHumun BapiaHTamm reHa VDR
po3paxoByBanu KoediuieHT paHroBoi kopensuii  Cnip-
MeHa (r,). [laHi 3a TeKCTOM HafaHo y BUTMALI cepeaHbOro
3HayeHHs (M) Ta cTaHOapTHOrO BiAXMIEHHS (+0).

O6CcTexxeHH NpoBeAeHO Micns OTPUMaHHS MUCbMOBOT
3roaun 6aTbKiB Ha y4acTb AUTWMHW B JOCHIOXKEHHI.

[ocnigkeHHs Oyno BUKOHaHe 3rigHO 3 MpUHUMNaMu
lenbciHCbKOI Aeknapadii npaB nmoguHn (1948 p.), €spo-
NencbKoi KOHBEHLT i3 3axXMCTy npaB Ta rigHOCTi MoOUHN
B acnekTi 6iomeguumHn (1997 p.) Ta 3rigHo i3 3akoHamwu
Ykpainn (3akoH YkpaiHu «[Mpo nikapceki 3acobu» Big
04.04.1996 p. Ne 123/96 Ta Hakas MiHicTepcTBa OXOpPOHU
3pnopoB’st YkpaiHu «[lMpo 3atBepmxeHHs [lopsaky npose-
OEHHSA  KNiHiYHMX BMNpoOyBaHb IikapcbkMx 3acobiB Ta
eKkcnepTu3n matepianie kniHiYHMX BUNpobyBaHb i TuNoBoro
NMOMOXEHHHA MPO KOMicii 3 nuTtaHb eTukuy» 23.09.2009 p.
Ne 690) 3 MiHIManbHUMK MNCUXOMOFYHMMK BTpaTamm
3 Ooky nauieHTiB i3 ypaxyBaHHAM MixHapogHux 6io-
€TUYHUX CTaHgdapTiB Wwofo 3rogn 6aTbkiB Ha yyacTb
OiTen B JOCNIOXKEHHI.

PE3YABTATU TA IX OBFTOBOPEHHS

OuiHka cTtaTeBOro po3BUTKY OOCTEXEHUX AiTel Moka-
3ana, wo y gigyatok | rpynm 6ynu Taki ctagii ctateBoro
po3suTky: Il ctagia — y 8 (32%), Il ctagia —y 9 (36%),
IV ctapia — y 8 (32%); y aisuyatok Il rpynu: 1l cragis
y 3(25%), -y 4 (33,3%), IV ctagiay 5 (41,7%); y AiB4aTok
I rpynu: Il cragia y 18 (32,1%), Il — y (14,3%), IV —
y 7 (12,5%), V ctagia — y 23 (41,1%) AiB4aToK. ¥ Xmonyumkis
crocTepiranucb HacTynHi cTagii CcTaTeBoro pPO3BUTKY:
I rpyna — Il ctagia y 6 (24%), Il —y 6 (24%), IV —y 6 (24%),
V cragiad — y 7 (28%); Il rpyna — Il ctagia y 8 (23,5%),
M-y 8(23,5%), IV-y 9 (26,5%), V ctagia —y 9 (26,5%);
Il rpyna — | ctapia y 24 (45,3%), Il — y 10 (18,9%),
-y 6 (11,3%), V ctagia — y 13 (24,5%) xnonuukis.

MposiBu HegndepeHuinoBaHOI Aucnnasii  crnonyyHoi
TKaHWHM (CKOMioTMYHa OcaHKa, MMOCKOCTOMICTb, Mponanc
MITPanbHOro KranaHa, aHoMarbHa Xopga iBoro Luy-
Houyka Towo) manu 133 antuHu (64,8%), 3 HMX 32 ocobu
(64,0%) I rpynn, 30 (65,2%) Il Ta 71 gutunHa (65,1%) Il rpynu;
TO06TO, BipOrigHOI pi3HULI MO rpynax He crnocTepiranocs.

Mpu npoBegeHHi QUS 6ynu oTpumaHi Taki [aHi:
3HWKeHHA BMD wmanu 24 (48,0%) putunem | rpynu,
28 (60,87%) Il rpynn T1a 43 (39,45%) amtuHn Il rpynn.
TakuM 4YMHOM, [AiTM 3 IHTEHCUBHUM MiHIAHAM POCTOM
Manu [OOCTOBIPHO BWLLMA BiOCOTOK BWUMAAKIB 3HUMKEHHS
BMD Ha BigmiHy Big AdiTen, aki He Manu pOCTOBOrO
cnypty. Hanbinbwuin BiacoTok BuNagkiB 3HWKeHHS BMD
croctepiraBca 'y rpyni giTen, SKi NpoTAroM MOTOYHOro
poky Bupocnu Ginblie Hix Ha 12 cm. CepefHii Noka3HUK

level (p < 0.05). Spearman’s rank correlation coefficient (r,)
was calculated to assess the relationship between BMD
and vitamin D levels, polymorphic variants of the VDR
gene. Data in the text are given as mean (M) and standard
deviation (o).

The examination was conducted with a written consent
of the parents for the child’s participation in the study.

The research was performed in accordance with
the principles of the Helsinki Declaration on Human
Rights (1948), the European Convention for the Protec-
tion of Human Rights and Dignity in Biomedicine (1997)
and the laws of Ukraine (Law of Ukraine «On Medicinal
Products» Ne 123/96 of 04.04.1996 and the Order of
the Ministry of Health of Ukraine «On Approval of the
Procedure for Clinical Trials of Drugs and Examination
of Clinical Trial Materials» and the «Standard Regu-
lations on Ethics Commissions» Ne 690 of 23.09.2009)
with as little psychological pressure on patients as
possible in compliance with international bioethical
standards for parental consent for children’s participation
in the study.

RESULTS AND DISCUSSION

In assessing sexual development, the following data
were obtained. Group | girls had the following stages
of sexual deve-lopment: stage Il — in 8 (32%), stage Il —
in 9 (36%), stage IV — in 8 (32%); group Il girls had the
following stages of sexual development: stage 1l —
in 3 (25%), stage Ill —in (33.3%), stage IV —in 5 (41.7%);
group Il girls had the following stages of sexual develop-
ment: stage Il — in 18 (32.1%), stage Ill — in 8 (14.3%),
stage IV —in 7 (12.5%), V stage —in 23 (41.1%). Boys had
the following stages of sexual development: group | —
stage Il in 6 (24%), stage Il in 6 (24%), stage IV in 6 (24%),
stage V in 7 (28%); group Il — stage Il in 8 boys (23.5%),
stage Il — in 8 (23.5%), stage IV in 9 (26.5%), stage V
in 9 (26.5%); group Il — stage | in 24 boys (45.3%), stage Il
in 10 (18.9%), stage Il in 6 (11.3%), stage V in 13 (24.5%).

Manifestations of undifferentiated connective tissue
dysplasia (scoliotic posture, flat feet, mitral valve prolapse,
abnormal left ventricular chord, etc.) were detected in
133 children (64.8%), among them — 32 children of
Group | (64.0%), 30 children of group Il (65.2%) and
71 children of group Il (65,1%). Thus, no significant
difference was observed between the groups.

QUS showed the following results: 24 children of
group | (48.0%), 28 children of group Il (60.87%) and
43 children of group Il (39.45%) showed a decrease
in BMD. Therefore, children with intensive linear growth
demonstrated a significantly higher percentage of cases
of decreased BMD in contrast to those who had
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Z-score cknapgas: y giten | rpyom — 1,8 = 0,56;
y giten |l rpynm — 1,96 + 0,27; y oci6 Il rpynn — 1,68 £ 0,72.
TobT1o, HanWmeHwwnn nokasHuk BMD cnoctepiraBca y
JiTeln 3 iIHTEHCMBHUM pocToBUM crypTom (p < 0,05).

Pesynetatn pgocnigxeHHs DXA nokasann, wo 18
(56,25%) 3 ycix obcTexxeHux aitert MaroTb 3HWXKEHHss BMD:
38,9% pgiter 3 NOMIpHMMM MOKa3HUKaAMW POCTOBOIMO
cnypty (I rpyna) ta 50,0% Aite 3 iHTEHCUBHUM pOC-
ToBum cnyptom (Il rpyna). Cnig 3asHaunTun, WO SK Npu
BMKOPUCTaHHI ynbTPa3BYKOBOrO, TaK i PEHTreHiBCbKOro
MeToaiB 0bOCTeXeHHs1 BiACOTOK 3HWkeHHs BMD cepen
fiTel 3 |HTEHCUBHMM pOCTOBUM crnypToM OyB [JOCTO-
BipHO BuywmM (p < 0,05), HiX y rpyni aiten, ski He manu
pOCTOBOrO CMypTY.

Mpu Bu3HauveHHi piBHa 25-(OH)-D y piten Bcix
rpyn 6yno BMSBNEHO MOro HepocTaTtHicTb abo gedpiumt,
He3anexHo BiJ HafABHOCTI POCTOBOrO CNypTy Ta WOro
iHTEHCUBHOCTi.

Tak, y piTen | rpynn HegocTaTHiCTb BiTaMiHy D BusAB-
neHo y 9 (18,0%) piten, Toai Ak Koro gediunt Mana
41 putnHa (82,0%). CepepHin piBeHb BiTamiHy D B aiten
| rpynn cknagae 40,80 £ 9,44 umonw/n. Y aiten Il rpynu
HepocTaTHicTb BiTamiHy D pgiarHoctoBaHo y 6 (13,04%),
a noro pediunt — y 40 (86,96%) piten. CepenHin piBeHb
BitamiHy D B uin rpyni cknaB 45,6 * 5,14 Hmonb/n.
Y giten Il rpynn HepoctatHicTe 25-(OH)-D BusBneHo
y 18 (16,5%) piten, Togi Ak noro aediunt — y 91 AUTUHK
(83,5%), a cepepgHivi piBeHb BiTamiHy D no rpyni cknas
40,47 £ 9,49 Hmonb/n.

BogHovac cnig 3asHaunTn, wWo dediumt BiTamivy D
crocTtepiraBca 4yactilwe y AiTer, SKi Manu iHTEHCUBHUN
pOCTOBUIA CNypT, HiX Yy Aiten iHwux rpyn. [lMpuBepTae
yBary, WO po3nodin nokasHukis piBHa 25-(OH)-D no
rpynax (puc. 1) OyB HeogHopigHUM: came Yy fiTen apyroi
rpynu KpmBa po3noAiny Moro 3Ha4eHb Mae 3CyB MpaBopyu,
He Jocsiratoun HopMarbHUX BEMUYNH.

Mpyna | / Group 1

Mpyna Il / Group 2

no growth spurt. The highest percentage of cases of
decreased BMD was observed in the group of children
who grew by more than 12 cm. The average Z-score
reached the following levels: — 1.8 + 0,56 in children
of group I; — 1.96 + 0,27 in group Il; — 1.68 + 0,72 in
group lll, i.e. the lowest BMD was observed in children
with an intensive growth spurt (p < 0.05).

The DXA results showed that 18 (56.25%) of all the
examined children have a decreased BMD, including
38.9% of children with a moderate growth spurt (group I)
and 50.0% of children with intensive growth spurt (group II).
It is worth noting that both ultrasound and X-ray exa-
mination methods showed a reliably higher percentage
of BMD reduction among children with an intensive
growth spurt (p < 0.05) than in the group of children with
no growth spurt.

Assessment of the 25-(OH)-D level in children of all
groups revealed its insufficiency or deficiency, regardless
of the presence of growth spurt or its intensity.

Thus, in group |, vitamin D insufficiency was found
in 9 children (18.0%), while 41 children (82.0%) had its
deficiency. The average level of vitamin D in children of
group | was 40.80 + 9.44 nmol/l. In children of group II,
vitamin D insufficiency was diagnosed in 6 cases (13.04%),
its deficiency was found in 40 children (86.96%). The level
of vitamin D in this group averaged 45.6 + 5.14 nmol/l.
In group lll, 25-(OH)-D insufficiency was detected in
18 children (16.5%), while its deficiency was found
in 91 children (83.5%), the average level of vitamin D in
the group reached 40.47 + 9.49 nmol/l.

At the same time, it must be mentioned that vitamin D
deficiency was observed more frequently in children with
an intense growth spurt than in children of the other
groups. Interestingly, the distribution of 25-(OH)-D levels
among the groups (Fig. 1) was inhomogeneous: the curve
of vitamin distribution in children of the second group
shifts to the right, not reaching the normal range.

Mpyna lll f Group 3

vasgem 25-(OH}-D s 25-(OH)-D ey 25-{QH)-D
i i s 25-(OH)-D, =25 {0H}-D, e 25-{0H}D,
rail! | o] L | el 7=
I @ W i @ _,-'_. Ll i il l'llll
I a j i 8 : \ ¢ & [
1 Ox | I 10 e 1 PO
| | ;
Al —
IR —| ' / Y
L4 - _— - - / | ]
= r-:‘ e 1 ] L 1 L =

* Level of 25{0H}-D
Pimttin 25-(0H -0, nusons'n

Level of 25-{0QH}-D.
Pipaue 25 0H D, Huoinnn

Level of 25-{OH)-D
Pimgsin 25-{0OH}-D, mans'n

Puc. 1. Po3nogin piHs 25-(OH)-D no rpynax
Fig. 1. Distribution of vitamin D among the groups

PiBHi BiTamiHy D y piten pisHux rpyn 3anexHo Bif
HasiBHOCTi 3HWXeHHss BMD HaBeaeHi B Tabnuui 1.

Ak BugHo 3 Tabnuui 1, cepen giten ak |, Tak i Il rpynu,
[OCTOBIPHOI Pi3HULI MK NOKasHMKamMu piBHA BiTamiHy D
3i 3HMXKeHow Ta HopmanbHoio BMD He Bigmivanocs.
BogHouac y aiten Il rpynu, Ha BigMiHYy Big aHanoriyHux
nokasHukie aiten | Ta Il rpyn, niagTBepOXyeTbCa 3anex-
HiCTb MK piBHem BiTamiHy D Ta 3HwkeHoio BMD, Ha
o BKasye Mo3NTUBHMIA 3B'A30K (r, = 0,4) MiX piBHEM
25-(OH)-D Ta BMD.

Levels of vitamin D in children of different groups
depending on the presence of a decrease in BMD
are shown in Table 1.

According to the table, no significant difference between
the levels of vitamin D was observed in children of groups |
and Il with low or normal BMD. At the same time, children of
group Il manifest a correlation between the level of vitamin D
and reduced BMD in contrast to similar indicators of child-
ren of groups Il and Ill, which is shown by a positive corre-
lation (r, = 0.4) between the level of 25-(OH)-D and BMD.
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Ta6nuusa 1. PisHi BiTamiHy D 3anexHo Big HasBHOCTI 3HWxeHHst BMD no rpynax
Table 1. Levels of vitamin D depending on the presence of a decrease in BMD by groups

Ipyna |l / Group 1

Ipyna Il / Group 2

I'pyna lll / Group 3

BMD PiBeHb 25-(OH)-D, Hmonb/n (M+0o)

25-(OH)-D, nmol/l (M+o)

PiBeHb 25-(OH)-D, Hmonb/n (M10)
25-(OH)-D, nmol/l (M+o)

PiBeHb 25-(OH)-D, H/n (Mt0o)
25-(0OH)-D, nmol/l (M+o)

Z-score > —2 42,43 +£6,3

45,47 + 4,69 42,91 +91

Z-score < —2 39,04 + 11,84

45,68 + 5,48 36,73 £ 8,94*

lMpumimka:

*NO3NTUBHUIA KOpensaLinHuiA 38'a30K (rs = 0,4)
Note:

*positive correlation (rs = 0.4)

Mpu BM3HayeHHi BapiaHTiB nonimopdiamy BSML
Ta Fokl reHa VDR BcTtaHoBneHo, wo y 48,76% Bcix aiten
He BusIBNeHo MyTadii nonimopgiamy BSML (G/G)
reHa VDR, retepo3urotHa wMyTauis (G/A) BusiBneHa
y 41,32% piten, romosurotHa (A/A) — y 9,92% giten;
HopManbHWU BapiaHT nonimopdiamy Fokl (A/A) reHa VDR
BusiBNeHo y 27,81% Aiten, retepoaunrotHa myTtauia (A/G) —
y 61,95% pitein, romosurotHa mMmyTtauia (G/G) -
y 10,24% piten. HanyacTiwe reteposvrotHa MmyTauis
nonimopdiamy BSML npu 3HwmxeHii BMD 3ycTpivyaetbca
y Aiten | (43,48%) ta Il rpynn (41,11%), HanHWX4YMRA
BiJCOTOK reTepo3uroTHMX MyTalii crnocTepiraBca y Aitewn
Il rpynn (37,50%). MeTeposurotHa MyTauis noniMopdiamy
Fokl rena VDR HanvacTiwe (72,48%) 3ycTtpiyanacs
B rpyni aiten 6e3 PC, aki matoTb 3HmxeHHS BMD (p < 0,05).
Y pitem | Ta Il rpyn BiporigHux BigMmiHHOCTEN LWOA0
PO3NOBCIOMKEHOCTI reTepo3nroTHOI MyTauii nonimopdiamy
Fokl reHa VDR B 3anexHocTi Bia BMD He BusiBneHo.

OTpumaHi gaHi cBigyatbh, WO Y AiTen B nepiog iHTeH-
CMBHOrO pPOCTOBOrO CHYpPTY HWU3bKUIM piBeHb BiTaMiHy D
Ta MyTauii noniMopgi3mis reHa peuenTtopa BiTamiHy D He
BiZirpaloTb OCHOBHOI poni B natoreHesi 3HmxeHHs BMD.
Hawi paHi BignosigaTb pesynbratam MiKHapogHuX Ao-
cnigxeHb. B AnoHii 6yno obctexxeHo 275 piteit 10—12 pokis,
MiHepanbHy LWiNbHICTb KiCTKOBOI TKaHWHW BM3Ha4Yanm
metogom DXA. Mig yac gocnigkeHHst 6yno BCTaHOBMNEHO,
WO MiHepanbHa LWiNbHICTb KICTKOBOI TKaHWUHW Yy AiTer B
nepiog pocToBoro crnypTy Oyna 3HwxkeHa i He 3anexana
Big 3abe3neyeHocTi opraHiamy kanbliem, BiTamiHom D i,
HaBiTb Ha TNi Kopekuii pauioHy aiten, He BiabyBanocs 3miH
y MiHepanisauii kicTkoBoi TkaHuHW [14]. To6TO OCHOBHOM
npuuMHOK 3HWKeHHA BMD Bce X € HeBignoBigHIiCTb
NiHINHOro POCTY ANTMHU Ta MOXIMBOCTEN OpraHiaMmy Loao
onTUmanbHOi MiHepanisauii KicTKoBOi TkaHMHM | 3abes-
neyeHiCTb oOpraHiamy BiTamiHoMm D He Mmae cyTTeBOro
3Ha4YeHHs1 B LbOMY Mpoueci B MOPIBHSHHI 3 AiTbMu 6e3
iHTEHCUBHOIO POCTOBOrO CTpMOKA.

BUCHOBKMU

1. Y piten B nepiog pocToBOro CnypTy Ma€e Micue 3Hu-
YKEHHS MiHEepanbHOI LWiNbHOCTI KiICTKOBOI TKAHWHU, sIKe Bia-
OyBaeTbCs Ha Tni HegocTaTHOcTi abo aedbiumTy BiTaminy D.

2. Y nepiog iCTMHHOrO POCTOBOrO CMypTy HanbinbLu
CYTTEBMM YMHHUKOM 3HWXKEHHS MiHepanbHOI LifbHOCTI
KICTKOBOI TKaHWHWYy AiTe € came ocobnueocTi dopmy-
BaHHS Ta HAKOMWYEHHS KICTKOBOI Macu Ha TIi iHTEHCUBHOTO
NiHIHOrO POCTY CKerneTa, Togi SK Y AiTen, AKi He MaroTb poc-
TOBOTO CMypTY, HANBINbLW BaroMMM hakTopoM, Lo cnpusie
(POpPMYBaHHIO KICTKOBOI TKAHWHMU, € piBEHDb BiTamiHy D.

3. leteposurotHa myTauia nomnimopdismiB reHa VDR
Mae BMIMB Ha MiHeparnbHYy LWiMbHICTb KICTKOBOI TKaHWHM

Determination of BSML and Fokl polymorphism
variants of the VDR gene found that 48.76% of all
children had no mutations of BSML polymorphism (G/G)
of the VDR, a heterozygous mutation (G/A) was found
in 41.32% of children, a homozygous mutation (A/A) was
observed in 9.92% of children; a normal variant of the
Fokl polymorphism (A/A) of the VDR gene was detected
in 27.81% of children, a heterozygous mutation (A/G) was
observed in 61.95% of children, a homozygous mutation
(G/G) — in 10.24% of children. The most widespread
heterozygous mutation of the BSML polymorphism
associated with a reduced BMD was found in children
of group | (43.48%) and group Ill (41.11%), the lowest
percentage of heterozygous mutations was detected
in children of group Il (37.50%). A heterozygous mutation
of the Fokl polymorphism in the VDR gene proved to be
most common (72.48%) in the group of children with
no GS and a decreased BMD (p < 0,05). Children of
groups | and Il showed no significant difference in the
prevalence of heterozygous mutations in the Fokl poly-
morphism of the VDR gene depending on BMD.

The obtained results indicate that low levels of vitamin D
and mutations in polymorphisms of the vitamin D receptor
gene do not play a major role in the pathogenesis of
a decreased BMD in children during an intensive growth
spurt. Our data conform to the results of international
studies. In Japan, 275 children of 10-12 years old were
examined. BMD was measured by DXA. During the study,
it was found that BMD in children during the period of
growth spurt was decreased regardless of calcium and
vitamin D levels, and even the correction of the diet
didn’t affect bone mineralization [14]. So, the main reason
of the decrease in BMD is the lack of correlation between
the linear growth of the child and the body’s ability to
ensure optimal bone mineralization. Thus, vitamin D level
in the body doesn’t play an important role in this process
compared to children without intensive growth spurt.

CONCLUSIONS

1. Children during the period of growth spurt experi-
ence a decrease in bone mineral density against the
background of insufficiency or deficiency of vitamin D.

2. The most important factor in the reduction of bone
mineral density in children in the course of true growth
spurt is the specifics of bone mass formation and accumu-
lation against the background of an intensive linear growth
of the skeleton, whereas the most significant factor
contributing to bone formation in children with no growth
spurt is the vitamin D level.

3. Heterozygous mutation of VDR gene polymorphisms
affects bone mineral density in children with no growth
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y aiten 6e3 pocTtoBoro cnypty. 3HayHoro BrnnueBy Ha BMD
y fiTel 3 iH-TEHCMBHUM POCTOBMM CMYyPTOM BOHa He Hafae,
OCKiNIbKM TONMOBHUM YMHHUKOM 3HWXKeHHs BMD 3sanuwa-
€TbCS HEBIOMNOBIOHICTE MiHepanisauii KiCTKOBOI TKaHWHWU
iHTEHCUBHOMY POCTY.
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nepcneK'ruBu MOAQABLUUX AOCAIAXEHD

MnaHyloTbCcsl noganblli AOCAIAXEHHS OO0 BMBYEHHSI PO3MOB-
ctopkeHocTi nonimopdpiamiB reHa VDR Ta iX BNAMB Ha 3HWXKEHHS
MiHepanbHOI LUiNbHOCTI KICTKOBOI TKaHWHW Yy AiTei, ocobnueo B
nepiog pocToBOro cTpunobka.

KoHdAiIKT iHTepecis

ABTOPW PYKOMNUCY CBIAOMO 3acBiguvytoTb BiACYTHICTb (pakTU4HOro
abo noTeHUiHOro KOHGMIKTY iHTepeciB LWoAO pe3ynbraTiB Liel
po6oTn 3 chapmaLeBTUYHMMM KOMMaHIMW, BUPOOHUKamMu Giome-
OWYHWUX NPUCTPOIB, iHLUUMW OpraHi3auisimu, Yni NpoayKTH, NOCNyru,
(hiHaHCOBa MigTPUMKa MOXYTb ByTV NOB’si3aHi 3 NpeaMeToM Haaa-
HMX MaTepianiB abo siki cioHcopyBanu NpPoBeAeHi AOCNIOXKEHHS.

spurt. It does not exert any pronounced effect on BMD
in children with an intensive growth spurt, as the main
factor in BMD reduction is the lack of correlation between
bone mineralization and growth intensity.
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Prospects for further research

Studies of polymorphism of the VDR gene and their effects on
the composition of internal tissue in tissue, especially during the
growth spurt, are planned.
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