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LU - uykpoBwit gia6et, CH3H®B — cepuiesa HeoCTaTHICTb 3i 3HIKEHOK dpaKuieio Bukuay, XXH — xpoHiya xsopo6a Hupok, iH3KTT-2 — IHﬂﬁITUp Harpiii3anexHoro KoTpaHcnopTepa rmoKo3v 2 Tuny.
1. IHCTPYKUIA Ans MeAndHoro 3actocysanns npenapary ®OPKCITA, sateepaxena Hakasom MO3 Vkpainu Ne 814 sig 16.05.2022, peectpauiitni nocsigyexns MO3 Ykpaikm UA/13302/01/01, UA/13302/01/02 TepMi Al HeoGmexenuit 3 30.11.2018.
* Epunnit iH3KTT-2, skuit pexoMeHAoBaHwit Ans nikysaxHs XXH, 3a aHumu [lepxasHoro peectpy Nikapbekux 3acotis Yipaiku, hitp:\www.driz.com.ua, faHi Ha 20.09.2022.

Koporka indopmaui woRo Meas p 3acoby ®OPKCITA (nanarnidnosun)*. Cknap*: piova pevosura: ganarnibnosus; 1 tabnetka, skpura naiskosoko 0bonoHkoro, mictuts 6,15 abo 12,30 mr
Aanarnihp:no3nHy NPoNaxaioNy MOHOTIAPATY y nepepaxyaaw Ha fanarninosun 5 abo 10 ur. apmaKorepanesTHyHa rpyna. 3acobu, LU0 3aCTOCOBYIOTHCA NIPU LKpOBOMY Aaberi, iHribiTopy HaTpilisanexHoro KoTpaHcnopTepa Fiokos
2 tvny (H3KTT2). Kop ATX A10BKO1. MokasanHs. Llykposuit giaber 2 tuy. Jlikapcbkuit 3aci6 Qopkcira nokasaxuin fOPOCANM A5 NiKyBaHHS HEAOCTATHLO KOHTPO/IbOBAHOTO LiyKPOBOTo AjlabeTy 2 Tuny ik JON0BHEHHS [0 AIETY Ta Gi3nuHmX
HaBaHTaXeHb; Sik MOHOTEPANis, KOMM 33CTOCYBaHHS METOOPMIHY BBAXAETLCS HEMOXIIMBMM Yepe3 HenepeHoCUMICTb NIIKapCsKoro 3acoby; y NoeAHaHH 3 HWMMM nikapchkumi 3acobamu ans nikysarks piabety 2 Tuny. Cepuesa
Hepocraricts. Jlikapcokui 3aci6 Qopkcira nokasaHuit JOPOCMM 15 MliKyBaHHS CUMINTOMATUYHOT XDOHIUHOI CepLeBOT HeAIOCTATHOCTI 3i 3HUXEHOIO PpaKLieio Bukay. XpoHiuHa xBopoba Hipok. Jlikapcskuii 3acib Dopkcira nokasamin
AOPOCIMM [N NiKYBAHHS XPOHI4HOT XBOPOGY HIpOK. poTHNOKasaHHs. MinsMLLEHa YyTAMBICTL 10 Aii040T petoBuHy abo fo Byab-skoi i3 onomixtHux pevosyH. Cnoci6 3acTocyBanks Ta go3u™. Lykposuii giaber 2 uny. Pexomerosara
A03a fanarnipnoanHy craHosuts 10 mr ouH pas Ha Aoby. Mpu 3acTocysakHi fanarnihpno3uHy B koMBiHaLi 3 iHcyniHom abo 3acoBamu, Wo NOCHMIIOTE CEKPeLio IHCYAIHY, TakuMY SIK CyNIbOOHINCENOBUHA, 3 METOK 3HUXEHHS PU3VKY
PO3BUTKY riMorTiKeMil C/lif} PO3TIIAHYTV MOXIMBICTS 3aCTOCYBaHHS HU3bKVX 03 iHCyniHy abo 3acobis, Lo nocumiooTs cekpetyiio iHcyniny. CepyeBa HeqoCTaTHICTb. PexomenaoBana 032 fanarfipnosvHy cranosuTs 10 Mr oau pas Ha goby.
Y nocnigxerri DAPA-HF nanarnidnosun npusHasasca B NOEAHaHHI 3 iHLIMMIA NiKapCbKUMU 3acobami AN JiikyBakks CepUeBoi HeAOCTaTHOCTI. XpoidHa xBopoba Hupok. PekomeHfjosaHa f03a fanarnihsosuHy craxosuTb 10 Mr oauH pas
Ha poby. Y gocnigxenni DAPA-CKD panarnidnoanH npuskasaecs 8 oEAHaHHI 3 iHLWUMY NiKapcbkiMy 3acobamu st nikysaHHs XpOHIYHOT xBopoBu Hupok. Jlikapeskuii 3acit Popkcira NOTPIGHO NpuiMaTy BHYTPILIHLO OANH pas Ha 00y
8 ByAb-kviA Yac R06u, HesanexHo Bin npuviomy ixi. Tabnetku cnig kosTaT Uinvmm. Kopexuis R03u sanexto Bif GyHKuIl HMPOK Ta y 383Ky 3 BikoM nauienTa He noTpibra. Mauyentam 3 nopywenksM GyHkuil neviky nerkoro abo
CEPeAiHbOrO CTYNeHs KOPeKLIst 403Vt He NOTPiBHa; vt TAXKOMy nopyLeHHi §yHKLT neviky Aikapchkuii 3acib pekomerfyeTbes y novaTkosii Aosi 5 Mr. fkiuo nikapcskuii sacib fobpe nepexocuTbeR, 403y MOXHa 36inbwiTv A0 10 Mr.
MoGiuni peakuii*, Haiibinsw uactoro noiuHoio peakuyieo NPOTAroM Kikiurx AocnipxeHb Bynu rewanw ikpexuii. 3aranbhuit npodinb Geanexy aanarnipnO3MHy y naujieHTie i3 cepLEBOI0 HEROCTATHICTIO Ta Y NaLjieHTie i3 XpOHiuHO
xBOPO6010 HUPOK BIANOBIAAB BiOMOMY NPOdinio Gesneku aanarnid. . O Yepes obmexeHuit fOCBIf He DEKOMEHLYETLCS NOUMHATY NiKyBaHHS uanarmd)noswoM nauientam 3 UKD < 25 mn/xs. Y naujenTis
3 LlyKpoBUM [11abEeTOM LYKPO3HUXyBasbHa EGEKTUBHICTb AAaNaraiGO3MHY 3HUKYETLCA, KONM WBNAKICTD Kﬂy60‘4KOBOI binstpadii (LKD) < 45mn/xe, Ta, AMOBIPHO, BIACYTHS! Y NALIIEHTIB 3 THXKMM NOPYLIEHHAMM GyHKLIT HUPOK. Tomy, sikuio
nokashitk LLIK® <45 mn/xe, noTpiBHo posrnsyTv MOXNMBICTS 38CTOCYBaHHS AORATKOBOI rinornikemiuHoi Tepanii A1 nauienTis 3 uykposim Aiabetom, aki noTpebyioTs oRaTKOBOTO rikemitHOro KOHTPONIO. BiacyTHil Aocein sacTocysarks
Aanarnihpno3nHy Ans NikyBaHHs XDOHIYHOT XBOPOGH HMPOK Y navjexTis Ges Lykposoro piabery, ski He MaioTb ansBymiHypii. 3aBAsky CBOEMY MexaHi3my Ail Aanarnipo3nH 36inbLuye piBeHb Aiypesy, Wo MOXe NPUBECTI A0 NOMIPHOTO
3HUXEHHS apTEPIasbHOro TUCKY, Lie MoXe ByTv BinbLu BUPaXEHO Y NALLIEHTIB 3 AyXKe BACOKMMM PiBHAMY F1i0KO3V B kposi. Ciif AOTpuMyBaTUCs 0BEPeXHOCTI NaLjieRTaM, A5t AKUX NaZiHHS apTEPIasbHOrO TUCKY, BUKIMKaHE 3aCTOCYBAHHSAM
[anarnido3nHy, MOXe CTaHOBUTU HeBeanexy, Hanpuknag, NaLjieHTam 3 apTepIasbHOK rNOTEH3IE B aHaMHEs], SiKi NPUIAMAIOT aHTUrINEPTeH3NBHI NikapcsKi 3acobu, aBo najeHTam NITHLOTO Biky. Y BUNAZKaX CyMyTHIX 3aXBOPIOBAHS,
O MOXYTb NPU3BECTY [10 POIBUTKY 3MEHLIEHHS 00'eMy MIXKIITUHHOI DI (HaNpUKNag, 3aXBOPIOBAHHS! LLTYHKOBO-KMLLKOBOTO TPAKTY), PEKOMEHYETHCS MPOBOMMTI MOHITOPMHT CTYMEHS! 3MEHLIEHHS 06'eMy MIXKIITUHHOT PiguHN.
3a HasiBHOCTI Ni03pi Ha AiabeTnuHmit keToaumMaos abo Npu Oro AiarHOCTYBaHHI NikyBaHHs Aanarfih03MHOM C/lif HeraiHo TUMYacoBo NpunuHUTY. MauieHTam, rocniTanisosaHum Ans NPOBEEHHs BEAMKIX XIPYpriuHuX BTPYYaHs abo 3
NPUBO/Y CEPIAO3HMX TOCTPVIX 3aXBOPIOBAHS, NIKYBAHHS CAlA NPU3YMIMHUTY; JKYBaHHS AANArNiGO3MHOM MOXHa BIAHOBMTM nicns cTabinizauyi craHy naujenTa. He cnig 3acTocosyBatit AanarnidnoanH Ans nikysaHHA NaLieHTI i3 LykposuM
niabetom 1 Tvny. Exckpetsist riiokosv i3 cevelo Moxe ByTv NOB's3ana 3 MiABMLLEHAM PU3MKOM PO3BUTKY iHGEKLT CEYOBMBISHIX WNSIXIB; TaKMM 4MHOM, NPY NikyBakHi nienoHedpuTy abo ypocencucy Moxe ByTv fouinsHiM TMuyacose
NPUNUHEHHR 3aCTOCYBaHHs Aanarnidaoauty. Mpy nigo3pi Ha ranrpery Oyprbe 3acTocysarks npenapaty Popkcira HeoBXifHO ckacyBaTv Ta po3novaTi likyBaHHs. 3aCToCyBakHs fanarniGpnO3nHy He PEKOMEHMYETBCA i Yac APYroro Ta
TPETLOTO TPUMECTPIB BariTHOCTI. [lanarnipno3uH He Cify 3aCTOCOBYBATM Mif} Yac rofysaHHs rpyamko. Brnve aanarnidnosuHy Ha penpopyKTveHy GyHKiLio y moavkm He Bisyascs. [itn. Beaneka Ta edexTuBHiCTs ganarnihpnosuqy ans gireit
gikowm 8ia, 0 40 < 18 pokis Ha welt yac Lie He BcTaHoBneri. Ynakoska. Mo 10 Tabnetok y Gnicrepi, no 3 6nictepy y kapToHiv kopobui. Tepmin npuaatHocri. 3 pokv. Kareropis signycky. 3a peuentowm. Peectpauiitii nocsiguenns MO3
Yipainm UA/13302/01/01, UA/13302/01/02, Tepmin aii Heobmexenmit 3 30.11.18. TekcT cknapeHo 3rifHO 3 IHCTPYKLUieo sl MeMyHOrO 3acTocysarHs npenaparty Qopkcira, 3atBepaxena Hakasom MO3 Ykpaitu N° 814 gig 16.05.2022,
peectpauiiti nocsigyenns MO3 Ykpainu UA/13302/01/01, UA/13302/01/02, Tepmin aii Heobmexernit 3 30.11.2018. *lnpopmaLlis noaaHa y ckopoueHOMy BUMSAI, ANs OTPUMaHHS BinbL AeTanbHOT IHOOPMALLT CAlif 03HAMOMUTUCH 3
NOBHOIO IHCTPYKLIIEI0 AN MEAWHHOTO 3aCTOCYBaHHA NikapCokoro 3acoby. Mepen MpusHadeHHsM 03HaIOMTECA 3 IHCTPYKLLiEn Ang MeAuyHOro 3acTocyBaHHa Aikapcskoro sacoby Dopkcira. Lis igopwallia 4 nikapis. Mpustadeno Tinbk
AN NOWMPEHHA Ha CeMiHapaX, KOHDEPEHLSX, CUMMO3IYMaX 3 MEAVHOT TEMATUKM, @ TaKOX AN POIMILLIeHHS & Ciewani3onaryix BULRHHAX, MPU3HaUeHMX N5 ME[V|HYX YCTaHOR Ta fikapie. AKILO y BAc, y Ballioro nauienTa, poanya 6yno
BiAMIYEHO BUHUKHEHHS MOBIYHOI peaKuii 4u BUNafoK BiACYTHOCTI eéeny Ha 6yAb -SKUi 3 nponylmx KomnaHii «Actpa3eHeka», 6yab nacka, nosigomre npo e B TOB «Actpa3eHeka Ykpaita» opHum i3 HaBefeHUX HiKYe
cnocobis. Lle moxnmso 3a renedorom: +38 044 39152 82 abo nowroro PatientSafety.Ukraine@astrazeneca.com. Takox B MOXeTe MOBIAOMHTH HaM AaHy
popmauiio 3a https://contactazmedical com/cor 1eca- champ\on/ua/uk/amp form.htm| (Bwéepmz mosy Ta onujio «MlosigomMuTv Npo nobiuky peakuiion). 3anuTH, WO CTOCYIOTbCA MEAMHHOT
iHdopmaui, Hanpasnsiite, Byab nacka, 3a appecoi: https://contactazmedical a.com/cor eca-champion/ua/uk/amp-form.html (suBepite onujio «3anuT MegnuHoT iHdopmaLyin). Takox 3anuT MOXHa BiBNPaBUTA
©NEKTPOHHOIO MOWTOIO: Ukraine-Medinfo@astrazeneca.com.
«POPKCIrA» - Toproea Mapka komnaHil «Actpa3eHexa»
© AstraZeneca 2013-2022

3a nosHoto iHpopmauieto 3epTatncs o TOB «Actpa3eHeka Ykpainan: 01033, m. Kuis, syn. CimT Mpaxosux, 54, ten.: 391 52 82, dakc: 391 52 81.
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B YkpaiHi 3apeectpoBaHo HOBE NNOKA3AHHA
no npenapary ®opkcira (ganarnigpnosux 10 mr):

NIKYBAHHA XPOHIYHOI

XBOPOBU HNPOK

PEECTPALIA HOBOIO MNOKA3AHHA
B YKPAIHI 03BOJIUTb 3MIHUTU NIAXOAM
A0 JIIKYBAHHA NALIEHTIB
I3 XPOHIYHOKO XBOPOBOIO HUPOK

16.05.2022 poKy A0 iHCTPYKLii AnA MeANYHOro 3aCTOCyBaHHA Nikap-
cbkoro 3acoby Mopkcira (ganarnidpnosuH 10 mMr) BUPOBHWLTBA KOMMaHIT
«AcTpa3eHeka» 6ynun BHeCeHi 3MiHV — 3ape€eCcTPOBaHO HOBE MOKa3aHHs:
NiKyBaHHA XPOHiYHOT xBopo6u HMpok (XXH) y popocnux [1]. PiweHHs
Npo peecTpaLlito LIboro nokasaHHA B YKpaiHi NpuitHATe i3 BpaxyBaHHAM
pe3ynbTaTiB gocnigkeHHs |l dasu DAPA-CKD [2].

[anarni¢pnosnH (Dopkcira) — nepLumin y caiTi iHribiTop HaTpi3anex-
HOTO KOTpaHcnopTepa riokosn 2-ro tuny (H3KTI-2), ana akoro 6yno 3a-
PeecTpoBaHO NoKasaHHA ANA NikyBaHHA nauieHTiB 3 XXH [3, 4].

XpoHiuHa XBOpo6a HUPOK — Lie CTaH, 3a AKOro BUAiNbHA CcrcTeMa
NIOAMHV NepecTaE BUKOHYBaTK disionoriuHi GyHKLii: yepes 3arnbenb He-
GpoHIB HUPKKM BTpayaloTb 34aTHICTb NiATPMMYBATK rOMEOCTa3 — CTa-
NiCTb BHYTPILIHbOrO cepeaosmLa. [pn AaHOMy 3aXBOPIOBaHHI y YOJOBI-
KiB i XIHOK NpOAyKTW po3najy MOBHICTIO He BUMBOLATbCA 3 OpPraHiamy,
L0 TArHE 3a CO6OI0 TAXKI YCKNagHeHHs [5].

Y2021 poui YnpaBniHHA AepXaBHOTO KOHTPOSIO 3a AKICTIO XapUoBumX
npoAykTiB Ta nikapcbkux 3acobis CLUIA (FDA; Food and Drug
Administration) Ta €Bponelicbka MegnuHa areHuis (EMA; European
Medicines Agency) cxsanunu ganarnidnosut 10 Mr ana nikyBaHHaA
XXH 3 METOI0 3HWXEHHS PU3KKY NoripLieHHA GYHKLIT HUPOK, HUPKO-
BOi HefoCTaTHOCTI, cepLeBo-cyaunHHoi (CC) cmeprTi i rocnitanisavii 3
npuBoAy cepuesoi HegocTaTHocTi (CH) y sopocnux, AKi MaloTb pU3nk
nporpecyBaHHA XXH Ta Noka3HWK po3paxyHKOBOI LIBMAKOCTI Kiy-
60oukoBoi dinbrpauii (pLUK®) > 25 ma/xe/1,73 M2 [1, 3, 41.

Y pamkax 3HakoBoro gochnigkeHHs lll dasn DAPA-CKD ouiHioBann
edeKTUBHICTb Aanarnipno3suHy 10 Mr LWOAO BNIBY Ha PU3UK PO3BY-
TKY HUPKOBYX Ta CEpLEBO-CyANHHMX MO Y naLieHTi i3 XXH 3 uy-
KpoBuM giabeTom 2-ro Tuny abo 6e3 Hboro NOPiBHAHO 3 NnaLebo.

Y nocnigxeHHs Bxognnu navieHT 3 pLLIK® > 25 go < 75 mn/xs/1,73 m?
Ta CniBBigHOWeEHHAM anbbymin/kpeatuHiH (CAK) ceui > 200 po
<5000 mr/r.

3a pesynbratammn focnigxeHHs DAPA-CKD 6yno npoaemMoHCTpoBaHoO
edeKTVBHiCTb fanarnidno3nHy 10 Mr Ha JOAATOK O CTaHAAPTHOI Tepanii
XXH. fanarni¢pnosnH 10 Mr 3HNXKYE BiAHOCHWIA PN3MK MOTipLIEHHA
(YHKLiT HNPOK**, pO3BUTOK TepMiHaNbHOI CTafjii HNPKOBOI HefloCTaT-
HOCTI Ta CMepTi Bifj cepLieBUX Ta HUPKOBNX 3aXBOPIOBaHb (KOMGIHO-
BaHa NepBuHHa KiHLeBa Touka) Ha 39 % (95% posipunii iHTepsan (1)
0,51-0,72, P < 0,001) nopiHsAHO 3 Nnawebo y nauieHTis 3 XXH 2-4-i ctagii
Ta NigBULLEHOI eKCKpeLjieto anbbymiHy 3 ceveto. EdekTnBHICTL Aanarni-
dno3uHy He 3anexana Big rikemiyHoro cTatycy nawieHTa [2].

[Nanarnidnosun 10 mr y gocnigxenHi DAPA-CKD npopemoHcTpyBaB
3HVPKeHHSA BifHocHoro pu3nky CC-cmepTi Ta rocnitanisauii 3 npusogy CH
Ha 29 % y nopiBHAHHI 3 KoHTponbHot rpynoto (95% [l 0,55-0,92,
P =0,009).

Y xopai gocnigKeHHA 6yno JOCArHYTO AOCTOBiPHE 3HUKEHHS Bif-
HOCHOro pu3uKy 3aranbHoi cmepti Ha 31 % (95% [l 0,53-0,88,
P =0,004) y rpyni nauienTis, Aki oTpumysanu sanarnidnosun 10 mr, y no-
piBHAHHI 3 rpynoto nnave6o [2]**

3HauyuicTb 3aTBepAXKEeHHA NOKa3aHHA ANA NiKyBaHHA nawljieH-
TiB 3 XXH B YKpaiHi Baxko nepeouinntn. MporpecysaHua XXH
HeMUHyYe NPpM3BOANTD A0 Nepexoay NauieHTiB Ha 3amiCHY HUp-
KOBY Tepanito (remogianis). NpoTe 3aBAAKM HOBII Tepanii npe-
napartom Qopkcira (aanarni¢pnosnH 10 Mr) — BUCOKONOTYXKHUM,
CeneKTUBHMM Ta 3BOPOTHUM iHri6itopom H3KTI-2 [1] — y 3Ha-
YHOI YacTuHM popocnux nauieHTiB 3 XXH 3'aBnaeTbca moxnu-
BicTb 3ynuHUTK nporpecyBaHHa XXH Ta 3HM3uUTH pn3snK nepexo-
Ay Ha remofianis.

CrocoBHo nokasHrka NNT (number needed to treat) gocnigxeHHs
noKasano, Lo abu 3anobirti po3BUTKY OAHIET HECMPUATAMBOI NOAIT Y Na-
LieHTa 3 XXH B pamKax nepBUHHOI KiHLIEBOT TOUKM, HEOBXIZHO NPONiKy-
BaTuM AanarnidnosuHom 19 nauientie 3 XXH (npw mMegiani TpmBanocTi ne-
piogy noganbLuoro cnoctepexeHHa 2,4 poky) [2]. Mpodinb 6e3neku npe-
napaty Qopkcira B gocnigxeHHi DAPA-CKD BignoBiaas Bxe BCTaHOBIe-
Homy npodino 6e3nekn. Pesynbtaty  pocnigxeHHa DAPA-CKD
ony6nikoBaHi B xypHani «The New England Journal of Medicine» [2].
CyKynHuI noTeHLian nikapcbkoro 3acoby DopKcira, AOBeAEHNIT pe3yib-
TaTamy AOCNIAXKeHb i MiATBEPAXKEHUIN CXBANEHHAM HU3KY NMOKa3aHb AN
NiKyBaHHA AOPOCIMNX NALi€HTIB, CNPUATAME Y MOAJANbLIOMY 3HUXKEHHIO
TArapA BIAMOBIAHMX 3aXBOPIOBaHb ANA Chepu OXOPOHW 3[0POB'A AK
y CBITi, TaK i B YkpaiHi.

MPO KOMMAHIIO «<ACTPA3EHEKA»

«AcTpa3eHeka» — MiXHapOAHa HayKoBO-OpieHTOBaHa 6Giopapma-
LieBTMYHA KOMMNaHif, HaLlineHa Ha JOCNifKeHHs, po3pobKy i BUBEeAEHHA
Ha PVYHOK pPeLienTypHIX NpenapaTiB nepeBa)xHo B TaKMX TepaneBTUYHUX
ranyssx, ik OHKOMOrisA, Kapgionoris, Hedpponoris i MeTabonism, pecnipa-
TOPHi Ta aBTOIMyHHi 3axBoptoBaHHsA. KomnaHia «AcTpa3eHeka, Wwo 6a3y-
eTbcA y Kembpupxi (BennkobputaHis), npeactasneHa binblue Hix y 100
KpaiHax CBiTY, a il iHHOBaL|iliHi npenapaTi 3aCTOCOBYIOTb MifIbOHM NaLli-
€HTIB B yCbOMY CBITi [6].

[na oTpumaHHA AopaTkoBoi iHdopMaLii, 6yAb nacka, 3Bepraiiteca
1o TOB «AcTpa3eHeka YkpaiHa» 3a TenedoHom +38 (044) 391-52-82 abo
3a eNneKkTPOHHoI0 noLwuToto ukraina@astrazeneca.com.

BigsinaiiTe Be6-CTOPiIHKY KOoMMaHii, WwWob Ginblue AizHaTUCh Npo i Ai-
ANbHICTb B YKpaiHi: www.astrazeneca.ua

MPO NPEMAPAT ®OPKCITA

Mpenapat Gopkcira (ganarni¢pnosnH 10 Mr 4nA nepopanbHoOro 3a-
cTOCyBaHHA 1 pa3 Ha joby) — cenekTuBHMIA iHribiTop H3KTI-2 3a Ha-
CTYNHMMM NOoKasaHHaMM [1]:

© JNikysanHA HeOCTaTHLO KOHTPONBbOBAHOTO LKPOBOTO Aia-
6eTy 2-ro TUNY AK JONOBHEHHA [0 Ai€TU Ta Gi3NYHNX HaBaH-
TaXKeHb:
® AK MOHOTepanis, KOnW 3acToCyBaHHA MeTGOPMiHY BBaXKAETb-
CA HEMOX/IMBYIM YePe3 HemepeHOCUMICTb NiKapcbKoro 3acoby;
® y NOEAHAHHI 3 IHWMMI NiKapCbKUMI 3aco0bamm Ans NiKyBaHHA
LlyKpOBOTo fjjiabeTy 2-ro Tuny.

© MokasaHuii gopocnum ans NiKyBaHHA CMIMNTOMaTU4YHOI XPO-
HiuHoi CH 3i 3HMKeHOlo dppaKuielo BUKMAY.

© TMoxasauwii AOPOCAMM ANA NiKyBaHHA XPOHIYHOI XBOpPO6U
HUPOK.

* CepueBo-CyAVHHa CMepTb Ta rocnitaniauis 3 NPUBOAY CepLEBOl HeAOCTAaTHOCTI | 3aranbHa
CMepTHICTb J0BE/EHI 3a JONOMOroto perpecinHoi Moaeni Kokca: BigHocHWin pusnk 0,71 (95% fo-
Bipuuit iHTepsan 0,55-0,92) Ta 0,69 (95% posipuuin inTepsan 0,53-0,88) BignosigHo.2 ** Morip-
LWeHHA GYHKLT HUIPOK 03HauaE CTilke 3HMKeHHA pLIKD>50 %.2

CnncoK BUKOPNCTaHOI fliTepaTypum: 1. [HCTPYKUiA ANA MEAUYHOTO 3aCTOCYBaHHA Npenapary
DOPKCITA, 3atBeppeHa Hakazom MO3 Ykpainn N 814 Bia 16.05.2022, peecTpallifiHi nocsig-
yeHHa MO3 Ykpainu UA/13302/01/01, UA/13302/01/02, TepmiH fii Heobmexernii 3 30.11.2018.
2. Hiddo J.L. Heerspink et al. Dapagliflozin in Patients with Chronic Kidney Disease. October 8,
2020. N Engl J Med 2020; 383:1436-1446. DOI: 10.1056/NEJM0a2024816. 3. FDA https://www.
fda.gov/news-events/press-announcements/ fda-approves-treatment-chronic-kidney-disease.
[ata ocTaHHboro nepernagy 21.05.2022. 4. EMA 2021 https://www.ema.europa.eu/en/
documents/overview/forxiga-epar-medicine-overview_en.pdf 5. KDIGO 2020 Clinical Practice
Guideline for Diabetes Management in Chronic Kidney Disease. Vol. 98. Issue 4S. October 2020.
6. https:// www.astrazeneca.com/our-therapy-areas/biopharmaceuticals.html
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remorno6iHy B naéboparopii «<Eckyna6»

v BucokosikicHe BianineHHs ctabifibHOro A, 3 noHan 1568 BuaiB reMornobiHis.

» BucokonpoayktneHa piavHHa xpomaTorpadis 3 IOHOO6MIHHOK
CUCTEMOIO — HE Ma€ aHaJsIoriB Yy CBITI.
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Association between xanthinoxidase activity
and parameters of glucose homeostasis
in patients with type 2 diabetes mellitus

Abstract. Background. The purpose of the study is to determine the associations between clinical and anthro-
pometric parameters, glucose homeostasis and serum xanthinoxidase (XO) activity in patients with type 2 diabetes
mellitus (T2DM) taking into account gender, glycemic control and serum XO activity. Materials and methods. One
hundred and twenty-five T2DM patients aged 34 to 81 years were examined, with an average age of 58.9 + 9.4
years, disease duration from 1 month to 29 years (average of 8.9 + 6.6 years). The age of patients at the time of
the disease manifestation in the general sample was from 29 to 71 years, on average 50.6 + 9.1 years. Results.
The authors have found a nonlinear dependence of serum XO activity on fasting insulin concentration in patients
with T2DM in the total sample, described by the multiplicative model (r = 0.45; p = 0.001). Serum XO activity in
patients with T2DM in the general sample increases with adaptive increase in secretory activity of B-cells on an
empty stomach according to the HOMA_B%. Serum XO activity was highest in T2DM patients with low fasting in-
sulin sensitivity (HOMA_S% < 50 %). In addition, it has been determined that the serum XO activity in the subjects
is nonlinearly associated with the QUICKI (r = —0.35; p = 0.016) and Caro indices (r = —0.40; p = 0.007). We have
found a nonlinear dependence of serum XO activity on fasting insulin (r = 0.50; p = 0.08), HOMA_% (r = —0.53;
p = 0.06), HOMA_S% (r = —0.48; p = 0.09), HOMA-IR (r = —0.48; p = 0.09) in men with optimal glycemic control
(HbA1c < 7.5 %) at the trend level and Caro (r = —0.64; p = 0.02). In women of this group, there was a nonlinear de-
pendence of serum XO activity on fasting insulin (r = 0.56; p = 0.004), HOMA_% (r = 0.56; p = 0.003), HOMA_S%
(r=-0.54; p = 0.005), HOMA-IR (r = 0.54; p = 0.005), QUICKI (r =—-0.50; p = 0.01) and Caro (r =-0.61; p = 0.003).
Conclusions. In patients with T2DM, the serum uric acid is linearly associated with the level of serum XO activity,
which determines 34 % of its variability. In patients with T2DM, regardless of the state of glycemic control, serum
XO activity is nonlinearly associated with parameters characterizing the state of glucose homeostasis (fasting
insulin, HOMA_S%, HOMA_B%, QUICKI and Caro indices). Predictors of high serum XO activity in patients with
T2DM are the level of postprandial blood glucose (t = -3.53; p = 0.004) and serum uric acid (t = 4.73; p = 0.0005).
Keywords: xanthine oxidase; hyperuricemia; type 2 diabetes mellitus; metabolic syndrome

Introduction

Worldwide, type 2 diabetes mellitus (T2DM) is a major
public health challenge due to its high prevalence and in-
creasing trend, associated morbidity and mortality, as well
as huge economic burdens [1, 2]. Hyperuricemia (HU) is
increasingly being considered a potential pathogenic factor
for T2DM, metabolic syndrome, hypertension and chronic
kidney disease, as well as atherosclerosis, and several adverse
consequences of vascular disease (stroke, myocardial infarc-
tion, and cardiovascular death) [3, 4]. HU is the result of

increase in 16 % of all mortality causes and 39 % of total car-
diovascular disease cases [5]. We define HU as > 420 pmol/I
for men and > 360 pmol/l for women [6, 7]. Furthermore,
many factors can influence the concentrations of serum uric
acid (UA), e.g. diet, obesity, and metabolic syndrome [8, 9].

HU pathogenicity is associated with its low solubility in
the extracellular environment leading to crystal formation,
low affinity (and deposition) to certain tissues and antigeni-
city (after crystal phagocytosis). This mixture of quantitative
and qualitative etiological HU factors is confounding because
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normouricemic individuals may show symptoms while others
with HU may not. In the clinical context, HU is seen as a
prognostic indicator of renal disease, T2DM, cardiovascular
disease and inflammation [7, 10], thus being a (modest) risk
factor for mortality [11].

UA significantly affects all types of metabolism. HU pro-
motes the development of insulin resistance (IR), accompa-
nied by an increase in blood glucose levels, which stimulates
mental activity, ensures the formation of glycogen and lipid
reserves. It affects the metabolism of catecholamines, causing
an increase in blood pressure, which in conditions of sodium
deficiency is an important mechanism for maintaining vital
processes. However, the factors leading to the development
of hypertension, atherosclerosis and chronic kidney disease.
Accordingly, HU has been added to the IR a cluster of meta-
bolic abnormalities that are addressed clinically as metabolic
syndrome.

UA metabolism is closely related to glucose and fruc-
tose metabolism and obesity [12]. However, not all studies
support the association between UA and T2DM. In a large
representative sample of the U.S. population, P. Bandaru
and A. Shankar reported that higher serum UA levels were
inversely associated with DM [13]. Such inconsistency raises
doubts regarding the causal relationship between serum UA
concentration and T2DM. Further, evidence from genetic
studies does not support a causal relationship between serum
UA levels and risk of T2DM [14, 15]. It has been suggested
that xanthine oxidase (XO) may underlie the UA — T2DM
association [13].

XO is a metalloflavoenzyme that catalyzes oxidation of
hypoxanthine to xanthine and then to UA. Apart from its
role in UA production, XO also generates oxidants, which
are key players in the T2DM development process [16—18].
Although XO activity has been linked to cardiometabolic
risk factors [19] and inhibition of XO activity leads to an
improved cardiometabolic risk profile [20, 21], no studies
have examined the associations between serum XO activity
and the risk of developing T2DM.

However, we still do not know if serum UA is a protective
factor for the moderate oxidative stress in these situations
or if it is a risk factor. Increased serum UA levels may be an
indicator of up-regulated activity of XO, a powerful oxygen
radical — generating system in human physiology. Increased
reactive oxygen species accumulation contributes to endo-
thelium dysfunction, metabolic and functional impairment,

inflammatory activation, and other features of cardiovascular
pathophysiology [22]. Hydrogen peroxide is one of the reac-
tive oxygen species, the excess of which is toxic to individual
cells. It also has links to aging and a multitude of conditions
such as DM and neurodegenerative disorders such as Alzhei-
mer disease [23, 24].

The purpose of the study is to determine the associations
between clinical and anthropometric parameters and pa-
rameters of glucose homeostasis and serum XO activity in
patients with T2DM taking into account gender, glycemic
control and serum XO activity.

Materials and methods

The authors conducted the study by following the legis-
lation of Ukraine and the principles of the Helsinki Declara-
tion of Human Rights. The Ethics Commission of the State
Institution “V. Danilevsky Institute for Endocrine Pathology
Problems of the National Academy of Medical Sciences of
Ukraine” considered and approved the design of the study,
information for the patient, and the form of the informed
consent to participate in the study.

One hundred and twenty-five T2DM patients aged 34
to 81 years, average age 58.9 * 9.4 years with disease du-
ration from 1 month to 29 years, average 8.9 + 6.6 years
were examined. The age of patients at the time of the disease
manifestation (age,,.;) in the general sample was from 29 to
71 years, on average 50.6 + 9.1 years. According to gender,
the subjects were distributed as follows: 55 men aged 34 to 77
years, average age 57.3 = 9.2 years with disease duration from
1 month to 25 years, on average 8.49 £ 6.55 years, 70 women
aged 43 to 81 years, average age 60.10 £ 9.49 years with di-
sease duration from 2 months to 29 years, average 9.25 £ 6.59
years. Subjects received oral hypoglycemic therapy.

According to the state of glycemic control, the subjects
were divided into two groups (Table 1).

Anthropometric data: height (m) was measured using a
medical mechanical Harpenden stadiometer, weight (kg) —
on electronic scales Beurer GS 20 Summer Sky with a mea-
surement accuracy of up to 100 g (maximum weight 180 kg),
waist circumference (WC, cm) was measured at the midpoint
between the lower margin of the last palpable rib and the top
of the iliac crest using a stretch-resistant tape, hip circumfe-
rence (HC, cm) was measured with a centimeter tape at the
level of a large spit. Calculation of anthropometric indices:
determined the ratio of WC to HC (WC/HC); body mass

Table 1. Characteristics of patients in groups by glycemic control, years

HbA1c < 7.5 % HbA1c >7.5%
Parameter
Men (n = 31) | Women (n = 34) Men (n = 31) | Women (n = 31)
54.22 + 13.43 56.50 + 11.65
Age
g 53.92 + 13.54 54.43 + 13.42 52.83 + 10.79 59.10 £ 11.62
p, = 0.03
40.74 + 15.56 43.15 + 13.63
AGE o 45.64 + 13.30
41.73+15.93 40.00 + 15.34 39.65 + 13.48 b= 0.028
, 13.04 + 9.93 13.63 + 9.43
Duration
12.64 + 10.92 13.36 + 9.14 12.93 + 7.77 14.11 = 10.49

Note: p, — the probability of differences between one group depending on the glycemic control.
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index (BMI, kg/m?) was assessed by dividing the person’s
weight by height squared. According to the World Health
Organization, BMI of 18.5 to 24.9 kg/m? defines normal
weight, 25 to 29.9 kg/m? defines overweight and greater than
or equal to 30 — obesity [25].

We assessed glucose homeostasis according to the re-
commendations of the RSSDI-ESI Consensus group 2020
[26]. The level of fasting glucose (FBG) in capillary and ve-
nous blood and 2-h blood glucose (PBG) in capillary blood
(mmol/L) were determined by glucose oxidase method on a
Biosen C-line analyzer (EKF, Germany).

Venous blood samples were obtained from the cubital
vein after 8 hours of fasting. We determined the level of fas-
ting insulin (umol/L) by immunochemiluminescence me-
thod, using the Insulin Elisa kit (ELISA DRG Diagnostics,
USA). The degree of IR was assessed by the HOMA-IR in-
dex, the functional activity of B-cells on an empty stomach
by the HOMA % index, faster oral insulin sensitivity — by
HOMA_S%, calculated using HOMA Calculator v2.2 for
free use. The Caro index was calculated as the ratio of FBG
level (mmol/l) to fasting insulin concentration (umol/L)
(normal < 0.33). The QUICKI index (normal > 0.45) was
calculated using an online calculator for free access.

The level of glycated hemoglobin (HbAlc, %) was deter-
mined by photocolorimetric method using a commercial set of
reagents JSC Reagent on a photoelectric photometer KFK-3.

Serum UA (umol/L) was determined by colorimet-
ric method using a set of reagents Spine Lab, Uricase-
POD (Ukraine). The concentration of SC in women
<360 pmol/L, in men — <420umol/L was considered nor-
mal serum UA.

Serum XO activity (nmol/min/ml) was determined by
peroxidase method according to the instructions of the Xan-
thine Oxidase Assay Kit (Sigma-Aldrich, USA). The control
group consisted of 30 healthy individuals. There were no
statistically significant differences between the main and
control groups by sex (Table 2).

The results were statistically processed, using the soft-
ware package Statistica (StatSoft, version 10.1, USA).

The normality of variables distribution was determined
using the Shapiro-Wilk test. One-way analysis of variance
was used for comparison. We used a regression analysis to
determine the relationship between the studied indicators
and the normal distribution of variables. Associations be-
tween dependent and independent variables were analyzed
by multiple regression analysis. The results are presented
in a tabular form and include such model characteristics
as regression coefficient (B), standardized regression co-
efficient (), and determination coefficient (R?). The null
hypotheses were tested at the significance level P < 0.05.
The obtained results are presented in the tables in the form
of X £ s, where X is an arithmetic mean, s — is a standard
deviation.

Results

It has been found that in the total group of examined pa-
tients with T2DM serum UA depends on serum XO activity
(r=0.34; p=0.007) (Fig. 1).

This dependence is described by a linear model:

Serum UA (umol/L) = 324.3 + 22.7 x serum XO
activity (nmol/min/ml),

where serum XO activity determines 34% variability of se-
rum UA.

The authors have established nonlinear dependence of
serum XO activity on fasting insulin concentration in patients
with T2DM in the total sample, described by the multipli-
cative model (r = 0.45; p = 0.001) (Fig. 2) and represented
by the equation:

Serum XO activity (nmol/min/ml) = 1.5 % fasting
insulin 0.27 (umol/L).

This model shows 20.7 % of the variability serum XO
activity.

We have determined that serum XO activity in patients
with T2DM in the general sample increases with adap-
tive increase in secretory activity of B-cells on an emp-
ty stomach according to the HOMA_f% index (Fig. 3).

Table 2. Index of serum XO activity in the control group, nmol/min/ml

Average value Limits of the reference
Gender (X = sX) interval P
Men 2.51+0.29 1.79-3.40 < 0.001
Women 2.50+0.19 1.69-3.31 < 0.001
1 7 f—
., 0.8+ %
3 064 €
g- 0.6 %
< 041 g
> 02- )
<
0 1 1 1 1 1 0 1 1 1 1 1 1
0 2 4 6 8 10 0 10 20 30 40 40 60
XO, nmol/min/mi IRI, mIU/ml

Figure 1. Linear dependence of serum UA
on serum XO activity in patients with T2DM
in the total sample

Figure 2. Non-linear dependence of serum XO activity
on the concentration of fasting insulin in T2DM
patients in the total sample
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Figure 3. Non-linear dependence of serum XO activity
on fasting secretory activity of B-cells by HOMA_%
index in patients with T2DM in the total sample

Figure 4. Non-linear dependence of serum XO
activity on fasting insulin sensitivity according to the
HOMA_S% index in T2DM patients in the total sample

Table 3. Anthropometric parameters and indicators of glucose homeostasis in patients with T2DM,
taking into account gender and glycemic control

HbA1c < 7.5 % HbA1c >7.5%
Parameters
Men (n = 31) | Women (n = 34) Men (n = 31) | Women (n = 31)
30.79 + 6.73 30.83 + 5.78
BMI, kg/m?
g 32.34 + 4.61 33.37 + 5.92 30.49 + 4.28 34.66 + 6.09
p, =0.017
100.50 + 19.73 99.83 + 18.92
WC, cm
108.11 + 14.83 | 106.21 + 14.77 104.00 + 12.68 | 103.60 + 18.25
0.97 +0.12 0.98 + 0.10
WC/HC
1.05+010 |  0.98+0.09 1.03+0.09 |  0.99+0.08
7.98 +2.34 10.47 + 3.12; p, = 0.00001
FBG, mmol/L 9.69 + 2.88 10.15+2.95
7.07 + 1.68 7.54 +1.67 0. 2 0.0002 5, = 0.0001
8.34 +2.48 10.71 + 3.38; p, = 0.00001
PBG, mmol/L 10.27 + 2.50 11.38 + 3.04
8.22 +2.16 8.06 +2.13 b~ 0.008 5, = 0.00001
6.40 + 0.66 9.18 = 1.43; p, = 0.00001
HbA1c, % 9.57 +1.73 9.09 + 1.27
6.19 + 0.65 6.33 + 0.88 b, = 0.00001 b, = 0.00001

Serum UA, pmol/L

356.13 + 120.09

350.05 + 125.06

405.20 + 98.25 | 394.04 + 116.66

406.14 £ 127.07 | 361.77 £ 121.24

o 25.79 + 13.49 20.48 + 10.92; p, = 0.09
Fasting insulin, pmol/L
2428+13.42 | 26.80=13.69 1737753 | 22421242
128.24 + 67.01 46.34 + 26.11; p, = 0.00001
HOMA_B% 46.03 + 27.05 46.56 + 26.27
123.98 + 67.04 131.07 + 68.12 b, = 0.007 0. = 0.0001
46.06 + 46.55 50.29 + 32.35
HOMA_S%
52.34+57.96 | 52.35+30.15 41.87+£37.75 |  48.84+34.66
3.40 £ 1.75 2.74 +1.38; p, = 0.09
HOMA-IR
312174 |  358%177 248+123 |  292+150
0.30 + 0.03 0.28 + 0.02
QUICKI
030+0.04 |  0.29:0.03 029£002 | 028002
0.38 + 0.30 0.71 + 0.50; p, = 0.009
Caro 0.79 + 0.51 0.66 + 0.49
0.41+0.37 0.36 + 0.20 5. = 0.003 0, = 0.05
4.00 +1.70 3.74 +1.65
Serum XO, nmol/min/ml = *
3.66 + 1.54 417 £1.79 3.99 +1.77 3.59 + 1.63

Notes: p, — probability of differences between genders within one group; p, — the probability of differences be-
tween one sex group in terms of glycemic control; p, — the probability of differences between groups depending

on glycemic control.
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This dependence is nonlinear, described by a reciprocal
Y model (r = —0.34; p=0.021) and is represented by the
equation:

Serum XO activity (nmol/min/ml) =
=1/(0.37— 0.001 x HOMA_p%).

It has been found that the highest levels of serum XO
activity are observed in patients with T2DM with low fasting
insulin sensitivity (HOMA_S% < 50 %) (Fig. 4). This de-
pendence is nonlinear, described by a multiplicative model
(r=-0.52; p=0.00001) and is represented by the equation:

Serum XO activity (nmol/min/ml) =
=9.7x HOMA S%"’.

Fasting insulin sensitivity in this model determines 22.4%
variability in serum XO activity in T2DM patients.

In addition, it has been determined that the serum XO
activity in the subjects is nonlinearly associated with the in-
dices QUICKI (r=—0.35; p=0.016) and Caro (r = —0.40;
p =0.007).

There were no significant gender differences in serum UA
and XO activity in groups of patients with glycemic control
(Table 3). Indicators characterizing the state of glucose ho-
meostasis differed significantly between the study groups and
were characteristic of the state of glycemic control.

We have found a nonlinear dependence of serum XO ac-
tivity on fasting insulin (r = 0.50; p = 0.08) and HOMA_[%
(r=-0.53; p=0.06), HOMA S% (r = —0.48; p = 0.09),
HOMA-IR (r = —0.48; p = 0.09) in men with optimal gly-
cemic control (HbAlc < 7.5 %) at the trend level and Caro
(r=—0.64; p = 0.02). In women of this group, there was a
nonlinear dependence of serum XO activity on fasting in-
sulin (r = 0.56; p = 0.004), values of HOMA_B% (r = 0.56;
p=0.003), HOMA_S% (r=—0.54; p = 0.005), HOMA-IR

(r=0.54; p = 0.005), QUICKI (r = —0.50; p = 0.01) and
Caro (r=-0.61; p=0.003).

The authors have found a nonlinear dependence of se-
rum XO activity on fasting insulin (r = —0.86; p = 0.007),
HOMA S% (r = 0.87); p = 0.005), HOMA-IR (r = 0.87;
p =0.005), QUICKI (r=0.70; p < 0.05) and Caro (r = 0.76;
p = 0.03) in men with suboptimal glycemic control and high
risk (HbAlc > 7.5 %). In women of this group, there was a
nonlinear dependence of serum XO activity on fasting insulin
(r=—0.69; p = 0.004), values of HOMA_B% (r = —0.62;
p =0.039), HOMA_S% (r = 0.57; p = 0.005), HOMA-IR
(r=-0.59; p = 0.005), QUICKI (r = 0.58; p = 0.02) and
Caro (r=0.54; p=10.03).

Analysis of the studied clinical, anthropometric para-
meters and indicators of glucose homeostasis in patients with
T2DM in groups taking into account the level of serum XO
activity showed that patients with high serum XO activity had
significantly higher concentrations of fasting insulin, fasting
[-cell secretory activity, low sensitivity fasting insulin and
more pronounced manifestations of IR (HOMA-IR, Caro,
QUICKI indices) (Table 4).

In order to assess the effect of the studied clinical, an-
thropometric and laboratory parameters on serum XO ac-
tivity in patients with T2DM, we performed a step-by-step
multifactor regression analysis, where the dependent va-
riable was serum XO activity, and independent — age, BMI,
WC/HC, FBG, PBG, HbAlc, serum UA, fasting insulin and
HOMA-IR (model 1), age, duration, FBG, PBG, HbAlc,
serum UA, fasting insulin and HOMA-IR (model 2, 3) and
age, BMI, WC, FBG, PBG, HbAlc, serum UA, fasting in-
sulin and HOMA-IR (model 4) (Table 5).

Thus, in the general sample of patients with T2DM se-
rum XO activity is associated with serum UA and WC/HC
(p = 0.001) (Table 5). In patients with T2DM with optimal

Table 4. Clinical, anthropometric parameters and indicators of glucose homeostasis in patients with T2DM,
taking into account serum XO activity

T Norm?rl‘ |:\:I3e0|)0f X0 High(:le\=le3I1c;f X0 P

Age, years 55.96 + 10.80 55.00 + 9.49 0.64
Age, ..., years 49.13 £ 8.93 48.63 + 10.03 0.62
Duration, years 7.02+7.18 7.01 +4.46 0.40
BMI, kg/m?2 32.73 + 6.09 34.45 + 4.98 0.27
WC, cm 104.44 +17.18 106.38 + 14.35 0.79
WC/HC 1.02 + 0.07 0.95 + 0.05 0.002
FBG, mmol/L 8.76 +2.83 8.53 + 3.03 0.56
PBG, mmol/L 10.15 + 3.23 8.93 +3.23 0.16
HbA1c, % 8.07 +2.40 7.21 +1.95 0.21
Serum UA, pmol/L 392.42 + 119.03 431.79 = 109.06 0.15
Fasting insulin, pmol/L 19.66 + 14.88 28.46 + 8.50 0.022
HOMA_B% 71.48 +50.42 116.62 + 81.77 0.03
HOMA_S% 62.75 + 56.84 26.55 + 6.67 0.0075
HOMA-IR 2.74 +1.92 3.96 + 1.05 0.0137
QUICKI 0.30 = 0.04 0.28 + 0.02 0.033
Caro 0.71 £0.49 0.32+0.15 0.0019
Serum XO, nmol/min/ml 2.59+0.49 514 +1.41 0.00001
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Table 5. Multiple regression analyses to study possible independent factors directly influencing
the serum XO activity

Dependence Statistical index R 9
Dependent Independent B | B | t P ® s
Model 1. Patients with T2DM
Constant 9.8 3.06 3.21 0.003
Serum UA, pmol/L 0.005 0.002 2.52 0.02 34.3 0.001
WC/HC -8.3 2.9 -2.87 0.007
Model 2. Patients with T2DM and HbA1c < 7.5 %
Constant 2.20 0.60 3.67 0.0016
— 27.5 0.015
Fasting insulin, pmol/L 0.06 0.02 2.68 0.015
Serumn XO. Model 3. Patients with T2DM and HbATc > 7.5 %
Constant 7.24 2.20 3.29 0.005
Age, years —-0.09 0.03 —2.74 0.015 52.7 0.003
HOMA-IR 0.60 0.23 2.62 0.02
Model 4. Patients with T2DM and high XO activity
Constant 2.30 1.16 1.97 0.07
PBG, mmol/L -0.34 0.09 -3.53 0.004 67.6 0.001
Serum UA, pmol/L 0.012 0.003 4.73 0.0005

glycemic control, serum XO activity is determined by fas-
ting insulin concentration (p = 0.015). We determine the
patient’s age and HOMA-IR index (p = 0.003) in patients
with suboptimal glycemic control and a high risk of 52.7 %
variability in serum XO activity. The high serum XO activity
in patients with T2DM determines the level of PBG in the
blood and serum UA (p = 0.001). This model determines
67.6 % variability of serum XO activity.

Discussion

The main function of XO is the formation of the final
product of purine catabolism UA, the level of which in the
serum is determined by the activity of XO and xanthine de-
hydrogenase [27].

The authors have established nonlinear dependence of
serum XO activity on fasting insulin concentration in patients
with T2DM in the total sample, described by the multiplica-
tive model which corresponds to the data [28]. This model
shows 20.7 % of the variability serum XO activity.

Serum XO activity in patients with T2DM in the general
sample increases with adaptive increase in secretory activity
of B-cells on an empty stomach according to the HOMA_[%
[30]. This dependence is nonlinear, described by a reciprocal
Y model.

The obtained data on the increase of serum XO activity
in patients with T2DM correspond to the data presented by
D.J. Miric et al. [31]. In patients with T2DM, serum XO
activity was directly correlated to BMI, levels of HbAlc, ad-
vanced glycation end products, ischemia-modified albumin,
serum UA, and inversely correlated to serum albumin and
total thiol groups concentrations [31]. Correlations between
serum XO activity and age, duration of T2DM, atherogenic
index of plasma, advanced oxidation protein products, and
microalbuminuria were not significant.

Analysis of the studied clinical, anthropometric parame-
ters and indicators of glucose homeostasis in patients with

T2DM in groups taking into account the level of serum XO
activity showed that patients with high serum XO activity had
significantly higher concentrations of fasting insulin, fasting
B-cell secretory activity, low sensitivity fasting insulin and
more pronounced manifestations of IR (HOMA-IR, Caro,
QUICKI indices) [32].

XO activity also drove the association between serum UA
concentration and T2DM, given that serum UA concentra-
tion was no longer significantly associated with T2DM after
adjustment for XO activity [33, 34]. Further, the association
of T2DM with serum XO activity was independent of other
risk factors, particularly insulin [35]. These novel findings
suggest that the previously observed association between se-
rum UA concentration and T2DM may not be causal or at
least not directly causal.

Conclusions

In patients with T2DM, the serum UA is linearly asso-
ciated with the level of serum XO activity, which determines
34 % of its variability. In patients with T2DM, regardless of
the state of glycemic control, serum XO activity is nonlinear-
ly associated with parameters characterizing the state of glu-
cose homeostasis (fasting insulin, HOMA_S%, HOMA_$%,
QUICKI and Caro indices).

Patients with T2DM with high serum XO activity have
significantly higher fasting insulin, fasting pB-cell secretory
activity, low fasting insulin sensitivity, and more pronounced
manifestations of IR compared with patients with normal
serum XO activity.

The level of serum XO activity in patients with T2DM,
regardless of the state of glycemic control is determined
by serum UA (t = 2.52; p = 0.02) and WC/HC (t = —2.87;
p = 0.007). In patients with T2DM with optimal glycemic
control serum XO activity determines the fasting insulin
(t = 2.68; p = 0.015), with suboptimal glycemic control
and high risk — the patient’s age (t = —2.74; p = 0.015)
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and the HOMA-IR (t =2.62; p = 0.02). Predictors of high
serum XO activity in patients with T2DM are the level
of PBG (t = —3.53; p = 0.004) and serum UA (t = 4.73;
p =0.0005).
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3B’930K OKTUBHOCTI KCOHTUHOKCUAC3N 3 NAPAMETPAMM FOMEOCTA3Y FAIOKO3U
Y XBOPUX HA LLYKPOBUM AidGeT 2-ro Tuny

Pe3tome. Mema docaioncenna — BU3HAYUTU 3B’ 130K MiX KIIiHi-
KO-aHTPOMOMETPUYHUMU MMOKAa3HUKAMU, TapaMeTpaMy TOMeOCTa-
3y IJIIOKO3M i1 aKTUBHIiCTIO KcaHTUHOKcuaasu (KO) y cuposartiti
KPOBi XBOpMX Ha IIyKpoBUi miabeT 2-ro Tuny (LI/12) 3 ypaxyBaH-
HSIM CTaTi, KOHTPOJIO TJIikeMii Ta akTuBHOCTI KO B cupoBaTiri
kpoBi. Mamepiaau ma memodu. O6¢ctexero 125 xsopux Ha LI/12
BikoM Biz 34 no 81 poky, ix cepenHiii Bik ctaHoBUB 58,9 + 9,4 poky,
TPUBAIICTh 3aXBOPIOBAaHHS — BiJ OMHOTO Micslist 10 29 pokiB (y
cepenHbomy 8,9 £ 6,6 poky). Bik maiieHTiB Ha MOMEHT A€0IOTY
3aXBOPIOBAHHS y 3arajibHill BUOip1li mopiBHIOBaB 29—71 poKy, y ce-
pearbomy 50,6 £ 9,1 poky. Pe3yabmamu. ABTOpY BCTAHOBWIN HEJli-
HilTHY 3a1exkHicTh akTUBHOCTI KO B cMpoOBaTIli KPOBi Bill KOHIICH-
Tpatlii iHcyniny Hartuie y xsopux Ha /12 y 3aranbHiii Bubipui, 1o
OIUCYETHCS MYJIBTUTUTIKaTUBHOIO Mozesutio (r = 0,45; p = 0,001).
AxtusHicth KO B cupoBartiii KpoBi xBopux Ha LIJ12 3pocTae 3 agamn-
TUBHUM TiABUIIEHHSM CEKPETOPHOI aKTUBHOCTI B-KJIITHH HaTIIE,
BU3HaueHoi 3a iHmekcoM HOMA_(3%. Haiisumii piBHi cupoBar-
koBoi akTuBHOCTI KO croctepiraiotrbes y xBopux Ha LIJ12 3 HU3b-
KO0 yyTuBicTIo 10 iHcyaiHy Hartiie (HOMA S% < 50 %). Kpim
TOTO, BUSIBJICHO, 1110 aKTUBHICTh KO B cupoBartiii KpoBi 00CTeXe-
HUX HelliHiitHO moB’s3aHa 3 mokasHukamu QUICKI (r = —0,35;
p =10,016) ta Caro (r = —0,40; p = 0,007). YcTaHOBJIEHO HEMiHili-

Hy 3aJiexkHicTh akTuBHOCTI KO cupoBaTKM Bifl iHCYJiHY HaTIIe
(r=0,50; p=0,08) Ta innexcis HOMA_B% (r=—0,53; p = 0,06),
HOMA _S% (r=-0,48; p=10,09), HOMA-IR (r=—0,48; p=10,09)
y YOJIOBIKiB 3 ONTUMabHIM KOHTpoJieM rmikeMii (HbAlc < 7,5 %)
Ha piBHIi TeHaeHIi1 Ta iHnekcom Caro (r = —0,64; p = 0,02). ¥ xi-
HOK 1Ii€1 TPYIIM CIIOCTepiraacs HeJliHiiTHa 3a1eXKHICTh aKTUBHOCTI
KO cupoBatku KpoBi Bia iHcyaiHy HaTie (r = 0,56; p = 0,004),
innekciB HOMA_B% (r=0,56; p = 0,003), HOMA_S% (r = —0,54;
p =0,005), HOMA-IR (r = 0,54; p = 0,005), QUICKI (r = —0,50;
p=0,01)iCaro (r=—0,61; p=0,003). Bucnoexu. Y nauieHris i3
1IJI2 cupoBaTKOBUI1 piBeHb CEYOBOI KUCIOTH JIiHiiTHO MOB’sI3aHUIA
3 piBHeM cupoBaTkoBoi akTuBHOCTI KO, 1110 Bu3Havae 34 % iioro
BapiabeabHOCTI. HesanexkHo Bim cTaHy TJIiKeMiYHOTO KOHTPOJTIO
akTuBHicTH KO B cupoBatii KpoBi xBopux Ha LI/12 HemiHiliHO
MOB’s3aHa 3 TTapaMeTpaMu, 10 XapaKTepu3yloTh CTaH TOMeOCTa-
3y IoKo3u (iHcyniH Harie, inneken HOMA_S%, HOMA_B%,
QUICKI i Caro). [Tpeaukropamu Brucokoi aktuBHocTi KO B cupo-
BaTLi KpoBi MawieHTiB i3 L1/12 € piBeHb MOCTIpaHaiaIbHOI TITiKeMii
(t =-3,53; p = 0,004) i cupoBaTKOBMIi BMiCT CE4OBOI KUCIOTU
(t=4,73; p=0,0005).

Kino4oBi cioBa: kcanTrHOKCHIa3a; rinepypuKeMist; IyKpOBHii
niabeT 2-To TUITY; METaOOIUHUI CHHAPOM
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The complex influence of the combination
of the BDNF (rs6265), VDR (rs2228570),
and NMDA (rs4880213) genotypes
on the development of cognitive disorders
in patients with autoimmune thyroiditis
and hypothyroidism

Abstract. Background. Numerous studies have demonstrated that thyroid conditions can affect cognitive function.
Gene polymorphisms associated with pathology of the endocrine and nervous system have ethnic and population
specificity, which determines the need to study them in a certain region. The purpose of the study was to investigate
the combined impact of the BDNF (rs6265), VDR (rs2228570), and NMDA (rs4880213) gene polymorphisms on
cognitive impairment in patients with autoimmune thyroiditis and hypothyroidism among the population of Western
regions of Ukraine, and to predict the onset of cognitive disorders. Materials and methods. The study involved a
total of 153 patients with autoimmune thyroiditis and hypothyroidism. Genotyping of the VDR (rs2228570), BDNF
(rs6265), and NMDA (rs4880213) gene polymorphism using TagMan probes and TagMan Genotyping Master
Mix (4371355) was performed on CFX96™ Real-Time PCR Detection System (Bio-Rad Laboratories, Inc., USA).
Polymerase chain reaction for TagMan genotyping was carried out according to the kit instructions (Applied Biosys-
tems, USA). We detect a decline in cognitive function using the Mini-Mental State Examination. Results. Carrying a
combination of CC/AG/CC genotypes significantly reduces the risk of developing cognitive impairment (odds ratio
(OR) = 0.1410; 95% confidence interval (Cl) 0.0181—1.0965; p = 0.0416). At the same time, carrying a combina-
tion of CT/AG/CT genotypes increases the risk of cognitive impairment by more than 5 times (OR = 5.1915; 95%
Cl 1.2471-21.6107; p = 0.0214) and a combination of CT/AG/TT genotypes — by 10 times (OR = 10.1224; 95%
Cl 1.1037-92.8401; p = 0.0281). Carriers of the CT/AA/CT genotype combination have a 6.4-fold increased risk
of cognitive impairment (OR = 6.4062; 95% CIl 1.2019-34.1471; p = 0.0253). Conclusions. Among patients with
autoimmune thyroiditis and hypothyroidism, carriers of the CC/AG/CC genotype combination of the BDNF (rs6265),
VDR (rs2228570) and NMDA (rs4880213) genes have a reduced risk of developing cognitive disorders, while car-
riers of the CT/AG/CT, CT/AG/TT and CT/AA/CT have an increased risk of cognitive impairment.

Keywords: genotype; autoimmune thyroiditis; hypothyroidism; cognitive disorders

Introduction

The influence of thyroid hormone (TH) on neurogene-
sis, neuronal migration, neuronal and glial differentiation,
myelination, and synaptogenesis has been found to regulate
the differentiation of the nervous system [1]. Problems with
cognition, visual attention, visual processing, motor abilities,
language and memory might result from TH deficiency [2].

However, little is known about the molecular processes that un-
derlie TH-mediated control of neuronal cells of these disorders.
Additionally, a higher level of thyroid-stimulating hormone
(TSH) has been linked to an increased risk of dementia [3].
The investigation of the role of genetic variables in the
emergence of prevalent multifactorial diseases and the dis-
covery of novel therapeutic targets were two topical directions
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of biomedical research. In this instance, single nucleotide
polymorphism analysis [4, 5] is thought to be a helpful tech-
nique for determining a condition hereditary susceptibility.

Neurological problems may result from autoimmune
thyroid disorders that affect the transcriptional activity of
the genes that control neurogenesis and neurotrophins. Un-
derstanding how genetic variables contribute to the emer-
gence of common multifactorial diseases is crucial, and this
problem continues to dominate in biomedical research today.

The aim of the study was to investigate the combined im-
pact of the BDNF (rs6265), VDR (rs2228570), and NMDA
(rs4880213) gene polymorphisms on cognitive impairment in
patients with autoimmune thyroiditis and hypothyroidism in
the population of Western regions of Ukraine, and to predict
the onset of cognitive disorders in these patients.

Materials and methods

Our study included 153 patients with different types of
autoimmune thyroiditis and hypothyroidism. Patients were
distributed into three groups. Group 1 (n = 16) included
patients experiencing postoperative hypothyroidism; group 2
(n = 65) included patients with hypothyroidism resulting
from autoimmune thyroiditis (AIT), and group 3 (n = 72)
included patients with both AIT and increased serum an-
tibodies (Ab) anti-thyroglobulin (anti-Tg) and anti-thyroid
peroxidase (anti-TPO). Twenty-five healthy subjects were
recruited as a control group, randomly and without age and
gender matching. The clinical and biochemical features of
the subjects are displayed in Table 1.

Ethical approval. The study fully ensured standards described
in the 1975 Helsinki Declaration of Human Rights (amended
in 2008). The participants completed and signed a written in-
formed consent before enrolling voluntarily in the research.

To diagnose hypothyroidism, we were guided by recom-
mendations required by the American Association of Clinical
Endocrinologists [6]. The corresponding clinical features
were considered when verifying AIT, namely the results of a
sonogram of the thyroid gland (reduced echogenicity) and
circulating antibodies to thyroid antigens, anti-TPO, and
anti-Tg were detected.

Blood samples from patients and controls were taken
in the morning after a night fast. Using Stat Fax 303/Plus
analyzer (Awareness Technology Inc., USA), we determined
levels of free thyroxine (normal range 6.0—13.0 pmol/L
for males and 7.0—13.5 pmol/L for females), TSH (nor-

mal range 0.3—4.0 mIU/mL), anti-TPO Ab (normal range
0—30 IU/mL) and anti-Tg Ab (normal range 0—65 IU/mL)
in each individual who participated in the study.

Exclusion criteria were the following: less than 18 years
of age, malignancy, inflammation resulting from rheumatic
diseases or acute/chronic infection, diabetes mellitus, vas-
cular, chronic diseases of liver and kidneys, and pregnancy.
Individuals administering drugs that could influence thyroid
function were also ruled out from the study.

We detect a decline in cognitive function using the
Mini-Mental State Examination, which has been the most
used screening instrument throughout decades [7].

Genotyping of the VDR (rs2228570),
BDNF (rs6265), and NMDA (rs4880213)
gene polymorphism

When collecting venous blood, we used a sterile vacutai-
ner and stabilized it with K2ZEDTA. To isolate total DNA
from peripheral blood, we applied PREP-RAPID-GENE-
TICS DNA Extraction Kit (DNA-TECHNOLOGY, Catalog
No P-021/4), adhering to the manufacturer’s instructions.

DNA amplification and genotyping

The samples were genotyped by TagMan probes and
TagMan Genotyping Master Mix (4371355) on CFX96™
Real-Time PCR Detection System (Bio-Rad Laboratories
Inc., USA). Polymerase chain reaction (PCR) for TagMan
genotyping was conducted due to the kit instructions (Ap-
plied Biosystems, USA). TagMan Genotyping Master Mix
contains DNA polymerase AmpliTaq Gold®, dNTPs, refe-
rence dye ROX™, and buffer ingredients. TagMan probes are
target-specific oligonucleotides with reporter dyes attached
to the 5’ end of each probe: (VIC® dye on the 5’ end of the
Allele 1 probe and 6FAM™ dye on the 5’ end of the Allele
2 probe), and a non-fluorescent quencher the 3’ end of the
probe. Genomic DNA was intensified in a 10 yL reaction
mix comprising genomic DNA, forward and reverse primers,
fluorescent probes, and TagMan Genotyping Master Mix.
Genotyping of the samples conducted on the CFX-Mana-
ger™ software using allelic discrimination assays based on the
magnitude of relative fluorescence units.

Statistical analysis
We used the Student’s t-test, Pearson’s i’ test, odds ratio
(OR), relative risk (RR), and equality 0 correlation test to

Table 1. Clinical and biochemical characteristics of the subjects

Characteristics Corz:‘rgl 295";’ up ?r: c;u1ps‘; ?r: Zué’s? ?r: ZU;'Z:;'

Age, years 46.08 + 14.58 47.30 + 12.27 46.72 + 15.49 45.02 + 13.65
FT,, pmol/L 8.91 +£0.97 3.44 + 0.31 413 +£0.52 8.51 +0.82
TSH, mlU/mL 2.67 £ 0.52 8.61 +0.84 7.09 £ 0.50 2.38 +0.62
TPO-Ab, IU/mL 34.04 + 3.70 36.13 +2.78 380.62 + 73.42 330.36 + 50.23
Tg-Ab, IU/mL 15.32 £ 1.97 15.50 + 1.90 32.97 +4.27 36.38 +7.70
Current dose of L-thyroxine, pg/day None 110.95 £ 5.25 88.46 + 1.55 None
GRINB, ng/m 620420720 | 17915203600 | 98660043 | 60620600

Notes: findings are exhibited as a mean * standard deviation; fT,— free thyroxine; GRIN2B — glutamate receptor,

ionotropic, N-methyl D-aspartate 2B.
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determine the difference between groups. The odds ratio
and 95% confidence interval (CI) were computed by binary
logistic regression where P < 0.05 were regarded as a statisti-
cally significant difference between the two groups (StatSoft,
Statistica v.12.0).

Results

Our paper studied the combined effect of gene poly-
morphisms in the studied population. The distribution
of the combination of genotypes of polymorphic variants
of the BDNF (rs6265), VDR (rs2228570), and NMDA
(rs4880213) genes showed no statistically disparities be-
tween the patient group and the control group that are sig-
nificant (Table 2).

Most of the examined patients were owners of CC/
AG/CT combinations of genotypes (16.99 %). CC/AA/
CC (10.46 %) and CC/AA/CT combinations of genotypes
(10.46 %) also prevailed among patients. The remaining
genotype combinations of the three BDNF (1s6265), VDR
(rs2228570), and NMDA (rs4880213) genes were found in
individual cases (Table 2). The studied population did not
detect carriers of TT/AA/TT, TT/AG/TT, and TT/GG/TT
combinations of genotypes.

Analysis of a combination of BDNF (rs6265), VDR
(rs2228570), and NMDA (rs4880213) gene genotypes
depending on the type of thyroid pathology (Tables 3—5)
showed no statistically significant differences in the frequen-

cy of genotype combinations between patients with PO, AIT
with hypothyroidism, and AIT.

Epidemiological analysis showed that the combinations
of genotypes of the analyzed genes are not risk factors for PO,
AIT with hypothyroidism, and AIT (Tables 3—35).

According to our studies, carrying a combination of CC/
AG/CC genotypes significantly reduces the risk of developing
cognitive impairment (OR =0.1410; 95% CI1 0.0181—1.0965;
p =0.0416) (Table 6). At the same time, carriers of a combi-
nation of CT/AG/CT genotypes increase the risk of cognitive
impairment by more than 5 times (OR = 5.1915; 95% CI
1.2471-21.6107; p = 0.0214) and by 10 times in carriers of
a combination of CT/AG/TT genotypes (OR = 10.1224;
95% CI11.1037—-92.8401; p = 0.0281), respectively. Carriers
of the CT/AA/CT genotype combination have a 6.4-fold
increased risk of cognitive impairment (OR = 6.4062; 95%
CI1.2019—-34.1471; p = 0.0253)

Discussion

Neurologic problems can occur in endocrine disorders
patients [8]. Hyperthyroidism, or hypothyroidism have been
recognized as risk factors for developing progressive cogni-
tive impairment [9, 10]. It should be made abundantly clear
that despite decades of extensive research, the connection
between thyroid function and cognition has yet to be fully
understood. Numerous studies have demonstrated that thy-
roid conditions can affect cognitive function.

Table 2. Distribution of the combination of BDNF (rs6265), VDR (rs2228570),

and NMDA (rs4880213) genotypes in the studied population

BDNF (Lsnﬁ%iszgzgta(()rzsfsz)28570)l Cont:‘o(l ‘yij)roup, Stuc:\y(g/:)oup, OR [95% ClI] )
CC/AA/CC,n=17 1(4) 16 (10.46) 0.3568 [0.7897-1.0351] | #*<1.0;p>0.05
CC/AA/CT,n=20 4 (16) 16 (10.46) 1.6310 [0.8633-1.3607] | »*<1.0;p>0.05
CC/AA/TT,n=9 1 (4) 8 (5.23) 0.7552 [0.7600—1.2258] | 2<1.0; p > 0.05
CC/AG/CC,n=16 3(12) 13 (8.5) 1.4685 [0.8340-1.3564] | »*<1.0;p>0.05
CC/AG/CT,n=29 3(12) 26 (16.99) 0.6661[0.8261-1.0941] | #*<1.0; p>0.05
CC/AG/TT,n=9 1(4) 8 (5.23) 0.7552 [0.7600-1.2258] | »*<1.0; p > 0.05
CC/GG/CC,n=5 0 5(3.27) - -
CC/GG/CT,n=10 2(8) 8 (5.23) 1.5761[0.7868-1.4794] | »*<1.0;p>0.05
CC/GG/TT,n=6 2(8) 4 (2.61) 3.2391[0.7357-2.2950] | #*<1.0;p>0.05
CT/AA/CC,n=4 1(4) 3(1.96) 2.0833[0.6507-2.0303] | #*<1.0; p>0.05
CT/AA/CT,n=7 1(4) 6 (3.92) 1.0208 [0.7367-1.3653] | »*<1.0;p>0.05
CT/AA/TT,n=5 0 5(3.27) - -
CT/AG/CC,n =3 0 3(1.96) - -
CT/AG/CT,n=9 2(8) 7 (4.58) 1.8137[0.7794-1.5830] | »*<1.0;p>0.05
CT/AG/TT,n=5 0 5(3.27) - -
CT/GG/CC,n=4 0 4 (2.61) - -
CT/GG/CT,n=5 2(8) 3(1.96) 4.3478[0.7048-2.9631] | »*<1.0; p>0.05
CT/GG/TT,n=3 0 3(1.96) - -
TT/AA/CC,n =3 0 3(1.96) - -
TT/AA/CT,n=3 1(4) 2(1.31) 3.1458 [0.5802-2.8872] | »*<1.0;p>0.05
TT/AG/CC, n =1 0 1 (0.65) - -
TT/AG/CT,n =1 0 1 (0.65) - -
TT/GG/CC,n=3 1(4) 2(1.31) 3.1458 [0.5802-2.8872] | #*<1.0;p>0.05
TT/GG/CT,n =1 0 1 (0.65) - -
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Table 3. Distribution of genotype combinations of polymorphic variants of the BDNF (rs6265),
VDR (rs2228570), and NMDA (rs4880213) genes in patients with postoperative hypothyroidism

BDNF (rs6265)/VDR (rs2228570)/

Control group,

Postoperative hypo-

pak(>)

NMDA (rs4880213) n (%) thyroidism, n (%)
CC/AA/CC,n=2 1(4) 1 (6.25) ¥ <1.0;p>0.05
CC/AA/CT,n=6 4 (16) 2 (12.5) ¥ <1.0;p>0.05
CC/AATT,n=2 1(4) 1 (6.25) ¥ <1.0;p>0.05
CC/AG/CC,n=3 3(12) 0 ¥ <1.0;p>0.05
CC/AG/CT,n=5 3(12) 2 (12.5) ¥ <1.0;p>0.05
CC/AG/TT,n =1 1(4) 0 ¥ <1.0;p>0.05
CC/GG/CT,n=3 2 (8) 1 (6.25) ¥<1.0;p>0.05
CC/GG/TT,n=3 2(8) 1 (6.25) ¥ <1.0;p>0.05
CT/AA/CC,n=2 1(4) 1(6.25) ¥ <1.0;p>0.05
CT/AA/CT,n =1 1(4) 0 ¥<1.0;p>0.05
CT/AG/CT,n=4 2(8) 2 (12.5) ¥ <1.0;p>0.05
CT/AG/TT,n=2 0 2(12.5) ¥ <1.0;p>0.05
CT/GG/CT,n=2 2 (8) 0 ¥ <1.0;p>0.05
CT/GG/TT,n=1 0 1 (6.25) ¥ <1.0;p>0.05
TT/AA/CC,n=2 0 2(12.5) ¥ <1.0;p>0.05
TT/AACT, n =1 1(4) 0 ¥ <1.0;p>0.05
TT/GG/CC,n =1 1(4) 0 ¥ <1.0;p>0.05

Table 4. Distribution of genotype combinations of polymorphic variants of the BDNF (rs6265),
VDR (rs2228570), and NMDA (rs4880213) genes in patients with AIT and hypothyroidism

BDNF (rs6265)/VDR (rs2228570)/ Control group, AIT and hypo- 7
NMDA (rs4880213) n (%) thyroidism, n (%) « (P)
CC/AA/CC,n =8 1(4) 7 (10.77) ¥ <1.0;p>0.05
CC/AA/CT,n=9 4 (16) 5 (7.69) 7 <1.0;p>0.05
CC/AA/TT, n =3 1 (4) 2 (3.08) ¥ <1.0; p > 0.05
CC/AG/CC,n =8 3(12) 5 (7.69) 7 <1.0:p > 0.05
CC/AG/CT, n = 18 3 (12) 15 (23.08) ¥ <1.0;p > 0.05
CC/AG/TT,n=6 1 (4) 5 (5.69) ¥ <1.0; p > 0.05
CC/GG/CC, n =2 0 2 (3.08) 4 <1.0;p >0.05
CC/GG/CT,n=5 2 (8) 3 (4.62) 4 <1.0;p >0.05
CC/GG/TT,n=4 2 (8) 2 (3.08) ¥ <1.0; p > 0.05
CT/AA/CC, n =3 1(4) 2 (3.08) 7 <1.0:p > 0.05
CT/AA/CT, n = 4 1(4) 3 (4.62) ¥ <1.0;p > 0.05
CT/AA/TT, n =1 0 1(1.54) ¥ <1.0; p > 0.05
CT/AG/CC, n =2 0 2 (3.08) 7 <1.0:p > 0.05
CT/AG/CT,n=5 2(8) 3 (4.62) 7 <1.0;p >0.05
CT/AG/TT,n =2 0 2 (3.08) ¥ <1.0; p > 0.05
CT/GG/CC,n =2 0 2 (3.08) 4 <1.0;p>0.05
CT/GG/CT,n =2 2(8) 0 4 <1.0;p>0.05
CT/GG/TT,n=1 0 1 (1.54) 2 <1.0;p>0.05
TT/AA/CT, n = 1 1(4) 0 ¥ <1.0;p > 0.05
TT/AG/CC, n = 1 0 1 (1.54) 7 <1.0;p>0.05
TT/GG/CC,n =2 1(4) 1 (1.54) 2 <1.0;p>0.05
TT/GG/CT, n = 1 0 1 (1.54) 7 <1.0;p>0.05
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Table 5. Distribution of genotype combinations of polymorphic variants of the BDNF (rs6265),

VDR (rs2228570), and NMDA (rs4880213) genes in patients with AIT

BDNF (rs6265)/VDR (rs2228570)/

Control group,

NMDA (rs4880213) n (%) SR « ()
CC/AA/CC,n =9 1(4) 8 (11.11) £ <1.0;p>0.05
CC/AA/CT, n =13 4 (16) 9 (12.5) £ <1.0;p>0.05
CC/AA/TT, n =6 1(4) 5 (6.94) ¥ <1.0;p>0.05
CC/AG/CC, n = 11 3(12) 8 (11.11) £ <1.0;p>0.05
CC/AG/CT, n = 12 3(12) 9 (12.5) ¥ <1.0;p>0.05
CC/AG/TT, n = 4 1(4) 3 (4.17) £ <1.0;p>0.05
CC/GG/CC, n =3 0 3 (4.17) £ <1.0;p>0.05
CC/GG/CT,n =6 2(8) 4 (5.56) <1.0;p>0.05
CC/GG/TT, n=3 2(8) 1(1.39) £ <1.0;p>0.05
CT/AA/CC, n =1 1(4) 0 % <1.0;p>0.05
CT/AA/CT, n = 4 1(4) 3 (4.17) £ <1.0;p>0.05
CT/AA/TT, n = 4 0 4 (5.56) ¥ <1.0;p>0.05
CT/AG/CC, n = 1 0 1(1.39) #<1.0;p>0.05
CT/AG/CT,n=4 2(8) 2(2.78) #<1.0;p>0.05
CT/AG/TT, n =1 0 1(1.39) ¥ <1.0;p>0.05
CT/GG/CC, n = 2 0 2 (2.78) <1.0;p>0.05
CT/GG/CT,n=5 2(8) 3 (4.17) £ <1.0;p>0.05
CT/GG/TT, n =1 0 1(1.39) <1.0;p>0.05
TT/AA/CC, n = 1 0 1(1.39) £ <1.0;p>0.05
TT/AA/CT, n = 3 1(4) 2 (2.78) ¥ <1.0;p>0.05
TT/AG/CT, n =1 0 1(1.39) <1.0;p>0.05
TT/GG/CC, n = 2 1(4) 1(1.39) £ <1.0;p>0.05

Table 6. Combinations of genotypes of allelic variants of the BDNF (rs6265), VDR (rs2228570),
and NMDA (rs4880213) genes as risk factors for cognitive impairment

oLy ({fﬁ%ﬁ\safgsf{;%z“my RR OR 95% CI RR 95% Cl OR P

CCIAA/CC 0.7743 | 0.2876 0.6321-0.9486 0.0634-1.3048 | 0.1013
CC/AACT 0.8042 | 0.3812 0.6502-0.9946 0.1068-1.3605 | 0.1930
CCIAG/CC 0.7243 | 0.1410 0.6141-0.8542 0.0181-1.0965 | 0.0416
CC/AG/CT 0.8191 | 0.4384 0.6709—1.0000 0.1576-1.2193 | 0.1242
CCIAGTT 10562 | 1.1900 0.6587-1.6936 0.2863-4.9465 | 1.0000
CCIGG/CC 0.8743 | 05817 0.5580—1.3698 0.0635-5.3309 | 1.0000
CCIGG/TT 0.8372 | 0.4615 0.5776-1.2134 0.0526-4.0486 | 0.6708
CT/AA/CC 14138 | 24118 0.5282-3.7845 0.3307-17.589 | 0.5835
CT/AACT 25175 | 6.4062 0.7774-8.1525 12019-34.147 | 0.0253
CT/AATT 11753 | 1.5048 0.5709-2.4198 0.2587-9.8309 | 0.6350
CT/AGICT 21657 | 5.1915 0.8556-5.4816 12471-21612 | 0.0214
CT/AGTT 35838 | 10.1224 | 0.6193-20.738 1.1037-92.841 0.0281
CT/GG/CC 28506 | 7.4400 | 0.5208-15.6039 0.7558-73.239 | 0.0797
TT/AAICT 21257 | 48627 | 0.4278-10.5617 0.4313-54822 | 02117
TT/GG/CC 21257 | 48627 | 0.4278-10.5617 0.4313-54822 | 02117
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To prevent cognitive repercussions, it is crucial to eva-
luate thyroid function. Therefore, additional research is
required to clarify the relevant relationships and the mecha-
nism behind this interaction.

According to earlier studies, hypothyroidism has been
linked to impairments in general cognition, memory, atten-
tion/concentration, perceptual function, language, psycho-
motor speed, and executive function. The most frequently
mentioned impairment is impaired verbal memory [11, 12].

Another study discovered that elevated thyroid hormone
levels, even within the normal range, are linked to alterations in
cognition, behavior, and the structural integrity of the brain [13].

The Val66Met polymorphism (rs6265) in the BDNF gene
causes the amino acid at codon 66 to change from valine to
methionine, changing how BDNF is transported through
cells and secreted [14]. Several studies have found a link
between Val66Met polymorphism and reduced hippocampal
and prefrontal gray matter volumes, leading to abnormal
hippocampal activity, impaired cognitive function, and de-
creased memory and executive function [15].

Codon 66, found inside the BDNF pro-domain, changes
from valine to a methionine amino acid residue due to the
C to T substitution in BDNE A sortilin-binding site is im-
pacted, which causes intracellular trafficking to be disturbed.
Affected BDNF proteins are not guided to secretory vesicles
in the absence of prober binding to sortilin, which lowers
their activity-dependent secretion [16].

According to studies, healthy German subjects with the
1s6265 T allele have lower blood serum BDNF concentra-
tions [17]. Subjects with the TT GRIN1 genotype (SNP
rs4880213) exhibited significantly fewer instances of disrup-
tive behavior and depression than individuals in the other
two groups. The TT SNP GRINI rs4880213 genotype, ac-
cording to F. Mori et al. [16], was associated with reduced
intracortical inhibition, elevated glutamatergic excitement,
and improved NMDAR glutamate function.

Previously, we showed that the C allele is protective and
significantly reduces the chances of lowering the level of
BDNF in the blood serum of patients with thyroid patholo-
gy in the studied population. On the other hand, the carrier
of the T-allele increases the risk of low BDNF in thyroid
pathology by almost ten times [18]. In addition, we found
a significant decrease in BDNF levels in the experimental
group in carriers of the AA and AG genotypes of the VDR
gene (1s2228570) by 1.58 (p = 0.038) and 2.39 (p = 0.002)
times, respectively, compared to carriers of the AA and AG
genotypes of the control group [19].

Considering that the effect of thyroid hormones on the
brain is indisputable, and their lack leads to various neu-
rological complications, early diagnosis of nervous system
damage in thyroid diseases is crucial for preventing and trea-
ting neurological complications.

Conclusions

Carriers of the CC/AG/CC genotype combination of the
BDNF (1s6265), VDR (1s2228570) and NMDA (rs4880213)
genes have a reduced risk of developing cognitive disorders,
while carriers of the CT/AG/CT, CT/AG/TT and CT/AA/
CT have an increased risk of cognitive impairment in patients
with thyroid pathology.

Ethical approval. Our study was conducted according to
the Declaration of Helsinki adopted in 1975 and revised in
2008, and the ethical principles were entirely respected.

Consent to participate. Written informed consent was
obtained from the participants.

Data availability. The data of this study is available by
request.
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KamuwHa 117, Maeaosmy A.B.2, [aHbkiB I.B.?, [NNaHbkKiB B.1.°, MacasiHko B.A.%, buiiko H.1.2, KamuHm O.!

" TepHOMIAbLCHKM HOLIOHQABHUI MEANYHWV yHIBepCUTET iMeHi |. [op6a4yeBCbKOro, M. TepHoninb, YkpaiHa

2 ByKOBUHCBKN AEPXKQABH MEANYHNM YHIBEPCUTET, M. YepHiBLi, YkpaiHa

3 YKpQiHCbKM HQYKOBO-MPAKTUYHV LIEHTD €HAOKPUHHOI Xipyprii, TOQHCIAQHTALT eHAOKPVHHMX OpraHiB i TkaHuH MO3 YkpaiHu,

M. KwiB, YkpaiHa

Kom6iHoBaHMI BNAMB NoAiMopdiamy reHis BDNF (rs6265), VDR (rs2228570) ta NMDA (rs4880213)
HQA KOTHITUBHI MOPYLUEHHS Y XBOPUX HO ABTOIMYHHUIM TUPEOTAUT TA riNOTUPEO03

Pestome. Akmyaavnicms. YucnenHi D0CHiIKeHHs TOKa3aIH,
1110 3aXBOPIOBAHHS IIIMTOIOAIOHOT 321031 MOXKYTh BIUIMBATU Ha
korHiTuBHI dyHkuii. [ToniMopdism reHis, sKi Mos’s3aHi 3 na-
TOJIOTI€I0 €EHIOKPUHHOI Ta HEPBOBOI CUCTEMU, MA€ ETHIUHY Ta
MONnyJsALiiiHy crneunidHiCTb, 10 BU3HAYA€ HEOOXIAHICTb X BU-
BUEHHSI B IEBHOMY peTioHi. Memoro docaioncenns 6ysio 1OCTIIUTH
KOMOiHOBaHU# BIUIMB moJiiMopdismy reHiB BDNF (1s6265), VDR
(rs2228570) Ta NMDA (rs4880213) Ha KOTHITUBHI MOPYUIEHHS
cepell XBOpUX Ha aBTOIMyHHUM TUPEOIIUT i TIlMOTUPEO3 Y MOy~
JISILIT 3aXiAHUX PerioHiB YKpaiHu Ta CIPOrHO3YBaTU BUHUMKHEH-
H$I KOTHITUBHUX po3naniB. Mamepiaau ma memoou. O6CTeXEeHO
153 ocobu 3 aBTOIMyHHUM TUPEOITUTOM Ta TiroTupeo3om. le-
HOTHUITYBaHHSA mojimMopdizmy rediB VDR (rs2228570), BDNF
(rs6265) i NMDA (rs4880213) 3a nonomoroio 3oH1iB TagMan
i TagMan Genotyping Master Mix (4371355) BUKOHYBaJIu B
cuctemi CFX96™ Real-Time PCR Detection System (Bio-Rad
Laboratories, Inc., CIIIA). IToniMepa3Hy JaHIIOTOBY peakililo
I reHoTuryBaHHs TagMan nmpoBOAWIN 3TiAHO 3 iHCTPYKIIi€EIO
no Habopy (Applied Biosystems, CIIIA). KorxniTubHi (pyHKIIiT

MOCIIiIKYBaIU 3a JOITOMOTOol0 mKanu Mini-Mental State Exami-
nation. Pezyabmamu. Y HociiB KoMm06iHailii reHotunis CC/AG/
CC 3HaYHO 3HMKEHUI PU3UK PO3BUTKY KOTHITUBHUX MTOPYLIEHD
(BimHowmeHHs maHciB (BLI) = 0,1410; 95% nosipunii iHnTep-
Bax ([I) 0,0181—1,0965; p = 0,0416). [1pu 1uboMy HOCIiCTBO
koMmbGiHauii reHotuniB CT/AG/CT niaBuillye pu3uK KOTHITUB-
HUX TTOpYIIeHb Oiblie Hix y 5 pasiB (BLI = 5,1915; 95% /1
1,2471-21,6107; p = 0,0214), a xomb6inariii renotunis CT/AG/
TT (BLI =10,1224; 95% A1 1,1037—92,8401; p=0,0281) —y 10
pasiB. Hocii kom6inauii renotunis CT/AA/CT maioth B 6,4 paza
BUIINI PU3UK KOTHITUBHUX mopymieHb (B = 6,4062; 95% 1
1,2019—34,1471; p = 0,0253). Bucnoexu. Cepe Malli€HTIB 3 aBTO-
iIMYHHUM TUPEOIAUTOM i TIMOTUPEO30M HOCii KOMOiHallii TeHOTH -
niB CT/AG/CT, CT/AG/TT i CT/AA/CT maioTh niiBUIICHUI
PU3UK PO3BUTKY KOTHITUBHMX MOPYIIIEHb, @ B HOCi1B KOMOiHaIlii
rerorumniB CC/AI'/CC reniB BDNF (1s6265), VDR (rs2228570)
i NMDA (rs4880213) 1ieit pu3uK 3HUKEHU.

Kiro4oBi c10Ba: reHOTHIT; aBTOIMYHHWIT TUPEOTINT; TIMIOTUPEO3;
KOTHITMBHI MOPYLIEHHS
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bonbLuosa O.B.", PuaHmnyyk M.O.?, KeayeHok A.A."
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Y4yacTb reHa peuentopa BitTamiHy D
Y PO3BUTKY iAIONATUYHOT HU3bKOPOCAOCTI

Pe3tome. AkryanbHicte. [eH peyentopa sitamiHy D (VDR) nokanizoBaHuii y 12-4i xpomocomi (perioH 12q13).
HavibinbLu nepcrneKkTuBHI B KIIHIKO-4iarHOCTUYHOMY acrekTi Moro nosniMopgpHi BapiaHt Bsml i Fokl. Y npouyeci
HopMarsibHoro oHToreHesy reH VDR BrinuBae Ha 3arasibHuii BMICT KICTKOBOI TKaAHWHW B OpraHiami vi 3yMOBIIEHY
PO3BUTKOM cKesnieTa [OBXuHY Tina. MeTa gocnipXeHHs1 — BUBYEHHS FrEHOTUMOBUX OCOO/IMBOCTEV AiTel 3 igiona-
TUYHOI HMU3bkopochicTio. MaTepianu Ta metoaun. BusHadyeHHs Bsml nonimopgpiamy reHa VDR (rs1544410) npo-
BOAWIIM METOAOM M0AIMepasHoi TaHLUoroBoi peakyii 3 HaCTYMHUM aHani3oM JOBXUHN PECTPUKLIVIHUX chparMeHTIB
rpy BUSIBJIEHHI iX LLISIXOM eJIeKTpoghopesy B arapo3HoMy resi'y 18 gitevi nperyb6epTaTHoro BiKy 3 igionatuyHo
Hu3bKopocricTio. Pesynbratu. Y rpyni gitevi 3 igionaTmyHo HU3bKOPOCICTIO YacTka reHoturly GG y HYotupu paau
BuLLYa, HXX y rpyni KOHTposto. Y gitevi retepoanrot G/A pusuk igionatn4HoOi HM3bKOPOCIOCTI BipOrigHO BUCOKMIA
(cniBBigHOWeHHs waHcis (OR) = 6,00; 95% posipuwii iHTepsan (Cl) 2,06—-17,48; p < 0,01); npu BapiaHTi G/G py3unk
igionaTn4Hoi HNM3bKOpPOCHOCTI BUCOKUIA, ane He Biporighwii (OR = 4,54; 95% CI 0,70-29,31; p = 0,11). lNayieHTiB
3 reHoTurnom AA yTpudi MeHLUE, HDK Y KOHTPOJIbHIV rpyni, L0 BKa3ye Ha Te, Lo B rOMO3Urot AA 3HWXYETbCS
VIMOBIPHICTb igionaTn4HOI HU3bKOPOCIOCTI YTPUHIi MOPIBHAHO 3 eMMipUYHUM pu3nKkoM. Yactora aneni G y nauieH-
TiB 3 igionatn4Horo HU3bkopocricTio (QG = 0,444) mavixe BTpuYi BuLya, HX y rpyni 3goposux (qG = 0,152), e
BKasaye Ha Te, Lo HocivicTBo anesi G nosniMopgbHoro nokycy rs 1544410 Bsml reHa VDR BiporigHo acouitoeTscs 3
pU3NKoM po3BUTKY igionatnyHoi Hu3bkopocsocTi (OR = 4,46, 95% Cl 3,60-5,51; p < 0,001). BucHoBKuW. Y giteii
3a HassHocTi reHoturny G/A | G/G pu3uk igionaTu4HOI HU3bKOPOC/IOCTI 3pocTae, a reHoturn A/A € nNpoTeKTOPHUM
rnoniMopgiamMom LoAo igionatn4Hoi Hu3bKopocsiocTi. Hocivictso aneni G noniMopghHoro s1okycy rs1544410 Bsml
reHa VDR acouitoeTbcsi 3 pU3KOM PO3BUTKY [BIoNaTu4yHOI HN3bKOPOCIIOCTI, HE3BaXaroym Ha Mavixe igeasbHui
pPO3rozin reHoTunis.

Knwo4oBi cnoBa: igionatmnyHa Hu3sKopocnicTs; Aitu; Bsml nonimopgpiam reHa pevenrtopa sitamiHy D; po3nogin
reHoTvnis

BCTYI'I G yHKILiS TToJIsITa€ B 3AaTHOCTI FeHEpyBaTU i MOJyJIIOBa-

AxTtuBHa ¢opma BiTaminy D, (kanbuurpion) — 1,25-au-
rigpokcusitamin D; (1,25(OH),D,) — HanexuTp 10 rpynu
crepoinHux ropmoHis. 1,25(OH),D, peryioe, 6e3nocepe-
HBO YU OMOCEPEIKOBAHO, IMOHAM ABOXCOT TreHiB (0,55 %
BiZl yCbOTO T€HOMY) i 3a7y4eHMId A0 pi3HOMAHITHUX KJi-
TUHHUX IIpolieciB, Takux sk pict, JIHK-pemapaitis, nude-
peHIliallisi, armonTo3, MeMOpaHHWI TPaHCIIOPT, KJIITUMHHA
aare3sist, OKCMOaTUBHUM cTpec [ 1], MmeTaboJi3m rioko3u [2].
Y KJIiTUHAX Pi3HUX OPTraHiB i TKAHWH BUSIBJIEHO crieludiuHi
peuenTtopu Bitaminy D (Vitamin D Receptors (VDR)). 1Lle
103BoJIsIe KiacudikyBaTH BitamiH D sk D-ropmon. Moro

T 0ioJIOriyHi peakilii B TKAaHMHAX-MillIeHSIX 3a PaxXyHOK
perynsiii TpaHckpumniii reHiB [2]. Peuenrop Bitaminy D
HaJIeXUTD 10 CiMeICTBA SIAEPHUX PeLeNTOPiB, HEOOXiTHUX
IUUIS1 peastizaliii Ail cTepoimHUX TOPMOHIB (TECTOCTEPOH, eC-
Tpaaio, KOPTU30JI, aIbAOCTEPOH) [1, 2].

Peuenirop BiTaminy D (yHKITIOHY€E IK KJIaCUIHUI pe-
LIENTOP EHIOKPUHHOI cucTeMu. [opMOHaibHa cucTema Bi-
TamiHy D, 0CHOBHUMM KOMITOHEHTAMMU SIKOI € KaJIbLIMUTPios
(10,25(0H),D,) i VDR, Binirpae BaxkjuMBy pojib He TiJIbKU
B peryJsiiii (pyHKIIIOHAJIbHUX i MeTa0OJIiYHUX TIPOLIECIiB B
OpraHi3Mi, aje i y po3BUTKY 0aratbox maToJOTiYHUX CTa-
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HIB, cepel SIKUX € i mopymeHHs pocty [2, 3]. Peuentopu
BiTamiHy D 3Ha4HO MoLIMPEHi B OpraHi3Mi, BOHU BUSIBJIEHI]
B OLIBIIOCTI OpraHiB i TKAHMH, IIPUYOMY HE TUIBKM B TAKHUX
KJTACMYHMX OpraHax-MillleHsIX BiTaMiHy D, SIK KUIIIEUHUK,
HUPKU 1 KiCTKOBUI amapar, aje i y MO3KY, Ceplli, IiaIUTyH-
KOBIi i MPUIIMTONOAIOHMX 3a103aX, 1IKipi, cTaTeBill cucte-
Mi, JIereHsIX, XKMPOBiii TKaHWHi, MiOKap/i Ta iHIIIMX OpraHax
i TKaHuHax [4—7].

Ien VDR noxanizoBanuii y 12-it xpomocomi (perioH
12q13). Moro anenbHi BapiaHTH BUALISIOTH 32 BiAMOBIAHM-
MU caiiTaMu po3ITi3HaBaHHSI €HIOHYKJea3 (pecTpUKTas).
IHTepec mocaimHUKIB BUKIMKAIOTh JIOKAIi30BaHUI B €K-
30Hi 2 Fokl (rs10735810) i po3TanroBaHUil MiXK BOCBMUM
i meB’ssTuM ek3oHamu Bsml (rs1544410), mo € HalGiabIT
MEePCIEeKTUBHUMU B KJIiHIKO-AiarHOCTUYHOMY acIlekTi [8].
I1im yac HOpMaJbHOTO OHTOreHe3y reH VDR BILTMBaE Ha 3a-
TaJIbHUM BMiCT KiCTKOBOI TKAHWMHU B OPTraHi3Mi i1 3yMOBJIEHY
PO3BUTKOM CKeJieTa JOBXUHY Tia [9—12].

MerToro nocJiimKeHHs 0yJI0 BUBUEHHS TeHOTUIIOBUX OCO-
OIMBOCTEN Y IiTel 3 i1ioNnaTUYHOI0 HU3BKOPOCIIiCTIO.

MaTepiaAn Ta MeToAmn

[1poBeneHo reHeTUYHE AOCIiIKeHHs 18 miTeii 3 imio-
MaTUYHOIO HU3BKOPOCJIICTIO, SIKi mepedyBaiv Ha JiKyBaH-
Hi B 1Y «IHCTUTYT eHIOKPUHOJIOTiT Ta OOMiHY peYOBUH
im. B.I1. Komicapenka HAMH Ykpainu». B ycix niteit Bu-
KJIIOUEHO COMATOTPOITHY i TUPEOTPOITHY HElOCTaTHICTb,
TeHETUYHi (pOpMM HaHi3My I COMaTHUYHI 3aXBOPIOBaHHS,
SIKi MOTJIM O BUKJIMKATH IaHy MATOJIOTiI0. Y Talli€HTiB BU-
3HavasiM rostiimopgism rena VDR, a came Bsml (1s1544410).

Buznauenns Bsml nonimopdizmy reHa VDR (rs1544410)
MPOBOIVIA METOIOM ITOJIiMepa3HOi JIAHIIFOrOBOI peakiii
3 MoAaJbIIMM aHali30M JOBXWHU PECTPUKLIHHUX (par-
MEHTIB IIpM BUSIBJICHHI iX IIJISIXOM eJIeKTpodope3y B ara-
po3HoMY reui. JIJisi TeHOTUITYBaHHS BEHO3HY KPOB HaOu-
paii B CTEPWJILHUX YMOBAaX Y MOHOBETH 00’eMoM 2,7 MII
3 KaJIIEBOIO CULIIO eTUJIEHIiaMiHTETPAOUTOBOI KUCIOTHU
(Sarstedt, HimeyuunHa), 1110 ciyryBaja aHTUKOATryJIsIHTOM.
Cnouarky JIHK emiMinyBanu 3 mepudepnaHoi KpoBi 3a
JOTIOMOTo10 KoMepiiliHoro Habopy Quick-DNA Miniprep
Plus Kit (ZymoResearch, CIIIA). JlocnimKXyBaHi TeHUI
aMIuticikyBajiy 3a 10MOMOrolo creuudiyHuX npaimepiB
(Metabion, HimeyunHa) i komepuiiiHoro DreamTaqGreen
PCR MasterMix (ThermoScientific, CILLIA). I1po6ipku 3
KiHLIeBOIO aMILTihikalliliHOIO CyMilllllII0 MEPEHOCUIN Ha
nincumoau FlexCycler BU (AnalyticJena, HimeyunHa)
17151 3a0€3MeYeHHSI BiIMOBiIHOTO TEMIIEPATYPHOIO PEXUMY.
IIponyktn ammigikaii ¢pparmenTiB JJHK (amrmiikoHm)
reHa VDR miggaBaiy TiZpoJdiTUYHOMY PO3IIEIUIEHHIO pe-
CTpUKILiliHOIO eHnoHyKIea3o1o Bsml (ThermoScientific,
CIHIA). 11 pecTpUKIIiifHOTO aHali3y TOTyBaJM OKpeMi
CyMillli i1 MIepeHOCUIN B TIONEPEAHBO MiUueHi IMPOOipKuU, a
MOTiM JIoJlaBajid aMILTiKOHU. Peakiiito ooOMexxeHHs dpar-
MeHTiB 1t Bsml G/A (rs1544410) rena VDR npoBonuin
3riIHO 3 peKOMEHIALISIMY BUPOOHUKA B TBEPIOTUIBHOMY
MikpoTepMocTaTi ipu Temmnepatypi 37 °C yrponosxk 16 ro.
IIpouec Oyso 3ynuMHEHO IMiABUILEHHSIM TeMIIepaTypu 10
65 °C ympogosx 20 xB. CTaH pecTpUKUIAHUX (hparMeHTiB
reHa VDR ananizyBanu Ha 3% arapo3HoMmy reji (araposa
¢ipmu CleaverScientific, Benuka bpuranist) 3 nonasaH-

HSIM OPOMMCTOTO €THUIiI0, MapKepa MOJIEKYJISIDHOI Macu
GeneRuler 50 bp DNA Ladder (ThermoScientific, CILIA)
i TIOJAJIBIIOIO Bi3yasli3alli€lo 3a JOIIOMOTIOI0 KOMII I0Tep-
Hoi nmporpamu Vitran y TpaHciJtoMiHaTOpi, 3a0apBJIeHO-
My Opominom etuniro. ITincumosaui rena VDR Bsml G/A
(rs1544410) mignaBagu TigpoJiTUHIHOMY PO3LIETIEHHIO 3a
HagBHOCTI caiita pectpukii 5’-GAATGCN/-3’, y pe3yib-
TaTi YOTO YTBOPIOBATKCS PECTPUKTH MOJIEKYJISIPHOIO MacoIo
6441179 bp — renotun GG. CaiiT pecTpUKIIii 3HUKAB MPH
HyKJIeoTuaHii 3amini G Ha A. fkimo po3mip amrutigiko-
BaHux ¢parmeHTiB JHK micns B3aemonii 3 HyKiiea3oro
pecTpuKlii 3anuiiascst He3MiHHUM (823 bp), Toai OyB 3a-
(ikcoBanuit reHotun AA. BiamoBinHO B reTepo3UroTHO-
My reHoturi (GA) crioctepiraiv ogHOYaCHO BCi TPU TUITH
dparmenTis: 823, 6441 179 n.m.

CratucTuyHy 00pOOKY pe3y/bTaTiB JOCIIIKEHHS TTPO-
BOJMJIM 3a JOIIOMOIOI0 CTaTUCTUYHUX mporpaM Microsoft
Excel.

Po3smofin reHOTUIIIB y rpyIiax XBOPHX i 3MOPOBUX MTOPIiB-
HIOBAJIM 32 3aKOHOM Xapni — Baitn6epra (y?):

P>+ 2pg +q¢>= 100 %,

Jie p> — JacToTa, 3 SIKOIO TpaIuisioThes Hocil reHoTuny GG,
2pq — vacrota reHotuny GA, a ¢° — yactora reHOTUITy AA.
Yacrotu aneneit pG i A po3paxoByBaju SIK:

_ 2N+ g,
= Z¢6 " .
2Anget ngtny,)

2n,, +ng,

P = >
2nget ng,tny,)

q4
JIe 7 — KUTBKIiCTb 0Ci0 3 IEBHUM I'€HOTUIIOM.
PospaxoByBanu BigHomieHHs maHciB (OR):

or =44,
bc
de @ — HasIBHICTb iIiOMMaTUYHOI HU3bKOPOCIIOCTI Ta O3HAKM,
1110 BUBYAEThCS; b — HASIBHICTB ii0NaTUYHOI HU3BKOPOCIIO-
CTi Ta BiICYTHICTh O3HAKM, 1110 BUBYAETHCS; ¢ — 3AOPOBi
Ta BiICYTHICTb O3HAKHU, 1110 BUBYAETHCS; d — 370pPOBi Ta
HasIBHICTb O3HAKM, 1110 BUBYAETHCS.

Hosipunii intepsan (CI) 6yB po3paxoBanuii gjist OR Ha
piBHI 3HauymocTi 95 %. SIKII0 CriBBiAHOIIEHHS IIAHCIB
OyJ10 MeHIIIe 3a 1, TO pU3UK 3MEHIIIYBaBCs, SIKIIO = 1, TO
pU3UKY He OyJ10, sikiio Giblie Bif 1, To pusuk 0yB (Fletcher
et al., 1998). Yci nani aHanizyBasiu HemapaMeTpUYHUMU
METOJaMM BapialliiHOI CTaTUCTUKU 3 BUKOPUCTAHHSIM
koM’ totepHoi mporpamu MedCalc (2006).

JlocmimKkeHHST TIPOBOAMIOCS BilIIOBIIHO O OCHOBHUX
npuHuuIiB 6ioetnku Konpenuii Panu €Bpornu npo rnpaba
JoauHu i 6iomenuiuny (4 xkBitHs 1997 p.), [enbciHebKOl
nexnapanii BcecBiTHbOT MeIMYHOT acoliallii mpo eTu4YHi
MPUHIIAMN TIPOBEIEHHS MEIWYHUX JTOCIIKEHb 3a yyac-
Tio moaei (1964—2013). Kowmicis 3 6ioMmequnaHOI eTUKHU
Y «IHCTUTYT eHAOKPUHOJIOTiI Ta OOMiHY peYOBUH iMEHi
B.T1. Komicapenka HAMH Ykpainu» (ripotokon Ne 2 Bin
09.02.2021) mopyl1iieHb MOPaTbHUX i IPABOBUX HOPM ITiJT Yac
IOCIIKeHHS He BUsBIWIA. byma orpumaHa iHdopMoBaHa
3rojla YYaCHUKIB i iXHiX OaTbKiB.

HocainHuiibka podota 1Y «IHCTUTYT eHIOKPUHOJIOTIT
Tta o0MmiHy pedoBuH iM. B.I1. Komicapenka HAMH Yk-
paiHnu» BUKOHaHa 3 piHaHcyBaHHIM MO3 Ykpainu HJIP
«BUBYMTH CcTaH CUCTEMU TOPMOH POCTY/POCTOBI (haKTOpU
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Ta6nmysi 1. Po3nogin reHoTuniB y 340poBuX AiTeV i nayieHTIB 3 igionaTn4HO0 HU3bKOPOCJTICTIO

rs1544410 Bsml renHa VDR
Fpyna Moka3Huk
G/A G/G A/A Ycboro
n 28 3 81 112
% 25,0 2,7 72,3 100
KonTpone* OR 0,16 0,22 9,15
95% ClI 0,06-0,49 0,03-1,42 2,79-29,93
p < 0,01 0,11 < 0,01
n 12 2 4 16
. o % 66,7 11,1 22,2 100
Dﬁ;ﬂi’;{)"(‘)g;gﬁg""T”””°” OR 16,00 14,54 10,11
95% ClI 2,06-17,48 0,70-29,31 0,03-0,36
p < 0,01 0,11 < 0,01

lpumitka: * — paHi i3 gxepena [10].

Ta6bnuuys 2. Yactoru anenevi G i A B gitev
3 igionaTM4HOO HU3bKOPOCTIICTIO

Mpyna Aneni YacTtoTa
MauieHTu 3 igionaTuyHow G 0,444
HU3bKOPOCHICTIO A 0,556
G 0,152
KoHTponb*
A 0,848

lpumitka: * — paHi 3 gxepena [10].

y IiTel Ta MimJTiTKiB 3 EeHAOKPWHHOIO MAaTOJIOTIi€I0 3aJIEXKHO
Bin 3a0e3mneyeHocTi BiTaMiHOM D i BapiaHTiB mosimopdizmy
reHa Moro peuerropar.

PesyAbTaTH

3a KOHTPOJIbHY rpyny aiTeit B3siTo 112 miutiTKiB, sKi He
MaJii KPOBHOI CIIOPiIHEHOCTI.

Y rpyni xBopux yactka reHotuny GG y yotupu pasu
BUILIA, HIX Yy Tpymi 310poBux. [lamieHTiB i3 reHotunnom GA
Oyno y 2,7 pa3a Gisbliie, HiXXK y KOHTPOJIbHI TpyIIi, 3 TeHO-
TUNOM AA — yTpuYi MeHIlIe, HiXK Y KOHTPOJIbHIlA IpyITi.
Tomy HasgBHICTB aeni G y TeHOTHUII pO3IIISIAAETHCS SIK TT0-
Ka3HUK MiABUILIEHOTO PU3UKY iAi0ONaTUYHOT HU3bKOPOCJIO-
CTi cepen HaceleHHs YKpainu (Taou. 1).

ITpu ananisi ayeseit y maii€eHTiB 3 i1i0MaTMYHOIO HU3b-
KOpPOCJIiCTIO OTpMMaHi HACTYITHI JaHi: HocilicTBO aneni G
noJiMopdHoro okycy 11544410 Bsml rena VDR BiporinHO
ACOLIIOETHCST 3 PUBMKOM PO3BUTKY iAiONaTUYHOI HU3bKO-
pociocti — OR =4,46 (95% CI 3,60—5,51; p <0,001).

V malui€eHTiB 3 igionmaTMYHOI HU3bKOPOCIICTIO i 3a
HasgsBHOCTI reHotuiny G/A pusuK BipOTinHO BUCOKUI —
OR = 6,00 (95% CI 2,06—17,48; p < 0,01); nmpu BapiaH-
Ti G/G pu3UK ifionaTuYHOI HU3bKOPOCIOCTI T€X BUCO-
Kuii, aje He BiporimHo — OR = 4,54 (95% CI1 0,70—29,31;
p =0,11); npu BapiaHTi reHoTUITy A/A PU3UK idioNaTUIHOT
HM3bKOPOCOCTi BiporimHo Hu3bkuit — OR = 0,11 (95% CI
0,03—0,36; p < 0,01). To6TO 3a HasgBHOCTI reHoTUy G/A
PU3MK idioNaTUYHOT HU3bKOPOCIOCTI BipOTiIHO 3pOCTaE,
sK i 3a HasiBHOCTI reHoTtuity G/G, ajie He BiporinHo, i 3a
HasIBHOCTi TeHOTUITY A/A — 3HUXKYETHCS.

[osioBHO'O ajesuto B rpyri KoHTpolito € A (pA = 0,848).
Yacrora MiHopHOI aneni G y mami€eHTiB 3 i1ionaTUuYHOIO
HusbKopociictio (qG = 0,444) maiike BTpUYi BUIlIA, HIX Y
rpyni 3gopoBux (qG = 0,152; ta6ax. 2).

CuiBsinHoieHHs yactort aneneii (pG = 0,444; gA = 0,556)
MPaKTUYHO HE Bifpi3HIEThCA Bin 1 : 1, 110 cBimuuTh npo 30e-
peXeHHsI YaCTOTH ajieJieid B yKPaiHCHKIi ITOITyJISILII.

YacToty ajeseil y Mali€HTiB 3 igioNTaTHIHOI0 HU3bKO-
POCJICTIO iCTOTHO BiIpi3HSUIMCS Bill aHAJOTiYHUX ITOKA3HU-
KiB Y KOHTPOJIbHI IpyTi, ajie po3Mo/iJ TeHOTHUITiB BiMOBI-
JaB piBHOBa3i Xapai — Baiinbepra (taoa. 3).

YV KoropTi yKpaiHChKUX OiTel 3 imionmaTUIHOI0 HU3bKO-
pOCITiCTIO TIepeBaXKau TeTepo3uroTHi Hocii G/A, a B KOH-
TPOJIbHI KOTOPTi — TOMO3UTOTH A/A.

O6rosopeHHs

Baxx11MBoO 4acTUHOIO JIaHIIIOTA HUISIXY HaIXOMXKEeHHS
BiTaMiHy D € BucokoadiHHUI sSIIepHUI peLienTop BiTami-
Hy D, mo konyetbes reHoM VDR. Bitamin D BusiBisie cBoro

Ta6nunys 3. PiBHoBara Xavigi — BaviH6epra

FeHoTMN G/A G/G A/A
HaaBHuWI reHoTUN y NauieHTiB 3 igionaTtn4Ho 12 2 4
HU3bKOPOCTICTIO, N = 2,21
QuikyBaHWU reHoTUN y NaLieHTIB 3 igionaTMyYHO p=0,14
HU3bKOPOCIICTIO, N (%) 8,89 (49,38) 3,56 (19,75) 5,56 (30,86)
HasfBHWIA reHoTUN y rpyni KOHTPOsto, N* 28 3 81 ¥= 0,09
OviKyBaHWI reHOTUM Y Pyri KOHTPOIIO, N (%)* 28,84 (28,84) 2,58 (2,3) 80,58 (71,95) p=076
lMpumitka: * — paHi 3 pxepena [10].
Tom 19, N2 1, 2023 www.mif-ua.com, https://iej.zaslavsky.com.ua 23



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

0i0JIOTiUHY pOJIb, KOJM HOTro aKTUBHUI MeTadoiT 1a,25-
nurinpokcusitamin D, 3B’s13yeTbest 3 VDR, Bukiukaouu
TpaHcakTuBaliiiHy pyHkiio VDR [11]. Orpumanuii KoMIi-
nekc 1,25D-VDR-RXR notim 3B’SI3yeThCS 3 eIeMEHTaMU
Binnosini Bitaminy D y IHK [13]. Otxe, VDR Gepe yuyactb
y peryJisiii 6araTboX KIITMHHUX QYHKIIiH, TAKUX SIK MeTa-
60J1i3M (hocdoniniais, anonTo3, nudepeHLitoBaHHS KIITUH
1 OKMCHIOBAJIbHMI cTpec. BiH TakoxX BIIMBa€E Ha eKCIIpECito
TeHiB, MOB’s13aHUX 3 MeTaboi3MoM BitTaMiny D, CYP27B1 i
CYP24A1 |14]. ekinbKa OOCIiIKeHb OyIu CIIpsSIMOBaHi Ha
JIOKa3M 3B’S13Ky MixX roJjiimopdizMoM reHa VDR i cratycom
BiTaminy D. Tpu noniMopgizmu, po3TaiioBaHi B 3’-HeTpaH-
cIboBaHil aitsiHIN TeHa VDR rs1544410 (Bsml), rs731236
(Taql) i 1s7975232 (Apal), BBaxaloTbCs MOB’SI3aHUMMU 3i
3pOCTOM JTIoArHU [16]. Ajie BIUTUB LIUX TeHETUYHKX BapiaH-
TiB Ha piBHi BiTaMiHy D mayxe MaqoiMOBipHUI, OCKITBKU
3B’S130K MiXK HUMH i piBHeM BiTaMiny D 3HalimeHo nuiie B
17 % nmocnimxkens [17]. Lli moniMopdi3Mu MOXYTh BILTUBATH
Ha ctabinbHicTh MPHK yHacnimok cBoro cycincrsa 3 momi-A
xBocTOM [18].

AJle, HEe3BaXXaloyu Ha BUILIECKa3aHE, OCTAHHIMU POKAMU
BUBYABCS 3B’SI30K IreHa perenTtopa Bitaminy D 3i 3poctom
moanHu [19].

InobGanbHe ckaHyBaHHS reHOMa, MPOBEIEeHE IS re-
HETUYHOTO BU3HAYEHHS JIOKYCIB, TTOB’SI3aHUX i3 3DOCTOM,
BUSIBUJIO ITiK 3B’SI3KY B JIOKYCi XpOMOCOMHOIO MapKepa
D12S398 Ha xpomocowmi 12. LlikaBo, 1o ren VDR po3sta-
LIOBaHU y JIOKyci xpomocomu 12p11.2-q14 6au3bKo 10
mworo miky [20]. Otxe, reH VDR Mmoxe OyTu acouiiioBaHIIA
31 3pOCTOM 1OPOCJIOL JIIOJUHU.

Takox moBimOMJISIETHCS PO acoliallilo moaiMopdizmy
VDR i3 BucoTo10 KiHIIeBOTO 3pocTy [21].

IMonimopddismu Bsml, Apal'i Taqly 3’-HeTpaHCIbOBaHil
ninsHLl TeHa VDR 1oB’s3aHi 3 peryiisiie€io cTabiIbHOCTI i
nepiony HaniBxuTTs PHK i mpu3BonsaTs 10 Kpalioi Bianosimi
Ha BitamiH D y TkaHnuHi-MimeHi [22]. Takox Bimomo, 1110
nojiiMopdizm Bsml peryinoe piBeHb OCTEOKAIBLIMHY B KPOBI,
1110 BIUIMBA€E Ha piBeHb BiTamiHy D y KpoBi, a oTXe, i Ha picT
monuHA [23]. Y KiJTbKOX JOCITIIKEHHSIX BUBYABCS TIPSIMUI
3B’S130K MK BULLIE3ralaHKM TojliMopdizMoM reHa VDR i KiH-
HeBUM 3pocToM [24]. [HImi aBTOpM TaK0X BUBYAIU 3B’SI30K
MiX nojlimopdizMom Bsmlrena VDR i 3pocTOM y JOHOLIEHUX
HEMOBJISIT YOJIOBIUOI CTaTi €éBpoOIIeoigHOI pacu [25].

Meraanasis mokasas, 10 miti 3 aneyino G mojiMopdis-
My Bsml 3 GibI11010 IMOBIpHICTIO OYIyTh MaTH OibII HU3bKI
piBHi MiHEpaJIbHOI HIIBHOCTI KiCTOK MOPiBHSIHO 3 IIThbMU 3
TEHOTUIIOM AA, 1110 Y3TOIXKYEThCS 3 NOCHIIKEHHSIMU, SIKi
CBimuaTh PO MO3UTUBHI pe3yabTaTtu [26].

DyHKIIIOHAJIbHI JOCTIIKEHHS KOXHOTO MoIiMopdizmy
B reHi VDR TpuBaloTh, i 3B’5130K Mixk nojiiMmopdizmamu VDR
i 3pocTOM OYJ10 3HAMIEHO B KiJIbKOX IHIITNX JOCTiIKEHHSIX
[21, 26], 1m0 moTpebye MOAANBIIOTO BUBYEHHS.

BucHoBKkM

V rpymi giTei 3 imionmaTuYHOI0 HU3BKOPOCIICTIO YacTKa
reHotuny GG y yoTupu pasu BUILA, HiX y I'PYITi KOHT-
poato. IlamieHTiB i3 reHOTUIIOM AA yTpUUi MeHIIe, HiX y
KOHTPOJIBHI T'pYITi, III0 BKa3y€ Ha Te, 110 B TOMO3UTOT AA
3HIKYETHCS MMOBIpHICTh i1i0MaTUYHOI HU3bKOPOCIOCTI
YTpUYi.

VY rereposuror G/A pu3uK iflionnaTuyHOi HU3bKOPOCIO-
cTi BiporinHo Bucokuit — OR = 6,00 (95% CI 2,06—17,48;
p <0,01), ax i npu Bapianti G/G, ane He BiporigHO —
OR =4,54 (95% CI10,70—-29,31; p=0,11).

Yacrora aneni G y nauieHTiB 3 ifionaTUYHOIO HU3BKO-
pocaictio (G = 0,444) maiike BTpudi BUILA, HIX Y TPYITi 310-
poBux (qG = 0,152), 1ie BKa3ye Ha Te, 1110 HociiicTBO aneni G
nojiMopdHoro okyca rs1544410 Bsml rena VDR BiporinHO
ACOLIIIOETHCS 3 PU3UKOM PO3BUTKY iiOMAaTUYHOI HU3BKO-
pociocti — OR = 4,46 (95% CI 3,60—5,51; p < 0,001).

KondaikT inTepeciB. ABTOpU 3as1B/ISIIOTH ITPO BiICYTHICTh
KOH(ITIKTY iHTepeciB i BIacHOi (hiHAaHCOBOI 3alliKaBJIEHOCTI
MPU MiATOTOBII JaHOI CTATTi.

Indopmanis npo dinancyBannsa. JociinHuiubka po-
6ota 1Y «IHCTUTYT €eHIOKPUHOJIOTi1 Ta OOMiHY pe4OBUH
im. B.I1. Komicapenka HAMH Ykpainu», m. Kuis, YkpaiHa,
3 ¢inancyBaHHsIM MO3 «BuBYnUTH CTaH CUCTEMU TOPMOH
POCTY/pOCTOBI (hakTOpH y AiTeil Ta IMiUTITKIB 3 €eHIOKPUH-
HOIO TATOJIOTIEI0 B 3aJIEXKHOCTI Bifl 3a0€3MeUeHOCTi BiTami-
HoM D i BapiaHTiB nojiiMmopdizmMy reHa iforo peuenropas.

Buecok aBTopiB. boavuiosa O.B. — KOHIIEIIIIS i AU3aliH
nocmimkeHHs1, Pusnuyyk M.O. — aHaji3 oTpuMaHuX JaHUX,
HarnucaHHs TeKcTy; Keaueniox JI.A. — 306ip Ta 00poOKa Ma-
Tepiais.
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Involvement of the vitamin D receptor gene
in the development of idiopathic short stature

Abstract. Background. The vitamin D receptor (VDR) gene is loca-
lized in the chromosome 12 (region 12q13). Its polymorphic variants
BsmlI and Fokl are the most promising in clinical and diagnostic
terms. During normal ontogenesis, the VDR gene affects the total
bone content in the body and its resulting length determined by the
development of the skeleton. The aim of the study was to assess geno-
typic features in children with idiopathic short stature. Materials and
methods. Determination of the Bsm/ polymorphism in the VDR gene
(rs1544410) was performed by polymerase chain reaction followed
by analysis of the length of restriction fragments when detected by
agarose gel electrophoresis in 18 prepubertal children with idiopathic
short stature. Results. In the group of children with idiopathic short
stature, the proportion of the GG genotype is four times higher
than in the control group. In children of the G/A heterozygotes,
the risk of idiopathic short stature is significantly high (odds ratio
(OR) = 6.00; 95% confidence interval (CI) 2.06—17.48; p < 0.01);
in the G/G variant, it is high but not significant (OR = 4.54; 95%

CI10.70—29.31; p=0.11). Patients with the AA genotype were three
times less than in the control group, indicating that the AA homozy-
gotes have a threefold reduction in the risk of idiopathic short stature
compared to an empirical risk. The frequency of the G allele in pa-
tients (qG = 0.444) is almost three times higher than in the group of
healthy individuals (qG = 0.152), indicating that the carriage of the
G allele of the rs1544410 Bsml polymorphic locus of the VDR gene
is significantly associated with the risk of developing idiopathic short
stature (OR = 4.46; 95% CI 3.60—5.51; p < 0.001). Conclusions. In
children with the G/A and G/G genotypes, the risk of idiopathic
short stature increases, and the presence of the A/A genotype is a
protective polymorphism against idiopathic short stature. Carriage
of the G allele of the rs1544410 Bsml polymorphic locus of the VDR
gene is associated with the risk of idiopathic short stature, despite the
almost perfect distribution of genotypes.

Keywords: idiopathic short stature; children; BsmI polymorphism
in the vitamin D receptor gene; genotype distribution
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/\bBIBCbKUW HALIOHQABHU MEANYHNN YHIBEpCUTET iMeHi AQHUAQ [QAULIbKOTO, M. /AbBIB, YKpQiHQ

MopiBHAABHUU AHAOAI3 PiBHIB
TUPEOTPONMHOIro rOPMOHY,
FAIKOBOHOIO reMorAoGiHy ¥ NOKA3HUKIB
AINiAHOro o6MiHY B XXiIHOK
AbBiBCbKOT i KNIBCbKOT 06AQCTEN

Pe3tome. AkTyanbHicTb. [oLmMpeHicTs 3axBopoBaHb LYNTOMORIOHOT 351031, 30KpemMa eHaeMidYHoro 306a v
aBTOIMYHHUX 3aXBOPIOBaHb, YXXe MOHaLA CTOJITTA PO3risfacTbCs HAYKOBLUSIMU SIK MPUYUHA 3HUXKEHHS rpawye-
3[aTHOCTI HacesleHHs1, & TaKoX BIINBAE Ha KOTHITUBHI 34IOHOCTI HACTYMHUX NOKOAIHL. [eorpagidyHo JlbBiBCbKA
obnacTtb nepebyBae B eHAEMIYHIVi nofoaegILUnTHIVI 30HI, y Tov Yac sik KuiBcbka 06/1acTh 3a3Hana HeratuBHoro
pagiaviviHoro BrnvBy BHacnigok aBapii Ha YopHobunbcbkivi aToMHiv enektpoctaHuii (YAEC). Ockinbku obnasa i
YUHHWKW BIJIMBAKOTb HA CTaH TUPEOIAHOI cucTeMu, JOCIIXKEHHS PIBHIB rOPMOHIB LUMTOMOJIOHOI 3a/103U B XIHOK
BKasaHux obnactev ae MOX/INBICTb BUSIBUTU PUSUKU TUPEOI[HUX NaTosIorivi i cghopmMyBaTtu CTparTerito LYoo ix
npoginaktukn. Meta gocnigxeHHs: 3'scyBatu i npoaHasniayBatu piBHi TUPeOTPONHOro roOpMOHY, rliKkoBaHOro
reMorsio6iHy vi NoKa3HuKIB NinigHoro obMmiHy B XIiHOK JIbBiBCbKOI | KniBcbkoi o6nactevi. MaTepianu ta metoau.
O6cTexeHo 150 XIHOK, cepeaHivi Bik kux cTaHoBMB 48 + 7 pokiB. YMoBaMu BKITIOHEHHS B JOCTTIIKEHHS 6ynu:
BIACYTHICTb L{yKpOBOro giabety abo sliKyBaHHS TUPEOIOHUX NMaTosIorivi, & TaKoX IHLLUNX TSXXKKUX 3aXBOPIOBAaHb.
O6cTexXeHHs1 MpoBOANIV OAWH pa3d npoTsaroM nnnHs — cepriHsa 2022 poKy. BusHadanm piBeHb TMpeoTpOrnHOro
ropmoHy rinoghiza (TTrl), aHTUTINa go TmpeoigHoi nepokeugaau (ATTI10), rnikoBaHwi reMornnobiH, 3aranbHui
XOnecTepuH, JinonpoTeiHn Hn3bkKoi winbHocTi (JINHLL). Pesynbratn. B o6cTexyBaHnx xiHok Kuiscbkoi o6nacti
piseHb TTI™ y cepenHbomy ctaHosus 2,21 + 0,30 MMO/n, y Tovi 4ac sik KoHueHTpauis TTI B o6¢cTexysBaHux J1bsiB-
cbKoi obnacti 6yna 2,42 + 0,17 MMO/n (p > 0,05). BigaHa4eHo cyTTeBY Pi3HULIIO MiXX CEPEAHIMU 3HAYEHHAMM
ATTTIO, y YacTvHW XIHOK BUSIBIIEHO HAsIBHICTb BUCOKUX PIBHIB aHTUTINI 6€3 NposiBiB rinoTupeosy M KiiHiYHUX
ckapr. CepegHi 3Ha4eHHs1 ATTTIO y ob6ctexeHnx Kuiscbkoi ob6nacti ctaHoBunm 81,21 = 19,41 MO/Mn, XiHOK
JIbBiBCbKOI 061acTi — 38,41 + 5,97 MO/mn (p < 0,05). lNpw aHanisi ByrneBogHoro o6MiHy He 6yso BUSIBJIEHO
BiporifgHux BiAMIHHOCTe! MiXX PIBHSIMU [T1IKOBAHOIo reMorsio6iHy B 06CTexXyBaHuX XIiHOK Kuiscbkoi i JIbBiBCbKOT
obnacteri — 5,81 + 0,09 % i 5,66 + 0,04 % BignosigHo (p > 0,05). Y YacTuHm XIiHOK 6Y/10 BUSIB/IEHO HE3HA4YHe
nigBULLIEHHS IT1IKOBAHOIo reMorsiobiHy — roHag 5,6 %, Lo He gocsraso piBHs 6,5 %. HaHa rpyna ob6cTexyBaHnx
HanexuTb [0 KaTeropii pusnKy po3BUTKY LyKpPOBOIro giabety tuny 2, yevi CTaH no3Ha4ya€eTbCsi TEPMIHOM «ripe-
fiabert». LLjogo ninigHoro o6MiHy Hamu BiA3Ha4a€eTbCs BiACYTHICTb BIipOrigHuX BIAMIHHOCTEN y PiBHSX 3arasbHoro
xonectepuHy i JIMHLL. BucHoBKM. [TpoBefeHe CcroCTepeXeHHs BUSBUIIO BigMIHHOCTI nokasHukis TTI, ATTI1O
Y 340p0BUX XIHOK, AiKi npoxuBaroTb y JIbBIBCbKIiV | KniBchbkivi o6nactsix. Moxemo npunyctnTu, Lo pesynbtatv
JIbBiBLYMHM BigO6paxaroTh NpobremMaTuky eHAeMiYHOI 30Hu 3axigHux obracTted Ykpainu. Y cBoto vepry, Bipo-
rigHo BuLyi piBHi ATTI1O B meLukaHok KuiBLyvHW, HaviiMoBIpHiLLe, € Hacnigkom asapii Ha YAEC, 1o [O cborogHi
3haTtHa BrMBaTy Ha 340POB’S1 HACEJIeHHS LbOro PerioHy.

Kno4oBi cnoB.a: viogHuii negiynt; TMpeoTpOrHUKA ropMOH; ITIKOBaHWUK reMorsio6iH; finigHui 06MiH
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Bctyn

Monuuit nediunT i 3aXBOPIOBAHHS, 10 BUHUKAIOTb
YHACJIiZOK 1IbOTO, Ha TepeHax 3aximHoi YKpaiHu BIepiie
OyJ10 omnrcaHo B XypHauti « bykoBuHa. 3arajbHe Kpa€3HaB-
ctBo» (Die Bukowina. Eine allgemeine Heimatkunde, Yep-
HiBui) e B 1899 p. 3romom nomdiOHi criocTepekeHHs 3’ IBU -
JIMCS i B IHIIMX perioHax YKpaiHu 3i 3MEHIIEHUM BMiCTOM
itony B rpyHTax i Boni — JIbBiBChKiil, IBaHO-MpaHKIiBCHKIiA,
3akaprnartchKiii, PiBHeHCBKIlT, BoanHCHKI Ta iHIINX 00-
nactax [1] (puc. 1).

Wonuuit nediunT HaMaraancs: YCYHyTH pisHHMH CIIO-
cobamu, a 3rofgoM y 1986 poiii aBapist Ha YopHOOMIBCHKii
aroMmHilt enexrpoctaHiii (YAEC) npussena 10 nosiBu 10-
JIaTKOBOTO YMHHMKA PU3UKY HETaTMBHOTO BIUIMBY Ha PO-
0oty muToronioHoi 3amo3u (1113). Buaukia HoBa XBUIS
CIOCTEPEXKEHb, Ta aKIICHT 3CYBAETHCS Ha MOIIYK i BUSB-
JICHHSI OHKOJIOTiYHO HeOe3NeuHMX BY3JIiB. Y mepion micis
YopHoOMILCHKOI KaTacTpody Ha Iep:KaBHOMY piBHi Oyna
3alpoBajXXeHa nmporpamMa npoiJTakKTUIHOTO BXKMBaHHS
oy cepen AiTeil i MIKOJSIPiB, sIKa 3rooM Oysia TpUIIHe-
Ha 3 Pi3HUX NOJiITUYHO-EKOHOMIYHUX MPUYMH, a BilMOBi-
TMaIbHICTD 3a BXXWBAHHS oMy 0yJ10 TIepeKIaeHO Ha caMuX
yKpaiHuis [2].

Ha 3nami 2019—2020 pokiB y CBiTi BUHMKAa€E HOBa 3a-
rpo3a — BUSIBJIEHO Bipyc, 1o Bukiaukae COVID-19, i e
3aI10YaTKOBYE HOBY XBUJIIO TOC/IIXKEHD i MOIIYKY PillIeHHS
o0 3axBoptoBaHb L3, amke B HayKoBiii JliTepaTypi my-
OJIIKYIOTBCSI AaHi ITPO Oro B3a€EMO3B’S130K i3 3aXBOPIOBAH-
aamu 13 [3].

[TommpenicTe marosorii I3 nocuts 3HauHa. [TaTosoris
1013 cranom Ha 01.01.2018 cra"oBuTh 46 % Bin 3aranbHOL
€HIOKPUHOJIOTIYHOI 3aXBOPIOBAHOCTI, 30KpeMa, Ha BY3JI0-
BUit 300 nmpumnanae 9,8 %, rinotupeos — 6,4 %, Trpeoinu-
™ — 5,9 %, Tupeorokcuko3 — 1,7 %, onkoorito 1113 —
4,3 % [4]. IpoTe po3MOIia MixX CTaTSIMK He PiBHOMIpHUIA,
YacTKa 3aXBOPIOBAHOCTI cepel KiHOK CYyTTEBO BUIIA, HIXK Y
YOJIOBIKIB.

OcTaHHiMU poKaMmu BIUIMB TopMoHiB 1113 Ha piBeHb
IHCYJIiHY W JIiMiiB MOrIMOJIeHO BUBYA€EThCS. BeTaHOBNEHO,
1110 TiMOTUPEO03 € iHCYIIHOPE3UCTEHTHUM CTAHOM i OB SI-
3aHUI 3 MiIBUIIEHUM PU3UKOM PO3BUTKY IHUCTimigeMii [S].
IncyninopesuctentHicth (IP) i nuchiminemist € neHTpaib-
HUM NaTodi3ioNoriyHUM SIBUILEM, 110 JIEXKUTh B OCHOBI
MeTaboJIiYHOTO CUHAPOMY, OCHOBHUM CEPLIEBO-CYAMHHUM
dakropom pusuky [6]. TouHrit MexaHi3M, 110 MOB’SI3ye€
TiMOTHUPEO03 3 IHCYTIHOPE3UCTEHTHICTIO i TUCIiMiAeMiel0, 10
CBHOTOMHI 3aIMIIAEThC He3po3yMinuM [7]. CyOxItiHIYHMIA
rinoTUpPeO3 YacTo MOB’SA3yI0Th 3 MOPYIICHHSIMH JIiMiTHOTO
00MiHy i1 aKTUBHOCTI iHCYJiHY [8, 9], ajle TpuBalOThH Ccyre-
PEUKHM 1100 TOTO, UM MAE MiCIIE 115 aCOLIiallisl TPU JIETKOMY
CcyOKIIiHIYHOMY TinmoTupeoigHomy ctaHi [10, 11].

Merto1o Haioi podboTH Oy/1I0 BUBHAYUTH I MMpOaHali3y-
BaTU PiBHi TUPEOTPOMHOTO TOPMOHY, TJIIKOBAaHOTO TeMO-
[JI0OiIHY 1 TOKA3HUKIB JIiITiAHOro 0OMiHY B XKiHOK JIbBiBCHKO1
i KuiBcbhkoi obacreit.

MarTtepiaAu Ta meToamn

Y nocnimkeHHi 6panau yyactb 150 XiHOK, SIKi 3BEpHYJIUCS
B KJIiHiUHY J1aboparopito «Eckynab» y KuiBcbkiii i JIbBiB-
ChKii1 o0macTsx st oocrexkeHHs. CepeiHiit Bik 00CTeXKEHMX
cTaHOBUB 48 * 7 poKiB. YMOBaMM BKJIIOUEHHSI B TOCITiIKEH-
Hs1 Oys1u: 1OOpOBiIbHA 3ro/a MallieHTa Ha yJyacTh B 00cTe-
JKE€HHi, BiICYyTHICTb IlyKPOBOI'O [1ia0eTy UM JiKyBaHHS TUPe-
OIIHUX MATOJIOTiH, @ TAKOX THIIMX TSIXKKUX 3aXBOPIOBaHb.

JocimKeHHsI TPOBOAUIM B OAMH €TaIl MPOTSTrOM JIUII-
Hs — ceprHs 2022 poky. BuszHavyanu piBeHb TUPEOTPOII-
HOTO TOPMOHY Tinodi3y, aHTUTIJIa 10 TUPEOTIePOKCHUIa31
(ATTIIO), raikoBaHuli reMOINIO0iIH, MOKA3HUKU JiIliAHO-
ro oOMiHY, Taki sIK 3araJbHUI XOJECTEPUH, JIMONPOTEeTHN
HU3bKOI 1iabHOCTI (JITTHLLL).

‘YwumicT rmikoBaHoro remorno6iny (HbAlc) Bu3Havanm 3a
nonomoroto Tosoh Automated Glycohemoglobin Analyzer
HLC-723G8 meTomom piguHHOI Xpomartorpadii 3 KaTioH-
HUM HETIOPUCTUM iOHOOOMiIHHUKOM. YMICT 3arajibHOTroO

PerioHu 3 BupaxeHum
nopopedcpiumTom

(JlbBiBCBKA, YepHiBeLbka,
IBaHO-®dpaHKiBCbKa, PiBHEHCbKa,
TepHoninbcbka, YepHiriscbka obnacTi),
e npoxueae mamxe 15 MiH oci6

PerioHu 3 yacTkoBo
BUpakeHum nopopediUTom
(KniBcbka, XKutommpcebka,
XmenbHUUbKa 06nacTi)

A

PerioHu 3 nomipHum
nopopedcpiumuTom
(BiHHMUbKa, Yepkacbka, MNonTaBcbka,
Cymcbka, [IHinponeTpoBcbKa,
JlyraHcbka o6nacri)

PerioHu 3 He3Ha4yHUM HiogoaediunuTom
i pocTaTHiM Nofo3abe3nevyeHHaIm
(pewTa obnacten)

i

mepnuyHa nabopartopis

o

PucyHok 1. Kaptorpama viogHoro aedpiunty noginse repuropiro Ykpainn Ha 4 30Hu
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xoJyiectepuny i JITTHIL BusHauanu Ha GioxiMiyHOMY aHa-
nizatopi Roche Cobas INTEGRA 400 plus eH3uMaTuuHUM
KOJIODUMETPUYHUM i TOMOTEHHUM €H3MMAaTUYHUM KOJIO-
pumetpruuyHuM MeTonoM BinmoinHo; TTT i ATTITO Bu3Ha-
YJaJid XeMiTIOMiHECLIEHTHUM METOIOM Ha aBTOMaTUYHOMY
ananizatopi Roche Cobas 6000.

ITapametrpuuHi naHi HaBeAeHi K M + m, OCKiJIbKM
pO3MOoAiN MoKa3HUKiB OyB HOpMaabHUM. CTaTUCTUYHA
00po6Ka TaHUX MPOBOAMUIACH BapiallilHO-CTaTUCTUYHUM
METOIOM 3a IOIIOMOT0I0 IMPOorpaMHoro 3adesneueHHs Excel
(Microsoft Office, CIIIA) i Statistica 7.0 (Statsoft, CLLIA).

PesyAbTaTH

Sk mokazaHO Ha puc. 2, B 00CTeXyBaHUX XiHOK Ku-
iBcbKOi o6sacTi piBeHb TTI y cepeaiHbOMY CTAaHOBUB
2,21 = 0,30 MMO/n, y Toit yac sik koHueHTpatiist TTT B
obcrexxyBaHux JIbBiBCbKOi 0bsacti 6yna 2,42 + 0,17 MMO/n
(p > 0,05). BiporigHoi BiTMiHHOCTiI MiX pPiBHSIMU 1TaHOTO
MOKa3HMKa B Pi3HUX 00JIACTSIX BUSIBICHO He OyJi0, MpoTe
pe3yJibTaTy XiHOK JIbBIBChKOI 00J1acTi OyJv IENI0 BULIIMUMU,
110 MOKEMO TIOSICHUTH MPUHAJIEXKHICTIO JaHOTO PETIOHY 10
30HM, EHIEeMIYHOI 3a AedilluToM HOmIy.

BinzHauanacst cyrteBa pi3HMIISI MiX cepeIHIMU 3HAYCH-
Hamu ATTTIO (puc. 3) y KuiBcbkiii i JIbBiBChbKilt 001aCTsIX.
Tak, y 4aCTMHU XiHOK OYyJI0 BUSIBJIEHO HasiBHiCTb BUCOKHMX
PiBHiB aHTUTIJI 6€3 MPOSIBIB IiMOTUPEO3Y il KIiHIYHUX CKapT.
Cepenne 3HaueHHs1 ATTIIO y o6cTeskeHux KuiBebkoi 00-
nacti craHoBwiio 81,21 + 19,41 MO/mut, XiHOK JIbBiBChKOL
obnacti — 38,41 + 5,97 MO/mn (p < 0,05).

3,00
2,50 1
2,00 1
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1,00 -

0,50

0_

JlbBiBCbKA

KuiBcbka

PucyHok 2. PiBHi TUpeOTPONMHOro ropMoHy B XiHOK
KuiBcbkoi i JIbBiBcbKOI ob6nacTteii

I1pu ananisi ByraeBogHoro oominy (puc. 4) He Oy0
BUSIBJICHO BipOTigHUX 3MiH MixX piBHAMu HbAlc oGcre-
XKyBaHUX XiHOK KuiBcbhKkoi i JIbBiBCbKOiI oOJlacTeit —
5,81 £ 0,09 % i 5,66 £ 0,04 % BimnosigHo (p > 0,05).
Y yacTuHM XiHOK OYyJ10 BUSIBIEHO He3HAYHE MMiJBUILIEHHS
HbAlc — monan 5,6 %, o He gocsiraio piBHs 6,5 %. La
rpymna obCcTeKeHUX HaJeXUTh 10 KaTeropii pusuky po3-
BUTKY IIyKPOBOTO IiabeTy TUITy 2, 1Ieil CTaH IT03HAYaETHCS
TEPMiHOM «IIpeiaber». YCiM maiieHTam 3 TaKUMU Xapak-
TEPHUMU BiIXWJIEHHSIMU OYJI0 PeKOMEHI0BAHO 3BEPHYTUCS
JIO €HIOKPUHOJIOTA JIJI51 T0OOCTEKEHHSI.

oo niminHOro oOMiHy HaMu Bifg3Havajacs BiIcyT-
HICTh BipOTiZHMX BiIMiHHOCTEI piBHS 3aTrajJbHOIO XOJeC-
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Ta6nunys 1. PiBHi gocnig»yBaHux NoKa3HUKIB 3a71€XKHO Big micysi npo)xxuBaHHs1 (n = 150)

Moka3Huk PechepeHTHi 3Ha4YeHHsA KuviBcbka o6nactb JIbBiBCbKa O6nacTb
TTr, MMO/n 0,27-4,2 2,21 £ 0,30 2,42 + 0,17
ATTMO, MO/mn <34 81,21 + 19,41 38,41 + 5,97~
HbA1c, % 4,8-5,6 5,81 + 0,09 5,66 + 0,04
3arasnbHuiA XonecTepyH, MMOJSIb/N <52 5,49 + 0,22 5,68 + 0,10
JINHLL, mmonb/n < 2,59 3,28 £ 0,19 3,36 + 0,09

TMpumitkn: * — BiporigHa pi3HULsA NopiBHAHO 3 NokasHukamn Kniscbkoi o6nacri (p < 0,05).

TepuHy. Y XiHok KuiBcbKoi 00acTi cepeHe 3HAUEHHS
craHoBuI0 5,49 + 0,22 MMOJIB/J1, Y TOI Yac SIK B 00CTexXe-
Hux JIbBiBCBbKOI 00J1aCTi cepenHill piBeHb 3araJIbHOTO XOJIeC-
TepuHY OYB JELIO BUILKM i cTaHOBUB 5,68 + 0,10 MMoJb/1T
(p > 0,05), mo BimoOpaxkeHo Ha puc. 5. TakoxX BUSIBICHO
Buti piBHi JITTHILL y memkaHok JIbBiBIIMHY 6€3 Biporis-
HOI pi3HUIIi MOPiBHSIHO 3 pe3yJibTaTaMu XiHoK KuiBchKoi
obmacti — 3,36 + 0,09 mmounb/n i 3,28 + 0,19 MMosb/71
BinmosizHo (p > 0,05)

3BelleHi pe3y/IbTaTh HAIIOTO JAOCIIKEHHS TTOIaHO B
Taba. 1, BOHM BimoOpakaioTh BiIMiHHOCTI MOKa3HUKIB i
BILUIMB CepeIOBUIIA Ha 1X piBHI 3aJIeXKHO Bill perioHy Ipo-
SKMBaHHST 00CTEXYBaHUX XKiHOK.

O6roBopeHHs

TMommpenicTte 3axBoproBansb 1113, 30kpeMa eHaeMiYHO-
ro 300a 1 aBTOIMYHHUX 3aXBOPIOBAHb, YK€ TTOHAJ CTOTITTS
PO3TJISIIAETHCS HAYKOBLISIMU SIK TIPUYMHA 3HUXKEHHS TIpa-
11€3JaTHOCTI HAaCeJIeHHS1, a TAKOX BIUIMBA€ Ha KOTHITUBHY
3/1aTHICTh HACTYITHUX MOKOJIiHb. [eorpadiuHo JIbBiBchbKa
obJacTh nepedyBae B eHAEMiuHill lomoaeiluTHI 30Hi,
y Toii yac ik KuiBcbka 001acTh 3a3Hajia HETaTUBHOTO pa-
NiallifHOTO BIJIMBY BHACIIIOK aBapii HAa YHopHOOMIBCHKIl
aTOMHIN eJleKTpocTaHIii. OcKiIbKM 00MaBa 11i YNHHUKA
BILJIMBAIOTh HAa CTaH TUPEOIIHOI CUCTEMHU, JTOCITIIKEHHS
PiBHIB TOPMOHIB IIIMTONOAIOHOI 3371031 Ccepell KiHOK BKa-
3aHMX 00JacTell Ja€ MOXINBICTh BUSIBUTU PU3UKU TH-
PEeOoiNHUX IMaTOJIOTiK i cdhopMyBaTU CTpaTeTilo 100 iX
npodiTaKTUKH.

OTpuMaHi pe3yJbraThd MOXEMO TOB’SI3aTU 3 OiIbIIUM
ypaxkeHHsIM MelnkaHIiB KuiBcbkoi o6macTi pamgiamiitHu-
MM BUTapaM¥ Micist aBapii Ha YopHoouabebKiit AEC 1986
poky. BoHu 306iratoTbcs 3 1TaHUMU, HaBeAEHUMU B JliTepa-
Typi, i KOPEJITh 3i 3pOCTAHHSIM YaCTOTU aBTOIMYHHUX
3aXBOPIOBaHb IIUTOIOAIOHOI 371031 Ha TepeHax, ypaxKeHUX
pamioaKTMBHUM MOIOM, IO € ITi3HIM HACIiIKOM paiaiiii-
HOTO ypaxkeHHs [12].

Jemro BUIIi piBHi 3arajJibHOro XOJIECTEPUHY U JIITO-
MPOTEIHIB HU3bKOI IIIIbHOCTI B XiHOK JIbBIBCHKOI 001acTi
KopeJoioTh 3 Tpoxu BuiiuMmu piBHaMu TTT, i xoua Bipo-
TiIHOTO 3B’sI3Ky BUSIBJICHO He OyJIO, OTpMMaHi pe3yJbTaTh
MiATBEPKYIOTH TyMKY MPO 3B’SI30K JiminHoro mpodiaio i
TUPEOIMHOI ITaHEeTi.

BucHoBKMU

IIpoBeneHe mOCHiIKEHHSI JOTTOMOTJIO BUSIBUTH Bil-
miHHocTi moka3HukiB TTI, ATTIIO B 3m0poBUX XiHOK,
sKi ipoxuBatoTh y JIbBiBChKill i KuiBebkiii obmactsix. Mo-

JKeMO TIPUITYCTUTH, 1110 pe3yabTaTu JIbBiBIIMHY BinOuBa-
I0Th MPOOJIEMaTUKY €HIEMIYHOI 30HU 3aXiTHUX obyacTei
Vkpainu. ¥ cBoio 4yepry, BiporinHo Buili piBHi ATTIIO
y MemkaHoK KuiBmnHu — 11e BiaromiH aBapii Ha Yop-
HOOMJIBCBKIili aTOMHil cTaHIii 1986 p., 1110 10 cboroaHi
3/laTHA BIUIMBATHU Ha 3II0POB’Sl HACEJEHHS LIbOTO PETiOHY.
BBaxaemo, 1110 IpoBeaeHHS CKPUHIHTOBUX TOCTiIXEHb
LIMPIIOTO KOJIA HACEJICHHSI JIOTIOMOXE BUSIBUTH BiIXUJICHHS
BYIJIEBOAHOTO OOMiHY i TATOJIOri] IIMTOMOAIOHOT 321031 Ha
eTariax, KoJiM MOXHa JOTIOMOTTH TALliEHTY KOHTPOIIOBATU
nepeoir 3aXBOpIOBaHHS.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOT PO BiZICYTHICTb
KOHQJIIKTY iHTepeciB i Bj1acHoOi (hiHaHCOBOI 3a1liKaBJIeHOCTi
IIPY MiATOTOBII JaHOI CTATTi.

Indopmanis npo dinancyBanns. JlocmiakeHHs MpoBene-
HO 3a CIIpUsIHHS 1abopatopii «Eckymat».
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Comparative analysis of the levels of thyroid-stimulating hormone, glycated hemoglobin
and indicators of lipid metabolism in women of Lviv and Kyiv regions

Abstract. Background. The prevalence of thyroid diseases, includ-
ing endemic goiter and autoimmune disorders, has been consi-
dered by scientists for more than a century as a cause for reducing
the working capacity of the population and also affects the cog-
nitive ability of future generations. Geographically, Lviv region is
in an endemic iodine deficiency zone, while Kyiv region suffered
negative radiation exposure as a result of the accident at the Cher-
nobyl Nuclear Power Plant. Since both factors affect the state of
the thyroid system, the study on the levels of thyroid hormones
among women in the specified areas makes it possible to identify
the risks of thyroid pathologies and to develop a strategy for their
prevention. The purpose of the study: to find out and analyze the
levels of thyroid-stimulating hormone (TSH), glycated hemoglo-
bin and indicators of lipid metabolism in women of Lviv and Kyiv
regions. Materials and methods. One hundred and fifty women
were examined, their average age was 48 + 7 years. The criterion
for inclusion in the study were: absence of diabetes or treatment
for thyroid pathologies, as well as other serious diseases. The survey
was conducted once, in July-August 2022. The level of pituitary
TSH, antibodies to thyroid peroxidase (TPO-Ab), glycated hemo-
globin, total cholesterol, low-density lipoprotein was evaluated.
Results. In examined women of the Kyiv region, the average TSH
was 2.21 = 0.30 mIU/I, while in those from the Lviv region it was
within 2.42 + 0.17 mIU/I (p > 0.05). A significant difference was

found between the average values of TPO-Ab, some women had
high levels of antibodies without manifestations of hypothyroidism
and clinical complaints. The average value of TPO-AD in patients
from the Kyiv region was 81.21 = 19.41 IU/ml and in women
from the Lviv region it was 38.41 = 5.97 IU/ml (p < 0,05). When
analyzing carbohydrate metabolism, no significant changes were
found between the levels of glycated hemoglobin in the examined
women of Kyiv and Lviv regions, 5.81 = 0.09 % and 5.66 = 0.04 %,
respectively (p > 0.05). Some women showed a slight increase in
glycated hemoglobin over 5.6 %, which did not reach the level of
6.5 %. This group of examinees were at risk of developing type 2
diabetes and is characterized by the term “prediabetes”. Regarding
lipid metabolism, we found no significant changes in the level of
total cholesterol and low-density lipoprotein. Conclusions. The
conducted observation revealed differences in TSH, TPO-Ab in-
dicators in healthy women living in Lviv and Kyiv regions. We
can assume that the obtained results of Lviv region reflect the
problems of the endemic zone of the Western regions of Ukraine.
In turn, significantly higher levels of TPO-Ab among residents of
Kyiv region are most likely a consequence of the accident at the
Chernobyl Nuclear Power Plant, which can still affect the health
of the population of this region.

Keywords: iodine deficiency; thyroid-stimulating hormone; gly-
cated hemoglobin; lipid metabolism
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Association of hypercalcemia
with biochemical parameters in patients
with endocrine disorders

Abstract. Background. Although today primary hyperparathyroidism and cancers are considered the main factors
of hypercalcemia (HC), the latter is quite often detected in various endocrinopathies. According to modern data,
ionized calcium (Ca**) is an intracellular mediator in the functioning of enzymes and hormones. All this determines
the importance of finding out the features of the associations between HC and biochemical indicators in various
endocrine disorders, which was the purpose of this study. Materials and methods. Retrospectively, according to the
medical histories of 537 patients with detected HC, who were treated at the endocrinology clinic of the V. Danilevsky
Institute for the Endocrine Pathology Problems in 2020-2021, we have analyzed the features of correlations between
HC (by the content of Ca®*) and the levels of phosphorus (P), total protein (TP), aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) in various endocrine pathologies. Results. A significant difference between
the spectrum and degree of probability of associations was found even within the limits of one type of pathological
conditions. In the group with hypothyroidism, there was an inverse correlation of HC with P (p < 0.01) and a highly
probable correlation with AST (p < 0.001). At the same time, a direct association with P (p < 0.01) and an inverse
correlation with TP (p < 0.001), AST (p < 0.001) and ALT (p < 0.01) was revealed in case of Graves’ disease. The
following data were obtained for tumors of endocrine organs: nontoxic multinodular goiter — direct with P (p < 0.001)
and inverse with TP (p < 0.001) and ALT (p < 0.01), thyroid cancer — direct correlation with P (p < 0.01) and inverse
highly probable with TP (p < 0.001) and ALT (p < 0.001); nodular pathology of the adrenal glands — direct correla-
tion with TP (p < 0.01) and inverse with AST (p < 0.01) and ALT (p < 0.001). In diabetes mellitus, only an inverse
correlation with P was found (p < 0.01). There was an inverse correlation with P (p < 0.01) and TP (p < 0.001), and
a direct one with ALT (p < 0.001) in primary hyperparathyroidism. Conclusions. Metabolic disorders in the pre-
sence of hypercalcemia in patients with various endocrine pathologies have their own characteristics. The nature of
revealed correlations between ionized calcium and biochemical parameters in terms of various endocrine diseases
must be taken into account when developing a therapeutic strategy for patients with hypercalcemia.

Keywords: hypercalcemia; hypothyroidism,; Graves’ disease; thyroid cancer; nodular thyroid pathology; primary
hyperparathyroidism; aspartate aminotransferase; alanine aminotransferase

Introduction

The pathogenesis of the disorders of calcium metabolism
is not fully understood [1]. Calcium is the most abundant
cation found in the human body and plays an integral role in
neural transmission, enzyme activity, myocardial function,
coagulation, and other cellular functions [2]. Most of the
calcium is found in the bones as calcium phosphate while a
small percentage is found in the cells and extracellular fluids.

In the serum, about 45 % of calcium is bound to proteins,
45 % exists as free or ionized calcium that is the active form,
while 10 % is bound to anions [3].

Systemic acidosis decreases calcium binding to albumin
increasing serum levels while alkalosis causes the opposite
effect. Serum calcium concentrations are highest in neonates
and infants, decrease during childhood and adolescence, and
stabilize at adult values by 17 years of age [4, 5].
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The main cause of hypercalcemia is an excess parathyroid
hormone (PTH). PTH-mediated causes include adenoma/
hyperplasia of the gland, familial hypocalciuric hypercalce-
mia, and multiple endocrine neoplasia syndromes (type 1,
2A). Familial hypocalciuric hypercalcemia is an autosomal
dominant condition due to an inactivating mutation in the
calcium-sensing receptor gene [6].

At the same time, endocrine diseases are also associated
with hypercalcemia [7]. Based on the fact that hyperparathy-
roidism (HPT) is an endocrine disease, and oncopathology
can also be localized in the endocrine glands, it can be as-
sumed that it is endocrine pathology that is the main cause
of hypercalcemia.

Taking into account the peculiarities of the pathogenesis
of various endocrine disorders, the question arises whether
there are differences in the associative relationships between
hypercalcemia and biochemical parameters in patients with
endocrine disorders. To date, it is known that ionized calci-
um (Ca?") serves as an intracellular mediator in the action of
enzymes and hormones, which is of great importance. There
is an opinion that Ca** rather than total calcium is the pre-
ferred indicator of its status [8, 9]. A significant role of Ca**
as a mediator of the action of such hormones as vasopressin,
angiotensin 11, aldosterone, adrenaline, glucagon, cholecys-
tokinin, serotonin has been established [3, 10, 11]. There are
works on correlations of hypo- or hypercalcemia with alka-
losis/acidosis, levels of phosphorus, and total protein [4, 12].

Establishment of the specific features of the profile of as-
sociations between hypercalcemia and biochemical markers
in various endocrine disorders can correct the therapeutic
strategy for monitoring such patients.

The purpose of this study was to establish the features of
biochemical parameters in the development of hypercalce-
mia in patients with endocrine disorders.

Materials and methods

We identified hypercalcemia in 537 patients with various
endocrine disorders in the endocrinological clinic of the
V. Danilevsky Institute for Endocrine Pathology Problems
during 2020—2021. The associative relationships of hypercal-
cemia with the levels of phosphorus (P), total protein (TP),
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) were studied.

Serum levels of total Ca and P were studied to assess the
calcium-phosphorus metabolism by colorimetric method
using kits from the company Spainlab (Ukraine) (for Ca)
and Filisit diagnostics (for P). The level of ALT and AST was
assessed by the kinetic method on a LabLine biochemical
analyzer using Spainlab kits (Ukraine). TP was determined
by the colorimetric method with a biochemical semi-auto-
matic analyzer on a Solar PM 2111 photometer using a kit
for determining total protein NVL Spainlab (Ukraine).

The features of associative links in various endocrine pa-
thologies are analyzed.

Statistical analysis included an assessment of the nor-
mality of the distribution of the variables under study using
the Kolmogorov-Smirnov test, the calculation of the main
statistical parameters (mean value and its error). To study the
relationship between the indicators, we used the method of
correlation analysis with the determination of the correlation
coefficient (r) and the establishment of its significance by the
t-test with a 95% level of reliability (p < 0.05).

Table 1. Correlation of serum calcium levels and biochemical parameters in case of thyroid dysfunction

Diagnosis n e Lat | P, mmoln TP, g/l AST,IUN | ALT, U/
M+m| 2.66+0.02 | 1.15+0.01 1.14£0.05 | 72.30 £ 0.75 | 27.81 + 2.38 | 25.66 + 1.97
Hypothyroidism | 57 r 0.880687 - —0.33709 - —0.44173 -
p < 0.001 - < 0.01 - < 0.001 -
M+tm| 2.68+0.03 | 1.15+0.02 | 1.16 £+ 0.06 | 73.09 + 2.04 | 25.48 + 9.67 |28.96 = 11.57
Graves’ disease | 42 r 0.445118 - 0.329618 —0.75731 —0.59594 —0.38995
p < 0.001 - < 0.01 < 0.001 < 0.001 < 0.01
Table 2. Correlation of blood calcium level and some biochemical parameters
in tumor processes in endocrine organs
Diagnosis n 2 oo P,mmoll | TP, gl AST,IUN | ALT, U
mmol/l mmol/l
M+m| 268+0.01 | 1.15+0.01 | 1.09+0.04 | 74.00 + 0.75 | 35.95 + 6.05 | 46.05 + 8.27
NMG 158 r 0.365033 - 0.339 —0.43243 0.218999 —-0.78322
p < 0.01 - < 0.01 < 0.001 < 0.001
M+m| 2.70+0.02 | 1.15+0.01 1.13+£0.07 | 73.00 £ 1.59 | 27.15 + 9.65 [30.79 + 16.41
Thyroid cancer | 68 r 0.888011 - —-0.50305 - -1.0 -1.0
p < 0.001 - < 0.001 - < 0.001 < 0.001
Formations M+m| 2.67+0.04 | 1.21 +0.01 | 1.14+0.09 | 68.71 + 0.96 |46.49 + 18.92|40.97 + 10.34
in the adrenal 15 r 0.940809 - - 0.536311 -0.35116 —0.61483
glands p <0.001 - - <0.001 <0.01 <0.001
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The Ethics Commission of V. Danilevsky Institute for
Endocrine Pathology Problems of the National Academy of
Medical Sciences of Ukraine considered and approved the
design of the study, information for the patient, and the form
of the informed consent to participate in the study (protocol
4/2020).

Results

Depending on pathology of the endocrine glands, the pa-
tients were divided into subgroups: with thyroid dysfunction
(hypothyroidism and Graves’ disease); tumor processes in
the endocrine organs (nontoxic multinodular goiter (NMG),
thyroid cancer (TC), adrenal adenomas); primary hyperpara-
thyroidism and diabetes mellitus.

Analyzing the correlations of hypercalcemia in terms of
the Ca*" level with the studied set of biochemical parameters,
one should note significant differences between the spectra
and the degree of significance of associations even within the
same class of diseases. The results are presented in Tables 1—3.

Thus, in groups of patients with thyroid dysfunction in
hypothyroidism there was a negative correlation of Ca** with
P (p < 0.01) and a highly significant correlation with AST
(p <0.001). At the same time, in Graves’ disease there was a
direct correlation with P (p < 0.01) and an inverse correlation
with TP (p < 0.001), AST (p < 0.001) and ALT (p < 0.01).

In groups of patients with tumor lesions of the endo-
crine organs, each of the considered pathologies had its own
characteristics. Nodular pathology of the thyroid gland was
characterized by the presence of a direct correlation with P
(p <0.01), an inverse highly significant correlation of HC
with TP (p < 0.001) and ALT (p < 0.001). At the same time,
a highly significant negative correlation with P (p < 0.001),
AST (p < 0.001) and ALT (p < 0.001) was determined in
thyroid cancer. In case of nodular pathology of the adrenal
glands, there was a direct correlation with TP (p < 0.001),
an inverse correlation with AST (p < 0.01) and a closer cor-
relation with ALT.

In DM, only an inverse correlation with P (p < 0.01) was
revealed, while in PHPT, it was inverse with TP (p < 0.01)
and direct with ALT (p <0.01).

Discussion

Today, parathormone-dependent hypercalcemia, which
is the most common variant, and parathormone-indepen-
dent hypercalcemia, mainly due to malignant tumors, are
distinguished [7]. At the same time, endocrine pathology is
also often accompanied by HC, which is characterized by
certain features of correlations with biochemical parameters.

The data obtained by us regarding the spectrum of associative
relationships between HC and a number of biochemical mar-
kers in various pathologies of the endocrine organs provide an
opportunity to obtain additional information regarding the
pathogenesis of the considered pathologies. Its importance
is associated with the significant role of Ca*" as a mediator of
hormone action. It is known that a complex cascade of reac-
tions involving Ca** and enzymes controlled by it mediates
the physiological action of hormones on cells [13, 14]. It has
been established that an increased concentration of Ca*" is
accompanied by a different spectrum and direction of asso-
ciative relationships with the studied biochemical parameters
against the background of hyper- and hypothyroidism. In
groups of patients with tumor lesions of the endocrine organs,
each of the considered pathologies had its own characteristics.
Nodular pathology of the thyroid gland was characterized by
the presence of an inverse highly significant correlation of
HC with TP and with ALT (p < 0.001). At the same time, in
thyroid cancer, a highly significant inverse correlation with P,
AST and ALT was determined (p < 0.001). In nodular patho-
logy of the adrenal glands, there was a direct correlation with
TP (p <0.001) and an inverse correlation with AST (p <0.01)
and a closer correlation with ALT (p < 0.001).

The diagnostic value of increasing the levels of AST and
ALT in various pathologies is today an urgent problem in
terms of interpreting the results. Far from all patients, it is
associated with liver pathology, and is often detected with
obstruction and cardiac pathology [15, 16]. There is evi-
dence that hyperthyroidism and insulin resistance may be
independent causes of an increase in the activity of serum
liver enzymes or the development of hepatocyte fibrosis [17,
18]. AST and ALT are two important metabolic links between
carbohydrate and protein metabolism [18, 19]. Their activity
is relevant for cells with high metabolic activity. It is known
that an increase in AST is largely associated with the risk of
cardiovascular disease, and ALT tends to more accurately
characterize the state of the liver. In the studies conducted,
HC significantly correlated with AST in all the considered
pathologies, except for NMG, and ALT, except for hypothy-
roidism. A number of indicators identified during the study
deserve special attention: — the absence of significant cor-
relations between HC and the level of P in tumor processes
in the adrenal glands; the absence of significant correlations
in patients with diabetes between an increase in Ca** and
TP, as well as AST and ALT; the predominance of ALT levels
compared with AST in NMG and thyroid cancer; a more
pronounced increase in AST and ALT in benign thyroid
nodular pathology and adrenal glands.

Table 3. Correlation of blood calcium levels and some biochemical parameters in DM and PHPT

Diagnosis n oA Las | P,mmoll | TP, g/ AST,IUN | ALT, U/
M+m| 2.67+001 | 1.19+0.04 | 1.12+0.02 | 72.85+ 0.51 | 29.39 + 1.48 | 29.78 + 1.91
Diabotes 128 r - - —0.33565 - - -
p - - <0.01 - - -
M+m| 2.97+006 | 1.27+0.03 | 0.94+0.04 |72.96 + 0.79 | 26.89 + 3.84 | 20.68 + 3.46
PHPT 69| r | 0812618 - 0442 | —0.47193 - 0.537392
p < 0.001 - < 0.01 < 0.001 - < 0.001
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The results obtained make it possible to specify the fea-
tures of the pathology of each of the considered pathologies
of the endocrine glands, as well as to provide a differentiated
approach to monitoring patients with HC against the back-
ground of various endocrine pathologies.

Conclusions
1. Disorders of metabolic processes in the presence of
hypercalcemia in patients with various endocrine disorders
have some features with a different nature of endocrinopathies.
2. The nature of the established features of the associa-
tion of hypercalcemia with biochemical parameters should
be taken into account when choosing a therapeutic strategy.
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loHyaposa O.A."2, Ay6osuk B.M.?, [Inexosa O.1.2, CazoHos M.E.?

" XQpKIBCbK HALIOHOABHWA MEAVNYHI YHIBEPCUTET, M. XQPKIB, YKpQiHO
2 AY «IHCTUTYT MpobAeM eHAOKPUHHOI naToaorii im. B.S1. AaHmaescbikoro HAMH YkpaiHu», M. Xapkis, YkpaiHa

3B’930K MiX rinepKaAbLi€eMi€lO Ta GIOXiMIYHHUMM NOKAZHUKAMM B NALLIEHTIB
3 eHAOKPUHHUMM 30XBOPIOBAHHSIMU

Pe3ome. Axkmyaavnicmo. Xo4a 3apa3 roJOBHUMM YUHHUKAMUI
rinepkanbuieMii (I'K) BBaxatoTh epBUHHUIA rinepnapaTupeos i
oHkomnaToJorito, 'K 1ocuTh 4acTo BUSBISIOTH i IPU Pi3HUX €HI0-
KpHUHOMATIsIX. 3a Cy4aCHUMU JaHUMM, i0Hi30BaHM KabLii (Ca®")
€ BHYTPILIHbOKJIITUHHUM ITOCEPEIHNKOM Y (DYHKIIIOHYBaHHi (bep-
MEHTIB i TOpPMOHIB. Yce 1ie 00yMOBJIIOE BaXKJIUBICTh 3 ICyBaHHS
ocobnuBocTeit kopessiii ['K i3 6ioxiMiYyHMMU MOKa3HUKaMU [PU
PIi3HUX MATOJOTISIX EHIOKPUHHUX OPTaHiB, 110 i CTaJI0 METOIO 11bO-
ro pociuimkeHHs. Mamepiaiu ma memodu. PeTpocnieKTUBHO 3a
IaHUMU icTopiil XxBopoOu 537 mauieHTiB i3 BusiBineHow 'K, ski
nepedyBajiv B eHIOKPUHOJOTIYHIN KIIiHili [HCTUTYTY mpobiiem
eHIoKpUHHOI ratoJorii im. B.f1. [lanunescbkoroy 2020—2021 pp.,
mpoaHali3oBaHO 0cobMBOCTI Kopensiii Mixk ['K (3a BMicTom
Ca?) i piBasamu ocopy (P), 3aranbHoro 6inka (3b), acnaprat-
amiHoTpaHcdepasu (AcAT) it ananiHamiHoTpaHcdepazu (ATAT)
MpU Pi3HUX EHOAOKPUHHUX MATOJIOTisIX. Pe3yavmamu. YCTaHOB-
JICHO CYTTEBY Pi3HUIIIO MiX CIIEKTPOM i CTYIIEHEM JTOCTOBIPHOCTL
3B’sI3KiB HaBiTh Y Me€XaxX OJHOr0 MaTOJOTiYHOIo CTaHy. ¥ rpymi
XBOPHUX Ha TiMOTHpeo3 Bin3Havasacsl 3Bo0poTHa Kopessuis 'K i3
P (p < 0,01) i BucokomocroBipHa — 3 AcAT (p < 0,001). BogHo-
Jac npu xBopobi IpeiiBca crioctepiranacs mpsiMa acouiamisa 3 P

(p<0,01) i3BoporHa — i3 3B (p < 0,001), AcAT (p <0,001) i ATAT
(p <0,01). IMpu myx1mHaX eHIOKPMHHUX OPTaHiB OTPMMAaHO Ha-
CTYIIHi AaHi: 6araToBy3/I0BUI HETOKCUYHMI 300 — TpsiMa KOpeJisi-
uist 3 P (p <0,001) i 3BopotHa i3 3b (p < 0,001) i AnAT (p <0,01);
pak mUTOMNoAiOHOI 3am03u — Tipsima Kopesist 3 P (p < 0,01) i
3BOpoTHa BUcokomocToBipHa i3 3b (p < 0,001) i AnAT (p <0,001);
BY3JIOBa MATOJIOTisI HATHUPKOBUX 3aJ103 — IpsiMa KopeJisiitist i3 3b
(p <0,01) i3BopotHa — 3 AcAT (p < 0,01) i AnAT (p < 0,001). [Tpu
IIYKPOBOMY MiaGeTi BCTAHOBJICHO TiJIbKM 3BOPOTHY KOPEJISAIIIO 3
P (p <0,01), a mpu nepBUHHOMY TillepnapaTupeo3i — 3BOPOTHY
3P (p<0,01)Tta3b (p<0,001)inpamy — 3 AnAT (p < 0,001).
Bucnosxu. T1opytieHHs MeTabOIiYHMX TTpo1ieciB 3a HasiBHOCTI ['K
Yy XBOpHUX i3 Pi3HOIO MMATOJIOTI€EI0 eHAOKPUHHUX OPTaHiB MalOTh
cBOI 0c00IMBOCTI. XapaKTep yCTaHOBIEHUX 3B’s13KiB Mix Ca’’ i
GioXiMIYHMMU TTapaMeTpaMu 100 Pi3HO1 €HITOKPUHHOI IMaToJIOT i1
HEeOOXiIHO BpaXOBYBaTH IPHU po3poOlli TeparneBTUIHOI CTpaTerii y
XBOPUX i3 TilepKaJIbIiEMI€EIO.

Karouoei caosa: rinepkanbliemis; rinotupeos; xBopoda Ipeiisca;
pakK IIMTOIOAIOHO1 3a1031; BY3JIOBA ITaTOJIOTisI LIMTOMOIIOHOI 3a-
JI03U; IEPBUHHUIA rirnepraparupeos; acrapraraMiHoTpaHcdepasa;
ajaHiHaMiHOTpaHcdepasa
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Family behavioral freatment
for school-aged children obesity

Abstract. Background. Obesity affects 27-34 % of children and is considered a major public health problem.
As more and more children suffer from overweight, health professionals need to find effective methods of obesity
prevention and treatment. The purpose was to evaluate the effectiveness of family behavioral therapy in the treat-
ment of obese children. Materials and methods. For one year, 57 obese patients aged 7—12 years were under
observation, they were randomly divided into 2 groups: a treatment group of 34 children (I) and a comparison
group of 23 people (ll). Group | children participated in the family behavioral treatment program, which included
hypocaloric nutrition, control over the family environment, and dosed, controlled physical activity. The blood lipid
spectrum was studied by the level of total cholesterol (TCh), triglycerides (TG), low-density lipoprotein cholesterol
(LDL-Ch) and high-density lipoprotein cholesterol (HDL-Ch). Results. In obese children, both systolic (SBP) and
diastolic blood pressure (DBP) were elevated (mean of 125.9 + 0.9 mm Hg and 66.9 + 1.2 mm Hg, respectively),
an increase in the concentration of TCh, TG, and LDL-Ch was detected. One year after family behavioral therapy,
body mass index in obese children decreased from 26.8 to 25.1 kg/m?, changes in SBP and DBP were statistically
significant between groups (group I: SBP before was 124.9 + 0.8 mm Hg, after — 118.9 + 0.9 mm Hg, p < 0.05;
DBP was 65.7 + 1.2 mm Hg and 62.1 + 1.0 mm Hg, respectively, p < 0.05; group Il: SBP before the program was
125.1 + 0.7 mm Hg, after — 126.9 + 0.8 mm Hg, p > 0.05, DBP was 66.6 + 1.1 mm Hg and 67.7 + 1.2 mm Hg,
respectively, p > 0.05), and there were also significant changes in blood lipids: the level of cholesterol decreased by
0.87 times, TG — by 0.94 times, with a tendency to LDL-Ch decrease and HDL-Ch increase. Conclusions. Multi-
component family behavioral therapy is effective in reducing the body mass index of obese children. The obtained
results indicate the need to apply the proposed treatment program in clinical practice.

Keywords: school-aged children; obesity; body mass index; blood pressure; lipid spectrum; family behavioral
treatment

Introduction

Pediatric obesity is a growing global epidemic that re-
quires attention due to the burden it places on the health care
system [1, 2]. Consumption of fatty foods and a diet with a
high sugar content, lack of physical activity are considered the
main causes of obesity among children and adolescents [3, 4].

Obesity affects 27—34 % of children and is considered
a major public health problem. For the US pediatric health
care system, costs were $179 per year higher for children
with obesity compared to children with a normal body mass
index (BMI) [5, 6]. Childhood obesity is associated with an
increased risk of various diseases such as diabetes, cardiovas-
cular disease, stroke, some types of cancer later in life, social

problems and depression among adolescents [7, 8]. As more
and more children suffer from overweight, health profes-
sionals need to find effective methods of obesity prevention
and treatment. Over the past 30 years, childhood obesity has
more than doubled in children and tripled in adolescents
worldwide [9, 10].

Treatment of obesity involves changing the child’s diet
and physical activity level. Depending on the state of health
of the children, a multidisciplinary team should be involved
in the treatment, which includes a family doctor, a nutritio-
nist, and a psychologist. Where general recommendations
are ineffective, specific dietary and physical activity plans
must be developed.
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Family-based behavioral treatment (FBT) is an evi-
dence-based treatment for pediatric obesity. FBT has pri-
marily been implemented in specialty clinics, with highly
trained interventionists [11].

The purpose was to evaluate the effectiveness of family
behavioral therapy in the treatment of children with obesity.

Materials and methods

For one year, 57 children aged 7—12 years with obesity
were under observation, who were randomly divided into
2 groups: a treatment group of 34 people (I) and a compari-
son group of 23 people (II). Group I children were involved
in the family behavioral treatment program, which included
hypocaloric nutrition, control over the family environment,
and dosed, controlled physical activity. The goal and interval
of the behavior were discussed with the child and parents.
A diet modification plan and a step-by-step list of necessary
food items to exclude or include were prepared for them,
and they were informed about the daily calorie requirement
based on the recommended food composition tables. These
tables were provided to each family so they could calculate
their daily calorie intake. The children kept a diary of their
behavior in order to monitor compliance with the recom-
mended lifestyle changes. Parents monitored the diary and
their child’s progress in achieving the new behavior. Methods
of dosed physical activity were also prepared, in accordance
with the wishes of the research participant, in particular,
playing football, volleyball, swimming, brisk walking for
20 minutes 4 times a week. Control over physical activity
was carried out by parents.

All patients included in the study were under the constant
observation of physician and a specially trained nurse-bache-
lor, who visited patients once a month in order to observe the
family environment, inspect the place where food is stored,
determine the style of cooking and the characteristics of
food that usually used in the family. During the visit, the
behavior diary was also checked and gaps in the records were
discussed. Potential methods of encouragement and pu-
nishment were discussed with parents and children during
home visits.

Primary screening included a survey, anthropometry
(height, weight, BMI calculation). Weight was measured
without clothing and calibrated to the nearest 0.1 kg. Height
was measured without shoes and calibrated to the nearest
0.1 cm. Obesity was diagnosed by BMI, which is equal to or
higher than the 95™ percentile. Weighing was carried out on
a Body Fat Analyzer BF-662W scale with determination of
the percentage of fat mass. In addition, the 2007 IDF Con-
sensus guidelines were used, according to which abdominal
obesity is diagnosed in children aged 10—16 years with a waist
circumference equal to or greater than the 90" percentile
for age and sex. According to the results of anthropometric
measurements, the children were divided into two groups:
30 people with abdominal obesity type (AOT) and 27 people
with uniform obesity type (UOT).

Blood pressure was measured with a standard Riva-Roc-
ci sphygmomanometer with an appropriately sized cuff,
and the last two measurements were averaged. The blood
lipid spectrum was studied by the level of total cholesterol
(TCh), triglycerides (TG), low-density lipoprotein choles-

terol (LDL-Ch) and high-density lipoprotein cholesterol
(HDL-Ch) by the photometric method on a general purpose
photometer Cormay Multi (Poland).

Exclusion criteria were the presence of kidney, liver
and/or cardiovascular diseases; metabolic and/or endocrine
disorders; genetic syndromes; chronic allergy, acute infectious
or inflammatory diseases during the last 3 months preceding
the study. None of the participants was taking medication.

Statistical data analysis was performed using the Sta-
tistica 10.0 application program package. The results are
presented in the form of mean value and standard deviation
(M = 6). The nature of the distribution was determined using
the Kolmogorov-Smirnov criterion. The Student’s t-test was
used to compare values with their normal distribution. Dif-
ferences were considered statistically significant at p < 0.05.

Patient studies were conducted in accordance with the
provisions of the Helsinki Declaration of 1975, revised and
supplemented in 2002, and the directives of the National Re-
search Ethics Committees (Bioethics commission of the Bu-
kovinian State Medical University, protocol 3 11/18/2022).
During the tests, informed consent was obtained from all
participants and all measures were taken to ensure the ano-
nymity of the participants.

Results

All patients were divided by age and gender (Table 1):
from 7 to 9 years, 17 people, of which 7 were boys and 10
were girls; from 10 to 12 years old (40 people, including
19 boys and 21 girls). In children with AOT, secondary hy-
pothalamic form (73.3 %) and obesity degree 11—-III were
significantly more often registered. The primary exogenous
constitutional form of obesity (62.9 %) and obesity degree
I-1II were found significantly more often in the group of
children with UOT.

Measurement of blood pressure in obese children showed
an increase in both systolic (mean systolic blood pressure
125.9 £ 0.9 mm Hg) and diastolic (mean diastolic blood
pressure 66.9 + 1.2 mm Hg).

Indicators of the blood lipid spectrum (TCh, LDL-Ch,
TG) were higher in children with obesity (Table 2).

Table 1. Characteristics of the examined children

Age (years)
ot ey |79
Abs. % Abs. %
AOT 9 15.7 22 38.5
uoT 8 14.0 18 31.5
Total 17 29.8 40 70.1

Table 2. Indicators of the blood lipid spectrum, mmol/l

Indicator AOT (n=17) UOT (n = 40)
TCh 5.74 + 0.31 5.21 +0.72
LDL-Ch 3.36 + 0.11 3.19+0.18
HDL-Ch 0.96 + 0.09 0.98 + 0.04
TG 211 +0.13 1.87 +£0.12
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Table 3. Initial characteristics of the sample
of obese children

Indicator Group | (n = 34) Group Il (n = 23)
Age, years 9.3 (0.6) 8.8 (0.7)
Boys/qgirls 17117 9/14
Height, cm 132.2 (4.1) 136.7 (3.4)
Weight, kg 37.8 (5.7) 39.2 (6.4)
BMI, kg/m? 26.8 (1.6) 26.7 (1.5)

Note: results are expressed as mean (SD).

The initial characteristics of the sample of obese children
of I and II observation groups are presented in Table 3.

Changes in height and body weight in children of both
groups during the observation period are presented in
Table 4.

One year after family behavioral therapy, there were sig-
nificant changes in the lipid spectrum of the blood in obese
children (Table 5). Thus, the level of TCh decreased by 0.87
times, TG — by 0.94 times, with a tendency to decrease
LDL-Ch and increase HDL-Ch.

Intergroup changes in systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were statistically significant
(group I: SBP before the program was 124.9 = 0.8 mm Hg,
after — 118.9 + 0.9 mm Hg, p < 0.05; DBP 65.7 + 1.2 mm
Hg, after — 62.1 £ 1.0 mm Hg, p < 0.05; II group: before the
program SBP 125.1 £ 0.7 mm Hg, after — 126.9 £ 0.8 mm
Hg, p > 0.05, DBP 66.6 = 1.1 mm Hg, after — 67.7 = 1.2 mm
Hg, p > 0.05).

Therefore, intervention in the lifestyle of children with
obesity leads to positive and stable results.

Discussion

Childhood obesity remains an important public health
problem and prevention programs should be a priority to re-
duce the prevalence of obesity. Most randomized controlled
trials report benefits of lifestyle interventions in overweight/
obese children [12—15].

A number of identified strategies used to treat childhood
obesity range from lifestyle approaches, pharmacotherapy
to surgery [16, 17]. Almost all studies indicate that dietary
treatment of children and adolescents with obesity should
be aimed at ensuring adequate growth by reducing excessive
fat accumulation, avoiding loss of lean body mass, impro-
ving well-being and self-esteem, and preventing cyclic
weight regain [18—20]. There is evidence that dietary in-
terventions are more effective in achieving weight loss when
combined with other strategies such as increased physical
activity and/or psychological interventions to promote be-
havior change [21]. Integrated interventions that combine
diet, physical activity, and control of the family environ-
ment have been found to be significantly correlated with a
reduction in BMI [22].

Our findings correlate with evidence from previous
meta-analyses suggesting that multiple lifestyle changes
may be beneficial in controlling children’s weight in the
short- and long-term [23, 24]. The use of dosed exercise
may reduce BMI but may not improve metabolic outcomes,
which are improved only when exercise is combined with
diet and a supportive family environment. Prevailing guide-
lines suggest that school children should receive at least 60
minutes of moderate physical activity each day [25]. In our
study, a low-calorie diet, 20 minutes of exercise 4 times a
week, and control of the family environment appeared to
have excellent results, especially in lowering TG and TCh.
High-intensity physical activity is difficult to achieve in
the family, it can only be achieved in a sports section or a
sports camp.

Our studies indicate that the effectiveness of childhood
obesity treatment is more profound when lifestyle interven-
tion includes several components, namely hypocaloric nu-
trition, control of the family environment, and dosed con-
trolled exercise.

No side effects were observed during the treatment.
Obese children in both groups had a linear increase in
height similar to that of normal-weight children. No par-
ticipant in the treatment program dropped out due to any
problems.

Table 4. Changes in children’s height and body weight during observation

Tt Group | (n = 34) Group Il (n = 23) 5
Before program Difference Before program Difference

Height, cm 132.2 (4.1) 4.2 (3.9) 136.7 (3.4) 4.1 (3.8) 0.456

Weight, kg 37.8(5.7) -0.8 (2.1) 39.2 (6.4) 2.6 (4.2) <0.001

BMI, kg/m? 26.8 (1.6) -1.7(1.3) 26.7 (1.5) -0.1(0.9) <0.001
Table 5. Dynamics of lipidogram indicators in children with obesity, mmol/l

o Tetar Group | (n = 34) 8 Group Il (n = 23) 5

Before program Difference Before program Difference

TCh 5.74 + 0.31 5.01 +0.31 <0.05 5.39 £ 0.53 5.44 + 0.78 > 0.05

LDL-Ch 3.36 = 0.11 3.02+0.13 > 0.05 3.29+0.13 3.66 +0.12 <0.05

HDL-Ch 0.96 + 0.09 1.11 £0.07 > 0.05 0.98 + 0.07 0.90 £ 0.03 > 0.05

TG 211 +0.13 1.98 +£0.13 <0.05 210+ 0.11 2.39+£0.15 <0.05

Tom 19, N2 1, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua

39



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

Conclusions

Multicomponent family behavioral therapy is effective
in reducing the body mass index of obese children. The ob-
tained results indicate the need to apply the proposed treat-
ment program in clinical practice.
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BYKOBUHCHKN AEPXKABHUV MEANYHWU YHIBEPCUTET, M. YepHisLj, YkpaiHa

CiMeNnHa noBeAIHKOBA Tepanis B AiKyBOHHI OXXUPIHHS
B AiTeN WKIABHOro BiKy

Pestome. Axmyaavnicms. Oxupinnsa spaxae 27—34 % niteit i
BBaXKa€ThCsI TOJIOBHOIO MPOOJIEMOIO I'POMAJACHKOTO 310POB’S.
Ockifbky Bce Oisblie iTeil cTpaXaaloTh BiJl HAAMipHOT Macu
Tija, MEOIMIHUM MpaliBHUKAM HEOOXigHO IIyKaTu e(peKTUBHI
MeTOoaU NMpodiTaKTUKU Ta JiKyBaHHS OXUPiHHS. Mema: OLiHUTH
e(eKTUBHICTb CiMeTHOI IMOBEIiHKOBOI Teparlii B JTiKyBaHHI IiTeit
i3 oxkupiHHsIM. Mamepiaau ma memoou. BipooBX OTHOTO POKY
i CIIOCTepeXXeHHIM TiepeOyBajo 57 miteit BikoM 7—12 pokiB 3
OXXUPIiHHAM, SIKi OyJIM paHIOMi30BaHi B ABi IPyINU: OCHOBHY (iH-
TepBeHLiliHa) — 34 ocobu (I) Ta nmopiBHsiHHS — 23 ocobu (1I).
Hitu | rpynu BKJIIOYEHi B Iporpamy ciMeiHOro rnoBeiHKOBO-
ro JIIKyBaHHS, 110 ITOJIsITalIa B TillOKaJopiliHOMY Xap4yyBaHHI,
KOHTPOJIi 3a CIMEMHUM CepeJOBHUIIEM Ta JO30BAHOMY KOHTPO-
JIbOBAaHOMY (hi3MUHOMY HaBaHTaxKeHHi. JIiMminHUI CrIeKTp KpoBi
BUBYABCS 3a piBHEM 3arajbHoro xosnecrepuny (3XC), Tpuriine-
punis (TT), xonecrepuny ninomnporeiniB Hu3bKoi (XC JITTHIL)
i Bucokoi winbHocTi (XC JITIBI). Pesyavmamu. Y niteii 3
OXUpiHHAM sIK cuctojiynuii (CAT), Tak i miacToJIiuHUIt apTe-
pianbauit TMCK (JAT) OyB nigBuiIeHU (CTAHOBUB Y CEPETHBOMY
125,9 £ 0,9 MM pr.CcT. i 66,9 £ 1,2 MM PT.CT. BiIIIOBIIHO), TAKOX

BUsIBJIeHO 3pocTaHHs KoHueHTtpaiii 3XC, TT, XC JITTHLL. Ye-
pe3 pik micist MpoBeAeHHs ciMeitHol moBeniHKoBo1 Tepamnii IMT
y IiTeil 3 OKUPiHHSM 3HU3UBCS 3 26,8 10 25,1 Kr/M?, MiXrpy-
noBi 3mMiHu CAT Ta JIAT Oynu cratuctuuno 3Hauymi (I rpyma:
no nporpamu CAT cranoBusB 124,9 + 0,8 MM pT.cT., micass —
118,9 = 0,9 mm pr.ct., p < 0,05; JAT — 65,7 = 1,2 MM pr.CT. i
62,1 £ 1,0 MM pr.cT. BizmosinHo, p < 0,05; Il rpyma: go nmporpamu
CAT 6yB 125,1 £ 0,7 mm pr.ct., micaa — 126,9 £ 0,8 mm pr.cT.,
p > 0,05; AT — 66,6 = 1,1 mm pr.cT. 1 67,7 = 1,2 MM pT.CT. Biamo-
BigHO, p > 0,05). Takox BinOy/aucs TOCTOBIpHi 3MiHU B JIiMiTHOMY
criekTpi kpoBi: piBeHb 3XC 3Hususcs B 0,87 paza, TI' — y 0,94
pasa, ipu TeHaeHwii go 3HmwkeHHsa XC JIITHILL ta migBuineHHS
XC JINIBIL. Bucnosxu. ITonikoMnoHeHTHa ciMeliHa OBEAIHKOBA
Teparisi € eheKTUBHOIO 1100 3HMXKEHHSI iHAEKCY MacH Tija AiTeit
3 OXXUPiHHAM. OTpUMaHi pe3yJbTaTi BKa3yloTh Ha HEOOXIAHICTh
3aCTOCYBaHHS 3alIPOIIOHOBAHOI JIiKYBaJbHOI ITpOrpaMu B KJli-
HiYHiil TpaKTHIIi.

Kir04oBi c10Ba: oity MIKiIEHOTO BiKy; OXUPIHHS; iHIEKC MacK
TiJIa; apTepiaIbHUI TUCK; JIITTIAHUI CIIEKTP; ciMeiiHa MOBEAiHKOBA
Teparist
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PiBeHb BiTaOMiHY D y nepwiomy
TPUMECTPI BAriTHOCTI T NOroO BNAUB
HO OHTPOMNOMETPUYHI MOKA3HUKU
HOBOHOPOAXKEHOro

Pe3tome. AkTyanbHicTb. Y CBITi Bi3HA4a€ETLCS 3POCTaHHS NOLLUMPEHOCTI AeghiynTy BitamiHy D. BaritHi XiHKky nepe-
6yBaroTb y rpymi pusuKy po3suTky aeqiunty sitamiHy D. Ctatyc BitamiHy D cripasrisie Be/imkuii BAvB SIK Ha nepedir
BariTHOCTI, Tak i Ha po3BUTOK rsioga. degiumt BitamiHy D niig Y4ac BariTHOCTi 0B’A3aHWvi 3 NEBHUMUW HECTIPUATIIMBUMU
rectayiviimmm peaynsratamv. Meta focnigXeHHs: oLiHUTY BMICT BiTamiHy D y cupoBaTLi KpoBi BariTHUX yrpoaoBX
repLLIOro TPUMECTPY BaritTHOCTI Ta Moro Br/ivB Ha aHTPONOMETPUYHI MOKa3HNKM HoBoHapoaxeHoro. Matepianv Ta
meroau. [pocriekTBHe JOCIAXEHHS nNpoBoaniocs cepen 71 BaritHoi XiHkv BikoM Big 19 4o 42 pokiB y nepLuomy
TPUMECTPI BariTHOCTI B Nepiog 3 XOBTHS 110 KBiTeHb 2018-2020 pokiB. [risi yTOYHEHHS colianibHO-AeMorpagiqHmx
XapakTepucTuK, aHaMHECTUYHUX [aHWX | Xap40BOro pauioHy npoBOAWIIN ONUTYBAaHHS BariTHUX XIHOK. YMICT Bitami-
Hy D y cupoBaryji kposi Bu3Ha4asin iMyHOepMeHTHUM METOLOM. HOBOHapOoAKeHM BUMIPIHOBASIN aHTPONOMETPUYHI
rnapameTpu — Bary, OBXWHY Tifa i BU3Ha4asim Maco-poCcToBuii KOeilieHT 3a BIGHOLLEHHSIM Barv AUTUHW [0 [OB-
XuHu Tina. Pesynbtatun. Jegiunt BitamiHy D cnoctepirascs B 41 (57,7 %) BaritHoi, HegoctatHicte — y 7 (9,9 %),
ontumarnbHWi piseHb — y 23 (32,4 %) obcTexeHnx. Y XiHoK 3 gegiuntom BitamiHy D B aHamHe3si HacTilue 6yro
HEBWHOLLIYBaHHS1 BaritTHOCTI, BUKUAHI B HUX TPArIsvNCS BiPOrigHO YacTille, HK Y XIHOK 3 onTuMmarsibHuM pisHem D
(BigHoLLeHHSI LaHciB 9,06; 95% fosip4wii iHTepsan 1,11-73,86; p = 0,0396). Hamn He BCTaHOBIEHO BI/IMBY iHLLMX
rokasHuKiB (Bik, colianbHuii CTaTyc, iIHOEKC Macy Tina XIHOK, KiflbKiCTb BariTHOCTeV) Ha piBeHb BitamiHy D y Barit-
HuX. He crioctepiranocs BiporigHux BiIMIHHOCTeN MK NoKasHuKamu LUKam Anrap i pisHem BitamiHy D y BariTHuXx.
BucHoBku. OntumarnbHWi piBeHb BitamiHy D crioctepiraetscsi e B 32,4 % BaritHux. Jeqhiynt 4m HeEQoCTaTHICTb
BCTaHOBJIEHO B 67,6 % XIHOK y NepLLIOMY TPUMECTPI BariTHOCTI. [lpoBeaeHe [OCiAKEHHS He BUSIBUIIO BII/IVBY PIBHS
BiTamiHy D BaritHux XIiHOK y nepLLUOMY TPUMECTPI Ha aHTPOMNOMETPUYHI NOKa3HUKN HOBOHApOAXKeHoro. 3 ornsgy
Ha TEeHAEHUito [O HUXX4YMX MOKA3HUMKIB CriiBBIHOLLEHHSI Maco-pOCTOBOIO KOeILIEHTY | recTaliviHoro BiKy AUTUHU B
marepis 3 geiuToM/He[OCTaTHICTIO BiTaMiHy D HeobXigHi nofasbLLi OCIAKEHHS.

KntoyoBi cnosa: sitamit D; BariTHICTb; aHTPONOMETPUYHI MOKA3HUKN HOBOHAPOLKEHOIro

Bctyn

JlocnimKeHHsT OCTaHHIX IBOX AECATUIITh 3aCBIIUMIN, 1110
poab BitTaMiHy D B opraHi3mi JIIOAMHU csIra€ Jajieko 3a Mexi
peryJsiii MiHepaJibHOro 00MiHy |1, 2]. Peueniropu Bitaminy D
3HaXOASTbCS B OiIBIIOCTI TKAHUH JIIOACHKOTO OpPraHi3my, 110
3a0e3Mevye Horo TUIeHOTPOITHUN e(eKT UISIXOM BIUIMBY Ha (i-
3i0JI0TiUHI MpoLeCH, BKJIIOYHO 3 Mpostidepallieto i nudepeHii-
alli€lo KJIiTHH, armonTo30M, (h)OpMyBaHHSIM iMyHHOT BiIMOBIi,
MOMYJIFOBaHHSIM 3amaJlbHUX TIpo1eciB |3, 4].

Metaboi3m BitTaMiHy D MOCHITIOETBCS i Yac BariTHOCTI,
110 MOXXe BKa3yBaTU Ha MOTO BIUIMB Ha 3M0POB’ST MaTepi i
nuTtuHu 5, 6]. dediunt Bitaminy D y paliioHi BariTHOI XXiHKK
Ma€ HeraTMBHI HACJIIAKY SIK 1J1s1 MaiiOyTHbOI MaTepi, Tak i 1uist
riofa it HoBOHapoxKeHoro |7, 8].

YucneHHi nocaimkeHHs BKa3yloTh Ha poJib 1ediluTy BiTa-
MiHy D y nmiZiBUILIEHH]I pU3UKY PO3BUTKY MPEEKIIAMIICii, recTa-
LiiTHOTO IIyKpOBOTO AiabeTy, HEBUHOLIYBaHHS BariTHOCTI |9,
10]. locaikeHHST OCTaHHIX POKiB IMOKa3aJiu, 110 BATiTHI XiHKA
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HajexaTb 10 TPy PU3MKY pO3BUTKY TinosiTamiHo3y D [11].
OcHOBHI npuunHuU aediuuTy BiTaminy D min yac BariTHOCTI
MOJISITAIOTh HE JIMIlIE B MiIBUILEHHI MOTpeOu opraHiamy, aje i
Y HEIOCTaTHbOMY HaJXO/XKEHHI 1IbOTO BiTaMiHY 10 OpraHi3mMy
[12]. HemocTaTHe repeOyBaHHSI Ha CBiXKOMY MOBITpi, Tpo0IeMu
€KOJIOTii, TOB’g3aHi i3 32a0pyIHEHHSIM MOBITPS, BUKOPUCTAHHS
COHLIE3aXMCHUX KPEMiB, a TAKOX HEJIOCTaTHE HAAXOMIKEHHS 3
1XKe10, BpaxoByloUd OOMEXEHU I TTPUoM MPOAYKTiB, OaraTux
Ha BiTaMiH D, BIZIMBAlOTh Ha ajieKBaTHE 3a0e31eYeHHS BiTaMi-
HoMm D opranizmy BariTHoi xiHku [13, 14].

Bitamin D cripaBisie cyTTeBUiA BIUIMB Ha PO3BUTOK CKeJleTa
11 KICTKOBOI TKAHWHU B IJIO/Ia 1 HOBOHAPOXKEHOTO, a TAKOX Ha
pPO3BUTOK iHIMX opraHiB | 15]. BctaHoBieHO BiporiaHi 3B’ s13k1
MiX piBHeM BiTaMmiHy D i Kajbllilo y BariTHUX 3 aHTPOIIOME-
TPUYHUMU MMOKA3HUKAMU B HOBOHAPO/DKEHMX, HAcaMIiepes 3
Barolo Ta OKpYXHicTIO rojioBu [ 16, 17].

Y Toii ke yac pe3yabTaTh AOCiIKEHb, sIKi BUBYAJIN BILTUB
BiTamiHy D Ha cTaH ruiofa i po3BUTOK IUTUHU, TyXKe Cyrnepe-
yiuBi. B okpeMux HayKOBUX MpalLisiX BKa3y€eEThCs, 110 HEI0-
CTaTHICTh BiTaMiHy D y BariTHMX MOB’s3aHa 3 HU3bKOIO Baroko
MPY HAPOKEHHI 11 BUCOKUM PU3MKOM HApPOJKEHHST MaJeHb-
KUX IIOJI0 TecTauiiiHoro BiKy aiteit [18, 19]. Bonnowac inmi
JNOCTIIXKEHHSI He BUSIBUJIM KOMHUX acollialliil MiX piBHSIMU
BiTaminy D min yac BariTHOCTi B GaraToHallioHaIbHiii KOrOpTi
00CTeXEeHUX KiHOK i IIMPOKUM KOMILIEKCOM aHTPOIIOMETPUY-
HUX IMOKAa3HUKiB HOBOHapoxkeHoro [20, 21].

AHTPOTIOMETPUYHI TTOKA3HUKU BioOpaxkaroTh QizuuHU
PO3BUTOK TUTUHU. JliTepaTypHi AaHi OO BIUIMBY HEJOCTAT-
HOCTI BiTaMiHy D Ha aHTponmoMeTpuyHi MOKa3HUKU HOBOHA-
POIKEHOTO CyMepeyusinBi, 1110 3yMOBUWJIO AOLITbHICTh BUBYEHHS
IXHBOTO B3a€MO3B’s13Ky. OCKiJIbKY MEPIii MicsIli BariTHOCTI €
JTy>Ke BaXXJIMBUMU [UIS1 PO3BUTKY ILI0/1a, BaXKJIMBO OLIIHUTH 3a-
Oe3reyeHHs BiTaMiHOM D BariTHOI B Lieit nepiof i 10ro BIUIMB
Ha TTONATBIITNI PO3BUTOK TLIOAA.

MeTa pocJiIKeHHs: BUBHAYUTHU BMICT BiTamiHy D y cupo-
BaTLli KPOBi Y MepIIOMY TPUMECTPI BariTHOCTI Ta OO BILIMB Ha
AHTPOIMOMETPUYHI MOKAa3HUKU HOBOHAPOIKEHOTO.

MarepiaAm Ta meToamn

J1o MpOCIeKTUBHOIO TOCiXKEeHHSs 0y/10 BKIIIoueHo 71 Ba-
TiTHY XiHKY BikoM Bif 19 mo 42 pokiB 3 yucnia Tux, sKi rmepe-
OyBaJIM Mi/l CIIOCTEPEKEHHSIM Y MiCbKOMY MepUHATaIbHOMY
LeHTpi. Yci BaritHi — MemkaHui TepHONJIbLCbKO1 001acCTi,
pO3TalllOBaHOI B 3aXifHiii YacTUHI YKpaiHu B mexax 48—50°
MiBHIYHOI IIMPOTU. JJOCTiIKEHHST TPOBOAMIOCS Cepell KiHOK
y MepIIoMy TPMMECTPi BaTiTHOCTI.

KpurepissMu BUKITIOUEHHS 3 JOCIIIKEHHST OYJIM BXXUBAHHS
npernapartiB BitTaMiHy D abo BiTaMiHHO-MiHEpaJbHUX KOMII-
JIEKCIB i3 BMicTOM BiTaMiHy D 110 moyaTtKy oOCTeXeHHSsI, 3a-
XBOPIOBAHHS IIMTONMOAIOHOT 3271034, TTPUILIUTOINOAIOHUX 200
HaJHUPKOBUX 3aJ103, MOPYLIEHHS! QYHKIIOHATBHOTO CTaHY
MEeYiHKM i HUPOK B aHaAMHE3i.

[MpoBeneHo onmuTyBaHHS BaTiTHUX XiHOK. ONMUTYBaTbHUK
MICTHUB OJIOKM MUTaHb MPO BiK, OCBITY, COLiaJIbHO-EKOHO-
MIYHUI cTaTyc, KiIbKIiCTb BariTHOCTe! B aHaAMHe3i, repeoir
nornepeaHix BaritHocTeit. ColiaibHO-€eKOHOMIUYHUIA cTaTyC
OLIiHIOBAJIM 3a piBHEM JOXOMiB y cimM’i. [l OLliHKYU paiiioHy
XapuyBaHHS XKiHOK OLIiHIOBAJIM YaCTOTY BXXMBaHHS SIELb, MOJIO-
Ka Ta MOJIOUHUX ITPOJYKTIB, prOU Ta pUOHUX MPOIYKTIB, M’sica
Ta M’SICHUX TTPOAYKTIB, CBIXXKMUX (PYKTiB Ta 0BOUIB. 15T OLIiHKI

HYTPUTUBHOTO CTATYCy XiHOK BUKOPUCTOBYBAIM iHIEKC Macl
tiza (IMT) Ha MOMEHT AOCTiIKEHHSI.

HoBoHapomkeHuM Bin 00CTEXXEHUX MaTepiB BUZHAYAIM aH-
TPOMOMETPUYHI MapaMeTpu: Bary, 10BXHWHY TiJla, MAaCO-POCTO-
Buit koediuient (MPK), 1110 po3paxoByBaBcsl SIK BiTHOIIEHHS
MacH Tijla 10 TOBXWHU Tija (Kr/M). OLiHKY aHTPOTTOMETPUY-
HMX MapaMeTpiB HOBOHAPOIKEHUX MPOBOAMIIMN 32 MixKHAPOJI-
HUMU aHTPOMTOMETPUYHUMU CTAHIAPTAMU JUTS OLIIHKY (Di3nd-
HOTO PO3BUTKY HOBOHAPOXKEHUX 3aJIeXKHO Bijl recTaliifHoro
BiKy i ctati — INTERGROWTH-21 3 BU3HaueHHSIM Z-Score
[16, 17].

J171s BcTaHOBJICHHSI 3a0€3MeueHHs opraHizmy BitaMmiHOM D
y BariTHUX XiHOK BUKOpUCTOBYBasii BusHaueHHs1 25(OH)D y
CUpPOBATLI KpOBi iMyHO(EepMEeHTHUM MeTOIOM. OLIIHKY piBHS
25(OH)D mpoBoauu BilIOBiTHO 10 MiXKHAPOIHUX PEKOMEH-
naiiii [22]. [pu piBHi Bitaminy D < 20 Hr/mi1 miarHocTyBa-
nm iioro aediuut, 20—30 Hr/Ma — HeaOCTaTHICTh (CyOONTH-
MaxbHUM ctatyc), 30—100 Hr/MJI TpUAMaTK 3a ONTUMATLHUMN
piBEHb.

YciMm xiHkam miciist oocTexxeHHs OyJiv HajlaHi peKoOMeH1a-
11ii 111010 ONTUMi3allii pexkuMy i1 xapuoBoro pallioHy. 2KiHKaM 3
neIlUTOM i HEAOCTATHICTIO BiTaMiHy D OyJji0 peKOMeH1I0BaHO
LIOIEHHE BXUWBAHHS Npenaparis Bitaminy D y n03i 2000 MO.

JlocniakeHHs BiAMOBinalo MpUHIIMIIAM, BUKIAACHUM Y
lenbcinebkiit nexnapanii WMA. ETuyHe cxBaneHHs s 10-
CJIDKEHHST HaJJaHO KOMITETOM 3 HAayKOBOi €TUKU TepHOITiJib-
CbKOTO HalliOHAJILHOTO MeAMYHOro yHiBepcurety iMm. [.4. Top-
0auyeBCHKOTO.

Bin ycix o06cTexxeHuX XiHOK OyJ10 OTpMMAaHO MOIEepeaIHIO
MUCHbMOBY iH(GOpPMalliliHy 3rofly Ha 10OPOBIIbHY y4acTh Y 10-
CJTKEHHI.

JocnimkeHHs € pparMeHTOM IJIaHOBOI KOMILIEKCHOI Ha-
YKOBO-J0CJIiIHOI poO0TH TepHOMiIbChKOro HallioOHAAbHOI'O
MenugHoro yHiBepcutety iMeHi 1.51. Top6aueBchkoro MO3
Vkpainu «BrnockoHalleHHs JiarHOCTUKHU I JIiIKyBaHHS BariT-
HHX i XiHOK 3 OOTSDKEHUM COMaTUYHMM aHaMHE30M» (HOMep
nepxpeectpauii 0121U108167).

CraTUCTMYHMI aHaJIi3 MMPOBOAMIIM 3a JOTIOMOIO0 MakeTa
niporpam Statistica 6.0. OTpumaHi pe3yIbTaTi MOIaHi y BUTIISIII
CEepeIHbOT0 3HAUCHHS I CepeAHbOKBAIPATUYHOTO BiAXMIIEHHS
(M =+ SD). [list mopiBHSIHHS KiIbKiCHUX O3HAK Y He3alIeX-
HMX BUOipKaX BUKOPUCTOBYBAIM MapaMeTPUYHUI HEITapHUiA
kputepiit CTbloJeHTa TP HOPMATbLHOMY PO3ITOIiJIi BUOIp-
KU i HermapaMeTpUyHUit Kputepiit MaHHa — YiTHI — npu
HEHOpPMaJbHOMY PO3MO/iIi BUOIpKU, a KpUTepill Xi-KBaapar
((*) BUKOPUCTOBYBAJIM AJIsI TOPiBHSIHHS YacTOK BUOIpKU.
st 06UMCIeHHsT MilIHOCTi 3B’S13KiB MOKa3HMKiB BU3HAYAIU
crniBBigHOMmeHHs 1maHciB (CI) i goBipumit intepsan (I1).
BiporigHumu BBaxanau BiIMiHHOCTi MPY piBHi CTATUCTUYHOI
3Hauymiocti p < 0,05.

PesyabTaTH

CepenHiil BiK BariTHMX KiHOK cTaHOBMB 29,3 + 5,2 poKy.
CepenHiit noka3zHuk IMT BariTHUX XiHOK Ha yac JOCIIiIKEH-
st — 22,6 £ 3,1 xkr/m? (Bix 18,2 mo 30,4 xr/m?). Buiiy ocsity
main 30 (42,3 %), cepenrio — 41 (57,7 %) nauientka. Co-
1iaTbHO-€KOHOMIYHUI CTaTyC 3a piBHEM MOXOMIIB Y POAUH
yCixX XiHOK OyB cepenHiit. ¥ 28 (39,4 %) o6cTeskeHUX KiHOK
JlaHa BariTHiCcTh Oyna mepiuoio, y 36 (50,7 %) — apyroio, y 5
(7,0 %) — tpetroro Ta 'y 2 (2,8 %) — 4eTBEPTOIO.
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I1pu ouiHLi palioHy BariTHUX XiHOK OyJIO BCTAHOBJIEHO,
o 53 (74,6 %) obcTexeHi IOIHS BXKUBAJIU MOJIOKO i MOJIOUHI
nponyktu, 16 (22,5 %) — nBiui Ha TUXIEHD, 2 (2,8 %) — niepe-
BaXXHO He BXUBaIU. M’Sco Ta M’SICHI TPOJYKTH IIOAHS BXU-
Banu 55 (77,5 %) 0GCTEXEHUX XiHOK, JIBiUi HA TUXAEHb — 12
(16,9 %), He BxuBanu 3araioM — 4 (5,6 %). SleuHunit KOBTOK
OyB y IIOfeHHOMY partioHi 26 (36,6%) XiHOK, IBi4i Ha THX-
neHb fioro BxuBaiu 38 (53,5 %) BaritHux i 7 (9,8 %) xiHOK He
BXMBaJIW el TpoayKT. MopchKka puba abo puOHi MPOLyKTU
Oynu B 1oaeHHoMy pauioHi y 8 (11,3 %) BariTHUX XiHOK, 5
(7,0 %) BxuBanu ix nBivi Ha THXAEHBb, 26 (36,6 %) — omuH
pa3 Ha TuxaeHb, 10 (14,1 %) — pinuie Hix | pa3 Ha THXKIEHD |
22 (31,0 %) noBimomMuu, 1110 HEe BXUBAIOTh PUOHI MPOIYKTH.
Ilomns cBixi hpykTr BxkuBanu 66 (92,9 %) xKiHOK, CBixXi 0BO-
ui — 61 (85,9 %) BariTHa.

XapaKTepucTHKa BariTHUX 3aJIeKHO Bifl piBHS BiTaMiHy D
y CHUpOBaTIi KpOBi HaBeJeHa B Ta0I. 1.

Hediuut i HepocTaTHICTh BiTaMiHy D BcTaHOB/eHi B 48
(67,6 %) o6CTexXeHUX BariTHUX. 3TiTHO 3 OTPUMaHUMM pe-
3yJIbTaTaMU, BipOTiIHUX BiIIMiHHOCTE! MiX 1BOMa TpyraMu 3a
BikoM, IMT Ha MOMEHT JOCIiIKeHHSI, COLIIaJIbLHUM CTaTyCOM,
KIJIbKICTIO BariTHOCTE! He Bia3Havyaaocs. Y rpyri NalieHToK 3
nedillMToM/HeIoCTaTHICTIO BiTaMiHy D crioctepiramacs TeH-
JEHIIisT 0 30iIbIIEeHHs KibKOCTi XiHOK i3 BUIIOIO OCBITOIO
(p =0,0575).

VY XiHOK 3 nehiuuTOM/Hea0CTaTHICTIO BiTaMiHy D ua-
cTille B aHaMHe3i Tparuisijiocs HEBUHOLIYBaHHSI BariTHOCTI,

BUKUIHI B HUX CIOCTEpiraauncs BiporigHoO 4acTille, HiX y
KIHOK 3 ONTUMaJIbHUM BMicToM BiTaminy D (p = 0,0165). CLL
y wiii rpymi cranosuio 9,06; 95% A1 1,11-73,86; p = 0,0396.
Lle Bka3ye Ha BUCOKUIA CTYIiHb BIUIMBY KOHIIEHTpAILlil BiTa-
MiHy D y XXiHKM Ha BUHOILIYBaHHS BariTHOCTi. Xo4a HAMU He
OyJI0 BUSIBJIEHO CYTTEBUX BiIMiHHOCTE 11010 PiBHA BiTaMiHy
D y cupoBartii KpoBi XiHOK, Y IKMX B aHaMHe3i OyJIu Barit-
HocTi, mwo He po3BuBanucs, CII cranoswio 0,94; 95% 11
0,32-2,78; p = 0,9128.

[Momanbiumii mepion BaritHocTi jmite y 29 (40,8 %) xXiHOK
nepebiraBs 6e3 yckinaaHeHb: y 17 (35,4%) XiHOK NepIioi rpymnu
i12 (52,7 %) — napyroi rpynu, p > 0,05. Haityacrimmm yckian-
HEHHSM OyJia MuchyHKIIis TUTAlIeHTH, 110 CIIocTepiranach y 28
(58,3 %) xinok miepiioi rpyru i 5 (21,7%) 3KiHOK Ipyroi rpyIu,
p > 0,05. Cepen iHIIMX ycKIaIHEHb TPAIUISUIMCS TecTalliiiHa
rineprensist (13/18,3 %), 6aratoBommst (20/28,2 %), maoBomst
(12/16.,9 %), recrauiiinnii Tupeotokcukos (7/9,9 %). Cyrresoi
Pi3HMI MiX TPyMaMu 3aJ1€XKHO Bijl piBHS BiTamiHy D y BariTHux
XKiHOK BUSIBJIEHO He OYJIO0.

Yci nitu Big o0CcTeXXeHUX MaTepiB OYJIM HapOIKEHI LIS -
XOM CaMOCTiiHUX IMOJIOTiB. XapaKTepucTUKa HOBOHAPO/-
JKEHUX 3aJIeXXHO Bin cratycy BiTamiHy D y maTepi nomaHa B
Tabim. 2, 3.

Hamu He Bim3HaueHO pi3HMIII MiX cepeaHiMU TepMiHAMU
recTalulii Mixk JBOMa rpyramu XiHOK, Xoua B MepIIiii TpyITi Tep-
MiH recrauii KonuBaBcs Bin 36 10 41 TYKHSI, TOMI SIK Y APYTiit
rpymmi — Bin 37 1o 41 TKHS. Y rpymi BariTHUX 3 ONTUMaJIbHUM

Tabnuys 1. 3aranbHa xapaKkTepucTUKa BariTHUX XIHOK 3asieXHo Bif piBHs BiTamiHy D B cupoBarui KpoBi

Dedpiumt/HepgocTaTHICTb OnTuMmanbHUi piBEHb
MokasHuK BiTamiHy D, n = 48 BiTamiHy D, n = 23 P

Asc. | % Asc. %
25(OH)D, Hr/mn (M + SD) 15,7 + 41 41,1+95 < 0,001
Bik, pokie (M + SD) 28,8 +4,6 31,0+6,2 > 0,05
IHoekc macwm Tina, kr/m? (M + SD) 228+29 22,4+ 3,9
OcsiTa:
— BuLLIA 24 50,0 6 26,1
— cepepHs 24 50,0 17 739 0,0563
BariTHicTb:
— nepwia 20 41,7 8 34,8 0,5786
— Jpyra 24 50,0 14 60,9 0,3901
— TpeTs 4 8,3 1 4,3 0,5391
— YeTBepTa 2 4,2 0 0 0,3207
MonepedHi BUKNAHI 14 29,2 1 4,3 0,0165
MonepepnHi He3aBepLLEHi BariTHOCTI 14 29,2 7 30,4 0,9128

Tabnuys 2. CepeaHi aHTPONoMeTPUYHIi MOKa3HUKU HOBOHaPOAXEHUX i LuKkann Anrap
3anexHo Big piBHA BitTamiHy D y marepi (M = SD)

AT | e | e
TepmiH rectadii, TVXHi 39,1+1,6 39,7+1,.2 > 0,05
Bara, r 3395,7 + 405,6 3587,8 + 415,7 > 0,05
[oexuHa Tina, cm 52,3+24 52,1 +2,5 > 0,05
MPK, kr/m 6,5+0,5 6,9+0,6 > 0,05
OuiHka 3a Anrap Ha 1-1 XBUNWHI 8,1+0,9 8,4+0,7 > 0,05
OuiHka 3a Anrap Ha 5-1 XBUNWHI 8,9+0,7 8,9+0,6 > 0,05
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piBHeM BitTamiHy D cepenHs Bara aiteit nmpu HapoIXKeHHi Ae110
BUILIA, HIXX y BariTHUX 3 AediunuToM ad0 HEAOCTATHICTIO BiTaMi-
Hy D, ane us pisauit 6yna HecyrreBoio (p > 0,05). Konusanus
Barv HOBOHAPOJKEHUX JiTel Bifl BATITHUX MEPIIOL TPYIU CTa-
HoBuu Big 2700 mo 4100 1, Bix kiHOK aApyroi rpynu — Big 3000
10 4200 1. Takoxx He OyJ10 BipoTiTHOT Pi3HUII MiX IBOMA Tpy-
MaMHM 3a CepeHiMM MOKa3HUKaMU JOBXWHMU TiJla HOBOHAPO-
xeHux (p > 0,05). JloBX1WHa TiJla HOBOHAPOIKEHUX JiTeil Bif
BariTHUX MepLIOi rpynu KoauBanacs Bif 49 no 57 cm, y npyriii
TPy 1i KoJmBaHHS ctaHOBUIM Bif 50 1o 57 cm. Pizauiss MPK
B 000X rpyIax Takox Oysia HesHauHoto (p > 0,05).

Hitu 3 Baroto Biag 2500 Bix 2999 r HapomKyBaaucs TilbKKU
B MaTepiB 3 nediluToM,/HeaoCTaTHICTIO BiTaMiny D. ¥ Toii xxe
yac crioctepiranacs teHaeHuis (p = 0,0534) no 36iabLIeHHS
KiTbKOCTI niTeit 3 Baroto moHan 4000 T Bim MaTepiB 3 ONITUMaITb-
HUM piBHEM BiTaMiHy D.

YacToTa MOKa3HUKIB Z-ScOre CITiBBiIHOIIEHHS Baru i rec-
TalliliHOTO BiKy He MoKa3ajia CyTTEBUX BiAMiHHOCTE 3aJIEXKHO
Bizm BMmicTy BiTaMiHy D y matepi.

JloBuHa Tijla MeHiIIe 3a 50 cM ITpy HapOIKEHHI CIIOCTepi-
rajacs Jiviie B AiTel, HApOIKEHUX Bill MaTepiB 3 AedilluToM/
HenocTaTHicTio Bitaminy D. Jliara3oH z-score CriBBiAHOLIEHHS
JIOBXXWHU TiJla i TecTaliifHoro Biky OyB OUIbIIMM, HiX Baru i
recTaliifHOro BiKY, ajie CyTTEBOI Pi3HUILI MiX rpyrnamMu He 0yJI0
BUSIBJIEHO. Z-score criBBiHoleHHs: MPK i recrauiiiHoro Biky
1oKa3ajo IUPOKUI pO3KUI MOKa3HUKIB — Big —3 10 2. Bin-
3HAYEHO TeHEHIIiIO 10 OibII01 YACTOTU HU3bKUX IMOKA3HUKIB
z-score cniBBinHomeHHss MPK i recrauiiiHoro Biky (Bim —3
1o 0) y miteii, HapoIKeHUX Bill MaTepiB 3 edillNTOM,/HeaocTaT-
HicTio Bitaminy D — 24 (50,0 %) nipotu 6 (26,1 %), p=0,0741.

He BctaHOBIIEHO BipOriAHOI pi3HULI MixX 000Ma TpyraMu 3a
OIIiIHKOI0 HOBOHAPOKEHUX 3a IIKAJIOI0 ATrap sIK Ha TepIiit
(p > 0,05), Tak i Ha m’gTiit xBuirHax (p > 0,05). [1pu wbomy
cepel iTei mepuioi rpynu OyJiM HOBOHAPO/KEHI, Y SIKUX MPU
HapOKEHHI criocTepiranacs moMipHa rinmokcis Ta olliHka 3a
1IKaJ1010 Arrap craHoBuIa 6 6autiB Ha 1-i1 xBuauHi (5 miteit —
10,4 %), y npyriit rpymi MiHiMaJbHa OIliHKa 3a IIKaJI00 ATirap
cTaHoBMJIA 7 GaliB.

Tabnumys 3. MopiBHSAHHS YaCTOTU aHTPOMOMETPUYHUX MOKa3HUKIB HOBOHapPOAXKEeHUX
i mokasHuKiB LUKanu Anrap 3anexHo Bif piBHsA BitamiHy D y martepi

Hedpiumt/HegocTaTHICTb OnTUManbHUA piBeHb
MoKa3HUK BiTamiHy D, n = 48 BiTamiHy D, n = 23 P
n | % n %
Bara, r
2500-2999 4 8,3 0 0 0,1541
3000-3499 21 43,8 10 43,5 0,9828
3500-4000 20 41,6 8 34,8 0,5786
> 4000 3 6,3 5 21,7 0,0534
CniBBigHOLIeHHs Baru i rectayifiHoro BiKy, z-score
Big -1 0o 0 16 33,3 6 26,1 0,5366
0-1 22 45,8 10 43,5 0,6452
1-2 10 20,8 7 30,4 0,3750
HoBxuHa Tina, cm
<50 4 8,3 0 0 0,1541
> 50 44 91,7 23 100 0,1541
CniBBigHOLEHHS OBXWHM Tina i rectayiiHoro BiKy, z-score
0-1 8 16,7 7 30,5 0,1835
1-2 18 37,5 5 21,7 0,1842
2-3 15 31,3 5 21,7 0,4044
>3 7 14,5 6 26,1 0,2408
CnieBigHoweHHss MPK i rectayiviHoro Biky, z-score

Big -3 po -2 1 2,1 0 0 0,4857
Big —2 po -1 3 6,3 0 0 0,5461
Big -1 0o 0 20 41,7 6 26,1 0,2931
0-1 19 39,6 11 47,8 0,6100
1-2 5 10,4 6 26,1 0,1574

OuyiHka 3a Anrap Ha 1-vi XBUJINHI
Huxue sa 7 6anis | 5 | 104 | 0 | 0 | 0,1084

OuyiHka 3a Anrap Ha 5-vi XBUJINHI
Hwxue 3a 7 6anis | 0 | 0 | 0 | 0 |
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O6roBopeHHs

3rigHo 3 pe3yabraTaMuy MPOBEASHOTO AOCTiIKeHHs aedi-
LIUT i HEAOCTATHICTh BiTaMiHy D y mepiioMy TpuMecCTpi BariT-
HOCTI criocrepiraorbest B 67,6 % xiHok. Pe3ynbratu Hamo-
ro JOCJiIKEHHSs 30iratoThesl 3 JAHWMU iHIIUX POOIT, Y SIKUX
IoKa3aHo, 1o Aediuut Bitaminy D Bussisiiu B 51 % XiHOK
HanpUKiHLi NeplIOro TPUMECTPY BariTHOCTI, a MOr0 KOJIU-
BaHHS CTaHOBIWIN Bin 24 10 78 % 3anexHo Bin gemMorpabidaHnx
xapakrepuctuk [10, 15]. B onHOMy AochigKeHHi BU3HAYEHO
111 GBI TOKAa3HMKU Ae(IlUTY I HEMOCTaTHOCTI BiTaMiHy D'y
BariTHUX Y TPETbOMY TPUMECTpI TecTallii, siki craHoBwiu 71,7 i
21,0 % BinnosigHo, i muie B 7,3 % BaritHux OyB ONTUMATbHMIA
piBeHb BitTaMiny D [23]. [Tpu ibomy okpemi my0JTiKarii BKaszy-
I0OTh Ha HUKYMI BiCOTOK AediluTy BitaMiHy D B 00cTeKeHUX
BariTHUX y Manaiisii (42,6 %) [7]. 3rinHo 3 pe3yasratamMmu cuc-
TeMaTUYHOTO OrJIsiAy AediluT BitamiHy D y BaritHux nepe0Oy-
Bae B Mexax Bin 51,3 no 100 % i 3anexuTs Bin ce30Hy i TpH-
MECTPY BariTHOCTI, Y SIKOMY IPOBOAWJIOCS AOCTiIKeHHS [24].

3a JaHuMMU JliTepaTypH, OJHIEI0 3 OCHOBHUX MPUUMH Jaedi-
1Ty BiTaMiHy D y BariTHuX € #0ro HeIOCTaTHE HAIXOIKEHHS 3
TKel0 B yMOBax IMiABUIIECHHS TOTpe6 opraxismy [6, 20]. Cepen
00CTeXXKEHUX HaMU XKiHOK Jiuiire 77,5 % LIoaHST BXUBAIM M’SICO
Yy M’SICHI TIPOAYKTH, 74,6 % — MOJIOKO Y1 MOJIOUHI TTPOIYKTH,
36,6 % — steunuii XoBTOK i 11,3 % — MOpCHKY puly Ta pubHi
npoaykTu. [TpoaykTy 3 HalBUIIIMM BMicTOM BiTaMiHy D, Taki
K prba Ta prOHi TPOAYKTH, B3araii He BXuBaiu 31 % XiHOK,
a A€YHUI KOBTOK — 9,8 %.

Haiui nonepenHi DoCHiIKeHHsT Ha MiACTaBi OMUTYBaHHS
BaTiTHUX XXIHOK i CKJIaAaHHSI HUMU TUXKHEBOTO pallioHy BU3HA-
YaJIM KiJIbKICTb 1 JKepesia HaIXoMKeHHs BitaMiHy D i KaJiblito B
OpraHi3m XiHok [25]. Takox mpoBOIMBCS PO3PaXyHOK 3araJbHOL
KUTBKOCTI BUILLIE3TalaHUX PEUYOBUH Y PallioHi KOXHOI BariTHO1
Ta cepeIHbOJ000BOTO CITOXUBaHHS BiTamiHy D i Kajbliiio 3
KOXXHMM Xap4OBUM TIPOAYKTOM. ByJio ImokasaHo HeIOCTaTHE
HaaXoMXKeHHs BitamiHy D 3 Txero y BaritHuX XiHoK. CepenHs
KiJIbKicTb BiTaMiHy D, 1110 HaIX0IMB 3 TKEI0 Ha IeHb, CTAHOBMJIA
324,7 £+ 38,0 MO, kanbuito — 1468,5 = 78,3 mr [25]. BinnosinHo
JIO CKJIJIEHOTO XXKiHKaM1 TUXKHEBOTO pallioHy OyJI0 BCTaHOBJIE-
HO, 1110 HaiOIbIIIe BiTaMiHy D HaIX0OIUIO 3 )KOBTKOM KYPSTYOTO
STIALIST, MOPCBKOT pr0OOI0 i M’sicOM TBapuH. [HIIIT HayKOBi poOOTH
TAKOX BKa3yIOTh, 1110 B 74,4 % BariTHUX He OYJI0 pEKOMEHIOBA-
HOTro HaJIXOMKeHHs BitaMiHy D 3 xero [12, 23].

Hamu BcTaHOBJIEHO, 1110 B XKiHOK 3 BUIIOIO OCBITOIO CIIO-
cTepiraiacst TeHIEHIIis 10 IedillnTy/HeI0CTaTHOCTI BiTaMiHy D
(42,3 %, p = 0,0575). 3rinHo 3 pe3yabTaTaMiy HAILIOIO JOCITi-
JUKEHHSI, iHII TTOKa3HUKM (BiK, iHAEKC Macu Tijla HA MOMEHT
JIOCJTIIDKEHHSI, COLliaJIbHUIA CTaTyC, KiJIbKICTh BariTHOCTE) He
MaJly BIUIMBY Ha BMicT BitTaMiHy D y BaritHux. Hamui nani y3roz-
JKYIOTBCS 3 pe3yJIbTaTaMU iHIITUX TOCTIIKEHb, SIKi TAKOX BUSIBH-
JIV BiICYTHiCTb BILIMBY ITUX ITOKa3HMKIB Ha PiBeHb BiTaMiHy D y
BaritHUX |7, 20]. Ockinbku 61m3bko 80 % BiTaMiHy D yTBOpIOET-
Csl B LIKipHOMY eITiiepMici i1 Ai€to yibTpadioneTOBUX TPOMEHiIB
COHSIYHOTO CBiTNa [ 1, 2], TeHAEHTIi0 10 NedilTy/HeT0CTaTHOCTI
BiTaMiHy D y BariTHMX 3 BUILIOIO OCBiTOIO MOXHA MOSICHUTHU X
TPUBAIMM TlepeOyBaHHIM B 0(DiCHUX TTPUMIIIEHHSIX, BEJUKOIO
poOOoYOI0 3alHSITICTIO, MAJIOPYXOMUM CITOCOOOM KUTTS. [HILi
JOCTTiPKEHHS TAKOXK BUSIBUJIM BIUIMB OOMEXKEHHST aKTMBHOCTI Ha
CBixKOMY TOBITpi Ha piBeHb BitTaminy D y BaritTHux [6, 14].

Haira po6orta nmokasana, 1110 y BariTHUX 3 aediuutom/
HeAOCTaTHICTIO BiTamiHy D B aHamMHe3i yacrillie criocTepira-

nucst BukuaHi (y 29,2 %). CIHI y wiit rpyni craHoBuiio 9,06;
p = 0,0396, 110 BKa3ye Ha BIJIMB piBHS BiTaMiHy D XiHKK
Ha BUHOIIYBaHHs BariTHOCTi. A. Pirdehghan i cmiBaBT. [26]
TaKOX MOBIZOMIISIIOTH TIPO acolliallito aediuuty Bitaminy D 3
MiIBUILEHUM PU3MKOM CaMOBIJIbHUX abopTiB. Hamu He OyJio
BUSIBJICHO BILIUBY AebilUTy BiTaMiHy D y BariTHUX Ha TepMiH
recTauii Ta iHTpaHaTaJIbHY 3aru0esb 104, 1110 Y3rOIKYEThCS
3 TaHUMU OLTBIIIOCTI TOCTiIKeHb |5, 18]. HaituacTimre aedimur
BiTaMiHy D y BariTHuX acouilo€TbCs 3 MiIBUILIEHUM PU3UKOM
PO3BUTKY Tipeexitammcii [19].

Hamu He Oysio BUSIBIEHO MPSIMOI 3aJ7I€XKHOCTi Baru, J10B-
XuHU TiNa i MPK HOBOHapokeHUX Bij piBHS BiTamiHy Dy
Mmarepi. [1pu LibOMy HaMU BiI3HAYEHO TEHIEHIIIO 10 HUXYUX
MOKa3HUKiB z-score criBBinHomeHHss MPK i recrauiiinoro
BiKY B JIiTeii, HAPOIKEHUX Bill MaTepiB 3 nedilTom/HeqocTaT-
HicTio BitTaMiHy D. Takox auuie B il TpyIi BariTHUX >KiHOK
HapOXYBaJMCS JIiTH 3 Baroro MeHIIIe 3a 3 KT i TOBXKUHOIO Tijla
MeH1ie 3a 50 cM. Y Hu3Li HayKOBUX Mpallb MOKA3aHO 3aIeX-
HIiCTb BarM HOBOHaPOIXKEHOTO Bifl 3a0e3ne4yeHHs BitamiHoM D
BariTHUX, 1110 BijoOpaxayiocs B OUIbII YaCTOMY HAapOJXEHHI
JiTei 3 MaJiolo Barol abo 3aTPUMMKOIO BHYTPILIHbOYTPOO-
HOTO po3BUTKY [7, 14]. OkpeMi poOOTH MOKa3ylOTh 3HAUHY
KOPEJISLLI0 MixK TOBXWHOIO TiJla HOBOHAPOIXKEHOTO i piBHEM
MaTepuHChKOro BitamiHy D [27]. OgHak y OiablIocTi podiT
HE HABOJSTHCS JAaHi MPO BIUIMB KOHIIEHTpalii BiTaMiHy D y
BariTHUX Ha aHTPOITIOMETPUYHI MOKa3HUKU HOBOHAPOIXKEHOTO
[10, 18]. ¥ Toi1 XXe yac He BUKITIOYAEThCS MOTO BILIMB Ha iHIII
XapaKTePUCTUKU HOBOHAPOXKEHOTO, 1110 BUXOIATh 32 MeXi
BUMIipy aHTPOITIOMETPUYHUX naHuX |13, 21].

Y po6ori N. Hossain i criiBaBT. [28] moka3zaHo 3B’30K piBHS
BiTaMiHy D BariTHuX 3 OIIiHKOIO 3a Ko AMrap y HOBOHa-
pO/KEeHOro. Y HallloMY JOCHiI)KeHHI MU HE 3HAMIIIM TaKoi
3aJIEXKHOCTI, 1110 30iraeThcs 3 pe3yabraTaMy iHIIUX ydeHuX [21,
26], xoua OLiHKA 3a IIKAJIO0 ATIrap HrnK4e 3a 7 6ajiiB criocTepi-
rajacs TUTbKU B IiTeld, HAPOIKEHUX Bill MaTepiB 3 nediltutom/
HEeIOCTaTHICTIO BiTamiHy D.

BuCHOBKMU

[1IpoBeneHe OOCTiAXEHHS MOKa3a10, 0 ONTUMAaJIbHUNI
piBeHb BiTamiHy D crioctepiraetnest auiie B 32,4 % BariTHUX.
HediuuT 41 HEOOCTATHICTH BCTAHOBIEHO B 67,6 % BariTHUX
JKIHOK y TepIIOMY TPUMECTPi BarirTHOCTi. ¥ BariTHUX 3 nedi-
LIMTOM/HEI0CTAaTHICTIO BiTaMiHy B aHaMHe3i YacTillle CIocTe-
piranu Bukugdi (29,2 %).

Hamu He BcTaHOBJIEHO 3a/I€XKHOCTI Baru, JOBXWHU Tijia
IUTUHU, OLIHKY 32 1IKaJoK AMrap Bif BMIicTy BiTaMiHy D y
BariTHUX. TeHIEeH1Iisl 10 HUXKUMX TTOKAa3HUKIB CITiBBiIHOILLIEH-
Hs1 MPK i recrauiiiHoro Biky IMTMHM BKa3y€e Ha HEOOXiTHICTb
MOAAJIBIINX AOCHiIKeHb 3 BUBYEHHSI BIJIUBY PiBHS BiTaMiHy D
BariTHUX Ha aHTPOTIOMETPUYHI MOKA3HUKU TUTUHU.

Konduikr inTepeciB. ABTOpu AeKIapyIOTh BiZICYTHICTb sIB-
HMX i TOTeHUIHUX KOHMJIIKTIB iHTepeCiB, MOB’I3aHUX 3 I1y-
OJliKalli€to i€l cTaTTi.

BHecok aBTopiB. boiiuyk A.B. — KOHIIETIIis i TU3aitH 1OCTi-
IDKEHHS, pelaryBaHHS TeKCTY cTarTi; byonik T.0. — 3ai1y4eH-
HS MAlliEHTOK B JOCIIKEHHSI, MOIIIYK Ta aHaJli3 JiTepaTypHu,
CTBOPEHHSI €JIEKTPOHHOI 0a3u JaHUX, 00CTeXeHHsI, 00poOKa
KJIIHIYHMX JaHUX, CTaTUCTUYHA 0OpoOKa MaTepiajy, Hamu-
CaHHS TEKCTY.
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The level of vitamin D in the first frimester of pregnancy
and its effect on the anthropometric parameters of a newborn

Abstract. Background. The prevalence of vitamin D deficiency
appears to be increasing worldwide. Pregnant women are at risk of
developing vitamin D deficiency. Vitamin D status has a great im-
pact on both pregnancy and the fetus. Vitamin D deficiency during
pregnancy has been associated with several adverse pregnancy out-
comes. The purpose of the study was to evaluate serum vitamin D
level during the first trimester of pregnancy and its effect on the
neonatal anthropometric measures. Material and methods. A pro-
spective study among 71 pregnant women aged 19 to 42 years in the
first trimester was carried out between October 2018 to April 2020.
A survey of pregnant women (socio-demographic characteristics,
anamnestic data and diet) was conducted, and the maternal serum
total vitamin D level was determined by enzyme immunoassay.
Neonatal anthropometric parameters (weight, body length, weight/
length ratio) were measured. Results. Vitamin D deficiency was ob-
served in 41 (57.7 %) of pregnant women, insufficiency in 7 (9.9 %),
and the optimal level in 23 (32.4 %) of examined women. Women

with vitamin D deficiency were more likely to have a history of
miscarriage than those with optimal D status (odds ratio 9.06, 95%
confidence interval 1.11-73.86, P = 0.0396). We have not found
the influence of other factors (age, social status, body mass index,
number of pregnancies) on the maternal vitamin D level. There
were no significant differences between indicators of weight by age,
body length of a child by age, and Apgar scores depending on the
vitamin D levels of pregnant women. Conclusions. The study showed
that the optimal vitamin D level is observed only in 32.4 % of cases,
and its deficiency or insufficiency occurs in 67.6 % of pregnant
women in the first trimester. The study did not reveal the correla-
tion between maternal vitamin D level during the first trimester of
pregnancy and neonatal anthropometric measures. Given the trend
towards lower weight/length ratio to gestational age of the newborns
from mothers with vitamin D deficiency, further studies are needed.
Keywords: vitamin D; pregnancy; neonatal anthropometric mea-
sures
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MeXxaHi3MU PeHONPOTEKTOPHOI Al
iHriGiTOPIB HATPIN3AAEXXHOIro KOTPAHCNopTepa
FAIOKO3U 2-ro TUny (rAipAO3UHIB):
MOrASA KAIHILUCTO

Peswome. IHri6iTopu HaTpivizanexHoro KotpaHcroprepa riokoau 2-ro tuny (iH3KTI2) — ue rpyna npenaparis,
LL{O GJIOKYIOTb (hEPMEHT, KUK Bigrosigae 3a peabcopObuito I1IOKO3M i HATPIKO B MPOKCUMAITbHIV YaCTUHI HEGOPOHY.
BoHW BUKOPUCTOBYHOTLCS B KIIHIYHIVI MpaKTuLi 671M3bKO AECATU POKIB 47151 JTIKYBaHHS LyKPOBOro giabety 2-ro tury
(4A2), ane nepLui X KNiHiYHI JOCTIOXEHHS MoKa3aan MOTEeHUiViHI MOX/IMBOCTI Unx 3aco6iB L4yofo 3anobiraHHs
cepLeBO-CYANHHVM | HUPKOBUM rOAIAM. Ha cboroaHi cepes OCHOBHUX MEXaHi3MiB peHonpoTEeKTOPHOI Aii IH3KTI 2
BUAINATL: 1) 3MEHLLEHHS rinepginsTpauii/TucKy B Kiy604KY (3BY)XEHHSI MPUHOCHOI | pO3LLNPEeHHS] BUHOCHOI ap-
Tepion); 2) metabonidHuil 3cyB y GiK BUKOPUCTAHHS BifTbHUX XUPHUX KNCIIOT A1 OTPUMAaHHS eHeprii (MigByLLYeHHs
eHeproeheKTUBHOCTI Ta 3MEHLLEHHS JTINOTOKCUYHOIrO MOLLUKOAXKEHHS KNITWH); 3) aHTUrinoKcu4Hui egekT (rps-
MUk — 4epe3 3MEeHLLIeHHS OTPe6 Y KUCHI K ONocepeaKoBaHi — Yepes 30i/1bLLEHHS] FeMOrio0iHy); 4) SHUKeHHS
rnepeBaHTaXeHHs1 TUCKOM | pigVHOo; 5) npoTu3ananbHui i aHTUIGPOTUYHWY BIANB; 6) iHLLI €heKTU (3SHUKEHHS
rikemii, Macy Tina, 3HXKeHHs1 piBHs ce4oBOI KMC/10TH ToLLo). IMOBIipHO, npnsHaveHHs1 iIH3KTI2 Bukivkae yHiBep-
carnbHy KIITMHHY peakuito (aBTogbarisi), Lo Mpu3BOAUTL [0 MOSIMLLEHHS] EHEProeeKTUBHOCTI, SMEHLLIYE KITITUHHWIA
CTpec i niaBULLYE CTIVIKICTb KIITWH [O NepeBaHTaXXEHHS. SHa4YUMICTb PIZHUX MeXaHi3MiB y ¢hopMyBaHHI 3arasbHoro
eEKTY PO3PISHAETLCSA 3a/IEXHO Bif OCHOBHOI MPUHUHUN YPaXEHHS HUPOK, CyryTHLOI NaTosorii, MeTabosidyH1x 0co-
65mBoCTeV NayieHTa, CTyneHs iLuemii HUpKY ToLO. BOHa pi3HUTbCS HE TiflbKU B KOXHOIO OKPeMoro nayieHTa, ane,
IMOBIpPHO, B OJHOIO ¥ TOro camMoro nauieHTa Ha pIi3HuX CTagisix 3axBoproBaHHs. YTiM, peanizayis Umx MexaHiamis
L03BosIsiE 3anobirTv po3BUTKY/MPOrpecyBaHHIO HUPKOBOI HEAOCTATHOCTI ¥ MOAOBXUTU XUTTS NalieHTiB.
Knto4oBi cnoBa: iHri6itopm HaTpivizanexHoro KoTpaHcrnopTepa rtoKo3u 2-ro TUry; MexaHi3aMu PeHornpoTeKTop-
HoI fgii; Kiy6o4koBa rinepinbTpadis; XpoHiuHa XBopoba HUPOK; MPoginaKTnka

IHribiTopu HaTpili3aaeXHOTO KOTpaHCIOpTepa TJII0-
ko3u 2-ro tuny (iH3KTI2) — e rpymna npenapatis, 110
0J10KYIOTh (pepMEHT, SIKMI1 BiAmoBigae 3a peadcopOllito
IJIIOKO3M i HAaTpilo B MPOKCUMAaIbHIN YacTUHI HedpoHa.
BoHu BUKOPHCTOBYIOTHCS B KJIiHIYHIN MpakTUIli OJU3bKO
IEeCSITA POKIB IS JIIKyBaHHS IIyKPOBOTO [ia0eTy 2-To TUITY
(LI12), anme BUSIBUIIM TIOMipHi aHTUTINIEPIJIiKEMiUHi BJIacTH-
BOCTI. ¥YTiM, mepii XX KiiHiuHi gocmimkeHHs (EMPA-REG
OUTCOME, CANVAS, DECLARE-TIMI 58) noka3zanu
MOTEeHLIHI MOXJIMBOCTI LIMX 3aCO0iB 11010 3aM00iraHHs
HebOaxkaHUM CepLEBO-CYAMHHUM i HUPKOBHUM IIOMisSIM Y

xBopux i3 LIJI2 [1]. [ToBopoTHUMU MOMEHTAMM JIsI OiTbIIT
IIMPOKOTO BIPOBAKEHHS MperapariB CTaau TOCTiKeHHS
DAPA-HF (2019 pik) [2] i DAPA-CKD (2020 pix) [3], sxi
Brieplle He3alexXHo Bin HassBHOCTI LIJ1 moBenu edekTus-
Hictb iH3KTT 2 nanariiciio3nHy B Mali€HTIB i3 XpOHIUHOIO
cepueBoro HemoctatHicTIO (XCH) i XxpoHiYHOIO XBOpOOOIO
HupokK (XXH) BianosinHo.

Janarmicpio3rH y HUX JOCTiKEHHSIX He TUTbKY BIUIM-
BaB Ha nporpecyBanHsg XCH a6o XXH, aie it 3MeH1IyBaB
IMOBIPHICTb CMEPTi Bil CEpPLIEBO-CYAMHHMX i BCiX MPUYMH.
[IpoTsiroM ocTaHHIX IBOX POKIB OTpUMaHi JOHATKOBI ITifd-
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TBepmKeHHs no3uTtuBHoro BriuBy iH3KTI2 (B ocHOB-
HOMY eMna- i nanariiyio3uHy) y LUX KaTeropii XBopux
i BUCBiTJICHI HOBi HIOAHCH IIOAO IX 3aCTOCyBaHHs. Taka
oe33arepeuta epektuBHicTE iH3KTI2 ogHOYacHO y XBO-
pux i3 A2, XCH i XXH craButh 6arato 3anuraHb 111010
MOXJIMBUX MeXaHi3MiB ix nii. Y1 obymoBiieHa 1151 e(heKTUB-
HICTb BIJIMBOM Ha yHiBepCaJlbHi MaTOreHEeTUYHi JIJAHKU TIPU
Pi3HMX 3aXBOPIOBAHHSX, UM TMPErapaT MaloTh HE3aIEXHI
MeXaHi3MU [Iii Ha pO3BUTOK KOXXHOTO i3 IMX 3aXBOPIOBaHb?
baraTto 3 11ux 3anUTaHb JUIIAIOTHCS 0€3 OCTATOYHOI Bifl-
MOBIiji, ajile ITeBHI MOMEHTH BXe 3’sicoBaHi. JlaHuii orsiz
MPUCBSTYCHUI MOXJIMBUM MeXaHi3MaM PeHONPOTEKTOPHOI
nii iH3KTI.

BBaxaeTbcs, 1110 yHiBEepCaJIbHOIO peakili€elo HUPKU Y
BIATIOBiAb Ha BTpaTy YacTMHU HeDPOHIB (HEe3aJIeKHO Bif
MeXaHi3MiB IIiei BTpaTu: riioMepynoHedpit, rinepreHsis,
11JI To1110) € minBUILIEHHS TUCKY I TinepgiabTpallis B KIy-
00uYKax HePOHIB, SIKi JIMIITWINCS HEYIIKOMKEHUMH. TaKum
YHOM HUpPKa HaMara€eThes MiATpUMaT GilbTpyBaibHi Bla-
cruBocTi. | gificHO, Ha MOYaTKOBMX eTanax 1ie 3a0e3rneuye
HOpMaJi3alio ad0 HaBiTh MiABUILEHHS IIBUIKOCTI KIy-
60ukoBoi ¢insrpauii (LLIK®). Xoua naToreHes rinepreHsii
Ta rinepdiybrpallii € CKJIagIHUM i Ma€ MeBHI 0COOJIMBOCTI
MPU Pi3HUX MATOJIOTiSIX, Y OUIBIIIOCTI BUIAAKIB iX PO3BUTOK
00YMOBJICHU PO3IIMPEHHSIM ahepeHTHOI Ta 3BYXKEHHSIM
eepeHTHOI apTepios yepes3 3aIydeHHsI MeXaHi3My TyOy-
JIOTJIOMEPYJISIDHOTO 3BOPOTHOTO 3B’SI3KY Ta aKTHUBAIlilO
peHiH-aHrioTeH3nHOBOI cuctemu (PAC) [4, 5]. Yrim, Tpu-
BaJie MiATpUMAaHHS BUOUIbHOI (DYHKIIiI HUPKM 3a paxXyHOK
nepeBaHTaXXeHHsI He(ppoHiB € 3ryoHuM. [inepdinbrpaltist
30i1bIyE (hi3UHE HABAaHTAXKEHHS Ha KaIliIapy KIyOOuKiB
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PucyHok 1. Bnnus iH3KTI2 Ha remoguHamiky B Kiy-
604ky. bnokaga H3KTr2 i Na*/H*-o6minumnka 3 (NHE3)
npu npuviomi iH3KTI2 npuBoanTb 40 36i/bLUEHHST KOH-
yeHTpayii Na* y nepBuHHIA ce4i Ta 3a paxyHOK Ty6y-
JIOr/IOMepysipHOro 3BOPOTHOIro 3B’SI3KY CMPUSIE 3BY-
JKEHHIO MPUHOCHOI i po3LNpPeHH BUHOCHOI apTepion,
3MeHLLYE rinepghinbTpayito i TUCK y KITy604Ky

i QimBTpalio TyOyJIOTOKCUYHUX (haKTOPiB (aIb0yMiHy, TOp-
MOHIB POCTY, KiHIIEBUX MTPOYKTiB IJ1iKyBaHHs). B3aeMonis
nux GakTopiB i3 CUCTEMOIO KaHaJbIIiB OTpeOy€e gomaT-
KOBOI €Hepril 11 3HEIIKOKEHHSI, TOMY CITPUSIE TiMOKCii,
TMoripiIye aBTodarito, a TaKoX 3alyCKa€ OKMCHIOBAJIbHUI
cTpec, 3amajeHHs i piopo3. [TocTymoBo KiabKicTh He(pOHIB
BTpAva€ThCs i, HE3BaXKalouM Ha rinepdinbrpailito Ha piBHi
OKpeMoro HedpoHa, rimodaabHa (PYHKIISI HUPKU ITOYMHAE
noripuryBaTtucs. Taki OCHOBHi MOJOXEHHS Teopii rimep-
dinprpariii, sika 0yna chopmynboBaHa B. Brenner i criiBaBT.
e B 1996 polli Ut TOSICHEHHS PO3BUTKY I MPOrpecyBaHHS
XXH [4]. 3rinHo 3 1i€1o Teopi€to mpenapartu, sIKi 3MEeHIITY-
BaTUMYTh TUCK Y KJIIyOOUKY, OyIyTh MaTH PEHOIIPOTEKTOP-
Hi Bi1acTuBOCTi. Lle 3HalIUIO MiATBEPAKEHHS B pealbHii
npakTuili. brokaropu PAC 3aBasgku po3mmpeHHIO BUHOC-
Hoi (edepeHTHOT) apTepionu (MOJINIIeHHs BiATOKY KPOBi)
3HUXKYIOTh TUCK Y KIYOOUKY i IIpy TpUBaJIOMYy IpUOMi
YITOBUJIBHIOIOTH TTPOTPECYBaHHSI HUPKOBOI HEIOCTaTHOCTI.
3MeHIIIeHHSI TUCKY Ta rinepdiibTpallii B KJIyOOUYKYy po3-
[JISIIAETHCS] TAKOX SIK OCHOBHUI MeXaHi3M PEHOTIPOTEK-
topHoro edekty iH3KTT2, ane 1eit ebekT peanizyeTbest
3a paxXyHOK TYOYJIOTJIOMEPYJISIPHOTO 3BOPOTHOTO 3B’SI3KY
[5]. bokana H3KTI2 cipusie minBUIIEHHIO KOHLIEHTpALIii
HaTpilo B MEPBUHHIN cevi 3a paxyHOK 3MEHIIIEHHS MOoro
peabcopO1ii B IpOKCUMAIbHOMY KaHAJIbIli. 301IbIIIEHHS
KOHIIEHTpallii HaTpPilo YJIOBIIOETHCS KJIITUHAMU IIJILHOT
sty (macula densa) y BUcxifgHiit yactuni et [enne, siki
MOYMHAIOTh HOT0 aKTUBHO NMOTMHATU. Takuil mepeposmno-
IIiJT HATPil0 CTBOPIOE OCMOTUYHMI TPANI€HT, KITITUHMU IIiJIb-
HOT TUISIMU TIOCTYITIOBO HaOyXaloTh i BTpavyaloTh YaCTUHY
MoJieKyJ1 aneHo3uHTpudocdary (ATD). YV no3akIiTHHHOMY
rpoctopi AT® 3a 10IMOMOIoI0 HYKJIEOTUIA3H ITEPETBOPIO-
€ThCSI Ha aJICHO3MH, SIKUI 3B’SI3y€ThCs 3 Al-peLientropaMu
Ha KIITUHAX TJIaAKUX M’s3iB apepeHTHUX (IIPUHOCHUX)
apTepiosi i BUKJIMKAE MiABUILIEHHS iX TOHYcy (puc. 1). e
3MEHIIY€E TIPUILJINB KPOBi A0 KIyOOUYKa, 3HUXKYE TUCK i
rinepdinprpaitito B Hbomy [5]. JlomaTtkoBUM MexaHi3MOM
301IbIIEHHS HAaTPilo B AUCTaJIbHINM YacTUHI HeppoHa (Oi1st
macula densa) € Te, mo iH3KTI2 Takox MOXyTb 3HUXY-
Batu akTuBHicTh Na*/H*-o0minHuka 3 (NHE3) — iHioro
TpaHCIIOpTepa HaTpilo, JoKarizoBaHoro nopsan i3 H3KTI2
Y IPOKCHMAaTbHUX KaHAJBIIIX [6].

OcraHHI JOCTIIKEHHS CBiTJaTh PO Te, 110 B 3MEHIIICH-
Hi rinepdinbrpaltii Ha TJ1i 3acTOCYBaHHS Harariio3uHy
HaBiTh OiMIBIITY POJIb Biflirpa€ po3IIMpeHHs ehepeHTHOI ap-
tepionu [7] (K i mpu 3actocyBaHHi O6yokatopiB PAC) 3a
pPaxyHOK BIUJIMBY aJieHO3UHY Ha A2-pelienTopu IMIaJKux
M’s3iB. Otxxe, 6mokaropu PAC Ta iH3KTI2 mitots cuHep-
TiYHO i 32 paxXyHOK Pi3HUX MEXaHi3MiB MPU3BOISTH 10 3MEH-
LIeHHS rinepdinbrpalii B KITyOOUKY, 110 JIEXKUTb B OCHOBI iX
PEHOITPOTEKTOPHOI Mil.

SHIKEHHST TUCKY B KJIYOOUKY JTa€ MO3UTHUBHI e(heKTU B
JIOBFOCTPOKOBIH MEepCNeKTUBI, ajie Bijipa3y IicJisl Mpu3Ha-
yeHHs iH3KTI2 Moxke Mpu3BOAUTH A0 KOPOTKOCTPOKO-
BOTO ITiIABUIIEHHS PiBHSA KpeaTnHiHy/3HMXeHHs [TTK®.
3a JaHUMU KJIiHIYHUX TOCHiKeHb, 3HXKeHHs LTKO (y
cepenHboMy Ha 5 MJi/xB/1,73 M?) csrae cBOTo MiKy yepe3
1—2 TwkHi micas movatky Teparii. IIIK® moctynoso Bi-
HOBJTIOETHCS MPOTATOM 3—9 Mics11iB, MiC/Is YOTO CTA€ 3HAY-
Ho BuIoio Ha ¢oni 3actocyBans iH3KTI, Hix y rpymi
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mwrane6o. LlikaBo, mo mepBrMHHA peakilis Ha IIpU3HaAYeH-
Hs1 iH3KTT2 moxe O0yTu pizHoto. HemonasHiit cybaHa-
ni3 mocraimkeHnHs EMPA-REG OUTCOME (manienTu i3
L2 i noBeneHUM aTepocKIepo30M) MOKa3as, 1110 3aJIEKHO
Bin nuHamiku [IK® nporsroM nepiimx 4 TUXKHIB Teparil
iH3KTI2 nauieHTyt MOXyTh OyTH pO3MoiieHi Ha 3 miarpy-
v [8]. o mepuioi miarpynu (28 % nailieHTiB) HajlexXaThb
xBopi i3 cyrreBuM (> 10 %) 3HmkeHHsaM pILIIK® (tak 3BaHi
dipper), no apyroi (41 % nmaiieHTiB) — XBOpi 3 HE3BHAYHUM
sHkeHHsIM pLIK® (0—10 %) i no tpetboi (31 % naitieH-
TiB) — XBOpIi, Y IKMX 3HUXXEHHSI HE CIOCTEpiraeTbcs abo
plIK® mnigBuiyerbesi. 3a pe3yiabraramu 6aratodakTop-
HOTO aHaJli3y MpeIrMKTOpaMM CYTTEBOTO 3HWXKeHHsT [ITKD
Ha moyatky npusHadyeHHs: iH3KTI2 BusiBunucs cymyTHiit
MIPUIOM IiypeTUYHOI Teparlii i KaTeropist pu3nKy 3a KpUTe-
pismu KDIGO (cranis XXH/cTyninb npoteinypii). YriMm,
BUpPaXeHicTb mouatkoBoro 3HmxeHHs LIIK® He BrunBaia
Ha G6e3neuHicTb nogaibinoro npuitomy iH3KTI2 Ta edex-
TUBHICTb 3aI00iraHHs CepleBO-CYIMHHUM i HUPKOBUM
ycknamHeHHsIM. Y pociaimkeHHi DAPA-HF (manienTu 3
XCH 3/6e3 L1/12) 3amxkenHs plLLIK® > 10 % npotsirom rep-
mmx 14 nHiB TiKyBaHHS Ha (DOHI MPUITOMY JaIartihI03uHy
Bin3Havyamu B 38,2 % marieHTiB (y rpymi rane6o — 21,0 %
nauieHTiB) [9]. Llbomy cripusiiu JIiTHIN BiK, HUXXYa TToyat-
koBa pLIIK®, Buina dpaxuis Bukuay i HasiBHicTh L1J12.
AJte KiJIbKiCTh MamieHTiB 3i 3HmkeHHaM pIIIK® > 10 % na
¢oHi manartiduo3uHy Oyja HaliMEHIIIOIO Cepell XBOPHUX 3
noyatkoBoio pLIIK® < 45 mn/xB/1,73 M? (8,9 % manieHTiB),
npu oMy adbcomoTHe 3HMKeHHs pIIIK® y 1mux xBopux
craHoBumII0 Juie 2,9 Mi/xB/1,73 M>. Y IbOMY TOCTiIKEHH
TaKOX IoyaTkoBa peakiisd Ha npusHauyeHHs iH3KTI2 3
00Ky (byHKIIil HUPOK He acolliloBajiacs 3 MoAIbIION AMHA-
Mmikoto pILIIK® a6o KiabKicTIO MOOiYHUX e(heKTiB.

Teopis rimep@dinbTpallii € JOTiYHOIO i 3PO3yMinoI0.
BoHa 103B0JIsiE MOSICHUTU MEXaHi3M PEHONPOTEKTOPHOI il
iH3KTT i 6mokaropiB PAC. Aile ocTaHHIM 4acOM BUHUKAE
JIOBOJIi 6araTo MMTaHb IIOJO ii CIIpaBeIMBOCTI. Bussmiro-
Csl, 110 iHTi0ITOpU aHTI0TeH3MHIIEPETBOPIOIOYOT0 (hepMeH-
Ty Ta aHTAroOHiCTU MiHEPaJIOKOPTUKOITHUX PElIeTITOPIB He
YIOBUIBHIOIOTh BTpaTy HepoHiB y nauieHTiB i3 XCH, He-
3BaXKar04M Ha 3HIDKEHHS THCKY B KJT1y0ouKy [10]. HaBmakm,
0JioKana HeMPUJTi3MHY MPY 3aCTOCYBaHHi CaKyOiTpuITy/Ba-
capTaHy 3HWXKYE PU3HK CEPUO3HUX HUPKOBUX YCKIIAAHEHb Y
MAali€HTIB i3 CEPLEBOIO HEAOCTATHICTIO, HABITh HE3BAXKAIOUU
Ha nuiaTaliio apepeHTHOI apTepiosun, CIPUINHEHY 30i1b-
LIEHHSIM IUKJTIIYHOTO TyaHo3uHMOHodocdary [11]. OcraH-
Hi JOCTiI>KEHHSI TAKOXK CBiIYaTh, 1110 He(POIIPOTEKTOPHUMN
edeKT He 3aJ1eXKUTh Bil BEJIMUMHU ITOYaTKOBOTO 3HMKEHHSI
LI K® nipm inimiamii Teparmii iH3KTI2 [8, 9]. Yrim, came
Teopis rirnepdiabTpallii Ha CbOroAHI JUIIAETHCS OCHOBHOIO
B nmosicHeHHi nmo3utuBHoro BrumBy iH3KTI2 Ha dyHKIIifO
HUPOK.

OkpiM BIUIMBY Ha reMOMHaMiKy B Kiyoouky, iH3KTI2
MaloTh HU3KY JOJATKOBUX BIACTUBOCTEH, SIKi MOSCHIOIOTh
X MO3UTUBHUI BIUIMB Ha PO3BUTOK i mporpecyBaHHsI XXH.
[To-nepiue, 11e MeTabOIIYHUIA 3CYB, SIKUI MOJISITa€E B OiTb-
IIOMY BUKOPMCTaHHI BUTbHUX XXUPHUX KucaoT (B2KK) ms
BUPOOHUIITBA eHepTii. AKTMBHa peadbcopOIlis TIIOKO3H,
oco6yimBo B nallieHTiB i3 LI/, 36inbl1ye 1 JOCTYIHICTD Y
HUPKax i CIIPUSIE TOMY, 110 TIIKOJIi3 CTA€E OCHOBHUM JIXKe-

penoM eHeprii. Lle mpu3BOaUTH 10 HAKOMMYEHHSI BHYTPIIII-
HBbOKJIITUHHUX JiMiJiB, SIKi BUKJIUKAIOTh MOLIKOIXKEHHS
KJIITYH i MiACWIIOITH pO3BUTOK (ibpo3y [12, 13]. biokama
peabcopOirii roko3u npu 3actocyBanHi iH3KTI2 cyr-
TEBO 3MEHIIYE ii KOHIIEHTpallil0o B KJIiTUHaX HepoHa i
MPU3BOAUTH 10 METAOOIYHOTO 3CYBY B OiK OibIII €HEPTO-
e(beKTUBHOTrO OKMCHEHHsT KopoTKosaHioropux BXKK [14].
Taxwit mepexin, OKpiM CyTO eHepreTMIHOI BUTOIU, 3MEHIILYE
JIIMOTOKCUYHE TTOIIKO/IKEHHS KJIITUH i 3amobirae ¢iopo3sy.

JpyruM BaXKJIMBUM MEXaHi3MOM € aHTHUillleMiYHUM
edext iH3KTI2. PeabcopOuist rmoKo3u i HaTpilo € 10-
CUTb €HEPro3aTPaTHUM MPOLIECOM, IKUI CYTTEBO 301IbLIYE
MoTpedu KipKoBOi pe4OBMHU HUPOK Yy KucHi. EHeprist Bu-
KOPHUCTOBYEThCST Ha poboty Nat/K '-ATda3u mis Bigka-
YyBaHHS 3 eriTeliabHUX KJIITUH MPOKCUMAaJIbHOT YacTH-
HU HepOoHA HAUTUIIKY HATPilO, SIKU HaIXOAUTh 10 HUX
pa3oMm i3 rioko3010 [15]. Take iHTeHCUBHE CIIOXKUBaHHSI
KHCHIO B ITPOKCUMAJILHOMY Bimijii HeppoHa 3MEHIIIY€E iOoTo
HaAXOMKEHHS 10 YaCTUHU KaHaIbIiB, SIKi 3HAXOASThCS
Y MO3KOBiil peuOBHUHI HUPKU, i OOYMOBIIIOE X TiMOKCiI0
[16]. Briokaga H3KTT2 3MeHIIye MOTpeOW HUPOK Y KUCHI
1 TIOJIITIIIYE M10TO JOCTYIMHICTh Y MO3KOBIili peuoBuHi [17].
3MeHIIeHHST YTBOPEHHSI aKTUBHUX (DOPM KUCHIO TaKOX
ITiIBUIIYE XUTTE3AATHICTh MO3KOBOI PEUOBUHU. Y LILOMY
TOJIsITa€e MpsiMa aHTUTIMOKCUYHA JIisl TIperapariB. 3 iHII0-
ro 00Ky, 30iiblIeHHsT peabcopOiii Na y nucTanabHiit ya-
CTHHi HepoHa I MepeKTIoYeHHST MeTaboJ1i3My 3 TITIOKO3U
Ha BXKK Ha ¢oni npuitomy iH3KTI2 iMmiTytoTh illiemito
Hupkxu. lle 3MiHIO€ cniBBimHOIIEHHS (PaKTOPiB, iHIYKO-
BaHux rinokciero (HIF — hypoxia induced factor), a came:
3MeHInye aktuBHicTh HIF-1 i/a6o migBulllye aKTUBHICTh
HIF-20, o cnipusie cMHTE3y epUTPOIIOETUHY i MiIBUIILYE
piBeHb IreMOIJIO0iHY. Y LIbOMY MOJISITA€ OMOCEPEAKOBAHUM
MexaHi3Mm aHTurinokcnyHoi mii [18]. IH3KTI2 momimmryioTs
nposidepaiiito, Mirpaitito i gudepeHiaiito eHaoTEiaTb-
HUX KJIITHH, a TAKOX 30iIbIIYIOTh Oi0OIOCTYIIHICTb OKCHUIY
a30Ty, 110 TaKOX CIIPUSIE peaslizallil X aHTUTIMOKCUYHUX
BJactuBocteii [19].

YucneHHi AOCHIIKEHHS W MeTaaHasli3u BUSBUINA
cnpusitauBuii Bruiu iH3KTI2 Ha piBeHb apTepiaabHOro
THCKY. ¥ cepeIHbOMY 1Ii IpeIapaT 3HIKYIOTh PiBEHb CH-
CTOJIIYHOTO I 1iaCTOMIYHOrO TUCKY Ha 3—4 i |—2 MM pT.CT.
BimmoBimHo [20]. SIK MOXIMBI MeXaHi3MM TaKOTO e(eKTy
pO3IJISiAaloTh 3MEHIIIEHHST 00’ €My TIJIa3MU, BTpaTy Baru,
Kpallluii MIiKeMiYHUI KOHTPOJIb (y MaLi€EHTIB 3 AiabeToM
abo nepea1iabeToM), 3MEHIIIEHHS 3aTajeHHs 1 X)KOPCTKOCTI
apTepiil i moyiniueHHs1 eHAoTeialbHOI (PyHKIIT. BBaxaeThb-
Cs1, 110 HAMOLIBII BaXKJIMBUM € 3MEHIIEHHS 00’ €My IIJIa3MU
3a paxyHOK KoMOiHOBaHOro (ocMo- i HaTpiltypes) aiype-
TuyHOro edexry [21]. OcMoTUUHMI aiype3 (3a paxyHOK
rIoKo3ypii) moxke nocsiratu 400 mi1/mo0y, aje 3MEeHIITYETbCS
3i 3MeHIIIeHHIM Tinepriaikemii. HaTpiitype3 € moMmipHuM i
31e01TbIIIOr0 TAMYACOBUM, SIK ITPABUJIO, He MPU3BOIUTH 10
CYTTEBUX 3MiH KOHIIEHTpAILLil €JeKTPOIITIB y T1a3Mi Kpo-
Bi [22]. Taka KoMOiHOBaHA AiypeTUYHA Hisl HAa BiOMiHY Bif
Tia3WIHUX i ETIbOBUX AiYPETUKIB CIIPUSIE TIEPEPOIIOILTY
PiIVHU MiX BHYTPIIIIHBO- i TO3aKJIITUHHUM, a TAKOX BHY-
TPIlIHBO- i TTO3aCYAMHHUM IPOCTOPaMHU, 1110 MA€E JOAATKOBI
nmo3uTuBHI edexktu [23]. Huska nociakeHb MOB’ I3yI0Th
rimoreH3uBHUi1 epext iH3KTI 2 i3 mpurHiveHHSIM cuMIIa-
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TUKOTOHII, IO MiATBEePIKYETHCS 3HIKEHHSIM PiBHS TUPO-
3UHTIAPOKCUIIa3U 1 HOpaJpeHasliHy, a TAKOX BiICYTHICTIO
30UIbIIIEHHS YACTOTU CePLIEBUX CKOPOUYEHb Y BilMOBIAb Ha
3HIKEHHST apTepiaIbHOTO TUCKY I 00’eMy Imtazmu [24].
3HMKEHHS apTepiaJbHOTO TUCKY, 0€3CYMHIBHO, CIIPUSIE
3aXMCTy HUPOK, YTiM, YMOBHO BBaXKa€ThC, 1110 He(POTIPO-
tekTopHUii epekt iH3KTIT2 meHire Hixk Ha 10 % 00ymMOB-
JICHUH X TIMOTeH3MBHUMM BIACTUBOCTSIMU [25].

[MpusnayenHst iH3KTI2 acouiroeThbes 3i 3HMXKEHHSIM
MapKepiB 3anajaeHHs i Giopo3sy, 30KpeMa simepHoro dax-
Topa kanma B (NF«kB), intepneiikiny-6 (IL-6), MoHO-
LUTapHOro XxeMoaTpakTaHTHOro npoteiny 1 (MCP-1),
MaTpuKcHoi MeTtanonpoteinazu 7 (MMII-7) i piopoHek-
THHY-1 [26].

OpmHak may»e BaKKO BiIpi3HUTHU MPSIMi IPOTU3aMaIbHi i
aHTUGhIOPOTUYHI eDeKTH MpU MPU3HAYEHHI LIKX TIpernapaTiB
Bil BTOpMHHMX €(heKTiB, CIPUUMHEHNX TeMOIMHAMIYHUMU
3MiHAMU { TOJIIIIIEHHSIM BYIJIEBOIHOIO OOMiHY, TOMY Iie
MUTAHHS TOTPEOYE MOAATBIIOTO BUBUEHHS.

IH3KTI2 3H1XYyI0Th piBeHb YpaTiB Y CMPOBATILIi KPOBi
3a paxyHOK 30iJIbILIEHHSI 1X BUBEAEHH: i3 cevero. Lleit epekT
OB’ SI3YIOTh i3 3HMKEHHSIM peadbcopOllii ypaTiB y MpOKCcH-
MaJbHOMY KaHaJIblli i1 30MpaibHUX TPpyOOUKaX 3aBASIKU
KOHKYPEHTHOMY 3aBaHTaxkeHH1o TpaHcnoprepisB GLUT-9
(i3ocopma b) Ta URAT1 npu migBuilleHHi KOHUEHTpalii
IJ1I0KO3M B MepBUHHIN cedi [27]. OcTtaHHill MeTaaHai3
(43 nocnimxennsi, 31 921 nailieHT) Mokasas, 110 Tepartist
iH3KTI2 acouitoeThesl 3i 3HUXKEHHSIM PiBHS YpaTiB SIK Y
manienTiB i3 LI [—31,48 Mmxmonb/m; 95% noBipunii iH-
tepsan ([I): Bim —37,35 o —25,60], Tak i B mauieHTiB 6e3
L [-91,38 Mxmounb/a; 95% Al: Bin —126,53 mo —56,24].
[Tpu 11boMy ypuKO3ypHuuHa Jisl TIperapariB 3HUXYEThCS 3
nporpecyBaHHIM auchyHKUil Hupok [28]. nepypuke-
Mis 4epe3 iHOyKIIiio 3aItaJeHHs, OKICHIOBAJIbHUI CTpecC,
eHjoTeNanbHy aucyHKIio Ta aktruBaliito PAC cripusie
MpOrpecyBaHHIO TyOyI0iHTepcTULIiabHOrO (hidpo3sy. OTXe,
iH3KTI2 MoxXyTh onocepeIKoBaHO CIIPUSITUA 3aXUCTy HU-
PKOBHMX KaHaJbLIiB IIUISIXOM 3HUKEHHS PiBHS CEYOBOI KUC-
JIOTU B CUPOBATIli KPOBI.

JlikyBanHst iH3KTT 2 nmpu3BoauTh 10 CYTTEBOTO (MpU-
0JIM3HO Ha 5 KT) 3HIKEHHSI Bard, y IIepIIy Yepry 3a paxXyHOK
BTPaTH XXUPOBOi TKAHUHMU [29], 110 cripusie 3MEHIIEHHIO
iHCYJIIHOPE3UCTEHTHOCTI ¥ MO3UTUBHO BILIMBAE HAa (DYHK-
ito Hupku [30].

OcTaHHIM yacoM [UIsl TTIOSICHEHHSI MeXxaHi3MiB nii
iH3KTI2 (y Tomy yuncii peHOTIpOTeKTOPHOI /1ii) HabyBae
MOIYJISIPHOCTI TEOPisl CUrHai3allii Mpo HeTOCTaTHICTh MO~

KMBHUX peYOBMH, a00 Tirmore3a aBTodarii, sika 0ysa cdop-
MyaboBaHa M. [Mapkepom [31]. B ocHOBI 11i€i Teopii 1eXUTh
MPUIYILIEHHS, 0 BTpaTa YaCTUHU KaJlOpiil 3a paxyHOK
BUBEICHHS TJIFOKO3U i3 ceuero rpu npusHadeHHi iH3KTI2
BUKJIMKA€E YHiBepCaJlbHYy KJIITUHHY peakililo, IMoaioHy 10
TaKoI1 IMPU TOJI0YBaHHI, SIKa TOJISITAE€ B aKTUBALlii ITPOLIECiB
aBTodarii (mpouec nepeTpapiaeHHs KJIiTUHOIO BIACHUX Op-
raHes i AUISTHOK LIUTOTUIA3MU 3a JOTIOMOTOIO JIi30COM ISt
1M030aBJICHHS Bijl CTApMX i MOIIKOMIXKEHUX YacTuH). 151 3a-
ITyCKY Lii€i 6iooriuHoi peaxiiii Ha i JikyBanHs iH3KTI2
301BIIYETHCS €KCIPECisl Ta aKTUBHICTh MPOTETHKiIHA3M,
aKTMBOBaHOI ajgeHo3uHMOoHodochatom (AMPK), SIRT1
(cupryin-1), SIRT3 (cupryin-3), SIRT6 (cuptyin-6) i Ko-
akTuBaropa l-anbda peuentopa, KUl aKTUBYETHCS TTPO-
sicpeparopom niepokcrucom ramma (PGCl1-a), i 3HUXKY€ETbCS
aKTHUBallisl MileHi panaminuHy ccaBiiB (mTOR) [31—-34].
HacninkoMm aBTodarii Ha KJIITUHHOMY PiBHI € OCUJIEHHS
AQHTHOKCHUIAHTHUX MEXaHi3MiB, 3MEHILIEHHSI HaBaHTaXKECHHSI
Ha eHI0IIa3MaTUYHUIA PETUKYIYM, BiTHOBICHHS (DyHKIIi1
Ta 30UIbIIIEHHS KiJIKOCTI MiTOXOH/Piil, 8 HA TKAHUHHOMY
PiBHI — 3amo0iraHHs alonTo3y i CTapiHHIO KJIITUH, 3MEH-
LIEeHHsI 3anajaeHHs i1 (piopo3y. JocimkeHHsS OCTaHHIX POKiB
MoKa3aJiu, 110 MoAiOHe KIIITUHHE MepenporpaMyBaHHsI Ha
i npuiiomy iH3KTI2 crocTepiraerbest TaKoxX B i30J1b0-
BaHUX KyJIbTypax KJIITUH, 1110 BKa3y€E Ha MpsIMY (He3aJIeKHY
BiJl INIFOKO3Ypil) Aito KX Mpernapartis [32—34].

OTXe, HA CHOTOMHI cepell OCHOBHMX MEXaHi3MiB pe-
HorpotekTopHoi nii iH3KTI2 MoxHa BUAIIATY HACTYITHI
(puc. 2): 1) 3MeHIIeHHS rinepdiabrpallii/TUCKY B KIIyOOUKY
(3BY>KEHHSI TPUHOCHOI Ta PO3LIMPEHHS BUHOCHOI apTe-
pioi); 2) MeTaboiuyHUi1 3cyB y O0ik BukopuctaHHs B2KK
TSl OTpPUMAaHHSI eHeprii (MigBUILIEeHHS eHeproeeKTUBHOCTI
Ta 3MEHILEHHS JIIMOTOKCUYHOTO MOIIKOIKEHHS KJIITUH);
3) aHTUTINOKCUYHUI e(PeKT (MPSIMUI — Yepe3 3MEHIIICHHS
notped y KMCHI i orocepenKoBaHUI — yepe3 301IbIIEeHHS
reMoryio0iny); 4) 3HMKEHHS TIepeBaHTaXKeHHS TUCKOM i
pinnHOI0; 5) MpoTU3anaJbHMIA | aHTU(hIOPOTUYHMIA; 6) iHIII
edekTu (3HXKEeHHS ITiKeMil, Macu Tijia, piBHs C€40BOI KKC-
Jiotu Touno). IMoBipHO, mpusHaueHHs iH3KTT2 Buknukae
yHiBepcajibHy KJITUHHY peakiiio (aBTodaris), sika npu-
3BOIUTH 10 TIOJIMIIEHHST eHEProe(EeKTUBHOCTI, 3MEHIIIYE
KJIITUHHUIA CTPEC i MiABULLYE CTIMKICTh KIIITUH 10 Mepe-
BaHTaxXeHHs npu po3ButTky 12, XCH i XXH. 3naun-
MiCTb pi3HUX MeXaHi3MiB y (hopMyBaHHi 3arajibHOTO eheKTy
PO3Pi3HSETHCS 3aJIe3KHO Bill OCHOBHOI MPUYMHU YpaxkKeHHS
HUPOK, CYITyTHBOI MTATOJIOTii, METabOIIYHIX 0COOINBOCTEN
nali€eHTa, CTyMneHs ilemii Hupku Touio. BoHa pizHUTBCS

lemognHamika B Kny6o4Ky
| rinepdineTpauii

| piBHA ce4OBOI KMCNOTU

\
-

| TUCKy B Kny604Ky
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(rmoko3a — BXKK)

OCHOBHi
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mexaHiamm iH3KTIr2
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<
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PucyHok 2. OCHOBHIi peHonpoTeKTopHIi mexaHiamu iH3KTI2
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HE TUIBKM B KOXHOTI'O OKPEeMOro IaIli€HTa, aje, iMOBipHO,
B OJTHOT'O I TOTO cCaMOoro Mali€eHTa Ha Pi3HUX CTaisIX 3aXBO-
pIOBaHHSA. YTiM, peaizallis uX MeXaHi3MiB J03BOJISIE 3aI10-
OIrTH PO3BUTKY/TIPOrpeCyBaHHIO HUPKOBOI HETOCTATHOCTI
1 MOMOBXUTHU XKUTTS MALLiEHTIB.

KondikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiICYTHICTh
KOHIIIKTY iHTepeciB i B1acHOI (piHaHCOBOI 3alliKaBICHOCTI
MpU MiArOTOBIII TaHOI CTAaTTi.
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Mechanisms of renoprotective action
of sodium-glucose cotransporter-2 inhibitors (gliflozins):
a clinician’s view

Abstract. Sodium-glucose cotransporter-2 inhibitors (SGLT2i)
are a group of drugs that block the enzyme responsible for the reab-
sorption of glucose and sodium in the proximal part of the nephron.
They appeared in clinical practice about a decade ago for the treat-
ment of type 2 diabetes mellitus, but the first clinical studies showed
the potential of these agents in preventing cardiovascular and renal
events. Among the main mechanisms of the renoprotective effect of
SGLT?2i, the following are distinguished now: 1) reduction of hyper-
filtration/pressure in the glomerulus (narrowing of the afferent and
dilation of the efferent arterioles); 2) metabolic shift towards the use
of free fatty acids for obtaining energy (increasing energy efficiency
and reducing lipotoxic damage to cells); 3) antihypoxic effect (di-
rect — due to a decrease in oxygen needs and indirect — due to an
increase in hemoglobin); 4) reduction of pressure and fluid overload;
5) anti-inflammatory and antifibrotic effects; 6) other effects (de-

crease in glycaemia, body weight, uric acid level, etc.). Presumably,
SGLT2i administration causes a universal cellular reaction (auto-
phagic flux), which leads to improved energy efficiency, reduces
cellular stress and increases the resistance of cells to overload. The
significance of various mechanisms in the formation of the overall
effect differs depending on the main cause of kidney damage, con-
comitant pathology, metabolic characteristics of the patient, degree
of kidney ischemia, etc. It is different not only in each individual
patient, but, probably, in the same patient at different stages of the
disease. However, the implementation of these mechanisms allows
preventing the development/progression of kidney failure and pro-
longing the life of patients.

Keywords: sodium-glucose cotransporter-2 inhibitors; mechanisms
of renoprotection; glomerular hyperfiltration; chronic kidney di-
sease; prevention
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B3aemo3sB’a30Kk Aediuuty BiTamiHy D
3 MeTA60AIYHUMU NOPYLUEHHAMU

Pe3tome. OctaHHiMu pokamu 6y5o JOBEAEHO, L0 OAHUM i3 (haKTopiB METaboniqHMUX MOPYLLEHb € rinoBiTami-
Hos D. BeaxaroTb, Lo gehiynt BitamiHy D cripn4nHsIe nigBuLLeHHS iHCYNIHOPEe3NCTEHTHOCTI Vi 3HUXXEHHS ceKkpeuii
IHCYniHY, YHaci[OK YOro BUHUKAaKOTL LYKPOBUI [iabeT Ta OXUPIHHSA. 3 TakuMu MeTabosiiYHUMM ropyLUEeHHAMMN
TiCHO roB’sizaHa cepleBo-cyanHHa narosorisi. [lokasaHo, Lo BitamMiH D feMOHCTpye cknagHui 6aratocTyneHeBmi
meTaborniam i gie ik FrOpMOH Ha 6arato ro3ackesieTHUX MiLLeHed. Y nogaHomy ornsgi npoBeaeHo KOMIIIEKCHUM
aHania cy4acHoi nitepatypu B 6a3ax gaHwnx Scopus, Web of Science, MedLine, The Cochrane Library, EMBASE,
Global Health, a Takox y 6a3ax fgaHux gepxxaBHux HaykoBux 6i6niotek Ykpaitn, €sponevicbkoro Corsy, Benmkoi
Bputanii, CLLA Ta iHLMX KpaiH 3 METOI BUSBJIEHHS Wi aHanidy HayKoBux ryorikayivi, y sskux o6roBoptoBancs
PIBHOMaHITHI 6ionoridyHi egpekTy BiTamiHy D i vioro 3actocyBaHHsI B KOMIIIEKCHIV Tepariii pi3BHOMaHITHUX natosio-
riYHmx ctaHis. Kpim BigoMoi paHiLue poni BitamiHy D 'y meTtaboniami kanbyito i perynsii po6oTv 0riopHO-pyxXoBOro
anapary, 3a OCTaHHI POKu 6Ys10 BIiAKPUTO LLUMPOKUI CEKTP Moro rniaeviioTporHux eexTis. CyHacHi JOCIIKEHHS
BUSIBUSIN 3B’SI30K MIDK HU3bKUMU PIBHSIMU BiTaMiHy D i poO3BUTKOM HEVipOKOrHITUBHOI ANCQDYHKUIT, MCUXidHMX i He-
BPOSIOriqHUX NOPYLLEHb, 6€3M/IiAHOCTI, IMyHHOI peaKTUBHOCTI ¥ aBTOIMYHHWX MOPYLUEHb, PI3HUMU BuAaMu paky,
cepueBo-cyanHHUMYK natosnoriamu. OKpemMo CTOSITb JOCTIXKEHHS, L0 rokasasm 38'930K geqiynty sitamiHy D 3
mavixxe Bcima acrneKkTamu MeTabosiiYyHoro CMHAPOMY, a caMme i3 UyKpoBuM gZiabeToM 1-ro i 2-ro twnis, rrikemiero,
Aueninigemiero, OXUPIHHAM, apTepiasibHOI riNEPTEH3IE Ta IHCYNIHOPE3NCTEHTHICTIO. 3Pp06IIeHO BUCHOBOK, LLO AaHi
cy4acHoi nitepatypu CTOCOBHO €(heKTUBHOCTI BiTamiHy D'y nliKyBaHHI vi MpoginakTuLi MeTabosiqyHuX rnopyLLeHb i
CTPYKTYPHO-QOYHKLIOHAIbHUX 3MIH MEYiHKM rpu LyKPOBOMY LiabeTi vi HeasIkorosbHivi XupoBivi XBopobi J0BOJII Cy-
riepeynuBi: nopss i3 YACIIEHHUM r1ysIoM My liKawlivi po giese 3acTocyBaHHS BITamiHy D TpanisoTbcs JOCTIIKEeHHS
LL{OA0 HENiQTBEPLAXXEHOI €¢beKTUBHOCTI Teparniii | HaBiTb TOKCUYHOCTI Py BKa3aHux rnatosorisx.

Knro4oBi cnoBa: ormisa; aeiunt sitamiHy D; HeasikoronbHa xuposa x8opoba nediHku; LiyKpoBui JiabeT; iHcy-
JIIHOPE3UCTEHTHICTL

TpuBanuit yac NpoOBIATHUMM IIPUYMHAMU CMEPTi y CBiTi
HE3MiHHO 3aJTMIIAIOTHCS 3aXBOPIOBAHHS CEPLIEBO-CYIMHHOT
cuctemu. Cil 3a3HAUUTH, 11O CEPLIEBO-CYAMHHA MAaTOJIOTist
TiCHO MOB’sI3aHa 3 TAKMMU METa0O0IiYHIMM ITOPYIICHHIMH,
sk 1ykpoBuii giader (LIJ1) Ta oxupinus [1]. 3a naHuMM
JocaigHuKiB [2], YKpaiHa mociia mepiie Miclie B peATHUHTY
€BPOMNENCHKUX KpaiH 3 HAaliBUIIIOI CMEPTHICTIO BiJl ceplie-
BO-CyauMHHUX 3axBopioBaHb (CC3), moB’s3aHUX 3 HEMOB-
HOIIIHHUM XapuyBaHHSIM i OXKUPiHHSIM.

OcTaHHIM 4yacoM OTHMM i3 (paKTOPiB PU3UKY PO3BUTKY
LIYKPOBOTO JliabeTy 2-To TUITY i METaOOIYHOTO CUHAPOMY
BBaXKalOTb HEIOCTATHICTh BiTaMiHy D, ssKuit minBuIye iHCy-
JiHope3ucTeHTHIcTh (IP) i 3HMXKYE cekpeltito iHCyminHY |3, 4].
BinkpuTTs perienTopiB ropMOHaIbHO-aKTUBHUX (hOPM BiTa-
Miny D i iX cuHTe3 y KJITiTUHAX «HeTPagULIIHIUX» [IJIST LIbOTO
BiTaMiHy OpraHiB i TKaHWH nependavyae MUPIIUI CIIEKTP
¢iziosoriyHrx eeKTiB BiTaMiHy, Hi>K BBaXaiu paHiiie [5].
Ha crhoronHi Bimomi Kisibka MexaHi3MiB ii BitamiHy D Ha eH-
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MOKPUHHY YaCTUHY MiAILTYHKOBOI 3aJ1031, 30KpeMa 0e31o-
CepeHsl CTUMYJISILLSI CeKPeLil iHCYIiHY LUISIXOM aKTUBYBaH-
HSI PEeLETITOPIB Y B-KITiTHHAX. Y pe3yybTaTi CIIOCTePiraeThest
JIOKaJbHa akTuBallis pepMeHTOM l0-TiZpoKCcuiIaso, 110
MPU3BOIUTD 10 BHYTPIIIHBOKJIITUHHOIL PETYJIsILIii KaJbIIilo i,
BiJMOBIIHO, 301IbIIIEHHS ceKpellil iHCymiHy. TakoxX akTHBHA
dopma BitamiHy D Moxe 6e3nocepeaHbo BILTMBATU Ha TPaH-
CKPMUIILIiIO TeHa iHCyminy [6].

BcraHoBIEHO, 110 32 paXyHOK PeryJIsilii KOHIEHTpalii
MO3aKJIITUHHOTO KaJIblIil0, HAsIBHOCTI PELIEIITOPIB Y CKEIeT-
HUX M’s13aX Ta aKTUBallii d-pelenTopiB MpoJjidepaTropom
nepokcrcom (PPAR-8) — TpaHckpumniiiHuM (akTopom,
SIKUi 6epe yuyacTb y MeTabo01i3Mi JKUPHUX KUCJIOT Y XKUPOBIlt
TKaHWHI Ta CKeJIeTHUX M’s13aX, BiTaMiH D Moxe mokpa-
IIyBaTU YYTJAUBICTH IeprudepUIHNX TKAHUH 10 iHCYIiHY
[7]. Kpim Toro, BitTamiH D Moxe 3HMXKyBaTW KOHLIEHTpa-
it anmontoruyHoro parmenta M30 uutokepatuny 18
SIK MapKepa IMOIIKOIKeHHs redinku [8]. Otxe, Bitamin D
Oepe aKTUBHY y4acTh SIK B iHCYJIIHO3aJIEXKHili ceKpellii, Tak
i B IP, 1m0 € nBoma ocHOBHMMM JTaHKamMu naToreHesy LIJ12.
BpaxoByouu KJII04OBY POJIb 3aMlaJIeHHS] B PO3BUTKY CTPYK-
TYpHO-(PYHKIIOHATbHMUX 3MiH Yy TKAHWHAX MEYiHKHU IIPU
LIJ12 i TOit (bakT, 1110 KOMITIOHEHTH CUCTEMU PETYJISITOPHUX
nporteiniB (RANK, RANKL, OPG, ocTeokanbliiH, pelern-
topu Bitaminy D (VDR)) ekcrnipecytorbcsi B Makpodarax
i BIUIMBaIOTh Ha 3alajibHi peaklilii, MOXXHa MPUITYCTUTH,
mo 3minu piBHiB OPG i RANKL npu LIZI2 MoXyTb Bimo-
Oopaxatu xapaktep monysuii NF-kB-onocepenkoBaHux
3aMaJbHUX IIPOLIECIB Y TIEUiHIIi.

Ortxe, 3apa3 y HayKOBiii JliTepaTypi aKkTUBHO OOIOBO-
PIOIOTHCSI MOJIEKYJISIPHI MeXaHi3MU MPOTU3aIalIbHOI i re-
MaTonpoTeKTOPHOI Ail BitamiHy D i 3arajjom HaykoBe 00-
IPYHTYBaHHS I0T0 €(DeKTUBHOIO 3aCTOCYBAHHSI B KJIiHilli
1IJ12. ITigxomm i TTOKa3aHHS IO KOMIUIEKCHOTO JIIKyBaHHS
BiTaMiH- D-1edillMTHUX CTaHiB Y XBOPUX Ha HEAJIKOTOJIbHY
kupoBy xBopoOy neuinku (HAKXIT) i I1/12 Takox 3amuimna-
I0ThCS HEIOCTATHBO PO3POOIEHUMMU. Y 3B’SI3KY 3 UM METOI0
JaHoi poO0oTH OYB ITTMOOKMIA, BCEOIYHMI aHAaJTi3 HaliCydacHi-
IIMX HAyKOBUX BiIOMOCTEH IIOA0 B3aEMO3B’SI3KY IedillnTy
BiTamiHy D 3 MeTaboJiYyHUMM MOPYIIEHHSIMU I CTPYKTYp-
HO-(PYHKIIIOHATLHUMU 3MiHaMu reuinky rpu LIJ12 Ta edbex-
TUBHOCTI BiTaMiHy D y npodinakTuiii it KOpekilii Liux cTaHiB.

NManaemisa aAediuuty BitamiHy D

Bitamin D € cekocTepoinHUM TOPMOHOM, SIKMi aKTUBHO
BUBYAETHCSI TTPOTSITOM OcTaHHiX 30 pOKiB, i pO3yMiHHS HOTO
pOJIi B MiATPUMIII TOME0CTa3y BCe Oible pO3IIUPIOETHCS.
Horo nedilnT cympoBOIKYEThCS IMPOKUM CIIEKTPOM TIPO-
SIBiB i € NT0OATBHOIO TIPUYNHOIO 3aHEMOKOEHHS CBITOBO1
CIJIbHOTH B TajTy3i OXOpOHU 3M0pOB’s [§].

Hedinut Bitaminy D Bu3HaHMii MaHaeMi€lo 3 baraTbMa
HeraTMBHUMU HaCTiIKaMM JJIs 3M0POB’sl y 0araTbox KpaiHax
cBity [9].

VY 3B’513Ky 3 KPUTUYHOIO POJUTIO COHSIYHOIO CBiTJIA Y
cuHTe3i BitTaminy D Oynb-saKkuii eK30reHHUi (hakTop, 110
BIUJIMBA€E Ha liell MeXaHi3M, HalpuKJIaJl 3MEHILIEeHHS iH-
TEHCHUBHOCTI yIbTpadioseTOBOTO BUIIPOMiHIOBAHHSI, 3a-
OpynHeHHST aTMOocdepH, COHIIe3aXCHI KOCMETUYHI 3aco0u,
MeJIaHiH, MiCLIeBiCTb, IOTOIHI YMOBHM, CITOCiO XKUTTS TOIIIO,
Moxe cripusit gediunty Bitaminy D [10]. Kpim Toro, unc-

JICHHi eHIOTeHHi (paKTOPH, TaKi IK 3MiHEHUI MeTa00IIi3M,
MOPYLIEHHSI BCMOKTYBAaHHS BiTaMiHy a00 HEIOCTaTHE CITO-
KMBaHHS 1Xi, MOXYTb BIUIMBaTU Ha BUPOOJIEHHS BiTaMi-
Hy D i Buxyimmkatu iioro gedimut [11].

V2011 poui MixkHapoagHu# iIHCTUTYT MEAMLIMHU BCTAHO-
BMB, 1110 JIJISI HOPMaJIbHOTO (DYHKITIOHYBaHHSI i 30€peXXeHHs
310POB’S1 JIIOJAVHU PiBeHb HEAKTUBHOI (hopMHU BiTamiHy D —
25-rinpokcukanbiudepoiy (25(0OH)D) mae 6yTu He MeHIIIe
3a 20 Hr/mi [12]. Y Tomy X poui EHIOKprHHE TOBapuCTBO B
«[IpakTayHOMY IMOCIOHMKY 3 BiTaMiHy D» BU3HAYMIO BMiCT
25(OH)D sik HepoctartHicTb (< 20 Hr/min), nedinur (21—
29 Hr/mi) i focTtartHiii piBeHb (mpuHaiitmHi 30 Hr/m) [13].

[TinpaxoBaHo, mo nmpubausHo 30 % niteit i 60 % no-
pocaux 3a3HaloTh aedinuty Bitaminy D [14]. OcHoBHa
MPUYMHA TAKOT HEBTIIITHOI CTATUCTUKU — HEIOCTaTHIii yac
nepeOyBaHHS Ha COHIIi, OCOOJIMBO B MiBHIYHUX KpaiHax,
OCKiIbKM cuHTe3 BiTaMiHy D OyB i € OCHOBHUM IILISIXOM
HaIXOIKEeHHS fioro 1o opradizmy [10]. JIuire HeBenmKa ya-
CTHMHA MPOAYKTiB MiCTUTh HaTypaibHUIi BiTamiH D. Jlo Hux
HaJIeKUTh KMpPHa pubda, Taka sik JIOCOCh, CKyMOpisi Ta oceJie-
nenb. Jlesika KibKicTh BiTaMiHy D IpUCYTHSI B YepBOHOMY
M’SICi, Y TOMY YMCJIi B SIZIOBUYMHI i1 CBUHWHI, Y M SICi ITTHII,
1110 BiITOJIOBYETHCS 3 TOJABAHHSM JIO pallioHy BitamiHy D.
V niBHIYHMX i KpaliHiX MiBAE€HHUX IIMPOTAX BasKJIUBUMU
JKepesaMu BitaMiHy D € migiKipHuii XXUp TIOJIEHIB, KUTIB
i meuinka 6ijsoro Benmens [15].

Jo rpynu pu3uky 3a gedinuToM BiTamiHy D BxomsTh
BariTHi XiHKU, JIOAM 3 BUCOKOIO IIrMEeHTAIli€l0 IIKipy, a
TaKOX JIFOAM 3 OKUPIHHSM, IIiTU 1 TOPOCIIi, ITepeOyBaHHS
SIKVIX TTiJT COHSTYUHUMU TTpoMeHsIMU ooMekeHe [ 16]. Okpemoro
100aIbHOIO TIpobJieMoI0 € AedinuT BiTaminy D y miTeii.
Hanpuknan, y Crionyyenux [ltarax 50 % miteit Bikom 1—5
pokiB i 70 % miteii Bikom 6—11 pokis mamu BmicT 25(OH)D
< 30 ur/mn [17]. AHanmoriyHa KapTUHA CIIOCTEPIraeThes i B
€sponi, Kurai, [nnii, Ha biusbkomy Cxoni i y ITiBneHHii
Awmeputii [14]. MoXIMBUMM IIpUYMHAMM AeDIilIUTy MOXHA
BBaXkaTW HEJIOCTATHE CITOXWBAHHSI MOJIOYHUX MPOIYKTIB,
HaIMipHY Bary ii BUKOPMCTaHHsI COHIIE3aXMCHUX 3aCO0iB.

YV 2013 poui xypHan Autoimmunity Reviews omy0utiky-
BaB omis [ 18] momo BruiMBy BitaMiHy D Ha pi3Hi acrekTu
310pOB’s MoanHU. byno 3pobaeHo BUCHOBOK, 110 medi-
LIMT i HEJAOCTATHICTD BiTaMiHy D BIJIMBaIOTh Ha 3arajibHy
cMmepTHicTh. Jdedinur Bitaminy D npsmMo abo omocepen-
KOBaHO MOXe OyTU TOB’sI3aHUI 3 TAKWMU T1aTOJIOTisIMU,
SIK TIOPYILIEHHST OIMIOPHO-PYXOBOI0O anapaty (M’s130Ba cyiabd-
KiCTb, TIaJiHHS, MIEPEJIOMU, Kapiec y MiTell), MapoJOHTHUT,
cepleBO-CyauHHI 3axBoptoBaHHs, LIJ] 1-ro i 2-ro Tumnis
i MeTabOJIIYHUI CUHAPOM, HEMPOKOTHITUBHA TUCHYHK-
s, TICUXiYHi I HEBPOJIOTiYHiI MOPYIIEHHs, 0€3TUTiIMHICTh
i MOOIYHi eeKTH Mix yac BariTHOCTI i ITOJIOTIB, 3amajbHi
Mpoliecy, iIMyHHI i aBTOIMYHHI TMOpyIleHHs, iHpeKiitHi
3aXBOPIOBaHHS, Pi3Hi BUIM paky [8].

B3aemo3B’sa30Kk Aediuuty BiTaMiHy D,
NMATOAOriT ONOPHO-PYXOBOro ANApaATy
1 cepLeBO-CYAUHHOI CUCTEMU

V mauieHTiB 3 gediuuTom BiTaminy D Bim3HayaeTbcs
M’SI30BO-CKEJIETHUI OiJib, SIKMI 4aCcTO MOMUJIKOBO TPUii-
MaloTh 3a (pidpoMialrito, CUHAPOM XPOHIYHOI BTOMM I
Mio3uT. HemocratHicTe BitaMiHy D mpusBoauTh 10 octeo-
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MOpOo3y, a TAKOX MOXEe BUKJIMKATU CAPKOTIEHIIO B JIIOJei
noxwuioro Biky [19]. 3 uiei npuunnu piers 25(OH)D moxe
OyTH iHAMKAaTOpOM (DYHKIIIOHAIBLHOI BTpaTU KiCTKOBOI i
m’s130Boi Macu [19]. Hediuut 25(OH)D Bukiukae akTu-
Ballil0 M’SI30BMX IIUISIXiB, BilMOBiZaJIbHUX 3a Aerpaaallito
Oinka, 30iblIyoun BTpaty M’s130Boi Macu [20]. KiituHa
BU3HAYAETHCH SIK CTapitoya, KOJM BiAOYBA€ThCS 3yMUHKA
KJIITUHHOTO LIUKJTY i/a00 1i TeJloMepu CTaloTh 3aHAATO KO-
POTKMMU, BUKJIMKa4YM momkomkeHHs JJHK Ha KiHLsgx
xpomocoM [21]. ¥ ubomy KoHTeKCTi Kanbuutpion (1,25-au-
rizpokcusiTamin D;), Haii0inbI akTUBHA GioyoriyHa hopma
BiTaMiHy D, crpaBiisie peryJiolounii BIUIMB Ha OiIKU, 1110
0OepyThb y4acTh Y KIIITHHHOMY LMK (HATTPUKIIAA, UMKITiHU i
LIMKJTiH3aJIeXXHi KiHa3M) i KIiTUHHiK nponideparnii [22]. Le
MPUBOIUTH IO iHTiOYBaHHS IX eKCIIpeCii Ta iHIYKIIil 3yITMH-
KU KJIiTHHHOTO UK. [laToreHe3 Maitxke BCix 3aXBOpIOBaHb
Cym100iB (0OCTe0apTPUT, PEBMATOIAHUI apTPUT, peaKTUBHUIM
apTpuT, iHGEKUIHHWI apTPUT, iNioNaTUYHUI aHKITO3YIOUMit
CHOHAMIOAPTPUT, MOJATPUYHMI apTPUT) TTOB’SI3aHUIM 3 IO~
IIUPEeHHSIM 3anajieHHs [23].

BaxuBolo € B3aemopis BitaMiHy D 3 mo3ackeneTHU-
MU TKaHUHAMMU, 110 CIIPUSIE BiITHOBIEHHIO TTONIKOIKEHUX
IIJITHOK, a TAaKOXK 3HMKYE PU3UK iH(pIKyBaHHS, 0COOJIMBO
B ciopTcMeHiB [24]. BpaxoByioun BaXJIMBICTh LILOTO IJIsI
CTOPTY, CJIiJl HArOJOCUTH, 1110 AediluT BitTamiHy D nocuth
4acTo TPaIUISIETHCS B CIIOPTCMEHIB i MOXe BUKJIMKATH OC-
TeoMaJIsIlilo, 0cTeonopos [25].

Ax 3ragyBajiocs y BCTYIi, MPOBITHUMU MPUYUHAMU
CMEPTI y CBiTi € 3aXBOPIOBaHHSI, aCOLIIIOBaHI i3 ceplLIeBO-Cy-
JTUHHUMU TIATOJIOTiSIMU, SIKi, Y CBOIO 4epry, TiICHO OB’ sI-
3aHi i3 IIJI Ta oxxupinHsam. JlocaimkeHHs OCTaHHIX POKiB
nokasaiu, 1o aediuur Bitaminy D Moxke MpU3BOAUTH 10
apTepiajibHOI TilepTeH3ii, sika € (aKTopoM PU3UKY aTe-
POCKJIEpOTUYHOTO mpotecy [26]. Kpim Toro, nociaigHuKu
CTBEPIIXYIOTh, 1110 AehiuuT D akTUBYy€E peHiH-aHTiOTeH-
3UH-AJIbIOCTEPOHOBY CUCTEMY, 1110 MOXEe TTPU3BECTU 110 Ti-
neptpodii cepiist i 30inbmenHs pu3uky CC3. Tak camo erri-
JIeMiOJIOTiUHi JaHi JaI0Th IiACTaBy MPUITYCKATH, 1110 PiBEHb
BitamiHy D y miazmi oGepHeHO MponopIiliitH1ii 3aXBOPIOBaH-
HIO Ceplis IMicIst rocTporo iHdapKTy Miokapaa. JlocmimkeH-
HS in Vitro TIoKaszajiu, 1o BiTamiH D Moxe ynoBiibHIOBaTH
nporpecyBaHHsl imemMiuHoi xBopoou cepiist (IXC). 3apasiku
LIbOMY MeXaHi3My BiTamiH D Moxe 3MEHIINUTH 3araJeHHs
CYIMH i MposiBU aTepockiieposy. Pesyisratu nmokasauu, 1o
nediuuT BitTaMiHy D 3HauHOIO MipOI0 MOB’SI3aHUM 3 TSLKKi-
crio IXC. Y nociimkeHHsIX in vivo B MUILIEH TTiCs iH(DapKTy
Miokapa BitaMiH D 3Ha4HO 3MeHIiyBaB 1101y Gidpo3Horo
pyOLIsI B JIiBOMY IUTYHOUKY [27]. J10 TOTO X y MUILIEH IIpU J0-
JMaBaHHI KaJIbLIMTPiOJTy 3MEHIITYBaJIOCh BUTOHYEHHST CTIHKHU
JIIBOTO IIIYHOYKA ITic/Is iH(apKTy MioKap/a.

HedituT Bitaminy D ipu3BoauTb 10 TiIBUILIEHHS KO-
CTKOCTI apTepiil i MoCUJIEHHSI eHI0TeNiaIbHOI AUC(YHKILIT B
KPOBOHOCHMX CYIMHAX i CIIpUsI€ aTeporeHesy. Tsokkuit nedi-
T D BUKIMKae 3MiHY aJalTUBHOI iMyHHOI BIAMOBII, 11O
crpusie cynuHHi nucdynkuii, IP Ta arepockieposy [28].
Kpim Toro, HU3bKUii piBeHb BiTaMiHy D y cupoBaTii KpoBi
MOX€ BUKJIMKATHU MATOJIOTIUHY rinepTpodito Miokapaa, mim-
BUIIEHHS apTepiasibHOTO TUCKY. Lli 3MiHM TiATBEpIKYIOTH
MNpUMYIIEHHs, 1110 HeAOCTaTHil piBeHb BiTaMiHy D Moxe
MOPYUINTH KapaiopecHipaTopHy 31aTHICTb, BIUIMBAIOYM Ha

3a0e3reyeHHs] M’513iB KUCHEM i MOXWBHUMM PEUOBUHAMMU.
OTxe, MOXHa 3pOOUTH BUCHOBOK, 1110 AeilluT BitamiHy D
IOB’sI3aHUI 3 apTepiajbHOIO TimepTeH3i€r, iHpapKToM
MioKap/a Ta iHCYJIETOM, a TaKOX iHIIIMMU 3aXBOPIOBAHHSI-
MM, aCOLilOBaHMMM i3 CEPLIEBO-CYAMHHUMU MaTOJIOTiSIMU,
30KpemMa 3 XpOHIYHOIO OOCTPYKTUBHOIO XBOPOOOIO JIETeHb.
Y Toii xxe yac M. Abboud [39] Ha npuKIaai BOCbMU paH-
JIOMi30BaHUX KJIIHIYHUX BUIIPOOYBaHb i IT’SITU MeTaaHAaIIi3iB
MOKa3aB, 110 T00aBKM BiTaMiHy D HeedeKTHBHI 11010 3HU-
JKeHHSI CUCTOJIIYHOTO i TiaCTOIIYHOTO apTepialbHOTO TUCKY
B JIiTeH i MiUTITKIB 3 oxkupiHHsIM. OIHaK ITpU3HAYEHHS BiTa-
MiHy D Mo3UTUBHO BILIMBAJIO Ha MOJIMIIEHHS PYHKIIIT €H-
JOTEJTi10, 3HWXKEHHSI MPOAYKILil Mpo3anajibHUX IUTOKIHIB,
peryJsiiito aKTUBHOCTI pEHiH-aHTiOTEeH3UH-aJIbJIOCTEPOHO-
BOI CICTeMU, 3aI100iraHHs BTOPMHHOMY TillepIiapaTipeosy.

Aediuunt BitamiHy D
i PU3NK PO3BUTKY OXXUPIHHS i LLA2

BOQO3 oronocuina oxxupiHHS HeiH(MEKIIHHOIO eMiaeMi€lo.
OCHOBHOIO NTPUYMHOIO OXXKUPIHHS € TIepeilaHHs i MaJIopyX-
JBUH croci6d XUTTs. Y XX CTOJITTI TOJIOBHOIO METOIO JIIO/I-
CTBa, 3HECWJIEHOTO BillHAMU, HEBPOXKAMHICTIO 1 TOJI0IOMO-
pamu, OyJia epeMora HaJi rojiofoMm. | JoacTBO Bropaaocst
3 LIMM 3aBIAHHSIM 3aBISIKY TPOMMCIIOBIiH peBostoltii. ITics
Jlpyroi cBiTOBOI BiliHM TEXHIYHUI MPOTrpec y BUPOOHUIITBI
MPOAYKTiB XapuyBaHHSI IIPM3BiB 10 3/1€11IEeBICHHS MPOAYKTiB
Xap4yyBaHHSI, 3MiHM iX 00pOoOKM 1 3HIDKeHHS (hi3MYHOI aK-
TUBHOCTI. HaceneHHs CBiTy CTasio CrIOXUBATH MEHILIE 3/10PO-
BOI IKi Ta OiNIbIIIe COi, KUPY, LIYKPY, CTUMYJIITOPIB alleTUTY.
OcTaHHIMU JECATWITTSIMU KUTbKICTh JIIOei 3 HaIMipHOIO
Barorw KpUTUYHO 30iiblnmiacs. [oJoBHA MeTa JII0ACTBA B
XXI cromiTri — 60poThba 3 nepeinanHaM. Tomy mpodintak-
THUKA OKUPiHHS i MOB’SI3aHUX 3 HUM 3aXBOPIOBaHb, OCOOJIMBO
LIJ12, € mpioputeToM 15T oXOpoHU 310poB’st [30].

LI/l — HaifHeOe3MeyHini BUKJIMK JIOACTBY, 1IIe OAHA
HeindekuiiiHa emigeMis XXI cromirrs [31]. CroromHi y cBiTi
HautiuyeTbest 537 mutH xBopux Ha LI, a mo 2040 p. ix Kiab-
KicTb MOXe 30inbIuTrcs 10 783 muH [32].

[o6aBku BitamiHy D; MoxXyTh normomortu 3aro6irru LT,
B OCi0 3 BUCOKMM PU3UKOM OTr0 po3BUTKY. byJi0 mokaszaHo,
110 JIIO/IX 3 TIpe/iabeToM 3a3BUYail MatoTh HUXKY1 KOHLIEHTpa-
1ii 25(OH)D y cupoBariii, HiX JItoa1 3 HOpMAJIbBHUM piBHEM
rmoko3u [33]. Kpim Toro, pusuk po3sutky LI HabGaraTo
BUILINI B 0ci0 i3 TIpemiadberoM 3 medinmrom Bitaminy D [34].

Kanpiriii Takoxk Moxe OyTH KOPUCHUM JUISI 3HUKEHHS
pusuky LIJI yepe3 fioro BIJIMB Ha BUBIJIbHEHHS iHCYJIIHY i
HeNpsIMUII BIUIMB Ha BTpaty Baru. OTXe, 100aBKU BiTami-
Hy D y moeaHaHHiI 3 KaJbLi€M ITOTEHIIMHO MOXYTb 3yIIH-
HuTH niporpecyBanHs LIJI [35].

Leii dakT miaTBEpIXKYETHCS MeTaaHaIi30M, OITyOJIiKO-
BaHuM y Journal of the Endocrine Society [35], y sikomy o11i-
HIoBaucs 28 1oCIimKeHb, cepen Hux 11 Oyau npucBsyeHi
ocobam 3 mpeniabeTom, a 16 — rpyrnaM BUCOKOIO PU3KKY.
BcranoBieHo 3HauHMI e(peKT crioxXKMBaHHS BiTaMiHy D Ha
IP i rinepriikemito. Jlo6aBku Bitaminy D i mimBuImeHi KOH-
ueHtpatii 25(0OH)D y cupoBariii mokpalyBaiu 4yTIUBICTh
IIO iHCYJiHY (3HMZKEeHHS iHAEKCY Pe3UCTEHTHOCTI 0 iHCY-
nminy HOMA-IR, MmeTa6o01i3M TIIIOKO3M i TTIiKeMiYHU KOH-
TPOJb — 3HUKEHHS TJliKkoBaHoro remorio6iny (HbAlc)).
Pisenn 25(OH)D nmonax 86 HMOJIb/JT MOXe TTOKPAIIUTH
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MeTaboITi3M IIIOKO3M i peaxilifo iHCYJIiHy B 0ci0 i3 mpemi-
abetom. Konuenrpauii 25(OH)D y cuposartiii Bulile Bif
86 HMOJIb/J1 Oy TN MOCSITHYTI TTPY MpU3HAaYeHHI BiTaminy D
y no3i 88 Mkr/mooy (3500 MO/n) 3 ypaxyBaHHSIM MacH TiJa.

Ha cphoroaHi Bce Oinbpllie J0Ka3iB TOTO, 1110 HU3bKUI
piBeHb BiTamiHy D € dakTOopoMm, SIKUit CIIpUSIE PO3BUTKY
ak L1 [36], tak i L2 [37]. O6uasa i ctaHU MOB’sI3aHi
i3 3amaneHHaM, a LIJI1 Takox moB’si3aHuii 3 aBTOIMYHHOIO
naroJioriero. ificHO, TOCTiAKeHHsI Ha TBapuHax i JIIOJISIX
MiITBEePIKYIOTh IYMKY IIpO Te, 1110 J00aBKM BitamiHy D Mo-
JKyTh 3HIKYBaTH 3axBopioBaHicTh Ha LIJ11 i, moxiuBo, LIJ12
i 34aTHI MOKpalIyBaTh METa0OJiYHUI KOHTPOJIb Y MAILliEHTIB
i3 mykposum giadetom [38]. [moBitamino3 D mos’s13aHmit
3 MiABUILIEHUM PU3MKOM Tilepriikemii sk B oci6 i3 LI, Tak
i B maiieHTiB 6e3 niadery [39]. Kpim Toro, HenaBHiii MeTa-
aHaii3 19 paHaOMi30BaHMX KOHTPOJIbOBAHUX MOCHTIIKEHb
mokasaB, 110 no0aBKH BiTamiHy D 3maTHi mokpaliyBaTu
HelipoMeTaboJIiYHMIA cTaTyc y manieHTiB i3 L2 [40].

M. Aludwan Ta criBaBT. IPOAEMOHCTPYBaJIU, 110 aedi-
uuT BiTaminy D y nmauienTis i3 LI/12 nos’sa3anuii 3 6inbIn
BUpaxeHoto 1P, oxxupiHHSM i TOraHUM TIiKeMiYHUM KOHT-
poJieM TIOPIiBHSIHO 3 MalliEHTaMU 3 HOPMaJIbHUM 3HAYEHHSIM
abo HemocTaTHicTiO BitTaMiHy D. BukopucrtanHst meTdop-
MiHy He3asexHo Bin piBHs HbAlc moB’si3aHe 3 nedinurom
BiTaminy D;. 3 iHIIoro 60Ky, He OyJio 3HaiIEHO KOIHOTO
CYTTEBOTO 3B’513Ky MiX piBHEM BiTaMiHy D; i pyHKLiOHATB-
HOIO aKTUBHICTIO B-KTiThH [41].

Binomi nesiki maTogiziosoriyHi MexaHi3Mu poJii BiTa-
miny D y matorenesi LIJI. Byno BusiBIIeHO, 1110 3HVXKEHHSI
cekpellii iHCymiHy noB’s13aHe 3 nediunToM D, a onTuMizaitis
25(OH)D y cuposaTui micis mpuitoMy BitamiHy D BimHOB-
JIIOE CEKPeLlilo iHCYJIiHY i1 MOKpaIllye MeTa0O0JIi3M INIIOKO3H,
3HMXKYE TOJIEPAHTHICTb 0 [VIIOKO3U I MiIBUIIYE YyTIUBICTh
Io iHcyminy [42].

BcraHosieHo [43], 1110 30aTHICTb 1IKipy BUPOOJISITH Bi-
TaMmiH D He 3MiHIOETBCS TTpU OxKUpiHHI. OMHAK MiABUIIECH-
Hs1 piBHS BiTamiHy D; y cupoBartiii micist mepedyBaHHsI Ha
COHIIi 0yJ10 Ha 57 % MEHIIMM Y JIIO[EH 3 OXKUPIHHSIM MOPiB-
HSTHO 3 JItoibMU 6e3 Hboro. PiBeHb Bitaminy D, y cupoBartiii
MicJIsl IepopaibHOIO MpUitoMy OYB OTHAKOBO MiABUILIEHUM
y MAalli€HTIB 3 OXXMUPIiHHAM i 0e3 Hbporo. Lle minTBepmKye
rirnore3y Mpo 3HWKEeHE BUBIJIbHEHHS €HIOT€HHOIO BiTaMi-
Hy D y KpoBOTIK uepe3 1oro Oiiblile HAKOMWYEHHS B ITiI-
LIKIPHii KUPOBili KIITKOBUHI Y JTIOAEH 3 OKUPIHHSM.

B3aemo3se’a3ok mMixx HAXXT
i Aediuntom BitamiHy D

CyuacHa HayKoOBa JiTepaTypa BKa3ye, 110 HU3bKUI pi-
BEHb BiTaMiHy D y cMpoBaTili TaKOX MOKe OyTH MPUYUHOIO
HAXKXII [44]. Konuenuis HAXKXII nmoenHye HU3KY KJIi-
HiYHMX i MOPDOJIOTIUHUX 3MiH y TIEUiHIli, TAKMX SIK HeaJIKO-
roJIbHUI CTeaTo3, cTeaTorenatut, pidopo3 i Upo3 MediHKu,
1110 PO3BUBAIOTHCS Y XBOPUX, SIKi HE BXXMBAIOTh aJIKOTOJIb Y
renaToTOKCUYHUX no3ax. Ha choronHi, 3a naHumu ermize-
Miosoriynux gociimkenb, HAXKXIT BBaxkaeThcss OJHUM 3
HaUTOLIMPEHIIINX XPOHIYHUX 3aXBOPIOBaHb MEUiHKU [45]
i € IpeaMeTOM IMUJIbHOI yBaru JikapiB pi3HUX CIIeliaab-
HOCTEl, 0COOJIMBO €HIOKPUHOJIOTIB. HasgBHI ITepeKoHIMBI
nokasu toro, 1mo HAKXII € HeBig’eMHUM KOMITOHEHTOM
MeTaboJIIYHOTO CUHAPOMY i KopeJstoe 3 po3BuTkom LIJ12

[46]. ¥ nmauienTis i3 1I/12, acouiiioBaHUM 3 OXMPiHHSIM,
nommpeHictb HAXKXIT moske mocsiratu 80—90 %. 3a ermi-
neMiojioriyHuMu naHnumu, nomupeHictb HAXKXII cepen
xBopux Ha /12 cranoButh 69,4 %. IMoemnannsa HAXKXII
i IJ12 y 2—2,5 pa3a 30ii1bl1y€e pU3UK PO3BUTKY LIMPO3Y Te-
YiHKM i TeTIaTOLETIOISIPHOL KapIIMHOMM i TTOCiga€ YeTBepTe
Miclie cepes puuuH cmepti pu LI2.

Bueni BU3HauUMIM MPOBIAHY POJIb MiTOT€H-aKTHMBOBA-
Hux npoTeinkiHaz i NF-kB-omocepeakoBaHux 3amaibHUX
nporeciB moao Tskkocti HAXKXIT i nedinuty Bitaminy D
[3]. Cropasni, rimoBiTaMiHo3 D moB’s13aHMIA 3 TSIKKiCTIO
HAKXII. BinnoBigHo 10 pe3yabTaTiB JOCTiIXEeHb 100aB-
K4 BiTamiHy D MOXyTbh MOKpalIuTH JiMmigHui mpodinb i
MeIiaTopu 3amnalieHHs MOpPiBHAHO 3 muiane6o. OcKiibku
OXUpiHHS cripuunHsie 3anajeHHs Ta [P, gki € ocHoBHUMU
npuurnHamMu HAZKXITI, 3HMKeHHST Macu Tijla BBaXKa€ThCS
CTaHAAPTHUM CIIOCOOOM JIiKyBaHHS 1IbOTO 3aXBOPIOBAHHSI.
Takox pe3ysbTaTu MeTaaHasizy MmoKasaliu, 1110 B Malli€eHTiB
i3 HAZKXII Ha 26 % nigBuileHui pu3uK nediluTy Bitami-
Hy D nopiBHSIHO 3 KOHTPOJILHOIO rpynoio [46]. Bitamin D
MoOe 0e3MmocepenHbO BIUIMBATU HA META00J1i3M MEYiHKU.
Peuenrropu BiTaminy D mpucyTHI B remaroumuTax, i ix ekc-
Mpecist MoXKe 3MEHIIyBaTH 3arajieHHs TPU XPOHIYHOMY
3axBOpIOBaHHi nevinku [47]. JocnimkeHHs in vitro moKasa-
Jm, o VDR migBuiilye 4yTauBicThb 10 iHCYJTiHY 32 paXyHOK
30iJIBILIEHHSI eKCIpecii MepeHOCHUKA TII0K03U 4 y M s13ax i
momyrsiii [48]. Takox O6y10 moka3aHo, 10 BitTaMiH D Mae
aHTU(DIOPOTUYHY, aHTUTIPOTi(hEepaTUBHY i MPOTU3AIATIbHY
nito Ha nedviHky [49]. Binbur Toro, Bitamin D Moxe 3HU-
JKyBaTW KOHIICHTpAILIil0 anonToTuyHoro ¢pparmeHta M30
LIUTOKepaTUHy 18 sIK MapKepa yIIKOIKeHHs Teuinku [50].
HocninxeHHss Ha TBapuHaXx MokKasaju, 1110 BUCOKi piBHi
KaJIbLIil0 MOXYTb 3HMXKYBAaTH Macy Tijla 3a paXyHOK 3HM-
JKeHHS CUHTEe3Y KUPHUX KUCJIOT i ITOCHICHHS JIIToi3y [S1].

Y Toii ke yac OyJ10 BUSIBIEHO, 1110 100aBKH 3 BiTaMiHOM D
MOXYTb HE MOKpalllyBaTH MapamMeTpyu aHTPOTIOMETPUYHOTO i
IiKeMIYHOTo iHAeKCiB y mauieHTiB i3 HAXKXIT [11].

HemonaBHe gociimKeHHsT MoKa3ajo, 10 B IMalli€HTiB
i3 LIJ12 i cymyraboto HAXKXII naiiBuii 3Ha4eHHST iHIEK-
cy crearosy revinku (HSI) i xxupoBoi auctpodii neyinku
(FLI) miarmocToBaHi mpu mediuuTi Bitaminy D mopiBHsI-
HO 3 onTtuMaibHow rpymoio (HSI — 43,34 £+ 6,59 nipo-
™ 39,67 £ 4,37; p=0,032, i FLI — 79,21 £ 19,61 npotu
64,96 =+ 17,72; p = 0,007). TpuraiuepuaHWi i TTIOKO3HUIA
IHIEKCH TaKOX HEe3HAYHO 3pOCTajiy IapajebHO 3 IOTip-
meHHsM crany D; (p = 0,175). ¥ 6araroBumipHoMy Jjioric-
TUYHOMY perpeciiHoMy aHai3i Bci MOKa3HUKU CTeaTo3y He
3aJIeKajIv Bill aKTUBHOCTI TpaHcaMiHa3, iIHIeKCY MacH Tijia it
tpuBaiocti LIJ12, moB’a3aHoi 3 nedinmrroM BiTaminy D [52].

BinmoBinmHO 10 pe3ynbraTiB HelaBHIX CUCTEMAaTUUYHUX
OIJISIiB, METaaHaTi3y MePeXpeCHUX TOCTIKEHb i TOCIIIKEeHb
«BUIIAJIOK — KOHTPOJIb», piBHI 25(OH)D Oyau 3Ha4HO HILK-
yumu B aieHTiB 3 HAZKXII, HiX y KOHTpOJIbHIl TpyTi [52].
Bueni BBaxkatoTh, 1110 Hkui piBHi 25(OH)D y maiieHTis i3
HAXXII MOXyTh CIIpUSATH IIPOTPECYBAHHIO 3aXBOPIOBAHHSI.

Tounuit Mmexani3m nedinury Bitaminy D i HAXKXTI noku
110 HeBimoMuit. JlocmimkeHHsT Ha TBapMHaX ITOKa3alu, 1110
nigsuiueHHs piBHs 25(OH)D y cuposatui 3a 101omMoroo
¢oToTtepamnii moxe iHrioyBatu po3Butok HAXKXII y 1rypis
3a paxyHOK 3MEHILIeHHS 3aItajieHHsI, aronTo3y i ¢idoposy
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rermarouutiB [53]. KpiM Toro, Bitamin D, miroun Ha akTu-
BOBaHi mpoJlihepaTopoM MEepOKCUCOM PELENTOPU, MOXKE
MOJIY/IIOBAaTU METa00J1i3M BUIbHMX XXUPHUX KUCTIOT (B2XKK),
TUM CaMMM 3HKYIOUM iHIyKOBaHY BiTamiHOM D pe3ucteHT-
Hicth 1o BXKK y kposi. Otxe, nedinur Bitaminy D uyepes
30inbieHHs KiabkocTi BZKK y KpoBOTOKY i rermarouuntax
Mozke noripuutu nporpecyBaHHst HAXKXIT [54].

Biramin D moxe 3amo0iraty akTuBallii 3ipuyacTux Kili-
TUH Y TIeUiHIi, 1110 30i/IbIIy€e KIITUHHY TpaHchopMallito
Ta npouidepaiito. JocmimkeHHsa Ha TBapUHaX MOKa3aju,
1110 BIIMB Bitaminy D Ha npodidepatiito 3ipyacTux KJIiTHH
MoB’s13aHui 3 aHTUdiOpoTHUHOIO Aieto [55]. OnucaHi Buile
e(eKTH CBimuaTh PO MEPCIIEKTUBY 3aCTOCYBAaHHSI BiTaMi-
Hy D nnsa mikyBanHs HAXKXII 3a paxyHOK pUTHiYeHHST
HAKOMUYEHHS JIMiAiB y KJIIITUHAX TMe4iHKuU [56].

Ha Binminy Bin Buie3aznaueHoro N. Sharifi ta criiBaBT.
[55] mokazanu, mo BiTamiH D He chpaBiisie CTAaTUCTUYIHO
3HAYYIIOro BIUIMBY Ha (hepMEHTH TEeUiHKU, OKUCHIOBAJIb-
HUI cTpec i 3amajieHHs B nanieHTiB i3 HAXKXII.

BuKopUCTAHHS BiTaMiHYy Dy nauieHTiB
i3 LLAZ2 i HAXXI

Ha choromHi BaXJIMBOIO Ta aKTyaJIbHOIO IPOoOJIEMOIO €
MOIIYK ONTUMAJIbHOTO LIISXY f HOBUX HETOKCUYHUX MiJl-
XO/1iB 10 npodinakTuku i JiikyBaHHs LIJ12, sski MoxxHa Oysio
0 MOKpalIMTHU I KOMITeHCcAallii Ta KOpeKIii AiaOeTUUHUX
yckimagHeHb, ocoomBo HAXKXIT [56]. KoMriekcHa Tepa-
nist HAXKXII 3acHoBaHa Ha TaKMX OCHOBHUX MPUHIIMITIAX:
MOCTYIIOBE 3HMXKEHHS MacH TiJia, ONTUMi3alis Gi3naHol
aKTUBHOCTI, XapuyBaHHsI, BilMiHa BCiX MOTEHIIIHHO rema-
TOTOKCUYHMX MperapariB, KOpeKilid MeTaboiYHUX TTOPY-
1IeHb, JiKkyBaHHS [P, rinepriikemii, a Takox auciirniaemii,
OKMCHIOBaJIbHOTO cTpecy [57].

OcranHiM yacoM nedinuT Bitaminy D, 1110 Moxke minBu-
myBaT [P i 3HMXKYBaTH CeKpeLito iHCY/IiHY, pO3IJISAal0Th
SIK OIMH 3 HaliBaXxmMBimmx dakTopiB npu BuBYeHHi 11J12
[58]. NnokablieMis, 1110 PO3BUBAETHCS HA TJIi Jedilm-
Ty BiTaMiHy D, MoXe BUKJIMKATU 3HMKEHHS iHIYKOBaHOI
TTIOKO3010 CeKpellii iHcymiHy B B-kiiTiHax. KitiHiaHi 10-
CJIiIXXEeHHs MiATBEePIXYIOTh, 1110 BiTaMiH D Gepe yyacTb
Y MOOYJIALIl iIMyHHUX peakiili IIpyM pi3HUX 3aIaJIbHUX Ta
aBTOIMYHHMX 3aXBOPIOBaHHSIX [59].

V nmaHuii yac po3IisamaioThes IBa KIIIOYOBI MeXaHi3MU
BILIMBY BiTamiHy D Ha ¢iziosoriuni rpoiiecu — Ha re-
HETUYHOMY PiBHi i yepe3 HereHOMHi edekTu: Mmoaudi-
Kallisi CTpYKTYpPHO-(DYHKIIIOHAJIbHOTO CTaHy OioJIOTiYHUX
MeMOpaH i 3MiHa aKTUBHOCTI PETyJISTOPHUX TENTUIiB.
Takox 3a/MIIAETHCS HEAOCTATHHO BUBUEHOIO MAaTOTEHE-
TUYHA POJIb MOPYIIEHHSI MeTaboi3My BiTaMiHy D i pea-
nmizaniss VDR-onocepenkoBaHuX TOpMOHAJIbHUX €(PEKTiB
1,25(OH),D y mexanizmi narosorii neuinku npu LIJ12. [Te-
pendavyaeThCsl, 110 3HMUKEHHSI piBHS aKTUBHUX MeTa0O0JIiTiB
BiTaminy D B opraHi3Mi nipu gaHiii matosiorii oOymMoBiieHe
3MEHILIEHHSIM BCMOKTYBAaHHS BiTaMiHy CIIM30BOI0 00OJIOH-
KOIO TOHKOI KUIIIKM, & TAKOX KJIITUHAMU TMEe4iHKHU, TTOpY-
IIEHHSIM TPaHCMOPTY ¥ iHriOyBaHHSIM BiTaMiH-D-25-Ti-
POKCUJIA3HUMU CUCTEMAMMU TMEUiHKU.

TopmoHnanbHa opma BitamiHy D edekTUBHO peryioe
CHHTE3 LIMTOKIiHIB y pi3Hux TKaHuHax [60]. Ha Moneky-
JIIPHOMY DiBHi 11eii eheKT MOXKe peai3oByBaTHUCh yepe3

VDR-onocepeakoBaHy TPaHCKPUIILIAHY aKTHUBAIiiO
NF-«B i BupaxaTu 3ajeXXHiCTbh BiJl 1IIbOro reHa (akTopa
TpaHcKpuiii. 3anmaneHHs B ymoBax LIJ12 Moxke BKIouaTu
TOHKI 30BHIIITHI B3aEMOI1 KJIITUH Pi3HOTO THITY, iHTErpylo-
YUMU KOMITOHEHTAMU B3a€MOJIii IKMX € CUCTeMa IIUTOKiHiB.
Ha Binminy Bim mux mociimkeHsb y npausx 1. Barchetta
i criBaBT. [52] 3acTocyBaHHS XosieKaiablndepoy B 1031
2000 MO/no0y He 3MiHIOBaJIO EKCIPECito MeaiaTopiB 3a-
najieHHs B namieHTiB i3 1112, acomuiitoBanum i3 HAXKXII.
Kpim Toro, y 2016 poui B JliabeTnuHOMY LIeHTpi YHiBep-
cutery CarmieHua (Pum, Itanist) Oyio nmpoBeaeHO paHIOMi30-
BaHe IOJIBilfHe cIline mianed0-KOHTPOIbOBAHE TOCTiIKEHHS
LIO/I0 TIPU3HAYEHHSI BUCOKMX J103 TIepOpabHOTO BiTaMiHy D
(2000 MO Ha geHb TTPOTSITOM 24 TUKHIB), SIKE TTOKA3aJ10, 1110
HYTPULIEBTUYHE BTPYYaHHsI, 3aCHOBaHE Ha MepopaibHO-
My TIpUHOMi BUCOKHUX 103 BiTaMiHy D, He Majio BIUIMBY Ha
XKMPOBY TKAaHMHY nediHky B mauieHTiB i3 LIJ12 i HAXKXII,
TOOTO JOJaBaHHSI XOJIeKaablKpeposry He MOJIIIIYBaIo Hi
piBHi TpaHcaMiHa3, Hi piBHiI CHPOBAaTKOBUX OioMapKepiB,
crneuniYHIX IS TTOIIKOIKEHHSI TIeUiHK i (piOporeHesy,
TakMX K Joacbkuii nutokepatud 18-M30 (CK18-M30)
i N-xinuesuit nponentun npokoaareHy 111 (P3NP). Tak
caMoO KJIiHiYHiI MapKepu MeYiHKOBOI HEIOCTAaTHOCTI MpU
HAXXII, raxi sk cniBBinHomeHHss ACT/AJIT i FLI, He
ToKa3aJv 3HAaYHUX 3MiH Ticias nmpuitoMy Bitaminy D [61].
ABTOpPU TaKOXK MEPEBipUIIM TiIIOTE3Y PO y4acThb BiTamiHy D
y moaysisitii [P, meTabosiuHoro npodito i riikemMiuHOTro
KOHTPOJIIO B LIMX MALliEHTIB, aJie XXOAHUI apaMeTp CyTTEBO
He 3MiHMBCS TicIIs 24 TVDKHIB JTiKyBaHHS BitTamiHOM D 1opiB-
HsIHO 3 11a1e00. Tak camo 1o6aBKu BitamiHy D He BUSIBIISUIM
crenrivHOro BILUIMBY Ha (DYHKIIiIO €HAOTEIIO i CYOKITiHiU-
HMi1 aTepockiiepos. Kpim Toro, ocKijibku He B yCiX yYaCHUKIB
JOCJiIXKeHHsT OyB IMOYaTKOBO HU3bKUI piBeHb 25(OH)D,
aBTOPM IIPUITYCTIUIN, 110 H00aBKM 3 BiTaMiHOM D MOXyTh
no3utuBHO BrutuBatyu Ha HAXKXI Tinbky B mali€eHTIB 3 Ti-
roBiTamiHo30M D, ajie momaTKoBi TeCTH He MiATBEPAMIIN 1110
rirnoreay, i 1€ MOSICHIOETHCSI TUM, 11O AOCTiIHUKM CITOCTePi-
rajJii aHaJoTiyHy peakllilo B IalliEHTIB 3 HOPMaJbHUM a0b0
3HKeHUM piBHeM 25(OH)D Ha movatky nocmimkeHHs [61].
OpHak oCTaHHI JaHi MeTaaHasli3y, y SKOMY aHali3yBa-
JIMCS TUTBKY KITiHIYHI paHIOMi30BaHi KOHTPOJILOBaHI 10-
caimkeHHs Bitaminy D ans nikyBanHst LI12 y moeaHaHHi 3
HAXKXII, Bka3yioTh Ha e(peKTUBHICTh i OOIPYHTOBAHICTh
BUKOPUCTaHHS BiTaminy D npwu 3a3HaveHiit maToJiorii [62].

BucHoBKM

OTxXe, AaHi CydyacHOI JliTepaTypu CyNnepedwinsi, y Oiib-
IIOCTi JOCTiIKEHb CTBEPIKYETHCS PO e(DEKTUBHICTD JIiKY-
BaHH# BiTaminoMm D xBopux Ha HAXKXIT i LIJI2 [63], Toxi sik
iHII 1OBOASTh Hee(eKTUBHICTh [64] i HaBITh TOKCUUYHICTh
iioro 3acTocyBaHHs [65]. BullleBuKIIageHe 3yMOBITIOE He-
00XiHICTh TIMOOKOTro i BCEOIYHOTO0 BUBYEHHS BaXKJIMBOL
HayKOBOI Mpo0JieMU, 110 TOJITa€ B HEOOXiTHOCTI eKcre-
PUMEHTAIBHOTO OOI'PYHTYBaHHSI ¢(DEKTUBHOCTI BiTaMiHy D
I IpO(ITAKTUKY M KOPeKIIii MeTa0OIiYHUX ITOPYILICHb
i CTpYKTYpHO-(YHKIIOHAJbHUX 3MiH nediHku mipu LIJ12.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiZICYTHICTb
KOHQJIIKTY iHTepeciB i Bj1acHoOi (piHaHCOBOI 3a1liKaBJIeHOCTi
TPU MiArOTOBL 1aHOT CTATTi.

Tom 19, N2 1, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua 59



OrAsa Aitepatypm / Literature Review

skl

Cnucok Aiteparypu

1. Chawla R., Madhu S., Makkar B., Ghosh S., Saboo B.,
Kalra S. RSSDI-ESI clinical practice recommendations for the mana-
gement of type 2 diabetes mellitus 2020. Indian J. Endocrinol. Metab.
2020. 24. 1. doi:10.4103/ijem.ijjem_225_20.

2. Meier T., Grife K., Senn F., Sur P., Stangl G.1., Dawczyns-
ki C., Mdrz W. et al. Cardiovascular mortality attributable to dietary
risk factors in 51 countries in the WHO European Region from 1990
to 2016: a systematic analysis of the Global Burden of Disease Study.
Eur. J. Epidemiol. 2019. 34. 37-55. doi:10.1007/510654-018-0473-x.

3. Nelson J.E., Roth C.L., Wilson L.A., Yates K.P., Aouizerat B.,
Morgan-Stevenson V., Whalen E. et al. Vitamin D deficiency is asso-
ciated with increased risk of non-alcoholic steatohepatitis in adults with
non-alcoholic fatty liver disease: Possible role for MAPK and NF-kB?
Am. J. Gastroenterol. 2016. 111. 852-863. doi: 10.1038/ajg.2016.51.

4. Falalyeyeva T., Komisarenko I., Yanchyshyn A., Koval-
chuk O., Lozko Y., Tsyryuk O., Fagoonee S., Kobyliak N. Vitamin D in
the prevention and treatment of type-2 diabetes and associated disea-
ses: a critical view during COVID- 19 time. Minerva Biotechnol. Bio-
mol. Res. 2021. 33. 65-75. doi: 10.23736/52724-542X.21.02766-X.

5. Pankiv V., Yuzvenko T., Pashkovska N., Pankiv I. The rela-
tionship between serum vitamin D concentrations and development of
diabetic retinopathy in type 2 diabetes mellitus. International Jour-
nal of Endocrinology (Ukraine). 2022. 18(8). 432-435. https://doi.
org/10.22141/2224-0721.18.8.2022. 1221.

6. Hariri M., Zohdi S. Effect of Vitamin D on Non-Alcoholic
Fatty Liver Disease: A Systematic Review of Randomized Controlled
Clinical Trials. Int. J. Prev. Med. 2019. 10. 14. doi:10.4103/ijpvm.
ijpvm_499 17.

7. Mazanova A., Shymanskyi 1., Lisakovska O., Hajiyeva L.,
Komisarenko Y., Veliky M. Effects of Cholecalciferol on Key Com-
ponents of Vitamin D-Endo/Para/Autocrine System in Experimen-
tal Type I Diabetes. Int. J. Endocrinol. 2018. 2018. 2494016. doi:
10.1155/2018/2494016.

8. Holick M.F. The vitamin D deficiency pandemic: Approaches
for diagnosis, treatment and prevention. Rev. Endocr. Metab. Disord.
2017. 18(2). 153-165. doi: 10.1007/s11154-017-9424-1. PMID:
28516265.

9. Amrein K., Scherkl M., Hoffmann M., Neuwersch-Sommereg-
ger S., Kostenberger M., Tmava Berisha A., Martucci G. et al. Vitamin D
deficiency 2.0: an update on the current status worldwide. Eur. J. Clin.
Nutr. 2020. 74(11). 1498-1513. doi: 10.1038/541430-020-0558-y.

10. Cashman K.D. Vitamin D. Deficiency: Defining, Prevalence,
Causes, and Strategies of Addressing. Calcif. Tissue Int. 2020. 106(1).
14-29. doi: 10.1007/500223-019-00559-4.

11. Pfotenhauer K.M., Shubrook J.H. Vitamin D Deficiency, Its
Role in Health and Disease, and Current Supplementation Recom-
mendations. J. Am. Osteopath. Assoc. 2017. 117(5). 301-305. doi:
10.7556/jaoa.2017.055. PMID: 28459478.

12. Ross A.C., Manson J.E., Abrams S.A., Aloia J.F., Bran-
non P.M., Clinton S.K., Durazo-Arvizu R.A. et al. The 2011 report on
dietary reference intakes for calcium and vitamin D from the Institute
of Medicine: what clinicians need to know. J. Clin. Endocrinol. Metab.
2011 Jan. 96(1). 53-8. doi: 10.1210/jc.2010-2704.

13. Holick M.F., Binkley N.C., Bischoff-Ferrari H.A., Gor-
don C.M., Hanley D.A., Heaney R.P., Murad M.H., Weaver C.M.;
Endocrine Society. Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice guideline. J. Clin.
Endocrinol Metab. 2011. 96(7). 1911-30. doi: 10.1210/jc.2011-0385.

14. Roth D.E., Abrams S.A., Aloia J., Bergeron G., Bouras-
sa M.W., Brown K. H., Calvo M.S. et al. Global prevalence and di-
sease burden of vitamin D deficiency: a roadmap for action in low- and

middle-income countries. Ann. N. Y. Acad. Sci. 2018. 1430(1). 44-79.
doi: 10.1111/nyas. 13968.

15. Benedik E. Sources of vitamin D for humans. Int. J. Vitam.
Nutr. Res. 2022. 92(2). 118-125. doi: 10.1024/0300-9831/a000733.
Epub 2021 Oct 18. PMID: 34658250.

16. Pérez-Lopez F.R., Pilz S., Chedraui P. Vitamin D supple-
mentation during pregnancy: an overview. Curr. Opin. Obstet. Gynecol.
2020. 32(5). 316-321. doi: 10.1097/GCO.0000000000000641. PMID:
32487800.

17. Kumar J., Muntner P., Kaskel F.J., Hailpern S.M., Mela-
med M.L. Prevalence and Associations of 25- Hydroxyvitamin D De-
ficiency in US Children: NHANES 2001—2004. Pediatrics. 2009. 124.
e362—e370. doi: 10.1542/peds.2009-0051.

18. Pludowski P., Holick M.F., Pilz S., Wagner C.L., Hol-
lis B.W., Grant W.B. et al. Vitamin D effects on musculoskeletal health,
immunity, autoimmunity, cardiovascular disease, cancer, fertility, preg-
nancy, dementia and mortality — a review of recent evidence. Autoim-
mun. Rev. 2013. 12(10). 976-89. doi: 10.1016/j.autrev.2013.02.004.

19. Kupisz-Urbanska M., Pludowski P., Marcinowska-Sucho-
wierska E. Vitamin D Deficiency in Older Patients- Problems of Sarco-
penia, Drug Interactions, Management in Deficiency. Nutrients. 2021.
13(4). 1247. doi: 10.3390/nu13041247.

20. Abiri B., Vafa M. Vitamin D and Muscle Sarcopenia in Aging.
Methods Mol. Biol. 2020. 2138. 29-47. doi: 10.1007/978-1-0716-
0471-7_2. PMID: 32219739.

21. Bonaldo P., Sandri M. Cellular and molecular mechanisms of
muscle atrophy. Dis. Model. Mech. 2013. 6(1). 25-39. doi: 10.1242/
dmm.010389. PMID: 23268536, PMCID: PMC3529336.

22. Pusceddu I., Farrell C.J., Di Pierro A.M., Jani E., Herr-
mann W., Herrmann M. The role of telomeres and vitamin D in cel-
lular aging and age-related diseases. Clin. Chem. Lab. Med. 2015.
53(11). 1661-78. doi: 10.1515/ccim-2014-1184. PMID: 25803084.

23. Korotkyi O., Huet A., Dvorshchenko K., Kobyliak N., Falaly-
eyeva T., Ostapchenko L. Probiotic Composition and Chondroitin
Sulfate Regulate TLR-2/4-Mediated NF-kB Inflammatory Pathway
and Cartilage Metabolism in Experimental Osteoarthritis. Probiotics
Antimicrob. Proteins. 2021. doi:10.1007/s12602-020-09735-7.

24. Lips P., Cashman K.D., Lamberg-Allardt C., Bischoff-Ferra-
ri H.A., Obermayer-Pietsch B., Bianchi M.L. et al. Current vitamin D
status in European and Middle East countries and strategies to prevent
vitamin D deficiency: a position statement of the European Calcified
Tissue Society. Eur. J. Endocrinol. 2019. 180. 23-54. doi: 10.1530/
EJE-18-0736.

25. Koundourakis N.E., Avgoustinaki P.D., Malliaraki N.,
Margioris A.N. Muscular effects of vitamin D in young athletes and
non-athletes and in the elderly. Hormones. 2017. 15. 471-488. doi:
10.14310/horm.2002.1705.

26. Theiler-Schwetz V., Trummer C., Griibler M.R., Kep-
pel M H., Zittermann A., Tomaschitz A. et al. Effects of Vitamin D Sup-
plementation on 24- Hour Blood Pressure in Patients with Low 25- Hy-
droxyvitamin D Levels: A Randomized Controlled Trial. Nutrients.
2022. 14(7). 1360. doi: 10.3390/nu14071360. PMID: 35405973;
PMCID: PMC9003372.

27. Le T.Y.L., Ogawa M., Kizana E., Gunton J.E., Chong J.J.H.
Vitamin D Improves Cardiac Function After Myocardial Infarction
Through Modulation of Resident Cardiac Progenitor Cells. Hear. Lung
Circ. 2018. 27. 967-975. doi:10.1016/].hlc.2018.01.006.

28. Cosentino N., Campodonico J., Milazzo V., De Metrio M.,
Brambilla M., Camera M., Marenzi G. Vitamin D and Cardiovascular
Disease: Current Evidence and Future Perspectives. Nutrients. 2021.
13(10). 3603. doi: 10.3390/nu13103603. PMID: 34684604; PMCID:
PMC8541123.

60 MiXXHOPOAHUI €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 19, N2 1, 2023



[ d

Orasa Aiteparypm / Literature Review

29. Abboud M. Vitamin D Supplementation and Blood Pressure
in Children and Adolescents: A Systematic Review and Meta-Analy-
sis. Nutrients. 2020. 12(4). 1163. doi: 10.3390/nu12041163. PMID:
32331233; PMCID: PMC7230389.

30. Jackson S.E., Llewellyn C.H., Smith L. The obesi-
ty epidemic — Nature via nurture: A narrative review of high-in-
come countries. SAGE Open Med. 2020. 8. 2050312120918265.
doi: 10.1177/2050312120918265. PMID: 32435480; PMCID:
PMC7222649.

31. Eslami M., Bahar A., Hemati M., Rasouli Nejad Z., Meh-
ranfar F., Karami S., Kobyliak N.M., Yousefi B. Dietary pattern,
colonic microbiota and immunometabolism interaction: new frontiers
for diabetes mellitus and related disorders. Diabet. Med. 2021. 38.
el441. doi: 10.1111/dme. 14415.

32. Sun H., Saeedi P., Karuranga S., Pinkepank M., Ogurtso-
va K., Duncan B.B. et al. IDF Diabetes Atlas: Global, regional and
country-level diabetes prevalence estimates for 2021 and projections
for 2045. Diabetes Res. Clin. Pract. 2022. 183. 109119. doi: 10.1016/j.
diabres.2021.109119. Epub 2021 Dec 6. PMID: 34879977.

33. Rasouli N., Brodsky 1.G., Chatterjee R., Kim S.H., Prat-
ley R.E., Staten M.A., Pittas A.G.; D2d Research Group. Effects of
Vitamin D Supplementation on Insulin Sensitivity and Secretion in
Prediabetes. J. Clin. Endocrinol. Metab. 2022. 107(1). 230-240. doi:
10.1210/clinem/dgab649. PMID: 34473295; PMCID: PMC8684490.

34. Pankiv V. Features of prediabetes management in adoles-
cents with excessive body weight and obesity. International Journal
of Endocrinology (Ukraine). 2022. 18(8). 436-439. https.//doi.
org/10.22141/2224-0721.18.8.2022. 1222.

35. Mirhosseini N., Vatanparast H., Mazidi M., Kimball S.M.
Vitamin D supplementation, glycemic control, and insulin resistance
in prediabetics: A meta-analysis. J. Endocr. Soc. 2018. 2. 687-709.
doi:10.1210/J5.2017-00472.

36. Manousaki D., Harroud A., Mitchell R.E., Ross S., Forget-
ta V., Timpson N.J. et al. Vitamin D levels and risk of type 1 diabetes:
A Mendelian randomization study. PLoS Med. 2021. 18(2). e 1003536.
doi: 10.1371/journal.pmed. 1003536.

37. Lips P., Eekhoff M., van Schoor N., Oosterwerff M., de
Jongh R., Krul-Poel Y., Simsek S. Vitamin D and type 2 diabetes.
J. Steroid Biochem. Mol. Biol. 2017. 173. 280-285. doi:10.1016/j.
Jjsbmb.2016.11.021.

38. Pankiv V.I., Koval S.M., Pankiv 1.V., Mysnychenko O.V.
Vitamin D status in outpatients attending the center of endocrino-
logy. Problems of Endocrine Pathology. 2021. 4(78). 50-56. Doi:
10.21856/j-PEP.2021.4.07.

39. Rafig S., Jeppesen P. Is Hypovitaminosis D Related to Inci-
dence of Type 2 Diabetes and High Fasting Glucose Level in Healthy
Subjects: A Systematic Review and Meta-Analysis of Observational
Studies. Nutrients. 2018. 10. 59. doi: 10.3390/nu10010059.

40. Hu Z., Chen J., Sun X., Wang L., Wang A. Efficacy of vitamin D
supplementation on glycemic control in type 2 diabetes patients. Medicine
(Baltimore). 2019. 98. e 14970. doi: 10.1097/MD.0000000000014970.

41. Aludwan M., Kobyliak N., Abenavoli L., Kyriienko D., Fa-
goonee S., Pellicano R., Komisarenko 1. Vitamin D; deficiency is asso-
ciated with more severe insulin resistance and metformin use in patients
with type 2 diabetes. Minerva Endocrinol. 2020. 45. doi:10.23736/
8§0391-1977.20.03161-2.

42. Ehrampoush E., Mirzay Razzaz J., Arjmand H., Ghaemi A.,
Raeisi Shahraki H., Ebrahim Babaei A. et al. The association of vi-
tamin D levels and insulin resistance. Clin. Nutr. ESPEN. 2021. 42.
325-332. doi: 10.1016/j.clnesp.2021.01.012.

43. Karampela I., Sakelliou A., Vallianou N., Christodoula-
tos G.S., Magkos F., Dalamaga M. Vitamin D and Obesity: Current

Evidence and Controversies. Curr. Obes. Rep. 2021. 10(2). 162-180.
doi: 10.1007/s13679-021-00433- 1.

44. Guo X.F., WangC., Yang T., Li S., Li K.L., Li D. Vitamin D
and non-alcoholic fatty liver disease: a meta-analysis of randomized
controlled trials. Food Funct. 2020. 11(9). 7389-7399. doi: 10.1039/
d0fo01095b.

45. Kobyliak N., Abenavoli L., Mykhalchyshyn G., Falalyeye-
va T., Tsyryuk O., Kononenko L. et al. Probiotics and smectite absor-
bent gel formulation reduce liver stiffness, transaminase and cytokine
levels in NAFLD associated with type 2 diabetes: A randomized clinical
study. Clin. Diabetol. 2019. 8. doi: 10.5603/DK.2019.0016.

46. Eliades M., Spyrou E., Agrawal N., Lazo M., Brancati F.L.,
Potter J.J. et al. Meta-analysis: Vitamin D and non-alcoholic fatty liver
disease. Aliment. Pharmacol. Ther. 2013. 38. 246-254. doi:10.1111/
apt. 12377.

47. Barchetta 1., Carotti S., Labbadia G., Gentilucci U.V.,
Muda A.O., Angelico F. et al. Liver vitamin D receptor, CYP2R1, and
CYP27A1 expression: Relationship with liver histology and vitamin D,
levels in patients with nonalcoholic steatohepatitis or hepatitis C virus.
Hepatology. 2012. 56. 2180-2187. doi: 10.1002/hep.25930.

48. Zhou Q.G., Hou F.F., Guo Z.J., Liang M., Wang G.B.,
Zhang X. 1,25-Dihydroxyvitamin D improved the free fatty-acid-in-
duced insulin resistance in cultured C2C12 cells. Diabetes. Metab. Res.
Rev. 2008. 24. 459-464. doi:10.1002/dmrr.873.

49. Abramovitch S., Dahan-Bachar L., Sharvit E., Weisman Y.,
Tov A.B., Brazowski E., Reif S. Vitamin D inhibits proliferation and
profibrotic marker expression in hepatic stellate cells and decreases
thioacetamide-induced liver fibrosis in rats. Gut. 2011. 60. 1728-1737.
doi: 10.1136/gut.2010.234666.

50. Joka D., Wahl K., Moeller S., Schlue J., Vaske B., Bahr M.J.
et al. Prospective biopsy-controlled evaluation of cell death biomarkers
for prediction of liver fibrosis and nonalcoholic steatohepatitis. Hepa-
tology. 2012. 55. 455-464. doi: 10.1002/hep.24734.

51. Lorvand Amiri H., Agah S., Tolouei Azar J., Hosseini S., Shid-
far F., Mousavi S.N. Effect of daily calcitriol supplementation with and
without calcium on disease regression in non-alcoholic fatty liver patients
following an energy-restricted diet: Randomized, controlled, double-blind
trial. Clin. Nutr. 2017. 36. 1490-1497. doi: 10.1016/j.clnu.2016.09.020.

52. Barchetta 1., Angelico F., Ben M.D., Baroni M.G., Pozzilli P.,
Morini S., Cavallo M.G. Strong association between non alcoholic fatty
liver disease (NAFLD) and low 25(0OH) vitamin D levels in an adult
population with normal serum liver enzymes. BMC Med. 2011. 9. doi:
10.1186/1741-7015-9-85.

53. Zhang Z., Thorne J.L., Moore J.B. Vitamin D and nonalcoholic
fatty liver disease. Curr. Opin. Clin. Nutr. Metab. Care. 2019. 22(6).
449-458. doi: 10.1097/MCO.0000000000000605. PMID: 31589177.

54. Wong T., Wong R.J., Gish R.G. Diagnostic and Treatment
Implications of Nonalcoholic Fatty Liver Disease and Nonalcoholic
Steatohepatitis. Gastroenterol. Hepatol. (NY). 2019. 15(2). 83-89.
PMID: 31011302; PMCID: PMC6469262.

55. Sharifi N., Amani R., Hajiani E., Cheraghian B. Does vitamin D
improve liver enzymes, oxidative stress, and inflammatory biomarkers in
adults with non-alcoholic fatty liver disease ? A randomized clinical trial.
Endocrine. 2014. 47. 70-80. doi: 10.1007/512020-014-0336-5.

56. Nauck M.A., Wefers J., Meier J.J. Treatment of type 2 diabe-
tes: challenges, hopes, and anticipated successes. Lancet Diabetes En-
docrinol. 2021. 9(8). 525-544. doi: 10.1016/52213-8587(21)00113-3.
Epub 2021 Jun 25. PMID: 34181914.

57. Pacifico L., Osborn J.F., Bonci E., Pierimarchi P., Chiesa C.
Association between Vitamin D Levels and Nonalcoholic Fatty Liver
Disease: Potential Confounding Variables. Mini- Reviews Med. Chem.
2018. 19. 310-332. doi: 10.2174/1389557518666181025153712.

Tom 19, N2 1, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua 61



OrAsa Aitepatypm / Literature Review

skl

58. Lips P., Eekhoff M., van Schoor N., QOosterwerff M., de
Jongh R., Krul-Poel Y., Simsek S. Vitamin D and type 2 diabetes.
J. Steroid Biochem. Mol. Biol. 2017. 173. 280-285. doi: 10.1016/j.
Jjsbmb.2016.11.021.

59. Tkach S., Pankiv V., Pankiv I. Modern views on the me-
tabolism and biological effects of vitamin D. International Journal
of Endocrinology (Ukraine). 2022. 18(2). 109-117. https.//doi.
org/10.22141/2224-0721.18.2.2022.1156.

60. Fernandes A.L., Murai I.H., Reis B.Z., Sales L.P., San-
tos M.D., Pinto A.J. et al. Effect of a single high dose of vitamin D; on
cytokines, chemokines, and growth factor in patients with moderate
to severe COVID-19. Am. J. Clin. Nutr. 2022. 115(3). 790-798. doi:
10.1093/ajcn/nqab426. PMID: 35020796, PMCID: PMC8807215.

61. Barchetta I., Del Ben M., Angelico F., Di Martino M., Fraio-
li A., La Torre G. et al. No effects of oral vitamin D supplementation
on non-alcoholic fatty liver disease in patients with type 2 diabetes: a
randomized, double-blind, placebo-controlled trial. BMC Med. 2016.
14. 92. doi: 10.1186/512916-016-0638-y.

62. Wang S., Cai B., Han X., Gao Y., Zhang X., Wang R.,
Zhang Y., Chen Q. Vitamin D supplementation for nonalcoholic fatty
liver disease in type 2 diabetes mellitus: A protocol for a systematic

Information about authors

review and meta-analysis. Medicine (Baltimore). 2020. 99. e20148.
doi:10.1097/M D.0000000000020148.

63. Cimini F.A., Barchetta 1., Carotti S., Bertoccini L., Baro-
ni M.G., Vespasiani-Gentilucci U. et al. Relationship between adi-
pose tissue dysfunction, vitamin D deficiency and the pathogenesis
of non-alcoholic fatty liver disease. World J. Gastroenterol. 2017.
23(19). 3407-3417. doi: 10.3748/wjg.v23.i19.3407. PMID: 28596677;
PMCID: PMC5442077.

64. Seida J.C., Mitri J., Colmers I.N., Majumdar S.R., David-
son M.B., Edwards A.L. et al. Clinical review: Effect of vitamin D,
supplementation on improving glucose homeostasis and preventing
diabetes: a systematic review and meta-analysis. J. Clin. Endocrinol.
Metab. 2014. 99(10). 3551-60. doi: 10.1210/jc.2014-2136.

65. Galior K., Grebe S., Singh R. Development of Vitamin D
Toxicity from Overcorrection of Vitamin D Deficiency: A Review of
Case Reports. Nutrients. 2018. 10(8). 953. doi: 10.3390/nu10080953.
PMID: 30042334, PMCID: PMC6115827.

OrpumaHo/Received 09.12.2022
PeveH3oBaHo/Revised 25.01.2023
MMpwiiHsiTo [o Apyky/Accepted 01.02.2023 M

Olena Tsyryuk, Dr.Sci., Educational and Scientific Centre “Institute of Biology and Medicine” at Taras Shevchenko National University of Kyiv, Ukraine, e-mail: otsyryuk@gmail.com; https://orcid.org/

000-0003-4863-286X

Yuliya Tseyslyer, PhD, Educational and Scientific Centre “Institute of Biology and Medicine” at Taras Shevchenko National University of Kyiv, Kyiv, Ukraine; e-mail: yuliya.tseysler@knu.ua; https://orcid.org/

0000-0001-7689-9620

Kateryna Strubchevska, MD, First Year Internal Medicine Resident Doctor, Beaumont Hospital Royal Oak 3601 W 13 Mile Rd, Royal Oak, MI, 48073, USA; e-mail: kateryna.strubchevska@beaumont.org;

https://orcid.org/0000-0001-8330-1180

Marko Kozyk, MD, First Year Internal Medicine Resident Doctor, Beaumont Hospital Royal Oak 3601 W 13 Mile Rd, Royal Oak, MI, 48073, USA; e-mail: marko.kozyk@beaumont.org; https://orcid.org/

0000-0003-4062-8911

Danylo Ostapchenko, student of Educational and Scientific Centre “Institute of Biology and Medicine” at Taras Shevchenko National University of Kyiv, Kyiv, Ukraine; e-mail: enderjen1995@gmail.com;

https://orcid.org/0000-0002-2540-9174

Oleksandr Korotkyi, Dr.Sci., Educational and Scientific Centre “Institute of Biology and Medicine” at Taras Shevchenko National University of Kyiv, Kyiv, Ukraine; e-mail: oleksandrkorotkyi@knu.ua;

https://orcid.org/0000-0003-1147-532X

Iryna Tymoshenko, PhD, Bogomolets National Medical University, Kyiv, Ukraine; e-mail: irtumoshenko@ukr.net; https://orcid.org/0000-0002-1580-3362

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

O.1. Tsyryuk’, Yu.V. Tseyslyer’, K.R. Strubchevska®, M.O. Kozyk?, D.I. Ostapchenko’, O.H. Korotkyi', I.O. Tymoshenko?
" Educational and Scientific Centre “Institute of Biology and Medicine” at Taras Shevchenko National University of Kyiv,

Kyiv, Ukraine
2 Bogomolets National Medical University, Kyiv, Ukraine
¥ Beaumont Hospital, Royal Oak, Michigan, USA

Relationship between vitamin D deficiency
and metabolic disorders

Abstract. The relationship between vitamin D deficiency and the
metabolic syndrome has recently been revealed. Vitamin D defi-
ciency was hypothesized to cause increased insulin resistance and
decreased insulin secretion, which can result in the development of
diabetes mellitus and obesity. Cardiovascular diseases are also closely
related to the metabolic syndrome. Vitamin D has been shown to
have complex multistep metabolism and act as a hormone at many
extraskeletal targets. In this literature review, a comprehensive anal-
ysis of publications from Scopus, Web of Science, MedLine, The
Cochrane Library, EMBASE, Global Health databases, as well as
scientific libraries of Ukraine, European Union, Great Britain,
USA and other countries was performed. Our goal is to identify and
analyze scientific publications discussing various biological effects
of vitamin D and its use in the comprehensive treatment of various
diseases. In addition to the previously known role of vitamin D in
calcium metabolism and the musculoskeletal system functionality,
a wide range of its pleiotropic effects has been discovered recently.

Modern studies have shown a relationship between low levels of
vitamin D and development of neurocognitive dysfunction, men-
tal and neurological disorders, infertility, immune reactivity and
autoimmune disorders, various types of cancer, and cardiovascular
pathologies. More recent data also revealed a relationship of vita-
min D deficiency with practically all aspects of metabolic syndrome,
namely diabetes mellitus type 2 and type 1, hyperglycemia, dyslipid-
emia, obesity, hypertension, and insulin resistance. It was concluded
that the data of the modern literature regarding the effectiveness of
vitamin D in the treatment and prevention of metabolic disorders
and structural and functional changes of the liver in diabetes and
non-alcoholic fatty liver disease are quite contradictory: at the same
level as the numerous publications on the effective use of vitamin D,
there are studies with unconfirmed effectiveness of therapy and even
its toxicity for the indicated pathologies.

Keywords: review; vitamin D deficiency; non-alcoholic fatty liver
disease; diabetes; insulin resistance
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/\bBIBCbKUW HALIOHQABHU MEANYHNN YHIBEpCUTET iMeHi AQHUAQ [QAULIbKOTO, M. /AbBIB, YKpQiHQ

IHriGiTopKn NponpoTeiHOBOT KOHBEPTA3N
CYOTUAI3UH/KEKCUH TUny 9:
nepcnekTUBn XOAeCTEePUH3HMKYBAABHOI Tepanil
NPV LYKPOBOMY AiabeTi 2-ro tuny

Pestome. JiabetnyHa gucninonpoteinemis ([/111), L0 XapakTepu3yeTbCs KiNlbKICHAMM, SSKICHUMY Ta KIHETUYHUMMU
3MiHaMu BCIX OCHOBHUX UMPKYITIOKYMX JTiNIZIB, CrpUSE NMiABULLEHHIO PUSMKY aTEPOCKIIEPOTUYHINX CEpPLEBO-CYANHHUX
3axsoptoBaHb (ACC3) y nayieHTis i3 Lykposum giabetom (L) 2-ro Tuny. baratoobiyso4mm HarnpsmMKoM JiKyBaHHS
Liabetndrux /11 € npurHideHHs nponpoTeiHoBoi koHBepTasu cybTuniaur/kekcuH tury 9 (PCSK9) miogcbkumm mo-
HOKJIOHaIIbHUMM aHTUTINIaMu. ICHY€e HU3Ka rpenapariB, sKi BiOPISHAIOTLCS 3@ MEXaHI3MaMu MPUrHiYeHHs1 akTUBHOCTI
PCSK9. YmoBHO BuginsoThb Taki rpynu: MOHOK/IOHasbHI aHTuTina npotn PCSK9 (aHTu-PCSK9 MOHOKIOHAsbHI
aHTuTIna): eBosiokymab, anipokymab, 60koLm3ymab (iH eKUiviHi nikapcbki ¢popmm); iHLLI iH EKLiVIHI NikapcbKi 3acobm
3 pisHUMn MexaHiamamu gii (iHknicupaH, SPC4061, SPC5001, adnectin BMS-962476, LIBO03, aHTu-PCSK9 Bak-
ymHa; aHTn-PCSK9 BakymHa (Ha OCHOBI HAHOHACTUHOK)); NepopasibHi Nikapchki 3acobu (PF-06446846, DS-9001a,
SRT3025); iHri6iTopu 6inka — nepeHocHuka eqipy xonectepuHy/PCSK9 (aHayeTpani6, esayeTtpanio, Topyetpanio,
K-312). Lei ornsig mae Ha MeTi 06roBoputi MicLe asnipokymaoby i eBornokymaby, MOBHICTIO ryMaHi30BaHUX MOHO-
KITOHaIbHWX aHTuTinN, B Tepanii xsopux Ha L[] 2-ro tuny 3 /11 i po3rnsHy v ix eqpekTuBHICTL | 6e3nexy. CTpareris
nowuyky. NoLuyk nposoamscs B Scopus, Science Direct (Big Elsevier) i PubMed, Bkrto4Ho 3 6asamu gaHnx Medline.
BukopucTaHi Taki Kilo40oBi crioBa: BeretatMBHa HepBoOBa cucTemMa, BapiabesibHICTb pUTMy cepus, 4y T/IMBICTb 6apo-
pecpriekcy, niabeTndHa cepLeBa aBTOHOMHa Heviponarisi Ta Tepminn MESH. [1nsa BusiBrieHHs1 pe3yribTatiB AOCIiAXeH-
HS1, SIKi HEe BAAI0CA 3HaUNTU Mg Yac OHIaviH-MOLLYKY, BUKOPUCTOBYBABCS PYYHWU MOLLYK 6i6tiorpadii ry6ikayiv.
lMepLuoto niieto Bu6opy nikyBaHHa /11y xBopux Ha L[ 2-ro tvny, 3 MeToro 3HmxeHHs1 puauky ACC3, e cTaTuHu.
E3eTumi6 — HacTyrnHuvi JikapCbKuvi 3acib, sskuvi crifg O[aTH, SKLLO PIBEHb XONIeCTepUHY JlinonpoTeiHIB HU3bKOI
winbHocTi (XC JIMHLL) y navuieHTiB BULMI 3@ NPUAHATHWA. Y Bunagkax HeegeKTUBHOCTI KoMOIHaLii cTaTuHiB 3
eseTumioom iHrioitop PCSK9 e gouinbHum i palioHarnbHuM BU6opoM. 3aranom KiiHidHi gaHi ceig4ats npo Te, Lo
iHrieitopn PCSK9 fobpe nepeHocATsCA Ta 3ab6e3neyyroTsb, Ha JOJATOK 40 BUCOKOIHTEHCUBHOI Tepariii ctatuHamu,
3HayqHe 3HkeHHs pisHs XC JIMHLL y xsopux Ha L[ 2-ro tuny 3 JJI1. BukopuctaHHs iHribitopis PCSK9 He cyrpo-
BOPKYETLCS MOPYLUEHHSIM [TIKEMIYHOro KOHTPOJIH0 ab0 MiABULLIEHHAM pu3nKy po3suTky L[] B oci6 6e3 nonepeHbo
LiarHoctoBaHoro L[], a Takox Moxe 3arobirty nofasibLLUNM CEPLEBO-CYANHHUM MOLZISM ab60 3MEHLLUTY iX.
Knto4oBi cnoBa: yykposuii giaber; iHrieiTopy nponpoTeiHoBoi KOHBEPTA3u CYOTUIII3UH/KEKCUH Tury 9; ornsg

3pocrae KilbKicTh 10Ka3iB TOTO, 110 JiMiJO3HUXY-
BaJIbHA Teparlisi, a caMme BUKOPUCTAHHSI CTATHUHIB, MOB’sI-
3aHa 3 JOBFOCTPOKOBUMU TMaTO(i3i0J0TiYHUMU 3MiHAMU
roMeocTa3y IJII0KO3U Ta PO3BUTKOM I[yKPOBOTO HiabeTy
(L) 2-ro Tumy [1, 2]. 3oKkpema, pe3yJbTaT MeTaaHali3y
17 paHaoMi3oBaHUX KOHTPOJIbOBaHUX AociimkeHb (PK/I)
cBimuarh, 10 posyBactaTuH (20 mr/mo0y), aTopBacTaTuH

(80 Mr/no0y) i npaBactatuH (40 Mr/mo0y) MiABUILYIOTh
pusuk LI 2-ro tuny Ha 25, 151 7 % Bignosigno [3]. Li
e(eKTH 4aCTKOBO TMOSICHIOIOTHCS CTaTUHO3aJIEXKHOI0 0J10-
kanoto Ca’*-kaHaniB L-tumny B B-KIIiTMHAX MiANLTYHKOBOT
3aJI034, 110 NPU3BOIUTH A0 MOPYILIEHb CEKPellil iHCYyTi-
HY. Y XUpPOBiil TKAHUHIi, BHACIIIOK AUcOaNaHCy peryJsiiii
TpaHCTIOPTEPY TIIIOKO3U TUITY 4, 3MiHIOETHCS YyTIUBICTD
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o incyminy [4]. Kpim Toro, BapiaHTU IoOpyiIeHb (YHK-
1ii 3-TiApOKCU-3-MEeTWITTyTapUI-KOSH3UM-A-pPeNyKTa3u
('MTI'-KoA-penykTa3u) noB’si3aHi 3 MPUTHIYEHHSIM 0io-
cuHTesy xoJjiectepuny (XC), ajie MOCUIEHHSIM OT0 TTOTJIN -
HaHHS Yepe3 peLenTop JIiMonpoTeiHiB HU3bKOI IIITbHOCTI
(JITTH LI -peuieniTop), 110 BPEIITi-pEIIT MOXE CIIPUSITU PO3-
BUTKY IIyKpOBOTO aiabeTy [5, 6].

3 orysioy Ha BaXKJIMBICTh TIiMOJIMiAeMIiYHOI TepalTii 1Ist
XBOPHUX 3 J1ia0ETUYHOIO (aTePOTeHHOI0) TUCIITIONPOTEiHE-
miero (JJIIT) mpoBoauThCs iHTEHCUBHUI MOILIYK HOBUX
Jikapcbkux 3aco0iB (JI3). [MoTrouHi qocmimKeHHsT Ha 11bO-
My (pOHI 30cepeKeHi Ha MOIIYKYy HOBHMX HECTaTUMHOBUX
ninigomonugikyrounx JI13. 3okpemMa, pe3yabTaTu 10CHTi-
mxkeHHs1 IMPROVE-IT (The Improved Reduction of Out-
comes: Vytorin Efficacy International Trial) mo3BoasI0TH
TIATH BUCHOBKY, 1110 OAHOYACHE 3aCTOCYBaHHS €3eTUMIiOy 3i
CTaTMHAMU J03BOJIsIE OUIbII €(PeKTUBHO 3HU3UTH piBHI XC
JITTHIILL Ta yactoTy KapaioBacKyJsIpHUX TO/iii TTIOPiBHSIHO
3 MOHOTeparlli€lo cratuHamu [1]. OTpuMaHi naHi cBiTyaTh,
1110 iHIIIi JTiMiI03HMKYBaJIbHI 3ac00U, SIKi HEe BILUTMBAIOTh HA
akTuBHICTh [ MI'-K0oA-penykTa3u, TaKoxX MOXYTb MOJiI-
IIUTY KapaioBacKyJISIpHUIA IporHo3 |7, §].

Hia6etnuna HJIIT, mo xapakTepu3yeThCsl KiIbKiICHU-
MU, SKICHUMM Ta KiHETUIHUMM 3MiHaAMU BCiX OCHOBHUX
LIUPKYJIIOIYUX JIIITi/IiB, CIPUSIE TTIABUILIEHHIO CEPLIEBO-CY-
nuHHoro (CC) pusuky y nauieHTis i3 LI 2-ro tumny [9, 10].
Bbararoo0ilisitounm TepaneBTUYHUM HAINPSIMKOM JIiKyBaHHS
niadernyHux JJITI € npurHiyeHHs TPONPOTEIHOBOT KOH-
Beprasu cyorwinizut/kekcuH tuny 9 (PCSK9) moacekumu
MOHOKJIOHAJIbHUMU aHTUTIJIaMU, sIKi, Ha JOAATOK JI0 CTa-
TUHIB, TOTYkHO 3MeHIyI0Th piBeHb XC JITTHI y mia3mi
KPOBi Ta 3HUXYIOTh PU3UK PO3BUTKY CEPLIEBO-CYIMHHUX
3axBopioBaHb (CC3). AHTU-PCSK9 MOHOKIOHATbHI aHTH -
TiJla, IK IpaBWIO, He HaOiIbII epekTrBHI JI3 y JTiKyBaHHI
nauieHTiB i3 L1 2-ro TUny NopiBHSHO i3 3arajbHOIO MOITy-
JISILTIEIO XBOPHUX i3 BUCOKUM PU3MKOM aTePOCKIEPOTUIHUX
CC3 (ACC3). Tum He MeHIII, a0COTIOTHE 3HIKEHHS pU3UKY
ocHoBHUX CC-nofiii € OiIbII 3HAYYIITUM 17151 XBopux Ha LIJT
2-ro Tuty. e cBimuuTh TIpo Te, 110 JIiKyBaHHS TAlliEHTIB 3
L 2-ro Tuny antu-PCSK9 MOHOKJIOHAIbBHUMU aHTUTiNIA-
MU, KPiM iHIIINX TTO3UTUBHUX e(EeKTiB, MOXKe OyTH IIprBa-
OJIMBUM 3 TOUKHU 30py peHTabenbHocTi [11, 12].

OTXe, OCTaHHIMHU POKaMU aKTUBHO OOTOBOPIOIOTHCS
MeXaHi3MU Aii, eheKTUBHICTh Ta Oe3MeKka BUKOPUCTaHHS Y
KJiHiYHi#i npaktuii iHriditopis PCSK9. IMpoaemoHcTpoBa-
Ho, 110 aktuBHicT PCSK9 y ra3mi kposi namieHTiB 3 LIJT
2-T0 TUIY MO3UTUBHO KOPEJIOE 3 mokazHukamu Homeo-
stasis Model Assessment of Insulin Resistance (HOMA-IR).
Kopensmiio Mix piBassMu PCSK9 i HOMA-IR moxHa 1mo-
SICHUTU TUM, 110 ekcrnpeciss PCSK9 perymtoeThbes iHCyiHOM
yepe3 OiJI0K, IO 3B’SI3Y€ PETryIIOI0UNIi eJIeMEHT CTepoiry 1
(SREBP-1) [13—15]. diiicHo, TinepiHCyIiHEMis MOXe iHIy-
KyBatu TpaHckpuriito PCSK9 3 mopanblioro nerpanaiieio
JITHIII-peuenTtopis i MiABULLEHHAM PiBHS LIUPKYJIIOIOUOTO
X0JieCTepuHy [6].

IcHye HU3Ka mpenapariB, SIKi BiIpi3HSIIOTbCS 32 MeXa-
HizMamu npurHidyeHHs1 akTuBHOCTI PCSK9. YMoBHO BUi-
JISIIOTH TaKi TPYITM: MOHOKJTOHAJIBHI aHTUTiIa Tpot PCSK9
(anTu-PCSK9 MOHOKJIOHAIBHI aHTUTINIA): €BOJIOKYMao,
ajlipokymMab, 6okonn3yMad (iH’exiiiitHi Jikapcbki (hopmu);

IHIII iH’eX1IiHI TiKapChKi 3ac00M 3 Pi3HUMM MeXaHi3MaM1
aii (inkmicupan, SPC4061, SPC5001, adnectin BMS-962476,
LIB003, antu-PCSK9 Baknuna; antu-PCSK9 Bakimna
(Ha OCHOBi HAHOYACTMHOK)); MEPOPaJIbHI JIiIKapChKi 3ac00u
(PF-06446846, DS-9001a, SRT3025); inri6itropu Giaka —
niepeHocHuka edipy xonecrepuny (CETP)/PCSK9 (anare-
Tparib, eBaretpario, Topuerparnio, K-312) [1, 16].

V 1ab611. 1 HaBeAEeHO XapaKTepHUCTUKY OCHOBHUX iHTi0ITOPIB
MPOMNPOTEIHOBOI KOHBEPTA3U CYOTHITI3MH/KeKCHH ThIty 9 [16].

VYropaBiiHHS 3 IpoaoBoiabeTBa i MeaukameHTiB CIIA
(FDA) i €BporeiicbKe areHTCTBO 3 JliKapChbKUX 3ac00iB
(EMA) Hapas3i cxBajujiy aBa MOBHICTIO T'yMaHi30BaHi MO-
HOKJIOHaJIbHI aHTuTiIa — iHTi6iTopn PCSK9: anipokymad
i eBoslokyMab [32].

FDA i EMA no3Boanim BUKOPUCTAHHS ajlipoOKyMaoy
IUJIST JTIKyBaHHSI JOPOCJIMX i3 BCTAHOBJIEHUM a00 BUCOKUM
pusukoM ACC3 i mopocanx XBOpHX i3 CIMEHHOIO TillepXxo-
necrepuHeMieto (CI'). Mera: 3HmkeHHs piBHst XC JITTHILI.
IMokazanns [32]:

— 3HWXEHHS pU3UKY TOCTPOTr0 KOPOHAPHOTO CUHIPO-
My (I'KC), iHCybTy Ta HecTabiIbHOI CTEHOKAP/Iil y J0pOC-
JIMX MAali€eHTiB i3 miarHocToBaHuMu CC3, sKi MOTpeOyIoTh
rocmiTaaizanii;

— JIOTIOBHEHHS /10 JiETU, OKpeMO a00 B ITOEAHAHHI 3 iH-
11010 XOJIECTEPUH3HIKYBAJIbHOIO Teparti€lo, s JTiKyBaHHSI
JIOPOC/IUX i3 MepBUHHOIO TinepJinonpoteinemieto (IJIIT),
BKJIIOYHO 3 TeTepo3urotHoto ¢opmoto CI;

— JIOTIOBHEHHS 10 Ti€ETU Ta iHIIOI XOJECTEPUH3HUXKY-
BaJIbHOI Tepallii y Jopociux i3 romo3urotrHoio CI.

FDA i EMA 103Boiuin BUKOPUCTAHHS €BOJIOKyMaOy
IIJIs1 TiKyBaHHSI JOPOCJUX IMalli€HTIB i3 BCTAHOBJIEHUM a00
BrcokuM pu3ukoM CC3, a TaKoX ITOPOCIUX i IiTeil BiKoM
Bix 10 pokis i3 CI. Meta: 3uuxkeHHs piBHsg XC JITTHILI.
ITokazanns [32]:

— 3HuxkeHHs1 pu3uky ['KC, iHcyabTy Ta mpoBeneHHs
peBacKyIsIpu3allii KOpOHAPHUX CYOIUH Y JOPOCIHUX i3 mia-
raHocroBanuMu CC3;

— JIiKyBaHHS AOpOCIMX i3 mepBuHHOIO [JII1, BKII0YHO 3
retepo3uroTHoro CI K TOTTOBHEHHSI JI0 Ii€TH, OKPEMO a0 B
MOEIHAHHI 3 IHIIIOI0 XOJECTEPUH3HUXKYBAIbHOIO TEpaIli€lo;

— JIiKyBaHHS OiTel BikoM Bim 10 pokiB i3 TeTepo3UroT-
Hoto CI gK TOMOBHEHHS 0 II€TU Ta XOJECTEPUH3HUXKY-
BaJIbHOI TepalTrii;

— JIOTIOBHEHHSI A0 iHIIOI XOJEeCTEPUH3HUXKYBAIBHOT
Tepartii JUIst JTiKyBaHHsI JOPOCUX i IiTeit BikoM Bia 10 pokiB
i3 romo3urotrHoto CI.

AHTU-PCSK9 MOHOKAOHAAbHI AHTUTIAC
EBoJtokyma0 i anipokymMad — MOHOKJIOHAJIbHi aHTHUTiIa
imyHornoOyaiHiB G2 (IgG2) moanHu, uijecnpsMoOBaHO
iHakTuBy10TH PCSK9, cepuHOBY ITpoTeasy, sika 3B’sI3y€ 10-
MEH MO3aKJITMHHOIO eIlifepMaJbHOro (hakropa pocty A
(EGF-A) neuinkoBux JIITHII-peuenTopis, mo 3a6e3-
nevye ix iHTepHatizalilo Ta nerpaaaliio B JJi3ocomax [6].
PCSK9-onocepenkosana nerpanaiist JITTHLI-petenropa
BifOyBa€THCS SIK BHYTPIIIHBOKIIITHHHUM, TaK i MO3aKJITUH-
HuM muissxamu [33]. [Ipy BHYTPIIIHbOKIITUHHOMY IIUISIXY
PCSK9 cnipusie nerpananii JITNTHIL -peuenTopa uissxom
3B’s13yBaHHsI Ta IepeMillieHHs HoBoyTBopeHux JITTHILI-pe-
LIETITOPIB Bifl TpaHCMepeXi KoMmruiekcy [obaxi 10 1i30CoM.

64 MiXXHOPOAHUI €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 19, N2 1, 2023



Orasa Aiteparypm / Literature Review

[ d

Ta6nuys 1. IHri6itopyu npornpoTteiHoBOi KOHBepTa3un cyo6TunisnH/kekcur tuny 9 [16]

Mpenapat Onuc i’é"}.ﬁ:"ﬂ Cratyc
MoHoknoHanbHi aHTUTINa (iH €KYiViHi nikapcbKi ghopmm)
MosHricTio ntoackki IgG2 mAb. 140 mr SC oauvH pas - Cxsanero FDA ta EMA
Esonokyma6 Ha 2 TUKHI 59 % ans nikysanHa MXC [17]
. MosHicTio mopcebki IgG1 mAb. 75 mr SC oguH pas - CxsaneHo FDA ta EMA
Anipokyna6 Ha 2 TWKHI 52 % ansa nikysaHHa M'XC [16]
®a3a lll SPIRE trial.
. . . BepudpikoBaHi HenTpani-
Bokoumnsymab l'ymaHizoBaHi mAb. 150 mr SC ofiMH pa3s Ha 2 TUXHI ~55 % ayloui aHTUTING.
MpunuHeHo [18]
IHLWIi i’ eKYiviHI nikapcbKi 3aco6u 3 pisHUMKU MexaHismamm gii
: siRNA; 3B’a3yeTbca 3 MRNA PCSKO9 Ta iHgykye ii gerpapa- -
IHKnicnpaH Lito. 284 M SC KoXHI 6 MiC. 51,3 % ®a3za lll [19]
LNA Ha ocHosi ASO gpyroro NoKoniHHs, iKi MPUrHIYyoTb
SPC4061 PCSKO9. CnpusitoTb cTiikomy 3HmxeHHo XC JTTHLL y npu- 35 % ®dasza gokniHivHa [20]
maris (MaBn)
LNA Ha ocHoBi ASO gpyroro nokoniHHs, SKi MPUrHidyoTb )
SPC5001 PCSK9. Joso3zanexHe 3HuxeHHss XC JIMHLL 3 makcumarns- ~50 % c:igis 'hHﬁﬂﬂpHogfg‘fST]
HUM epeKTOM Yepes 2 TUXKHI MiCNsi OCTaHHBbOro NPUNOMy 1P
Adnectin 3B’3yeTbest 3 PCSK9 i npurHivye B3aemogito Mk PCSK9
BMS-962476 i nomerom EGF-A NMHLL-peuentopa 48 % Pazal[22]
RFP agHekTuHy 3 PCSK9-3B’a3ytounmM gomeHoM i HAS.
LIBOO3 MpyaHasaeTbes SC ~77 % ®da3a Il [23]
AHTU-PCSKO Buknvkae BUPOBIEHHSt aHTUTIN MPOTU aHTUMEHHNX
nentugis PCSK9. Mimikpye Ta HenTpanidye N-kiHLeBui ~13 % ®agza | [24]
BaKLUMHa
nomeH PCSK9
AHTU-PCSK9
BaKLUMHa . . o .
(Ha OCHOBI AHTN-PCSK9 BakuuHa (Ha OCHOBI HAHOMIMOCOM) ~52 % ®dasza gokniHiyHa [25]
HaHO4YaCTUHOK)
IMepopanbHi nikapcbKi 3acobm
. Mana monekyna. MNpurHivye TpaHcnauito mMRNA-MiLLeHi ®dasza JoKiHiYHa.
PF-06446846 y 6in10K, TOBTO iHribye ekcnpecito reHa, aku kogye PCSK9 58 % MpunuHeHo [26]
ABD-3nutuit aHTMKaniHosuin 6inok. Edpekt ogHopa3oBoi .
DS-9001a BHYTPILLUHBOBEHHOI iH’eKLji y MaBn TpmBae 21 goby ~62 % ®aga poKniHiuHa [27]
HuabkomonekynspHun aktusatop SIRT1. In vitro B kynbtu-
BOBaHWUX renartoumtax nocnabrnoe NpoayKLito i 3B’a3yBaHHs
SRT3025 PCSK9 3 JITNHLU-pevenTopamu. 3meHwwye PCSK9-ono- - In vitro [28]
cepepkosaHy perpagauito JIMHLL-peuenTopis i 36inbLuye
ekcnpecito JINHLL-peuenTtopis Ta nornuHanHsa JIMHLL
Inri6iropu CETP/PCSK9
Mpurhiyye ekcnpecito rexHa, akui kogye PCSK9 B rena-
: TouMTax, LUAAXOM 3MEHLLEHHS akTuBHUX hopm SREBP-1 o7 ®aaza lll. Po3pobky
AwaueTpani6 Ta SREBP-2 (perynatopis npomoTopa reHa, kv Kogye 27-40 % npunmHeHo [29]
PCSK9). 100 Mr oguH pa3 Ha foby
EBauLeTpanio Y knitnHax HepG2 3Hmxye SREBP-2-onocepepkoBaHy ekc- | IHdopmauis In vitro. Po3po6ky
Hetp npecito JINMHLL-peuenTopis Ta rexa, akun kogye PCSK9 BiCYTHSA npunuHeHo [30]
TobLeToani6 Y knitnHax HepG2 3Hmxye SREBP-2-onocepepkoBaHy ekc- | IHdopmauis In vitro. Po3po6ky
pueTp npecito JINMHLL-peuenTopis Ta rexa, akun kogye PCSK9 BiCYTHSA npunuHeHo [30]
MoaBiriHWI iHribytounii Bnnme Ha CETP i PCSK9. Mpurhidye IHdbopmaLis IHdhopmaLis
K-312 ekcnpecito reHa, akun kogye PCSK9, wnaxom mogynsauii B g THi npo pesynsratn gasm |
TpaHcKpunuii, 3HMXeHHs pisHiB SREBP Acy BifCcyTHs [31]

TMpumitkn: F'XC — rinepxonectepuHemis; JIMHLL-peyenTtop — peuentop ninonpoTeiHis HU3bKOI LWinbHocTi; XC
JIMHLL — xonectepuH ninonpoTteiHiB HU3bKOI WinbHocTi; ABD — anb6ymMiH3B’ a3yrounii fomeH; ASO — aHTucmuc-
nosi (aHTUceHcoBi) oniroHykneotuan; CETP — 6inok — nepeHocHuk eghipy xonectepuHy; EGF-A — enigepmarns-
Hui ¢pakTop pocty A; EMA — European Medicines Agency (E€Bponevicbke areHTCTBO 3 JliKapCbKuX 3acob6iB);
FDA — US Food and Drug Administration (YnpasniHHsi 3 npogoBosibcTBa i MegnkameHTis CLUA); HAS — cupo-
BaTKOBUI anb6ymiH moguHu; HepG2 — KiiTMHHA niHia paky nediHku nrognHn; IgG — imyHorno6ynin G; LNA —
3ab6rioKoBaHa HykJieiHoBa Kucsota; mAb — mMoHoknoHanbHi aHtutina; miRNA — mikpoPHK; mRNA — matpu4yHa
PHK; PCSK9 — nponporeiHoBa KkoHBepTa3a cy6tuniauH/kekcuH tuny 9; RFP — pekoM6iHaHTHWUI 31MTUNA GillokK;
SC — nipgwkipHa iH’ekyis; sSiRNA — mana iHtepghepyrouya PHK; SIRT1 — cuptyin 1; SPIRE — Studies of PCSK9
Inhibition and the Reduction of Vascular Events; SREBP-1 — 6inok, Lo 3B’s3y€ perynasaTopHuii e1IeMeHT CTepo-
ny 1; SREBP-2 — 6inok, o 3B’s13y€ perynsiTopHuii eJIeMeHT CTeposty 2.
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V noszakiniTuHHOMY LUISIXY HupKymoounii PCSK9 6esrmo-
cepenHbo 3B’s13ye nomeH EGF-A JITTHIL-peuenTopiB Ha
MOBEPXHi TeMaTOLNTIB i TAKUM YMHOM, Yyepe3 KJIaTprH3a-
JICXKHUN €HIOLIUTO3, MTPU3BOAUTH 10 Ji30COMaIbHOI Je-
rpanauii [34]. Binbuicts PCSK9 cunTe3yeThes B neviHli,
ofHaK (pepMEHT TaKOX BUPOOJISIETHCS B HUPKaX, TOHKO-
MY KMILIEYHUKY, LIEHTpaIbHill HEPBOBill cucTeMmi, emiTenii
TOBCTOI KUIIIKH, INIANKNX KITUHAX CYANUH i IMiIIUTyHKOBIi
3ayo3i [1, 34]. ¥V B-xmiTMHAX MiIIUTYHKOBOI 3aJ103U Ha-
KOTUYEHHS XOJIECTEPUHY BilOYBAETHCS TOJIOBHUM YMHOM
yepe3 JITTHLLL-petientop, ekcripecist SIKOro 3HaUHOIO Mipoio
3MiMCHIOETHCS B oCTpiBLsX JlaHrepraHca. TakuM 4YMHOM,
Oy/ib-sIKe TeHEeTUYHEe a00 (papMaKoJIoriyHe BTpYYaHHs, 110
30inbrye ekcnpecito JITTHII-penientopis, mos’si3aHe 3
TepeBaHTAXEHHSIM B-KITiTHH XOJIECTEPUHOM, TIOPYIICHHSIM
CceKpellii iHCYJIiHY Ta MMPUEAHAHHSIM B MOAAJIBIIIOMY Tillep-
rmikemii [1, 6].

KirixiuHi Ta eKcriepyMeHTalIbHI JaHi BKa3yloTh Ha Te,
1110 TeHeTUYHO oOyMoBiieHa iHakTuBallisi PCSK9 nos’s3a-
Ha 3 MiIBUIIEHUM PpU3UKOM po3BUTKY LI/ 2-ro Tumy. Pe-
3yJbTaTU AOCTIIKeHb MEHAEMiBChKOI paHA0OMi3allil Maiixe
OJIHOCTAlHO TIOKa3aJiy, 110 MAlliEHTU 3 TEHETUYHUMU Ba-
piantamu BTpatu QyHk1ii PCSK9 neMoHCTpyIOTh HUXKUYMiA
piBens XC JITTHIII, ane BuIuMii BMiCT IJIFOKO3U B KPOBi Ta
MaloTh MiABUILIEHUN pu3uK po3BUTKY LI/ 2-ro tumy [35,
36]. AnaznoriuHo, meneuis reHiB y PCSK9-agedbinutHux
MUIIIEH TIOB’s13aHa 3 TIOPYIIEHHSIMHU CeKpellil iHCYJIiHy Ta
TOJIEPAHTHOCTI 710 Itoko3u. Lli echekTH MOXXKHA MOSICHUTH
1M, 10 cucrtemHa Brpata PCSK9 cripusie minBuiieHHIO
perysiii JITTHIL -perienrTopiB y B-KiTiTHHAX MiANLTYHKOBOT
3aJ1031 3 TToAaJIbIINM HaKonmM4YeHHSIM XC, KIIITUHHOIO J1C-
(YHKIII€IO Ta MOPYLIEHHSIM ceKpellii iHcyminy [36].

L. Da Dalt et al. TOBiZOMJISIIOTD, 110 Y MUILEN 3 AeJie-
uieto reHa PCSK9, nopiBHsSIHO 3 TBApUHAMU TUKOTO THUITY,
SIKi MarOTh TUTIOBY (hOpMY TeHa (CTaHAapT T'eHo- i (peHOoTH -
oy, WT), crioctepira€rbcsi mopyueHHs TOJAEPaHTHOCTI 10
rmoko3u (ITT). Busgsuiock, 1o aedektu y roMmeocTasi
rmoko3u y mutieit PCSK9—/— e pesyasraToM mopyiieHHs
cekpellii iHCyIiHY, a He TIepu(epruIHOi Pe3UCTEHTHOCTI 10
ropmoHa. JlificHo, piBHi iHCyniHy Ta C-nienTuay B Ijiasmi
KpOBi icToTHO 3MeHIeHi y TBapuH PCSK9—/— mopiBH-
Ho 3 muliamu WT. BBeaeHHs iHCYJIiHY OTHAKOBO 3HU3UJIO
KOHILIEHTPAILIilO TJIIOKO3M Ta IPU3BEJIO OO0 aHAJOTIYHOI iH-
CyJIiHO3aJIeXkKHOI aKTUBAllil poTeiHKiHA3M B y mevini Ta
MOCMYTOBaHUX M’g3ax. [IponeMOHCTpOBaHO, IO B-KIITHHU
muteit PCSK9—/—, nopiBHsiHO 3 aHanoriunumu WT-TBa-
PUH, HEMPaBUIbHOI (popMU, OIIBIIIOTO PO3Mipy, XaOTUYHO
PO3MOdiICHI i XapaKTepU3YIOThCS ITOPYIIEHHSIM CeKperii
iHcyminy. L. Da Dalt et al. BBaxatoTb, 1110 MOp(oJIoTiuHi Ta
(yHKIiOHANBHI 3MiHU B-KITITUH 3yMOBJIEHi MTOCWJICHHIM
excrpecii JITTHIL-penenTopis, 1110 3peITO0 IIPU3BEIO
no HakonuueHHs XC Ta amonTto3dy. [ilicHo, nuchyHKIIis
B-KIITHH He crocTepiranacs y MUIIIe 3 MOABITHOIO My-
Tali€lo reHa i reHetTuyHuMu 3miHamu sk PCSK9, Tak i
JITHIII -peuenTopis [37].

[Morenuiiinuii BB PCSK9 Ha cekpertito iHcyJi-
Hy OyJ10 ImiATBepIXKeHO B 0i00aHKY JoAuHU. 30KpeMa,
BusiBrIoCh, o PCSK9 46L acouiroBaBcs 3 a1uchyHK-
1i€10 B-KIiTHH, OL[iIHEHOIO 3a JOMOMOTOI0 TOMEOCTaTUY-
HOI MOJei OIiHKKN QYHKIIi B-KIIiTWH, aje He 3 BUKO-

EBonokyma6
Anipokyma6
IHKnicupaH

MyTauis reHa PCSK9,
1|0 NPU3BOAUTD
Ao BTpaTh PYHKLi

A4 A 4

1JIMHLU-peuenTopu
B MediHui Ta IHWKX opraHax

3HMKEHHSA KOHLUeHTpauii
6inka PCSKO9,
CUHTE30BAHOroO B NeYiHLi

T INHLL-peuenTopu

(30kpema, B-kniTuHax B MneyiHui
nigLWNyHKOBOI 3an03u)
A4 A 4
HakonunyeHHs xonectepuHy IXC NiHLW,
B B-KMiTUHax Y KpOBi
h 4 h 4

OucdyHKuUia B-KNiTUH,
nopyLUeHHs cekpeulii

36epexeHi cekpeuis
Ta YyTIUBICTb

iHCyniHy [0 IHCYNiHY
h 4 h 4
Po3BuTOK BigcyTHiCTb nigBuLLEHOrO
LA 2-ro tuny puanky LA 2-ro Tuny

PucyHok 1. Brnnus myrauii reHa PCSK9
Ha npUrHideHHs1 cuHTesy 6inka PCSK9 B nediHyi

Ta Ha puauk possutky | 2-ro tuny [6]
Mpumitkn: XC JIMHL] — xonectepuH ninonporteiHis
Hu3bkoi winbHocTi; JIMHLY-peyenTop — peyenTop
JIMHLY; PCSK9 — nponpoTteiHoBa KOHBepTa3a cyo6Tu-
nisnH/kekeuH tuny 9; LU 2-ro Tuny — LykpoBuii giabet
2-ro tuny.

puctanHsiMm HOMA-IR. [IpogeMOHCTpOBaHO, 110 BMIiCT
PCSK9 He BmaeTbcsi BUBHAUUTHU Yy T1JIa3Mi KPOBi MUTIIEH
3i cieur¢iyHO0 IJ1 MeYiHKU AeJIelli€lo alebHUX TeHiB
PCSK9 (AlbCrep/Pcsk9LoxP/LoxP). Kpim Toro, y mu-
mreit AlbCrep/Pcsk9LoxP/LoxP mokazHuku Tecty Ha TO-
JIEPAHTHICTb 10 IVIIOKO3M, a TAKOXK PiBHI IVIIOKO3U B KPOBI
Ta iHCYJIIHY 3HaXOIMJIUCh B MexKax (hi3io0oTiyHOT HOPMU.
OTtxe, ekcripecig JITTHIL -peuenTopiB y B-KiiTUHAX He
IMOpYIICHA i CBiTYUTD, 10 «BUOIpKOBE» IIPUTHIYEHHS IIIP-
kymoroyoro PCSK9 He BriMBae Ha roMeocTas III0KO3U.
Takum 4MHOM, 3 BUCOKOIO YIIEBHEHICTIO MOXHa CTBEp-
JKyBaTH, 1110 (hapMaKOJIOTiuHi MiaX0au, CIIpSIMOBaHi Ha
npurHiveHHs cneundivaux peuentopiB PCSK9 y nevinui,
He OyIyTh CIIPUSITU MiABUIIEHHIO pU3UKY po3BUTKY LIJI
2-ro tuny [37].

Ha puc. 1 HaBegeHO BiZoMOCTi IIpO BIUIMB MYTallii TeHa
PCSKD9, 1110 mpu3BoauTh 10 BTpaTh (GYHKIIIi, a TAKOX 3HU-
JKeHHs KoHueHTpallii 6inka PCSK9, cuHTe30BaHOrO B Ie-
YiHIIi, Ha pu3uK po3BUTKY LI/ 2-ro Tumy [6].

PCSK9 i uykposum aiabert 2-ro Tuny
ITinBumenns pusuky LI/ 2-ro Tuny criocrepira€Tbesi B
0Ci0 i3 reHeTMYHO 00YMOBIICHIM a00 HAOYTUM 3HIDKCHHIM
XC JITTHII [35, 36, 38]. OngHak Bigomo, 1o CI, sika BBa-
JKAETBHCSI aBTOCOMHO-IOMiHAHTHUM 3aXBOPIOBAHHSIM, 3a0€3-
revye 3axuct Bin po3Butky LI/ 2-ro Tumy [37]. BogHouac
pe3yabratu nochiiaxens moao poji PCSK9 nocuts cyne-
peunuBi. 30Kkpema, MyTallii «BTpatu pynkiii» rena PCSK9
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y PCSKO9-nediuntHux muiieii cynpoBomaxyoTbes sk [1TT,
Tak i BiICYTHiCTIO XXoAaHoro BruiuBy [16]. A. Bonnefond
et al. [39] He BUSIBWIM 3MiH y TOMEOCTa3i TIIOKO3U cepe
4630 obcTexenux 3 reHotuniom PCSK9 p.R46L, Toni sik
MeTaaHaui3, mpoBeneHuii L. Lotta et al., mokazas, 1110 et
TeHOTHIT aCOLIIOETHCS 3 BUIIIUM PiBHEM IIpe- i TOCTIIpaH-
nianbHOI Tioko3u [35]. A. Schmidt et al. nocaigxyBanu
yotupu reHeTuuHi Bapiauii PCSK9 i BusaBwin ix 3B’s30K
i3 MiABUIIEHO KOHILEHTpALi€l0 TJIFOKO3M, MAacOlo TiJia Ta
pusukom LI [36]. OnHak, MONpY CyIepedsInBi pe3yIbraTi,
OinbII MaciITaOHI JOCTIIKEHHS TiATBePIKYIOTh ITPUITY-
1IeHHSs, 1o nojimopdism reHiB PCSK9, sikuit npuszsoauts
1o Hu3bKoro piBHg XC JITTHI, nigsuinye pusuk L 2-To
Tumny [16].

Ha BimMiHy Big reHeTMYHUX KJIiHIYHI JOCTIIKEHHS 3
BUKOpUCTaHHSIM aHTU-PCSK9 MOHOKIIOHATBHUX aHTUTIJ
MPOJEMOHCTPYBAJIM HEUTPAJITET IIOJI0 CTAHY TOMEOCTa3y
rmoko3u. 3okpema, N. Sattar et al. mpoBeJIM MeTaaHaIi3
TpboXx 12-TrkHeBux PKJI 3 olliHKM e(heKTUBHOCTI €BOJIO-
Kyma0y MOpiBHSIHO 3 TJ1a1ie00 Ta €BOJIOKYMaOy MOpiBHSI-
HO 3 €3eTUMiOOM I110/10 BMICTY JiIliaiB y mauieHTiB i3 LIJI
2-TO TUITY/BiACYTHicTIO BepudikoBaHoro LI/ 2-ro Tumy
[40]. IIpomeMOHCTpOBAHO, IO €BOJIOKYMAaO MOPIiBHIHO 3
mianeoo:

— y nauieHTiB i3 LIJI 2-ro Tuny cnpusie 3HUKEHHIO
cepennboro pisHg XC JITTHIL na 60 % (95% nosipunii
intepBan (CI) 51—-69); XC ninmonpoTeiHiB HEBUCOKOI
minpHOCTI (XC JITTHeBI) Ha 55 % (95% CI 47—63); 3a-
raigpHOro XC (3XC) Ha 38 % (95% CI 32—44), Tpianuirii-
uepuHiB (TT) Ha 23 % (95% CI 12—34); anojainonpoteiny
A (Ao A) Ha 31 % (95% C125—37), a TaKOXK IiIBUIIIEHHIO
cepenHboro piBHS XC JIIONPOTEiHIiB BUCOKOI IIIJTBHOCTI
(JINIBI) Ha 7 % (95% CI 4—11). P < 0,0001 mjst Beix
MOPiBHSHB;

— y naitieHTiB 6e3 LI 2-ro Tumy cripusie 3HUKEHHIO
cepennboro pisag XC JITTHIIL Ha 66 % (95% CI 62—70);
XC JITTaeBILL Ha 58 % (95% CI 55—61); 3XC Ha 40 % (95%
CI 37—-42), TT na 17 % (95% CI 14—21); Ano A Ha 29 %
(95% CI 26—31), a TaKOX MiABUIIEHHIO CEPETHBOTO PiBHS
XC JITIBIL Ha 7 % (95% CI 5-9). P < 0,0001 mist BCix
TOPiBHSIHb.

BcTaHoBIIeHO, 1110 €BOJIOKYMA0 MOPiBHSIHO 3 €3€TUMi-
ooMm:

— ynauienTiB i3 LI 2-ro Tumy cnipusie 3HUKEHHIO ce-
penxboro pisHst XC JITTHIL Ha 39 % (95 % CI 32—47); XC
JITTnHeBIII Ha 34 % (95 % CI 26—41); 3XC Ha 24 % (95 %
CI116-31); TT Ha 9 % (95 % CI1 5—23); Anio A Ha 26 % (95%
CI 16—35), a TakoX MiABUILIEHHIO cepeaHboro piBHs XC
JITIBIL Ha 8 % (95% CI14—13). P=0,20 ms1 TT, P < 0,0001
IIJIST BCiX iHIIIMX TTOPiBHSIHD;

— y nauieHTiB 6e3 L/l 2-ro Tuny cripusie 3HUKEHHIO
cepeanboro piBasa XC JITTHI na 40 % (95% CI 36—45);
XC JIITueBIIL Ha 35 % (95% CI 31—40); 3XC Ha 25 % (95%
CI123-27); TT' na 3 % (95% CI 3—8); Ao A Ha 30 % (95%
CI 24—-36), a TakoX MiABUILIEHHIO cepeaHboro piBHs XC
JIMBILL Ha 6 % (95% CI13-9). P=0,31 s TT, P < 0,0001
IIJIS1 BCiX iHIIIMX TTOPiBHSIHD;

— IS BCiX JIIMIHUX IMapaMeTpiB He CIIOCTepiraaocs
B3a€EMO/Iii 111010 e(EeKTiB JIiKyBaHHS Ta HAsIBHOCTI UM Bill-
cytHocTi LI/ 2-ro tumy.

Otxe, y xBopux Ha LI/l 2-ro Tumy eBo1oKymMad mopiB-
HSTHO 3 TuTale0o Ta e3eTUuMiooM cripusie 3HukeHH1I0 XC
JITHILL, XC JITTueBII, Ao A Ta 3XC Ta 3HaYHOMY M-
ButieHHI0 BMicTy XC JITIBII. Otpumani pe3ynsraTul Bif-
MOBiAIOTh TAKWM, 1110 CIIOCTEPIraroThCs y MalieHTIB 03
BepudikoBaHoro giarHody LIJI 2-ro tuny [40]. Lli edbextn
CHOCTepirajiucs y XBOpMX, sIKi BxK€ 3HaXOAUJIKUCh Ha CTa-
THMHOTEparlii, KpiM TOro, €BOJIOKyMa0d OyB KpallluM 3a e3e-
TUMIO i mobpe mepeHocuBcst [40]. TTpore pekoMeHIy€EThCS
OyTH O0EpeKHUM 100 y3araJbHEHHS Pe3yIbTaTiB IIbOTO
MeTaaHaJli3y, OCKUJIbKM KOPOTKOTPUBAJIICTh MpoaHai3o-
BaHux PKJI oOMexye 00’€KTUBHY OLIIHKY ITOOIYHUX edeK-
TiB; HE3pO3yMisio, uu iHribitopu PCSK9 3n1aTHi HeraTuBHO
BIUIMBATH Ha TOMEOCTa3 TJIIOKO3U; BUCOKa BapTicTh JI3 —
inrioiTopiB PCSK9 o0mexye ix mpundaHHs MallieHTaMu 3
nyxe BUcCoKnM puzukoM ACC3, ki He JOCSTIIN LiJIbOBOTO
piBag XC JIITHIL mpu BUKOpUCTaHHI albTepHATUBHUX
rinoJtinigeMiyHuX 3aco0iB.

CucrteMaTUYHUI OIJISIT i pe3yJbTaTu MeTaaHaizy 35
PKJI, uo Bximtouanu 45 539 nauieHTiB (cepeaHiit TepMiH
criocTepexXeHHs 85,5 TUXKHST), He TIPOAEMOHCTPYBAIU BILIN-
By inribiTopiB PCSK9 Ha maHidecratiio i/abo nekomIieH-
canito L1 2-ro tuny [koediuient Hedesneku (HR): 1,05
(95% CI 0,95—1,17)] [41]. Kpim Toro, y 3BeiIeHOMY aHa-
qi3i ODYSSEY (Evaluation of Cardiovascular Outcomes
After an Acute Coronary Syndrome During Treatment with
Alirocumab) (da3za 3, 10 PKJI, n = 4974, rpusanicts 24—104
TUXKHi) TTOKa3aHo, 110 aJlipOKyMal MOPiBHSHO 3 TU1anedo He
BILUIMBAB Ha XKOOHY KiHIIeBY TOUKY, IToB’s3any 3 LIJI [HR:
0,64 (95% CI 0,36—1,14)]. Koediuient pusuky (RR) aisa
ajipokyMaOy, TOB’sI3aHMI 3 TIEPEX0A0M Bil IpediadeTy 10
MaHidectHoro LJI, cranosus 0,90 (95% CI 0,63—1,29)
[42]. Ha BigMmiHy Big umx pesyJibratiB MetaaHaiiz 20 PKJT
(daza 21 3), sxuii BKIouaB 3arajioM 68 123 yuacHuku (Me-
JliaHa CriocTepexXeHHs1 78 TUXHIB), MOKa3aB, 1110 iHri6iTopu
PCSKO9 nopiBHsiHO 3 1u1a11e00 MiIBUILYIOTh PiBeHb IJTiIKOBa-
Horo remoriobiny A, (HbA,,) i npenpanaiaibHOI T1I0KO3U
B KpoBi. OgHak 11eii e(peKT OyB HEIOCTATHIM TSI TBEPIKEH-
H$I TIPO CTATUCTUYHO 3HaUYIIIe 301IbIIEHHS 3aXBOPIOBAHOCTI
Ha LT [RR: 1,04 (95% CI1 0,96—1,13); TecT HEOMHOPIAHOCTI
() =0%; P=0,427] [43].

N. Sattar et al. BUBYQJIM OCOOJIMBOCTI BIUIMBY €BOJIOKY-
Maly Ha TMHAMIKy piBHS IJIIOKO3M B 1u1a3Mi Hatie, HbA .,
MacH TiJla XBOpUX i UMOBipHICTh MpUETHAHHS BIIepIe
niarHoctoBaHoro LIJI. ABTopu mepen moyaTKoOM IpoBe-
JNIEeHHS BiIKPUTOTO PO3MIHUPEHOTO KIiHIYHOTO BUIIPOOY-
BaHHs (OLE) 06’enHanu pe3yJibTaTi 00CTeXXKEHb MallieHTiB
IIPOTSITOM OTHOTO POKY (48 THKHIB), y IKMX 3aBEPIIMIOCH
nociimkeHHs1 eeKTUBHOCTI eBosiokymady. [TpoBeneHuit
aHasti3 e(peKTUBHOCTI JIiKyBaHHS Y ABOX AocaimkeHHsIX OLE
cepen 4802 yuacHwukiB (1602 3HaXOAMINCH Ha CTAHAAPTHO-
My jaikyBaHHi [SOC]; 3200 — eBonokyma6 moc SOC). Ilo-
BiTOMJISIETBCS, 1110 €BOJIOKYyMab mopiBHsHO i3 SOC cripusiB
sHmxkeHH:o piBHg XC JITTHII = Ha 60 %. BetaHoBieHo, 1110
npotsiroM 1-ro poky nposeneHHs OLE He BusiBiIeHO pi3HU-
i y 3miHax Bmicty HbA,, (0,1 % [—0,1, 0,2] B meniani QI,
Q3 axk mg SOC, tak i g eBonokymady moc SOC) i piBHS
npenpadaiagbHoi rioko3u (0,06 mmons/a [—0,28, 0,38]
s SOC 1 0,06 mmoob/a [—0,28, 0,44] i eBOOKyMaoy
wntoc SOC). CepenHst 3MiHa MOKAa3HUKIB MacH Tijia yepe3
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OIOUH piK crioctepexkeHHs ctaHoBwiaa: misg SOC [—0,1 kr
(0,2)], nisa esosnokyma0y mmoc SOC [—0,3 xr (0,1)]. PiBeHb
3axBopioBaHocTi (95% CI) mist Briepiile 1iarHOCTOBaHO-
ro LIJI Ha 100 mauieHTo-pokiB nopiBHIoBaB 3,7 (2,9—4,7)
B KOHTpOJIbHi# rpyni/SOC; 3,9 (3,2—4,6) npu JikyBaHHi
eBoJioKymMaboMm,/eBosiokymadom rmroc SOC. Otke, Tepartist
€BOJIOKYMaOOM IPOTSITOM OJHOPIYHOIO Mepiony MPOoBeAeH-
HS BIIKPUTOTO PO3IMIKMPEHOTO KIIHIYHOTO BUIIPOOYBAHHS
CTaTMCTUYHO 3HAYyIlle He BILUIMBAja Ha CTaH TOMEOCTasy
noko3u [44].

Y. Cao et al. Ha BebOcaittax PubMed, MEDLINE, Em-
base, Cochrane ta ClinicalTrials.gov mpoBey cucteMaTuy-
Huti omyK PKJI, y sKux moBinomMsiioch po 0coOIMBOCTI
BILUIMBY ajlipoKymaOy i eBoJIoOKyMaly Ha piBeHb INIIOKO3U B
ruia3mi KpoBi Hariecepiie, HbA,, abo 3axBoproBaHOCTI Ha
Brniepiie BusiBieHuit LIJ1. 3 MeToro nmpoBeneHHsT MeTaaHa-
nizy Bigiopano 18 PKJI, sxi Bkmovanu 26 123 maiieHTiB
0e3 miarHocroBaHoro LIJI. BcraHoBieHo, 1110 B IMalli€HTIB,
sKi orpuMyBaiu npenapaTtu aHTU-PCSK9 MoHoOKIOHAIB-
HUX aHTUTIJ, TTOPiBHSIHO 3 KOHTPOJbHUMU TpyaMH He
CMOCTEPIrajocs iCTOTHOI Pi3HULI 1100 BUSIBIEHHS HOBUX
punagkis LIJT (RR 1,05, 95% CI 0,95—1,16), piBHS [JII0OKO-
3 B IUIa3Mi KpoBi HaTtweceple (cepenHs pizHus (MD)
0,00 mmonb/1, 95% CI Bin —0,02 1o 0,02) a6o HbA,, (MD
0,00 % [0 mmonb/n], 95% CI Bim —0,01 o 0,01). [ToBimom-
JISIETHCS, 11O ajlipoKymab i eBoIoKyMal, He3alexXHO Bif
tuny npenapary aHTu-PCSK9 MOHOKIOHaILHUX aHTUTIN,
XapaKTePUCTUK YYaCHUKIB, TPUBAJIOCTI Ta METOMIIB JIiKY-
BaHHSI, CTATUCTUIHO 3HAUYIIE He BIUIMBAJIN Ha BUSBJICHHS
HoBux Bunazaxis LI/ i romeocTa3s rimokosu [45].

De Carvalho L. et al., BuKOpucTOBYyIOUM 0a31 JaHUX
MEDLINE (PubMed), Cochrane Library i ClinicalTrials.gov,
npoBenu MetaaHaniz 20 PKJI (68 123 yyacHukH i3 ce-
PEeOHIM IIepiogoM crocTepexkeHHs 78 TmxkHiB). Opuri-
HaJIbHi JOCJII)KeHHS BKJIIOYAJIUCh B MeTaaHali3, SIKIIO
BOHHU Bimmosiganu TakuM kputepiam: 1) daza II ado 111
PKJI; 2) nauieHTn i3 cimeitHoo abo HeciMeitHOO (op-
mamu CI; 3) xBopi i3 rpynu JiKyBaHHSI 3HAaXOIWJINUCh Ha
Tepanii npenapatamu iHri6iTopiB PCSK9 nopiBHsiHO 3
KOHTPOJBbHOIO I'PYMNOI0, sIka OTpUMYyBaJja miamnebdo 3 iH-
III0¥O TIITOJIiITiIeMiTHOIO TepaIltieio abo 0e3 Hei; 4) TpuBa-
JIICTB JIiIKyBaHHS > 12 TMXKHIB. ABTOpU, BUKOPUCTOBYIO-
YY MOJEJi BUITaAKOBUX BEJIMYMH i (DikcoBaHMX e(PEeKTiB,
mpoBenn po3paxyHokK RR i 95% CI. IMoBimoMisieTbes,
o iHriditopu PCSKY nopiBHsHO 3 muale6o crpusau
30UJIBIIEHHIO PiBHS MpeTNpaHIiaJbHOI TJIIIOKO3U B KPO-
Bi (3BaxxeHa cepenHs pisHuusg (WMD) 1,88 mr/mr [95%
CI10,91-2,68]; =0 %; P <0,001) i HbA,, (0,032 %
[0,011—-0,050]; 2= 15,5 %; P < 0,001). Ognaxk ueit eekr
BUSIBUBCSI HEAOCTATHIM [IJIS1 TBEPIKEHHS TTPO CTAaTUCTUY -
HO 3HavyIle 30ibieHHs YacTot po3Butky LIJI (RR 1,04
[0,96—1,13]; P=0 %; P =0,427). Pe3ynbratu MeTaperpe-
CifiHOTO aHaJi3y CBiYaTh MPO 3B’SI30K MiX MiIBUILIEHUM
pusukom LI Ta epexktusHicTio (P = 0,029) i TpuBamicTio
JikyBaHH# iHTi6iTopamMmu PCSK9 (P = 0,026). OTxe, Ji-
KyBaHH nanieHTiB i3 CI' abo HeciMeitHoI0 hopmoro ['XC
JiKapCbKUMU Tipenapartamu i3 rpynu iHridiropis PCSK9
MpoTSAroM > 12 TUXHIB CIpUsie HE3HAYHOMY, OJIHAK CTa-
TUCTUYHO 3HAUYYIIOMY MiABUIIEHHIO PiBHS IpenpaHIialb-
Hoi riikemii Ta HbA,_ [43].

P. Guedeney et al. mpoBenu ornsgn PKI, y ssxux mo-
piBHIOBaM e(DEKTUBHICTh Ta 6e3MeKy ajipokymady abo
eBOoJI0KyMaOy i3 miaue6o y mauienTis 3 JAJIIT ado ACC3.
IMposeneno meraananiz 39 PKJI, mo Bxirovyanu 66 478
MalieHTiB, 3 skux 35 896 orpumysasu inridiropu PCSK9
(14 639 — anipokymab i 21 257 — eBosokyma0) i 30 582
CTaHOBUJIM KOHTpOJIbHY rpyny. OCHOBHI MepBUHHI KiH-
LIEBi TOYKM — CMEPTh Bill YCiX MPUYNH, CMEPTh YHACTITOK
CC3, I'KC Ta incynpry. OuinioBanu RR i 95% CI 3a no-
TTOMOTOI0 MOJIeJiell BUTIaIKOBOTO e(PeKTy; BU3HAYAIHU TECT
HEOOHOpiIHOCTI. BcTaHOBJIEHO, 1110 BIUIMB iHTiOIiTOpiB
PCSK9 Ha noka3HUKHM CMEPTI Bill yCiX NPUUUH, Y TOMY
YUCIIi i Ha ceplieBO-CYIMHHY, 3aTajloM He OyB CTaTUCTUY-
Ho 3HauyuumM (P = 0,151 P = 0,34 BinnosiaHo). Buko-
puctanHs iHrioiTopiB PCSK9 noennyBanochk 3 HUXXYUM
pusukoM 'KC (1,49 nportu 1,93 Ha 100 maiieHTO-pOKiB;
RR:0,80;95% CI10,74—0,86; =0 %; P <0,0001), imre-
MiuHoro iHcyJsbty (0,44 npotu 0,58 Ha 100 nmauieHTO-poO-
kiB; RR: 0,78; 95% CI 0,67—0,89; =0 %; P = 0,0005)
i KopoHapHOT1 peBacKyisipu3aiiii (2,16 npotu 2,64 Ha 100
narieHTo-pokin; RR: 0,83; 95% CI 0,78—0,89; I°=0 %;
P < 0,0001) mopiBHSIHO 3 KOHTPOJIBHOIO TPYIIOI0. 3aCTO-
cyBaHH4 iHTi6iTOpiB PCSK9 He OyJio moB’s3aHe 3 miaBu-
IIIEHUM PU3UKOM PO3BUTKY HEHPOKOTHITUBHUX MOOiIU-
Hux edekrtiB (P = 0,91), 3pocTaHHsIM PiBHSI MEYiHKOBUX
depmentiB (P = 0,34), pabgomionizy (P = 0,58) a6o Bu-
naakiB Brepure giarHoctoBanoro LIJI (P = 0,97). OTxe,
npurHiyeHHss PCSK9 anipokymabom abo eBosioKymadbom
Oyso moB’s3aHe 3 MeHIIUM pusukoM ['KC, incynpry Ta
KOPOHApHOI peBacKyJsipu3allii 3i CpUSTIUBUAM TMpodinem
0e3IeKkM, 30KpeMa, BIepllle 3apeeCTPOBaHUX BUITAIKiB
niarHoctoBaHoro LIJI [46].

S. Khan et al. 3a nonmomoroito 6a3 nanux Medline, Em-
base Ta Cochrane Central Register BigiOpanau Ta mpoBeIu
MetaaHaii3 33 PK (21 — 3 pochimkeHHs e(heKTUBHOC-
Ti cTaTuHIB, 12 — BruBy iHriditopis PCSKY). 3aranom
163 688 mawienTiB 6e3 LI/l po3noaiisiaivch BUNAIKOBUM
YMHOM Ha I'PYNH i3 Okl iHTeHCHUBHOIO (83 123 xBoOpi)
a00 MeHI iHTeHcHBHOIO (80 565 MaIieHTIB) JiTiTO3HIKY -
BaJIbHOIO Teparli€o. binpll iHTeHCUMBHA rinoinigeMiyHa
Tepallisl BU3HaJanach K (papMaKoJIOTidHa CTpaTeris, 110
BKJIIOYasia BUKopuctaHHs iHriditopisB PCSK9, Bucoko-
IHTEeHCMBHOI CTaTUHOTEpAIlii, TOIi K MEHII iHTEHCHUBHA
Tepartisi BillmoBinaaa rpyri akTMUBHOTO KOHTPOJIIO a0o Tij1a-
11e60. MeTaperpecito Ta MeTaaHai3 IPOBOIWIMN 3 BAUKOPUC-
TaHHSIM MoOZeJi BunagkoBux edekri. [ToBimoMiIsieThCs,
10 NMPU BUKOPUCTAHHI OLIbLI iHTEHCUBHOT JIiMiI03HUXY-
BaJILHOI Tepalrii He 3apeeCcTPOBAHO XKOAHOTO CYTTEBOTO
3B’s13Ky MiX 3HMKeHHsIM piBHs1 XC JITTHILL Ha 1 mMmonb/n
ta BumagkoM po3sutky LIJI (RR: 0,95;95% CI 0,87—1,04;
P =0,30; ’ =4 %). BusgBunochk, 110 OiTbII iHTEeHCUBHA
rimojimigeMiyHa Teparisl MoB’si3aHa 3 BUIUM PU3UKOM
po3BuTKy LI/ mopiBHsiHO 3 MeH1I iHTeHCcuBHOMO (RR: 1,07;
95% CI 1,03—1,11; P < 0,001; 2= 0 %). Orpumani pe-
3YJIBTATH 3yMOBIIIOBAIMCH BUIIIUM PU3MKOM PO3BUTKY LIJT
nipu 3actocyBaHHi ctatuHiB (RR: 1,10; 95% CI 1,05—1,15;
P <0,001; 7= 0 %), Toni sk BUKOPUCTAHHS iHTiOITOPiB
PCSKO9 He mao 3B’43Ky 3 pU3MKOM BUIIAAKiB BIEpIIe fia-
raocroBanoro LI (RR: 1,00; 95% CI10,93—1,07; P =10,96;
FF=0%)[47].
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Mertoio momryky B Medline i Clinicaltrials.gov Ta meTa-
ananizy PKJI, mposeneHoro M. Monami et al., Oyna oniHka
BruiuBy iHridiTopiB PCSK9 Ha MeTabosi3m ritoko3u, piBeHb
XC JITTHIL, cTaH cepueBO-CyIMHHOI 3aXBOPIOBAHOCTI i
cMmepTHOCTI B oci6 3 111 i 6e3 Hporo. [IpoBeneHuii mera-
anani3z 38 PK]I, y sskux nopiBHoBanu iHrioitopy PCSK9
3 T1ale6o ado aKTUBHUMMU JiKapChbKMMM MpernapaTaMu.
IlepBuHHI KiHIIeBi TOUKM BKIodann: Bunaaku LIJ1, piBHi
npenpaHaianbHoi Taikemii Ta HbA,; Bmict XC JITTHI y
KiHLeBil Touli y mauieHTiB 3 111 i B 3aranbHiii BuOiplii Ta
cepiiosHi cepueBo-cynuHHi nonii (MACE) i cMepTHicTh B
oci6 3 LI/ i 6e3 Hporo. IloBinomisieTbes, 1110 iHTiOITOPU
PCSKO9 nopiBHsiHO 3 1U1a11€060 UM OY/Ib-IKUM JIIKADCHKUM
NpernapaToM MOPiBHSHHS He CIPUSLIU MiIBUILIEHHIO PUKKY
BUHUKHEHHS IIyKPOBOTO miabery. 3HmKeHHs BMicTy XC
JIITHII nopiBHsiHO 3 maue6o y maiieHTis i3 LI craHo-
B0 52,6 [41,3; 63,8] Mr/wr; BiAOBITHMI TTOKA3HUK IS
BCiX XBOpHUX IopiBHIOBaB 66,9 [62,4; 71,3] mr/mi1. Merta-
perpeciiiHuii aHali3 moka3aB 00epHEeHY KOPEeJsllilo Mix
yactkoto nauieHTiB 3 LI/ i BiiuBoM iHriditopis PCSK9 Ha
pmict XC JITIHII y nocnimkeHHSIX MPOTH €3eTUMiOY, aie He
nopiBHHO 3 1uiane6o. Kpim Toro, anamis pesynsraTtiB PKJI
JIO3BOJIMB CTBEPIXKyBan, 1o iHrioitopu PCSK9 He Brin-
BalOTh HAa MeTa00JI1i3M IJIIOKO3M; IMOBIpHO, HE BILIUBAIOTh
Ha mokasHnku MACE ta cmepTHOCTI 0OKpeMo utst oci6 3 LIJT
i 6e3 HborO [48].

Q. Chen et al. [49] npoaHanizyBanu muTaHHS Oe3MeKU
BUKOpHUCTaHHs npenapatiB aHTu- PCSK9 MoHOKTOHATBHUX
aHTUTLI Ta pU3MKY Breple aiarHocroBaHoro LIJI. ABTopu
MpoBen MeTaaHai3 pe3yabratiB 23 PK/I (65 957 yyacHu-
KiB), y IKUX HagaBajach iH(opMallis IIpo BUIIaAKK BIEPIIe
niarHoctoBaHoro LI abo nekoMmneHcanito KiiHiunoro LIJI.
3 MeTO10 MOPiBHSIHHS KiHIIEBUX TOYOK PO3PaxOByBalNCh
RR i 95% CI. BcranoBieHo, 110 TTIOPiBHSTHO 3 KOHTPOJIb-
Holo rpynoto JikyBaHHss PCSK9-mAb He cynpoBoaxyBa-
Jock pusukom po3Butky LI (RR:0,97;95% CI10,91—1,02;
P =0,22), npryomy OijbIIl BUTITHUM 3 €T MO3ULIiT BUTJISI-
JaB ajgipokyMa0d, HixX eBosioKyMab abo 6okonmnzymad [RR:
0,91; 95% CI1 0,85—0,98; P =0,01] [49].

S. Chiu et al. y 6a3ax PubMed, Cochrane Central Regis-
ter i Clinicaltrials.gov meperissHyTO pe3yJbTaTh i IIpoBe-
NEeHUI cucTeMaTuYHuii MeTaaHati3 11 moaBiliHUX cainmux
PKJI. MeTa po6ot — ouiHuTu BruiuB iHrioitopis PCSK9
i e3eTMiOy Ha pu3uK Briepiie giarHocroBaHoro LIJI. 3 me-
TOIO TIPOBEASHHSI MeTaaHasi3y e(peKTUBHOCTI iHTi0IiTOpiB
PCSKO9 3aranom 0ys0 BkitoueHo 52 214 yyacHUKIB Ta ehek-
TUBHOCTI e3eTuMidy — 20 084. BctaHOBJIEHO, 1110 pe3yJibTa-
TH, OTPAMaHI Yy Malli€HTIB, paHIOMi30BaHUX IUISI IIPUOMY
iHri6iTopiB PCSK9, a Takox e3eTuMiOy, He Biipi3HsIHCS 3a
YacTOTOIO PU3UKY BIepiie aiarHocroBaHoro LIJI Bim kKoH-
tposbHOi rpyrmu (RR: 0,99, P = 0,87, 95% CI 0,92—1,07, i
RR: 1,05, P=0,37,95% CI 0,95—1,15). Ha miacrasi orpu-
MaHUX pe3yJIbTaTiB aBTOPU BBaXKarOTh, 110 BUKOPUCTAHHS
inri6iTopiB PCSK9 Ta e3eTumioy, iMOBipHO, He BILJIMBA€E
Ha PU3UK PO3BUTKY LIYKpPOBOro miadety [50].

Ha cporomHi mpoBeneHo aexiibka mpoBinHux PKJI
1110710 0OCOOIMBOCTEH i MOXIMBOCTel BBy aHTU-PCSK9
MOHOKJIOHAJIbHUX aHTUTIJI HA HECTIPUSTIUBI HaCTiAKKU
CC3, oaHe 3 IKUX, YHACIITOK iMyHOONOCEPEIKOBAaHOIO
ocnabieHHs1 eheKTUBHOCTI OOKOIM3yMaly, JOTePMiHOBO

npunuHene [16, 51]. Ile Taki KiaiHiYHi BUIIPOOYBaHHS:
FOURIER (Further Cardiovascular Outcomes Research
with PCSK9 Inhibition in Subjects with Elevated Risk) —
edextuBHicTh eBookymMaody; SPIRE (Studies of PCSK9
Inhibition and The Reduction of Vascular Events trials) —
o6okonnsymady; ODYSSEY — anipokymady i DESCARTES
(Durable Effect of PCSK9 Antibody Compared with Placebo
Study) — eBomokyma0y [17, 18, 51, 52].

Pesynbrat OCHOBHUX paHAOMi30BaHUX TUIalle00-KOHT-
POJILOBAHUX 0CIiIKeHb eheKTUBHOCTI aHTU-PCSK9 MoHo-
KJIOHAQJIbHUX aHTUTLJ1 HaBeaeHo B Tab1. 2 [16].

V nocnimkenni FOURIER 27 564 nauieHTu i3 mia-
rHoctoBaHuMU ACC3, sIKi 3HaXOAMUIMCh HA CTaTUHOTEpa-
Iii, paHAOMi30BaHi 3 METOI0 NIPU3HAUYEHHS €BOJOKyMaly
(140 Mr oBa pa3u Ha TKIEHb a00 420 MTr Ha MiCSIb Mix-
IKipHO) 260 ruiane6o. BctanoBseHo, 1110 eBoIoKyMao 11o-
PiBHSIHO i3 m1ane6o criiiko 3HrXKyBaB piBeHb XC JITTHIIL
y cepeaHboMy Ha 59 %, 1o Bimmosimano 0,78 MMOJIb/J.
[ToBimoMiseTbes, 1110 48-THKHEBE JIiIKyBaHHS €BOJIOKYMa-
60Mm cripusio 15% 3HWXKEHHIO TTepBUHHOI KOMOGiHOBaHOT
kinuesoi Touku (HR: 0,85; 95% CI 0,79—-0,92; P < 0,001).
[Mpurnivennss PCSK9 eBonokymabom He cynmpoBOIKyBa-
JIOCH 301TBIIIEHHSIM YaCTOTU PU3MKY BIEpIle JialrHOCTOBA-
Horo 11/l abo moripiIeHHsIM cTaHy IIiKeMii y Malli€HTiB i3
LIYKpOBUM Jaiabetom [17].

V nociimKeHHi, po3diJieHOMY Ha IBa CyOIOCTiIKEeHHST
(SPIRE-1 i SPIRE-2), 27 438 yyacHukiB 3 ACC3 ab6o ci-
MeitHoto 'XC B aHaMHe3i a0o BucokuM pusukom ACC3
paHOOMi30BaHi 3 MeTow nmpu3HadeHHs 150 Mr 60KOIU3y-
Ma0y KOXXHi ABa TUXKHI MiAIIKipHO a00 BXWBAHHS IUIale-
00. Tpusamictb SPIRE-1 cranoBuia 7 mic., a SPIRE-2 —
12 mic. Pesynsratu SPIRE-2 cBinuath po 3HM>KEHHST piBHSI
HecnpusTanBux HactiakiB CC3 Ha 21 %. BogHovac aHami3
pe3yabTaTiB SPIRE-1 He BUSIBUB aHAJIOTiYHOTO 3HIKEHHS.
MOJIMBI IPUUMHU: HEIOBrOTPUBAJIICTh CITOCTEPEKEHHSI
i 6ipn HU3bKMI 6a3oBuit piBeHb XC JITTHIL. BucHoBKI
SPIRE-2 i SPIRE-1 cBinuarsb, 1o npusHaueHHs 150 mr
0oKOIM3yMa0y CTAaTUCTUYHO 3HAUYyIlle He BIIMBAE Ha PiBHi
HbA,, [51].

VY nocnimxkenHi ODYSSEY (tpuBanicth 2,8 poky) 06-
crexeHo 18 924 mauientu 3 'KC Big onHoro no 12 wmic. B
aHamHe3i, pisHem XC JITTHILI monaiimene 1,8 Mmmosib/,
XC ne-JITIBII He MeHIIe HiX 2,6 MMoIb/1T a60 Aro B He
MeHie Hix 80 mr/mi. XBopi 3HaXOAMJIMCh HA BUCOKOIH-
TeHCUBHill cTaTUHOTeparii ab0 OTpUMyBaIl MaKCUMaJbHO
nepeHocuMi 1034 iHrioiropiB 'MI'-KoA-penykrasu. [Tosi-
JIOMJISIEThCS, 110 alipokyMab 3MeH1uB yactoty CC-romiit
Ha 15 % micist cepemHbOTO Mepiony CIIOCTEPEKEHHS TPHU-
BasticTio 2,8 poky. Kpim Toro, y nmaitieHTiB, siKi OTpuMyBaiu
aJlipoKyMma0, CIocTepirajiocs He3HauyHe 3HDKEHHS YaCTOTU
PUBUKY BIiepiiie giarHoctoBaHoro LIJI mopiBHsiHO 3 T1a11e60
(9,6 npotu 10,1 %) [18, 52].

Tpusanicte PKI DESCARTES cranoBuia 52 THXHi.
BunpoOyBaHHS TTpUCBsIYEHE aHaJi3y e(heKTUBHOCTI €BO-
JIoKymMaoy (420 Mr KoxHi 4 THUXXHI) OO0 BiICOTKOBOTO Ta
abcoumoTHOTO 3HMKeHHs BMicTy XC JITTHILL. O6¢cTexxeHO
901 mamienta 3 I'XC, 3 Hux 120 xBopux Ha LIJI 2-ro Tuy,
293 — 3 mopymeHHsM riikemii Hatiie (ITTH), 289 — 3 me-
tadoniyHuM cuHapomMoM (MC) (y 194 3 HUX AiarHOCTOBaHO
III'H, a y 393 He cniocTepirasoch XOAHOTO 3 IIUX CTaHIB).
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Ananitnanuii anani3 pe3ynsratiB DESCARTES cBimunTs,
1110, HE3BaXKar0UM Ha JOCSITHEHHST BPasKalouoro 3HKEHHS
piBas XC JITIHII > 50 % Bin BuximHOrO, HE CIIOCTepira-
JIOCST CTATUCTUYHO 3HAYYIIIMX 3MiH MMapaMeTpiB MIiKeMil B
JKOJHIN 13 miarpyn i3 6azoBoto eyriikemieto, [1I'H a6o L]
2-ro Tumy [53].

Orxe, riikemiuHa 6e3neka aHTu-PCSK9 MoHOKII0-
HaJbHUX aHTUTIJ, 110 CITOCTepiraiacs ITim Jac KIHIYHUX
BUIPOOYBaHb, MOXe OYTH 4YaCTKOBO ITOSICHEHA BiTHOCHO KO-
POTKOTPMBAIMM BILUIMBOM IIMX MpEIIapaTiB ITOPiBHSHO 3 IPU-
porauM nojimopdizmom PCSK9, akuii 3a0e31reuye HIDKIMiA
piBens JITTHILI [54, 55]. Kpim Toro, 11e MoxXe OyTu TaKoxk

MOB’SI3aHO 3 TUM, III0 MOHOKJIOHAJIBHI aHTHUTIJIa, HalliJIeH]
Ha 6iok PCSK9, He BruMBaioTh Ha BHYTPiIHBOKJTITUHHY
npoxaykitiro PCSK9 i dizionoriuni ocodbamBocti MeTadostizmy
XoJrlecTepuHy [56, 57]. Xo4a reHeTMUHI TOCITIIKEHHST BKa3y-
I0Th Ha MOTeHUIHHUI 3B’130K MiX npurHiveHHs M PCSK9 i
roMeocTtazoM rioKo3u, aHTu-PCSK9 MoHOKIIOHABHI aH-
TUTIJIA HE TIOTipIIYIOTh IJIiIKEMiYHUI KOHTPOJIb Y MalliEHTIB
3 LIJI 2-ro TuIy, aje ixHio O0e3IeKy CJIiI IIepeBipuTy IiCIsT
JIOBrOCTPOKOBOTO criocTepexkeHHs [11, 55].

Ha croroani inrioitopu PCSK9 Haiibinbi qouijibHO
BBaXKaTH I0aTKOBUMU (hapMaKOJIOTIYHUMU areHTaMM TPy
Hee(eKTUBHOCTI CTaTUHIB Yy MAaKCUMAaJIbHO MEPEHOCUMUX

Ta6nuys 2. PaHpgomi3zoBaHi nnaye60-KOHTPOJIbOBaHI BOCNIAXEHHS eheKTUBHOCTI aHTU-PCSK9
MOHOKJIOHa/IbHUX aHTUTIN [16]

Bwmict BwmicTt Pusuk
HasBa BTpy4aHHs MepBuHHa KT BropuHHa KT TR HbA,, NOD
EBonokymab. | KomnosuTtHa (cmMepTb )
FOURIER 140 mr koxHi | 4yeped KC/incynst/HC/ | CmepTb Yepes MKC/iH- HR: 1.05:
[17] 2 TmxHi abo | ycknagHeHHs KP). HR: | cynet. HR: 0,8; 95% Cl NS NS 95%'Cl
420 mr wowmi- | 0,85; 95% CI 0,79-0,92; | 0,73-0,88; P = 0,001 0 94_"1 17
cauq P = 0,001 ’ ’
HedatanbHuii TKC, He- | KomnosautHa (Hedba- g\zﬂ:ﬂ;ﬂ g\;ﬂg”;ﬂ
datansHuii iHeynsT, HC, | TansHuin MKC, Heda- noanKoJiL noanKoEl =
SPIRE 1 + Bokoumnay- | Lo noTpebye TEPMIHOBOI | TanbHUI iIHCYNLT abo Boro piBHs | Boro pisns | IRR 0.98:
mab. 150 mr | KP, a6o cmepTb yHacni- CMepTb BHaCAiOoK P P o) 1
SPIRE 2 [51] KOSKHI 2 TVDKH nok ACC3. ACC3). Ao 52 Tnx- | po 52 Tnx- | 95% Cl
HR: 0,88; 95% ClI HR: 0,87,95% Cl | "8 134)'8 ”“(30-0‘1")09 0.82-1,17
0,76-1,02; P = 0,08 0,74-1,02; P = 0,08 P-0004 | P=0.11
HedbatansHun FKC/ KomnosuTHa (Heda-
HedbaTanbHUA iHCYNbT/ TansHun IM, Hedpa-
Bokoumsy- | cmepTb BHacnigok CC3 | TanbHWi iHCYNbT abo
SPIRE 1 [51] | ma6. 150 mr | a6o HC, wo notpebye CMepTb BHACMIfOK - - -
KOXHi 2 TUXHI KP. CC3).
HR: 0,99; 95% ClI HR: 1,03; 95% CI
0,80-1,22; P = 0,94 0,82-1,30; P =0,78
Bokouusy- HR: 0,79; 95% ClI HR: 0,74; 95% ClI
SPIRE 2 [51] | ma6. 150 mr PPl NS - - -
KOXHI 2 TYXKHI 0,65-0,97; P = 0,02 0,60-0,92; P = 0,007
KomnosuTHa (cmepTb He-
pe3 XKC/HedhaTanbHui )
ARDOKYMA6 'KC/netanbHuii abo He- | Byap-aki ycknagHeHHs 9,6 %
ODYSSEY 75 F:M_ I¥O)KHi. daTansHU iLLemMivHUm XKC. NS NS (anipoky-
[18, 52] B2 TVXHI iHcyneT a6o HC, HR: 0,88; 95% CI mab)
A wo notpebye KP). 0,81-0,95; P < 0,001 10,2 %
HR: 0,85; 95% CI (nnawuebo)
0,78-0,93; P < 0,001
ABCOnOTHA 3MiHa no- (=)
kaadHukiB XC JTMHLL, 5,6 %
DESCARTES | EBonokyma6. | 3meHwweHHa XC JTTHLL 3XC, XC NMMNBLL, NS NS (eBonoky-
[53] 420 mr/mic. | Ha > 50 % Big BuxigHoro | JINAHLL, T, Ano B, mab)
3XC/XC NBL Ta 6,6 %
Ano B/Ano A1 (nnauebo)

TMpumitku: Ano A — anouninonporteiH A; Ano B — anoninonpoteiH B; ACC3 — aTtepocknepoTuyHe cepLeBo-cy-
AnHHe 3axBoproBaHHs; TKC — roctpuii KopoHapHui cuHapom; 3XC — 3aranbHuii xonectepuH; KP — KkopoHapHa
peBackynapu3auia; KT — kiHyeBa To4ka; HC — HecTabinbHa cteHokapgis; CC3 — cepLieBo-CyANHHI 3aXBOpPHOBaH-
Hs1; TIT — Tpiaynnrniyepnun; XKC — XpoHidHmvi kopoHapHui cuHapom; XC JIMBL — xonectepuH ninonpoTeiHis
BuUcokoi winbHocTi; XC JIMAHLL — xonectepuH ninonpoteiHiB gyxe Hu3bKoi winbHocTti; XC JIMHL — xonectepuH
ninonporteiHiB HU3bKOI WinbHocTi; Cl — goBip4nii iHTepan; DESCARTES — Durable Effect of PCSK9 Antibody
Compared with Placebo Study; FOURIER — Further Cardiovascular Outcomes Research with PCSK9 Inhibition
in Subjects with Elevated Risk; HbA,, — rnikoBaHuii remorsno6iH A, ; HR — koedpiyieHT pusunky; IRR — koedpi-
yieHT 3axBoproBaHocTti; NOD — Bnepwie giarHoctoBanmi Lf]; NS — cratnctnyHo He3sHa4qywmii; ODYSSEY —
Open Label Study of Long Term Safety Evaluation of Alirocumab; SPIRE — Studies of PCSK9 Inhibition and the

Reduction of Vascular Events.
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mo3ax. HaiimeHIn cymepeuimBa MOMYJIALis MAIiEHTIB 3
BUCOKUM pusukoM ACC3 aJis1 BUKOPUCTaHHSI iHTiOITOPiB
PCSKO Bkiouae xopux [57, 58]:

1) i3 ciMeitHOIO TimepXxoJecTepUHEMIEID;

2) TSDKKMM repebirom i/abo ayke BUCOKUM PU3UKOM
ACC3 i3 critikum nigsuiieHum pisHem XC JITTHIL, ne-
3BaXKalouM Ha BUKOPUCTAHHS BUCOKOIHTEHCHBHOI Teparii
iarioiropamu 'MTI'-KoA-penykrasu;

3) 3 LI/, siki mogaTKoOBO MalOTh OyIb-SIKWIA i3 IINX CTa-
HiB; TaKi Mali€eHTU CTAaHOBJISITH MIATPYIy OCOOJUBO BUCO-
KOro pu3uKy, 1Jis sikoi iHrioitopu PCSK9 3aciyroBytors Ha
CEpIHO3HY yBary.

s xBopux i3 HelogaBHO AiarHocToBaHuM LIJ1 2-ro
THUITY TOTOYHMIA ATTOPUTM KOHTPOJTIO JTiMTi/IiB JUTsI 3HUKEHHST
pu3uky ACC3 peKOMEHIYEThCS PO3MOUYMHATH 3i CTATUHIB
[58, 59]. E3etumi6 € Hactymuum JI3, sikuit ciin nogaTu,
skio pisenb XC JITTHII y manieHTiB BULIMIA 32 TIPUAHST-
Huii. OOrpyHTYBaHHSI: 3a/10BiJIbHA TIEPEHOCUMICTb i HU3bKa
BapTiCTh, MPOCTOTA BBEACHHSI i CIIPUMHATTS MalliEHTaMU Ta
JOKa3W KOPHUCTI TSI CepLIeBO-CYAMHHOI CUCTEMU, OCOOIMBO
y nauieHTiB 3 LIJI. Y Bunaakax HeeeKTUBHOCTI KOMOiHAaLIii
CTaTUHIB i3 e3eTuMiooM iHriGiTop PCSK9 € mouinbHuM i
panioHaJIbHUM BruOopoM [58, 59].

Maiixe Bci KJiHiuHI BUunpooyBaHHs iHriditopis PCSK9
npoBoAuancs 3 (POHOBOIO Teparli€elo cTaTUHAMU, TOMY 3
TOYKH 30pYy J0KA30BOI MEAUIIMHU 11i ITpenapaTi HeoOXiTHO
BUKOPUCTOBYBaTU pa3oM i3 iHridiTopamu 'MK-KoA-pe-
NyKTa3u sk 0a30Bol0 Teparieto. [inoninigemiyHnii epexr
JIIKyBaHHS CJIiJI OLIiHIOBATU IIPOTSITOM TPHOX MiCSIIB ITiCJIsT
rnmoyvaTtky JiikyBaHHs. Xo4ya HaqHu3bKi piBHi XC JITTHILI, stk
pesyabrat npurHiyeHHs PCSK9, nobpe nepeHocsThes na-
LHi€eHTaMM, 103y CTATUHIB JOLIILHO 3HU3UTH, SIKIIIO PiBEHb
XC JITMTHILL HacTibKY HU3BKUIA, 1110 MOTO MPAaKTUYHO He-
MOXJIMBO BU3HAUMTH, Hanpukian < 0,4 mmoinb/i [58, 59].

[Mporte, He3Baxawuu Ha e(PEeKTUBHICTb iHTiIOITOPIiB
PCSKO9 y 3umxenni XC JITTHII ta ix 6e3noraHHuit mpo-
Ginb 6e3rneku, 3aTUIIATHCS BITKPUTUMU TTMTAHHS 11010
edexriB 1ux JI3 ta MexaHismy ix aii [14, 57, 60]:

1. Yu BusBIsieThCS eDEeKT OJI0KaIN aHTUTIIAMU TTPOTSI-
oM JIE€KIIbKOX XBWIMH Micis iH’exuii? Bimomo, 1110 KomIi-
nekc «PCSK9 — JITTHLL -peuenTop» yTBOPIOETHCS JULLE
3a KiJIbKa XBUJIWH, Togi sk aerpanatis JINTH L -peuentopis
3aiiMa€ KijgbKa roJvH.

2. fxi papmakokiHeTUUHI Ta hapMaKOIMHAMIUYHI Xa-
PAKTEePUCTUKN KOMILIEKCY «aHTUTEH — aHTUTiLIO»? AIke
MeBHA YaCcTUHA KOMILJIEKCY OCija€ Ha JITomnpoTeiHax,
KJIipEHC SIKUX MTPU3BOIUTD A0 CIUJIbHOI eJliMiHaLli1 IMyHHUX
KOMILIEKCIB 32 BiTOMUMM MeXaHi3MaMU.

3. Uum 3HMXYIOTh MOHOKJIOHaJIbHI aHTUTIIA 10 PCSK9
PU3HK AecTabimizallii aTepoCKIepOTUIHOI OJISIIIKM Ta Kap-
nmioBacKy/sipHUX rofiii? Lle BurummBae i3 Toro, mo 0Jiokanga
PCSKO9 3meniye smict XC JITTHII, a takox iHrioye Aaito
PCSK9 y camiit Osrsiii.

3arajioM KJIiHiYHi JaHi CBig4aTh Mpo Te, 1110 iHTiGiTOpU
PCSK9 nobpe nepeHocsiThes Ta 320€3IeuyoTh, Ha 101a-
TOK JI0 BUCOKOIHTEHCMBHOI Tepamnii cTaTUHAMU, 3HaYHe
s3amkeHHs piBHsa XC JIITHII y xBopux Ha L1 2-To Tummy
i miadetnuny JJIIT. Bukopucranns inriditopiB PCSK9 He
CYIIPOBOIXKYETHCSI BTPATOIO TJIIKEMiYHOIO KOHTPOJIIO 200
MiIBUIIEHHSIM pU3HUKY po3BUTKY LI/ B 0cib 6e3 morepe1HL0

nmiarHocroBaHoro LIJ1, a Takox moxke 3amodirtu CC-tomisiM
a0o0 3MEeHIIUTH iX Hajaui [42].

OTtxe, npumyckaioTb, o aHtTu-PCSK9 repanis, cripsi-
MOBaHa Ha HupKyaoouuii 6i1ok PCSK9 neuinkoBoro mo-
XOJI>KEHHSI, MOXe TOCTaTHbO OOMEXEHO BIJIMBATH Ha eKC-
nipecito JITTHI-pettentopiB y B-KITiTMHAX T AILTYHKOBOT
3aJ103U 1, BiAMOBiAHO, He MiABuIILYBaTH pusuky LI [37].
JIOBrocTpoKOBe CIOCTePEXKEHHS 3a pe3yJbTaTaMy paHI0-
Mi30BaHUX KJIiHIYHUX BUIMPOOYBaHb iHTiGiTOopiB PCSK9
IMOBUHHO JAaTH YiTKY BiJIIOBiIb Ha 11€ BAXJIMBE MUTAHHSI.

KondaikT inTepeciB. ABTOpU 3as1B/ISIIOTH ITPO BiICYTHICTh
KOH(ITIKTY iHTepeciB i BIacHOi (hiHAaHCOBOI 3alliKaBJIEHOCTI
MPU MiATOTOBII JaHOI CTATTi.

Indropmanist npo dinancysanns. @iHaHcyovi opraHizarii
HE BiAirpaBajiu KOJHOI POJIi MPU HAaMMCaHHI CTaTTi a00 B
pillleHHi OAaTH 3BIT IS ITyOJTiKallii.

VYuactb aBropiB y nmiarorosui crarri. B.0. Cepeienko —
KOHIIEIIisl Ta AM3aliH, HalIMCaHHS TEKCTY, peAaryBaHHS;
0.0. Cepeienko — KOHIIETILIS Ta IU3alH, aHAJI3 JliTepaTypu,
HaNMCaHHS TEKCTY, pearyBaHHsI.
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Proprotein convertase subtilisin/kexin type 9 inhibitors:
prospects for cholesterol-lowering therapy in type 2 diabetes

Abstract. Diabetic dyslipoproteinemia (DLP), characterized by
quantitative, qualitative, and kinetic changes in all major circulating
lipids, contributes to an increased risk of atherosclerotic cardio-
vascular disease in patients with type 2 diabetes mellitus (DM).
Inhibition of proprotein convertase subtilisin/kexin type 9 (PCSK9)
by human monoclonal antibodies is a promising treatment for dia-
betic DLP. Several drugs differ in their mechanisms of inhibition
of PCSKO activity. The following groups are conditionally distin-
guished: PCSK9 monoclonal antibodies (anti-PCSK9 monoclonal
antibodies): evolocumab, alirocumab, bococizumab (injectable);
other injectable medications with different mechanism of actions
(inclisiran, SPC4061, SPC5001, adnectin BMS-962476, LIB003,
anti-PCSKO9 vaccine; anti-PCSK9 vaccine (nanoparticle-based);
orally administered drugs (PF-06446846, DS-9001a, SRT3025);
cholesteryl ester transfer protein/PCSK9 inhibitors (anacetrapib,
evacetrapib, torcetrapib, K-312). This review aims to discuss the
role of alirocumab and evolocumab, fully humanized monoclonal
antibodies, in the treatment of type 2 DM patients with DLP and to
consider their effectiveness and safety. Strategy of search. Scopus,
Science Direct (from Elsevier), and PubMed, including the Medline

databases, were searched. The following keywords were used: auto-
nomic nervous system, heart rate variability, baroreflex sensitivity,
diabetic cardiac autonomic neuropathy, and MeSH terms. A ma-
nual search of the bibliography of publications was used to identify
research results that could not be found with the online search.
Statins are the first line of choice for treating DLP in patients with
type 2 DM to reduce the risk of atherosclerotic cardiovascular di-
sease. Ezetimibe is the next drug to be added if patients’ low-density
lipoprotein cholesterol levels are higher than acceptable. In cases of
failure of the combination of statins with ezetimibe, PCSK9 inhibi-
tor is a reasonable and rational choice. Overall, clinical data suggest
that PCSK9 inhibitors are well tolerated and provide a significant
reduction in low-density lipoprotein cholesterol levels in type 2 DM
patients with DLP in addition to high-intensity statin therapy. The
use of PCSKD9 inhibitors is not associated with impaired glycemic
control or increased risk of diabetes development in individuals
without previously diagnosed DM and may prevent or reduce sub-
sequent cardiovascular events.

Keywords: diabetes mellitus; proprotein convertase subtilisin/kexin
type 9 inhibitors; review
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Karepenuyyk .1, PycramsH C.T., Tanaww B.B., Slomona T.1.
[TOATQBCBKNV ASPXKABHU MEANYHWUN YHIBEPCUTET, M. [TOATABQ, YKpQiHa

[OPMOHOABHUN AUCOAACQHC Y NAUIEHTIB
3 XPOHIYHOIO HUPKOBOIO HEAOCTATHICTIO
Yy ACAICQAI3HUM TA AiOAISHUM NnepioaUn
(yactuHa 1)

PestoMme. B ornisgosivi cTaTTi npoBe[eHo aHania nitepatypHuX [JXXeper, Y SKUX BUCBITIIEHO 3MiHWN KOHLeHTpawil
OKPeMUX ropMOHIB (napatnpeoifgHoro ropMoHa, iHCyniHy, ropMoHa POCTY, MPONaKTUHY) y Naui€HTIB 3 XPOHIHHO0
HUpKOBOK HegocTaTHicTio (XHH) y pogianiaHwi Ta gianianni nepiogn. Po3kpuTi naToreHeTUYHi B3aEMO3B I3KU
MDK MOPYLUEHHAMM DYHKLiVi HUPOK Ta KOHLEHTpaLieto ropMOHIB y KpOoBi | 3MiHamu ix 6ionoridyHux egpekTis. [Napa-
TupeoinHui ropmoH (MTI7) po3rnsafaeTbCs K «ypPemidHU TOKCUH» , OCKISIbKU MIOro KOHLEHTpauis B KPOBi MOYMHAE
3pocTaTty npy 3HWXXeHHI LLIBUAKOCTI Kiy604koBoi ¢inbTpayii (LLIK®) meHwwe Hix 50 mi/xB. Yci ctagii XpoHidHoi
XBOpOo6um HNPOK (XXH) cynpoBomXytoTbCs MOPYLUEHHAM KaslbLivi-gpocchopHOro obmiHy. TpuBanmi Hagnmwok [T
npu3BoanTbL [0 BTPATU KICTKOBOI Macu 1a pO3BUTKY BTOPUHHOIO rineprnapatnpeosy, Sk € YacTUM YCKIaaHEeH-
HAM ripy nisHix ctagiax XHH ta y nayieHTiB Ha gianiai. lMpy XHH nigBuLyeHHs: KOHUeHTpawii iIHCYniHy 3yMoBJIeHe
3HWKEHHAM LLIK® Ta ekckpewii iHCyniHy B MPOKCUMAasibHUX KaHaslbLsiX HUPOK, & TaKOX MOPYLLEHHSAM MeTabosiamy
IHCYniHY, WO npu3BoAnNTbL 4O OAOBXEHHS niepiofy HaniBpoanagy iHcyniHy. Tpuana gianiaHa tepanisi ycyBae
haKTOopU, LLJO BHMXYIOTL Aerpagadito iHCYniHy N03aHNPKOBUMM TKaAHUHaMM, LLO MIABULLYE Yy TIIMBICTb TKAHWH O
vioro BrinvBYy. B ekcriepyMeHTanbHnX i KIHIYHWX JOCTIOXXEHHSIX NoKa3aHo, L0 Ha4/IMLLIOK FOPMOHA POCTY MOXe
HEeCrnpusITAINBO BIIMBATU Ha (DYHKLIOHAlIbHWUV CTaH HUPOK, BKITFOYHO 3 KJ1YOOYKOBOI rinepbinbtpalieto 1a po3s-
BUTKOM rIoMepyiockiepogdy. [Npy npu3HaveHHi peKOMOIHaHTHOrO IIOACLKOro iHCYTIIHOMORIOHOro ghakTopa pocTy
cnig patv 4o yBarv MOXJMBICTb MOro HECTIPUATIIMBOIO BI/IMBY Ha (QYHKLIOHATbHUY CTaH HUPOK. PiBeHb npornakx-
TUHy nigBuLlyeTbcs npy XXH 'y pe3ynbtati 3HUXKXEHOro KnipeHcy Ta nigsuLyeHoi cekpedwii. [ineprnponakTuHemis
rposiBASETLCS ranakTopeeto T1a rinoroHagu3mom. Tepanis gianidoM He HopMmari3ye nigBuLLeHy KOHLEeHTpauito
nponakTuHy. BigsHa4yeHo cyHacHi MOXIIMBOCTI NaToreHeTUYHOI KOPeKLii eHAOKPUHHOIo aucbanaHcy y nayieHTis
3 XHH. AprymeHTOBaHO [OBEAEHO, L0 HUPKU BigirparoTe BaXK/MBY POsib y perynsyii piBHs ropMOHIB y KpoBi, a
EHOOKPUHHI po3niaaun € OAHIEI0 3 HANBaXKINBILLMX CKIIa40BUX YPeMIYHOro CUHAPOMY, K NoTpebye nogasibLLIoro
BUBYEHHS, BOCKOHAJIEHHS Tepariii | Mpoiriak TUKY ropMOHasIbHWUX MOPYLLIEeHb y AodianiaHi Ta gianisHy ctagii XXH.
Knro4oBi cnoBa: orisg; xpoHidHa HUpKoBa He4oCTaTHICTb, Aiani3; napaTupeoifHui ropMOoH; IHCYIIiH; ropMOH
pOCTy; NponakTUH

XpoHiuyHa xBopoba HupoK (XXH) € BaxkiuBolo mpooiie-
MOIO OXOPOHM 3/I0POB’sI, OCKIJTbKY BOHA BpaXka€ MpUOIU3HO
9—12 % nacenenHs cBiTy [1]. Bucoky Ta 3pocrarody Mmoiim-
peHicTh cepen HaceneHHs XXH Mae roloBHUM YMHOM ye-
pe3 Te, 1110 OCHOBHUMH 1i MPUYMHAMM € 3HAYHO MOIIMPEHi
nykpoBuii giabet (LI/1) Ta aptepianbHa rimeprensis (Al).
XXH nputamaHHa ImigBUIlleHa CMEPTHICTD Bill CEpPLIEBO-CY-
JUHHUX 3aXBOPIOBaHb, Yepe3 SIKi IOPIYHO Y CBIiTi MOMUpPAE
Bin 5 mo 10 minbiioHiB moaeit [2].

[MauienTu, gKi TiKyOTbCs Aiali3HUMU MeToaaMu (TeMo-
Ta TIEPUTOHEATTLHUM [iali3oM), KBaliiKyoTbcs K XBOPi
Ha XXH V]I cranii. YucenbHicTh MOMyJIsLil XBOPpUX, SKi
OTPUMYIOTH JIIKYBaHHSI METOAAMHU HMPKOBOI 3aMiCHOI Te-
pariii, 3pocTa€ MBUAIIE, HixK YMCETbHICTh HACEJIEHHS CBITY
3arajiom [3].

3MiHu HopMasibHOI (hyHKIIT HUpOoK Tipu XXH Brum-
BalOTh HA MeTa0OJIiUHY eKCKpellilo OaraTboxX TOPMOHIB, a
Mali€HTH 3 XPOHIYHOIO XBOPOOOIO HUPOK/TEPMiHAIBHOIO
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cramiero HupKoBoi HemoctaTHOCTi (THH) MaroTs unciensi
eHJIOKPMHHI po3yiaau, siki MOXYTb nporpecyBaTu. EHmo-
KpuHHUM aucbananc npu XXH depe3 3HmKeHHS (HyHKIIi1
HUPOK 3HAYHO BIUIMBAE Ha SIKiCTh XXUTTS TallieHTiB. [1o-
pylLIeHHs (YHKIi OKpeMuX eHAOKPUHHUX 3aJI03 peali-
3y10TheCsl Y (hopMyBaHHI Mpodiito KOHKPETHOTO TalliEHTA,
MPUYOMY 3MiHU MOXYTb BinOyBaTHCs SIK B 10-, TaK i B [li-
aJli3HUI mepion, 110 BU3HAYA€ HEOOXiMHICTh aHaJIi3yBaTH
TOPMOHAJIBHUIA cTaTyc y pi3Hi nepiogn XXH.

NapatnpeoiAHU rOPpMOH
(naparropmoH, M1l npu XHH

IITT — nmoninenTuaHuUii 610K, BUAUISIETHCS TTPUILIM-
tononioHumu 3ano3amu (IMI3) i Bigirpae BU3HaYaIbHY
pPOJIb Y TOMEOCTa3i KaJbllilo Ta ¢pocdaTy IUISIXOM BILIM-
BY Ha KiCTKOBY TKaHWHY, HUPKOBi KaHaJblli Ta IILTYHKO-
Bo-KuikoBuit TpakT. [Ipu XXH criocTepiraerbcst mopy-
IIEHHSI HUPKOBOTO cUHTe3y BiTaminy D, 3a sikoro IITT
CIIpUsIE aKTHUBallii hepMeHTy |-anbda-rinpokcuiasu ajs
rigpokcwitoBaHHs 25-rinpokcuBitaminy D no 1,25-rin-
pokcuitaminy D. 3romom momanbiinii aedilut BiTami-
Hy D nmpu3BOIWTH 10 3HUKEHHS IIUTYHKOBO-KHUIITKOBOTO
BCMOKTYBaHHSI KaJIbl1il0, TO3UTUBHOT'O 3BOPOTHOTO 3B’$13-
Ky 3 I1I13, rinepria3zii [11113 i BTopuHHOTrO rinepnapaTu-
peosy (BI'TT) [4].

BcranosneHo, 1o nedinut Bitaminy D acoiiloeTbes
SIK 3 IIYKPOBUM AiaGeToM 2-T0 THUITY, TaK i 3 aBTOIMyHHUMU
posznanamu muTonoAioHoi 3ano3u (L3). Y nonynsiiii na-
mieHTiB i3 LI 2-ro Tumy Ta CyOKIiHIYHUM TilTOTHPEO30M
3i 3HAYHOIO TOIIMPEHICTIO A1ehillUuTy/HEeN0CTaTHOCTI Bi-
Taminy D mokaszaHo, 1110 3a3Ha4yeHi po3jaau OB’ si3aHi i3
CYOKJIiHIYHUM TinmoTupeo3om [5].

IITI po3rismaloTh SIK ypeMidHUIA TOKCUH, OCKiJIbKU
OTO KOHIIEHTpAllisl B CUPOBATIIi KPOBi 3pOCTa€E 3a YMOB
3HMXKEHHS IIBUIKOCTI K1yooukoBoi dinbrpanii (LLIKD)
MeHiie Hix 50 mi/xB. TpuBana rineprnponykiis ITTT mpu-
3BOJIUTH 0 BTPATU KiCTKOBOI MacH Ta eKCTpacKeJeTHUX
Kanplingikalliii, HacamIiepen y cepleBO-CyIUHHil cucTeMi
[6]. HagmipHa 3aTpuMKa ochopy BHACTIIOK HOro 3HIKE-
HOTIO BUJIJIEHHS Yepe3 HUPKU MOYMHAETHCS BXKe Ha TPeTiid
cramii XXH, Konmm 3MeHIIIyeThCSI aKTUBHA Maca HUPKOBOI
MapeHXiMu, 1110 TPU3BOAUTH J0 3HUKEHHS MPOMYKIIil aK-
TUBHOI hopMu BiTaMiHy D (KanbpuuTpios) i mopylieHHs
BCMOKTYBaHHSI KaJIbIIilO 3i ITYHKOBO-KUIIIKOBOTO TPAKTY.
VYHacinok 3a3HaueHUX 3MiH BilOYBa€ThCsI 3HUXKEHHST KOH-
LIEHTpAllil iOHI30BaHOTO KaJbIlit0 Ta 30IbIIIEHHS EKCKPeLlil
IITI, a Hapmumoxk I1TI npu3zBoauTh 1o po3sutky BI'TI 3
Mo0iTi3ali€lo i0HiB Kabllifo Ta (hochopy 3 KiCTKOBOI TKa-
HUHU [7].

1li po3nagy MOCHIIOIOTHCS PE3UCTEHTHICTIO Ha PiBHI
pelLenTopiB Kajibllilo Ta BitTamiHy D, a TakoX HaaMipHOIO
KUIBKIiCTIO (DaKTOPiB, 110 CTPUMYIOTh BUPOOJIEHHS aKTUB-
Horo Bitaminy D [8]. [Ipaktuuno yci ctamii XXH cympoBo-
JDKYIOThCS TTOPYIIEHHSIM Kalibliili-hochopHoro 6anaHcy, a
Tskkuit BI'TI € yacTuM ycKimagHeHHSIM TIpU Mi3HIX CTaIisX
XXH Ta y xBopux Ha fianizi. Ha yetBepriii cramii XXH va-
CTO CIIOCTEPIraloThCs TiMlOKaIbLieEMis, TinepdocdaTeMis,
3HMKEHHSI KOHIIEHTpallii BitaMiHy D i mpubau3Ho 4-kpaTHe
niguineHHs KoHueHtpauii I1TI. Ha m’ariit cragii XXH
koHueHTtpauis [1TT 3nauHo 3pocrae [9].

Ha miznix crapisx XXH TITT He B 3M03i 3a0e3neunTu
HUPKOBY eKckpellito docdary, a pesyasratom XXH i BI'TI
€ TilmoKajblieMis, rimepdocdareMiss Ta HU3bKUI piBeHb
Bitaminy D [10].

Kanpuiituytnusuii peuentop (CaSR) € ocHoBHUM i-
3ionoriunuM perynsaropom cekpeltii [1TT, Tomy fioro ak-
TUBALLisl KaJblliEM IBUAKO NpurHiuye pieHb [1TI. [Hmum
BaXXJIMBUM YYaCHUKOM PeTYJIsLii MiHepaJbHOIO OOMIHY €
peuernrop BitamiHy D, sikuii mepedyBa€ min BIUIMBOM BiTa-
MiHy D i BrinBa€e Ha BCMOKTYBaHHsI Kaiblliio i pocdaty B
KUILIeYHUKY, ekcrpecito reHa [1TT i mobinizaitito Kaibllito
B KicTKax. PiBeHb (pocaTy B cupoBarTili KpoBi BIUIMBA€E Ha
BUpPOOJIeHHs (hakTopa pocTy (ibpobaactis 23, dhocdaro-
HiHy, IKUi1 MOJy/II0€ peabcopbiito pocdary B cupoBaTili
kpoBi, cuntes [1TT i Bupobienns Biraminy D.

[Tamientr 3 BI'TI MatoTh MiABUIIEHWI pU3UK PO3BUTKY
CepleBO-CyIMHHUX MPo0IeM i 3aXBoproBaHb KicToK. Cy-
YacHi HACTAaHOBU PEKOMEH/IYIOTb PO3MIOYMHATH CKPUHIHT
i mikyBaHHst BI'TI y Bcix manienTiB i3 XXH Bxe Ha TpeTiit
cranii (po3paxynkosa LITK® < 60 mi/x8/1,73 M?) [11, 12].
Buxopucrtanns IITI gk eauHoro mapkepa XXH moxke
BBOAUTHU B OMaHy 3a IIEBHUX YMOB, i 3 1Ii€l IPUYMHM JIiKa-
PpsIM HEOOXiTHO 06epexxHO iHTeprpeTyBaTh 3HaYeHHs [1TT.
V nmaui€eHTiB, y SKUX HeMa€ IMoIepeaHbol MEANYHOIL TOKY-
MEHTallil, )XKUTTEBO Ba*KJIMBO OpaTH 10 yBaru iX KJIiHIYHY
KapTUHY, TOYHY iHTEpIIPETaLlilo aHai3y cedi Ta MiKpOCKOITil
ceui, a Takox 3HadeHHs [1TI mix yac mpuitHATTS TTOYAT-
KOBUX pillleHb 11oA0 JikyBaHHs [11]. TouHe BU3HAUYEHHS
koHueHTpauii B KpoBi I[1TI" mae BupimranpHe 3Ha9eHHS 71
MPUHATTS TepareBTUYHUX PillleHb Y MAlliEHTIB i3 XpOHiU-
HOIO HUPKOBOIO HEAOCTATHICTIO — PO3JIaJ0M MiHepalliB i
kictok (XHH-PMK). Anani3 I[1TT apyroro nmokosiHHs,
SIKMI yacTo Ha3MBaloTh aHamizoM iHTakTHoro IITT, € mo-
TOYHUM CTAaHAAPTOM i HAaMOLIBII JOCTYITHUM aHaIi30M Y
KkiaiHiyHiINi npaktuui. [Tpore ananizu iHtaktHoro I1TI Bu-
MipIOIOTh SIK IIOBHOPO3MipHUii Gionoriuno akTuBHui I1TT,
Tak i rereporeHHi ¢pparmentu [1TI y kpoBooOiry, 3abe3rie-
YyIOUM CyMHiBHY LiHHiCTh BuMiptoBaHHs [1TT y manieHTiB
i3 XXH-PMK [13].

3 1990-x poKiB ya10CKOHaJIEHHS JIiKyBaHHSI 32 TOTIOMO-
roio aHayoTiB BiTaMiny D, ¢ocdar3p’sa3yiounx pedoBuH i
KaTbUIHMIMETUYHUX TIpenapaTiB pO3LIMPUIO MOXKIUBOCTI
JnikyBaHHs nanieHTiB i3 BI'TI, ane neskum mamieHTam Bce
111e TTOTPiOHA MapPaTUPEOINCKTOMIsl JUTsI TIOM’ SIKIIIEHHST Ha-
CJIIAKIB LIbOTO CKJIAMHOTO 3aXBOpIoBaHHs [ 14].

CyyacHi TepalleBTUYHI ITiIXOIN CKJIaJal0ThCsS 3 KOHT-
poJito crioXXuBaHHS (ocdaTiB 3a JOMOMOTOI0 AiETU a00
¢ocdar3p’sI3yr0unx pedoBUH, IIpU3HAYeHHs BiTaminy D 3
aKTUBalli€lo perienTopa BiTamiHy D i KanbuiiMiMETHUHUAX
3aco0iB, SIKi aKTUBYIOTh KaJIbLiMUyTAUBUI penientop. He-
1IIOIAaBHO HOBUIA TENTUI TPUBAJIOIL Mii (€TeIbKaIbLETH),
1110 HaJIeXKUTh A0 KJacy KalbliiiMiMeTUKIB, OyB CXBaJeHUI
ISl BHYTPILIHBOBEHHOTO 3acTOCYBaHHs nauieHTaMm i3 BI'TI,
sIKi TIepeOyBalTh Ha TeMonianisi. Erenbkanbuerun 38°s1-
3YETHCS OE3MOCEPETHBO 3 KAIbLIHYYTIMBUM PELIENITOPOM
3a JOTIOMOTOIO CYJIb(iTHOTO 3B’SI3KY, MPUTHIUYIOYU BUPO-
onenns ta cexpeuito I1TI. ErenpkanplieTua y maii€eHTiB i3
BI'TI, sixi mepeOyBasiv Ha reMoiai3i, OyB eeKTUBHILLINM,
HiX I1a1e00 Ta IMHAKaIbLET, 3i 3HKeHHIM piBHs [1TT Ha
>30 %y 76 % naui€eHTiB, sIKi OTPUMYBAJIN eTEIbKAIBLIETHI,
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nopiBHsIHO 3 10 % y rpymi Tuanie60. OcobaMBY yBary mpu-
TiJIeHO Oe3Mmelli MmpenapaTy; HalMOIIMPEeHI UM TOOIYHUM
eeKkToM 0yJ10 0€3CMMITOMHE 3HVXKEHHS PiBHS KaJIbIIil0 B
KPOBI, MoAiOHE 10 [IMHAKAIBIIETY, TO/I SIK IITYHKOBO-KHIII-
KOBi cuMnToMu cnioctepiranucs pinie. Lleit 6aratonamiii-
HUII HOBU Mpenapar, TOCTYITHUM 7151 Kpallloro KOHTPOJTIO
BI'TI, pa3zowm i3 mpemnaparamu, siKi BXXe BAKOPUCTOBYIOTHCS,
ONTUMI3YE JiKyBaHHS IJIsI HOpMaJi3amii OioXiMigYHMX T1a-
pameTpiB [15].

IHCYAiIH npyu XHH

IHCyNiH — 11€ TOPMOH, SIKWi1 i€ He JIIlle Ha HalOUIbII
BiJIOMi OpraHu, 1110 pearyoThb Ha iHCYJIiH (TTe4iHKa, XX1UpoBa
TKaHWHA Ta CKeJICTHI M’s131), aJie i Ha HupKu. Kpim Toro,
HUPKM BiirpaloThb OCHOBHY pOJb Y BUBEICHHI iHCYIiHYy Ta
MOXYTb BIUIMBAaTHU Ha PiBeHb iHCYJIiHY B IJ1a3Mi. Y ToOil yac
SIK IOTO OCHOBHA [is1 B OCHOBHOMY ITOB’sI3aHa 3 TOMe0CTa-
30M IJIIOKO3U, BKJIFOYHO 3 MOIYJISILIIEIO IJIIOKOHEOTeHe3y Ta
JIIMOJIi3Y, Y HUpKax e(heKTH iHCYJIiHY Ta iHCYJIiHOPE3UCTEHT-
HicTb (IP) 3MiHIOIOTBCS 3a71€XKHO BiJl TOTO, Y1 3HAXOINUTh-
csl MillleHb Y KIyOOUKax Y KaHaJblsIX. 30Kpema, SIKIIO
B KJIyOOUKOBHUX TOAOIMTAX 1HCYJIiH CIPUSIE TTOTJIMHAHHIO
[JIIOKO3U, Oepydu yyacThb y TPOHUKHOCTI 6ap’epa, To B Ka-
HaJIbLISIX BiH CIIpusie peadbcopOllii IIIOKO3M Ta peryJisilii
[JIIOKOHEOTeHEe3Y, a TAKOXK Biflirpae BaXJIMBY POJIb y TOMEO-
cTasi HaTpilo.

BaxinBo, 1110 iHCYJiH BTpYy4Ya€eThCs B peabcopO1lito atb-
OyMiHY Ha KaHaJIbLieBOMY piBHi. Kpim Toro, IP acolitoeTbcst
3 MiKpoaJb0OyMiHYpi€l0 HaBiTh MPU HOPMOTJIiKeMii i ToMy
MoxKe OyTU HasiBHOO He3ajiexxHo Bin giarHosy L. Lli pe-
3yJIBTaTU MiATBEPIXYIOTh BHECOK HUPOK Y po3BUTOK LIJI
Ta TMiAKPECTI00Th IMHAMIKY iHCYJIiHY Ta aJbOyMiHY J0 Ta
He3aJIexKHO Bia ioro po3BuTKy [16]. ¥ 6arathbox XBOpux Ha
XHH cnoctepiraloTbcst mopyiIeHHsT 6adaHCy BYTJIEBOIIB.
linepiHcyniHemisa Ta |P BUHMKAaOTh JOCUTH paHO, Xo4a
KOHIIEHTpALIil TJII0K031 3a3BrU4aii HopMasbHi. [linBuineHHs
KOHIIeHTpallii iHcyaiHy mpu XHH 3ymoBiieHe roripiueHHsIM
KJTyOOUYKOBOI (hiJIbTpallii Ta eKCKpellii iHCYJIiHy B IPOKCH-
MaJIbHUX KaHaJbIISIX, a TAKOX MOPYIIEHHSIM MeTaboIi3My
iHCYJIIHY B KJIITUHAX MPOKCHUMaJIbHUX KaHAIbIIiB, 110 MPH-
3BOIUTH IO ITOOOBXKEHHS MEePioay HaIliBpo3many iHCYJIiHY.
TyOynsipHa cekpellist 30UIbIIYETHCS Pa30M i3 3HUXKEHHIM
[IK®, i tomy auiie rnpu npubdansHo 15—20 mi/xs HIK®
3HAYHO 3HUXKYEThCS [16].

3 ornsany Ha ypewito, BI'TI Ta mopylieHHSI eHIOKpPUH-
HOI1 aKTUBHOCTI XXMPOBOi TKAHWUHU (TiMepJienTUHEMis) y
nauieHTiB i3 XHH cnoctepiraerbcs ninBuilieHa eKCKpellist
iHCYJIIHY OCTPIiBLSIMU ITiIILTYHKOBOI 331031, 11O ITOSICHIO-
etbes [P [17]. JJokyMeHTaIbHO TMiATBEpIXKEHO, 1m0 [P He
3aJIeXXKUTh Bill cTamii HUpKoBoi HegocTaTHOCTI [ 18]. Tpusana
niajizHa Tepartisi, iMOBipHO, ycyBa€ (haKTOPH, SIKi 3HUXKY-
I0Th Jerpaaallilo iHCyJIiHy M03aHUPKOBUMHU TKaHUHAMU,
1110 TiABUIIYE YyTIUBICTh TKAHUH A0 ioro BIiuBy. Jlociti-
mkeHHs1 A. Tuzcu et al. BKazaay Ha MOJIMIIEHHST pe3nc-
TEHTHOCTI [0 iHCYJIiHY JIMIIe IIPpY TeMOoIiali3i Ha BimMiHy
BiZ mepuToHaNbHOTO miamni3y [19]. Tepamis remomianizom
MOXe IPUIIBUAIIATA METa00JIiYHMIA KJTipeHc iHCcyminy [20].
Hupxku BifirparoTb OCHOBHY poJIb y Ierpajallii iHCyIiHY, 110
BUIUISIETBCS B KPOB, aJleé BOHM TaKOX HEMMOBIpHO UYTIMBI
IIo IIii iHCYJIiHy B ychoMy HedpoHi [21].

BaxxmiBa ponsb iHCy/IiHY Y (PYHKIIIOHYBaHHI HUPOK T0-
JIaTKOBO MiATBEPIXKYEThCS TMiIBUIIEHO MOLIMPEHICTIO
XXH y nauienTis i3 LIJI 2-ro Tuiry Ta HeaJKOIr0JbHOIO K-
POBOIO XBOPOOOIO TIeiHKHU [22—24].

Binomo, 1110 iHCYJIiH BIUIMBA€ Ha KaHAJbLIEBY peadbcopo-
1ito roko3u [25]. Kpim Toro, rinepiHcyiHemist, cipuiu-
HeHa TilepceKpelliero MiIIITyHKOBOI 3871031 Ta/abo Mmopy-
LIEHHSM MEYiHKOBOTO KJIipEHCY iHCYIIiHY, MOXe ITOSICHUTI
3Mminu B LIIK® Ta mocuieHHsI HUPKOBOTO IJTIOKOHEOTEHE3Y,
1110, Y CBOIO YePTY, CHPUIMHSIE BiIKJIaACHHS XKUPY B TIEUiHII
Ta, SIK MPSIMUI HACTTiIOK, MOXKe MPU3BECTH 10 TUCTITIKeMil
[26, 27].

Tiazoninuunionun (T3]1) — 1e Kiac nepopajibHUX aH-
TUAIa0eTUYHMX TpenapariB, sSKi MiABUIIYIOTh YYTIUBICTh
IO iHCYJIiHY IIJISIXOM [Iil Ha pelenToOpu, aKTUBOBaHI me-
pokcucoMHuM mpotideparopom (PPARY). Brius T3] Ha
(¢yHKIIiI0 HUPOK OYyB paHillle ONMMCAaHUIT Ha MOIEJISIX MM-
meii. BomHouac OyJ10 MpoaeMoHCTPOBaHO, IO JIIKyBaHHS
T3/1 noninirye 4yTJIUBICTb 10 iHCYJIiHY y MalieHTiB i3 LIJI,
2-ro TUITYy Ta 3MEHIIYEe albOyMiHypito. OcTaHHiIl edekT,
MOBIpHO, OMOCePEAKOBAHUI OTHOYACHUM TTiIBUILIEHHSIM
KOHIIEHTpAaIlii afuIMOHEeKTUHY B cupoBaTii Kposi [28]. Lli
pe3yabTaTé OyJIM MiATBEpIXKEHi MeTaaHa i3oM 15 moaBiii-
HUX CJIIUX PAaHAOMi30BaHUX KJIiIHIYHUX BUITPOOYBaHb [28)]
i B HEIIIOZaBHLOMY BEJINKOMY TOCJIiIXKEHHI 3a yJ4acTIO Ma-
uientis 3 11 [29].

[HIIMM 1iKaBUM KJ1acOM TiMOIIiKEMiYHUX Tperapa-
TiB i3 MO3UTUBHUM e(PEeKTOM [UIsl HUPOK € iHTribiTopu Ha-
TPili-TJII0KO3HOI0 KoTpaHcmoptepy 2-ro tuity (iHI'KT?2),
SIKi IPUTHIYYIOTh peadcopOIlilo TIIOKO3U Ta HATpilo B
npoxkcuMaabHux KaHanblisix [30]. Lli npenapatu MaloTh pe-
HOMpOTeKTOpHUI edekT y nauieHTiB i3 LI/ 2-ro Tumy [31]
He3aJIeXXHO Bifl KOHTPOJIIO Tiikemil [32]. HupkoBuii 3axuc-
HUI eeKT TAKOX MOKHA IMTOSCHUTHU 3MiHEHOIO TeMOIMHA -
MiKO10, 3MEHIIIEHHSIM 3anajeHHs Ta ¢pidbpo3sy, a KpiM Toro,
KOHTPOJTbOBAHUM apTepiaJIbHUM THCKOM i BTPATOIO Macu
tina [33]. Y mypiB, ki orpumyBanu iHI'KT?2, moninineHHst
[JIiKeMil CYyIIPOBOIXKYBaAI0CS 3HUXKEHHSIM PiBHS iHCYJIiHY
ta nininiB [34]. Kpim Toro, edpexru iHI'KT2 nmos’sa3ani
3 MiIBUIIEHHSIM YYTJIMBOCTI A0 iHCYJiHY Ta 3HMXKEHHSIM
anpOyMinHypii [31].

K. Jaikumkao et al. BingHauuau, 110 Ha TBAPUHHIN MO-
JeJli OXXMpPiHHS, CIPUYMHEHOTrOo AieTolo, 3 IP ta mopyiieH-
HsIM (DYHKIIIT HUPOK JTIKyBaHHSI AanaritichI03MHOM TIPUBEIIO
1o nosinmeHHs [P, pyHkii HUPOK Ta curHanizalii HUpKo-
Boro iHcyminy [35].

Tenep 3po3ymisio, 1110 HUPKU € HE MPOCTO MillIEHHIO Ail
IHCYITiHY, ajie iHcyJ1iH, TouHinre I P Takoxx 3maTHa BUKJIMKATIA
XXH Hnagitb 3a BiacyrHocti LII. IP acouitoeTbes 31 30i1b-
meHHIM JacToTd XXH i mBuakuM 3HUKeHHSIM (QYHKIIIT
HUPOK.

fopmoH pocrty (I'P) npu XHH

TopMoH pocTy Ta fioro MeaiaTop — iHCYJIiHOIIOAIOHMIA
dakTop pocty-1 (IDP-1) MatoTh pi3HUII BIUIMB HA HUPKU.
['P moxxe nigtu abo 6e3rnocepeHbO Ha HUPKHU, a00o yepes
LIMPKYJIIOIYNI Y1 CUHTE30BaHUI ITapaKpUHHUM (DaKTO-
pom IDP-1. Cucrema I'P/IDP-1 perymioe rioMepyasipHy
reMoJMHaMiKy, HUPKOBU TTIOKOHEOTeHe3, TYOYaIpHY
00poOKy HaTpilo Ta Boau, ¢ocdary Ta Kaiabllilo, a TAKOX
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HUPKOBUII cuHTe3 BiTamiHy D. Bctanosneno, mo I'P 6e3-
MocepeHbO MOCUJTIOE HUPKOBUI TIIOKOHEOreHe3 y KJli-
TUHAX MPOKCUMaJbHUX KaHanbliB. [1pu Hammumky I'P
BiH Moxe 6e3MmocepeHbO iHIYKYBAaTU INIOMEPYI0CKIePO3
Ta MOIIKOMAXEHHs MOAOLIMTIB, SIKi XapaKTepU3yIThCs 1X
rineprpodieto, anonto3om, neaudepeHiiiaiiero Ta/adbo
MepexXpecHUM 31IMBaHHIM 0a3aibHOI MEMOpPaHU, 1110 MPU-
3BOJIUTH 10 MiABUIIIEHHS TPOHUKHOCTI TOJOLUTIB JJIsI
anbOyMiHYy Ta BiAlllapyBaHHS Bia 0a3aqbHOI MeMOpaHU
kinyooukiB. HaBnaku, Hagiumok [®P-1 npuszBoauts
Juiie 1o rineprpodii KaHanbliB. HUpky mamieHTiB i3
XXH 3axuiiieHi Bii MOTEeHIIiITHO HETATUBHOTI'O BILJIMBY Ha
KJIyOOUKM, HMOBIpHO, Yepe3 HeUyTJIUBicTh HUPOK 10 ['P,
noB’si3aHy 3 XXH, Ta/ab60 3HauHO HUXXYY eKcro3uliito ['P
y HUpKax [36].

JlocaimkeHHs1 Ha TBapMHAaXx i CIOCTEPEeXXEHHSI 3a Malli-
€HTaMM 3 aKPOMETAII€I0 IeMOHCTPYIOTh, 1110 HamuTuIIoK I'P
MOe MaTH HIKiIJMBUIA BIUIMB HAa CTAaH HUPOK, BKIIIOUHO 3
KJIyOOUKOBOIO TinepdiJbTpalli€io, TinepTpodieio HUPOK i
rioMepyJsockiepo3oM. Kpim Toro, BBaxkaeTbes, 1110 B -
1eHuii piBeHb ['P y maifieHTiB i3 MoraHo KOHTPOJIbOBAHUM
1IJI 1-To TMIY BUKJIMKAE TTOIIKOIKEHHS ITOAOIUTIB i TAKUM
YMHOM CIIPUSIE PO3BUTKY AiabeTuHOI Hedporarii [37].

BucnosnioBanocs 3aHeOKOEHHSI, 110 Y AiTei, SIKi JIiKy-
I0ThCS1 BiJl HU3bKOTO 3pOCTY HE YePe3 3aXBOPIOBAHHST HUPOK
i OTpUMYIOTh TpHUBaJje JIiKyBaHH: Ipenapatamu ['P, moxe
Y IOBIOCTPOKOBIi1 ITepcrieKTUBi po3BUHYTUCH XXH. ¥ He-
1IOJJaBHbOMY BEJIMKOMY MPOCIEKTUBHOMY TOCIiI>KEHHI
ouiHoBanu HIK®, aprepiaabHuii TUCK i MiKpoaabOyMi-
Hypito (MAY) depe3 6 MmicsiB, 2 poKH Ta 5 POKiB MicJist
OPUIIMHEHHSsI JIIKyBaHHsI pekoMOiHaHTHUM ['P y mopoc-
JINX, SIKi HApOJUJIMCS 3aMalMMU JIJISl TeCTalliiiHOTO BiKy
[38]. 3naune 3HMxkeHHs1 LIIK®D Bigmivanocs nuiie yepes
6 micsauiB. CepenHi 3HaUEHHS apTePiabHOIO TUCKY Ta ajlb-
OyMiHypii He BiAPi3HSIMCS Y MALIEHTIB, SIKi OTPUMYBAJIU
mnoIepenHIo Teparnio pekoMmboiHaHTHUM [P, mopiBHsIHO 31
3JI0pDOBUMU KOHTPOJILHUMM OCO0aMU, SIKi HAapoIuiIucs 3
MaJIiM 3pOCTOM, IPOTIToM Iiepiony croctepexeHHs. Lle
MiATBEP/XYE TIOTIepeAHI KIiHIUHI JOCTIIKeHHSI Ta aHaJi31
PEECTPIB 111010 HUPKOBOTO MpOodiato Oe3reKu JiKyBaHHS
pexombOiHanTHUM [P miteit 3 HU3EKMM 3pPOCTOM HEHUPKO-
BOTO MOXOMKeHHs [39].

V mauieHTiB 3 aKpOMeTali€lo BUSBISIOTh KIyOOUKOBY
rinepdinpTpallifo, 0 XapaKTepu3yeThcs MpUOIM3Ho 15%
30iabieHHIM ITK® ropiBHSIHO 3i 3M10pOBUMU Cy0’€KTaMMU.
Lleit mpoliec € 060POTHUM Y OINTBIIOCTI, ajie He B yCiX ma-
LIIEHTIB Mic/s XipypriYHOTO BUNAJIEHHS aIecHOMMU Tinodisza
[40]. BBaxka€eTncs, 110 CTiliKa KIIy0O4YKOBa Tinepdiisrpalis
CHpUsIE PO3BUTKY aJIbOYMiHYpil y TALliEHTIB 3 aKpoMeralli-
€10, SKi IepeHeCIn BiacTpoueHy omnepauiro [41]. Y mocii-
mxeHHi R. Baldelli MAY 3apeectpoBaHa y 55 % mali€eHTiB
3 aKpoMeraJi€lo Ta Oysa IoB’si3aHa 3 TilepTeH3i€lo, opy-
LLIEHHSIM TOJIEPaHTHOCTI 10 riitoko3u ta LI/ [42].

PexomMbinanTHmii I'P monuHu mMMpoKo BUKOPUCTOBY-
€ThCS TS JTIKyBaHHSI HU3bKOTO 3pOCTY Y JiTel, Y TOMY YMCITi
3 XHH. 3aTtpuMka pocty Moxe 30epiraTucs ImicJist TpaHc-
IUIaHTAallii HUPKY BHACIIAOK BUKOPUCTAHHS CTEPOIiB, 3HU-
JKeHHS (hYHKIIT HUPOK i mopyieHHs oci [P — IMP-1. Haii-
OLIBIITY KOPUCTH Bifl TpaHCIJIaHTALlil OTPUMYIOTh TiTU 10
LLIECTU POKIB, IEMOHCTPYIOUM ITPUCKOPEHHSI JTiHITHOTO poc-

Ty. JIOCTiIKYIOThCSI HOBi CITOCOOU JIiKyBaHHSI, CIIPSIMOBaHi
Ha pe3ucTeHTHicTh 10 I'P, 3a mormomoroio peKoMOiHAHTHOTO
moacekoro IMP-1, pekoMbiHaHTHOTrO Jtoachbkoro IOP BP3
(rthIGFBP3), siki MOXyTb BUSIBUTHCS OiTbINT e(PEKTUBHUMU
B JIiKyBaHHi 3aTpUMKMU pocTy mmpu XXH.

Konuenrpartist 'P HanMipHO 3pocTae micist BHyTpili-
HbOBEHHOTO BBEeACHHS apriHiHy. Ha BinMiHy Bin 310poBuXx
moaei y manieHTiB i3 XXH cnocTepiraizocs migBUIEHHS
KoHueHTpalii I'P micist cTuMyisiiiiHoi Tepartii mpernapara-
MU ropMoHa pocty [43]. Y nopocaux yBeneHHs aHanora I'P
reHepy€e MPUPIiCT M’ SI30BOI MacH i MOXKe OYTH BiIIIOBiTHUM
JIIKyBaHHSIM Oi1KOBOI BTpatu eHeprii. [liciasa moyartky mia-
JIi3HOI Teparii KoHueHTpauiss ['P 3HUXyeTbcsl, a JiKyBaH-
HS TeMOJIiali3oM MPU3BOAUTH JI0 MiABUIIIEHHST aKTUBHOCTI
I®DP-1, iiMmoBipHO, Uepe3 BUBEACHHS 3 KPOBOOOITY HU3bKO-
MOJIEKYJIIpHUX iHTiOiTOpiB. [1icis TpaHCIUTaHTAalLlil HUPKA
IOCSITaeThCs HopMatizallist Metabomizmy I'P [42].

MNpoaakTtuH npu XHH

[MponakTuH — 11e OiNOK, AKU BUPOOISETHCS JTaK-
TOTPO(HUMU KIIITUHAMU TEepeAHbOI YacTKHU Tinodisa.
ITpu XXH 3MiHIOETbCA SIK KJIipeHC, TaK i BUPOOJEHHS
npoJjakTuHy. [ineprposakTuHeMis € MTOIMPEHUM €HIO0-
KPUHHUM PO3Jad0M Y Talli€HTIB 3 HUPKOBOIO HEIOCTaT-
HicTIO. Y BUMNagkKax, KOJM y HAIli€HTIB CIIOCTEPIra€ThCst
rajlakTopesi, roJIOBHUIA 0ijib Ta/ab0 MOPYILIEHHS 30Dy, KJTi-
HILIMCTU TMTOBUHHI OYTH 00€peKHUMH IIOI0 MOXJIMBOCTL
MyXJIMHU Tinodiza, 1mo cekpetye npojiaktuH [44]. Iinep-
MIPOJIAKTUHEMIsI TiarHOCTYEThCS Y MALIIEHTIB 3 HUPKOBOIO
HeIOCTaTHICTIO [45]. YMiCT mpoJlaKTUHY 301IbIIYETHCS IPU
BTpaTi (pyHKIIiI HUPOK i ITOB’SI3aHUI i3 CEpLIEeBO-CYAMHHU-
MM HaCJIiIKaMU SIK Y TIOTYJIsIii 3 HOpMaJIbHOO (DYHKILiEIO
HUPOK, TaK i B momyJsuii 3 XXH [46]. TTinBuieHMii piBeHb
TIPOJIAKTUHY ITOB’sI3aHUH 13 3HIKEHHSIM PiBHS TeMOTI00i-
HY, aJIbOyMiHY Ta 301JIbILIEHHSIM YaCTOTU CEPLEBO-CYINH-
HUX nomii [47].

Bucoki piBHi TpoJlakTUHY B CUPOBATIIi TTOB’s13aHi 3 MPO-
rpecyBaHHsIM XXH, 3ananeHHsM i moripiieHHsIM GyHKIIT
Hioxy. [lanienTn 3 XXH MatoTh mmpokuit crieKTp mopy-
LIEHb HIOXY, IK-OT pO3pi3HEHHs 3amaxiB, ileHTudiKallis
Ta MOPIr BUSBICHHs. XPOHIYHUI 3aIlaIbHUI CTaTyC IIpU
XXH noumkomaxye HIOXOBUIA €miTesNii, 1110 MPU3BOAUTH A0
3HIDKEHHS BiguyTT 3amaxiB. KpiMm Toro, 3HMXKEHHS KOT-
HITUBHUX (GYHKIIN TOTipIIye 31aTHICTh AudepeHIlitoBaTh
3anaxu. HescHo, uM mepuToOHealbHUI Aiadi3 i reMomiais
TMOJITIIYIOTh HIOXOBUI AeDilUT, ajie TpaHCIIJIaHTalLlisl HU-
DKUY Ma€ CUJIbHUI TO3UTUBHUI eekT [48].

PiBenp mponakTuHy migBuIIyeThes npu XXH y pe-
3yJbTaTi 3HUKEHOTro KJIipeHCY Ta MiABUIIEHOI CEKpellii.
lNnepnponakTuHeMist IPOSIBIISIETHCS TAIAKTOPEEIO Ta Ti-
MOTOHaAU3MOM. 3 PO3BUTKOM Te€pMiHaJbHOI HUPKOBOIL
HEIOCTAaTHOCTI MOTipIIYyEThCS (PYHKIIiSI CTaTEBUX 3aJI03.
[TigBuIIIEHHST CUPOBATKOBOTO MPOJIAKTUHY TTOB’sI3aHe 3i
3HmkeHHAM [ITK®. OCHOBHOIO TTPUUMHOIO TTiABUILIEHHS
PiBHS IIPOJIAKTUHY Yy CUPOBATIIi € 3HIKEHHS JodaMiHep-
riYHOTO MPUTHIYEHHS BUBIIbHEHHS TIPOJIAKTUHY 3 rinmodisza
3 MOAAJIBIINM 3HUXEHHSIM BUBUIbHEHHS JIIOTEIHi3YyI0UO0-
ro ropmoHa. [1poslakTUH pO3IISIIAETHCS SIK YPEeMidYHUIA
TOKCHMH, 1110 IPU3BOAUTH A0 BTpaTH JIibimo, mpobdiaem 3
epeKIIielo i 0e3IIinasa. Y JoJIOBIKiB IIe MOXe BUKJINKATHU
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TiHEKOMACTIIO Ta rajakKTopelo, a y KiHOK — ITOPYILICHHS
MEHCTPYaJIbHOTO LIMKJTYy (aMeHopest abo oJliroMeHopesi) Ta
rasiakropeto [49]. JlikyBaHHS rinepripojiakTUHeMil 3aiiic-
HIOETBHCS 3a IOMTOMOTOI0 aroHicTiB nodaminy [50]. Teparist
Niajli3oM He HOopMaJti3ye piBeHb mpojiakTuHeMii. Lle mosic-
HIOETHCSI TUM, 1110 JiaJli3Ha Tepartisl 3a3Bu4aii He CIIpUSIE
e(EeKTUMBHOMY BUAAJEHHIO MOJIEKYJI CEPEIHbOTO PO3Mi-
Py, TaKuX sK IponakTuH. HaBiTh py yacToMy remMomiatisi
(6 abo Ginbllle pa3iB Ha TUXKIEHb) 3HUKEHHS MTPOJTAKTH-
HeMii He crocTepirajaocs, sik OyJI0 IMPOaIeMOHCTPOBAaHO B
TMOCITiIKEeHHI 3a yyacTio 177 maiieHTiB, siki mepeOyBain Ha
HIOJeHHOMY Hiaji3i, i 60 — Ha HiuHOMY remomiaiisi [51].

KaminsipHa remoniadinberpaliisi 3 BUCOKMM IMOTOKOM
noJiinuye KiipeHc monekyn ao 25kDa, iHoai no 50kDa,
1110 TIPMBOANUTH 10 3HMKEHHS MpoJlakTuHeMii. OgHaK 0y10
JIOBEAEHO, 110 Yepe3 KiJibKa FOAMH IicJIsl ceaHCy reMoia-
JIi3y piBeHb MPOJAKTUHY IMOBEPTABCS OO0 MOKA3HUKIB, SIKi
Bim3Havanmcs 10 reMonianisdy [59].

BucHoBKkMU

Hupku BinirparoTh BaxKJKWBY pOJib Y TOPMOHAJIbHOMY
peryaioBaHHi. EHIOKpUHHI po3manyu — OIHI i3 HaliBax-
JIMBIIIIUX €JIEMEHTIB YPEMiYHOTO CUHAPOMY, SIKM1 HEI0-
OILIiHIOIOTh i HE MOBHICTIO TOCiIXYIOTh. [laToreHeTMYHI
3B’SI3KM JIy>Ke CKJIA[IHI i HE 3aBXIU OUYeBUIHI. SHAHHS TIPO
TOPMOHAaJIbHI MOPYILIEHHS Ta IX MeXaHi3MU IIPU YPeMiuHOMY
CUHIPOMI HeJIOCTaTHBO ITOLINPEHi cepet TiKapiB-eHIOKPH-
HoJioriB. JliarHOCTHKA Yepe3 CKIIQAHICTh PO3JIaiB i 3ay1exX-
HICTh pe3yJbTaTiB Bil 3aCTOCOBYBAaHUX TECTIiB YTPyIHEHA.
[Tpu XHH, xpiMm po3mIsiHYTUX MOPYIIEHb, iICHYIOTh TAKOX
KOMILJIEKCHI MOPYIIEHHS B YaCTHHi, ITOB’sI3aHiil 3 (PyHKIIi-
SIMM IIATOIIOAIOHOI 371031, HAAHUPKOBUX, CTaTEBUX 3aJI03,
rirmorajgamMyca i rimociza. AHaii3 HMX 3MiH Oy1e BUKJIaAeHO
y IpYTilt 9aCTUHI OTJISIY.

KonduikT inTepeciB. ABTOpU 3asIB/ISIIOTH IIPO BiICYTHICTD
KOH}JIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBLI JaHOI CTATTi.
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I.P. Katerenchuk, S.T. Rustamyan, V.V. Talash, T.I. Yarmola
Poltava State Medical University, Poltava, Ukraine

Hormonal imbalance in patients with chronic renal failure
in the pre-dialysis and dialysis periods
(part 1)

Abstract. The review describes the problem of studying progressive
changes of hormones concentrations (parathyroid hormone, insulin,
somatotropin, prolactin) in patients with chronic renal failure on the
pre-dialysis and dialysis stages. The pathogenetic relationships be-
tween kidney function deterioration and hormone concentrations as
well as changes of their biological effects were evaluated. Parathyroid
hormone is considered as an uraemic toxin, since its concentration
in the blood begins to increase when the glomerular filtration rate
decreases below 50 ml/min. All stages of chronic kidney disease
are accompanied by disorders of calcium-phosphorus metabolism.
Prolonged excess of parathyroid hormone leads to bone loss and to
the progression to secondary hyperparathyroidism that is a frequent
complication in patients with the later stages of chronic renal failure
and, especially, in those on dialysis treatment. The elevation of insu-
lin level in chronic renal failure is the consequence of progressive de-
crease in glomerular filtration rate and insulin excretion by proximal
tubules. So, it results in insulin half-life prolongation. Long-term
dialysis therapy eliminates factors that reduce the degradation of in-
sulin by extrarenal tissues, which results in an improvement of their

insulin sensitivity. Experimental and clinical studies have shown that
an excess of somatotropin can adversely affect the kidneys that leads
to glomerular hyperfiltration and the progression to glomeruloscle-
rosis. The risk of possible side effects on kidneys should be taken into
account when prescribing recombinant human insulin-like growth
factor. The prolactin concentration is usually increased in chronic
kidney disease due to reduced clearance and increased secretion.
Hyperprolactinemia manifests as galactorrhea and hypogonadism.
Dialysis therapy can’t normalize the increased concentration of
prolactin. Modern options for pathogenetic treatment of endocrine
disorders in patients with chronic renal failure are outlined in this
article. It was found that kidneys play an important role in regulating
hormones concentrations in the blood. Endocrine disorders are one
of the most important components of the uraemic syndrome, which
requires further clinical studies, aimed on the searching of better
treatment strategies and prevention of hormonal imbalance on the
pre-dialysis and dialysis stages of chronic kidney disease.
Keywords: review; chronic renal failure; dialysis; parathyroid hor-
mone; insulin; growth hormone; prolactin
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KarepeH4yk B.1.
[TOATQBCBKNV ASPXKABHU MEANYHWUN YHIBEPCUTET, M. [TOATABQ, YKpQiHa

AATOPUTMU TUTPALIT OA3AABHOIO IHCYAIHY
Y NAUIEHTIB 3 LYKPOBUM Aiab6eTtom Tuny 2:
YuM npocrTiwe, TMM Kpatue (?)

Pestome. basanbHuii iHCYNiH € nepLuMM i OCHOBHUM KOMIOHEHTOM iHCyniHOoTepanii y nayieHTiB 3 LyKpoBUM
piabetom tuny 2 (LO2). Buxogsyn 3 Hegonikis npenaparis aogcskoro HIX-iHcyniHy Ta nepesar, siki HagaroTb
TpUBasio Jito4i aHasory iHCyniHy, came BOHN PEKOMEH[OBAaHI [0 NpiopUTETHOro 3acTOCyBaHHs y naLieHTis 3 LI/J2.
lpoBigHM ¢haKTOPOM yCriLLIHOCTI IHCYyniHoTeparnii € TUTPyBaHHS [O3W IHCY/IHY 3 JOCArHEHHAM LifIbOBOro giana-
30HY rnikemii. JaHi KniHiYHuX JOCNifKeHb Ta peasibHOI KIIHIYHOI NpakKTUKu cBig4arts, Lo BifbLL APOCTi aiaroputmMm
TUTPYBaHHSA 403U 3a6e3redytoTs Kpalle [OCArHEeHHS [TIIKeMIiYHMX Lines rpu MeHLLOMY pusuKy rinorsikemiv. [o
TOro X MPOCTI arropUTMu KOPEKLii 03U KpaLye CripuyiMaroTbCs nayieHTamu i nigBuLLyoTb 3a[0BOJIEHICTb Bif J1i-
KyBaHHS. [posiaHi giabetonoriyHi ToBapuctea ADA/EASD ta AACE/ACE pekomeHAyt0Tb 4O 3aCTOCYBaHHS came
npocTi BapiaHT1 TUTPYyBaHHS [o3u. [poBe[eHi ocTaHHIMU poKaMu [OCTIAXEHHS e(beKTUBHOCTI 3aCTOCyBaHHS
anropuTMy TUTpyBaHHs o3 iHcyniHy rnaprid INSIGHT, akuid, Ha BigMiHy Big TpaavLiviHux BapiaHTiB 3MiHW [o3n
1-2 paau Ha Tk aeHb, nepefbaqae LLoAEHHY KOPEKUIto 403U iHCyniHy rnapriH Ha 1 OL, gosenu vioro e¢heKTUBHICTb
Ta 6e3rneyHicTb. [lepeBaxHa GinbLUICTb NayieHTiB BigAal0TL nepesary came TakoMy BapiaHTy TUTPYBaHHS [O3MN.
Levi xxe anroputm TUTPYyBaHHS MoXe Oy Ty 3acCTOCOBaHU i 41 (hikcoBaHOI KoMbiHaLii rnapriHy 3 ikcuceHaTugom,
LL{O TAKOX 3HaVLLIIO CBOE MIATBEPAXKEHHS Y pe3yrbTatax KIliHiYHUX JOCTgXKeHb. 3arasioM Xe CrpoLyeHi BapiaHTy
KopeKUyii o3u 6a3asibHoro IHCysiHy npoJeMOHCTPYBaIM CBOK €DeKTUBHICTb i JO3BOSIAIOTb 30ibLUMTA BiCOTOK
navjieHTiB, SIKMM BLAETLCS JOCATHYTH ITIKEMIYHOI METH 6€3 36iNbLUEHHST PU3MKY Tinormikemiv. 3a npuaHaqyeHHs
6asasibHoro iHcysiHy nauyieHToBi 060B’3KOBO MOTPIOHO BU3HAYaTy LifibOBUY fianal3oH rfikemii, JoBeCcTu 4o na-
LieHTa aJiropyuTM TUTPYBaHHS, KWV € MPUAHATHUM [J151 UbOro iHCYsliHy Ta skuv BiH 6yAe BUKOpUCTOBYBaTU Ui
JOCSrHEHHS TIIKEMIYHOI MeTH.

Knro4oBi cnoBa: orvisg; uykposuii giabet Tury 2; iHcyniHoTepanisi; 6a3asibHui iHCYSiH, arnropuTM TUTPYBaHHST
[oau; HIX-iHcyniH; rnaprid; gernogex; getemip

Bctyn

IHCcyniHOTEpaltis € OTHMM 3 OCHOBHMX METOIB Teparlii
MauieHTiB 3 yKpoBuM niadetom tumy 2 (LIJ12). [Mepmum
1l eTanoM 3a3BUYaii € 3aCTOCYBaHHS 0a3aJbHOIO iHCYIIiHY.
KitouoBoto nepeaymMoBOIO YCIIIIHOCTI iHCYJIiHOTepartii €
aleKBaTHE TUTPYBAaHHS 103U iHCYJIiHY 3 JOCSATHEHHSIM LJTi-
kemiuHoi MeTH [ 1—3]. CyyacHi npenapaTu 0a3aJIbHUX iHCY-
JIiHIB MalOTh 100pi hapmakoorivHi nmpodii, 110 103BoJIsIE
YCITiIIIHO 3aCTOCOBYBATH iX 3 MiHiMaJIbHUM PU3UKOM He-
OakaHUX SIBUILL, 30KpeMa TilOrTiKeMii, Ta CTBOPIOE YMOBU
IIJIS1 IPOBENEHHST KOPEKIIil 103U 3a T0MOMOI0I0 ITPOCTUX Ta
JMOCTYITHUX JUIsl BUKOHAHHS naiieHToM ajroputmis. [Tpo-

TSTOM TPUBAJIOTO Yacy TUTPYBAHHS H03U iHCYJiHY Oysi10
MaJIOIOCTYITHUM JIJISI CAMOCTiMHOTO TTPOBEICHHSI MalliEHTOM
yepe3 00MeKeHi MOXJIMBOCTI B IMMPOBEACHHI CAMOKOHTPOJIIO
IJIiKeMii, TpOMi3aKiCTh aJITOPUTMiB TUTPYBAHHS J03U Ta
CKJIAIHICTD IX JOTpUMYBaHHS. SIK HaC/IiIOK, IIpoliec Iig0o-
Py 103U 3[iiCHIOBABCS MMEPEeBaKHO JiKapeM MPOTSTroM Tep-
MiHy TTlepeOyBaHHS ITallieHTa B CTalliOHApI, ITiCJIsI Y0To J03a
iHCyJIiHy OyJa cTajoro adbo Majgo3MiHHOMW. Lle mpuzBoauio
IO TOTO, 110 BeJIMYe3Ha KiJbKIiCTh IMalliEHTIB IepedyBaja
ro3a Mexamu rlikeMigHoro KoHTpoJto. [TosiBa B apceHati
HOBMX IIpernapariB — aHaJOoriB iHCYJiHY 3 MOJIMIIeHUMU
(hapmakoJOriYHUMU XapaKTePUCTUKAMMU, MiIBUIICHHS 10-
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CTYIHOCTI 3aC00iB CAaMOKOHTPOJIIO Ta HaBYaHHS XBOPUX
JIO3BOJIVJIM OUTbII aKTMBHO 3aJ1y4yaTH Mali€HTiB 10 caMo-
CTiIAHOTO MPOBENEHHST TUTPYBAHHS M03U B aMOYJIaTOPHUX
yMoOBax. Y pe3yjibTaTi IbOTO CYTTEBO TMOJITIIUINUCS pe-
3yJbTaTH y JOCSITHEHHI Ta MiATPUMII HiTbOBUX MOKa3HUKIB
MIiKeMiYHOTo KOHTpoutto [1, 2]. AKTyallbHUM BOAYa€ETHCS
MUTAHHS, Y4 AIICHO MPOCTIllli aITOPUTMU TUTPYBAHHSI 103U
iHCYJIIHY He MOCTYITAIOThCS KJIIACUIHUM, OLIBII CKJIaTHUM
BapiaHTaM.

Mera poootu. Ha mincraBi orssioy jitepaTypHUX IxKe-
peJ HagaTu peKOMEH Iallil 11010 ONTUMAIbHUX AJITOPUTMIB
TUTPYBaAHHS 103U 0a3ajbHUX iHCYJiHIiB y naiieHTiB 3 LIJ12.

MarepiaAn Ta meToamn

IIpoBeneHo ormsan TiTepaTypHUX IXepea B 0a3ax
PubMed, Web of Science, Scopus, Clinicaltrials.gov 3a oc-
TaHHi 25 pokiB (1997—2022 pp.). [lowyk 3ailicHIOBaBCS 3a
TepMiHaMM: iHCYJIiHOTepaItisi, 6a3aJbHUI iHCYJIiH, aaro-
puT™ TUTpYBaHH: no3u, HITX-iHCcyniH, raapriH, Aermoaex,
nmeremip (insulin therapy, basal insulin, dose titrations algo-
rithm, NPH-insulin, glargine, degludec, detemir).

PesyAbTaTH

3actocyBaHH: iHCyaiHOoTepamii ipu 1112 3a3Buyaii me-
pendadae IoCIiToBHEe BUKOHAHHSI HU3KM €TaIliB: IOYaT-
KOBE MPU3HAYEHHS, TUTPYBAHHS IHCYJiHY A0 JOCSTHEHHS
LIJTbOBUX TTOKAa3HUKIB TJTiKeMii, JOBrorprBaja (MoxuTTeBa)
ninTpuMmyoda Teparisi. CydacHi aropuTMu JIiKyBaHHSI SIK
AMepukaHChKOI1 giabetnuHoi acowmiamii (ADA) [1], Tak i
AMepUKaHCBHKOT acolliallii KIiHIYHUX eHJOKPUHOJIOTiB/
AMepHKaHChKOTO0 Kosiemky eHmokpuHoJorii (AACE/ACE)
[3] BktouaoTh Oa3abHUI IHCYJIiH SIK MOXJIMBUIA BapiaHT
JIIKyBaHHSI IIPOTSITOM YChOro 4acy rporpecyBanHs LIJ12.
IacyniHOTeparmis Moxe OyTH peKOMEHIOBaHa ITalliEHTaM i3
HeloJaBHO AiarHocTtoBaHuM L1J12 3a HasIBHOCTI CUMIITO-
MaTWKU Ta/a0b0 3 MiABUIIEHHSIM PiBHSI TJIIKOBAHOTO TeMOT-
no6iny (HbAlc) > 10 % 3a ADA a6o > 9 % 3a AACE/ACE.

13 mpusnayeHHsM iHcyiny nipu LIJI2 He MoxHa 3BOJTi-
KaTu, OCKUJIbKM 3a pe3yJbraTaMM JO0CIiIKEHb Ta peaybHOT
KJIIHIYHOI MPpaKTUKU Mali€HTH, SIKi MOYMHAIOTh iHCYIiHO-
Tepamiio paHillle Ta Ipu HIKIUX piBHIX HbAlc, MaloTh
Kpaluly MIiKeMiuyHY BiITOBib Ta WMOBIPHICTb JOCSTHEHHS
LUThOBMX MOKA3HMKIB TJTiKeMii [4].

HocsirHeHHs HUXXYKX piBHiIB HbAlc Ha moyatkoBUX
cranisx 11JI2 3a 1omoMoroio paHHbBOTO Ta arpeCUBHOTIO JIi-
KyBaHHS, 110 3HMUKYE PiBeHb TIFOKO3U, MOXE TTOJITIINATA
JIOBrOCTPOKOBMIA KOHTPOJIb TJliKeMii, sIK TpaBUJIo, i3 Mo-
MipHMM 30UTBIIIEHHSIM MAacH Tijla Ta YaCTOTH TIiITOTTiKeMii
[5]. BinmoBigHO 10 cydacHMX YSIBJI€Hb, iHCYJIiIHOTEpamis
HeoOXiaHa B TOM UM iHIIMI TIepiof I OLTBIIOCTI MAaIliEHTIB
i3 12 [6]. ToMmy 3 camoro moyaTKy Mali€eHTaM MOTpiOHO
BKa3yBaTU Ha MOXKJIMBICTb 3aCTOCYBaHHsI iHCYJIiHOTepaItii
SIK pO3YMHOI Ta OOIPYHTOBAHOI TeparieBTUYHOI OITLIii, a He
MoKapaHHs UM O3HaKMW HeBaayi [1, 7].

Ilinxomm mo mpu3HAYeHHS Ta TATpaLii 0a3aIbHOTO iH-
CYJIiHY € JOBOJIi MOAIOHUMHU y HACTAHOBAX Pi3HMX MiabeTo-
noriyaux ToBapucTs [1, 3, 8]. IlepeBaxkHa OiNBIIICTh LIMX
peKOMeHalIiil TPOITOHYE PO3IMOYMHATH TEPAaITilo 3 iH’ €Kil
0azajbHOro iHCyMiHY nepen cHoM y no3i 10 OJ1 (10—20 O/1)
a6o 0,1-0,2 OJI/xr macu Tina nauieHTa. Lli migxonu € no-

BOJIi CTAHAAPTHUMU i HEe 3MIHUJIUCS 3 YacOM Ta 3aJIeXKHO
BiI Toro, sikuit iHcyiH — moacbkuidi HITX yu 6azanbHuii
aHaJIOT — 3aCTOCOBYETHCS.

AHaJTi3yl0un peKoMeHIallil MpoBiTHUX miabeToJIoriv-
HUX TOBApUCTB, CJIill 3a3HAYMTH, 1110, TTONPU MOAIOHICTh
MiaxoaiB, ogHocTaitHicTh BincyTHs. Tak, ADA/EASD pe-
KOMEH/IYE CTapTOBOIO 103010 Oa3ajibHOro iHcyniny 10 O]
abo 0,1-0,2 O/l xr/macu Tina [1], AACE/ACE BBaxae 3a
NOLiJIbHE 3acTOCyBaHHS cTtapToBoi go3u 0,1—0,2 OJ1/kr
3a HbAlc < 8,0 % ta 0,2—0,3 OJI/xr 3a HbAlc > 8,0 %
[3]. MixnaponHa niabetnuna denepatiis (IDF) B3arani
He HaJa€ peKOMeHallili 111010 cTapToBoi n03u. ChiabHUM
B YCiX aJIrOpUTMAax € BiTHOCHO HeBeJIMKa CTapToBa 103a
TSI 3an00iraHHsI MOXJIMBUM TIiMOTJIIKEMisIM 3 TTOAJIbILIOK0
TUTPALII€IO.

[1pu 11bOoMy iabeToI0TiuHi TOBapUCTBA PEKOMEHAYIOTh
3aCTOCOBYBATH IJis Tepamii mauieHTiB 3 LIJ12 nmpemapatu
IHCYJIIHY 3 MaKCUMaJIbHOIO TPUBAJICTIO il Ta MiHIMaJIb-
HOIO Bapia®eabHiCTIO i MiHiMaJbHUM PU3UKOM TillOIJIi-
KeMiil, Bigmarouun, TaKuM YMHOM, TiepeBary mpernapatam
aHaJIoTiB iHCYIiHY Apyroro mokoxiHH [1, 3, 8]. 3okpema,
ADA nmomyckae 3acTtocyBaHHS moacbkoro HITX-iHcymi-
Hy y nauieHTiB i3 LI/12 BUKJIIOYHO 32 YMOB BiJICyTHOCTi B
aHaMHe3i rimoriikeMiyHux ctaHiB [1]. JogaTKoBUM Kpu-
Tepiem 3actocyBaHHs HITX-iHCyniHy € cTanuii pexum
xapuyBaHH4 [9]. ¥ pekomeHnaauissx ADA 3a3Havya€eThbCs, 1O
riaprin-100 Ta geTemip MalOTh MEHIINI PU3UK TiMOTJIiKe-
Miii, Hixk HITX-iHCy/iH, a mpu 3acCTOCYBaHHI JETTIOAEKY
abo rmapriny-300 meit pu3uk € me MeHimuMm [1]. dani go-
CIIiIKeHb cBimuaTh, mo riaprin-300 Ta geryoaek MamTh
HalMEHIIUK pU3UK HiYHOI rimoriaikemii [10—12]. I1psme
MMOPIBHSUIbHE AOCTimKeHHs Tiapriny-300 Tta geriaonexky
HE BUSIBUJIO BiIMiIHHOCTEH y 4acTOTi rinmoriikemiii [13].
V mociimKeHHi Malli€HTIB 3 BUCOKUM KapaioBacKyISIPHUM
pusukoM DEVOTE nermronek Bukivkas Ha 40 % MeHIie
riroriikeMiii opiBHsIHO 3 riapriHoM- 100, ogHaK yacToTa
BeJMKUX KapaioBackyasipaux nofiii (MACE) B 060x rpy-
nax OyJsia moaioHoio [14].

BaxxiuBuM erarioMm € BU3ZHAYEHHS 1ILTbOBOTO Jianas3o-
HY IJIiKeMii, 10 JOCSITHEHHSI SIKOIO MTPOBOAUTHCS TUTPALList
nmo3u iHcyminy. KimacuuHi pekoMeHaalii i TyT € momgioHu-
MU, ajie He ogHakoBUMU. HalinibepanpHilli 1iJli CTaBUTh
ADA/EASD, Bu3Havaoouu LiJIbOBUI Aialla30H y Mexax
4,4—7,2 mmonn/n [1]. AACE/ACE BKa3yloTh BUKITIOUHO
BEPXHIO MeXY — 6,1 Mmounb/1 [2]. LlinboBi MOKa3HUKK
IIIiKeMil HaTIe KOpelTh 3 nmokazHukamu HbAlc, Bu-
3HAYEeHUMU LUMU ToBapucTtBamu. Tak, ADA/EASD nust
OLTBIIIOCTI MAaIli€HTIB peKoMeHaye K TapretHuit HbAlc
<7,0%,aAACE/ACE<6,5% |1, 3].

Hwuxns mexa B pekomeHnaiisx AACE/ACE 3a 3a-
MOBUYBaHHSIM Bi/IMOBia€e mmapaMerpaM rinoriikemii. Crimg
3a3HAYMTH, 110 OUIBIIICTh PEKOMEHIAIIN 111010 HUXKHBOI
MEXi IIJTbOBOTO Jliana3oHy IMIiKeMil UIsi BAKOPUCTAHHS B
KJIiHIYHI MpaKTHUIli BU3HAYAIOTh i Ha piBHI 4,4 MMOJIb/J
Ha BiIMiHY BiI BEeJIMKOI KiIbKOCTI KIIIHIYHUX JOCTiIKEHb
3a MPOTOKOJIOM «TUTPYBaHHS 10 MeTU» (treat to target), y
SIKMX piBHEM TJIiKeMii, 3a SIKOTO IOTPiOHO OyJIO 3MEHIITy-
BaTH J03Y iHCYJIiHY, BU3HAYa€ThCs 3,9 MMOJIb/J1 200 HaBITh
3,3 MMoJb/11. OGYMOBJIEHO 1I€ TUM, 1O TillOrJIiKeMis OyJia
i 3aJIMIIAETHCSI OCHOBHUM HeOakaHUM SIBUILIEM i 3arpo3-
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JIMBUM CTaHOM IIpU 30iJblIeHHI 103U iHCyIiny [15, 16].
KopceTki rmikeMiuHi i, SKi € JOCSKHUMU Y KITIHIYHUX
TOCTIIXKEHHSX, He 3aBXIU € MPUAHATHUMU IS peaibHOI
KJTiHIYHOI MPaKTUKK. 3aCTOCOBYBATU HUXKHIO MEXY TIIiKeMil
Ha piBHi 3,9 MMOJIb MOXJIMBO Ta AOLIbHO BUKJIIOYHO IS
MOJIOAMX TALIIEHTIB 3 JOBIO0 OYiKyBAHOIO TPUBAJIICTIO XKUT-
Ts1 Ta 0€3 CYTTEBOI CYIIyTHbOI MATOJIOTI, Y SIKUX TUTpallisl
1o piBHS 4,4 MMOJIb/TT HE CYTTPOBOIXKYBAJIACs 3HAUMMUMU
€Mi301aMHU TIiMTOITiKeMil i € KiTiHIYHA JOLITbHICTb Y oAb~
IIOMY 3HVDKEeHHI ITiKeMii.

Ha BinMiHYy Bin cTaiux MiaXofiB 11100 CTapTOBOI 103U
0a3aJIbHOTO iHCY/IiHY peKOMEHIAlIil 111010 TUTPYBAHHSI 10O
JTO31 3MIHIOIOTBCS 3 TEHIIEHIIIEO 10 CIIPOIeHHSs. 1St 11boro
€ HU3Ka Npu4uH. [1poBiAHOIO 3 HUX € aKTUBHE 3aJIy4eHHS
nali€eHTa o0 Mpolecy Kopekil mo3u. PaHime TuTpyBaHHS
IHCYJIiHY 30iACHIOBAJIOCS BUKJIIOUHO JliKapeM ITiJ yac Bi3UTy
nali€eHTa B KIIiHiKY, YHACIIIOK YOro A03a iHCYJIiHY 3MiHIO-
Basiacsl BiITHOCHO HeyacTo. PekoMeHpallisl 11010 aHalizy
3aMKCiB Malli€HTa y IOAEHHUKY CAMOKOHTPOJIIO IIiKeMil
i/l 4ac KOXHOTO HOro Bi3WUTY /10 KIIIHIKM € aKTyaJIbHOIO,
HAaBiThb SKIIO MALliEHT CAMOCTIIIHO aKTUBHO TUTPYE A03Y
incyminy [17].

30ibIIEeHHS TOCTYITHOCTI 3aC00iB CAMOKOHTPOJIIO Ta
HaBYaHHS MAILi€HTIB JO3BOJIMIIO TIEpEeHTU A0 3MiiCHEHHS
TUTPYBaHHSI 03U iHCYJIiHY B KOoorepallii Jikapsi Ta marti-
€HTa, a B MOAAJIBLIOMY i CTBOPUTH MEPEAYMOBHU 151 MPO-
BEIEeHHST KOPeKIlii 103K iHCYJIiHY XBOPUM Ha IiabeT caMo-
CTiitHO.

TlepeBaru akTMBHOTO 3aJTy4eHHSI TIALliEHTA 10 TUTPYBaH-
HsI 103U iHCYJIIHY OYJIM MPOJEMOHCTPOBAHI Yy JOCiIXKEHHI
GOAL A1C [18]. INawieHTaM 1TOYaTKOBO IpM3HAYAIN iH-
cyJtid tnaprin-100 y no3i 10 O/l nepen cHom. TuTpyBaHHSI
J031 TIPOBOJIMIIM 32 CepeHIM ITOKAa3HUKOM IJIiKeMii 3a oc-
TaHHi 2—4 mHi. [linboBuii gianmazon 6yB 3,9—5,6 MMOJIB/I.
[Tpu trikeMii B Mexax 5,6—6,7 MMOJTb/JT T03a iHCYJTiHY 3Mi-
HroBasacst Ha +0 + 2 OJ1, npu riikemii 6,7—7,8 MMoJb/1 —
Ha +2 OJ1, npu riikemii 7,8—8,9 mmoub/nm — Ha +4 O/1, ipu
riikemii 8,9—10,0 Mmmonb — Ha +6 OJI, ipu riikeMii moHaz
10,0 mmonb/n1 — Ha +8 O/I. IlamienTn 6ynu nomineHi Ha
NIBi TPYIM: CaMOCTiiiHe TUTPYBaHHSI MALliEHTOM LIOTHXKHS
Ta KepoBaHe JlikapeM B paMKax CTaHIaPTHOI IOMTOMOTHY TIpU
Bi3UTaXx [0 JIiKapHi KOXHi 6 TYKHIB. 3a aKTUBHOTO TUTPY-
BaHHS MalLiEHTH IIBUILIE AOCITAIN LIJIOBOTO [iala3oHy
rrikeMii, 3HmKeHHsS HbAlc Oyno Ginpmr BupaxkeHum (1,5
npotu 1,3 %, p < 0,0001) ae cynmpoBOKYBATOCS AETKUM
301TbIIIEHHSIM YaCTOTH Tinoraikemiit (6,0 mpotu 3,7 ermizo-
niB/mauieHT/pik, p = 0,001) [18].

Ilomi6HuMu Oyam i pe3yabTaTU OOCHIIXKEHHS
AT.LANTUS [19]. ¥ upboMy mochiiakeHHi nmaiieHTH abo
CaMOCTIHO 3MiHIOBaJIM O03Y KOXHi TpU IHi, a00 poouIn
1€ TiJ KOHTPOJIeM JIiKapsl IIOTUXHS, BUKOPUCTOBYIOUU
TOI1 ke aaropuTMm, 1o i y gocaimkeHnHi GOAL A1C [18].
CaMocTiitHa KOpeKllisi 103U CYIPOBOJIKYBaIacsl KpaliuMm
sHmkeHHsIM HbAlc (—1,22 vs. —1,08 %, p < 0,001) mipu
3pOCTaHHi yacToTH Tinoriikemiit (33,3 vs. 29,8 %, p < 0,01).
AHaJIOTiuHi pe3yJbTaTh ISl TJIApTiHy B a3iiiCbKUX MalliEHTIB
y nocaimkernHi ATLAS [20].

Taxki x pe3yabraTu OyJay OTpUMaHi IUIS 11I€ OAHOTO
0a3aJbHOIO aHajora iHCyJiHy AeTeMipy. Y HOCHiIKeHHi
PREDICTIVE 303 camocriiiHa TUTpallist iHCYJIiHY AeTeMip

Ha * 3 O]l mamieHTOM KOXHi TpU JHI Ha ITiICTaBi cepel-
HBbOT'O MOKa3HUKA ITIiKeMil MaJia Ie1llo Kpalluii pe3yabraT y
sHmkeHHi HbAlc (—0,6 vs. —0,5 %, p = 0,0106) 3i 3pocTaH-
HSIM YaCTOTH BUMAIKIB TiMTOTJIiKeMii Ta MOAiOHUM BIIMBOM
Ha 30i7blIeHHs Macu Tina [21].

AJITOpUTMU TUTPYBAHHSI TO3U 1HCYITiHY, SIKi OYJIM ITUPO-
KO peKoMeHmoBaHUMHU 15—20 pokiB TOMY i 3aCTOCOBYBaJIM-
cs, 30KpeMa, 11 3miHu 1o3 HITX-incyniniB, nepexdadann
JTOBOJIi 3HAYHUI Aiana30H 30UIbIIEHHS 103U iHCYJiHY PU
MpoBeAeHHI Kopekilii. JIlnHaMiKa 1031 3aexana Bil Belu-
YUHMU TJIKEeMii, siKa TiepeBulllyBaia LiJIbOBUI piBEHb, i y
MaKCHMMaJIbLHOMY CBOEMY BUMipi Moria csratu 8—10 O/I.
i % aaropuT™MM MOYaTKOBO OYJIM MEpeHECeHi Ha Tpoliec
KOpEKIIil 1031 0a3aJbHUX aHAJIOTiB, SIK-OT IeTeMip i riaap-
rin-100 ta rmapria 300 i mermonex [21]. 3acTocyBaHHS BKa-
3aHUX AJITOPUTMIB Mae€ 11y HU3KY HenodikiB. [lepemycim
BUIINSEThCS 4—5 miamma3oHiB IJ1iKeMii, U1 KOKHOTO 3 IKMX
repeabdayeHa cBos go3a Kopekiiii [21]. 3amam’saratu yci i
MOKa3HUKU € CKJIAIHUM 3aBIAHHSIM HaBIiTb IS JiKaps,
SIKAI PEryJISipHO TIPOBOUTDL KOPEKIIit0 03U CBOIM TMalli-
€HTaM, He TOBOPSIYM YK€ 32 XBOPOTO, SIKUI MIparHe nmpoBo-
JIATU KOPEKILito 1031 caMOCTiitHO. ToMy 17151 TpOBEIeHHS
TUTPYBAaHHS 103U 32 LIMMU QJITOPUTMAMU MAlli€EHT MOBU-
HEH MaTH Mpu cobi TaGJMUIIO 3 BiAMIOBIAHOIO IIKAJIO0. 3a
il BimcyTHOCTI TUTpAallisi 800 HE MTPOBOAMUTHCS, a00 € PUBUK
HEKOPEKTHOrO ii mpoBeaeHHs. JIpyrumM BaxKJIMBUM HEHO-
JIIKOM € Te, 110 1li AJITOPUTMU Mepeadadaiy equHy 1Kamy
TUTPaLii 3 OKpeCIeHUM €NMHUM JUISI YCiX Malli€HTIB LJIbO-
BUM JIialla30HOM [JIiKeMii 0e3 iHAuBiayati3allil TOKa3HUKiB
3aJIe)KHO BiJl YMHHUKIB, peKOMEH/IOBAaHUX JI0 BpaxXyBaHHSI
N11a0eTOI0TIYHMMM TOBAapMCTBAMU, SIK-OT PU3UK TillOIIiKe-
Mii, KoMopOinHicTb Ta iHmi [1, 3, 18]. [ HapemiTi, oqHOKpaT-
He 30iIbIIeHHS 103K iHCyIiHy Ha 6—10 OJI moBouti yacto
CYIIPOBOIXKYBAJIOCS MOSBOIO TiMorIiKeMili. BUHUKHEeHHS
rinorjikeMiil Ta cTpax nepen HUMU OYJIU 1 3AJIMIIAIOTHCS
OCHOBHOIO MPUYMHOIO, YOMY TALIIEHTH HE AOTPUMYIOTHCS
TUTpALil IJ1iKeMil Ta He JOCSTalTh LiIbOBUX MOKA3HUKIB
KOHTpPOJIIO rikemii [15—17].

[lnpoxke 3amy4eHHsI MAIiEHTIB 10 TTPOIIECY TUTPYBAHHSI
JIO3M 3 TOCSITHEHHSIM METHU 00YMOBUJIO TTOTpedy y Cripo-
IIEeHHI aJITOPUTMIB 3MiHM I03U. SK HaCIigoK, OLIBIIICTh
Cy4yaCHMX PeKOMEH/Alliil 11010 KOpeKIlii 1031 0a3aJbHOTO
IHCYIIiHY, SIKY TIPOIIOHYIOTb Mia0eTOJIOTiUHi TOBapUCTBa, Tie-
pendavatoTh omHocTyneHesi (£ 2 yn £ 3 OJ1) abo, K Mak-
cuMyM, nBoctyneHesi (£ 2 ta £ 4 Ol) anropurmu [1, 3].
AACE/ACE Ta IDF y HacTaHOBax 111010 30iTbIIICHHS 1031
OyIb-sIKOro 0a3ajbHOI0 iHCYJIiHY PEKOMEHIYIOTh IIPOBO-
nutu ii Ha 2 O] xoxHi 3 nHi [2]. ADA/EASD pekomeH-
IIy€, 3a TOTPeOH, MiJBUIILYBATH 003y 0a3aJIbHOTO iHCYJIiHY
Ha 1—4 O]I a6o 5—15 % omuH-1Ba pa3u Ha TYXKIEHB [1].
3arajiom xe 1iabeToJIOTiYHI TOBapuCTBa CXBaJIOIOTh yCi
aJITOPUTMU TUTPYBAHHSI iHCYJIiHY, SIKi Oy1u anmpoOoBaHi y
KJTHIYHUX JOCITIIKeHHSIX.

CKJ1agHi aJITOPUTMU TUTPYBAHHS, IK-OT Y TOCIiIKEH-
Hsax GOAL AIC [18] ta AT.LANTUS [19] nng iHcyniny
raaprid ta 'y gociimkeHHi BEGIN [22] mist iHcytiHy nerio-
JIeK, Ha ChOI'OJIHI MOXYTb 3aCTOCOBYBATHUCS JIiKapem IJist
CTallioOHapHMX TAlli€HTIB a00 IMalLi€HTIB Mil peTeJbHUM
KOHTpOJIEM, SIKi 3[AaTHi 30ilICHIOBATU Bi3UTHU B JIiIKapHIO
1—2 pa3u Ha TXIeHb. 1151 caMOCTiiTHOTO 3aCTOCYBaHHS
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MHAILliEHTOM TaKi aJlTOPUTMU HE € HOUITbHUMU. AJITOPUTM
tutpyBanHst BEGIN [22] Moxke posrisiaaTics siK Haioiibin
arpecuBHUii. 11i1b0BUM Iiania30HOM BU3HAYAIACs TIIKEeMis
Harie B Mexax 3,9—5,0 mmob/n. [Tpu riikeMii B giarma3oHi
5,1-7,0 mmob/11 103a iHCyniHy 30inblnyeTbest Ha 2 OJI,
7,1-8,0 Mmmonb/m — Ha 4 OJ1, 8,1—9,0 Mmmomb/1 — Ha 6 O]
Ta > 9 Mmmosb/a1 — Ha 8 O/1.

11 IMpOKOTO 3aCTOCYBaHHS IJIsI iHCYJIiHIB raap-
rin-100, rnaprin-300 Ta geraoaek peKOMeHI0BaHi OibII
MPOCTi aJIrOpUTMM TUTpauii. JIst iHCymiHIB rmapriH Moxe
3aCTOCOBYBATHUCS alropuT™ gociimkeHHss ATLAS: 36i1b-
meHHs go3u Ha 2 OJ] nipu rinikewmii 6,1—8,9 Mmoub/n Ta
Ha 4 O/l npu raikemii moHan 9,0 mmosw/n [20]. Kpaioro
aJbTepHATUBOIO TOMY € KOpeKilisi 1031 Ha + 2 OJ] KoxHi
TPpM JHI TIpY MOKA3HUKAX [IIKeMil, SIKi BUXOAATH 3a iHIMBi-
IyaJIbHUI HUTbOBUI Aiama3oH. Takuii miaxia peKOMEHIyeE,
30kpeMa, ADA [1]. LLloTr>kHeBUiA aJropuT™M TUTpALliil iH-
CYJiHY JerToaeK 00yMOBICHUI TPUBAJIICTIO MOT0 Iii 10
40 roguH Ta epeKTOM HaKOMUYEHHs A03U. [IprcKopeHHs
TUTpALIii 7031 MOXKe 00YMOBUTH TTOCUJICHHST KyMYJISITUBHO-
ro eeKTy 3 pU3BMKOM PO3BUTKY Tinmoriikemiii. 1o mepesar
NETTIONEKY CITiM BiMHECTH Te, 110 1iel TperapaT MOXHa 3a-
CTOCOBYBATH 3 BEJIMKOIO BapiaOeIbHICTIO Yacy BUKOHAHHSI
in’exuii Bim 8 mo 40 roguH 6e3 BTpaTu €(peKTUBHOCTI Ta
3pOCTaHHsI pU3UKY HebaxkaHux edekTiB [23]. s iHcyiny
JIeTJIoAeK TaKoX OyJI0 IMpOoaeMOHCTPOBAHO MOXJIMBICTh
TUTPYBaHHS 03U He 3a CepeIHiM MTOKa3HUKOM 3 TPhOX BU-
MipIOBaHb, a 3a pe3y/ibTaTaMy OHOKPATHOTO BUMipIOBAaHHSI
200 3a HATHMKIMM 3 TPhOX MOKa3HUKIB [23]. Jls iHCyTiHy
rnaprii-300 monycTuMor € BapiabesibHICTh Yacy iH’€K-
1ii + 3 ronuHu.

HaiinpocTtimuM BapiaHTOM TUTPYBaHHSI 6a3a1bHOTO
iHCYJIIHY € TaK 3BaHUI KaHaJAChKUI aJlrOpUTM, BiH Ke all-
roput™ INSIGHT (3a Ha3BOIO KJIiHIYHOTO JOCTiIKEHHS,
y SIKOMY BiH BIiepiiie OyB BUKopucTaHuii) [24]. Lleii Ba-
piaHT nependavyae MIOAEHHY KOPEKIIilo 1031 iHCYJIiHY Ha
1 OJ1, He3aJiexKHO BijJ TOr0, Ha CKiJIBKM IMOTOYHA TIiKeMist
BUXOIUTh 3a MEXi LIJILOBOTO Jiara3oHy. 3a pe3yabTaTaMu
TMOCTiIDKeHHS TIAILiEHTH, SIKi OTPUMYBAJIM TJIAPTiH, YacTi-
1Ie Jocsrajd IBOX MocainoBHuUX piBHiB HbAlc < 6,5 %
(p = 0,049); manu kpati pe3yiasrat y 3HukeHHi HbAlc
Ha 1,55 mpotu 1,25 % (p = 0,005), rioko3u ia3Mu Hat-
mecepue (p = 0,0001), piBHS XoJIeCTepUHY JIIIONIPOTEIHIB
BUcOKOI mitbHOCTI (p = 0,02) i Tpuriminepunis (p = 0,02).

Anroput™M tutpyBaHHs £ 1 O]l nOoBiB CBOIO e(PEeKTUB-
HicTh He e y gociaimkenHi INSIGHT, ane it y momio-
HUX TOCTIIKEHHSX MOPIiBHSIHO 3 iHIIMMU aJITOPUTMaMu
tutpauii. 3okpema, y gociaimkeHHi TITRATION [25] npu
MOPiBHSIHHI IIIOJIEHHOTO aJITOPUTMY 3MiHM J03U 3 TUTPY-
BaHHAM Ha +3 abo +6 O]] moHaiiMeHIIEe OTHXKHS, ajle
He YacTilre Hix 1 pa3 Ha Tpu JHi, OyJ10 IPOJEMOHCTPOBAHO
MOAiOHI pe3y/IbTaTy B MOJIMIIEHHI INTIKeMiYHOTO KOHTPOJIIO
(HbAlc — 0,8 %), yacToTi rinmoriikemiit, 3HIKEHHI Macu
TiJIa Ta 3aI0BOJIEHOCTI JIIKyBaHHSIM.

Ille GinbILI MEpeKOHJIMBI i LiKaBi pe3yabTaTH Oyau
otpumMaHi B The Korean TITRATION Study [26], y stkoMy
TaKOX IopiBHIOBaAM anroputMmu TutpyBaHHsa INSIGHT
(= 1 Od/nody) Ta EDITION (% 3 O/l/TvxneHsb) ajist 10-
CSITHEHHSI PiBHSI INIIOKO3U KPOBi MPY CAMOKOHTPOJIi HATIIIEe
B miama3oHi Bix 4,4 10 5,6 Mmmouib/. TTopiBHSHO 3 TpyIoi0

EDITION rpymna INSIGHT mana Oinbliie 3HVKEHHS PiB-
HSI TJIiKeMil, 3HUKeHHST PiBHS IVIIOKO3M IIa3MU HaTIIEe Ta
HbA c. IlpupicT 3aranbpHoi 1000BOI 1031 iHCY/IiHY OYB BU-
mum y rpymi INSIGHT, nix y rpyni EDITION (pisHuns
Mix rpynamu: 5,8 £ 2,7 O[1/no6y, p = 0,033). Onnak mMaca
TiJla 3HaYHO 30inbiiniaacs BukiaoyHo B rpyni EDITION
(0,6 £ 2.4 xr, p = 0,038). 3am0BOIEHICTh MALIIEHTIB Tepa-
miero 3HauHo 3pocia B rpyni INSIGHT (p = 0,014) [26].

MOXJIMBICTh 3aCTOCYBaHHS TIPOCTOTO Ta JOCTYITHOTO
aJITOPUTMY CaMOCTIiiTHOI TUTpAallii iHCY/IiHY € aKTyaJIbHOIO
1e 1 TOMY, 1110, SIK TTOKa3yITh pe3yJibTaTh aHali3y 3aCTO-
CyBaHHsI TPaJAULIIMHUX aJITOPUTMIB KOPEKILii 1031 iHCYJIiHY,
TMTOMUJIKM Ta HETOYHOCTI y IOTO BBEICHHI € JOBOJIi MOIIU-
peHuM siBuiieM [27]. 3arajioM JUist MPOBEICHHS YCITILIHOT
incymiHoteparii LIJI2 moTpiOHe HajexkHe 03HAMOMIICHHS
i3 cydyacHMMM TIperapaTaMM iHCYJIiHY Ta aJropuTMamMmu
TUTPYBAHHS 1031 SIK MEJMYHOIO TIEPCOHAIly, IKUIl Ha/la€e
nmoromory manienTaM 3 LIJ12, Tak i 6e3nmocepeTHbO MallieH-
TiB [28].

BaxxJimBUM acnieKTOM € i MUTaHHS 3aBEPIICHHS TUTPY-
BaHHS 1031 6a3a1bHOro iHCYiHY. basajbHUiA iHCYJTiH BUKO-
PUCTOBYETHCS [IJI51 TTOJIMIIIEHHS TJIIKEMIYHOTO KOHTPOJTIO 3
repeBakHUM KOHTPOJIEM PiBHSI IJIIOKO3U B KPOBi IIPOTSITOM
Houi Ta HaTile. OCHOBHUM MapaMeTp SIKOCTi IJTiKeMiYHOIo
KOHTpoJito — piBeHb HbAlcC € pe3ynbraTom moenHaHHs
[JIiKeMii HaTle Ta nocTnpaHaiaibHoi [29]. [HmuM npe-
IUKTOPOM MOTpeOu B iHTeHCcHiKallii Tepalrii € JOCITHeHHS
MalieHToM 03U 6a3zanbHoro iHcyniHy nonan 0,5 O/kr/
nmo6y [30, 31].

CyyacHi peKoMeHallil 3 oNTUMi3allii aHTUTinepriliKe-
MiYHOI Teparii 3MiHIOIOTh TTapagurMy 3 JoJaBaHHs 10 Oa-
3aJIHOTO THCYJIIHY iH €Kil MpaH/IiaIbHOTO ab0 TepexoLy
Ha MPeMiKCH IUISIXOM TOoAaBaHHSI 10 0a3aJbHOrO iHCYIiHY
aroHICTIB PELENTOPIB IIIOKAarOHOITOMIOHOTO TIenTHUIy-1 (ap-
['TITI-1) abo iHribiTOPiB HATPii13aIEKHOTO KOTPAHCIIOPTEPY
HUPOK (SIKIIIO 1Ie He OyJ10 3pobieHo panime) [1, 3, 32]. Ak
ADA, tak i AACE/ACE 3a HegocTaTHbOI €(peKTUBHOCTI
0a3aJbHOrO iHCYJIiHY HalaloTh MPiOPUTET 3aCTOCYBAHHIO
(ikcoBaHnx koMOiHalii1 6a3anbHOTO iHCYiHY 3 ap[ TITT-1.
Buiia eekTUBHICTb 3aCTOCYBaHHS (hikCOBaHO1 KOMOiHallii
incyniny 3 apI'TITI-1 moBemeHa Garatbma JOCTIIKECHHSIMM
[33, 34]. loCcTyITHUMU Ha ChOTOIHI € TTOEAHAHHS TJIapTi-
Hy-100 3 JmiKcHceHaTUOOM Ta ACTIIONEKY 3 JiparIyTUIOM.
ANTOPUTMHU TUTPYBaHHS 103 (hiKCOBaHUX KOMOiHalliii 3a-
rajJioM BiJIIOBiIalOTh PEKOMEHIALLSIM 1100 3MiHM 103 Oa-
3aJIbHUX 1HCYITiHIB, SIKi BXOJSTH A0 iX cKIamy. Takum YMHOM,
aaroput™ INSIGHT =+ 1 OJ1/n00y MoXe 3aCTOCOBYBaTHCSI
st KoMOiHalii rimapriny-100 3 JikcuceHaTnaoM. 3a ma-
HUMMU MOPIBHSJILHOTO JOCJIIIKEHHSI, aJITOPUTM IIOJAEHHOT
tuTpauii pikcoBaHoi koMOiHalii rmapriny-100 Ta mikcuce-
HaTUIY HE TTOCTYMA€EThCS IOTXKHEBOMY BapiaHTY Ta HaBiTh
nepesepiuye ioro [35, 36]. [us ¢ikcoBaHOi KOMOiHALIT
NETJIIOJIEKY 3 JIiparjJyTUIOM PeKOMEHIOBAHUM € aJiTOPUTM
3MiHu 1o3u Ha 2 O] nBivi Ha TrkaAeHb [37, 38].

BucHoBKMU

PosnounHaioun poO6OTy Hal CTATTEI0, MU 3a1aBajlUCs
MUTAHHSIM, UM CIIPaB/i CIIPOILEHi aJITOPUTMU TUTPYBaHHS
IHCYJIiHY € KpalllM BapiaHTOM ITOPiBHSIHO 3 TPaAULIIHUMM.
Yu, MOXIUBO, 11€ € BilIOOpaXkKeHHSIM 3arajibHOI TeHICHIIi1 10
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CTIPOIIEHHS Y CyJyacHiil MeIUIIMHI — OJHOPAa30BUI MPU-
oM, ofHa 103a, KoMOiHOBaHi npernaparn? OaHaK y npoieci
poOOTH HaJ CTATTEIO MU AiMIIUIM BUCHOBKY, IO IIPOCTI all-
TOPUTMU TUTPYBAHHS 103U 0a3aJIbHOTO iHCYJIiHY HE JIMIIE
He MMOCTYNAalOThCsl, ajie i mepeBaXkaroTh OUTbII CKJIaIHi Bapi-
anTu. OTxe, ppaza «duM MPOCTillle, TUM Kpallle» Mae, iMO-
BipHillle, CTBePIKyBaJbHUI, a HE 3alUTaIbHUI XapaKTep.
besyMoBHO, mepeBaru CIpoIIeHUX aJITOPUTMIB KOPEKIIii
JTO3Y 11I€ MalOTh OYTH IMiATBEPIKEHi TOCTIIKEHHSIMHU Y Be-
JIMKMX KOTOPTax MaLiEHTIB Ta BIIPOBAIXKEHHSIM y peajibHy
KJIiHiYHY npakTuKy. Came ToMy MU TIOKU 1110 3aJTUIIaEMO
3HAK 3alUTaHHS Y Ty>KKaX.

IToToYHi X BUCHOBKM 3 MPOBEIEHOTO HAMU OTJISIIY BU-
[JISIIAI0Th TAKUM YUHOM.

BazanpHuii iHCyITiH € IepIIMM Ta OCHOBHUM KOMITOHEH-
TOM iHcyniHoTepanii y nauieHTis 3 LIJI2. YeniniHicTsb iioro
3aCTOCYBaHHS 0€3IMMOCEePEaHBO 3aJIEXUTh Bil KOPEKTHOTO
TUTPYBAHHSI 103U 3 OCITHEHHSIM TiikemiuyHoi meTu. [Ticust
BITPOBAKEHHS B KJIiHIYHY ITPAaKTUKY TPUBAJIO IiI0OUMX aHa-
JIOTiB 0a3aJbHUX iHCY/TiHIB BUHMKIJIA MOXJIUBICTh CITPOILIEH-
HSI QJITOPUTMIB TUTPYBAHHS 03U, 110, Y CBOIO YEPTY, Mifl-
BUILIWJIO CXWJIBHICTD ITAIliEHTIB IO IIPOBEICHHS CAMOCTIHOI
KOpEKIIii Ta MOIIMIIMIO SIKiCTh TJiKeMiYHOTO KOHTPOJIIO.
IIpocTi anropuT™u TUTPYBaHHS A03M JOBEIU CBOIO e(eK-
TUBHICTb Yy KJIIHIYHUX JOCIIKEHHSIX Ta CXBaJIeHi i peKo-
MEHIO0BaHi MPOBITHUMMU Aia0eTOJOr i YHMMU TOBaPUCTBAMM.
Lli anropuTMK peKOMeHI0BaHi JIsl JOCTYITHUX TPUBAJIO
NIOYMX aHAJIOTIB iHCYJTiHY, SIK-OT IJIapTiH, JeTTI0AeK Ta Ae-
TeMip, a TaKoX [J1 (piKCOBaHMX KOMOiHalIiil 6a3aIbHOTO
iHcyniny 3 apl'TII1-1: rnapriny 3 JlikCUCEHATUIOM Ta JETII0-
neKy 3 diparaytuaoMm. Halinmpocrimmii BapiaHT TUTpyBaHHS
3a asiroputMoM INSIGHT 3 1ioneHHO0 KOpeKIlieo 1031 Ha
1 O/l Haiikpalle cupruiiMaeThCs MallieHTOM Ta MPOAEMOH -
CTPYBaB, 1110 HE MOCTYMAETHCS 32 €(hEKTUBHICTIO, a IHKOJIN
1 mepeBaxae TpaAuLiiiHI aITOPUTMU TUTPYBaHHS. MoOX-
JIUBICTb 3aCTOCYBAHHSI MAKCUMAaJIbHO MTPOCTOTO AJITOPUTMY
TUTPYBaHHSI MOXe PO3TJISIAATUCS SIK JTOaTKOBUIA (haKTop
npu BUOOpi 6a3abHOIO iHCYJIiHY 1715 mauieHTa 3 LIJ12.

KonduikT inTepeciB. ABTOp 3asBJIsIE MPO BiICYTHICTb
KOH(IIIKTY iHTepecCiB IIpH ITATOTOBLII JaHOI CTaTTi. ABTOpP
oTpuMyBaB (hiHAHCOBY BUHArOpojy 3a HaJaHHS KOHCYJIb-
TaTUBHUX ITOCYT Ta YMTAHHS JeKii 1y KommaHiil «Hoso
Hopnick» ta «CaHodi».

Indopmanisa npo dinancyBanns. ABTOp 3asIBJISIE TIPO Bill-
CYTHICTb (hiHAHCOBOI UM iHIIIOI IATPUMKU TIPU pOOOTI Ha
JTAHOIO CTaTTEIO.

Cnucok Aiteparypu

1. American Diabetes Association. Standards of Medical Care in
Diabetes-2022 Abridged for Primary Care Providers. Clin Diabetes.
2022;40(1):10-38. doi: 10.2337/cd22-as01. PMID: 35221470; PM-
CID: PMC8865785.

2. Inzucchi S.E., Bergenstal R.M., Buse J.B., Diamant M., Fer-
rannini E., Nauck M., Peters A.L., et al. Management of hypergly-
cemia in type 2 diabetes, 2015: a patient-centered approach: update
to a position statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care. 2015.
38(1). 140-9. doi: 10.2337/dc 14-2441.

3. Garber A.J., Abrahamson M.J., Barzilay J.I., Blonde L.,
Bloomgarden Z.T., Bush M.A., Dagogo-Jack S., et al. Consensus
statement by the American Association of Clinical Endocrinologists
and American College of Endocrinology on the comprehensive type 2
diabetes management algorithm — 2018 executive summary. Endocr.
Pract. 2018. 24(1). 91-120. Doi: 10.4158/cs-2017-0153.

4. Nichols G.A., Kimes T.M., Harp J.B., Kou T.D., Bro-
dovicz K.G. Glycemic response and attainment of AIC goals following
newly initiated insulin therapy for type 2 diabetes. Diabetes Care. 2012
Mar. 35(3). 495-7. doi: 10.2337/dc11-1171.

5. Meneghini L.F. Early insulin treatment in type 2 diabetes: what
are the pros? Diabetes Care. 2009 Nov. 32 Suppl 2(Suppl 2). $266-9.
doi: 10.2337/dc09-S8320.

6. Turner R.C., Cull C.A., Frighi V., Holman R.R. Glycemic
control with diet, sulfonylurea, metformin, or insulin in patients with
type 2 diabetes mellitus: progressive requirement for multiple therapies
(UKPDS 49). UK Prospective Diabetes Study (UKPDS) Group. JAMA.
1999 Jun 2. 281(21). 2005-12. doi: 10.1001/jama.281.21.2005.

7. Frid A., Hirsch L., Gaspar R., Hicks D., Kreugel G., Liersch J.,
Letondeur C., Sauvanet J.P., Tubiana-Rufi N., Strauss K.; Scientific
Advisory Board for the Third Injection Technique Workshop. New
injection recommendations for patients with diabetes. Diabetes Metab.
2010. 36 Suppl 2. §3-18. doi: 10.1016/S1262-3636(10)70002- 1.

8. Silver B., Ramaiya K., Andrew S.B., Fredrick O., Bajaj S.,
Kalra S., Charlotte B.M., et al. EADSG Guidelines: Insulin Therapy
in Diabetes. Diabetes Ther. 2018 Apr. 9(2). 449-492. doi: 10.1007/
s13300-018-0384-6. Epub 2018 Mar 5. PMID: 29508275; PMCID:
PMC6104264.

9. Motilal S. Physician related barriers towards insulin therapy at
primary care centres in Trinidad: a cross-sectional study. BMC Fam.
Pract. 2020. 21. 197. https.//doi.org/10.1186/s12875-020-01271- 1.

10. Madenidou A.V., Paschos P., Karagiannis T., Katsoula A.,
Athanasiadou E., Kitsios K., Bekiari E., et al. Comparative Benefits
and Harms of Basal Insulin Analogues for Type 2 Diabetes: A Sys-
tematic Review and Network Meta-analysis. Ann. Intern. Med. 2018
Aug 7. 169(3). 165-174. doi: 10.7326/M 18-0443.

11. Ritzel R., Roussel R., Bolli G.B., Vinet L., Brulle-Wohlhue-
ter C., Glezer S., Yki-Jirvinen H. Patient-level meta-analysis of the
EDITION 1, 2 and 3 studies: glycaemic control and hypoglycaemia
with new insulin glargine 300 U/ml versus glargine 100 U/ml in people
with type 2 diabetes. Diabetes Obes Metab. 2015 Sep. 17(9). 859-67.
doi: 10.1111/dom. 12485.

12. Heller S., Mathieu C., Kapur R., Wolden M.L., Zinman B.
A meta-analysis of rate ratios for nocturnal confirmed hypoglycaemia
with insulin degludec vs. insulin glargine using different definitions for
hypoglycaemia. Diabet. Med. 2016 Apr. 33(4). 478-87. doi: 10.1111/
dme. 13002.

13. Rosenstock J., Cheng A., Ritzel R., Bosnyak Z., Devisme C.,
Cali A.M.G., et al. More Similarities Than Differences Testing Insu-
lin Glargine 300 Units/mL Versus Insulin Degludec 100 Units/mL
in Insulin-Naive Type 2 Diabetes: The Randomized Head-to-Head
BRIGHT Trial. Diabetes Care. 2018 Oct. 41(10). 2147-2154. doi:
10.2337/dc 18-0559.

14. Marso S.P., McGuire D.K., Zinman B., Poulter N.R., Emer-
son S.S., Pieber T.R., et al.; DEVOTE Study Group. Efficacy and
Safety of Degludec versus Glargine in Type 2 Diabetes. N. Engl. J.
Med. 2017 Aug 24. 377(8). 723-732. doi: 10.1056/NEJMoa 1615692.

15. Simon A.C., Gude W.T., Holleman F., Hoekstra J.B., Peek N.
Diabetes patients' experiences with the implementation of insulin thera-
py and their perceptions of computer-assisted self-management systems

86 MiXXHOPOAHUI €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 19, N2 1, 2023



[ d

Touka 3opy / Point of View

for insulin therapy. J. Med. Internet Res. 2014 Oct 23. 16(10). e235.
doi: 10.2196/jmir.3198.

16. Leung E., Wongrakpanich S., Munshi M.N. Diabetes Man-
agement in the Elderly. Diabetes Spectr. 2018 Aug. 31(3). 245-253.
doi: 10.2337/ds18-0033.

17. Seaquist E.R., Anderson J., Childs B., Cryer P., Dagogo-
Jack S., Fish L., et al. Hypoglycemia and diabetes: a report of a work-
group of the American Diabetes Association and the Endocrine Society.
Diabetes Care. 2013 May. 36(5). 1384-95. doi: 10.2337/dc 12-2480.

18. Kennedy L., Herman W.H., Strange P., Harris A.; GOAL
AIC Team. Impact of active versus usual algorithmic titration of basal
insulin and point-of-care versus laboratory measurement of HbAlIc on
glycemic control in patients with type 2 diabetes: the Glycemic Optimi-
zation with Algorithms and Labs at Point of Care (GOAL AIC) trial.
Diabetes Care. 2006 Jan. 29(1). 1-8. doi: 10.2337/diacare.29.01.06.
dc05-1058.

19. Davies M., Storms F., Shutler S., Bianchi-Biscay M.,
Gomis R.; ATLANTUS Study Group. Improvement of glycemic control
in subjects with poorly controlled type 2 diabetes: comparison of two
treatment algorithms using insulin glargine. Diabetes Care. 2005 Jun.
28(6). 1282-8. doi: 10.2337/diacare.28.6.12582.

20. Garg S.K., Admane K., Freemantle N., Odawara M.,
Pan C.Y., Misra A., et al. Patient-led versus physician-led titration
of insulin glargine in patients with uncontrolled type 2 diabetes: a ran-
domized multinational ATLAS study. Endocr. Pract. 2015 Feb. 21(2).
143-57. doi: 10.4158/EP14079.0R.

21. Meneghini L., Koenen C., Weng W., Selam J.L. The usage of
a simplified self-titration dosing guideline (303 Algorithm) for insulin
detemir in patients with type 2 diabetes — results of the randomized,
controlled PREDICTIVE 303 study. Diabetes Obes. Metab. 2007 Nov.
9(6). 902-13. doi: 10.1111/].1463-1326.2007.00804.x.

22. Philis-Tsimikas A., Brod M., Niemeyer M., Ocampo Francis-
co A.M., Rothman J. Insulin degludec once-daily in type 2 diabetes:
simple or step-wise titration (BEGIN: once simple use). Adv. Ther. 2013
Jun. 30(6). 607-22. doi: 10.1007/s12325-013-0036-1.

23. Riddle M.C., Bolli G.B., Home P.D., Bergenstal R.M., Zie-
men M., Muehlen-Bartmer 1., Wardecki M. et al. Efficacy and Safety
of Flexible Versus Fixed Dosing Intervals of Insulin Glargine 300 U/mL
in People with Type 2 Diabetes. Diabetes Technol. Ther. 2016 Apr.
18(4). 252-7. doi: 10.1089/dia.2015.0290.

24. Gerstein H.C., Yale J.F., Harris S.B., Issa M., Stewart J.A.,
Dempsey E. A randomized trial of adding insulin glargine vs. avoidance
of insulin in people with Type 2 diabetes on either no oral glucose-lowe-
ring agents or submaximal doses of metformin and/or sulphonylureas.
The Canadian INSIGHT (Implementing New Strategies with Insulin
Glargine for Hyperglycaemia Treatment) Study. Diabet Med. 2006 Jul.
23(7). 736-42. doi: 10.1111/j.1464-5491.2006.01881.x.

25. Yale J.F., Berard L., Groleau M., Javadi P., Stewart J., Har-
ris S.B. TITRATION: A Randomized Study to Assess 2 Treatment
Algorithms with New Insulin Glargine 300 units/ml. Can. J. Diabetes.
2017 Oct. 41(5). 478-484. doi: 10.1016/] jcjd.2017.06.007.

26. Bae J.H., Ahn C.H., Yang Y.S., Moon S.J., Kwak S.H.,
Jung H.S., Park K.S., Cho Y.M. Efficacy and Safety of Self-Titration
Algorithms of Insulin Glargine 300 units/mL in Individuals with Un-
controlled Type 2 Diabetes Mellitus (The Korean TITRATION Study):
A Randomized Controlled Trial. Diabetes Metab. J. 2022 Jan. 46(1).
71-80. doi: 10.4093/dmj.2020.0274.

27. Trief PM., Cibula D., Rodriguez E., Akel B., Weinstock R.S.
Incorrect Insulin Administration: A Problem That Warrants Attention.
Clin Diabetes. 2016 Jan. 34(1). 25-33. doi: 10.2337/diaclin.34.1.25.

28. Kuritzky L., Reid T.S., Wysham C.H. Practical Guidance
on Effective Basal Insulin Titration for Primary Care Providers. Clin.
Diabetes. 2019 Oct. 37(4). 368-376. doi: 10.2337/cd18-0091.

29. Shaefer C., Reid T., Viajnic A., Zhou R., DiGenio A. Fasting
versus postprandial hyperglycemia as a treatment target to lower ele-
vated hemoglobin AIC. Endocr. Pract. 2015 Dec. 21(12). 1323-32.
doi: 10.4158/EP14498.0R.

30. Reid T., Gao L., Gill J., Stuhr A., Traylor L., Viajnic A.,
Rhinehart A. How much is too much ? Outcomes in patients using high-
dose insulin glargine. Int. J. Clin. Pract. 2016 Jan. 70(1). 56-65. doi:
10.1111/ijep.12747.

31. Umpierrez G.E., Skolnik N., Dex T., Traylor L., Chao J.,
Shaefer C. When basal insulin is not enough: A dose-response rela-
tionship between insulin glargine 100 units/ml and glycaemic control.
Diabetes Obes. Metab. 2019 Jun. 21(6). 1305-1310. doi: 10.1111/
dom. 13653.

32. Yang W., Dong X., Li Q., Cheng Z., Yuan G., Liu M., et al.;
LixiLan-0O-AP trial investigators. Efficacy and safety benefits of iGlar-
Lixi versus insulin glargine 100 U/ml or lixisenatide in Asian Pacific
people with suboptimally controlled type 2 diabetes on oral agents: The
LixiLan-O-AP randomized controlled trial. Diabetes Obes. Metab.
2022 Aug. 24(8). 1522-1533. doi: 10.1111/dom.14722.

33. Yuan X., Guo X., Zhang J., Dong X., Lu Y., Pang W., et al.;
LixiLan-L-CN investigators. Improved glycaemic control and weight
benefit with iGlarLixi versus insulin glargine 100 U/mL in Chinese
people with type 2 diabetes advancing their therapy from basal insulin
plus oral antihyperglycaemic drugs: Results from the LixiLan-L-CN
randomized controlled trial. Diabetes Obes. Metab. 2022 Nov. 24(11).
2182-2191. doi: 10.1111/dom. 14803.

34. Pankiv V. Efficacy of Liraglutide Application in Patients with
Diabetes Mellitus Type 2 and Obesity in Real Clinical Practice. Inter-
national Journal of Endocrinology (Ukraine). 2014. 62. 91-101. (in
Ukrainian). https.//doi.org/10.22141/2224-0721.6.62.2014.76942.

35. Rosenstock J., Blonde L., Aroda V. R., Frias J., Souhami E.,
Ji C., Niemoeller E., Del Prato S. Switching to iGlarLixi versus con-
tinuation of a daily or weekly glucagon-like peptide- I receptor agonist
(GLP-1 RA) in insufficiently controlled type 2 diabetes: A LixiLan-G
trial subgroup analysis by HbAlIc and GLP-1 RA use at screening.
Diabetes Obes. Metab. 2021 Jun. 23(6). 1331-1341. doi: 10.1111/
dom. 14345.

36. Hramiak 1., Gerstein H.C., Leiter L.A., Yale J.F., Bajaj H.S.,
Stewart J., et al. Comparing a daily versus weekly titration algorithm in
people with type 2 diabetes switching from basal insulin to iGlarLixi in
the LixiLan ONE CAN randomized trial. Diabetes Obes. Metab. 2022
Oct. 24(10). 1998-2007. doi: 10.1111/dom.14787.

37. Kushnarova N., Zinych O., Korpachev V., Kovalchuk A.,
Prybyla O., Shyshkan-Shishova K. Decrease in the efficacy of glu-
cagon-like peptide- 1 receptor agonists: what is the reason? Interna-
tional Journal of Endocrinology (Ukraine). 2021. 17(8). 637-645. (in
Ukrainian). https.//doi.org/10.22141/2224-0721.17.8.2021.246799.

38. Lingvay 1., Pérez Manghi F., Garcia-Hernandez P., et al;
DUAL V Investigators. Effect of insulin glargine up-titration vs
insulin degludec/liraglutide on glycated hemoglobin levels in pa-
tients with uncontrolled type 2 diabetes: the DUAL V randomized
clinical trial. JAMA. 2016. 315(suppl 1). 898-907. doi: 10.1001/
Jjama.2016.1252.

OrpumaHo/Received 06.12.2022
Pever3oBaHo/Revised 23.01.2023
MpuiHsito fo apyky/Accepted 01.02.2023 M

Tom 19, N2 1, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua 87



Touka 3opy / Point of View

skl

Information about author

Vitaliy Katerenchuk, Candidate of Medical Sciences, Associate Professor of the Department of Endocrinology with Pediatric Infectious Diseases, Poltava State Medical University, Poltava, Ukraine; e-mail:

vik_ce@ukr.net; https://orcid.org/0000-0002-5039-1770

Conflicts of interests. Author declares the absence of any conflicts of interests that might be construed to influence the results or interpretation of the manuscript. The author received financial
compensation for providing consulting services and giving lectures for Novo Nordisk and Sanofi companies.
Information about funding. The author declares that there is no financial or other support while working on this article.

V.. Katerenchuk
Poltava State Medlical University, Poltava, Ukraine

Basal insulin titration algorithms in patients with type 2 diabetes:
the simplest is the best (?)

Abstract. Basal insulin is the first and main component of insulin
therapy in patients with type 2 diabetes mellitus (T2DM). Based on
the shortcomings of human NPH insulin and the advantages provi-
ded by long-acting basal insulin analogues, they are recommended
for priority use in patients with T2DM. The leading factor in the
success of insulin therapy is titration of its dose with the achieve-
ment of the target range of glycemia. Data from clinical trials and
real clinical practice indicate that simpler dose titration algorithms
ensure better achievement of glycemic goals with a lower risk of hy-
poglycemia. In addition, simple dose titration algorithms are better
accepted by patients and increase satisfaction with treatment. The
leading societies of diabetologists ADA/EASD and AACE/ACE re-
commend the use of simple dose titration algorithms. Recent clinical
trials on the effectiveness of the insulin glargine dose titration based
on the INSIGHT algorithm, which, unlike the traditional options

for changing the dose 1—2 times a week, involves a daily correction
of the insulin glargine dose by 1 Unit, have proven its effectiveness
and safety. Most patients prefer this type of insulin dose titration.
The same titration algorithm can be used for a fixed combination of
glargine with lixisenatide, which was also confirmed by the results of
clinical trials. In general, simplified options for correcting the basal
insulin dose have demonstrated their effectiveness and allow increa-
sing the percentage of patients who manage to achieve the glycemic
goal without increasing the risk of hypoglycemia. When prescribing
basal insulin, physician must determine the target range of glycemia,
demonstrate the titration algorithm that is acceptable for each insulin
and which a patient will use to achieve the glycemic goal.
Keywords: review; type 2 diabetes mellitus; insulin therapy; basal
insulin; dose titrations algorithm; NPH insulin; glargine; degludec;
detemir
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Non-classical congenital adrenal hyperplasia.
Clinical case

Abstract. Congenital adrenal hyperplasia (CAH) is an autosomal recessive disease emerging from mutations of
genes for enzymes that lead to the biochemical shifts in the production of glucocorticoids, mineralocorticoids, or sex
steroids from cholesterol by the adrenal glands. Universal newborn screening for CAH is recommended for early
diagnosis and initiation of therapy. The development of CAH is due to a defect in the CYP21 gene, which encodes
21-hydroxylase enzyme involved in the synthesis of cortisol. This leads to an increase in the secretion of adreno-
corticotropic hormone and the accumulation of cortisol precursors, which are converted into adrenal androgens —
the classical form of the disease develops. With a point mutation of the CYP21 gene, an incomplete defect occurs
in 21-hydroxylase, which leads to an unpronounced disorder of adrenal steroidogenesis — a non-classical form
of congenital adrenal hyperplasia, which happens more often. In this form, the clinical symptoms are erased with
moderate hirsutism, acne vulgaris, infertility. In comparison to the classical form of the disease, which is diagnosed
at birth or during the neonatal period because of ambiguous genitalia and/or salt-wasting symptoms or through
screening programs used in some countries, most cases of non-classical CAH are not easy to detect. Additionally,
many individuals remain asymptomatic during childhood and adolescence, have normal reproductive function, and
only become aware of non-classical CAH due to the diagnosis of another family member and consequent testing.
However, most women with non-classical CAH seek medical assistance when they experience symptoms of andro-
gen excess and, when clinical suspicion prompts testing, elevated basal 17-OH progesterone levels may primarily
point to the diagnosis of non-classical CAH. A case of a non-classical form of the disease which manifested itself
in infertility is given. Pregnancy occurred after 4 months treatment with prednisolone (5 mg/day).

Keywords: non-classical congenital adrenal hyperplasia; diagnosis; pregnancy; treatment; clinical case

Introduction

Congenital adrenal hyperplasia (CAH) is a group of auto-
somal recessive disorders affecting cortisol biosynthesis that
lead to the biochemical steps of production of glucocorti-
coids, mineralocorticoids, or sex steroids from cholesterol
by the adrenal glands [1]. Most of these diseases involve the
excessive or deficient production of sex steroids that can alter
the development of primary or secondary sex characteristics
in some affected infants, children, or adults [2]. Sometimes,
deficient production of mineralocorticoids can lead to severe
salt-wasting, increasing neonatal morbidity, and mortality.
Universal newborn screening for CAH is recommended for
early diagnosis and institution of therapy [3].

Reduced activity of an enzyme required for cortisol pro-
duction leads to chronic overstimulation of the adrenal cor-
tex and accumulation of precursors proximal to the blocked
enzymatic step. The most common form of CAH is caused
by steroid 21-hydroxylase deficiency due to mutations in
CYP21A2. Numerous new developments include more de-
tailed understanding of steroidogenic pathways, refinements
in neonatal screening, improved diagnostic measurements
utilizing chromatography and mass spectrometry coupled
with steroid profiling, and improved genotyping methods.
Clinical trials of alternative medications and modes of deli-
very have been recently completed or are under way. Genetic
and cell-based treatments are being explored. A large body of
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data concerning long-term outcomes in patients affected by
CAH, including psychosexual well-being, has been enhanced
by the establishment of disease registries [2].

The clinical features associated with each disorder of
adrenal steroidogenesis represent a clinical spectrum that
reflect the consequences of the specific mutations. Treat-
ment goals include normal linear growth velocity and “on-
time” puberty in affected children. For adolescent and adult
women, treatment goals include regularization of menses,
prevention of progression of hirsutism, and preservation of
fertility. For adolescent and adult men, prevention and early
treatment of testicular adrenal rest tumors is beneficial [4, 5].

Clinical case

We report the case of a 25-year-old women height
170 cm, BMI — 24 kg/m?. Sent by a gynecologist about in-
fertility, married for two years. Menstruation since 14 years
of age according to the type of 24/7 days. Physical develop-
ment corresponds to age, successfully completed 11 classes.
Objective status is without abnormalities. The thyroid gland
is not palpated. Blood pressure — 110/65 mm Hg. The skin
and visible mucous membranes are pale pink. On the upper
lip there is blonde fuzzy hair, individual hairs on the chin
and sparse hair on the shoulders and along the midline of the
abdomen, thighs. The mother of the patient has moderate
hirsutism, there was miscarriage during the first pregnancy.

Gynecological consultation: primary infertility. Sexual
hair growth occupies the entire suprapubic area. The clitoris
is somewhat enlarged, the labia minora are underdeveloped.
Internal genital organs are developed normally. The nipples
of the mammary glands with a diameter of 1.5 cm are pig-
mented, slightly pigmented areolas and micromastia stand
out around them.

Thyroid function analysis presented that the thy-
roid-stimulating hormone (TSH) level was 4.5 pIU/ml (nor-
mal range 0.5—4.5 ulU/ml). Other hormonal tests demon-
strated that the adrenocorticotropic hormone (ACTH) level
was 69.8 pg/ml (normal range 8.3—57.8 pg/ml), free testos-
terone level was 2.5 ng/dl (normal range 0.70—1.48 ng/ml),
the prolactin level was 15.1 ng/ml (normal range 2.58—
18.2 ng/ml). The patient’s cortisol level was 4.7 pg/dl (nor-
mal range 6.7—22.6 pug/ml), the androstenedione level was
4.6 ng/ml (normal range 0.3—3.3 ng/ml), the dehydro-
epiandrosterone sulfate (DHEAS) level was 720.3 pg/dl
(normal range 95.8—511.7 pg/dl), the 17-OH progesterone
level was 22.4 ng/ml (normal range < 2.0 ng/ml).

Consequently, a decrease in blood cortisol level, an
increase in ACTH, free testosterone, androstenedione,
DHEAS and 17-OH progesterone levels are characteris-
tic of adrenal hyperandrogenism. Laboratory indicators of
21-hydroxylase deficiency may not go beyond the reference
values, with the exception of 17-OH progesterone, which is
considered a marker of deficiency of this enzyme: its blood
content of > 100 ng/ml indicates the classic version of CAH
(normally < 2.0 ng/ml), and a level of 10—100 ng/ml con-
firms the diagnosis of CAH [6, 7].

The ultrasound examination of the internal organs of the
female genitourinary system visualizes such conditions: ova-
ries up to 6 cm?, oval shape, protein lining is not thickened,
the echogenicity of the stroma is normal, the follicles are

placed randomly, up to 5 mm in diameter, varying degrees of
maturity. The uterus is underdeveloped. CT demonstrated
moderate bilateral hyperplasia.

Clinical diagnosis: non-classical congenital adrenal hy-
perplasia, primary infertility.

Ultrasound of the internal genital organs and CT of the
adrenal glands confirm the diagnosis.

Treatment of the classic forms of congenital adrenal hy-
perplasia due to 21-OH deficiency is based on two pillars: the
first is glucocorticoid and mineralocorticoid replacement and
the second is androgen control [5, 6].

The requirements and effects of glucocorticoid replace-
ment therapy and androgen concentrations vary depending
on patients’ age. The recommended glucocorticoid in in-
fants, children, and adolescents (until final height has been
reached) is hydrocortisone, which minimizes the negative
effects of treatment on growth. Hydrocortisone prepara-
tions used for children are tablets or extemporaneous cap-
sules prepared to provide low doses [7, 8]. New therapies
for congenital adrenal hyperplasia seek to diminish the daily
requirement of glucocorticoids by optimizing the pharma-
cokinetics of glucocorticoid replacement or reducing hy-
perandrogenism, independent of the suppressive effect of
glucocorticoids on adrenocorticotropic hormone [5].

Reduced fertility and adverse pregnancy outcomes have
been reported [9, 10], such as an increase in the number of
children being small for gestational age or with congenital
anomalies born to mothers with classic congenital adre-
nal hyperplasia. Primary caesarean deliveries are common
among women with congenital adrenal hyperplasia, because
genital virilization or previous genital surgery might com-
plicate vaginal delivery. Genital surgery and the associated
psychological burden might negatively affect sexual life, body
image, and self-confidence. The imbalance of steroid hor-
mones due to congenital adrenal hyperplasia causes men-
strual disturbances in up to 30—60 % of female patients not
on contraceptives.

In case the woman is not interested in pregnancy, and
the main complaints are hirsutism, pustular skin rash or ir-
regular periods, oral contraceptives are recommended. In
asymptomatic nonpregnant individuals with non-classical
congenital adrenal hyperplasia we recommend against glu-
cocorticoid treatment [1].

Our patient received glucocorticoid replacement therapy
(prednisolone 5 mg) in the morning. In women with non-clas-
sical congenital adrenal hyperplasia who are infertile or have
a history of prior miscarriage, we recommend treatment with
glucocorticoid that does not traverse the placenta [6].

With the onset of pregnancy, the dosage of prednisolone
is the same (5 mg/day). Blood level control of 17-OH pro-
gesterone was carried out every month.

Clinicians should evaluate the need for an increase in
glucocorticoid during the second or third trimester and
administer stress doses of glucocorticoids during labor and
delivery [8, 10]. It should be borne in mind that in such cases,
with the onset of labor, it is recommended to prescribe hy-
drocortisone. After childbirth, the question of further treat-
ment tactics will be resolved. In patients with non-classical
congenital adrenal hyperplasia, we suggest hydrocortisone
stress dosing for major surgery, trauma, or childbirth only if
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a patient has a suboptimal cortisol response to cosyntropin
or iatrogenic adrenal suppression [1].

Non-classical congenital adrenal hyperplasia is consi-
dered to be a common monogenic inherited disease, with
an incidence range from 1 : 500 to 1 : 100 births worldwide.
However, despite the high incidence, there is a low geno-
type-phenotype correlation, which explains why non-clas-
sical congenital adrenal hyperplasia diagnosis is usually de-
layed or even never carried out, since many patients remain
asymptomatic or are misdiagnosed as suffering from other
hyperandrogenic disorders. For affected adolescent and adult
women, it is crucial to investigate any suspicion of non-clas-
sical congenital adrenal hyperplasia and determine a firm
and accurate diagnosis [11].

Conclusions

A case of a non-classical congenital adrenal hyperplasia,
which manifested as infertility, is given. Pregnancy occurred
as a result of prednisolone treatment. In the future, it is im-
portant genetically consultation future parents with clinical
manifestations of hyperandrogenism to assess the possible
development of a similar pathology in their offspring. We
recommend that screening laboratories employ a second-tier
screen by liquid chromatography-tandem mass spectrometry
in preference to all other (e.g., genotyping) to improve the
positive predictive value of congenital adrenal hyperplasia
screening. We advise that research protocols for prenatal
therapy include genetic screening for Y-chromosomal DNA
in maternal blood to exclude male fetuses from potential
treatment groups.
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2 YepHiBeLibkii OGAQCHMA EHAOKDPUHOAOTIYHA LIeHTP, M. YepHisLy, YkpaiHa

HekAacUuYHa BPOAKEHA rinepnAasis HOAAHUPKOBUX 3CAO3.
KAiHiYHMI BUNOAOK

Pe3tome. Bpokena rinepriiasis HaIHUPKOBKX 3aJ103 — 1€ aBTO-
COMHO-peLIECUBHE 3aXBOPIOBAHHSI, 1110 BAHUKAE BHACIIIIOK MyTa-
1iii TeHiB (pepMEHTIB, SIKi MPU3BOASTH 10 OIOXiMIYHUX TTOPYILIEHb

CUHTE3y IIIOKOKOPTUKOIIiB, MiHEPaTOKOPTUKOI/IiB 00 CTaTeBUX
CTEpOIiB i3 XoJIeCTepUHY B HAAHMPKOBUX 3aJ103aX. YHiBepcalb-
HUI CKPUHIHT HOBOHAPOIXKEHUX Ha BPOMXKEHY TinepIiiasiio Haf-
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HUPKOBUX 3aJ103 PEKOMEHI0BAHUI JJII paHHbOI AIaTHOCTUKU Ta
Mpu3HaYeHHs Teparii. PO3BUTOK BpoaKeHOI Tinepruiasii HaqHUp-
KOBUX 3aJ103 3yMoBJIeHuii nedekrom reHa CYP21, akuit konye
depmeHT 21 -Tinpokcuiasy, 1o 6epe y9acTb y CHHTE31 KOPTU3OITY.
Lle mpu3BOAUTD M0 MiABUILEHHS CEKPELii aapeHOKOPTUKOTPOTI-
HOTO TOPMOHY i HAKOMUYEHHS MOTMEPEeIHUKIB KOPTU30IY, 1110
MEepPEeTBOPIOIOTHCS B aHAPOTeHHU, 3 PO3BUTKOM KJIaCUYHOI (hopMuU
3axBoptoBaHHs. [1pu Toukosiit mytanii rena CYP21 BuHukae
HeTMoBHMI nedeKT dhepMeHTy 21-rizpokcuiasu, o 00yMOBIIOE
HeBUpaXeHe MOPYILIEHHS CTePOiNoreHe3y B HalHUPKOBUX 3aJ10-
3ax i3 PO3BUTKOM HEKJIACMYHOI (hOpMU BPOIXKEHOI Tinepriiasii
HaTHUPKOBUX 3aJ103, SIKa TPATUISIEThCS yacTimie. [1pu mibomy Kiti-
HiYHiI CUMIITOMU CTEPTi, CIIOCTEPIraloThCsl MOMipHUIA TipCYyTU3M,
BYJIbrapHi Byrpu, 6e3miinas. Kinacuuny ¢hopmy 3aXBOproBaHHS
NiaTHOCTYIOTh MTPU HapOXKEHHi 200 B Iepiof HOBOHAPOIKEHOCTI
10 30BHIIIIHIX CTATEeBUX OpTaHax MMPOMIXXHOTO TUITY Ta/ab0 CUMII-
TOMax BTPaTHU coJii 200 3a TOMOMOTOI0 MPOrpaM CKPUHIHTY, 110
3aCTOCOBYIOTHCS B AesIKMX KpaiHaX. [TopiBHSIHO 3 1IMM OiJIBbIIICTh

BUITAJIKiB HEKJIACUYHOI BPOIKEHOI TinepIiia3ii HaIHUPKOBUX 3a-
JI03 BUSIBUTU He mpocTo. KpiM Toro, 6ararto Joaei 3a1uiaiTbes
0€3CMMIITOMHUMM B TMTUHCTBI Ta IMiJUTITKOBOMY Billi, MalOTh HOP-
MaJIbHY PeNPOLYKTUBHY (DYHKILIIO i 1i3HAIOTHCS TIPO HEKITACUUHY
BPOJIKEHY Tinepruiasito HAAHUPKOBUX 37103, JTUIIIE KOJU XBOPOOY
NiaTHOCTYIOTh B iHIIIOTO YJieHa CiM’1 Ta TPOBOASITH MOAAJIbIIIE TEC-
TyBaHHS. OHAK OUTBLIICTD KiHOK i3 HEKJIACUYHOIO BPOIKEHOIO
rineprurazieto HATHUPKOBUX 3aJ103 3BEPTAIOTHCS TI0 MEIUIHY J10O-
TMOMOTY, BiT4yBalOYM CUMIITOMM HAJIMIIKY aHAporeHiB. Komau
KJIiHIYHa MiZo3pa CMOHYKA€E 10 OOCTeXKeHHSI, MiABUIIEHHS Oa-
3aJIbHUX piBHiB 17-OH nporecrepoHy HacaMIiepea Moxe BKazaTh
Ha JiarHO3 HEeKJIACUMYHOI BPOKEHOI Tinepriasii HaITHUPKOBUX
3a103. HaBeneHo BumMagoK HeKJIacMUYHOI (hOPMU 3aXBOPIOBAHHS,
110 MposiBUIacs Oe3rutiasiM. BariTHicTb HacTana yepes 4 micsii
JIIKyBaHHSI TIPEIHI30JI0HOM (5 MT/100Yy).

KirouoBi c10Ba: HexkacuuHa BpoIKeHA TilepIuiasis HagHUp-
KOBHUX 3aJI03; MiarHOCTHUKA; BariTHICTh; JIKyBaHHS; KIIHIYHUNI
BUIAZ0K
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B ineHTUDIKYE QHTUTEHM ATUMOBMX KIITUH | POPMYE MOTYXKHY
QHTUreH-crneundiuHy TPOTUNYXIMHHY IMyHHY BiLNOBib

Propesum

NPOMEC®

PO34MH ANA iH eKUi

B [10€ NOYATOK OKTMBALT MPOTUIHGEKLIHHOIO KNITMHHOTO
i FYMOPQILHOrO IMYHITETY

W 3HMLLYE NATOrEHMU, PEKPYTYE MAKpOdAru i aKTUBYE
barounTos, 3ynuHse pennikauiio Bipycis

10 amnyn 1o7 11| 35071310711

MPOMEC® - npenapaT ans WiNecnpsMoBAHOI | PALOHANbHOT Tepanii  3M0SKICHMX HOBOYTBOPEHS,
NepenpakoBMX CTAHIB, XPOHIYHUX iHPEKLiM T BTOPUHHMX iMyHogediumTis. PerynstopHi nentmuam [Nponecy —
a-gedpeHcuHu i B-nedpeHCMHU — B3AEMOIIOTL 3 HEIMYHOrEHHUMU BPArMEHTAMM QHTUIEHIB ATUMOBUX KIITUH,
NepeTBOPIOIOYM iX HA IMyHOreHHi. B peaynbTaTti nyxnmMHa cTae Bpasnueoto ans iMyHHOT cuctemu. ledeHcrHu
3HMLLYIOTE iHQEKUIMHI NMATOreHn i OQHOYACHO iHAYKYIOTh NpPonidepauito iIMyHOKOMNETEHTHMX KIITUH —
CD4 i CD8. Y pasi 6yab-sikoi Hebesnekn iMyHHA CUCTEMA BYACHO OTPUMYE 3[ATHICTb OPraHi3yBATH MOTYXHY
aHTUreH-cneundiyHy NPOTHAIID Y BiANOBIAb.
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IHOJIAMAPEPTUH

(inflamafertin)  Bidnob.renns penpodyksinbroio 300pob s

3anobirae po3BUTKY XPOHIYHOIO 3ananeHHs
Ta YTBOPEHHIO cnaiok ———

Inflamafertinum pro injectionibus

3HULLYyE NaToreHn, Nocunoe epekTUBHICTb IH(pnaMa(pep'rMH
€TIOTPOoNHOI Tepanii —— Po————

10 amnyn no 2 un @ I

5 Wy

cnpusie BiAHOBNEHHIO

MOLLIKOMXKEHOro eHaoMeTpIs

Cknapa;: pitova peuoBuHa: 1 MA1 PO3UMHY MICTUTL He MeHwWe 5 Mr iHpaamadepTuHy (perynmopnmx NenTMAiB, OTPUMAHWX i3 NNALEHTAPHOI TKAHUHY BEMKOT poraToi xynobu); AOMOMIXHI PEHOBMHM: HATPIlO XN0PHA, BOAA ANA iH i, xIHoson Nikapcbka
dopma. PosunH Aans iHEKLN. rpyna. ImyHocr ATX LO3A X. Nikapcbkuit 3acib mae Aio: 3paTHICTb &

0BONOHOK i KPOBI, MOCU/IIOE CUHTE3 NPOTM3aNaNbHIUX LMTOKIHIB, BNAMBAE Ha perynmopny AKTUBHICTb CY it Mpy ayToil a6o X 3MeHUUIye NPOABM iMyHO3a/IEXHOTO 3ananerHs, 36inblye
KiNbKicTb CDA4+/25+- Ta CD8+/25+-KNiTWH, 0c06/11BO piBHﬁ IL-ID Yy cMpoBaTLi Kposi. Mpenapat mae 3HauHy np Ta VB Y Qito, 3MEHLIYE IHTEHCUBHICTb AECTPYKTUBHMX, iHA Ta NPOLECis y BOrHML
n npouecy enitenisauji, p p 7 npouecy. ABULL HABPAKY Ta CNANKOY, PO3BUTKY TPYGHDTO 6e3nninan. 3a BNAMBOM Ha nponipepatnsHy

Ta Pazy cyTTeBO ekcrpan i o = i per p nenmms, 4acTka 3 AKMX MPUCYTHA BIAhHOMV CTaki abo y BUNAA| BUCOKOMONEKYNIAPHUX
6inKis-nonepeAHNKIB B OPraHismi 1KANHY Ta TBAPYH, TOMY BUBYEHHA ¢apmakomnemwmx BIACTUBOCTE! He € KniniaHi n Ta p AKOTO € XPOHIYHi 3ana/bHi
3aXBOPIOBaHHA (CabNIHTT, 00hopuT, b canbniHrood ), @ TaKoX BKa3aHWX NATONOMNHMX CTaHiB, WO BUHMKaIOTb NicnA aboprie. MpodinakTuka Ta Tepania cnaikosoro npouecy nicas onepaum Ha opraHax masnoro Tasa.
JlikyBaHHA NoYaTKOBMX CTagiii ayToi CUCTEMHIUX , 30Kpema iTa apTpuTy. BaTH Y Tepanii , B OCHOBI AKNX € 3 i
iHAVBiAYa/bHa YyT/MBICTb 40 KOMMOKEHTIB Npenapaty. focTpi iHdeKuii, HaRBHiCTb B i aneprii go 6inkis. ifl 3 iHWMMM N Ta iHwi BuaM . MoaHoi i He cnocrepiranocs. Oco6ansoci

epes y T anepridHux peakwyiit nikapcokuii 3aci6 cnig 3 i ocobam, B i AKWX € BIAOMOCTI NPO CXMAbHICTb A0 aneprii Ha TBapUHHI Ginki. Basake MOHITOpHe imyHonoriuHe

npu niky i y nepiog iabo TpyAA. I'Ipenapa'r NPOTUMOKa3aHO 3aCTOCOBYBATM XKiHKaM y NepioA BariTHOCTi abo roayBaHHs I'pVAClK) 30aTHICTb BNAMBATU Ha WBMAKICTL
peakuji npy KepyBaHHi aBTOTpaHCI‘IDpTDM a60 iHwnmm i KniHiuHi He BUABU/IM BN/IMBY NPENapaTy Ha 34aTHICTL Kepy aBT0 abo 13 iHWKMM ocil Ta posu. Mpenapat
BBOATY AOPOC/M BHYTPILUIHBOM A3080 10 2 MA (1 amnyna) Yepes AeHb. YCboro Ha Kypc nikysaHHA — 10 i’ exyiid. Mpu ay niCAA KOKHNX 5 muaennux iH'eKLiii pobuTh 1-2-TinkHesi nepepai.
3iHTepBanom 8 1 MicALL MOXHa NOBTOPMTY KinbKa KypCiB. AiT. [l0CBIA 3acToCYBaHHA ATTAM BIACYTHIY, TOMY NPeNapar He C/iA 33CTOCOBYBaTM y NeAiaTpUuHil npakTiuj. Bunagku y He Mobiu
peaxuji. Hait wo cnocrepi nicna 3—4-i iW'ekui, € 3MiHM B MiClYi BBEARHHS, BKAIOYaIOUM rinepemilo, HaBpaK, cBep6iX, AKi NOB'A3yIOTL 3 edexTom y yepes p p peauyiii.
Y patypu Ao i, a came — 37-37,2 °C. LLi peaKuii He BUMaratoTh cnewianbHoro nIKyBEHHR 0fiHaK KO/IM BOHM Crip! b baxaHo i Ha 3-5 aHis,
NoTiM Kypc 3aKiH4MTL. Taka nepepBa He BN/IMBAE Ha i Micna ycl NoBiyHi peakLjii MMHaIoTb cami no cobi npoTarom 2—5 AHis. B 0Ci6 i3 NiABULLEHOIO riNepUyTAMBICTIO MOXAMBI anepriyxi peakLii. Tepmin
npuaaTHocti. 2 pokw. Ymosm 36epiraHus. 36epiratv B opuriHanbHilt ynakosui npu Temnepatypi sig +2 °C Ao 18°C Y HeAOCTYNHOMY AnA AiTeit micui. He 3amopoxysaTv! HecymicHicTb. HecymicHicTb He BuABneHa. He 3miwysati 8 oaHOMY winpuui
3 iHWKUMK NliKapcbkumm 3acobamu. Ynakoska. Mo 2 ma 8 amnynax Ne 10 y 1 Kopobu 3 in BiANYCKy. 3a
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