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YNHHUKU, SdKI BINIMBAIOTH HA MEXAHI3MHN ®OPMYBAHHA
NIJIBUIIEHOI INIJIBHOCTI KICTKOBOI TKAHUHU Y OITEMN,
XKUTEJIB PATIIOAKTUBHO 3ABPYAHEHUWX TEPUTOPIN,

ITICJISA ABAPII HA YAEC

MeTa: BU3HAYUTW NPUYMHM NiLBULEHOT WiNbHOCTI KicTKoBOT TKaHMHK (LLKT) Ha nigcTaBi gaHux aHamHesy, KNiHiKo-
nabopaTopHOi [iarHOCTUKM Ta rOPMOHANbHOT perynauii npoLeciB 0CTeOyTBOPEeHHA NOPiBHAHO 3 HopMaTKBHO LWKT y
AiTel, )uUTeNniB paaioakTMBHO 3abpyaHeHUX TepuTopiii, nicns aBapii Ha YAEC.
Marepianu i metoau. 06cTexeHo 289 piteit: o 1-i rpynu yBiwnm nauienTu 3 WKT Buuie 100 yM. oa.; 0o 2-1 — 3 Hop-
matusHoto KT (100-85 ym. oa.). OuiHioBanu 3axBOpIOBaHHA Y POAOBOAT AiTeN (OHKONOriYHi Ta EHAOKPUHHI XBOPO-
61, )XOBYUHOKaM'sIHY Ta CcevyoKaM'siHy xBopobu). BpaxoByBanu macy Tina npu HapoAXKeHHi AUTUHM, 4acTOTy NepesoMiB
KiCTOK, CKapru Ha ocanrii, aHomanii wenenu, kapiec 3y6iB, HAABHICTb OXMPiHHA, NOKA3HUKM NepudepuyHoi Kposi,
6ioximMiyHi NOKA3HUKM KPOBi (3aranbHuUi GiNoK, KpeaTuHiH, 3a1i30, NyxHa Gocdarasa, KanbLiin) Ta TMPEOTPOMHMIA rop-
MOH rinodi3y i KopTM30n B cMpoBaTLi KpoBi. 1031 oNpoMiHeHHs AiTeil po3paxoByBany 3rigHo 3 MaTepianamm «3aranb-
HOA03MMETPUYHOT NacnopTM3aLii HaceneHmx NyHKTIB YKpaiHu, AKi 3a3Hanu pagioakTMBHOTO 3abpyaHeHHs nicns Yop-
HOOMNbCLKOT aBapiix.
Pe3ynbraTu. Buwa 3a HopmatusHy WKT cnoctepiranace y fiteit B noctny6epraTtHoMy Bili, HOpMaTUBHA — B nybepTat-
Homy nepiogi (p< 0,001) He3anexHo Bif cTati guTuHK. Y piten 3 nigsuweroto LLKT BcTaHoBNEHO NpsAMy KopenauiiHy
3aNeXHicTb 3 YacToTol nepenomis KicTok (p < 0,01). AHomanii wenenu Ta nposBuM Kapiecy 3y6iB 3ycTpivanuch foc-
TOBipHO pigwe, HiX npu HopmaTueHin WKT (p> 0,05). BctaHoBneHo npAMy KopenauiitHy 3anexXHicTb MiX HaABHICTIO
OXMpiHHA y auTuHKM Ta LWKT (p < 0,001). MigBuweHa akTMBHICTb NyXHOT octaTasu 380poTHO Kopentosana 3i WKT
(rs=-0,21; p<0,05). Y piteit 3 nigsuwweHoto KT BcTaHOBNEHO NpAMUI KOPeNALiHWIA 3B'A30K MiX piBHeM 3ani3a i
HaABHICTIO eHAOKPUHHOT natonorii y pogoBoai (p> 0,001). PiBeHb KOpTM30/y B CMPOBATLi KPOBi NPAMO KOPENOBaB 3
nposiBamu Kapiecy 3y6is (p<0,05). Y giteit He3anexHo Big LLKT BcTaHOBNEHO NPAMUI KOPensALiitHWiA 3B'A30K MiX f0-
3010 ONPOMiHEHHSA, BIKOM Ta HafBHICTIO OXMWPiHHA (p < 0,001).
BucHoBKu. Buuwa 3a HopmatueHy LUKT cynpoBOmKYETbCA NifBMLUIEHOIO YACTOTOK NEpeNoMiB KiCTOK y AiTell, aHo-
Mani€to wenenu, MeTaboniyHMMM 3MiHaMmM B KiCTKOBiN TKAHUHi Ta rOpMOHanbHil perynsuii, wo notpebye 3acTocyBaH-
HA NaToreHeTUMYHOT Tepanii npoLeciB 0CTEOYTBOPEHHS.
KnioyoBi cnoBa: nigBuweHa WinbHicTb KiCTKOBOT TKAHWUHK, JiTU, XBOPOOM Y pofoBOAi, 6i0XiMiYHiI NOKA3HUKM KPOBI,
TUPEOTPONHMI FOPMOH rinodisy, KopTuson, aBapis Ha YAEC.
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FACTORS AFFECTING MECHANISMS OF INCREASED BONE
DENSITY FORMATION IN CHILDREN LIVING ON RADIOLOGICALLY
CONTAMINATED TERRITORIES AFTER THE ChNPP ACCIDENT

Objective: to determine the causes of increased bone mineral density (BMD) based on case history, clinical and lab-
oratory data, including the assay of hormones involved in ossification processes in children, living on radiological-
ly contaminated territories (RCT) after the accident at the ChNPP, compared to the normative BMD patterns.
Materials and methods. There were 289 children involved in the study. The 1% group included persons with a BMD
above 100 IU, 2™ group — with normative BMD (100-85 IU). Family history of diseases was assessed featuring can-
cer and endocrine diseases, cholelithiasis, and urolithiasis. Weight of the child at birth, frequency of bone fractures,
complaints about osalgia, jaw abnormalities, dental caries, presence or absence of obesity, peripheral blood count,
blood biochemical parameters (total protein, creatinine, iron, alkaline phosphatase, calcium), serum pituitary thy-
roid-stimulating hormone and cortisol were accounted. Children’s radiation doses were calculated according to the
materials of the «General dosimetric certification of settlements of Ukraine that were exposed to radioactive con-
tamination after the Chornobyl accident».
Results. Higher than normative BMD values were found in children after puberty, while normative ones - in puber-
ty (p < 0.001), regardless of gender. A direct correlation between the bone fractures frequency was established in
children with increased BMD (p < 0.01). Jaw anomalies and dental caries occurred at that significantly less often
than in normative BMD (p > 0.05). A direct correlation was established between the obesity and BMD (p < 0.001).
Increased alkaline phosphatase activity was inversely correlated with BMD (rs = -0.21; p < 0.05). In children with
elevated BMD a direct correlation was established between the level of iron and endocrine disorders in the family
history (p>0.001). Serum level of cortisol was directly correlated with dental caries (p < 0.05). In children, regard-
less of BMD value, a direct correlation was established between the radiation dose, age and obesity (p < 0.001).
Conclusions. Higher than normative BMD is accompanied by an increased frequency of bone fractures, jaw abnor-
malities, metabolic changes in bone tissue and bone tissue hormonal requlation in children, which requires applica-
tion of pathogenetic therapy for the osteogenesis.
Key words: increased bone mineral density, children, diseases in family history, blood biochemical parameters, pitu-
itary thyroid-stimulating hormone, cortisol, ChNPP accident.
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BCTYII INTRODUCTION

ITpouecu ocTeoyTBOpEeHHS, pocTy, AUudepeHiloBaHHS  Processes of bone formation, growth, differentiation
i GyHKIIiOHYBaHHS KiCTKOBOI TKAHWHM 3a0e31euyioThb-  and functioning are provided by its organic and min-
cdg il opraHiuHOIO Ta MiHepajabHOIO (pakilisMu i Me-  eral fractions and regulation mechanisms [1]. Bone
XaHi3mamu perynasuii [1]. IHTerpaabHuM nokazHukoM  mineral density (BMD) is an integral indicator of its
il craHy € winbHicTh KicTkoBoi TKaHMHU (IIIKT). B condition. Changes in the structure of bone tissue
JIiTepaTypi IMMPOKO 0OTOBOPIOIOTLCS 3MIHU CTPYKTYpH  observed in osteopenia and osteoporosis are widely
KiCTKOBOI TKAHWHM, 1110 CITOCTepiraroThbes mpu octeo-  discussed in the literature [2, 3]. Epidemiological
MeHii Ta octeornopo3si [2, 3]. Emigemionoriuni Ta ekc-  and experimental studies of the recent years indicat-
nepuMeHTabHI JTOCHIIKeHHsI OCTaHHiX poKiB BKazy- ed the role of environmental and genetic factors
JOTh Ha BIUTMB €KOJIOTIYHWX, TeHeTWYHUX (akTopiB, both with concomitant diseases, including nephro-
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CYIyTHBOI MATOJIOTii, 30KpeMa HedpoJliTiazy, Ha pO3BU-
TOK OCTEeONopo3y SIK y AiTeil, Tak i gopocaux [4]. Kpim
TOTO, CIIOCTEPIraeThCsl 3pOCTAaHHS MOLIMPEHOCTI y Hace-
JIeHHS niabeTy, MeTaboJiYHOro CUHAPOMY, ToJarpu Ta
OXUpPIiHHS — (haKTOPiB pU3UKY HUPKOBO-KaM’STHOI XBO-
pobu [5]. IIpuyomy, olLiHKA PU3MKIB BUHUKHEHHS Ka-
MEHIB B Pi3HMX OpraHax JIOJIWHU (CIMHHI 3271031, HUP-
KM, XOBUHUI MiXyp) ToKazajia, 110 HaWBHUILIUN PU3UK
(1,17) 6yB uIst ceyokam’stHOI xBopobu [6]. 3a maHuMU
JesSIKMX aBTOPIiB MALIIEHTH 3 KAMEHSIMM Y HUPKAX CTPaxK-
Jal0Th Bill HM3bKOI LIUILHOCTI KiCTKOBOI TKaHUHU [7].
BonHouac, HemocTaTHHO BUBYEHO T'€HETUYHi (pakTopu
1100 BUAY MATOJIOTii Y POMOBOMI Ta BILJIMBY XBOPOO Y
JIIOPOCIIMX Ha IIPOLIECH OCTECOYTBOPEHHS Y IiTEHA.

B ocTaHHi poku NpUIUISIETHCS yBara MexaHizMam po3-
ButKy migBumieHoi LIKT. 3a maHumu geskux aBTOpiB
MOLIMPEHICTh MiABUILEHOI KiCTKOBOI Macu CTaHOBUTH
1 : 100. BcTtaHoBJeHO, 1110 CTaH KiCTKOBOI TKAHUHU T10-
B’SI3aHMI 3 MiHEPaATLHOIO IIIJIBHICTIO, IKa 301TbITYETh-
¢ pa3oM 3 po3MipoM KicTKoBoi Macu [8]. OCHOBHUMM
MpUYMHAMU IiIBUILEHOI KiCTKOBOI Macu € JereHepa-
TMBHI po3naau xpedra, ocTeoaucTpodisi HUPOK i criaa-
KOBi 3axBopioBaHHs [9]. Bucoka kicTkoBa Maca mMoxke
dopMyBaTHCs Yepe3 BiIXWJIEHHS y IIpoliecax pe3opOoLil
KiCTKOBOI TKAHWHU Ta/a00 00MiHi KicToK. Ocobu 3 Iu-
MU po3jagaMM 4acTO MaloTh iHIII aHOMaJii ckejera,
3o0kpema nedextu menenu [10, 11]. Nottez Ta criBaBT.
(2020) pekoMeHAYIOTh Bipi3HATH apTehaKTHi MPUYIU-
HU MiABUILEHOI KiCTKOBOI MacH BiJl caakoBoi ab0 Ha-
oyroi [12].

OXUpiHHI € MeXaHiYHUM HaBaHTaXXEHHSIM, SIKe
CIIpHUSIE HAPOIIYBAaHHIO MacH KicToK. BmicT MiHepasiB y
KiCTKax JiTel 3 OKUPiHHSAM BUILMIA, HIXK Y OTHOJIITKIB i3
HOPMAaTHUBHOIO Barow. OcTeob1acTy, afUuIIOIUTH II0XO0-
ISTh 3 MyJIBTUIIOTEHTHUX ME3EHXiMaJIbHUX CTOBOYPOBMX
kit (MCK). 3a HasgsBHOCTI OXXMpiHHS BinOyBaeThCs
ctumymsanis MCK mo agumouuTiB 3a paxyHOK aude-
peHlLitoBaHHs1 ocTeobnacTiB [13]. Taki HacHigKu OXu-
PiHHS, SIK 3aMaJIieHHsI, Pe3UCTEHTHICTb 0 iHCYJIiHY 1 XKU-
poBa xBopoOa TMeYiHKM MOXYTh BIJIMBATHM Ha CTaH
KiCTKOBO1 TKAaHWHU, OCOOJIMBO B OCI0 MiJTITKOBOTO BiKY,
KOJIU 1IBUAKE 30iJbIIEHHS KiCTKOBOI TKAHWHU CIIPUSIE
JTOCATHEHHIO TiKOBOI KicTKoBOi Macu [14]. OmHak B
JliTepaTypi HEAOCTAaTHLO POOIT, sIKi MPUCBSIYEHi B3ae-
MO3B 13Ky MiX HasiBHICTIO oxXupiHHs y aiteid Ta KT

OpraHiyHOIO CKJ1aJ0BOIO KiCTKOBUX CTPYKTYP € OiIKO-
BUII MAaTPUKC, SIKMMK CKJIAQZA€eETbCS 3 aMiHOKMCIOT.
[niuvH, mpostiH Ta TiAPOKCUTIPOJIiH CKIIaJal0Th OJIU3bKO
57 % [15, 16]. 2KupHi KMCIOTH Ta aMiHOKHUCJIOTH, SIKi CITy-
TYIOTb €HEPTeTUIHNM CyOCTPaTOM ITifl Yac YTBOPEHHS OC-
TEOKJIACTiB, 3aJIe3KaTh BiJ MeXaHi3MiB aHa0OJIIYHUX 1 KaTa-

lithiasis in particular, on the development of osteo-
porosis in both children and adults [4]. In addition,
there is an increase in the prevalence of diabetes
mellitus, metabolic syndrome, gout, and obesity in
population, which are the risk factors for nephroli-
thiasis [5]. Moreover, the assessment of risk of lithi-
asis in various human organs (salivary glands, kid-
neys, gallbladder) indicated the highest risk (1.17)
for urolithiasis [6]. According to some authors, the
low bone density is typical in the patients with
nephrolithiasis [7]. At the same time there is a lack
of studies of genetic factors linked to the type of
diseases in the family history and impact of diseases
in adults on the bone formation in children.

In recent years an attention has been paid to the
pathways of BMD increase. According to some
authors the prevalence of increased bone mass is
1 : 100. It has been established that the state of
bone tissue is related to its mineral density, which
increases with the bone mass [8]. The main causes
of increased bone mass are degenerative disorders
of the spine, renal osteodystrophy, and hereditary
diseases [9]. High bone mass can be formed due to
deviations in the processes of bone tissue resorp-
tion and/or bone turnover. Individuals with these
disorders often have other skeletal abnormalities
including jaw defects [10, 11]. Nottez et al. (2020)
recommended to distinguish the artifactual causes
of increased bone mass from hereditary or
acquired ones [12].

Obesity is a mechanical load that contributes to
the growth of bone mass. Mineral content in the
bones of children with obesity is higher than that of
peers with normal body weight. Osteoblasts and
adipocytes originate from the multipotent mes-
enchymal stem cells (MSCs). In the presence of
obesity the stimulation of MSCs to adipocytes
occurs due to differentiation of osteoblasts [13].
Consequences of obesity, such as inflammation,
insulin resistance, and fatty liver disease, can affect
the bone health, particularly in adolescent popula-
tion, where rapid bone growth contributes to the
peak bone mass [14]. However, there are not
enough works in the literature that are devoted to
relationship between obesity in children and BMD.

The organic bone component is protein matrix,
which consists of amino acids. Glycine, proline and
hydroxyproline make up about 57 % of it [15, 16].
Fatty acids and amino acids, which serve as an ener-
gy substrate during the formation of osteoclasts,
depend on anabolic and catabolic processes [17]
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OOJTIYHMX TTPOIIECiB Ta 3aI1aciB 3aJti3a B opraHizmi [17, 18].
3aini3o, K 10BeIeHO, Oepe y4acTh Y KiCTKOBOMY TOMEOC-
tasi [19], i piBeHb cupoBaTKoBoro 3amiza (C3) 3Haxo-
JUTHCS B TIPSIMOMY KOpPEJSLIiHHOMY 3B’SI3Ky 3 CUPOBaT-
KOoBUM (peputuHOM [20].

OnpHak, B JjiTepaTrypi MaJio poOiT, 110 CTOCYIOThCS
KOMIIIEKCHOTO migxony moao 38’s13Ky Mix LIIKT, C3 Ta
JIyXHowo docdarazor, sgKa Biaa3epKaaloe aKTUBHICTh
0CTe00JIaCTiB MpPU 3MiHAX y KiCTKOBili TKAHWMHM, 0CO0-
JIMBO B MEpioaM iHTEHCUBHOIO POCTY AMTUHU [21], Ta
TOPMOHAJIBHOIO peryJsiieto. PoOiT, mpucBgYeHux Lii
npobyieMi y JiTei, sIKi 3a3HAIOTh il i10HI3yI0YOTr'0 BMII-
pOMiHIOBaHHS, HEMAE.

META

BuzHaunTy mpuyMHM MigBUIIEHOI IIITBHOCTI KiCTKOBO1
tkaHuHU (IIIKT) Ha migcTaBi JaHUX aHaMHEe3Y, KJIiHiKO-
JIabopaTOPHOI AiarHOCTUKMU Ta TOPMOHAJIBHOI PEryJasiiii
OpoLEeCciB OCTEOYTBOPEHHS MOPIiBHSIHO 3 HOPMAaTUBHOIO
IIKT y miTeii, )KuTesiB paaioaKTUBHO 3a0pyAHEHUX Te-
puropiii, mmicis aBapii Ha HAEC.

MATEPIAJIN TA METOJIH

OO6crexxeHo 289 miTeit Ta po3MOAiJIeHO iX Ha JABi I'pymnu
Harsaay 3aiexHo Big nmokasHukiB KT, Jo 1-i rpynu
yBiium gitv 3 KT Buiie 100 ym. oxn., 1o 2-i — 3 HOp-
matuBHOIO (100—85 yMm. om.). [itm Oynm XKuTeasaMu
KwuiBcbkoi, 2Kutomupcbkoi i YepHiriBcbkoi obnacrteit
Ykpainu Ta obcrexyBanauch B nepion 3 2000 o 2021 po-
Ku. BpaxoByBajiu maToJ0ril0 Yy poaoBoOAi (OHKOJOTiUHi
Ta €HIOKPWHHI XBOpPOOM, KOBYHOKAM SHY Ta CEUYO-
KaM’sIHy XBopoOu). Y miTeill ouLiHIOBaJIM Macy Tilia Mmpu
HapOIIKE€HHi, TTepeJIOMM KiCTOK B aHaAaMHeE3i, CKapru Ha
ocairii, aHomaJii ILiejaenu, Kapiec 3y0iB, HasIBHICTb
OXUPIHHSA, TTOKa3HUKU TTIepru@eprnIHOi KpoBi, OioxiMiu-
Hi MapaMeTpu CUPOBATKU KPOBi (3arajibHuUil Oi10K, Kpe-
aTuHiH, 3ami3o (C3), myxHa docdaraza (JID), Kanblliii)
Ta TUpeoTponHuii ropmoH rinodizy (TTT') i KopTuzon B
CUPOBATIIi KPOBi.

IMToxa3zHuku nepudepruyHOi KPOBi BUBUAIM HA TeMOa-
HanizaTtopi MicroCC-18 (CIIIA). bioxiMiuHi mapamer-
pM 1ocaiaKyBaau Ha 6ioxiMmiyHOMY aHajizaropi Humo-
star-600 (Himeyuuna). PiBHi ropmonis: TTT ta xopTtu-
301 B CHpOBaTIli KpOBi BMUBYAJIM 3a JOMOMOTIOI0 pa-
nioimynHoro Metony (RIA-Kits). [IIKT Bu3zHavanu Ha
neHcutometpi Ultrasonometer Lunar (CIIA) 3a T-mo-
Ka3HUKOM. {031 OompoMiHEHHS AiTeil po3paxoByBaiu
3rimHO 3 MaTtepiajamMu «3arajJbHOJO3UMETPUYHOI Mac-
nopTu3allii HaceJeHUX IMYHKTIB YKpaiHW, SIKi 3a3HAJIU
pamioaKTUBHOTrO 3a0pyaHeHHS Iicias YopHOOMIbChKOL
aBapii» [22].

and iron reserves in the body [18]. Iron has been
shown being involved in bone homeostasis [19],
and serum iron (SER) levels are directly correlat-
ed with serum ferritin (SF) [20].

However, there are few works in the literature
regarding a comprehensive approach to the rela-
tionship between BMD, serum iron (SI) and alka-
line phosphatase (APh), which reflects the activity
of osteoblasts during changes in bone tissue, espe-
cially during periods of intensive growth in child-
hood [21], and hormonal regulation. There are no
works devoted to this issue in children exposed to
ionizing radiation.

OBJECTIVE

To determine the causes of increased BMD based on
case history, clinical, and laboratory data, and assay
of hormones involved in ossification processes in
children, living on radiologically contaminated ter-
ritories (RCT) after the accident at the ChNPP,
compared to the normative BMD patterns.

MATERIALS AND METHODS

There were 289 children involved in the study. The
I** group included subjects with BMD above 100
IU, 2™ group — with normative BMD (100—85
IU). The children were residents of the Kyiyv,
Zhytomyr, and Chernihiv oblasts of Ukraine and
were examined for the period from 2000 to 2021.
Diseases in family history (cancer, endocrine dis-
eases, cholelithiasis and urolithiasis) were taken
into account. Body weight at birth, history of bone
fractures, complaints of osalgia, jaw anomalies,
dental caries, and obesity were registered and esti-
mated. Peripheral blood count, biochemical
parameters of blood serum (total protein, creati-
nine, SI, APh, calcium), pituitary thyroid-stimu-
lating hormone (TSH), and cortisol in blood
serum were assayed.

Peripheral blood parameters were assayed on a
MisroCC-18 hemoanalyzer (USA). Biochemical
parameters were received on a Humostar-600 bio-
chemical analyzer (Germany). Hormone levels, i.e.
serum TSH and cortisol were determined using the
radioimmunoassay method (RIA-Kits). BMD was
measured on a densitometer Ultrasonometer Lunar
(USA) according to the T-index. Children’s radia-
tion doses were calculated according to the materi-
als of «General dosimetric certification of settle-
ments of Ukraine that were exposed to radioactive
contamination after the Chornobyl accident» [22].
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CraTUCTUYHMI aHaTi3 OTPUMaHUX TaHWUX ITPOBOI-
JIM 3 BAKOPUCTAHHSIM KOPEJISILiMHOIO aHali3y: Koedi-
nieHTiB Kopensiii CriipmeHa, Ct’roneHTa, %2, METOLY
iHTepBaJIbHOTO OLiHIOBaHHS (Mio) (https://www.so-
cscistatistics.com/tests/).

PE3VYJIBTATU TA OBI'OBOPEHHS

Oo6crexxeHo 289 niteit Ta chopMoOBaHO ABi TPYITU HAr-
naay 3anexHo Big nokasHukiB KT, lo 1-1 rpynu
yBiinwto 113 mauienTis 3i KT Buioro 100 ym. ox.,
10 2-i — 176 — 3 HopmarusHoto HIKT (100—85 ym.
on.). Posmopin miteit 3a crarTio OYyB piBHOMipHUM: B
1-1 rpymi xJiormuukiB 6yno 43,4 %, nisyat — 56,6 %, B
2-1i TpyIi XJIom4uKiB — 45,5 %, aiByat — 54,5 %. Po3-
MO Mali€eHTIB 3a BIKOM OYB TakKuii: 10 7 poKiB — 7
(mutsuuit nmepion), 7—10 pokiB — 41 (mpenybeprat-
Huit nepiox), 10—14 pokiB — 100 (myOGepTaTHUIA
nepion), crapie 14 pokiB — 141 (moctnybepTaTHUA
nepion).

HopmatuBua IIKT wuactime cnoctepiraigach y
niteii B mydbeptatHoMmy Billi (p < 0,001), Buia 3a Hop-
MaTUBHY — B mocTiyoeptatHoMy mepioni (p < 0,001)
i BOHa He 3ajiexxana Bing ctati gutuHu (Tadn. 1). Coig
3BepHyTH yBary, mo IKT 3HaxonuTbcsl B IpsiMOMY
KOpeJsLiiHOMY 3B 13Ky 3 BikoM auThHHU (p < 0,01).

ITaronorist y pogoBoi AiTei 3ycTpivyasach B OgHa-
KOBOMY BiJcOTKY BuIaAkiB He3ajexHo Big IIKT. ¥V
nmiteir 3 migBuileHoro HIKT anomanii 1enernu Ta
MPOSIBU Kapiecy 3y0iB 3ycTpivaanch JOCTOBIPHO pifl-
111, HiX TTpy HOpMATUBHUX MoKazHuKax (p < 0,05).

Ta6oauuya 1

Statistical processing of the obtained data was car-
ried out using correlation analysis, namely the corre-
lation coefficients of Spearman, Student, y?, and
method of interval evaluation (MIO) (https://www.so-
cscistatistics.com/tests/).

RESULTS AND DISCUSSION

The 289 children were examined and 2 control groups
were formed depending on the BMD values. The 1*
group included 113 patients with BMD greater than
100 IU, the 2" — 176 patients with normative BMD
(100—85 TU) respectively. Distribution of children by
gender was even, namely in the 1* group there were
43.4 % boys and 56.6 % girls, in 2" group boys were
45.5 %, girls — 54.5 % respectively. Distribution of
study subjects by age was as follows: up to 7 years — 7
(childhood period), 7—10 years — 41 (prepubertal
period), 10—14 years — 100 (pubertal period), and
older than 14 years — 141 (post-pubertal period).

Normative BMD was more often observed in chil-
dren at puberty (p < 0.001), while higher than norma-
tive — in the post-puberty period (p < 0.001) being not
dependent on the child’s gender (Table 1). It should
be noted that the BMD is directly correlated with age
of the child (p < 0.01).

Diseases in family history of children were registered
in the same percentage of cases regardless of BMD val-
ues. In children with elevated BMD the jaw abnormal-
ities and dental caries occurred significantly less often
than with normative BMD parameters (p < 0.05).

Po3nopin aiteit 3a rpynamu HarnsaAy, BikoM, xBopo6amu y poaoBogai Ta naronorieio y gitei (%)

Table 1

Characteristics of children in study groups by age, disorders in them and diseases in family history (in per cent)

1-wa rpyna, n=113

2-rarpyna, n =176

Moka3uuk / Parameter 1%t group, n = 113 2" group, n = 176 P
Bik pitevi / Age:
[lo 7 pokiB / up to 7 years 1,8 2,8 -
7-10 pokiB / 7-10 years 8,8 17,6 -
10—14 pokis / 10—14 years 14,2* 47,7 x2 =16,8; p< 0,001
> 14 pokiB / > 14 years 75,2* 31,9 x2 =16,3; p< 0,001
Naronorisa y poaosogi / Diseases in family history:
XOBYHOKaM 'siHa xBopoba / cholelithiasis 18,6 20,7 -
ceyokam'aHa xsopoba / urolithiasis 20,0 18,0 -
OHKOOri4Hi XBOPOOY / cancer 442 31,5 -
€HI0KPUHHI xBopobw / endocrine diseases 48,6 42,7 -
Naronoris y pitein / Diseases in children:
nepenomu kictok / bone fractures 27,4 16,3 -
ocanrii / osalgia 15,0 21,0 -
OXMpiHHs / obesity 11,5 7,0 -
aHomarii wenenu / jaw abnormalities 13,2* 21,6 x2 =6,6; p<0,05
kapiec 3y6iB / caries 31,8* 60,4 Xz =6,5 p<0,05
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IIlomo maTonorii y poaoBoO/Ii, TO BCTAHOBJIEHO MPSIMU
KOPENIIIIiHII 3B'I130K MK HassBHICTIO JKOBYHOKAM 'STHOL
Ta ceyokam 'ssHoi xBopoO i LLIKT y miteit 060x rpym Har-
ngay. CTymiHb TICHOTH 3B'I3KY HE pO3pi3HSBCS i CTAaHO-
BuB p < 0,01 (Tabm. 2).

HesBaxaloouu Ha Te, 1110 YaCTOTA OHKOJIOTIYHUX XBO-
po0 y poagoBoi aiTeit 000X rpyn He po3pi3Hsiiach, BCTa-
HOBJIEHO MNpPSIMUI KOpensduiiiHuii 3B'I30K MiX Ha-
SIBHICTIO LIi€1 MaTOJIOTii Ta BEJIMYMHOIO TOKA3HUKA JIUIIE
y nauieHTiB 3 HopMaTuBHoO HIKT (p < 0,01). V niteit
1-i Ta 2-i Tpym Hariggy BCTaHOBJIEHA IIpsIMa Kope-
JIALiHA 3aJIeXKHICTh MK HagBHicTIO ocairiii Ta HIKT
(p <0,001). VY gireit 3 miagBuiieHoto HIKT BcraHOBIEHO
npssMy KopessuiinHy 3anexHicTb Mixk IIIKT i yactoroto
nepenomiB KicTox (p < 0,01), 110 BiamoBizae JaHUM iH-
mux aBTopiB [10].

Ilono oxupiHHS, TO cepeld MaLi€HTIB 3 MiABUILIEHOIO
KT 6yno 6inbiue gisyat (10 3 13), Toai sk cepen miteid 3
HopMmatuBHo IIIKT posnonin 3a crarTio OyB Maiixe
piBHOMIipHUIA (XJIOIMUMKIB 5, miBuat 7). BctaHoBneHa npsi-
Ma KopeJisiiiiiHa 3aJ1eXHICTh MiX HasIBHICTIO OXKUPIiHHS Y
autuHu Ta IHKT (p < 0,001). Maca Tina npu HapoIKeHHi
JUTUHU B MojanbiioMy He BruivBajia Ha IIKT.

HeoO6xigHo BigMiTUTH, 110 aHOMATil IIEIeNu y IUTH-
HU, He3aJIeXKHO BiJl TPy HATJSILY, TPSIMO KOPETIOBAIM 3
HasIBHICTIO ce4oKaM’sSIHOI XBOPOOU Y ii pOAMYIB SIK 32 Ha-
sBHOCTI Bucokoi IIIKT, tak i HopmatusHoi (p < 0,001).
AHoMaJtii 1eeny Ta OXXUPiHHA y AiTei 000X TPy CIIOC-
TepexeHHs npsimo KopesmoBanu 3i IIKT (p <0,001). Ot-
pUMaHi JaHi CBiyaTh Mpo BILUIMB TeHETUYHOT KOMITOHEH-
T Ha Ipouecu (opMyBaHHSI KiCTKOBOI TKAHUHU Y JIiTEH,
1110, B MEPIILY YePry, CTOCYEThCS PO3BUTKY IIIE/IETIN.

Ta6nuusa 2

Regarding the diseases in a family history a
direct correlation was established between the
cholelithiasis and urolithiasis and BMD in chil-
dren of both study groups. There was no difference
in the strength of correlation (p < 0.01) (Table 2).

Despite no difference in cancer incidence in
family history of both groups of children, a direct
correlation was established between this disease
and value of parameter in subjects with a norma-
tive MBD (p < 0.01). A direct correlation was
established between osalgia and BMD in children
of the Ist and 2nd study groups (p < 0.001). Again,
a direct correlation was established between BMD
values and frequency of bone fractures in children
with elevated BMT (p < 0.01). The latter corre-
sponded to the data of other authors [10].

Amid obese children there were more girls among
subjects with elevated BMD (10 out of 13), while
amongst children with normative BMD values the
gender distribution was almost equal (5 boys and 7
girls). A direct correlation was established between
the obesity and BMD values (p < 0.001). Body weight
at birth was not related to BMD in the later life.

It should be noted that jaw anomalies regardless
of the study group were directly correlated with
urolithiasis in the family history, regardless of high
or normative BMD (p < 0.001). Jaw abnormalities
and obesity in children of both study groups
directly correlated with BMD (p < 0.001).
Obtained data indicate the role of genetic compo-
nent in bone tissue formation in children that first
of all refers to the development of jaw.

Noka3HuKM Ta BenMumHuM KoediuieHTiB Kopenauyii mixk LLIKT Ta xopo6amu y poauyie i gitei

Table 2

Parameters and values of correlation strength between BMD and diseases in children and in their family history

Po3paxyHok koediuieHTiB kopensuii mix LLKT

Benuuunu koeodiuieHTiB kopensuii / Correlation coefficients

I'IOpiBH'iIHO 3 TAaKUMU NOKa3HUKaMH

Parameters with which the correlation of BMD
values was calculated

1-warpyna, n =113
1stgroup, n =113

2-rarpyna, n =176
2" group, n = 176

Pogwui / Family history:
XOBYHOKaM’siHa xBopoba / cholelithiasis
ceyokam’aHa xopoba / urolithiasis
OHKOJIOri4Hi XBOPOOY / cancer

rs=0,27; p< 0,01
rs =0,38; p< 0,01

rs = 0,40; p < 0,01
rs =0,38; p< 0,01
rs=0,32; p< 0,01

Popuui: ceyokam’Ha xBopo0a; fiTh: aHOManii wenenu
Family history: urolithiasis; children: jaw abnormalities

rs = 0,58; p < 0,001

rs = 0,67; p< 0,001

[Litn / Children:
occanrii / osalgia
nepenomu kictok / bone fractures
OXMPpiHHst / obesity
aHomanii wenenw / jaw abnormalities
aHomanii Lwenenu Ta oXwmpiHHg / jaw abnormalities and obesity

rs =0, 48; p< 0,001
rs =0,25; p< 0,01
rs=0,41; p< 0,001
rs=0,31; p< 0,01
rs =0,70; p < 0,001

rs=0, 27; p< 0,001
rs = 0,44; p< 0,001
rs = 0,36; p < 0,001
s =0,62; p < 0,001
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V Haiit BuGipiii He OyJs10 AiTel 3 aHeMisIMU Ta Jiei -
KEeMOITHUMU peaklisiMu (€03MHOMITbHOIO, Mi€TOI-
HOTO, JiM(OIUTAPHOTO Ta MOHOIIMTAPHOTO THUITY).
ITokazHuku nepudepuyHoi KPOBi He KOPeToBaIu 3
IIKT. To6To, minBuiieHa KT He BriMBae Ha ctaH
CTPOMAaJIbHOIO MiKPOOTOUYEHHSI Ta CUCTEMY KPOBOT-
BOPEHHSI, BUXOASYU 3 Pe3yJIbTaTiB KiJIbKiCHUX BeJIU-
YIH eJIEMEHTIB nepugepruyHoOi JIJAHKH TeMoroe3y. Y Ji-
teit 3 HopmaTuBHO IIIKT BrM3HauyeHa 3BOpOTHA 3a-
JIEXHICTb MiX KiJIbKiCTIO MOHOLIUTIB B KPOBi Ta pPiB-
HeMm C3 (rs = -0,263; p < 0,05), 1110 € LiJIKOM 3aKO-
HOMIpHUM i BigmoBigae ¢yHKIIilT MOHOLUTIB, SKi
31iCHIOIOTh KOHTPOJIb 3a MOTPeOOoIo 3ajli3a B opra-
Hi3Mi, OepyTh y4yacTh B fioro Metadosismi [23].

IIlopo moxka3HUMKIB 0i0XiMIYHOIO CKJIaAy CHUPO-
BaTKu KpoBi, To nipu migBuieHin KT kinbkicTb
JiTeil 3i 3HMXKEHUM piBHEM 3arajbHOro OiJIKy Oyia
oinbolo (p < 0,05) (taba. 3), a yucio giteit 3 mia-
BuiieHUM piBHeM JID Ta xojiecTeprHy — MEHILIUM
(p < 0,05). IinBuieHa akTuBHicTb JI® 3BOpPOTHO
kopemoBana 3i IIIKT (rs = -0,21; p < 0,05). He Bu-
SIBJICHO PIi3HMULII B KiJIbKOCTI AiTel 3a piBHSIMU Kpea-
TUHiHY, Kanblito Ta KT 3anexHo Big rpynu croc-
TepPEeKEeHHSI.

BpaxoByroun BILTUB 3aJli3a Ha MPOLIECU OCTEOYTBO-
peHHs, i, BianoBiagHo, HIKT, My OuIbII AETaAbHO 3Yy-
MUHWINCH HAa B3aEMO3B 3Ky MiXX TaKMMU ITOKa3HU-
KaMU sIK TIaTOJIOTisl y POIOBO/i, HASIBHICTh TTepeIoMiB
KiCTOK y IUTMHHU, Kapiec 3y0iB, OXKUPIHHS, KiJTbKiCTh
MOHOLIMTIB B KPOBi, piBeHb JY>KHO1 (hochaTasu, Kaib-
Lil0 B CMPOBATLi KPOBi B MOPiBHSJILHOMY acCII€KTi Y
JiTeit 000X IPYIT HATJISIIY.

V niTeii 000X rpyn CIOCTEPEXEHHSI BCTAHOBJIEHO
npsiMi KopeJisiliiiHi 3B’ g3ku Mix piBHeM C3 Ta Ha-

Ta6nuusa 3

There were no children with anemia or leukemic
reactions (eosinophilic, myeloid, lymphocytic or
monocytic type) in the study sample. No correlation
was found between the peripheral blood parameters and
BMD values. That is, according to quantitative param-
eters of the elements of peripheral link of hemato-
poiesis, an increased BMD makes no impact on the
state of stromal microenvironment and hematopoietic
system. An inverse relationship was determined between
the monocyte count in peripheral blood and SI level
(rs = -0.263, p < 0.05) in children with a normative
BMD, which was completely natural and corresponded
to the function of monocytes, which control the need for
iron in the body and participate in its metabolism [23].

As for parameters of biochemical composition of
the blood serum, with an increased BMD the number
of children with a reduced level of total protein was
greater (p < 0.05) (Table 3), and the number of chil-
dren with the increased APh and cholesterol was lo-
wer (p < 0.05). Increased activity of APh was inverse-
ly correlated with BMD values (rs = -0.21, p < 0.05).
No difference was found in the number of children
according to the levels of creatinine, calcium and
BMD, depending on the study group.

Taking into account the effect of iron on bone
formation, and accordingly on the BMD, we focu-
sed in more detail on the relationship between such
parameters as diseases in a family history, bone
fractures in childhood, dental caries, obesity, mo-
nocyte count, level of APh, and calcium in blood
serum in comparison between children of both
study groups.

Direct correlation was established in children of
both study groups between the SI level and

Po3noain pitei 3a rpynamu Harnapy i 6ioxiMiuHumMmu nokasHukammu KpoBi, HapaHux B paHrax (< N — Huxkue

HopmaTtuBHoro, > N — BULLLEe HOPMATUBHOrO)
Table 3

Serum biochemical parameters in ranks (< N is lower than normative, > N is higher than normative) by study
groups

BioximiuHi noKa3HMKK 1-wa rpyna / 1% group, n = 113 2-ra rpyna / 2" group, n = 176

Biochemical parameters <N (%) >N (%) <N (%) >N (%)
3aranbHuii 6inok / Total protein 4,7 0,8 1,8 -
KpeatuHi / Creatinine 11,5 - 19,3 -
JlyxHa docdarasa / Alkaline phosphatase 8,8 16,02 51 36,4
Kanbuiii / Calcium 19,5 4.8 20,0 51
Xonectepur / Cholesterol 1,3 2,6° 2,3 8,5
3anizo / Iron 9,7 9,7 18,2 6,3

Mpumitky. TPi3HMLA MiX NOKA3HUKOM B MexXax rpyn giteii (mio. 1-wa rpagauis: 0,077-0,44—0,25; 2-ra rpapauis: 0,03-0,01-0,008) (p < 0,05); 2pi3HuLa MiX NOKA3HUKOM B
Mexax rpyn aiteii (x2 = 4,2 ) (p < 0,05); 3pisHuus Mix MOKasHUKOM B Mexax rpyn Aitedt (mio. 1-wa rpagauis: 0,05-0,02-0,01; 2-ra rpagauis: 0,06—0,07-0,08) (p < 0,05).
Notes. 'Parameter difference within groups (MIO gradation I: 0.077—0.44—0.25, gradation 2: 0.03-0.01-0.008) (p < 0.05); 2parameter difference within groups (2 =4.2 )
(p < 0.05); 3parameter difference within groups (MIO gradation I: 0.05—0.02—0.01, gradation 2: 0.06-0.07-0.08) (p < 0.05).
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SIBHICTIO B iXHiX pOAMYiB KOBYHOKAM STHOI Ta CEYO-
KaM’siHO1 XBOpOO, MPpHUYOMY OiJibII TiICHUIA 3B’ 130K BU-
3HauyeHo y nauieHTiB 3 BUcokow KT (1-ura rpyna —
p <0,001 Tap>0,01;2-rarpyna —p <0,05tap<0,05,
BiAmoBigHO) (Tab. 4).

3BepTae Ha cebe yBary BU3HAUCHUIA MPSIMUI KOPEsI-
LiHWI 3B’I30K MixX piBHeM C3 Ta HagBHICTIO €HIOK-
PUHHOI MATOJIOTi1 Yy pOIoBOi aiTe#t 1-i rpynu cnoctepe-
xKeHHs (p < 0,001), yoro He BCTAHOBJIEHO Y AiTel 3 HOP-
matuBHOIO IIIKT. BctaHoBAEHO NpsMMiA KOpeasuiiHui
3B’s130K MiX piBHeM C3 Ta 9acTOTOIO MepeIoMiB KiCTOK
y nmiteii 3 HopmatuBHow IIKT (p < 0,05). Illomo
OXUpPIHHS Yy TALliEHTIB, TO OTO HAIBHICTh 3HAXOAUJIACh
B IpsSIMili KOpeJIsLiiHii 3anexHocTi Bia piBHiB C3, a He
rpynu cnoctepexeHHs (1-ma rpyma — p < 0,01 ta 2-ra
rpyna — p < 0,01). Bmict C3 He BIuIMBaB Ha IIPOSIBU
Kapiecy 3y6iB y giteii. B ymoBax Bucokoi IIIKT piBeHb
JIy>kHO1 docdarazy 3HAXOAMBCS B MPSIMOMY KoOpe-
JsiiHoMy 3B’s13Ky i3 C3 (p < 0,05).

ToOTO, pe3yabTaTy OTpPMMAHMX JAaHUX BCTAaHOBWIU
Kopensuiiinuii 38’5130k C3 Ta BUAY MaToJIOTii y poo-
Boai aitei 3 migBuineHoto KT, 3o0kpema HasiBHOCTI
JKOBYHOKAM’ STHOI, c€4OKaM’ THOI XBOpPOO Ta eHIOKPUH-
HUX 3axBoproBaHb. Y niteit 3 Bucokow KT ak-

Ta6nuusa 4
MoKasHMKK Ta BeNnYnHU KoedpilieHTiB Kopenauii 3 (3

Table 4
Parameters and coefficients of correlation with SI values

cholelithiasis and urolithiasis in a family history,
at that a closer relationship was found in subjects
with high BMD (p < 0.001 and p > 0.01 in the 1%
group, p < 0.05 and p < 0.05 respectively in the 2™
group) (Table 4).

Noteworthy is the determined direct correla-
tion between the SI level and endocrine diseases
in family history of children of the 1% study group
(p <0.001), which was not established in children
with normative BMD. Direct correlation was
established between the SI level and frequency of
bone fractures in children with normative BMD
(p < 0.05). As for obesity, its presence was directly
correlated with SI levels, but not with an observa-
tion group (p < 0.01 in the 1* group and p < 0.01 in
the 2™ group). There was no effect of SI content on
manifestations of dental caries in children. In high
values of BMD the APh level was directly correlat-
ed with SI (p <0.05).

That is, the obtained data indicated the influ-
ence of SI on type of diseases in the family history
of children with elevated BMD, in particular the
cholelithiasis, urolithiasis and endocrine diseases.
In children with high BMD the activity of APh,

Po3paxyHok KoediLieHTiB kopenswii Mix

Bennunnu koediuienTis kopensuii / Correlation coefficients

TaKUMU NOKa3HUKaMH

Parameters between which the correlation
was calculated

1-wa rpyna, n =113
1stgroup, n =113

2-rarpyna, n =176
2" group, n = 176

Popauui: xoB4HOKam'siHa xBopoba; aitn: C3
Relatives: cholelithiasis; children: Sl

rs = 0,46; p < 0,001 rs=0,31; p<0,05

Poauui: cedokam’saHa xopo6a; aitu: C3
Relatives: urolithiasis; children: Sl

rs=0,34; p< 0,01 rs=0,28; p<0,05

Poauui: ceyokam’Ha xBopo06a; fiTu: aHOMani wenenu
Relatives: urolithiasis; children: jaw adnormalities

rs = 0,58; p < 0,001 rs =0,67; p< 0,001

Popuui: erpokpuHHi xBopobu; aitn : C3
Relatives: endocrine diseases; children; Sl

rs =0,38; p < 0,001 -

Litv: ocanrii Ta C3
Children: osalgia and SI

rs=0,41, p< 0,05 -

[itv: aHomanii wenenu ta C3
Children: jaw adnormalities and SI

rs=10,29; p< 0,01 rs =0,25; p< 0,05

[Litn: aHomanii wenenu Ta OXWPIHHS
Children: jaw adnormalities and obesity

rs =0,70; p < 0,001 rs =0,62; p< 0,001

[itv: nepenomu kictok Ta C3
Children: bone fractures and Sl

- rs=0,28; p< 0,05

Litn: oxupinng 1a C3
Children: obesity and SI

rs=0,28; p< 0,01 rs =0,48; p< 0,01

Litn: nyxHa docdaraza ta C3
Children; APh and SI

rs=0,25; p< 0,05 -
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TUBHICTb JYXHOI ¢hocdarasu, gka € 6i0XiMiYHUM Map-
KEepoOM OCTeO00JacTiB, MPsSMO KopejaoBada 3 TMo-
TeHLiaJoM MiHepaJli3allii KiCTKOBOI TKAHWHMU, i 3aj1exa-
na Big piBHs C3. PiBeHb C3 npsiMO KOpeioBaB 3 YaCTO-
TOIO TEePeOMiB KiCTOK y aiteit 3 HopmatuBHoto ITIKT.
3B’S30K MiX OXHUPiHHIM y IUTUHU i C3 Moxe OyTh
00yMOBJIEHUI TiABUILIEHUM CUHTE30M IrelCUIUHY aau-
nouuTamu [24].

Mu BuBdanm piBHi TTT Ta KOpTH301y B CHUpOBATIL
KpoBi y aiteit 1-1Ta 2-i rpyn Harsay. YacToTa migBuie-
Horo piBHs1 TTI Ta 3HUXEHOro pPiBHSI KOPTU30Jly HE
pospi3Hsuiach i gopiBHIoBana 3,6 % Ta 3,4 %, Binmno-
BinHO. PiBeHp TTI mpsiMmo KopentoBaB 3 HasBHICTIO
ocairii (p < 0,001) ta oxupinng y gireid (p < 0,001)
(Tabm. 5).

PiBeHb KOpPTHU30Jly B CUPOBATIIi KPOBi 3HAXOAMBCS
B NpsMili KopensiiiiHii 3anexHocTi 3 BMicToM C3
(p <0,05Tap<0,01, BianmoBigHO) Ta MPSIMO KOPEJIIOBAB
3 IIposiBaMU Kapiecy 3y0iB y aiteit 3 migpuineHoto KT

Ta6nuusa 5

which is a biochemical marker of osteoblasts, was
directly correlated with potential mineralization of
bone tissue and depended on the SI level. The SI
level was directly correlated with frequency of
bone fractures in children with normal BMD.
Connection between the obesity in children and SI
levels may be due to the increased synthesis of hep-
cidin by adipocytes [24].

We have assayed the levels of TSH and cortisol in
blood serum in children of the I* and 2" groups.
Frequency of cases of the increased TSH level and
decreased cortisol level did not differ and was 3.6 %
and 3.4 %, respectively. TSH level was directly cor-
related with osalgia (p < 0.001) and obesity in chil-
dren (p < 0.001) (Table 5).

Serum cortisol level directly correlated with
the content of SI (p < 0.05 and p < 0.01, respec-
tively) and directly correlated with manifestations
of dental caries in children with elevated BMD

MoKasHMKK Ta BeiMunHU KoedilieHTiB Kopenauii 3 pieHem TTT Ta KopTusony

Table 5

Parameters and coefficients of correlation with TSH and cortisol levels

Po3paxyHok KoediuieHTiB kopensiuii Mix

Benuunnu koediujienTie kopenauii / Correlation coefficients

TaKUMU NOKa3HUKaMH

Parameters between which the correlation
was calculated

1-wa rpyna, n =113
1stgroup, n=113

2-rarpyna, n =176
2" group, n = 176

Popauui: xoB4HOKaM'siHa xBopoba; aitn: TTT
Relatives: cholelithiasis; children: TSH

- rs =0,75; p< 0,001

Poauui: cevokam'saHa xopo6a; aitu: TTT
Relatives: urolithiasis; children: TSH

- rs = 0,47; p< 0,001

Litv: TIT
Children: TSH

- rs=-0,4; p< 0,05

Litv: TTT 12 ocanri
Children: TSH and osalgia

rs = 0,53; p < 0,001 rs = 0,64; p< 0,001

Litn: TTT 12 OXWPiHHS
Children: TSH and obesity

rs=0,61; p<0,001 rs=0,51; p< 0,001

LliTn: KOpTU30N Ta OXUPIHHS
Children: cortisol and obesity

- rs =0,49; p< 0,01

[Litn: kopT3on Ta Kapiec
Children: cortisol and caries

rs=0,61; p<0,05 -

Litv: TTT Ta aHomanii wenenm
Children: TSH and jaw abnormalities

- rs = 0,46; p < 0,001

[imv: TTT Ta nepenomm Kictok
Children: TSH and bone fractures

- rs =0,43; p< 0,05

[itw: TIT 12 KpeatuHiH
Children: TSH and creatinin

- rs=0,32; p< 0,05

Litv: TTT 1a C3
Children; TSH and SI

- rs = 0,36; p < 0,05

[Litv: koptm3on Ta C3
Children: cortisol and Sl

rs = 0,46; p < 0,05 rs=0,52; p< 0,01

[Litn: kopT3on Ta Maca Tina Npy HapOLKEHHi
Children: cortisol and body weight at birth

rs = -0,70; p < 0,001

rs = -0,66; p < 0,001
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(p <0,05). Maca Ttisia mpu HapoIXKEHHi 3BOPOTHO KOpe-
JIIOBAJIa 3 piBHEM KOPTU30JIy Ha 4ac OOCTEXKEHHS TUTHU-
Hu (p < 0,001).

VY niteit 2-i rpyny BCTaHOBJIEHO 3BOPOTHMIT KOpPEJIsi-
HitHui 3B’s130K MixX piBHeM TTI B cupoBartiii KpoBi Ta
KT (p < 0,05). KpiM Toro, y miteii Li€i rpynu piBeHb
TTT npsiMmo KopeatoBaB 3 HAsSIBHICTIO Y POANYiB KOBUHO-
KaM’sIHOI Ta cevyokam’stHoi xBopoO (p < 0,001), aHoMa-
Jissmu miestenu y autuau (p < 0,001), mepeiomaMu KicTok
(p <0,05). Ui naHi MOXyTb OYTU MiAIPYHTIM JJI51 MOAAb-
LIMX PO3pO0OOK 111010 BU3HAYEHHS POJIi TeHETUYHOI KOM-
TMOHEHTH B Mpolecax ocTeoreHesy. € podOTH, SIKi CBil-
YyaTh MPO BIUIMB IIUTOIOAIOHOI 321031 Ha (hOpMYyBaHHS
3y0iB y JHiTeil, MaTepi KOTpUX MalOTb 3MiHU y (DYHK-
LiOHAJIBHOMY CTaTyci TUpeoigHoi cuctemu [25]. PiBeHb
TTT 3naxoauBcs B NIpsIMili 3a71esKHOCTI 3 KpeaTUHIHOM
(p <0,05) i piBHem C3 (p < 0,05), 110 MOXe CBIIUUTHU PO
HasIBHICTb rinogyHKIil IIUTONOAIOHOT 3a/1031 Ta MOTpe-
Oye momasblIoro o0CTexKeHH IUTUHHA [26].

PiBeHb KOpPTH30J1y B CUPOBATIIi KPOBi MPSIMO KOPETIO-
BaB 3 MposiBaMK oxXUpiHHA y miteit (p < 0,01). 3Beprae
Ha cebe yBary pi3HMIA CTYIiHb 3B’3KYy MiXX TOpPMOHaAMU
3aJIEXKHO BiJl HasSIBHOCTI y OUTWHU OXUpPiHHSA. Tak,
piBeHb TTT OyB GinblI TiCHO MOB’A3aHUIA 3 HasIBHICTIO
oxupinHg (p < 0,001), Hixx BMicT kopTuzoay (p < 0,01).
IIi mani MoxXHa TOSICHUTU OiJbLIMM BIJIMBOM ILIMTO-
noAiOHOI 3271031 HAa OpraHi3M IMTUHU Y MEpiojl CTaTEeBO-
ro po3piBaHHs [27]. lono 3B’sa3Ky piBHiB TTI Ta Kop-
T30y 3 C3, To MOSICHEHHSIM 1IbOIO MOXYTh OyTU Ma-
Tepiaju psILy aBTOPIB, SKi BKa3yIOTh Ha POJIb TJIIOKOKOP-
TUKOITHOTO pEelENTOopa Ta PelenTopa TOPMOHY IIUTO-
MoAiOHOI 3a7103U Y CTUMYJIIOBaHHI epUTporoesy Ta
0o0MiHy 3aii3a [28].

Po3paxyHok 103 onpoMiHeHHs y aiteit 1-i ta 2-i rpyn
Harjsiay nokasasB, 110 Oijblli 403U OyaU y XuTteniB 2Ku-
ToMHUpChKoi obacti (p < 0,05) (Tabu. 6).

V niteit 3 migBuieHoto Ta HopmatuBHow KT BcTa-
HOBJIEHO MPSIMUI KOPEISIUIMHUI 3B’SI30K MiX A03010

Ta6auusa 6

(p <0.05). Body weight at birth was inversely cor-
related with the level of cortisol at the time of
examination (p < 0.001).

An inverse correlation was established between
the serum TSH level and BMD values (p < 0.05) in
children of the 2™ group. In addition, in children
of this group the TSH content was directly corre-
lated with cholelithiasis and urolithiasis in relatives
(p <0.001), jaw anomalies in children (p < 0.001),
and bone fractures (p < 0.05). These data can be
the basis for the further research in the field of role
of genetic component in osteogenesis. There are
works that testify to the influence of thyroid gland
on the formation of teeth in children whose moth-
ers have had thyroid dysfunction [25]. The TSH
level was directly related to serum content of crea-
tinine (p < 0.05) and SI (p < 0.05), which may
indicate the thyroid hypofunction and require fur-
ther examination of the child [26].

Serum level of cortisol was directly correlated
with obesity in children (p < 0.01). Noteworthy is
the different degree of link between the hormones,
depending on whether the child is obese. In partic-
ular, the TSH level was more closely linked to obe-
sity (p < 0.001) than the cortisol content (p < 0.01).
These data can be explained by the greater influence
of thyroid on the child’s body during puberty [27].
As for the relationship between TSH and cortisol
levels and SI content, this can be explained by the
data of a number of authors who point to the role
of glucocorticoid receptors and thyroid hormone
receptors in stimulation of erythropoiesis and iron
metabolism [28].

Calculation of radiation doses in children of the 1
and 2" study groups showed that residents of the Zhy-
tomyr region had higher doses (p < 0.05) (Table 6).

In children with elevated and nominal BMD a
direct correlation was established between the

Nlo3n onpomiHeHHA AiTen 3anexHo Bif Micua npoxusaHHa Ta LWKT (M £ m)

Table 6

Radiation doses in children depending on place of residence and BMD value (M + m)

06nactb MiximanbHa /MakcuManbHa nosa, M38 Cepepns nosa, M3
Reai Minimal / maximal dose, mSv Average dose, mSv

eglon 1-warpyna/1%group 2-rarpyna/2"group 1-warpyna/1%group 2-rarpyna/ 2" group
Kviiscbka / Kyiv 0,11-5,56 0,2-4,0 0,99 + 0,17 0,77 £0,11"
Xutomupcbka / Zhytomyr 0,39-6,02 0,36-6,51 2,02 £ 0,162 1,28 = 0,07
Yepiriecbka / Chernihiv 0,03-0,08 0,05-0,07 0,02 + 0,01 0,05 + 0,02

Mpumitkn. TPisHNLS 03 ONPOMIHEHHS Y AiTel B MeXax OfHiel rpynin nopiBHAHO 3 XKUTOMUPCKOI0 06nacTio (p < 0,05); 2pisHuug 103 ONPOMiHEHHs Y aiTeit pisHix rpyn (p < 0,001).
Notes. 'Difference in radiation doses within one group vs. Zhytomyr oblast (p < 0.05); 2difference in radiation doses in different groups (p < 0.001).
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OINPOMiHEHHS TUTUHMU Ta ii BikoM (rs = 0,23; p < 0,001
tars =0,25; p < 0,001, BinnoBinHO).

Tob6TO0, ynM cTapuia IMTUHA, TUM Oijblla y Hel J03a
OIPOMiHEHHSI, 110 € IIIJIKOM 3aKOHOMipHUM. Kpim To-
ro, BCTAHOBJICHO MPSIMUI KOPEJSIIHHUNA 3B’ SI30K MiX
03010 ONMPOMiHEHHSI JUTUHU Ta HAasIBHOCTI y Hel OXKMU-
PiHHSI, HE3aJIeXKHO BiJl IPUYETHOCTI A0 IPyNU CIOCTe-
pexenns (rs = 0,44; p < 0,001, Ta rs = 0,37; p < 0,001,
BinnosigHo). loBeaeHo, 110 3arajibHUil 00’€M KMPOBOL
TKaHUHU € TMPEAMKTOPOM HACiNKiB pamialiiiHOro om-
poMiHeHHs [29]. Peliita KJ1iHiKO-reMaToJIOTiYHMX ITOKa3-
HUKIB Y IiTell He MaJia 3B’SI13KY 3 J03aMU OIPOMiHEHHSI.

BUCHOBKU

1. Buma 3a HopmartuBHy IIIKT crniocrtepiranach y aiteit
B MOCTIYOEpTaTHOMY Billi, HOpMAaTUBHA — B ITybepTaT-
HoMy nepiomi (p < 0,001) He3anexXHO Bix CTaTi IUTUHM.
KT 3Haxoauaack B IPSIMOMY KOPEJISILIIAHOMY 3B 13Ky
3 BikoMm gutuHu (p < 0,01). VY mireit 1-i rpynu Harmisimy
BCTAHOBJICHO MPSMY KOPEJSALiiHY 3aeKHICTh MiX MO-
kazHukoMm IIIKT i yactoToro mepesoMiB KicTok (p <
0,01) ta aHomariero wmenenu. IlposBu Kapiecy 3y0iB y
ngiteir 3 migBuineHow KT 3ycTpivaiuch H1OCTOBIpHO
pinure, Hix ipu HopMmatusHiN LIIKT (p < 0,05).

2. IlposiBM OXXMpiHHS YacTillle Oyaud y IiBYaT 3 IiJBU-
meHoto KT, npu HopmatuBHiii IIIKT posmnoain 3a
CTaTTIO NaLli€EHTIB OYB piBHOMipHMIA. BcTaHOBIEHA IpsI-
Ma KopeJsuiiiHa 3aIeXKHICTb MiXK HasIBHICTIO OXKUPiHHS
y nutunu Ta LIKT (p < 0,001).

3.V niteii 3 miaBuineHoto KT vacTinie 6yB 3HMXKEHUIA
piBeHb 3arajbHOTO OUIKY B cupoBaTii KpoBi (p < 0,05)
i pigmie — migBUMILIEHI piBHI Jy>KHOI (pocdaTa3u Ta X0-
nectepuny (p < 0,05). ITigBuilieHa aKTUBHICTb JIYXKHOT
docdarazu 3sBopoTHO KopeoBaia 3i IHKT (rs = -0,21;
p <0,05).

4.V pireir 3 minBuiieHoto KT Bu3HaueHo BIJIUB piB-
HiB 3aj1i3a B CMpOBAaTIIi KPOBi Ha psi/i TOKa3HUKIiB, 30Kpe-
Ma, BCTAHOBJICHO MPSMUIA KOPEISLiAHUI 3B’SI30K MixX
piBHEM 3aJ1i3a i HasiBHICTIO €eHAOKPUHHOI I1aTOJIOri1 y po-
JoBoji Ta ocanriit y miteit (p < 0,001 Ta p < 0,05, Binno-
BiIHO), a TaKOX 3B’SI30K MiX aKTMBHICTIO JTy>KHOI (DOC-
¢atazu Ta BMiCTOM 3ai1i3za B cupoBaTLi KpoBi (p < 0,05).
5.V niteii 3 minBuiieHoro IIIKT He BcTaHOBIEHO KOpe-
JISLAHOTO 3B’SI3KY MiX piBHEM TUPEOTPOITHOTO TOPMO-
Hy Tinmo@i3y B cMpoBaTIli KPOBi Ta MepeioMaMu KiCTOK,
aHOMAJTIi€l0 1LIeJIeIU, PiBHEM KpeaTHHIHY i 3aj1i3a B CU-
poBaTuLi KpoBi Ha BigMiHy Big HopmatuBHOi [I[KT.
PiBeHb KopTH30/1y B CUpOBATLi KPOBi MPSIMO KOPEJIIo-
BaB 3 HasIBHICTIO Kapiecy 3y0iB y aiteii (p < 0,05).

6. Y miteit ZKutoMupchbKoi 00J1acTi 1031 OMPOMIiHEHHS
OyJiu OiIbli, HIXX Y XKuTes1iB KuiBcbKoi Ta YepHiriBcbKoi
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child’s radiation dose and age (rs = 0.23, p < 0.001
and rs = 0.25, p < 0.001, respectively).

That is, the older the child, the greater radiation
dose is, just being quite natural. In addition, a di-
rect correlation was established between the radia-
tion dose and obesity, regardless of the study group
(rs = 0.44, p < 0.001 and rs = 0.37, p < 0.001,
respectively). It has been proven that adipose
tissue is a predictor of radiation exposure [29].
The rest of clinical and hematological parameters
in children had no connection with radiation
doses.

CONCLUSIONS

1. Higher than normative BM D was observed in chil-
dren after puberty, whereas a normative one — in the
pubertal period (p < 0.001) regardless of the gender.
BMD was directly correlated with the child’s age
(p < 0.01). In children of the 1* study group a direct
correlation was established between the BMD value
and frequency of either bone fractures (p < 0.01) and
jaw anomalies. Manifestations of dental caries in
children with an increased BMD were significantly
less frequent than with normative BMD (p < 0.05).
2. Obesity was more frequent in girls with an in-
creased BMD, whereas in a normative BMD the
gender distribution of subjects was uniform. Direct
correlation was established between the obesity and
BMD values (p < 0.001).

3. In children with increased BMD the level of serum
total protein was more often reduced (p < 0.05),
whereas more rarely the levels of APh and choles-
terol were increased (p < 0.05). Increased activity
of APh was inversely correlated with BMD values
(rs =-0.21, p < 0.05).

4. In children with increased BMD the influence of
iron levels in blood serum on a number of parame-
ters was determined, in particular a direct correla-
tion was established between the level of iron and
endocrine diseases in family history and also osal-
gia in children (p < 0.001 and p < 0.05, respective-
ly), as well as the relationship between APh activi-
ty and serum iron content (p < 0.05).

5. No correlation was established between the pitu-
itary TSH level in serum and bone fractures, jaw ano-
malies, serum levels of creatinine and iron in children
with an increased BMD in contrast to the cases of
normative BMD. Serum level of cortisol was directly
correlated with dental caries in children (p < 0.05).

6. Children of Zhytomyr oblast had higher radia-
tion doses than residents of Kyiv and Chernihiv
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obnacreii (p < 0,05). Hezanexno Big IILKT BctaHOBIEHO
OpSIMUAI KOPEJSILIMHUI 3B’ 130K MiXK J03010 OIMPOMiHEH-
H$I, BiKOM Ta HasiBHiCTIO oxupiHHs (p < 0,001) y nuTuHM.

oblasts (p < 0.05). Regardless of BMD values a
direct correlation was established between the
radiation dose, age and obesity (p < 0.001).
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