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Hucepraiiitna poOoTa MNpUCBSIYEHA BUBYEHHIO CTaHy  CKeJeTy, pIBHSA
UPKYJIIOI0YOro BiTaMiHy D y Mali€eHTiB 3 IYKpOBUM JiabeTtoMm 1-ro Ta 2-ro Tumy y
NOPIBHSHHI 31 3JI0POBUMH JKHUTENSIMH 3aKaprnaTchKoi 00JIacTi, a TaKOXX BHUBYECHHIO
TeHEeTHUYHHUX JIETEPMIHAHT OCTEOINOPO3y Ta AediuTy Bitaminy D y nmomynsimii ykpaiHiiis.

JlocmipkeHHs: 0yJIo TPOBEJICHO B TP MOCIIIIOBHI €TaIln:

Ha nepwomy emani MeTogoM peTpOCTIIEKTUBHOTO aHATI3y MEAUYHOI JOKYMEHTAIli1
Ha IIJICTaBl PEHTTEeHIBCHKOI JEHCUTOMETpii OyJ0 OIliHeHO cTaH ckenery y 136
CTalllOHapHUX TMaIieHTiB eHaokpuHosoriyHoro BiymauienHs 30KJI im. A. HoBaka 3i
BCTAHOBJIEHUM JiarHo3oM IfykpoBuil miader (I[J]): 1-ro Tumy (n=53; 49,05% xiHok
(n=26), 51% 4vonosikiB (n=27); cepeanii Bik 34,88+14 pokiB) Ta 2-ro tumy (n=83, 66,2%
K1HOK (n=55) Ta 33,8% 4os0BikiB (n=28); cepeanii Bik 55,36+9,1 pokiB), K1 CKJIaIH 1B
JTOCIIITHI TPYIU. Y KOHTPOJBHY TPYIy YBIMILIN 32 IPAKTUYHO 3I0POBUX JOOPOBOJIBIIIB
(75% xinok (n=24) Ta 25% uyonoBikiB (n=8); cepenniii Bik 46,02+10,5 pokir). Jlus
NOPIBHSHHS CTaHy CKeJeTy MK Tpynamu Oyju BHUKOPUCTaHI BITHOCHI MOKa3HUKHU
pentreniBebkoi aencuromerpii (P, anrn. DXA-scan), a came T-moka3HUK, 1110 SBIISIE
co0010 KUTBKICTh CTaHAAPTHUX BIJIXWUJIEHb B1JI CEPEAHHOTO TMOKa3HUKA MiHEPAIbHOL
mi1bHOCTI KicTKoBOI TKaHuHu (MIIIKT) Mononux 310poBUX KIHOK Ta Z-MOKAa3HUK, 1110
BUpaXka€ KIUIbKICTh CTaHAAPTHUX BIAXWIEHb BIiJl cepeaHboro mnokazHuka MIIKT

BIJIMOBIAHOTO 3a BIKOM jopocioro HaceineHHs. 3a nanumu tecty ANOVA Oyno



BUSBJICHO, 10 BIAHOCHI TOKa3HUKU PEHTTE€HIBCHKOI JEHCUTOMETPIi IEHTPaTbHOTO
CKEeJIETy Ha PiBHI MOMEPEKOBOr0 BIAJLTY XpeOTa He BIAPI3HAIOTHCS MK TpbOMa TpyHamMu
(pisenwv 3uauumocmi p>0,05), NIpoTe ICHYE CTATUCTUYHO 3HAYMMA PI3HHII MIXK ITUMU
MOKa3HUKAMHU y TPHOX IpyMax y nepupepruuHoMy CKeJIeTl Ha PiBHI KYJIbIIOBUX CYTJI001B
(»<0,01). Mopganemmit POST HOC Tect ns BUSBICHHS MONMAPHUX BIJIMIHHOCTEH MIiX
rpynamu ais T-moka3zHuka nepudepuyHOro CKeneTy MOKa3aB CYTTEBY PI3HUIIO HOTO
cepenHix 3HaueHb MK rpymnoto L[ 1-ro Tumy ta koHTpoasHOIO rpymnoro (-0,69+1,39 Ta
0,36+1,16 BinnmoBigHo, p=0,003962) ta mix rpynoto LIJ] 1-ro tumy ta L[ 2-ro Tuny (-
0,69+1,39 Ta 0,1741,52 BinnosiaHo, p=0,002375). CTaTUCTUYHO JOCTOBIPHOT PI3HUIII IO
T-noka3Huky nepudepuyHOro CKeneTy Mix KOHTPOJIbHOIO Ta rpymnoro [J] 2-ro tumy He
BusiBIeHO (p=0,8937). Insa Z-noka3zHuka nepuepuyHOro CKeyietry 0yJio BCTaHOBJICHO,
IO ICHY€ WOro cyTTeBa pi3HUI MK rpynoio /] 2-ro Tumy Ta KOHTPOJBHOIO TPYIOI0
(0,47+£1,31 ta -0,31+0,46 BignosiaHo, p=0,0100) Tta mix rpynoto IIJ[ 1-ro Tumy Ta I1J]
2-ro Tuny (-0,45+1,20 Ta 0,47+1,31 BiamosigHo, p=0,0001040). CTaTUCTHUYHO
JIOCTOBIPHO1 PI3HMIN MO Z-MOKa3HUKY NEPUPEPUUHOTO CKEJIETy MK KOHTPOJIBHOIO Ta
rpynoto LI 1-ro Tuny He Busineno (p= 0,86169).

Takoxx, HamI AaHl TOKa3adM, IO 3arajoM >KiHKM MaroTh Hmwkuyy MIIKT sk
HEHTPAIBHOIO TaK 1 NEPUPEPUUHOTO CKENETy Y MOPIBHIHHI 3 HoioBikamu y rpymi LI/] 2-
ro TUITY 3a cepeaHiM T-TTOKa3HUKOM IIEHTpaIbHOTO cKeneTy (KiHkHU -0,862, 40I0BiKH-
0,138, p=0,041), T-nokazaukoMm nepudepuunoro ckenery (xkinku -0,180, vomoBiku
0,851, p=0,003) ta Z-nokazHukoM nepudepuuHoro ckenery (kiHku -0,251, 4yonoBiku
0,885, p=0,040). Y rpyni LI/ 1-ro Tuny CyTT€BO HUXKY1 MOKA3HUKU Y KIHOK MOPIBHIHO
3 YOJIOBIKAMHU CIIOCTEPITalOThCS JUIIEe 32 T-TOKAa3HUKOM NEPUPEPUUYHOIO  CKEJETy
(xinku -1,10417, vonosiku -0,245455, p=0,035).

MeTo10M KOPENSITUBHOTO aHali3y B 11 KOropTi Oyio BUSBIEHO, 1m0 y rpyni LIJI 1-
ro tuny T-TIOKa3HMK K HEHTPAIBHOIrO, TaK 1 Mepu(EepuyHOro CKeneTy ciadKo MpSIMO

KOpentoe 31 MBUAKICTIO KiyooukoBoi ¢uibtpamii (LKD) (#=0,3402 ta r=0,35843



BiAnmoBiAHO, p<0,05). Takoxk, y HIMX MaI€EHTIB CIOCTEPIraeThcs Ciabka 3BOPOTHS
KOPEJIALiS Mk pIBHEM CEYOBOI KUCJIOTH Ta MOKA3HUKAMHU IEHCUTOMETPIi (LIEHTpaTIbHUMN
ckenet: T-nokazuuk r=-0,3430, Z-noka3nuk r=-0,2408, nepudepuunnii ckemner: T-
nokaszHuk r=-0,3908, Z-noka3zuuk r=-0,3420. p<0,05). Hatomicts, y rpymi L{J] 2-ro Tumy
CIIOCTEPITAEThCS TpsSMa KOPEJALisl MIXK PIBHEM CEYOBOi KHCJIOTH Ta BITHOCHUMU
JIEHCUTOMETPUYHUMU NMOKa3HuKamMu nepudepuydnoro ckenery (T-mokaszuuk r=-0,4055,
Z-noka3uuk r=-0,4206, p<0,05). KonaeH 1HIMI KIHIYHUN 41 O10XIMIYHUA TTOKAa3HUK
CYTT€EBO HE KOpeoe 3 mokazHukamMu DXA-scan y 1iif rpymi.

Hamu takox mpoaHaiizoBaHi pe3yJibTaTu 00CTeKeHHs AaHuX marieHTiB 3 L] 1-ro
Ta 2-r0 TUNYy Ha mOpeaMer 3abe3nedyeHocTi BiTamiHOM D Ta HasBHOCTI MOpYyIIEHb
MiHEpaJIbHOrO OOMIHY HUISIXOM OIIIHKM pe3ynbTariB BuMiptoBanus 25(OH)D, TITT,
KaJIbLII0 10HI30BAHOTO Ta MAarHil0 y CHPOBATIll KPOBI Yy MOPIBHSHHI 3 KOHTPOJIHHOIO
rpymnoio.

VY 000X AOoCHiIHUX Tpymnax Mali€HTIB 3 IYKPOBHM J1a0€TOM BHUSBJICHO CYTTEBO
Hukunii piserb 25(OH)D y nopiBHSHHI 3 TPaKTUYHO 3JI0POBUM KOHTpOJEM (cepeaHii
pisenb 25(OH)D y rpyni /I 1-ro tuny 15,5+3,42 ur/mn, L 2-ro tuny 20,62+4,64
HI/MJI, B KOHTpOJIbHIN rpymi 35,14+4,24 ur/mn, p=0,0034). PiBeHb mapaTupeoigHoro
TOPMOHY CYTT€BO BiJIpi3HA€TbCS MK Tpynoto LIJ[ 1-ro Ty Ta KOHTPOJIBHOIO TPYIIOL0, Y
rpymi I[JI 1-ro Tumy Bixg 3BopoTHRO Kkopentoe 3 25(OH)D (48,87+13,9 nr/min Ta
75,20+14,2 nr/min BiAnoBiaHO, KoediuieHT kopensiii » = -0,59, p<0,05).

Perpeciiinuii anamiz 1mokaszaB, M0 Juile T-TOKa3HUKW IEHTPAJbHOTO Ta
nepueprUdHOro CKeJeTy MO)KHAa YacTKOBO IepeAdauyuTH 3a JIOMOMOTOK BpaxyBaHHS
KOMOIHOBaHOTO BIUIMBY (haKTOpiB BIKY, crari, HasBHOCTI [1J[ Ta iHmekcy macu Tina
(IMT), ane mojzeni € TOCTaTHHO CIAOKUMH, IO CBITYUTH MPO TE, IO JHUIINE HU3bKUN
pIBEHBb BapiaTUBHOCTI T-TTOKAa3HUKIB 3aJIC)KUTh BiJl BIUIMBY JaHUX (aKTOPIB.

Ha opyeomy emani nocnijKeHHs, 3 METOI BHBYEHHS pPIBHS 3a0€3MEUEHOCTI

BiTamiHOM D HaceneHHs 3akapmaTchbKoi 00JIACTI MPOTSATOM KaJE€HJIAPHOTO POKY Ta



aHai3y KOpEJISTUBHUX 3B’s3KiB piBHS Meraboinity 25(OH)D 3 ropmoHalibHMMH Ta
010XIMIYHUMHU TOKa3HUKaMU OyJIO MPOBEJEHE PETPOCIEKTUBHE IOCIIIKEHHS KOTOPTH
NAIIE€HTIB, K1 MPOXOIUIHN JA00paTOpHE OOCTEKEHHS Y MEPEKi MPUBATHUX J1abOpaTopiit
3akapnatcekoi obsacti mpotsrom 2019 poky (1824 ocobu). XKinku y gaHiit KOropti
cknann 85,03% obcrexxenux (n=1551), a donosiku — 14,97% (n=273). Cepen
nociipkyBanux 10,08% (n=184) cknanu aitu (ocobu BikoM < 18 pokiB).

B xonai manoro eramy AOCIHIDKEHHsS OyJIM OTpUMaHi HACTYIHI pe3yJIbTaTH: aHai3
piBas 25(OH)D y naniii BuOipii oci0 ToOKa3aB CYTTEBY CE30HHY BapiaTUBHICTh
nokaszuuka 25(OH)D: HaliHWX4uil piBEHb CIIOCTEPIraBCs B JIIOTOMY (CepeIHbOMICIYHE
3HaueHHs 19,44 Hr/mi), a HaBUIIMKA y BepecHi Ta JunHi (26,97 ur/mn ta 26,83 Hr/miu
BiIMOBIHO). XKinku Manu Huwxkunii piBers 25(OH)D y nopiBHsiHHI 3 YosoBikamu (22,45
HT/Mut Ta 26,18 HI/MJ1 BIAMOBIAHO) 1 1151 TEHACHITIS CIIOCTEPIranacs NpakTUYHO B KOXKHOMY
Mmicsiii poky. B3umky 51,74% obGcresxkenux wmanu piBeHb Bitaminy 25(OH)D Hmkue 20
Hr/mi, a 8,12% oci6 - Hmwxkue 10 Hr/mi. Cepen ocid 006CTeXeHUX Ha JaHOMY eTalli, 3a
2019 kanenmapuuii pik B nuiomy 41,9% Hacenenns mae pieHb metadosity 25(OH)D
Hux4de 20 ur/mn, a 4,82 % - "mwkue 10 ur/mn. Cepes AUTSYOro KOHTUHTEHTY B 3UMOBI
Micsiti 46,5% ocio manu 25(OH)D mmxue 20 Hr/mi, a 4,6% aiTelt Manu piBeHb HUXKYE
10 Hr/mi. 3arasom JiTH MaJld BUIIUN cepeaHbOPIYHUMN piBeHb BiTaMiHy D mopiBHAHO 3
nopociumu (26 Hr/mia ipotu 22,67 ur/mi, p<0,01).

[Tpn anamizi BIKOBUX TpyI AOPOCIMX HAWBUIIMK piBeHb AediuuTy BiTaminy D
crioctepiraBcs y rpyti ocid crapmux 60 pokis (58,7% ocib 3 piHeM Hikue 20 HI/MII Ta
9,9% oci6 3 piBHeM Huxk4e 10 ur/mm). Cepen mitedl HaWOUIBII MOMIUPEHUM AC(IIIUAT
BiTaminy D € rpyni niteir 8-12 pokiB (41,86% nmxkue 20 ur/mi ta 4,65% nmxue 10
Hr/min). Jledinut Bitaminy D nmoBHICTIO BIACYTHIN y Tpymi aiteit 0-3 poky, 1110 criBnajaae
3 Mepi0/I0M aKTUBHOT'O BBEJICHHS XapuoOBUX J100aBOK BiTaMiHy D 3 MeTo10 mpodiilakTHKH

paxiTy 3a CBITOBUMH peKOoMeHaalisiMu B YkpaiHi[ 1, 2].



3 METOI0 OIIHKM MOKJIMBOTO BUSIBJICHHS acoIliallii rIiKoBaHOTO TeéMOrjo0iHy Ta
25(OH)D B naniit koropti 3 1824 00cTeKEHNX MU BUAUTAIN CYyOKOTOPTY JIOPOCIIHX OCi0,
K1 MaJld 3aMipH TJIIKOBaHOTO reMorio0iny (n=271). Tak, ocoou 3 piBuem HbA 1C Buiie
6,5% (n=84) mamu HWx4ui piBeHb 25(OH)D mnpoTsaromM KaJeHZApHOTO POKY Y
nopiBHsAHHI 3 ocobamu, B koro HbA1C OyB nuxue 6,5% (n=187): 18,79 ur/mn npotu
22,57 ar/mn, p=0,000800. BcranosineHo, 1o ocodbu 3 HbA1C>6,5% marots B 2,88 pasis
OIbIIy BIPOTIAHICTH pO3BUTKY Aedinuty BiTaminy D (A1 1,69 - 4,91, p=0,0001). Kinku
3 HbA1C>6,5% wmatoth cyTTeBO HMK4Mi piBeHb 25(OH)D npoTsrom poky y NOpiBHSHHI
3 yosioBikamu B i rpymi (17,29 ur/mn npotu 22,72 ur/mi, p=0,0084).

VY rpymi oci6 3 HbA1C>6,5% Bik He Kopentoe 3 piBHeM BiTaMiny D y xkiHOK (7= -
0,056), ajie HEraTUBHO KOPEJIo€E y 4oJIOBIKIB (r=-0,47(), TOOTO y CTapIIUX YOJIOBIKIB 3
M1IBUIIICHUM TJIIKOBAaHUM T'eéMOTJI001HOM € TEeHJICHIIIS 0 HIDKYUX PIBHIB BiTaminy D. ¥V
JaH1| TPyl TAKOXK CIIOCTEpIraeThesi HeraTuBHa Kopessaiist Mk piBHeM 25(OH)D ta IITT
(r=-0,7882), a Takox 3araJIbHUM XOJecTepuHOM (r=-0,6378) Ta TpuriinepuIaMu KpoBi
(r=-0,3227).

B rpyni oci6, sxi manu HbA1C<6,5% Tex cnoctepiraBcs CyTTEBO HUKYUI PIBEHb
25(OH)D cepen xiHOK Yy moOpiBHSHHI 3 4YojoBikamu (21,54 wr/mn ta 27,1 Hr/mn
BiAnmoBigHO, p=0,000438).

Takox, MU BUSBHIM, 110 piBeHb MeTabonity 25(OH)D HeratuBHO Kopenroe 3
MOKa3HUKOM 1HCYJiHOpe3ucTeHTHOCT! (iHmekcom HOMA) y aiteit (r=-0,61, p<0,05),
IPOTE TaKa BIIHOCHO CHJIbHA KOPEJISIISA BIACYTHS Y TIOPOCTHUX.

Ha mpemvomy emani NOCH1I)KEHHS MU ITPOAHAJI3yBaJId T€HOMHI J1aHi 97 yKpaiHIIiB,
K1 OyJIM OTpUMaHi B XOJ1 MI>KHAPOJAHOTO MPOEKTY “I'eHOMHE pI3HOMAHITTS HaceNeHHs
VYkpainu”. Byo BUKOHaHO MOBHOT€HOMHE CEKBEHYBAHHS T€HOMIB 97 3pa3KiB JHOJCHKOI
JHK na amapati BGISeq500 B na6oparopii BGI [lenmxen, Kurait. {onatkoBo, ans
BaJifalii OTpUMaHUX JaHUX MU T€HOTUITYBalu 87 3 IIMX 3pa3KiB 3a JOMOMOIOI0 MaHesl

[llumina Global Screening Array (GSAMD-24v1-0) (https://grefjhmi.edu/wp-



content/uploads/2017/12/infintum-commerce-gsa-data -sheet-370-2016-016.pdf) naus
700078 nokyciB. JlaHi aHami3yBaJii 3a JOIOMOIOI0 CTaHAAPTHOTO aHai3y JaHUX
mikpomatpuill Illumina. J[;11 KOHKpETHOrO IUCEPTAIiHHOTO AOCTIIHKEHHS BU3HAUYMIIU
YacTOTy MyJy OJHOHYKJICOTUIHUX MOJIMOP(PI3MiB, siKi OyJiIM ONMMCaHI B JITEpaTypi, sIK
TakKi, IO acoliifioBaHl 3 piBHEM BiTaMiHy D 4u MiHEpadbHOIO IIUIBHICTIO KICTKOBOI
TKaHUHM Yy JaHii KOropTi ocio.

CraTtucTUYHUM aHaji3 4acTOT T€HOMHMX BapiaHTIB (anesnei), Mo acoliioBaHi 3
piBHEM BiTamiHy D 4u ocTeonopo3oM B yKpaiHChbKiM MOMYJIsAIIi MOKa3aB HACTYIHE:

-cepel BKIIOYEHHUX B aHaji3 22-0X OJHOHYKJICOTHAHMX modiMopdizmiB 10
CTaTUYHO JIOCTOBIPHO BIJIPI3HIIOTHCA 332 YACTOTOIO B MOMYJISIIIT YKpPaiHIlIB MOPIBHSHO 3
nonyssitiero CEU (ocoOu 3axiHO- Ta MiBHIYHO-€BPOMEHUCHKOTO TOXOKEHHS IITATy
IOta, nani sixkux my6iuyHo noctynHi 3 mpoekty “1000 renomis”), p<0,05.

- 7 3 IUX OJTHOHYKJICOTUIHUX ToiMopdi3miB 3HaxonaThcsl B reHl GC, gactora ix
MIHOPHOI1 ayelni (B JaHOMY BHUIIJIKy IIKIAJIMBOT ajielli, acOI[IHOBaHOI 3 HIXKYUM PIBHEM
25(0OH)D 3 edexTom cymartiii) B yKpaiHChKIH MOMYJISIIIT O11bIIa HTOPIBHSIHO 3 MOMYJISIIEID
CEU. Tak, minopna anenb OHII rs2282679, rs4855, 1s3755967 ta rs17467825
3ycTpivaeTbesi B ykpaiHiiB y 1,64 wacrime mopiBHsiHO 3 eBponeiiamu. Ili 4 OHII
MOBHICTIO KOPEJIOIOTh OJWH 3 OJHUM, IO O3HAYA€ 3HAXO/DKEHHS B OAHIN Tpymi
3UEIJICHHSI TeHY 1 YCMaJKyBaHHS TMOBHICTIO 3aJIEKHO OJIMH BiJ OJHOTO B OCI0O JaHOi
koroptu. Jlana rpyna 34eruieHHs 3aiimae moHaiimenue 12802 nykneoruaun rena GC.
BaxnuBo 3ayBaxutu, mo rs4588 € HECHMHOHIMIYHOIO 3aMiHOK (amiHokucioTa Thr
3MiHIOEThCA Ha Lys y nonoxxenHi 436 B ex30H1 12), iHII TpU ajiedl € CHAHOHIMIYHUMH 1
MOXYTh OyTH ii Mapkepamu. MinopHi anem nanux OHII Oynu omucani gk Taxi, 110
acoriiioBani 31 3HmwkeHuM piBHeM 25(OH)D B cuposarmi kpoi. OHII rs1155563
kopemtoe 3 Bumeonucanumu OHIT y rpyni 3deruieHHs, npoTe KoedilieHT KOpesIii €
nemo Hwk4uM (r=0,86). 1le o3Hadae, 1m0 rpymna 34EIUICHHS MOXE JOCSATaTH TMO3UIIIT

71777771 rena GC, ane He y BCiX 0ci0 JaHOi KOTOPTH .



- Bapia"T 1517216707, B sikomy HaBmaku pedepeHTHa anenb T acoiiiioBaHa 3
HOKYUMH piBHsAMU Bitaminy 25(OH)D 3yctpivaetscs y 0,55 yactime B yKpaiHChKid
nomyJsiii mopiBHsaHO 3 nonyisiero CEU.

- BapiadT 1510745742, minopna anens T sikoro 3ycrpiuaetbes y 0,74 piamie y
MOMYJISIIT YKpPaTHIIIB.

- CTAaTUCTUYHO 3HAYMMOi pi3HHUII y yacToTi Bkazanux 10 OHIIL, y panomy
JTocCaiKeHH1 Mk ocobamu 3 1] Ta ocobamm 6e3 1)1 He BHsABIICHO.

- mumie ogua OHII rs1801197 acomiioBanuii 3 MinepaibHuM oOmMiHoM Ta MIIKT
BIJIPI3HSIBCS 32 YAaCTOTOI B MOMYJSAIIi yKpaiHliB nopiBHsHO 3 nonyisniero CEU. B
YKpaTHCHKIH MOMyJIsIii MIHOpHA ajiefb I[bOT0 nojiMopdi3My 3ycTpidaerbes y 0,68 pasis
piamie; IcHyloTh cynepewinBl HayKOBI JaHl MPO 3B'A30K III€i ajiesi 3 OCTEONMOPO30M.
[Ipote, Oyno mokasano, mo renotun TT (181 pedepeHTHI aneni) acoriioBaHmi 3 OJIM3bKO
13-KkpaTHO BUIIMM PU3UKOM HEDPOIIiTIa3y y YOIOBIKIB.

Haykosea HosusHa OTpUMaHUX PE3yJIbTATIB MOJIATAE B TOMY, IO BIEpIle B YKpaiHi
JOCIIJIKEHO CTaH IEHTPAJIBHOTO Ta NEPUPEPUUHOTO CKEJIETY B MAIIE€HTIB 3 IYKPOBUM
niabeToM 1-ro Ta 2-ro TUITY MEPEeBaKHO B CTaH1 IEKOMIICHCAIII1 3aXBOPIOBAHHS B YMOBAX
CTalllOHapHOTO JIIKyBaHHSA. Ha OCHOBI peTpOCHEKTUBHOIO aHali3y BU3HAYEHO OCHOBHI
(bakTopu pU3HMKY PO3BUTKY OCTEOINOPO3Yy B JaHIN KOropTi MaiieHTiB. Takox, BOepIe
JOCJIIDKEHO eIM1IEMI0JIOTIYHY CUTYAIIiIo 111010 AehIuTy BiTaMiny D, ik BU3HA4YaJIbHOTO
dakTopa 3I0pOB’S CKEJETy SIK B KUTENIB 3aKkapnaTChKoi 00JacTi, 110 3BepTaiuci B
pUBaTHI J1ab0paTOPHI LEHTPH, TaK 1 B OKPEMHX I'pyIax 00CTEKEHUX 3 METOIO KPaIoro
PO3yMIHHS I100a7IbHOI CUTYAIII]l 1O PETiOHY Ta 3 METOIO MOPIBHSHHS 3 TOPMOHAIBLHUMU
Ta OIOXIMIYHMMHU TMOKa3HUKaMH. KpiM TOro, Takox BIEpII€ BHU3HAYEHO YaCTOTY
T€HOMHHX BapiaHTIB, SKI MOXYTh BIUIMBATH Ha IUPKYJIIOIOYHMI piBeHb BiTaMmiHy D Ta

MILKT B koropTi ykpaiHIliB.



Ilpaxmuune 3nauenms o0epicanux pe3yibmamis.

B mpaktuky poOOTH €HIOKPHMHOJIOTIYHOTO BIJIIICHHS 3aKkaprnaTrchbkoi 00JacHOi
mikapHi iM. A. HoBaka BOpoBamKeHO pyTHHHE OOCTEXEHHsS ckeieTy meroaoM DXA-
SCAN pJ1 BUSIBIICHHSI paHHIX O3HAK OCTEONOPO3Y Ta OCTEONEHIi B MAIIE€HTIB 3 I[yKPOBUM
niabeToM sik 1-ro, Tak 1 2-ro tumny. Takox, 3 METOI0 J11IarHOCTUKHU fedinuTy Bitaminy D
B JIaHUX TAIll€HTIB BOpPOBaJKeHE pyTWHHE BU3HauyeHHs piBHA 25(OH)D. Po3pobiieno
KOMIUJIEKC PEKOMEHJAIIN JUIsi BUSBJICHHS, MEHEDKMEHTY Ta MpOo(UIaKTUKHA AediluTy
BiTamiHy D Ta ocTeonoposy y XBOpuX Ha LIyKpOBHUH AiabeT.

Knrouosi crnosa: nykposuii niabet, ocreornopos, Bitamin D, reHoM.
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The dissertation aims to the study the skeletal system condition, circulating vitamin D
levels in patients with type 1 and 2 diabetes mellitus in comparison with healthy controls of
the Transcarpathian region, as well as the study of genetic determinants of osteoporosis and
vitamin D deficiency in the Ukrainian population. The study was conducted in three
successive stages:

At the first stage, using the retrospective analysis of medical records on the basis of X-
ray densitometry we assessed the condition of the skeletal system in 136 patients of the
Endocrinology department of Transcarpathional regional hospital named after. A. Novak
diagnosed with diabetes mellitus (DM): type 1 (n = 53; 49.05% of women (n = 26), 51% of
men (n = 27); mean age 34.88 £ 14 years) and type 2 (n = 83, 66.2% of women (n = 55) and
33.8% of men (n = 28); mean age 55.36 + 9.1 years), which comprised two experimental
groups. The control group included 32 healthy volunteers (75% women (n = 24) and 25%
men (n = 8); mean age 46.02 + 10.5 years). To compare the bone condition of the skeleton
between the groups, the relative indicators of X-ray densitometry (DXA-scan) were used,
namely the T-score, which is the number of standard deviations from the mean bone mineral
density (BMD) of young healthy women and Z-score, an indicator that expresses the number
of standard deviations from the mean BMD age -matched adult population. According to the
ANOVA test, it was found that the relative indicators of X-ray densitometry of the central

skeleton at the level of the lumbar spine do not differ between the three groups (significance



level p>0.05), but there is a statistically significant difference between these indicators
between three groups in the peripheral skeleton at the level of the hip joints (p <0,01).

Subsequent POST HOC test, that aimed to detect pairwise differences between the
groups for the T-score of the peripheral skeleton showed a significant difference in its mean
values between the group of type 1 DM and the control group (-0.69 + 1.39 and 0.36 = 1.16,
respectively), p = 0.003962) and between the group of type 1 DM and type 2 DM (-0.69 +
1.39 and 0.17 £ 1.52, respectively, p = 0.002375). There was no statistically significant
difference of the T-scores of the peripheral skeleton between the control and group of type 2
DM (p = 0.8937). For the Z-score of the peripheral skeleton, it was found that there is a
significant difference between the group of type 2 DM and the control group (0.47 £ 1.31
and -0.31 + 0.46, respectively, p = 0.0100) and between the group of type 1 DM and type 2
DM (-0.45 + 1.20 and 0.47 £ 1.31, respectively, p = 0.0001040). There was no statistically
significant difference in the Z-score of the peripheral skeleton between the control and group
of type 1 diabetes (p = 0.86169). Also, our data showed that in general women have a lower
BMD of both the central and peripheral skeleton compared to men in the group of type 2
diabetes where average T-score of the central skeleton (women -0.862, men-0.138, p =
0.041), T-score of the peripheral skeleton T-index (women -0.180, men 0.851, p = 0.003)
and Z-score of the peripheral skeleton (women -0.251, men 0.885, p = 0.040). In the group
of type 1 DM, significantly lower rates in women compared to men are observed only in the
T-score of the peripheral skeleton (women -1.10417, men -0.245455, p = 0.035).

By the correlation analysis in this cohort, it was found that in the group of type 1 DM
T-scores of both central and peripheral skeleton weakly correlate with the glomerular
filtration rate (GFR) (r = 0.3402 and r = 0.35843, respectively, p <0.05). Also, in these
patients there is a weak inverse correlation between uric acid levels and densitometry scores
(central skeleton: T-score r =-0.3430, Z-score r = -0.2408, peripheral skeleton: T-score r = -
0, 3908, Z-score r = -0.3420, p <0.05). Instead, in the group of type 2 DM there is a direct

correlation between the level of uric acid and the relative densitometric parameters of the
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peripheral skeleton (T-scores r = -0.4055, Z-score r = -0.4206, p <0.05). No other clinical or
biochemical parameters are significantly correlated with DXA-scan scores in this group.

We also analyzed the results of a survey of data from patients with type 1 and type 2
diabetes for their vitamin D status and the presence of mineral metabolism disorder by
evaluating the results of measurements of 25(OH)D, PTH, ionized calcium and serum
magnesium and compared these to control group. In both experimental groups of patients
with diabetes mellitus we found a significantly lower level of 25(OH)D compared to almost
healthy control (average level of 25(OH)D in the group of type 1 DM 15.5 & 3.42 ng/ml, type
2 DM 20.62 £ 4.64 ng/ml, in the control group 35.14 + 4.24 ng/ml, p = 0.0034). The level of
parathyroid hormone differs significantly between the group of type 1 DM and the control
group, in the group of type 1 DM it inversely correlated with 25(OH)D (48.87 + 13.9 pg/ml
and 75.20 £+ 14, 2 pg/ml, respectively, the correlation coefficient r =-0.59, p <0,05).

Regression analysis showed that only T-scores of the central and peripheral skeleton
can be partially predicted by taking into account the combined effects of age, sex, diabetes
and body mass index (BMI), but the models are quite weak, indicating that only low tfraction
of the T-score variability can be explained by these factors.

In the second stage of the study, in order to study the status of vitamin D sufficiency
of the population of Transcarpathian region during the calendar year and to analyze the
correlations of metabolite 25(OH)D with some hormonal and biochemical parameters, a
retrospective study of a cohort of patients undergoing laboratory testing in private
laboratories of the Transcarpathian region during 2019 (1824 people) was conducted.
Women in this cohort accounted for 85.03% of rparticipants (n = 1551), and men -
14.97% (n = 273). Among the studied individuals 10.08% (n = 184) were children
(persons aged <18 years, minors).

During this stage of the study, the following results were obtained: analysis of the
level of 25(OH)D in this sample showed significant seasonal variability of 25(OH)D: the

lowest level was observed in February (average monthly value of 19.44 ng/ml), and the
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highest in September and July (26.97 ng / ml and 26.83 ng / ml, respectively). Women
had a lower level of 25(OH)D compared to men (22.45 ng/ml and 26.18 ng/ml,
respectively) and this trend was observed in almost every month of the year. In winter,
51.74% of subjects had a level of vitamin 25(OH)D below 20 ng/ml, and 8.12% - below
10 ng/ml. Among those surveyed at this stage, in the 2019 calendar year, a total of 41.9%
of the participants had a level of metabolite 25(OH)D below 20 ng/ml, and 4.82% - below
10 ng/ml. Among the pediatric population in the winter months, 46.5% had 25(OH)D
below 20 ng/ml, and 4.6% of children had a level below 10 ng/ml. In general, children
had a higher average annual level of vitamin D compared to adults (26 ng/ml vs. 22.67
ng/ml, p <0.01).

In the analysis of age groups of adults, the highest level of vitamin D deficiency was
observed in the group of people older than 60 years (58.7% of people with levels below
20 ng/ml and 9.9% of people with levels below 10 ng/ml). Among children, the most
prevalent vitamin D deficiency in the group of children 8-12 years (41.86% below 20
ng/ml and 4.65% below 10 ng/ml). Vitamin D deficiency was completely absent in the
group of children 0-3 years old, which coincides with the period of active administration
of vitamin D supplements to prevent rickets according to international recommendations
in Ukraine[1, 2].

In order to assess the possible detection of the association of glycated hemoglobin
(HbA1C) and 25(OH)D in this cohort of 1824 subjects, we identified a subgroup of adults
who had measurements of glycated hemoglobin (n=271). Individuals with HbA1C levels
above 6.5% (n = 84) had a lower level of 25(OH)D during the calendar year compared
with individuals with HbA1C levels below 6.5% (n = 187): 18.79 ng/ml versus 22.57 ng
/ ml, p=0.000800. It was found that individuals with HbA1C>6.5% are 2.88 times more
likely to develop vitamin D deficiency (CI 1.69 - 4.91, p = 0.0001). Women with
HbA1C>6.5% have significantly lower levels of 25(OH)D during the year compared to
men in this group (17.29 ng / ml vs. 22.72 ng / ml, p = 0.0084).
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In the group of people with HbA1C> 6.5%, age does not correlate with the level of
vitamin D in women (» = - 0.056), but is negatively correlated in men (» = -0.470), ie
older men with higher glycated hemoglobin tend to have lower levels of circulating
vitamin D. In this group there is also a negative correlation between the level of 25(OH)D
and PTH (r = -0.7882), as well as total cholesterol (r = -0.6378) and blood triglycerides
(r=-0,3227).

In the group of people who had HbA1C <6.5%, there was also a significantly lower
level of 25(OH)D among women compared to men (21.54 ng/ml and 27.1 ng/ml,
respectively, p = 0.00048) .

Also, we found that the level of metabolite 25(OH)D is negatively correlated with
the insulin resistance index (HOMA index) in children (r = -0.61, p <0.05), but such a
relatively strong correlation is absent in adults.

In the third stage of the study, we analyzed the genomic data of 97 Ukrainians, which
were obtained during the international project "Genomic diversity of the population of
Ukraine." Complete genome sequencing of the genomes of 97 human DNA samples was
performed on a BGISeq500 apparatus at the BGI Laboratory in Shenzhen, China.
Additionally, to validate the data obtained, we genotyped 87 of these samples using the
[llumina Global Screening Array (GSAMD-24v1-0) panel (https://grcf.jhmi.edu/wp-
content/uploads/2017/12/infinium-commerce -gsa-data -sheet-370-2016-016.pdf) for
700078 loci. Data were analyzed using standard [llumina microarray data analysis. For
this specific dissertation study, the frequency of a pool of single nucleotide
polymorphisms (SNPs) that have been described in the literature as being associated with
vitamin D levels or bone mineral density in a given cohort of individuals was studied.

Statistical analysis of the frequencies of genomic variants (alleles) associated with
the level of vitamin D or osteoporosis in the Ukrainian population showed the following:

- among the 22 single nucleotide polymorphisms included in the analysis, 10

statically significantly differ in frequency in the Ukrainian population compared to the
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CEU population (persons of Western and Northern European descent in Utah, whose data
are publicly available from the project "1000 genomes"), p <0, 05.

- 7 of these single nucleotide polymorphisms are located in the GC gene, the
frequency of their minor allele (in this case a harmful allele associated with a lower level
of 25(OH)D with the summation effect) in the Ukrainian population is higher than in the
CEU population. Thus, the minor allele of SNP rs2282679, rs4855, rs3755967 and
rs17467825 is found in Ukrainians 1.64 more often than in Europeans. These 4 SNPs are
completely correlated with each other, which means location in the same linkage group
and inheritance completely linked to each other in individuals of this Ukrainian cohort.
This linkage group occupies at least 12 802 nucleotides of the GC gene. It is important to
note that rs4588 is a non-synonymous substitution (the amino acid Thr changes to Lys at
position 436 in exon 12), the other three alleles are synonymous and may be its markers.
Minor alleles of SNP data have been described as associated with reduced serum
25(OH)D levels. SNP rs1155563 correlates with the above-described SNP in the linkage
group, but the correlation coefficient is slightly lower (» = 0.86). This means that the
linkage group can reach position 71777771 of the GC gene, but not in all individuals of
this cohort.

- variant rs17216707, in which, on the contrary, the reference T allele associated
with lower levels of vitamin 25(OH)D occurs 0.55 more often in the Ukrainian population
compared to the CEU population.

- variant rs10745742, the minor allele T of which is 0.74 less common in the
Ukrainian population.

- a statistically significant difference in the frequency of these 10 ONP, in this study
between people with diabetes mellitus and people without diabetes was not found.

- only one SNP rs1801197 associated with mineral metabolism and BMD differed
in frequency in the population of Ukrainians compared to the population of CEU. In the

Ukrainian population, the minor allele of this polymorphism is 0.68 times less common;
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There is conflicting scientific evidence about the association of this allele with
osteoporosis. However, it has been shown that the TT genotype (two reference alleles) 1s
associated with a 13-fold higher risk of nephrolithiasis in men.

The scientific novelt of the obtained results is that for the first time in Ukraine the
condition of the central and peripheral skeleton in patients with type 1 and type 2 diabetes
mellitus was studied, mainly in the state of decompensation of the disease in inpatient
treatment. Based on retrospective analysis, the main risk factors for osteoporosis in this
cohort of patients were identified. Also, for the first time the epidemiological situation
regarding vitamin D deficiency as a determining factor of skeletal health was studied both
in the Transcarpathian region, who applied to private laboratory centers, and in certain
groups of respondents to better understand the global situation in the region and to
compare with hormonal and biochemical parameters. In addition, for the first time, the
frequency of genomic variants that may affect the circulating level of vitamin D and BMD
in the cohort of Ukrainians was determined.

The practical significance of the obtained results.

In the practice of the endocrinology department of the Transcarpathian Regional
Hospital. A. Novak introduced a routine examination of the skeleton by DXA-SCAN to
detect early signs of osteoporosis and osteopenia in patients with both type 1 and type 2
diabetes. Also, in order to diagnose vitamin D deficiency in these patients, a routine
determination of level 25 (OH) D was introduced. A set of recommendations for the
detection, management and prevention of vitamin D deficiency and osteoporosis in
patients with diabetes has been developed.

Key words: diabetes mellitus, osteoporosis, vitamin D, genome.
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