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LLlaHOBHI YynTaui!

Y Bac B pyKax Apyre Y1c/i0 HaLWOoro KypHany B LboMy poLi. My NpoaoBXyEMO NpaLoBaTyh, HE3BaXatloun Ha BUKINKK Bill-
HW, i MaEMO HOBI 3000yTKN. 3 2023 pPOKy CTaTTi HalIMX aBTOPIB BU 3HalAeTe B HAYKOMETPUYHIN pedepaTnBHiii 6a3i gaHnx
peueH30BaHMX HaYKOBUX JOCAiAKeHb SCOpuUSs, Y KBITHI Liboro poky MiHiCTepCTBO OCBITY i HayKM YKpaiH/ BHECSIO Hall Xyp-
Han po Mepeniky HaykoBMX ¢paxoBuUX BUIaHb YKPAiHK, y AKUX MOXYTb Ny6nikyBaTUCA pe3ynbTati gucepTtaliiHux pobit Ha
30006y TTA HayKOBMX CTYNEHIB AOKTOPA HayK, KaHAWAATa HayK i cTyneHA fokTopa dinocodii (kateropis «b»). Tox Hacamnepeq
[103BONbTE MOAAKYBATM BCIM UneHaM pefakLUinHOI Konerii Ta peLeH3eHTam 3a KponiTKy poboTy Haf »KypHanioM, a Halmnm
aBTOpPaM — 3a BUCOKOAKICHI 1 WikaBi nybnikauii.

Lle uncno xypHany pa3om 3i MHOIO BifKPVIBA€E UfieH HalLoi pefaKkUinHOT Koserii, npe3ngeHT EBponericbKoi acolialii BiTa-
miHy D (European Vitamin D Association, EVIDAS) npoé. M. Nnynoscbkuid. Came BiH aHOHCYE ny6iKaLlilo B LibOMY YMCAi XKy p-
Hany KoHceHcycy yKpaiHCbKUX eKcnepTiB WOAO AiarHOCTUKKM, NpodinakTUKM Ta NlikyBaHHA aediunTy BiTamiHy D y gopocnux,
AKUIN, MW CNOAIBAEMOCH, CTaHEe B Harofi i HAyKoBLAM, i MPaKTUYHUM nikapAMm. Llen mixkgncumnnniHapHuin KoHceHCyc MicTUTb Y
Co6i He NnLLe BUCOKOAKICHWI aHani3 CyuyacHVX JTiTepaTypHIX IXKepen Woao AaHOT Npobnemu, ane i pesynbTaTi YKpaiHCbKUX
enifemionoriyHnx JoChigKeHb, AKi AeMOHCTPYIOTb NO3UTVBHI TeHAEHUIT B nogonaHHi gediunty BitamiHy D B YKpaiHi.

BillHa 3MiHIOE KOXKHOIO 3 Hac. 3MIHIOETbCS | Haw »KypHasn. CbOrofHi M1 NPOLOBXYEMO OOrOBOPEHHS TeM, MOB'A3aHNX 3
BMKMKamu BiHW. Le fekinbka pokiB TOMy faHa TeMaTrKa 34anacb 6U LiikaBoto HebaraTboMm, 3apa3 BOHa Haf3BUYaNHO akK-
TyanbHa. Y nonepeHix uncnax )xypHany My Bxe 4inuancb JOCBIAOM HalaHHA JOMOMOr XBOPUM 3 OCTEOMOPO30M B YMO-
Bax BillHK, po6OTU B yMOBax GreKayTy i BUCBITAIOBaNUN HOBY Af1a 6araTbox npobnemy noctiMmobinisaLiiHoro octeonoposy.
Y CbOrofHilWHbOMY YMCHi )KypHany — ABi HOBi po60TK, | APYKYOTbCA BOHM aHIINCbKOK MOBOIO AJiA TOTO, WO6 He TiNbKu
yKpaiHLi, ane 1 Hawi 3apybiXHi Konern mManm 3mory 03HaMoMUTUCH 3 YHiKanbHUM MaTepianom, OTPMMaHMM Mif Yac BiiHN B
YKpaiHi. Y nepLii CTaTTi aBTOPW AiNATbCA CBOIM AOCBIAOM HOBITHbOTO MiAXOAY A0 3aCBOEHHA HABUYOK HaaHHA JOMeANYHOT
[OMOMOTM LMBINbHUM, AKMI 3BETbCA «BULLKIN 3 BUXKMBaHHA». Ha »anb, BTPAaTU MUPHOIO HAaceNleHHA Nif, Yac BiiHW B YKpaiHi €
HelMOBIPHO BEJIMKMMU, @ CTapi MNiAXOAMN A0 HaBYaHHA OCHOB LIMBINIbHOMO 3aXMNCTy MPOAEMOHCTPYBaN CBOIO HeAi€3AaTHICTb.
KapauHanbHuin nepernag asTopamu GpopmanbHOro CTaBIeHHA A0 HAaBYaHHA LUMBINbHYX 6e3neui XUTTEQIANbHOCTI 4O3BONVB
M cdopmyBaTU HOBI aNrOpPUTMK i 3 MOKPOKOBMM BifNpaLloBaHHAM HEOOXiAHMNX HABUYOK ANA LMBINbHYIX Y HaA3BMYaAlHIN
cuTyauii. Bipumo, WwWo BnpoBagKeHHs «BulKony» JO3BONUTb 36eperTu XUTTA yKpaiHLiB Nig Yyac NocTiiHMX 6ombapayBaHb i
aBiaHanboTiB BOpoOra.

Y LibOoMy Umncni )KypHany My BriepLue ny6aikyeMo pe3ynbtaTii eKCrneprMeHTanbHOro JOCAIAXKEHHS, LLO CTOCYETbCA BOEHHOI
Temu. BOHO NnpucBayeHe BAAKBY NiciAaMnyTaLiiHOro 60/1b0BOro CUHAPOMY Ha KPOBOOOIT y KyKCi KiCTKI. Ha »anb, BiliHa Hece
AK BINCbKOBOCNY»KO0BLAM, TaK | LMBINbHUM TPaBMK, 30KpeMa 3 amnyTaLiamu KiHLiBOK, @ BIACOTOK He3aA40BINIbHVIX pe3ynbTaTiB
amnyTaLin [JoCi 3annWaAETbCA BUCOKUM. ABTOPU B il po60oTi AinATbCcA pe3ynbTaTamy AOCIAXKEHHA BNAMBY NicnsamnyTawin-
Horo 6011bOBOro CMHAPOMY Ha NPOLIECK MAKPO- | MIKPOLMPKYAALT i MPOMOHYIOTL LWAAXW NOAoNaHHA npobnemun. My cnogi-
BAEMOCb, L0 B NofanbLlUMX HOMepax OyAemMo MaTi 3MOry He TiNbKU JiNUTACL HALWKM KiHIYHUM AOCBIZOM PO60TY B yMOBaXx
BilHW, ane " 3HaXOAUTU Y BUCOKOAKICHUX eKCePUMEHTANTbHUX JOCNIAMKEHHAX PILLEHHS, WO CTaHyTb Y Harodi KniHiuMcTam.

MpoaoBXyYIOTb Lie UACNO XKypHany iHWi opuriHanbHi gocnigxeHHaA. TpaBmaTonoram, Cnoaisaemocs, 6yae Likasa pobota, npu-
CBAAYEHA MaTEMATUYHOMY MOZESTIOBAHHIO IereHepaTNBHO-ANCTPOGIUYHNX 3MiH KONIHHOTO Cyrno6a npu NOro 3rMHanbHil KOHT-
paKTypi Ha Ni3HiX cTafiax peBMaToIAHOrO apTPUTY, @ PeBMaToNoraM — JOCHIAMKEHHSA WOA0 Pi3NYHOI aKTUBHOCTI Ta KOMMO3K-
LiHOro cknagy Tina B MONoAMX JOPOCMX OCi6 3 I0BEHINbHUM ifionaTUYHM apTpUToM. LlikaBoto Ansa WrpoKoro 3arany Halumx
umTauiB, CNOAIBAEMOCH, CTaHe POOOTA, MPUCBAYEHA KIIHIYHOMY 3HAUEHHIO aAMNMOKIHOBOTO NPOdINto y XBOPMX Ha nogarpy.

3aBepLUy€E AaHe YNCIIOo XKypHany ornaf NitepaTypHUX JxKepen, NPUCBAYEHNI Haf3BUYaANHO aKTyanbHill npobnemi cyyac-
HOI MEAULMHM — 3B'A3KY OCTEOMNOPO3Y, apTepianbHoi Kanbuumdikauii Ta yponitiasy. IMOBipHO, BiH J03BONUTL 6araTboM po3-
BiSITY UNCIIEHHI MidW WOLO HaNeXHoI cannemeHTauil KanbLito i 4acTb BiANOBIAI Ha AesAKi NUTaHHS, NOB'A3aHi 3 «KaNbLiEBUM
napagoKCcomy.

3a BikHOM — noyaTok niTa. LLle pekinbka pokis TOMy B Lieli Yac 6araTto XTo 3 Hac Aymas 61 Npo nnaHoBi BignycTku. Ane
CbOrOAHI He Ha vaci BignoynBaTu. YCi Hawi AyMKM Npo Te, AK BUTHATU HEHABUCHOrO BOpOra 3 pigHoi 3emni. Tox Bipnmo B
36poliHi cunu YKpaiHu, JonomaraeMo, NPaLoeMO, NiKyEMO, JOCTIAXKYEMO, LOHATUMO i BONOHTepumo! He 3ynuHAnmMocs i BCi
pa3om pyxanimocsa fo nepemoru! Cnasa YkpaiHi!

3 rnosaroro,

FTOAOBHMM PEAQKTOP XKYPHAAY,

rnpesnaAeHT YKpaiHCbKOI acouiaLii ocTeornopoay,
AOKTOP MEAMYHMX HAYK, npogecop H.B. [purop‘esa M
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The published data document that vitamin D defi-
ciency is common in Poland [1-5], but in Ukraine the
25(OH)D concentrations are higher. Nonetheless, there is
a need to obtain and maintain proper 25(OH)D concentra-
tions among general population and in the risk groups of
deficiency. In Poland in 2009, 2013, 2018 and 2023 years
the local guidelines were established and disseminated
[6—9]. According to the most recent recommendations [9],
the cholecalciferol was chosen as the first choice for both
prophylactic and treatment options and calcifediol, i.e.
25(OH)D, should be used as the second choice, when cho-
lecalciferol use does not improve serum 25(OH)D concen-
tration or an immediate increase in serum 25(OH)D is re-
quired. In the general population and in the risks groups, the
use of cholecalciferol should be individualized as well as use
of calcifediol.

The cholecalciferol in dose of 1,000—2,000 IU/day was
recommended for prevention in healthy adults aged 19—75
years and even higher doses (2,000—4,000 IU/day) were
shown to be adequate for older and oldest olds persons
aged 75—90 year old and 90 year and older. On the same
calcifediol in daily dose of 10 pg (oral solution) as the al-
ternative prevention was recommended if an acceptable se-
rum 25(OH)D concentration could not be achieved, or if
there was a reasonable medical indication and the serum
25(0OH)D determination should be performed 6—8 days af-
ter starting supplementation.

The treatment is another issue. The 25(OH)D concen-
tration value of < 20 ng/mL reflects an urgent need to start
the medical intervention regimen, with the use of cholecal-
ciferol or, in special medical conditions (e.g. malnutrition
syndromes, obesity, etc.) with the use of calcifediol. The
therapy with the use of both medical regimens should last
1 to 3 months or until the serum 25(OH)D concentration
of > 30—50 ng/mL is achieved, then it is recommended to
use consecutive maintenance dose i.e. a preventive dose
recommended for the general population, in relation to age
and body weight. For some patients with chronic diseases
(obesity, malabsorption syndromes, liver diseases, chronic
inflammatory diseases) or taking medications that interfere
with hepatic cytochrome P450 (i.e. glucocorticoids, an-

ticonvulsants, anticancer or antiretroviral drugs) or when
a quick restoration of vitamin D deficiency is needed, for
those patients, the optional use of calcifediol in therapeu-
tic biweekly or monthly doses of 266 pg (soft capsules) was
shown reasonable, safe, and justified. The therapeutic doses
were 4,000 1U/day (100 pg/day) or equivalently in a cumu-
lative dose once a week, once every two weeks, or once a
month and a follow-up test of serum 25(OH)D concentra-
tions should be performed after §8—12 weeks of treatment.
For calcifediol therapy a dose of in a dose of 10 pg daily
(oral solution) or 266 pg (soft capsules) taken biweekly or
monthly were recommended and the first serum 25(OH)D
concentration control assay not later than 6—8 days (oral so-
lution) or 4—6 weeks (capsules) after starting treatment were
both shown to be performed.

Concluding, the recommendations presented for Po-
land became an important tool to enable the wide medical
community to understand the problem of global vitamin D
deficiency, the principles of diagnosis, prevention and treat-
ment of this deficiency, and the extensive health benefits ob-
tained as a result of a proper vitamin D supply. I do hope that
Ukrainian recommendations will provide the same tool for
MDs dealing with vitamin D deficiency.
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'lep>xasHa ycmanoea «I[Hcmumym 2zepoHmonoziiimeri [].®. Ye6omapvoea HayioHanvHoi akademii MeOUYHUX HAyK YKpaiHu»,
m. Kuie, Ykpaina

?flepxaeHa ycmaHoea «I[Hcmumym eHOOKpuUHoo2ii ma o6miHy peyosuH imeHi B.I1. Komicapernka HayionaneHoi akademii
meOu4HuUX HayK YKpaitu», m. Kuie, YkpaiHa

3flepxasHa ycmaHoea «HayioHaneHuli Haykosuli yeHmp «lHcmumym kapoionozii, KniHiyHoi ma pezeHepamugHoi MeOUYUHU
imeni akademika M.[]. Cmpaxkecka HayioHaneHoi akademii meduyHux Hayk Ykpainu», m. Kuie, Ykpaina

“‘Incmumym 6GioximiiimeHi O.B. lannadina HayionaneHoi akademii Hayk Ykpainu, m. Kuie, YkpaiHa

*flepxasHa ycmaHosa «I[Hcmumym nediampii, akywiepcmea i 2inekonozii imeHi akademika O.M. Jlyk’anoeoi HayioHanoHoi
akaodemii meOuyHux Hayk YkpaiHnu», m. Kuie, Ykpaina

¢flep>xasHa ycmaHoea «l[Hcmumym mpaemamonoezii ma opmonedii HayioHaneHoi akademii MmeduyHux Hayk Ykpainu», m. Kuie,
Ykpaina

’HayioHanebHutli Mmedu4Huli yHisepcumem imeHi 0.0. bozomoneys, m. Kuie, Ykpaina

8YKpaiHcbKuli HAQyK080-NpaKMu4HUli yeHmp eHOOKPUHHOI Xipypeii, mpaHcnnanmayii eHOOKpuHHUX op2aHie i mkanun MO3
Ykpainu, m. Kuie, Ykpaina

°HayionanvHuli yHisepcumem 6iopecypcie i npupodokopucmyeanHsa Ykpainu, m. Kuie, Ykpaina

°flepxaena ycmaHoea «lHcmumym omonapuHzonoziiimeHi npogh. O.C. Konomitivenka HayioHanoHoi akademii MeOUYHUX HayK
Ykpainu», m. Kuis, Ykpaina

""lep>xasHa HayKkoea ycmaHosaad «Ljenmp iHHoeayiliHux meduyHux mexHonoezili HayionaneHoi akademii Hayk Ykpainu», m. Kuis,
Ykpaina

AiarHocTuka, npodinakrmka
Ta nikyBaHHA pediynty Bitaminy D y popocnunx:
KoHceHCcyc YyKpaiHCbKNX eKcnepTiB

Pestome. AkmyaneHicme. [ediunT Bitaminy D (JB[l) € 3HaUHO NOLIMPEHMM Y CBITi, NOro YacTKa iCTOTHO Bapiloe B
Pi3HVX NonynAuiax i 3anexunTb Bif 6araTbox NPUUYMUH. [1o LbOro Yacy HauioHanbHUX pekomMeHAalil Wofo AiarHoc-
TVKW, NPOdINakTMKM Ta fikyBaHHA B[ y Aopocnux B YKpaiHi He 6yno. IX CTBOPEHHs i cTano memoro faHoi po6oTu.
Memodonozia. KoHceHcyc cTBOpioBany 3a Jornomorot metoay [enboi, ronocyBaHHA NpoBOAMAM 33 AOMNOMOrOi0
nnatdopmm SurveyMonkey®. Micns 3aTBEpAKEHHA CKNAaAy KOHCEHCYCHOI rpynK, Y3rofgXeHHs nopanky GopmyBaHHSA
Ta CTPYKTYpur KoHceHcycy, opmynoBaHHA i KOpeKLiT OCHOBHYX NONOXeHb, ABOX payHAiB ronocyBaHHA cpopmoBa-
HO OCHOBHI NonoXeHHA KoHCeHcycy, 3a AKi rpyna ycnilwHo nporonocysana. 15 aBTopis cTaTTi € 15 ekcneptamu, AKi
6panu yyacTb y ronocysaHHi. OctaTtouni 14 nonoxeHb KoHceHcycy nofaHi B AaHi ctaTTi. [lepes KOXXHUM NONTOXKeH-
HAM HaBe[IeHO I0ro O6I'PYHTYBaHHS, BUK/IaAeHe Ha OCHOBI iCHYIOUVX Y CyYacHiil niTepaTypi BUCOKOAKICHUX JOKa3iB.
Pesynemamu. He3Baxatoun Ha 3meHweHHA B[] B yKpaiHCbKill nonynAuii NpoTArom ocTaHHiX poKiB, ekcnepTamum
pPEKOMEHOBaHO MiABULEHHA 00i3HAHOCTI MEAMYHOT CMIIBHOTY Ta HaceNleHHA Woao npobnemu i wnaxis i nogo-
NaHHA 3i CKPUHIHIOM CMPOBATKOBOrO 3arafnbHoro piBHA 25-rigpokcmsitamiHy D (25(0OH)D) B oci6 y neBHMX rpynax
pU3MKY A58 AOCATHEHHS LiNboBOI KOHUeHTpauii 30-50 Hr/mn (75-125 Hmonb/n). [Ans it 3abe3neueHHs pekoMeHoBa-
Ho iHAMBIAyanbHUIA Niabip npodinakTMyHoi 4o3m BitamiHy D (800-2000 MO/g monoanm 3aopoBumM ocobam i 3000—
5000 MO/p — xBOpWM i3 3aXBOPIOBaHHAMU Ta CTaHaMU, AIKi BIIMBalOTb Ha MeTaboniam BiTamiHy D B opraHismi). na
nikyBaHHA [1B[] pekoMmeHA0BaHO KOPOTKOCTPOKOBMI NMpuiiom GinbLu BUCOKMX f03 (4000-10 000 MO/g) BitamiHy D 3
KoHTposnem piBHA 25(0H)D uepes 4-12 TMXHIB NiKyBaHHA | MOAANbLINM BUKOPUCTAaHHAM MiATPUMYloUunx fo3. Peko-
MeH/[I0BaHO BU3HaYeHHA crpoBaTKoBoro piBHA 25(0OH)D y XBoprx 3 0CTEONOPO30M i NOro ycKnafiHEHHAMY nepeq,
iHiLiaLi€lo aHTMOCTEONOPOTNYHOI Tepanii fnA 3anobiraHHsA 1 HeedeKTUBHOCTI I NiABMLLEHHA Npodinto 6e3neku.
KniouoBi cnoBa: sitamit D; KoHceHcyc; pekoMeHaauii; giarHocTuka gediuuty BitamiHy D; npodinakTtrka aedium-
Ty BiTamiHy D; nikyBaHHA aediunTy BiTamiHy D
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Bitamin D — rpyna 6iojloriyHO aKTMBHUX XHUPOPO3-
YUHHUX CTONYK (TToHa 6 BitamepiB i 50 MeTaboiTIB), SIKi
YTBOPIOIOTHCS B IIKIiPi i Ti€10 yIbTpadioneToBUX MpoMe-
HiB miammazoHy B um HagxomaTh 3 ixxeto (momatku 1-3) [1,
2]. OcnoBHumu BiTamepamu Bitaminy D e taki: D, (epro-
KanbLndepo i JoMicTepos y criBBinHouenHi 1 : 1), D,
(eprokanbuudepon ado eprocrepo), D, (xonekanbimde-
poxn), D, (2,2-nurinpoeprokanbuudepos), D, (curtokaib-
uudepos, abo 7-merimpocuroctepon) i D, (curma-kaib-
mudepon). HaitBuiiy 6iooriuHy akKTMBHICTh B OpraHi3mi
JIOIMHM TIPOSABJIAIOTH BitaMitu D, i D,. [opMOHaIbHO aK-
TUBHOWO (opMoto BitaMiHy D € 1o, 25-nurinpokcuBitamin
D (1,25(0OH),D), yrBopeHnwmii 3 BitamepiB Bitaminy D
yepes 25-rinpokcuBitamin D (25(OH)D), axuii Bkovae
25(0OH)D, i 25(OH)D, i BuMipioeTbcs B CMPOBaTLIi KPOBi
sk 3aranbHuii 25(OH)D (total) ans oninku 3a6e3mneueHoc-
Ti opraHizmy BitamiHom D [3—6].

Bitamin D 6yno Bimkputo monan 100 pokiB Tomy [7], i
Ha ChOTOMHI IMATBEPIKEHO HOro BUpilllaJibHEe 3HAYEHHS
IJ1s1 6araThboX 0i0JOTIYHUX IPOLIECiB, 30KpeMa MiATPUMKU
KaJIbllili-(pochOopHOro roMeocTasy, MiHepasisallil KiCTOK,
npodidepalii Ta nudepeHLiaii KJIITHH y pi3HUX opraHax i
cuctemax [8—11]. BctaHoBJIeHI YMCIeHHI TeHOMHI i Here-
HOMHI MEXaHi3MHU BIUIMBY BiTaMiHy D B oprani3mi JtonuHu
[12—14], axi BiamoBigaibHi 3a peajtizallito Horo CKeJeTHUX
i mo3ackeneTHux edekrtiB [10, 11], a peenTopu 10 BiTa-
miny D (VDR) BusiBiieHi B sinpax i KINITMHHUX MeMOpaHax
MalfXe BCiX OpraHiB i TKAHWUH JIIOAUHU.

VY 2011 poui Acomiaiiss eHIOKPUHOJIOTIB 3aIIpOIOHY-
Baja po3risanaTtu aediuut Biraminy D (JIB) y miteii i mo-
pociux SIK KJIiHIYHUU CUHIPOM, 3yMOBJIEHUI HU3bKUM
piBHeM 25(OH)D y cupoBatui kposi [15]. Ha cworon-
Hi 3rigHo 3 MKX-10 HegocTaTHicTh Bitaminy D (HBJI)
kiacudikyetoes B pyopukax E55 («HemocTtaTHicTh BiTa-
miny D. BukitoueHo: octeomarsiist gopociaux (M83.-),
octeornopo3 (M80-M81), nHacmigku paxity (E64.3)») Ta
E55.9 («<HenocratHicts BiTaminy D, He yrouHeHa. ABiTa-
MiHO3 D»).

Pesynbratt YncaeHHUX OCIiIXKEeHb CBiTYaTh PO BeJu-
Ky nowmupeHicts B/ y cBiti [16—21], yacToTa IKOr0 Bi-
PI3HSIETBCS 3aJIEXKHO Bil KpaiHU MPOXUBAHHS, BiKy i cTaTi
00CTeXXKeHUX, MOPU POKY IpU OOCTEKEHHi, HasIBHOCTI Ta
BUIY CyIyTHBOI IaTtoJjorii. JlaHi ocraHHiX pokiB [17] cBin-
yaThb Mpo Te, 110 3arajoM y cBiTi yactka JIBJl craHOBUTH
6sm3bKo 37 %, Hrkdoro BoHa € y CIIIA (18 %) Ha Binmi-
Hy Bin kpain €sponu (40 %) Ta Adpuku (34 %). OnHuM
3 Hait6inbmmx ABJI € B Ipani Ta Mopaanii (90 %), Haii-
MeHImnM — y Tani Ta Ha Ceitenbebkux ocTpoBax (< 7 %).
¥ Hacenenns [liBHiuHOi €Bponu aedinuT Bitaminy D 3y-
cTpivaeTbes nmpubimsHo B 20 %, Tomi gk y 3axianii, [Tis-
nenniii i Cxigniit €spori — y 30—60 % [18].

Ha cporomni mixkHapomHi [19, 22, 23] ta HauioHanbHi
pexomeHnarii [24—27], onmy0ikoBaHi OCTAaHHIMU POKaMM,
CBiIYaTh MPO BEIMKY aKTyaJIbHICTh JAHOI MPOOJIEMH, XO-
ya IMIXOAW OO MiaTHOCTUKHU, NMPOodiIaKTUKKU i JiKyBaHHS
B/ y cBiTi ne1iio pi3HAThCA. [0 1IbOro yacy HallioHaJIbHUX
pexomeHalliii mono nomoiaanHs JIBJl B YkpaiHi He OyJ10,
1110 i 3yMOBJTIIOE HEOOXiAHICTb IX CTBOPEHHSI.

MeToponorisa po3po6ku KoHceHcycy

st po3po6oku manoro KoHceHcycy Oyna cTBopeHa eKc-
repTHa rpyra 3 15 MpoBiTHNUX YKPaTHCbKUX BYEHMX, SIKi €
pisHuMU daxiBusgMu (Giosoru, 6ioXiMiKu, eHIOKPUHOJIO-
TH, PEBMAaTOJIOTH, TPaBMATOJIOTM-OPTOMEIN, Ji€ETOJIOTH,
aKyIIepy-TiHeKOJIOTH, aJleprojioTH) Ta eKcrepTaMu 3 Be-
JIMKAM JOCBiIOM BUBYEHHSI mpoOjeMmu Bitaminy D i cy-
MixXHMX TeM. [lepimii, mocTuii i ogMHAAUSITUN aBTOPU
1€l cTaTTi Oy/JM WieHaMu OKpeMOi poOoUoi Ipymnu, CTBO-
peHoi 17151 Bindopy i KoopAauHallii poOOTH eKCIIepTiB.

IMpouiec nOCSTHEHHSI KOHCEHCYCY MPOBOAMIM 3a JO-
nomoro metony Jleabdi, sIKMiA Ha ChOTOIHI IIMPOKO
BUKOPUCTOBYIOTh JUISI CTBOPEHHSI KIIIHIYHUX HACTaHOB
[28—30]. TosmocyBaHHSI TIPOBOIMIIM 3a JOIIOMOTOIO IIJIaT-
dopmu  SurveyMonkey® (https://surveymonkey.com) i3
3aCTOCYBaHHSIM 9-0ajibHOI rpanallii y3roJxKeHOoCTi 3 MoJIo-
JKEHHSIMM, 3 TIPUBOJY SIKMX TIPOBOIMIIN ToIocyBaHHS (1 —
KaTerOpUYHO He 3rofieH, 3 — He 3ToJieH, 5 — HelTpasibHe
BiTHOLLIEHHSI, 7 — 3rOJIeH i 9 — MOBHICTIO 3rO/IEH).

[lepen moyaTKoM rojiocyBaHHS 3 Oro yyacHUKaMu Oy-
JIO Y3TOKEHO, 1110 KOHCEHCYC Oy/ie TOCSITHYTHI Y BUTTAIKY,
SKIIO > 75 % y4aCHUKIB MOTOASTHCS i3 3aIPONOHOBAHUMU
MOJIOKEHHSIMU 32 IKAJIOK0 TOJIOCYBaHHs 7 a0o Bulle. Y pa-
3i HEMOXJTMBOCTI IOCSITHEHHST KOHCEHCYCY 110J10 KOHKPET-
HOTO MOJIOKEHHS TOJIOCYBaHHS Oy/ie TTOBTOPEHO ITic/IsT ioro
00roBOpeHHs eKCIiepTaMM Ta MOAM(IKalIii TTOJTOXKEHHST.

Ilicns 3aTrBepmKeHHs CKJIaay KOHCEHCYCHOI TpyIu,
Y3TOIKEeHHS MOPSAAKY (POPMYBaHHSI Ta CTPYKTYPU KOHCEH-
CYCHOTO TOKYMEHTa Ha OCHOBi aHali3y CyJacHMX JIiTepa-
TYPHUX JIKepesl 3 BUCOKUM PiBHEM JOKA30BOCTI YIeHaMU
pobouoi rpymu Oyiaa chopMmynboBaHa HHU3Ka IOJIOKEHDb
oo emnigemiosorii JIBI, #ioro CKpuHiHTY, IpodiTakTuKu,
JIIKyBaHHsI Ta MOHITOPMHTY, 3a SIKi IPOTSITOM CiYHSI — JII0-
toro 2023 poKy yci eKCIepTy MPOBOAMIIN I'OJIOCYBAHHSL.

Ha mouatky sororo 2023 poky ujeHM poOGOYoi rpymnu
y hopMaTi OHJIAKH MOAAIM iHIIUM eKCIlepTaM pe3yJibTaTh
MepIIOro payHIy TOJIOCYBaHHSI, (hOPMYJTIOBaHHS IOJIO-
JKeHb i 3ayBaxkeHb. [liciss 0OroBopeHHsl i BHECEHHS 3MiH i
JIOTIOBHEHb BiJl €KCIEPTiB HANPUKiHIi JitoToro 2023 poky
MPOBEJICHO TTOBTOPHE TOJOCYBaHHS MeTonoM Jlenbhi, y
pe3yabTaTi sikoro 0ymno copmoBaHo 14 monoxkeHb KoH-
CEHCYCY, 3a SIKi Tpymna YCIIIIHO MPOTroJiocyBalia.

15 aBrOpiB wi€i cTarTi € 15 ekcmepTamu, sIKi Opanu
y4acTb B 000X payHIax rojlocyBaHHs 3a MeTonoM Jleabdi.
KoxxeH payHn rojiocyBaHHSI IPOBOAWIM 11100 KOXKHOTO i3
3alpOINOHOBaHUX 14 moyioxkeHb. OCTaTOUYHI IMOJOXEHHS
KoHceHcycy monaHi B TeKcTi crarti Ta nonatky 4. Ilepen
KOXHHM TIOJIOKEHHSIM HaBEIEHO MOro OOIPYHTYBAaHHSI,
BUKJIaJieHEe Ha OCHOBI iCHYIOUMX Ha JaHU Yac J0Ka3iB.

Enigpemionoria ge¢iynty Bitaminy D
Yy Aopocinnx

[IpotsiroM ocTaHHIX mecaTUpid B YKpaiHi IIpoBeAcHa
HHU3Ka eIMIeMiOIOTIYHNX AOCHIMKEeHb IIOO0 CTaTyCy Bi-
taminy D [31-36]. Tlepiie emigemMionoriyne T0CTiKEHHS
(2011) [31] 3a yuacTio 1575 oci6 Bikom 20—89 poKiB 3 pi3HUX
perioHiB KpaiHu BUSBMIO 3HAa4YHy 4yacTky (81,8 %) JIBI B
yKpaiHchKii nonyssuii. JloctartHiii pieHb 25(OH) D y kposi
BcTaHOBJEeHO yniie B 4,6 % obcrexenux, HBJI —y 13,6 %.
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CepenHniit piBenb 25(OH)D y cupoBaTili KpoBi y4acHUKiB
JOCITiIKEHHST cTaHOBUB 34,49 HMob/71 (13,80 Hr/™mo).

Inmre emimemionoriyHe IOCTIIKEHHS i3 3aTydeHHSIM
3460 oci6 BikoM 1—92 pokKM 3 TATOJIOTIEI0 KiCTKOBO-
M’s130Boi cuctemu [32], omyb6mikoBane y 2017 poiri, BU-
SIBWJIO BUIIIi TOKa3HUKM 3a0e3reyeHocTi BitaMiHOM D mo-
PiBHSIHO 3 TIOIIEPeIHIM MOCIiIKEHHIM (CepenHill piBeHb
25(0OH)D craHoBuB 26,2 HI/MJI) 3i 3MEHIIIEHHSIM YacTKU
OB (37,3 %) i HBI (30,6 %). 1lle onHe emigemionoriute
TOCJiIXKEHHS 11010 BUBYEHHSI cTaTycy BiTaMiHy D 3a yuyac-
TIo 8426 mopociux oci6 BikoMm 20—99 pokiB, 00CTEXKEHUX
y 2016—2022 poxkax [35], mpoaeMOHCTPYBaJIO 30iTbIIEHHS
piBHs 25(OH)D (30,9 Hr/mu1) y cupoBartiii KpoBi MOPiBHSI-
HO 3 pe3yJibTaTaMu JIBOX MoTepeHiX nociimkeHb. Kpim To-
ro, MeHIoro OyJa yactka HBJI (27,4 %) i ABJ (19,9 %).

3HauHy vactky B/l minTBepauau it perioHaabHi yKpa-
THCBKI IOCTimKeHH, ITpoBeneHi Ha bykoBuni Ta I1pukap-
natTi [33] i B 3akapmarri [34]. Tak, anani3 pisasa 25(OH)D
y 482 ocib BikoM 18—88 pokiB BUSIBUB HOpMaJIbHUIA CTATyC
Bitaminy D nuiie B 7,7 % 00CTeXeHUX, B iHIIKUX BUITagKaX
criocrepiranu B/ (46,9 %) un HBJI (45,4 %) [33]. Cepen-
Hiit piBeHb 25(OH)D cranoBuB 21,6 Hr/Mia. B iHimomy pe-
rioHaibHOMY JociimkeHHi [34] 3a yuactio 1823 miteit i no-
pociux cepenHiit piseHb 25(OH)D craHoBUB 22,3 Hr/mMi y
JKIHOK i 25,8 HI/MJ1 y YOJIOBIKiB.

AHani3 cratycy Bitaminy D B ykpalHChKiii momyssitii B
OCTaHHI IT’SITh POKiB BUSIBUB BipoTigHO BUILli piBHi 25(OH) D
nin yac mangemii COVID-19 y 2020—2021 pp. (2020 pik:
36,8 ur/mi; 2021 pik: 35,0 Hr/MI) SIK TOPiBHSIHO 3 TTOKAa3-
HUKaMU OITy0JIiKOBaHMX paHillle JOCTiIKeHb, TaK i 3 piBHEM
25(0OH)D y 2018 poui (30,2 ur/mn) [35]. CepeaHbopiuHuMiA
piBens 25(OH)D y 2022 poui (36,0 ur/mi) [36] BiporinHo
He BilIpi3HSIBCS Bill 3HaUeHb IMOMEPEAHIX IBOX POKiB, IPOTe
BCTAHOBJICHO BipOTiIHE 3MEHIIEHHS KiJIbKOCTi TECTyBaHb
piBHs 25(0OH)D, 110, oueBUIHO, TTOB’SI3aHO 3 POCICHKUM
BTOPTHEHHSIM B YKpaiHy Ta HU3KOIO OOMEXEHb K y Jia-
rHoctuli JIBJL, Tak i B HajexXHii fioro caruieMeHTallii.

B ycix mpoBeneHux B YKpaiHi IOCTIIKEHHSIX TIpoJe-
MOHCTPOBAHO 3aJIeXHICTh TMOKa3HUKIB CHUPOBATKOBOTO
piBusg 25(OH)D Bix Biky 3 HAHIKYMMHK MOKa3HUKAMU B
CcTapIImx BiKoBHX Ipymax. KpiMm Toro, BcTaHOB/IEHI CE30HHI
KonuBaHHA piBH 25(OH)D 3 HaliBUIIMMM MOKa3HUKaAMU
HaIIPUKIHIII JIiTa i1 Ha MOYaTKy OCeHi I HAWHWXKYMMU —
HaIIPUKiHIII 3MMM i Ha TOYaTKy BECHHU.

ITonoxenna 1 [imKama KOHCEHCYCHOTO TOJOCYBaHHS
(piBeHb y3romkeHocTi): 9 (100 %)]:

Jleghiuum i nedocmamuicmo éimaminy D y dopocaoeo
HaceaeHHs YKpainu € 3Ha4Ho0 NOWUPEHUMU, Y 36 13Ky 3 YUM
Heo0Xiono 30iabumumu 00i3Hanicms 2pomadcoKocmi ma me-
OuMHO20 NePconaty wioo ko020 CKeAemHux i NO3acKeAermHtux
eghexmis, 2pyn pusuky, ki nompe@yromo CKpuwninzy ma
monimopuney pienust 25(OH) D, adexeammuux 003 i cxem 04
npoghinaxkmurxu ma aixyeanns deghiyumy eimaminy D.

CKpuHiHr gediynTy Bitaminy D
Yy Aopocnnx

OCHOBHOI0 IHUpPKYyJI0I0Uol ¢GopMoro BiTaMiHy D €
25(OH)D, Tomy iioro piBeHb y CHpOBAaTILIi KPOBi BBaXa-
I0Th HallKpalluM iHIMKATOPOM JJISI OLIIHKU 3abe3reve-

HOCTi If MOHITOpMHTY cTatycy Bitaminy D [15, 23, 37—39].
Busznauennst 25(OH)D nepenbayae BUMiptoBaHHSI PiBHSI
25(OH)D, i 25(OH)D,, i Bin Bu3HauaeTbea Ak 25(OH)D
3arajabHuii (total). BuMiproroTh fioro BpaHiii HaTIIe, a pe-
3yJIbTAaTH TTOAAIOTh Y HT/MJI 200 HMOJIb/JI (3 KoedillieHTOM
nepepaxyHky *2,5). BumipioBanns pisus 25(OH)D y ceui,
IPYIHOMY MOJIOL, CUHOBiaJIbHil i aMHIOTUYHIN piguHax,
OKPEeMHUX TKAaHWHAX i KyJbTypaX KJIITUH BUKOPUCTOBYIOTh
B €KCIMEPUMEHTAIbHUX 1 KIIIHIYHUX TOCHiIKEHHSIX, TPOTe
3HAYEHHS B KJIiHIUHIM MpakTUlli I OLiHKM CTaTycy Bi-
taminy D BoHO He Mae [40].

Ha cporomHi BUMIpIOBaHHSI CUPOBATKOBOTO DiBHS
25(OH)D npoBoasiTh, BAKOPUCTOBYIOUM METOIM, 3aCHO-
BaHi Ha imyHoaHani3i (CLIA, ECLIA, RIA ta ELISA), i
xpomarorpadiuni meronu (HPLC i LC-MS). Iepii Ginbin
YacTO BUKOPUCTOBYIOTh Y KJIiHIUHI MpaKTULli 3aBASIKU aB-
TOMaTu3allii Ta MOXJIMBOCTSIM IIBUIKOTO OTPUMAaHHSI pe-
3yJbTaTiB. XpoMarorpadiuHi MeToau, Ha BiIMiHY Big Me-
TOHIB iMyHOaHalli3y, JO3BOJISIIOTh BU3HAYaTH METaOOJITH
BiTamiHy D, Xxoua € GBI CKJIaTHMMU Yepe3 CBOE TeXHIUHE
OCHAILIEHHSI, TPYIOMICTKY ITiITOTOBKY Ta OILIiHKY 3pa3KiB.
Ha cphoromHi oco0uBYy yBary NpUIUISIOTh HEOOXiTHOCTI
craHgapTu3ailii orpuMaHux pesyiabsrariB 25(OH)D i na6o-
paTopHOro 3abe3rneueHHs SIKOCTi BUMiptoBaHb [40, 41].

Y pexomeHmamissx pizHUX MiXKHAPOIHUX TOBAPUCTB i
€BpOIECHKOro areHTCTBA 3 O€3MEKU XapuyOBUX MPOAYKTIB
(European Food Safety Authority, EFSA) [15, 19, 22, 23,
42, 43| BUKOPUCTOBYIOTh Pi3Hi MEXXOBi 3HAUeHHSI IS BU-
sHaueHHs A B/I. [lopiBHAIBbHUIT aHaNi3 KepiBHUUTB [44—
48] minTBepmKYyE 11e 0OCOOIMBOCTSIMHU ITOCTABICHNX 3aBIaHb
i BUOOpOM WiIbOBOI momnyJsiii. Pesynsratu neskux [49,
50], xo4 i He BCiX AOCHiIKEeHb IeMOHCTPYIOTh OOepHEHUIA
3B’130K MiX piBHsMuU mapartropmony (I1TT) i 25(OH)D
npu piBHI 0CTaHHBOTO B KpoBi < 30 Hr/mi1, 110 OOIPYHTO-
BY€ BUOIp HAMM came LIbOTO 3HAYEHHS SIK MEXOBOTO ISt
BU3HAYEHHS ONTUMabHOro. KpiM TOro, BAKOpUCTaHHS B
NeSTKMX peKOMEeHallisix MetaperpeciiiHoro aHanizy (MPA)
i3 BUKOPUCTAHHSM 3aJIEKHOCTI «103a/peakilisi» 3aMicThb
aHami3y iHaMBimyanbHUX maHux ydacHukiB (IJ1Y) mocii-
JKEHHST (1110 € MEHII JOLITbHUM 3 TOUKU 30py €KCIEePTiB
Cochrane [51]) MoxXe 3HAYHO BIUIMBAaTH HAa PEKOMEHIOBA-
Hi MEXOBi 3HAUEeHHS.

low,25-nurinpokcusitamin D (1a,,25(0OH),D) € ropmo-
HaJIbHO aKTMBHOIO (popMoIo BiTamiHy D, sgkuii peanizye
CBOI CKEJIETHI i1 Mo3acKeNeTHi e(peKTH mo3a MiClIeM OCHO-
BHOI'O CUHTE3y uYepe3 I'€HOMHi i HEereHOMHi MeXaHi3MHu,
MpOTe MOTr0 BU3HAYEHHS HE BUKOPUCTOBYIOTH JJISI TECTY-
BaHHs 3abesneyeHocTi BiTamiHOM D opraHismy i ckpu-
Hinry JIBII. Cuposarkosuii pisenb 10,25(OH),D mae
KJIiHiYHEe 3HA4YeHHS B OLHII BPOIKEHUX/HAOYyTUX IIO-
pylieHb MeTtabonismy docdartis i 25(OH)D y xBopux i3
XPOHIYHUMHU 3aXBOPIOBAHHSIMM HUMPOK, CIAJIKOBUMU 3a-
XBOPIOBAaHHSIMM 3i 30UTbIIIEHMM BUBeACHHSIM (ocdaris,
OHKOT€HHOIO OCTEeOMAJISIIi€l0, BiTaMiH-D-pe3ncTeHTHUM
paxiToM, XpOHIYHMMHU TpaHyJIeMaTO3HUMU 3aXBOPIOBaH-
HsIMU (CapKoino3), nessiKuMu Bugamu JiMmdom. BusHaueH-
Ha piBHa 1,25(OH),D i niarHOCTMKM TilOBiTaMiHO3Y
D HenouinbHe i MOXe MPU3BECTU A0 MOMUJIKOBOI iHTEP-
nperTartii ctaTycy BiTamiHy D, ockKiabKu HOro piBHi 4acTo
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€ HOpMaJIbHUMU a00 HaBiTh MiABUILEHUMHU B ocid 3 B/l
y pe3yJbTaTi, 30Kpema, migBuineHoro 6iocuatesy I1TT.

ITonoxkenns: 2 [mikaja KOHCEHCYCHOTO TOJIOCYBaHHSI
(piBeHb y3romkeHocti): 9 (80 %), 7 (13,3 %), 5 (6,7 %)]:

Pisens 3azaavnozco 25(0H)D y cuposamui kpogi pexo-
MEHO08aAHUIL IK AabopamopHuli mapkep 04 diazHOCIuUKU
deghiyumy eimaminy D.

Kpumepii 3a6e3neuenocmi opeanizmy eimaminom D:

— <20 Hr/mi (< 50 HMOJIb/11) — nediuuT BitaMminy D;

— > 20 ur/mn (= 50 umonp/n) i < 30 Hr /mn
(<75 HMOMBb/T) — HEAOCTATHICTD BiTamiHy D;

— 30—50 Hr/ma (75—125 HMOJIb/) — NOCTaTHIii piBeHb
BiTaminy D;

— > 50—60 ar/mi (> 125—150 HMOIB/1T) — GE3MEeYHMIA,
ajie He 1iJIbOBUI piBeHb BiTaMiHy D);

— >60—100 ur/ma (> 150—250 HMOIb/7T) — 30HA HEBH-
3HAYEHOCTI 3 MOTCHIIMHUMU TIepeBaraMu Yu pu3uKamu;

— > 100 Hr/™ma (> 250 HMONIB/JT) — HAIUTMIIOK/30HA
TOKCUYHOCTI BiTaminHy D.

HesBaxatoun Ha 30iUIbLIEHHSI OCTaHHIMM pOKaMu
KibKocTi TectyBaHb Ha 25(OH)D y cBiTi [52—54], 1o,
30KpeMa, IOB’S13aHO 3i 30UIbIIIEHHSIM 3HaHb 1LI0I0 MO3U-
TUBHUX edekTiB BitaMiHy D i mangemiero COVID-19, Ha
CBOTOJIHI HEMA€ TOCTaTHHOTO OOTPYHTYBAaHHSI JIOILIBHOC-
Ti MPOBENEHHST 3araJbHOTO CKPUHIHTY HaCeJeHHS II0-
mo JABJI [55—57]. IlpoTe HaKOmMMYEHO IOCTATHHO TaHMX
oo 30iabieHHs yactku JIBJI B oci® crapiimx BiKOBUX
rpyn [1, 32, 35], oci6 3 HaagMipHOIO Macolo Tija Ta MeTa-
OomiyHM cuHIpoMoM |1, 32, 58], TeMHOIO ITirMeHTaIlieo
wikipu [59]. Kpim TOro, mpoaeMoOHCTPOBAHO 301JIbILIEHHS
B/l y xBopux 3 MeTa0OMIYHUMHU 3aXBOPIOBAHHSIMU KiCT-
koBoi TKaHuH" [60], ocib 3 iHdexiitHoo [61, 62] Ta aBTO-
iMyHHOIO TaTosoriero [63, 64, 65], 30kpeMa 3amaabHUMKU
3aXBOPIOBAHHSAMM KHIEYHUKA [66, 67], peBMaTUYHOIO
marosiorieto [68—71] Toilo, 3aXBOPIOBAHHIMU €HIOKPUH-
HOI CUCTeMU, 30KpeMa LIyKpoBUM fiadbetom [72, 73], rino-
roHaju3Mowm [74], maToJioriero muToroaioHoi 3ano3u [75,
76] To1110, 3aXBOPIOBAHHIMM CepLieBO-CyaIuHHOI [77—80],
HepBoBoi cuctemu [81—83], Hupok [84], OHKONIOTIYHUMM
3aXBOPIOBAHHSIMMU [85], TpUBaIMM TIPUITOMOM JTiIKApChKUX
3ac00iB 3 HETaTUBHUM BIUIMBOM Ha MeTa0OJIi3M BiTaMiHy
D [86, 87], a TakoK 3B’S130K 3i 301JIbLIIEHUM PiBHEM CMEPT-
HocTi 3 pi3Hux npuuuH [88—91]. Tomy BuU3HAUEHHS CU-
poBaTkoBoro piBHg 25(OH)D y ui€ei kateropii ocio moxe
OyTU KOPUCHUM 151 €(PeKTUBHOI MPpOoGilaKTUKKU i JIiKy-
Banus [ABJI [15, 22, 23].

ITonoxkennss 3 [imiKaja KOHCEHCYCHOTO TIOJIOCYBAaHHS
(piBeHb y3romkeHocTi): 9 (80 %), 7 (20 %)]:

Busnauenns cuposamrosoeo piens 25(0OH)D y dopoc-
AUX He PeKOMEHA08aHO 0e3 HImKUX NOKa3anv, a CKPUHiHe
deghiyumy eimaminy D caio poseasnymu 6 maxux ocio uu
3a yMOBU HACMYNHUX 3AX80PI06AHY/CINAHIG:

— ocobu aimmuvoeo 6ixy (= 60 pokis);

— 0C00u AiMmHBO20 GIKY 3 NidGUWEHUM PUUKOM NAOIHDb i
MAAOMPABMAMUMHUMU NEPeAOMAMU 6 AHAMHE3L;

— imMmobiaizoeani ocoou ma ocoou nio wac mpueaioi
eocnimaaizauii;

— gacimui ma 200yroui;

— ocobu 3 oxcupinuam (indexc macu miaa > 30 k2/m?);

— 0cobu 3 memHON nieMeHmauicro WKipu;

— ocmeonopos;

— ocmeomaaauis;

— 0Oiab y Kicmkax i m’a3ax;

— cinepnapamupeos;

— XpoHniuna xeopoba nupox (XXH);

— cundpomu manvabcopouii (nanpukaad, 3anaivhi
3aX60pPHGAHHA KUWEHHUKA, CINAHU NicAs OapiampuvHux
onepauiti, MyKogicuudos, enmepum nicas OnpoMiHeHH:
main.);

— ne4inK08a HedoCMamHicmo,;

— mpusaauii npuilom AIKapcoKux 3acodieé 3 Hezamue-
HuM énaueom Ha memaboaizm eimaminy D (nanpurxaao,
npomucydomui npenapamu, 2Ar0KOKOPMuUKoiou, aiku eio
CHI/ly, npomuzpubxogi 3acobu, 3acobu zinoxiecmepume-
MiuHoT 0ii ma in.);

— XPOHI4YHI aeMmoiMyHHI 3aX60plo6aHHs (Hanpuxiao,
PO3CIAHULL CKAep03, peeMamoioHuli apmpum, cucmemMHull
4epeoHUIl 606HAK MA IH.);

— 2pamyaemamo3Hi 3axeoproéanus (Hanpukaao, cap-
K0id03, mybepKkyavo3, cicmoniazmos, bepuiios, KoKuuoi-
OMIK03 ma in.);

— uykposuii diabem;

— OHKO0.102i4HI 3aX80PIOGAHHS.

[To3uTuBHI cKejeTHi edpektn Bitaminy D B opranizmi
peatizyloThes, 30KpeMa, depe3 Horo BIUTUB Ha KaJIbIli€BO-
dbocdopHuit ooMmiH [5, 10, 92]. 3a ymoB xponiuHoro JIBJI
3MEHIIYEThCSI BCMOKTYBaHHSI Kajbllito, docdariB i Mar-
Hito B KumieuHuky [93], mopyiryerbcst peabcopOilisi ioHiB
Kajblilo i pocdaTiB y HUPKOBUX KaHAJIBIIX. B ocibo 6e3
MAaTOJIOTii HUPOK HOPMAaJIbHUI piBeHb KaJbllilo Ta (hoco-
Py B CUpOBaTILIi KPOBi MiATPUMYETHCS IMEPEBAKHO 3aBASIKU
B3a€EMO/Iil I1BOX TOPMOHIB: CUHTE3 KaJIbLUTPiOay BUMAarae
HasgBHocTi 1T, Toai sIK Aisl OCTAHHBOIO Ha KiCTKOBY TKa-
HUHY NoTpedye nmpucyTHOcTi Bitaminy D. B ymoBax JIB/I
piBeHb 1T migBuILy€eThCS, 1110 BUKIUKAE SIK pe30pOLi0
KiCTKOBOI TKAaHWHM 3 BUBIJIBHEHHSIM KaJlbllilo Ta (ocda-
TiB y KPOBOTOK, TaK i peabcopOl1ito KaJIbllito B HUPKaX ISl
MiITPUMKU MOTO HOPMAJIBHOTO PiBHSI B KpoBi. [1pu 1ibomy
JBJI 3a3Buyaii CyrpoBOIXYETbCSI HOPMAJTbHUMU PiBHSIMU
KaJbLiio Ta ¢ochopy B CUpOBATIi KPOBi 3 IMMOKA3HUKAMU
TITT i 3aranbHOi yskHOI ochaTasu (JID) 6au3bko Bepx-
HBOI MEXi HOPMU UM TIiABMIIEHUMU, a TaKOX HU3BKOIO
IIBUOKICTIO €KCKpellil KaJbllilo B 1000Biil ceui. B ocid 3
TSDKKMM i/a060 TpuBanuMm JIBJI i po3BUTKOM BTOPUHHOTO
rinepnapaTupeo3y CIOCTEPIiraeTbesl TiMmoKajbliemist i/abo
rinogocdatemist it Bucokuii pisenn JID [60, 92]. ITigsu-
meHHs piBHs1 JI® B ymoBax JI B/l mpu3BOAUTE 10 PO3BUTKY
octeomatsitiii, mpu sikiit JI® npoaykyeTbest ocTeobacTa-
MU LIMPOKOTO 111apy OCTeOiny, 110 HOPMYETHCS B yMOBaxX
TnopylIeHHs MiHepaizaitii [94].

EdextuBHicTh BUKOpUCTaHHS BiTaMiHy D 3HauHO 3HM-
KYEThCSI IIPYU HU3bKOMY PiBHI MarHito B KpoBi [95]. edi-
LIUT MaTHiIO Bilirpa€e BaXJIMBY poOJib y pO3BUTKY MarHili3a-
JIEXKHOIO paxiTy 4M OocTeoMaJIsllii, AesKi ix dopmMu MaioTh
CTiMKicTb no mii BitamiHy D, a BBeaeHHs 100aBOK MarHiio
migBuIye eekTUBHICTD JikyBaHHs JIBJI [96].

BaxxiMBUM MOKa3HUKOM /TSI KOMILJIEKCHOI OLliIHKU CTa-
Tycy BiTaMiHy D € TakoX piBeHb KpeaTHHiHY B CUPOBATLI
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KpOBi, KUl BinoOpaxae (hyHKILIOHAJbHUII CTaH HUPOK,
e BimOyBa€eTbcd NPYTHil eTarr MeTabojizMy BiTaminy D
3 YTBOPEHHSIM MOTO TOPMOHAJIbHO AKTUBHOI (hOpMH —
1,25(0OH),D. IIpnunHamu MiABULIEHHS PiBHs KPEATUHIHY
B KPOBi MOXYTb OYTH TOCTpa YK XPOHIYHA HUPKOBA HEIO-
CTAaTHICTh Ta iHIII XBOpoOM HUPOK. KpiMm TOro, TKKuMit
B/l Buctymae sk (pakTop pu3UKy peHaJIbHOI Tirepgiab-
Tparii [97].

ITonoxenna 4 [imKasa KOHCEHCYCHOTO TOJOCYBaHHS
(piBeHb y3romkeHocTi): 9 (80 %), 7 (20 %)]:

B oci6 3 depiuyumom éimaminy D pieenv 25(OH)D caio
inmepnpemyeamu pazom 3 GU3HAYEHHAM PIGHA KAAbUIIO,
docpopy, maczniro, ayxucrnoi hocpamaszu, napameopmony i
KpeamuHiHy cupoeamu Kpoei.

MpodinakTuka i nikyBanua gediynty
BiTamiHy D y gopocnux

3 ooy Ha Te, 1o BiTaMiH D HamXxomuTh B opraHi3M
3 Kelo Ta CMHTE3yEThCS B IIKipi, 30ajJaHCOBaHE Xapyy-
BaHHS i 3IOPOBUI CIIOCIO XXKUTTS 3 HaJEXKHUM pPiBHEM
(Gi3MYHOT0 HaBaHTaXXeHHs (30KpeMa, IS 3arodiraHHs
OXXMPiHHIO), TTIepeOyBaHHS Ha BiIKPUTOMY MOBITPi TaKOXK
MOXYTh OYTHU BaXJWBUMU CTpaTeTisIMKU B TpodiaakTUII
JABJ. JouiabHicTb MpU3HAUYeHHSI MPOGMITaKTUUHUX 103
BiTaMmiHy D y mopocyinx ocid BU3HAYAETHCSI CE30HOM POKY,
a TAaKOX BiKOM, MacoIO Tijia, XapuOBUMU yOJOOAHHSIMU,
pexkxuMoM (i3MUYHOI aKTUBHOCTI, HAsIBHICTIO (haKTOpiB
pusuky AB/I.

Ji1st IipodiTaKTUKY ¥ JTiKyBaHHS IedilluTy i HemocTat-
HOCTI BiTaMiHy D Hait0GiIbII IIMPOKO BUKOPUCTOBYIOTH JIBi
itoro popmu — Bitamin D, i D,. MeH1Ia CIOpiHEHICTH
10 BiTaMiH-D-3B’s13yBajIbHOIO OilKa Iia3Mu KpOBi, BUIIA
IIBUAKICTh 25-TiApOKCUIIOBAaHHS B MEYiHIli Ta HACTYITHO-
TO TiIPOKCUJIIOBAaHHSI B HUPKax 3 YTBOPEHHSIM aKTHBHUX
MeTaboliTiB, BUIIMI KoedillieHT auckpuMiHalii (repe-
BaXaHHS aKTUBHOCTI) XapakTepHi juia Bitaminy D, [3, 4,
6, 8], BU3HAYAIOTh OTO OiNbIII BUCOKY €(PEKTUBHICTh, IO
MiATBEPXYIOTh i CydacHi paHIOMi30BaHi KJIiHIYHI JOCTi-
JUKEHHS i MeTaaHauisu [98, 99].

Ha croroani BitamiH D B YkpaiHi moctynHuii jauiie B
epopaibHiil (opMi 3 PesKUMOM IIPUIAOMY IIOTHS i IIIO-
TUKHS. Y CBITI BUKOPHMCTOBYIOTH 1 iHIII pexkumu (IIo-
Micsls, IOoKBapTaly, LIOMBPOKY i mopoky). Ha mymky
OaraTbox mociigHukiB [23, 100, 101], came mogeHHUIt i
IIOTVXKHEBUM peXXUMM Mpuiiomy Bitaminy D € Ginbin mo-
LJIbHUMM TTOPiBHSIHO 3 BBEIEHHSIM OOJIIOCHUX HOro mo3.
Biramin D B YkpaiHi npeactaBieHuil pisHUMU hopMaMu
(kamcynu, Kparuti il TabJieTku), sIKi CJ1ig migdupatu iHauBi-
JyaJIbHO 3 ypaXyBaHHSIM XapaKTepy XapuyBaHHs, (PyHKILio-
HaJIbHOTO CTaHy Ta HasIBHOCTI MATOJIOTii IUTYHKOBO-KHUIII-
KOBOTO TPaKTy JIIOAVHMU i3 3a0e3MeYeHHSIM TTPUXUIHHOCTI
JI0 OTO MPU3HAYCHHSI.

IlonoxxenHnsa 5 [mKaza KOHCEHCYCHOTO TOJOCYBaHHSI
(piBeHb y3romkeHocri): 9 (67,7 %), 7 (33,3 %)]:

Jlasa npoghiraxmuru ma aikyeanns depiuumy gimaminy
D pexomendoeanuii nepopaavnuii npuiiom xonaexarvyughe-
poay (éimamin D), ax arvmepnamuea (6ecemapiancmeo,
6ezancmeo mouo) — epeoxanvyuepoay (¢éimamin D,). 3
Memoro ni08UWeHHA NPUXUALHOCI 00 NPUTLOMY BIMAMIHY

D pexomenoosane euxopucmanns pizHux pexcumis npuiio-
my (WooHs, WomuxicHs).

Ha croromni Oinburicts KepiBHUUTB mono ABJ [15,
19, 22, 23, 42] nopocium ocobam BikoMm 19—65 pokiB 6e3
(aKkTopiB PU3NKY, SIKi BIUIMBAIOTh HA META00Ii3M BiTaMiHy
D, pexoMeHIyIOTh 32 MOXJIMBOCTI OTPUMYBATH BiTaMiH D
3aBOSIKU iHCOMAMLIT (TTepeOyBaHHS IIOHaiIMeHIe 15 XB Ha
coHii 3 10:00 mo 15:00 3 TpaBHS 10 BepecHs) i pallioHa b-
HOMY XapuyBaHHIO. SIKIIIO Bullle3a3HauUeHe OOMEXeHe Yu
HEMOXKJIMBE, PEeKOMEHIOBAaHUIA NTOAATKOBMI MpPUIIOM Bi-
TamiHy D y pi3HMX mo3ax 3ajeXHO Bill CE30HY, Macu Tija
i XapuoBuUX ynoao0aHb JIIOAVMHU. 3BaXkaloyu Ha JaHi erli-
JIEMiOJIOTIYHUX TOCIIiIKEHb, IPOBEIEHNUX B YKpaiHi, 11010
Ce30HHUX KojiMBaHb piBHS 25(OH)D 3 HUXXUMMU mokas-
HUKaMU Ti3HbOT OCEHi, B3UMKY i HaBEeCHi, JUIsl 3a1100iraHHsT
po3BuTKy B/l nouisbHUM MOXe OyTH IpU3HAYEHHS MPO-
(iTaKTUYHUX 003 BiTaMiHy D 3 JXOBTHS 1O KBiTCHbD.

3rigHoO 3 peKOMEHAALSIMU MiXKHApOTHMX KEpPiBHUIITB
i EFSA [15, 19, 22, 23, 42, 43] Ha chOrogHi HEMa€E OOHO-
CTaiHOI AYMKM 1100 PEKOMEHIOBAaHUX MPOQiTaKTUUHUX
no3 Bitaminy D g momatkoBoro mpuiiomy (Bim 200 mo
2000 MO/n). ®apMakoAMHAMIUHI JOCIIIKEHHS IeMOH-
CTPYIOTh, 1110 npuiioM 100 MO/xa BiTaminy D npusBoauTh
1o 30ibllIeHHsT piBHS cupoBatkoBoro 25(0OH)D y cepen-
HbOMY Ha ~1 Hr/mi (2,5 HMOJIb/JT), XOua HU3Ka 30BHIITHIX
i BHYTpIillTHiX (haKTOPiB MOXYTh iCTOTHO BIUIMBATH Ha 1Iei
nokasHuk [16]. 3rigxo 3 ganumu EFSA [43], pekoMeH10-
BaHe CIIOXMBaHHS BitamiHny D mist oci6 BikoM Big 1 poky
ctaHoBuTh 600 MO/, a BepxHS MexXa CIOXUBAHHS (T
miteit crapiie 3a 11 pokiB i mopociaux) — 4000 MO.

Icnyroui npaHi momo BiaMiHHOCTEM A03M BiTaMminy D st
3a0e3neueHHs gocsirHeHHs piBHsa 25(OH)D 50 Hmonb/a
y =2 97,5 % ob6crexeHux [102] 3a1exHO Bil BUKOPHUCTaH-
Hs Miaxomy a0 ix aHami3y (3rimHo 3 MPA BoHa cTaHOBUTH
560 MO/, 14V, BinmosinHo, 1040 MO/11) n03BOJISIIOTH pe-
KOMeHayBaTu 103y sk MiHiMyM 800 MO/n K 1iJbOBY ISt
3ano6iranxs JB/I.

IMonoxkennss 6 [uikana KOHCEHCYCHOTO TOJOCYBaHHSI
(piBeHB y3romkeHocTi): 9 (66,7 %), 7 (26,7 %), 5 (6,6 %)]:

3doposum ocobam dopocaozo GiKy Oe3 naseHocmi 3a-
X6OPIOGAHD [ CINAHIG, AKI 6NAUBAIOMb HA Memadoai3m 6i-
maminy D 6 opeanizmi, pexomendosano npuiiom dobagox
séimaminy D 3 scoemus no keimens y 003i §00—2000 MO/0
(3aaexcHo 6id macu miaa) y 36’3Ky 3i 3HUNCCHHAM CUHMIE-
3y eHdozenHo20 imaminy D y wkipi.

Ha croronHi noBeaeHo, 1o yactora JI B/l Ginbiia B ocid
CTaplIMX BiKOBUX IPYI, 0 MOXKe MaTU HEraTUBHUI BILUIUB
i CIPUYMHUTHU PO3BUTOK HU3KHU CKEJIETHMX i MTO3acKeeT-
HUX Iioro nposiBiB. 3HMxkeHHs piBHs 25(OH)D vy 1iit Biko-
Bii1 'pyITi TOSICHIOETHCS SIK 3MEHILIEHHSIM CUHTE3Y BiTaMiHy
D y mikipi 3 BikoM (uepe3 TTOTOBIIEHHS il pOroBOTO 11apy,
3MeHIlIeHHs miabHocTi VDR ToOI110), Tak i mopymieHHsIM
toro BcMOKTyBaHHA 3 iXi. [loTouHi pekomeHmamii pi3-
HSTBCS OO0 PEKOMEHIOBAHUX 03 CIOXUBAaHHS B OCi0O
CTapIIIOro BiKy, IPOTe OUIBIIICTh 3 HUX, 30KpeMa i U1 Ha-
ceneHHs Ykpainu [103], Bim3Hauae mmotpedy B 30iIbIICH-
Hi 1o6oBoi no3u BitaMiHy D. Kpim Toro, immo0ini3ariis,
30KpeMa TIifl yac TpMBajol rocmiTajizalii 3 0OMeXeHHSIM
(byHKIIiOHATBLHOI aKTUBHOCTI, TIOB’sI3aHa 3i 3MEHIICHHSIM
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cuHTe3y BiTamiHy D y 1IKipi, 110 MOXe NPU3BOIUTU 10
po3Butky J1B/I.

ITonoxxenna 7 [umKajga KOHCEHCYCHOTO TOJOCYBaHHSI
(piBeHb y3romkeHocTi): 9 (86,7 %), 7 (13,3 %)]:

Ilpuiiom eéimaminy D y odo3i 800—2000 MO/0 npo-
mMs20M DPOKY DPeKoMeHO08aHuil ocooam AimHbO20 BIKY,
iMmo0biaizoeanum ocodbam ma ocobam nio uac mpueaioi
eocnimaaizauii 3 ooMediceHHAM (DYHKUIOHAAbHOT aKmug-
Hocmi.

Ha cporonni kepiBHULITBA 111010 nogojaHHs JABJI y xi-
HOK MiI yac BariTHocTi Ta jakraiii [15, 19, 22, 23, 42] pe-
KOMEH/yIOTb T0IaTKOBUI MPpUitoM BiTaMiHy D, Xou i B 1Iu1-
pokux mexax (200—2000 MO/n). 3rinHo 3 Hakazom MO3
Ykpainu [103] 306inbieHHs 103u BitamiHy D mim yac Ba-
TITHOCTI He TiepeadadeHe, mpoTe, 3Bakalouy Ha 301IbIIIeH-
Hs1 TOTpeOu y BiTamiHi D y BariTHux i JakTyroumx XiHOK,
OpoiIaAKTUIHNI MOro MIPUIOM ITiI KOHTPOJEM pPiBHS
25(OH)D y cupoBaTii KpoBi IJis MiATpUMAaHHS ONTAMAaIb-
HOI KOHIIEHTpAIlii € JOLIIbHUM. 3a HEMOXKJIMBOCTI IIPOBe-
JEHHST TeCTYBaHHSI MOXe OYTH PO3TJISTHYTUI JTOAaTKOBUI
npuitom BitamiHy D y nosi 800—2000 MO/x 3a1exxHO Bif
0COOJIMBOCTE XapuyBaHHS, CIIOCOOY KWTTsI, HasBHOCTI
3aXBOPIOBAHb 1 CTaHiB, 1110 BIJIMBAIOTh HA META0O0Ji3M Bi-
Taminy D.

ITonoxennss 8 [imikana KOHCEHCYCHOTO TOJIOCYBAaHHSI
(piBeHb y3romkeHocTi): 9 (86,7 %), 7 (13,3 %)]:

Kinkam, axi naanyromo eazimuicmo, douiabHo pos-
easanymu nputiom éimaminy D y 0o3i 800—2000 MO/0 uu
npodosicumu 020 npuliom npomsieom yciei eazimuocmi
ma aaxkmauii.

B oci6 3 oxwupinagm (inmekc macu tima > 30 kr/m?),
TEMHHMM KOJIbOPOM IIIKipH Ta 3aXBOPIOBAHHSIMU UM CTaHa-
MU, SIKi TIOB’sI3aHi 3 MOPYIIEHHSIM MeTa0oJ1i3My BiTaMiHy
D, npusHaueHHs npodinakruunux 103 (8§00—2000 MO/n)
BiTaMiny D Moxxe OyTu HeOCTaTHIM JJ1s1 TTiATPUMKU ONTH-
MajibHO1 KoHieHTpauii 25(OH)D y kpoBi, Tomy aisi HUX
CJIiIl PO3MJISIHYTA MPU3HAYEHHsI OUTBIN BUCOKHUX 103 BiTa-
miny D (3000—5000 MO/n 3aexxHo Bix MacH Tija, Xapuo-
BUX yIo00aHb, CE30HY) Ti/l iHAWBIIyaTbHUM KOHTPOJIEM
cupoBatkoBoro piBHs 25(OH)D. Kpim Toro, Ha choromHi
pe3y/ibTaTh YUCJIEHHUX TOCTiIKEHb | MeTaaHaTi3iB IEMOH-
CTPYIOTH 3B’ 130K MiXX TOZAaTKOBUM BXUBAHHSIM BiTaMiHy D
i 3HMDKEHHSIM PU3UKY HU3KM 3aXBOPIOBaHb i CTaHIB (Xpo-
HiyHi aBTOiMyHHI [104], indekuiitai [105], oHKOJOTIUHI
3axBopioBaHHsa [106, 107], uykposuii miaber [108, 109],
CMEpTHICTb [85]).

ITonoxkeHHss 9 [imiKana KOHCEHCYCHOTO TOJIOCYBAaHHS
(piBens y3romkeHocti): 9 (80 %), 7 (13,3 %), 5 (6,7 %)]:

Ocobam i3 3aX80PIOBAHHAMU MA CIMAHAMU, KL GNAU-
eéaromo Ha memaboaizm eimaminy D e opeanizmi, pexo-
Mmenooeanuil  inougidyaavruii niddip npogisaxmuunoi
doszu gimaminy D (3000—-5000 MO/0) dasn docaznenusn
onmumanavroi konyenmpauii 25(0OH)D.

3a HeoOXxigHOCTI mBUaKoi kKopekiii B/l (ocTteomars-
wist, Tsokkuii JIBJT (< 10 Hr/MJ1), HeoOXigHICTb iHiLaLIl aH-
TUOCTEOIIOPOTUYHOI Tepallil B Malli€HTa 3 BUCOKUM PU3H-
KOM TIepeioMiB, BTOPMHHUI TineprnapaTupeo3 i HU3bKUi
pPiBeHb CUPOBATKOBOTO KaJIbLIi{0) MOXJIMBE BUKOPUCTAHHSI
6inbin BUcokux n03 (mo 10 000 MO/n) Bitaminy D npo-

Binb. Cyrno6u. Xpeo6er, ISSN 2224-1507 (print), ISSN 2307-1133 (online)

TSTOM JIEKUJIbKOX TWXHIB [15, 23], sIKi € epeKTUBHUMM it
oe3mreynumu [110]. ITigbip BUCOKMX IIOAEHHUX 103 BiTa-
MiHy D ciig pekoMeHayBaTH iHIMBiOyaJbHO 3aJIeSKHO Bill
CE30HY, pexXuMy (YHKIIOHAIbHOI aKTUBHOCTI, HasIBHOCTI
3aXBOPIOBAHb i CTaHIB, SKi BIIIMBAIOTh HAa METa0O0Ii3M Bi-
Taminy D.

ITonoxenna 10 [mKkasa KOHCEHCYCHOTO TOJOCYBAHHS
(piBeHb y3romkeHocTi): 9 (66,7 %), 7 (26,7 %), 5 (6,6 %)]:

Ocobam 6e3 HaseHOCMi 3aX80pPIOGAHb | CMAHIB, AKI
eénauearomov Ha memaboaizm simaminy D 6 opeanizmi,
3 diacnocmosanum oegpiuumom eimaminy D iloeo aiky-
6anHsa caid posnoyunamu 3 Oiavw eucoxux 0oz (4000—
7000 MO/0) éimaminy D nopiensno 3 npoghiraxmuurnumu
dosamu, peKoMeHO0BAHUMU 0451 3A2AAbHOT NONYAAUIT.

ITonoxenns 11 [mKkanma KOHCEHCYCHOTO TOJOCYBAHHS
(piBeHb y3romxkeHocTi): 9 (66,7 %), 7 (26,7 %), 5 (6,6 %)]:

Ocobam i3 3aX80pHOGAHHAMU MA CIAHAMU, K GNAU-
earomo Ha memaoboaizm eimaminy D 6 opeanizmi, das ai-
KyeanHs degpiuumy eimaminy D pexomenoosari euuyi iio2o
dosu (do 10 000 MO/0) nopieusano 3 dozamu, peKomeHoo-
8aHumu 300poeum dopocaum ocovam 6e3 inuux paxmopie
PU3UKY.

Y Garartbox KJIiHIYHMX PEKOMEHMALisX 1100 MEHEIK-
menty JABJI [15, 19, 22, 23, 42] piBers 25(0OH)D < 20 Hr/mn
€ MEXOBMM, IO BU3HAya€ MoTpedy B JikyBaHHi. [Ipm
LIOMY CJIiJl BiI3HAYUTHU OiIbII IIBUIKE 3POCTAHHSI PiBHS
25(OH)D npu BuximHOMY OiJIbIII HU3BKOMY MOTO 3HAYEH-
Hi Ta 3MEHILEHHs] KPMBU3HM IIPUPOCTY KOHLEHTPALIil ITpu
JIOCSITHEHHI ONTUMAaJIbHUX 10T0 3HaueHb [16].

Ha crorogni HeMae enrHOI TyMKM IIOAO TEPMiHiB MO-
HiTOpUHTY cupoBaTKoBoro piBHs 25(OH)D. 3a manumun
NesIKUX aBTOPiB, IOBTOPHE BU3HAUEHHS PiBHS BiTamiHy D
CJlil TpoBOAUTH Yepe3 4—12 TUXKHIB Bill MOYaTKY JiKyBaH-
g JABJI [24, 39], 3a jaHUMM iHIIMX — 4yepe3 3—6 MicsliB
[54]. 3a3HaveHi BiAMiHHOCTI CJTil BpaxOBYBAaTH MPH MJIaHY-
BaHHi MOHITOPUHTY cupoBaTKoBoro piBHs 25(0OH)D, Tep-
MiHM SIKOTO MOXYTb BiIpi3HATUCH 3QJIEXXHO Bill TSXKKOCTI
JBJI, HassBHOCTi 3aXBOPIOBaHb i CTaHIB, SIKi BIJIMBAIOTh Ha
MeTaboJtizm BiTaminy D, ¢opmu it pexkumy foro npusHa-
YEHHS.

ITonoxenns 12 [mKkansa KOHCEHCYCHOTO TOJOCYBAHHS
(piBeHsb y3romkeHocTi): 9 (73,3 %), 7 (20 %), 5 (6,7 %)]:

Jixysanns degpiuumy eimaminy D caio po3nouunamu
npu pieni 25(0OH)D y kposi < 20 ne/ma (< 50 umoav/a)
i nposodumu npomsiecom 4— 12 mudicnie 3asexncro 6io iiozo
msckocmi ma iHwux gaxmopie pusuxy 0o 00csieHeHHsA
uiavoeoeo piens 30—50 ne/ma (75—125 umoav/a) 3 no-
daavuum UKOPUCIAHHAM 0451 NIOMPUMKU ONMUMAABHO-
20 cmamycy simaminy D dozu 800—2000 MO/o.

IIpu nedocmamnocmi eimaminy D (25(0OH)D < 30 ne/ma
uu < 75 Hmoav/a) pimennsa npo 000amrkoee NPUHA1eHH
eéimaminy D caid npuiimamu inougioyaivro 3a.aexcrno 6io
nompe6u weuoxoi Kopexuii Hedocmammuocmi eimaminy D
ma iHwux noKasans.

HesBaxaroun Ha Te, IO XoJie- Ta eproKaabludepost
HaAMOIbII IIMPOKO BMKOPUCTOBYIOTH IS MHpOdiTakTu-
KU Ta jgikyBaHHs [ABJI, aesiki mocaigHUMKKA BBaXalOTh J0-
LIJIbHUM BUKOPHUCTAHHS 3 11i€I0 METOI0 MeTa0OoJIiTiB BiTa-
miny D [47]. Kanbuutpion (1,25(0OH),D) i itoro ananoru
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(oi-KabLKI0JT) TIOB’sI3aHi 3 OLIBIINM PU3UKOM TillepKasib-
1ieMii, MpoOTe MOXYTh OYyTM pEKOMEHIOBaHi y XBOpHUX i3
XPOHIUHUM TiloNnapaTupeo3oM Y KiCTKOBO-MiHEpaIbHU-
MM MOpYILIeHHSIMHU, MoB’s13aHuMu 3 XXH [111].

IMomoxennsa 13 [1iKana KOHCEHCYCHOTO TOJOCYBaHHS
(piBeHb y3romkeHocTi): 9 (60 %), 7 (26,7 %), 5 (13,3 %)]:

Axmueni memaboaimu eimaminy D ne pexomenoosani
04 aikyeanns degpiuumy eéimaminy D ocobam 6e3 nasng-
HOCMI 3aX80PIHGAHL i CMAHIE, AKI 6NAUGANMb HA Memd-
0oaizm eimaminy D 6 opeanizmi, npome pexomeHdosaHi
X60pUM i3 XPOHIMHUM 2inonapamupeo3om 4u Kicmkogo-
MinepaavHumu nopyuieHuamu, nos’szanumu 3 XXH.

Ha cphoromHi B yMciIeHHUX TOCTIIXKEHHSX i MeTaaHali-
3ax MPOIEMOHCTPOBAHO TIO3UTUBHUI BIUTUB JONATKOBOTO
npuiiomy BitaMiHy D pa3om 3 KaJibllieM Ha TOKa3HUKHU Mi-
HepaJIbHOI HIUIBHOCTI KiCTKOBOI TKAHUHU, 3HUKEHHS pU-
31Ky PO3BUTKY OCTEONIOPO3Y Ta ocTeomalrilii [ 112]. 3rimHo
i3 cydacCHUMM pEeKOMEHIAIliSIMU T1IO/I0 JIIKYBaHHS TTOCTMe-
HOITIay3aJIbHOTO OCTeOIopo3y B xkiHOK [113, 114], yoioBi-
KiB [115] i TIIOKOKOPTUKOII-iHAYKOBAHOTO OCTEOIIOPO3Y
[116], nomaTtkoBuii mpuitom Bitaminy D (400—800 MO/nm)
pa3oM 3 KajblliEM peKOMEHI0BaHUH IalliEHTaM MPOTITOM
AHTHUOCTEONOPOTUYHOTO JIiKYyBaHHS. BigzHaueHo mo3u-
TUBHUI edeKT 10JeHHOro BBeAeHHS BitaMiHy D (800—
1000 MO/n) 1110710 3BHUXKEHHSI pU3UKY TIEPEJIOMIB i TIajiHb,
TOJi SIK TIepioANYHEe BBeIeHHS 0y10 HeedeKTuBHUM [117].
Binburicts [118—120], mpote He Bci [121] nocainHuKy -
TBEPIKYIOTh €(DEKTUBHICTh KOMOIHOBAHOTO IIPUIIOMY Bi-
TamiHy D pa3oM 3i cmorykaMu KaJIbIlilo B 3HVKECHHI pU3H-
Ky IIepeJIOMiB i ITaiHb.

Ha cporomni nmpoaeMoOHCTpOBaHO HEOOXiAHICTH BHKO-
pucTaHHs BiTamiHy D $IK 11 migBUIIeHHS €(heKTUBHOCTI
aHTHOCTEONOPOTUYHOI Teparlii, 30KpeMa IIpU BUKOPHUC-
TaHHi 6icocdonarib [122] un geHocymady [123, 124], Tak
i 0715 TOJMIIeHHs TMpodiato 6e3meku, 3armodiraHHs To-
cTpoa3z0BUM peakliisiM TTpu Mpu3HaYeHHi 6icpochoHartiB
[125, 126]. Tomy maiieHTaM 3 OCTEONOPO30M IIepes iHilli-
alliel0 aHTUOCTEONOPOTUYHOI Tepartii pPeKOMEeH/I0BaHO BU-
3HaueHHs piBHsS 25(OH)D y kposi.

IMomoxennsa 14 [iikana KOHCEHCYCHOTO TOJOCYBaHHS
(piBeHb y3romkeHocTi): 9 (66,7 %), 7 (26,7 %), 5 (6,6 %)]:

Ilayicnmam 3 ocmeonopo3om i 020 ycKkaaOHeHHAMU
nepeo iniyiauiero aHmMuocmMeonopomu4Hoi mepanii pexo-
MmeH0oeano eusnavents piensa 25(OH)D y kposi 3 memoro
3anobicanna ii HeeghekmueHocmi ma nioeuuieHHsA npoghi-
10 6e3nevHocmi.

Ilpu euseaenni depivumy eimaminy D nepeo iniuia-
Ui€r0 AHMUOCMeonopomu4Hoi mepanii peKoMeHO06aHa
11020 KopeKuis, npu HOpmaabHOMY pieHi eimaminy D pexo-
Mmen0osano npuiiom y 0o3i 800—2000 MO/0 y noednanni 3
kaavyiecm (1000 m2/0 eaemenmapnozo Kaavyiro) npoms-
20M YCb020 KypCy AHMUOCHEeOnopOMmuHH020 AiKy8anHs-.

Iauienmam i3 nioguwenum pusuxom nadinv 4u nepe-
aomie (3a ykpaincokoro eepcieto FRAX) pexomendosanuii
npuiiom §00—2000 MO/0 éimaminy D npomszom poky.

Inghopmauisa npo enecok xKoxcrnozo aemopa é nio2omoe-
Ky cmammi. Ipucop’esa H.B. — po3poOKa KOHIICMIIii Ta
nu3aitHy KoHceHcycy, (hopMyIioBaHHSI OCHOBHMX MOJIO-
JK€Hb, aHaJli3 OTPUMAHUX JaHUX, HAITMCAHHS TEKCTY CTaT-

Ti; Tponvko M.J]. — po3poOKa KoHLenii Ta nu3aitHy KoH-
CeHcycy, KopeKiis TekcTy; Kosasenko B.M. — po3poOka
KoHIIenii Ta nu3aitny KoHceHcycy, Kopekilis TeKeTy; Ko-
micapernko C.B. — po3pobka KoHuemnii Ta au3aitny KoH-
CeHCyCY, KopeKiist Tekery; Tamapuyx T.®. — roaocyBaHHS
3a mojioxkeHHsT KoHceHcycy, penaryBaHHsI TEKCTY CTaTTi;
Jedyx H.B. — (popMyt0BaHHSI OCHOBHUX ITOJIOXKEHb, 30ip
Ta aHali3 MaTepialliB, HalMCaHHs Ta peaaryBaHHS TeK-
cTy cTaTTi; Beauxuii M. M. — rojocyBaHHS 3a TOJOXEHHS
KoHceHcycy, HamucaHHSI TEKCTY CTaTTi Ta 11 peaaryBaHHs;
Cmpaghyn C.C. — rojocyBaHHs 3a MoJjioxkeHHst KoHceHcy-
cy, penaryBaHHs Tekcty; Komicapenxo FO.l. — ronocyBaH-
Hs1 3a TiosioxkeHHs1 KoHceHcycy, penaryBaHHsI TeKCTy; Ka-
Aauwnikoé A. B. — rojiocyBaHHsI 3a 1oJioxkeHHsT KoHceHcycy,
penaryBaHHsI Tekcty; Opaenko B.JI. — bopMmyntoBaHHS
OCHOBHUX TOJIOXEHb, 30ip Ta aHasi3 MarepianiB, penary-
BaHHs TeKCTy; [lanvkie B.1. — ro10CyBaHHS 3a ITOJTOKCHHS
KonceHncycy, penaryBanHs tekcty; Illlseuys O.B. — Tomo-
CyBaHHSI 3a TosoxkeHHsT KoHceHcycy, HalmMCcaHHsT TeKCTY
CTaTTi Ta ii pemaryBaHHs; [oeyncoka I.B. — ronocyBaHHS
3a nosioxkeHHs1 KoHceHcycy, pemaryBaHHsSI TeKCTy; Peee-
da C.I. — ronocyBaHHs 3a ToJoxxeHHs1 KoHceHcycy, pena-
T'yBaHHSI TEKCTY.

Kongpaixm inmepecie ma ginancosa niompumxa

ABTOpH JEKJIapyIOTh BiICYyTHICTh KOHMJIIKTY iHTEepeciB
i Oynb-s1KOi (hiHAHCOBOI MiATPUMKY TIpU cTBOpeHHi KoH-
ceHcycy Ta HanmmcaHHi ctaTtTi. Pobora Po6odoi rpymm exc-
TIEPTiB Ta MepeKJIaa CTaTTi aHTJTIICHhKOI0 MOBOIO BUKOHYBA-
JINCH 3a MiATPUMKM YKpaiHCHKOI acolliallii 0CTeomnopo3sy.

ITloosiku. ABTOpU BUCIIOBITIOIOTH TOASKY CBOEMY KOJE3i
npod. B.B. IMoBoposHioky (22.10.1954—12.06.2021), sxuit
OyB iHilliaTopoM cTBopeHHsI KoHceHcycy, po3poOHUKOM Ii0-
IO KOHLIEMIIii Ta KEPiBHUKOM IePILIOi €eKCIIEPTHOI IPYTIU.

HopaTtok 1

MeTa6onism Bitaminy D i gxxepena nnoro
HagXoaXeHHA B opra|-|i3M

Bitamin D HagxonuTh B opraHi3M JIOOUHU IBOMA IIJISI-
XaMU: 3a paxyHOK CMHTe3y B ILIKipi Ta 3 MPOAyKTaMu Xap-
yyBaHHs. CepenHs 1000Ba moTpeda JIOAMHHU y BitamiHi D
CTaHOBUTH 5—10 MKL.

B opranismi groguHu Bitamin D, yrBOproeTbest B nep-
MaJIbHOMY LIapi IIKipy 3 TONepeIHMKa npoBitaMiny D,
(7-nerinpoxosectepoy) Mif BILIMBOM KOPOTKOXBUJIbOBO-
ro yasTpadioneToBoro BUMPOMiHIOBaHHS criekTpa B (j10-
BxxuHa XBUJIi 290—315 HM) HIJISIXOM TaK 3BaHOTO (hOTOJIi3Y,
CMOYATKY MEPETBOPIOIOYMCH Ha MpeBiTamin D, motim min
niero teruia — Ha Bitamin D,. IlIBuakicts porocunresy B
IKipi ctaHoBUTH 15—18 MO/cMm?/T i Tiimutsitae KOpceTKiii pe-
rynsuii. [Tpu iHTeHcuBHOMY TpuBajioMy Y®-onpoMiHeHHI
Tina moauHu piseHb 25(0OH)D, He nepesuiye 80 Hr/mi,
iHTeHCU(DIKYIOYM POBILETLIEHHSI YaCTMHU NpeBiTaMiHy D,
Ha HEaKTUBHI MOJIEKYJIU.

Ha cunTtes Bitaminy D y 1iKipi BIIMBalOTh SIK 30BHIIIIHI
(IIMpoTa MicLisl MPOXKUBAHHS, CE30H, Yac JHSI, XMapHICThb,
BMCOTA HaJl piBHEM MOPSI TOIIO), TaK i BHYTPIllIHi (haKTOpu
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(Bik, Tum mkipu (1—6), MOBEPXHsI OIATY, BUKOPUCTAHHS
COHIIE3aXMCHUX KPeMiB, TpUBaJjie iepeOyBaHHS B 3aKPUTHUX
npuminieHHsx). Kpim Toro, Bitamin D notparuisie B opra-
Hi3M JIIOJWHU 3 TIPOIYKTaMM Xap4yyBaHHSI SIK TBAPUHHOTO
(D,), Tak i pocamnnoro noxomxenns (D,). Biramin D, Bi-
Airpae 3Ha4HO OiNbLIy POJIb MOPiBHAHO 3 D, y mpouecax
KUATTENISITBHOCTI JTIONWHU, caMe TOMY MOTrOo pO3TJIsnaloTh
SIK «CIIpaBXHili» BitamiH D, Tomi sIK iHII IpeacTaBHUKU
i€l rpyny MalOTh MEHIIE KJIiHiYHe 3HaYeHHSI.

ITicas moTpamisiHHSI B KpoB BitamiH D Bce 1ie 3anu-
LIAETHCS HEAKTUBHOIO CIOJIYKOIO, SIKa MOTPedye HU3KU
MepeTBOPEeHb I CUHTE3y HMOro akKTHBHOI FOPMOHAIbHOT
dopmu — 1,25(0OH),D. IcHye Tpu OCHOBHUX €Tanu MeTa-
0osi3My BitaMiHy D.

Tlepmia peakuis rigpokcwioBaHHsI BitaMiHy D 3miii-
CHIOEThCS B TeviHIi (1o 90 %), sika BU3HaAHA OCHOBHUM,
SJKIIO He €IWHUM, MicleM TigpokcumoBaHHs. [Ipomec
BimOyBa€ThCsI 3a YYaCTIO MIKPOCOMAJIBHOTO (DepMEHTY
25-TigpoKcuiaa3yd 3 YTBOPEHHSIM MHPOMIKHOI 0ionoridHOL
TpaHcnoptHoi dopmu — 25(OH)D (kanpuumion). Peak-
1is1 25-TinpOKCUIIOBaHHS BilOYBA€THCS JOCUTD IIBUIKO i
Bene oo migBuieHHs piBHg 25(OH)D y cuposaTii Kposi,
PiBEeHb SIKOTO BifoOpaxae K yTBOPeHHs BiTaMiHy D y 1iKi-
pi, TaK i HOro HAIXOMKEHHS 3 TKeto, Y 3B 13Ky 3 UMM came
loro BUKOPUCTOBYIOThH SIK MapKep KOHILIEHTpallil BiTaMi-
Hy D y cupoBatui kpoBi. YacTkoBo TpaHcropTHa (opma
25(0OH)D, sika HanXOAUTh y XUPOBY i M’SI30BYy TKAHUHMU,
MOXe CTBOPIOBATM TKAaHWHHI JIENO 3 HEBU3HAYCHUM Tep-
MiHOM iCHyBaHHSI.

IMomanpma peakuis lo-rigpokcumoBanus 25(OH)D
BimOyBa€ThCsI HAWOUIBII iHTEHCHBHO B KIITHMHAX IIPO-
KCUMaJIbHUX BifJiJIiB KaHAJbILiB KOPU HUPOK 3a y4acTIO
depmeHTy lo-rigpokcunasu (25-rigpokcuBitamin D-1o-
rinpokcunaza, CYP27B1) 3 yTBOpeHHSIM HOro akTUBHOI
ropmoHaibHoi popmu — 1,25(0H),D. PieHb yTBOpeHH:I
OCTaHHBOI B OpPTraHi3Mi JOPOCIIOi 3M0POBOI JIFOIMHU CTAHO-
BUTH npubau3Ho 0,3—1,0 Mxr/m.

Ha upomy etami ¢opmyeTbcs aKTUBHUN MeTabOIIT
1,25(0OH),D, sknit B3aemonie 3 anepuum VDR Tonkoro
KUIIIEYHUKA, HUPOK Ta iHIMX TKaHWH. Kpim Toro, BcTa-
HOBJICHO, 110 Malixke BCi TKAHMHU I KIIITMHHU B OpraHi3mi
moanHu MaoTh VDR, a TakoxX 1eMOHCTPYIOTh aKTUBHICTh
25(OH)D-1a-rigpokcunasu (CYP27B1), mo cBiguuTh mpo
snatHicTb cunTesy 1,25(0OH),D y TKaHMHax 11032 HUPKaMK
[127]. ¥V meTaboni3Mmi BiTaMiHy D Gepe ydyacThb i pepMeHT
CYP24A1, saxuii mae sk 24-TigpoKcuiia3Hy, Tak i 23-rinpo-
kcunasHy akTuBHicTb. Jledektu CYP24A1 npusBoasTh 10
nediuuty 24-rinpokcuiaboBaHUX MeTaboiTIB BitamiHy D,
IO CYIPOBO/IKYETHCS MOPYIIEHHSIM €HXOHAPaJIbHOI OCH-
¢ikarrii.

AopaTtok 2

Mexanism pgii BitamiHy D i loro ckenetHi
edeKTn

Ha croroani Bimomo, mio BitamiH D y Burismi ioro
akTUBHOI popmu — D-TOpMOHY — BiAIOBimaJIbHUI 3a
peastizallito pi3HUX OiOJOTIYHMX peakiliii Oiablle HiXK Y
40 TKaHMHax-MIIlIEHSIX 3a paXyHOK perymoBaHHs VDR-

OITOCepeIKOBaHOI TPaHCKPUIIii TeHiB (TeHOMHUI MeXa-
Hi3M) i IIBUAKUX HETEHOMHUX PeaKllii, sSIKi 37iCHIOITHCS
yepe3 BIUIMB Ha CHUCTeMY Kallblliii-chochaTHOro romeo-
cTasy Ta aKTUBallil0 CUTHAJIbHUX HLIsXiB (wingless (WNT),
sonic hedgehog (SSH), STAT1-3 a6o NF-kappa-B),
110 MOJAYJIOIOTh HU3KY BHYTPITHBOKIITUHHUX TIPOLIE-
CiB, BKJIIOYHO 3 KITMHHMM LMKJIOM, IIpoJjidepalieo
abo imyHHoO10 Bignosimmo [14, 128, 129]. 3a wBuaki He-
reHoMHi edekTu BiTamiHy D MOXyTb TakoX BimmoBima-
™ cneuudiuHi MpoTeinu, mo 38’a3yroth 1,25(0H),D i e
cknamoumMu MARRS-pernientopa (membrane-associated
rapid response steroid binding protein; MmeMOGpaHoO-aco1li-
MOBaHUI1 CTEPOINn-3B’A3yBaJIbHUIA ITPOTETH, 110 3a0e3euye
IIBUKY Bianosine). BctanosneHo ineHTnuHicTh MARRS-
peuentopa ta ERp57/ERp60/GRp58/PDIA3, 1o 3Ha-
YHO PO3MIMPIOE HOro (YHKIIl K MPOTeIHiB-1IaNepoHiB,
JHK-3B’s13yBabHOTO TIPOTEiHY Ta KOMIIOHEHTa iMYHHOIL
cucremu. 1,25(0OH),D-MARRS, cTumy 1101041 HET€EHOMHi
e(eKTH B pi3HUX TUIIAX KJIITHMH, OMHOYACHO 3JaTeH IIpO-
HUKATU B SAPO KIITWHM i B Komiiekci 3 VDR Moxke 3a-
OesneuyBaru onocepenkosade 1,25(0OH),D peryaoBaHHs
TeHHOI aKTUBHOCTI.

PeuenTop BitamiHy D TpanuiliiiHO BBaXKarOTh SIAEPHUM
(bakTOpOM TpaHCKpMIILi, SIKWi1 3a0e3revye BIUIMB BiTa-
MiHy D Ha TpaHCKpPUIILiIO reHiB, TPOMOTEPH SIKMX MalOTh
cneundiuni JJHK-tmrocninoBHocTi — BiTamiH D-uytinusi
enemeHTH. PerynsitopHi reHoMHi eekTy BitamiHy D Takox
BKJTIOYAIOTh €MireHOMHUI BIUIMB Ha CTPYKTYPY XPOMaTUHY
(3MiHM B HOCTYITHOCTi XpOMATHHY, IIPOSIB OCOOJIMBOCTE
koHTakTy VDR-1,25(0OH),D xommuiekcy 3i cieunbiyHumn
caiiTaMy 3B’SI3yBaHHSI), 110 MO3HAYAETHCS HA TPAHCKPUII-
TOMHUX 3MiHax y kiituHax [10, 12]. Konuentpaiis VDR
y cupoBaTii KpoBi 10 20 pa3iB nepeBUIIye KOHILIEHTpaLlilo
MeTaboJIiTIB BiTamiHy D, 110 MPU3BOIUTH 10 3B’SI3yBaHHS
ux MetabomiTiB Juie 3 ~5 % uupkymoroyoro VDR [130].
Taxkwuii 3HauHuit Haguok VDR Moxe 3a0e3nevyyBatu 3a-
XMCT Bill TOKCMYHOI [Iii BiTaMiHy D BHACiIOK ITiABUILIEHHS
1010 KOHIIEHTpAIlii B CHPOBATIIi KPOBI.

3a paxXyHOK TE€HOMHHUX i HEreHOMHHMX MeXaHi3MiB
D-ennokpuHHa crucremMa Oepe yyacTh Y peryjtoBaHHI ro-
MeocTady Kaibllifo Ta ¢ocdariB y KpoBooOiry. Y eHTe-
pouuTtax KuinedyHuka aktupailiss VDR aktuBHuM Mera-
6omitom Bitaminy D (1,25(OH),D) cynpoBomxkyerbest
aHa0O0IYHUM e(heKTOM — ITiABUILIEHHSIM CUHTEe3y KaJIb0iH-
nuHy (9K-kanbliii-3B’S3y1040r0 MpoTEiHy), AKUU HaAX0-
JIATh Y MPOCBIT KUILIEYHUKA, 3B’ 43y€ ioHM Kajblilo (Ca?")
i TPaHCMOPTYE MOro 4epe3 KUIIKOBY CTiHKY B JiMpaTU4IHi
CYJIWHMU, a MMOTIM — Yy KpOBOHOCHY cuctemy. [1po edekTun-
HICTh IaHOTO MeXaHi3My CBiTUUTb TOM (pakT, 110 O3 yJacTi
Bitaminy D nmie 10—15 % xanbiito i 60 % docdaris ad-
copOy10ThCs B KuleYHuKy. Bsaemonia mix 1,25(0OH),D i
VDR miaBuiiye eheKTUBHICTh KUITKOBOI abcop6biii Ca?*
1o 30—40 %, a docdaris — 10 80 %. 1,25(OH),D ninrpu-
My€ HeoOXimHi piBHI KajbLilo i pocdaTiB y KpoBi 11 3a-
Oe3reueHHsT MiHepai3alii KicTKOBOI TKAaHUHU Ta 3aIio0i-
raHH4 TinokasblieMiuHMii TeTaHii. [ToniOHi MexaHi3mMu il
D-ropMoHYy jiexkaTh B OCHOBI peabcopbiiii Ca’"y HupKax.

JleiluT i HemoCTaTHICTh BiTaMiHy D BUKJIMKA€E 3HUKEH-
Hs1 abcopOlii Kabllito Ta ¢hocdatiB y KAIIEYHUKY, YHACTi-
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IIOK Yoro minBuiyeThbes piBeHb [1TT, BuHMKae BTOpUHHUI
rineprnapaTupeos, Mpu SKOMY 3arajJibHU piBeHb KaJbIIil0 B
CHPOBATII KPOBi 3HAXOMUTHCS B MEXKaX HOPMU 3a PaxXyHOK
MoOiTi3alii KaJIbllifo 3 KiCTKOBOI TKAaHWHU Ta ITiIBUIIECHO-
ro BuBeneHHS docdariB HupKamu. OmnocepenkoBane [1TT
MiABUIIIEHHS aKTUBHOCTI OCTEOKJIACTiB BUKJIMKAE 3HUKEH-
HST MiHepaJIbHOI IIIIbHOCTI KiCTKOBOI TKAHMHU, YHACTITOK
YOTO PO3BUBAIOTHCS OCTEOIIEHIs i 0OCTEOnopo3.

Biramin D cnpusie MoOGinizaliii Kaabllilo B KiCTKU, a Ta-
KOX 3a MEBHUX YMOB UMHUTb PE30POTUBHUI edeKT i
MiATPUMKM piBHSI Kajblitlo i ¢ocdariB y mia3mi Kposi
[10, 131]. Pe3opOTuBHA akTUBHIiCTb BiTamiHy D (3a ymo-
BU HOro HOPMU B CUPOBATIIi KPOBi) peaii3yeTbcsl uyepe3
oro 3MaTHICTh BIUIMBATH Ha (PYHKIIOHATbHY aKTUBHICTh
ocreobactiB i octeountiB [4, 10, 12, 13, 130]. B ocreo-
OnacTax TABUILYEThCS €KCIpecis pelenTtopa JiraHmy
saaepHoro dakTopa Kamma-B (RANKL), skuit 3B’ s13yeTbest
3 pelienTOpOM aKTUBATOPOM siiepHOTO (hakTopa Karrma-B
(RANK), posramoBaHMM Ha IIPEOCTEOKIACTaXx i OCTEO-
KJ1acTax, 110 MPU3BOAUTD 0 aKTMBYBAaHHSI OCTEOKJIACTIB i
nocuieHHs pe3opOliii Kictku. Bitamin D 6e3nocepenHbo
yepes peuentop VDR, 1110 ekcnpecyeThest B 0OcTeoKIacTax
i KJIITUHaX — MOMNEepeTHUKaX OCTEOKJIACTIB, TAKOX MOXe
peryJoBatu ix nudepeHIiloBaHHS i1 aKTUBHICTD [4].

OpHUM 3 MexaHi3MiB JIii BiTamiHy D € MomyJsiist ekxc-
npecii iHTerpuHy ovp3 i floro cyOKIIITUHHOI OpraHi3aiiii,
1o cripusie AudepeHiloBaHHIO Me3eHXiMaTbHUX CTOBOY-
POBUX KIIITUH B OCTEO0JIACTU Yepe3 MOCUJICHHST B3aEMOIIT
avp3 3 dioporektnHoM [132]. Kpim Toro, Kamblutpios
€ BaxumBuM peryiasitopoM RUNX2, TpaHCKpUMIIiitHOro
daxTopa, SIKuii Biflirpa€ KJII0YOBY POJIb Y KOHTPOJIi aude-
peHliloBaHHs i (yHKIIOHYBaHHsI ocTeobnacTiB. Koorme-
pailiss LUX MOJIEKYJ TPOSIBISIETbCSA iHAYKIIIEIO eKCIpecii
OCTEOKAJIbLIMHY — KJIIOYOBOTO MPOTEIHY, KU PErytoe
MiHepaJli3allilo KiCTKoBoro martpukcy. Kanbuurpion Tta-
KOX MOJYJTIO€ €KCIIPECito OiTbIIOCTI TeHiB, SKi BiAMOBiaa-
IOTh 3a 3PUTICTh OCTE00IACTIB i MiHEpaTi3allilo KiCTKOBOTO
marpukcy. Iin fioro miero mimBUIIYETHCS €KCIpecisl TeHiB
konareny I tury, JI®, marpukcHoro mpoteiny Gla i oc-
TEOTNOHTUHY (OCTaHHI JABa — iHTIOITOpM MiHepaizailii),
KiCTKOBOTO CiaJIOIpOTeiHy Ta ocTeoKanblnHy. Kampurpi-
0J1 B OCTeOLIMTaX iHOyKye akTop pocty ¢ibpodiacTiB 23
(FGF23), xotpuii komye oCHOBHUI (hochaT-peryaoounii
TOPMOH i TeHTUH-MaTpuKcHuii mpoTeid 1 (DMP1), sxuii,
SIK 1 OCTEONOHTHH, Biflirpa€ poJib iHribiTOpa MiHepaizaillii
IIJIs1 3aro0iraHHsI rinepMiHepaizariii.

BriuB BitamiHy D Ha KicTKy He OOMeXXeHUWid HOoCIi-
JI>KEHHSIMU JIMIIIE Moro akTuBHOI (hopmu. Tak, i3 BUKOpHC-
TaHHSIM TPAHCKPUIILIHHOTO aHaii3y 0y/10 MPOAEeMOHCTPO-
BaHO, 1110 HE TIJTbKY KaJIbLIMII0J i KaJIbLIUTPioJ, ajie il iHIi
TiIpOKCUIbOBaHi MeTaboiTh ocTaHHbOrO (24R,25(0OH),D,
i 1a-24R,25(0OH),D,) iHayKyIOTb TPAaHCKPHUIILIIO TEHIB Y
KJTITUHAX JIiHil 0CTe00JIaCTiB, 10303aJIe3KHO MiABUIIYIOTh Y
Hux 6iocunTe3 JID, ocTeoKaNbLMHY i OCUIIOIOTH MiHepa-
nizamiio [133, 134]. Kaapuuaion TakoxX Moxe 3B’ 13yBaTUCh
3 VDR, ane itoro cnopinHeHicts npubau3Ho B 1000 pasiB
Huxya, HiX y 1,25(0H),D, [14].

Docarypist, 3yMoOBJIcHa BTOPMHHUM TileprapaTupeo-
30M, MPU3BOIAUTH 10 3HMKEHHS piBHS (hocdaTiB y cUpo-

BaTLi KPOBi 10 HXXKHBOI MEXKi HOPMU 200 HIKYE 32 HOPMY.
Hacninkom 11b0TO € TOpYIIEHHS CITiBBITHOIIEHHST Kallb-
it i docdariB, 110 MPUBOAUTH 10 AehEKTIB MiHEepaTi-
3auii ckenera. Y nmiteid rpymHoro i gomkisibHoro Biky JIBJI
BUKJIMKAE PaxiT, KW XapaKTepU3yETbCS MHOXWUHHUMU
nedopMallissMu KicTok. Y mopociux BHacmimok Bl Bu-
HUKae ocTteoMarsiiis. OO0uaBa 3aXBOpPIOBAHHS 3yMOBJIEHI
MOpYIIEHHSIM MiHepaizalii Kictok. OnHaK HeOOXiTHO Au-
¢epeH1IiIoBaTH MaTOTeHeTUYHI MeXaHi3MHU, 110 MPU3BEIU
IO OCTeOMAJIAILL1, cepel IKUX: AediuuT abo pe3uCTeHTHICTh
BiTaminy Dj; paxir 3 gedinurom Kajblito (iMOBipHO, OCTEO-
MaJisiiisl) He3aaeXHO Bifl cTaTycy BitaMiHy D y xapuyBaHHi;
BUCHaXXeHHs (docdatiB, BUKJIMKaHEe TTIEPBUHHUM ab0 BTO-
PYHHUM 30iIbIIeHHSIM (akTopa pocTy didpobdiacTiB 23 Ta
iHTiIOyBaHHs MiHepaJsi3allii, BAKJIMKaHe TOKCUYHOIO Ji€l0
pi3HUX JiKapchbKux 3aco6iB [112].

AopaTtok 3

XapuoBi gxepena HapgXoAKeHHA
BiTaminy D

Bitamin D HanxomuTh B OpraHi3M JIOAMHM 3 DXKEIO SIK
pocaunzoro (D,), Tak i TBapunHoro (D,) noxomkenns. Jlo-
0oBa noTpeda i1 1OpOCIrX Ocid BiAMOBIAHO 10 HOPM i3i-
OJIOTIYHUX MOTPEO Y MOKMBHUX PEYOBUHAX Ta €HEPril 3TiMHO
3 Hakazom MO3 VYkpainm Ne 1073 Big 03.09.2017 craHo-
BUTh 5—10 Mkr/a. CraHgapTHa akTMBHICTb BiTamiHiB D, i
D, BupaxaeTbcs B MikHapoaHux onuHuusx (MO). 3a 1 MO
npuiinaTo akrusHicTs 0,025 Mkr Bitaminis D, i D,. Orxe,
1 MKT 000X BiTamiHiB Bianosinae 40 MO ix akTUBHOCTi.

XapuoBi mxepena BitTamiHy D € mocuTb oOMeXeHUMU
(tab6n. 1). Bucokuii iforo mpupoaHuii BMIiCT BU3HAYAETh-
Csl B >KUPHi MOPCBKili pubi, 0COOJMBO B MeYiHIli MEBHUX
il BUIiB, HampuUKJaA y nediHui Tpicku. Biramin D y pi3-
HUX KiJIBKOCTSIX MiCTUTBCSI B TIEBHMX Pi3HOBHIAX IrpuOiB.
OcTaHHIMM pOKaMM Bce OiJIbIIOro TMOIIMPEHHs HaOyBae
MpaKkTUKa BMPOIIYBaHHS TpUOiB Mmin yiabrpadioseToBUM
OINPOMIHEHHSIM, 10 30iJblIyE BMIiCT y HMX BitamiHy D
[135], a Takox doprudikatist BiramiHom D pi3zHuX npo-
JTyKTiB XapuyBaHHSI.

Tabnuys 1. Xapyoei npodykmu, aki micmame eimamin D

BmicT BiTaminy D Biacotok
HasBa npoayKrty (MKr)y 100 r/mn Bif ,060oBOI
MPOAYKTY* norpeéGu**
1 2 3
Puba ta MmopenpoayKt1

PnG’sMA 3np (3 225 4500
NeYiHKM TPICKH)
dopenb pangyxHa 19,3 386
Kopon 17,9 358
CKyM6pis 11,5 230
Jlococb (HepKa) 10,9 218
Cubac 5,65 113
Kamb6ana 5,6 112
Capamn 4,83 96,6
KOHCepBOBaHi B o
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3akiHyeHHa ma6n. 1

1 2 3
Tunania 2,83 56,6
Ocenepneub } 28 56
aTNaHTUYHUI
LLyka 1,87 37,4
Tyreus ) 1,45 29
KOHCEpPBOBaHMM
OKyHb 1,1 22
MwuHTan } 0,77 15,4
aTNaHTUYHUI

IKpa YyepBOHa

3epHucTa 0,08 16
Aniys i cybnpoayktm
?TTe Kypside, uine, 11 29
MediHKka anosunya 0,85 17
Tounén
[Pn6un NUCHUYKK 53 106
[pn6u wiitake 0,4 8
[pnbwu Gini 0,18 3,6
Mpumimku: * — emicm eimamiHy D eionosioHo 0o USDA

National Nutrient Database for Standard Reference Release 28
(04.2019); ** — 0o608a nompe6a 0719 00pocIUX YON08iKia i Xi-
HOK 8i0Nn08i0HO 00 HOpM ¢hiziono2iyHUX nompe6 y NOXKUBHUX
peyosuHax ma eHepeii (Hakaz MO3 Ykpainu [102]).

AopaTtok 4

OcHoBHi nonoxeHHA KoHceHcycy

1. Hedimut i HemocTaTHICTh BitamiHy D y mopociioro
HaceJIeHHs! YKpaiHu € 3Ha4YHO MOIIUMPEHUMHU, Y 3B’SI3KY 3
YUM HEOOXiTHO 30iIbIINTU 00i3HAHICTh TPOMAIChKOCTI Ta
MEIUYHOTO MEPCOHANY 111010 Oro CKeJIeTHUX i mo3acke-
JIETHUX €(DeKTiB, TPYIl PU3HKY, SIKi TOTPeOYIOTh CKPUHIHTY
Ta MOHiTOpuHTY piBHS 25(OH)D, agexBaTHUX 103 i cXem
JUTS1 TpOiJIaKTUKY Ta JTiKyBaHHS AediluTy Bitaminy D.

2. PiBenb 3aransHoro 25(0OH)D y cuposariii kpoBi pe-
KOMEHIOBAaHWH SIK TaOOpaTOPHUIA MapKep IS TiaTHOCTH -
Kku gedinuty Bitaminy D.

Kputepii 3a6e3mneueHocti opradiamy Bitaminom D:

— <20 =ur/mi (< 50 HMOJIB/11) — nediuuT BitaMiny D;

— > 20 ur/mn (= 50 umonw/n) i < 30 Hr/mn
(< 75 HMOB/11) — HEAOCTATHICTh BiTaMiHy D;

— 30—50 Hur/mu (75—125 HMOJIB/JT) — TOCTATHIl piBEHb
BiTaminy D;

— > 50—60 Hr/mi (> 125—150 HMOJB/1T) — GE3MEeYHMIA,
aJie He LiJIbOBUI piBeHb BiTaMiHy D);

— > 60—100 ur/ma (> 150—250 HMOIb/7T) — 30HA HEBH-
3HAYEHOCTI 3 MOTEeHUIMHUMU TIepeBaraMu Yu pu3uKamu;

— > 100 vr/ma (> 250 HMONIB/T) — HAAIUIIOK/30HA
TOKCUYHOCTI BiTaminHy D.

3. BusnauyeHnHs cupoBaTkoBoro piBHs 25(OH)D y mo-
POCIMX He PeKOMEHIOBaHO 0e3 YiTKUX IToKa3aHb, a CKpU-
HiHT nedinurty BiTaMiHy D ciim po3rmisiHyTH B TaKMX OCiO
YU 32 YMOBY HACTYITHUX 3aXBOPIOBaHb/CTaHiB:

— 0Cco0U JIITHBOTO BiKY (= 60 poKiB);

— 0COOM JIITHBOTO BiKY 3 IMiIBUILIEHUM PU3UKOM IaliHb
i MaJIOTpaBMaTUYHUMM MepeIoMaMM B aHAMHE3i;

— iMMO0ii30BaHi 0cOOM Ta OCOOM I 4Yac TpuUBaJIOL
TOCITITAJTi3alIil;

— BAariTHI Ta TOMyIOUi;

— 0cobu 3 OXXMpiHHAM (iHaeKc MacH Tina > 30 Kr/m?);

— 0co0M 3 TEMHOIO IirMeHTalli€10 IIKipH;

— 0CTEOTIOpO3;

— OCTeOMAaJISLIis;

— Oinb y KicTKax i M’s13ax;

— rinepnaparupeos;

— XpoHiyHa xBopoba HUpoK (XXH);

— CUHAPOMU MajbabcopOllii (HarpuKiam, 3arnajibHi 3a-
XBOPIOBaHHSI KUIIIEUHUKA, CTAHM TTic/Isl OapiaTpuIHUX orie-
palliii, MyKOBiCLIMJI03, EHTEPUT TTiCJIsS ONIPOMiHEHHS Ta iH.);

— IeYiHKOBA HEJIOCTaTHICTb;

— TPUBAIMI IPUITOM JIiIKApCHKUX 3aCO0IB 3 HEraTUBHUM
BIUIMBOM Ha MeTa0o0J1i3M BiTaMiHy D (Hampuxian, mpoTu-
CyIOMHI IIpernapaTu, INIIoKOKopTukoinu, jiku Big CHI/Ly,
MIPOTUTPUOKOBI 3ac00M, 3aCO0U TiMOXJIECTEPUHEMIUHOI il
Ta iH.);

— XPOHIiUHi aBTOIMYHHi 3axBOpPIOBaHHsS (HaANpUKJIAMI,
pO3CISTHUIA CKJIepO3, PeBMATOIAHUIA apTPUT, CUCTEMHUM
YEepBOHMI1 BOBYAK Ta iH.);

— IpaHyJeMaTO3Hi 3aXBOPIOBaHHS (HAIIPUKJIaI, CapKO-
1103, TyO0epKyJIb03, TiCTOIIa3MO03, OepuIio3, KOKIIUIiOMi-
KO3 Ta iH.);

— IYKpOBUii HiabeT;

— OHKOJIOTIUHi 3aXBOPIOBAHHS.

4. B oci6 3 medinurom Bitaminy D piBens 25(OH)D cainx
iHTepIIpeTyBaTh pa3oM 3 BHU3HAYEHHSM piBHS KaJbIIilO,
docdopy, MarHito, ayxHoi ¢docdarazu, mapaTrTOPMOHY i
KpeaTUHiHy CUPOBATKU KPOBI.

5. J1nst mpodiakTUKK Ta JIiKyBaHHS aediuuTy BiTamiHy
D pexomeHnoBaHUlI MEePOPATILHUIA MPUIOM XOJIEKaTbLIM-
Gbepony (Bitamin D), K ansTepHaTMBa (BEreTapiaHCTBO,
BEraHCTBO TOILO) — eprokanbuudepony (Biramin D). 3
METOIO TiIBUILEHHS MPUXUIBHOCTI 0 MPpUIOMY BiTaMiHy
D pekomMeHsoBaHEe BUKOPUCTAHHS Pi3HUX PEKUMIB MpU-
oMy (LLIOHST, IIOTUXKHS).

6. 3mM0poBUM 0CO0aM JOPOCIIOTO BiKy 0e3 HasBHOCTI
3aXBOPIOBAHb i CTaHIB, SIKi BIUIMBAIOTh Ha MeTa0O0JIi3M Bi-
TamiHy D B opraHizMi, peKOMEHI0OBaHO IIPpUIiOM J00aBOK
BiTamiHy D 3 xk0BTHS 1o KBiTeHb y 103i 800—2000 MO/n
(3aJ1exKHO BiJ MacH Tijia) y 3B 513Ky 3i 3HMXKEHHSIM CUHTE3Y
€HI0reHHOoro BiTamiHy D y 1IKipi.

7. Ipuitom Bitaminy D y mo3zi 800—2000 MO/n nipotsi-
TOM POKY PEKOMEHI0BaHNI 0cO0aM JIiTHbOTO BiKYy, iMMOOi-
JII30BaHUM 0co0aM Ta 0codaM Mill Yac TPUBAJIO1 FOCIiTai-
3allil 3 00MeXXeHHSIM (DYHKIIIOHAJIbHOT aKTUBHOCTI.

8. ZKinkam, siKi TUTaHYIOTh BariTHiCTb, MOLIJILHO PO3-
ISHYTA nipuitoM Bitaminy D y no3i §00—2000 MO/n un
TIIPOIOBXUTU MOTO MPUMOM IIPOTATOM YCi€i BariTHOCTI Ta
JIaKTallii.

9. Ocobam i3 3aXBOPIOBAHHSIMMU Ta CTAHAMMU, SIKi BILIU-
BalOTh Ha MeTaboJi3M BiTaMiHy D B opraHi3mi, peKOMeH-
NOBaHUI IHAMBIAyaJIbHUI MiAOip MpodidakKTUYHOI 103U
BiTaminy D (3000—-5000 MO/n) misg DOCATHEHHSI OITH-
MaJibHOI KoHlIeHTpallii 25(0OH)D.
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10. Ocobam 6e3 HasIBHOCTI 3aXBOpPIOBaHb i CTaHIB, SIKi
BIJIMBAIOTh Ha MeTaboIi3M BiTaMiHy D B oprani3mi, 3 mia-
rHocToBaHUM nedinurom BiTaminy D iioro JiikyBaHHS CJTif
po3MounHaTH 3 OisibLl BUCOKHUX 103 (4000—7000 MO/n) Bi-
TamiHy D mopiBHSHO 3 TPOGiTaKTUIHUMU A03aMU, PEKO-
MEHIOBAaHUMMU [IJI51 3arajIbHOT MOTMYJISIIII.

11. Ocobawm i3 3aXxBOpIOBaHHSIMMU Ta CTAHAMU, SIKi BIUTMBA-
I0Th Ha MeTa0o01i3M BiTamiHy D B opraHi3mi, 1JIs JIiKyBaHHS
nedinuty BitTamiHy D pekomeHmoBaHi BUllli 1oro ao3u (o
10 000 MO/n) mopiBHAHO 3 H03aMU, PEKOMEHIOBAHUMU
3[I0POBUM JIOPOCIUM 0cobaM 0e3 iHIIMX (DaKTOPiB PUBKKY.

12. JlixyBanHst nedittuty Bitaminy D ciifg po3noynHaT
npu piBHi 25(OH)D y xposi < 20 Hr/mia (< 50 HMOJIb/T)
i TIPOBOAUTH TIPOTSITOM 4—12 TUXHIB 3aJIe3KHO Bif oTo
TSKKOCTI Ta iHIIMX (paKTOpiB PU3UKY /IO JOCSITHEHHS 11i-
JboBoro piBHs 30—50 Hr/mi (75—125 HMOJB/1) 3 TONATb-
LM BUKOPUCTAHHSIM JIJIS MTIATPUMKU ONITUMAJIBHOTO CTa-
Tycy Bitaminy D no3u 800—2000 MO/x.

TTpu HemocTatHoCcTi BiTaminy D (25(OH)D < 30 Hr/ma
gy < 75 HMOJIb/J) PillIeHHS MPO JOJATKOBE MPU3HAUYCHHS
BiTaminy D chig mpuiiMaTu iHOAMBiAyaJbHO 3aJIeXKHO Bif
NOoTpedM IIBMAKOI KOpekilii aediuuty BitTaMiHy D Ta iH-
IIXX MOKAa3aHb.

13. AKTUBHI MeTaboJliTH BiTaMiHy D He peKkoMeH10BaHi
IUTS1 JTiKyBaHHS geiluTy BitamiHy D ocobam 6e3 HassBHOC-
Ti 3aXBOpIOBaHb i CTaHIB, Ki BIUIMBAIOTh HA METabOJIi3M
BiTamiHy D B opraHi3mi, mpore peKoOMeHI0BaHi XBOPUM i3
XPOHIUHUM TillOMapaTupeo3oM Y KiCTKOBO-MiHEpaJIbHU-
MU IIOPYIIEHHSIMU, TI0B’s13aHnMu 3 XX H.

14. IlamieHTaM 3 OCTEONOPO30M i OTO YCKIIAAHEHHSIMU
mepen iHilialiero aHTHMOCTEOIOPOTUYHOI Tepamii peKo-
MeHI0BaHO Bu3HaueHHs piBHs 25(OH)D y kpoBi 3 MeTo10
3anobiraHHs ii Hee(eKTUBHOCTI Ta MiABUILEHHS MPOoMiIio
0€e3MeYHOCTi.

ITpu BusiBneHHi aedinuTy Bitaminy D nepen iHimiani-
€10 aHTUOCTEOINOPOTUYHOI Tepartii peKOMEHJ0BaHa HOro
KOpEeKIlisl, MpY HOpMaJbHOMY PiBHi BiTaMiHy D pekoMeH-
noBaHo Tpuitom y no3i 800—2000 MO/n y nmoenHaHHi 3
kasbiiem (1000 MT/m eleMEHTapHOTO KaJIbIIil0) MPOTSATOM
YChOTO KYPCY aHTUOCTEOTIOPOTUYHOTO JIIKyBaHHSI.

[lamieHTaM i3 MABUIIEHUM PU3UKOM IIaIiHb YU IIepe-
JIoMiB (3a yKpaiHcbKoo Bepciero FRAX) pekoMmeHnoBaHMix
npuitom 800—2000 MO/ BiTaminy D mpoTsirom poxy.
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Diagnosis, prevention and treatment of vitamin D deficiency in adults:
Ukrainian experts consensus statement

Abstract. Background. Vitamin D deficiency (VDD) is wide-
spread in the world; its proportion varies considerably in different
populations and depends on many causes. Up to now, there were
no National recommendations for the diagnosis, prevention, and
treatment of VDD in adults in Ukraine. Their creation became the
purpose of this work. Methodology. Consensus was created using
the Delphi method, voting was conducted using the SurveyMon-
key® platform. After approval of the composition of the Consensus
Group, agreement on the order of formation and structure of the
Consensus, creation and correction of the main statements, and
two voting rounds, the main Consensus statements were formed
and were successfully voted on. The 15 authors of the article are
15 experts who participated in the voting. The final 14 Consen-
sus statements are presented in this article. Each statement is pre-
ceded by a justification based on high-quality evidence available in
the current literature. Results. Despite the reduction of VDD in
the Ukrainian population in recent years, experts have recommen-
ded increasing the awareness of the medical community and the

Ukrainian population about the problem and ways to overcome it,
with a screening of the total serum level of 25-hydroxyvitamin D
(25(OH)D) in subjects from the groups of risk to achieve the tar-
get concentration of 30—50 ng/ml (75—125 nmol/1). To ensure it,
we recommend the individual selection of a prophylactic dose of
vitamin D (800—2000 1U/d for young healthy persons and 3000—
5000 1U/d for patients with diseases and conditions that affect the
metabolism of vitamin D). For the treatment of VDD, we recom-
mend short-term intake of higher doses (4000—10,000 1U/d) of
vitamin D with control of the 25(OH)D level after 4—12 weeks of
treatment and subsequent use of maintenance doses. Also, we re-
commend the determination of serum 25(OH)D level before the
initiation of antiosteoporotic therapy in patients with osteoporo-
sis and its complications to prevent its ineffectiveness and increase
the safety profile.
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vitamin D deficiency, prevention of vitamin D deficiency; treat-
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recommended increasing the awareness of the medical community and the Ukrainian population about the
problem and ways to overcome it, with a screening of the total serum level of 25-hydroxyvitamin D (25(OH)D)
in subjects from the groups of risk to achieve the target concentration of 30-50 ng/ml (75-125 nmol/l). To
ensure it, we recommend the individual selection of a prophylactic dose of vitamin D (800-2000 IU/d for young
healthy persons and 3000-5000 1U/d for patients with diseases and conditions that affect the metabolism of
vitamin D). For the treatment of VDD, we recommend short-term intake of higher doses (4000-10,000 IU/d) of
vitamin D with control of the 25(0OH)D level after 4-12 weeks of treatment and subsequent use of maintenance
doses. Also, we recommend the determination of serum 25(0OH)D level before the initiation of antiosteoporotic
therapy in patients with osteoporosis and its complications to prevent its ineffectiveness and increase the
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Introduction

Vitamin D is a group of biologically active fat-soluble
compounds (more than 6 vitamers and 50 metabolites),
which are formed in the skin under the action of ultravio-
let rays of the B range or enter with food (Appendices 1-3)
[1, 2]. The main vitamers of vitamin D are the following: D,
(ergocalciferol and lumisterol in a ratio of 1 : 1), D, (ergo-
calciferol or ergosterol), D, (cholecalciferol), D, (2,2-dihy-
droergocalciferol), D (sitocalciferol or 7-dehydrositosterol)
and D, (sigma-calciferol). Vitamins D, and D, show the
highest biological activity in the human body. The hormo-
nally active form of vitamin D is 1a,25-dihydroxyvitamin D
(10,,25(0OH),D), formed from vitamin D vitamers through
25-hydroxyvitamin D (25(OH)D), whichincludes25(OH)D,
and 25(OH)D, and is measured in blood serum as total
25(0OH)D to assess the body’s supply of vitamin D [3—6].

Vitamin D was discovered more than 100 years ago [7]
and today its crucial importance for many biological pro-
cesses has been confirmed, in particular, maintenance of
calcium-phosphorus homeostasis, bone mineralization, cell
proliferation and differentiation in various organs and sys-
tems [8—11]. Numerous genomic and non-genomic mecha-
nisms of the influence of vitamin D in the human body have
been established [12—14], which are responsible for the im-
plementation of its skeletal and extraskeletal actions [10, 11],
and vitamin D receptors (VDR) are found in the nuclei and
cell membranes of almost all human organs and tissues.

In 2011, the Endocrine Society suggested considering vi-
tamin D deficiency (VDD) in children and adults as a clini-
cal syndrome caused by a low level of 25(OH)D in blood se-
rum [15]. For today, in accordance with the ICD-10, VDD
is classified under headings E55 (VDD. Excludes: osteoma-
lacia in adults (M83.-), osteoporosis (M80-MS81), conse-
quences of rickets (E64.3)) and E55.9 (VDD, unspecified.
Avitaminosis D).

The results of numerous studies indicated a high preva-
lence of VDD in the world [16—21], and its frequency var-
ies depending on the country of residence, age and gender
of the subjects, season, when the measurement of 25(OH)D
was done, presence and type of concomitant pathologies.
The recent data [17] indicated that in general in the world the
VDD is about 37 %, the lower level is in the USA (18 %), in
contrast to the countries of Europe (40 %) and Africa (34 %).
It is one of the largest in Iran and Jordan (90 %), the smallest
one in Ghana and the Seychelles (< 7 %). VDD occurs in
about 20 % of the population of Northern Europe, while in
Western, Southern and Eastern Europe it is 30—60 % [18].

Today, international [19, 22, 23] and national recommen-
dations [24—27], published during recent years, testify to the
great relevance of this problem, although the approaches to
the diagnosis, prevention and treatment of VDD are differ-
ent in the world. Until now, there were no national recom-
mendations for overcoming VDD in Ukraine, which deter-
mines the necessity of their creation.

Consensus development methodology

For development of this Consensus, an expert group of
15 leading Ukrainian scientists was created, who are vari-
ous specialists (biologists, biochemists, endocrinologists,

Binb. Cyrno6u. Xpeo6er, ISSN 2224-1507 (print), ISSN 2307-1133 (online)

rheumatologists, orthopedic surgeons, nutritionists, gyne-
cologists, and allergologist) and experts with an extensive
experience in studying the problem of vitamin D and related
topics. The first, sixth, and eleventh authors of this article
were members of the special Working Group created to se-
lect and coordinate the work of the experts.

The process of reaching Consensus was carried out us-
ing the Delphi method, which is widely used today to create
clinical guidelines [28—30]. The voting was conducted using
the SurveyMonkey® platform (https://surveymonkey.com)
using a 9-point gradation of agreement with the statements
on the basis of which the voting was performed (1 — strongly
disagree, 3 — disagree, 5 — neutral attitude, 7 — agree, and
9 — completely agree).

Before the beginning of the voting, it was agreed with the
experts that Consensus would be reached if > 75 % of the
participants agreed with a statements on a voting scale of 7
points or higher. In case of impossibility of reaching a Con-
sensus regarding a specific issue, voting will be repeated after
discussion of the issue by experts and its modification.

After approval of the composition of the Consensus
group, agreement on the order of formation and structure of
the Consensus document, based on the analysis of modern
literary sources with a high level of evidence, members of
Working Group created the statements regarding the epide-
miology of VDD, its screening, prevention, treatment and
monitoring, for which all experts had been voted during
January-February 2023.

At the beginning of February 2023, members of the
Working Group presented to other experts in online format
the results of the first round of voting, formulation of state-
ments and comments. After discussion and making changes
and comments from all experts, a second Delphi vote was
held at the end of February 2023, as the result of which 14
consensus statements had been formulated that were suc-
cessfully voted on.

The 15 authors of this article are 15 experts who partici-
pated in both rounds of Delphi voting. Each round of voting
was conducted on each of the 14 proposed statements. The
final Consensus statements are presented in the text of the
article and Appendix 4. Each statement is preceded by a jus-
tification based on currently available evidence.

Epidemiology of vitamin D deficiency
in adults

During last decades, a number of epidemiological studies
of the status of vitamin D have been conducted in Ukraine
[31—36]. The first epidemiological study (2011) [31] invol-
ving 1,575 persons at the age from 20 up to 89 years old from
different regions of the country revealed a significant propor-
tion (81.8 %) of VDD in the Ukrainian population. A suffi-
cient level of 25(OH)D in the blood was found only in 4.6 %
of the subjects, vitamin D insufficiency (VDI) in 13.6 %. The
average level of 25(OH)D in the blood serum of the partici-
pants of the study was 34.49 nmol/1 (13.80 ng/ml).

Another epidemiological study involving 3,460 persons at
the age from 1 up to 92 years old with musculoskeletal disor-
ders [32], published in 2017, revealed higher rates of vitamin
D supply compared to the previous study (mean 25(OH)D
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level was 26.2 ng/ml) with a decrease in the proportion of
VDD (37.3 %) and VDI (30.6 %). One more epidemiologi-
cal study on the study of the status of vitamin D with the
participation of 8,426 adults at the age from 20 up to 99
years old, examined in 2016—2022 [35], demonstrated an
increase in the level of 25(OH)D (30.9 ng/ml) in blood se-
rum compared to the results of two previous studies. In ad-
dition, the proportion of VDI (27.4 %) and VDD (19.9 %)
was smaller.

Regional Ukrainian studies conducted in Bukovina and
Prykarpattia [33] and Transcarpathia [34] also confirmed
a significant share of VDD. Thus, the analysis of the level
of 25(OH)D in 482 subjects at the age18—88 years old re-
vealed a normal status of vitamin D in only 7.7 %, in other
cases VDD (46.9 %) or VDI (45.4 %) was observed [33].
The average level of 25(OH)D was 21.6 ng/ml. In another
regional study [34] of 1823 children and adults, the average
level of 25(OH)D was 22.3ng/ml in women and 25.8 ng/ml
in men.

Analysis of vitamin D status in the Ukrainian population
during the past five years revealed significantly higher levels
of 25(OH)D during the 2020—2021 COVID-19 pandemic
(2020: 36.8 ng/ml; 2021: 35.0 ng/ml) both in comparison
with the indices of previously published studies and with the
level of 25(OH)D in 2018 (30.2 ng/ml) [35]. The annual
average level of 25(OH)D in 2022 (36.0 ng/ml) [36] was not
significantly different from the values of the previous two
years, but there was a significant decrease in the number of
25(OH)D tests, which was apparently related to the russian
invasion to Ukraine and a number of limitations both in the
diagnosis of VDD and in its proper supplementation.

All studies conducted in Ukraine have demonstrated the
dependence of serum 25(OH)D indices on age, with the
lowest indices in older age groups. In addition, seasonal
variations in 25(OH)D levels were found, with the highest
values in late summer and early autumn and the lowest va-
lues in late winter and early spring.

Statement 1 [Consensus voting scale (level of agree-
ment): 9 (100 %)]:

Deficiency and insufficiency of vitamin D in the adult
population of Ukraine is widespread, that’s why it is neces-
sary to increase the awareness of the public and medical
personnel about its skeletal and extraskeletal effects, risk
groups that require screening and monitoring of the level of
25(OH) D, adequate doses and schemes for the prevention
and treatment of vitamin D deficiency.

Screening for vitamin D deficiency
in adults

The main circulating form of vitamin D is 25(OH)D, so
its level in blood serum is considered to be the best index
[15, 23, 37—39] for assessing the supply and monitoring of
the vitamin D status. Determination of 25(OH)D provides
measuring the level 25(OH)D, and 25(OH)D, and is de-
fined as 25(OH)D total. It is measured in the morning on an
empty stomach, and the results are given in ng/ml or nmol/1
(with a conversion factor of *2.5). Measurement of the level
of vitamin D in urine, breast milk, synovial and amniotic
fluids, separate tissues and cell cultures is used in experi-

mental and clinical studies, but it has no value in clinical
practice for assessing the status of vitamin D [40].

For today, measurement of serum 25(OH)D levels is
performed using methods based on immunoassays (CLIA,
ECLIA, RIA and ELISA) and chromatographic methods
(HPLC and LC-MS). The first are more often used in clini-
cal practice due to automation and the ability to obtain re-
sults quickly. Chromatographic methods, unlike immunoas-
say methods, allow to determine the metabolites of vitamin
D, although they are more complex due to their technical
equipment, time-consuming preparation and evaluation of
the samples. Today, special attention is paid to the need of
standardization of the obtained 25(OH)D results and assu-
rance of laboratory quality of the measurements [40, 41].

The recommendations of various international societies
and the European Food Safety Authority (EFSA) [15, 19,
22-24, 42, 43] use different cut-off values for the determi-
ning VDD. Comparative analysis of guidelines [44—48]
confirmed this by the specifics of the tasks and the choice
of the target population. The results of some [49, 50], al-
though not all studies, demonstrate an inverse interconnec-
tion between the levels of parathyroid hormone (PTH) and
25(OH)D at a level of the last one in the blood < 30 ng/ml,
which justifies our choice of this particular value, as a limit
for the determining of the optimal one. In addition, the use
in some guidelines of meta-regression analysis (MRA) using
a dose-response interconnection instead of analysis of indi-
vidual participant data (IPD) of the study (which is less ap-
propriate from the point of view of Cochrane experts [51])
can significantly affect recommended cut-off values.

lo,25-dihydroxyvitamin D (1a,25(OH),D) is a hor-
monally active form of vitamin D, which realizes its ske-
letal and extraskeletal effects outside the site of the main
synthesis through genomic and non-genomic mechanisms,
however, its determination is not used to test the body’s vi-
tamin D supply and screening for VDD. The serum level
of 1a,,25(OH),D has clinical value in the assessment of
congenital/acquired disorders of phosphate and 25(OH)D
metabolism in the patients with chronic kidney disease,
hereditary diseases with increased phosphate removal, on-
cogenic osteomalacia, vitamin D-resistant rickets, chronic
granulomatous diseases (sarcoidosis), some types of lym-
phoma. Determination of the level of 1,25(OH),D for the
diagnosis of hypovitaminosis D is not appropriate and may
lead to misinterpretation of vitamin D status, since the levels
are often normal or even increased in the persons with VDD
as a result, in particular, of increased PTH biosynthesis.

Statement 2 [consensus voting scale (level of agree-
ment): 9 (80 %), 7 (13.3 %), 5 (6.7 %)]:

Total 25(OH) D level in serum is recommended as a lab-
oratory marker for the diagnosis of vitamin D deficiency.

Criteria for vitamin D sufficiency in humans:

— <20 ng/ml (< 50 nmol/L) — vitamin D deficiency;

— > 20 ng/ml (= 50 nmol/L) and < 30 ng/ml
(< 75 nmol/L) — vitamin D insufficiency;

— 30—50 ng/ml (75— 125 nmol/L) is a sufficient level
of vitamin D;

— > 50—60 ng/mL (> 125— 150 nmol/L) is a safe but
not target level of vitamin D;
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— > 60—100 ng/mL (> 150—250 nmol/L) is a zone of
uncertainty with potential benefits or risks;

— > 100 ng/ml (> 250 nmol/L) — excess/ toxicity zone
of vitamin D.

Despite the increase in the number of tests for
25(OH)D in recent years in the world [52—54], which in
particular is related to the increase in knowledge about the
positive effects of vitamin D and the COVID-19 pandemic,
there is currently not enough confirmation to justify the ex-
pediency of general screening of the population for VDD
[55—57]. However, enough data have been accumulated
as for the increase in the proportion of VDD in persons of
older age groups [1, 32, 35], subjects with obesity and meta-
bolic syndrome [1, 32, 58], and dark skin pigmentation [59].
In addition, an increase in VDD has been demonstrated
in the patients with metabolic diseases of bone tissue [60],
subjects with infectious [61, 62] and autoimmune pathol-
ogy [63—65], in particular, inflammatory bowel diseases
[66, 67], rtheumatic pathology [68—71], etc., diseases of
the endocrine system, in particular, type 1 diabetes, thyroid
pathology [72—76], etc., cardiovascular diseases [77—80],
nervous system diseases [8§1—83], diseases of kidneys [84],
oncological diseases [85], long-term use of drugs with a
negative effect on vitamin D metabolism [86, 87], as well as
a connection with an increased mortality rate from various
reasons [88—91]. Therefore, determining the serum level of
25(0OH)D in this category of persons can be useful for effec-
tive prevention and treatment of VDD [15, 22, 23].

Statement 3 [consensus voting scale (level of agree-
ment): 9 (80 %), 7 (20 %)]:

Determination of the serum level of 25(OH)D in adults
is not recommended without clear indications, and screen-
ing for vitamin D deficiency should be considered in such
individuals or in the presence of the following diseases/con-
ditions:

— older persons (= 60 years old);

— older persons with an increased risk of falls and a his-
tory of low-traumatic fractures;

— immobilized persons and persons during long-term
hospitalization;

— pregnant and lactating women;

— obese persons (body mass index > 30 kg/m?);

— persons with dark skin pigmentation;

— osteoporosis;

— osteomalacia;

— pain in bones and muscles;

— hyperparathyroidism;

— chronic kidney disease (CKD);

— malabsorption syndromes (for example, inflammato-
ry bowel diseases, conditions after bariatric surgery, cystic
fibrosis, enteritis after radiation, etc.);

— liver failure;

— long-term use of drugs with a negative influence on
vitamin D metabolism (for example, anticonvulsant drugs,
glucocorticoids, AIDS drugs, antifungal drugs, hypocho-
lesterolemic agents, etc.);

— chronic autoimmune diseases (for example, multiple
sclerosis, rheumatoid arthritis, systemic lupus erythemato-
sus, etc.);
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— granulomatous diseases (for example, sarcoidosis, tuber-
culosis, histoplasmosis, berylliosis, coccidiomycosis, etc.);

— diabetes;

— oncological diseases.

The positive skeletal effects of vitamin D in the human body
are realized, in particular, through its influence on calcium-
phosphorus metabolism [5, 10, 92]. In cases of chronic VDD,
the absorption of calcium, phosphates and magnesium in the
intestine decreases [93], the reabsorption of calcium ions and
phosphates in the renal tubules is disturbed. In subjects wi-
thout kidney disease, the normal level of calcium and phos-
phorus in the blood serum is maintained mainly due to the in-
teraction of two hormones: the synthesis of calcitriol requires
the presence of PTH, while its action on bone tissue requires
the presence of vitamin D. In presence of VDD, the level of
PTH increases, which causes both the bone resorption with
the release of calcium and phosphates into the bloodstream,
and the reabsorption of calcium in the kidneys to maintain
its normal level in the blood. Simultaneously, VDD is usually
accompanied by normal levels of calcium and phosphorus in
the blood serum with indices of PTH and total alkaline phos-
phatase (ALP) within the upper limits of the norm or their
increased level, as well as a low rate of excretion of calcium in
the daily urine. Subjects with severe and/or long-term VDD
and the development of secondary hyperparathyroidism have
hypocalcemia and/or hypophosphatemia and a high level of
ALP [60, 92]. An increased level of ALP in case of VDD leads
to the osteomalacia development, when ALP is produced by
osteoblasts of a wide layer of osteoid, which is formed in con-
ditions of impaired mineralization [94].

The effectiveness of the use of vitamin D is significantly
reduced with a low level of magnesium in the blood [95].
Magnesium deficiency plays an important role in the deve-
lopment of magnesium-dependent rickets or osteomalacia,
some forms of which are resistant to the action of vitamin
D, and the taking of magnesium supplements increases the
effectiveness of the treatment of VDD [96].

An important index for a comprehensive assessment
of the status of vitamin D is also the level of creatinine in
blood serum, which reflects the functional state of the kid-
neys, where the second stage of vitamin D metabolism takes
place with the formation of its hormonally active form —
1,25(OH),D. Acute or chronic kidney failure and other kid-
ney diseases can be the cause of an increase in the level of
creatinine in the blood. Also, severe VDD is a risk factor for
renal hyperfiltration [97].

Statement 4 [consensus voting scale (level of agree-
ment): 9 (80 %), 7 (20 %)]:

In individuals with vitamin D deficiency, 25(0OH)D
should be interpreted in connection with the determina-
tion of the level of calcium, phosphorus, magnesium, alka-
line phosphatase, parathyroid hormone, and creatinine in
blood serum.

Prevention and treatment of vitamin D
deficiency in adults

Considering that vitamin D enters the body with food
and is synthesized in the skin, a balanced diet and a healthy
lifestyle with an adequate level of physical activity (especial-
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ly, to prevent obesity), being outdoors can also be important
strategies in the prevention of VDD. The expediency of pre-
scribing prophylactic doses of vitamin D in adults is deter-
mined by the season of the year, as well as age, body weight,
food preferences, physical activity regime, and the presence
of risk factors for VDD.

For the prevention and treatment of VDD and VDI, two
of its forms are most widely used — vitamin D, and D, A
lower affinity for the vitamin D-binding protein of the blood
plasma of vitamin D, a higher rate of 25-hydroxylation in
the liver and subsequent hydroxylation in the kidneys with
the formation of active metabolites, a higher discrimination
coefficient (predominance of activity), that are characteris-
tic forvitamin D, [3, 4, 6, 7], determine its higher efficiency,
which is also confirmed by modern randomized clinical tri-
als (RCTs) and meta-analyses [98, 99].

For today, vitamin D in Ukraine is available only in oral
form with a daily and weekly regimen.

Other regimes are also used in the world (monthly, quar-
terly, semiannually, and annually). According to many re-
searchers [23, 100, 101], it is the daily and weekly regimens
of vitamin D intake that are more appropriate compared to
the administration of bolus doses. Vitamin D in Ukraine is
represented by various forms (capsules, drops and tablets),
which should be chosen individually, taking into account
the dietary preferences, depending on the functional state
and the presence of gastrointestinal tract (GI) pathology to
ensure compliance with its purpose.

Statement 5 [consensus voting scale (level of agree-
ment): 9 (67.7 %), 7 (33.3 %)]:

Oral cholecalciferol (vitamin D,) is recommended for
the prevention and treatment of vitamin D deficiency, and
ergocalciferol (vitamin D,) as an alternative (vegetarian-
ism, veganism, etc.). In order to increase adherence to
vitamin D intake, it is recommended to use different regi-
mens (daily, weekly).

To date, most guidelines on VDD [15, 19, 22, 23, 42]
recommend that adults at the age from 19 up to 65 years
old without risk factors affecting vitamin D metabolism
should obtain vitamin D through solar insolation whenever
possible (staying at least 15 minutes in the sun from 10:00
a.m. to 03:00 p.m. from May to September) and having a
healthy diet. If the above is limited or impossible, addition-
al intake of vitamin D is recommended in different doses
depending on season, body mass, and dietary preferences.
Taking into account the data of epidemiological studies
conducted in Ukraine, regarding seasonal fluctuations of
the level of 25(OH)D with lower indices in late autumn,
winter and spring, for the development of VDD, it may be
appropriate to prescribe its preventive doses from October
to April.

According to the recommendations of international
guidelines and EFSA [15, 19, 22, 23, 42, 43], there is cur-
rently no consensus on the recommended prophylac-
tic doses of vitamin D for additional intake (from 200 to
2000 TU/d). Pharmacodynamic studies demonstrate that
taking 100 IU/d of vitamin D leads to an increase in the level
of serum 25(OH)D, on average, by ~1 ng/ml (2.5 nmol/l),
although a number of external and internal factors can sig-
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nificantly influence on this index [16]. According to EFSA
data [43], the recommended intake of vitamin D for persons
aged 1 year and older is 600 TU/d, and the upper limit of
intake (for children over 11 years and adults) is 4,000 1U.

Current data on differences in the dose of vitamin D
to achieve a level 25(OH)D of 50 nmol/L in > 97.5 % of
subjects [102] depending on the approach used for their
analysis (according to MRA it is 560 IU/d, IDU, respec-
tively, 1040 TU/d), allow recommending a dose of at least
800 IU/d as a target for preventing VDD.

Statement 6 [consensus voting scale (level of agree-
ment): 9 (66.7 %), 7 (26.7 %), 5 (6.6 %)]:

Healthy adults without diseases and conditions that affect
the metabolism of vitamin D in the body are recommended
to take vitamin D supplements from October to April at a
dose of 800—2000 1U/d (depending on body mass) because
of decrease in the level of synthesis of endogenous vitamin
D in the skin.

To date, it has been proven that the frequency of VDD
is higher in subjects of older age groups, which can have a
negative impact on the development of a number of skeletal
and extraskeletal manifestations. The decrease in the level
of 25(OH)D in this age group is justified both by a decrease
in the synthesis of vitamin D in the skin with age (due to
a thickening of the thickness of its stratum corneum, a de-
crease in the density of VDR, etc.), and by a violation of its
absorption from food. Current recommendations differ as
for the recommended doses of consumption for older per-
sons, but most of them, in particular for the population of
Ukraine [103], note the need to increase the daily dose of
vitamin D. Additionally, immobilization, in particular, and
during long-term hospitalization with limitation of func-
tional activity, is associated with a decrease in the synthesis
of vitamin D in the skin, which can lead to VDD.

Statement 7 [consensus voting scale (level of agree-
ment): 9 (86.7 %), 7 (13.3 %):

Taking vitamin D in a dose of 800—2000 1U/d during a
year is recommended for the elderly persons, immobilized
persons, and persons during long-term hospitalization with
limited functional activity.

Currently, guidelines for overcoming VDD in women
during pregnancy and lactation [15, 19, 22, 23, 42] re-
commend its additional intake, although within wide range
(200—2000 IU/d). According to the Order of the Ministry of
Health of Ukraine [103], an increase of the dose of vitamin
D during pregnancy is not provided, however, taking into
account the increased need for vitamin D in pregnant and
lactating women, its prophylactic intake under the control
of the level of 25(OH)D in the blood serum to maintain the
optimal concentration is expedient. If testing is not possi-
ble, additional vitamin D intake at a dose of 800—2000 [U/d
may be considered, depending on the characteristics of diet,
lifestyle, diseases and conditions that make an influence on
vitamin D metabolism.

Statement 8 [consensus voting scale (level of agree-
ment): 9 (86.7 %), 7 (13.3 %)]:

Women planning pregnancy should consider taking vi-
tamin D at a dose of 800—2000 IU/d or continue taking it
during all pregnancy and lactation period.
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In persons with obesity (body mass index > 30 kg/m?),
dark skin color and diseases or conditions, that affect vita-
min D metabolism, the prescription of prophylactic doses
(800—2000 IU/d) of vitamin D may not be sufficient to
maintain the optimal concentration of 25(OH)D in the
blood, therefore, the prescription of higher doses of vitamin
D (3000—5000 TU/d depending on body weight, dietary
preferences, seasons) should be considered for them under
individual control of the serum level of 25(OH)D. Also, the
results of numerous studies and meta-analyses demonstrate
the interconnection between the additional use of vitamin
D and a reduction in the risk of a number of diseases and
conditions (chronic autoimmune [104], infectious [105],
oncological diseases [106, 107], diabetes [108, 109], mortal-
ity [85]).

Statement 9 [consensus voting scale (level of agree-
ment): 9 (80 %), 7 (13.3 %), 5 (6.7 %)]:

For the persons with diseases and conditions that affect
the metabolism of vitamin D in the body, an individual se-
lection of a preventive dose of vitamin D (3000—5000 1U/d)
is recommended to achieve the optimal concentration of
25(OH)D.

If there is a necessity of rapid correction of VDD (os-
teomalacia, severe VDD (< 10 ng/mL), the need to initi-
ate anti-osteoporotic therapy in a patient with a high risk
of fractures, secondary hyperparathyroidism and a low level
of serum calcium), it is possible to use higher doses (up to
10,000 IU/d) of vitamin D for several weeks [15, 23], which
are effective and safe [110]. The selection of high daily doses
of vitamin D should be recommended individually depend-
ing on the season, the mode of functional activity, the pres-
ence of diseases and conditions that affect the metabolism
of vitamin D.

Statement 10 [consensus voting scale (level of agree-
ment): 9 (66.7 %), 7 (26.7 %), 5 (6.6 %)]:

Persons without diseases and conditions that affect vita-
min D metabolism, with a diagnosed deficiency of vitamin
D, should be treated with higher doses of vitamin D com-
pared to the preventive doses recommended for the general
population (4000—7000 1U/d).

Statement 11 [consensus voting scale (level of agree-
ment): 9 (66.7 %), 7 (26.7 %), 5 (6.6 %)]:

For the persons with diseases and conditions that affect
vitamin D metabolism in the body, higher doses of vitamin
D (up to 10,000 1U/d) are recommended for the treatment
of vitamin D deficiency compared to healthy adults without
other risk factors.

In many clinical guidelines about the management of
VDD [15, 19, 22, 23, 42], a level of 25(OH)D < 20 ng/mL
is the cutoff that determines need for the treatment. At the
same time, it should be noted about the faster growth of the
25(OH)D level at its initial lower value and the decrease in
the curvature of the level of growth of concentration when
reaching its optimal values [16].

To date, there is no consensus on the timing of monitor-
ing of serum 25(OH)D levels. According to some authors,
re-determination of the level of vitamin D should be carried
out 4—12 weeks after the start of the treatment of VDD [24,
39], according to others — after 3—6 months [54]. These dif-

ferences should be taken into account when planning the
monitoring of the serum level of 25(OH)D, the timing of
which can be determined both by the severity of VDD and
the presence of diseases and conditions that affect the vita-
min D metabolism, the form and mode of its administra-
tion.

Statement 12 [consensus voting scale (level of agree-
ment): 9 (73.3 %), 7 (20 %), 5 (6.7 %)]:

Treatment of vitamin D deficiency should be initiated at
the level of 25(OH) D in blood < 20 ng/mL (< 50 nmol/L)
and continued for 4—12 weeks, depending on its severity
and other risk factors, until a target level of 30—50 ng/mL
is reached (75— 125 nmol/l) with further use to maintain
optimal vitamin D status at a dose of §00—2000 IU/d.

In case of vitamin D insufficiency (25(OH)D < 30 ng/mL
or < 75 nmol/L), the decision on additional appointment
of vitamin D should be made individually depending on the
need for rapid correction of vitamin D insufficiency and
other indices.

Despite the fact that chole- and ergocalciferol are most
widely used for the prevention and treatment of VDD, some
researchers consider it appropriate to use vitamin D me-
tabolites for this purpose [47]. Calcitriol (1,25(0OH),D) and
its analogs (oi-calcidol) are associated with a higher risk of
hypercalcemia, but may be recommended for the patients
with chronic hypoparathyroidism or bone mineral disorders
associated with CKD [111].

Statement 13 [consensus voting scale (level of agree-
ment): 9 (60 %), 7 (26.7 %), 5 (13.3 %)]:

Active metabolites of vitamin D are not recommended
Jor the treatment of vitamin D deficiency in persons without
diseases or conditions that affect vitamin D metabolism in
the body, but are recommended for the patients with chro-
nic hypoparathyroidism or bone mineral disorders associ-
ated with CKD.

Nowadays, the numerous studies and meta-analyses have
shown a positive effect of additional vitamin D intake to-
gether with calcium on bone mineral density, reducing the
risk of developing of osteoporosis and osteomalacia [112].
According to modern recommendations for the treatment
of postmenopausal osteoporosis in women [113, 114], men
[115] and glucocorticoid-induced osteoporosis [116], ad-
ditional intake of vitamin D (400—800 1U/d) together with
calcium is recommended for the patients during anti-os-
teoporotic treatment. A positive effect of daily administra-
tion of vitamin D (800—1000 IU/d) in reducing the risk of
fractures and falls was noted, while periodic administration
was not effective [117]. Most [118—120], but not all [121]
researchers confirm the effectiveness of the combined intake
of vitamin D together with calcium compounds in reducing
the risk of fractures and falls.

To date, the need to use vitamin D has been demonstrated
both to increase the effectiveness of antiosteoporotic therapy,
in particular when using bisphosphonates [122] or denosum-
ab [123, 124], and to improve the safety profile, prevention
of acute-phase reactions when prescribing bisphosphonates
[125, 126]. Therefore, determining the level of 25(OH)D in
blood is recommended for the patients with osteoporosis be-
fore initiation of antiosteoporotic therapy.
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Statement 14 [consensus voting scale (level of agree-
ment): 9 (66,7 %), 7 (26,7 %), 5 (6,6 %)]:

For the patients with osteoporosis and its complications,
it is recommended to determine the level of 25(OH)D in
blood before initiating antiosteoporotic therapy in order to
prevent its inefficiency and increase in the safety profile.

If a deficiency of vitamin D is detected before initiation
of anti-osteoporotic therapy, its correction is recommend-
ed, with a normal level of vitamin D, it is recommended
to take it in a dose of §00—2000 1U/d in combination with
calcium (1,000 mg/d of elemental calcium) during the en-
tire course of anti-osteoporotic treatment. Patients with an
increased risk of falls or fractures (FRAX in accordance
with the Ukrainian version) are recommended to take
800—2000 1U/d of vitamin D during the year-.
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Appendix 1
Metabolism of vitamin D and its sources
Vitamin D enters the human body in two ways: due to

synthesis in the skin and with food. The average daily human
need for vitamin D is 5—10 pg.
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In the human body, vitamin D, is formed in the dermal
layer of the skin from the precursor of provitamin D, (7-de-
hydrocholesterol) under the influence of short-wave ultravi-
olet radiation of the B spectrum (wavelength 290—315 nm)
by the so-called photolysis, primarily turning into previta-
min D,, then under the influence of heat into vitamin D,.
The rate of photosynthesis in the skin is ~15—18 1U/cm?/g
and is a subject to strict regulation. With intense long-term
UV irradiation of the human body, the level of 25(OH)D,
does not exceed 80 ng/ml, intensifying the splitting of a part
of previtamin D, into inactive molecules.

The synthesis of vitamin D in the skin is influenced by
both external (latitude of the place of residence, season, time
of day, cloudiness, altitude above sea level, etc.) and internal
factors (age, skin type (1—6), surface of clothing, use of sun
protective creams, long stay in closed rooms). In addition,
vitamin D enters the human body with food products of both
animal (D,) and plant (D,) origin. Vitamin D, plays a much
more important role compared to D, in human life processes,
that’s why it is considered the “true” vitamin D, while other
representatives of this group have less clinical significance.

After entering the blood, vitamin D still remains an inac-
tive compound that requires a number of transformations to
synthesize its active hormonal form — 1,25(OH),D. There
are three main stages of vitamin D metabolism.

The first reaction of vitamin D hydroxylation is car-
ried out in the liver (up to 90 %), which is recognized as
the main, if not the only, site of hydroxylation. The process
takes place with the participation of the microsomal enzyme
25-hydroxylase with the formation of an intermediate bio-
logically transportable form — 25(OH)D (calcidiol). The
25-hydroxylation reaction occurs quite quickly and leads to
an increase in the level of 25(OH)D in the blood serum, the
level of which reflects both the formation of vitamin D in the
skin and its intake with food, as a result of which it is used as
a concentration marker of vitamin D in blood serum. Par-
tially the transport form of 25(OH)D, which enters adipose
and muscle tissue, can create tissue depots with an indefinite
period of existence.

The further reaction of la-hydroxylation of 25(OH)D
takes place most intensively in the cells of the proxi-
mal tubules of the kidney cortex with the participation of
the enzyme lo-hydroxylase (25-hydroxyvitamin D-lo-
hydroxylase, CYP27B1) with the formation of its active
hormonal form — 1,25(OH),D. The level of D-hormone
formation in the body of a healthy adult person is approxi-
mately about 0.3—1.0 pg/day.

At this stage, the active metabolite 1,25(OH),D is
formed, which interacts with the nuclear VDR of the small
intestine, kidneys, and other tissues. In addition, it was es-
tablished that almost all tissues and cells in the human body
have VDR and also demonstrate 25(OH)D-1a-hydroxylase
(CYP27B1) activity, which indicates the ability to synthe-
size 1,25(OH),D in tissues outside the kidneys [127]. The
enzyme CYP24Al, which has both 24-hydroxylase and
23-hydroxylase activity, is also involved in the metabolism
of vitamin D. Defects in CYP24A1 lead to a deficiency of
24-hydroxylated metabolites of vitamin D, which is accom-
panied by impaired endochondral ossification.
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Appendix 2

Vitamin D mechanism of action
of and its skeletal actions

To date it is known that vitamin D in the form of its active
form — D-hormone — is responsible for the implementa-
tion of various biological reactions in more than 40 target
tissues due to the regulation of VDR-mediated gene tran-
scription (genomic mechanism) and rapid non-genomic
reactions that take place through the influence on the sys-
tem of calcium-phosphate homeostasis and the activation
of signaling pathways (wingless (WNT), sonic hedgehog
(SSH), STATI1-3 or nuclear factor kappa-B) that modu-
late several intracellular processes, including the cell cycle,
proliferation or immune response [14, 128, 129]. Specific
proteins that bind 1,25(OH),D and are the components of
the MARRS receptor (membrane-associated rapid response
steroid binding protein) may also be responsible for the ra-
pid non-genomic effects of vitamin D). The identity of the
MARRS receptor and ERp57/ERp60/GRp58/PDIA3 has
been established, which significantly expands its functions
as chaperone proteins, DNA-binding protein and compo-
nent of the immune system. 1,25(0OH),D-MARRS, stimu-
lating non-genomic effects in various types of cells, is simul-
taneously able to penetrate into the nucleus of the cell and
in complex with VDR can provide 1,25(OH),D-mediated
regulation of gene activity.

The vitamin D receptor is traditionally considered a nu-
clear transcription factor that provides the influence of vita-
min D on the transcription of genes whose promoters have
specific DNA sequences — vitamin D-sensitive elements.
The regulatory genomic effects of vitamin D also include an
epigenomic influence on the structure of chromatin (chang-
es in chromatin accessibility, manifestation of specific con-
tact features of the VDR-1,25(OH),D complex with specific
binding sites), which affects transcriptomic changes in cells
[10, 12]. The concentration of VDR in blood serum is up to
20 times higher than that of vitamin D metabolites, resulting
in the binding of these metabolites to only ~5 % of circulat-
ing VDR [130]. Such a significant excess of VDR may pro-
vide protection against the toxic actions of vitamin D due to
an increase of its concentration in blood serum.

Due to genomic and non-genomic mechanisms D, the
endocrine system is involved in regulating of the mineral
homeostasis of calcium and phosphates in blood circulation
processes. In intestinal enterocytes, VDR activation by the
active metabolite of vitamin D 1,25(OH),D is accompa-
nied by an anabolic effect — an increase in the synthesis of
calbindin (9K-calcium-binding protein), which enters the
lumen of the intestine, binds calcium ions (Ca?*) and trans-
ports it through the intestinal wall into the lymphatic ves-
sels, and then into the circulatory system. The effectiveness
of this mechanism is evidenced by the fact that without the
participation of vitamin D, only 10—15 % of calcium and
60 % of phosphates are absorbed in intestine. The interac-
tion between 1,25(0OH),D and VDR increases the efficiency
of intestinal absorption of Ca?* up to 30—40 %, and of phos-
phates — up to 80 %. 1,25(OH),D maintains the necessary
levels of calcium and phosphates in the blood to ensure the
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mineralization of bone tissue and prevention of hypocalce-
mic tetany. Similar mechanisms of action of D-hormone are
the basis of the reabsorption of Ca?* in the kidneys.

Deficiency and insufficiency of vitamin D causes a de-
crease in the absorption of calcium and phosphates in the
intestines, as a result of which the level of PTH increases,
secondary hyperparathyroidism occurs, in which the total
level of calcium in the blood serum is within the normal
range due to the mobilization of calcium from bone tissue
and increased excretion of phosphates by the kidneys. Me-
diated PTH increase in the activity of osteoclasts causes a
decrease in BMD, as a result of which osteopenia and osteo-
porosis are developing.

Vitamin D facilitates the mobilization of calcium in
bones, and under certain conditions has a resorptive ef-
fect to maintain the level of calcium and phosphates in the
plasma of blood [10, 131]. The resorptive activity of vitamin
D (under conditions of its norm in blood serum) is realized
through its ability to influence the functional activity of os-
teoblasts and osteocytes [4, 10, 12, 13, 130]. In osteoblasts,
the expression of the receptor activator of nuclear factor
kappa-B ligand (RANKL) increases, which binds to the re-
ceptor activator of nuclear factor kappa-B (RANK), located
on preosteoclasts and osteoclasts, which leads to the activa-
tion of osteoclasts and increased bone resorption. Vitamin
D directly through the VDR receptor expressed in osteo-
clasts and progenitor cells of osteoclasts can also regulate
their differentiation and activity [4].

One of the mechanisms of action of vitamin D is the
modulation of avB3 integrin expression and its subcellular
organization, which contributes to the differentiation of
mesenchymal stem cells into osteoblasts due to increased
interaction of owv33 with fibronectin [132]. In addition, cal-
citriol is an important regulator of RUNX2, a transcription
factor that plays a key role in controlling of differentiation
and function of osteoblasts. The cooperation of these mol-
ecules is manifested by the induction of the expression of
osteocalcin, a key protein that regulates the mineralization
of bone matrix. Calcitriol also modulates the expression of
most genes that are responsible for osteoblast maturation
and bone matrix mineralization. Under its action, the ex-
pression of genes of type I collagen, LE, matrix protein Gla
and osteopontin (the last two are inhibitors of mineraliza-
tion), bone sialoprotein and osteocalcin increases. Calcitriol
in osteocytes induces fibroblast growth factor 23 (FGF23),
which encodes a major phosphate-regulating hormone and
dentin matrix protein 1 (DMP1), which, like osteopontin,
acts as a mineralization inhibitor to prevent hyperminera-
lization.

The effect of vitamin D on bone is not limited only by
studies of its active form. Thus, with the use of transcrip-
tional analysis, it was demonstrated that not only calcidiol
and calcitriol, but also other hydroxylated metabolites of
the latter (24R,25(OH),D, and 1a-24R,25(0OH),D,) induce
gene transcription in cells of the osteoblast line, they in-
crease dose-dependently the biosynthesis of LF, osteocalcin
and enhance mineralization [133, 134]. Calcidiol can also
bind to VDR, but its affinity is about 1,000 times lower than
that of 1,25(OH),D, [14].
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Phosphaturia caused by secondary hyperparathyroidism
leads to a decrease in the level of phosphates in the blood
serum to the lower limit of the norm or below the norm.
The consequence of this is a violation of the ratio of calcium
and phosphates, which leads to the defects in the mineral-
ization of the skeleton. In infants and preschool children,
vitamin D deficiency causes rickets, which is characterized
by multiple bone deformities. Osteomalacia occurs in adults
as a result of vitamin D deficiency. Both diseases are caused
by a violation of bone mineralization. However, it is neces-
sary to differentiate the pathogenetic mechanisms that led
to osteomalacia, including: deficiency or resistance of vita-
min D; calcium deficiency rickets (probably, osteomalacia)
regardless of dietary vitamin D status; phosphate depletion
caused by a primary or secondary increase in growth factor
of fibroblasts-23 and inhibition of mineralization caused by
the toxic actions of various drugs [112].

Appendix 3

Food sources of vitamin D

Vitamin D enters the human body with food of both
plant (D,) and animal (D,) origin. The daily requirement for
adults in accordance with the norms of physiological needs
for nutrients and energy according to the Order of the Minis-
try of Health of Ukraine No. 1073 dated September 3, 2017,
is 5—10 ug/day. The standard activity of vitamins D, and D is
expressed in international units (IU). For one IU, it isused to
take the activity of 0.025 pg of vitamins D, and D, Therefore,
1 pg of both vitamins corresponds to 40 1U of their activity.

Food sources of vitamin D are quite limited (Table 1).
Its naturally high content is found in fatty marine fish, es-
pecially in the liver of certain species, for example, in the
liver of cod. Vitamin D in different quantities is found in
certain types of mushrooms. In recent years, the practice
of growing mushrooms under ultraviolet radiation, which
increases their vitamin D content, has become increasingly
widespread [135], as well as the fortification of food pro-
ducts using vitamin D.

Table 1. Food products that contain vitamin D

Vitamin D content Percentage
Food name (pg) in 100 g/ml of of the daily
product* requirement**
1 2 3
Fish and seafood

Eish oil (from cod 295 4500
liver)
Rainbow trout 19.3 386
Carp 17.9 358
Mackerel 11.5 230
Salmon (red 10.9 218
salmon)
Sea bass 5.65 113
Flounder 5.6 112
_Sargines canned 4.83 96.6
in oil

End of Table 1

1 2 3
Tilapia 2.83 56.6
Atlantic herring 2.8 56
Pike 1.87 37.4
Canned tuna 1.45 29
Perch 1.1 22
Atlantic pollock 0.77 15.4
Red granular caviar 0.08 1.6

Eggs and offal
gr;)igken egg, whole, 11 29
Beef liver 0,85 17
Mushrooms

i'nhulgﬁlr(:oms 04 8
White mushrooms 0.18 3.6

Note: * — vitamin D content according to the USDA National Nu-
trient Database for Standard Reference Release 28 (04.2019);
** — daily requirement for adult men and women in accordance
with the norms of physiological needs for nutrients and energy
(Order of the Ministry of Health of Ukraine, [102]).

Appendix 4

Consensus Statements

1. Deficiency and insufficiency of vitamin D in the adult
population of Ukraine is widespread, that’s why it is nec-
essary to increase the awareness of the public and medical
personnel about its skeletal and extraskeletal effects, risk
groups that require screening and monitoring of the level of
25(0OH)D, adequate doses and schemes for the prevention
and treatment of vitamin D deficiency.

2. Total 25(OH)D level in serum is recommended as a lab-
oratory marker for the diagnosis of vitamin D deficiency.

Criteria for vitamin D sufficiency in humans:

— <20 ng/ml (< 50 nmol/L) — vitamin D deficiency;

— > 20 ng/ml (> 50 nmol/L) and < 30 ng/ml
(<75 nmol/L) — vitamin D insufficiency;

— 30—50 ng/ml (75—125 nmol/L) is a sufficient level of
vitamin D;

— > 50—60 ng/mL (> 125—150 nmol/L) is a safe but not
target level of vitamin D;

— > 60—100 ng/mL (> 150—250 nmol/L) is a zone of
uncertainty with potential benefits or risks;

— > 100 ng/ml (> 250 nmol/L) — excess/ toxicity zone
of vitamin D.

3. Determination of the serum level of 25(OH)D in
adults is not recommended without clear indications, and
screening for vitamin D deficiency should be considered in
such individuals or in the presence of the following diseases/
conditions:

— older persons (> 60 years old);
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— older persons with an increased risk of falls and a his-
tory of low-traumatic fractures;

— immobilized persons and persons during long-term
hospitalization;

— pregnant and lactating women,;

— obese persons (body mass index > 30 kg/m?);

— persons with dark skin pigmentation;

— 0Steoporosis;

— osteomalacia;

— pain in bones and muscles;

— hyperparathyroidism;

— chronic kidney disease (CKD);

— malabsorption syndromes (for example, inflammatory
bowel diseases, conditions after bariatric surgery, cystic fi-
brosis, enteritis after radiation, etc.);

— liver failure;

— long-term use of drugs with a negative influence on
vitamin D metabolism (for example, anticonvulsant drugs,
glucocorticoids, AIDS drugs, antifungal drugs, hypocholes-
terolemic agents, etc.);

— chronic autoimmune diseases (for example, multiple
sclerosis, rheumatoid arthritis, systemic lupus erythemato-
sus, etc.);

— granulomatous diseases (for example, sarcoidosis, tuber-
culosis, histoplasmosis, berylliosis, coccidiomycosis, etc.);

— diabetes;

— oncological diseases.

4. In individuals with vitamin D deficiency, 25(OH)D
should be interpreted in connection with the determination
of the level of calcium, phosphorus, magnesium, alkaline
phosphatase, parathyroid hormone, and creatinine in blood
serum.

5. Oral cholecalciferol (vitamin D,) is recommended for
the prevention and treatment of vitamin D deficiency, and
ergocalciferol (vitamin D,) as an alternative (vegetarianism,
veganism, etc.). In order to increase adherence to vitamin D
intake, it is recommended to use different regimens (daily,
weekly).

6. Healthy adults without diseases and conditions that
affect the metabolism of vitamin D in the body are recom-
mended to take vitamin D supplements from October to
April at a dose of 800—2000 1U/d (depending on body mass)
because of decrease in the level of synthesis of endogenous
vitamin D in the skin.

7. Taking vitamin D in a dose of 800—2000 IU/d during
a year is recommended for the elderly persons, immobilized
persons, and persons during long-term hospitalization with
limited functional activity.

8. Women planning pregnancy should consider taking vi-
tamin D at a dose of 800—2000 IU/d or continue taking it
during all pregnancy and lactation period.

9. For the persons with diseases and conditions that affect
the metabolism of vitamin D in the body, an individual se-
lection of a preventive dose of vitamin D (3000—5000 1U/d)
is recommended to achieve the optimal concentration of
25(OH)D.

10. Persons without diseases and conditions that affect
vitamin D metabolism, with a diagnosed deficiency of vi-
tamin D, should be treated with higher doses of vitamin
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D compared to the preventive doses recommended for the
general population (4000—7000 1U/d).

11. For the persons with diseases and conditions that af-
fect vitamin D metabolism in the body, higher doses of vita-
min D (up to 10,000 IU/d) are recommended for the treat-
ment of vitamin D deficiency compared to healthy adults
without other risk factors.

12. Treatment of vitamin D deficiency should be initiated
at the level of 25(OH)D in blood < 20 ng/mL (< 50 nmol/L)
and continued for 4—12 weeks, depending on its severity
and other risk factors, until a target level of 30—50 ng/mL is
reached (75—125 nmol/1) with further use to maintain opti-
mal vitamin D status at a dose of 800—2000 IU/d.

In case of vitamin D deficiency (25(OH)D < 30 ng/mL
or < 75 nmol/L), the decision on additional appointment
of vitamin D should be made individually depending on the
need for rapid correction of vitamin D deficiency and other
indice.

13. Active metabolites of vitamin D are not recommend-
ed for the treatment of vitamin D deficiency in persons
without diseases or conditions that affect vitamin D me-
tabolism in the body, but are recommended for the patients
with chronic hypoparathyroidism or bone mineral disorders
associated with CKD.

14. For the patients with osteoporosis and its complica-
tions, it is recommended to determine the level of 25(OH)D
in blood before initiating antiosteoporotic therapy in order
to prevent its inefficiency and increase in the safety profile.

If a deficiency of vitamin D is detected before initiation
of anti-osteoporotic therapy, its correction is recommen-
ded, with a normal level of vitamin D, it is recommended
to take it in a dose of 800—2000 IU/d in combination with
calcium (1,000 mg/d of elemental calcium) during the en-
tire course of anti-osteoporotic treatment. Patients with an
increased risk of falls or fractures (FRAX in accordance
with the Ukrainian version) are recommended to take 800—
2000 TU/d of vitamin D during the yea.
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AiarHocTuka, npodginakTuka ta nikyBaHHa ge¢iynty Bitaminy D y gopocnux:
KoHceHcyc yKpaiHCbKMNX eKcnepTis

Pesiome. Axmyaavnicmo. Nediunt sitaminy D (JIB/I) € 3HauHO
TMOIIMPEHUM Y CBITi, IOT0 YacTKa iCTOTHO Bapilo€ B Pi3HUX ITO-
MYJSILESIX 1 3a71eXKUTh Bil 6aratbox mpuuuH. Jlo 11boro yacy Haii-
OHAJIBHUX PEKOMEHIALl 111010 AiarHOCTUKM, MPOGiIaKTUKN Ta
mixyBanus JIBJl y nopociux B YkpaiHi He Oymo. Ix cTBopeHHS i
cTaio Memoro naHoi podoru. Memodoaozia. KoHceHcyc cTBOPIO-
BaJIM 3a loroMoroto Metoay Jenbdi, ronocyBaHHs MPOBOIMIM 32
nornomoroo tiargopmu SurveyMonkey®. TTicas 3aTBepIKeHHs
CKJIajly KOHCEHCYCHOI TPYIHU, Y3TOKEHHSI MOPSIIKY (popMyBaHHS
Ta cTpyKTypu KoHceHcycy, hopMynioBaHHS i KOpeKIlii OCHOBHUX
MOJIOXKEHb, IBOX PAYH/IiB TOJOCYBaHHS chOPMOBAHO OCHOBHI IMO-
noxeHHs: KoHceHcycey, 3a siKi rpyna yCIillIHO MporoJjocysaia. 15
aBTOPiB cTaTTi € 15 eKcrnepramu, sIKi Opajii y4acThb y TOJIOCYBaHHi.
OcrarouHi 14 monoxens KoHceHcycy mmogaHi B gaHiii crarti. [le-
pell KOXHUM TMOJOXEHHSIM HaBeIeHO Oro OOrpYHTYBaHHSI, BU-
KJIaJieHe Ha OCHOBI iCHYIOUMX Y CyYacHili JliTepaTypi BUCOKOSIKIC-
HUX noka3ziB. Pe3yavmamu. He3Baxaioun Ha 3meHineHHs 1B/l B
YKpaiHChKiil MOMyJsIii MPOTSroM OCTaHHIX POKiB, eKCIlepTaMu
PEKOMEH/IOBAHO MMiJBUIIIEHHSI 00i3HAHOCTI MEIUYHOI CIMiJIBHOTU

Ta HaceJIeHHs 11010 MpobIeMH i IUISAXIiB 1 MoJoJaHHS 3i CKpU-
HIHTOM CHPOBAaTKOBOIO 3arajbHOrO piBHSA 25-TiZpOKCHBiTaMi-
Hy D (25(OH)D) B 0ci0 y neBHUX rpymnax pusuKy Ijsl JOCSITHEH-
Hs1 HiboBoi KoHLeHTpattii 30—50 Hr/mit (75—125 umounb/n). s
il 3a6e3MeYeHHsT peKOMEHIOBAHO iIHIWBIAyaIbHU Miaoip mpodi-
JIaKTUYHOT 103u Bitaminy D (800—2000 MO/x Monoaum 3n0po-
BUM ocobam i 3000—5000 MO/n — XBOpuUM i3 3aXBOPIOBaHHSIMU
Ta CTaHAMM, SIKi BIUIMBAIOTh HAa MeTaboiri3M BiTaminy D B opra-
Hizmi). s nikyBanHs [1BJl pekoMeH10BaHO KOPOTKOCTPOKOBMIA
npuitom 6ib Bucokux 103 (4000—10 000 MO/n) Bitaminy D 3
koHTposieM piBHs 25(OH)D uepe3 4—12 TukHIB JIiKyBaHHS i TTO-
JAJIBLIIMM BUKOPUCTAHHSM MiATPUMYIOYUX 103. PekoMeHnoBaHO
BU3HaUYeHHs1 cupoBaTtkoBoro piBHs 25(OH)D y xBopux 3 ocreo-
IOPO30M i 10TO YCKJIaTHEHHSIMU TIepe]l iHilialli€elo aHTHOCTEOIT0-
POTUYHOI Teparii 1j1s1 3arodiraHHs ii Hee()eKTUBHOCTI M MiABU-
IIEHHS TTPoGiTio Oe3MeKH.

KiouoBi cioBa: sitamin D; KoHceHcyc; pekomeHmawii; mia-
THOCTHKA AediluTy BitaMiHy D; mpodinakTuka nediluTy BiTamMi-
Hy D; nikyBaHHs aediuurty Bitaminy D

Tom 13, N2 2, 2023

www.mif-ua.com, http://pjs.zaslavsky.com.ua




bUJIb. PAIN:
CYIJIOBNM. JOINTS.
XPEBET SPINE

AKTyanbHa Tema

Actual Topic

UDC616-083.98+616-005.1 DOI: https://doi.org/10.22141/pjs.13.2.2023.369

V.S. Sulyma’, U.V. Kuz', Yu.O. Filiak’, L.V. Tverdokhlib’, Kh.V. Hafiychuk’, V.S. Sarancha?

'lvano-Frankivsk National Medical University, Ivano-Frankivsk, Ukraine
2Zagreb Central Polyclinic, DETOCRE Clinic, Zagreb, Croatia

VYSHKIL — Training of Survival:
A New Approach to Train Civilians
First Aid Skills

Abstract. Background. It's a well-known fact that during wars, the number of civilian deaths surpasses soldier
ones. In Ukraine, the first aid training has been based on an outdated education system that does not teach practi-
cal skills. The revision of the formal approach to teaching skills is essential. It should be practically oriented with
highly qualified instructors in newly created simulation centers. Only repeated training can save humans’ life in an
emergency. Materials and methods. VYSHKIL consists of 2 main parts — theoretical and practical. Time: 2 hours.
The theoretical part is provided by a military surgeon and contains an animated lecture with clinical cases (30 min),
a practical demonstration (allows to see the practical skill and ask the questions (step 1-2)). The practical part is
provided by 6 main trainers, who demonstrate all practical skills similarly to the lection material (step 3) and allow
students to try on the MARCH algorithm procedures (step 4). Duration: 1.5 h. All civilians should visit every sta-
tion, therefore there is a limitation of participants — max 60. Results. Sixty-two training sessions were held. Three
thousand and seventy-six Ukrainians were trained with this program. 57 % — people without medical education,
26 % — subjects who work in educational institutions, 13 % — military soldiers, and 4 % — surgeons. The average
age was 35.3 years old. The feedback form includes points for theoretical and practical parts. People assess the use-
fulness of the lecture in 9.6 out of 10 points and memorization of practical skills in 9.4 out of 10 points. That means
a high level of interpretation of material. Conclusions. A combination of the adapted algorithm with our own
education system VYSHKIL based on advanced teaching by Python helps trainees to memorize, train and repeat
the practical skills, thus a civilian will be able to use it in an emergency. VYSHKIL helps to remember the mnemonic
algorithm (MARCH) in the extreme situation.

Keywords: simulation; training; MARCH algorithm; civilians

Introduction concerning the Protection of Civilian Persons in Time of

russia is committing crimes against humanity in
Ukraine. This is clear from Article 7 of the Rome Statu-
te of the International Criminal Court, which states that
“...any of the following acts, when committed in the course
of a widespread or systematic attack against a civilian popu-
lation with knowledge of the attack: murder, extermination,
enslavement, deportation or forcible transfer of population,
deprivation of liberty or other serious injury to physical in-
tegrity in violation of fundamental rules of international
law, torture, rape, sexual slavery, forced prostitution, forced
pregnancy, forced sterilization or any other form of sexual
violence of comparable gravity” [1].

The war against Ukraine is hybrid in nature and violates
Article 3 of the Geneva Conventions (of 12 August 1949)

War, ratified by the Decree of the Praesidium of the Supreme
Soviet of the Ukrainian SSR of 3 July 1954, with clarifica-
tions in Articles 11 and 45, and by the Law of Ukraine of 8
February 2006 No. 3413-1V [2].

Since 2003, the organization CIVIC [3], which focuses on
protecting civilians affected by the wars in Iraq and Afghanistan
(founded by Marla Ruzicka [4], a young activist in the humani-
tarian field), has made a name for itself worldwide. CIVIC pro-
duced and published its analytical report [5] on the tragedy un-
folding in Ukraine. The aggressor’s military, cyber and missile
attacks are aimed at destroying critical infrastructure, which
means that the enemy chooses the most immoral actions. It
is well known that the number of civilian casualties in modern
wars can exceed the number of military casualties [6].
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The premise of the total vulnerability of a significant
part of the population is that throughout the period of the
restoration of independence, training in the basics of civil
defense in Ukraine almost entirely copied the methodo-
logy of an outdated education system that included trai-
ning in first aid as part of basic life protection [7]. What is
difficult to understand is the definition of the subject: “...a
comprehensive system of knowledge on the protection of
the life and activities of individuals, society and the living
environment from natural and man-made hazards, a field
of scientific and applied activities aimed at... the protection
of human health and the life and environment of their resi-
dence — from hazards, to the development and implemen-
tation of appropriate means and measures to create and
maintain healthy and safe living and working conditions for
people, both in everyday life and in emergency situations”.
However, the system is “dead”. Training is usually conduc-
ted only formally and does not impart any real knowledge
and skills to the different sections of the population. This
type of training does not emphasize systematic “automa-
tion” of practical skills. Another major problem is the lack
of teaching methods and the inconsistency between the dif-
ferent systems of pre-school, school and higher education.
In addition, there is an overall lack of a public education
and social adaptation system for the population to new, of-
ten distressed conditions.

How can one protect oneself? How can one help a per-
son who has no knowledge or skills to survive? Even since
the war began in 2014, there have been small changes,
mainly thanks to the volunteer movement. However, the ap-
proaches of the executive authorities have not changed and
there was no universal first aid training in 2022. As a result,
the majority of the population is not prepared for new life-
threatening challenges.

Today, people understand the importance of the problem,
especially when war is ongoing. In our opinion, it is high time
for a fundamental overhaul of the formal approach to tea-
ching life safety. The format of teaching and training should
be much more practical, with highly qualified trainers in
newly created simulation centers. Only repeated practice of
survival skills can help a person in an emergency.

The proposed effective survival training systems actu-
ally work. The well-known Tactical Combat Casualty Care
(TCCC) system, for example, was developed on the basis of
evidence-based medicine and contains a strategy for time-
ly and optimal help to save the lives of the wounded. Our
defenders are trained according to this system. But what is
about civilians? It is not uncommon for situations to arise
where help is far away. Yes, do not doubt that it will come.
But do not wait. You can only survive if you learn the ele-
ments of survival and basic first aid now.

The purpose of the study was to evaluate the effectiveness
of the adapted algorithm (MARCH) and develop a method for
civilians to acquire first aid skills in emergency situations.

Material and methods

Sixty-two training sessions were conducted for 3,078 ci-
vilians on first aid in emergency situations, using the author’s
teaching method “Professor Sulyma’s Training” (Copyright
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No. 1113270 [8, 9]). The search for an effective, practical
method of teaching basic first aid to civilians performed.
We analyzed 78 scientific publications in the electronic bib-
liographic databases for medical and biological publications
MEDLINE and PubMed. We used the combination of the
keywords “first aid”, “civilians”, “bleeding”. As a result, it
was found that among the variety of algorithms proposed in
many countries, the MARCH algorithm for medical aid in
combat conditions is the optimal algorithm for teaching due
to its simplicity and consistency.

Of course, we have adapted the information found for
practical perception by an average person of different
age groups. The training, which lasted two hours in total,
consisted of two parts — theoretical (part 1) and practical
(part 2). The first part consisted of an animated lecture given
by an experienced trainer covering virtual clinical cases for
30—60 minutes (Fig. 1).

At each station, two experienced trainers demonstrated
each skill, answered detailed questions and each participant
practiced manipulation according to the MARCH algorithm
with the help of a trainer. The average duration of the exer-
cises at each station was up to 30 minutes, and the total du-
ration of part 2 was 1—1.5 hours on average. The number of
participants at each station was limited to 60 (20 at each sta-
tion) to optimize the acquisition of each skill.

The second part was a practical part where participants
were divided into three groups and rotated between three sta-
tion — M, AR, CH. Station M is massive hemorrhage. The
aim is to teach participants the methods of temporary man-
agement of life threating bleeding. Main points: 1) to define a
type of bleeding: limb, nodular, inner, 2) to use proper tech-
nique according to algorithm — tourniquet, tamponade or
hemostatic bandage. Station AR is airway and respiration.
The aim is to study not medical professionals the simplest
types of asphyxia prevention (cleansing the mouth, lifting
chin upper the nose, jew-thrust, maintain recovery position).
Station CH is circulation and hypothermia. The aim is to
aware the civilians with dangerous complications of trauma
they might never have heart before. Here is the training of
keep patient warm by hypothermia blanket (Fig. 2).

Evaluation of training outcomes

The conditional effectiveness of skill acquisition was investi-
gated using electronic questionnaires. Participants were offered
the opportunity to provide feedback via a Google form with a
QR code. They were asked to rate the quality of the training
using a questionnaire on a scale of 0 to 10, where 1 means “did
not like it at all (not memorable)” and 10 means “liked it very
much (memorable)”. Participants were asked to rate the over-
all impression as well as the theoretical (part 1) and practical
(part 2) parts separately and to indicate which was most useful.
In addition, the participants could make suggestions.

Statistical analysis

The statistical analysis was carried out with the software
Statistica 6.0. Theoretical and practical parts’ feedback was
examined separately by non-parametrical statistics. Mann-
Whitney U-test was used to compare difference between two
independent groups.
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Results 18 and 35 years of age (n = 44), group II — individuals

Of the 3,076 civilians who participated, a total of 82  over 35 years of age (n = 38). Of the participants who gave
(2.7 %) participants (mean age — 35.3 £ 7.3 years) provi-  feedback, 57 % were people with no medical training,
ded feedback via a Google form. These participants were 26 % were teachers, 13 % were military personnel and 4 %
divided into two age groups: group I — subjects between  were surgeons. The gender distribution in the groups was

Figure 2. Practical part: A) station M — massive hemorrhage; B) station AR — airway
and respiration; C) station CH — circulation and hypothermia

homogeneous. Group I had 9 (20.5 %)
men and 35 (79.5 %) women. Group
IT had 9 (23.7 %) men and 29 (76.3 %)
women.

The overall impression of the trai-
ning was high in both groups, with a
median score of 10 [10—10] in both
groups without a significant diffe-
rence between the comparison groups
(p = 0.92). The theoretical part was also
rated equally high with a median score of
10 [10—10] in both groups with no sig-
nificant difference between the groups
(p = 0.596).

This shows that the theoretical mate-
rial (part 1) was accessible regardless of
the age of the participants. All feedback
and suggestions for improving mastery
of each skill (part 2) were grouped into
different age groups for material analy-
sis. Participants in group I emphasized
the usefulness of the knowledge ac-
quired for stopping critical bleeding and
the principles of sorting according to
the MARCH algorithm (18 and 25 %),
while another 18 % noted that all the in-
formation was useful or drew attention
to other aspects (such as hypothermia)
that they might have heard for the first
time (Fig. 3).

21 % of the participants left no com-
ments. Participants in the II group
were more active, with only 8 % lea-
ving no feedback. They focused on the
importance of the information about
MARCH/sorting and bleeding control
(39 and 11 %). Overall, all the informa-
tion was considered important by 29 %
of the participants, which is 1.6 times
more than in group I. Suggestions for
improving the theoretical part were li-
mited to the need for more information
in both groups. However, only a few
participants indicated which informa-
tion they were missing (e.g. “informa-
tion on first aid for burns and chemi-
cal contamination”, “explanation of
physiological mechanisms of traumatic
factors”) (Fig.4).

The study found that the practical part
of the training was rated slightly lower
than the theoretical part. Both groups
gave a median grade of 10 [9—10], but
there was no significant difference be-
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tween them. This suggests that practical skills need fur-
ther improvement, specifically for the different age groups
(Fig. 5).

Feedback on the practical part (part 2) was different for
the two age groups. The younger participants in group I
considered the temporary interruption of a massive haemor-
rhage (M) to be the most useful skill, with 39 % mentioning
it. In contrast, 26 % of the older participants gave priority
to the same skill. The practical part overall was rated better
in the II group. 29 % of the participants considered it very
useful, compared to 18 % in group I. In both groups, the
opportunity to practice each skill was considered useful by
14—18 % of the participants.

Suggestions for improving the practical part were also
varied (Fig. 6). Group I participants requested more time
to practice skills and structured action algorithms in diffe-
rent virtual situations for self-repetition. The participants
of group II suggested, among other things, to train certain
extreme situations to overcome panic and fear, to reduce the
number of participants and to individualize the work with
the trainers in case of questions and mistakes.

Overall, the study suggests that the MARCH algorithm is
an effective and practical way to teach basic first aid to civi-
lians. The feedback and suggestions for improvement can be
incorporated into future training programs tailored to dif-
ferent age groups and skill levels.

Group |

@ Bleeding control
@ Otherinformation
@ Nofeedback

Group Il

@ MARCH/sorting
Allinformation is useful

Figure 3. Feedback on the theoretical part (part 1) in both groups

Group |

@® Nothing
@ Other

@ More information/time
No feedback

Group Il

Figure 4. Proposals for improving the theoretical part in both groups
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Discussion

Tactical medicine training programs vary widely in
content and duration from country to country. There is
no universal algorithm for teaching this subject in higher
medical education. Self-developed training programs and
training for military personnel, medical personnel and
paramedics vary considerably in both duration and actual
content [10].

There are adapted TCCC protocols for military per-
sonnel, such as the TCCC ASM (All Service Members
Course) and TCCC-CLS (TCCC Combat Lifesaver) pro-
tocols in Ukraine. Clinical guidelines for tactical medi-
cine in Ukraine, based on an adapted translated version
of “Tactical Emergency Casualty Care (TECC): Guide-

lines for the Provision of Prehospital Trauma Care in High
Threat Environments”, dated 2016 and were revised by the
Ministry of Health of Ukraine in 2023 [12, 13]. However,
there is a need for continuous updating and addition of a
modern, unified protocol involving relevant medical pro-
viders and implementation of the guidelines in the educa-
tion system.

But what is about the education of civilians? The pro-
tocols mentioned only mention the possibility of adapting
certain elements of emergency medical care in training for
ordinary citizens. The lack of understanding of the gradual
provision of emergency care and the role of paramedical
assistance leads to time working against the victim (the in-
jured).

Group |

All skills

@ Nofeedback

Bleeding control
Providing the correct position

Opportunity to practise each skill /other

Group Il

Figure 5. Feedback on the practical part (part 2) in both groups

Group |

@ Nothing
@ Other

Group Il

& More time
No feedback

Figure 6. Proposals for improving the practical part in both groups
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And what should be done before qualified help arrives? It
takes 15—20 seconds to stop critical external bleeding, while
the time it takes for a person to die is 1 minute. EVERYONE
can provide effective help regardless of age MEDICAL, but
only if the person has the necessary medical knowledge and
skills, knows what can be done without causing harm, and
performs only basic survival measures until paramedics ar-
rive. This training is the survival school, aimed at an ordi-
nary citizen who has mastered the basic medical skills for
emergencies to the point where they are automatic.

The use of the MARCH algorithm from 2014 to 2021
has reduced pre-hospital mortality. It has proven effective
in caring for the wounded, including military personnel and
civilians [14]. Ongoing research continues to improve and
implement new methods to train military [15], law enforce-
ment, paramedics and civilians in pre-hospital hemorrhage
care [16, 17].

We support the view of authors who emphasize the need
for training and quality control by experienced trainers with
modular control of assimilation. For example, a group of
authors from Latin America [18] have developed a compre-
hensive system that includes basic knowledge assessment,
teaching materials, practical training and testing. The au-
thors note that the implementation is equally effective with
medical students and students of other disciplines.

An analysis of the results by Borgers F., Van Boxstael S.,
Sabbe M. [19] shows that civilians may not effectively use
tourniquets to stop bleeding. However, the authors conclude
that even imperfect use significantly improves survival rates
and clinical outcomes for trauma patients in mass casualty
incidents. Some countries, such as India, are interested in
creating centers for mass training in first aid methods for
road traffic accidents. Researchers believe that this will help
average citizens provide active help at the right time [20].
As the authors note, more research is needed to finalize the
training formats and methods.

For our country, the organization and implementation of
an inclusive education system using proven quality programs
from other countries remains relevant. Establishing a system
to train certified teachers is crucial.

The issues related to quality control of education are
still unresolved. Some authors stress the importance of self-
assessment by participants [21, 22], but this may not be a
necessary competency for all professionals. Others insist on
the traditional pedagogical methods of tests and module as-
sessments [15]. The disadvantage of these methods is that
they focus on organized groups where long-term, step-by-
step teaching with adequate quality control and repeated
practice of difficult skills is possible.

Our suggestions for quality control in non-organized
groups include comprehensive control through checklists
that instructors complete during the practical part (part 2).
The control is compulsory and is carried out during regular
repetition training to ensure a constant level of skill acqui-
sition.

There are organizational difficulties, especially in trai-
ning conditions similar to ours, where the majority of
participants have no professional medical or paramedical
knowledge. Feedback from participants emphasizes the
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need for sufficient duration, repetition and timing of skill
execution, as well as detailed analysis of errors. An impor-
tant aspect is the assessment of the quality of the training
and the ability to reproduce skills in emergency situations
where participants may be stressed. Step-by-step methods
for skill mastery, such as temporarily stopping bleeding, have
proven effective and have also been integrated into training
for other algorithm skills, such as MARCH.

The interest of civilians shows the relevance of the prob-
lem we have highlighted in our research. The level of ap-
plication of practical survival skills will increase with the
repetition of the training. The training we organized on a
voluntary basis can be used and improved as a basic experi-
ence for organizing a system for training civilians in first aid
under war conditions.

Limitations. We wish to receive feedback from all trai-
ning participants, or at least 50 % of them, to enhance our
study technique and make it more accessible to non-me-
dical individuals. Furthermore, it is difficult to obtain and
analyze data on the length of practical skill retention as most
individuals attend training only once.

Conclusions

The algorithm was adapted by the author using “Profes-
sor Sulyma’s Training” (Copyright No. 1113270), which
follows a step-by-step learning method in Python. This ap-
proach facilitates memorization, repeated practice and re-
petition until the skill is automated and civilians are able
to use the skill in an emergency situation. Regardless of
age, the training facilitates memorization of the action al-
gorithm using mnemonics (MARCH). To further improve
civilian training, we suggest developing standardized pro-
tocols based on evidence-based tactical medicine methods
and modern pedagogical techniques, as well as establi-
shing centers that simulate emergency conditions for skill
practice.
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BuwkKin 3 BMXKNBaHHA — HOBUW NiaXia A0 3aCBOEHHA
HaBUYOK HalaHHA AOMeANYHOI AONOMOr LNBIiNbHUM

Pe3iome. Axmyaavnicms. Hapuanus ocHOBaM LIMBiILHOTO 3a-
XUCTY B YKpaiHi 3a Becb MepioJ] He3aJeXXHOCTi Maiike IMOBHiC-
TIO KOTIIOBAJIO METOMOJIOTiIO 3acTapijioi cucTeMu OCBiTH. Takuii
TUIT OCBIiTH 30BCIM HE POOUTH aKLIEHT HA CUCTEMAaTUYHOMY, /IO aB-
TOMAaTU3MY, BiIIlpallloBaHHI MTpaKTUYHOI HaBUYKHU. [IpoTte BTpa-
TH cepell MUPHOTO HACeJIEHHs B CyYaCHUX BiliHaX MOXYTb Iepe-
BUILYBaTU KiJIbKiCTh 3aruOJMX BilicbKOBHX. Yac KapauHaabHO-
ro rneperisiay opMaJbHOTO CTAaBJICHHS 10 BUKJIAaHHS Oe3neku
KUTTEMISUIBHOCTI HacTaB. PopMaTr BUKJIaJaHHS i HABYAHHS TIi/I-
TOTOBJICHUMHU BHCOKOKBaJlihiKOBaHUMU iHCTPYKTOpaMK Ma€ Oy-
TH 3 CYTTEBUM IPAKTUYHO OPIEHTOBAHUM YXWJIOM y HOBOCTBO-
PEeHUX CUMYJISLIMHUAX LIeHTpax. JIuine HeogHOpa30Be Bimmpairio-
BaHHSI HABUYKHU Y BUTAJKY BAHUKHEHHS €KCTPEHOT cUuTyallii Mo-
Ke BPSITYBaTH JIIOIChKe XUTTsI. Mamepiaiu ma memoodu. Buikin
TPUBAJIICTIO 2 TOMUHU CKJIAJAETHCS 3 2 OCHOBHUX OJIOKIB — TE€O-
PETUYHOTO i TTpakTUYHOro. TeopeTnyHy yacTuHy (60K 1) mpo-
BOJIUTH JIOCBiMueHuit iHcTpykTop npotsirom 30 xB (Kpok 1) 3 Bu-
CBITJICHHSIM iH(opMalii B aHiMaLiiHIi JeKlii 3 KIiHIYHUMUA
BUMAJKaMU 3 MOKJIMBICTIO TMOCTaBUTHM 3anuTaHHs. [lpakTuu-
Hy yacThHY (010K 2) 3a6e3MeuyroTh 6 iHCTPYKTOPIB, SIKi TeMOH-
CTPYIOTh (KPOK 2) yCi mMpaKTU4Hi HaBUYKU 3 HAZaHHS JOMEINY-
HO1 AOMOMOTIM, MOMiOHI 10 JIeKIiHHOro Martepiaily 3 BiAMOBiAsI-

MM Ha 3anuTtaHHs (Kpok 3). KoxkeH KOHTpOJIbOBaHUI iHCTPYK-
TOPOM YYaCHMK BUKOHYE KOXHY HaBMUYKY Ha TPbOX CTAHLIisSIX —
«M», «AR», «CH» 3a anroputmom MARCH (xpox 4). Yci cinyxa-
4i 000B’SI3KOBO MPOXOSTh KOXHY CTaHILil0, TOMY iCHYE KiJIbKiC-
He ooMeskeHHst 110 60 oci6. Pezyabmamu. Mu ipoBesiv 62 BUIIIKO-
. Cepen 3076 ygyacHUKIB MeIUYHY OCBiTY He Mau 57 %, BUKIIa-
nauiB 0y710 26 %, BiiickkoBux — 13 %, xipypriB — 4 %. Cepen-
Hilt Bik ctaHoBuB 35,3 £ 7,3 poky. Y ¢bopmi 3BOPOTHOTO 3B’SI3KY
YYaCHUKHM B Gajiax OL[IHIOBAJIM TEOPETUYHY Ta MPAKTUUHY YaCcTH -
HU. [HhOpMaTUBHICTE TeopeTHYHOTO 60Ky 1 6yia oriHeHa B 9,6
3 10 6aniB, a 3amam’sITOBYBaHHSI MPAKTUUYHUX HaBUYOK — Yy 9.4
3 10 6aniB. Lle cBimuuTh MPO MAOCTATHil piBEeHb MPOBEIEHHS BU-
mkony. Bucnoexu. ABTopcbKe MOETHAHHS amanTOBAHOIO ajro-
PUTMY 3 CUCTEMOIO HaBYaHHS «Buikin mpod. Cynmumu» (aBTOp-
cbke paBo Ne 1113270), 1o 6a3yeThbcsi Ha MOKPOKOBOMY HaBYaH-
Hi 3a Python, mo3Boisie jierko 3amam’siTaTvi, HEOJHOPA30BO Bil-
MPaIoBaTH Ta MOBTOPUTH 10 aBTOMATH3MYy 3aIlIPOTIOHOBaHY Ha-
BUYKY, SIKy UMBIJIbHUI B 3M03i 3aCTOCYBAaTH B HAA3BUYANHIN CU-
Tyarii. Bulikin goromarae 3amam’sitrati anroputM aiii (MARCH)
B HaJ3BUYAIHII cUTYyaIlil.

Kmouosi ciioBa: cumynauis; rpenysanns; anroputy MARCH;
LMBUIbHI
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Influence of post-amputation pain syndrome
on blood circulation in the bone residual limb

Abstract. Background. The percentage of unsatisfactory amputation results is still high. The healing of the
bone remnant, the main supporting element of the residual limb, is of particular importance. The purpose was
to study the effect of post-amputation pain syndrome on the nature of blood circulation in the bone residual
limb. Materials and methods. Three series of experiments with amputation of the thigh were conducted on 54
rabbits. In the series 1 and 2, a perineural catheter was brought to the stump of the sciatic nerve. In series 1, for 20
days, every day for 20 minutes, mechanical irritation of the nerve was done, causing a pain syndrome using the
perineural catheter. In series 2, 0.3 ml of 1% lidocaine was injected twice daily for 20 days; series 3 was a control.
The follow-up periods were 1, 3, and 6 months. The study method was histological with the infusion of vessels
with an ink-gelatin mixture. Results. Animals of the first series developed avascularity of the end of the stump and
bone marrow, poor vascularity and absence of cellular composition in the Haversian canals, dystrophic changes in
adipose bone marrow, rarefication, spongiosis, resorption, and bone fractures. In series 2, the avascularity passed
quickly and by three months, the angioarchitectonics was stabilized. Revascularization of the bone stump occurs
due to the preserved sources of blood circulation (intramedullary vascular network, periosteum and surrounding
soft tissues) anastomosing vessels and extravascular pathways of microcirculation (increased vascular permeabi-
lity, formation of sinusoidal capillaries and tissue cysts). In most observations of series 3, the processes of revascu-
larization were similar to the results of the 1st series. Conclusions. Postamputation pain syndrome causes abrupt
macro- and microcirculatory disturbances. Pain syndrome suppression allows to considerably level the arising cir-

culatory disorders in the bone residual limb.

Keywords: amputation; pain syndrome; bone stump; blood circulation; regeneration

Introduction

The formation of a residual limb that allows for adequate
prosthetics is a complex problem. It is caused by difficul-
ties in creating favorable conditions for the healing of all
residual limb tissues. The very idea of the conditions neces-
sary for the full course of reparative processes and the spe-
cific parameters of the suitability of the residual limb after
its completion is beyond the competence of surgeons. Es-
pecially it concerns the backbone of a residual limb — its
bone base. Despite a large number of studies on amputa-
tions and post-amputation pain syndrome, diseases, and
defects of stumps [1—8], there are only a few reports [9, 10]
that highlight reparative regeneration processes at the end
of the bone remnant of the future working organ. The blood
circulation of the bone residual limb in concomitant post-
amputation pain syndrome remains unexplored, which is
observed in 44.6—90 % of cases [11]. The development of
post-amputation pain syndrome is based on the damage of
peripheral structures of the nervous system involved in no-
ciceptive signal conduction [12] with the development of

degenerative changes in the nerve. Subsequent regenera-
tion of nerve fibers leads to the formation of neuroma [12],
which can become a peripheral source of irritation. Due to
the presence of a stable connection with the central cortical
and thalamic levels, in some cases, the peripheral factor may
gradually lose its importance and as time passes, the pain
becomes “central”, affecting various aspects of the indivi-
dual’s life activity, including blood circulation in the stump
[6, 13, 14].

Neuropathic pain is characterized by disorders such as
endothelial dysfunction, decreased local tissue perfusion,
and local osteoporosis. According to Lavrishcheva G.1.,
Onoprienko G.A. [15], due to the absence of inducing func-
tion and the presence of pain syndrome, reparative osteo-
genesis in the bone residual limb is characterized by limited
manifestation and short-term course. Starting from 4—6
weeks the capillary bed reacts, and the reparative phenom-
ena subside, being replaced by a progressive process of bone
tissue resorption and atrophy. Studying the local pain syn-
drome after amputation [16] we could clearly see the rapid
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development of osteomyodystrophic process in the bone
residual limb which sometimes starts in the preoperative pe-
riod and rapidly develops in the early postoperative period.
It was expressed in rarefaction, pronounced dystrophic and
necrotic processes of the compact bone, violation of repara-
tive osteogenesis, inflammatory and dystrophic changes of
nerves against the background of circulatory disorders.

The currently available works mainly consider the treat-
ment of pain syndrome, which is neuropathic [12, 17—21].
In order to prevent trophic disturbances, the emphasis is
mainly on early treatment, including both resection of the
neuroma and various methods aimed at suppressing the
pathological activity of the peripheral link and activation of
the antinociceptive system. These include drugs (ketamine,
morphine, tramadol [22], NSAIDs, anticonvulsants [23,
24], antidepressants [23], and novocaine blocks [24]). The
use of neurostimulation [17] and vibrotherapy [19] is con-
sidered promising. However, despite such a wide arsenal of
influence on pain syndrome, its effectiveness is insufficient
[25]. Earlier measures, preventing the occurrence and re-
ducing the negative impact of the pain syndrome on blood
circulation are needed.

From the point of view of some researchers [20, 26] to
prevent the development of pain syndrome and associated
disorders of tropism and bone tissue regeneration of the end
stump, it is advisable to perform epidural or intravenous
analgesia for 48 hours before and 48 hours after surgery at
the stage of preoperative preparation and surgery. In our
opinion, this approach is rational; however, the timing of
anesthesia is clearly insufficient to prevent circulatory dis-
turbances in the residual limb. Taking into account the data
[25] on the early and rapid development of circulatory dis-
orders after limb amputation, we considered it reasonable to
study the effect of a month-long local analgesia on the blood
circulation pattern in the bone residual limb.

The purpose of the research was to study the effect of
post-amputation pain syndrome on the nature of blood cir-
culation in the bone residual limb.

Materials and methods
Study design

The study was conducted on 54 mature adults (age 6—8
months) male rabbits of the Chinchilla breed (average animal
weight 3.01 = 0.30 kg) kept in the vivarium under the natural
light regime, the usual temperature and a regular diet.

Three experimental series were formed: in the first one —
during amputation, a perineural catheter was brought to
the sciatic nerve stump, by which mechanical irritation of
the sciatic nerve was performed daily for 20 days for 20 mi-
nutes (n = 15); in the second — in addition to irritation of
the nerve, 0.3 ml of 1% lidocaine was injected through the
catheter into the nerve environment daily for 20 days twice
a day (n = 24); in the third — nerve irritation and analgesia
were not performed (n = 15). The periods of observation in
series 1 and 3 were 1, 3, 6 months, 5 animals each, in the
second series, 7, 14, 21 days, 3 animals each, 1, 3, 6 months,
5 animals each.

Ethics committee approval. Ethics committee approval
for this study was obtained (approval No. 3/2023).

Surgical interventions

Surgical interventions were performed in the vivarium ope-
rating room under general anesthesia (intra-abdominal in-
jection of a mixture of xylazine (sedazin, Poland, 15 mg/kg)
and ketamine (calypsol, Gedeon Richter Plc., Hungary,
70 mg/kg)). The animal was positioned with its abdomen up,
fixed, shaved in the right thigh, and treated with povidone io-
dine solution (betadine, EGIS, Hungary). A flap incision of
the skin with subcutaneous tissue and fascia was made in the
middle third of the thigh. The muscles were transected. Ves-
sels were tied with catgut. Nerves were crossed after perineural
injection of 1% lidocaine. We made a circular crossing of the
periosteum. It was moved distally with a raspator and then the
bone was resawed. A perineural catheter was brought to the
sciatic nerve stump and intimately fixed to the tissues. The se-
cond end of the catheter was led through the contraperitone-
um to the posterior surface of the thigh, fixing it with sutures to
the skin. The antagonist muscles were sutured over the blade.
The wound was sutured in layers. To prevent infectious com-
plications, bicillin-5 solution (Kievmedpreparat, Ukraine)
was injected subcutaneously in the posterior cervical area at
a dose of 1 million units per 1 kg of live weight (3 million).

Histological analysis

In all the experiments we used ink filling of the vessels. Be-
fore withdrawal from the experiment, the animal was intra-ar-
terially injected with 3,000 units of heparin in the physiological
solution. After 15 minutes, a lethal dose (0.5 ml) of hexenal was
rapidly injected intravenously and the abdominal aorta was li-
gated. Below the ligature, a cannula was inserted fixing it in the
vessel’s lumen, and 10% ink-gelatin mixture was infused ac-
cording to Onoprienko G.A. (1968). One day later, the femur
was isolated in the hip joint. The interrelations between soft tis-
sues and bone were visually assessed, after which the femoral
stump was freed from soft tissues, leaving them only on the end
surface. The specimen was fixed in 12% formalin solution and
decalcified with 15% nitric acid solution. The articular end was
cut off from the obtained preparation of a whole bone stump
of the femur. The remaining section was taken for the study.
A sagittal section was made through the middle of the bone,
which was block cast in celloidin. Sections 15—30 um thick
were stained with hematoxylin and eosin and van Gieson. Also,
enlightened sections were made — longitudinal and transverse
100—150 microns thick and 20—30 microns thick for histo-
logical preparations. The enlightened sections and histoto-
pographic preparations were studied under an MBS-2 micro-
scope with simultaneous histological examination of adjacent
sections. We evaluated the condition of the microcirculatory
network of bone filled with an ink-gelatin mixture, taking into
account (without special measurements) the density of the ves-
sels’ location and their diameter. When studying bone stumps,
attention was paid to changes in the cortical diaphyseal plate,
the shape of the end section and the nature of its constituent
bone structures, the presence of closed bone medullary cavity,
the formation of the closure bone plate, the state of tissues in-
side the medullary canal. The character of soft tissue coverage
of the end surface of the bone stump was also studied.

Histologic sections of nerve fibers were stained with he-
matoxylin and eosin and impregnated by the Bolshovsky-
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B — multiple tissue cysts (a) and sinusoids (b) in the fatty bone marrow of the end of the medullary canal; venous sinus (c).
Hematoxylin and eosin staining, 78x

Gross method in the modification of Lavrentiev [27]. Nerve
sections were fixed in a 15% solution of neutral formalin,
changing the fixative solution 3 times. Sections 20—60 pm
thick were prepared on a freezing microtome. The sections
were embedded in a 20% solution of silver nitrate, a 20%
solution of acidic formalin, silver ammoniumate, and am-
monia water. Sections were washed in distilled water until
the ammonia smell disappeared and transferred to a solu-
tion of gold chloride, and then to a 5% aqueous solution of
sodium thiosulfate, washed with distilled water, dehydrated
in alcohols, and placed in balsam.

The experiments were performed in accordance with the
principles of humane treatment of animals set forth in the
European Community directives (86(609) EEC) and the
Helsinki Declaration on Humane Treatment of Animals.

Results
The first experimental series,n=15

Term 1 month, n = 5. The beams of endosteal regenerate
at the end of the residual limb are immature. Nicks are de-
termined in them. In the inter-bar spaces, loose fibrous and
fibroreticular tissue, multiple wide vessels and cysts were
impregnated with ink (Fig. 1A, B). Focal bone marrow avas-
cularity is noted. In the proximal part of the medullary cav-
ity there are large dilated branches of the feeding artery filled
with carcasses (Fig. 2). Bone marrow with sharply dilated
sinusoids and multiple cysts. Avascularity of the end of the
cortical diaphyseal layer over 1—2 cm is observed (Fig. 3).
Above this zone, there is enlargement of a part of Haversian
and Volkmann’s canals. The absence of cellular elements is
noted in many of them. Impoverishment and irregularity of
vascular network. The capillaries are located near the wall in
connection with perivascular edema (Fig. 4).

Term 3 months, n = 5. The avascularity of the end of the
bone stump was preserved. The beginning of the ingrowth of
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sinusoidal capillaries from the vascular network of the me-
dullary canal and cortical diaphyseal layer into this zone is
noted. Proximal to this zone the vascular canals of the corti-
cal diaphyseal layer are dilated to a considerable extent. There
is a scarcity of the vascular bed and an absence of cellular

igure 2. Microphotograph. Feeding artery in the medullary
canal with sharply dilated, ink-filled sinusoids.
Staining with hematoxylin and eosin, 90x
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composition in the Haversian canals. Some of them contain
altered sinusoidal microvessels with the phenomenon of car-
cass diffusion into the perivascular space (Fig. 5). In the cen-
ter of the medullary canal, there was edematous loose fibrous
tissue, and large tissue cysts with enlarged microvessels in the
walls. Periosteal edema of medullary contents. In the proxi-
mal part of the medullary canal, edematous adipose bone
marrow with foci of avascularity and wide areas of carcass-
soaked loose fibrous tissue, numerous cysts, and sinusoidal
vessels are determined to a considerable extent. There is also
a sharply dilated nutrient artery and its branches.

; 5 T2 Ay
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Figure 3. Microphotograph. Avascularity of the cortical
diaphyseal layer at the end of the stump (a), significant dilation
of the cortical diaphyseal layer vessels in the proximal portion
(b), microcysts along the endosteal surface (c). Enlightened
slice, 18x

Vessels of periosteum and surrounding soft tissues are di-
lated. There is edema in the inter-bar spaces, microvessels
in the form of sinuses. Between the beams of endosteal bone
formation there are lumens of carcass-filled dilated bran-
ches of the feeding artery (Fig. 6), passing from the medul-
lary canal through the endosteal regenerate into the fibrous
tissue fringe. In it, foci of loose fibrous tissue are revealed
among the dense fibrous tissue around the feeding artery
and its branches.

Term 6 months, n = 5. Dilation of the majority of canals
of the cortical diaphyseal layer is preserved. Vessels and tissue
elements are absent in some of them. Longitudinal and trans-
verse anastomosing vessels connecting the network of corti-
cal diaphyseal layer and medullary cavity are visible. Some
vessels and interbody spaces of the endosteal bone formation
contain a finely looped network of narrow capillaries and the
rest contain wide varicose sinusoids. In the preserved avas-
cular microsections of the cortical diaphyseal plate, broad
sinusoidal capillaries sprout from the vessels of the medul-
lary canal and cortical diaphyseal layer. The microvascular
network is far from uniform. There are many vessels with de-

Figure 5. Histotopogram. Dilated vascular canals

with perivascular accumulation of carcasses (a), vascular canals

with absence of tissue elements and vessels (b).
Hematoxylin and eosin staining, 60x

Figure 4. Microphotograph. Perivascular edema of enlarged
Haversian canals with walled arrangement of wide capillaries.
Hematoxylin and eosin staining, 90x

Tom 13, N2 2, 2023

Figure 6. Microphotograph. Ink-filled lumen of branches
of feeding artery among not quite mature bone tissue
of closing bone structures. Hematoxylin and eosin staining, 90x
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creased contrast. Their contours are uneven. Phenomena of
perivascular edema remained. There are dilated branches of
the feeding artery, veins, sinusoidal vessels, and tissue cysts in
the medullary canal throughout. The capillary network is im-
poverished. Focal avascularity and wall edema of medullary
contents lead to dystrophic changes, necrosis of fatty bone
marrow, and its replacement by fibrous connective tissue.

Examination of the nerve and surrounding tissues re-
vealed a picture of neuritis. We observed pronounced edema,
degeneration of nerve fibers, infiltration of nerve trunk with
lymphocytes, arteritis, and arterial obliteration. Consequent
exudation caused thinning and fragmentation of nerve fi-
bers, and pronounced edema of the epineurium, perineu-
rium, and endoneurium. Hypertrophy of lemmocytes with
vacuolization of their cytoplasm was noted.

The second experimental series, n = 24

Term 7 days, n = 3. Enlightened preparations reveal
avascular areas of the cortical diaphyseal layer of the end of
the residual limb for 1.5—2 c¢m. Proximally, the Haversian
and Volkmann’s canals are sharply enlarged. They contain
proliferating vessels with phenomena of carcass exiting into
the perivascular space. In the proximal parts of the medul-
lary canal cellular-fibrous tissue of osteoblastic type. It con-
tains a large number of small cysts and a small number of
microvessels. Most of the large vessels are in a state of sharp
dilation with phenomena of perivascular carcass diffusion.
Significantly dilated microvessels with irregular carcass fil-
ling are detected in the intercalary spaces.

Term 14 days, n = 3. Avascularity of the cortical di-
aphyseal layer is preserved. Vascular anastomoses between

I}!

Flgure 7. Mlcrophotograph Revascularlzatlon of the cortical
diaphyseal layer. Enlightened slice, 18x
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the intramedullary network, haversacks and periosteum are
formed. On the side of the vascular network of the medul-
lary canal, cortical diaphyseal layer and surrounding tissues,
wide newly formed sinusoidal capillaries ingrown into the
avascular areas. The absolute majority of functioning vas-
cular canals are irregularly and sharply dilated. They con-
tain tissue elements, enlarged proliferating microvessels
with carcass diffusion phenomena. In the interbody spaces
of periosteal and endosteal bone formation small and large
dilated vessels with porosity of walls. Full blood vessels of
medullary cavity. Diffusion of carcass into perivascular
space is noted. Here also a large number of tissue cysts con-
nected with microvascular network. Far from the file in the
medullary canal the adipose bone marrow with dilated ves-
sels, irregular microvascular network and a small number of
tissue cysts.

Term 21 days, n = 3. Active revascularization of the cor-
tical diaphyseal layer takes place. It is close to completion
(Fig. 7). A powerful anastomosis network was formed due
to the periosteum, intramedullary network and Haversian
system. Part of the Volkmann’s canals connect and form ca-
nals perforating the cortical layer. Avascular areas are practi-
cally absent. Most of the functioning vascular canals remain
dilated. The vascular network of the cortical bone tissue is
represented mainly by capillaries of the interbody spaces,
and the endosteal bone elements by dilated sinusoidal ves-
sels. No diffusion phenomena of the carcass were detected.
Vessels of the medullary cavity were moderately dilated.

Term 1 month, n = 5. The end of bone filing after am-
putation of a limb is closed by a bone closure plate of oste-
on-beam and osteon structure. Numerous transversely and
obliquely directed dilated anastomosing vessels running from
the periosteum into the medullary cavity are observed. There
is a rearrangement of the vascular network of the cortical
diaphyseal layer with the phenomena of increased vascular
permeability. There is a part of moderately dilated vessels of
the Haversian canals, a parietal arrangement of the vessels.
Vascular network of medullary cavity is also close to norma-
lization. Individual sinusoidal capillaries were found. No dif-
fusion phenomena of carcasses were detected. In the intersti-
tial spaces the fatty marrow with the presence of tissue cysts
and minor edema. The branches of the feeding artery nar-
rowed and reduced closer to the end of the stump. The phe-
nomena of endosteal regenerate perforation by the branches
of the feeding artery were not observed in any of the cases.

Term 3 months, n = 5. The medullary canal is closed by
a bone lamina of compact and osteon-beam structure. The
vascular network of the cortical diaphyseal layer approached
that of normal bone, although a small number of Haversian
canals remained moderately dilated. In the proximal part of
the medullary canal, the fatty bone marrow with a normal
and abundant vascular network. In the intercostal spaces
fatty bone marrow with the presence of single tissue cysts.
The branches of the main vessels at the end of the stump in
the endosteal regenerate are not detected.

Term 6 months, n = 5. The shape of the end of the residual
limb was cylindrical. The end of bone filing after amputation
of a limb is closed with a compact bone lamina. The state
of the vascular network of the cortical diaphyseal layer cor-
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responds to the previous period. In the proximal part of the
medullary canal the fatty bone marrow with a characteristic
vascular network is determined. Carcass-filled branches of
feeding artery of normal width and dilated venous sinus, sing-
le tissue cysts are revealed. At the end of the stump the vessels
are defined as small branches among the fatty marrow. Larger
branches are absent here, apparently due to obliteration.

The truncated sciatic nerve has a thickening at the end.
Dystrophic changes, chaotic arrangement of fibers, for-
ming a tangle with growth flasks and spirals were noted in all
terms. No inflammatory phenomena were observed.

The third (control) group, n=15

Term 1 month, n = 5. In all cases there was avascularity of
the cortical diaphyseal layer of the stump end over 1—-2 cm,
proximally there was dilation of Haversian and Volkmann’s
canals. In them there can be seen the vessels located near the
wall. Some of them are filled with plasma. The medullary
canal has loose fibrous tissue, edema, tissue cysts, sinusoidal
vessels. The branches of the feeding artery are dilated with
carcass diffusion into the perivascular space.

Term 3 months, n = 5. Avascularity of the cortical diaphy-
seal layer was preserved in three observations and absent in two.
Above the area of avascularity there were dilated Haversian
canals with a parietal arrangement of vessels, cysts of various
sizes. In the proximal part of the medullary canal, ink-soaked
edematous fatty bone marrow and loose fibrous tissue with a
large number of sinusoidal vessels and cysts. Vessels of medul-
lary cavity are significantly dilated with the phenomenon of
carcass exiting into perivascular space. In the interdural spaces
and endosteum there were dilated sinusoidal vessels with car-
cass exiting beyond the vascular wall and branches of the fee-
ding artery passing into the soft tissue fringe of the stump.

Term 6 months, n = 5. Avascularity of the cortical diaphy-
seal layer was absent. The vascular bed of the bone tissue is
sparse, there is a lack of cellular composition in part of the
Haversian canals. In three observations the process of bone
tissue resorption along the vascular canals from the medullary
cavity and periosteal surface was increasing. Slit-like spaces
with sharply dilated sinusoidal microvessels are revealed in the
cortical layer. There is a carcass exiting into the perivascular
space. Between the beams of endosteal bone formation there
are lumen of large branches of feeding artery filled with car-
cass, passing from medullary cavity to fibrous tissue border.

The nerve trunk with thickening at the end. Heteroge-
neous maturation of connective tissue was traced. There
were non-vascular zones formed by clusters of thick bundles
of collagenous fibers. In two observations there was infiltra-
tion of nerve trunk with lymphocytes, edema of epineurium,
perineurium and endoneurium. In the remaining observa-
tions there was no inflammatory process of the nerve.

Discussion

After amputation, compensation of circulatory disorders in
all three series of experiments is carried out by including re-
serve sources of blood circulation — medullary network, peri-
osteal network and surrounding soft tissues. Revascularization
is facilitated by maximal development of anastomosing vessels
and the existing bone microcirculatory channel with the inclu-

sion of collateral circulation. The restoration of stump micro-
circulation proceeds by means of the same type of changes:
regional hypervascularization, increased capacity of the ter-
minal vascular bed with sinusoidal change of capillaries and
increased vascular permeability, formation of multiple tissue
microcysts associated with the microvascular network. These
changes are aimed at eliminating circulatory disorders and
providing metabolic needs of the regenerating tissues by maxi-
mizing the use of extravascular microcirculatory pathways.

The presence of pain syndrome in the first experimental
and most observations of the control series causes certain
changes in the microcirculation, the structure of the corti-
cal diaphyseal layer and the content of the medullary canal.
The leading ones are preservation of long-term, up to 3—6
months, avascularity of the stump end, lumen dilation of the
main vessels, progressive impoverishment of the microcircu-
latory network, increased vascular permeability with develop-
ment of persistent perivascular edema, appearance of hemor-
rhages, formation of extensive cystic cavities, disappearance
of cellular elements of vascular channels of the cortical layer,
bone tissue resorption along the vascular channels and end-
osteal surface on the background of absence of proliferative
processes both in the bone tissue and the endosteal surface.

Already at 3 months there is an increase in the processes of
bone tissue and microcirculatory channel reorganization with
the predominance of resorption at a very slow rate of bone
formation. Small focal spongization becomes continuous. A
large number of intraosseous cavities are formed in the cortical
layer and filled with cellular-fibrous tissue. The latter is punc-
tured by a fine-lobed capillary network with the phenomena
of increased permeability, as well as tissue microcysts. The
moderately dilated bone canals have wide tortuous capillaries.
Diffusion supply is not reduced Microcracks with proceeding
processes of bone tissue regeneration are revealed. The process
of microcirculatory channel and cortical diaphyseal structure
restoration becomes protracted and often irreversible.

At the 6-month period, these changes worsened. The pro-
cesses of microcirculation and reparative regeneration were
incomplete in such stumps, and the bone tissue underwent in-
tensive remodeling for months. Closure of the medullary canal
was performed by bone regenerate with soft tissue inclusions.
In a number of cases these were the main bone vessels exiting
the medullary canal into the surrounding soft tissues.

A distinctive feature of the results of the second series of
experiments, where the pain syndrome was stopped, was a
more rapid and active onset of the processes aimed at re-
sidual limb tissue revascularization. This was expressed in
irregular, sharper dilation of Haversian and Volkmann’s ca-
nals, medullary cavity and periosteal vessels, formation of
anastomoses, more pronounced vascular permeability, in-
crease in perivascular edema, significantly faster, within 3
weeks, vascularization of avascular areas, formation of the
bone closure plate of compact structure with completion of
the reparative process in 3—6 months.

There is vascular proliferation of thickened periosteum
with the formation of sinusoidal capillaries, which are initial-
ly connected to the vascular network of the surrounding soft
tissues, and later to the vessels of the Haversian system. In
the superficial layers of the cortical layer a longitudinally ori-
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ented network of wide vessels is formed, which are a regional
collector of blood circulation pathways. They have a direct
connection to the vascular network of medullary cavity.

Irregularity of the microcirculatory channel of the corti-
cal diaphyseal layer and medullary cavity with increased vas-
cular permeability and perivascular edema in contrast to the
experiments of series 1 and 3 causes moderate bone tissue
resorption along the vascular channels and partial tempo-
rary replacement of the fatty bone marrow with loose fibrous
tissue against the background of reduced proliferative pro-
cesses. These changes persist up to 3 months and then tend
to decrease and recover. The proportion of diffusion nutri-
tion by 3 months significantly decreases.

The obtained results slightly differ from Lavrishche-
va G.I., Onoprienko G.A. [15]. However, it should be
noted that the author studied the vascular network of the
bone after amputation without performing muscle plasty
and taking into account the effect of pain syndrome on mi-
crocirculation. Our data coincide with the results of Bez-
smertnyi Y., Shevchuk V., Jiang Y. [25], who studied the in-
fluence of pain syndrome and main intraosseous vessels on
the formation of the bone residual limb and deepen them.

When pain syndrome is relieved, microcirculatory di-
sorders, which inevitably accompany amputation, are in-
tense at first, then they are minimal and short-lived. By six
months there is a clear tendency towards normalization of
the microcirculation and microstructure of the cortical di-
aphyseal layer. In most of the latter there is a typical pattern
of Haversian and Volkmann’s systems with a normal micro-
circulatory network. The vascular network of the medullary
cavity is also close to normal.

Conclusions

Post-amputation pain syndrome causes abrupt macro- and
microcirculatory disturbances and degenerative-dystrophic
changes in residual limb tissues. Revascularization of the bone
residual limb occurs due to the preserved sources of blood cir-
culation (intramedullary vascular network, periosteum and
surrounding soft tissue) anastomosing vessels and extravascu-
lar pathways of microcirculation (increased vascular perme-
ability, formation of sinusoidal capillaries and tissue cysts).

Cure of pain syndrome within 20 days after amputation
allows significantly level the resulting circulatory distur-
bances in the limb stump, reduce the terms of revasculariza-
tion and reparative regeneration of bone tissue.
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Haykoeo-0ocnionuii incmumym pea6inimayii oci6 3 ineanioHicmio BiHHUYbK020 HayioHanbHO20 MeOUYHO20 yHisepcumemy

imeni M.I. Mupozoea, m. BiHHuys, Ykpaina

Bnams nicnaamnyTaudiiiHoro 601b0BoOro cCMHAPOMY Ha KPOBOOGIr y KyKci KicTKn

Pestome. Axmyaavnicms. Bincotox He3anoBilbHUX pe3y/bTaTiB
aMITyTalliit oci Bucokuii. [1pu 1ibomy ocobsmBe miclie 3aiimae 3a-
TOEHHS KiCTKOBOTO 3JIMIIIKY — OCHOBHOTO OMOPHOTO €JIeMEeHTa
Kykcu. Mema: BUBYUTY BIUIMB MiC/ISIaMITyTalliiHOTO GOJILOBOTO
CHHIPOMY Ha XapakTep KpoBOOOiry B Kykci Kictku. Mamepiaau
ma memoou. Ha 54 xponvkax rpoBeIeHO TpU cepii JOCIiIiB 3 aM-
rnyrauieto crerva. Y 1-ii ta 2-ii cepisix 10 KyKCH CiTHUUHOTO HEPBA
MiIBOAMUIN MEPUHEBPAIbHUN KaTeTep. 3a 1oro J0moMoroio B 1-it
cepii ipotsirom 20 11i6 moaHs 1o 20 XBUJIMH MEeXaHIYHO Toapa3-
HIOBAJIM HEPB, BUKJINKAIOUN OOJILOBUI CUHAPOM. Y 2-ii cepii ue-
pe3 KaTeTep B 0ToYeHHs HepBa 20 THIB IIOAHS ABiYi Ha 10Oy BBO-
nvm 0,3 Mot 1% ninokainy. TeapuHu 3-1 cepii ciryryBajiu KOHTPO-
neM. CTpokHM criocTepekeHHst craHoBuIu 1, 3, 6 micsiis. Meron
JOCJIKEHHSI — TiCTOJIOTIYHU, 3 iH(]Y3i€l0 TylI-XeIaTuHOBOIO
cyMiniimio. Pezyabmamu. Y tBapun 1-i cepii 3acikcoBaHO aBac-
KYJISIPHICTb KiHIS KYKCU Ta KiCTKOBOTO MO3KY, OiIHICTb CyIMH-
HOTO pycJia Ta BiICYTHICTh KJIITUHHOTO CKJIaly B TAaBEPCOBUX Ka-
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Hajax, IMCTPodiuHi 3MiHU XUPOBOTO KiCTKOBOTO MO3KY, papedi-
Kallisi, CITOHTI3allisl, PO3CMOKTYBaHHS, Ha/JIOMU KiCTKOBOI TKa-
HUHU. Y gociigax 2-i cepii aBacKyJISIpHICTh IIBUAKO MUHAIA, Y
mnepioa 10 TpbOX MICSIIIB HacTaBaja CTadili3allisi aHrioapXiTeK-
TOHiKM. PeBackymsipm3zamisi KyKcH KiCTKM BimOyBajlach 3a paxy-
HOK 30epeXeHUX Kepes KpoBoobiry (iHTpaMemyssipHa CYIWH-
Ha Mepexa, OKiCTs Ta MPUJIeTIi M’SIKi TKAHWHU), aHACTOMO3YIO-
YUX CYAUH i T03aCYAMHHUX IUISIXiB MiKPOIIMPKYJISIIii (I ABUIIIEH-
HSI CyAMHHOI MPOHUKHOCTI, (POpMYBaHHSI KaIlisipiB CUHYCOIHO-
rO TUITY Ta TKAHUHHUX KUCT). Y OiIBIIOCTI CITIOCTEpeXeHb 3-i ce-
pii mpouecH peBacKyJsipu3sallii 0yau cxoxi 3 pesyabraTaMu 1-i ce-
pii. Bucnoeku. IlicnsiammnyTaiiitHuii 00JIbOBUI CUHAPOM BUKJIU -
Ka€ Pi3Ki MOpYILIeHHS MaKpo- Ta Mikpormpkyssiuil. Moro Kymipy-
BaHHs poTsiroM 20 THIB Mic/st aMITyTalil 103BOJISIE 3HAYHO HiBe-
JIIOBATH MOPYILIEHHSI KPOBOOOITY B KYKCi KiCTKH.

Ki1104o0Bi cj10Ba: amnyTallist; 60150B1ii CHHAPOM; KYKca KiCTKH;
KpOBOOOIT; pereHeparist
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Mathematical model of knee joint degenerative
dystrophic changes formation in its flexion
contracture at late stages of rheumatoid arthritis

Abstract. Background. Rheumatoid arthritis (RA) is an immunomodulatory, chronic inflammatory disease ac-
companied by the proliferation and articular cartilage destruction that cause disability. Biomechanical factors in
RA can play an important role in the onset and progress of the joint degenerative processes, secondary to the
inflammation process. The biomechanical factors in RA can play an essential role in the start and progress of the
degenerative processes within the joint that are secondary to the inflammatory process. Materials and methods.
A solid simulation 3D-model of the knee joint was created that contained both tibia and fibula, the femur bone,
femoral condyle cartilage and tibial plateau cartilage, menisci. It was done for further analytical calculations and
finite element modeling calculations. Analytical calculations are based on the data of previous studies of quantita-
tive evaluation of the knee joint contracture (compliance of contracture to the external corrective action) and on
calculations data of the joint forces that manifest in ambulation of the patient with RA. Results. The created simu-
lation computer 3D-model of a knee joint with its flexion contracture at late stages of RA shows that the forced
passive flexion in the knee joint to 6° the load on the condyles of the tibial plateau increased by 12.8 %, and as a
result of forced passive flexion in the knee joint to 3° the load on the condyles of the tibial plateau increased by
95.2 %, which is critical and may cause degradation of the bone tissue in the contact area. Conclusions. Increase of
load on the lateral areas of the tibial plateau and, correspondingly, the tensions on the contact areas of the femur
bone condyles with the tibial plateau, may contribute to the progress of the clinical picture of RA with the increase
of arthrofibrosis and osteoarthritis events, particularly in the lateral areas of the knee joint.

Keywords: rheumatoid arthritis; knee joint; flexion contracture; mathematic modelling; finite element method;
load-deformation state

Introduction

Rheumatoid arthritis (RA) is an immunomodulatory,
chronic inflammatory disease accompanied by the prolife-
ration and articular cartilage destruction that cause disabi-
lity. The etiopathogenesis of RA is still not clear, however,
several stages of its pathophysiology were discovered, its key
feature being inflammatory synovitis [1].

Although, historically the cartilage is regarded as “an
innocent bystander” recent data suggest that cartilage deg-
radation in RA is related to the imbalance of anabolic and
catabolic activity of the joint chondrocytes, indirectly con-
nected to the synovitis and arthritis. In addition to inflam-
mation, the metabolic activity of the chondrocytes is also
affected by the biophysical factors (mechanical stress) [2].
In particular, the biomechanical factors in RA can play an
essential role in the start and progress of the degenerative
processes within the joint that are secondary to the inflam-
matory process. However, the sequence of biomechanical

and biochemical processes regulating these events in vivo,
is still vague [3].

Knee joint lesion in RA is accompanied by the formation
of contractures and the development of discordant deformi-
ties in the lower limbs, which in turn leads to a partial or
complete loss of a limb function [4].

An objective assessment of the functional status of
the joint and adjacent tissues is a prerequisite for identi-
fication of the treatment prospect and efficiency mana-
gement of rehabilitation measures [5]. However, the
technological parameters and modes of operation of
modern goniometers used by clinicians do not always al-
low differentiated action upon the inherent biomechani-
cal properties of the joints, direct monitoring of certain
morpho-functional manifestations of the contracture
(stiffness, instability, partial atrophies of the muscle and
adjacent tissues), which reduces the effectiveness of exis-
ting devices [6].
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Materials and methods

In the early stage, a solid simulation 3D-model of the
knee joint was created that contained both tibia and fibula,
the femur bone, femoral condyle cartilage and tibial plateau
cartilage, menisci. It was done for further analytical calcula-
tions and finite element modeling calculations (Fig. 1).

Analytical calculations are based on the data of previous
studies of quantitative evaluation of the knee joint contrac-
ture (compliance of contracture to the external corrective
action) and on calculations data of the joint forces that
manifest in ambulation of the patient with RA. Determi-
nation of tension and load in the knee joint was performed
with flexion-extension contracture of 30°. Measurement of
compliance indicators of the knee joint contracture regar-
ding the external corrective action yielded average values of
the passive motion angle Aca,, which is the angle of position
change in the joint as a result of graduated force F = 50 N:
in the direction of flexion — Aa. = 3°, in the direction of
extension — Aot = 6°.

Joint forces of the 60 kg (600 N) RA patient while wal-
king and with the flexion-extension contracture in 30° po-

0.00 " 90.00 (mm)
EOEREEEN 0000
45,00

Figure 1. Solid model SolidWorks

Table 1. Joint forces of the 60 kg (600 N) patient while walking,
under the patient’s own weight

Joint forces 30° contracture Norm
Anteroposterior force (X) 1464.19 804.20
Mediolateral force (Y) 564.50 479.33
Proximal distal force (2) 2265.62 2512.32

Tom 13, N2 2, 2023

sition, as well as the normal indicators, obtained from our
own simulation musculoskeletal modelling using the Any-
Body software, are presented in Table 1.

Results

Several calculation diagrams were developed (Fig. 2)
to solve the problem. For illustrative purposes, all dimen-
sions and active forces are presented in full size for a specific
model.

Measurements of contact surface on the tibial plateau
were performed on a solid 3D-model using SolidWorks soft-
ware tools (Fig. 3).

According to the curvature radius of o the medial and la-
teral condyles, the area of contact on the medial condyle of
the tibial plateau was 434 mm?, and the area of contact on
the lateral condyle of the tibial plateau — 255 mm?. Both
areas of contact in flexion position of the knee joint of 30°
were insignificantly shifted backwards.

The following assumptions and limitations were intro-
duced to solve these problems. For analytical calculations
they do not account for presence of soft tissue structures in
the area of contact. Contact takes place between the bones.

As the posterior surface of the joint capsule has fibrotic
changes in it, additional center of rotation in the knee joint
arises, and is shifted backwards extraarticularly during fle-
xion to the following distance:

I5=51Tmmsinx/2,

where x is the angle between the axis of the femur bone and
additional hinge center of rotation.

Z
N Fibrotic changes in the
S joint capsule
[
3
3 (22435

SOH

Figure 2. Calculation diagram to determine tensions
and loads in the knee joint with flexion contracture

www.mif-ua.com, http://pjs.zaslavsky.com.ua




OpwriHanbHi gocnigkeHHs / Original Researches

Assuming that the femur bone in the problem is immo-
vable (tightly fixed). The area of contact surfaces does not
change in flexion. Distribution of force between the medial
and lateral condyles is 50/50.

Calculation of load on the joint surface of the tibial pla-
teau with forced passive flexion by 6° in the knee joint with
the force of 50 N. According to the calculations, total force
was calculated by the formula:

F_-I

31 504 d
=T an oo 9X
tal s I,-sin30-sinx "

2F,

0

where F,_ is the total force that acts in the knee joint with
the flexion contracture in a 30° position, x is the angle of ac-
tion of total force on the tibial plateau.

The next step was the calculation of the total force at ad-
ditional passive movement of the limb segment within the
flexion range from 1 to 6°.

The following ratios were used to determine the tension
indicators on the medial and lateral condyles of the tibial
plateau:

| Arca:a3841mm?
Perimetr71,31mm

mi

mi

where F is the force that acts on the medial condyle re-
spectively (i = 6), S = 434 mm? is the area of contact of the
medial condyle; and

where F, is the force that acts on the lateral condyle respec-
tively (i = 6); S, = 255 mm?is the area of contact of the la-
teral condyle.

Resulting indicators of forces and tensions are presented
in Table 2.

Thus, as a result of passive flexion in the knee joint to
6°, the load on the tibial plateau condyles has increased by
12.8 % (Fig. 4).

The concept of “admissible tensions” [c] was intro-
duced, equal to:

_.. R R
[o] = min {ﬁ' n::Z},
where n, = 2.6, for the bone and n, = 1.5 [11].
Compressive strength limits in this case vary from 17.5 to
93.4 MPa; conservatively (in the most dangerous variant) we
have taken 17.5 MPa, accordingly:

RT
[c] min = n—'" =6.73 MPa.
m
3000
2500
2000
=
< 1500
©
S
1000
500
0 -
1 2 3 4 5 6 7
Degrees

Figure 3. Contact surface areas for medial and lateral condyles

Figure 4. Diagram of loads on the knee joint with passive flexion

of tibial plateau to 6° with consideration of standard deviations
Table 2. Results of passive flexion in the knee joint with the force of 50 N
Flexion angle, degrees Fyoea (N) c,, (MPa) 6, (MPa)
0 2072.36 2.39 4.06
1 2153.29 2.48 4.22
2 2241.50 2.58 4.39
3 2337.99 2.69 4.58
4 2443.93 2.82 4.79
5 2560.75 2.95 5.02
6 2337.99 2.69 4.58
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Then the condition of strength for the model is satisfied
when cfi sn=1.

Based on this, we can obtain minimal strength margin
n_=6.93/5.02 = 1.38 for the position of passive flexion
of 5° on the lateral condyle, that approaches the critical one
(Fig. 5).

Calculation of load on the joint surface of the tibial pla-
teau with forced passive extension at 3° in the knee joint
with the force of 50 N. To solve this problem, let us intro-
duce the following assumptions and limitations similarly to
the previous problem. Total force that acts in the knee joint
at extension contracture in the position of 30° is the same:
F = 2072.4 N. The next step was the calculation of the

total
total force at additional passive movement of the limb seg-

Tension, MPa

7
6

5

4

3

2

1

0 1 2 3 4 5 6 7

Flexion angle, degrees

=G me O == G Clitical

Figure 5. Diagram of tensions on contact surfaces of the tibial
plateau with passive flexion at 6°

4500.00
4000.00
3500.00

3000.00
=
2 2500.00
S
2000.00
1500.00
1000.00
500.00
0.00
1 2 3 4

Degrees

Figure 6. Diagram of loads on the knee joint with passive
extension of 3° with consideration of standard deviations

ment within the extension range from 1 to 3°. The obtained
indicators are presented in Table 3.

Thus, as a result of passive extension in the knee joint to
3°, load on the condyles of the tibial plateau increased by
95.2 % (Fig. 6).

Based on this, we can obtain minimal strength margin
n . =6.93/7.93 = 0.87 for the position of passive extension
to 3° in the lateral condyle, which is critical for this position
and may cause degradation of the bone tissue in the contact
area.

Calculation of load on the joint surface of the tibial pla-
teau when standing with one support under the body weight
60 kg (600 N) within the flexion-extension contracture in
a position of 30°. Total force acting on the knee joint is as
follows:

3F piq=\F2+ P2+ F2=2756 N.

Direction and values of the intraarticular forces within
the flexion-extension contracture of the knee joint in a posi-
tion of 30° are presented in Fig. 9.

Considering the contact areas of the tibial plateau con-
dyles, the tension on them was determined:

Fm
o =—"=3,17 MPa,
m sm

FI
0= —=5.40 MPa,
s

1

where § =434 mm?is the contact area of the medial con-
dyle; S,= 255 m?is the contact area of the lateral condyle.

1 2 3 4

ENG BENG o critical

SO B N W Bk~ OO N 00 ©

Figure 7. Diagram of tensions on the contact surfaces
of the tibial plateau with passive extension to 3°

Table 3. Results of passive extension in the knee joint with the force of 50 N

Extension angle, degrees Fyoea (N) c,, (MPa) o, (MPa)
0 2072.36 2.39 4.06
1 2389.69 2.75 4.69
2 3277.36 3.78 6.43
3 4046.58 4.66 7.93
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Figure 8. Diagrams of tensions’ dependence on the knee joint angle within the flexion-extension
contracture in a position of 30°

Let us look at the tension in normal conditions at the
same positions of the knee joint, for comparison.

2F =\ F:+F+F2=2016.7 N.

Considering the contact areas on the tibial plateau con-
dyles, the tension on them was determined:

F
0, =-c"=2.32MPaq,
m sm
F
o= s—’ =3.95 MPa,

where § =434 mm?is the contact area of the medial con-
dyle, S, = 255 mm?is the contact area of the lateral con-
dyle.

Comparative analysis of the tension indicators in ambu-
lation within the flexion-extension contracture of the knee
joint in a position of 30° and in normal conditions is pre-
sented in Fig. 11.

Discussion
With the development of clinical analysis methods of
ambulation (3D kinetics and kinematics), a necessary tool
emerged to search for differences between the pathological
patterns of ambulation and its normal indices. Computer
technologies and software development contribute to col-
lection, analysis, and interpretation of ambulation data, as a
tool to study the function of joints in RA [7, 9].
Significant decrease of excursion in thigh joint, knee joint,
ankle joint (external-internal

R4

F.=26712 N
\

15

|
|
|
|
|
|
|
|
|
|
|

£2223065 N

y4 rotation,  abduction-adduc-
tion, flexion-extension) with a
contracture in patients with RA
causes a complete dysfunction
of a support [10]. Under such
conditions, including marked
pain reaction for the patient,
the loads on all elements of the
large joints and muscle groups
of the lower limbs increase sig-
nificantly [11].

Increase of the mechani-
cal load, in the setting of an
inflammatory process, cap-
sular and ligamentous disor-
ders, cartilage degradation,
subchondral bone changes
and muscle imbalance con-
tribute to the progress of joint
and muscle contractures, as
well as arthritic events in the
large joints of the lower limbs,
including in the setting of the

Figure 9. Vectors of joint forces within the flexion-extension contracture
of the knee joint in a position of 30°

arising erosions of articular
surfaces [12]. Therefore, the
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an early progression of muscle
atrophy, which is evident by
a decrease in their volume,
strength, and endurance [14,
15]. The term “contracture
position” refers to the forced
position of the joint due to the
limitation of movements in
it. Depending on the degree
of the joint mobility limita-
tion, the contracture can be
with preservation of the mo-
tion range and possibility of
its examination (goniometry);
rigid — with a lack of flexibility
and compliance, the range of
motion in the joint is about 5°,
which cannot be determined
by goniometer; ankylosing — a
complete loss of motor activity
in the joint [16, 17].
Understanding the inten-
sity of the biomechanical load
on the articular surfaces in

Figure 10. Vectors of joint forces in normal conditions

for the knee joint

importance of mechanical factors in the destructive cascade
of the processes in RA is beyond doubt [10].

Decreased muscle strength, discovered in the clinical
study, is associated with the inflammatory process activity,
radiologic abnormalities, and functional disorder degrees
[13]. Contracture (Latin contracture — tightening, narro-
wing) is a limitation of the normal functioning of the joint,
related to pathological changes in the surrounding tissues:
skin cover, muscles, tendons, ligaments, articular capsule,
articular surfaces of bones (M24.5 according to ICD-10).
The major sign of the contracture is a limitation of passive
and active movements in the joint. In addition to the limita-
tion of joint movements, any contracture is characterized by

10
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2
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Figure 11. Comparative analysis of the tension indicators
in ambulation within the flexion-extension contracture
of the knee joint in a position of 30° and in normal conditions
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the setting of contracture of
the joints of the lower limbs
in RA and the participation
of the muscle forces in this process, can contribute to the
development of new views and approaches to the tactic of
therapeutic measures that are specific to each stage of the
disease [18].

As can be seen from the obtained results, the tension in
the contact area on the lateral condyle of the tibial plateau is
increased by 36.71 %, whereas on the medial condyle of the
tibial plateau — by 36.64 %, under the conditions of flexion-
extension contracture of the knee joint in a position of 30°.
To validate the obtained results of mathematical analyti-
cal calculations, simulation modelling with calculations of
stress-strain condition will be performed in the ANSYS soft-
ware environment at the next stage. In addition, the effect of
cyclic loads on joint surfaces of knee joints in patients with
rheumatoid arthritis will be studied. According to the cur-
vature radius of the medial and lateral condyles, the area of
contact on the medial condyle of the tibial plateau was 434
mm?, and the area of contact on the lateral condyle of the
tibial plateau — 255 mm?. Both areas of contact in flexion
position of the knee joint of 30° were insignificantly shifted
backwards.

As a result of forced passive flexion in the knee joint to 6°,
the load on the condyles of the tibial plateau increased by
12.8 %, and as a result of forced passive flexion in the knee
joint to 3°, the load on the condyles of the tibial plateau in-
creased by 95.2 %, which is critical and may cause degrada-
tion of the bone tissue in the contact area.

When standing with one support under the body weight
60 kg (600 N) in conditions of flexion-extension contracture
in a position of 30°, an increase of contact tensions on the la-
teral condyle of the tibial plateau by 36.71 % (5.40 MPa) can
be observed; on medial condyle — by 36.64 % (3.17 MPa),

www.mif-ua.com, http://pjs.zaslavsky.com.ua




OpwriHanbHi gocnigkeHHs / Original Researches

in relation to the values of an intact knee joint (3.95 and
2.32 MPa, respectively).

Conclusions

The importance of mechanical factors in the destruc-
tive cascade of the processes in RA is beyond doubt. De-
creased muscle strength, discovered in the clinical study, is
associated with the inflammatory process activity, radiologic
abnormalities, and functional disorder degrees. Understan-
ding the intensity of the biomechanical load on the articular
surfaces in the setting of contracture of the joints of the lower
limbs in RA, and the participation of the muscle forces in
this process, can contribute to the development of new views
and approaches to the tactic of therapeutic measures that
are specific to each stage of the disease. Increase of load on
the lateral areas of the tibial plateau and, correspondingly,
the tensions on the contact areas of the femur bone condyles
with the tibial plateau may contribute to the progress of the
clinical picture of rheumatoid arthritis with the increase of
arthrofibrosis and osteoarthrosis events, particularly in the
lateral areas of the knee joint.
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AY «lucmumym mpaemamonozii ma opmonedii HAMH Ykpainu», m. Kuie, Ykpaina

MaremaTnuna mogenb popmyBaHHA AereHepaTNBHO-ANCTPOPiYHNX 3MiH
Yy KONIiIHHOMY cyrno6i npu Noro sruHanbHiN KOHTPaKTYpi
Ha Ni3HiX cTapifaX peBMaTOIAHOro apTpnTy

Pe3iome. Axmyaavnicmo. BiomexaHiuHi YMHHUKYM TPU peBMa-
ToinHOMY apTpuTi (PA) MOXYTb BimirpaBaTu BaXkKJIMBY POJib B iHi-
LiIOBaHHI Ta MPOrpecyBaHHi JereHepaTUBHUX IPOLECIB Y CYIJIO-
0i, BTOPMHHUX 1110J10 3anajbHoro rnpotuecy. [Ipore nociigoBHicTb
OioMexaHIYHMX i 0I0XiIMIUHMX TTPOIIECIB, 110 PETYITIOIOTH I1i TIOIT in
Vivo, TIOK HEIOCTaTHHO sIcCHA. PO3yMiHHS BeIMUMH OioMeXaHiu-
HUX HaBaHTaXEHb Ha CYIJI00O0Bi MOBEPXHi B yMOBaX KOHTPAKTY-
PHU CYIJIOOiB HMKHIX KiHIIIBOK Mpu PA i yyacTh y 11bOMy TIpolIeCi
M’SI30BHMX CHJI MOXX€E CITPUSITUA PO3BUTKY HOBMX TTOIJISIIIB i TTiIXO/IiB
IO JIIKYBaJIbHUX 3aXO/IiB, Crien(iuHUX 7151 KOXXHOI CTalii 3aXBO-
proBaHHs1. Mema: cTBOPUTH iMiTalliiHy KoMIT 10TepHY 3D-Mozenb
xosinHoro cyrinoba (KoC) mpu #ioro 3ruHanbpHill KOHTPAKTypi Ha
mi3Hix cTamisx PA 3 MeTo10 00’€KTMBHOI OLIIHKY (DyHKIIIOHATbHO-
ro CTaHy cyrioba i MpuJIerIuX TKAaHUH Ta BUSIBJICHHS! TEPCIIEKTUB
JIIKyBaHHSI Ta KOHTPOJIIO e(DEKTUBHOCTI peabiliTalliitHUX 3aXOiB.
Mamepiaau ma memoou. B ocHOBY aHaTITHIHUX PO3PAXYHKIB 10~
KJIAICHO NTaHi ITOoTepeaHiX AOCIIIKEHDb IIOM0 KiIbKiCHOI OLIHKHU
koHTpakTypu KoC (mimmaTauBicTh KOHTPAKTypU 30BHIITHINM KO-
PUTYIOUMIiA [ii) Ta po3paxyHKU CYIJI00OBUX CHUJ, 1110 BUHMKAIOTH

npu Xonb0i maiieHta 3 PA. BusHaueHHs Hanpy>KeHb Ta HaBaHTa-
xeHb y KoC npoBoau/v npu 3ruHaibHO-PO3TMHAbHI KOHTpaK-
Typi 30°. Pe3yabmamu. J171s1 BUpillieHHs 3aBOaHHsI pO3POOJICHO Jie-
KiJIbKa pO3paxyHKOBMX CXeM, Ha SIKMX JUJIs1 OUIbLIOI HAOUHOCTI 30-
OpaxkeHi BCi po3MipH Ta Ailovi CUJIM B HATYpaIbHY BEJTUUMHY IS
KOHKPETHOI MOJieJTi. YHACTiMOK TPUMYCOBOTO MTACUBHOTO 3TrMHAH-
Hst B KoC Ha 6° HaBaHTaXXeHHsI Ha BUPOCTKHM ILJIATO BEJTMKOTOMiJI-
KOBOT KiCTKY 3011bIra0cs Ha 12,8 %, yHACiIOK MAaCUBHOTO PO3-
ruHaHHs1 B KoC Ha 3° — Ha 95,2 %, 1110 € KpUTUYHUM Ta MOXKE
MPU3BOIUTHU /10 Jerpajialii KiCTKOBOT TKAHUHU B AISIHIII KOHTaK-
Ty. Bucnoexu. 3poctaHHsi HaBaHTaXKeHHS Ha 3a/IHi BiUIiIN 1J1aTO
BEJIMKOTOMIIKOBOI KiCTKM Ta, BilIIOBiIHO, HATIPYKEHb Y MUITHKAX
KOHTAaKTy BUPOCTKiB CTETHOBOI KiCTKM 3 TIJIaTO BEJIMKOTOMiJIKOBO1
KiCTKM MOX€e MPU3BOIUTH 10 MPOrpeCcyBaHHS KJIiHIYHOI KapTUHU
PA 3 mocuneHHsIM siBUIIL apTpodiOpo3y Ta OCTeoapTPUTy caMe B
3anHix Bigginax KoC.

Ki110490Bi ¢J10Ba: pesmartoinHuii apTpuT; KOJTiHHUI CYyrI00; 3ru-
HaJlbHa KOHTPAKTypa; MaTeMaTUUHEe MOJIETIOBAHHS; METOJ CKiH-
YEHHMX eJIEMEHTIB; HalpyKeHO-1e(OpPMYyIOUnii CTaH

Tom 13, N2 2, 2023

www.mif-ua.com, http://pjs.zaslavsky.com.ua



bUJIb. PAIN:
CYIJIOBNM. JOINTS.
XPEBET SPINE

OpuriHanbHi gocnigKeHHA

Original Researches

UDC616.72-002.77-053.5/.6-053.8 DOI: https://doi.org/10.22141/pjs.13.2.2023.372

M. Kulyk, M. Dzhus

Bogomolets National Medical University, Kyiv, Ukraine

Handgrip strength, physical activity,
and body composition in young adults
with juvenile idiopathic arthritis

Abstract. Background. Handgrip strength (HGS) and physical activity (PA) reflect an individual’s overall health
and can predict morbidity and mortality. The purpose of the study was to investigate the level of PA and HGS
and associated factors in young adults with juvenile idiopathic arthritis (JIA) and determine the connection with
body composition parameters. Materials and methods. We conducted a cross-sectional monocentric study of
40 young adults aged 18-30. We collected data on PA and anthropometric and clinical measurements, including
disease activity and articular and extra-articular damages. All patients had the following evaluations performed:
body composition (dual X-ray absorptiometry), PA level (International Physical Activity Questionnaire), and HGS
measurement (using manual hand dynamometer). Results. Sixteen (40 %) patients were considered sedentary,
and 32 (80 %) JIA patients had low HGS. The reduced HGS was likely in women, patients with lower body mass
index, higher disease activity, and articular damage. In contrast, bone mineral density (BMD) and lean mass were
protective factors for reduced HGS (p < 0.05). The level of PA was positively correlated with BMD and lean mass and
negatively correlated with fat mass, swollen joint count, and articular damage (p < 0.05). Conclusions. JIA leads to
changes in body composition parameters, particularly lean (muscle) mass and muscle strength, and therefore is a

risk factor for the development of sarcopenia.

Keywords: juvenile idiopathic arthritis; handgrip strength; physical activity; body composition

Introduction

Juvenile idiopathic arthritis (JIA) is characterized by
the development of pathological changes in the musculo-
skeletal system, such as osteoporosis and myopathy, which
can aggravate the severity of functional disorders [1—3].
Disease activity persisted in 33—46 % of adult patients with
JIA [4, 5]. Joint impairment, extra-articular damage, and
functional disability are associated with low quality of life
in young adults with JIA [1, 6, 7]. All of the mentioned
proves JIA is not limited only to joint damages and chil-
dren’s age.

Loss of muscle strength and muscle mass leads to li-
mited daily activities, deterioration of quality of life, and
an increased risk of falls, fractures, and death [8]. Muscle
strength is associated with many conditions and may predict
the risk of adverse outcomes of diseases [9]. Moreover, re-
duced HGS, not lean mass, is associated with an increased
risk of hospital-associated activities of daily living and dis-
ability [10]. A comparison between different values of HGS
reflects an association with body composition parameters.
Thus, BMD, lean, and fat mass were significant predictors
of HGS value changes [11].

Among the mechanisms of reduced muscle strength are
the following: chronic arthritis, the persistence of disease
activity, systemic inflammation with increasing levels of in-
flammatory cytokines such as interleukin-6, tumor necro-
sis factor-a and interleukin-1, reduced PA, articular and
extra-articular damages [5]. The synergistic effect of these
factors leads to the degradation of muscle tissue, manifested
by atrophy, reduced muscle strength, and decreased ability
to regenerate myocytes.

Hand dynamometry is the most accessible and affor-
dable method of assessing muscle strength [12]. It is shown
that HGS strongly correlates with the strength of the lower
limb muscles and the cross-sectional area of the muscles de-
tected by computer tomography [13]. The availability of the
method makes it possible to recommend it for routine daily
practice.

To date, proven that purposeful activities with various
types of motor activity contribute to the preservation and
strengthening of health, the prevention of several diseases,
the increase of physical strength, and the formation of an
active life position [14, 15]. Lack of PA negatively affects
health in general [16]. There is evidence that PA, especially
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aerobic exercise and resistance training, increases muscle
strength and improves the quality of children’s and young
adults’ life with JIA [17-20].

Low BMD, increased risk of falls, reduced quality of life,
functional capabilities, and increased mortality are reliably
associated with losing skeletal muscles and their functions
[9]. Thus, sarcopenia and osteoporosis are multifactorial
cross-linked syndromes characterized by decreased bone
and muscle mass, increased risk of falls and fractures, and
early disability [19, 20]. Several questions remain open re-
garding changes in body composition and muscle strength in
patients with rheumatic diseases, apparently in young adults
with JIA. Published works devoted to this problem are li-
mited, highlighting the relevance of further research in this
area.

The purpose of the study was to determine HGS, PA
level, and body composition in young adults with JIA and to
indicate factors associated with HGS and PA.

Materials and methods

This cross-sectional study in a single center included
forty patients who applied to the Rheumatology depart-
ment of the Communal non-commercial institution “Olek-
sandrivska Clinical Hospital” (Kyiv, Ukraine). Written and
informed consent were obtained from all patients for parti-
cipating in the study. The Commission on Bioethical Exper-
tise and Research Ethics of the Bogomolets National Medi-
cal University approved the study (Registration number 138
dated 10.11.2020).

Inclusion criteria were as follows: patients with JIA,
18—44 years old. Exclusion criteria: patients with congestive
heart failure, end-stage renal disease, acute kidney disease,
hematologic or oncologic malignancy, patients with arm
or leg amputation, patients with hip or knee replacement,
diabetes mellitus, and obesity. The evaluation of the level
of erythrocyte sedimentation rate (ESR), the C-reactive
protein (CRP), disease activity score (DAS28) and juvenile
arthritis disease activity score (JADAS27), Juvenile arthritis
damage index (JADI), which consists of two parts measu-
ring articular (JADI-A) and extra-articular (JADI-E) da-
mage, were done [21, 22].

Muscle strength was determined using a handgrip dy-
namometer (JAMAR). Measurements were taken three
times for both hands with the time of rest [19]. The result
was taken as the average value of three consecutive measure-
ments. We used such thresholds for reduced HGS: < 27 kg
for males; < 16 kg for females. To determine body composi-
tion, we used dual X-ray absorptiometry (DXA), measuring
appendicular lean mass (ALM), total lean mass, and total
fat, with a calculation of skeletal mass index (SMI = appen-
dicular lean mass, kg/height?), fat mass index (FMI = fat
mass, kg/height?).

Patients responded to the International Physical Acti-
vity Questionnaire-Short form (IPAQ-SF) [23, 24]. The
metabolic equivalent (MET), an indicator that characte-
rizes the energy consumption for PA, was calculated [25].
To determine the level of PA, the following categories were
used: category 1 — low PA (patients who do not meet the
criteria for the following two categories are considered in-

active); category 2 — moderate PA (includes subjects who
meet any of the following 3 criteria: vigorous activity 3 or
more days per week for at least 20 minutes a day; activity of
moderate intensity 5 or more days per week or walking for
at least 30 minutes per day; any combination of intensity 5
or more days per week to achieve at least 600 MET-minutes
per week); category 3 — vigorous PA (includes people who
meet any of the following 2 criteria: vigorous activity for at
least 3 days per week, achieving at least 1500 MET-minutes
per week; any combination of intensity 7 days per week with
the achievement of no less than 3000 MET-minutes per
week).

Statistical analysis

Statistical analysis was performed using the IBM® SPSS
Statistics software (version 28.0.1.1.14). Continuous data
were analyzed using the Shapiro-Wilk normality test to de-
tect distribution. Depending on the result, the data are pre-
sented as mean (M) = standard deviation (SD) or median
and interquartile range (IQR) (Me [25" — 75" percentile]).
To identify factors associated with HGS, univariate logistic
regression analysis was used to calculate the odds ratio and
identify the numerical indicator of the area under the curve
(AUC). Spearman’s rank correlation coefficient was used to
identify factors associated with PA. The level of significance
was set at p < 0.05.

Results

The study involved 23 female and 17 male patients. The
median age of the patients was 20 [IQR 18—25] years; the
median age at the onset of the disease was 10 [IQR 5—14]
years. The types of JIA were as follows: systemic JIA, 6
(15 %); enthesitis-related arthritis, 2 (5 %); oligoarticular
JIA, 18 (46 %); rheumatoid factor (RF)-positive polyarticu-
lar JIA, 7 (18 %); RF-negative polyarticular JIA, 6 (15 %),
juvenile psoriatic arthritis, 1 (2.5 %). The median body mass
index (BMI) was 20 [IQR 19—23] kg/m?. The median ESR
was 15 [IQR 6—33] mm/h; the median CRP — 5 [IQR
4-24] mg/l. The median DAS28-ESR was 4 [IQR 2—4];
JADAS27 — 10 [IQR 7—19]. Sixteen patients (40 %) took
glucocorticoids (GC) for more than 3 months. The median
duration of GC treatment was 24 [IQR 1—48] months; the
median daily dose of GC at the moment of enrollment to
the study — was 5 [IQR 1—10] mg. Eighteen patients (45 %)
took conventional disease-modifying antirheumatic drugs
(cDMARD:s), 3 of them with a combination of biological
disease-modifying antirheumatic drugs (- DMARDs), one
of them — monotherapy with tocilizumab.

Thirty-two patients had reduced muscle strength (80 %).
In a univariate analysis, it turned out that HGS was as-
sociated with BMI (odds ratio (OR) = 0.78; 95% con-
fidence interval (CI): 0.61—0.99; p = 0.04), with JIA du-
ration (OR = 4.15; 95% CI: 1.03—1.37; p = 0.02), with a
disease activity by JADAS27 (OR = 1.18; 95% CI: 1.02—
1.35; p = 0.02), as well as articular damage index JADI-A
(OR = 2.2; 95% CI: 1.02—4.75; p < 0.04). Protective fac-
tors for reduced HGS were as follows: male sex (OR = 0.12;
95% CI: 0.02—0.56; p < 0.0001), total BMD (OR = 0.001;
95% CI 0.000—0.12; p < 0.001), lean mass (lean arm mass
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OR = 0.32; 95% CI: 0.16—0.63; p < 0.001; lean leg mass
OR=10.48;95% CI:0.31-0.74; p< 0.001; ALM OR =0.61;
95% CI: 0.46—0.81; p < 0.001; total lean mass OR = 0.99;
95% CI: 0.9996—0.9999; p < 0.001; SMI OR = 0.97; 95%
CI: 0.86—0.99; p < 0.001); and PA (OR = 0.33; 95% CI:
0.17—0.64; p < 0.0001). Fat limb percentage increases the
risk of reduced HGS (fat percentage arms OR = 1.09; 95%

Table 1. Characteristics of JIA patients included in the study

Data Value
Age, years, median [IQR] 20[18-25]
BMI, kg/m?, median [IQR] 20[19-23]
JIA duration, years, median [IQR] 13[9-18]
ESR, mm/h, median [IQR] 15 [6-33]
CRP, mg/I, median [IQR] 5[4-24]
DAS28 scores, median [IQR] 4[2-4]
JADAS27 scores, median [IQR] 10[7-19]
GC treatment > 3 months, n (%) 16 (40)
Duration of GC treatment, months, median [IQR] 24 [1-48]
Daily dos_e of GC for the year preceding the survey, 5[1-10]
mg, median [IQR]
cDMARD, n (%) 18 (45)
bDMARD, n (%) 4(10)

CI: 1.02—1.16; p=0.01; fat percentage legs OR = 1.09; 95%
CI: 1.10—1.17; p = 0.007). We didn’t find a relationship
between HGS and ESR, CRP, DAS28-ESR, GC use, and
extra-articular damage index JADI-E. Factors associated
with HGS are presented in Table 2.

IPAQ results were distributed as follows: 40 % of patients
were in the “low PA” category, 25 % were in the “moderate
PA” while 35 % ofthe patientswere inthe “high PA”. The me-
dian of vigorous PA was 120 [IQR 0—960] MET-min/week;
the median moderate PA was 320 [IQR 152—1520]
MET-min/week; the median walking time was 248 [IQR
99—1073] min/day; the median sitting time was 330
[IQR 260—440] min/day; the median sum of PA — 728
[TQR 359-3846] MET-min/week. The sum level of PA
was positively correlated with total BMD (rS = 0.392,
p = 0.02), femoral neck BMD (rS = 0.429, p = 0.02), ul-
tra-distal radius BMD (1S = 0.534, p = 0.05), total lean
mass (rS=10.707, p < 0.001), ALM (rS=0.758, p <0.001),
SMI (rS=0.771, p< 0.001), HGS (1S=0.617, p < 0.001);
and negatively correlated with total fat (g) (rS = —0.340,
p = 0.03), fat mass index (rS = —0.38, p = 0.01), swollen
joint count (rS = —0.31, p=10.05) and articular damage in-
dex JADI-A (rS = —0.31, p = 0.05). Interestingly, disease
activity by DAS28 and JADAS27 and cumulative dose of
GC was not correlated with the sum level of PA in young
patients with JIA (p > 0.05). Factors correlated with PA are
presented in Table 3.

Table 2. Factors associated with reduced HGS in young patients with JIA (univariate logistic regression analyses)

Variable Coefficient, b = m P OR (95% CI) AUC (95% CI)
Age, years 0.07 £0.07 0.26 - -
Sex females 0.75 (0.58-0.87)

males -2.15+0.80 0.001 0.12 (0.02-0.56)

BMI, kg/m? -0.25+0.12 0.04 0.78 (0.61-0.99) 0.74 (0.57-0.86)
Disease duration, years 0.17 £ 0.07 0.02 1.18 (1.03-1.37) 0.76 (0.60-0.89)
ESR, mm/hour 0.06 £ 0.03 0.055 - -
CRP, mg/I 0.007 £0.010 0.52 - -
DAS28 0.49 £0.27 0.07 - -
JADAS27 0.16 + 0.07 0.02 1.18(1.02-1.35) 0.77 (0.60-0.89)
Articular damage index JADI-A 0.79£0.39 0.045 2.20 (1.02-4.75) 0.78 (0.62-0.90)
Extra-articular damage index JADI-E 0.91+£0.48 0.059 - -
BMD total, g/cm? -9.29+3.64 0.01 0.001 (0.000-0.12) 0.77 (0.60-0.89)
Current medication of GC 1.39+£0.87 0.11 - -
Cumulative dose of GC, mg 0.00026 + 0.00015 0.08 - -
Fatarms, % 0.086 +0.043 0.01 1.09 (1.02-1.16) 0.78(0.62-0.90)
Lean mass arms, g -1.14+0.34 0.001 0.32(0.16-0.63) 0.94 (0.81-0.99)
Fat legs, % 0.093 +0.035 0.007 1.10(1.03-1.17) 0.77 (0.60-0.89)
Lean mass legs, g -0.73+0.22 0.001 0.48 (0.31-0.74) 0.96 (0.84-0.99)
ALM, g -0.49+0.14 0.001 0.61(0.46-0.81) 0.96 (0.84-0.99)
Lean mass total, g —-0.00025 + 0.00008 0.001 0.9997 (0.9996-0.9999) | 0.94 (0.82-0.99)
SMI, kg/m? -2.29+0.73 0.002 0.10(0.02-0.42) 0.97 (0.86-0.99)
The sum level of PA, MET-min/week -1.16+0.35 0.001 0.33(0.17-0.64) 0.95 (0.82-0.99)

Note: p-values < 0.05 were considered significant.
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The mean of body composition parameters of patients
with JIA was as follows: total BMD — 1.060 £ 0.150 g/cm?;
total lean mass — 41,394.0 + 9,985.6 g; mean ALM —
17.76 £ 5.80 kg; total fat mass — 21,695.58 &+ 18,590.61 g;
total BMC — 2.398.5 &+ 662.2 g. The ALM positively cor-
related with HGS (rS = 0.8, p < 0.05), but the correlation
between ALM and FMI was not statistically significant
(rS = —0.1, p > 0.05). Interestingly to note, ALM negative-
ly correlated with the duration of the disease (rS = —0.6,
p <0.05), with ESR (rS = —0.4, p < 0.05), with the disease
activity by JADAS27 (1S = —0.4, p < 0.05), but not statisti-
cally significant with the CRP (rS = —0.07, p > 0.05).

Discussion

In the last decade, special attention has been attracted to
the connection between muscle mass, strength, and rheu-
matic diseases [26]. There is insufficient data about the re-
lationship between PA, HGS, body composition, and out-
comes among young adults with JIA, which is important for
implementing a non-pharmacological treatment plan to pre-
vent long-term physical and psychological consequences.

Thus, among young adults with JIA, 70 % noted mo-
derate-to-severe disability by Health Assessment Question-
naire-Disability Index and performed a low physical capa-
city [27]. Furthermore, pain causes a fear of movement, as
shown in a study that compared PA in patients with JIA and
healthy peers [28]. Gait speed was 11—15 % slower, chair-
rise repetitions were 28 % less, and stair-up and down times

were 26—31 % slower in patients with JIA. The Tampa Scale
of Kinesiophobia (TSK-11) assesses patient fear of move-
ment, whereas pain was higher in patients with JIA com-
pared to the control group. This again emphasizes the va-
riety of cause-and-effect relationships between JIA and
reduced PA and muscle strength.

The most frequently nominated domains affecting the
quality of life in young subjects with JIA appeared PA, work
or school, fatigue, and self-esteem [29]. Lack of PA due to
pain and joint damage lead to decreased bone, muscle mass,
and strength [30]. The studies [31—33] present that exerci-
sing reduces pain, improves the quality of life and increases
the range of motion and muscle strength in children and
adolescents with JIA. In a recent study [17] of 59 young adult
JIA patients compared with 60 healthy peers, PA and body
composition were studied using IPAQ and bioimpedance
analysis (BIA), respectively, and paralleled with quality of
life. Noteworthy, 66 % of patients with JIA had a sedentary
lifestyle compared with 22 % from the control group, even
though this study excluded patients with active JIA. Notably,
no significant differences were found in body composition
components by BIA. It was found that patients with higher
PA had a better quality of life.

Reducing such pro-inflammatory cytokines as tumor ne-
crosis factor-o and interleukin-6, and CRP positively affects
muscle and bone tissue [17]. Thus, a large observational
study showed that sarcopenia occurred significantly more
often in patients with a higher level of CRP [34]. The con-

Table 3. Correlation between the mean scores of the IPAQ with the clinical, disease indexes,
and body composition parameters of patients with JIA

Variable Vigor?us PA, Moder.ate PA, Walk-ing time, SUI‘E] PA,
MET-min/week MET-min/week min/day MET-min/week

Duration of JIA, years -0.282 -0.239 -0.276 -0.252
TiC -0.171 -0.095 -0.082 -0.088
sJC —0.484%x* -0.333* -0.172 -0.312*
HGS, kg 0.620%* 0.636** 0.605%* 0.617%*
ESR, mm/h -0.376* -0.233 -0.172 -0.243
CRP, mg/dL -0.242 -0.165 -0.102 -0.203
DAS28 score —-0.409%* -0.256 -0.287 -0.264
JADAS27 score -0.376* -0.265 -0.223 -0.241
Articular damage index JADI-A —0.414%** -0.322% -0.308* -0.311*
Extra-articular damage index JADI-E —0.342* -0.273 -0.269 -0.245
Cumulative dose of GC, mg -0.334 -0.206 -0.064 -0.163
ALM, g 0.798** 0.754** 0.718** 0.758**
SMI, kg/m? 0.775%* 0.745%* 0.765** 0.771**
L1_L4 BMD, g/cm? 0.213 0.205 0.288 0.243
Femoral neck BMD, g/cm? 0.440%* 0.357 0.543%* 0.429*
Total BMD, g/cm? 0.503%** 0.399% 0.368* 0.392*
Ultradistal radius BMD, g/cm? 0.506 0.599%* 0.274 0.534
Total fat, g -0.333 -0.334 -0.257 —-0.340%*
FMI, kg/m? -0.346* —-0.343* -0.279 -0.381*
Total lean, g 0.748%x* 0.716** 0.682%* 0.707%**

Notes: TJC — tender joint count; SJC — swollen joint count; * — p-values < 0.05; ** — p-values < 0.001.
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nection between an increasing concentration of CRP and
reduced muscle strength was also noted in other investiga-
tions [35]. Results of our study demonstrate the correlation
between disease activity by JADAS27 and reduced muscle
strength, but not with CRP and ESR alone.

There is a paucity of data regarding muscle strength in
young adults with JIA. Simultaneously, the results of studies
on children with JIA are controversial. One study compared
the HGS of 23 children and adolescents with JIA patients
with 46 healthy peers and found a negative correlation be-
tween grip strength and disease activity by JADAS27, juve-
nile arthritis functionality scale (JAFS), and a positive cor-
relation with the pediatric quality of life inventory (PedsQL)
[36] and determined HGS as a predictor of disease activity,
functional state and quality of life which coincides with the
results of our study. Another research showed decreased
muscle strength compared to healthy peers [37], in contrast
with a recent study that found no such difference [38], ex-
plaining this milder course of the disease and early diagnosis
in their study population. Thus, the study showed that JIA
patients have lower total BMD and muscle strength than the
control group, although no connection was found with di-
sease activity [37]. The authors explain this by the low di-
sease activity among participants, emphasizing that 42 % of
patients took bDMARDS. Appear plausible to explain the
results of the studies mentioned above and our research,
which demonstrate a correlation between BMD, muscle
mass, and strength, by “mechanostat theory” [39] and the
interplay between the bone-muscle axis.

Study limitations. We performed a monocentric study
with a small sample size and could not analyze different JIA
subtypes. Also, we realize that the estimation of PA by the
questionnaire is subjective. However, this study has impor-
tant clinical connotations. Many of our young adults with
JIA have decreased HGS and low PA. Our study demon-
strates that it is connected with disease activity and body
composition, which can explain increased cardiovascular,
osteoporosis, sarcopenia, falls and fracture risk, and other
comorbidities. This is the first study that has searched for the
connections between grip strength, PA, and body composi-
tion in young adults with JIA. The results establish the need
for further investigations.

Conclusions

The results of our study demonstrate a high prevalence of
low HGS, up to 80 % among young patients with JIA. In this
study, lower BMI, lower total BMD and arms, legs, total lean
mass, and SMI, longer disease duration, and higher disease
activity by JADAS27 and articular index damage JADI-A,
higher percentage fat were predictors of reduced HGS. Young
patients with JIA demonstrate different levels of PA. PA was
associated with lean and bone mass, HGS, and articular
damage. Encouraging patients to lead an active lifestyle can
significantly contribute to bone, muscle, and overall health.
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Kynuk M.C., fxxyc M.b.

HayioHanbHuii meduyHuli yHieepcumem imeHi 0.0. bozomonvys, m. Kuie, Ykpaina

Cuna cTuckaHHA, Pi3nyHa aKTUBHICTb Ta KOMNO3ULIMHNNA CKNag Tina
B MOJIO4NX AOPOC/NX i3 IOBEHIIbHMM iflionaTUYHMM apTPUTOM

Pe3tome. Axmyaavnicms. Cuna cruckanns kucti (CCK) i pibeHb
disnuHoi akTuBHOCTI (PA) BimoOpakaloTh CTaH 3M0POB’S JTHOIU-
HU B LIJIOMY i HA CbOTOMIHI PO3IJISIIAIOTHCS SIK TTPEAMKTOPH TTijI-
BMILEHOI 3aXBOPIOBAHOCTI Ta cMepTHOCTI. Mema: BU3HAYUTH pi-
BeHb MDA, CCK Ta KOMNO3ULIWHUI CKJIa Tila, a TAKOX (haKTo-
p4, TIOB’s13aHi 3 LIMMU TTOKa3HUKAMU, B MOJIOJUX OCi0 3 FOBEHIJIb-
HuM igionatnaauMm aptputom (FYOIA). Mamepiaau ma memoou. B
OJTHOLIEHTPOBOMY JTOCJI/KEHHI 3a yyacTio 40 MOJIOAMX TOPOCTUX
oci6 3 FOIA Bikom 18—30 pokiB 3i0paHi naHi mpo MA, akTUBHICTh
3aXBOPIOBAHHS, CYIJIOOOBI Ta IM0O3acyrjI000Bi ypaXkKeHHs i olliHe-
HO AesIKi KJIiHiYHi Ta aHTPOIMIOMETPUYHI IMapaMeTpu. YciM 00cTe-
JKEHMM BU3HAYalu KOMIO3ULIMHUI CKJIAd Tija 3a JOMOMOTOIO
NIBO(MOTOHHOI PEHTreHIBChbKOI abcopOuiomerpii, piBeHb DA — Ko-
poTKoi Bepcii MixkHapomHoro onutyBasbHUKa MDA (International
Physical Activity Questionnaire), cury CTUCKaHHSI — 3a JIOTIOMO-

roio pyaHoro nuHamometpa. Pezyasmamu. Y 16 (40 %) manieHTiB
3 FOIA BinmiueHO Masopyxomuii crioci6 xuTts, y 32 (80 %) — 3Hu-
xeHy CCK. OctanHs Oyiia moB’si3aHa 3 )KiHOUYOIO CTATTIO, HIKIMM
iHIEKCOM MacH Tijla, BUILIOIO aKTUBHICTIO 3aXBOPIOBAHHS Ta iHACK-
COM CYIJIOOOBUX YpaXkeHb, TOJi SIK MiHepabHa IIITbHICTb KiCTKO-
Boi TkaHnHu (MIIKT) i 3HexupeHa maca Tia BusBuiucs axkro-
pamM#, IO 3aro06iraloTh 3HMXKeHHIO M 5130801 cuiu (p < 0,05). Pi-
BeHb MDA O3UTHBHO KopestoBaB i3 mokasHukamu MILKT ta 3He-
JKMPEHOI Macu TiJla i HeraTUBHO — i3 XKUPOBOIO MAcOI0, KiJIbKiCTIO
HaOPSKINX CyrIO0iB i1 iHAEKCOM CyroboBuxX ypaxeHs (p < 0,05).
Bucrnosxu. YOIA nipu3BoaKUTb 10 3MiH KOMITO3ULIIHHOIO CKJIajy Ti-
J1a, 30KpeMa M’sI30BOi MacH, Ta M’SI30BOi CHJIA, & TOMY € OKPEMUM
(aKTOPOM PUBUKY PO3BUTKY CApKOIICHil.

Kii04oBi €J10Ba: 10BeHiNbHMI imiomaTUUHMIT apTPUT; cuIa
CTUCKAHHS; Di3nIHA aKTUBHICTh; KOMITO3UIIIMHUI CKJIaI Tijia
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KniniyHe 3HayeHHA agnnokKiHoBoro npodinio
(nenTHY N agNNOHEKTNHY)
Yy XBOpMX Ha noaarpy

Pe3tome. AkmyaneHicme. OCTaHHIM YacOM Y NiTEPATYPHUX AXKepenax 3'aBNATbCA YACIEHHI AaHi LOAO MOXKIIN-
BOrO BMAUBY NIENTUHY 1 aAUNOHEKTUHY Ha PO3BUTOK i NPOrpecyBaHHA peBMaTUYHNX 3aXBOPIoBaHb. [locnigxKeHo,
LL|O 3POCTaHHA PIBHA NENTUHY N afUNOHEKTNHY aCOLIOETbCA 3 riNnepyprKeMIEI0 MPU Pi3HMX NATONONYHUX CTaHaX.
MpoTe AaHi CTOCOBHO aAUMOKIHOBOro Npodinto, a came PiBHIB NeNTUHY 1 aAUMOHEKTHHY, Y XBOPUX Ha nogarpy ob-
MexeHi. Mema: BUBUMTY BMICT NENTUHY N afMNOHEKTMHY B CMPOBATLIi XBOPMX Ha MoAarpy 3anexHo Bif nepebiry
3aXBOPIOBAHHSA, @ TAKOX OLIHWUTK iX 3B'A30K 3 KAiHIYHMMM 0co6nmMBOCTAMY Nepebiry 3axBoptoBaHHA. Mamepianu
ma memoodu. O6cTexxeHo 151 xBoporo Ha nogarpy (yci YonoBiku, cepefHin Bik 52,4 + 9,2 poKy), KOHTPOJIbHY Fpyny
CTaHOBMB 31 NPaKTMYHO 3[40POBUI YONOBIK TOTO X BiKy. Pesyiemamu. Y XBOpux Ha nofarpy BUABUAN BULLNIA Pi-
BEHb JIENTUHY, H/XUYNIA PiBEHb aANMOHEKTUHY | MEHLUMIA MOKAa3HUK CMiBBifHOLWEeHA agunoHekTH/nenTtuH (Ig A/J)
MOPIBHAHO 3 NMOKa3HUKaMM MPaKTUYHO 3A0poBuX ocib. MNnepnentuHemito (piBeHb nenTuHy > 5,91 Hr/mn) BusBne-
Ho B 49,7 % 0cib, rinoagunoHeKTUHeMiIlo (piBeHb agUMNOHEKTUHY < 3,61 MKr/Mn) — y 66,9 % i gncagunokiHemito
(Ig A/ < 3,2) — y 82,1 %. YacToTa rinepnentuHemii, rinoaannoHeKTUHeMIT Ta AncagunoKiHemii 6yna BiporigHo
BULLOIO Y XBOPKX Ha nofarpy 3 HasABHicTo Todycis (y 3,9; 1,7 i 1,4 pa3a BignosigHo). fiBrwe gncagunokiHemii acoui-
t0BaSIOCH 3i 36i/bLUEHHAM TAMXKOCTI 3aXBOPIOBAaHHA — BiNbLLIOIO KiNbKicTio yparkeHUX cyrnobis, 6inbLLoo YacTOTO0
3aroCTpeHb NoJarpMYHOro apTPUTY NPOTArOM POKY, GiNlbLIOID BUPAXEHICTIO 60JIbOBOro CMHAPOMY 3a BidyaslbHO-
AHaNoroBoIO WKano, BULUM PiBHEM CEYOBOI KUCNTOTU CUPOBaTKKM KpoBi (r=-0,23;r=-0,24;r=-0,35;r=-0,44 Big-
noBiAHO; p < 0,01 AnA ycix NoKa3HuKiB). BucHo8Ku. Y XBOPUX Ha MOAarpy Bif3HaYaEeTbCA MOPYLLEHHA aANMOKIHOBO-
ro npodinto: NiABULLEHHA PiBHA NENTUHY, 3HVXEHHA PiBHA aAUMOHEKTUHY Ta 3HUXKEHHSA iX cniBBigHowWweHHA (Ig A/N).
HapocTtaHHa anc6anaHcy aannokKiHiB acoLiloeTbCA 3 TAXUMM NepebiroM 3aXBOPIOBAHHSA | MOXe po3rnaaaTica AK
HeCnpUATANBUIA NPOrHOCTUYHUI daKTop.

KniouoBi cnoBa: nogarpa; nentviH; aqunoHeKTVH; CNiBBiAHOWEHHA aAVNOHEKTUHY/NENTUHY

Bctyn

Ilomarpa € HaiOUTBILI MOIIMPEHUM 3aNaIbHUM apTPUTOM
y BcboMy CBiTi [1]. OcTaHHIMU poKaMM BiI3HAYalOTh HAIBU-
COKi TEMITH 3pOCTaHHSI MOIIMPEHOCTI 3aXBoploBaHHS [2] 3a-
rajioM i cepesi ocib MoJsionoro Biky 3okpema [3]. Lt moparpu
XapaKTepHMIA TTOCTIHHO MEePCUCTYIOUMI 3arabHUI TIPOLIEC,
MPOTPECYIOUNii TIepeoir, SIKMiA CYTTPOBOIKYETHCSI BUPAXKEHUM
00JILOBUM CMHAPOMOM. Pa3zoMm i3 TpamuiiitHiIM IOIIKOMKEH-
HSM CYIJIOOIB 3aXBOPIOBAHHSI XapaKTEPU3YEThCSI HU3KOIO
€KCTpacyrJIo00BUX IMPOSIBIB i 3HAYHOIO MipOIO BIUIMBA€E Ha
Mpalle3IaTHICTD i SIKICTh XWUTTS MauieHTiB [4]. ¥V 3B’I3Ky 3i
3POCTaHHSIM MOIIMPEHOCTI ITOAarpy 3HAYHUH iHTepeC CTaHO-
BUTb BUSIBJIEHHSI HOBUX OioMapKepiB, SIKi BIUIMBAIOTh Ha pO3-
BUTOK i MMPOrpecyBaHHs 3aXBOPIOBAHHS. Y 1IbOMY KOHTEKCTi
3HAUHUM iHTepec CTaHOBUTh BUBYEHHS POJIi aUIOKIiHIB, a
came JientuHy i anunoHekTrHy. Tak, C. Tsioufis i criiBaBT. Oy-

JIO BUSIBJICHO, 1110 3HWXKEHHS PiBHS aIUTTIOHEKTUHY CYITPOBO-
IKYETHCST 3pOCTaHHSIM piBHS ceyoBoi kuciaotu (CK) y mani-
€HTIB 3 TINEPTOHIYHOI0 XBOpoOo1o [5]. M. Lubawy Ta criiBaBT.
BiZ[3HAYAJIN MIPSIMUIA aCOLIIaTUBHUIA 3B’SI30K MiXK piBHEM JISTI-
tuny i CK [6]. Ha nomaTok 10 MeTabo/1iuHOI aKTUBHOCTI JaHi
QIUTIOKIHU POSITISIIAIOTH SIK OJIMH 3 KJTIOYOBHX (DaKTOPIB T1a-
TOTeHE3Y JIEeSIKMX PeBMaTUYHUX 3aXBOPIOBaHb. Tak, BCTAHOB-
JIeHa iX po3anaibHa poJib IIPX OCTe0apTpuTi [ 7, 8], peBMaTo-
inHOMYy [9, 10] i mcopiatmuHomy aptputax [11]. [llomo xBopux
Ha TIoarpy, TO AaHi Mpo 3MiHU PiBHIB aaUIIOKiHIB y HUMX Ha
CBOT'OJIHI BifICYTHi, HE BUBYEHUI 3B’SI30K JICITUHEMII Ta aui-
MOHEKTUHEMIT 3 TepebiroM 3axBoproBaHHs. MeTo poGoTh
OyJI0 BUBUMTH BMICT JIENITUHY I aAUTIOHEKTUMHY B CUPOBATLI
XBOpHMX Ha MoJarpy 3ajexHo Bil Iepediry 3aXxBOproBaHH:I, a
TaKOX OLIIHUTH iX 3B’SI30K 3 KJTiHIYHUMM OCOOTMBOCTSIMU T1€-
pebiry 3aXBOpIOBaHHSI.
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Marepianu Ta meToan

O6cTexeHo 151 xBoporo Ha mojgarpy 4oJjioBika. [liarHos
nojarpyv BCTAHOBJIIOBAAW Ha TiacraBi kputepiiB ACR/
EULAR 2015 poky [12]. [lo rpynu KOHTpoJItO OyJ10 BKITIO-
geHo 31 MpakTWUIHO 3IOPOBOTO YoJOBiKa. JocmimKkeHHs
CXBaJIeHE €TUYHOI0 KOMicielo BiHHUIIBKOTO HallioHATbHO-
ro MenuaHoro yHiBepcuteTy imeHi M. 1. I1uporoBa (mpoto-
xost Ne 4 Big 11.06.2018), i Bci i10ro y9acCHUKM IMiAITHACATN
BinnmoBinHy hopmy iHhopmoBaHoi 3roau. KpurepissmMu He-
BKJIIOUEHHSI TALiEHTIB y JOCiIKeHHS OyJIu: BiK, MEHIIIMMA
3a 18 pokiB, xkiHOYa cTaTh, CYIyTHi 3aXBOPIOBAHHS B CTail
NIeKOMITeHcallil, aJJKOrojibHa YU HApKOTUYHA 3aJIeKHiCTb,
iH(eKIifiHi 3aXBOpIOBaHHSI, OHKOJIOTIYHI 3aXBOPIOBAHHSI,
BiIMOBa XBOPOTO Bil y4acTi B TOCTiI>KEHHI.

KiriniyHe o0cTexXXeHHsT CKiIamalioch 3i 300py aHaMHec-
TUYHUX JTaHUX (OLIHIOBAJIM TPUBATICTh 3aXBOPIOBAHHS,
KUTBKiCTh HaIlaliB YIIPOZOBXK OCTAHHLOTO POKY, KUJIbKiCTh
ypaXkeHuX Cyrio0iB, HasBHICTH TOQYCiB); (iznKaIbHO-
ro orjsamy (BUSBIEHHSI OOJIOUMX CYIJI00iB, IigpaxyHOK
KinbkocTi TodyciB). Inmekc macu Tima (IMT, kr/m?) pos-
paxoByBaiu 3a (opmysolo Kerine. IHTeHCUBHICTH 00O
BUMipIOBaJIM 32 Bi3yaJIbHOIO aHAJOIOBOIO IIKaJ0l0 0OJII0
(BAIII), ne 0 — Hemae 6omo, 10 — MakcUMaIbHUI OiJb.
DyHKIIOHAIbHY 3MaTHICTh XBOpUX OliHIOBaIM 3a Health
Assessment Questionnaire (HAQ). PeHtreHonoriuHe 00-
CTEXXEHHS YpaXkeHUX CYTJI00iB MPOBOIMIIN 3a CTAaHAAPTHU -
MU METOAMKAMU.

3abip KpoBi I AOCTIIKEHb 3MiMCHIOBAIA B CTaHIAPT-
HUX YMOBaX: ypaHIli HaTIIe (MiX B3SITTSIM KPOBi i OCTaHHIM
MIPUIOMOM 1Xi TOBUHHO OyJI0 MUHYTHA He MeHIIe 3a 12 ro-
IUH). YMICT enTuHy (Hr/MJI) Ta aAMIOHEKTUHY (MKT/MJT)
Y CUpOBATIi KpOBi BUBHAYAIM IMyHO(PEPMEHTHUM METOIOM
Haoopamu Human Leptin ELISA Kit (DRG, Germany) i
Human Adiponectin ELISA (Mediagnost, Germany) Bia-
MOBITHO A0 IHCTPYyKLii (ipMu-BUpoOHUKa. OLIHKY BU-
PaXEHOCTI AMCAIUIOKiHEMil pO3paxoByBalu SIK CIiBBiJ-
HOILIEHHSI MiXX BMIiCTOM aaWIOHEKTUHY i jsienTtuHy (A/JI)
i momaBanu y BUIJISIAL ecaTkoBoro jorapudmy (lg A/JT).
PospaxyHok iHTerpajbHOro ITOKa3HMKa IUCATUIIOKiHEMil
lg A/JT abo log,, (cHiBBiIHOLIEHHS AAMIIOHEKTHH/JIET-
TWUH) 3MiMCHIOBAJIM TaAKMM YMHOM: PiBeHb aIUTTOHEKTHUHY 3
MKT/MJI TIEPEBOIIIN B HT,/MJI, a TIOTiM PO3paxoByBaJIU CITiB-
BigHoteHHs A/J1. 3 OTprMaHOTO Pe3yIbTaTy sl 3pYYHOCTI
00UMCITIOBAIIU IeCATKOBMIA Torapudm — Ig A/J1.

JI71s1 TIoAaIbIIOro aHalli3y 3TiIHO 3 KBapTUJIbHUM PO3-
MOIJIOM CUPOBATKOBOIO BMICTY JIENITUHY XBOpPi Ha IIO-
garpy Oyiu rogineHi Ha 4 rpynu: 1-il KBapTWIb BKJIIOYaB
36 xBopuX (3 piBHeM mokasHuKa < 3,44 Hr/mi), 2-i KBap-
b — 37 ocib (Bix 3,44 no 5,77 Hr/mi), 3-it KBapTWIb —
36 oci6 (Bim 5,77 no 7,49 Hr/mn) i 4-it KBapTUIb — 42 0CO-
ou (> 7,49 ur/mn).

XBOpHUX TaKOX PO3MOAUIWIM Ha 4 TPynu 3a PiBHSIMU
aIUIIOHEKTUHY: 1-f KBapTwib — 34 ocobu (3 piBHEM II0-
kazHuka < 2,00 Mxr/mi), 2-it kBapTuib — 44 ocobu (2,0—
2,55 mxr/mi), 3-it KBapTuiib — 37 oci6 (2,55—4,30 Mxr/mi)
i 4-i1 kBapTHIB — 36 0Ci0 ( > 4,30 MKT/MIIT).

AHaJ0TiYHMM YMHOM MalliEHTU OyJu po3mojiiieHi Ha 4
IpyNU 3riTHO 3 Jorapu(GMOBaHUM CITiBBiZHOIIECHHSIM A/JI:
1-it kBapTuab — 37 oci6 (3 mokasHukom 1g A/J1 < 2,34),

2-it kBapTiiib — 37 oci6 (g A/JT1 2,34—2,66), 3-ii kBap-
™iab — 39 oci6 (Ig A/JT 2,66—3,10) i 4-it xBapTHIb — 38
oci6 (Ig A/J1 > 3,1) BinmosimgHo.

Cmamucmuynuii aunaaiz. IlepBuHHa 0GpoOKa Mare-
piany 31ifiCHIOBaJlach 3a JIOTIOMOTOI0 CTATUCTUYHUX TPO-
rpam MS Excel i Statistica SPSS22. YacTora KiabKicHUX
IMOKA3HUKIB MogaHa B abcomoTHuX (n) i BimHOCHUX (%)
4yacToTax, HaBoAuBcs noBipuuii intepBan ([1I). Pesynbra-
TU MOAAHi y BUINISIAI M £ G mist 3MiHHUX 3 HOPMaJbHUM
posnoaisiom, ie M — cepenHe 3HaUEHHS, a G — CEpPeIHE
KBa[paTHYHE BIIXUIEHHH, a TakoX y Busiai Me [P,; P
IUIS 3BMIHHUX 3 pO3MOijoM, 1o OyB BiIMiHHUM Bif HOpP-
MaibHOTO, e Me — memiana, P, P, ; P, P.; Py Pi.—35,
10, 25,75, 901 95-# mpouentnnita Q,Q,, Q,,Q, — 1, 2, 3
i 4-i1 KBapTWJIi.

Jns ouiHKY BiIMiHHOCTE# MiX rpynaMu BHUKOPHUCTO-
ByBaJIM mapaMeTpnuHuii t-kpurepiii CteiogeHTa. OliHKa
3B’S13Ky MiX MTOKa3HUKaMM 3MiiCHIOBAIaCh 3a JIOTIOMOTOI0
koedimieHTa kopenanii Ilipcona. CTaTUCTMYHO 3HAYM-
MOI0 BBaxKanu pizHuiio mpu p < 0,05.

Pesynbratn

YV 1abn. 1 HaBeneHa KJliHiYHA XapaKTepUCTUKA XBOPUX
Ha moxaarpy. Bik maui€HTiB, BKIIOUYEHUX y JOCTiIKEHHS,
KoJTrBaBcs Bim 34 1o 67 pPOKiB i B CepeIHHOMY CTAaHOBUB
52,4 £ 9,2 poky. Cepen oOCTeXeHUX TepeBakaln XBOpi
BikoM Bin 50 mo 59 pokiB (47,1 %). Ha yac mociimkeHHsS
MeliaHa TPUBAJIOCTI 3aXBOpIOBaHHs cTaHoBmiIa 7,0 poky
3 iHTepKBapTWILHUM iHTepBajioM [4; 14,0]. I1pu mpose-
JeHHi 00’ekTuBHOrO obcrexxeHHst B 51 (33,7 %) xBoporo
OyJ10 BUSIBIIEHO TodycH, ITpuiomy cepen Hux 10 i Oinbine
todyciB Manu 58,8 % nauieHTiB. KiibKicTh 3arocTpeHb I10-
JIarpMYHOTO apTPUTY 3a OCTaHHIil pik ctaHoBuaa 3,0 [2,0;
5,0]. ¥ 7 (4,6 %) xBopux OyJu BiICYTHi Hamaau MpOTSITOM
OCTaHHBOTO POKY, 52 mauieHtn (34,4 %) manu 1-2 nona-
IpUYHi aTtaku, Todi K moHaza 10 HamaaiB 3a OCTaHHIN piK
Maun Jiatie 4 (2,6 %) XBopux.

KinpkicTh ypaxeHux cyrio6iB cranoswia 7,0 [4,0;
12,0], mpuyomy B 67,5 % mali€eHTIB MaTOJOTIYHUM TIPO-
1ecoM OyJio ypaxeHo roHan 4 cyryioou. [1poananizyBaBiim
JIETAJTbHO XapaKTep ypaxkeHHsT OITOPHO-PYXOBOTO arapary,
MU BUSBWIH, 110 51,6 % xBopux Ha nmogarpy Mauu 11 peHT-
TeHOJIOTIUHY cTamito, 39,1 % xBopux manu 111 peHTreHoI0-
TiYHy cTafilo.

Ingexc macu Tinma mauieHTiB craHoBuB 31,26 [29.4;
33,7] xkr/m?. CuposaTkoBuii piBeHb CK y XBopux Ha moaa-
rpy — 461 [392; 564] MKMoJTb/71. IHTEHCHBHICTH OOJTBOBOTO
CHHApOMY, 1110 olliHoBau 3a BAILI, cranoBuia 57 [39; 73].
Meniana dyHkuioHanbHoro crany 3a HAQ y 3araibHiii Ko-
roprti xBopux Ha nogarpy cranoswia 0,75 [0,5; 1,6].

CynyTHst matoJjiorist 6yna BusiBiieHa B 102 (67,5 %) xBo-
pux Ha nonxarpy. ¥ CTpyKTypi KOMOPOiIHOCTI TiepeBakaiun
TaIlieHTH 3 OXKUpiHHAM (40 %), cepem iHIMX KOMOPOiTHIX
3aXBOPIOBaHb HaWJacCTillle BUSIBJISIA 3aXBOPIOBAHHS Cep-
LI€BO-CYOIMHHOI CUCTEMHU, a caMe apTepiaJbHy TilepTeH-
3i10 Ta imeMiuHy xBopo©Oy cepus (14,9 i 34,9 % Binnosin-
HOo). Jlemo piaiie BUSIBIASUIM LYKPOBUA Aia0GeT 2-TO TUILY
(2,7 %), XpoHiuHy XBOpoOy HUPOK (4,3 %), ocTeoapTpuT
(2,4 %) i xponiunwmii xoneuuctut (0,8 %).
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Tabnuys 1. KniniyHa xapakmepucmuka xeopux Ha nooazpy

MoKasHuK 3Ha4yeHHs
3aranbHa KinbKiCTb XBOPUX 151 (100)
BiK, poku 53,0[47,0; 58,0]
30-39 15(9,9)
40-49 36 (23,8)
50-59 71(47,1)
MoHap 60 29 (19,2)
TpuBanicTb 3aXxBOPIOBAHHS, POKK 7,0[4;14,0]
KinbKicTb TOQycCiB 1(33,7)
1-3 0(19,6)
4-9 1(21,6)
10 i 6inble 0 (58,8)
KinbKicTb Hanagis npoTsiroM 0CTaHHbOIo POKY 3,0[2,0; 5,0]
0 7(4,6)
1-2 52(34,4)
3-5 56 (37,2)
6-10 32(21,2)
Mowap 10 4(2,6)
KinbKicTb ypaxeHux cyrnobis 7,0[4,0; 12,0]
MoHoapTpuT 11(7,3)
OniroapTtput (2—3 cyrno6u) 38(25,2)
MoniapTpuT (> 4 cyrnobu) 102 (67,5)
PeHTreHosnoriyHa ctagis
| 14 (9,3)
I 78(51,6)
I} 59(39,1)

Mpumimka: dani HaeedeHi y euznadi n (%) abo Me [P, P, ], de
Me — mediana; P,, — 25-ii npoyeHmune; P,. — 75-ii npoyeH-
mune.

Pesynbratu mociimKeHHsT moKasalu, IO TpyIa XBOPUX
Ha IoJarpy BiporiaHO BiIpi3HsIAaCh Bil KOHTPOJIbHOIL IPYIIU
3a BMiCTOM JIeNTHHY. PiBeHb 0CTAaHHBOTO B CUPOBATIIi KPO-
Bi MPaKTUYHO 3I0POBUX OCiO BUSIBUBCS B Mexkax Bim 1,35
10 5,91 ar/mn (95% J11) 3 MeniaHO¥O Ta iIHTEpKBapTHIBHUM
intepBanom 2,68 [2,03; 3,57] ur/ma (ta6:. 2). PiBeHb Jer-
TUHY y XBOPMX Ha IToJarpy KoJauBaBcs B Mexkax Bif 2,06 10
18,15 Hr/mn 3 MeniaHoto 5,77 Ta iHTepKBapTUILHUM iHTEp-
BasioM [3,44; 7,49] Hr/mu1 i 3a cepeiHiMU BeJIMUMHAMU OyB
y 2,18 paza BUIIIUM, HiX Y TPYITli KOHTPOJIIO.

JlocmimKkeHHsI piBHS aIUIIOHEKTUHY B CUPOBATIIi KPOBi
XBOPHUX Ha ITOAarpy i KOHTPOJIbHIl TPYIIi TAKOX 3aCBiIIMIIO

CYTTEBI BIIMIHHOCTI 11I0J0 BMIiCTY LIbOTO aUIOKiHY. BmicT
aIUTIOHEKTUHY B CUPOBATLi KPOBi B MPAKTUYHO 310pO-
BMX 0Ci0 KoimBaBcs B Mexax Bix 3,61 mo 14,05 Mkr/mi 3
MeJIiaHOI0 Ta iHTepKBapTWJIBLHUM iHTepBajioMm 6,47 [4,93;
8,42] MKT/MJ1 BiIMIOBIAHO, TO/I SIK Y XBOPUX HA MOJATpy BiH
BUSIBUBCS B MexXax Bin 1,14 mo 7,22 MKT/MJI 3 Me/liaHOIO Ta
iHTEepKBapTWILHUM po3roniaom 2,55 [2,0; 4,3] i 3a cepen-
HiMM BeJIMYMHAMU OyB HIDKUYMM Yy 2,53 pasa, HiX y IpyIii
KOHTPOJTIO.

Po3paxyHoK iHTerpajiIbHOI0 MOKa3HMKA AUCATAUIIOKIiHE-
Mil 3aCBiIUMB, 110 Y XBOPUX Ha IoAarpy JorapudmoBaHe
CIiBBITHOUIEHHSI CUPOBATKOBUX PiBHIB alUMOHEKTUHY i
nentuny (g A/J1) konuBanocs B mexax Bin 2,00 no 3,5 3
MeaiaHow 2,66 Ta iHTEpKBApTUJIBHUM iHTEpBasioM [2,34;
3,1]. Y npakTU4yHO 310pOBUX YOJIOBIKIB 11i [TOKa3HUKU OYy-
JI1 B MexXax Bia 3,2 no 3,57 3 MelliaHOIO Ta iHTepKBapTUIIb-
HuM iHTepBasiom 3,39 [3,35; 3,42]. 3a cepeqHiMu BeTMYM-
HaMM B KOHTPOJIbHIHN Tpyrmi noka3Huk lg A/Jl BusiBUBCs
BUIIUM y 1,24 pa3a.

JlocnmimkeHHsT aauMnoKiHOBOIO Mpodiilo 3acBimyniIu,
1110 Y XBOPUX Ha MOAArpy CIOCTEPirajoch MiIBUILEHHS Ha
54 % piBHS JENTUHY 3 OMHOYACHUM 3HWXKEHHSIM Ha 53 %
PiBHSI aIMITOHEKTHMHY B KPOBi Ta 3HMKEHHSIM iHTErpaib-
HOTO MOKa3HWKa aucanumokinemii Ha 24 %. [lpu mpomy
rinepyenTuHeMist (piBeHb JICNTUHY > 5,9 HI/MII) BUSIBIISI-
nack y 49,7 % ocib, rimoaaunmoHeKTUHeMIsT (piBeHb amu-
TMoHeKTHHY < 3,6 MKT/MII) — Yy 66,9 % i nucagumokiHemist
(IgA/J1<3,2) —y 82,1 %.

KpiMm Toro, Hamm IpoBemeHO KBapTWJIBHWUI aHai3
KJIiHIYHUX TTOKa3HMKIB XBOPUX Ha IIOHArpy 3ajiesKHO Bil
BMICTY JICTITUHY, aAUIIOHEKTUHY i JIorapr(MOBaHOTIO CITiB-
BimHomeHHs A/JI. KiliHiuHa XapaKTepuUCTUKA XBOPUX Ha
MoJarpy 3aJIeXKHO Bill KBapTWJILHOTO PO3IMOILTY CUPOBaT-
KOBOTO piBHs JICTITUHY HaBeAeHa B Ta0. 3.

BcraHoBiieHO, 110 3MiHU CUPOBATKOBOTO PiBHS JIENTU-
HY Y XBOpMX Ha TIOJIarpy He 3aJIeXalu Bifl BIKy — cepeaHiil
BiK XBOpMX 2-TO i 3-TO KBapTWIiB Malixke He BiIpi3HSBCS
BiIl moKa3HMKa 1-ro KBapTwis. 3a CIiBBiIHOIIEHHSIM OCi0
PiZHUX BIKOBMX KaTeropiii yci KBapTUJIbHI Tpyrnu Oyau pe-
Mpe3eHTaTUBHI.

3 OiABUIIEHHSM BMICTY JICIITUHY CIIOCTEePIrajJoch 3poc-
TaHHS TPUBAJIOCTI 3aXBOPIOBaHHS. TakoX 3’5ICyBaIOCh, 1110

Tabnuys 2. Bmicm nenmuHy i aOunoHeKmMuHy 8 Kpoei ma 3Ha4yeHHs iHmezpanbHO20 NoKasHuUKa oucadunokinemii (Ig A/J1)

y Xeopux Ha nodazpy
MpoueHTuni
Mpynu Mzto Me
P, P, P, P Py, P,
JlentuH, Hr/mn
KoHTponbHa rpyna 3,01+1,36 2,68 1,35 1,45 2,03 3,57 5,49 5,91
XBOpi Ha nogarpy 6,56 + 4,31* 577 2,06 2,23 3,44 7,49 12,14 18,15
AANMNOHEKTUH, MKI/MA
KoHTponbHa rpyna 7,10+ 2,86 6,47 3,61 4,21 4,93 8,42 12,52 14,05
XBopi Ha nogarpy 3,33+£1,87* 2,55 1,14 1.4 2,0 4,3 6,63 7,22
Ig A/l
KoHTponbHa rpyna 3,38+£0,08 3,39 3,20 3,23 3,35 3,42 3,50 3,57
XBopi Ha nogarpy 2,71 +0,46%* 2,66 2,00 2,06 2,34 31 3,42 3,5

Mpumimka: * — p < 0,001 mix 2pynamu.
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KBapTUJIbHI JIENTUHOBI TPYMHU BiIPi3HSIIOTHCS 3a KIiHIYHU-
MU TmapametpaMu. I1ig yac aHami3y KBapTUILHOTO PO3ITO-
NliJTy CUPOBAaTKOBOTO PiBHSI JIENITUHY XBOPUX Ha TOAarpy
3a KUJIbKICTIO ypaxke€HMX CYIJI00iB Bil3Havyaaucs BiporimHi
MIXTpPYTNOBi BifMiHHOCTI MiX 2, 3 i 4-M kBapTuieM. Tak, y
2-My KBapTUJli KiJIBKiCTb ypaXKeHHNX CYIJI00iB Y cepenIHbO-
My craHoBmiaa 5,23 + 3,10, y 3-my — 8,8 £ 5,0, y 4-my —
13,4 £ 4,8, Toxi sk MeaiaHa i1 iHTepKBapTWIbHUIA iHTepBas
cranosuu 4,0 [3,0; 8,01, 8,0 [6,0; 10,7]1 13,0 [11,0; 15,0]
BiIMoBigHO. 3i 3pOCTaHHSIM BMICTYy JISITUHY B CUPOBATLIi
KpOBi BiA3zHavyaaocs 30iIbIIeHHS KiJIbKOCTI HamaaiB moaa-
TPUYHOTO apTPUTY 3a ocTaHHi 12 micsuiB. Takox Bing 1-ro
110 4-T0 KBapTWJISI BIpOTiZHO 3pOCTajia yacTKa XBOPMX 3 Ha-
SIBHICTIO TO(DYCIB i KiJIbKICTh XBOPUX 3 OUIBIIOIO KiTBKICTIO
To(yciB.

BusiBuioch, 1110 MiABUILIEHHS BMICTY JIENTUHY B CUPO-
BaTLi KPOBi CYIIPOBOIXKYBaAIOCH 3pocTaHHsIM piBHsI CK
y KpoBi. Tak, y XBopux 3 piBHEM JIENITUHY, BUIIUM HIX
> 7,49 ur/mn (4-ii kBapTuib), piseHb CK y cupoBariii Kpo-
Bi OyB 556,2 + 113,8 MKMOJIb, TO/II SIK Y XBOPUX 3 HU3BKUM
piBHeM JentuHy < 3,4 (1-i1 kBapTmib) CK cupoBaTKu Kpo-
Bi Oysa Ha piBHi 418,2 + 118,3 MKMoJIb/I1.

TToka3zHuku BTpatu GyHKIIOHAIBbHOI 31aTHOCTI 32 HAQ
XBOpUX Ha mojarpy 3-ro i 4-ro KBapTUJIiB OyJu BipOTiIHO

BUIIIMMM, HiXX Y XBOpUX 1-r0 i 2-ro KBapTUIIiB. 3pOCTaHHS
PIiBHSI JIEITUHY CYMPOBOXKYBAIOCh i 30LIbIIICHHSIM iHTEH-
cuBHocTi 6010 32 BALLl y 3-my i 4-My KBapTUIIsiX, TOMI SIK
MOKa3HUKM 1-T0 i 2-10 KBApTWIIiB Maiixke He BiIpi3HSIUCH
MiX coboro. OTXe, MIBUIIIEHHS BMICTY JISNTUHY B CHPO-
BaTIli KPOBi CYIPOBOIKYBAIOCH 30LIBIICHHSIM KIiHIYHOI
TSKKOCTI 3aXBOPIOBAHHS.

Takox MM IpoBeIv KBapTUIbHUM aHai3 KIiHIYHUX I10-
Ka3HUKIB 3aJIe3KHO Bil CMPOBAaTKOBOIO BMIiCTY aJUITIOHEK-
TuHY (Tabi. 4). Tak, BCTAaHOBJICHO, 1110 3MiHA PiBHIB agu-
MOHEKTUHY Y XBOPUX Ha IMOAarpy He 3ajexaia Bil BiKy i
yci rpynu XBOpMX Ha mojarpy OyJu perpe3eHTaTUBHUMU
3a BIKOBUM PO3MOIIIOM, TOMi SIK 3pOCTaHHSI TPUBAJIOCTIi
3aXBOPIOBAHHST CYIPOBOIXYBAJIOCh 3MEHILEHHSIM DiBHS
AIUTIOHEKTUHY.

CepeaHsi KUJIbKICTh 3arocTpeHb MOJArPUYHOTO apTpU-
Ty 3a OCTaHHI 12 MicsIIiB y XBOpUX y 4-My KBapTWiIi Oyia
y 2 pa3u MEHIIOI0, HiX y XxBopux y 1-my kBaptuii. Crio-
CTepirajoch MOCTYIIOBE 3MEHILIEHHS KiIbKOCTi ypaskeHUX
cyri06iB Bix 1-ro mo 4-ro kBaptwist — 3 4,0 [2,0; 8,5] mo
12,0 [9,0; 15,00].

YacTka XBOpHUX i3 HasIBHICTIO TODYCIB i cepenHsl Kijlb-
KicTh TOdyciB 3MeHIIyBajgach 3 1-10 10 4-ro KBapTHJIS.
3’sicyBasIoCh, 110 3i 3pOCTAHHSM BMICTY aJIMIOHEKTUHY B

Tabnuys 3. KniniyHa xapakmepucmuka 3as1eX<Ho 8i0 KeapmuJs1bHO20 po3nodiny 1enmuHy

E—— Po3noain xBopux 3a BMiCTOM IeNTUHY (Hr/mn)

Q, (< 3,44) Q, (3,44-5,77) Q, (5,77-7,49) Q, (> 7,49)
BiK, pok#u 51,4+ 10,9 51,8+11,2 51,3+6,9 55,2 + 6,2%
TpuBanicTb 3axBOpOBaHHS 6,5+49 6,2+5,0 10,5 + 6,8* # 12,9 + 7,3%* ##
KinbKicTb HanagiB 3a OCTaHHIM piK 2,7+1,7 28+19 4,5+ 2 6%* 5,3 £ 3,4%* #*
KinbKicTb ypaxeHux cyrnobis 521+39 523+3,1 8,8 + 5,0%* ## 13,4 + 4,8%* ##8&
HasBHicTb TodyciB (0] 1(1,9) 13 (25,5) 37(72,6)
KinbKicTb TodyciB 0 04+24 7,8+ 15,7%%# 18,9 + 16,6** ##&
PiBeHb ce40BOI KUCOTU, MKMONb/N 417,1+116,8 444,0+£93,4 490,1 + 105,6* 562,9 + 118,6* #¢&
Health Assessment Questionnaire, 6anu 0,54 +£0,57 0,54 +£0,51 0,86 + 0,66*# 1,2+0,77*#¢&
BigyanbHo-aHanorosa wkana, cm 49+26 42+23 5,9+ 2,1%# 7,0+ 1,5%#&

Mpumimku: pesynemamu nodaHiy euenadiM + o abo n (%); *—p < 0,05 i ** — p < 0,001 8ioHOCHO 1-20 kKeapmunsa; * — p < 0,05 i *# —

p < 0,001 8idoHOCHO 2-20 Keapmuns; * — p < 0,05 i %4 — p < 0,001 eioHOCHO 3-20 KBapmMuA.

Tabnuys 4. KniniyHa xapakmepucmuka 3asiex<Ho 8i0 KeapmuJsibH020 po3n00disly aAdUNOHEeKMUHy

O Po3nogin xBopux 3a BMiCTOM agUNOHEKTUHY (MKr/mn)

Q, (<2,00) Q, (2,0-2,55) Q, (2,55-4,30) Q, (> 4,30)
BiK, poku 53,6 + 6,6 53,3+ 3,0 50,4 +9,7 521+119
TouBanicTb 3axBOPIOBaHHSA 11,1 +6,9 10,9+ 7,7 8,1 +5,6* 5,7 + 4,3%* #&
KinbKicTb HanagiB NpoTaroMm poKy 48+3,0 45+3,1 3,7+23 2,4 + 1 ,4%*#&
KinbKicTb ypaykeHux cyrno6is 12,4+8,1 8,1 % 4,9%* 6,6 £ 4,4** 5,4+ 4,6%**
HasaBHicTb TodyciB 28 (54,9) 15 (29,4) 6(11,8) 2(3,9)
KinbkicTb Todycis 12,5+14,3 7,5+16,0 4,4+118 2,1+11,8*
PiBeHb ce40BOT KUCNOTU, MKMOb/N 558,6 £ 109,1 4779 +127,4%* 460,4 £ 99,1* 416,8 £ 102,2*
Health Assessment Questionnaire, 6anu 1,0+£0,7 0,8+0,7 0,7+0,8 0,5+0,6*
BisyanbHo-aHanoroBa wWkKana, cM 6,6+1,6 59123 4,6 £2,5%# 4,7 £2,6*

Mpumimku: pesynemamu nodaHiy suensadi M+ o abo n (%); *— p < 0,05 i ** — p < 0,001 8ioHOCHO 1-20 Keapmuns; * — p < 0,05 i *#* —

p < 0,001 8ioHOCHO 2-20 Keapmunsa; ¢ — p < 0,05 i % — p < 0,001 8idHOCHO 3-20 K8apmus.
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KPOBI CIIOCTepirajioch 3HWKEHHS piBHST ypukeMii. 30Kpe-
Ma, Y XBOPUX 3 HU3BKUM PiBHEM aIUTOHEKTUHY, MEHIIIUM
Hix 2,0 mxr/mn (1-it kBapTuiib), piseHb CK y KpoBi cra-
HoBMB 558,6 + 109,1 MKMOJIb/JI, TOMi SIK Y XBOPHX 3 PiB-
HeM aaumoHeKTUuHYy ToHan 4,3 MKr/miu (4-ii KBapTWIb)
el TMOKa3HUK CTAaTUCTUYHO BiAPI3HSIBCS 1 CTaHOBUB
416,8 £+ 102,2 MKMOJIb/JI.

3pocTaHHs BMICTY aAUMNOHEKTUHY B CHUPOBATIIi KPOBi
CYIIPOBOJIKYBaJIOCh 3MEHILIEHHSIM BTpaTu (DYHKIiOHAIb-
Hoi 3paTtHocTi 38 HAQ 3 1-r0 10 4-r0 KBapTUis. IHTEHCHB-
HicTb 0010 32 BAIII Gysa HailOiIbIIOI Y XBOPUX, 11O HA-
KOMUYYBaIKCh y 1-My KBapTiti — 6,6 = 1,6 cMm, y XBopux
y 2-My KBapTWIi 1ieil MOKa3HUK CTaHOBUB 5,9 * 2,3 cM,
TOZi SIK MiXX IMMOKa3HUKaMU iHTEHCUBHOCTI 0010 Y XBOpUX
3-ro i 4-T0 KBapTWJIiB HE BUSIBJISLIOCH BipOTiTHUX BiAMiH-
HOCTE.

Hamu mpoBeneHMiT KBapTUIbHUIM aHai3 KIIIHIYHAX 10~
Ka3HMKiB XBOPUX HA TOAATPY 3aJIEXKHO Bifl iIHTErpaJibHOTO
MOKa3HMKa arcanumnokineMii g A/J1, y pe3ynabrari uoro 6y-
JIO BUSIBJIEHO, 1110 301JIbIIIEHHSI JJOrapu(dMOBaHOIO CITiBBiI-
HoieHHst A/J1 He 3aj1exao Bia Biky (Ta6:. 5). 3pocTaHHs
TPUBAJIOCTI 3aXBOPIOBAHHSI CYNPOBOXYBAJIOCh 3HUXKEH-
Hsim Ig A/JL.

3MeHIlIeHHs criBBinHomeHHs A/JI acouitoBasoch 3i
30UIBIIIEHHSIM TSKKOCTI KITIHIYHOI KapTUHU 3aXBOPIOBAH-
Hs. [1Ipo 1e cBimunuTh HaKONMWYEHHS B 1-My KBapTWIi XBO-
pUX 3 BEJMKOM KiJbKICTIO aTak IMOJarpuyHOrO apTpuTy
MPOTSITOM POKY, BEJIMKOIO KiIbKICTIO YpaXkeHUX CYIIo0iB i
TodyciB. TakoxX aHaITi3 MOKA3HUKIB 3aJIE3KHO Bill KBAPTUIb-
HOTO PO3MOIiTy 3a JIoraprudMOBAHUM CITiBBiTHOIIEHHSIM
A/JI mokasas, 110 B 0Ci0 3 BUpaXXeHOIO THCATUTTIOKIHEMIEIO
< 2,34 (1-ii KBapTWJIb) CIIOCTEPIrasioch 30iIbIIEHHST PiBHS
CK y kpoBi, Tofi sIK B 0Ci0, y aK1X 1oka3HuK Ig A/JI 6yB 11o-
Han 3,1 (4-ii KBapTUJIb), BUSBISLIN 3HKEeHHs piBHs CK.

3HmxkeHHs Ig A/J1 cynpoBomXKyBaaoch MOCTYIIOBUM I0-
ripuieHHsIM QyHKIioHaNbHOT 3aaTHOCTI 32 HAQ 1 36i1b-
IIeHHSIM iHTeHCcUuBHOCTI 6omo 3a BALLI, siki Oyym Biporin-
HO BUIIMMM B 1-My i 2-My KBapTUJISIX MOPIiBHSHO 3 3-M i
4-M KBapTUJISIMU.

HonatkoBi nokKa3u 3B’SI3KY alUMOKiHOBOTO Mpodisio 3
KJIIHIYHUMU XapaKTepUCTUKAMU 3aXBOPIOBAHHS OYyJIu BU-
SBJICHI TIpU IIPOBEIeHHI KopelsiiliHoro aHamidy. Kope-

JISIUIMHWN aHali3 MK anunoKiHOBUM MpodineM i KITiHi-
KO-71a00paTOPHUMM TTOKa3HUKAMM 3aCBiIYMB HasIBHICTh
00epHeHOoro acoliaTuBHOTO 3B’s13Ky 1g A/JI i3 KinbKicTio
3aroCTpeHb nogarpudHoro aprpury (r = —0,24), KinbKicTio

ypaxeHux cyrnobiB (r = —0,23), iIHTEHCUBHICTIO 00JIIO0 3a
BAI (r = —0,34), cupoBatkoBuM piBHeM CK (r = —0,44)
i ¢yHKIioHaIbHOIO HepocTaTHicTIo 3a HAQ (r = —0,28),
p <0,05.

O6roBopeHHsA

OcraHHi JaHi CBigYaTh He JIKIIIE PO 30iJbIICHHS Yac-
TOTHU TIOJArpu, aje i Mpo OUIbIIY MOIIMPEHICTh 3aXBOPIO-
BaHHSI B MoJIOAIIMX BikoBMX rpymax [1—3]. HesBaxaro-
Yy Ha 3HAYHi pe3yJbTaT y BUBYCHHI OKPEMUX acTeKTiB
KpUCTaI-iHIyKOBAaHOTO 3amajeHHsI i po3poO0Ky HOBUX
TepareBTUYHUX MOXKJIMBOCTEN, Y 3HAYHOI KiJIbBKOCTI XBO-
pUX € TPYAHOI B MiarHOCTWIli, HE BIAETHCS IOCSITHYTH
minpoBoro piBHa CK, a TakoX Big3HAYa€ThCSI PE3UCTEHT-
HICTh 10 JiKyBaHHS. He B ocTaHHIO 4epry 1ie OB sI13aHO 3
HEJIOCTAaTHbOIO BUBUEHICTIO OKPEMHUX JIAHOK IaTOreHE3y
Mojarpu, a Takox (bakTopiB, 110 MOXYTh OOYMOBJIIOBATU
TSDKUYMI TIepeOir 3aXBOpIOBaHHS. 3 OIJISIy Ha BUIle3a3Ha-
YEHi IaHi aKTyaJTbHUM € BUBYEHHSI alIMTTIOKIHOBOTO MTpodi-
JII0 Y XBOpUX Ha mojarpy. Tak, BBaXaroTb, 110 aAUITOKiHU
PEryII0I0Th META0OIIYHUI TOMeOoCcTa3, a CITiBBIIHOIIIEHHS
AIUTIOHEKTUH/JIENTUH MOXe OYyTM KJIiHIYHO KOPUCHUM
s ineHTudikauii ocid, CXWJIbHUX 10 KapaioMeTadoJsiv-
HUX 3axBopioBaHb [25]. Tak, Vega Ta criBaBT. Bin3zHavyaIn
3MEHIIIEHHS JaHOTO OioMapKepa 3i 3pOCTaHHSAM KiJIbKOCTi
MeTa0oJIiyHMX (PaKTOpiB PpU3MKY B IIAlli€EHTIB 3 MeTabo-
JIIYHUM CUHIPOMOM, i OYyJI0 3aIlpOIIOHOBAHO PO3IJISIAaTU
3HWXKEHHS CITiBBiIHOIIIEHHS aJIMTTIOHEKTUHY I JIENTUHY K
MPOTHOCTUYHMIA MapKep TSLKKOCTI 3axBoproBaHH: [13].

3 orsgay Ha BuUle3a3HaueHe HaMM IpoaHalli3oBa-
HO piBHi JIENTUHY, aAUMOHEKTUHY i 1X CIiBBiIHOILIEHHS
Yy XBOPMX Ha MOJArpy i YOJIOBIKiB KOHTPOJBHOI Irpynu. Y
pe3yjabTaTi MpPOBENEHOIO JOCHIIXKEHHS OTpMMaHi JaHi
111010 MOPYIIEHHS aJMITOKiHOBOTO CTaTyCy Y XBOpPHX Ha
rnojarpy 4oJioBiKiB, a came: MiJBUILEHHS PiBHS JIETITUHY,
3HUKEHHS PiBHSI aIUIIOHEKTUHY i 3HUKEHHSI JJorapudmo-
BaHOTO criBBinHOIIeHHS A/JI MOPIBHSIHO 3 TTOKa3HUKAMU
MMPaKTUIHO 300POBUX OCi0. YKa3aHi pe3yabTaTu CTOCOBHO

Tabnuys 5. KniniyHa xapakmepucmuka 3asex<Ho 8i0 KeapmusbHo20 po3nodiny nokasHuka lg A/J1

E— Po3nopain xBopux 3a nokasHukom Ig A/J1
Q, (<2,34) Q, (2,34-2,66) Q, (2,66-3,10) Q,(>3,1)

BiK, poku 545+7,0 526+75 51,6+9,3 50,89 + 11,90
TpuBanicTb 3axBOpOBaHHA 126+7,4 11,1+7,3 6,7 £ 4, 4%%# 5,8 £ 4,7%* ##
KinbKicTb Hanagis NpoTaroMm poKy 52+34 48+28 3,2+1,8%# 2,4 +1,6%*#&
KinbKicTb ypaxkeHux cyrno6is 12,7+4,9 9,05 £ 5,3* 5,8 £ 3,7%*# 4,9 + 4,0%% #
HasaBHicTb TodyciB 34 (66,7) 14 (27,5) 3(5,8) 0(0)
KinbKicTb TodyciB 15,8+ 16,2 8,7+16,5 2,1+ 11 4%*# Q. #
PiBeHb ce40BOT KMCNOTU, MKMOb/N 552,1+127,1 496,5+104,1 456,8 + 104,5* 406,4 + 98,9* #
Health Assessment Questionnaire, 6anu 1,1+0,7 0,9+0,8 0,6 +0,5%*# 0,5+0,7%#
BigyanbHo-aHanorosa wkana, cm 6,7+1,7 6,1+21 4,4 +22%# 46+27%*

Mpumimku: pesynemamu nodaHiy suensadi M+ o abo n (%); *— p < 0,05 i ** — p < 0,001 8ioHOCHO 1-20 kKeapmuns; * — p < 0,05 | *#* —
p < 0,001 gioHOCHO 2-20 Keapmunsa; * — p < 0,05 i ¢ — p < 0,001 gidHOCHO 3-20 Keapmuns.
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PiBHIB aIMMOKIiHIB y XBOPUX Y3TOIXYIOTbCS 3 TAHUMM JIi-
Ttepatypu. Tak, y macmrabHomy nociimkeHHi ARIRANG
0yJ10 BCTAHOBJICHO, 1110 PiBeHbB JIETITUHY Y XBOPUX Ha Mo/a-
rpy CTaHOBUTH 3,31 HI/MJI 3 MiXKKBapTUJIbHUM iHTEPBAJIOM
[2,37; 4,57], anumoHekTHHY — 5,46 [3,93; 7,46] MKXT/MT, a
TakoX OyJIO 3aCBiIUEHO, 110 3 NMPOrPECyBaHHSIM 3aXBOPIO-
BaHHS BMICT JIETITUHY MiABUILYETHCS, a AlIUTTOHEKTUHY —
3MEHIIYEThCs [14].

Takox Hamu Oyn10 Big3HAu€HO, 110 3POCTAHHSI BMiC-
Ty JICOTUHY, 3HUKEHHSI BMICTy amgunoHeKTUHY Ta lg A/Jl
aCoIIi0BaJIOCh 3i 30UIbIIEHHSIM TSKKOCTI KJIiHIYHOI Kap-
TUHU 3aXBOPIOBAHHSI, TTOPYIICHHSIM TTYPUHOBOTO OOMiHY,
3HIKEHHSIM (byHKIioHabHOT 3aaTHOCTI 32 HAQ i 36i1b-
IIeHHsIM iHTeHCcuBHOCTI 6oimro 3a BAILL. Lle y3romkyeTnbes
3 paHille OmyOJiKOBaHMMM HOCTIiIKeHHSAMU. Tak, mesKi
JMOCJTITHUKY BKa3ylOTh Ha MOXKJIMBY POJIb JIETITUHY SIK MO-
ayasitopa 6omio [15, 16]. Beaxaiots, 1o nepudepuaHmuit
BIUIMB JIETITUHY HAa HEWPOIAaTUYHUI Oib OMocepeaKoBa-
HUI1 yepe3 CTUMYJIALII0 MakpodariB, a 10ro LeHTpaIbHUMI
eeKT, iMOBIpHO, ITOB’sI3aHMUI 3 aKTMBAII€I0 PELENTOPIB
N-metun-D-acnapraty (NMDAR) [15].

OnucaHuii BIUIMB aaUIIOKiHIB Ha aKTUBHICTb 3aXBOPIO-
BaHHSI MpU peBMaToinHomy aptpuTi [17, 18]. 3okpema, y
nocrimkeHHi C.B. Rivera-Bahena Ta crmiBaBT. y XBopux Ha
pEBMAaTOITHUI apTPUT PiBEHb JIENTUHY KOPETIOBAB 3 KIIiHiU-
HOIO aKTMBHICTIO He3aJIeXKHO Bil MacH Tijia maiieHTa [19].

Ilpu owiHIi 3B’S13Ky aauINoKiHOBOro mpodijito 3 ypu-
KeMi€lo 3’SCyBajoCh, 110 HApPOCTaHHS AUCAAUMNOKiHEMIl
CYIIPOBOIXYBasioch 3pocTaHHsIM piBHSI CK y kposi. I1po-
BeICHUI HaMU KOPEJSILIMHUI aHali3 BUSIBUB BipOTiTHUIA
obepHeHUIi acomiaTuBHUI 3B’s130K 1g A/JI i3 cupoBaTKO-
BuM piBHeM CK. HasiBHicTb acolialiii Mixk agunmoKiHaMu
Ta piBHeM CK cupoBaTKU KpPOBi Y3rOIKYEThCS 3 Pe3yib-
TaTaMu iHIIMX JOCHIIXEeHb. Y NeKiTbKOX TOCITiIKEHHSIX
OyJl0 TOKa3aHO, IO TilepypuKeMist CYNPOBOIXKYETHCS
BUCOKMM PiBHEM CUPOBATKOBOTO JienTuHy [20, 21] i HU3b-
KUM piBHEM amumoHekTuHy [5]. Takox Oynau BUSIBIEHI
BUCOKi KOHLIEHTpALlii JIENTUHY Y XBOPUX Ha TSIXKKY (hOpMy
MoJarpu i MpoIeMOHCTPOBaHa MOTO 31aTHICTh TTOCUJTIOBA-
TU 3amajeHHs, iHIyKOBaHEe CEYOKUCIUM HatpieM [22], a
KJIITMHY CHHOBIIO CIIPOMOXKHI J0 €KCIIPECii TeHY JICTITUHY
[23, 24]. Pesynsratu gocaimkeHnus D’Elia Ta criBaBT. BKa-
3yIOTh Ha TTO3UTUBHY acoIliallilo MixK piBHEM LIUPKYJIIOI0-
yoro JjentuHy i CK y 4010BiKiB SIK 3 HOpMaJIbHOIO, Tak i
3 HaaMipHOIO Macoro Tina [21]. Lle ¢cBiguuTh mpo Te, 1110
aauMnoKiHu, iMOBipHO, MoaytotoTh piBeHb CK a60 CK nie
Ha MeXaHi3MHU, 110 BU3HAYAIOTh PiBHi JENTUHY U aauIo-
HekTuHY. OfHaK MPUYMHHO-HACIIIKOBI 3B I3K1 MiX Me-
tabonizmom CK i anunokiHoBUM TipodijieM 10 KiHIS He
BUBYEHI.

G. Friihbeck i cmiBaBT. Oy/no TOKa3aHO, IO 3HU-
JKeHHs criBBigHOWeHHsT A/JI acouiloeTbcsi 3 BHUCO-
kuM piBHeM C-peakTuBHOro Oinka [25], mpore Mexa-
Hi3MH, 110 TOB’SI3yIOTh OMCOaaHC JaHUX aOUIOKIHIB i
C-peakTUBHOro 0Oijika, OCTaTOYHO He BigoMi. IMoBipHO,
HapoCcTaHHs AucOaJaHCy amMIIOKiHIB MOXe BimirpaBaTu
MEeBHY POJib B iHilliallil, MiATpMMaHHi i1 mMporpecyBaHHi I10-
JAarPUYHOTO 3anajJieHHs, OJHAaK L€ MUTaHHS MoTpedye e-
TaJIbHOTO BUBYEHHSI.

Binb. Cyrno6u. Xpeo6er, ISSN 2224-1507 (print), ISSN 2307-1133 (online)

Obmexncenns docaioncenns. Haie nociimkeHHs Mae
HU3KY 00MeXeHb. 30KpeMa, CTAHOBUTb iHTEpPeC BUBUEHHST
PIBHIB JIEMITUHY 1 aAUTMIOHEKTUHY B XiHOK, XBOPUX Ha I10-
Jarpy, OCKiJibKM BiJIOMO TIPO T€H/IePHI BiIMiHHOCTI piBHIB
agunokiHiB [20]. Y maHoMy DocimKeHHi MU He aHaIi3yBa-
JIV BIUITMB KOMOPOITHMX CTaHIB HA piBeHb JICNITUHY I amu-
MmoHekTuHy. TakoxX y naHuii parMeHT poOOTH He yBiliIILIa
OlIiHKA BIUIMBY JIiKyBaHHS Ha piBeHb aAUIOKIiHiB.

BucHoBKM

linepnentuHemis (piBeHb JIENITUHY > 5,91 HI/MJT) BUSIB-
sieHa B 49,7 % XBOpMX Ha MOAArpy, rifnoaxumOHEKTHHEMIsT
(piBeHb amumnoHekTHHY < 3,61 MKr/™MI1) — y 66,9 % i nmuc-
agunokinemis (Ig A/J1 < 3,2) —y 82,1 % oci6. [{ucbanaHc
MPOAYKILil aIMTIOKiHIB Y XBOPUX Ha TIO/Iarpy acollitoBaBCsl 3
OiNIBILIOO KiTBKICTIO ypaxkeHUX cyrio0iB (r = —0,23), Kilb-
KIiCTIO 3aTOCTPEeHb TTOJArPUIHOTO aPTPUTY TTPOTIATOM POKY
(r = —0,24), inTeHcuBHicTIO 60110 32 BAILL (r = —0,35).
OtpuMaHi pe3yabTaTy IeMOHCTPYIOTh TiCHUI 3B’ SI30K IMC-
OajaHCy aAWMOKiHIB 3 TSKKICTIO Tepediry rmoaarpuaHoro
aptputy. OTXe, MOPYILIeHHS aAUNOKIiHOBOIO CTaTyCy MOXe
BUCTYNATU BaXKJIMBUM YMHHUKOM PO3BUTKY I Iporpecy-
BaHHSI KPUCTAI-iHAYKOBAHOTO 3aMajaeHHs.

Konduikr inTepeciB. ABTopu 3asBISIOTH TIPO BiICYT-
HiCTb KOHQJIIKTY iHTEpeciB i BlacHO1 hiHAaHCOBOI 3allikaB-
JICHOCTI ITpU ITiATOTOBLII JAHOI CTATTI.

Indopmania npo dinancyBanns. Pobora BUKOHaHA B
paMKax HayKOBO-IOCIigHOI podotu HamioHaabHOTO Me-
nuaHoro yHiBepcuteTy iMmeHi M.I. Iluporosa «lenermuni
Ta CEepPeNOBUIIHI YMHHUKM B BUHUKHEHHI Ta MPOTPeCy-
BaHHI OCHOBHUX PEBMAaTOJIOTIYHMX 3aXBOPIOBaHb» (HOMEP
nepxpeectpaiii 0115U001282).

Indopmaris npo BHECOK KOXKHOTO aBTOPA B MiATOTOBKY
crarTi. . B. Opaosa — po3poOKa KOHLEIIIII i Au3aiiHy 10-
CJIIKEHHSI, aHaJIi3 OTPMMAaHUX IaHUX, HATTMCAHHS TEKCTY;
M.A. Cmanicrasuyk — aHalli3 maTepiajliB, penaryBaHHS
CTATTi.
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Clinical significance of adipokine profile (leptin and adiponectin)
in patients with gout

Abstract. Background. Recently, there is a lot of data on the role
of leptin and adiponectin in the development and progression of
rheumatic diseases. It has been studied that the increase in the le-
vel of leptin and adiponectin is associated with hyperuricemia in
various pathological conditions. Data on the adipokine profile,
leptin and adiponectin levels in patients with gout are limited. The
purpose was to study the content of leptin and adiponectin in the
serum of patients with gout depending on the course of the dis-
ease, as well as to evaluate their diagnostic value. Materials and
methods. We examined 151 patients with gout (100 % men, ave-
rage age 52.4 + 9.2 years). The control group consisted of 31 prac-
tically healthy men of the same age. Results. Patients with gout had
higher levels of leptin, lower levels of adiponectin and lower ratio
adiponectin/leptin (Ig A/L) than practically healthy men. Hyper-
leptinemia (leptin level > 5.91 ng/ml) was found in 49.7 % of sub-
jects, hypoadiponectinemia (adiponectin level < 3.61 ug/ml) — in

66.9 % and dysadipokinemia (Ig A/L < 3.2) — in 82.1 %. The fre-
quency of hyperleptinemia, hypoadiponectinemia, and dysadipo-
kinemia was significantly higher in patients with tophi in 3.9; 1.7
and 1.4 times, respectively. The phenomenon of dysadipokinemia
associated with an increase in the severity of the disease — a grea-
ter number of affected joints, a greater frequency of exacerbations
of gouty arthritis during the year, the severity of the pain syndrome
according to the VAS, a higher level of uric acid in the blood serum
(r=-0.23; r=-0.24; r = —0.35; r = —0.44; p < 0.01 for all indi-
ces). Conclusions. Patients with gout have a violation of the adi-
pokine profile: an increase in the level of leptin, a decrease in the
level of adiponectin and a decrease in their ratio (Ig A/L). An in-
creasing imbalance of adipokines is associated with a more severe
course of the disease and can be considered could serve as a prog-
nostic factor.

Keywords: gout; leptin; adiponectin, adiponectin/leptin ratio
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XPEBET SPINE

CTaH KiCTKOBOI TKaHNHMN B OCib niTHbOroO BiKYy:
o BapTo nam’ararn?

Ha nymky excnepriB BOO3, y peiiTUHTY OCHOBHUX Me-
NUKO-COLiaIbHUX MPOOJIeM CY4acHOCTi OCTEOINOpo3 IMo-
cimae TpeTe Miclie IicIsl 3aXBOPIOBaHb CEPIIEBO-CYIUMHHOT
CUCTEMM i LIyKpoBoOro aiadeTy. BUCOKO0O € yacToTa i TsK-
KiCTh YCKJIAJIHEHb OCTEOIIOpO3Y, Cepell SIKUX HanOiabIie
3HAYEeHHS MAlOTh MaJIOTpaBMaTUYHi ITepeIOMU KiCTOK, 30-
KpeMa KOMIIpeCiliHi repejoMu Tijl XpeOlliB, MUHKN CTeT-
HOBOI KiCTKM ¥ IMCTaJIbHOTO BiIiTy KiCTOK MepearuIiads.
1li ycknagHeHHS IIpU3BOAATH OO iHBaTimM3allii i yacto —
IO TIepeaYacHOl CMEPTi XBOPUX Bil CYITyTHIX IOPYIIEHb 3
0OKY CeplieBO-CYAMHHOI Ta AUXaJbHOI CUCTeM. 3a TaHUMU
BOO3, maiixe y 25 % XiHOK BIKOM MOJIOJIIE 3a 65 pOKiB
B aHaMHe3i € KOMITIpeciitHi mepeaomu xpebiis, ay 20 % —
nepesoMu KicTok mnepenmiivyus. Kpim Toro, y XBopux Ha
OCTEOITOPO3 IMiABUIIYETHCS PU3UK MaJoTpaBMaTUYHUX
(CrIOHTaHHMUX) MepesIoMiB XpeOTa i MpoMeHeBOI KicTku (32
i 15,6 % BignoBigHO). OCTaHHIMU JECATUPITISIMU TTPOOITE-
Ma OCTeOIopo3y HadyJ1a 0COOIUBOTO MEAUKO-COLIiaIbHOTO
3HAYEHHS Y 3B’I3KY 3i 3HAUYHUM TIOCTAPiHHSAM HaceJeHHs
BUCOKOPO3BMHEHUX KpaiH CBITY i BiIITOBiTHUM 30iJIbIIIEH-
HSIM KiTBKOCTI XXKiHOK Y KJIIMaKTepUIHOMY IIepiofi.

24 xsithHa 2023 poky BindyJaacsa kondepeHnuis «biib y
CIIMHI: KOHCEHCYC 3 BeleHHs nmamienTiB. IIpe3enTanisa mep-
1Ioro B YKpaiHi KonceHncycy 3 600 B i 2023», Ha sKiii
npodecop, TOKTOP MEAMYHUX HAYK, MPe3UTEHT Acoiamii
ocreonopo3y Ykpainu Harania BikropiBua I'purop’eBa
3aNpPONOHYBAJM 10 YBATH YYACHUKIB 3aX0dy CBOIO J0MO-
Bigb «CTaH KiCTKOBOI TKAHHHH B OCi0 JIITHHOTO BiKYy: IO
BapTO mam’aratu?».

KicTkoBa TKaHMHA TIOCTIHHO OHOBIIOETHCS TMPOTSITOM
YCbOTO XUTTS. Y TIPOLIECi XUTTEMISTIBHOCTI ICHYIOTh Te-
pioau, Kooy BinOyBa€eTbes (hOPMYBaHHS KiCTKU, Y SIKi IIe-
peBaxkaloThb IPOLECH ii MOIAETIOBaHHS i (DOpMYBaHHS ITi-
Ky KiCTKOBOI MacH, i Iepioau, KOJU BiIOyBa€ThCs BTpaTa
KiCTKOBOI TKAHUHHU, 110 MOYMHAETHCS Y Billi micas 45—50
pokiB. BoHa nepeBaxkae B XiHOK ITicJIsI HAaCTaHHSI MEHOIa-
y3U, KOJIU BiZl3HAYAETHCSI MAKCUMaJIbHA IIBUIKICTh BTPATH
KiCTKOBOI TKAaHMHU. TOMy OCTEONOpO3 BBAXKAETHCS «KiHO-
YOIO eMiIeMi€I0».

3a BuzHaueHHsIM BOO3, ocTeomnopo3 — 11e CUCTEMHE
3aXBOPIOBAHHS CKeJieTa, 1110 XapaKTepu3yeThCsl HU3bKOIO
KiCTKOBOIO Macol0 i MOTIpIIEHHSIM MiKpOoapXiTeKTOHIK1
KiCTKOBOI TKAHWHU 3 TIONAJTBIITNM 301IbIIIEHHSIM KPUXKOCTI
KIiCTOK i pu3uKy nepenaomis. ¥ 1994 poiii Ha OCHOBI moKas-

HUKiB JBOXEHEPreTUYHOI PEHTTeHiBChbKO1 aOCcopOLIioMeTpil
(IPA) yniepiiie Oyay y3romkeHi KpUTepii Juist BCTAaHOBJICH-
HSI IiarHO3Y OCTEOITOPO3Y, SKi il CbOrOIHI BAKOPUCTOBYIOTh
Y KJTIHIYHIN TpaKkTULLi:

— y HOpMi MiHepaJibHa IIJIbHICTh KiCTKOBOI TKAHUHU
(MIIKT) 3naxonutbest B Mexxax 1 SD nopiBHSIHO 3 pede-
PEHTHOI0 BUOIpKOI0 MOJoauX 0cib, a moka3Huk T craHo-
BUTH — 1,0 uu BuIIe;

— TIpo ocTeomneHiio roBopsaTh, Koo MIIKT e Huzk4o1o
Ha 1,0—2,5 SD, HiX 1Moka3HUKM pedepeHTHOI BUOIPKU MO-
nonux ocio, mokasHuk T — mixx —1,01 —2,5;

— JUIsS ocTeonopo3y xapakTepHo, 1o MIIKT na 2,5 SD
HUXKUE, HiX MOKa3HUKU pedepeHTHOI BUOIPKM MOJIOIUX
oci0, a moka3Huk T n1opiBHIOE —2,5 200 € HUKYUM;

— JUISI BUPAXXEHOTO UM BCTAHOBJICHOTO OCTEOIOPO3Yy
MILKT i T-rmoka3HUK MaloTh Taki cami udpu i Ma€ Miciie
OJIVH IIePEeJIOM UM OijIbIIe.

30iIbIIEHUIT PUBMK OCTEONOPOTUYHUX TEPeIOMIiB €
OCHOBHHUM TIpOSIBOM OcTeornopo3y. Haitbinbin KiiHiuHO
3HAYYIIMMHU 1 KUTTE3arpO3JIMBUMU SIK Y XKiHOK, TaK i B 4O-
JIOBIKiB € MIEPEJIOMHU CTETHOBOI KiCTKM. AJIe TIepeIOMU TiJl
XpeOI1iB 3yCTpiualoThCsd HAbaraTo yacriiiie, i caMe BOHU BU-
3HAYalOTh 30UIbIIEHHST KiJIbKOCTi 00JbOBUX CHUHAPOMIB Y
CIMHI 1 TOTipIIEHHS SIKOCTi XKUTTS MaLl€HTIB, 110 ITOTpe-
Oye€ 3BaXK€HOTO IiAXO0AY 10 MEHEIXKMEHTY OCTEONOPO3Y.

IlepenoMu BHACHiIOK OCTEONOpPO3y — 1€ HE TiIbKU
(akT y XUTTI KOHKPETHOI JIIOAWHU, ajie il 30iTbIIeHHS
PU3HUKY JIeTaIbHOCTI. SIKIIO paHillle iCHyBaja JaymKa, 110
301JIbIIIEHHSI CMEPTHOCTI acollilioBaHe 3 TiepeIoMaMu IIpo-
KCMMAaJbHOTO Biily CTETHOBOI KiCTKM, TO B JaHWI1 4yac
BiIOMO, 1110 TIEPEJIOMU TiJl XpeOIliB TAKOX MPU3BOISITH 10
30iIbIIEHHS ITOKA3HUKIB JIeTaaIbHOCTI. Tak, 3a pe3ynbrara-
mu gocaimkenHs FIT (Fracture Intervention Trial) 3a y4ac-
TIO 6459 moCTMEHOIay3aJbHUX KiHOK BikoM 55—81 pik
(crmocTepexeHHsI B CepeIHbOMY TpUBajio 3,8 poky), Ipu
mnepeaoMax CTerHOBOI KiCTKM BiIHOCHMI PU3UK CMEPTi
cTaHoBUB 6,68 (95% nosipuwuii inTepsain (1): 3,08—14,52),
TOJi SIK TIpU TiepesiomMax Tij xpeouiB — 8,64 (95% M1: 4,45—
16,74). 1 came 11e BU3HAYa€ KIIiHIYHE i MEIUKO-COIliaJIbHE
3HAYEHHS TAKOTO 3aXBOPIOBAHHSI, SIK OCTEOIOPO3.

OcCTeonopoTUYHI MepesioMU TaKOX 301IbIIYIOTh PUSUK
MOAAIBIINX TIEPEJIOMiB, 110 TPOJEMOHCTPOBAHO B Oara-
ThoX gochimkeHHsx. ¥ Reykjavik study 3a yuactio 18 872
0ci6 6yJ10 TPOIEMOHCTPOBAHO, IO PU3UK TTOBTOPHOTO Tie-
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peIoMy MPOTSITOM MEPILIOTO POKY € BUILIMM OiNbIIE HIX Y
2,5 pa3za. Y npyroMmy IOCHiIKeHHi ITOKa3aHO, IO B ITalli-
€HTIB 3 TIepeJIoMaMU CTErHOBOI KiCTKM PU3MK KOHTpaJiaTe-
paJbHOTO OCTEOTIOPOTUYHOTO MEePesIoMY MPOTSATOM | poKy
cTaHOBUTH 55,7 %. Kpim Toro, cepen IOKaTbHUX i CHCTEM-
HUX YMHHMKIB HAasgBHICTb OCTEOIIOPO3y BU3HAYAE HE3a10-
BUTbHMII IPOTHO3 Y MALIIEHTIB 3 IIepeIoMaMU i, 3BUYAITHO,
CIIpHYsI€ MOPYILIEHHIO iX KOHcomimauii. I e aukTye HeoO-
XiIHICTh CBOEYACHOIO IIPU3HAYEHHS JIiKyBaHHS TaKUM
nalieHTaMm, 1o Oyae MOJIMNIIYyBaTU MOJAIbIIMIA MPOrHO3
3aXBOPIOBAHHSI.

3onotum cranaaprom st Bu3HaueHHss MILIKT e J1PA.
Y pexkomennauisix ISCD (The International Society for
Clinical Densitometry) minKpecir€eThCs, 110 OCTEONOPO3
y XiHOK y MocTMeHomay3i i y 4oJioBiKiB BikoM 50 poKiB i
cTapiie 3a JOIOMOTOI0 BUIIE3a3HAYEHOTO METOIY MOXKe
OyTH MiaTHOCTOBAHWI, SIKIIO MOKa3HWK T IOMepeKoBOToO
Bimmizy xpeOTa, CTErHOBOI KiCTKM a0o0 ii MWK CTAHOBUTH
—2,5SD a6o menure. BumiproBanus MILKT nepenmmiuus
MPOBOUTKCS Y BUTAIKaX, KOJM HEMOXJIMBE BUMipIOBaHHSI
yu inteprnpetauis MILIKT crerHoBoi KicTku i/a6o xpeora,
MpHU rirnepnapaTupeosi Ta B 0cid 3 BUpaKeHUM OKUPiHHSIM.
V npemeHonay3aJibHUX KiHOK i YOJIOBiKiB, MOJIOJIINX 3a
50 pokiB, MOBMHEH BUKOPUCTOBYBATUCH MTOKA3HUK Z, a HE
T. e Takox BaxiauBo B giteil. [Tokaznuk Z —2,0 SD a6o
HIK4Ye BU3HAYAETHCS SIK «HIDKYMH Bill 04iKyBaHOTO Jiara-
30HY B JJaHOMY Billi», a Z Buile —2,0 SD 3HaXonuUThCS «B
MeXKaxX OUiKyBaHOTO JIialla30Hy IS JaHOTO BiKy».

He oynp-saxe samkennss MILIKT e octeonopo3om. 3Hm-
keHHss MILIKT Takox MOXXJIMBE P OCTEOMAJIALIiT — MOpY-
IIeHHI MiHepaJli3allii KiCTKOBOI TKAHMHU 3i 30epeKeHHsIM il
MacHu, 110 BUKJIMKaHe TTOPYIIEHHSIM MeTa001i3My abo aedi-
1uToM Bitaminy D. [1pu ocTeonoposi HaifuacTille cTpaxua-
I0Th IPOKCUMAJIbHUI BilAiJI IJIEYOBOI Ta CTETHOBOI KiCTOK,
xpeOli, KicTku nepenmutivyst. [1pu octeomansiii mommpeHi
nepesioMu pebdpa, KiyOoBOi, JIOOKOBOI KiCTKM, IJIaTO Be-
JINKOI TOMIJTKOBOI KiCTKM I MeTaTap3aJbHOI KiCTKH. Takox
MPU OCTEOTIOPO3i I OcTeOMaIsIii BiIpi3HSIOTHCS JIIKYBaIbHi
crpaterii. [1Ipu ocreormoposi pekoMeHI0BaHe TTPU3HAYCHHST
OicochonatiB, T SIK TIPU OCTEOMAJISILIIT — Hi.

I1pu susekiii MIIKT, mos’s3aHiit 3 nedinnTom BiTaMi-
Hy D, BimOyBaeThcs 3MiHa J1TaO0OpaTOPHUX IMTOKA3HUKIB. SIK
MpaBWIO, BiA3HAYAETHCS 3HIDKEHHS Kablliio Ta ocdopy,
25(OH)D, nigBuIlleHHs piBHS MapaTrOPMOHY M JIy»KHOL
docdarasu, 3HIKEHHS piBHS (akTopy pocTty didpobac-
1iB 23 (FGF-23). Yce 1ie 103B0oJIsIE 3aMMiI03pUTH OCTEOMa-
JIAUi0 1 TPU3HAYUTH MTPAaBUJIbHE JIIKYBaHHS 0€3 BUKOpHUC-
TaHHSI aHTUOCTEONOPOTUYHHUX TTPEIapariB.

[TokazaHHsIMU 17151 (papMaKOJIOTIYHOTO JIiKyBaHHS,
BiITIOBIiTHO IO peKOMEHJALill MiIKHapOTHUX TOBApUCTB
3 OCTEOINOpPO3y, € MOro HasIBHICTH 3TigHO 3 maHuMu JIPA
(T =-2,5 abo Z = —2,0), HUBKOCHEPTETUUHUI TepeoM
CTETHOBOI KiCTKM YK XpeOllsl, BUCOKMI PU3UK IEePEIOMiB
3rizHo 3 onutyBanbHUKOM FRAX + nuspska MILIKT (oc-
TeoneHis). OmHak, He3BaXKal0uy Ha IIpU3HAYEHHS TUX a00
IHIIMX TIpernapaTiB, MiAIPYHTIM OyIdb-sIKOi CTpaTerii € 3a-
0Oe3IeueHHs OpraHi3aMy TpboMa KOMIIOHEHTaM1 — KaJlblli-
€M, TIpoTeiHaMM i BiTaMiHOM D, siki HeoOXimHi 1151 30epe-
JKE€HHSI KiCTKOBOI TKAHUHU MPOTITOM YChOTO KUTTSI.

Jns mpodinakTuky  JIiKyBaHHSI ocTeonopody Mix-
HapoJHa acolliallisi OCTEONnopo3y PeKOMEHIYE HIOACHHUI
npuitom pudansHo 1000 mr/nens kanplio, 800 MO Bita-
MiHy D i 1 r/kr macu Tina 6iika. AMeprKaHCbhKa acollialtis
PeBMATOJIOTIB 3 METOIO MPOGIIaKTUKKY I JIIKyBaHHS TJIIO-
KOKOPTHUKOIA-iHAYKOBAHOIO OCTEOIIOpO3y B IIAIliEHTIB,
SIKi OTPUMYIOTh TIPEIHI30JI0H Y 103i > 2,5 MT/m TpoTsAToM 3
MiCsI1IiB, pEKOMEHAYE ONTUMIi3allil0 CIIOXMUBAHHS KaJlblil0
(1000—1200 mr/m) i Bitaminy D (600—800 MO/n), Mmoaudi-
Kallito crmoco0y XUTTs (30ajaHcoBaHa Ii€Ta, MiATPUMAaHHS
Macu Tijla B peKOMEHIOBAaHOMY Jiana3oHi, MPUIMHEHHS
MaJliHHSI, PeryJsipHi BIIpaBU, 0OMEXEeHHSI BXKMBaHHS aJIKO-
TOJII0).

MiXXHapogHOIO acoliialli€eld OCTEONOpOo3y PEKOMEHIO-
BaHi Taki piBHI CMIOXWBaHHS Kabllito: 1St faiteit 1—3 po-
kiB — 700 mr/n, 4—8 pokiB — 1000 mr/m, 9—13 pokiB —
1300 mr/n; nnst xiHoK BikoM 19—50 pokiB — 1000 mr/x,
y moct™eHormaysi (51+) — 1200 Mr/m, mpu BariTHOCTI/
JakTarii y Bii 14—18 pokiB — 1300 Mr/m, nmpu BariTHOCTi/
JakTaii y Biti 19— 50 pokiB — 1000 Mr/a; As1 4OJIOBIiKiB
19—70 pokiB — 1000 mr/a, Bikom 70 pokiB i cTapiie —
1200 mr/m.

OpHak, He3BaXkarouu Ha 1Ii peKoMeHAallil, piBeHb CITO-
>KMBAaHHS KaJbllilo y CBiTi HeaqocTaTHii. Tak, qocimKeHHs
E.M. Balk et al. (2017), sike OyJi0 poBeieHO B KpaiHax A3il,
Adpuku, [TiBnenHoi i [TiBHiYHOT AMepuKu Ta €Bpornu, 1o-
Kazajio, IO piBeHb CIIOXWBAHHS KaJbllilo B KpaiHax A3ii
craHoButh 180—500 mr/n, B Adputii ta [liBneHHiit AmMepu-
i — 400—700 mr/n. OnutyBaHHS, sIKe OyJI0 TTPOBEIEHO B
74 KpaiHax CBiTy, BUSIBUJIO HAMHWKIMI piBeHb CIIOXKMBaH-
Hs Kanblito B Henani — 175 Mr/n, HailBUILMI piBeHb — B
Icnanmii — 1233 mr/n. PiBeHb Kabllito B HAROIIbII I'yCTO-
HaceJieHuX KpaiHax cBity — y Kurai, Ingonesii ta Ingii —
craHoBuB 338, 342, 429 mr/n BignosigHo. Lle, Ha >aib,
HU3bKWI piBEHb, 110 HAKJIAIA€ HEraTUBHUI BiAOMTOK Ha
e(eKTUBHICTb JIiKyBaHHSI MAaLIiEHTIB 3 OCTEONIOPO30M.

Crin BiZ3HAYMTH, IO TaKa X HEBTIITHA CUTYyaIlis I10-
IO CTIOKMBAHHSI KaJIbIIil0 TIPOCTEXYEThCS i B YKpaiHi. Y
BJIACHOMY JOCJIiIKEeHHI 3a y4JacTio 1518 ocib monomoro ta
JIITHBOTO BIKY, SIK 3KiHOK, TaK i YOJIOBiKiB, HAMM OYyJIO IIPO-
JIIEMOHCTPOBAHO, 1110, He3BaXkarour Ha 20 pOKiB ITOCTIITHIX
3aKJIMKiB IIPO HEOOXiMHICTh JOCTAaTHBOI KiJIbKOCTI KaJIbIIil0
i BiTaMiHy D B pallioHi xapuyBaHHS, 11i TOKa3HUKM 1 TOCi
HU3bKi.

Pazom 3 TuM pe3yabTaTv YUCIEHHUX AOCTIIXEHb i Me-
TaaHaJli3iB CBiIYaTh MPO Te, IO MPU3HAYEHHS KAJIbLIiIO Ta
BiTaMiHy D € BUpillaJibHOIO CTpaTerielo B NpodifakTUiii
nepesiomiB. Y Metaananizi DIPART (Vitamin D Individual
Patient Analysis of Randomized Trials), 110 Bk;1touaB 7 paH-
JIOMi30BaHMX TOCTIIKeHb i 68 517 0cib, cepenHiil BiK IKUX
6yB 70 pokiB (47—107), OyJ10 1O0BeEHO, 1110 BUKOPUCTAHHS
Jmiie BiTamiHy D He TIpU3BOOMIIO OO MO3UTUBHUX eheK-
TiB OO MPOMITAKTUKY IIEPETIOMIB, TOAI IK KOMOiHOBaHe
MpU3HAYCHHS KaIblilo Ta BiTaMiHy D 3HauyIle 3HIKyBajIo
PUBHUK OCTEONTOPOTUYHUX MEPETOMiB.

Y cucremarnunomy orssiai P. Yao et al. (2019) 6yno npo-
JIEMOHCTPOBAHO, 1110 3a pe3yabraramu 11 paHmoMizoBaHUX
kaiHiyHux pocnimkenb (PKI), sxi Bkirouanu 34 243 oco-
Ou, npusHaueHHs juiie BitaMiHy D (400—30 000 MO/p)
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He MPU3BOAWIIO A0 3HWKEHHSI 3arabHOTO PUUKY Mepesio-
MmiB (RR = 1,06; 95% 111: 0,98—1,14), mepeaomy cTeTHOBOT
kictkn (RR = 1,14; 95% J11: 0,98—1,32). I1pote 3a pe3ynib-
tatamu 6 PKJI (n = 49 282), y AKuX Mpu3HavaInuch KoMoi-
HOBaHi 100aBKu Kabllito Ta Bitaminy D (1000—1200 mr/m
Ca + 400—800 MO Bitaminy D), Oysio BUsIBIEHO 3arajibHe
3HIKEHHSI pU3UKy TnepesiomiB Ha 6 % (RR = 0,94; 95% 1.
0,89—-0,99), nepenomy cTerHoBoi Kictku — Ha 16 % (RR
0,84;95% 11: 0,72—0,97).

Y metaananizi J.W. Niaves et al. (1998) BuBuaniu BIIuB
eJIEMEHTapHOTO KaJIbllil0 Ta KaJbllil0 B KOMOiHallil 3 KaJlb-
LIMTOHIHOM Ha KiCTKOBY TKAaHUHY B XKiHOK y TOCTMEHOTAYy-
3aibHOMY niepioi. ¥ 2 PKJI >kiHKM BiKoM 55 poKiB II0OIGHHO
BXUBaM 627 Mr KanbluToHiHy, B 11 PK/] — KaabUUTOHIH
y KoMOiHallii 3 KajblieM (piBeHb BXMBAHHS KaJbllil0 —
1466 Mr/m) mpoTsToM 2 poKiB. ABTOpPH IILOTO MeTaaHaIi3y
TATITA BUCHOBKY, 1110 KOMOiHOBaHE TIpU3HAUYEHHSI BUIIIE-
3raJlaHNX CITOJIYK MAa€ BipOTiTHO OB BIIUB Ha KiCTKO-
BY TKaHUHY, Hi>K MOHOTEpaIlis KaJIbLIUTOHIHOM.

B inmomy nocnimkenHi (Nakamura Y. et al., 2017) Oyno
MPOJIEMOHCTPOBAHO, IO MPU3HAUYEHHS MallieHTaM 3 OcC-
TEOMOPO30M JeHOCyMaly Ha TJIi afeKBaTHOTO CYMyTHbHOTO
NpuitoMy Kajibllifo Ta BitamiHy D nmae kpamuii epekt —
ninpuiieHHs1 MILIKT crerHoBoi KicTku i XpeOrta, 3HU-
skeHHst piBHs [TTT i myxxHOT pocarasu, Hixk BUKOPUCTaH-
HS TIJIBKU A€HOCYMAaOy.
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OCTEOMNPO® Kap6oHat
Kanbuiio + D,
BALLU 1 NBX
[ BALL 1 MBX no no: KW-H =0,001; p =0,96
H BALL 1 MBX 3 mic. 3 mic.: KW-H=3,9;p=0,04
[ BALL 1 MBX 6 wmic. 6 mic.: KW-H=3,9;p=0,04
B BALL 1 MBX 12 wmic. 12 mic.: KW-H=43; p=0,03

PucyHok 1. [Junamika eepme6panbHo20 cuHOpomy (3a
BALL) npu nputiomi OCTEOIPO® i kap6oHamy Kaneyito + D ..
BipozioHe 3MmeHWeHHs 8i0 8uUXiOHO20 pieHsA Yepes 3, 6 i 12 mic.
8 OCHOBHIli 2pyni Ha 8iOmiHy 8i0 KOHMpoo

Ha croronHi Ha hapMalieBTUMHOMY PUHKY YKpaiHU ic-
HYE CITelliaJbHUI OCTEOTeHHUI KalbllieB1il KoMruieKc 111
TIOKOJIIHHST HAa OCHOBI TigpoKciammaTuTy 3 BMicToM dhocdo-
py, akTopiB poCTy i criemiaTbHMX MiKpOEJIeMEHTIB, BiTa-
miny D, i K, — OCTEOITPO® (PRO-PHARMA).

OCTEOIIPO® npu3HavyaoTh JOPOCINM TAlliEHTaM 3
METOIO peTyJIslil KalblieBo-(pochopHOro oOMiHy mpu
nediluTi Kaapllilo B opraHi3Mi, OCTeONopo3i i I 1mo-
JIIIIEHHs POCTY KiCTOK mpu Iepeaomax. PekomeHmo-
BaHa J03a CTAHOBUThH 2—4 TabJeTKU Ha HOOy y 2 mpu-
omu.

1 rabretka OCTEOITPO® MicTUTh MiKpOKPUCTATIUHU I
rinpokcianatutuii komruieke MCH-Cal™ — 1000 wr,
BiTamin K, — 25 Mk, Bitamin D, (xonexanbuundepon) —
12,5 mxr. MCH-Cal™ Bxitouae 250 mMr mpoTeiHiB (Koa-
reH | Tumy i HeKoJareHoBi MEeNTUON, 30KpeMa iHCYIiHO-
nonioHuit daxkrop poctry I i Il tuny (IGF1 — 0,285 wmxkr,
IGF2 — 0,17 MkT), TpaHncdopmyounii akTop pocTy dera
(TGF-$ — 0,0275 MKT), ocTeokaabuH — 604 MKT i 670 mMr
rigpokcianatuty Kaubliio (y ToMy yucii 250 Mr Kablliio,
125 mr docdopy, 4 Mr MarHiio, 64 MKT LIMHKY, 3,9 MKT 3a-
niza i 1,4 Mxr 6opy).

lNapokcianarutHuii komruieke MCH-Cal™ € akTuBHUM
PEryJIsITOpoM KaJibllieBO-(HocHOPHOro OOMiHY, MPUUYOMY
KaJbliii i dochop 3HAXOAATHCS B ONTUMAIbHOMY CITiB-
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OCTEOINPO® KapG6oHat
Kanbujio + D,
On-k PonaHga — Moppica
[0 On-k PonaHpa — Moppica fo no: KW-H=1,10; p =0,29
B On-k Ponanaa — Moppica 3 mic. 3 mic.: KW-H = 0,05; p = 0,81
[Oon-k Ponanga — Moppica 6 mic. 6 mic.: KW-H=1,4;p=0,23
Bon-k Ponanga — Moppica 12 mic. 12 mic.: KW-H =0,5838; p=0,4

PucyHok 2. [JuHamika noKa3HuKie sxummeoisanbHocmi
(3a onumyeanvHukom Ponanoa — Moppica) npu nputiomi
OCTEOI1PO® i kap6oHamy kaneyito + D . BipozioHe smeHweHHA
8i0 8UxiOHO20 pieHA Yepe3 3, 6 i 12 mic. 8 ocHOBHiIli 2pyni Ha
8iOMiHy 8i0 KOHmMpoJiio
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BimHowreHHi 2 : 1. @akTopu pocty B cknani OCTEOITPO®
3MaTHi BIUIMBATA HA CHUHTE3 KOJareHy Ta iHIIMX OLIKiB
KiCTKOBOI TKAHWHM, a TaKOX aKTUBYBAaTH Mporidepallito
i mo3piBaHHS OCTEO0JIACTIB, 110 3a0e3reuye GopMyBaHHS
MaTpUKCY KiCTKOBOI TKaHWHU. HasBHiCTH 1BOX (hopM BU-
mmycky OCTEOTTPO® — mo 30 ta 60 TaGieTOK B yIIaKOB-
i — TIOJIIIITY€E MPUXWIbHICTh MAlli€HTIB.

V nocnimxkenni J.H. O’Keefe et al. (2016) Oyino BusIB-
JIEHO, 1110 TiIpOKCiamaTUT KaJbllil0 MOPiBHSIHO 3 KaJblIilo
[JIIOKOHATOM Ma€ I0BeIeHU I BIUIMB Ha KOPTUKAIbHY KiCT-
KOBY TKaHUHY. Y poooti M. Bristow et al. (2014) noka3zaHo,
1110 MPU3HAYEHHST MiKPOKPUCTATIYHOTO TiApOKCiarnaTuTy 3
BUCOKMM BMiCTOM OCTE€OKAJIbLIMHY J103BOJISIE YHUKHYTH ITi-
KiB rinepKabllieMii, sIKi CrTOCTepiraroThes Mil yac mpuiio-
My 3BUYAHUX KaJIbLIIEBUX KOMILIEKCIB (1IMTpaT/KapOoHaT
KaJsblito yepes 8 rom).

VY HamoMmy BIacHOMY MOCIIDKeHHiI Oysia TipoBeneHa
OIliHKa BIUIMBY ocTeoreHHoro kKomruekcy OCTEOITPO®
MOPIiBHSIHO 3 KOMOiHAIli€l0 KapOOHAT Kalbllilo + BiTamiH
D, Ha moka3HUKM BEPTEOPAIbHOIO 60JILOBOTO CHHIPOMY,
skocTi xkutTsi, MILKT i mapkepiB ii MeTa0o1i3My B Mmalli-
€HTIB 3 OCTEOIEHIEIO.

VY nocnimkeHHi B3suiv ydyacTh 40 TMali€HTIB 3 HU3bKOIO
MIIKT, ski 3ayiexxHo Bif Tepariii Oyau po3noaijieHi Ha aBi
rpynu: ocHoBHY (n = 20), sKa oTpuMyBajla OCTEOTeHHUI
rimpokcianatutHuit Komriekc OSTEOPRO® no 1 taGier-
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AT+
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3 L £
2 — <4
1 — £
OCTEOMNPO® Kap6oHat
Kanbuito + D,
@ EURO-QL__po EURO-QL_
-] EURO-QL_3 wmic. no: KW-H =0,14; p=0,70
[ EURO-QL_6 wic. 3 mic: KW-H=1,7;p=0,19
B EURO-QL_12 wmic. 6 mic.: KW-H =7,9; p = 0,004
12 mic.: KW-H =4,5; p= 0,03

PucyHok 3. JuHamika noka3HuKie skocmi xxumms
(3a EURO-QL-5D) npu nputiomi OCTEOIPO® i kap6onamy
Kaneyito + D . BipozioHe 3meHweHHs 8i0 8uxioHo20 pieHs
yepes 3, 6 i 12 mic. 8 0CHO8Hili 2pyni Ha 8iOmiHy 8i0 KOHmpoo

i 3 pa3u Ha 100y, i KOHTposIbHY (n = 20), siKa BAKOPUCTO-
ByBaja 1000 Mr kap6oHary Kanbiioo/800 MO D, Ha 100y
npoTtsarom 12 MicsiiB.

Pesynbrati mociimkeHHs TMOKa3adud TO3UTHUBHY -
HaMiKy BepTeOpaIbHOTO CHHIPOMY 3a Bi3yaJlbHO-aHa-
snoroBolo mKanowo (BAILLl), momimmeHHST NDOKa3HUKIB
XKUTTEMISUIBHOCTI 32 ONMUTYBaJbHUKOM Ponanma — Mop-
pica i gxocri xutts 3a EURO-QL-5D npu npusHauyeHHi
OCTEOITPO® Ha BigmiHy Bif 0ci0, SIKi BUKOPHUCTOBYBAIA
KapOoHaT Kanblito + Bitamin D, (puc. 1-3).

Takox BuBYasu mokazHuku MIIIKT nomepekoBoro
BifIiy XpeOTa i CTErHOBOI KiCTKM 32 YMOBM MPU3HAYEHHS

1,20

1,15

1,10

1,05

1,00

0,95

0,90

0,85 —

0,80 —

0,75 —

0,70 —

0,65

OCTEOMPQO® Kap6oHnat

Kanbujio + D,

PucyHok 4. Junamika MLLKT nonepekoeozo 8iddiny xpe6ma
Ha mni nputiomy OCTEOIIPO® i kap6oHamy Kaneyito + D,

0,92

0,90

0,88

0,86

0,84 ]

0,82

0,80

0,78—

0,76 —

0,74—

0,72—

0,70

OCTEONPO® Kap6oHat

Kanbuito + D,

PucyHok 5. lJunamika MLYKT cmeaHoeoi kicmku npu nputiomi
OCTEOIIPO® i kap6oHamy Kaneyito + D,
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OCTEONPO® Kap6oHaT

@ P1PN o Kanbuiio + D,
B P1PN 12 wmic.

PucyHok 6. BipozioHe 36inbwieHHA PTNP y apyni npuiiomy
OCTEOIPO® (t=2,60; p = 0,026)

OCTEOITPO® i xap6oHaty Kanbliio + D,. Byno sussie-
HO, 110 OOUJBI cTparerii BUKOPUCTAHHS KaJIbIIilo Ta BiTa-
miny D 3a0e3neuyioTh cTabiiizallifo i BilCyTHICTh IIporpe-
CYIOUOi BTpaTH KiCTKOBOI TKAaHUHMU (puc. 4, 5).

Kpim TOro, Ham3BuuaitHo 1ikaBUMU Oyaud pe3ysib-
TaTu, IIPUCBSIYEHi OiOXiMIiYHMM MapKepaM KiCTKOBO-
ro pemonemioBaHHd. Ha tmi 12-micgyHoro mnpuiio-
my OCTEOITPO® BigOynoch BiporigHe 30iIbIIEHHS
nokazHuka N-TepMiHaJIbHOTO MPOMENTUAY MPOKOJareHy
I tuny (PINP), t = —2,60; p = 0,026, a B KOHTPOJIbHiii
Ipyri — BipoOTigHEe 3MEHIICHHS [B-TepMiHAJBHOTO TeJIO-
nentuny komareHy I tumy (B-CTx), t = —2,44; p = 0,037
(puc. 6, 7).

0,8

0,7

0,6 =

012 1 1
OCTEOMPQO® Kap6oHat
Kanbuijio + D,
@ B-CTx no
B p-CTx 12 mic.

PucyHok 7. Bipozione 3meHwenHs BCT-x y KOHMponbHiti 2pyni
(t=2,44;p=0,037)

I ue 3po3ymino, OCKibKM Ha TJIi TPUIOMY POCTOBUX
(hakTOpiB MOXHa OTPUMYBATHU OAATKOBI MepeBaru, mpu-
3Havaioun octeoreHHmii Komruiekc OCTEOITPO®.

Otxe, 3rigHO i3 CyJaCHMMM HAacTaHOBAMM i KJTiHI4-
HUM JOCBIiIOM, KJIIOYOBUM 3aXOAOM IPOQIIaKTUKU U JIi-
KyBaHHSI OCTEOIIeHii, OCTeOnopo3y Ta MOro yCKJIaaHEHb €
MiATpUMKa BMIiCTy KaJjbllifo Ta BiTamiHy D y mMexax Hop-
MM B YCiX IpyIl HaceJeHHs. 3 1i€l0 METOI MPU3HAYAETHCS
octeorenHuit komrieke OCTEOITPO®, axkuii 3MeHIye
BepTeOpasibHUI 60b0BUI cuHApoM, Tofinirye MIKT i
SIKICTb XKUTTSI TALIEHTIB.

MiarotryBana TersiHa Yuctvk
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Osteoporosis, arterial calcification,
and kidney stone disease:
modern anti-aging modalities
(literature review)

Abstract. Background. The problem of osteoporosis as well as a cardiovascular disease remains one of the lea-
ding in the statistics of morbidity and mortality due to the aging of the population throughout the world. Recent
publications accentuate the new viewpoint to an association of this statistic with the mechanism of the “calcium
paradox”. These processes can have common risk factors when endothelial cells of different organs have been
modified to osteoblasts-like bone cells and become intensive capture calcium crystals. This pathological process
results in bone and vessel fragility and nephrocalcinosis. This pathogenesis is complex and common but not fully
understood mechanisms. The purpose was to analyze the current literature data on reasons and molecular mecha-
nisms of bone remodeling and vascular calcification according to a literature review over the past 5 years. Materials
and methods. An analytical review of literature data was conducted using the information analysis of Medline
(PubMed), Web of Science and Scopus databases, Google Scholar, and the Cochrane Central Register of Controlled
Trials (CENTRAL) for 2018-2023 using the keywords “osteoporosis”, “atherosclerosis”, “vascular calcification”, “stem
cells”, “exosomes”, “kidney stones diseases”. Results. The literature analysis underlines the multiplay pathogenetic
mechanisms as common lifestyle risk factors (calcium and vitamin D, K, deficiency smoking), as an osteosarcopenia,
immunoaging, and stem cell senescence. Conclusions. In order to solve the problem prevention of the “calcium
paradox”, it is necessary to access the correction of multiple mechanisms: calcium and vitamin D, K, deficiency,
reasons causing secondary hyperparathyroidism, falling, osteosarcopenia, immunoaging, and senescence of stem
cells, microRNA and exosomes. A new understanding of the problem opens up opportunities for influencing all the
known links and new perspectives of treatment.

Keywords: arterial calcification; osteoporosis; osteopontin; stem cells; exosomes; kidney stone disease

Introduction

Osteoporosis remains one of the leading causes in the
statistics of morbidity and mortality due to the aging of
the population throughout the world [1]. A progressive de-
crease in bone mineral density (BMD) is more typical for
postmenopausal women [2]. Men aged 65 years and older
also have a decreased BMD. However, in recent years there
has also been an increase in cases of secondary osteopo-
rosis due to the influence of concomitant pathologies and
drugs on the state of bone tissue. For example, COVID-19,
rheumatic diseases, etc. were associated with the intake of
glucocorticoids and other drugs [3]. Another problem of
poor compliance in the prevention and treatment of osteo-

porosis is the inadequate intake of calcium supplements and
calcium-containing foods. According to statistics, many
such patients have calcium and vitamin D deficiency [4].
The problem of insufficient calcium intake is exacerbated
by the fear of both patients and doctors of the possible side
effect of calcium preparations, such as vascular calcification
(VC), and the occurrence of urolithiasis. Indeed, the aging
of the body is accompanied not only by the fragility of the
bones but also by a decrease in the elasticity of blood vessels.
Increased vascular stiffness is one of the factors of poor car-
diovascular prognosis as well as the progression of chronic
kidney disease in the presence of urolithiasis [5]. Unfortu-
nately, both morbidity and mortality due to cardiovascular
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diseases (CVD) are progressively increasing [6]. Recent
publications increasingly point to an association between
bone loss and vascular calcification [7—9].

Thus, understanding the reasons, including molecular
mechanisms of the occurrence of pathological extraosseous
calcification is very important for the prevention of both bone
mineral density and cardiovascular and renal diseases.

The purpose was to analyze the current literature data on
reasons and molecular mechanisms of bone remodeling and
vascular calcification according to a literature review over
the past 5 years.

Materials and methods

An analytical review of literature data was conducted us-
ing the information analysis of Medline (PubMed), Web of
Science and Scopus databases, Google Scholar, and the Co-
chrane Central Register of Controlled Trials (CENTRAL)
for 2018—2023 using the key words “osteoporosis”, “athe-
rosclerosis”, “vascular calcification”, “stem cells”, “exo-
somes”, “kidney stone disease”.

Risk factors for osteoporosis
and vascular calcification

The risk factors for osteoporosis and vascular calcifica-
tion are very similar. Aging is a common cause that leads
to loss of bone density, and degenerative changes in valves
and blood vessels. Bone tissue aging begins with the mecha-
nisms of senescence of stem cells. That is why an impaired
capability of osteogenic differentiation, senescence of me-
senchymal stem cells (MSCs), genetic (expression of osteo-
porosis-associated genes runt-related transcription factor 2
(RUNX2), lipoprotein receptor-related protein 5 (LRPS),
collagen type 1 alpha 1) and microenvironment imbalance
and disordered immunoregulation also promote OP [10]. As
markers of vascular aging, both medial and intimal calcifi-
cation as a progression of atherosclerosis (plaque calcifica-
tion) should be noticed. Perhaps, taking into account the si-
multaneous aging of both bone tissue and the vascular wall,
there are common pathogenetic links. Observational studies
reported an association between vitamin D deficiency and
OP risk, hypertension, atherosclerosis, and heart failure
[11]. That is why fracture prevention and improvement of
vascular elasticity can be achieved by vitamin D correction
[12]. In general, scientists study the mechanism of simulta-
neous aging of bones and blood vessels in order to prevent
the deterioration of two pathogenetic processes by the mini-
mal amount of drugs.

The goal of cardiovascular risk prevention is to mini-
mize the occurrence of myocardial infarction, stroke, and
cardiovascular death by assessment of the patient’s risk fac-
tors [13].

However, in the prevention of osteoporosis, the most im-
portant thing is the prevention of fractures, and not just the
increase in bone mineral density. Statistical data show that
the presence of a fracture of the radius increases the risk of
subsequent fractures by 2 times, while vertebral fractures by
5 times, and the neck of the femur in 2 times increases the
risk of death. Therefore, prevention of falls is the prominent
goal. Bone fractures lead to immobilization of patients,
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which also complicates the clinical course of cardiovascular
pathology. It leads to pulmonary embolism, progression of
heart failure, and eventually death [14, 15].

The increased risk of falls, especially in the elderly, may
be caused by several reasons. One of them is a decrease in
the strength and amount of muscle mass, the so-called sar-
copenia [16]. It is also important to decline cognitive and
mental functions. In total, it increases the risk of falls and
consequently, the risk of fractures. Another important risk
factor for fractures is increased bone fragility. It may be due
to a decrease in both bone mineral density and bone mine-
ralization and its quality [17]. Bone mineralization is greatly
influenced by both calcium and vitamin D deficiency. Both
mechanisms may be associated with the development of
hyperparathyroidism. Also, hyperparathyroidism, both pri-
mary and secondary, contributes to progressive vascular cal-
cification [18].

Genetic predisposition is an important unmodified risk
factor for both osteoporosis and CVD. Therefore, when in-
terviewing the patient, we have to pay attention both to the
history of fractures in relatives (especially the femoral neck),
and past heart attacks and strokes [19, 20].

Insufficient intake of calcium and vitamin D. As men-
tioned above, low calcium intake is the basis for bone den-
sity deficiency. Numerous studies confirm an increase in
vascular calcification due to the occurrence of secondary
hyperparathyroidism as a cause of calcium and vitamin D
deficiency [21—23]. Some observational and clinical trials
of calcium supplementation have suggested to be potential
for cardiovascular harm. Therefore, calcium supplementa-
tion is used cautiously, striving for recommended intake of
calcium predominantly from food sources. Currently, the
available evidence demonstrates that vitamin D and cal-
cium supplements are not harmful to cardiovascular health
[24]. Based on the results of a recent meta-analysis con-
ducted in 2010, 15 studies showed that calcium supplemen-
tation without vitamin D was associated with an increased
risk of myocardial infarction (relative risk (RR) = 1.27;
95% confidential interval (CI): 1.01—1.59; p = 0.038). A
non-significant increase in the risk of stroke was also found
(RR = 1.20; 95% CI: 0.96—1.50; p = 0.11), early death
(RR =1.18;95% CI 1.00—1.39; p = 0.057) and global risk
of death (hazard ratio = 1.09; 95% C10.96—1.23; p=0.18).
But, it should be noted that in 13 of these 15 studies, cal-
cium preparations were used as monotherapy compared
with the placebo group. Only one study compared calcium
monotherapy with combination therapy (calcium and vita-
min D). This does not give grounds to extrapolate the re-
sults of a study on calcium monotherapy to its combined
intake with vitamin D [25].

Estrogen deficiency is the main cause of postmenopausal
osteoporosis in women since normal estrogen levels have a
protective effect on the cycle and speed of bone remodeling
[26]. A normal level of estrogen is also a protection against
the development of atherosclerotic damage to the intima of
the arteries [27]. It is a well-known fact that a fertile woman
is less susceptible to the development of cardiovascular di-
sease. In menopause, the CVD incidence reaches the same
level as men due to dyslipidemia [28]. However, taking into
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account the cardiovascular risk, hormone replacement
therapy (HRT) in menopause is recommended in case of
significant severity of menopausal syndrome with a low risk
of venous thromboembolism. According to the recommen-
dations of the International Menopause Society 2016, HRT
is indicated taking into account the patient’s age and/or
time after menopause, the presence of comorbidities. HRT,
which is recognized on time, can reduce all-cause mortality
and cardiovascular disease. Even more than other methods
of primary prevention of cardiovascular diseases, such as
lipid-lowering therapy. Complications associated with HRT
are rare in this case (< 10 events/10,000 women), and are
comparable with other medications. Hormone replacement
therapy is a sex-specific and time-dependent primary CVD
prevention therapy that concomitantly reduces all-cause
mortality, as well as other aging-related diseases with assess-
ment of risk. And prevention strategies must be personalized
[29, 30].

Smoking, alcohol abuse, obesity, sedentary lifestyle are
common risk factors for both osteoporosis and cardiovascu-
lar disease, with increased osteoclasts activity and a rise the
myocardial infarction. Stroke also occurs due to endothelial
dysfunction [31—34].

Male gender and hypertension are known risk factors for
coronary events and death. Although studies have recently
been published that an increase in blood pressure is associ-
ated with a decrease in BMD [35, 36].

Thus, the association of bone fragility and vascular calci-
fication can be called the “calcium paradox” [37]. Under-
standing the reasons for the loss of calcium compounds by
bone tissue and their increased uptake and accumulation by
endothelial cells and vascular media is the actual problem.
Since the interruption of the activation pathways of this
process can contribute to both improving the condition of
bone tissue, and elasticity and blood vessels. What we need
to know in this complex mechanism?

First of all, we should understand the principles for di-
agnosing osteoporosis. It is based on the evaluation of the
T-score by X-ray absorptiometry of BMD of lumbar verte-
brae and the femoral necks. According to the World Health
Organization (WHO) definition, menopausal women, men
aged more the 65 years old with a T-score less than —2.5
standard deviation (SD) value are diagnosed as having OP.
T-score of —1 to —2.5 SD of the value is categorized as ha-
ving osteopenia. Normal BMD is evaluated in T-score more
than —1 SD. Also, the WHO Fracture Risk Assessment Tool
(FRAX) is considered to be efficient in estimating the risk
of fracture [38].

The pathogenesis of OP is based on the decreased bone
density as a result of the imbalance between the bone for-
mation by osteoblasts and bone resorption due to osteoclast
over-activity. As a result, the bone becomes brittle due to de-
creased mineral density. Also, the degree of mineralization
of the bone is of great importance. This process is largely
affected by calcium and vitamin D deficiency, as well as
secondary hyperparathyroidism, which occurs as a conse-
quence. Impaired mineralization also leads to reduced bone
quality. This can be determined using the densitometry (tra-
becular bone score) [39]. However, the trigger for the viola-
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tion of the structure and quality of bone tissue construction,
as well as aging, can be due to the senescence of the mesen-
chymal stem cells.

The bone life starts from the osteogenic differentiation of
MSCs, while the multipotent bone marrow stem cell is able
to differentiate into osteoblasts, adipocytes, myocytes, or
chondrocytes under the influence of a large number of im-
mune intra- and extracellular regulators. Activation of fac-
tors such as RUNX2, and osterix, promote the osteoblasts
proliferation of MSCs. The antagonist of osteoblast forma-
tion is peroxisome proliferator-activated receptor gamma.
Such activation can shift osteogenesis to adipocyte forma-
tion. It is known that the main senescence of the osteogenic
differentiation capacity of MSCs, which is one of the rea-
sons for osteoporosis is the increasing activity of adipoge-
nesis. The bone morphogenetic protein 2 (BMP) signaling
pathway is generally acknowledged to play an important role
in regulating the adipogenic and osteogenic differentiation
of MSCs in the direction of osteoblast formation. Produc-
tion of the type I collagen-deficient extracellular matrix also
causes adipogenic differentiation [40].

The osteoclasts formation occurs from another precur-
sor — hematopoietic stem cells — monocytes and macro-
phages. One of the ways of osteoclastogenesis starts with
osteoblasts expression of receptor activator of nuclear fac-
tor kappa B ligand (RANKL) [41]. Being banded with its
receptor, osteoprotegerin (OPG) as the natural inhibitor of
RANKL reduces the osteoclasts activity. OPG is synthesized
in various organs, including bones, heart, arteries, lungs,
kidneys, and intestine. OPG binds with a soluble substrate of
RANKL and prevents the formation of osteoclasts and bone
resorption by inhibiting the interaction of RANKL-RANK
receptors [42]. OPG inhibits the extensive calcifications of
the aortic, carotid, femoral, mesenteric, hepatic, and renal
arteries induced by treatment with warfarin or toxic doses of
vitamin D [43]. Patients with osteoporosis, as with vascular
calcification, have a lower OPG/RANKL ratio [44].

The mechanisms of vascular calcification
Regarding VC, it must be clarified that there are 3 main
types: intimal calcification (most common for atheroscle-
rotic damage), medial (kidney disease, hyperparathyroi-
dism), and valvular calcification. Each species has its own
pathogenic mechanisms of development and disease. For
example, intimal calcification is more characteristic of an
atherosclerotic process. Medial is typical for chronic kidney
disease and hyperparathyroidism. Valve calcification is due
to common factors, which we will discuss below [45].
Arterial stiffness increases during senescence [46] and in
various pathological conditions, including obesity, diabetes,
smoking, and dyslipidemia [47]. It reflects the health of the
cardiovascular system. Increased stiffness of arteries con-
tributes to hypertension, especially its isolated form, which
is characterized by an increase in pulse pressure. Also, the
increase in arterial stiffness reduces the coronary perfusion
pressure and increases the afterload of the left ventricle,
contributing to its remodeling and dysfunction [48]. Finally,
high pulse pressure deteriorates the microcirculation of tar-
get organs, such as the kidneys and brain, while the paren-
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chyma of such organs is exposed to high blood pressure and
mechanical stress [49].

The main reason for vascular calcification, as well as the
reason for OP development, is the imbalance between cal-
cification inhibitors and their promoters. Calcification pro-
moters activation are RANKL, Wnt ways, mitochondrial
dysfunction, hyperparathyroidism, vitamin D and calcium
deficiency, hypercalcemia, genes RUNX2, and low-density
lipoproteins (LDL). Also, the VC can be induced due to de-
creases activity of calcification inhibitors, like Wnt inhibitor,
osteopontin (OPN), OPG, fetuine, high-density lipopro-
teins (HDL), Klotho, BMP, fibroblast growth factor (FGF),
matrix Gla protein (MGP), etc. [50, 51].

Inflammation plays an important role in various mecha-
nisms of pathological calcification, as for vascular calci-
fication so for kidney stones (KS) formation. One of the
common mechanisms of VC, KS, and OP can be immune
system influence through the activation of pro-inflamma-
tory cytokines IL6, IL8, and OPG/RANK/RANKL system
[52]. Chronic inflammation inducts stems to macrophages
activation and provides osteoblastic transformation of vas-
cular cells, including smooth muscle cells (SMCs) by tumor
necrosis factor o and nuclear factor kappa B (an amplifier
of the light chain of activated B cells) to activate the athe-
rosclerosis development [53]. These mechanisms by which
lipoproteins are taken up by MSCs mediate phenotypic
switches toward the development of atherosclerosis and in-
timal calcification in the final stage [54]. The mechanism
of interaction between low-density lipoproteins, which are
pro-atherogenic lipids, and the Wnt/B-catenin calcification
signaling pathway is known.

The Wnt/B-catenin is an intracellular signaling pathway
that plays a key role in bone formation, regulating osteoblast
activity. The phenomenon of vascular calcification means
the conversion of the vascular smooth muscle cells (VSMCs)
to an “osteoblast-like” phenotype when the process of
mineralization takes place in the vessel [55]. Activation of
Wnt/p-catenin pathway based on the Wnt ligand binding
with their receptors, frizzled and LRP5/6 inactivating the
glycogen synthase kinase 3 stabilizes B-catenin in the cyto-
plasm making possible their translocation into the nucleus
and initiate the transcription of bone-forming genes. This
regulates the pre-osteoblast differentiation through RUNX2
or/and OX induction. Inhibitors are able to block the Wnt/
B-catenin pathway and decrease the osteoblast differentia-
tion and activity, which will lead to loss of bone density.

The relationship between bone fragility and LDL was al-
so proven in the experimental study. Hypercholesterolemia
increased the fragility of the bones of experimental animals
due to the disruption of mineralization processes [56].

A new receptor has recently been identified that can acti-
vate the “calcium paradox”. It is the RANKL-receptors leu-
cine-rich repeat-containing G-protein-receptor 4 (LGR4),
also called G-protein-coupled receptor (GPR) 48. It is pro-
vided through RANKL-driven inhibition of osteoclastoge-
nesis and the promotion of vascular calcification [57]. This
receptor overexpression leads to increased responsibility for
high parathyroid hormone (PTH) in uremic rats. In vitro,
the silencing of the LGR4 gene in VSMCs was capable to
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prevent PTH-induced vascular calcification without chan-
ges in RANKL and OPG expression [58].

Metabolic disturbances in parathyroid hormone are
also important in the pathological vascular calcification.
Also, parathyroid hormone, phosphorus (P), calcium (Ca),
FGF23, calcidiol, calcitriol and Klotho are involved in the
processes of pathological calcification. This occurs through
interaction with the RANK/RANKL/OPG system and
Wnt/B-catenin. It is more typical in chronic kidney disease
(CKD) [59].

Parathyroid hormone has an osteoblasts potential effect.
The elevated level of PTH inhibits sclerostin and other Wnt/
[-catenin pathway inhibitors. It also has a direct inhibitory ef-
fect on the Wnt/B-catenin pathway in osteoblasts through the
induction of DKK (Wnt inhibitor Dickkopf protein) [60—62].
In particular, DKK3 is released by “stressed” tubular epithe-
lial cells; DKK3 drives kidney fibrosis and is associated with a
short-term risk of CKD progression and acute kidney injury.
Thus, targeting the Wnt--catenin pathway might represent a
promising therapeutic strategy in kidney injury and associated
complications [63]. The effect of sclerostin on vascular calci-
fication is controversial. Some studies show that its decrease
is associated with an increase in calcification. Others — that
with a decrease in its fraction isolated from the vessels, calci-
fication also increases. A meta-analysis of randomized con-
trolled trials found that the new osteoporosis drug romoso-
zumab, which is an antibody that blocks sclerostin, does not
significantly increase the risk of serious cardiovascular events
(RR =1.14; 95% CI: 0.83—1.57; p = 0.54) or cardiovascular
death (RR=10.92;95% CI: 0.53—1.59; p=0.71) [64].

The soluble Klotho is the antagonist of Wnt/fB-catenin
pathway activation through proteins interactions between
him and extracellular activators of the Wnt/B-catenin path-
way. In CKD, the loss of kidney function causes the reduc-
tion of renal Klotho gene expression. As Klotho depresses
renal calcitriol production, its reduction could influence os-
teodystrophy in CKD patients, acting through the complex
PTH-calcitriol-FGF23 axis modulating through a direct
protein-protein mechanism. The interaction between the
vitamin D receptor and p-catenin promotes the VC [65].
This mechanism is possibly related to vitamin D metabo-
lism abnormality. It is known that vitamin D deficiency is an
important risk factor for the development of not only meta-
bolic diseases of bone tissue, but also hypertension, obesity,
diabetes, and its additional intake can significantly reduce
the frequency of heart attacks — vascular events [66]. The
key link of these processes is probably the violation of the
formation of the active metabolite of vitamin D. The kid-
neys are the target organs in hypertension. And when they
are damaged, the synthesis of 1o-hydroxylase, the enzyme
that helps 25-hydroxycholecalciferol (25(OH)D,, calcidiol)
in the kidneys is transformed into the active form of vitamin
D, — 1,25 dihydroxycholecalciferol (1,25(OH),D,, calcitri-
ol — D-hormone) is destroyed [67].

Due to a deficiency of D-hormone, hypocalcemia deve-
lops. It leads to the development of secondary hyperpara-
thyroidism, increasing the rate of bone tissue resorption.
This increases the release of calcium from the depot and
increases its absorption in the intestine and its entry into the
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vessels. This mechanism provokes atherocalcinosis, as a kid-
ney stone disease [68].

There is another mechanism for the formation of kidney
stones. It involves OPN. Osteopontin mainly presents in the
descending limb cells of the loop of Henle, in the papillary
surface epithelium of the calyx. The trigger for OPN expres-
sion and stone formation is hyperoxaluria. After deposition
of calcium oxalate crystals, OPN expression can be detected
also in proximal tubules [69]. Osteopontin is a proinflamma-
tory chemokine of the monocyte family (Kleinman et al.,
1995). Damage to kidney cells produces the release of large
amounts of OPN. It activates monocyte chemotaxis in the
kidney and induces monocyte macrophages to differentiate
into the pro-inflammatory M1 phenotype, leading to renal
fibrosis. This is one of the many pathological mechanisms of
nephrolithiasis. It is based on Randall’s theory of plaque for-
mation (calcified plaques that form on the surface of the renal
papilla). This happens at the base of the thin legs of the loop of
Henle on the surface of the renal papilla [70]. In experimental
animal studies, crystal deposition in the kidney has been as-
sociated with oxidative stress, activation of inflammation, and
increased expression of OPN molecules [71]. OPN is a se-
creted matricellular protein, that contains a calcium-binding
domain and multiple phosphate sites. In acute and chronic
inflammatory cytokine signals through integrin and CD44 re-
ceptors. It is very interesting different forecasts. For example,
in an acute increase, it can attenuate vascular calcification,
and promote postischemic neovascularization. In contrast,
chronic increases in OPN are clinically associated with an
increased risk for a major adverse cardiovascular event. That
is why OPN expression is a strong predictor of cardiovascular
disease independent of traditional risk factors [72]. Recent
data have shown that only phosphorylated OPN can inhibit
vascular calcification and promotes dissolution in cultured
human vascular smooth muscle cells VSMCs. Moreover, in
the absence of OPN, electrostatic repulsion and probably
protein alignment increase. The distance between the fila-
ments becomes larger and this leads to a decrease in stability
and destruction. Recently, the influence of oxidized LDL in
the promotion of proliferation and migration of human coro-
nary artery SMCs via upregulation of OPN and matrix metal-
loproteinases was revealed [73].

Ectopic calcification is also associated with impaired me-
tabolism of two vitamin K-dependent proteins: osteocalcin
(bone Gla protein) and Gla matrix protein (MGP). Os-
teocalcin and MGP are highly expressed in skeletal tissue.
Osteocalcin is specifically expressed by osteoblasts. MGP
is expressed in chondrocytes, as well as in vascular smooth
muscle cells and epithelial cells [74]. Thus, increased ex-
pression of osteocalcin is a negative regulator of bone for-
mation, while MGP has been shown to be an inhibitor of
tissue calcification.

Vitamin K belongs to the group of fat-soluble vitamins.
In 1929, it was discovered by the Danish biochemist Hen-
rik Dam as a food component necessary for blood clotting
[75]. Vitamin K comes in two forms — vitamin K and K,
[76]. Previously, vitamin K was best known for its key role
in blood clotting. In recent decades, many different physio-
logical functions have been discovered. Vitamin K has been
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found to play a significant role in cell growth and prolifera-
tion, apoptosis, oxidative stress, inflammation, and calcifi-
cation. Vitamin K deficiency is linked to increased risk of
cancer and heart disease [77]. Surprisingly, however, a re-
cent study suggests that increased intake of vitamin K, may
be associated with an increased risk of breast cancer and
mortality in breast cancer patients [78].

The three forms of vitamin K differ inside chains and
share a common naphthoquinone group. Vitamin K, does
not have a hydrocarbon side chain and is therefore water
soluble. In contrast, vitamins K, and K, carry hydrocarbon
side chains that form a hydrophobic molecule. In addition,
the side chain of vitamin K, can vary in the number of iso-
prenyl residues and hence in length. The classification of
vitamin K, includes the designation for the number of iso-
prenyl residues, MK-n, where n denotes the amount [79].
Vitamin K, is found in green vegetables, including kale,
spinach, and broccoli. Vitamin K, is found in meat, dairy
products, and fermented soybeans [80].

Fat-soluble vitamin K exists in three different forms:
vitamin K, (phylloquinone), vitamin K, (menaquinone),
and vitamin K, (menadione) [81]. Vitamins K, and K, are
compounds of natural origin, while vitamin K, is of artificial
origin. Vitamins K, and K, are the main forms of human nu-
trition. Vitamin K, on the other hand, is only used in ani-
mal nutrition due to its relatively high toxicity. In the human
body, vitamin K is mainly found in the liver and is involved
in the synthesis of blood coagulation proteins. Vitamin K,
has a wider use in body systems.

The role of vitamin K in blood clotting is better known.
It is due to its ability to act as a cofactor for the enzyme
y-glutamyl carboxylase (GGCX) [82].

This enzyme catalyzes the y-carboxylation of glutamic
acid (Glu) residues in vitamin K-dependent proteins. The
consequence of this is the formation of y-carboxyglutamic
acid (Gla). This conversion promotes the binding of Ca2+,
which is essential for blood clotting properties. Once taken
up by the cell, vitamin K binds to the endoplasmic reticu-
lum, where it acts as a cofactor for the carboxylation of
GGCX. Prior to this, the dietary quinone form of vitamin
K is reduced to the hydroquinone form by vitamin K reduc-
tase. GGCX-VitK then y-carboxylates the glutamic acid
residues of the Gla proteins, while vitamin K is converted
to its epoxide form. Finally, vitamin K epoxide reductase
reduces vitamin K to its quinone form. After conversion, vi-
tamin K is involved in osteoblast differentiation and inhibits
osteoclast differentiation, stimulates OPG expression, and
inhibits RANKL expression [83].

However, the activation pathway of these numerous
mechanisms of vascular calcification remains unclear. The
possible significant influence of extracellular vesicles on the
processes of activation of the dominant pathway of vascular
calcification is being discussed more and more often.

Last recent publications very often mention the great role
of exosomes in the pathogenesis and treatment of senescence
bone cells that cause OP. Exosomes the extracellular vesicles
(EVs) are the new theory of OP development. EVs are secreted
by SCs and play an important role in cell-cell communication
[84]. Besides the inhibition of the inflammatory response and
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promoting vascularization, EVs have been found to promote
bone formation by repairing the function of impaired which
are similar to the effects of MSC transplantation. The diplex
functions of bone-related cells-derived exosomes in OP. Exo-
somes secreted by osteoblasts and mesenchymal stem cells
have bilateral effects in promoting and suppressing OP. Exo-
somes derived from myocytes and vascular endothelial cells
mainly inhibit the process of OP [85].

Exosomes are nanovesicles 30—120 nm in size. They have
been identified in many cell types, including stem cells. Their
main function is to carry out effective intracellular communi-
cations. Exosomes deliver biologically active miRNAs, pro-
teins, lipids, and other signaling molecules to recipient cells.
Exosomes help cells communicate with each other, main-
tain cellular/tissue homeostasis, and respond to pathological
stress. They regulate cell survival, cell proliferation and cell
death. Thus, exosomes regulate biology and cell repair pro-
cesses [86]. MicroRNAs that carry exosomes can influence
resorption and bone formation. Exosomes can be detected by
specific markers, such as CD63, CD81, and CD9 [87]. Some
exosomes like tRF-25, tRF-38, and tRF-18 can be used for
the diagnosis as biomarkers of osteoporosis [88].

The main mechanism of vascular calcification is the
ability of endothelial cells to differentiate into osteoblast-
like cells. They express transcription factors for osteoblas-
tic differentiation and bone matrix proteins that help store
calcium. Some cells may also differentiate into osteoclast-
like cells. Some MSCs or precursors and macrophages have
these properties. Thus, reducing the number of cells with a
blast-like phenotype and increasing the number of cells that
remove excess calcium may be a strategy for vascular calcifi-
cation cell therapy [89, 90].

A decrease in MGP and fetuin-A increases the formation
of calcified exosomes. The protein-lipid complex, which
consists of phosphatidylserine and annexin, transforms exo-
somes into foci of calcification. These foci serve as sites for
the start of calcium deposition. The deposition of calcium
minerals is facilitated by their interaction with elastic pro-
teins and collagen fibers in the matrix of endothelial cells
[91]. Exosomes clean cells of excess calcium. This protects
them from intracellular calcium overload. Over time, the
activity of calcification inhibitors decreases [92]. An in-
crease in the level of phosphates and calcium stimulates the
release VSMCs of exosomes. The level of sphingomyelin
phosphodiesterase 3 is also elevated. Some studies show that
the first focus of calcification, which is formed by exosomes,
is located near collagen and elastin fibers [93]. Recently,
iron-based phosphate binders have been proposed in ad-
vanced CKD to treat hyperphosphatemia. Iron arrests fur-
ther high phosphorus-induced calcium deposition through
an anti-apoptotic action and the induction of autophagy on
established calcified VSMC [94]. Studies have shown that
exosomes are involved in vascular calcification, miRNA
transport, and oxidative stress response [95].

Some studies have shown that exosomes can transport
microRNAs (miRNAs) and proteins from various cells to
GMCS. There are different miRNA profiles that are involved
in coronary artery calcification [96]. Especially were increased
miR-199b-3p, miR-27b3p, miR-130a-3p, miR-221-3p,

and miR-24-3p in patients with asymptomatic carotid artery
stenosis progression [97]. Known the promoters of VC, as
miRNA-221, miRNA-222, miRNA-762, miRNA-714, miR-
NA-712, and miRNA-210 [70]. Conversely, several miRNAs
are involved as calcification inhibitors, including miRNA-26,
miRNA-30, miRNA-125b, and miRNA-204 [98].

A randomized study showed that sodium thiosulfate did
not prevent the progression of abdominal aortic calcifica-
tion, however, it had a positive effect on the process of cal-
cification of the iliac arteries and heart valves [99, 100].

This evidence shows the possibility of treating calcifica-
tion by exosome loading of substances that can reduce calci-
fication [101—103]. For example, melatonin can reduce VC
and aging through exosomal miR-204/miR-211 [104].

Conclusions

Thus, the pathogenesis of osteoporosis, vascular calcifi-
cation, and nephrocalcinosis are complex common but not
fully understood mechanisms. These processes can have
common risk factors when endothelial cells in different or-
gans have been modified to osteoblasts—like bone cells and
become intensive capture calcium crystals. In order to solve
the problem prevention of the “calcium paradox” it is ne-
cessary to access whole multiple mechanisms: calcium and
vitamin D, K, deficiency, reasons for secondary hyperpara-
thyroidism, immuno-aging as senescence of stem cells, and
influence microRNA and exosomes. A new understanding
of the problem opens up opportunities for influencing all the
known links and new perspectives of treatment.
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OcTeonopos, apTepianbHa Kanbuudikauisa Ta ceuokam’'sHa xsopoba:
cyvacHi metoan 60poTb6u 3i cTapiHHAM (ornag niteparypm)

Pe3tome. Axmyaavnicmo. TpoGnema ocTeonoposy, K i cepleBo-
CYIMHHUX 3aXBOPIOBaHb, 3AJIMIIAETHCS OJHIEIO 3 TOJOBHUX Y CTa-
TUCTULII 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Yepe3 CTapiHHSI HaceleH-
HSI B YCbOMY CBiTi. Y cydacHUX MyOJiKalisix MiIKpecaiol0Th HOBY
TOYKY 30pY Ha 3B’SI30K IIi€1 CTATUCTUKU 3 MEXaHi3MOM «KaJIbI[iEBO-
ro mapaaokcy». Lli mporecu MoXXyTb MaTH 3arajibHi (haKTOpU pU3U-
KY, 1110 BIUTMBAIOTh Ha CIiJIbHI MeXaHi3MH1, KOJIM eHAOTe TiaJIbHi KJTi-
TUHU Pi3HUX OPTaHiB ITepETBOPIOIOTHCS Ha OJIACTOIOMIOHI Ta TTOYM -
HAIOTh iHTEHCUBHO 3aXOILIIOBATH KPUCTAIM KaJbllilo 3 BilKIamaH-
HSIM Y CYIMHHII CTiHLI Ta opraHax, Harpukiaa Hupkax. Lleit na-
TOJIOTIYHUI MPOLIeC TPU3BOAUTD 0 JAMKOCTI KiCTOK i CyIWH, He-
dpoxanpLrHO3y. [TaToreHes natosoriuHoi KaabLubikalii € cKaam-
HUM, MOTO MEXaHi3M Ha ChOTOJNIHI 3aJIMIIAEThCS HE 3’SICOBAHUM.
Mema: npoaHaizyBaTi MOTOUHI JIITepaTypHi daHi PO MPUIUHU
Ta MOJIEKYJIIPHI MeXaHi3MU PeMOJEIIOBAHHSI KiCTOK i KalbIui-
Kallil Cy[IMH BiIMIOBIIHO JIO OIJISIAY JITepaTypy 3a OCTaHHI 5 POKIB.
Mamepiaau ma memoou. AHaJTITHIHAIN OTJISII JTITEpAaTypHUX Ha-
HUX (CTaTTi, pe3ioMe, MeTaaHasli3u) 0yJ0 MPOBEACHO 3 BUKOPUC-
TaHHSIM iH(bopMaliiitHoro aHaiizy 6a3 nanux Medline (PubMed),
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Web of Science Ta Scopus, Google Scholar Ta KokpaHiBcbKOTO 11eH-
TPaJILHOTO peecTpy KoHTposboBaHUX nociimkenb (CENTRAL) 3a
2018—2023 pp. 3a KIIIOUOBUMHU CIIOBAMU «OCTEOIOPO3», «aTepo-
CKJIEPO3», «KaIbIM(biKallisl CyIuH», «CTOBOYPOBI KIITUHM», «€K30-
COMM», «cedyokaM’siHa XBopoOa». Pe3yabmamu. Anani3 nitepary-
P MiAKPECIIOE YUCAEHHI MaTOreHeTUYHI MeXaHi3MU «KaJIbLIiEBO-
ro napagokcy»: 3arajibHi akTopu pusuKy (rinoarHamisi, redinuT
KaJbLiito, BitamiHy D Ta K, naninHs), 0cTe0capKomneHio, iMyHHe
CTapiHHM i cTapiHHs CTOBOYPOBUX KIiTUH. Bucnoexu. [1ns Bupi-
LLIEHHST TTPOOJIEMHU «KaJIbLIIEBOTO MapagoKcy» HEOOXiIHa KOPEeKLList
06araThboX MeXaHi3MiB: HOpMaJIi3allist JOOOBOTO BXXMBAHHS KaJIbIIilo,
BitamiHiB D ta K,; npodinaktiuka npuyuH, 10 BUKIMKAIOTh BTO-
PUHHUI Tineprapatupeos, MajiiHHs, OCTEOCApKOIMeHilo, iMyHHe
CTapiHHS; BUBYEHHSI MOKJIMBOCTEM 3aCTOCYBAHHS CTOBOYPOBOT Te-
pamii, MikpoPHK Ta ek3ocom. HoBe po3yMiHHSI TpoGieMu BigKpu-
Ba€ MOXJIMBOCTI [UIsI BIUTMBY Ha BCi BiIOMi JIJAHKU Ta BITPOBAIKEH-
HST HOBUX METOIiB JIIKyBaHHSI.

Kr040Bi ¢J10Ba: apTepianbHa KanpLudikallis; ocTeONopo3; 0CTeo-
TIOHTHH; CTOBOYPOBi KJIITUHM; €K30COMU; CEYOKaM ' sTHa XBOpoba
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