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Ha mouatky tpaBHsg 2026 poky cronuus Yexii crana
CIIPaBXHIM eIiLIEeHTPOM €HIOKPMUHOJOTII, IPUNHIBIIN
European Congress of Endocrinology (ECE 2026). Hayko-
BUII (popyM opraHizyBajio €Bponeiicbke TOBapHUCTBO
3 enmokpuHoorii. ®opym ECE 2026 3i6paB npoBinHux da-
XiBLiB 3 ycboro cBity. [Tonan 4500 neneraTiB B3siid y4acThb
y LIbOMY 3axofi, mpeactaBHUKM 111 kpain €Bpornu, AMepu-
KM, A3il Ta ABCTpaJtii JOTYyYUIMCh A0 TUCKYCii BIPOIOBXK
poGotu KoHrpecy. [IpueMHO Bin3HauuTu, 1o 169 gereraris
3 YKpaiHM TIPeNCTaBIIsUIM BiTYM3HSIHY MEAUYHY CIIBHOTY
Ha MXKHApOIHOMY PiBHi.

OdiuiitHa HayKoBa MmporpamMa MicTuja 8 IieHapHUX
nexiiit, 16 cummo3siymis, 17 ceciit Meet the Expert, 3 cecii
nmebariB, 12 yCHUX IDOMOBIimeil, 8 JIeKIiil JaypeaTiB pi3HMX
MpeMiii, a TaKOX CHiIbHI cecii 3 MapTHEPCHbKUMU €HIIOKPU-
HOJIOTIYHUMU TOBAPUCTBAMM.

Iporpama ECE 2026 oxonuia mMUpoKe KOJO HATIPSIM-
KiB — Bif ¢pyHIaMeHTaJIbHOI HAYKH 10 KJIiHIYHOI TPaKTUKMN.
3HauHa YacTWHA JIOTIOBiel OyJia MpuCBsIYeHa MOJIEKYJISIp-

CropiHKa peAaKTOopa

Editor’s page
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HO-TE€HETUYHUM AocimkeHHsIM. HaykoBui posrisimanu,
SIK aHaJli3 TeHeTUYHMX MOJIIMOP(i3MiB Ta eIreHeTUIYHUX
MapKepiB MOXe JTOMOMOTITH MPOTHO3YBAaTU PU3UKU MeTa-
0O0JIIYHMX Ta aBTOIMYHHUX 3aXBOPIOBaHb 3aI0BI'0 10 MOSIBU
KJIiHiYHUX cuMIiToMiB. OKpeMi cecii CTocyBaiCsl paHHBOT
BepuiKallil MyxXJIMH IIUTOIOAIOHOI 321031, HAAHUPKOBUX
3aj103 Ta rirmodiza. Ha KoHrpeci 00roBopioBainch miaxonn
IO TOYHOI Ta CBOEYACHOT MiarHOCTUKMU, 110 JTO3BOJISIIOThH
YHUKATU HAAMiIpHUX XipypTiuyHUX BTpyYaHb Ha KOPUCTh
opraHo36epirarounx crpateriii. [Llnpoky yBary mpuBepHyia
rjaeHapHa Jjiekuist mpogecopa Lotte Bjerre Knudsen (danist)
Ha Temy «[J1tokaroHomnoaioHuii nentua-1 i He TIbKU: Te-
parist HaCTYITHOTO ITOKOJIiHHS JUTS JTIKyBaHHS OKUPiHHS Ta
MeTabOoIiuHUX 3aXBOPIOBAHb».

[TpoBinHi KJIiHiLMCTU 0OrOBOPIOBAIM HEOOXiAHICTH
PO3BUTKY NpOodilaKTUYHUX ITiAXOAiB, paHHbOI JdiarHOC-
TUKW €HIOKPUHHUX MOPYIIEHb Ta BIPOBAKEHHS TOKa-
30BO1 MEIMIIMHU Y MOBCIKIEHHY MPaKTUKY. Pe3ynbratu
ECE 2026 migkpeciioioTh, 110 cydacHa eHIAOKPUHOJIOTIs
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DPYXa€EThCsl Y HAMPSIMKY IMTePCOHAJTi30BaHO1 Ta TIPEBEHTHUBHOI
MEIUIIMHY IUISIXOM Bill JIiKyBaHHsI BXKe HasiBHUX PO3JIajiiB
IO iX IMPOTHO3yBaHHS Ha MOJIEKY/ISIpHOMY piBHi. I nboka
JTabopaTopHa iHTerparlis, MOJCKYJIIpHO-TeHETUYHI TeCTH
Ta Mpo@iIaKTUYHI aJITOPUTMU MOCTYIOBO MTOBUHHI CTaTU
HEBiI’€MHOIO YaCTUHOIO KJIiHIYHOI MTPaKTUKU.

BitraHHg 3 [iBA€HHOT MoOpaBii,
A€ MaiXe Ha CaMOoMy KOPAOHI Yexii Ta ABCTpii
PO3TALLOBOHUN HEOTOTUYHUM 30MOK AeAHiue!

Lle xazkoBMii majai, sIKMii Bpaxkae CBOEIO apXiTeK-
TYpOIO aHIJIiChKOI TOTUKU, OAaraTOBiKOBOIO iCTOpi€IO Ta
BEJIMYHUM MapKoM. 3aMOK ITepekUB KiJlbKa IepedyaoB —
Bil cepelHbOBIYHOI (pOpTEL A0 PEHECAHCHOTO Najauy
(6amu3pko 1570 poky) Ta pO3KIIIHOI pe3naeHIlil B CTUIIL
6apoxo HanpukiHui XVII cTositTsi. AXXypHi Bexi, pi3p0iie-
Hi IepeB’siHi CTiHM, pO3KIilllHi mapaaHi 3aJI1 Ta BATOHYEHi
dacanHi merai poOJIITh 3aMOK CXOXKXIM Ha IeKopallilo 10
IUBOBUXHOI Ka3Ku. Mpis BiaBigaTu 1ieil yapiBHUN Ky-
TOYOK B LIEHTPi €BPONM BUHMUKIIA 3 TOTO MOMEHTY, SIK
MoI Ipy3i TYyT nmoOyBanu i mokazanu Gpoto. | BpakeHHs
epeBepIIIIN croAiBaHHs! 3aMKK 11aM’SITalOTh CTOJITTS,
JIETCHIU i TUCSYi JIIOACHKUX iCTOpiil. Ajle cripaBXHIMU
BOHU CTalOTh TOAi, KOJIU iX OayaTk...

JlegHilbko- BanTuiibkuii KoMIuieke — IieieBp napko-
BOTO IU3aliHy B CTUJIi aHIVIIAChKUX JaHAIIa)THUX MapKiB.
Lle Hait6inpmmMii y €Bpori mapKoBUii KOMILJIEKC, 3aHece-
HUIi 10 crucky BeecBiTHBOI cnaamuan FOHECKO. [Mapk
OyB CTBOPEHMII MiX IBOMAa PEe3UICHIIISIMU IaHIiB 3 POIY
JlixreHmteliHiB — 3amkoM JlenHiue i 3aMKoM Banririe.
Jlunosa anest, 1ka mo OpsMiit 3’eIHY€E OBa 3aMKU, Ma€
TIOBXWUHY 7 KM.

JIiXTeHIITeTHN — ONWH 3 HaMCTapillluX TBOPSHCHKMIX
poniB LlenTpanbHoi €Bponu. [ToMUIKOBO BBaxatu, 110
iXHE pomOBe T'Hi3M0 3HAXOOUTHCS B AepKaBi iMeHI HUX ca-
mux — JlixreHireitH. PogoBuii 3amok Burg Liechtenstein,
BiJll IKOTO MOXOIUTD iXHE MPi3BUILIE, 3HAXOAUThCS Mmin Bin-
HeM. A OT HaOiIbIIIi pOAMHHI MaeTKU Oy/Iu came B Mopa-
Bii. 3a 700 pokiB JlixTeHIITeAHN TTOOYAyBalu TYT OAUH 3
HaWOUTBIINX IITYYHO CTBOPEHUX JaHAIA(THIX aHCaMOJIiB
y cBiTi. @aHTaCTUYHUIT «can €BpOK» — 1ie 283 KM> KOMIT-
sekcy Jlenqniie-BanTiue.

I noci TpuBae cynmoBa TSraHMHA MiX BJIaOI0 ACp>KaBU
JlixreHwureiin Ta Yexiero. Bnaga YexocnoBayunmHu Ha mij-
crasi nekpetiB EnBapna benera koHbickyBana HarpuKiHII
Jpyroi cBiTOBOI BiliHM 3eMJIi JIiXTEHINTEHIB, a caMi KHsI3i
GyJM orosoleHi KonaGopantamu. Mnetbest Maiixe rmpo aBi
TUCSYi KBaAPATHUX KiJIOMETPiB TEPUTOPii — MUIOILy, 110
OLIBII HIXX y IECITh pa3iB MEPeBUIIYE CyIacHY TEPUTOPIO
Nep>XaBU-KHS3iBCTBa. [cTOpMKHU, OlHAK, BBAXAIOTh, 110
JIOKa34 32 UMY 3BUHYBAaUYE€HHSIMU AOBOJI CylepewinBi,
apKe WIeHM ¢iM’1 He MOTpUMYBaIM HALIMCTIB i 3aXUIIAIN
espeiB. Llle onHMM i3 1OKa3iB Oysia BiICYTHICTb y WIEHIB
KHS$I13iBCbKOTO POy Y€XO0CI0BallbKOro rpoMansincTia. Le
NVBHA pid i HamiBIpaBaa, amke JIiXTEeHINTEHHN HIKOIW He
MOTJIM MaTU Y€XOCJIOBAlLIbKOTO TPOMAISIHCTBA, OCKIIbKHU
BOHU OyJIM BOJIOJAPSIMU HE3aJIEXKHOTO KHSI3iBCTBA.

3 no6axkaHHAM YuTavam N6UTU BigKpUBaTh
HOBi MicLs, 3yCTpiYaT¥ CBiTaHKX A JIOBUTU MOMEHTH,
SIKi Ha3aBXAu 3anuLuaTbcs B naM’aTi,

roJyIoBHUI pegakTop npoghecop,
yneH HayioHanbHOI cninku XypHanictie YkpaiHu
Bonogumup IeaHoBu4 lNMaHbkis M
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KapayeHues tO.1.72, [ornkanosa I.B.", Ay6osuik B.M.", l[oHyapoBa O.A."2,

ALwypos E.M.", lepacumeHko N.B.", MakeaoHckka B.O.’

T AY «HCTUTYT NPOoBAEM EHAOKPUHHOI naToorii imeHi B.51. AaHuaescekoro HAMH YikpaiHm», m. Xapkis, YkpaiHa
2 XQpKIBCbKMK HALIOHOAbHUA MEAVNYHWI YHIBEPCUTET, M. XQPKiB, YKpQiHQ

BNAMB XPOHIYHOrO CTpecy, NOB’a30HOro
3 OKTUBHUM 36PONHUM KOHPAIKTOM B YKPQATHi,
HQO CTOH iMYHiTeTy
Yy XBOPUX 3 ABTOIMYHHUM TUPEOIAUTOM

Pe3tome. AkTyanbHicTb. B yMoBax TpuBasioro BOEHHOro CTpecy B YKpaiHi 3pocTae yactora rncuxoemoLiviHux
posnagis, Lo MaroTb BUPAXEHWV BIJIMB Ha nepebir aBToIMyHHUX 3aXBOPIOBaHb. ABTOIMYHHWA Tupeoignt (AIT)
MOEHYE EHAOKPUHHY ANCQYHKLIIO 3 XPOHIYHUM IMYyHHUM 3ananeHHsIM, sike Yy T/IMBO pearye Ha CTpecoBi (hakTopu.
OgHak 0cob6mBOCTi 3MiH iMyHHOro ctatycy y xBopux Ha AlT 3a yMOB TpUBaioro BOEHHOIO CTPecy 3amLuaroTbCs
HepocTatHbo BuB4YeHUMU. MeTa BOCNIAXEHHS: BU3HAYUTU BIIJIMB TPUBAJIOrO BOEHHOIO CTPECY Ha MOKa3HUKU
IMyHHOro cTatycy y XBopux Ha aBTOIMYHHWI TUPEOoIANT 3 PiBHUM PIBHEM CUTYaTuBHOI TpuBoxXHocTi. Martepianu
Ta metogu. O6¢TexeHo nauieHTiB 3 AlT, siki MPOTSAroM HYoTUPLOX POKIB nepebyBasiv B yMOBax BOEHHOIO CTPECY .
XBopi 6ynun noginexi Ha Asi rpynn — i3 cepegHim (CP) ta Bucokum (BP) piBHem cutyatmnsHoi TpmsoxHocTi (CT);
KOHTPOJIbHY rpyry CTaHOBUIIN NPaKTUYHO 340POBI 0COOU 3 BUCOKMM PIBHEM TPUBOXHOCTI. Jocnigxysanu piBHI
CD3*, CD4+, CD8*, CD16*, CD22* nimgpoumTis, iHgekc imyHoperynayii (IPl = CD4*/CD8*) Ta TuTp aHTUTIN [o Tmpe-
oigHoi nepokcngasu (AT-TI10). Pesynbtatn. Y navieHtis 3 AlT BusiBneHo BiporigHe 3HmkeHHs1 CD3* | CD4* knituH
ropiBHSIHO 3 KOHTposnieM (p < 0,05). Y rpyni i3 cepenHim piBHEM TPUBOXHOCTI BiagMi4eHe 3HkeHHs1 CD8* i IPI, o
BKa3sye Ha CTpec-iHayKoBaHe rnpurHiYeHHs1 T-KAiTUHHOI naHku iMyHITeTy. PiBeHbs CD22* B-KiTUH 6yB HUXKYUM, HXK
Y KOHTPOJI, LLJO MOXe BigobpaxkaTu ix Mirpayito 4O TKaHUHU LUMTONogi6Hoi 3anosu. lNokasHuku CD16* (NK-KitnHm)
BiporigHo He BiapiaHanucs. [ligcyMoByoYm aHasnia Halumx JOCTigKeHb, MOXHA LifiT BUCHOBKY, LLJO aBTOIMYHHWUI
TUPEOIANT BUKITINKAE 3HA4YHO BirbLUe BipOrigHUX 3MiH y T-KIITMHHOMY iMyHITETI, HX cTpec. byno BusiBNeHo BiporigHe
3HWKEHHS KinibkocTi CD3*, CD4* Ta CD22* nopiBHSIHO 3 KOHTposieM B 060x rpynax 3 AlT. CTpec BuKkvkaB GinbLunii
BIfJCOTOK 3HVXXEHHS LUnX napameTpis Bif pehepeHTHuX 3HaqeHb y rpyni ia CT BP (CD3* — 17 %, CD4* — 42,5 %,
CD22* — 25,3 %) i ogHo4acHO CTuMYoBaB NiaBULLEHHS Bif pehepeHTHUX 3Ha4yeHb CD8* Ha 10,6 % i CD16* — Ha
12,8 %. BuCcHOBKU. XPpOHIYHUI TcuxoeMouiviHuii cTpec y xBopux Ha AlT cyrnpoBOAXYETbCS CYOKITIHIYHUM 3HUXEH-
Ham CD3*, CD4*, CD8* i CD22* knitnH ripu 36epexeHHi pisHis CD16* NK-kniTuH. OTpumMmaHi pe3ynbtatv caig4arb
rpo noegHaHwvi BriMB aBTOIMYHHOIO rnpoLyecy i TpBasioro CTpecy Ha IMyHHUI roMeoctas, Lo MOXe CripusiTy
fectaoinizayii nepebiry AlT 3a O[aTKOBOro HaBaHTaXXeHHSI.

Knro4oBi cnoBa: aBToiMyHHUI TUPeoianT; XPOHIYHWMI CTPEC; CUTyaTUBHA TPUBOXHICTL; CD3*; CD4*; CD8*;
CD16*; CD22*; NK-KniTuHn

Bctyn

ABtoiMmyHHUIt Tupeoinut (AIT) € HalimomupeHI UM
opraHocrennudivHuM aBTOIMyHHUM 3aXBOPIOBAHHSIM M-
TONOAIOHOI 3271031, IO CYNPOBOMKYETHCS CKIATHUMU
B3aEMOIiSIMU KJIITUHHOI'O Ta TYMOPaJAbHOI'O iMyHITETY
[1, 2]. KiirouoBMMM JTaHKaMU iMyHOTIATOTEHE3Y € MOPY-

meHHs y cyononynanisgx T-mimgouutis (CD4*, CD8"),
npupomHUX KinepiB (CD16%) i B-mimdomutis (CD22Y),
sIKi (bOPMYIOTh XpOHiUHE 3amajeHHs, JECTPYKIIiI0 TUPEO-
LIMTIB i MPOAYKYBaHHs aBTOAHTUTII [3—5]. Mapkepom
abconoTHOI O6inbinocTi 3pinux T-nimponurtie € CD3*
KJTIITUHU.

© «MixHapogHuit eHoKpuHonoriuHmii XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2026

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2026

[Ina kopecnonaeHuii: Tonkanosa IpuHa BceBonogisHa, KaHauaaT Gionoriunux Hayk, cTapLumii HayKoBWil CMiBPOGITHNK, BiaAin eHAOKpUHHOI Xipyprii, 1Y «IHCTUTYT Npo6nem eHAo0KpUHHOI natonorii
imeni B.fl. laHunescokoro HAMH Ykpaitu, Byn. Anuecokux, 10, m. Xapkis, 61002, Ykpaina; e-mail: gopkalova-ira@ukr.net; en.: +380 (99) 012-47-72

For correspondence:  Iryna Gopkalova, candidate of biological sciences, Senior Research Fellow, Department of Endocrine Surgery, V. Danilevsky Institute for Endocrine Pathology Problems of NAMSU,
Alchevskyh st., 10, Kharkiv, 61002, Ukraine; e-mail: gopkalova-ira@ukr.net; phone: +380 (99) 012-47-72

Full list of authors information is available at the end of the article.

8 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 22, N2 5, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

IIpoBinHY poJib Y KOOpAMHALIl iMyHHOI BilIIOBiAi mpu
AIT Bigirpatorb CD4" T-xennepu. ITicist akTuBaliii xearnep-
Hi (CD4") T-xiiTuHA MOXYTb OyTHU TOIIIEH] IITOHAMEHIIIe
Ha YOTUMPU OCHOBHI (DYHKIIIOHAJbHI MiATUIIA BiAIOBIIHO
10 CUHTE30BaHUX LIMTOKiHiB: cyonomnysiiio Thl (cipu-
sI€ pO3BUTKY KJIITUHHOI iIMYHHOI BilmoBini Ta akTuBaii
Makpodaris 3a yyacTi OCHOBHOTO IIMTOKiHY — iHTepdhepo-
HY V), cyonomyisiiio Th2 (3abe3reuye nmpoTumnapasutap-
HUK iMyHiTeT, perymtoe npoaykiuito IgE i Mmoxe cnpusatu
PO3BUTKY aJIepriuyHUX peakliiii, IepeBakKHO JTOKaTi3yEThCS
y TKaHuHax), cyononyssuio Th3 (T-xennepu 3, abo pery-
JngaTopHi T-xitituHM, Treg — roJIoBHI peryasaTopyu iMyHHOI
BiIMOBIMi, SIKi MPUTHIYYIOTh HAAMIpHY iIMyHHY peakliilo) Ta
cyononynsuito Th17 (6epyTh yyacTb y NpoTUiHGEKLITHUX
peaxiisx i marpuMaHHi aBTOIMYHHMX mpolieciB). Kiitnau
Th1 nponykytoTh dakTop Hekposy nyxiauHu 3 (TNF-f),
inrepdepon vy (IFN-y) ta intepaeiikin (IL) 2. Knitunu
Th2 cekpetytoth niepeBaxkHo 1L-4, IL-5, IL-6i IL-13, a
Th17 — IL-17 [4, 5].

IIpu AIT cmocrepiraetbcs 3cyB OanaHcy y 6ik Thl- i
Th17-Binnogini 3 rinepnpoaykuiero IFN-y ta IL-17, o cy-
TMPOBOKYETHCS 3HVKEHHSIM aKTUBHOCTI T-peryasaTopHux
nimponutis (Treg) [1, 3, 6]. Taki 3MiHUM MIACUITIOOTh aK-
TUBalil0 HUTOTOKCUYHUX CD8" KJIiTUH i CIpUSIOTH Tilep-
aKTMBAIlil TyMOpabHOI JJaHKM iMyHiTeTy. LluToTokcuuHi
niMbonutu (CD8) iHPiIbTPYIOTh TKAHUHY IIATOIOAIOHOL
3aJ103U Ta peali3yloTh MOLIKOIKEHHS TUPEOIIUTIB Yyepe3
Fas/FasL-curHanpHuii nuisx i cekpelito nepdoprHy Ta
rpaH3umis [4, 7].

CniBBigHomeHHss CD4"/CD8" (imyHOperyasiTopHUii
ingexc, IPI) BimoOpaxkae 6ananc mixk T-xennepamu (3 Map-
kepom CD4%) i nurotokcnuHumu T-kiaiTuHamu (3 Mapke-
pom CD8%). Y nepudepunuHiii KpoBi 310pOBUX JOPOCIUX
1Ie CITiBBiZHOIIIEHHSI CTAHOBUTH OJIM3BKO 2 : 1, TOMI K 3Ha-
YyeHHsT Hukve 3a 1 : 1 BKa3zye Ha ocjabieHy iMyHHY CUCTe-
My; HaBIIakH, ImigBuieHe croiBBimHomeHHs CD4*/CD8*
BiANOBigA€ MiABUILIEHI iIMyHHili aKTUBHOCTI Ta KOPEJIIOE 3
BUpPaXKEHICTIO rinmoTupeo3sy [3].

B ocranHi poku ocobauBa yBara npuaiisietbess CD16%,
HatypanbHuM KinepaM (NK-xmitnau). CD16 (FcyRIIT)
€ KJIIOYOBUM PELENTOPOM, 10 3a0e3Ieuy€e B3aEMOJi0
NK-kaiTuH 3 iMmyHoryio0yaiHamu kiacy G Ta peaiizailito
nuToTokcnuHux peakuiii. [Tpu AIT ueit mexaHizMm Gepe
y4acTh y TOLIKOJXXEHHI TUPEOLMTIB Yepe3 aHTUTIJIo3a-
JIEXHY KIIITUHHY IUTOTOKCUYHICcTh (ADCC). CyvacHi naHi
HiATBEpIKYIOTh, 110 TIpu AlT BpomkeHMiT iMyHITET aKTUB-
HO 3aJTy4a€ThCs 10 MaTOreHe3y 3axXxBoploBaHHs. BinzHaua-
€ThCA nUcOaTaHC IMyHHUX CYOITOMYJISIIIil, 30KpeMa 3MiHI
NK-KJIITHH, 110 CYyTTPOBOIXYETHCS MOCUIEHHSIM IIUTO-
TOKCUYHUX MEXaHi3MiB Ha paHHIX eTarnax 3aXBOPIOBaHHS
[1—2, 7]. BomHOYac ripu TpuBajioMy Tiepediry 3aXxBoproBaH-
HSI PO3BUBAETHCS (PEHOMEH iMyHHOTO BUCHAXKEHHS, 1110 Xa-
PaKTepU3YETHCS 3HMKEHHIM (DYHKIIIOHATbHOI aKTUBHOCTI
LIUTOTOKCUYHUX KJIITUH 3a BiIHOCHOI CTabiIbHOCTI IXHBOI
KinpKocTi. e minTBepmKye KOHILIeMIIio 1Boda3Hoi 3MiHN
NK-knitun npu AIT: Bin akrusaiii 1o GyHKIIiOHAJIBHOI
HemocTaTHOCTI [1, 7].

IctotHUM MoaudikyrounM (HaKTOPOM € XPOHIUHUIA
TMCUXOEMOLIIHUI cTpec, 0COOIMBO B YMOBaX BOEHHUX
niit. Mloro BInB peastizyeTbes uyepes rinoranaMo-rinodi-

3apHO-HATHUPHUKOBY BiCh, 1110 TIPU3BOIUTD 10 TPUBAIOL
rinepcekpelii rIIOKOKOPTUKOIIIB Ta MOAAIbIIOI iIMyHHOT
IUCpeTyJisiii. XpOHIYHUN CTpeC BUKJIMKAE MPUTHIYCHHS
KJIITUHHOTO iMYHITETY, 30KpeMa 3HWKEHHSI IMTOTOKCUYHOL
akTUBHOCTI NK-KJIiTUH, TTpU 1LIbOMY 1X KiJIbKiCHi TTOKa3HU -
KW MOXYTb 3aJIMIIATUCS B MexXax pehepeHCHUX 3HAYEeHb.
IlokazaHo, 1110 TpuBaJia CTpecoBa st IPU3BOAUTD 10 (hop-
MYBaHHSI CTaHy iMyHHOTO BUCHAaXEHHSI, 110 CYTTPOBOJIXKY-
€ThCS 3HMXEHHIM (DyHKIiOHaTbHOI akTuBHOCTI CD16%
KJIITUH Ta MOPYUIEHHSIM PEryJisilii IIMTOKIHOBOI BiAMOBIAl
[8,9].

Mounekyna CD22 € iHTriOyounM pelenTopoM, 1o eKc-
TMPECYETHCS Ha 3piux B-yiMbonuTax ta perysatoe Cuity Cur-
Hany yepe3 B-xiitunnuii peuentop (BCR). 3miHa piBHs
CD22* xiliTuH MOXe BimoOpaxkaTu sIK aKTuBalilo B-xiri-
TUHHOI JIJAHKM iMYHITETY, TaK i KOMIIEHCATOPHiI MeXaHi3MU1
imyHoperyJsiii. B-nimdonuru (CD22%) € neHTpalbHUMU
eJleMeHTaMU TYMOpPaJIbHOI JJAHKU iMyHHOI cuctemu. [1pu
AIT nopyuyetbes iHridyBanbHa pyHkuis CD22*, 1o npu-
3BOIUTH IO TinmepIpoaykiii aBToaHnTuTin (anti-TPO, anti-
Tg) i xpoHizauii 3anajbHoro mpotecy [9, 10].

OKCHUIATUBHUE CTPEC BU3HAHO BAXKJIUBUM MOJYJISITO-
poMm iMyHHoI Binnosigi npu AIT. ITinBuIeHHS TPOAYKIIiT
aKTUBHUX (OPM KUCHIO Ta 3HUXEHHS aKTUBHOCTI aHTU-
OKCHUJIAHTHUX (PepPMEHTIB aCOIIIOETLCS 3 TUCOATAHCOM MiXK
Th17/Treg i nocuneHHsIM nuToToKcMYHOCTI CD8* KIliTH
[11—15]. [TopymeHHs redox-romeocTasy TaKOX BIUIMBA€E Ha
IUTOTOKCHMYHY akTuBHicTh NK-kmitnn (CD16%) i akTuBa-
miro B-ximitua (CD22%), cTBOpIOI0YM YMOBU [IJIsI IIPOTPECY-
BaHHS aBTOIMYHHOTO 3arnajieHHs [16—18].

IIcuxoeMouiiiHi akTOopu, 30KpeMa CUTyaTHUBHA
TPUBOXHICTh, 3HAYHO MiJICUJIIOIOTH 3a3HaUeHIi TMpolie-
cu. XpOHIYHUI CTpec, MOB’I3aHUI 3 BOEHHUMMU MisSIMU,
TIPU3BOAUTH M0 aKTUBAIIil TirmoTajlamMo-TirmodizapHo-HamI-
HUPHUKOBOI OCi, TiNepnpoayKlilii KOPpTU30Jy Ta KaTeXo-
JIaMiHiB, 110 IHAYKY€E OKCUIATUBHUI cTpec i Moaudikye
iMyHHi peakuii [19]. ¥ xBopux Ha AIT, siki moHam 4oTUpHU
pOKU IepeOyBaloTh y CTaHi BOEHHOIO CTPECY, BUSIBJICHO
TMO3UTUBHI KOPEJIALii MixX piBHIMU CUTYaTUBHOI TPUBOX -
HocTi, aktuBauieo Th17 ra CD8" kiiTuH, 3HUXEHHIM
akTuBHOCTI NK-KJIiTUH i IMiABUIIEHHSIM TUTPiB aBTOAH-
tutin [20-26].

Taxum yrHOM, B3a€EMOisI CyOIOIMyJIsILiil TiMMOLIUTIB
(CD4", CD8", CD16%, CD22") 3 MapKepaMu OKCUIATHB-
HOI'O CTpecCy Ta MCcUuxoeMolUiiHUMU akTopaMu (popmye
€IMHY MaTOTeHETUYHY Mepexy. BuBUeHHS 3B’SI3KiB 1IUX
napaMmeTpiB y nauieHTiB 3 AIT, ski nepedyBaloTh y CTaHi
TPUBAJIOTO BOEHHOTO CTPECY, Ma€ BUCOKY aKTyaJbHICTh
IIJISE PO3YMiHHSI MEXaHi3MiB ITpOTpecyBaHHSI 3aXBOPIOBaH-
HSI Ta MOLIYKY HOBUX NiarHOCTUYHMX i TEPareBTUYHUX
TiIXOMIiB.

MeTta gochigKeHHsA: BU3HAYUTU BIUIMB XPOHIYHOTO
CTpecy, BUKJIIMKAHOTO TPUBAJINM aKTUBHUM 30pPOMHUM
KOHMIIIKTOM, Ha CTaH iMYHITeTy Y XBOPUX Ha aBTOIMYHHU I
THPEOIINT.

MarTtepiaau Ta meToamn

IMicnst mouaTtky mMpokomacmTabHOI pocilichbKoi
30poitHoi arpecii (2022—2026 pp.) B kiinini Y «ITTEIT
iMm. B.S. Jlanunescbkoro HAMH Yxkpainu» o0cTexxeHo

Tom 22, N2 5, 2026

www.mif-ua.com, https://iej-journal.com 9



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

84 xBopi Ha AIT Bikom 22—82 poku (52,28 £ 1,16) 3 Xap-
KoBa Ta XapkiBcbhkoi obj1acti. Lle yactuHa Ykpainu, sika Ha-
paXKaeTbCs HA BOEHHY arpecito IIOAHS, MaliKe ITSITh POKiB.
INanieHTaM NMpoBeIeHO OLIIHKY CUTYaTMBHOI TPUBOXKHOCTI
3a mkajnolo Crindeprepa (STAI) [27, 28]. CutyaTuBHa TpU-
BOXXHICTh BU3HaUaacs 3a hopMysom:

CT=(3,4,6,79 12, 13,14, 17, 18) —
—(1,2,5,8, 10, 11, 15, 16, 19, 20) + 50.

XBopux Ha AIT nonisieHo Ha ABi TPyIu:

— rpyna 1 — cepenHiit pieeHb TpuBoxHocTi (CT CP,
31—45 6anis, n = 37);

— rpyna 2 — Bucokuit piBeHb TpuBoxHOcTi (CT BP,
> 45 6aniB, n = 47).

XBopi Ha AIT y umx rpymax He Bimpi3HSIIMCS 32 BIKOM
(rpyma 1, AIT, CT CP — 52,40 &+ 12,76 poky, rpyna 2, AIT,
CT BP — 55,08 £ 9,99 poky, P =0,547).

KoHtponbHy rpyny (rpymna 3) craHoBuu 22 ocobu 6e3
CYITYTHiX 3axBOpioBaHb (54,68 + 11,29 poky).

J1J1st XapaKTepUCTUKY iIMyHHOTO TOMEOCTa3y BU3HAYAIN
BimHOCHi (%) piBHi CD3*, CD4*, CD8*, CD16" ta CD22*
3a IOMTOMOT0I0 €pUTPOLIMTAPHUX TiarHOCTUKYMIiB «AH-
™-CI3», «Autu-CI4», «AHTU-CJ18», «AHTU-C/16» Ta
«Antu-CI22» Bupoonuursa TOB «Jlabopartopis ['panym»
(M. XapkiB, Ykpaina). O0Jik pe3yJbTaTiB MPOBOIUBCS
3a JOIMOMOTOI0 KOMITO3UILiTHO-MOP(OI0riYyHOro aHai-
3y Ha CBITJIOBOMY MiKPOCKOIIi 3 iMepCilfHOIO CUCTEMOIO
Granum W 10 Bino (TOB «JIabopatopist 'panym», M. Xap-
KiB, YKpaiHa).

3a 1omoMorow iMyHO(EepMEHTHUX TeCT-HA0oPiB hipMu
«Xema» (KuiB) BuzHauanu piBHi TTT (TTI-1DA/TSH-
EIA (REF K201)), BinbHoro T3 (T3B-1DA/fT3-EIA (REF
K213)), BinbHoro T4 (T4B-1PA/fT4-EIA (REF K214)),
aHTuTiN Mo THpeonepokcuaasu (AT-TTIO; AT-TITO-1DA/
aTPO-EIA (REF K131)), koptuzony (I®A/Cortisol-EIA
(REF K210)).

Yci cTaTucTUYHI po3paxyHKU 3p00JIeHi i3 3aCTOCYBaH-
HsaM mporpamu Statistica 6.0, Copyright® StatSoft, Inc.
1984—2001, Serial number 31415926535897. Cratuctuu-
Ha BipOTiAHICTb OTPUMAaHUX pe3yabTaTiB BU3HAYaIacs 3a
JOTTOMOTOIO0 TTapaMeTPUIHOTO KPUTEPito TUCTIEPCITHOTO
aHanisy t (CtbiogeHTa). st onucy BUOIpOK 3aCTOCO-
BYBaJIi CepedHeE Ta cTaHAapTHe BimxuieHHs (M = SD).
BigMiHHOCTI BBaxkajncsl CTAaTUCTUYHO 3HAYYIIUMU 3a
p <0,05.

VY nocnimkeHHs Oyay BKIIOYEHI XBOPi HA aBTOIMYHHUA
TUPEOIAUT 3 KOMIIEHCOBAaHUM €yTUPEOITHUM CTaHOM, OJ-
Hak, xoua piBeHb TTI y rpyti i3 cMTYaTUBHOIO TPUBOXHi-
CTIO BUCOKOTO piBHSI OYB B iHTepBali pe(pepeHTHUX 3HAYeHb
(0,3—4,0 MMO/11), BiH 3anMIIaBCsI 3HAYHO BUILIKUM, HiX y

rpymi i3 CT cepemHboro piBHs. PiBeHb KOPTH30IIy Y LIUX
rpymax 0yB y Mexax Hopmu (140—600 HMONb/JT), BigMiH-
HOCTeIl y I0TO PiBHSIX MiX I'pyllaMU BUSBJICHO HE OyJIO.
CepenHe ta craHgapTHe BiaxuieHHs (M = SD) uux nmapa-
METpiB HaBeleHO B TaOI. 1.

PesyAbTaTH

Byno mocnimxeno piBenb AT-TIIO, a Takox moka3s-
nuku CD3*, CD4*, CD8*, CD16%, CD22" niMboLuTiB.
I'pynu AIT mopiBHIOBaIM MixX CO00I0 Ta 3 KOHTPOJIEM
(tabu. 1).

Pisenb AT-TII1O B 060X rpyax XBOpUX 3aJIMIIABCS Mill-
BUILEHNM (HOpMa < 35), IpOTe BipOTiZHO He BiIpi3HIBCS
yepe3 3HaYHY BapiabesIbHIiCTh JaHuX. OIHAK Y TpyIi XBOPUX
3 AIT Ta cepennim piBHeM CT nHu3bkuii pieabr AT-TI1IO
(mo 100 MO/mur) 6yB BusiBiieHuit y 54,1 % XBopux, TOMi SIK
y rpyti 3 Bucokum piBHeM CT — nume y 17 %. BogHouac
Bucokuii pieHb AT-TITO (> 400 MO/min) y rpynu i3 CT
CP 6yB nmuire y 13,5 % xBopux, a ipu CT BP — y 32 %.
Takum 4yMHOM, He3BaXkaloyu Ha Te, IO He OyJIo BUSIBIIE-
Ho BiporinHoi pi3Hui B piBHi AT-TTIO B cepeaHboMy 1o
rpynax 3 AIT, MoxHa OifiTM BUCHOBKY, 1110 aBTOIMyHHA
arpecis B 1113 Oysa GinbIn BUpaxkeHa IIpyU BUCOKOMY PiBHi
CUTYaTUBHOI TPUBOXHOCTI.

V¥ nanienri 3 AIT, ski nepedyBasii B yMoOBax BOEHHOTO
CTpecy MPOTIrOM YOTUPHOX POKiB, BUSIBIIEHO BipOTiIHi 3Mi-
HU CYOITOMYJISAIIii TiM(MOLUTIB MOPiBHSAHO 3 KOHTPOJIHHOIO
IPYIOI0 310POBUX OCi0 i3 BUCOKUM PiBHEM CUTYaTHBHOI
TPUBOXKHOCTI.

Tak, pisenb CD3" y miarpymi AIT i3 cepeaHiM piBHEM
CUTYaTMBHOI TPUBOXKXHOCTI OYB BipOTiIHO HMXYUM, HixX
y KoHTpodi (p < 0,05). OnHak auiie y rpyri 3 BUCOKUM
piBHeM CT 0Oy/10 BUSIBJICHO BUCHAXXEHHSI PE3epPBY 3pLIUX
T-nimbormmriB vy 17 % xBopux Ha AlT. Ix 3Hauenns CD3*
Oy HIKYMMU 3a pecdepeHTHUI inTepBai (50—80 %).

[Mokasznuku CD4" 6ynu 3amxeHumu sk y rpymi CT CP,
tak i y rpyni CT BP nopiBHsiHO 3 KoHTposieM (p < 0,05).
IIpu nupomy Bucokuii piBeHb CT BUKIMKAB 3MEHIIIEHHS
CD4" nxue Binm pedepeHTHIX 3HaYeHD (33—46 %) vy 42,5 %
xBopux 3 AIT, Toni sik mpu cepenHbomy piBHi CT 11eit mo-
Ka3HUK 3HU3UBCS uie y 18,9 % xBopux.

Pieenp CDS8" y nauientiB 3 AIT i CT CP 6yB Biporin-
Ho HykunM, HixX y rpymi CT BP ta y KoHTpoJbHIl rpyIti
(p <0,05). ¥ rpyni AIT i3 CT CP Tak camo 6yso BusiBie-
Ho y 10,8 % Bunankis 3meHiieHHs piBHst CD8* Hukue 3a
pedepenTtHi 3HaueHHs (17—30 %), ay rpyni 3 AIT i CT
BP — nmie y 2,1 % xBopux. OngHak y xBopux Ha AIT Ha
Tt BiporigHoro 3HmkeHHs CD8'y 5,4 % i3 CT CP110,6 %
i3 CT BP Bussieno miguiieHHs: CD8* Bin pedpepeHTHUX
3HAYeHb.

Tabnuys 1. FopmoHanbHUY cTatyc xBopux Ha AlT

lNMoka3Huk Npyna 1, n =37 Fpyna 2, n = 47 P
TTr, MMO/n 1,55 + 0,87 3,72 +2,89 0,010
T, BiNlbHWI, NMONbL/N 18,58 + 4,62 21,36 £ 9,97 0,341
T, BiNbHWIA, MIMONbL/N 3,72 +0,83 3,99 +1,18 0,494
KopTunzon, HMonb/n 388,26 + 162,96 351,00 + 150,26 0,537
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Ta6nmys 2. CraH imyHitety y xBopux Ha AlT 3anexHo Big piBHs cUTyaTUBHOI TPUBOXHOCTI
rnopiBHSAHO 3 rpynoto KoHTpon, Ml = SD

Moka3Huk lpyna1,n=37 Fpyna 2, n = 47 KoHTponb, n = 22 P
AT-TIMO (MO/mn) 195,15 + 207,49 282,65 + 229,39
o 100 (n = 20) 54,1 % (n=8)17,0 % P,,>0,05
Big 100 mo 200 (n=6) 16,2 % (n = 16) 34,0 % 5,83 = 2,35 P.. <005
Big 201 fo 400 (n=6) 16,2 % (n=8)17,0 % P,.<0,05
> 400 (n=5)13,5 % (n=15) 32,0 %
CD3* (50-80 %) 56,82 + 4,68 58,00 + 6,12 61,27 + 4,48 P,,> 0,05
<50 (N=0)0% (n=8)17,0 % (N=0)0% P,, <005
> 80 (n=0)0% (n=0)0% (n=0)0% P..>005
CD4* (33-46 %) 36,86 + 3,90 36,70 = 5,31 41,45 + 2,61 P,,> 0,05
<33 (n=7)18,9% (n = 20) 42,5% (N=0)0% P, <0.05
> 46 (n=0)0% (n=0)0% (n=0)0% P,.<0,05
CD8" (17-30 %) 22,20 + 5,02 24,94 + 513 26,00 + 2,94 P,,<0,05
<17 (n=4)10,8 % (n=1)2,1% (N=0)0% P,,<0,05
> 30 (N=2)54% (n=5)10,6 % (n=0)0% P,.> 0,05
CD16* (12-23 %) 17,14 £+ 5,34 19,03 + 3,64 18,27 + 3,61 P,,> 0,05
<12 (n=3)8,1% (n=4)85% (n=1)4,5% P..> 0,05
> 23 (n=4)10,8 % (n=6)12,8 % (n=1)4.5% P,.> 005
CD22+ (17-31 %) 22,20 + 5,25 21,52 + 522 25,22 + 3,19 P,,>0,05
<17 (n=4)10,8 % (n=12) 25,3 % (N=0)0% P.. <005
> 31 (n=0)0% (n=0)0% (n=0)0% P,,<0,05
. . P.,<0,05
'('13' fz':’g)/CDs ) 1,78 + 0,47 1,53+ 0,38 1,64 % 0,27 P >005
, , P,,> 0,05

[Mokaszuuku CD16* BiporinHUX BiIMiHHOCTEI MiX Tpy-
namu He manu (p > 0,05). OgHak mapaMeTpu HIKYE Bif
pedepeHTHUX 3HaYeHb OyJo BusBieHo y 8,1 % npu CT
CPray 8,5 % Bunanxis npu CT BP. Byno BusiBiieHo i min-
puieHHsg CD16" Big pedepenTHux 3HauyeHb. Y rpymi CT
CP — 10,8 % tay rpymi CT BP — 12,8 %.

Konuenrpauii CD22" y xBopux Ha AIT (He3amexxHO
Bi/l piBHSI TPMBOXHOCTI) OYJIM HUKYMMMU, HiXK Y KOHTPOJTI
(p < 0,05). Ipore yactka CD22" meHie Hix 17 %, To6TO
MeHIIe pedepeHTHUX 3HaueHb, Oyna y rpyni AIT 3 CT
BP y 25 % Bunazkis, a rpymni i3 CT CP — qume y 10 %
BUIIAIKIB.

O6roBopeHHs

XpoHIYHUI CTpec 3a3BUYail 3yMOBIIIOE TEHICHIIIIO 10
iMyHOIeMpecii, 110 MPOSIBIASIETHCS allOITO30M TUMOILIUTIB,
3MEHIIIEHHSIM 3arajibHO1 KiJTbKOCTi TiepudepuaHux JiMmdpo-
LUTIB i mepepo3noaijom cyornomnyasniii T- tTa B-kiiTuH.
OtpuMaHi pe3yJabTaT CBim4aTh, 1m0 y xBopux Ha AIT B ymo-
Bax TPUBAJIOTO IICUXOEMOLIMHOIO CTPECY CIOCTEPira€Thest
BiTHOCHE 3HMKEHHST OCHOBHUX T-JiM@ouuTapHuX CyoIio-
nynsuiit (CD3%, CD4), a Takox B-kiiTnHHOrO Mapkepa
CD22" nopiBHSIHO 3 KOHTPOJIbHOIO IPYIIOI0.

3amxeHHss CD3" B 000x rpynax xBopux 3 AIT cBiquuth
PO BUCHAXEHHS TyJ1y 3pinux T-nmimgonuris, a Toit daxr,
mo nipu CT BP y 17 % xBopux BiH OyB HUKYMM 3a pede-
PEHTHi 3HaYeHHS, JOBOIUTh KOMITJIEKCHUI BILIUB CTpECy
Ta AIT.

3MmeHmeHHs KisbkocTi CD4" B 060x rpymax AIT
MOPiBHSHO 3 KOHTpOJIEeM OiJIbIIOI0 MipoIo BimoOpaxae
BIUIMB aBTOIMYHHOTO IIpollecy (BOTHUIIEBA iH(IbTpaLIis

IIMUTOIONIOHOT 3aJ103M JiM(pOLIUTAMU 3 TepeMillleHHSIM
T- ta B-kjitTuH y TKaHuHy). BIiuB XxpoHi4yHOIO cTpecy
(AIT i3 CT BP) Ha nonynsauito CD4" kiiTuH y naHomy
BUITaKY MPOSIBUBCS OinbinuM Bizcorkom CD4" (42,5 %)
HMXKYe 3a pedpepeHTHI 3HaUYeHHs MOpiBHsSHO 3 18,9 %
npu CT CP. lle y3roakyeTbcst 3 JaHUMU, OTPUMAHUMU
Ha €KCIIePUMEHTAJIbHUX MOJEJSIX XPOHIYHOTO CTpecy, y
SIKMX BUSIBJIGHO 3MEHIIIeHHSI 3arajbHoro myny T-nimdo-
1uTiB, ocobnuBo CD4* cyomomymsii [1, 2]. ¥V kaiHidHuX
MOCTIIDKEHHSIX TaKOX BCTAHOBJIEHO, 11O TPUBOXHICTH
i nempecis acouiloloTbcs 3 aucbasaHcom T-KIiTUHHOL
JIAHKM iIMYHITeTY, BKIIOYHO 3i 3HmkeHHIM CD3* ta CD4*
[4, 8, 9].

Hurorokcuuni T-niMmpomutu (CD8") GepyTh y4acThb y
pyiiHyBaHHI THpeolMTiB. LlikaBoro 0cOOIMBICTIO CTaIO 3HN-
xkeHHs1 CD8" y minrpymi xBopux 3 AlIT i3 cepenHiMm piBHeM
CUTYaTUBHOI TPUBOXKHOCTI ITOPiBHSIHO SIK i3 MaLliEHTaMU 3
BUCOKMM PiBHEM TPUBOXHOCTI, TaK i 3 IPyNo0 KOHTPOJIIO
3 Bucokum cryrneHeM CT. 3umxenns CD8* moxe Oyt
3yMOBJIeHe XpOHIiYHNM nepebdirom AIT 3 BUCHaXKeHHSIM
IMyHHOI BiITOBii a00 3pyIIEHHSIMU B PETYISITOPHUX MeXa-
Hi3Max iMyHiTeTy (HarmpuKJai, mocuiaeHHs Treg-akTMBHOC-
i) [3, 4]. Le npusseno no nigsuineHHs IPI (CD4*/CDS8*)
y rpymi CT CP.

[Minpumenns CD8* y 10,6 % y rpymi AIT i3 CT BP
MOXe BimoOpaxkaTy aKTUBHY (Da3y aBTOIMyHHOTO 3arlaJIeHHS
Ta TIOB’sI3aHe 3 MMOCUJICHHSIM KIIITUHHOI iMyHHOI BiIMoOBimi
MIPOTH IIUTOIOAIOHOI 3a1031, CYIIPOBOIKYETHCS BipOTi-
HuM 3HUXkeHHsM [P1 (CD4*/CD8") nopiBHsSHO 3 rpymnoio
AIT i3 CT CP [7, 20]. CD16* (NK-kJ1iTUHUM) 3a3BUYai
IIBUIKO PearyrTh Ha TOCTPUIA CTPEC, MPOSIBISIOUN TUM-
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YacoBe IMiIBUIIEHHS aKTUBHOCTI, TOMi SIK IIPY XPOHIYHOMY
crpeci epekTH € MeHII nependadyyBaHUMU. BiacyTHicTh
BiporimHuX BigmiHHOCTe# 3a piBHeEM CD16" cBigunuTh Mpo
30€pekKeHHST IMTOTOKCUYHOTO MOTEHIiany JiM(OILUTIB.
OpHak HeoOXximHO BpaxoByBatu, 1110 CD 16" € auHaMivHUM
KOMITOHEHTOM iMYHHOI BixmoBimi mpu AIT. Ixui 3minu 3a-
JIeXKaTh SIK Bill CTalil 3aXBOPIOBAHHSI, TaK i Bill 30BHIilIHiX
CcTpecopHUX (paKTOPiB.

XpOHIUHUIT cTpec, MOB’SI3aHUI i3 BOEHHUMU YMO-
BaMU, MEPeBaXKHO MPU3BOIUTH OO0 3HMXKEHHS (PYHKIIiO-
HajbHOI akTUBHOCTI NK-KJIITUH, 1110 MOXe MacKyBaTH
a6o mommdikyBaTu iMmyHosoriuni nposisu AIT [19-26].
Lle BinmoBimae oTpyMaHUM HaAMU JAHUM TIPO 3HUKEHHS
CD16"y 8 % xBopux 3 AIT B 060x rpymnax. [TinBuieHHs
CD16" cnocTepiraerbest mpu akTuBHin ¢daszi AIT, npu
Bucokux tTutpax aHtTu-TI1O/antu-TI Ta npu nocuneHii
LIUTOTOKCUYHIN aKTUBHOCTI. ¥ HalIMX AOCIiAXEHHIX
e 6yJio BusiBiieHo B rpymnax xpopux 3 AIT npu CT CPy
10,8 % iy 12,8 % — npu CT BP. 1li nani cBiguats npo te,
o B cepenHboMy Y 8 % xBopux Ha AIT crioctepiraetbest
BUCcHaxeHHs momysiii CD16%, ay 10—12 % xBopux —
aKTUBallisl.

CD22" perynotoTh mopir aktuBauii B-nimdonuuris ta
3aro0iraloThb PO3BUTKY aBTOIMYHHUX peaKkiliii IIJIIXOM pe-
kpyryBaHHs1 SHP-1 Ta npurHiueHHsI BHYTPilTHbOKJIITHH -
Horo curHaiiHry [10]. EkcriepyMeHTabHi 1aHi MOKa3yloTh,
o nedimmt CD22* cynpoBOmKY€EThCS ITOCHIICHHIM B-Kiti-
TUHHOI aKTHUBAaLlil Ta PO3BUTKOM aBTOIMyHHMX (DEHOMEHIB
[29], 110 BKa3ye Ha iX KJIIOYOBY POJIb Y TATPUMIL iIMyHHOTO
romeocrtasy. OTpuMaHe HaMu 3HayHe 3HIKeHHsT CD22" B
000x rpymax xBopux Ha AIT y3romkyeTbcs 3 JTiTepaTypHUMU
nanumu [3, 10, 20, 21]. BriiuB XpoHi4yHOTO CTpecy y XBo-
pux Ha AIT i3 CT BP nposiBuBcs Bulow yactkoo CD22*
(25,3 %) nwxde Bim pedepeHTHUX 3HAYeHb, HixX Tipu CT
CP (10,8 %).

IlincymoBytoum aHaji3 HAIIMX OOCIiAXeHb, MOXHa
TiATU BUCHOBKY, IO aBTOIMyHHUU TUPEOIAUT BUKIU-
Ka€ 3HauyHO Oijblie BiporinHux 3MiH y T-KIiTMHHOMY
iMmyHiTeTi, HiX cTpec. Byno BusiBieHo BiporigHe 3HU-
KeHHs KinbkocTi CD3*, CD4* ta CD22" nopiBHSHO
3 KoHTpoJseM B 060ox rpymax 3 AIT. Ctpec BUKINKaB
OibIIMI BiICOTOK 3HMXXEHHS LIMX MapaMeTpiB Big pe-
depeHTHUX 3HaueHb y rpymi 3 CT BP (CD3" — 17 %,
CD4" — 42,5 %, CD22* — 25,3 %) i BogHOYac CTH-
MYJIIOBaB IiABUIIEHHS Bil pedepeHTHUX 3HaueHb CD8*
Ha 10,6 % i CD16* — Ha 12,8 %. TakuM YuHOM, BUSIBIIE-
Hi 3MiHU BigoOpakaloTb MOENHAHUI BIJIUB XPOHIYHOTO
TMCUXOEMOILIITHOTO CTpPeCcy Ta aBTOIMYHHOTO TIpoOIecy
Ha iIMyHHU# cTaTyc XBOpuUX. BOHM MOXYTh BKa3dyBaTu
Ha MPUXOBaHi MOPYLIEHHS iIMyHHOT'O F'OMeOCTa3y, sSKi
HaOyBalOTh KJIiHIYHOTO 3HAYEHHS 3a 1O0JaTKOBOTO Ha-
BaHTaxkeHHs (iHdeKIii, cynyTHi 3aXBOpIOBaHHS, iMy-
HOCYIIpeCUBHA Tepalris).

BucHoBKkMU

Y xBopux Ha AIT B yMOBax XpOHi4YHOTO MICUXOEMO-
LiIAHOTO CTPECY CIOCTEPIraeEThCs BiTHOCHE 3HUKEHHS OC-
HoBHUX T-nimdouurapHux cyononyssuiii (CD3*, CD4",
CD8"), a takox B-kiitunHoro mapkepa CD22" mopiBHsIHO
3 KOHTPOJIBHOIO TPYIIOIO.

Bucokwuii piBeHb CUTyaTUBHOI TPUBOXKHOCTI K y XBO-
pux Ha AIT, Tak i B KOHTpOJi 3yMoBJto€ 3HUXeHHsT [P
(CD4*/CD8") mopiBHSIHO 3 IPYMOIO i3 CepemaHiM piBHEM
TPUBOXXHOCTI BHACJIIOK aKTUBalii uToToKcMuHuX CD8™*
nimMdoruTis. e BinoOpaxkae cTpec-iHIyKOBaHe MPUTHiUYeH-
Hs1 T-KJTITUHHOI JTaHKU IMYHITETY.

3uuxeHHs CD22" B-xiiTuH y nepudepudHiii Kposi
xBopux 3 AIT migTBepmKye nepepo3mnonis B-kiitTnHHOTO
IMyJIy Ta IXHIO Mirpalito 10 TKAaHWHU IIUTOMOIi0HO1 3aJ1031,
110 Y3TOKYETHCS 3 MEXaHi3MaMU JIOKAJIbHOTO aBTOIMyHHO-
ro 3anaseHHs npu AlT.

36epexkenns piBHiB CD16" NK-KkJIiTHH CBITYUTE PO
CTa0UTBbHICTh IMTOTOKCUYHOTO Ta (DYHKIIOHAJILHOTO I10-
TeHIlialy iIMyHHUX KJIITUH y CTaHi TPUBAJIOTO XPOHIYHOTO
cTpecy.

BusiBiieHi KUTbKiCHI 3pylIeHHS BitoOpakaroTh CyOKITi-
HiYHi 3MiHM iIMyHHOTO TOMEOCTa3y, 1110 MOXYTb ITiIBUIIyBa-
TH pU3UK decTtabimizatii mepeodiry AIT mim mi€ro momaTkoBUX
CTpecoBuUX (aKTOPiB.

KondaikT inTepeciB. ABTOpU 3asBJISIIOTH ITPO BiICYTHICTh
KOHITIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alliKaBIeHO-
CTi IIPY MiATOTOBIL JAHOI CTATTi.

Buecok aBtopiB. Kapauenues I0.I. — ocTatouHe 3a-
TBepakeHHs cratTi; [onkanosa [.B. — aHani3 naHux, Biu-
MOBiJAJILHICTh 3a CTATUYHUIA aHasi3, HalTMCaHHS CTaTTi;
Jly6oBuk B.M. — koHuemnisg poOOTH Ta AM3aiiH, aHaJi3
naHux, KputuyHuit oryisin; FoHuapoBa O.A. — aHani3
naHux; AmrypoB E.M. — BuKoHaHHS 0iOXiMiYHUX DOCTi-
mxeHb; ['epacumenko JI.B., Makenonceka B.O. — 306ip
NaHUX.
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The impact of chronic stress associated with active armed conflict in Ukraine on the state
of immunity in patients with autoimmune thyroiditis

Abstract. Background. 1n the context of prolonged war-related
stress in Ukraine, the prevalence of psychoemotional disorders
has markedly increased, significantly influencing the course of
autoimmune diseases. Autoimmune thyroiditis (AIT) combines
endocrine dysfunction with chronic immune inflammation that is
highly sensitive to stress exposure. However, the immunological
consequences of long-term military stress in AIT patients remain
poorly understood. The purpose was to determine the effect of
prolonged war-induced stress on immune parameters in patients
with autoimmune thyroiditis with different levels of situational
anxiety. Materials and methods. Patients with AIT who had been
exposed to chronic military stress for four years were examined.
They were divided into two groups, with moderate and high le-
vels of situational anxiety. The control group included apparently
healthy individuals with high anxiety. Levels of CD3", CD4",
CD8*, CD16*, and CD22* lymphocytes, the immunoregulatory
index (IRl = CD4*/CD8") and anti-thyroid peroxidase antibodies
were analyzed. Results. Patients with AIT demonstrated a sig-
nificant decrease in CD3" and CD4" cells compared to controls
(p < 0.05). In the moderate anxiety group, CD8" levels and IRI

were reduced, suggesting stress-induced suppression of T-cell im-
munity. CD22" B-cell counts were lower than in controls, possibly
reflecting their migration into thyroid tissue. No significant diffe-
rences were observed in CD16 (NK-cells). Summarizing analysis
of our studies, we can conclude that autoimmune thyroiditis causes
more significant changes in T-cell immunity than stress. There was
a significant decrease in CD3*, CD4", and CD22" counts com-
pared to controls in both groups with AIT. Stress caused a greater
percentage of decreases in these parameters below reference values
in the group with high situational anxiety (CD3* — 17 %, CD4* —
42.5 %, CD22" — 25.3 %) and simultaneously stimulated an in-
crease in CD8" by 10.6 % and CD16" by 12.8 % above reference
values. Conclusions. Chronic psychoemotional stress in patients
with AIT is associated with a subclinical decrease in CD3*, CD4",
CDS8*, and CD22" while maintaining CD16" NK-cell levels. The
findings indicate a combined effect of autoimmune inflammation
and long-term stress on immune homeostasis, which may contri-
bute to AIT destabilization under additional adverse factors.
Keywords: autoimmune thyroiditis; chronic stress; situational
anxiety; CD3*; CD4*; CD8"; CD16%; CD22*; NK-cells
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Circulating asprosin as a biomarker
for glycemic progression
in systemic metabolic disorders

Abstract. Background. Metabolic syndrome is a cluster of conditions, including insulin resistance and central
obesity, that significantly increase the risk of cardiovascular disease and type 2 diabetes mellitus. Asprosin, a novel
fasting-induced adipokine, is implicated in glucose homeostasis and appetite regulation; however, its role across the
glycemic continuum in metabolic syndrome remains unclear. This study purposed to evaluate serum asprosin levels
in patients with metabolic syndrome stratified by glycemic status and to assess its diagnostic potential for identifying
dysglycemia. Materials and methods. A case-control study was conducted with 120 participants divided into four
groups: healthy controls, metabolic syndrome without diabetes, metabolic syndrome with prediabetes, and metabolic
syndrome with type 2 diabetes mellitus. Anthropometric data and biochemical indices (fasting glucose, glycated
hemoglobin, lipid profile, and HOMA-IR) were collected. Serum asprosin levels were quantified using enzyme-linked
immunosorbent assay. Statistical analyses included Kruskal-Wallis tests, Spearman’s correlations, and ROC curve
analyses. Results. Serum asprosin levels were significantly elevated in all metabolic syndrome cohorts compared
to controls (p < 0.001). Asprosin levels correlated positively with body mass index, waist circumference, fasting
glucose, HbA1c, HOMA-IR, and atherogenic lipids, and inversely correlated with high-density lipoprotein choleste-
rol. ROC analysis indicated strong diagnostic performance for metabolic syndrome in prediabetes (AUC = 0.863),
metabolic syndrome in type 2 diabetes mellitus (AUC = 0.839), and isolated metabolic syndrome (AUC = 0.807).
Conclusions. Elevated circulating asprosin levels are intrinsically linked to the progressive deterioration of glucose
homeostasis and adverse lipid profiles, positioning it as a promising predictive indicator for cardiometabolic risk
stratification and glycemic impairment.

Keywords: type 2 diabetes mellitus; adipokines; asprosin; insulin resistance; prediabetes; obesity

Introduction

Metabolic syndrome (MetS) is a complicated group of
metabolic disorders, primarily identified by insulin resistance
(IR), body system obesity, dyslipidemia, hyperglycemia, and
hypertension [1]. A distinct clinical-pathophysiological state,
MetS is a world-wide health problem and importantly in-
creases the risk for multiple chronic diseases including car-
diovascular disease (CVD), type 2 diabetes mellitus (T2DM)
and certain cancers. This specific syndrome has been asso-
ciated with an up to 50 % increase in cardiovascular-related
mortality when compared to individuals not affected by this
syndrome [2]. Given its estimated prevalence of around 20
to 30 % among the adult population worldwide, there is a
pressing demand for integrative research aimed at developing
new diagnostic biomarkers and enhancing our understanding
of MetS’ pathophysiological mechanisms |[3].

Adipose tissue acts as an active endocrine organ via the
secretion of adipokines, which are key mediators in a variety
of biological processes. Specific adipokines such as resistin
and leptin have been shown to negatively affect the periph-
eral tissue insulin signaling, especially in hepatic and ske-
letal muscle cells, resulting in insulin resistance [4]. On the
contrary, adiponectin plays a role in insulin sensitivity [5].
This dynamic equilibrium between the different adipokines
is believed to be critical for insulin homeostasis [6]. Aspro-
sin is a new adipokine, recently discovered by Romere and
co-workers [7]. This hormone is produced and secreted by
the adipocytes during fasting, generated from cleavage of the
C-terminal portion of profibrillin [8]. Ornithine depletes
asprosin and consumes its ability to rapidly stimulate hepa-
tic glucose output mediated by the G protein-cAMP-PKA
signaling cascade. Asprosin has been identified to act at the
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hepatic olfactory receptor, OLFR734, that mediates its action
on gluconeogenesis [9]. Using OLFR734-knockout mice
as experimental models, we observe a blunted response to
asprosin, marked by diminished cAMP accumulation, re-
duced hepatic glucose production, and variable but increased
systemic insulin sensitivity [ 10—12].

Elevated serum asprosin concentrations have been re-
ported in patients with metabolic syndromes. In addition,
several studies have investigated the association between cir-
culating asprosin levels and type 2 diabetes mellitus [10].
However, despite the expanding literature, there are still im-
portant gaps. Most previous studies have compared patients
with MetS or diabetes to healthy controls without specifically
examining glycemic stratification within the MetS popu-
lation. Consequently, it remains unclear whether elevated
asprosin levels primarily reflect visceral adiposity alone or
whether they parallel the progressive deterioration of glucose
homeostasis across the glycemic continuum (normoglyce-
mia, prediabetes, and diabetes) within MetS. Clarifying this
distinction is essential to determine whether asprosin func-
tions merely as a marker of general metabolic dysfunction or
as a biomarker of glycemic progression within the metabolic
syndrome cluster.

Therefore, the present study purposed to evaluate serum
asprosin levels in individuals with metabolic syndrome stra-
tified according to glycemic status and assess its potential
diagnostic value in identifying dysglycemia within MetS.

Materials and methods
Study design and participants

This case-control study was conducted at the Internal
Medicine Consultant Clinic at Al-Hassan Teaching Hospi-
tal, Karbala, Iraq, from September 2025 to February 2026.
A total of 120 participants were enrolled and stratified into
four groups: 30 patients with metabolic syndrome (MetS)
without diabetes, 30 patients with a confirmed diagnosis of
metabolic syndrome with type 2 diabetes (MetS + T2DM),
30 patients with metabolic syndrome with prediabetes
(MetS + PreDM), and 30 apparently healthy individuals
serving as a control group. The diagnosis of MetS was based
on the International Diabetes Federation (IDF) criteria,
which require central obesity (waist circumference > 94 cm in
men and > 80 cm in women) in addition to other metabolic
abnormalities. Prediabetes and T2DM were classified based
on glycated hemoglobin (HbAlc) levels, according to the
standard diagnostic criteria.

Inclusion criteria. Adults aged 20—65 years, patients diag-
nosed with metabolic syndrome according to IDF criteria.

Exclusion criteria. Chronic liver or kidney disease, un-
controlled thyroid disorders, acute infections within the pre-
vious two weeks, pregnancy, chronic corticosteroid or insulin
therapy, autoimmune or inflammatory diseases, history of
alcohol consumption.

The body weight free in kilograms (kg) and height in
centimeters (cm) were measured according to standardized
procedures, and the body mass index (BMI) was calcula-
ted by dividing the weight of the individual by their squared
sensu metric. Blood pressure was measured, after 5 min of
rest in a seated position; the average of two measurements
was recorded.

Following an overnight fast (§—10 h), 5 mL of venous
blood was collected from each participant under aseptic
conditions. The samples were divided into EDTA tubes for
HbA1c measurement and GEL tubes for serum separation.
Serum was obtained by centrifugation at 4000 rpm for 10 min
and stored at —20 °C until analysis.

Fasting glucose, total cholesterol, triglycerides, HDL
cholesterol, and LDL cholesterol levels were measured using
automated enzymatic colorimetric methods on the Cobas
INTEGRA® 400 PLUS system (Roche/Hitachi Diagnos-
tics, Germany). Serum insulin levels were measured using
an ECLIA on a Cobas e411 analyzer (Roche Diagnostics,
Germany). Glycated hemoglobin (HbAlc) levels were de-
termined using a Lifotronic H8 automated HbAlc analyzer
(Lifotronic, China) according to the manufacturer’s instruc-
tions.

Commercially available sandwich enzyme-linked immu-
nosorbent assay (ELISA) kits (BT LAB, China) were used
to quantify serum asprosin according to the manufacturer’s
protocols. A BioTek microplate reader (USA) was employed
to read optical density at 450 nm. Human Asprosin ELISA
Kit (Cat. Used: E4095hu (BT LAB, Jiaxing, China)). This
assay has a detection range of 0.5—100 ng/ml, sensitivity of
0.23 ng/ml with intra-and inter-assay coefficients of variation
(CV) < 8 and < 10 %, respectively.

Statistical analyses were performed on Statistical Package
for Social Sciences (SPSS) for Windows 10 (IBM SPSS 26.0,
Chicago, IL, USA). Shapiro-Wilk test was conducted to eva-
luate data distribution. Because serum asprosin levels did not
follow a normal distribution, data were reported as median
and IQR. Trends across the four study groups were analyzed
with the Kruskal-Wallis test, and Dunn’s post-hoc test (mul-
tiple comparison procedure) was used for further compari-
sons. Spearman’s rank correlation coefficient (r) was used
to evaluate the correlations between serum asprosin levels
and clinical or biochemical parameters. Using the control
group as a reference, binary logistic regression analysis was
performed to investigate the predictive value of serum aspro-
sin levels for different categories of metabolic syndrome. For
the analyses, odds ratios (ORs) with 95% confidence intervals
(ClIs) were calculated. Serum asprosin levels were tested for
diagnostic performance using receiver operating characteris-
tic (ROC) curve analysis. The area under the curve (AUC),
sensitivity, specificity, and optimal cut-off values were ex-
tracted using the Youden index. Statistical significance was
defined as p < 0.05.

Results

Table 1 details the baseline demographic information;
anthropometric measurements; and biochemical variables
of the study subject cohorts, which were classified into four
categories: MetS, MetS + T2DM, MetS + PreDM, and
normoglycemic healthy controls [N]. Demographic fac-
tors such as age and sex distribution did not differ signifi-
cantly between groups (p = 0.877, p = 0.879, respectively),
but large differences were found in all anthropometric and
cardiometabolic parameters. Notably, the BMI, waist cir-
cumference, and both systolic and diastolic blood pressures
were significantly increased in all patients’ cohorts compared
with their controls (p < 0.001) Asprosin levels in the circu-
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Table 1. Demographic, anthropometric, and biochemical characteristics of the study groups

Characteristic (r',w:t;;%) Mezﬁ : ;&DM Met(&; : I;roc-):DM g:):gg; p-value
Age (years) 46.5 (18) 53.0 (14) 48.0 (12) 42.5 (17) 0.877*
Male, n (%) 10 (33.3) 11 (36.7) 11 (36.7) 13 (43.3) 0.879**
Female, n (%) 20 (66.7) 19 (63.3) 19 (63.3) 17 (56.7)
BMI (kg/m?) 35.2 (10.0) 33.1 (4.0) 34.0 (7.5) 22.0 (0.9) <0.001*
Waist circumference (cm) 111.5 (21) 112.9 (10.7) 113.0 (17.0) 88.0 (1.77) < 0.001*
Systolic BP (mmHg) 141 (36) 139 (16) 140 (26) 120 (1) < 0.001*
Diastolic BP (mmHg) 90 (18) 90 (16) 90 (14) 80 (0) < 0.001*
Asprosin (ng/ml) 32.20 (8.27) 33.28 (10.29) 34.73 (9.58) 26.80 (9.42) < 0.001*
Triglycerides (mg/dl) 200.00 (179.30) | 164.80 (104.03) | 168.13 (116.54) 80.23 (32.80) < 0.001*
HDL-C (mg/dl) 44.21 (7.45) 43.65 (8.53) 45.44 (9.50) 59.75 (4.65) < 0.001*
LDL-C (mg/dl) 94.25 (37.78) 80.95 (55.30) 109.10 (36.78) 49.20 (27.00) <0.001*
Total cholesterol (mg/dl) 179.75 (48.00) 167.50 (38.20) 189.90 (29.95) 124.38 (12.89) < 0.001*
Fasting glucose (mg/dl) 103.00 (13.22) | 222.50 (115.05) | 129.00 (21.05) 85.00 (5.92) < 0.001*
HbA1c (%) 5.10 (0.63) 9.30 (2.07) 6.20 (0.35) 4.90 (0.37) < 0.001*
HOMA-IR 3.95 (3.41) 4.90 (2.48) 3.25(1.18) 0.32 (0.24) <0.001*

Notes: * — Kruskal-Wallis test, ** — chi-square test.

lation showed significant elevations across all pathological
groups, especially for those exhibiting overt dysglycemia,
inversely correlating with atherogenic lipoprotein media-
tors (triglycerides, LDL-C and total cholesterol) and most
indices of glucose homeostasis (fasting glucose, HbAlc and
HOMA-IR; p = 0.001). In contrast, high-density lipoprotein
cholesterol (HDL-C) levels were significantly reduced in
MetS, MetS + T2DM and MetS + PreDM groups compared
with healthy controls.

The Spearman rank-order correlation coefficients de-
tailing the bivariate associations between serum asprosin
concentrations and significant anthropometric, hemody-
namic, and glycemic variables are demonstrated in Table 2.
Circulating asprosin levels were significantly positively cor-
related with measurements of central and total fat distribu-

Table 2. Correlation of serum asprosin
with anthropometric, glycemic, and lipid parameters

Parameter cggfrf';gligﬂ??r) p-value
BMI 0.291 0.001
Waist circumference 0.277 0.002
Systolic BP 0.259 0.004
Diastolic BP 0.256 0.005
Fasting glucose 0.496 < 0.001
HbA1c 0.324 < 0.001
HOMA-IR 0.368 < 0.001
Triglycerides 0.472 < 0.001
HDL cholesterol -0.486 < 0.001
LDL cholesterol 0.257 0.005
Total cholesterol 0.303 0.001

Note: Spearman’s rank correlation coefficient.

tion including waist circumference (r = 0.277, p = 0.002)
and BMI (r = 0.291, p = 0.001), along with systolic and
diastolic blood pressure levels. Moreover, correlations of
asprosin levels were strongly positively related to fasting levels
(r=0.496, p < 0.001), and HOMA-IR (r=0.368, p < 0.001)
and HbAlc levels (r = 0.324, p < 0.001). In relation to lipid
profile, asprosin concentrations showed positive correla-
tions with atherogenic lipoproteins, including triglycerides
(r=0.472, p <0.001), total cholesterol (r =0.303, p =0.001)
and LDL-C (r=0.257, p = 0.005), whereas were significant-
ly negatively correlated with the antiatherogenic HDL-C
fraction (r = —0.486, p < 0.001).

Asprosin had high diagnostic accuracy in all compa-
rative models. The AUC for asprosin to discriminate be-
tween isolated MetS and controls was 0.807 (p < 0.001),
using > 30.407 ng/ml, providing a sensitivity of 70.0 % and
specificity of 83.3 %. The discriminatory ability gradual-
ly enhanced in the presence of concurrent dysglycemia,
achieving an AUC of 0.839 (p < 0.001) for MetS + T2DM
population (cut-off: > 29.716 ng/ml; sensitivity: 83.3 %;
specificity: 77.3 %). The diagnostic performance of the can-
didate isoforms was greatest for defining the MetS + PreDM
phenotype (highest AUC: 0.863; p < 0.001) at a cut-off of
> 28.338 ng/ml, yielding a sensitivity of 83.3 % and speci-
ficity of 70.0 %.

Table 4 describes the results of the sets of binary logistic
regression models developed to determine the independent
predictive effect of serum asprosin for metabolic syndrome
and its dysglycemic forms. Elevated circulating concentra-
tions of asprosin were significantly and independently asso-
ciated with increased odds of having metabolic dysfunction
for each defined clinical phenotype. Quantitatively, for every
single-unit increase in the serum concentration of aspro-
sin (ng/ml), 24.1 % higher risk was seen to develop isolated
metabolic syndrome (OR = 1.241; 95% CI: 1.097—1.403;

Tom 22, N2 5, 2026

www.mif-ua.com, https://iej-journal.com 17



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

Table 3. Diagnostic performance of serum asprosin assessed by receiver operating characteristic analysis

Comparison group AUC p-value Opti(r::g}ncir)t-off Sensitivity Specificity
MetS vs control 0.807 < 0.001 > 30.407 0.700 0.833
MetS + T2DM vs control 0.839 < 0.001 229.716 0.833 0.773
MetS + PreDM vs control 0.863 < 0.001 > 28.338 0.833 0.700

p = 0.001). Importantly, the strength of this association was
exacerbated in those cohorts with progressive glycemic dys-
function as evidenced by OR = 1.316 (95% CI: 1.135—1.526;
p < 0.001) within the MetS + T2DM cohort and most ele-
vated risk estimates occurring in the MetS + PreDM cohort
(OR = 1.360; 95% CI: 1.155—1.600; p < 0.001).

Discussion

This study investigated the relationship between serum
asprosin concentrations and various stages of metabolic im-
pairment, including MetS, MetS + PreDM, and MetS +
T2DM. The findings demonstrated a significant elevation of
circulating asprosin levels across all patient groups compared
to healthy controls, with a progressive increase correlating
with worsening glycemic status. Furthermore, asprosin ex-
hibited robust positive correlations with markers of central
and general adiposity, impaired glucose metabolism, and
atherogenic lipid profiles. These results are consistent with
the growing body of literature, which increasingly positions
asprosin as a critical fasting-induced glucogenic adipokine
involved in energy homeostasis, hepatic glucose release, and
insulin resistance [7, 10].

Our study revealed that serum asprosin levels were highest
in the MetS + PreDM and MetS + T2DM groups, high-
lighting its strong association with impaired glucose meta-
bolism. This aligns with foundational research by Romere
et al., who first identified asprosin as a hormone released by
white adipose tissue during fasting that stimulates hepatic
glucose production via the G protein-cAMP-PKA path-
way [7]. Subsequent studies have consistently supported this
glucogenic role. For instance, Wang et al. demonstrated that
plasma asprosin concentrations are significantly increased in
individuals with glucose dysregulation and correlate strongly
with insulin resistance [13]. Similarly, Diao et al., reported
elevated serum asprosin levels in individuals with prediabe-
tes and newly diagnosed T2DM, suggesting its involvement
in early dysglycemia [14]. The present findings are consis-
tent with several recent human studies reporting elevated
circulating asprosin concentrations in prediabetes, newly
diagnosed type 2 diabetes, and obesity-associated insulin-re-
sistant states [15, 16]. Ma et al. reported significantly higher
serum asprosin levels in individuals with prediabetes and
newly diagnosed type 2 diabetes, supporting a potential re-
lationship between asprosin and early dysglycemia [15]. This
pattern suggests that circulating asprosin may reflect broader
metabolic dysregulation rather than isolated disturbances in
glucose metabolism. Similar multidimensional associations
have been described in studies involving obesity, metabolic
syndrome, and metabolic dysfunction-associated fatty liver
disease, where elevated asprosin levels were linked to insu-
lin resistance, dyslipidemia, and metabolically unfavorable
phenotypes [15—17]. Our findings corroborate these obser-

Table 4. Logistic regression analysis
for the association of serum asprosin
with metabolic syndrome subtypes

Group comparison OR

(vs. control) 95% Cl

p-value

1.241(1.097-1.403 | 0.001
1.316|1.135-1.526 | < 0.001
1.360|1.155-1.600 | < 0.001

MetS vs control
MetS + T2DM vs control
MetS + PreDM vs control

vations, demonstrating that asprosin is not merely a marker
of general metabolic dysfunction but parallels the progressive
deterioration of glucose homeostasis. The strong positive
correlations we observed between asprosin and fasting plas-
ma glucose (r = 0.496), HOMA-IR (r = 0.368), and HbAlc
(r = 0.324) further substantiate its role in insulin resistance
and the pathogenesis of T2DM [18].

A central finding of our study was the significant positive
correlation between circulating asprosin levels and markers of
adiposity, specifically BMI and waist circumference. Given
that white adipose tissue is the primary source of asprosin, it
is biologically plausible that increased adiposity contributes
to higher circulating asprosin levels [7]. This is supported by
Mirr et al., who identified asprosin as a reliable marker of
obesity and insulin resistance [19]. Furthermore, a recent
community-based study by Liang et al. found that in T2DM
patients, asprosin levels were significantly higher in the obese
group than in normal-weight individuals, and the risk of
obesity increased substantially with increasing asprosin levels
[16]. Our data extend these findings by showing that elevated
asprosin levels are a consistent feature of MetS, independent
of the specific glycemic state. The multidimensional associa-
tions we observed between asprosin and an atherogenic lipid
profile (elevated triglycerides, LDL-C, and total cholesterol,
alongside decreased HDL-C) mirror those reported in obe-
sity and metabolic dysfunction-associated fatty liver disease
(MAFLD) [20]. Contemporary reviews further suggest that
asprosin may participate in pathways related to adipose tis-
sue dysfunction, impaired glucose regulation, and broader
cardiometabolic risk, although its precise physiological and
pathophysiological roles remain unclear [21]. This suggests
that asprosin reflects a broader and integrated metabolic
dysregulation characterized by interconnected abnormalities
in lipid and glucose metabolism.

The potential of asprosin as a biomarker for cardiometa-
bolic risk is the subject of intense research. Our ROC analysis
demonstrated moderate to good diagnostic performance for
asprosin in differentiating MetS phenotypes from healthy
controls, with the highest accuracy observed in the MetS +
PreDM group (AUC = 0.863). This discriminative capacity
suggests that asprosin may serve as an exploratory biomarker
for early metabolic impairment. The recent literature supports
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this potential utility. Farrag et al. comprehensively reviewed
asprosin’s role as a “glucose sensor” with both central and
peripheral metabolic effects, emphasizing its diabetogenic
properties and potential as a cardiometabolic biomarker [10].
Moreover, elevated asprosin levels have been directly linked
to cardiovascular diseases. A study highlighted that elevated
asprosin levels in hypertension are positively correlated with
coronary artery disease, potentially mediated by insulin resis-
tance and excessive adiposity [22]. However, it is important
to contextualize these findings. A comparative study by Goze
et al. evaluating adropin, asprosin, and irisin found no signif-
icant differences in serum levels across diabetes status groups,
although positive inter-correlations among these adipokines
suggested underlying subclinical metabolic processes [23].
This indicates that while asprosin is a promising biomarker, its
incremental clinical value beyond that of established markers
(e.g., HbAlc, HOMA-IR, and lipid panels) requires further
validation in large-scale prospective cohorts.

While our findings contribute valuable insights into the
role of asprosin in metabolic syndrome and glycemic pro-
gression, several limitations should be acknowledged. First,
the observational, case-control design precludes establishing
causality; it remains unclear whether elevated asprosin is
a driver of metabolic dysfunction or a compensatory re-
sponse. Second, the modest sample size may limit the gene-
ralizability of our results to the general population. Third,
as highlighted by a 2024 systematic review in children with
obesity, which found no significant independent difference
in circulating asprosin, there may be substantial phenotypic
and age-related heterogeneity that our adult-focused study
does not capture [24]. Furthermore, we did not measure in-
flammatory cytokines or oxidative stress markers, which have
been shown by Koéciuszko et al. to correlate with asprosin in
adults with obesity [20]. Future research should employ lon-
gitudinal designs to track asprosin levels over time, investigate
the mechanistic pathways linking asprosin to cardiometa-
bolic risk, and evaluate the impact of interventions (such as
exercise, which has been shown to reduce asprosin levels) on
metabolic outcomes [25].

Conclusions

In conclusion, this study confirms that circulating as-
prosin levels are significantly elevated in metabolic syndrome
and increase progressively with worsening glycemic status
from prediabetes to overt type 2 diabetes. The robust cor-
relations between asprosin and adiposity, insulin resistance,
and dyslipidemia support the hypothesis that asprosin is a
key player in the pathophysiology of metabolic disorders.
Although it shows promise as an exploratory biomarker for
cardiometabolic risk, further prospective studies are essential
to fully elucidate its clinical utility and therapeutic potential.
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PiBeHb Acnpo3unHy 9K 6iomapKkep NporpecyBAHHS FAIKeMii
NPV CUCTEMHUX METABOAIYHNX PO3ACAAX

Pesiome. Axkmyaavnicmo. MeTtaGoniuHnii CMUHAPOM — L€ KJlac-
Tep CTaHiB, IO BKIIIOYAE iIHCYTIHOPE3UCTECHTHICTD Ta LIEHTPaIbHE
OXMPIiHHS, SIKi 3HAYHO MiJBUIIYIOTh PU3UK CEPLIEBO-CYTUHHUX
3aXBOPIOBAHb i IIyKPOBOTO AiabeTy 2-T0 TuIty. HoBuit anuIokiH ac-
MpO3UH Oepe y9acTh y TOMEOCTa3i IJTI0OKO3U Ta PEryJIsilii alleTUTy,
OJIHaK MOro poJib y TMiKeMiYHOMY KOHTUHYYMi IPpU METa0O0IiYHOMY
CUHPOMI 3aJIMIIAEThCS He3 sicoBaHO0. Mema: OLIiHUTU PiBHI
acMpoO3WHY B CUPOBATIL KPOBi MAaLiEHTIB i3 METa0OIiYHUM CHUH-
JPOMOM, CTpaTH(hiKOBaHUX 3a TTIKEMIYHUM CTaTyCOM, Ta OLIIHUTH
oro MiarHOCTUYHMI MOTEHIia 11010 BUSIBJICHHS AUCTIiKEMIl.
Mamepiaau ma memoodu. Byno npoBeneHO TOCTiKEHHS TUITY «BU-
MagoK — KOHTPOJIb» 3a yyacTio 120 oci0, po3aiieHux Ha YOTUpU
TPYITN: 300POBi 0COOM KOHTPOILHOI TPYITH, MALlIEHTH i3 MeTab0-
JIIYHUM CUHAPOMOM 0e3 IyKPOBOTro AiadeTy, MeTabOIiYHUM CUH-
IIPOMOM i IIpeniabeToM, MeTabOTiYHUM CMHIPOMOM Ta IIyKPOBUM
niabeToMm 2-ro Tully. 3i0paHo aHTPOIIOMETPUYHI IaHi i GioximMiuHi
MOKa3HUKHU (TJII0KO3a HaTIE, TJiKOBaHUI TeMOIJIO0iH, JimiTHui
npodins Ta HOMA-IR). PiBHi acipo3uHy B cMpoBarTiii KpoBi Oyiu
KibKicHO BU3Ha4eHi 3a noromoroto ELISA. Cratuctnunumii aHanis

BkmouaB Tectu Kpackema — Yoitica, kopensiii CripmeHa Ta
anaiiz ROC-kpuBoi. Pe3ytsmamu. PiBeHb acTipo3uHy B CHPOBATIIi
KpOBi OyB BipOTiIHO MiABUINEHUI y BCiX KOTOpTax i3 MeTaboIiv-
HUM CUHAPOMOM ITOPiBHSHO 3 KOHTPOJIbHOIO rpymoio (p < 0,001).
VYMicT acripo3uHy MO3UTHUBHO KOPEIIOBaB 3 iHIEKCOM MacH Tijla,
OKPYKHICTIO Tasii, piBHeM Iitoko3u Hatie, HbAlc, HOMA-IR Tta
aTepOoreHHMX JiMiliB, a TaKOX 00€pHEHO KOPEIIOBaB i3 X0JIecTepu-
HOM JIIITOINPOTEiHIB BUCOKOI 1IiibHOCTI. ROC-aHari3 mokasaB BU-
COKY IiarHOCTUYHY e(DeKTUBHICTb 11010 META0OTIYHOTO CUHIPOMY
ripu npeniaderi (AUC = 0,863), MeTabOIiYHOrO CUHAPOMY TMPHU
1ykpoBomy fiabeTi 2-ro Tury (AUC = 0,839) Ta i3o1b0BaHOTO Me-
tabosiuHoro cunapomy (AUC = 0,807). Bucnosxu. TlinBuieHnii
piBeHb acIpO3MHY B KPOBi HEPO3PUBHO ITOB’I3aHUI i3 IIpoTpe-
CYIOUYMM TIOTipIIEHHSIM FOMEOCTa3y TTI0KO3U Ta HECTIPUSITIUBUM
JIigHUM mpodineM, 10 MO3UIIOHYE MOTO SIK TTepPCIIeKTUBHUI
MMPOTHOCTUYHUI IMOKAa3HUK y cTpaTudikaliii oci6 i3 kapaiomera-
0OJIIYHMM PU3UKOM Ta MIIKeMiYHUMU MTOPYIIEHHSIMU.

Ko11040Bi c10Ba: 1iykpoBuii giabet 2-ro TUIy; aaUoKiHM; acIpo-
31H; iHCYJIIHOPE3UCTeHTHICTh; MpeaiadeT; OXKUPiHHS
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AVHAMIKQO NOKA3HUKIB AHTUOKCUACOHTHOIO 30XUCTY
niA BNIAMBOM AO30BAHOIO Pi3sYHOro HOBOHTODKEHHS
HA POHI 3MiHU PiBHA KOPTUIOAY B MNALLIEHTIB
3 APTEepPiIaAAbHOIO rinepTeHsieto

Pe3tome. AkTyanbHicTb. ApTepiansHa rinepTeHsis (Al) 3a/MLIaeTbes MPOBIgHUM (haKTOPOM PUUKY PO3BUTKY
cepLeBO-CYANHHNUX yCKIaaHeHb. XPOHIYHUI CTPEecC i 3MIHN HepoOeHOOKPUHHOI perynsauii, 3okpema akTUBHOCTI
rinotanamo-rinogizapHo-HaaHupkosoi (ITH) oci, BigirparoTe Karo4oBYy posb y natoreHesi Al. Disn4He HaBaHTa-
)KEHHS € CTPECOPOM, LLIO aKTUBYE rOPMOHasIbHy BiArnoBiab | B/IMBA€E Ha OKUCHO-aHTUOKeugaHTHuY ctatyc. Meta
AOCNifXKEeHHS: MOPIBHATY BIIMB CTAHZAaPTN30BaHOIrO BE/I0EPIrOMETPUHHOIO HABaHTaXXEeHHS Ha PIBHI KOPTU3071y,
aKTUBHICTb aHTUOKCU[AHTHUX (DEPMEHTIB | KOHLEHTpaLito ra3oTpaHCMITepiB (CiPKOBOAHIO Vi OKCuay a3oTy) B 340-
poBux oci6 i nayieHTiB 3 Al Il ctagii. Matepianu Ta metogu. [ocnigxeHo 10 npakTn4HO 340poBux ocib i 30 xBo-
pux Ha Al Il cTagii. Y4acHukn BUKOHyBam ABOCTYNEHEBE HABaHTaXEHHS Ha BeslIoeproMeTpi. Y cuposatyi Kposi
BU3Ha4asm piseHb koptnsosny (ELISA), akTUBHICTb Kataniasau ¥ CyrnepoKCHaaMcMyTaau, y niasmi — KOHLUEeHTpaLito
CipKOBOAHIO Ta CyMYy HITpaTIB i HITpuTiB. CTatncTn4Hy 06pobky rposoaunm B IBM SPSS Statistics 25.0. Pesynbta-
TW. BusiBrieHo pisHocripsiMoBaHy AvHaMIKy KopTU30s1y: y 340poBUX 0Cio piBeHb 3pic Ha 20,3 %, TOAI K y naLieHTiB
3 Al" Big3Ha4eHo 3HukeHHs1 Ha 2,2 % (p < 0,05). Y KOHTPOsbHIV rpyri nicris HaBaHTaXXeHHs BiporigHoO 3H13unacs
aKTUBHICTb Katanasu ta 3MeHLLMnacsi cyma HiTpartis i HITpuTiB. Y xBopux Ha Al™ Ui 3MiHV 6y MEHLLI BUPaXXeHUMU,
rpoTe BUXIZHI PIBHI HITPAT-HITPUT-aHIOHY 6/ 3Ha4YHO BULLMMMW. BCTaHOBIIEHO MPsAMIi KOPesaUiviHi 38’a3Ku MK
PiBHAMYM KOPTU30s1y Ta CiPKOBOAHIO Mic/s HaBaHTaxeHHs (r = 0,72 y 3q0posux). [JBocTyneHeBe [o30BaHe QisnyqHe
HaBaHTaXXeHHS CIPUYUHNIIO PIBHOCTIPSIMOBAHI 3MiHW PIBHSI KOPTU30J1Y: Yy 340POBUX OCI6 KOPTM30/1 3pocTaB (Big-
nosigHa aktusayia TH-oci), y nayieHTis 3 AIT — 3HuxXyBaBcs. Peakuii aHTMOKcUgaHTHUX OEPMEHTIB PIBHUITUCS:
Y KOHTPOJIbHIV rpyni nic/isi HABaHTaXXEeHHS BiPOrifgHO Brasa akTUBHICTb Katanasu i CyrnepoKCcuaamcMyTasu, Toai K
y xBopux Ha Al™ Ui 3MiHW 6yrin He3Ha4HUMKU. BUCHOBKN. CriocTepexxeHi npsiMi Kopenswii Mix piBHIMU KOPTU30Ty
Ta CipKOBOAHIO (0CO6/IMBO B 3[0POBUX OCIO MiCIIsi HABaHTaXXeHHS1) NigKPECIOTbL POJb CIDKOBOAHIO sIK MegiaTtopa
cTpec-peakuii Ta perynsropa cyauMHHoro ToHycy. daHi ceig4ate npo e, Lo npu Al” 3MiLLytoTbCA MexaHi3mu agar-
Tayii go gpisionoriyHoro cTpecy, npu LboMy BaX/IMBUM € €H[OreHHUI cipkoBodeHs. [Jo3oBaHe ¢hianyHe HaBaHTa-
)KEHHS1 BUK/TMKAE afeKBaTHy akTuBaLito CTpec-cucTeMm B 3[0pOBUX OCIO | MPUrHiYeHy peakuito B nayieHTis 3 Al

Knro4yoBi cnoBa: aprepianbHa rinepTeHsis; KopTU30,; aHTUOKCUAAHTHWUE 3aXUCT; (hi3UYHE HABaHTaXEHHS;
CipKOBOAEHb, OKCUAATUBHMI CTPeC

Bctyn

AptepianbHa rineprensist (Al') 3anuiraeTbest oHIEO
3 HAWBaXJIMBIIINX MIPOOJeM CydacHOI MeIULIMHU, OyBIIN
MPOBiTHUM (haKTOPOM PUZUKY PO3BUTKY CEPLIEBO-CYINH -
HUX yCKJIaaHeHb i nepeayacHoi cMmepTi [1]. [1atorenes AT
TiCHO TTOB’SI3aHU 3 TTOPYIIEHHSAM HellpOeHIOKPUHHOI

peryJsii, y sIKiii KJIF0O4OBY POJIb Bilirpa€ TilmoTajzaMo-
rimodizapHo-HagHupkoBa (I'TH) Bick. [mokokopTuKO-
imy, 30KpemMa KOpPTU30J, He JINIIE PEeryIol0Th aaanTalliio
JI0 cTpecy, a i 6e3nocepeHbO BIUIMBAIOTh HA CYIUHHUI
TOHYC Ta OKMCHO-aHTUOKCUIAHTHUI CTaTyC OpraHi3My
[3, 4].
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DizyuHe HaBaHTAXEHHS € MOTYXXHUM (hi3i0I0TiYHUM
cTpecopoM, 110 aktuBye 'TH-Bich i MOXXe BUKJIMKATH KO-
POTKOYACHE ITOCHJICHHS MPOAYKIIil aKTUBHUX (DOPM KHCHIO
[2]. ¥ 3m0poBux 0cib Taka aKTHBAllisl € YACTUHOIO ajar-
TUBHOI'O MeXaHi3My, 1110 MiIBUIIYE CTiliKiCTh OPTaHi3My 110
OKHCHIOBaJIbHOTO cTpecy [7, 8]. [Ipote mpu aprepianbHiit
rinepTeHsii 1i MexaHi3MU1 4acTO BUSIBJISIIOTHCSI BUCHAXKEHU -
MU 200 CTIOTBOPEHUMU.

OcTaHHIMU poKaMu OcoOJIMBa yBara MpUIiISIETbCS
ra3oBUM TpaHcMiTepaM, 3oKkpema cipkoBoaHio (H,S). Bin
BUCTYIIA€ TOTYXXHUM €HJIOTeHHUM Ba30auaTaTopoM Ta
aHTUOKcuAaHToM [9]. JlitepatypHi AaHi cBiyaTh po Te, 110
nedinut H,S Moxe OyTr KpUTUYHOIO JTAHKOIO y (hOpMYyBaH-
Hi CTiliKOi rirepTeHs3ii, a Ioro B3aEMOisl 3 KOPTU30JI0M ITifT
Yac CTpeCy 3aIMIIAEThCA HEIOCTaTHBO BUBYeHOO [ 10—12].

MeTta aochifKeHHs: MOPiBHSATU BIUIMB CTaHAAPTU30Ba-
HOTI'O BeJIOEProMeTPUYHOI0 HaBaHTAXKEHHsI Ha PiBHi KOp-
TU30Jy, aKTUBHICTh (pepMEHTIB KaTajla3u i CYNepoOKCUI-
NUCMyTa3u, KOHILleHTpalilo eHaoreHHoro H,S i cymy
HITpATIB i HITpUTIB y 300poBux ocid i mauieHTiB 3 Al 11
crafii.

Marepiaam Ta meToamn

V nocnimkeHHs Oyno 3anydeHo 40 oci0, SKUX po3nomi-
JIVJIY Ha IBi TPYTTA: KOHTPOJIbHY TpyIy ctaHoBwiIn 10 mpak-
TUYHO 310pOBUX 0Ci0, nocaigHy rpyny — 30 naiieHTiB 3 AI'
11 cranii. 'pynu Oynu IMOpiBHIHHUMMU 3a BiKOM, CTaTTIO,
Macolo Tija Ta iHnekcoM Macu Tisia (IMT), 1o no3Bonuio
3a0€3MeYNTH BUCOKY BipOTiIHICTh MOPiBHSJIBHOTO aHAJIi3y.

¥Yci yqacHMKY BUKOHYBAJIM CTAaHIAPTU30BaHE TBOCTYIIe-
HeBe 1030BaHe (Qi3MuHe HaBaHTAXKEHHST Ha BEJIOEProMeTpi.
IMotyxHicTh HaBaHTaxkeHHs cTaHoBWIa 50 i 75 % Bim po3-
PaxXyHKOBOTO MaKCUMaJIbHOTO CITOXXMBaHHS KMCHIO. TpuBa-
JIICTh KOXKHOTO €TaIly CTAHOBWIIA 5 XBWIMH i3 3-XBUJMHHOIO
MEePEPBOIO IS BIAMMOYMHKY MiXK HUMMU.

3abip BeHO3HOI KPOBi IIPOBOMWIIM ABivi: 6€3IIOCEPETHBO
repes1 oYaTKOM TeCTYBaHHS i uepe3 S XBWJIMH MicJis 3aBep-
LIEHHS IPYToro eTany HaBaHTaKeHHS.

PiBeHb KOPTU30JYy B CUpOBATIIi KPOBi BU3HAYAJIM iMY-
HodepmeHTHUM MeTonoM (ELISA). AKTMBHICT aHTUOKCH -
TAHTHUX (DEpMEHTIB — KaTanasu i cynepoKCUIINCMYTa3n
(CO/I) — mocnimKyBau 3a JOTTOMOTOIO BilMOBITHUX (bep-
MeHTHUX MeTodiB. KoHIIeHTpallilo cCipKOBOMHIO B I1a3-
Mi KpOBi BU3HAYaJIM KOJOPUMETPUUYHUM MeToaoM. Cymy
HITpaTiB i HITPUTIB, a TAKOX BMICT HiTpaT-HITPUT-aHiIOHY
BU3HAYaJIM 3a TOITOMOTOI0 peakTuBy I'picca.

CratucTuyna o6podka. OTpuMaHi pe3yIbTaTh aHaji3y-
BaJIM 3a JornoMoroio rmaketa rmporpaM IBM SPSS Statistics
25.0. J1y1s1 OLIiHKY BipOTiZHOCTI BiIMiHHOCTEM ITOKA3HUKIB Y
JWHAaMII Ta MiXX TpyraMy 3aCTOCOBYBAJIM MapHi it HermapHi
tectu CThloAeHTaA. XapakKTep B3aEMO3B’sI3KiB MiX Iapa-
MeTpaMy BCTAHOBIIOBAJIA 33 JOTIOMOTOI0 KOPEJAIIHOTO
aHautizy 3a kpurepieM [lipcoHa. CTaTUCTUYHO 3HAYYILIUMU
BBaxKaJIM pe3yiabTatu mpu p < 0,05.

PesyAbTaTH

KoHTponbHa Ta mociigHa rpyny He BiApi3HSIIMCS 3a
BikoM, pocTtoM, Baroio Ta IMT. Ilicist HaBaHTaXKeHHS B
rpyMi 3I0POBUX OCi0 BiZ3HAYEHO BipOTigHE 3MEHIIECHHS
akTuBHOCTI KaTtajasu (p < 0,05) (puc. 1) i cymu HiTpaTiB
i HiTpUTIB Tu1a3mu (puc. 2). Y mamieHTiB 3 Al 3MiHM 1ux
MOKa3HUKIB OyJIM MEHII BUPAaXXEHUMU i HE JOCSITIIN CTa-
TUCTUYHOI 3HAYYIIOCTi. MixX rpyrnamMu 0 HaBaHTaXKeHHS
iCTOTHO BiIpi3HSIIMCS PiBHI KOPTU30Jy Ta KOHIUEHTpalil
HIiTpaT-HIiTpUT-aHioHYy (Oyau BUIIUMMU y XBopux Ha Al).
[Tica HaBaHTaXkKeHHSI CyMa HIiTpaTiB i HITPUTIB i KOHIICH-
Tpauis HiTpaT-HITPUT-aHIOHY TUIA3MHU 3TALLATIMCS 3HAYHO
oinpmmmu B mauieHTiB 3 Al (p < 0,05). AuHamika mmapame-
TpiB (BiZICOTOK 3MiHH Bill MOYATKOBHMX) MMOKa3aJja, 110 PiBeHb
KOPTHU30JIy B KOHTPOJIbHIil TPYIIi IMiC/Isl HAaBaHTaXKeHHSI 3pic
y cepeanbomy Ha 20,3 %, a B rpyni AI' — 3MeHIIMBCST Ha
2,2 % (p < 0,05 mix rpyrnamn) (puc. 3).

2,00
1,75 A
1,50 A
1,25 A
1,00
0,75
0,50
0,25
0,00 -

After
AH Patients |

Before

| W Healthy (Control)

PucyHok 1. [QuHamika akTUBHOCTI KaTanasun
(MKMOIb/XB - MJ1) BO Ta nicnsi HaBaHTaXKeHHS
B gocnigxysaHux rpynax. 3ipo4koro (*) nosHa4eHo
BiporigHicte pisHuLi (p < 0,05) nopiBHAHO
3 BUXigHUM piBHEM

Tabnuys 1. [JuHamika noKasHUKIB aHTUOKCU[AHTHOIO 3aXNUCTy Ta ra3oTpaHcMiTepis
Ao i nicnsi o30BaHOro Yisu4HOro HaBaHTaXKeHHs

KoHTponbHa HocnipHa
MNMoka3sHuk - -
o Micna o Micnsa
KaTanasa, MKMOSb/XB - MJ1 1,73+0,16 1,21 +0,10* 1,56 =+ 0,10 1,43 = 0,08
CynepokcnpamcmyTasa, MKMOJb/XB - M 25,47 + 1,68 21,97 +1,18 21,93 + 0,82 22,35+ 0,97
CipkoBoeHb, MKMOb/N 68,45 + 3,93 70,61 + 4,40 68,41 + 2,53 70,81 + 3,05
Cyma HiTpariB i HiITpWTIB NNna3Mu, MKMOSb/N 4,66 = 0,40 3,44 + 0,26* 5,06 = 0,29 4,55 + 0,357
HiTpat-HiTpuT-aHioH, MKMonb/n 3,52 +0,33 3,19 £ 0,32 4,71 +0,32% 4,11 = 0,24*

Mpumitkn: * — BiporigHa pisHuys (p < 0,05) Ao i nicns HaBaHTaXKeHHS1 B MeXxax rpynu; * — BiporigHa pi3HyLs Mix

rpynamu (p < 0,05) y ToM camuii MOMEHT.
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PucyHok 2. BmicT cymu HiTparTiB i HITpUTIB y nnaami
KpoBi (MKMOJIb/T) 4O Ta nicnsi HABaHTa)XKeHHS
lpumitka: * — BiporigHa pisuuysa (p < 0,05) mix rpy-

namm.
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PucyHok 3. BigHocHa 3miHa piBHsi kopTusosy (%)
y 3a0oposux oci6 (Control) i nauieHtis 3 Al
(AH Patients) nicns ¢pi3an4HOro HaBaHTa)KeHHs1

Axtusnicts COJl y 3mopoBux 3uusunacs (—13,7 %), toni
K y xBopux Ha A" HeaHauHo 3pocina (+1,9 %). KonueHrtpa-
wist H,S 36inpmmnacst Ha 3—3,5 % B 000x rpynax. HaBmaku,
Karanasa 3Hu3wiacs Ha 30,1 % y 3mopoBux i Ha 8,3 % npu
AT, a cyma HiTpartiB i HiTpuTiB — Ha 26,21 10,1 % BignosigHoO.

ITpu owiHLi 3B’513KiB MiX IMMOKa3HUKAMK BUSIBJIEHO CYT-
TEBY KOPEJISLIIIO: TIiC/IsI HABAHTAXKEHHS B KOHTPOJIBHII TPYITi
iCHYBaB CUJIbHUI MO3UTUBHUIA 3B’s130K KopTuzoay i H,S
(r=0,72). Y rpymi Al miciss HaBaHTa>KeHHS TaKOX BUSIB-
JIEHO MpsIMUii 3B’430K Mix koptuzosnoM i H,S (r = 0,59).
V 3m0poBuX 10 HaBaHTaXKeHHS Bil3HAYEHO CUJIbHY HETaTUB-
Hy Kopessiito H,S i3 cymoro Hitparis i HiTpuTiB (r = —0,85),
a B nauieHTiB 3 Al — noMipHi o6epHeHi 3B’513KM KaTajla3u
i H,S, a takox nirpari i H,S. ¥ nocninniii rpymi Takox
BUSIBJICHO B3aEMO3B’SI3KM BMICTY HiTpaT-HITpUT-aHIOHY i3
cyMolo HiTpariB i HiTpuTiB (r = 0,70) i 00epHEeHUI1 3B’ 130K
CYMM HITpaTiB i HITPUTIB 3 KOpTU30JIOM (1 = —0,64).

O6roBopeHHs

OTpuMaHi pe3yJbTaTu CBimT4yaTh, 1110 1030BaHe (izny-
HE HaBaHTaXXEeHHSI BUKJIMKAE Pi3HOCIIPSIMOBAHI 3MiHU B
300poBux 0cib i xBopux Ha Al'. Y 3mopoBux crioctepira-
JIOCh OYiKyBaHe MiABUIIEHHS PiBHS KOPTU30IY i1 OmHOYAC-
He 3HUKEHHSI aKTUBHOCTI aHTMOKCUIAHTHUX (hepMEHTIB
MicJIs1 HaBaHTaXXeHHsI, 1110 BimoOpaXkae TUIIOBY alalTUBHY
crpec-Bimnosinb [1, 3]. Y mauienriB 3 AI' Koptr3oi micis

HaBaHTAXXEHHSI HE 3pOCTaB (CIOCTEePirajocsl HE3HAUYHE 3HU -
>KEHHSI), 1110 BKa3ye Ha MPUTHIYEHHSI PeaKTUBHOCTI rinora-
JIamMo-TinogizapHo-HagTHUPKOBOI oci (puc. 1). Lle y3romky-
erbes 3 nanumu 1.S. Dronyk Ta criBaBT., sIKi IpUITyCKalOTh,
1110 MPU XPOHIYHO MiIBUILIEHOMY BUXiTHOMY piBHi KOPTU30-
JIy YYTJIUBICTD 10 TOJATKOBOTO CTPeCy 3HIKYEThCA [9, 18].

3HMKeHHs akTUBHOCTI KaTtanasu ta COJl y 310poBux
TicJIsl HABAaHTAaKEHHST MOXKHA iHTEPIIPETYBATH SIK HACTiTOK
roctporo 30inbieHHsTs ADK, toxi sik y xBopux Ha Al 1eit
AHTUOKCUAAHTHUI (heHOMeH TposiBuBCs ciaoiie. [1pu pe-
IyJSIPHOMY TPEHYBaHHI OUiKYEThCSI peaKllisi FOpMe3UCy, KO
aktuBHicTb CO/I i KaTaja3u 3pocTae, MiABUIILYIOUM CTilKICTh
1o crpecy [3]. Y xBopux Ha Al Taka peaxilist Moria OyTu 1mo-
pylIeHa BHACITIZIOK XPOHIYHOTO OKMCHIOBAJIBHOTO CTpecy [2].

[MinBuenHs konueHntpauii H,S y Biamnosinb Ha Ha-
BaHTaXX€HHSI B 000X I'pymnax i BUSBJIEHI MO3UTUBHI KO-
pensuii H,S i3 kopTtuzonom BkasyioTh Ha Baromicts H,S
y cTpec-peryJssuii Ta cynuHHii Binnosini. H,S € enno-
TeHHUM Ba30AUJIaTATOPOM 3 aHTUOKCUIAHTHUMMU BJIACTU-
Boctsamu [10]. JlitepaTypHi maHi ¢BimuaTh, 1o aedinuT
H,S npu3BoauTth 10 MiABUILEHHS apTePiaiIbHOTO TUCKY,
TOMi SIK 301IbIIIEHHS oro piBHS 3HMXKYE TUCK [10]. Kpim
toro, H,S Moxe Mony/ioBaTu peakiiito HATHUPKOBUX 3a-
JIO3 Ha cTpec: OyJIo MOoKa3aHo, 110 3HMXKEHHST MPOMXYKIIil
H,S nocna6aioe anpeHOKOPTUKAIbHY BilMoBiAb (piBeHb
IJIIOKOKOpTUKOiniB) [11].

Hamri nani mono xopensiiii koptuzony 3 H,S micnst Ha-
BaHTaXXeHHsI (0COOJIMBO CUJIBHOI B 3IOPOBUX OCi0) MiaTpu-
MYIOTb ifieto 1ipo Te, 1o H,S Moxxe ctumystoBaTu abo 3a6e3-
re4YyBaTH BUBLIBHEHHSI KOPTU30JTy Mia yac (isiosorivHoro
crpecy. CymapHUii aHaJIi3 oKa3as, 1110 B 3lI0POBUX OCIO ITic-
JIsl HABAHTaXXEHHsI TTOKPAIIyBaJIOCs BiTHOIIEHHSI aHTUOKCH -
naHtiB (CO/I, karanasu) 1o ADK, toxi sik y xBopux Ha AT’
OKMCHIOBAJIbHUIT OallaHC 3a/IMIIIABCSI HA BUIIIOMY CTPECOBOMY
PiBHIi, 10 TAKOX BimoOpaxae MopyLIeHHsI KOMITEHCATOPHUX
MeXaHi3MiB IIpH TirepreHsii. Bin3Haunmo, 1mo MixXrpyrosa
PI3HUIIS B HITpaT-HITPUT-aHIOHI CBITYUTH MTPO HATIPYKEHY
NO-cuctemy y xBopux; ockinibku H,S i NO B3aemonitoTs y
peryJisiiiii TOHyCy CyAuH, 11e MOXe BiloOpaxkaTn KoMITeHca-
110 aeilluTy OMHOrO ra30BOro TpaHcMirtepa iHmmm |10, 12].

BucHoBkMu

JIBocTyneHeBe mo3oBaHe (i3uuHe HaBaHTaXXKECHHSI
CIPUYMHWIO Pi3HOCTIPSIMOBAHI 3MiHUW PiBHS KOPTU3O0JIY:
y 310POBUX OCi0 KOPTHU30JI 3pOCTaB (BiAMOBiAHA aKTUBA-
mist ['TH-oci), y mamienriB 3 AI' — 3HmxyBaBcs. Peakinii
AHTUOKCUJIAHTHUX (DePMEHTIB PI3HUIUCS: Y KOHTPOJIbHIN
IPYIIi MicJIs HaBaHTaXXeHHS BipOTimHO BIajla aKTUBHICTh
karanasu i CO/l, Toni sk y xBopux Ha Al" i 3MiHU Oy
He3HauHuMU. CriocTepekeHi IpsIMi KOpesiii MixX piBHSI-
Mu Koptuzony Ta H,S (ocobauBo B 310poBUX 0Cib mics
HaBaHTaXEHH$) MiIKpecaoTh poab H,S sk meniatropa
CcTpec-peakilii Ta peryiasTopa CyIuHHOro ToHycy. Jlani
cBimyaTh npo Te, 1o npu Al 3MIilyIOTbCS MeXaHi3Mu
aganTamii 1o (i3iosoridyHoro crpecy, Ipu IbOMY BaxKIIM-
BUM € eHnoreHHuit H,S.

Buecok aBTopiB y Hanucauus crarti. JpoHuk [.C. —
KOHIIETILIis i M13aiiH, 30ip JaHMX, aHaJIi3 JJiTepaTypu, aHai3
Ta iHTepIpeTallisl JaHWX, HATIMCAHHSI TEKCTY, pearyBaHHS;
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Umup H.B. — KoHuenuis i iuM3aiiH, aHaii3 Ta iHTepnpe-
Tauisg ganux; ITmumk P.C. — KoHLenis i au3aiiH, penary-
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Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Dynamics of antioxidant protection indicators under the influence
of graded exercise against the background of changes in cortisol levels
in patients with arterial hypertension

Abstract. Background. Arterial hypertension (AH) remains a lea-
ding risk factor for the development of cardiovascular complica-
tions. Chronic stress and alterations in neuroendocrine regulation,
particularly in the activity of the hypothalamic-pituitary-adrenal
axis, play a key role in the pathogenesis of AH. Physical exertion is
a stressor that activates hormonal response and influences the oxi-
dative-antioxidant status of the body. The purpose was to compare
the effect of standardized bicycle ergometry on cortisol levels, anti-
oxidant enzyme activity, and the concentration of gasotransmitters
(hydrogen sulfide and nitric oxide) in healthy individuals and pa-
tients with stage 11 AH. Materials and methods. The study included
10 practically healthy individuals and 30 patients with stage 11 AH.
Participants performed two-stage exertion on a bicycle ergometer.
Serum cortisol levels (enzyme-linked immunosorbent assay), cata-
lase and superoxide dismutase activity, plasma hydrogen sulfide
concentration, and the sum of nitrates/nitrites were determined.
Statistical analysis was performed using IBM SPSS Statistics 25.0.
Results. Multidirectional cortisol dynamics was revealed: levels in-
creased by 20.3 % in healthy individuals, while a decrease of 2.2 %
was noted in AH patients (p < 0.05). In the control group, catalase
activity and the sum of nitrates/nitrites significantly decreased after

exertion. In AH patients, these changes were less pronounced; how-
ever, baseline nitrate-nitrite-anion levels were significantly higher.
Direct correlations were found between cortisol and hydrogen sul-
fide levels after exertion (r = 0.72 in the healthy group). Two-stage
graded exercise caused the opposite dynamics of cortisol levels: in
healthy individuals, cortisol increased (corresponding activation
of the hypothalamic-pituitary-adrenal axis), and in AH patients, it
decreased. Antioxidant enzymes showed different reactions: in the
control group, the activity of catalase and superoxide dismutase
significantly decreased after exertion, while in AH patients, these
changes were insignificant. Conclusions. The observed direct cor-
relations between cortisol and hydrogen sulfide levels (especially
in healthy subjects after exertion) emphasize the role of hydrogen
sulfide as a mediator of stress response and a regulator of vascular
tone. The data indicate that adaptive mechanisms to physiological
stress are shifted in AH, with endogenous hydrogen sulfide being
important. Graded exercise causes adequate activation of the stress
system in healthy individuals and a suppressed response in AH
patients.

Keywords: arterial hypertension; cortisol; antioxidant defense;
physical exertion; hydrogen sulfide; oxidative stress

Tom 22, N2 5, 2026

www.mif-ua.com, https://iej-journal.com 25



[ ® - . -
D Eﬂ OpUriHAAbHI AOCAIAXKEHHS
Original Researches

International Journal of Endocrinology

VK 577.175.732:[616.333-008.6+616.23-007.272+616-056.52]-036-07
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PiBHI raCTpUHY-17
npu ractpoe3odpareaAbHin pedPAOKCHIN XBOPOOi
3 YPOXYBOHHSM OXXUPIHHS
TA pecnipaTopHUX KoOMopob6iaAHOCTEN

Pestome. AkTyanbHictb. Cy4acHa KiiHidHa MeauumHa poarnisgae ractpoesogpareassHy peritoKCHY XBopoby
(FTEPX), XpoHi4He o06CTpyKTUBHE 3axBoptoBaHHs niereHb (XO3J1), 6poHxianbHy actmy (BA) Ta OXUPIHHSA sk B3ae-
MOII0B’si3aHi NaTosiorivHi cTaHu, Lo hopMYyrOTs EAUHU METabO0sIiHHO-3anasibHi kackas. KitoHoBuM perynisaTopom
KucnoTHOI cekpedii € ractpuH-17. MeTa gocnigXeHHs: oyiHuTu piBHi ractpuHy-17 y nayieHtis 3 FTEPX y noeg-
HaHHi 3 XO3J1 abo BA Ha T71i OXUPIHHS Ta iX B3BAEMO3B’I30K i3 KITIHIYHUMM Vi aHTPOMOMETPUYHUMM TOKA3HUKaMU.
Marepianu ta metogmn. O6¢ctexerHo 102 nauieHT 3 giarHodamu XO3J1 (n = 42), BA (n = 60) i 25 ambynaTopHux
rnayieHTiB 3 OXUPIHHSAM PI3HOro CTyrneHs. PiBeHb racTpuHy-17 y cnpoBaTli KpoBi HaTLye BU3Ha4Yaan MeToqom
I®A. Pe3ynbtarn. HaviBuLyi nokasHuky ractpuHy-17 Big3Ha4eHo B nayieHTiB nepioi rpynv (FEPX + XO3/1) —
19,6 + 3,2 nr/mn i gpyroi rpynn (FTEPX + BA) — 17,3 + 2,9 nr/mn. Y nauientis Tpetboi (XO3J1) i yetBeprtoi (BA)
rpyn piBHi racTpuHy-17 6ysn npakTUHHO Ha MEXi HOPMU, TOAI SIK y ITATIV rpyni (OXKMUPIHHS) — MPOMIKHI, LLO Man
TEHAEHLUII0 4O 3pOCTaHHs 3a51€XHO Bif iHaexkcy macu Tina (Big 13,2 + 2,6 nr/mn go 20,2 + 3,5 nir/mn). BussneHo
YiTKY MO3UTUBHY KOPEesislito MK iIHBeKCOM macu Tina i piBHem ractpuHy-17 (r = +0,64; p < 0,001) i no3uTuBHA
3B'5130K 3 OKpYXXHicTto Tanii (r = +0,59; p < 0,001). 3apeecTpoBaHO NigBULLEHHS PiBHSI racTpuHy-17 3i 3pOCTaHHSIM
CTYMNEHS OXWPIHHSA. Y nayieHTiB 3 nigByLLeHNM PIBHEM racTpuHy-17 peectpyBanncs KiiHidHi nposisu FEPX i yacTi-
e rposiBAS/INCS HiYHUMK enizogamu pegritokcy (r = +0,61; p < 0,001), epo3nBHUMU ypaKeHHAMU C/IM30BOI Ta
3HKEHHSIM eQheKTUBHOCTI aHTUCEKPETOPHOI Teparii. Y nauyieHTis 3 BA BiporigHo YacTiLle crioctepiranics TMnosi
cTpaBoXigHi nposisu pegriokey B HivHmi 4ac (OR 1,3—1,5; p < 0,05) i 4iTkuii 38’I30K: peghritokc — 6poHxocrnasm —
Hanag actmu. Y xBopux Ha XO3J1 yacrTile peecTpyBanu aTurnoBi racTpoiHTECTUHATbHI CUMITOMM. XPOHIYHUI
Kaluesnb 6e3 nedii, BigpvXKy roBITPSIM, METEOPU3M | MEPLUIHHS B ropsli, 3axpunsicTe. BcTaHOB/IEHO HeraTtuBHy
Kopensayito mix FEV, i ractpuHom-17 (r = —0,52; p < 0,01). BucHoBkn. Y navieHTiB 3 TEPX Ha T/1i OXUPIHHS i3
CyrnyTHIMW pecripaTtopHUMM 3aXBOPIOBAHHAMM CrIOCTEPIraETbCA MiABULLEHHS PIBHSA racTpuHy-17, Sk No3uTUBHO
KOpesloe 3 iHAeKCoOM Macy Tina, Lo MiAKPECIoE BaXIIMBY pOsib OXUPIHHA B PO3BUTKY rinepractpuHemii. [1ig-
BULLIEHWV piBEHb racTpuHy-17 acouitoBaBcs 3 GinbLU TsXKKUM niepebirom MEPX, 3okpema 3 YacTilummm HiYHUMU
cUMToMamm i epO3UBHUMU YPEXKEHHSIMU CITM30BOI 06 0/TOHKMU.

Kno4oBi cnoBa: xpoHidyHe 06CTpyKTUBHE 3aXBOPIHOBAHHS JIEreHb; 6POHXIaNIbHA aCTMa; OXUPIHHS; racTpuH-17;
ractpoesogareasibHa pegitokcHa xsopoba

Bctyn

T'actpoesodareanbaa pediaokcHa xsopoba (FEPX) e
OIHI€I0 3 HAUTOIIMPEHIIINX TaTOJIOTil TPaBHOI CUCTEMU,
110 XapaKTepU3yEThCSI XPOHIUHUM MepediroM, CXUIbHi-
CTIO 10 PELIMANBIB i 3HAYHUM BIUIMBOM Ha SKiCTh >KUTTS
nanieHTiB [1]. CydacHa KJIiHiYHa MeAULIMHA PO3IJsAae
ractpoe3odareaybHy pedIIOKCHY XBOpOOyY, XpOHiuyHe 00-

CTPYKTUBHE 3axBoproBaHHs jiereHb (XO3JI), 6poHXiaabHy
actmy (BA) Ta oxxupiHHS SIK B3a€MOTMOB’sI3aHi MATOJIOTIYHI
CTaHW, 110 (POPMYIOTh ENMHUI METabOiYHO-3analbHUN
kackan [2—4]. Oco6auBy posib y IbOMY ITOEAHAHHI Bifi-
rpa€ OXUPiHHS, SIKE € HE JIMIIEe META0OJIIYHAM PO3JIaIoM,
aje il aKkTUBHUM €HJOKPUHHMM CTAaHOM, IO BILIMBA€E HA
MOTOPUKY IITYHKOBO-KUIITKOBOTO TPAKTY, KUCIOTOIPO-
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IYKIIiIO Ta PeryJsiliio racCTPOiHTeCTMHAJIIBHUX TOPMOHIB |5,
6]. OnHUM i3 KJIIIOYOBUX PETYJISATOPIB KMCIOTHOI CEKpeLlil
€ racTpuH-17 — rOpMOH aHTPAJILHOIO BiIMiIy IILTYHKA,
piBeHb SIKOTO BimoOpaxkae (pyHKIIIOHAJIbHUI CTaH CIINU30-
BO1 000JIOHKM, KMCJIOTOIPOAYKYIOUOi aKTUBHOCTI Ta MOXe
BUCTYTIATH iHTETpaJbHUM OioMapKepoM CUCTEeMHOI KOMOP-
6igHocTi [7, 8]. JlomaTKOBUM MaTOTeHETUUYHUM (DaKTOPOM
€ indexuis Helicobacter pylori, sika BruiMBae Ha OajaHC
racTpuHY/COMaTOCTaTUHY i 3MaTHa MOoAM(DiKyBaTh piBeHb
ractpuny-17 [9—11]. BogHouac y jiTepatypi HeIOCTaTHBO
BUCBITJIEHi OCOOJIMBOCTI 3MiH piBHSI racTpuHy-17 y maiti-
€HTiB 3 noeaHaHoto natosoriero FTEPX i XO3J1 abo BA
Ha TJ1i oXupiHHS. HeBU3HaUeHMMU 3aJTMIIAI0THCS TaKOX
B3aEMO3B’SI3KM MixX TOPMOHAJIbHUMU 3MiHAMU, CTyTIEHEM
OXMPIiHHS Ta KJIIHIYHOIO TSKKICTIO PECITipaTOPHOI i TacTpo-
€HTEepOoJIOTiYHOI TaToJiorii. Lle 00yMoBII0€ aKTyaabHICTh
IOCJiIXKEeHHs PiBHIB racTpuHy-17 y maHoi KaTeropii maii-
€HTIB JUIS1 KPAILIOTO PO3YMiHHSI ITaTOTeHETUYHUX MeXaHi3MiB
i MOXXJTMBOTO BUKOPUCTAHHS LIOTO MOKAa3HUKA SIK AiarHOC-
TUYHOTO ¥ MPOTHOCTUYHOTO MapKepa.

MeTa nocC/iIKeHHs: OL[iIHUTY PiBHi racTpuHy-17 y nani-
€HTIB 3 racTpoe3odareaibHOI0 peIIOKCHOI XBOPOOOIO B
MOEIHAHHI 3 XpPOHIYHUM OOCTPYKTMBHUM 3aXBOPIOBAHHSIM
JIereHb 200 OpPOHXiaJIbHOIO aCTMOIO Ha TJIi OXMpPiHHS Ta
X B3a€EMO3B’SI30K i3 KJIIHIYHUMU i aHTPOITOMETPUUHUMU
MOKa3HUKaMU.

MartepiaAn Ta meToamn

Lle mpocrekTuBHE MOPiBHSUIbHE KIIiHIYHE TOCTiIKEHHSI.
ITix crroctepexkeHHsaM Oy 102 malieHTH, sIKi repeOyBaimn
Ha CTallioOHapHOMY JIiKyBaHHi B NPOMUIbHUX BiAIUTICHHSIX
YBMKIJI i 30KIJI im. HoBaka 3 BepudikoBaHUMHU JliarHO-
zamu XO3JI (n = 42) i BA (n = 60), i 25 am0OynatopHux
MAIiE€HTIB 3 OXXUPIHHSIM pidHOrO cTyIeHs. Cepel IMaieHTiB
nepeBaxanu 4oioBiku — 78 ocio, xiHok 0ys0 49. Kputepii
BKJIIOYEHHSI B TOCJIIIXKEeHHS: BiK 18—75 poKiB, miaTBepmKe-
Huit giarHo3 XO3JI a6o BA BignmosinHo 1o GOLD 2024 i
GINA 2024 i niarHO3 OXXMpPiHHS Ha IiACTaBi PO3pPaxXyHKy
innekcy macu tina (IMT).

Kputepii BUK/ItoueHHs: rocTpi iHpeK1iliHi 3aXBOpIo-
BaHHSI BEPXHiX IUXAJIbHUX IUISIXiB, TSIXKi CEPLEBO-CY-
IVHHI a00 OHKOJIOTiYHI 3aXBOPIOBAHHS, BariTHICTb,
OpUIIOM iHTiIOITOPiB IMPOTOHHOI MOMIIM, 3aXBOPIOBAHHSI
HEPBOBOI CUCTEeMHU i MEHTaJbHi MOPYIIEHHS, 1110 MOTJIN
3aBaJUTU MPOBENEHHIO NOCHIIXKEHHS, HasSBHICTb iHIINUX
CYIIYTHIX 3aXBOPIOBaHb BHYTPIIIHIX OpPraHiB y CTamil ge-
KoMMeHcallii Ta HebaXkaHHsI XBOpOro 6paTH y4acTb y 10-
CJIIIKEeHHI.

Yci manienTu mignucyBaau iHopMOBaHY 3Toay Ha
TIOCIIIKeHHS 3TiIHO 3i BCTAHOBJIIEHUM 3pa3KoM, a JOCHi-
JKEHHSI OTPUMAJIO CXBaJIbHUIT BUCHOBOK JIOKaJILHOI 6i0-
etnyHoi KoMicil YxkHY (rmporokon Ne 7/1 Bix 30.06.2025)
11010 MOTO BiAMOBiAHOCTI MpuHUUTIaM [enbciHChKOT
nekJapatii, npuitHaToi ['eHepanbHOO acambiieero Bee-
CBiTHBOT MeanuHoOiI acomianii (1964—2016 pp.), KonBeH-
il pagy €Bponu IIpo IpaBa JIOAWHUA Ta 0iOMeIULINTHY
(1997 p.) i BinnoBinHuX 3aKkoHiB Ykpainu. Kiiniune o6-
CTEeXEHHS XBOpUX i Bepudikallis niarHO3iB 3/iliCHIOBa-
JIUCH 3TiNHO 3 YUHHUMU HOPMAaTUBHUMMU JOKYMEHTAMU,
MPOTOKOJaMU OOCTEeXEHHS Ta JIiKyBaHHsI. BuzHaueHHs

YaCTOTH 3arOoCTpeHb BcTaHOBIIOBamocs a1t XO3J1 3rio-
Ho 3 GOLD 2024, 3aroctpeHHsI BU3Havyaju siK otpedy B
JIOAATKOBIl Teparii (KOPTUKOCTEepOinu/aHTUOIOTUKM) a60
rocmirtajizanii; njs BA 3aroctpeHHsI BU3Ha4Yan0cCs 3TiJHO
3 GINA 2024 sk mocuJIeHHsI CUMIITOMIB, 1110 MOTpeOdyBajio
KOPOTKOCTPOKOBOI KOPEKIIii JTiKyBaHHSI. 3araJlbHOKJIiHiY-
Hi, 6i0XiMiuHi i1 cepoJIOTiuHi TOCTiIXKEeHHS MPOBOIUIUCS B
arectoBaHux JJabopatopisx YMBKIJI i 30KJI im. HoBaka
Ta KoMepliitHuX J1aboparopisix («Actpa-/ia», «/lina» Ta
ONELAB M. Yxropona). PiBens ractpuny-17 y cupoBaTiii
KpoBi HaTile Bu3Havyanu merogoM IDA. ¥V mocaimkeHHi
BUKOPUCTAaHI METOIM KJIiHIYHOTro i J1abopaToOpHOTO 00-
CTeXeHHs: 30ip aHaMHe3y Ta (izuKaibHe 00CTEKEeHHS,
nmposeneHo ¢idpoe3odaroracTponyoaeHOCKOIO i CITi-
pomertpio (FEV,, FVC). Ilin yac engockomniyHOro nocii-
JDKEHHST BUSIBJISLIM OyIb-sIKi MATOJIOTiYHi 3MiHU CTPaBOXO-
Iy i/a00 IUIyHKA i CTYIIiHb BAPMKO3HOTO PO3IINPEHHS BeH
crpaBoxony. Jisi eHIOCKOTIUYHOI OLIiIHKY CTYIIeHS ypa-
JKEHHS CTPaBOXOAY BUKOPUCTOBYBaIu Jloc-AHIKETECHKY
knacudikauiwo (1998). Helicobacter pylori-indexuito (Hp)
NIarHOCTYBAJIM 32 JOMTOMOTOI0 IIBUAKOTO yPEea3HOro TECTY
(CLO-test), a B YaCTUHM XBOPUX — IIUISIXOM BU3HAYEHHS
JAHK Hp metomom IJIP y kani. YacTuHi mauieHTiB mpo-
BedeHo noboBuii pH-MoHiTOpuHT. Yci XBopi OyIu po3-
nonisieHi Ha rpynu: nepma — [EPX + XO3JI (n = 25),
npyra — 'EPX + BA (n = 27), tpets — XO3JI (n = 17),
yetBepra — BA (n = 33), r’sTa (rpymna KOHTPOIIO) — OXKHU-
piHHg (n = 25).

AmHai3 Ta 00poOKa pe3yabTaTiB 00CTEXKEHHSI XBOPUX
3MIMCHIOBAIMCS 3a IOTIOMOTO0 KOMIT' FOTEPHOI Mporpamu
Jamovi 2.3.21, Microsoft Excel, Statistics for Windows v.7.0
(StatSoft Inc, CIIIA) 3 BUKOPUCTaHHSIM MMapaMeTpUIHUX
i HemapaMeTpUYHUX METO/IB OLlIHKMA OTPUMaHUX PE3Yib-
TaTiB. Pi3HUIIO BBaXanu CTaTUCTUYHO 3HAUYIIOI0 TIPU
p <0,05.

PesyAbTaTU

BcraHoBieHO CyTTEBI BiIMiHHOCTI piBHiB racTpuHy-17
Mix rpynamu. HafiBuii mokasHuku ractpuny-17 Bin-
3HauyeHo B nauieHTiB nepioi rpynu (FEPX + XO3J1) —
19,6 + 3,2 nir/mn i apyroi rpynu (FTEPX + BA) —
17,3 £ 2,9 nir/mJi1. Y naii€eHTiB 3 i30JIbOBaHUMU (popMamMu
3axBopioBaHb (XO3JI, BA) piBHi racTpuHy-17 Oyau mpax-
TUYHO Ha MEXi HOPMU, TOJI SIK Y TPYITi OXUPiHHS 6€3 CymyT-
HbOI MATOJIOTil — MPOMIiXKHI 3HaUE€HHSI, SIKi MaJIid TEHACHIIi10
1o 3pocTaHHs 3anexHo Bim IMT (Bix 13,2 + 2,6 nr/min 1o
20,2 £+ 3,5 ir/mi) (Tada. 1).

Tabnuys 1. PiBeHb racTpmHy-17
y AocnigxyBaHNUX rpynax

Mpyna - FacTpuu-17 P nopiBHsiHO
nauieHTiB (M = SD), nr/mn | 3 KOHTpPONEeM
FEPX + XO3/1 | 25 19,6 + 3,2 < 0,001
X031 17 74+21 < 0,05
M'EPX + BA 27 17,3+2,9 < 0,001
BA 33 82+17 < 0,05
a’(')‘m):ﬁ) 25 13,2426
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BusgsneHo 4iTKky mo3utuBHY Kopensdniro Mixxk IMT i
piBHeM ractpuny-17 (r = +0,64; p < 0,001) i BctaHOBITE-
HO TMO3UTUBHUM 3B’S130K 3 OKpYXKHicTIO Tauii (r = +0,59;
p <0,001). BctaHoBiieHO HeraTuBHY Kopessiiito Mix FEV,
i ractpuHoMm-17 (r = —0,52; p < 0,01). [NauieHTu 3 GiIbIIT
TskkuM niepedirom XO3J1 i BA (3HuxenHs FEV,) manu
BMII PiBHI racTpuHy-17, 1110 MOXe BKa3yBaTh Ha pOJIb Ti-
MOKCii Ta CUCTEMHOTO 3amajieHHs B 3MiHi TOPMOHAIbHOT
perynsuii. HeratusHa xopensuisg mix FEV, i piBHeMm ra-
CTpUHY-17 CBimUMTH IIPO Te, 110 3HMXKEHHS (QYHKIIiI 30-
BHIIIIHBOTO JIMXaHHS aCOLIIOETHCS 3 OUIBII BUPaKEHUMU
3MiHaMu racTpMHOBOI peryssiii. Y nauienris 3 XO3J1i BA
MOXJIMBUMU MEXaHi3MaMH €: XpOHiUHa TiMOKCisl, CUCTEMHE
3arajieHHs] HU3bKO1 iHTEHCUBHOCTI, MiABUILIEHHST BHYTPIlll-
HBOTPYAHOTO TUCKY TP Kalllli, MEANKAMEHTO3HU I BIJIUB
O6poHxoiTUKiB [12]. ¥ cykymHOCTI 11i (paKTOpU MOXKYTh
MOCUJIIOBATU TacTpoe3odareaabHuil pedIIroKe i 3MiHIOBaTU
TOPMOHAJIbHY BilMoBinb (TadJ. 2).

BcTranoBieHe HaMu MOCTYIIOBE IiABUIIEHHST FacTpU-
Hy-17 3i 3pocTaHHSIM CTYIIEHS OXUPIiHHS CBiIYUTH IIPO
N0303aJ1eXKHUI BIJIUB OXUPIHHS Ha TACTPUHOBY CEKpe-
mito. OTpuMaHi JaHi MiATBEPIKYIOTh HassBHICTh CHJILHOI
MO3UTUBHOI KOPEJISLii MixK iHAEKCOM MacH TiJla Ta piBHEM
ractpuHy-17. Lle y3romkyeTbcs i3 CydaCHUMM ySIBIICHHSIMU
PO OXUPIHHS SIK eHIOKPUHHO aKTUBHUI CTaH, NP SIKOMY
aIUMOKiHU (JIENITUH, aAUIIOHEKTUH, pe3UCTUH) BILIMBAIOTh
Ha MOTOPUKY 1 CEKpellilo IIJTYHKOBO-KUIIIKOBOTO TPAaKTY.
IlinBuIIEeHHSI BHYTPilIHHOYEPEBHOTO TUCKY B MALliEHTIB
3 OXUPIHHSIM J0JATKOBO CIIPUSIE PO3BUTKY ractpoesoda-
reaJibHOTO peIIIoKCY, 1110 MOXEe BTOPUHHO CTUMYJTIOBATH
CceKpellilo racTpuHy (Taoi. 3).

Kuniniuni nposisu 'EPX peectpyBasincst B nauieHTiB 3
MiIBUILEHUM PiBHEM racTpMHY-17 i yacTillle mposiBJISIMCS
HiuHuMU enizomaMu peduatokey (r= +0,61; p < 0,001), epo-
3UBHUMU YPaKEHHSIMU CJIM30BOI Ta 3HUKEHHSIM €(heKTUB-
HOCTi aHTHCEKpeTopHoi Tepariii. Lle Moxe cBimuuTH mpo Te,
1110 TiMepracTpUHeMIst € MapKepoM He JIMIIe KUCIOTHOI aK-
TUBHOCTI, aJIe 11 XpOHi3allii mpoliecy Ta 3HIKeHHS e(peKTUB-
HOCTI CTaHIAPTHOI aHTUCEKPETOPHOI Tepartii. AHaJTi3yIoun
XapakTep cKapr, HeOOXiTHO BiI3HAYUTH, 1110 B MaLlieHTiB 3 BA
BipOTigHO YaCTillle CITOCTePirajJrcs TUIIOBI CTPABOXidHI IIPO-
siBU pehJIIOKCY, a caMe TaKi CUMITTOMM: TUIIOBA Meyvist, Kucia
perypriTaiis, OUTh 32 TPYAMHOIO, MMOCWICHHS KaIILTIO B ITO-
JIOXKEHHI JiexkauH, 110 OyJ10 OiTbI BUpaXkeHuM yHoui. Yacto
CIOCTepiraBcs YiTKUIA 3B’5130K: pedIIroKc ~ OpoHXOCIa3M —
Haraz acTMH, 1110 TiATBEePXKYE Baryc-orocepeaKoBaHUi
OpoHxocIma3M i Mikpoacmipalito. Y nauieHTiB 3 BA HasiB-
HICTb peIIIOKCY acoliloBaiacs 3 TOMIpHUM ITiIBUIICHHSIM
pusuKy HiuHux Hananis (OR 1,3—1,5; p <0,05). Y xBopux Ha
XO3JI yacrTiiie peecTpyBay aTUIOBI TaCTPOIHTECTUHAIbHI
CUMMTOMU: XPOHIYHUI Kallle b 0e3 Teyil, Bim4yTTsI epernoB-
HEHHS LIUTYHKa, BiAPYIKKY IOBITPSIM, METEOPU3M i TIEPIIiHHSI
B TOPJIi, a TAKOXK 3aXpUILTCTb. Y 12 (29 %) xBopux Ha XO3J1
pedaoKe MaB CYOKJTiIHIUHUI mepeOir i OyB AiarHOCTOBaHUI
Jmiiie 3a gornomororo pH-merpii.

BcraHOBIEHO CTATMCTUYHO 3HAYYIIMIA 3B’SI30K MixK HasiB-
HICTIO raCcTPOIiHTECTUHAIBHUX CUMITOMIB i YaCTOTOIO 3aro-
crpedb XO3J1. Y nmanienTis 3 XO3J1 i cummromaMut pehiIioKCy
PUY3HK YaCTUX 3aTOCTPeHb OyB BULLIMM MPUOIU3HO Y 2—5 pa3iB
(OR 2,1-5,3; p < 0,01) mopiBustHO 3 xBopuMu 6e3 'EPX.

Ta6bnuys 2. Kopensuyii ractpuHy-17 3 KniHiYHUMMN
¥ aHTPONOMETPUYHUMMU NOKA3HUKaMU

KoediujieHT
e Kopensuii (r) a

IMT +0,64 < 0,001
OKpy>HicTb Tanii +0,59 < 0,001
FEV, -0,52 < 0,01
YacTtoTa 3arocTpeHb

XO3J/BA +0,47 < 0,01
TpuBanicTb 3aXBOPIOBAHHSA

na FEPX +0,43 < 0,05
HiuHi cumnTomu pedoniokcy +0,61 < 0,001

Ta6bnuys 3. PiBeHb racTpuHy-17 3anexHo
Bij CTyneHs1 oOXUpiHHA (B ycivi BUGipLi)

o%m'::a Lo ek (Mr:cglg;:ﬂr;:l:nn
| cTyniHb 30-34,9 13,4 + 2,3
Il cTyniHb 35-39,9 16,9+2,8
Il cTyniHb >40,0 20,2+ 3,5

IMposenenwuii ananisz BuBy 'EPX Ha mokasHuku
(YHKI1i1 30BHILIHBOTO IMXaHHS B TOCJIiKyBaHUX MAIliEHTIB
rnokasas, 110 y xsopux Ha XO3JI + T'EPX FEV, craHoBuB
55 + 11 % Bin HanexHoro, a B ocio 3 XO3JI 6e3 TEPX —
68 + 9 % Bin HamexHoro (p < 0,01). 3umwxkenuss FEV, Ha
13 % cBimunTh PO GLTBLI BUpaXKeHy OPOHXiaIbHY 00CTPYK-
1110 B MALIIEHTIB 3 pe(IIOKCOM.

IMpu BA 3 TEPX FEV, cranoBus 74 & 10 %, 6e3 TEPX —
82+ 8 % (p < 0,05). Tooro Tyr 3HmKeHHs FEV, Ha 8 % €
MEHIII BUpaxxeHUM, HixX 1ipu XO3J1, 1110 mOosSICHIOEThCS Ya-
CTKOBO 3BOPOTHOIO 00CTpYKIli€to npu act™i. OTxe, BcTa-
HOBJIEHO, 110 HAasIBHICTh racTpoe3odarearbHOro pedIok-
CY aCOIIIIOETHCS 31 CTATUCTUYHO 3HAYYIIUM 3HUKEHHSIM
FEV, y nauientiB 060x rpyt. Y xsopux Ha XO3JI 3HMXEHHS
FEV, € 6ipm BupaxkeranM (13 %) mopiBHSHO 3 TIallieHTaM1
3 OpoHXiaTbHOW acTMOIO (8 %), 110 MOXe CBITYUTH PO
OIIBIIY YYTIUBICTh XPOHIYHO OOCTPYKTUBHUX OUXATbHUX
LJISIXiB 10 BIUIMBY peIIOKC-iHAYKOBAHOTO 3aMaIeHHS.

O6roeopeHHs

OTpuMaHi pe3yJbTaTu IeMOHCTPYIOTh BUPaXKeHi 3MiHU
piBHSI TacTpUHY-17 y Malli€HTIB 3 MOEAHAHOIO TaCTPOE30-
¢areasbHOI0, PECIipaTOPHOIO Ta METaA0OJIYHOIO MATOIOTi-
€10, IO ITATBEPIXKYE CUCTEMHUIA XapaKTep B3aEMOIIi MixX
I'EPX, XO3JI, 6poHXiaJbHOI acCTMOIO Ta OXXKUPiHHSAM [13].
[linBuieHHs racTpuHy-17 y nmamieHTiB 3 KOMOiHOBaHOIO
MaTOJIOTIEIO Y3TOMKYETHCS 3 JTAaHUMMU TIPO POJIb TaCTPOiH-
TeCTUHAJbHUX FT'OPMOHIB y PeryJsiii KUCIOTONPOAYKIIil
Ta ajanTallii cJIn30BO1 000JIOHKY IUTYHKA MPU XPOHIYHUX
3aXBOPIOBAHHSIX IIUTYHKOBO-KHUIIIKOBOTO TpakTy [1]. Bu-
sIBJIeHA TO3MTUBHA KOPEJsisi MiX iHAEKCOM MacH Tijia
i piBHeM racTpuHy-17 MiaATBEpIXKY€E 3HAYEHHST OXUPiHHS
SIK KJII0OYOBOTO MaTOreHeTUIHOro (aktopa. OXupiHHSI
PO3TJISIIAETHCS SIK €HIOKPUHHO aKTUBHUI CTaH, TIPU SIKO-
MY aIuNOKiHU (JIENTUH, aAUIIOHEKTUH) BIJIMBAIOTh Ha
MOTOPUKY HIJTYHKOBO-KHMIIIKOBOTO TPaKTy Ta CEKpellilo
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ropMoHiB [14]. Kpim Toro, migBuIlleHHSI BHYTPIiIlIHbOYE-
PEBHOI'O TUCKY CIIPUSIE PO3BUTKY ractpoe3odareaibHOro
pedIIoKCcy, 1110 MOXe BTOPMHHO CTUMYJIIOBATU CEKPEllilo
ractpuny [15, 16].

Takox BCTaHOBJIEHUI 3B’ 30K MiX piBHEM racTpu-
Hy-17 i yacroroio 3aroctpeHb XO3JI i BA Mmoxe cBigunTn
MpO ydyacTb CUCTEMHOrO 3amnajieHHs1 Y GopMyBaHHi KO-
mop0OigHocTi [2]. Hocaimxenns Baldomero Ta cmiBaBT.
(2023) mokazanu, 1o y xBopux Ha XO3JI i3 cumnromamu
pedokey cepenti nokasHuku FEV, BiporinHo Huxui,
HIX y TTanieHTiB 6e3 pediokey [17]. Hami gani minTBep-
JUKYIOTH 11i pe3yabraTtu: y nanieHTiB i3 XO3JI i TEPX ce-
penniit FEV, 6yB Hikunit Ha 13 % TOpiBHSIHO 3 TUMU,
XTO He MaB pedJrokcy. Takox y mitepatypi (Respiratory
Research) Bin3HaueHo, 1110 3HMKeHHS TToka3HUKiB FEV, y
XBOPUX Ha acTMY 3 pedII0KCOM YacTillle CIIOCTEPiraeThest
OpU 3HAYHIM KMUCIOTHIN €KCITO3UIlil i yacTuHA malieH-
TiB IEMOHCTPYE MOKpAIEHHS ITicJs1 aaeKBaTHOI Tepartil
TEPX [3]. Hawi nani Takox noka3anu 3HuxkeHHs FEV,
mpuban3HO Ha 8 % y Malli€eHTIiB 3 aCTMOIO 3a HassBHOCTI
pedatokcy. Meraananiz Huang (2020) 3i0paB naHi moHan
13 000 manienTiB i3 XO3JI i BussBUB, 110 ractpoe3oda-
reajbHUil pedaoKc OyB MOB’SI3aHUI 3 MiABUILICHUM PU-
3MKOM 3arocTpeHpb mpudausHo B 5 pasiB (OR 5,3) [18].
V namomy nocrimkenHi OR mist 3aroctpens ipu XO3J1
TaKOX JIEXKUTh y Mexax 2,1—5,3, 1o Bianosigae omnyoJi-
KOBaHOMY CIeKTpy. Y JliTepaTypi 100 aCTMH 3a3HaYeHO,
1o HasgBHicTh 'EPX migBuiye pu3uK HiYHUX HamamiiB
i 3aroCTpeHb y MAILli€EHTIB 3 aCTMOIO, X04a 1Ieil 3B’SI30K €
MeHII BupaxeHuM, Hixx y XO3JI [19]. ITinBuiieHuit piBeHb
racTpuHy-17 acolifoBaBcs 3 OiJIbII TSIKKUM Iepedirom
T'EPX, 30kpema 3 yacTillMMU HIYHUMU CUMIITOMaMU i
€pO3MBHUMHU YpaXkeHHSIMU CIM30B0O1 000J10HKHU. 1le Moxe
CBiIUWTH TIPO Te, IO TillepracTpuHeMiss € MapKepoM He
JIIIE KUCOTHOI aKTUBHOCTI, ajie i XpoHi3allii mporiecy Ta
3HIDKEHHSI e(DeKTUBHOCTI CTAaHAAPTHOI aHTUCEKPETOPHOI
Teparii.

OTxe, pe3yJbTaTU MOCIiIKEHHsS CBigyaTh, IO Ta-
CcTpuH-17 € MOTEHIITHUM iHTerpajJbHUM OGioMapKepoMm,
SIKWI BimoOpakae B3aEMO/Iit0 TaCTPOEHTEPOJIOTIUHOI, PECITi-
paTopHOi Ta MeTaboJIiyHoI IaToJiorii. Haitoinbimn BupaxeHi
3MiHU BiI3HAYAIOTHCS TIPU MOEAHAHUX (DOPMaAX 3aXBOPIO-
BaHb, 110 MiIKPECIIOE BAXIINBICTh KOMIUIEKCHOTO ITiAXOMy
JIO BeIEHHS TaKWX TAI[iEHTIB.

BucHoBkuU

V maiieHTiB 3 ractpoe3odareaibHo10 pedIIOKCHOIO
XBOpOOOIO Ha TJIi OXMPIHHSI, OCOOJMBO 3a HASIBHOCTI
XPOHIYHOTO OOCTPYKTUBHOTO 3aXBOPIOBAHHS JieTeHb a00
OpOHXiaTbHOI aCTMHU, CIIOCTEPIra€ThCS IMiABUIIIEHHS PiBHS
racTpuHy-17, IpuyomMy MOTO KOHIIEHTpaLLisl TTO3UTUBHO
KOpEJIIOE 3 iHAEKCOM MacH Tijla, 110 MiIKPeC/IIO€ BaXJIUBY
POJIb OXXKUPIHHS B PO3BUTKY TillepracTpuHeMii.

PiBenb ractpuny-17 HeraTUBHO KOPEJIIOE 3 MOKa3HUKa-
MU (PYHKIIIi 30BHIIITHHOTO TMXAaHHS Ta aCOIIIOETHCS 3 TSK-
kuM nepedirom 'EPX, BKJIIOUHO 3 YaCTUMU HIYHUMU CUMIT-
TOMaMM Ta 3HMXKEHOIO e€(PEeKTUBHICTIO aHTUCEKPETOPHOIL
Tepallii, 0 JO3BOJISIE PO3TJIAaTH MOro K MOTEeHIIMHIIA
OioMapKep TSKKOCTi KOMOPOiTHOro MeTaboJ1iuHO-peCHTi-
pPaTOpPHOTO CUHIPOMY.

KondurikT inTepeciB. ABTOpU 3as1BISIIOTH PO BiICYTHICTh
KOHJIIKTY iHTepeciB i BiacHOI (piHaHCOBOI 3alliKaBJIEHOCTI
IIPY MiATOTOBII JaHOI CTATTi.

Indopmauisa npo dinancysanns. HaykoBe nociimkeHHs
BUMKOHAHO B paMKax 3arajbHoKadenpaabHoi TeMu «Mexa-
Hi3MM PO3BUTKY KOMOPOiTHOI ITATOJIOTI] TTPU 3aXBOPIOBAHHSIX
OpraHiB TPaBJIEHHS B YMOBAX COLliaJIbHUX BUKJIUKIB, MOXJIN-
BOCTI iHHOBALIITHMX METO/IIB JiarHOCTUKM Ta IepCOHi(piKO-
BaHOTO JIIKYBaHHS», HOMep nepxpeectpatii 0125U003977.

Buecok aBtopiB. /Iepbak M.A. — 3arajibHe KepiBHULITBO
po6oTOI0, PO3pOOKa KOHLETIi JOCTiIKEHHST, (hOPMYITIO-
BaHHS METH pOOOTH, pelaryBaHHs TEKCTY CTATTi, OCTATOYHE
3aTBep/KeHHs cTatTTi; Motuwibuak E.M. — inest poboTu,
30ip MaTepialy, CTaTUCTUYHA OOPOOKA OTPUMaHUX Pe3yJib-
TaTiB, aHaJIi3 Ta y3araJlbHeHHs TaHWX, HAITMCAHHST TEKCTY
cratTti; bieukan M.M. — penaryBaHHSI TEKCTy CTaTTi;
Pocroka JI.M. — anani3 nanux, Kputuaauii orisia; Cit-
kap A.[l. — cTaTUCTUYHMIT aHAaTi3.
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Gastrin-17 levels in gastroesophageal reflux disease considering obesity
and respiratory comorbidities

Abstract. Background. Modern clinical medicine regards gastro-
esophageal reflux disease (GERD), chronic obstructive pulmonary
disease (COPD), bronchial asthma (BA), and obesity as intercon-
nected pathological states that form a unified metabolic-inflam-
matory cascade. Gastrin-17, a hormone of the gastric antrum, is
one of the key regulators of acid secretion. The purpose of the
study was to evaluate gastrin-17 levels in patients with GERD
combined with COPD or BA against a background of obesity,
and to assess their correlation with clinical and anthropometric
parameters. Materials and methods. The study involved 102 pa-
tients diagnosed with COPD (n = 42) and BA (n = 60), as well
as 25 outpatients with varying degrees of obesity. Fasting serum
gastrin-17 levels were determined using the enzyme-linked im-
munosorbent assay. Results. The highest gastrin-17 content was
observed in group 1 (GERD + COPD) at 19.6 £+ 3.2 pg/mL and
group 2 (GERD + BA) at 17.3 £ 2.9 pg/mL. In patients of groups 3
(COPD) and 4 (BA), gastrin-17 levels were near the upper limit of
the normal range, while in group 5 (obesity) they were interme-
diate, with a tendency to increase depending on body mass index
(from 13.2 £ 2.6 pg/ml to 20.2 £ 3.5 pg/ml). A strong positive cor-
relation was found between body mass index and gastrin-17 content
(r=+0.64; p < 0.001), as well as a positive association with waist

circumference (r = +0.59; p < 0.001). An increase in gastrin-17
levels was recorded alongside the progression of obesity severity.
Patients with elevated gastrin-17 exhibited clinical manifestations
of GERD, more frequent nocturnal reflux episodes (r = +0.61;
p < 0.001), erosive mucosal lesions, and decreased efficacy of an-
tisecretory therapy. In patients with BA, typical esophageal symp-
toms of reflux during the night were significantly more frequent
(odds ratio 1.3—1.5; p < 0.05), showing a distinct causal sequence:
reflux - bronchospasm — asthma attack. Conversely, patients with
COPD more frequently presented with atypical gastrointestinal
symptoms, including chronic cough without heartburn, belching,
flatulence, throat irritation, and hoarseness. A negative correlation
was found between FEV, and gastrin-17 levels (r = —0.52; p < 0.01).
Conclusions. In patients with GERD and comorbid respiratory
diseases associated with obesity, there is an elevation in gastrin-17.
This parameter correlates positively with body mass index, high-
lighting the significant role of obesity in the development of hyper-
gastrinemia. Elevated gastrin-17 content is associated with a more
severe course of GERD, characterized by more frequent nocturnal
symptoms and erosive mucosal lesions.

Keywords: chronic obstructive pulmonary disease; bronchial
asthma; obesity; gastrin-17; gastroesophageal reflux disease
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Evaluation of pro-inflammatory cytokines IL-15, IL-18,

and IFN-y as diagnostic biomarkers
and their relationship with glycemic control
in type 1 diabetes mellitus

Abstract. Background. Type 1 diabetes mellitus (T1DM) is a persistent autoimmune condition marked by the
T-cell-mediated obliteration of insulin-secreting pancreatic beta cells. This mechanism is governed by a complex
network of pro-inflammatory cytokines that facilitate chronic inflammation and immune-mediated cell death. Com-
prehending the interaction between these cytokines and glycemic regulation is crucial for enhancing diagnosis and
disease management. The study purposed to evaluate the levels of pro-inflammatory cytokines (IL-15, IL-18, and
IFN-y) in patients with type 1 diabetes mellitus to determine their potential as biomarkers for disease prediction and
their correlation with glycated hemoglobin (HbA1c). Materials and methods. Case-control research was performed
with 100 T1DM patients from southern Iraq and 100 healthy controls between January and March 2026. Serum
cytokine concentrations were quantified with the enzyme-linked immunosorbent assay. Statistical methods, com-
prising Pearson correlation and receiver operating characteristic (ROC) curve analysis, were employed to evaluate
the correlations between parameters and diagnostic accuracy. Results. The study showed the patients with T1DM
demonstrated markedly elevated levels of IL-15, IL-18, and IFN-y compared to the control group (p < 0.01). A notable
positive correlation exists between HbA1c and all three cytokines, with the most robust association identified for IFN-y
(r=0.478, p = 0.000). Furthermore, IFN-y levels were significantly elevated in male patients and among younger
age groups (< 10 years). ROC analysis demonstrated that all three cytokines serve as strong predictors for T1DM,
exhibiting area under the curve values between 0.903 and 1.00. Conclusions. The results demonstrate that IL-15,
IL-18, and IFN-y contribute synergistically to the pathogenesis of T1DM and are significantly associated with chronic
hyperglycemia. Cytokines function as sensitive and specific biomarkers indicate that their integration into clinical
screening protocols may improve early detection and monitoring of autoimmune inflammation in T1DM patients.
Keywords: type 1 diabetes mellitus; glycated hemoglobin; biomarkers; proinflammatory cytokines; IL-15; IL-18;
IFN-y

Introduction

Type 1 diabetes mellitus (T1DM) is a severe autoimmune
disease that primarily affects children and young adults. It is
characterized by a breakdown of insulin-producing pancreatic
beta cells, which eventually leads to an insulin deficiency and
elevated blood glucose levels. T-cell-mediated destruction of
pancreatic beta cells is thought to be the cause of TIDM due
to a combination of environmental and genetic factors [1, 2].

Children with T1DM commonly exhibit hallmark symp-
toms such as polyuria and polydipsia, nearly one-third of
these cases develop diabetic ketoacidosis (DKA). Tests of
the blood and urine show abnormally high levels of ketones

and glucose, ifleft untreated, ketoacidosis can quickly lead to
death, coma, and unconsciousness [3]. In contrast, the onset
in adults may be more variable, as they often do not display
the classic symptoms observed in children and can experience
temporary remission from insulin dependency [4].

T1DM is not known to be preventable. Insulin therapy
is necessary for survival. Insulin therapy is normally admini-
stered by injections under the skin but can alternatively be
given by an insulin pump [5]. Cytokines are crucial for the
pathogenesis of T1DM at both the immune system and tar-
get 3-cell levels. In individuals with TIDM, autoreactive T
cells induce [3-cell destruction due to a breakdown of self-
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tolerance. CD4" and CD8"* T cells employ distinct effector
mechanisms and operate at various stages of T1DM to pro-
mote pancreatic 3-cell death and disease pathogenesis [6].

Interleukin-15 is a multifunctional cytokine critical for
the homeostasis of NK cells and memory CDS8* T cells. In
T1DM patients, elevated serum IL-15 and soluble IL-15Ra
levels have been observed, indicating their involvement in
promoting chronic inflammation and [3-cell degradation [7].
IL-15 also plays a role in the development of some autoim-
mune diseases, such as inflammatory bowel disease, rheu-
matoid arthritis, and psoriasis. Recent studies have demon-
strated that IL-15 is integral to the pathogenesis of TIDM
[8]. Interleukin-18 (IL-18) is a proinflammatory cytokine
that is part of the IL-1 family, it works with IL-12 and IL-15
to make NK and T cells produce IFN-vy. Studies have found
that TIDM patients have higher serum levels of IL-18, higher
levels are linked to poor blood sugar control, lower [3-cell
function, and diabetic ketoacidosis [9].

The IL-18 cytokine has been found to contribute to the
pathogenesis of autoimmune diseases such as asthma, aller-
gy, Crohn’s disease, rheumatoid arthritis, multiple sclerosis,
and myasthenia gravis [10]. IL-18 binding protein (IL-18BP)
inhibits IL-18 activity and the subsequent generation of
IFN-v. According to research, an IL-18 BP fusion construct
prevented the development of diabetes in NOD mice [11, 12].
Interferon-vy is generated by T cells, NK cells, and other im-
mune system cells. It is the standard cytokine for a T helper
type 1 (Thl) immune response that causes inflammation,
and it is often used to measure how well T cells work. IFN-y
is found in the inflammatory islet lesion and has been sug-
gested as a therapeutic target in T1DM [13]. IFN-y produc-
tion is associated with autoimmune illnesses, cancer, viral
infections, and various other disorders. The role of IFN-y
is to enhance the immune system’s ability to fight microbes.
It is also known to play a key role in cancer immune surveil-
lance by helping the immune system eradicate tumors [13,
14]. It has been found in vitro, the IFN-y, in conjunction
with IL-1p and TNF-a, induces f cell apoptosis [15, 16].

The purpose of the study was to evaluate the levels of
pro-inflammatory cytokines (IL-15, IL-18, and IFN-y) in
patients with type 1 diabetes mellitus to determine their po-
tential as biomarkers for disease prediction and their correla-
tion with glycated hemoglobin (HbAlc).

Materials and methods

The case-control study depended on two groups, the
first group included 100 patients who had previously been
diagnosed with type 1 diabetes in southern of Iraq, over a
period from January to March 2026, and the second group
of 100 individuals served as a control group. The diagnosis
of patient groups was based on laboratory results and clinical
examinations conducted by the hospital’s specialist physician
based on the patient’s initial symptoms and signs.

Three milliliters of blood were taken from patients and
controls. The blood was put in gel tube and allow to clot,
then centrifuged (4500 rpm for 10 min) to use it in ELISA
technique to detect the cytokines (IL-16, IL-18, and IFN-vy).

Inclusion criteria: T1DM diagnosed by specialist. Exclu-
sion criteria: T2DM patients, patients with other infections,
other autoimmune diseases.

The data of current study was statically analyzed by using
SPPS version 26, based on using independent sample t test
for averages variation, one way ANOVA for average variation,
LSD post-hoc test of variance to determine differences be-
tween averages, Pearson correlation and receiver operating
characteristic, for sensitivity and specificity parameters eva-
luation at p value < 0.05 [17, 18].

Results

The current result was showed a significant difference at
p value < 0.05, in the level pro-inflammatory cytokines be-
tween diabetic patient and control group. Their study recor-
ded the levels of all involved cytokines increased significantly
in patient than control group, as in Table 1.

The current result was showed a significant difference at
p value < 0.05, in the level of IFN-y according to sex group.
Their study recorded the level of IFN-vy increased significantly
in male group than female group, also the IL-18 increased
non-significantly in male group, while the level of IL-15 in-
creased non-significantly in female group, as in Table 2.

The current study was showed a significant difference
at p value < 0.05, in the level of IFN-y, in diabetic patient
according to age groups, was recorded the level increased
significantly in the first age group, while decreased in both
second and third age group. The levels of both IL-15 and
IL-18 increased non-significantly with increasing age.

The current study was showed a significant difference at
p value < 0.05, in the levels of all pro-inflammatory cytokines
in diabetic patient according to duration of disease, were recor-
ded the levels of IL-15 and IL-18 increased significantly in the
patients that had disease from 11—15 years, while decreased in
other disease duration, in addition the level of IFN-vy increased
in both first and third disease duration groups, while decreased
in in patients that had a disease > 16 years.

The present result showed a significant difference be-
tween HbAlc and cytokines, was recorded a moderate posi-
tive correlation between HbAlc and 1L-15 and interferon,
and weak positive with IL-18, also showed a positive rela-
tionship between cytokines, and was showed the IL-15 scored
a strong positive correlation with both IL-18 and IFN-y.
Also, 1L-18 scored a strong positive correlation with IFN-vy,
as in Table 3.

Table 1. Evaluation of pro-inflammatory cytokines
in diabetic patients and control group, mean = SD

Cytokines (: a:i_:e(r)g) (ﬁt;n:lgal) p value
IL-15 6.41 +1.85 2.46 £ 0.52 < 0.01
IL-18 210.2+60.7 | 131.7+30.8 | <0.01
IFN-y 19.80 £ 2.17 9.01 + 0.63 < 0.01

Table 2. Evaluation of pro-inflammatory cytokines
in diabetic patient according to sex, mean = SD

Cytokines (nM=a I5e0) 5?:‘23’) p value
IL-15 6.29 + 1.44 6.54 +2.19 0.514
IL-18 213.3+68.1 | 207.1 +52.7 0.613
IFN-y 2046 +2.42 | 19.33+1.74 | <0.01
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Table 3. Pearson correlation between
pro-inflammatory cytokines

r value 0.456 0.369 0.478
HbA1c

p value 0.000 0.000 0.000

r value 0.550 0.498
IL-15

p value 0.000 0.000

r value 0.766
IL-18

p value 0.000

ROC test of pro-inflammatory cytokines
in diabetic patients and control group

The pro-inflammatory cytokines were tested between
diabetic patients and a control group for use as markers of
the onset or progression of diabetes disease, and the current
study was recorded the all cytokines was considered a very
strong bio marcher for disease prediction, was all diabetic
patient had high 1L-15 level compared with control group,
also 99 % of patient had high IFN-y level compared with
control group, in addition 90.0 % of patients had high IL-18
level compared with control group, as in Table 4, and Fig. 1.

Discussion

The current research showed significantly elevated le-
vels of 1L-15, IL-18 and IFN-y with (p values < 0.001) in
patients with T1DM over healthy individuals. That pattern
is similar with the immuno-inflammatory nature of TIDM
characterized by activated CD4" Th1 and activated NK and
CD8 cytotoxic T cells contribute to pancreatic beta-cell
destruction. The elevated interleukin-15 levels in patients
(6.41 £ 1.85) compared to healthy individuals (2.46 + 0.52),
indicate statistically significant results. This finding can be
explained by the fact that interleukin-15 is a cytokine which
contributes to survival and activation of cytotoxic T cells and
natural killer cells and thus may prolong the lifespan of the
autoimmune response against beta cells.

It also contributes to sustaining immune responses in
T1DM patients by inhibiting apoptosis of affecter immune
cells, thereby prolonging inflammatory activity. Recent
research in TIDM concurs with this mechanism. A study
demonstrated that macrophage and monocyte-derived
interleukin-15 catalyze inflammatory immune responses
and contribute to autoimmune activation in patients with
T1DM [19]. These findings are in agreement with levels of
IL-15 seen in the current study. Additionally, another study
showed that serum interleukin-15 levels were statistically
significantly higher in T1DM patients compared to healthy
controls [20].

1.0
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Figure 1. ROC test of pro-inflammatory cytokines
in diabetic patients and control group

The IL-18 levels were significantly higher in TIDM
patients (210.2 £ 60.7) than in healthy individuals
(131.7 £ 30.8), a finding of biological relevance with high
reliability. The increased levels of IL-18 found in this study
can be the result of innate immune system and inflam-
masome pathways activation that relates to Th1 immune re-
sponse upregulation, as well as IFN production stimulation.
Its levels are increasing in T1DM according to the mecha-
nism of this disease. A number of studies conducted on pa-
tients with T1DM showed elevated levels of interleukin-18
in patients, indicating its role in promoting inflammatory
responses and damage to pancreatic beta cells. For instance,
a study performed by Al-Dubayee et al. showed significant
increased levels of IL-18 in T1DM patients compared to
the control group [21]. Additionally, a study revealed that
IL-18 plays a role in the pathophysiology of diabetes and
its related complications, through modulation of [3-cell
damage and death [22].

The current findings show a highly statistically significant
difference between the elevated level of IFN-y (7.89 + 2.17)
and the level (3.01 £ 0.63) in healthy individuals. This re-
sult may be due to increase of Thl cell mediated immune
response in TIDM and enhancement cytotoxicity of CD8*
T-cells, where autoreactive T cell produces interferon-vy,
leading to upregulation of MHC expression on pancreatic
beta cell, and then immune activation and beta cell destruc-
tion. Since this study found a significant increase in 1L-18,
an increase in IFN-vy is a direct and inevitable consequence.
As IL-18 is medically known as the interferon-y-inducing
factor, which responsible for sustaining chronic inflam-
mation. Numerous researches conducted on patients with
T1DM showed rising levels of IFN-y concentration, demon-
strating the role of this cytokine in inflammation and de-
struction of beta cells. A study performed by Al-Dubayee

Table 4. ROC test of pro-inflammatory cytokines in diabetic patients and control group

ytokines ut value | Sensitivity | Specificity _

IL-15 1.00 0.69 1.00
IL-18 0.903 92.6 1.00
IFN-y 1.00 7.92 1.00

1.00 0.000 0.000 1.000 1.000
0.95 0.022 0.000 0.859 0.946
0.95 0.003 0.000 0.988 1.000
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et al. identified that type 1 diabetes patients had a signifi-
cant increased IFN-y levels compared to control group [21].
Similarly, results of a study done by Coomans de Brachéne
et al. indicated that both IFN-a and IFN-y are essential
cytokines at the islet level in human with TIDM, which
promotes and maintenance of autoimmunity [23].

Levels of pro-inflammatory cytokine (IL-15, IL-18, and
IFN-v) were markedly influenced by the age and duration
of TIDM as revealed in the present study, suggests differen-
tial regulation of innate and adaptive immune responses in
people with TIDM. The current study revealed no signifi-
cant variations in IL-15 and IL-18 levels among different
age groups (p value < 0.05), the significant elevation of
IL-15 (7.49 £ 2.02) and IL-18 (248.6  79.4) levels were
demonstrated in patients with a disease duration of 11—15
years, indicating a peak in chronic immune activation.
These results may be explained by the principal function of
IL-15, which is to preserve immune cell homeostasis, rath-
er than serve as an indicator of acute immune activation.
Monocytes and macrophages secrete most of the interleu-
kin-15, which helps CD8" T cells and natural killer cells
survival and continuous development. The IL-15 works
at the level of the interaction between innate and adaptive
immunity; its expression is primarily triggered by immune
activation and not by age-related immune maturation. Re-
cent research about T1DM indicated that interleukin-15
activity was associated more with immune cell activation
pathways than with age-related ones [19].

The IL-18 did not show any significant variations be-
tween age groups, that finding could be explained that it
is produced when the NLRP3 inflammasome is activated.
Therefore, it is a metabolically driven pro-inflammatory
cytokine. The metabolic stress, such as high blood sugar
and oxidative stress, has a strong effect on 1L-18 levels
rather than patient age, thus IL-18 is known to be an inter-
feron-y-inducing factor, and is very crucial for enhancing
Th1 responses and long-term inflammation. This may ex-
plain the increased levels of IFN-y during period (11—15
years) of disease duration and also aligns with research
suggested that 1L-18 levels were more closely associated
with glycemic control markers than with patient age, in-
dicating that it is an inflammatory metabolic state instead
of immunological development [22]. Levels of IFN-y were
significantly increased in younger patients (< 10 years)
(8.84 £ 2.48) compared to the older patients (> 21 years)
(7.40 £ 1.88). Also, IFN-v levels significantly increased
during the acute phase of the disease duration (< 5 years)
(8.34 £ 2.46) and (11—15 years) (8.34 £ 2.43) group. sug-
gesting elevated Th1-mediated immune responses in ear-
ly-onset TIDM. The CD4"* Thl cells and CD8" cytotoxic
T cells produce IFN-y, which is a key cytokine that plays
an important role in the destruction of pancreatic 3-cells
by increased antigen presentation and activating macro-
phages. The elevated levels seen in younger individuals may
indicate a more aggressive autoimmune response at the
onset of the disease. Previous studies on pediatric TIDM
corroborate the current study, which indicated elevated
pro-inflammatory cytokine activity and immune dysfunc-
tion in children younger than 12 years old. That evidence
indicated a greater Th1-mediated immune response in the

early stages of the disease [24]. Nevertheless, two studies
indicated decreased IFN-v levels in children with TIDM
populations compared to healthy ones [25, 26].

The significantly reduced levels of all pro-inflammatory
cytokine (IL-15, IL-18, and IFN-y) in the present study
were observed in older patients (> 16 years old). The declined
levels may be interpreted as immunological exhaustion that
occurs after the initial acute phase of pancreatic autoimmu-
nity. Additionally, the long-term exposure to chronic inflam-
matory triggers results in impaired T-lymphocyte, NK cell
activity and reduced cytokine secretory ability. Moreover,
people with long-term T1DM experience complete reduction
in pancreatic beta-cell mass, and the autoimmune response
antigenic stimulus is greatly decreased. Previous research
on children with recently diagnosed T1DM showed higher
levels of IFN-y expression than patients with longer-term
diabetes [27].

The results indicated statistically significant positive cor-
relations between HbAlc and IL-15, 1L-18, and IFN-vy,
clearly reflecting the pivotal role of chronic hyperglycemia
in stimulating the inflammatory immune response. The
moderate correlation between HbAlc and IL-15 (r = 0.456)
might be explained by the fact that hyperglycemia activates
intracellular inflammatory pathways, particularly the NF-xB
pathway, which stimulates monocytes and macrophages to
secrete IL-15. This finding, promotes the activation and
proliferation of immune cells such as T cells and inflam-
matory B cells, also aligns with previous research, that re-
vealed a positive correlation between HbAlc and IL-15 in
T1DM patients [20]. The correlation between HbAlc and
IL-18 (r = 0.369) may be attribute to the fact that chronic
hyperglycemia stimulates the activation of the inflammasome
complex, leading to increased production of IL-18 as part of
the innate inflammatory response. Numerous studies showed
positive correlation between I1L-18 and HbAlc in TIDM
patients [9, 21].

Additionally, IFN-y showed a relatively stronger asso-
ciation with HbAlc (r = 0.478), reflecting a shift in the im-
mune response towards a Th1-mediated immunity pattern
in chronic hyperglycemia. Oxidative stress and persistent
inflammation stimulate the production of IFN-vy, a key cy-
tokine responsible for damage to pancreatic beta cells and
increased insulin resistance. These findings are inconsis-
tent with studies that demonstrated no correlation between
HbAlc and IFN-y [21, 28]. A strong positive correlation
observed among pro-inflammatory cytokines (IL-15, 1L-18,
and IFN-vy) (p < 0.001), that demonstrates strong evidence
of a coordinated pro-inflammatory network of TIDM pa-
tients. The high correlation was observed between IL-15 and
IL-18 (r value = 0.792), indicating that these cytokines may
function synergistically in maintaining chronic immune ac-
tivation. The 1L-18 also had a high correlation with IFN-vy
(r value = 0.766), which supports its well-known role as a
factor that makes interferon-y. This result agreement with
previous study which showed a positive correlation between
IL-18 and IFN-v [29].

Additionally, 1L-15 was also strongly correlated with
IFN-v (r value = 0.703), which can activate cytotoxic CD8 T
cells and NK cells, as the main sources of IFN-y. These
findings indicate that the pathogenesis of TIDM is not
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mediated by a singular cytokine, but rather by a synergistic
IL-15, IL-18 and IFN-y. These cytokines promote a con-
tinuous inflammatory pattern; IL-18 essentially drives the
Th1 response, while IL-15 keeps autoreactive effectors being
active, and IFN-y helps tissues destruction. These findings
underscore that therapeutic strategies aimed at a singular
cytokine may be inadequate, requiring multiple manners may
be necessary to inhibit the disease progressive.

According to ROC analysis, the current study indicated
that IL-15, IL-18, and IFN-y levels are excellent predic-
tors of T1DM patients, with AUCs of 1.00, 0.98, and 0.84,
respectively. The combination of these three biomarkers
achieved diagnostic accuracy that demonstrates their ability
to effectively distinguish T1DM patients from healthy indi-
viduals. Interleukin-15 and IFN-y demonstrate that these
cytokines possess exceptional sensitivity and specificity in
distinguishing T1DM patients from healthy subjects. More-
over, IL-18 is slightly lower than IL-15 and IFN-vy, but it
is very sensitive and specific. Several studies corroborate
the present findings, for instance, recent research that uti-
lized ROC curve analysis showed that pro-inflammatory
cytokines (IL-6 and IFN-vy) possess strong diagnostic ac-
curacy in TIDM, with AUC (0.98) when combined [30].
Additionally, research conducted by Abdullah et al. which
used ROC, demonstrated an IL-18 AUC (0.88) as accurate
predictors of hospitalization. These results suggested that
adding these pro-inflammatory cytokines (IL-15, IL-18,
and IFN-vy) to clinical screening protocols could greatly
improve the early detection of autoimmune inflammation
in TIDM [31].

Conclusions

The current study confirms that chronic inflammatory
pathways are strongly activated in diabetes, with pro-in-
flammatory cytokines IL-15, IL-18, and IFN-y consi-
derably upregulated compared to healthy controls. Di-
sease duration causes cytokine levels to peak considerably
around 11—15 years, although gender and age had no effect
on IL-15 and IL-18. Interestingly, IFN-v is influenced
by these parameters and is highest in male patients and
younger 11—15 years). Poor glycemic management (HbAlc)
additionally positively correlates with all three cytokines.
A strong synergistic relationship exists between IL-18 and
IFN-vy (r = 0.766), indicating a feed-forward loop that ac-
celerates inflammation. ROC analysis shows that these cy-
tokines are effective treatment tools, with 1L-15 being the
most successful.

Ethical approval. The Medical Ethical Committee of The
Department of Microbiology, College of Medicine, Univer-
sity of Basrah approved this study (No. 778 on 20/7/2025).
Participant consent was waived by the committee since only
patient files were reviewed.
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OuiHKA Npo3anaAbHUX UUTOKIHIB IL-15, IL-18 Ta IFN-y 9K AiarHOCTUY4HMX GioMapkepis
TA X 3B’30K i3 FAIKeMiYHUM KOHTPOAEM MpU LlyKPOBOMY AiaberTi 1-ro tuny

Pe3tome. Axkmyaavnicmo. Lykposuii giabet 1-ro tuny (1) €
CTiINKMM MOPYILIEHHSIM iMyHHOT CUCTEMH, 110 XapaKTePU3Y€EThCS
orocepenkoBaHolo T-kiiTHHaAMU 00JIiTepalli€lo MPOIYKYIOUUX
iHCyJiH OeTa-KJIiTUH MiALITyHKOBOI 3a103u. Lleit MmexaHi3M pe-
TYJIIOETHCSI CKJIAHOIO CUCTEMOIO Mpo3analbHUX LUTOKIHIB, SKi
00yMOBJIIOIOTh XPOHIUYHE 3aMaJieHHs] i iMyHOOIOCEpPEIKOBaHY
3arubesb KIiTUH. Po3yMiHHS B3a€MOfii MiX LMTOKiHAMHU i pe-
TYJISILIEIO TiKeMii Ma€e BUpilaabHe 3HAYSHHS JJ1s1 TTOTITIIIeHHS
NiaTHOCTUKM ¢ JIiKyBaHHSI 3aXBOpIOBaHHs. Mema: OLliHUTU PiBHi
npo3ananbHux HMToKiHiB (IL-15, IL-18 Ta IFN-v) y nauieHrin
i3 LlyKpOBUM JiabeToM 1-ro Tumy, 1100 BUSHAUUTHU iX TTOTEHLIia
SIK OioMapKepiB ISt TIPOTrHO3yBaHHS Tepediry 3aXBOpIOBaHHS Ta
KOpeJsliio 3 m1ikoBaHUM reMoriobinom (HbAlc). Mamepiaau
ma memoou. JIoCITiIKEHHSI TUTTY «BUMAJI0K — KOHTPOJIb» OYJI0
nposeneHo 3a ydyactio 100 nauieHTis 3 niaeHHoro Ipaxy ta 100
3[I0POBUX KOHTPOJBHUX OCi0 y mepion 3 ciuHs mo 6epesnst 2026
poky. KoHleHTpalilo HMTOKIHIB y CUPOBaTLi KPOBi BU3HAYAIH 3a
norniomoroto Mmetony ELISA. lyist ouliHKu Kopesisiiii Mix napame-
TpaM¥ i TOYHICTIO AiarHOCTUKN BUKOPUCTOBYBAJIM CTaTUCTUYHI
MeToau, 30KpeMa kKopedsauiio [Tipcona ta ananiz ROC-kpuBoi.

Pesyavmamu. JlocnigxeHHs okasaio, 110 B nauieHTis i3 L1
crioctepiraBcs BiporigHo minBuieHuii ymict 1L-15, IL-18 ta
IFN-y nopiBHsIHO 3 KOHTpOJBHOIO rpynoto (p < 0,01). [Tomit-
Ha MMO3UTUBHA Kopeslisa icHye Mix HbAlc ta muMu Tpboma
LIMTOKiHAMU, TPUYOMY HAMOINbII CUIbHUI 3B’SI30K BUSIBJIEHO
3 IFN-y (r = 0,478, p = 0,000). Kpim Toro, piBHi IFN-y 6yau
3HAYHO ITiIBUIIICHI B MAIliEHTIB YOJIOBIUOi CTaTi Ta cepes Mo-
nonmux BikoBux rpym (< 10 pokiB). ROC-aHaini3 mokasas, 1o
BCi TPU LUUTOKIHU € CWJIBHUMU NIpeAuKTOpamMu po3BUTKy LIJI1,
NIEMOHCTPYIOYM 3HaAYeHHS TIo1i mix kpuoto Bix 0,903 mo 1,00.
Bucnoexu. 3rinHo 3 pesynbraramu nociimkenss, [L-15, IL-18
ta [FN-y 6epyTs yuacts y marorenesi LI/[1 i BiporinHo moB’si-
3aHi 3 XpOHiYHOIO rinepriaikemielo. IIuTokiHu GyHKIIIOHYIOTH
K 4yTJuBi Ta cieundivHi 6iomapkepu. Lle BKkasye Ha Te, 110 iX
iHTerpauist B MpOTOKOJIU KIIIHIYHOTO CKPUHIHTY MOXE MOJIIMIIUTH
paHHE BUSIBJICHHS I MOHITOPUHT aBTOIMYHHOTO 3aTajieHHST B
nawieHTin i3 LIJ11.

KuarouoBi ciaoBa: nykposuit gia6et 1-ro THmy; rIikoBaHWiA
reMorio0iH; 6iomapKepu; mpo3anaibHi nutokinm; [L-15; IL-18;
IFN-y
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TepHOMIALCbK HALIOHAABHU MEANYHNN YHIBEDCUTET iMeHi |.51. Top6ayeBCbKoro, M. TepHoniAb, YkpaiHa
MeandrHm UeHTp «Minamep», M. XMEABHMLIbKUA, YKPQIHO

OOl «MeamyHm KABIHET EBCTPATLEBUX»?, M. XMEAbHULIbKUK, YKpQiHO

B3aeMO3B’430K MiXK 306e3ne4YeHiCTiO OPraHiamy
BiTOMIHOM D TQ KOHUeHTpauieto PPAKTAAKIHY
Yy XBOPUX HO NePBUHHUM FiNOTUPEO03

PestoMme. AkTyanbHicTb. [TepBuHHWI TiMOTUPEO3 HANEXUTb [0 HAMMOLLUMPEHILLNX eHOOKPUHHUX 3aXBOPIOBaHb
Ta CyrnpoBOAXKYETbCS PO3IBUTKOM YUCTIEHHUX METabOosliqHMX MopyLLeHb. [Jo 0gHOro 3 nepcrneKkTuBHuX bioMapkepis
CYAMHHOro 3anasneHHs HanexunTs opakTasnkiH (CX3CL1). Ponb ghpaKkTankiHy npv nepBuHHOMY rinoTupeosi ocsi-
[KeHa HefocTaTHbO, a AaHi LWoao voro B3aeMo3B’I3KIB 3 TUPEOIHUM CTaTycoM, 3abe3rneyeHicTio BiTamiHom D
Ta rokasHuKamm JiifigHoro obMmiHy 3anuiuaroTscs cynepedmsumm. MeTta: nposectu OUiHKY Br/mBYy 3abesrieqe-
HOCTi opraHiamy BiTamiHoOM D Ha KOHLeHTpaLito ¢ppaKTaskiHy y XBopuX Ha rnepBuHHW rinotupeod. Marepianu Ta
meTtoan. [ig crioctepexeHHs M repebysasno 130 XxBopux Ha NepBUHHWIA rinoTupeo3 BikoM Big 18 4o 65 pokis. Ycim
y4acHuKam rpoBOANIN BUSHAYEHHS TUPEOTPOIMHOIro rOPMOHY, BiflbHOrO TUPOKCUHY, Xonekasnbsumgeposy, CX3CL1.
CTatMcTUYHi METOAN BKIIOYaIn (hopMyBaHHS €NIEKTPOHHOI 6a3u JaHuX, NepesipKy pO3MnoAiny noKkasHUKIB Ha
HOPMasIbHICTb, PO3PaxyHOK cepenHiX BEINYUH Ta NOKa3HWKIB BapiabesibHOCTI. Pe3ynbratn. HaviHmkyi 3Ha4YeHHs
CX3CL1 crioctepirarmnucs y nayieHTis i3 goctatHim pisHem 25(0OH)D (= 30 Hr/mn), Toai ik y XBOpUX i3 HeJOCTaTHI-
CTI0 Ta 0C06/BO JeiunTom BiTamiHy D Big3Ha4anocs nporpecyBHe nigBULLEHHS KOHLUEeHTpaLii JOCigXyBaHOro
XeMoKiHy. MakcumarbHi 3HaqeHHs CX3CL 1 6ynm 3apeecTpoBaHi y nayieHTiB i3 piBHem 25(0H)D meHLwe 20 Hr/mi.
BusiBneHo o6epHeHy Kopensuito: 3i 3HMKeHHSIM KOHLeHTpaLii BitamiHy D BigaHa4anocs nigBuiyeHHs1 pisHs CX3CL1.
Lle nigTBepaxye MoXnmBy y4acTb gegiunty BitamiHy D y MexaHiamax akTuBayii CUCTEMHOIO 3anaseHHsi Ta po3-
BUTKY eHpoTesliasibHOI ANCEYHKUII y XBOpUX Ha NEepBUHHWI rinoTnpeos3. BUCHOBKK. HepfocTaTHicTs Ta aegiunt
BiTamiHy D € nowumpeHuMmu cepen XBopux Ha NepBUHHMI TINOTUPEO3 | CYrnpPOBOLAXYOTLCA MIABULLEHHAM PIBHS
pakTankiHy. BussneHo obepHeHy KopersLito MiX KoHueHTpauieto 25(0OH)D Tta piBHem ¢ppakTasnkiHy. O6rpyHTo-
BaHo [OUiNIbHICTb KOMI/IEKCHOI OLIHKMU TUPeOoifHOro ctaTtycy, 3a6e3ne4eHocTi BitTamiHOM D Ta piBHsi chopakTasnkiHy
L7151 nepcoHanisayii nigxoAis 4o BeAEHHS NaLiEHTIB 3 NepBUHHUM riNOTUPEO030M i CBOEHACHOI0 BUSIB/IEHHS OCI0 i3
MigBULLIEHUM PU3UKOM CepLEeBO-CYANHHNX YCKII8AHEHD.

Knrou4oBi cnoBa: nepsuHHUi rinoTupeos; pakTaski; BitamiH D; eHgoTenianbHa AMCEYHKLIS,; XPOHIdHe 3ana-
JIEHHSI; CepLeBO-CYANHHUA PUSUK

Bctyn

IlepBUHHMIA TiMOTUPEO3 HAJTEXKUTH 10 HalMOIIUpe-
HIlIUX €eHIOKPUHHUX 3aXBOPIOBAHb Ta CYMPOBOIXKYETHCS
PO3BUTKOM YMCJIEHHUX MeTabOJiuHUX mopyuieHs [1, 2].
Cepen uux po3yaaiB BaroMme 3HaUY€HHS MalOTh AMCIIiITi-
neMist, eHmoTesiaabHa TMCHYHKIIISI, XpOHIYHE HU3bKOIH-
TEHCHBHE 3aMajleHHs Ta MiJIBULLIEHHS CepLEeBO-CYAUHHOTO
pusuky |3, 4]. [lonpu 3HaYHY KiJIbKiCTh TOCTiIXEHb, TTPU-

CBSIYEHUX BUBUEHHIO TMPEOITHOI ITATOJIOTil, MeXaHi3MU
(dopMyBaHHs KapaioMeTaboJiuUHUX MOPYLIEHb TIPU Mep-
BUHHOMY TilTOTUPEO3i 3AJIMIIIAI0THCS HEMOCTATHBO 3’51CO-
BaHUMH |35, 6].

OngHuM 3 TIepCIeKTUBHUX OioMapKepiB CyTMHHOTO 3a-
nayeHHs € ppakrankin (CX3CL1) [7]. Lleit xemoKiH G6epe
y4acTh y Ipoliecax aaresii Ta Mirpailii JeiMKoOLUTIB, po3-
BUTKY aT€pOCKJIEPOTUUYHOTO YPaKeHHS CYIWH, EHIOTei-
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anpHOI AUCcYHKIIII Ta XpoHiyHOro 3anajieHHd [8]. [linBu-
IeHa eKcIpecis ppaKkTaaKiHy B eHIOTeTiaIbHUX KITITHHAX
CIIOCTePIra€eThes i BIUIMBOM IpPO3allaIbHUX LIIMTOKIHIB,
OKCHIATUBHOTO CTpecy Ta auciminemii [9]. AkTusailtist oci
CX3CL1/CX3CRI1 cnpusie minTpuMaHHIO XPOHIYHOTO 3a-
MaJIeHHS CYIMHHOI CTiIHKM, TIPOTPECYBAHHIO aTePOCKIIEPO3Y
Ta pO3BUTKY eHaoTeianbHOoI nucdyHkii [10]. Came Tomy
(paKkTaJIKiH pO3MISAOAETHC K IIePCIEKTUBHMI OioMapKep
CepleBO-CYIMHHOTO PU3UKY Ta MTOTEeHIIiliHA TeparieBTUYHA
mimeHs [11].

Pounb dpakrankiHy rnpu nmepBUHHOMY TilOTUPEO3i 10-
CJIiIKeHa HEeIOCTAaTHBO, a JaHi 1100 MOT0 B3aEMO3B’SI3KiB
i3 TUPEOITHUM CTaTycoM, 3abe3mnedeHicTIo BitamiHoM D Ta
MOKa3HUKAMM JIIIITHOTO OOMiHY 3a/IMINAIOThCS CyIepe-
YJIMBUMU.

Ha cporoaHi BitaMiny D BiZBOAUTECS POJIb HE JIUIIE pe-
ryJasITOpa 0OMiHY Kajbliito Ta pocdopy, a it BAroMoro imy-
HoMoyoouoro dakropa [12]. Xonekaabmudepoir oepe
y4acThb Y KOHTPOJIi 3alajJbHUX IpolieciB, (QYHKIIIOHYBaHHi
SHIOTEJiIO Ta MiATPUMAaHHI KapaioMeTa0O0IiYHOTO 3M0POB’sI
[13]. YucneHHi gocHimKeHHs CBimyaTh Mpo 3B’s130K aedi-
Uty BiTaMiHy D 3 po3BUTKOM aBTOIMyHHUX 3aXBOPIOBaHb
muTononioHoi 3ayo3u (LL3), nucninigemii, eHIOTeiaIbHOT
IUCOYHKIII Ta MiIBUILIEHUM CepLEeBO-CYIMHHUM PU3NKOM
[14, 15].

MeTta nochaigKeHHs: OL[IHUTU BIUIMB 3a0€3Me4YeHOCTi
opratizMy BitamiHoM D Ha KOHIIEHTpalliio ppaKTajaKiHy y
XBOPUX Ha MEPBUHHUI TiMOTUPEO3.

Marepiaam Ta meToamn

JocniaKeHHsI BUKOHAHO BiIMOBIZHO A0 IMPUHIIMITIB
HajexHoi kiiHiuHoi npaktuku (Good Clinical Practice,
GCP), nonoxenb World Medical Association Ta eTn4-
HUX MIPUHIINIIB, BUKJIaAeHUX Y [eIbCiHChKIil meKiaparlii.
Yci obcrexeHi ocodu Oyau noiHGoOpMOBaHi MPo METy Ta
3aBIaHHS JOCTIIXEHHS i HalaJIu JO0OPOBUIbHY ITMCHMOBY
iH(OpMOBaHY 3rojly Ha y4acTb Y HbOMY.

JlocnimXeHHs BUKOHaHI Ha KIiHiYHiNA 0a3i menny-
Horo 1eHTpy «Minamen» ta @OIT «Mennunuii KabiHeT
€BcTpatheBUX» (M. XMeabHULIbKUIT). Tin criocTepeskeH-
HaM TepebyBajo 130 xBopux Ha IMIEPBUHHUN TiMOTUPEO3
(3okpeMa, 18 vonoBikiB, 13,9 %) Bikom Bia 18 10 65 pokiB.
VYciM yyacHUKaM MPOBOIMIIM BU3HAUEHHST TUPEOTPOITHOTO
ropmoHny (TTT), BinbHOTO TUPOKCHHY, X0OJieKaablnbepo-
ny, CX3CL1, noka3HUKIB JiMigHOro npodijio Ta rIr0K0o3u
KpOBI.

st oniHKM 3a6e31euyeHOoCTi opraHiamMy BitamiHoM D
BM3HAYaJIM KOHIIEHTpaliro 25-rimpokcuBitaminy D
[25(OH)D] y cuposarii kposi. Came 25(OH)D BBaxkaeThb-
Cs1 HAMOLTBIN iH(hOPMATUBHUM J1JA00PATOPHUM ITOKA3HUKOM
crarycy BitamiHy D, ockinbku BimoOpaxkae cymapHe Haj-
XOMXeHHs BiTamiHy D 3 xapuyoBuX mxepes, 0ioJoTiYHUX
M00aBOK Ta MOTo CMHTE3 Y LIKipi il BIUIMBOM yJbTpadio-
JIETOBOTO BUITpOMiHIOBaHHS [16]. IHTeprpeTaliio otpruma-
HUX Pe3y/IbTaTiB IIPOBOIMIIN BilIIOBITHO IO peKOMEHIAIIiil
MiXKHapOIHMX EKCITIEPTHUX TOBAPUCTB:

— nediuut Bitaminy D — meH1e Hix 20 Hr/MJ1 (MeHILe
HiX 50 HMOJIB/7T);

— HeAocTaTHicTh BiTaminy D — 20—29 ur/mn (50—
74 HMONB/T);

— nocTaTHii piBeHb BiTaminy D — 30—50 ur/min (75—
125 HmMonb/1);

— BMCOKMI piBeHb BiTaMiHy D — moHan 50 Hr/mi (1o-
Haz 125 amonb/n) [16].

Busnauenns konuentpaiii CX3CL1 y cupoBaTii KpoBi
TPOBOAWIIM IJIsl OLIHKYM MOTOo poJii y (hopMyBaHHI Kap/io-
MeTaboIiuUHUX TTOPYLIEHb Ta BUBYEHHSI B3a€EMO3B’SI3KiB i3
MOKa3HUKaMU TUPEOIIHOTO CTaTycy, 3a0e3MeUeHiCTIO op-
raHiaMmy BiTamiHOM D y XBOpUX Ha IEPBUHHUIA TiITOTUPEO3.
st pocniixkeHHST BUKOPUCTOBYBAJIM BEHO3HY KPOB, SIKY
3a0Mpaii B paHKOBI TOIMHM HATIIE Micis 8—12-romuHHO-
ro nepiony rojsoayBaHHs. Ilicis 3a00py KpoB LIeHTpUDY-
ryBanu nipotsirom 10 xBusivH nipu mBuakocti 3000 06/xB
IUIS1 OTPUMaHHS cupoBaTku. OTpUMaHi 3pa3ku cupoBat-
KU pO3IOIIISUIM B OMHOPA30Bi KPioMpoOipKy Ta 30epiraim
npu Temrepatypi —80 °C 10 MOMEHTY TTpOBeICHHS J1abo-
paTopHoro aHani3y. [loBTopHe 3aMOpoXyBaHHS Ta pO3-
MOpOXXYBaHHSI 3pa3KiB He goryckanocsi. KoHlieHTpaitito
¢pakTajaKiHy BU3HaYaJad METOIOM TBepao(ha3HOro iMyHO-
depmenTtHoro aHanizy (ELISA) 3 BUkopuctaHHsaM Habopy
Human Fractalkine (Chemokine C-X3-C Motif Ligand 1)
ELISA Kit (Elabscience Biotechnology Inc., CILIA) Binmo-
BiIHO 10 iHCTpyKii BupooHuka. Konuenrpaitito CX3CLI
BU3HAYaJIM IIJISIXOM ITOOYI0BM KajliOpyBaJbHOI KPUBOI Ha
OCHOBI CTaHJAPTHUX PO3YMHIB 3 BiZIOMOIO KOHIIEHTPAIIIEIO
TOCJIiIXKYBaHOIO aHAJIITy. YCi MOCaimKeHHsI BUKOHYBAJIU B
OJIHAKOBUX JIAOOPATOPHUX YMOBAX i3 TOTPUMAHHSIM BUMOT
BHYTPILLIHBOTO KOHTPOJIIO SIKOCTi. JIJIsT 3MEeHIIIeHHSsT aHaJTi-
TUYHOI BapiaOeIbHOCTI 3pa3Ky Bil MALI€HTIB pi3HUX IPyH
TOCITIIKYBAJIM CEePisIMU 3 BUKOPUCTAHHSIM HAa0OPiB OHIET
BUPOOHMYOI IMapTii.

[NopiBHsUIBHO-aHANITUYHI METOIM BUKOPUCTOBYBAIHU
IIJIS1 OLLIHKM OCOOJIMBOCTEM KJIiHIYHOIO Mepediry mepBUMHHO-
TO TiMOTHUPEO3y 3aJIEKHO Bill piBHS (PpaKTaJIKiHy Ta BiTaMiHy
D, a TakoX [1s1 aHaIi3y B3aEMO3B’SI3KiB MiX TOCITiIXKyBa-
HUMHU [MOKA3HUKAMU.

CTaTUCTUYHI METOIU BKJIHOYaIu (pOpMyBaHHS eJleK-
TPOHHOI 0a3u HaHUX, NEePeBipKY PO3IOIiITY ITOKA3HUKIB
Ha HOPMAaJIbHICTb, PO3paxXyHOK CEpeaHiX BEJIMUMH Ta T10-
Ka3HUKiB BapiabeabHOCTi. [/ OLIiHKM BiIMiHHOCTEM MixX
rpynaMu BUKOPUCTOBYBAJIW MapaMeTPUYHi Ta Helapame-
TPUYHI KPUTEPIii 3aJIEXKHO Bill XapaKTepy pO3MOIiTy JTaHUX.
Kopensuiitnuii aHaii3 MpoBOIWIM 3 BUKOPUCTAHHSIM KOe-
diuienTis INipcona ado CripmeHa. CTaTUCTUYHY 0OpOOKY
pe3yJbTaTiB 3MilICHIOBAIM 3a IOIMIOMOI0IO CHelliali30BaHUX
KOMIT IOTEPHUX Mporpam. PisHUIIO BBaXaJI CTATUCTUYHO
3HAYYIIOIO MpY 3Ha4YeHHi p < 0,05.

PesyAbTaTH

Jlnsa aHauti3y nmauieHTiB OyJI0 pO3MOIiIeHO Ha TPYITM Bil-
MOBITHO IO Cy9aCHMX KPUTEPiiB OLIHKM 3a0e31eYeHOCTi
Bitaminom D [16]: mocTarHiii piBeHb — > 30 HI/MJI; HEIO-
cratHiit — 20—29 Hr/min; nedinut — < 20 Hr/mJt.

KonueHntparist pakrankiny 3ajexkHo Bin 3abe3mneue-
HocTi BitamiHoM D y XBopux Ha mepBUHHUI TilTIOTHPEO3
HaBelleHa B TaoI. 1.

AHaJti3 KOHLIeHTpallil hpakTajKiHy 3aJIeXXHO Bil 3a0e3-
Me4YeHoCTi BiTamMiHOM D mpoaeMoHCTpyBaB HasiBHICTb Bipo-
TiIHUX MIXTPYIIOBUX BimMiHHOCTel. HaltH1K4i 3HaUeHHST
CX3CLI1 criocrepiraiucs y Mali€HTIB 3 JOCTaTHIM piBHEM
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25(OH)D (= 30 Hr/mu), Tomi SIK y XBOPUX i3 HEIOCTATHICTIO
Ta 0co0MBO AediuuToM Bitaminy D Bin3Havanocs rporpe-
CHMBHE ITiIBUIIIEHHS KOHIIEHTPALIii TOCiIKyBaHOTO XeMOKi-
Hy. MakcumainbHi 3HaueHHss CX3CL1 6y 3apeecTpoBaHi y
nauieHTiB i3 piBHeM 25(OH)D MeHie Hix 20 Hr/mi.

BusiBnieHi BigMiHHOCTI Oy/M CTaTUCTUYHO 3HAUYILIMMU
(p < 0,05), 10 CBiMYUTH MPO B3aEMO3B’ 30K MixX Hediln-
TOM BiTamiHy D Ta MOCUJIEHHSM CUCTEMHOTO 3amajeHHs
i1 eHgoTeianbHOl AMCHYHKIIIT y XBOPUX HA TTEpBUHHUI
TilIOTUPEO3.

IlpoBeneHuit aHani3 mokas3as, 110 KOHIIEHTpALlis
(bpakTalKiHy ITOCTYIOBO 3pOcTajia 3i 3HUKEHHSIM PiBHS
25(0OH)D. Haiinukui nokaznuku CX3CLI peectpyBayin-
Cs1 'y TALIIEHTIB 3 JOCTaTHIM 3abe3ne4eHHsIM BiTaMiHOM D,
TOMi SIK MaKCUMaJIbHi 3HaYEHHsI BU3HAYAJIUCS Y XBOPUX 3
nediuuroM BitaMiny D.

711 OLIiHKY CUJIM B3a€EMO3B’SI3KY MixK KOHIIEHTpALIi€l0
dpaxrankiny ta pisaeM 25(OH)D 6yno npoBeneHo Ko-
pensiuiiiHui aHani3. BusiBneHo o0epHeHy KopeJsliito: 3i
3HIDKeHHSIM KOHIIeHTpallii Bitaminy D Bim3HavaocsI ImiaBu-
weHHs piBHs CX3CLI. Lle minTBepmxkye MOXIUBY y4acTb
nedinuTy Bitaminy D y MexaHi3Max aKTuBallii CHCTEMHOTO
3arajeHHs Ta pO3BUTKY €HIO0TeMiabHOI TUC(YHKIIIT Y XBO-
pUX Ha TIEPBUHHUI TiMOTHUPe03. 3aIeXXKHICTh KOHIIEHTpaIlii
dpakrankiny Bin piBHsg 25(OH)D HaBeneHo Ha puc. 1.

[ KOMIUIEKCHOI OLiHKM (haKTOpiB, SIKi MOXYTh
BIUIMBATU Ha KOHIIEHTpaIlilo (hpakTajKiHy y XBOpUX HA
MEePBUHHUI TIMOTUPEO3, OYJI0 MPOBEAEHO MOPiBHSJIBHUI
aHaJli3 3aJIeXKHO BiJl HASBHOCTI OCHOBHUX KOMOPOiTHUX
CTaHiB, 30KpeMa OXUPiHHSI, CepLEeBO-CYIMHHOI MaToJIOTil
Ta HEIOCTAaTHbHOI 3a0€3IMeYEeHOCTi OpraHizMy BitamiHoM D.
BcTaHoBIEHO TEHIEHIIIIO 10 MMOCTYOBOTO MiABUILIEHHS
KOHILIEHTpallil (ppaKkTajKiHy 3i 30iIbIIEHHSIM KiJTbKOCTI Cy-
MyTHIX KOMOPOiTHMX cTaHiB. 30KpeMa, HalfHIKYIi 3HAYSHHST
CX3CL1 6ynu y nauieHTiB 6e3 1onaTkoBux (hakTopiB pu-
3uKky (402,8 £ 76,5 Hr/mMi), TOAi IK MaKCUMaJibHi ITOKa3-
HUKU CMOCTEpiraaucs y XBOpUx i3 MOETHAHHIM OXUPiH-
H$I, CeplIeBO-CyAMHHOI MaToJjIorii Ta aediuuty BitaMiny D
(781,9 £+ 128,5 Hr/mi).

O6roBopeHHs

OTtpuMaHi pe3yJibTaTu CBiT4aTh PO HasIBHICTh B3a€-
MO3B’sI3Ky MiX 3a0e3MeueHicTIo opraHizmy BitamiHom D Ta
AaKTUBHICTIO CCTEMHOTO 3aMaJIeHHsI Y MaIliEHTIB 3 IepPBUH-
HUM Tinotupeo3oM. BcTaHOBIEHY TEHIEHIII0 MOXHA T10-
SICHUTU iIMyHOMOJIYJIIOIOUMMU BJIACTUBOCTSIMU BiTamiHy D,
SIKWU 3MaTHUI MPUTHIYYBATH CUHTE3 MPO3anaJibHUX LIMTO-
KiHiB, 3MEHIITYBaTH aKTUBAIIil0 MaKpodariB Ta peryJIioBaTi
(GYHKIIIOHYBaHHS eHAOTeTiabHUX KIiTHH [17].

V nanienTiB 3 nedinuTom Bitaminy D crioctepiraeTbcs
MO€ETHAHHS GBI BUCOKUX KOHIIEHTpAILIiil (ppakTankKiHy Ta
HECIPUSITIMBUX MOKA3HUKIB TUPeOoinHoro cratycy. Lle Bka-
3y€ Ha B3a€EMHE ITOTEHIIIIOBaHHS TUPEOITHOI TUCOYHKIIII,
nediuuty BitTaMiHy D Ta XpOHIYHOTO HU3bKOIHTEHCUBHOTO
3amaneHHs [18].

OTpuMaHi HaMU pe3yJIbTaTU CBiIYaTh MPO Te, IO JAe-
¢iuuT BitamiHny D Moxke OyTv ogHUM i3 UMHHUKIB, aco-
LilOBAHUX 3 MiABUILIEHHSIM KOHIIEHTpalil pakTaiKiHy
Ta MOCUJIEHHSIM KapaioMeTabOoJIiYHOTO PU3UKY Y XBOPUX
Ha IepBUHHMIH TinoTupeo3. Lle o0rpyHTOBY€E HOLIIBHICTH

Ta6bnuys 1. BmicTt ¢ppaKTankiHy 3anexHo
Big 3abe3ne4eHocTi BiTamiHom D B o6¢cTexeHux
XBOPUX Ha nNepBUHHWIA rinoTupeos (n = 130)

KoHueHTpauis
chpakTankiny, nr/mn

389,4 + 83,7

PiseHb 25(OH)D, Hr/mn

Mpyna 1 (= 30)
Mpyna 2 (20-29) 537,2 + 106,8"
Mpyna 3 (< 20) 691,8 + 118,9*

lpumitka: * — BigMIHHOCTI BiporigHi NopiBHAHO 3 Mno-
KasHukamu nepLuoi rpynu npu p < 0,05.
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PucyHok 1. B3aeMO3B’s130K MiXX KOHLE€HTpaLi€ro
hpakTankiHy ta pisHem 25(0OH)D y xBopux Ha
nepBUHHMA rinoTupeos (r = —0,089)

KOpeKIIii HejocTaTHOCTI Ta AediuunTy BitaMiHy D sk of-
HOTO 3 MOTEeHLiHIX HANIPSIMKiB MPOMiTaKTUKN CyAIMHHUX
YCKJIaJHEeHb Y 1€l KaTeropii XBOpux.

3abe3neyeHicTh opraHiaMy BitTaMiHoM D Mae TicHuii
3B 130K 3 piBHEM (ppaKkTalKiHy B cupoBaTLi KpoBi. Haii-
Buili koHueHTtpauii CX3CL1 cnocrepiranucs y naiieHTiB
3 nedinmToM BiTaMiHy D, 110 miaTBepmKye BaxKIUBY POJIb
BiTamiHy D y peryJssiii 3anajibHUX Ta €HIOTETiaIbHUX MPO-
1LIECiB IIpY IEPBUHHOMY TilIOTUPEO3i.

AHati3 KoHIIeHTpallii (¢hpakTalKiHy IMPOAEMOHCTPYBaB
noctynoBe 3poctaHHs piBHS CX3CL1 3i 30iablIeHHSIM
KiJTBKOCTI (haKTOpiB pU3UKY (OKUPIHHS, CepLIEBO-CYINHHA
naroJiorist). HaitH1XX4i 3HaUeHHS TTOKa3HMKa CIIocTepira-
JIMCs y MALi€HTIB 0€3 CYIIyTHHOI ITaTOJIOri1, TOII SIK MaKCH-
MaJIbHi — y XBOpUX 3 KOMOPOimHUMU cTaHaMM. BusBieHi
MiXTPYITOBi BiIMiHHOCTi Oy CTaTUCTUYHO 3HAUYYIIUMU
(p < 0,001). Binomo, 1110 KOXeH i3 3a3HaYeHUX (haKTOPiB
OKPEMO aCOLIOETHLCS 3 PO3BUTKOM XPOHIUHOTO CUCTEMHOTO
3alajeHHs, eHI0TelalbHOI TUC(YHKIIII Ta IMiIBUIIEHUM
KapaioMeTabosiuHUM pusnkoM [19]. BogHouac ix moen-
HaHHSI MOXe€ MPU3BOJUTHU 10 B3AEMHOTO MOTEHIIiIOBAHHS
MaTOJIOTIYHMX MEXaHi3MiB Ta MOCUJIEHHSI CYTMHHUX TTOPY-
meHs [20].

Ha ocobnuBy yBary 3aciyroBye rpyria Mali€HTiB 3 M0-
eaHaHHAIM Aedinuty BitaMiHy D Ta oxxupinHs. Came y ux
XBOPUX HaiyacTille CriocTepiraanucs HeCIpusTInBI TO-
Ka3HUKU JinigHoro npodinto, Buili pieHi TTI Ta 6inbIn
BUpaXKeHe IiIBUIIeHHsI KOHIIeHTpallii ¢ppakTankiny. Lle
MOXE CBiTYUTH Mpo (hOpMYBaHHSI HECTIPUSTIMBOTO MeTa-
00J1iYHOTO (DEHOTUITY, KU XapaKTepU3y€EThCS BUCOKOIO
AKTUBHICTIO XpPOHIYHOTO HU3bKOIHTEHCUBHOTO 3aMaJIeHHsI.
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PesynbpraTit mpoBeneHOro aHai3y CBigJaTh IIpo Te, 0 Pi-
BeHb (hpaKTaJKiHy BU3HAYAETHCS HE JIMILIE CTyTIEHEM TUPe-
OiTHOI HEIOCTATHOCTI, a I 3HAYHOIO MipOI0 3aJIeKUTh Bi
HasIBHOCTI CyMyTHiX KOMOpOigHuX ctaHiB. OTpuMaHi pe-
3yJIBTATH MiATBEPIKYIOTh BaXJIMBY posib cuctemu CX3CL1/
CX3CR1 y dhopMyBaHHi KapioMeTa0O0IiYHUX MOPYIIEHb Y
XBOPHUX Ha MEPBUHHUIA TIMOTUPEO3 Ta OOIPYHTOBYIOTh 10-
LIBHICTh KOMITICKCHOI OIIiIHKM CYITyTHIX (PaKTOPiB pU3HNKY
MpU BU3HAYCHHI MPOrHO3Y 3aXBOPIOBAHHS.

BMCHOBKM

V nalieHTiB 3 MEPBUHHUM TilIOTUPEO30M BCTAHOBJIEHO
BipOTiIHO BUILI piBHI (hpaKTaJIKiHy ITOPIiBHSIHO 3 TPAKTUYHO
3[I0POBUMM OCOOAMMU, 1110 CBIIYUTH PO HASIBHICTh aKTUBA-
il CUICTEMHOTO 3aITaJIeHHS Ta MOKJIMBY y4acTh (DpaKTaJIKi-
HY B MMaToreHe3i 3aXBOpIOBaHHS.

HenocraTtHicTb Ta nediuut Bitaminy D € nommpeHuMu
cepel XBOPUX Ha MEepBUHHUI TiMOTUPEO3 i CYIPOBOIXKY-
IOThCSI MiABUIIIEHHSIM PiBHSI (ppakTaiKiHy. BusiBieHo ooep-
HEHY KOpeJIsiiio MixX KoHueHTpatieio 25(OH)D Ta piBHem
dpakTalKiHy, 1110 MiATBEPIKYE MOXJIUBY pOJib BitTaminy D
Y peryJIsilii 3amaJbHUX IIPOIIECIB.

OTpuMaHi pe3yJIbTaTu MiATBEPIXKYIOTh 3HAaUeHHS (Ppak-
TaJIKiHY SIK IIePCIIeKTUBHOIO OioMapKepa KapaioMeTadboiu-
HOTO PU3MKY Yy MALi€HTIB i3 MEPBUMHHUM TilIOTUPEO30M Ta
CTBOPIOIOTH ITIAIPYHTS MJISI MOAAJBIIOrO aHalli3y B3aEMO-
3B’s13KiB MixX piBHeM CX3CL1, mokxa3zHUKaMU TUPEOITHOTO
crarycy, 3a0e3MeueHicTIo opraHiaMy BitTamiHoMm D Ta mapa-
MeTpaMH JIITiIHOTO OOMiHY.

OOIr'pyHTOBAaHO HOLIJIBHICTh KOMITJIEKCHOI OLliIHKW TH-
peoimHoro cTaTycy, 3a0e3neyeHo cTi BiTaMiHoOM D Ta piBHS
dpakTasKiHy /IS IepcoHaTi3allii MiaxoaiB 10 BeJeHHS Ta-
LEHTIB 3 MEPBUHHUM TilIOTUPEO30M i CBOEYACHOTO BUSIB-
JIEHHSI OCi0 3 MiABUILIEHUM PU3UKOM CEPLIEBO-CYIMHHUX
YCKJIaTHEHb.

KondaikT inTepeciB. ABTOp 3asIBJISIE PO BiICYTHICTh
KOHDIIIKTY iHTepeciB Ta BlIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi TIpY TATOTOBILI JAHOI CTATTi.
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Relationship between vitamin D levels and fractalkine
in patients with primary hypothyroidism

Abstract. Background. Primary hypothyroidism is one of the most
common endocrine diseases and is accompanied by the develop-
ment of numerous metabolic disorders. One of the promising bio-
markers of vascular inflammation is fractalkine (CX3CL1). Its role
in primary hypothyroidism has not been studied sufficiently, and
data on relationship with thyroid status, vitamin D levels, and lipid
metabolism indicators remain controversial. The purpose of the
study was to assess the effect of vitamin D status on fractalkine
concentration in patients with primary hypothyroidism. Materials
and methods. One hundred and thirty patients with primary hypo-
thyroidism aged 18 to 65 years were observed. All participants were
tested for thyroid-stimulating hormone, free thyroxine, cholecal-
ciferol, and CX3CLI. Statistical methods included the formation
of an electronic database, checking the distribution of indicators
for normality, and calculating average values and variability indica-
tors. Results. The lowest CX3CLI values were observed in patients
with sufficient levels of 25(OH)D (= 30 ng/ml), while in those with
insufficiency and especially vitamin D deficiency, a progressive

increase in the concentration of the studied chemokine was noted.
The maximum CX3CLI values were recorded in patients with a
25(OH)D level of less than 20 ng/ml. An inverse correlation was
found — with a decrease in vitamin D concentration, there was an
increase in CX3CL1 levels. This confirms the possible involvement
of vitamin D deficiency in the mechanisms of activation of systemic
inflammation and the development of endothelial dysfunction in
patients with primary hypothyroidism. Conclusions. Vitamin D in-
sufficiency and deficiency are common among patients with primary
hypothyroidism and are accompanied by increased levels of fractal-
kine. An inverse correlation was found between the concentration of
25(0OH)D and fractalkine. The feasibility of a comprehensive assess-
ment of thyroid status, vitamin D, and fractalkine levels is justified
for personalizing approaches to the management of patients with
primary hypothyroidism and timely identification of individuals at
increased risk of cardiovascular complications.

Keywords: primary hypothyroidism; fractalkine; vitamin D; en-
dothelial dysfunction; chronic inflammation; cardiovascular risk
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Histological patterns of reparative osteogenesis:
the prominent role of calcitonin

Abstract. Background. Bone defects caused by surgical interventions, injuries, as well as traumas, resulting
in pathological fractures, particularly against the background of osteoporosis and tumor lesions, disrupt both
the structure and function of the skeleton, seriously affecting the quality of life, physical and mental health of
patients. Thus, studying the possibilities of improving the processes of reparative osteogenesis is a justified
task from a theoretical, experimental and clinical point of view. The purpose was to investigate the histologi-
cal signs and effectiveness of reparative osteogenesis after the use of modulating factors: laser irradiation,
calcitonin and their combination. Materials and methods. In an in vivo experiment, reparative osteogenesis
was studied in 32 animals (Wistar rats) whose tibia was injured with a dental drill using ketamine anesthesia.
They were divided into 4 groups of 8 rats each: group A — control; in group B, the site of bone damage was
irradiated with an infrared laser (manufacturer Fotonika Plus, Ukraine, model Lika-terapevt M, wavelength
810 nm, power density 50 mW/cm?) for 3 minutes immediately after the injury; in group C, the animals were
injected with calcitonin (60 mg/0.1 ml subcutaneously, 2 days after the injury); in group D, rats were adminis-
tered calcitonin and the injury site was irradiated with a laser. Results. The combination of photobiomodulation
and calcitonin led to the most complete formation of regenerates, which can be characterized as a full-fledged
reparative activity of bone tissue after traumatic injury. Large areas of regeneration demonstrated increased
density of bone trabeculae, while there were areas of fibrous tissue with signs of inflammatory infiltration,
indicating active reparative osteogenesis. The greatest stimulating effect in group D, in which the combined
effect of laser and calcitonin was applied, is evidenced by the obtained indicators of specific bone density.
Conclusions. Infrared laser irradiation and calcitonin effectively stimulated reparative osteogenesis compared
to the control. But the greatest stimulating effect was recorded in group D, in which the combined effect of
laser and calcitonin was applied.

Keywords: bone injuries; osteoporosis; osteolytic bone metastases; pathological fractures; osteoblasts; reparative
osteogenesis; photobiomodulation; calcium metabolism; calcitonin

Introduction

One of the urgent problems of modern orthopedics is
recognized as long-term treatment of patients with disorders
of restorative and regenerative processes, often against the
background of osteoporosis, oncological diseases and related
immunosuppressive conditions. The threat of pathological
fractures, infectious complications and disability indicate

the urgency of the problem of finding effective methods of
targeted stimulation of reparative osteogenesis and the need
for its further study [1-3].

Bone tissue is a dynamic system in which two inter-
related processes occur throughout life: resorption and
osteogenesis. The process of bone tissue renewal, i.e. the
cascade of bone remodeling events, occurs due to coor-
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Figure 1. Schematic diagram of the bone remodeling
[5]. The process of bone remodeling begins with the re-
cruitment of osteoclast precursors, which fuse to form
multinucleated, active osteoclasts that mediate bone
resorption. After resorption, osteoclasts leave the site,
allowing osteoblasts to move in and cover the excava-
ted area. Osteoblasts then initiate new bone formation
by secreting osteoid. Osteocytes detect and respond
to mechanical stimuli to regulate bone remodeling
by regulating their secreted cytokines, for example,
RANKL and sclerostin

dinated actions between osteoclasts and osteoblasts [4, 5]
(Fig. 1). Research on reparative osteogenesis and the role of
individual intracellular biological factors in the regulation
of biological cascades of bone tissue regeneration continues
at the present stage [6, 7].

Calcium metabolism is a natural target pattern in the
study of possibilities for improving reparative osteogenesis.
It is known that hormones play a key role in the regulation
of calcium metabolism and the initiation of bone tissue
repair, and one of them is calcitonin [8, 9]. In vivo studies
have shown that if calcitonin is administered at the ini-
tial stages of formation of the repair locus, then due to the
stimulation of proliferation of cartilage and bone precursor
cells, reparative osteogenesis proceeds more harmoniously
and fully [10, 11]. Bone tissue repair was better in animals
that were administered the hormone at the stages of cell
proliferation and differentiation, that is, before the for-
mation of tissue structures began. And already on the 28"
day, lamellar bone tissue with a higher density of cellular
components was observed in the traumatic zone compared
to the control group [11].

Several experimental studies have shown [11, 12] that
calcitonin administration has a beneficial effect on frac-
ture healing. Human studies have also demonstrated that
calcitonin can accelerate the time to fracture healing and
promote earlier mobilization of the injured limb. Final-
ly, calcitonin prevents bone loss after fracture due to in-
creased post-traumatic remodeling and reduces the unde-
sirable excessive excretion of hydroxyproline and calcium
in patients who have undergone internal fixation of a hip
fracture [12].

Photobiomodulation (PBM) has been shown to be effec-
tive in influencing the initiation and course of bone repair in
many experimental and clinical studies [13—15, 17]. PBM
has a positive effect on the recruitment of stem cells and
their differentiation into osteoblasts, which occurs with the
participation of regulatory peptides [16, 18—20].

Various studies, both in vivo and in vitro, have shown
that the effect of laser treatment enhanced bone regenera-
tion only in the first weeks after fracture (2—4 weeks), while
after approximately 60 days no advantage over control was
observed [20], indicating that the PBM method is effective
only in the early stages of the process. Moreover, recent
studies have shown that it may be appropriate to apply
photobiomodulation once, immediately after bone injury
in an experiment [21-26], or after completion of surgical
correction at the end of surgery in a clinical setting [27—29].
In essence, a single, immediate, targeted application of a
low-energy laser acts as a biological trigger, enhancing the
natural repair cascade for faster and potentially better bone
regeneration [24, 27, 29, 30].

Bone defects caused by surgical interventions, injuries,
and traumas resulting in pathological fractures, particularly
in osteoporosis and tumor lesions, disrupt both the structure
and function of the skeleton, seriously affecting the quality
of life, physical and mental health of patients [31]. Thus,
studying the possibilities of improving the processes of re-
parative osteogenesis is a reasonable task from theoretical,
experimental and clinical points of view.

The purpose was to study the histological signs and ef-
fectiveness of reparative osteogenesis after the use of modu-
lating factors: laser irradiation, calcitonin, and their com-
bination.

Materials and methods

In an in vivo experiment, reparative osteogenesis was
studied in 32 animals (Wistar rats) whose tibia was injured
with a dental drill using ketamine anesthesia. They were di-
vided into 4 groups of 8 rats: group A — control; in group B,
the site of bone damage was irradiated with an infrared laser
(manufacturer Fotonika Plus, Ukraine, model Lika-tera-
pevt M, wavelength 810 nm, power density 50 mW/cm?)
for 3 minutes immediately after the injury; in group C, the
animals were injected with calcitonin (60 mg/0.1 ml subcu-
taneously, 2 days after the injury); in group D, rats were ad-
ministered calcitonin and the injury site was irradiated with
a laser. Animals were removed from the experiment under
general ketamine anesthesia. All manipulations on animals
were performed in accordance with the requirements of bio-
ethics and international principles of humane treatment of
laboratory animals (Strasbourg, 1986), as well as the Law of
Ukraine No. 3447-1V of February 21, 2006 “On the protec-
tion of animals from cruelty”.

Bone samples were fixed in 10% formalin solution. Bone
tissue demineralization was performed in 16% EDTA solu-
tion. After dehydration, the tissue was embedded in paraffin
(Leica Surgipath Paraplast Regular). Microscopy was exa-
mined under an Olympus BX51 microscope; photographs
were taken with an Olympus C3040ZOOM digital camera
using Olympus DP-Soft 3.2 software (Olympus, Japan).
Specific bone density was measured using the ImageJ 1.46
image analysis system (version 64-bit Java 1.8.0 172, Wayne
Rasband, NIH, USA). Color deconvolution (H & E function
plugin) was performed on the microimages. The images of
interest were transformed into 8-bit, and the threshold of
positive signals in the ROI was determined. Positive areas
were defined as a percentage of the total image area.
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Statistical analysis of data was performed using StatPlus
(7.0) software (AnalystSoft Inc.). One-way ANOVA with
Bonferroni post hoc test and Mann-Whitney U-test were
used for statistical analysis. Differences between groups were
considered statistically significant at p < 0.05.

Results

In control group A, where there was no influence of
modulating factors, the density of newly formed spongy bone
tissue in regenerates is quite variable, but closer to the cortical

zone of the regenerate there is a certain tendency towards
higher density (Fig. 2). In the regenerated bone tissue there
are lacunae, sometimes with bone marrow. The border be-
tween the “primary” and newly formed bone tissue is clearly
traced.

In the laser group, a significantly larger volume of bone
regeneration was observed compared to the control (Fig. 3).
Bone regenerations are variable in density, but a tendency to
increase the density of bone trabeculae, i.e., the development
of spongy bone tissue, was noted. Newly formed compact

Figure 2. An example of reparative osteogenesis in
group A (control). In the regenerated bone tissue there
are lacunae, sometimes with bone marrow. The border
between the “primary” and newly formed bone tissue
is clearly traced: 1 — “primary” cortical bone tissue;
2 — newly formed cortical bone tissue; 3 — lacunae.
Hematoxylin-eosin staining, x40

T — N :\

Figure 3. An example of reparative osteogenesis in
group B (laser). The regenerate contains a denser cor-
tical area and the bulk of the regenerate of lower densi-
ty from spongy tissue. The boundary between the “pri-
mary” and newly formed bone tissue is clearly traced:
1 — “primary” cortical bone tissue; 2 — newly formed
cortical bone tissue; 3 — bone regeneration with lacu-
nae. Hematoxylin-eosin staining, x40

Figure 4. An example of reparative osteogenesis in
group C (calcitonin). The defect area is covered by the
regenerate. The density of non-uniformly formed tra-
beculae is increased in the regenerate, bone marrow
is present in the lacunae: 1 — “primary” cortical bone
tissue; 2 — bone regenerate with lacunae; 3 — lacunae
with bone marrow in the regenerate. Hematoxylin-eosin
staining, x40

Figure 5. An example of reparative osteogenesis in
group D (laser + calcitonin). Large regenerate with he-
terogeneous density of bone trabeculae. Trabecular
density is increased. There is an area of fibrous tissue
with signs of inflammatory infiltration: 1 — “primary”
cortical bone tissue; 2 — area of fibrous tissue; 3 —
bone trabeculae and lacunae with bone marrow in the
regenerate. Hematoxylin-eosin staining, x40
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bone was observed along the perimeter of the “primary”
bone. Along the perimeter of the regenerate, i.e., in its cor-
tical part, more intense bone tissue differentiation was also
noted.

It is noteworthy that in the calcitonin group, newly
formed bone regenerate was traced along the entire contour
of the tibia at the level of the defect, which distinguishes
these changes from the group of animals with the use of laser
and the control group (Fig. 4). The presence of bone mar-
row, with hematopoietic islands and foci of adipose tissue,
is observed in the lacunae of the regenerate. A tendency for
less pronounced formation of compact bone tissue outside
the “primary” bone was noted.

In the group with laser and calcitonin, along the contour
of the “primary” bone, newly formed bone tissue with signs
of differentiation into compact bone was observed, while the
bone regenerate outside the “primary” bone had significant
variability (smaller with greater differentiation of bone tissue
and larger with dominance of lacunae with bone marrow).
Signs of inflammation and formation of fibrous tissue were
noted (Fig. 5).

The obtained visualization of bone regenerates in the
groups demonstrated the following indicators of specific
bone density (Table 1). As can be seen, such modulating
factors as infrared laser irradiation and calcitonin effectively
stimulated reparative osteogenesis compared to the control.
But the greatest stimulating effect was recorded in group D,
in which the combined effect of laser and calcitonin was
applied.

Table 1. Specific bone density in animals

of the studied groups
Groups Mean | Median Q1-Q3
Control 29.81 29.24 29.2-35.2
Laser 48.93 47.68 35.9-65.5
Calcitonin 53.04 48.35 35.7-78.6
Laser + calcitonin 59.28 62.67 49.1-70.05

Discussion

The problem of treating traumatic bone lesions in
disorders of reparative osteogenesis remains relevant for
modern traumatology and orthopedics, since the slow-
down in the consolidation of bone fragments in bone frac-
tures is recorded in 15—50 % of cases [32, 33]. Disorders
of reparative osteogenesis are associated with a prolonged
period of patient immobilization and an increased risk
of secondary complications. The share of unsatisfactory
treatment results in fracture union disorders reaches at
least 30 % [34, 35].

The standard of treatment for long-term union disor-
ders is surgical stabilization of bone fragments by methods
of internal or external osteosynthesis with the use of bone
autografts as additional osteogenesis stimulants [36—38].
However, the use of these methods is often accompanied by
the formation of a long-term pain syndrome and paresthesias
in the area of damage, non-union and infectious complica-
tions [39, 40].

Since reparative osteogenesis is essentially an inflam-
matory process [41], in the presence of a tumor in the
body, it is important to stimulate the reparative process
in bone tissue in a dosed and harmonious manner, with-
out provoking excessive effects [42, 43]. For example,
the pro-inflammatory effect of laser radiation is known,
which is beneficial with a short-term trigger effect at
the earliest possible, starting stage of healing of a bone
defect [44, 45].

Intraoperative laser irradiation in traumatology during
surgery for pain relief, reduction of inflammation, improve-
ment of tissue healing and regeneration, especially in infec-
tions of joints, ligaments, cartilage and bones, complemen-
ting traditional methods, enhances the immune response
and reduces the incidence of complications [28]. In clinical
conditions, different wavelengths affect specific tissues,
stimulating tissue repair, in osteomyelitis and maxillofacial
injuries, improving recovery and quality of life of patients
[28—30].

Our work has shown that the formation of the regene-
rate under the influence of the laser occurs, although quite
actively, but mostly nonlinearly and not always symmetri-
cally, which is in agreement with the data obtained in other
studies [46, 47]. Bone regenerates were variable in density,
and newly formed compact bone was observed along their
perimeter. There was a tendency to increase the density
of bone trabeculae, i.e. the development of spongy bone
tissue.

In group C, in which animals were injected with only
calcitonin, newly formed bone regenerate was traced
along the entire contour of the tibia at the level of the
defect, which distinguishes these changes from the group
of animals with the use of laser and the control group. In
the lacunae of the regenerate, the presence of bone mar-
row is observed, with hematopoietic islands and foci of
adipose tissue. There was a tendency to less pronounced
formation of compact bone tissue outside the “primary”
bone.

It should be noted that the maximum stimulating effect
on the formation of bone callus in experimental animals
was observed in the laser + calcitonin group, which to some
extent can be characterized as the most complete repa-
rative activity of bone tissue. Large areas of regeneration
demonstrated increased density of bone trabeculae, while
there were areas of fibrous tissue with signs of inflammatory
infiltration.

Thus, the results obtained indicate in favor of a combi-
nation of modulating factors that positively affect reparative
osteogenesis. After all, this leads to a more complete forma-
tion of regenerates and creates the most favorable conditions
for the restoration of damaged bone tissue.

In modern conditions, faced with various obstacles to
full post-traumatic bone tissue repair, namely, disorders
in the formation of bone callus, disorders of immune
inflammation regulation, insufficient or defective forma-
tion of new vessels in the fracture area, and disorders of
calcium metabolism processes, clinicians and scientists
will certainly continue to search for effective methods
to improve and support the processes of reparative os-
teogenesis.
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Conclusions

1. Photobiomodulation using infrared laser has a positive
effect on key links in the healing of damaged bone tissue and
can potentially provide a significant improvement in the
results of treatment of trauma patients, as well as prevent
possible complications. In our work, this is confirmed by
histological signs: active formation of regenerates, variable
in density, with newly formed compact bone around the
perimeter. An increase in the density of bone trabeculae in
the regenerates demonstrated the development of spongy
bone tissue.

2. Compared with the control group and group B, the
use of calcitonin created more favorable conditions for the
formation of newly formed bone regenerate along the entire
contour of the tibia at the level of the defect. The presence
of bone marrow with hematopoietic islands was observed in
the lacunae of the regenerate.

3. The combination of photobiomodulation and cal-
citonin led to the most complete formation of regenerates,
which can be characterized as a full-fledged reparative ac-
tivity of bone tissue after traumatic injury. Large areas of
regeneration demonstrated increased density of bone tra-
beculae, while there were areas of fibrous tissue with signs of
inflammatory infiltration, which indicates active reparative
osteogenesis.

4. Infrared laser irradiation and calcitonin effectively
stimulated reparative osteogenesis compared to the control.
But the greatest stimulating effect was recorded in group D,
in which the combined effect of laser and calcitonin was
applied, as evidenced by the obtained data on the specific
density of bone tissue in animals of the studied groups.
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FicTOAOriYHIi NATEPHU PENAPATUBHOIO OCTEOreHesy:
BU3HAYHO POAb KAABLIUTOHIHY

Pe3tome. Axmyaavnicms. ledextn KicTOK, CIIPUYMHEH] Xipypriv-
HUMM BTPYYaHHSIMU, TOPAHEHHSIMU, a TAKOX TpaBMaMu, BHACITi-
JIOK SIKUX BifIOYBalOThCS MATOJIOTiYHI TIepeoMH, 30KpeMa Ha Ti
OCTEONOopo3y il MyXJIMHHUX YpaXeHb, MOPYIIYIOTh SIK CTPYKTYPY,
TaK i (PyHKIIif0 cKeseTa, Cepiio3HO BIUIMBAIOYM Ha SIKICTh XKUTTSI,
(izuaHe i ICUXivYHe 3M0POB’s Mali€eHTIB. TaKnM YMHOM, BUBYCHHSI
MOXJIMBOCTEM TMOJIMIIEeHHSI pernapaTUBHOIO OCTEOreHe3y € 00-
I'PYHTOBAHUM 3aBIaHHSIM i3 TEOPETUYHOI, eKCIIepUMEHTAIbHOL
Ta KJIiHIYHOT TOYOK 30py. Mema: OLiHUTU TiCTOJOTIYHI O3HAKU
i1 eeKTUBHICTh perapaTMBHOTO OCTETeHe3y ITiCJIsl 3aCTOCYBaHHSI
MOIY/TIOI0UMX (paKTOPiB: JTa3€PHOTO OMTPOMiHEHHSI, KJIbIIUTOHIHY
Ta ix KoMOiHauii. Mamepiaau ma memodu. B excriepuMeHTi in vivo
JOCJTIIXKYBaJIU periapaTuBHUIA ocTeoreHe3 y 32 TBapuH (111ypiB
Bicrap), y SIKMX BeJIMKOTOMIJIKOBY KiCTKY OYJIO TTOIITKOIKEHO CTO-
MAaTOJIOTiYHUM OypOM 3 BUKOPMCTaHHSIM KETaMiHOBOTO HapKoO3y.
Ix posainunu Ha 4 rpynu no 8 urypis: rpyna A — KOHTPOJIbHA;
y rpyri B Mmiclie momkomkeHHs KiCTKU onpoMiHioBaiu iHdpa-
4epBOHUM JazepoM (BupobHUK «Dotonika [lmroc», Ykpaina,
monenb «Jlika-TepaneBT M», noBxkuHa XBuJli 810 HM, IIIIBHICTD
noTyxxHocTi 50 MBT/cM?) mpoTsroM 3 XBUJIMH Ofpa3sy IicJist TpaB-
Mmu; y Tpyrti C TBAPUHU OTPUMYBAIU KaTbIUTOHIH (60 Mr/0,1 MT)

MAIIKipHO Yepe3 2 Hi micis TpaBmu; y Tpyti D mrypam BBomum
KaJIBbIIUTOHIH Ta OTIPOMiHIOBAJIM MICIIe TMOIIKOIKEHHS J1a3epPOM.
Pezyavmamu. T1oenHaHHs HoTOGIOMOMYJIALII i KaTbIIUTOHIHY 00Y-
MOBMJIO HAlOWIbIII 3aBepilieHe (hOpMyBaHHS pereHepaTiB, 10 MOX-
Ha oXapaKTepu3yBaTH SIK MIOBHOILIIHHY perapaTuBHY aKTUBHICTb
KICTKOBOI TKAaHWHM TIiCJIS TPAaBMAaTUYHOTO YIIKOMKEHHS. Benuki
NUITHKY pereHepalii 1eMOHCTpYBaIU 301JIbIIIeHY IIiIIbHICTh KiCT-
KOBMX TpabeKyJ1, Mpy LIbOMY OyJI1 HasiBHI AUISTHKM (hiOpO3HOI TKa-
HMHU 3 O3HAKAMU 3anajbHoi iH(iIbTpalil, 1110 BKa3ye Ha aKTUB-
HUI pertapaTUBHUI octeoreHe3. [1po HAMOLIBIINIT CTUMYJTIOIOUMIA
BIUIUB Y rpy1i D, y skiit OyB 3acTocoBaHUIT KOMOiHOBaHMI BILIUB
Jlazepa i KaJblUTOHIHY, CBiT4aTh OTPUMaHi MOKa3HUKU LILTbHOCTI
KiCTKOBOI TKaHUHU. Bucnoexu. IHdpauepBoHe Jla3epHE OMPOMi-
HEHHS 1 KQIBIIUTOHIH €(DEeKTUBHO CTUMYITIOBAIN PETapaTUBHUI
OCTEOTreHe3 MOPiBHSHO 3 KOHTposieM. HalloibIInii CTUMYJTIOI0UNiA
BIUIMB criocTepiraiu B rpymni D, y sKiit 0yB 3acTocoBaHUIT KOMOi-
HOBaHU BIUIUB Jia3epa il KaJbIIUTOHIHY.

Kir04oBi cj10Ba: TpaBMM KiCTOK; OCTEOIOPO3; OCTEOJTUYHI Me-
TacTa3u B KiCTKU; MATOJIOTIUHi IIepeIOMU; OCTe00IacTH; pernapa-
TUBHUI ocTeoreHes; (poTodioMomysiisi; MeTadboi3M Kajbllilo;
KaJIbITUTOHIH
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Mpo 30CTOCYBAHHS
NOPTATUBHOI PEHTIFeHIBCbKOI anaparypu
B AIQrHOCTUL, TO KAIHIMHOMY MOHITOPUHTY

LLYKPOBOro pAiabety

Pe3tome. AktyanbHicTs. Llykposuii giabet 2-ro Tury € OAHIE 3 MPOBIAHNX T106a5IbHUX MEOUKO-COLliabHMX Mpo-
671eM, MOLLUMPEHICTb SIKOI MOCTIMHO 3pocTae. NopyLLeHHS MIKpOesieMEeHTHOro roMeocTasy Bifirpae BaxmBy porib
Y naToreHesi 3aXBOPHOBAHHS, BI/INBAKOYM HA PO3BUTOK IHCYIIIHOPE3NCTEHTHOCTI, OKCUAATUBHOIO CTPECY Ta CYANHHNX
YCKNagHeHb. Y 3B’A3Ky 3 LM 0COB/IMBOIO 3Ha4YeHHs HabyBae MoLLyK JOCTYNHUX | TOYHUX METOLIB KifTbKICHOro BU3Ha-
YeHHS1 MIKpOEIeMEHTIB y GionoriyHnx TkaHuHax. MeTa gocnigXKeHHs: npoBecTy KOMI/IEKCHUV aHaia pori eceHLi-
allbHNX MIKPOEJIeMEHTIB y naToreHesi LiykpoBoro giabety 1a obrpyHTyBaTu AOLIIbHICTL 3aCTOCYBaHHs MNopTaTuBHOI
PEeHTreHIBCbKOI anapatypum Asisl iX KirlbKiCHOro MOHITOpUHry in situ. MaTtepiann Ta metoam. [poseneHo ornsg Hay-
KOBUX [Keper, orybrikosaHnx y 2000—2025 pokax, i3 BukopucTaHHsM 6a3 gaHnx PubMed, Scopus, Web of Science
1a Google Scholar. AHanisyBanvcs aHi LLo[o pori Kanbuyito, MarHito, 3asniaa, Xpomy, UnHKy, 60opy, KobasnsTty, viogy 1a
ceJieHy y pO3BUTKY LiyKpoBoro giabety. [isi KiflbKiCHOro BU3Ha4YeHHs1 MIKpOEJIEMEHTIB y rniasmi KpoBi 3arnporoHoBaHo
3acTocyBaHHs1 IoPTaTUBHOIO eHEProAUCepCiiHOro peHTreHogTyopecLeHTHoro criekTpometpa SPRUT i3 SDD-pe-
TekTopoM Amptek. [igroToBka 3paskiB BK/It04asa CyLLIHHS i1a3Mu KpOBI, 03051eHHS Ta MPecyBaHHs1 CyXOro 3a/mLLKY .
KaniépysaHHs npoBognv metogom standard addition 3 BukopuctaHHAM cTaHgapTHux 3paskis PM-23, PM-24, PM-26
T1a PM-30. Pesynbratn. BctaHOBIEHO, L0 AehiunT MarHito, UMHKY, XPOMY, KasibLito Ta CesieHy acolitoeTbCs 3i 3HU-
DKEHHSIM Yy TIIMBOCTI [0 iHCYIiHY, MOPYLUEHHSIM CEeKpeLii IHCYniHy, OKCUZATUBHUM CTPECOM i IPOrpecyBaHHAM CYaUHHNX
YCKnaaHeHb. Haanuiiok 3anisa, HaBraku, Cripysie NMoCUIIEHHHO NPOOKCUAAHTHUX MPOLECIB | pO3BUTKY iHCYITIHOpe3uc-
TeHTHOCTI. [TokasaHo, Lo MIKpoerieMeHTHMY Mpogisib MOXe BUKOPUCTOBYBATUCS SIK PaHHIv 6ioMapkep MeTabostivyHnx
ropyLLUeHb e [0 KIiHIYHOI MaHighecTauii giabeTty. 3anpornoHoBaHa peHTreHoghs1yopecLeHTHa MeToamuka 3abeareyye
MeXy BUSIB/IEHHSI MiKpoenieMeHTiB Ha piBHi 10-50 Hr, Lo BIANOBIfae cy4acHM BUCOKOHYTIMBUM MeToham aHasisy.
BukopucTaHHs nopratMBHOI anapatypu [O3BOSISE MPOBOAUTU [OCTIIKEHHS 6€3M10CepeHb0 B yMoBax KiliHiku 663
CK/1a[HOI MigroToBKW 3paskKiB Ta 4OPOroro cTalioHapHoro obanHaHHs. BUCHOBKW. [TopyLLEHHST MiKpOereMeHTHOro
cTatycy € BaXX/mBuUM aToreHeTUYHNM (hakToOpOM PO3BUTKY Ta MpPorpecyBaHHs LyKpoBoro giabety. lNopratuBHa
PeHTreHogr1yopecLieHTHa anaparypa € rnepcrieKTMBHUM IHCTPYMEHTOM 4718 €KCIIPECHOro BU3Ha4YeHHs1 Mikpoerse-
MEHTIB y 6iO/IONYHNX TKaHUHAX, LLO BIAKPUBAE MOXITMBOCTI AJ151 PaHHBOI [iarHOCTUKU, MPOrHO3YBaHHS YCKaAHEeHb
Ta repCcoHasi3aoBaHoOro MOHITOPUHIY MAaLiEHTIB i3 LiyKpoBUM [iabeToM.

Kno4oBi cnoBa: yykposuii giabet; peHTreHOMs1yOpecLeHTHUN aHaslia; MiKpOesieMeHTHUN roMeocTas; nopra-
TUBHA giarHoCcTvKa, MeTabosiYH1i MOHITOPUHI; iIHCY TIHOPE3NCTEHTHICTb
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Bctyn

Llykposuii giabet 2-ro tuny (LIJ12) 3apa3 knacudiky-
€ThCS SIK OIHA 3 HAWOUIbII KPUTUIHMX TJI00AIbHUX 3arpo3
IIJISI CUCTEMU OXOPOHM 310poB’st. Ha choroaHi YmcenbHiCTh
MAalli€HTIB i3 LIMM JiarHO30M y CBiTOBOMY MacIlTabi mepe-
uiye 500 MinbiiOHIB 0OCi0, MPU 1IbOMY eMileMioIoTiuHi
MPOrHO3M BKa3ylOTh Ha MOJaJIbllle 3pOCTAHHS 3aXBOPIOBA-
HocTi, sika 10 2050 poky Moxe carayTu rmoHazn 800 Minb-
oHiB BUManKiB [1]. AKTyalbHICTh MPOOJEeMHU IIyKPOBOTO
niabety (LIJ1) B Ykpaini 3pocTae B yMoBax BiliHU, OCKIJIbKI
y MOpPaHEHUX BiliCbKOBOCIY>KOOBIIiB Ha TJIi TSDKKUX TPaBM,
XPOHIYHOTO CTpeCy, TPMBAJIOIO JiKyBaHHS Ta 3HVKEHHS
Gi3MYHOI aKTUBHOCTI Iemai yacrime miarHocTyioTs LI/,
nepeBaxkHo 2-ro Tuiy. Lle mincumtoe noTpedy y cBoeuacHiit
IiaTHOCTUIII, TTpodiTaKTHUIII Ta KOMIIEKCHI peabimiTarii
TaKMX MaiieHTiB [2]. JInHamMiKa NOIIMPEHHS L€l MaToorii
OigKpecaioe HeOOXiZHICTh BIPOBAIXKEHHs iHHOBALIiHHUX
METO/IiB MiarHOCTUKHU, 30KpeMa MOHITOPUHTY MiKpoeJe-
MEHTHOTO CTaTyCy TKaHWH IIJIsl TJIMOLIOTO PO3YMiHHS Me-
Ta0OJIIYHUX ITOPYIIEeHb.

MiHepanu Ta MiKpoeJeMeHTU € KPUTUYHUMU KOM-
MOHEHTaMH, 1110 3a0e3I1euyloTh roMeocTas i (iziosoriyny
uinicHicTh opranismy. IxHs1 posb monsrae B yyacti y 6i-
OXiMIYHMX IIUKJIaX, 16 BOHU BUCTYIAIOTh CTPYKTYPHUMU
crabinizaTopamu OiIKiB i (hepMeHTIB, a TaKOX BUKOHYIOTh
(yHKIIiI0 He3aMiHHUX KodakTopiB. OKpeMi eJIeMeHTH 31aT-
Hi MOIYIIOBaTH OiOJIOTiIYHI MpOLIeCH IUISIXOM B3a€EMOIII 3
PEeUENTOPHUMHU KOMIUIEKCAMM KJIITUHHUX MeMOpaH, pe-
TYJIIOI0YM 1X KOH(DIrypalliro Ta MpoHUKHICTH [3]. MikpoHy-
TPIEHTU 3a0€3MeUyIOTh CTA0UTbHICTh KIITUHHUX CTPYKTYD,
MpoTe iXHill AediluT iHilliI0€ aTbTepHATUBHI MeTa0OiuHi
LIJISIXU, 11O TTPU3BOIUTH 0 PO3BUTKY MATOJIOTIYHMX CTaHIB.
JloBeneHo, 1110 MOPYILIeHHS OOMiHY LIMX HYTPIi€EHTIB Ma€
Oe3IrocepeIHill MaTOreHeTUYHUIM 3B’ 130K i3 BUHUKHEHHSIM
Ta nporpecyBanusam LIJI [4, 5].

Ilepe6ir LI/I cynmpoBomKy€eTbCsT TpaHC(POPMAIIi€IO0 aK-
TUBHOCTiI aHTUOKCUJIAHTHUX (PepMEHTIB, (DYHKIIIOHYBaHHSI
SIKMX JeTepMiHOBAHO BMiCTOM MiKpoeJeMeHTiB. YucaeHHi
KOTOPTHI JIOCTIIKEHHS MiATBEPIXKYIOTh CYTTEBI IMOPYIIIEH-
HSI MiKpO€JIEMEHTHOTO TOMEOCTa3y MpH 1iiii maToJjorii [6].
3okpema, IepBUHHMI aucOaaHC CIeHU(IiTHIX eJIeMEHTIB
BUCTYIA€E BaroMnM (pakTopoM JecTabiiizallii iHCyJIiHOBOTO
MeTaboiizMy [7]. BapTo 3ayBaxkuTu, 110 OLIBIIICTE Cydac-
HUX HAyKOBUX TTpailb (POKYCYIOTHCS Ha aHaJli3i TOOAMHOKUX
HYTPIi€HTIB 200 X 0OMeXXeHUX KOMOiHalliii, 1110 MiAKPeCII0E
MOTpedy B KOMITJIEKCHOMY BUBYEHHI €JIeMEHTHOTO TIPOdiIIo.

MikpoHyTpieHTH Ki1acudikKyroThCs SIK eCeHIlialbHi
CIIOJIYKH, IO B MiKpOomo3ax 3a0e3IedyloTh 0ioIoTiuHMA
roMeocTa3 Ta KaTaJiTUYHY aKTUBHICTb (DePMEHTHUX CUC-
TeM [8]. OcHOBHI KaTeropii MiKpOHYTPI€EHTIB OXOILTIOIOTH
MakpoeJieMeHTH (30Kpema, Kajbllili, MarHiit, ¢pocdop,
XJOPUOU, HATpill, Kaili Ta 3aj1i30), BiTaMiHU, MiKpoese-
MEHTH Ta opraHiyHi kuciortu. [loBeaeHo, 1o creuudivxi
MiKpoeJIeMeHTH, SIK-OT XpOM, LIMHK, Milb, MOJIiOaeH, 60D,
KOOaJIbT Ta cipKa, BUCTYyHAIOTh IIPOiHCYIiIHOBUMMU (haKTOpa-
MU, MOJIYJIIOIOUM YYTJIMBICTb iHCYJIIHOBUMX pelienTopis [9].

JucbanaHc IMX KOMIIOHEHTIB iHTeTpOBaHUI y T1aTO-
TeHEeTUYHI MeXaHi3MU pO3BUTKY Ta nporpecyBaHHs LIJ12,
OCKiJIbKM MeTa0O0JIiuHi 3MiHU TIPU 1IbOMY 3aXBOPIOBaHHI
TpaHCchOPMYIOTh QYHKIIIOHAILHY POJIb HYTpieHTIB [10].

Hamr ormnsin mokasye naHi paHIOMi30BaHUX KOHTPOJIbOBA-
HUX, KOTOPTHUX Ta 0O6CepBaLlifHUX TOCTiIKEeHb, TPOBEIe-
HUX cepen momyJsiiii A3ii, A¢ppuku Ta [liBHiuHOI AMepu-
KU. Y3arajbHeHi pe3yIbTaTH MiATBEPIXYIOTh TinoTe3y, 110
neilUT MiKpoeJIeMeHTIB € MPeIUKTOPOM OKCUIATUBHOIO
cTpecy, SIKUi, y CBOIO Uepry, BUCTYIA€E KIOUOBUM (HaKTO-
poM (popMyBaHHSI iHCYJIIHOPE3MCTEHTHOCTI Ta MaHidecTarlii
nmiabery.

MeTo10 TOCTIIXKEHHST € TTPOBENEHHSI KOMILJIEKCHOTO
aHali3y BIUIMBY €CeHIiaIbHUX MiKpOEJIeMEHTIiB Ha Ta-
toreHe3 LIJ] Ta po3poOka npenusiiiHoi METOAUKHU iX MO-
HiTopuHTy. PoboTa moeanye ¢pyHmaMeHTaIbHUU OIS
6ioJI0TiUHOI poJTi MiKPOEJEMEHTIB i3 BIPOBAIKEHHSIM PEHT-
reHoMIyOpeclieHTHOTO aHaJTi3y sl KiIbKiCHOTO BU3HAYEH -
HI X BMICTY B TKAHWHAX in situ. J171s1 CTBOPEHHS €KCITPEeCHOI
CUCTEMU KOHTPOJIIO Tepebiry XBopoou Ta OLIHKU PU3UKY
YCKJIaIHEeHb 0e3MocepeaHbO B KIIHIYHUX yMOBaXx A0 10-
CJIIKEHHST 3aJTyJa€eThCsl JIMIIE TTIOPTaTUBHA PEHTTEHIBChKA
araparypa.

Marepiaau Ta metoaun

[Momyxk miTepaTypu 3miliICHIOBAaBCS Y MiXKHAapOITHUX
Ta BITYM3HSIHUX HAYKOMETPUYHMX Oazax JaHUX, 30Kpema
PubMed, Google Scholar, Scopus Ta Web of Science, 3a ne-
piox 2000—2025 pokiB. MaTepiaiaoM IJIsT OTJISILY CIYTYBaJIx
naHi pyHIaMeHTaJbHUX Ta KJIiHIYHUX JOCTiIKEeHb, 1110 BU-
CBITJTIIOIOTH 0iOJIOTIUHY POJIb €CEHITiaTbHUX MiKPOEIeMEHTIB
(Kasbliilo, MarHilo, 3aj1i3za, XpoMy, LIMHKY, O0py, KOOAJIbTY,
oIy Ta celieHy) K KoaKTopiB (pepMEHTHUX CUCTEM, Bill-
MOBiJaJIbHUX 32 MeTabo0J1i3M TJII0KO3U. Y mpoleci podoTu
3aCTOCOBYBABCSI METOJl TEOPETUYHOTO y3araabHEHHS IS
cucTeMaTu3allil BiloMocTell Mpo BIUIMB MiKpOEJIeMEHTHO-
ro aucOajgaHcy Ha PO3BUTOK iHCYJiHOPE3UCTEHTHOCTI Ta
OKCHUJIATUBHOTO cTpecy. OTJsim OXOTUTIOE Pe3yibTaTu 10-
CJIIKEHb, TPOBEIEHUX Cepell Pi3HUX MOMYJISLIIHHUX TPy,
11O TO3BOJIMJIO KOMIUIEKCHO OOTPYHTYBAaTU HEOOXiOHICTh
BIIPOBAKEHHSI METOMIB KiJIbKiCHOIO MOHITOPUHTY MiKpO-
€JIEMEHTHOTO CTaTyCy B KJIiHiYHY IIPaKTUKY.

Pe3yAbTaTU AOCAIAXKEHHS

Kanpuiii. MeTtabosizm kanbllito € pyHIaMmeHTaTbHUM
(hakTopoM, 1110 BU3HAYAE CEKPELLito iHCYJIiHY Ta PiBEHb UyT-
JIMBOCTI TKaHUH 10 Hboro [11]. IIpu LI cnocrepiraeTbes
JecTabiizallist KajblliEBOro TOMEOCTasy, 1110 MPU3BOIUTH J10
(G YHKILIOHATBHUX MOPYIIEHb Y POOOTI €pUTPOIIUTIB, Kap/Ii-
OMIOLIUTIB, TPOMOOLIMTIB Ta CKEJIETHOI MycKynaTypu. Taxki
3MiHM BUKJIMKAIOTh OCOOJIMBE 3aHEIMOKOEHHS, OCKIiJIbKU
IUC(YHKIIIS peryIsITOPHUX MEXaHi3MiB KaJIbIil0 He JIMIIe
MepelIKOIKAa€E aleKBaTHill ceKpellii iHCYiHY, a it BUCTyTa€e
CaMOCTIMTHUM TIPEAUKTOPOM PO3BUTKY Pi3HOMAHITHUX aH-
riomnariii Ta iHIIUX CyTUHHUX YCKIanHEeHb [12].

Hocnimxenns Ilitraca ta cniBaBt. (2007) miaTBepau-
JIO TTATOTe€HEeTUYHUH 3B’ 30K MiX OMCOAIaHCOM KaJlblIilo
i BiTaminy D Ta pusukom maHidecranii LIJ12. Pe3ynbratn
BKa3yIOTh Ha CTa0iIbHY KOPEJISIIiio MixX meilluToM BiTa-
MiHy D, HegocTaTHIM HaIXOMXKEHHSIM KaJlbllil0 Ta MOLIM-
peHicTIO MeTabOIiYHOrO CUHAPOMY. AHAaIi3 KOHLIEHTpaLlil
25-rimpokcuBitaminy D y cupoBariii KpoBi BUSIBUB OOEpHE-
HY 3aJIeXKHICTh: HAHMKYi TOKa3HUKM 3aXBOPIOBAHOCTI Ha
LII2 criocTepiranmcst mpyu MaKCUMaJIbHOMY KOMOiHOBaHOMY
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CIIOXXMBAHHI X HYTPi€HTiB. BcTraHoOBIEHO, 110 XpOHIYHA
rinepriikemist mornmuooe nedinut Bitaminy D i Kanbllito,
TOMi SIK IXHSI CYIIJIEMEHTALIisI ITO3UTUBHO MOIYJIIOE MeTabo-
JT1i3M Toko3u [13].

PesynbTaTi gocigkeHb piBHIB Kajbllilo B CUPOBATIIi
KkpoBi ripu LIJ12 meMOHCTPYIOTH IIeBHi CYIIEPEeYHOCTI, IIPOTe
BKa3yIOTh Ha YiTKUIi 3B’SI30K i3 TJIIKEMiYHUM KOHTPOJEM
[14, 15]. 3okpema, iepexpecHUI aHaIi3 BUSIBUB HETATUBHY
KOpeJIsILilo MiX piBHEM CUPOBAaTKOBOTO KaJjbllilo Ta IO-
Ka3HMKOM IJIiIKO3MJIbOBaHOTO remoriobiny (HbAlc) [16].
Otxe, TMaliEHTU 3 HEKOHTPOJIbOBAHOIO TillepriiKeMi€lo
MaloTh IiIBUILEHUI PU3MK PO3BUTKY TiMOKAIbILIEMII, 1110
CBiZIUMTH IMPO BUCHAXXEHHS MiHepaJIbHUX PeCypCiB MPHU MPo-
rpecyBaHHi 3aXBOPIOBAHHS.

Hayxosi maHi cBimyaTh Ipo CKIaTHMUI Ta MTOACKYIU Cy-
MepeYIMBUIA 3B 130K MixX piBHEM KaJIbIIil0 Ta METa0O0Ii3MOM
rmoko3u. Huska gocmimkeHb BKa3ye Ha Te, 1110 ITiABUIIeHa
KOHIIEHTpAallisi CUPOBAaTKOBOTO KaJIbIlil0 MOXe OyTH Map-
KepoM pu3uKy po3BuTKy LIJI2 Ta MeTaboIiuyHOrOo CUHAPO-
My [17]. 3okpema, DOCTiIKeHHS cepell KOPeHChKOI IOy~
il miaTBEpAMIIO 11l 3B’ 130K HE3aeXXHO Bifl BiKy, CIIOCOOY
JKUTTS Ta piBHA Bitaminy D. [laToreHeTUYHO 11 TTOSICHIO-
€TbCSI TUM, 1110 TIOPYILIEHHS PETyJIsiilii KaJbllil0 MPU3BOAUTH
11O 3HMKEHHS (QYHKIIiT OeTa-KIIITUH MiAILTyHKOBOI 3371031
[18], a HAIIMIIIOK LU TO30JIBHOTO KaJIbIlil0 Oe3IocepeIHbO
KOpestoe 3 (popMyBaHHSIM iHCYJIiHOpPE3UCTEHTHOCTI [19].
BopHouac MeTaaHasti3u MiAKPECTIOI0Th TPEBEHTUBHY POJIb
aJIeKBaTHOTO CITOXXMBAaHHS KaJbllilo 3 DK€o, 10 CIPUSIE
3HMXKEHHIO pu3uky BuHuKHeHHs L2 [20]. Takum uyu-
HOM, KpUTMYHE 3HAYEHHSI MA€ He JIMIIe 3arajibHUil BMIiCT
eJIieMeHTa, a i MiATpUMaHHS MOro TOYHOIO BHYTPILIHbO-
KJIITUHHOTO TOMEOCTasy.

3anizo. 3B’430K Mixk MeTab0JIi3MOM 3aJli3a Ta rOMeoCTa-
30M TIJIFOKO3U € TBOCIIPSIMOBAHUM: TIOPYIIEHHST OOMiHY 3a-
Jli3a BUCTYIA€ 3HAYYILIUM MPEAUKTOPOM PO3BUTKY iHCYIIi-
HopesucteHTHOCTI Ta LI/ [21]. 3aiizo, OyBLIM MOTYXKHUM
MPOOKCUIAHTOM, iHIllil0E OKCUIATUBHUN CTpeC, 110 IO~
IIKOIXKY€E TKAHMHU Ta 3HIKYE UYYTJIMBICTD 10 iHCYJIiHY [22].
YucneHHi TOCTiIKeHHS MiATBEPIXYIOTh, 11O IMiIBUIIEHA
KOHILIEHTpalis GepuTUHY Ta BUCOKE HACUYEHHS TpaHC-
¢deprHy B CMPOBATIIi KPOBi KOPEIIOIOThH i3 IMTOPYLICHHIM
TOJIEPAHTHOCTI 10 TJIIOKO3U SIK Y 310POBUX XKiHOK, TaK i ITi[T
Yyac BaTriTHOCTI, 3a IKO1 HaJJIMIIIKOBI 3a11acy 3aJj1i3a acollilo-
FOThCS 3 PU3MKOM TecTalliitHoro miabdety [23].

Bonnouac y manienTiB i3 LI[I2 ciocTepira€Tbes criei-
¢bivyHMiT TapagoKc: Ha TJIi MOXJIMBOTO CUCTEMHOTO Tiepe-
BAHTAXXEHHS 3aJ1i30M 3HAYHO 3POCTA€E PUZUK PO3BUTKY aHe-
Mii, yacToTa sIKoi y 2—3 pa3u BUIIA, HixXK B 0ci0 0e3 miabeTy
[24]. Leii pu3uk geTepMiHOBaHUI CTATTIO (BUILMI Y XKiHOK)
Ta piBHeM IJIiKeMiuHoro KkoHTpoio [25]. KiiniuHo goBe-
NIEHO, 1110 3HWXKEHHSI PiBHS 3aj1i3a B OpraHi3Mi, HarpuKIIa
yepe3 (edoToMilo, CIpUsIE MiABUILIEHHIO YYTIMBOCTI 10
iHcyJiHy. TakuM YMHOM, MOHITOPUHT (hepUTHHY, TpaHChe-
PUHY Ta PEUENTOPiB A0 HHOTO € KPUTUYHO BAXKIJIUBUM JUIS
owiHku rmporpecyBaHHs 1112 Ta mporHo3yBaHHSI CyTIMHHUX
yCKJIagHEHb [26].

Bop € 3HauyyM, IpoTe YacTo HEAOOLIHEHUM MiKpO-
eJIEMEHTOM, 1110 Oepe y4acTh y KJIIOYOBUX METa0OTIYHUX
npouecax [27]. 1o itoro ¢pyHamamMeHTaaIbHUX Oi0JOTIYHUX
GYHKIIIN HajeXaTh pereHeparlist KicTKOBOI TKAaHUHU, CTH-

MyJISILIisl perapaTUuBHUX MTPOLIECIB, PETYJISIIist CHHTE3Y CTe-
POIIHUX TOPMOHIB Ta OOMiHY BiTaMiHy D, a TakoX onTH-
Mi3allisg 3aCBOEHHS KaJjbliito Ta MarHiro [28]. Haykosi nani
BKa3yl0Th Ha 3[IaTHICTh OOPY MOMYJIIOBATH PiBeHb iHCYJiHY
B IIJ1a3Mi KpoBi. 30KpeMa, eKCIepUMeHTaIbHI JOCTiIKEHHST
MPOJIEMOHCTPYBAJIN, 1110 AeDIlIUT LIHOTO eJIeMEeHTa KOPEeJTIoe
3i 3pOCTaHHSIM KOHILIEHTpallii iHCY/IiHY He3aJIe>KHO Bill piBHSI
[JIIOKO31, MarHito yu Bitaminy D [29]. MexaHi3m BIuiuBy
OOpHOI KMCJIOTH Ha CeKpellilo iHCYJIiHy Ta HeHpOHaJIbHi
¢yHKIIii TT0B’s13aHMI 3 iHTIOYBaHHSIM BUBIJIbHEHHS iOHIB
Ca*" uepes B3aeMomio 3 NAD+ ta mukiiunoo AJID-pu-
003010 [30]. ¥ KOHTEKCTi JiniaHOro oOMiHy 60p BUCTYIIa€
peryasiTopoM (epMeHTaTUBHUX CUCTEM, BIJIMBAIOYM Ha
piBeHb TpurilepuaiB. I1poTe KIiHiYHI crTOcTepeKeHHs 3a
BariTHUMU XKiHKaMM HE BUSIBUJIN MPSIMOI KOPEISIii MixX
cTaTycoM 0Opy Ta JimimHUM npodijieM Mpu recraliiiHoMy
nmiabeti [31]. JomaTKOBO BCTAaHOBJIEHO, 11O CIIOJYKH OOpY
MPUTHIUYIOTh aIUTIOTeHe3 IUISIXOM MOAYJISLII eKcrpecil
reHiB i 6inkiB [32]. TakoxX miATBEpIKEHO aHTUOKCUIAHT-
HUi1 eheKT OOpy, SIKWIA CIIPUsIE 3HUKEHHIO OKCUIATUBHOTO
CTpecy Ta 3aXMCTy OeTa-KJIiTUH HiAIIUTyHKOBOI 371031 IIPU
LI y TBapun [33].

Kobanbr. HopMaTuBHI 3HaYeHHSI KOOAIbTy B CUPOBATII
KpPOBI 3a3BM4ail He niepeBullytoTh 0,5 MKr/i1. ExciepumeH-
TaJIbHi JaHi Ha MOJIEJISIX 11YPiB CBiMYaTh PO BUPAXKEHUI
rinonIikeMiuHui e(heKT XJIOpUILy KOOAILTY, 10 peali3yeThCs
yepes MPUTHIYeHHS [JIIOKOHEOTeHe3y Ta 3HMXKEHHSI OKCH-
natuBHoro crpecy [34]. CyriemMeHTallis KoOaJIbTOM TaKOXK
IIEMOHCTPYE MOTeHIIiaJl Y KOpeKlIii giadeTruHoi Hedporarii
Ta MOJIMIIeHHI KapaiaJbHUX (DYHKIIIHA ILIJISIXOM iHTiOyBaHHS
MepeKCHOro OKMcHeHHs JimimiB [35]. KutiHiuHi nocaimkeH-
HSI Ha JIIOJISIX MAlOTh CyTepewInBuil xapakrep. Tozi sik aesiki
NlaHi BKa3yl0Th Ha MiABMIIEHHS KOHIIEHTpAallii KOOAJbTy B
cupoBari KpoBi nmamieHTiB i3 LIJI2, iHmri 3BiTH (PiKCyIOTh
3HuKeHHsI piBHIB Cr, Co Ta V MOpiBHSHO 3i 310POBUMMU OCO-
6amu. TakoxX BCTAaHOBJIEHO, 1110 CITOJIYKH KOOAJIbTY MOXYTh
crieliivyHO MPUTHIYYBATH CEKPELLito iHCYJIiHY, iHAYKOBaHY
[JIIOKO3010, HE BIJIMBAlOYM MPU LIbOMY Ha 3arajbHUI MeTa-
00J1i3M I1IyKpiB 200 BHYTPIlTHBOKJIITUHHWI OOMiH KaJIbIIilo
[36]. Taka BapiaTUBHICTh Pe3yJIbTATIB IMiAKPECTIOE HEOD-
XiITHICTh IMOJAIBIIOL CTAHAAPTU3ALlil JOCTIIKEHb MiKpOeIe-
MEHTHOTO CTaTyCy IpU Aia0eTi.

XpoM. 3 MOMEHTY BiIKPUTTSI XpOMY SIK €CEHIIiaJIbHOTO
MiKpoejieMeHTa 0yJI0 BCTAaHOBJICHO 1oro ¢hyHAaMeHTaJIbHY
POJIb y OMIMIIEHHI TOJEPAHTHOCTI 0 IJII0OKO3U Ta 3HMKEH-
Hi iHCYJIIHOPE3UCTEHTHOCTi. XpOM Jii€ sIK (hi3ionoTiyHmit
MiIcuaoBay aKTUBHOCTI iHCYJTiHY, 301JIbIIYIOUM KiJIbKiCTh
AKTUBHUX PELEITOPiB, iXHIO 3JaTHICTh OO 3B’SI3yBaHHS 3
TOPMOHOM Ta iHTEHCHUBHICTb (PocOpMITIOBaHHS, 110 103~
BOJIMIIO KJTacu(iKyBaTH MOro K (paKTOp TOJIEPAHTHOCTI 10
noko3u [37].

Kniniuni naHi cBimyaTh, 110 10303aj1eXKHa CyIIEeMeH-
Talliss XpOMY CYTTEBO TIOJIITIIIYE PiBHI IIiKeMii, iHCYyTiHY
ta HbAlc y nmauienri i3 LI/12, npu 11boMy He BUSIBISIIOUU
3HAYHOTO BIUIUBY Ha 0Ci0 i3 HOpMAaJbHUM OOMiHOM pedo-
BuH [38]. HemocTaTHe HaIXOIXXEHHS LIbOTO eJIieMEHTa 3
XKe1o, 1110 YacCTO CIIOCTEePIraeThbCs MPU PaLlioHi 3 yMiCTOM
XpoMy MeHIIIe Hixk 50 MKT, TIPOBOKYE PO3BUTOK CUMITOMIB,
XapaKTepHUX IS Jia0eTy Ta CEpLEeBO-CyIMHHUX MAaTOJIOTiit
[39]. JocnimKeHHs MiATBEPAXYIOTh, 1110 Y XBOPUX Ha /1iabeT
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KOHIIEHTpaIllisl XpOMY B KPOBi Ta BOJIOCCI 3HAUYHO HMX4a
MOPIBHSIHO 3i 3MIOPOBUMU JIIOABMU, TIPUYOMY 1ieii AedilluT
norIuoII0eEThCs 3 BikoM (1micis 40 pokiB) Ta BHACIiIOK
MeTa0oJIiYHOI BiINOBiAi Ha oKcUmaTUBHUI cTpec. Bera-
HOBJIEHO CTAaTUCTUYHO 3HAYYIILy 00EpHEHY KOPEJISILIiio MixX
piBHEM CHPOBATKOBOTO XpOMY Ta moka3HukoM HbAlc, mpu
1IbOMY HaMOIbII BUpaXXeHU nediluT crocTepiraeTbest
IpY HEKOHTPOJIbOBaHii rinepruikemii [40]. KpiMm Toro, 1me-
popaJibHE 3aCTOCYBaHHSI CIIOJIYK XpPOMY, 30KpemMa MiKoJliHa-
Ty, CIIPMSIE HiBEJIIOBAHHIO HACIIAKIB OKCUIATUBHOTO CTPECY
Ta 3axucTy GYHKUIN MiaIUTyHKOBOI 3a103u [41].

Hon. JediuuT ifony iHiLiI0€ 3HUKEHHST CHHTE3Y THPEO-
ITHUX TOPMOHIB Ta KOMITIEHCATOPHE 3pDOCTAHHSI PiBHSI TUPE-
OTPOMHOTO TOPMOHY, 1110 CTUMYJIIOE PO3POCTAHHS TKAHWH
muTonoxioHoi 3amo3u [42]. OcKinbKy QYHKIIIS 321031 €
(GyHIaMEHTAIBLHOIO IIJISI €HepPreTUYHOro oOMiHy, 1i 1uc-
(GYHKIIiST KpUTUYHO BIUIMBAE HA INIIKEMiYHUM KOHTPOJIb,
CTBOPIOIOUHM MEePEIYMOBH JUISI BUCOKOT KOMOPOiTHOCTI mia-
OeTy Ta TUpeoinHMX Tartosorii [43, 44]. JlocainkeHHs ne-
MOHCTPYIOTh, 110 maiieHTH 3 1IJI2 MaoTh CyTTEBO HIKIY
KOHILIEHTpallilo ooy B cedi MOPiBHSIHO 3i 3MIOPOBUMU OCO-
O0amu [45]. BomHoyac iHCYTiHOpe3MCTEeHTHICTh KOPEIIOE 3i
301JIBIICHHSIM 00’ €MY LIUTOIOMIOHOT 3aJ103U Ta (hopMyBaH-
HSIM BY3JIMKIB, 1110 OCOOJIMBO BUPaXKEHO y IpyTax i3 mepen-
niaGeToM Ta aiabeToM y perioHax i3 Momonedinurom [46].
OxpeMmy 3arpo3y CTaHOBUTD i HAUTUILIOK MOy, SKUI MOXe
3HIDKYBATH KUTTE3IATHICTh OeTa-KIIITUH OCTpiBLiB JlaHTep-
raHca Ta MpurHidyBaTH CEKpeLito iHCYJIiHy Yepes3 CTpec eH-
IOIUIa3MaTUYHOTO peTuKkyaymy [47]. Emimemionoriuni naHi
MiATBEPIXYIOTh TeHAePHY crieln(iKy: TOETHAHHS aiabeTy
Ta TiMOTUPEO03y HalyacTillle 3yCTPiYaeThCs Y XKiHOK, 0CO-
011BO cTapioi BikoBoi rpynu [48]. [Ipu nboMy amekBaTHa
KOpeKIlis TUPEOINHOT0 CTaTyCy, 30KpeMa IpHU TinepTUupeosi,
CTIpUsI€ TIOJIIMIIIEHHIO KJIiHigHOoTrO ITepediry LIJI.

MarHiii € He3aMiHHUM KO(aKTOPOM BYTJIEBOJIHOIO Me-
TaboJ1i3My, 110 3a0e3Ieuy€e TPAHCIIOPT TJIIOKO3HU B KIITU-
Hy Ta MiATPUMYE KacKaIHy Hilo iHCYJIiHY Yepe3 aKTUBallilo
TUpO3uHKiHa3u [49]. TinomarHiemisi, sika 3ycTpidyaeTbcs
y 13,5—47,7 % nauienTis i3 LIJ12, mocuiioe iHCcymiHOpe-
3UCTEHTHICTb Ta MPUTHIYYE AHTUOKCUIAHTHUU 3aXUCT, IO
MPUCKOPIOE PO3BUTOK J1iabETUYHUX YCKJIaIHEHb, 30KpeMa
cepleBo-cynMHHUX natosoriii [50]. EkcriepuMeHTalbHO
IOBEIEHO, 110 Ae(illNT MarHilo KOPEIIIoE 3i CTYIIEHEeM iHCY-
JIIHOPE3UCTEHTHOCTI: Y MAlli€HTIB i3 BUPAXKEHUM MOPYIIIeH-
HSIM OOMiHY p€YOBMH 31aTHICTh EPUTPOLIMTIB HAKOIIMIYBa-
T MarHiil cyTTeBo 3HMXKeHa [S1].

KutiHiyHi gocmimkeHHS MiaATBepIXKYIOTh, 1110 PiBHI Mar-
HilO B IJ1a3Mi Ta cedi MpsiMO KOPEJIOITh i3 TOKa3HUKAMU
nmoko3u HaTiie Ta HbAlc [52]. ¥V nmamieHTiB i3 HEKOHTpO-
JIbOBAaHUM Iia0eTOM CIIOCTEPIra€EThCs 3HMKEHHSI KOHIIEH-
Tpauii Zn, Mg ta Se Ha TJ1i MiABUILIEHHS PiBHS MaJIOHOBOTO
JiajbJeriay, 1o CBiIYUTh Npo iHTeHCcudikallilo oKcuaa-
TUBHOTO CTpPecy Ta MepeKUCHOT0 OKUCHEeHHS JimiaiB [53].
BonHouvac anekBaTHe CITOXXMBaHHS MarHito adbo iforo cyruie-
MEHTAaIlisI MOJIIIIYIOTh (PYHKIIII0 MiTOXOHAPIiil, 3HIKYIOTh
piBeHBb IIiKeMii Ta MOJIETIIYIOTh Mepedir MeTaboiuyHOTO
cunapomy [54]. Takum yrMHOM, MiATPUMAHHS BHYTPilll-
HBOKJIITHHHOTO TOMEOCTa3y MarHito € KpUTUYHOI YMOBOIO
IJIs1 3aro6iraHHs 0JI0KYBaHHIO [ii iHCYJIiHY Ta pO3BUTKY
XPOHIUHUX YCKJIAHEHb.

IInsk € pyHomameHTaIbHUM peryisTopom mmoHan 100
¢epMeHTIB, 110 BiANOBIIAIOTh 32 €KCIIPECiIO TeHiB, IMyHHY
BiINOBiOb Ta HEUTpaIi3alilo aKTUBHUX (popM KHMCHIO [55].
BiH Bimirpae KpuTU4HY poJib Y XKUTTEBOMY LIMKJIi iHCYITi-
Hy: Bill ioTO CMHTe3y Ta 30epiraHHs B OeTa-KJiTMHaX 10
ceKkpelii Ta momajbInoi 6iomorivyHoi aii [56]. [TopymeHHs
roMeocTa3y LIMHKY, 30KpeMa yepe3 reHeTUYHi MoJiMop-
¢izMu a00 IMOCUIICHY BTpaTy MiKpOeJIeMeHTa i3 cedeto IIpu
rinepriikemii, TICHO MoB’s13aHe 3 PO3BUTKOM iHCYJIiHOpE-
3UCTEHTHOCTI Ta AECTPYKIIEIO OCTPiBLEBUX KITUH [57].

Kniniyni nocnimkeHHs cTabiIbHO (iKCYIOTh 3HUKEHHS
PiBHSI LIMHKY B CMPOBATL KpoBi y natieHTiB i3 LI[1 Ta LIJ12,
MpUYOMY 1iei 1edilnuT HeraTUBHO KOPEJIIOE 3 MOKA3HUKOM
HbAIlc [58]. OcobnmBo BupaxkeHa TinmoIMHKYMisl CIIOCTepi-
Ta€THCS Y XBOPUX i3 MiKPOAHTIOMATUYHUMU YCKIJIaTHEHHSI -
MM, SIK-OT HedporaTisi Ta pEeTUHOMATIs, 1110 MOSICHIOETHCS
3HIKEHHSIM HUPKOBOI peadbcopOilii IMHKY Ha (pOHI BUCOKOI
KOHIIeHTpallii IioKo3u [59]. Xoua fesKi gaHi BKa3yloTh Ha
BiICYTHIiCTb IIPSIMOTO 3B’SI3KYy MiXK piBHEM LIMHKY Ta JIiITi/I-
HUM TIpodiseM, OUIBIIICTh aBTOPIB MiATBEPIXYIOTh, 11O
AHTUOKCUJIAHTHI BJACTUBOCTI LIMHKY Ta HOro 34aTHICTh
3HIKYBaTU PiBeHb IPpO3aIlaibHUX LUTOKIHIB POOJISITH CY-
IJIEMEHTAllil0 IIMHKY MMepCIeKTUBHUM METOJ0OM IaToreHe-
TUYHOI Teparii 1151 TOM SIKIIIEHHSI OKCUIATUBHOTO CTPeCy
Ta MOJIMIIEHHST MEeTabO0iYHOro KOHTpOoITio [60].

Cesien € KPUTUYHUM KOMITOHEHTOM [IIJISI CUHTE3Y Cce-
JICHOIIPOTEiHiB, 30KpeMa (PepMEHTY IJIyTaTiOHIIEPOKCH-
nasu (GPx), 1o 3abe3rneyye aHTUOKCUITAHTHUM 1 1M~
TONPOTEKTOPHMI 3aXUCT opraHizmy. B ymonax LI, skuit
CYIIPOBOJIKYETHCSI iIHTEHCUBHUM YTBOPEHHSIM aKTUBHUX
¢opM KuCHIO, Ae(ilUT celeHy NPU3BOAUTD 10 IIPUTHIUEH-
Hs1 akTUBHOCTI GPX, mocuioum OKCUIaTUBHUI CTpec
[61]. TTpoTe HAyKOBi JaHi IIOA0 3B’SI3KY CEJICHY 3 AiabeToM
€ CYIIepeWINBMMM: HI3Ka IiepexpecHux nocmimkeHb y CIIA
Tta Kutai BKazye Ha MO3UTUBHY KOPEJISIIiI0 Mi>K BUCOKHUM
piBHEM ceJieHy B CUpOBATIIi KPOBi Ta ITOIIMPEHICTIO AiabeTy
[62].

BonHouac mOBrocTpoKoBi CIIOCTepeKeHHs (TpuBali-
ctio moHan 20 poKiB) MPOIEMOHCTPYBaIH, 1110 BUCOKUIA
BMICT CeJIeHY B HiITSIX KOPEJIo€ 3i 3HUXKEHHSIM PU3UKY
po3Butky LIJ12 Ha 24 % [63], a eKCiepMMEeHTH Ha MUIIax
MiATBEPAMIN TIiMOTTiKeMiYHMI eeKT CroayK cejeHy [64].
Taxka BapiaTUBHICTh pe3yIbTaTiB MOXKe OyTH 3yMOBJIEHA T'e-
orpaiyHUMM 0COOIMBOCTSIMU Ta PiBHEM CEJICHY B IPYHTaX
KOHKpeTHUX perioHiB. OCKiIbKM peKOMeHI0BaHa 1000Ba
HopMa (55 MKT) 3a3BHUYail TOCSITAETHCS 30a1aHCOBAHOIO
MIIETOI0, TOAATKOBA CYIJIEMEHTALLiSl CEJIEHOM BBaXKa€ThCS
TOLJIBHOIO JIMIIIE B paiioHaX i3 MiATBePAKEHUM TTPUPOIHUM
nedinnToM IbOro MiKpoeJeMeHTa.

Ha croromHi mocmimkeHHS MiKpOeJIeMeHTIiB Y M-
LIMHI MepeXoauTh Bil MPOCTOro KOHCTAaTYBaHHS Aedilm-
Ty A0 MPEeIUMKTUBHOI NiarHOCTUKMU Ta MEPCOHaIi30BaHOTO
JIIKyBaHHSI CKJIQJIHUX MeTa0O0TiUHUX 3aXBOPIOBaHb, SIK-OT
L. Cepen 1OCTYIMTHMX aHATITUYHUX METOJIIB PEHTIEHiBChKi
METOIU € OCOOJMBO MOTYXXHUMU, OCKUJIbKA BOHU MOXYThb
KiJIbKiCHO BU3HAYUTH MiKpoeJeMeHTH in situ [65]. XiMiuHa
€KCTpaKllisl He TIOTpiOHa, SIK 11e OyBa€ y BUIAAKy 3 OaraThb-
Ma IHIIUMU aHaJITUIHUMU MeTomaMu. HelmonmaBHiit po3-
BUTOK Ta AOCTYMHICTb PEHTITE€HiBCHKUX METO/iB, 30KpemMa
THX, 110 BUKOPUCTOBYIOTh CUHXPOTPOHHI JIKepeia CBiTIa,

52 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 22, N2 5, 2026



(14

OpuriHaAbHI AoocAipXeHHs / Original Researches

3HAYHO PO3LIMPWIIN Hallle PO3yMiHHS POJIi MiKpOEJIeMEHTIB
Y HaBKOJIMITHbOMY CEPENOBUIIL Ta B KMBUX OpraHizMax
[66—69].

MixkpoeneMeHTH B MaTPULISIX HABKOJIMIITHBOTO CEPE10-
BMIIIA MOXKHA BUBYATH 3a JOMOMOTOIO ITUPOKOTO CIEKTpa
aHAJIITUYHUX METOMiB. 3a3BMYail iX BUOMpPaIOTh HA OCHOBI
arperaTHoro cTaHy 3paska (TBEpAMid, piKuii, ra3onomio-
HUI1), eleMeHTa(-iB), 110 BUSIBIISIOTH, Ta iX KOHIICHTpALIi,
CTYyMEeHS TeTepOreHHOCTi 3pa3KiB, METU JOCTIIKEHHS Ta
IOCTYITHOTO oOnanHaHHs. Hampukiam, Koiu peHTreHiBChKi
MPOMEHIi MOTPAIISIIOTh Ha 3pa30K, MIPYXXHE PO3CitOBaHHS Y
¢dopMmi audpakilii MOHOKPUCTAJIiB, TOPOIIKOBOI AU paK-
11ii a00 KorepeHTHOI nudpakilii BUsBIsI€ iHHopMmalliito mpo
aTOMHY CTPYKTYpPY Ta MOXe OYyTU BUMipsiHE PEHTTeHiBChKU-
mu getekropamu [70]. HempyxHe po3citoBaHHS MOXHa
CIIOCTepiraTu 3a JOMOMOTOI0 eHepreTUYHNX ab0 TOBXUH-
HO-AUCIIePCIMHMUX AETEKTOPIB Ul BUSHAYEHHSI €JIeMEHTHO-
ro Ta ximiuHoro ckiany [71]. PeHTreHiBchbKy abcopOliiitHy
CIEKTPOCKOTIiI0 MOXKHA BUKOPUCTOBYBATH [IsI BU3HAUYECHHS
CTPYKTYPU HAWOJIMXKUMX aTOMIB Ta JIOKaJIbHOI Ximii. Kpim
TOro, MPOHUKHA 3AaTHICTb PEHTIeHiBCbKUX MTPOMEHIB 103-
BOJISIE IPOBOIMTY AOCIIIKEHHS Y TphoX BuMipax (3D) 6e3
¢iznyHOro po3pizaHHs 3pa3KiB ab0 MOAIOHUX PYIHIBHUX
omnepaiii [72].

YoTupu OCHOBHI BiIMiHHI PUCU XapaKTepU3ylOTh aHaTi-
TUYHi METOAY Ha OCHOBI peHTI€HiBCbKUX MPOMEHIB: 1) He-
a00 MiHIMaJbHO NECTPYKTUBHUI MPUPOIHUI XapakTep,
2) baraTroejseMeHTHa 3MaTHICTh, 3) oOMexeHa abo BilCYTHS
BUMOTA J0 IiATOTOBKM 3pa3KiB, 4) IIPOCTOPOBO-PO3AiIbHA
3natHicTh (1K y n1Box (2D), Tak i B Tpbox BuMipax (3D)).
11i 0oco0MMBOCTI M1O3BOJISIIOTH METOAAM Ha OCHOBi peHT-
TeHiBCHbKUX MPOMEHIB BilIMOBiIaTH CKIaJHUM TOTpedam
CyyacHUX BUCHUX Y BUBUEHHI MiKpOeJeMEHTIB B yMOBax
in situ [67].

Oco06iMBe Miclie 3aiiMaloTh MOPTATUBHI PEHTIeHIBChKi
MpUTAanX. [X BUPI3HSIOTh HEBEIMKi PO3MIpH i LOCTYIIHA
iHa. OTXe, TaAKMMU TIpUIalaMu MOXHA O0JIallTyBaTH Jia-
Oopartopito Oe3nocepeaHbO y JiKapHi. ¥ 1iii poOoTi Oyme
PO3IJISTHYTO HOBITHIO METOAMKY PEHTTEHiBCHKOTO aHai3y
HAHOIOMIIIIOK Y JIETKiil MaTpuIli /ISl TOPTaTUBHUX PEHT-
TeHiBCBbKUX CITEKTPOMETPiB. PEeHTreHOoONTHYHA cxeMa po3-
pobJieHa Ha Kadeapi pizuku MeTasliB Ta HaMiBIPOBITHUKIB
HTY «XIIl» y Mmexax OromkeTHol TeMu «PeHTreHiBchbka
IiarHOCTUKA 3MiH XiMi9HOI aKTUBHOCTI aTOMIB y M’SIKHX
TKaHWHAaX JIIOIVMHU Ha paHHIX eTarax po3BUTKY MaTOreHe3y»
2024—2026 pp., HoMep nepxkpeectpattii 0124U000529. 1a
PpO3poOKa 103BOJISIE EKCIIEPUMEHTAILHO BUMIPSITH i Bpaxy-
BaTH MONIMHAHHS aHAJTITUYHOTO CUTHAJTY MaTepiajioM 3pas-
Ka (MaTpulIe0) i OLIHUTU HEBU3HAYEHICTh BUMipIOBaHb.
Oco0buBy yBary Oyae 3BepHEHO Ha METOIMKY MiATOTOBKU
3pa3KiB.

[ miAroTOBKM 3pa3KiB piafuHY (IJ1a3Ma KpoBi) 3 IIpo-
6ipk1 06’eMoM 5 cM® HaHOCSATH Ha (DUTBTPYBAJIBHUH TIATTip
A-cepii Ta mpocyiytoth rpu Temmepatypi 80—90 °C. Huzb-
Ka TeMITepaTypa BUITapIOBaHHST YHEMOXITUBITIOE BTPATH JIeT-
KOJIETKX KOMIIOHEHTIB i 3a0e3Imeuy€e He3MiHHICTh CKJIamLy
MOMIIIIOK y OionoriyHux pinuHax (puc. 1).

IIpocymennii marmip ImianamoTh 030JIeHHI0. OTpUMaHy
30J1y pO3MIIIYIOTh Y KOHBEPTI 3 OpraHiyHoi rutiBku Proline,
1110 Ma€ ToBIIMHY 2 MKM. KOHBEPT i3 30J1010 TIpecyioTh B

PucyHok 2. lMnacTtukosi KroBeTu
i3 o301€eHUMU 3paskamu

Ta6bnuysi 1. Maca mMikpoeneMeHTIB y CyXoMy 3anuLuKy
craHpapTHux npo6 PM nicnsi BunapoByBaHHS BogU
3 po3unHy o6’emom V = 1 cm’. doHoBa gomiluka HNO,
63 mr/em®

CepTtudcpikoBaHi MikpoenemeHTu, mr/cm?®

PM-23 Cd—1,Mn—1,Pb—2,Zn—1
PM-24 Fe—1,Co—1,Cu—1,Ni—1
PM-26 V—2,Mo—1,Ti—2,Cr—1
PM-30 K—1,Ca—1,Al—1,Mg—1,Na—1

npecdopMi TIpy HaBaHTaXXEHHi 3 T 10 CTaHy AUCKIB mdi-
ametpom 20 MM. JIMCcK MOMIIIAIOTh Y MJIaCTUKOBI KIOBE-
T 3 THOM i3 IJIiBKU Proline Ta mpoBOASTH MOCTiIXKEHHS
(puc. 2).

CraHgapTy Uil KaliopyBaHHsI CIIEKTPOMETpPa BUTOTOB-
neHo meronoM standard addition [73]. Ha ocHoBi omHoTrO i
TOTO XX PO3YMHY IJIa3MU KPOBi BUTOTOBJISIIOTH CEPit0 CTaH-
naprtiB. Po3unH mia3Mu micist nepeMilityBaHHS pO3IiIsSIOTh
Ha nopuii 06’eMoM 5 cM®. Y KOXHY MOPLIiI0 A0Aal0Th 110
1 ¢cM® BOIHOTO PO3YMHY 3 BiTOMUM BMiCTOM KOXHOI 10-
Mmimku (Ta6:a. 1). Po3unHu, 110 m1ogaioThCs, BATOTOBIISIIOTH
Ha OCHOBIi CTaHIAPTHUX 3pa3KiB BOAHUX po3unHiB PM-23
(MCO 0243:2001), PM-24 (MCO 0244:2001), PM-26
(MCO 0246:2001), PM-30 (MCO 0250:2001). Pinki cran-
JapTH MiAOaloTh Til e caMiil mpoleaypi MpoOOMmiArOTOBKH,
1110 ¥ 3pa3KH, SIKi TOCIHIiIKYIOThCs (puc. 3).
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PucyHok 3. Kani6épysaHHsi cneKTpomeTpa MeTo40M
standard addition: go 3pa3ska nna3mm KpoBi
(xoBTa niHis1) foaaHoO MiKpPOAOMILLKY cTaHAapTy
1 ppm (4epBOHa niHisi)
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PucyHok 4. Cxema BUMIproBaHHS NMOrJINHAHHS
JiHiVi JoAaTKoBOro BTOPUHHOIO BUMPOMIHIOBa4a
marepianom [ocnigHoro 3paska

PeHTreHiBchbKi BUMiproBaHHSI MPOBOIMIIA HA TOPTATHBHO-
my EDXRF criekrpomerpi SPRUT (puc. 2) 3 SDD-netexTo-
poM X-100 dipmm Amptek i3 3acTOCYBaHHSIM KOMITICKCHOTO
BTOPMHHOTO MepeBunpomMiHioBaya Ag-Ge, onTUMi30BaHOTO
3a KpUTepiEM MeXi BUSBICHHs. Yac HAKOMMYEHHSI CIIeKTpa
600 c. Mexxa BUSBJIEHHSI TOMIIIIOK Y MaTepiai cyXux Tadjie-
TOK BUIIPOMiHIOBayiB < 1 MKT, 1110 BiIIOBiIa€ BMiCTy MiKpO-
eJieMeHTa y Tu1a3Mi KpoBi Ha piBHi 0,2 ppm.

3aJiexXHO Bill aTOMHOI0 HOMEpa MiKpoeJleMeHTa st
BUMIPIOBaHHS MIOTJIMHAHHS B 3pa3Kax i cTaHaapTax BUKO-
pUCTOBYBaBCSI HAabip 1OJATKOBUX BUIIPOMiHIOBaUiB (puc. 4):
Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn, Ge, Pb, Au, Bi, Zr, Nb,
Mo, 1110 1a10Th MOHOXpPOMATUYHE BUTIPOMiHIOBAaHHS B JIi-
ana3oHi ToBXMH xBUIb Bix 0,633 A (Mo-Ka) 0o 3,358 A
(Ca-Ka). [MornmmHaHHS BU3HAYaIu 3a Ti€IO X PEHTIeHiB-
CbKOIO ONITUYHOIO CXEMOI0, 1110 i (hTyopeclieHllio, 6e3 me-
perpymnyBaHHSI 3pa3KiB.

TeopeTnuHi 3acangy METOIMKY BUMipIOBaHHSI MiKpoee-
MEHTIB Y JIETKili MaTpuIIi BUKJIaeHO B poOoTi [74]. Pentre-
HOOMNTHUYHA cXeMa HaBeJeHa Ha puc. 4.

MoHoxpoMaTuyHe BUITPOMiHIOBaHHS IIEPBUHHOTO JKe-
pejia 3 TOBXKMWHOI XBWII A, MAJA€ Mil KYTOM ¢ i 30yIKy€E
¢yopeclieHTHe BUTTpOMiHIOBaHHS 3pa3ka. [TpoiiioBiiu
Kpi3b 3pa3oK, 1ie BUIIPOMiHIOBAHHS 30YIKY€E BUIIPOMiHIO-
BaHHS J0aTKOBOTO BTOPMHHOI'O BUIIPOMiHIOBava, sIKWii
pO3TallloBaHMUi1 3a 3pa3koM. Martepiagq BTOpMHHOIO BU-
MpoMiHIOBaYa BUOMPAIOTh TaK, 100 MOTo (ryopeclieHTHE
BUIIPOMIHIOBaHHS A, i (bJTyopeclieHTHE BUIIPOMiHIOBAHHS
BUMIpIOBAHOI TOMIIIKYU Oy OJU3bKUMU 3a TOBXUHOIO

XBWII. [IeTeKTOp OMHOYACHO PEECTPYE NIBA CIIEKTPU: CTIEKTP
(yopeclieHLii 3pa3ka i CrieKTp BTOPUHHOTO BUITPOMiHIO-
Baya, IKMii OyB YaCTKOBO IMOTJIMHEHMUI 3pa3KoM. 3a Bil-
CYTHOCTI 3pa3ka MU OTPUMYEMO JIUIIIE CIIEKTP BTOPUHHOTO
BUIIPOMiHIOBaya 0e3 oca0aeHHS.

JocsirHyTa 4yT/IMBICTh BUSHAYEHHST MiKpPOEJIEMEHTIB Ha
piBHi 10—50 Hr, 110 BiANOBiAa€ HallCyYaCHIILIMM METOAaM
TOCTIKEHHSI.

KinbkicHUIT nucbaaHC eceHUiaJbHUX MiKpOeJeMeH-
TiB Y KPOBi € KpUTUYHUM JAeTepMiHaHTOM natoreHesy LIJI,
OCKIiJIbBKM BOHM (DYHKITIOHYIOTb SIK HE3aMiHHi KO(haKTOpH B
perysiiiii MeTabosiyHoro romeocTtasy. Jdedinur Takux ene-
MEHTIB, SIK MarHiit, IMHK i XpoM, 6e31mocepeIHbO KOPEJTIOE
3 Jlerpajalli€lo iHCyJIiHOBOTO KacKady: iXHsI HEAOCTATHS
KOHIICHTpaLIisI OJIOKYE aKTUBHICTh TUPO3MHKIHA3U Ta T10-
IIKOIXKYE CTPYKTYPY iHCYJIiHOBUX PELIETITOPIB, 1110 MPU-
3BOJAUTDH 10 (POpMYBaHHS CTilKOI iHCYIiHOPE3UCTEHTHOCTI
Ta BUCHaXXeHHs OeTa-KIITUH ITiIIITYHKOBOI 3a1031. Bo-
HOYac HAIJIMIIIOK MIeBHUX MiKpOeJeMEHTIB, 30KpeMa 3ajliza
(beputnny), mi€ IK MOTYKHU TPOOKCUIAHTHUI (haKTOp,
iHiLi0I0YY TTepEeKMCHE OKMCHEHHS JiITiliB Ta OKCUIATUBHE
MOILIKO/KEHHSI TKAHWH, 110 J10AaTKOBO MOTIUOJIIOE METa-
00JIiYHY IeKOMIIEH allilo.

[Mapanmokc mikpoenemeHTHOTrO crarycy npu LI momnsirae
Y BUHMKHEHHI ITOPOYHOTO KOJIa, JIe XPOHIYHA TilepriiikeMist
CTUMYJIIOE HAIMipHY €KCKPeLlilo 3aXMCHUX MiHEpaiB i3 ce-
Yero, 1O 111e Oiyble Moc/Iab/I0€ aHTUOKCUIAHTHUM 3aXUCT
opratismy (30Kpema, yepe3 MPUTHIUeHHS CeIeHO3aIeKHUX
¢epmenTiB). TakuM YMHOM, SIK ITATOJIOTIYHO HU3BKI PiBHI pe-
TYJIITOPHUX METaiB, TaK i HAAMipHA aKyMYJISILisI IPOOKCH -
JNIAHTHUX €JIEMEHTIB y TUIa3Mi KpPOBi BUCTYIIal0Th arpEeCUBHU-
MM TIPEIMKTOPAMK PO3BUTKY 3aXBOPIOBAHHSI, BU3HAUAIOUN
LIBUIKICTh TOSIBU CYIMHHMX YCKJIaJIHEHb Ta CTaOLIbHICTh
IIKeMIiYHOro KoHTporo. OnTrManbHa KiIbKiCHA TIPUCYT-
HICTb MiKpOEJIEMEHTIB € 6230BOI0 YMOBOIO JIJISI TIATPUMKH
GioJioriyHoi e()eKTUBHOCTI iHCYJIiHY Ta 3aI00iraHHs He000-
POTHIil CTPYKTYpHiii Ierpanaliii TKaHUH-MillIeHEei.

KinpkicHMiT aHaMi3 MiKpOEJIeMEHTIB Y KPOBi € KPUTUYHO
HEOOXiTHUM JIJIsI Cy4aCHOI METUIIMHU, OCKIIBKM TO3BOJISIE
MepeiTy Bin JiKyBaHHS HACiAKiB niabeTy 10 MpeauKTUB-
HOI KOPEKIIii #0ro mepuIonpuInH. AKTyaJbHICTb TAKOT'O
MiIXOMAY MOJISITAE Y 3MaTHOCTI MiKpOEJIeMEHTHOI0 Mpoi-
JIIO BUCTYIATH BUIIepeIKaIOUNM OioMapKepoM: TMHAMIYHe
BUMIpIOBaHHSI PiBHIB XpOMY, IIMHKY Ta MarHito 1a€ 3MOTy
IIPOTHO3YBaTU PO3BUTOK iHCYJiHOPE3UCTEHTHOCTI 11Ie Ha
MOKJIIHIYHOMY €Tarti, KOJIM CTaHAapTHI MOKa3HUKU TTIOKO3U
3aJUIIAl0ThCs B HOpMi. BripoBagXeHHsI TOYHOTO MOHITO-
PUHTY B KJIiHIYHY MTPAaKTUKY JO3BOJISIE peali3yBaTu CTpaTe-
rito nepcoHiikoBaHoi Tepartii.

BucHoBku

IMopylieHHsT MiKpoeJleMEHTHOIO TOMeOCTa3y € BaxK-
JIMBUM MaToreHeTuYHUM akropoM LI, 1o BrimBae Ha
IHCYJIIHOPE3UCTEHTHICTh, OKCUIATUBHUIA CTPEC Ta PO3BU-
TOK yCKJIamHeHb. MikpoeneMeHTHMI Tpodiib MOXKe BUKO-
PUCTOBYBATHCS SIK iH(pOpMaTUBHMIT GioMapKep /Uit paHHbOT
NiaTHOCTUKM Ta KOHTPOJIIO ITepediry 3aXxBOpIOBaHHSI.

Cepen JOCTYITHUX aHAJIITUYHUX METOIIB PEHTTeHIBChKi
METO/IM € OCOOJIMBO MOTY>KHUMM, OCKIJTbKU BOHU MOXYTh
KiJIbKICHO BU3HAUYUTU MiKpoeneMeHTH in situ. ChoroaHi
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HaWIIBUJIIE PO3BUBAIOTHCS PEHTTEHOCTIEKTPATbHI PUITaI
i3 3aCTOCOBYBaHHSIM CUHXPOTPOHHUX JIKE€peJI 3aBIsSIKU 1X
BUCOKI CBITJIOCWIi 11 eHepTreTUYHIl pO3MiJIbHIl 3MIaTHOCTI.
Ane Take obOJlallHAHHST HE MOXE OXOTIUTHU IIUPOKE KOJIO
3aBAaHb Yepe3 BUCOKY BapTiCTh MOCIiIXKEHb. 3alydeHHs
MOPTATUBHOI PEHTIeHIBCHKOI arapaTypu J03BOJISIE MPO-
BOJMUTU KOMILJIEKCHE OOCTEXEHHS MalieHTa (MOHITOPUHT
BMICTY MiKpPOEGJIIEMEHTIB Yy KpOBi, cedi, BOJIOCCi, HIITIX
TolI0) 6e3MocepeHbO Yy JiKapHi. 3alpornoHoBaHa came
JUTSI TIOPTaTUBHUX PEHTIEHIBCHKUX MTPWIIAiB METOIMKA 3a-
0esrevye MBUIKE, YYTJIMBE Ta METPOJIOTIYHO OOTPYHTOBaHE
BU3HAYEHHS MiKpOEJIEMEHTIB y 0i00riYHMX TKaHUHAX 3
ypaxyBaHHSIM MaTpuYHMX edekTiB. Jist KiabKicCHOT OLIHKY
3aCTOCOBYBAJIMCS CTAHAAPTHI 3pa3Ku CyXoi peYOBMHU Ha
OCHOBI JIep’kaBHUX CTaHIAPTHUX 3pa3KiB BOTHUX PO3YU-
HiB PM-23, PM-24, PM-26, PM-30. ExciepuMeHTaIbHO
MiATBEPIXKEHO MEXY BUSIBICHHSI MiKpOEJIEMEHTIB Ha piBHi
10—50 Hr 3a7€XHO Bi aTOMHOTO HOMepa, 110 BilMoBigae
HalicyyacHiluMm MeToaam gociimkeHHs. lle BinkpuBae
MepCIEeKTUBY BIIPOBAIKEHHSI JOCTYITHOTO €KCIIPECHOTO
MOHITOPMHTIY Ta MEPCOHATi30BaHOTO MiAXOAY 10 BEACHHS
nanienTis i3 L.

Konduikr inTepeciB. ABTOpU 3asIBJISIIOTH IIPO BiZICYTHICTh
KOHGIIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBLIi JaHOI CTATTi.

Indopmanis npo dinancyBanna. Po60oTy BUKOHAHO B
pamkax 6romxkeTHoi TeMu HTY «XI1l» «PeHTreHiBchKa mi-
arHOCTHMKA 3MiH XiMiYHOI aKTUBHOCTi aTOMiB Y M’SIKHUX TKa-
HUHaX JIIOJMHU Ha paHHIX eTarax po3BUTKY MaTOTeHE3y»
2024—2026 pp. (Homep aepxpeectparii 0124U000529).

Buecok asTopiB. Muxaiinos A.l., Centokosa H.1O. —
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On the use of portable X-ray equipment in the diagnosis
and clinical monitoring of diabetes

Abstract. Background. Type 2 diabetes mellitus is one of the leading
global medical and social problems, the prevalence of which is con-
stantly increasing. Violation of microelement homeostasis plays an
important role in the pathogenesis of the disease, affecting the deve-
lopment of insulin resistance, oxidative stress and vascular complica-
tions. In this regard, the search for accessible and accurate methods
for quantitative determination of microelements in biological tissues
is of particular importance. The purpose of the study was to conduct
a comprehensive analysis on the role of essential microelements in
the pathogenesis of diabetes mellitus and to substantiate the feasi-
bility of using portable X-ray equipment for their quantitative moni-
toring in situ. Materials and methods. A review of scientific sources
published in 2000—2025 was conducted using the PubMed, Scopus,
Web of Science and Google Scholar databases. Data on the role of
calcium, magnesium, iron, chromium, zinc, boron, cobalt, iodine
and selenium in the development of diabetes mellitus were analyzed.
For the quantitative determination of trace elements in blood plasma,
the use of a portable energy-dispersive X-ray fluorescence spectro-
meter SPRUT with an Amptek SDD detector was proposed. Sample
preparation included drying of blood plasma, ashing and pressing of
the dry residue. Calibration was performed by the standard addition
method using standard samples RM 23, RM 24, RM 26 and RM 30.

Results. 1t was found that magnesium, zinc, chromium, calcium and
selenium deficiency is associated with decreased insulin sensitivity,
impaired insulin secretion, oxidative stress and progression of vas-
cular complications. Iron overload, on the contrary, contributes to
the enhancement of pro-oxidant processes and the development of
insulin resistance. It is shown that the trace element profile can be
used as an early biomarker of metabolic disorders even before the
clinical manifestation of diabetes. The proposed X-ray fluorescence
technique provides a limit of detection of trace elements at the level
of 10—50 ng, which corresponds to modern highly sensitive analysis
methods. The use of portable equipment allows for research to be
conducted directly in the clinic without complex sample prepara-
tion and expensive stationary equipment. Conclusions. Violation of
the trace element status is an important factor in the development
and progression of diabetes mellitus. Portable X-ray fluorescence
equipment is a promising tool for the express determination of trace
elements in biological tissues, which opens up opportunities for early
diagnosis, prediction of complications and personalized monitoring
of patients with diabetes mellitus.

Keywords: diabetes mellitus; X-ray fluorescence analysis; trace
element homeostasis; portable diagnostics; metabolic monitoring;
insulin resistance
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Cytokine and hormonal biomarker profiles as predictors
of fumor invasion in cervical cancer patients
with type 2 diabetes mellitus

Abstract. Background. The development of cervical cancer is associated with inflammatory cytokines and meta-
bolic disorders, particularly in type 2 diabetes mellitus. Hyperglycemia facilitates tumor invasion, angiogenesis and
metastasis. The purpose of the study was to assess the use of cytokine and hormonal biomarkers as a predictor
of tumor invasion and metastasis in patients with type 2 diabetes mellitus and cervical cancer. Materials and
methods. From June 2025 to March 2026, a case-control study was carried out and involved 100 patients with
cervical cancer and type 2 diabetes mellitus and 50 age and sex matched controls. Blood samples (5 mL) were
taken and serum analyzed by enzyme-linked immunosorbent assay on interleukin-6 (IL-6), tumor necrosis factor-a
(TNF-a), IL-10, leptin and adiponectin. Automated analyzers were used to measure fasting blood glucose and gly-
cated hemoglobin (HbA1c). Clinical and histopathological findings helped make the diagnosis. Tumor stage was
used to categorize patients into localized and invasive groups to make comparisons. Results. There was no sig-
nificant difference in age between patients and controls (P = 0.231), while body mass index, fasting blood glucose,
and HbA1c were significantly higher in patients (P < 0.001). There was an increase in pro-inflammatory cytokines
(IL-6, TNF-a), IL-10, leptin and insulin and a decrease in adiponectin (P < 0.001). Higher levels of IL-6, TNF-a, IL-10
and leptin, lower levels of adiponectin were detected in invasive cases (P < 0.002). Close associations were found
among the tumor stage and glycemic parameters, biomarkers and glycemic parameters. Invasion was predicted by
IL-6, TNF-a, leptin and HbA1c, while adiponectin had a protective effect. Conclusions. The cytokine and hormonal
imbalance plays a major role in tumor invasion in cervical cancer with type 2 diabetes mellitus, probably because
chronic inflammation and metabolic dysregulation increase oncogenic signaling, whereas decreased adiponectin
undermines anti-tumor functions, facilitating progression and metastasis.

Keywords: type 2 diabetes mellitus; cervical cancer; glycated hemoglobin; cytokines; adipokines; tumor invasion

Introduction

Cervical cancer is reported to be one of the foremost
causes of cancer morbidity and mortality among women,
all over the world especially those in the low- and mid-
dle-income nations where the screening programs are
minimal and late-stage diagnosis is prevalent. Although
there has been progress in preventive measures like the
use of human papillomavirus (HPV) vaccines and treat-
ment modalities, the incidence of invasive and metastatic
cervical cancer keeps increasing [1]. The invasion and
metastasis of tumors are very important factors that define
the prognosis and survival of the patient and, therefore,
there is a need to have the reliable biomarkers to predict
the progression of the disease and early clinical decision-
making [2].

Over the past few years, there has been a growing inte-
rest in the role of inflammation in cancer development and
progression. It is now accepted that chronic inflammation
is a cancer signature that helps initiate, grow, angiogenize,
and metastasize tumors [3]. Cytokines are major mediators
of the inflammatory response that is central in regulating the
tumor microenvironment. Oncogenic signaling pathways
including JAK/STAT3 and NF-kB are known to be activated
by pro-inflammatory cytokines such as interleukin-6 (IL-6)
and tumor necrosis factor-alpha (TNF-a) which stimulate
tumor growth, block apoptosis, and increase metastatic po-
tential. On the other hand, anti-inflammatory cytokines such
as interleukin-10 (IL-10) can also help in immune evasion by
downregulating anti-tumor immune responses hence helping
in tumor progression [4, 5].
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In parallel to inflammatory dysregulation, metabolic
changes have become key factors in cancer biology, espe-
cially in patients with comorbidities, such as type 2 diabetes
mellitus (T2DM). T2DM is marked with insulin resistance,
hyperglycemia and chronic low-grade inflammation, all of
which contribute to a pro-tumorigenic environment [6]. Epi-
demiological research has proved that T2DM is strongly
associated with increased risks of several types of cancers
including cervical cancer. Hyperinsulinemia and high levels
of insulin-like growth factors may induce cell growth and
inhibit cell death, whereas chronic hyperglycemia induces
oxidative stress and increases inflammatory responses [7].

Adipose tissue-derived hormones (adipokines) also add
to the interconnection between metabolic dysfunction and
cancer development [8]. It has also been revealed that leptin,
a pro-inflammatory adipokine, induces angiogenesis, tumor
cell proliferation, and metastasis by activating several signa-
ling pathways, such as PI3K/Akt and MAPK [9]. Conversely,
adiponectin is anti-inflammatory and anti-proliferative and
lower levels of adiponectin in obese and diabetic patients
have been linked to higher cancer risk and worse prognosis.
The leptin to adiponectin ratio could thus be a decisive factor
that determines the aggressiveness of tumors especially in
patients with compromised metabolisms [10].

The interaction of cytokines and hormonal biomarkers
is a complicated network, which affects tumor invasion and
metastatic potential. Nevertheless, although there is increa-
sing evidence regarding the independent predictive value
of inflammatory and metabolic markers, there is a major
gap in the knowledge concerning their combined predictive
value, particularly in cervical cancer patients with T2DM
[3]. The majority of past research has addressed the inflam-
matory cytokines or metabolic markers alone and not as a
comprehensive biomarker profile. In addition, the available
information on certain populations especially in developing
countries is still scanty [4].

This study purposed to evaluate the combined role of
cytokine (IL-6, TNF-a, IL-10) and hormonal/adipokine
biomarkers (leptin, adiponectin, and insulin) as predictive
indicators of tumor invasion and metastasis in cervical can-
cer patients with type 2 diabetes mellitus, and to assess their
association with clinical and metabolic parameters.

Materials and methods

This was a case-control study that was carried out be-
tween June 2, 2025, and March 13, 2026, to determine the
relationship between cytokine and hormonal biomarkers and
tumor invasion in patients with T2DM and cervical cancer.
One hundred and fifty participants were recruited, compri-
sing of 100 patients with cervical cancer and T2DM and 50
apparently healthy controls who matched the age and sex.
The patients were identified in oncology outpatient clinics
and special laboratories whereas the controls were identi-
fied among those who attended regular health check-ups.
Diagnosis of cervical cancer was made on clinical, histo-
pathological, and imaging findings, and T2DM was made
on the American Diabetes Association criteria. Aseptic 5 mL
samples of venous blood were taken on all the participants.
The samples were separated into two parts one of which was
subjected to glycemic and hematological analysis in EDTA

tubes and the other in plain tubes in serum separation. Cen-
trifugation of serum (3000 rpm, 10 minutes) followed and the
sample was stored at —20 °C awaiting analysis. Interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-a), interleukin-10
(IL-10), leptin, and adiponectin serum levels were deter-
mined using commercial enzyme linked immunosorbent
assay (ELISA) kits as recommended by the manufacturer.
The levels of fasting blood glucose (FBG), and the level
of HbAlc were measured in the standard automated bio-
chemical analyzers. Tumor staging and invasion status were
determined according to established clinical and pathological
criteria. Patients were categorized into localized and invasive
groups based on disease progression.

The statistical analysis was done with SPSS version 26.
The results were presented in the form of means standard
deviation (SD). Groups were compared by independent t-test
and one way ANOVA, with Pearson correlation analysis
being used to assess relationships between variables. The
analysis in logistic regression was performed to determine the
independent predictors of the tumor invasion. Any P-value
below 0.05 was regarded as statistically significant.

Informed consent was obtained and ethical approval was
obtained in line with the Declaration of Helsinki.

Results
Baseline sociodemographic
and clinical characteristics of study groups
Patients and controls did not differ significantly in terms
of age (P = 0.231). Nevertheless, BMI was much greater in
the patients than in controls (P = 0.001). There was a signifi-
cant improvement of fasting blood glucose and HbAlc levels
in the patient group (P < 0.001 in both). There were no sig-
nificant differences in smoking status of groups (P = 0.284).
Conversely, hypertension was much more common in pa-
tients as compared to controls (P = 0.039).

Comparative analysis of cytokine
and hormonal biomarkers between study groups
All the measured cytokine and hormonal biomarkers
were significant in patients and compared to their control
(P < 0.001). There was a significant increase in pro-in-
flammatory cytokines in the patient group such as IL-6
and TNF-a (P < 0.001). In the same manner, there was a
significant increase in IL-10 (P < 0.001). The level of hor-
monal biomarkers like leptin and insulin was also signifi-

Table 1. Comparison between cervical cancer patients
with type 2 diabetes mellitus and healthy controls

Variable G | ey | evalue
Age (years) 524+86 | 509=+738 0.231
BMI (kg/m?) 29.8+43 | 262+3.7 0.001
Duration of T2DM (years)| 8.7+3.5 N/A N/A
Fasting blood glucose
(ma/dL) 168.5+32.4 | 923+11.2 | <0.001
HbA1c (%) 8.2+1.1 53+0.6 | <0.001
Smoking, n (%) 28 (28) 10 (20) 0.284
Hypertension, n (%) 46 (46) 14 (28) 0.039
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cantly elevated in patients (P < 0.001). Conversely, the level
of adiponectin in patients was very low in comparison with
controls (P < 0.001).

Association of cytokine and hormonal
biomarkers with tumor invasion status

The majority of biomarkers which were tested had signi-
ficant differences between localized and invasive cases. The
invasion group had a significant increase in pro-inflammatory
cytokines, such as IL-6 and TNF-a (P < 0.001). The level of
IL-10 was also significantly higher in invasive cases (P = 0.002).
Invasion of leptin increased significantly in the invasive group
(P <0.001). On the contrary, the levels of adiponectin in inva-
sive cases were much lower than in local tumors (P < 0.001).

Table 2. Differences in inflammatory and metabolic
biomarkers in cervical cancer patients
with T2DM and healthy controls

Biomarker (f,ai'f'&tﬁ) ((:::"505 P-value
IL-6 (pg/mL) 18.6+54 79+23 <0.001
TNF-a (pg/mL) 221+6.2 9.8+31 <0.001
IL-10 (pg/mL) 54+17 32+141 <0.001
Leptin (ng/mL) 325+9.6 18.3+6.4 | <0.001
Adiponectin (ug/mL) 48+1.5 76+22 < 0.001
Insulin (pIU/mL) 214 +£6.7 11.2+£3.9 | <0.001

Table 3. Comparison of biomarker levels between
localized and invasive cervical cancer cases

Biomarker I'(?lcfl'szg)d I(':]":s““é‘)" P-value
IL-6 152+43 | 228%51 | <0.001
TNF-a 18.7+52 | 26.3+6.0 | <0.001
IL-10 49+13 6.2+1.8 0.002
Leptin 28.4+81 37694 | <0.001
Adiponectin 55+14 39+1.2 <0.001

Table 4. Pearson correlation analysis of inflammatory
and metabolic markers with tumor severity
and glycemic status

Variable IL-6 TNF-a | Leptin | Adiponectin
Tumor stage 0.68** | 0.65** | 0.62** -0.59**
HbA1c 0.61** | 0.58** | 0.55** -0.52**
BMI 0.49* 0.46* | 0.64*~ -0.48*
FBG 0.57** | 0.53** | 0.51** -0.45*

Note: a statistically significant correlation: * — at
P <0.01; * —at P < 0.001.

Table 5. Odds ratios and confidence intervals
for cytokine and hormonal markers associated
with tumor progression

Variable OR 95% CI P-value
IL-6 1.42 1.18-1.71 <0.001
TNF-a 1.36 1.14-1.62 0.001
Leptin 1.28 1.09-1.50 0.003
Adiponectin 0.72 0.58-0.89 0.002
HbA1c 1.31 1.10-1.56 0.004

Correlation between cytokine/hormonal
biomarkers and clinical parameters

Tumor stage had positive relationships with IL-6, TNF-a
and leptin (P < 0.001 in all), and negative relationships with
adiponectin (P < 0.001). HbAlc showed positive relations
with IL-6, TNF-a and leptin (P < 0.001), but a negative
relation with adiponectin (P < 0.001). There was a positive
correlation between BMI and IL-6 and TNF-a (P < 0.01),
and a strong correlation between BMI and leptin (P < 0.001),
and a negative correlation between BMI and adiponectin
(P < 0.01). Fasting blood glucose also positive significantly
correlated with IL-6, TNF-a and leptin (P < 0.001) and
negatively correlated with adiponectin (P < 0.01).

Logistic regression analysis of biomarkers
as predictors of tumor invasion

There was a strong connection between IL-6 and higher
probability of tumor invasion (OR = 1.42, P < 0.001). There
was also significant positive association between TNF-a
(OR = 1.36, P = 0.001). Leptin was shown to have a con-
siderable enhancement in the risk of invasion (OR = 1.28,
P =0.003). Likewise, the HbAlc showed a strong correlation
with increased risk of tumor invasion (OR = 1.31, P =0.004).
Conversely, adiponectin exhibited a strong protective value,
and reduced odds of tumor invasion (OR =0.72, P =0.002).

Discussion

The current study shows a definite and biologically logical
tendency between tumor invasion and progression in patients
with T2DM and the inflammatory cytokines and the meta-
bolic-hormonal biomarkers. The markedly high concentra-
tions of IL-6, TNF-a, IL-10, leptin, insulin and decreased
adiponectin indicate a condition of chronic low-grade inflam-
mation and metabolic abnormalities that seem to contribute
to tumor aggressiveness. These results align with the known
notion of an immunometabolic axis of cancer development,
especially in diabetic patients with comorbidities [12, 13].

The significant increase of IL-6 and TNF-a as in patients
over controls and their further enhancement in invasive cases,
justify their primary role in stimulating tumor growth, angio-
genesis and immune escape. IL-6 is also known to stimulate
the JAK/STAT3 signaling pathway, which promotes tumor cell
survival and metastasis, and TNF-a helps to activate NF-3B
and cause chronic inflammation [13, 15]. The same was also
observed by Cai et al., who found that high levels of IL-6 were
significantly related to the progression of cervical cancer [15].
Similarly, Dong et al., emphasized the fact that TNF-a alu-
minum is a major mediator between inflammation and cancer
progression [16]. Conversely, other researchers have found lower
correlations between tumor stage and TNF-a, possibly because
of variations in patient groups, sample sizes or a heterogeneous
tumor [17]. These differences can also be due to differences in
assay sensitivity or timing of measuring the biomarker.

Interestingly, invasive tumors also had significant levels
of 1L-10. Despite its anti-inflammatory properties, 1L-10
upsurge in cancer could be indicative of an immunosup-
pressive tumor microenvironment that encourages immune
evasion [18]. This finding is consistent with the results of
El-Shemi et al., who found that high levels of IL-10 indicate
poor prognosis in a number of cancers [19]. But other inves-
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tigations have proposed a protective effect of IL-10 based
on the tumor situation which can account to inconsistent
findings in literature [20].

There was a strong positive correlation between leptin
and tumor invasion, as well as metabolic parameters of BMI
and HbAIc. This underlines its pro-tumorigenic adipokine
stimulating angiogenesis and cell proliferation by stimulating
PI3K/Akt and MAPK pathways [21]. These results are in line
with those of Bizimana Rukundo et al. who determined that
leptin is a major intermediary between obesity and cancer de-
velopment [22]. On the other hand, adiponectin showed sig-
nificant negative correlation with tumor stage and metabolic
markers indicating protective effect. Adiponectin has been
reported to have anti-inflammatory and anti-proliferative
properties through AMPK activation and NF-kB signaling
inhibition [23]. A decrease in the level of adiponectin in
cancer patients has been extensively reported [24]; however,
other studies have indicated that there is no significant link
and that this may be because of the difference in the stage
of the disease or the characteristics of the populations [25].

The interplay between metabolic dysfunction and tumor
biology is further reinforced by the correlation analysis. There
are strong positive correlations of I1L-6, TNF-a., leptin and
tumor stage, and glycemic indices (HbAlc and fasting blood
glucose) which suggest that hyperglycemia and insulin resis-
tance can enhance inflammatory signaling pathways that favor
tumor progression. It is justified by the fact that past research
showed that chronic hyperglycemia increases oxidative stress
and cytokine generation and thus stimulates the progression of
cancer [26, 27]. Adiponectin is further protective of metabolic
processes as it has a negative relationship with these parameters.

The logistic regression results further support the pre-
dictive value of these biomarkers. Independent risk factors
of tumor invasion identified included 1L-6, TNF-a, leptin,
and HbAlc, and adiponectin was protective. These results are
consistent with a number of clinical studies which have found
that inflammatory and metabolic biomarkers are predictors of
cancer prognosis [28, 29]. These results should be interpreted
carefully though because the cross-sectional design does not
allow making any causal inferences. Other studies have found
smaller predictive values, probably because of variations in
statistical modeling or controlling confounders [30].

Conclusions

The current results substantiate the hypothesis that a com-
bined panel of cytokine and hormonal biomarkers may be
used to gain a good understanding of the mechanisms under-
lying tumor invasion in patients of T2DM with cervical can-
cer. The combination of inflammatory and metabolic markers
could be beneficial in risk stratification and individualized
treatment approaches. Large-scale, longitudinal studies, with
standardized procedures are justified in the future to confirm
these results and investigate their clinical implications.
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Mpo®diAi ULUTOKIHIB TO FOPMOHOABHMX GiOMApPKepIB 9K NPEeAUKTOPIB iIHBASIT My XAUHU
Y XBOPUX HO PAK LUMAKU MOATKM TA LYKPOBUMN Aia6eT 2-ro tTuny

Pe3iome. Akmyaavnicmo. Po3BUTOK paKy IIMIAKY MATKU [10B 51~
3aHUM i3 3aMaJIbHUMM LIUTOKiHAMU Ta MeTabOJiYHMMU po3aaa-
MM, OCOOJIMBO MIPU LIYKPOBOMY HiadeTi 2-ro tury. inepriikemis
MPU3BOINTD A0 iHBa3il MyXJIMHU, aHTiOTeHe3y I BUHUKHEHHS
MeTacTa3iB. Mema: OLIIHUTU BUKOPUCTAHHS IIUTOKIHOBUX i rOp-
MOHaJbHUX 6ioMapKepiB SIK MPeaAUKTOPiB MyXJIMHHOI iHBa3ii Ta
MeTacTa3yBaHHS y XBOPUX Ha IIyKPOBUIi AiabeT 2-T0O TUITY i pak
MUKW MaTKu. Mamepiaau ma memoodu. 3 yepBHs 2025 poky
10 6epesHs 2026 poky MPOBEAEHO AOCTIIXKEHHS TUITY «BUIa-
JIOK — KOHTPOJIb» 3a yyacTio 100 XiHOK i3 pakoM INMAKKA MaTKK1
Ta IyKpOBUM fiabeToM 2-ro tumy i 50 ocid BiAMoBigHOTO BiKy
it ctati. Bynau B3saTi 3pasku KpoBi (5 MIJT), IicJIsI YOTO METO-
oM iMyHO(EPMEHTHOTO aHajli3y BCTAHOBIIOBAIM CUPOBATKOBL
KOHIIeHTpauii inTepieiikiny-6 (I1JI-6), ¢hakTopa HEKPO3Y ITyX-
quHu o (OHII-a), JI-10, nenTuHy it anurnoHeKTUHY. ABTOMa-
TUYHI aHai3aTOpX BUKOPUCTOBYBAIU ISl BU3HAUYECHHS PiBHSI
IJII0KO3U B KPOBi HaTIIe i ririkoBaHoTo remorio6iny (HbAlc).
OwiHKa KIiHIYHUX Ta TiCTOMATOJIOTIYHUX TaHUX doToMarasa
BCTAaHOBUTHU HiarHo3. [1JIs IpoBeeHHS TTOPiBHSIBHOTO aHa-
JIi3y TMali€eHTIB OyJI0 pO3MOIiJIEHO Ha TPYIHU 3 JIOKAJTi30BaHUM
Ta iHBa3MBHUM IyXJIMHHUM IIPOLIECOM BiAIIOBiAHO MO cTamii

3axBopioBaHHs. Pe3yasbmamu. He BUsIBIeHO CYyTTEBOI Pi3HUIL Y
Billi MiX TalliEHTKaMU Ta KOHTpoJibHOMO rpymnow (P = 0,231),
a iHJIeKC Macu Tila, piBeHb IIIOKO3M B KpoBi Hatie Ta HbAlc
oynu BiporinHo ButuMu y xBopux (P < 0,001). Crioctepiranocst
30iIbLIEHHS PiBHS Mpo3anaibHux uuTokKiHiB (IJI-6, ®HII-a),
1JI-10, nenTuHY ¥ iHCYJIiHY Ta 3HUKEHHS PiBHS aIUIIOHEKTUHY
(P < 0,001). Bumwmit ymict IJI-6, ®HII-a, [JI-10 Ta nenTtuny,
HIKYi KOHIIEHTpALIil afUITOHEKTUHY BiA3HAYaJIMCs B MALliEHTOK
3 inBa3zielo npouecy (P < 0,002). BctaHoBIIeHO TicHUI 3B’ SI30K
MiX CTadi€lo MYyXJAMHU U TJIiKeMiYHUMMM MapaMeTpamMu, 0io-
MapKepaMU Ta INIIKeMiYHUMM TlapaMeTpamMu. [HBa3ito myxjaIuHu
MOXHa MporHo3ysaru 3a pisHsamu 1J1-6, ®HII-a, grenTuny i
HbAlc, npu boMy BMiCT afUIIOHEKTUHY MAa€ MPOTEKTUBHUMI
ebekT. Bucnosxu. 1luToKiHOBUI1 Ta TOpMOHAIbHUI TUcOaaHC
Billirpae Ba’JIMBY POJb B iHBa3ii MyXJIMHU NIPU paKy IUHAKW MaT-
KM Ha TJIi IYKPOBOTO miabeTy 2-To TUITy. XpOHIYHE 3amalieHHs
Ta MeTaboJiYHa AUCPETYIsIlis MPU3BOASATH 10 MIPOrPeCcyBaHHS
11 MeTacTa3yBaHHS MyXJIMHU, TOAI SIK 3HUXEHU piBEHb aqUIO-
HEKTUHY Ma€ MPOTUITYXJIMHHUM e(DeKT.

Korouogi ciioBa: uykposuii niaGet 2-ro TUIly; paK IIMAKY MaTKK;
[JIIKOBaHUM reMOTI00iH; IIUTOKIHW; aIUITOKIiHN; iIHBA3isI ITyXJIMHUA
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OUiHKO NPOOKCUACQHTHO-OHTUOKCUACOHTHOIO
ANCOOAQHCY TO CUCTEMHOT FreHOTOKCUYHOCTI
Y NALIEHTIB 3 ABTOIMYHHUMU €HAOKPUHONATIAMU
TA XPOHIYHMMM acouiauiamm AiMPOTPONHUX
repnecsipycis

PestoMe. AKTyanbHicTb. XpoHiuHa nepcucTeHLis iMgoTpornHmx reprecsipycis moauHn (HHV) Buctynae notyx-
HUM YYHHUKOM PO3BUTKY CUCTEMHOI iMyHHOI ancgyHKUii Ta okenpatunsHoro ctpecy (OC), Lo Moxe iHilitosatn abo
06TSXXYyBaTH NEPEOIr aBTOIMYHHUX eHAOKpuHonaTtivi. MeTa: oLiHUTY XapaKTep NpoOOKCUAaHTHO-aHTUOKCUZAHTHOIro
AucbanaHcy Ta 4acToTy reHOTOKCUYHUX YLLIKOPKEHb Y NaLi€HTIB 3 XPOHIYHUMU MIKCT-reprecsipyCHUMU iHGbeKLi-
amu (Bipyc Enwwteviva — bapp, HHV-6, HHV-7) 3anexHo Big KyMynsTUBHOIO BipyCHOIrO HABaHTaXEHHS, @ TaKOX
BU3HAYNTU CTPYKTYPY CYrYTHIX €eHOOKPUHHO-METabOivHNX Ta reHeTU4YHUX ¢hakTopiB iMyHocynpecii. MaTtepiann
Ta MeToaun. Y [OCTILKEHHS 3a/y4eHO NayieHTIB 3 aBTOIMYHHUMMW €HROKPUHONATIIMU Ta XPOHIYHOK MIKCT-reprec-
BipycHoro iHekuiero. JlabopaTopHuvi aHasli3 cupoBaTKu KPOBIi Ta ceHi BKITloYaB OLiHKY 3arasibHoi aHTUOKCUAaHT-
Hoi 3gatHocTi (AOC), nepokeugis ninigis (PerOx) Ta 8-rigpokeun-2'-ge3okcnryaHodunHy (8-OH-dG). CtatuctnyHa
06pobka rposefeHa 3a fgoromoror kputepiis lNipcoHa Ta Lllanipo — Binka. Pe3ynbtatn. [1051iIKOMIOHEHTHI
MiKCT-iHebekUii BepughikoBaHo y 66 % xBopux, npudomy 55 % masn acouiayito 3 3 abo 4 akTuBHMX TUMIB BiPYCiB.
[0710BHMMY YWHHUKaMu iMyHOCYRpecii BUSBUANCS reHeTuyHi MyTauii (40 %), iHcyniHope3ncTeHTHICTb (20 %) Ta rno-
pyLUeHHs1 meTutoBaHHs (20 %). Y anHamili crnoctepexerHs (2024-2025 pp.) 4actka ocio 6e3 OC 3Husunacs 3 50
[0 33 %, a BUCHaXXeHHS1 r11yTaTioHy CyrnpOBOL4XYBaocs MaHigectauliero pagukanbHoro okMcHeHHs AHK y 25 %
XBOpuX. BCTaHOBIEHO CulbHUY NPSMU 3B’I30K MK KiJIbKICTIO aKTUBHUX BipYCiB Ta YaCTOTOK r€HOTOKCUYHOCTI
(r=0,89; p < 0,001). B oci6 i3 3 Ta 4 Tunamu natoreHis («4epBoHa 30Ha») Yactota yLkomxeHHs AHK csarana
32,5 1a 57,5 % BignosigHo. BucHoBku. Kymynsvis noHazn ABOX aKkTUBHUX TUIMIB reprecsipyciB BUK/INKAE MPOOKCH-
[aHTHWV BUOYX i3 CUCTEMHUM MOLLKOAXEHHAM HykneiHoBux kucoT Ta [10OJ1, Lo ¢hopmye naToreHeTU4HUi Tourep
[714 3anycKy ¢heponTo3y napeHxXiMu eHAOKPUHHUX 3a7103 | MOTPe6yeE BKITIOHYEHHS arpecnBHOr0 aHTUOKCU[AHTHOIO
3axucTy y cxemu Tepariii.

Knro4oBi cnoBa: asroiMyHHi eHfokpyHonarii; reprnecsipycHa MIKCT-iHgbekuis; okeupaTusHmi ctpec; 8-OH-ae-
30KCUIYyaHO3WH, IHCYIIIHOPE3UCTEHTHICTb; ¢(hepornTo3

Bctyn

Ha cporomHi reprecBipycHi iHdeKIIii 3aIMIIaoThCs
OIHI€I0 3 TJIO0ATBbHUX MPOOJIEeM CyJacHOI KJIiHIYHOT Mear-
LIMHY Ta €HAOKPUHOJIOTII Yepe3 iX MOBCIOAHE MOIIUPEHHS,
3IaTHICTb 10 TOBIYHOI MEPCUCTEHIIi1 Ta BUPAKEHUI IMyHO-
Moaymouunii moteHuian [1]. OcobauBy yBary 10CIiIHUKIB
MPUBEPTAIOTH JIIM(POTPOITHI Ta HEIPOTPOIIHI IMATOTEHU: Bi-

pyc Enmireitna — bapp (BEB, HHV-4), a takox GeTarep-
necsipycu 6-ro (HHV-6) ta 7-ro (HHV-7) tumnis [2, 3].
Acoltiaris iux 30yTHUKIB Iefalli YacTillle po3MIIIaeThCs SIK
TpUTepHUI (PaKTOP PO3BUTKY CUCTEMHOI iMyHHOI AUC(YHK-
11ii, HelipoaereHepallii Ta aBTOIMyHHUX €HIOKPUHOTATI,
30KkpeMa aBToiMmyHHOTro Tupeoinuty (AIT) Ta moaieHmo-
KpuHoIarii [4, 5].
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T'epmiecBipycu (HHV) BukopucroByloTh 6araTropiBHeBi
€BOJIIOLIITHO BiATOYEHI CTpaTerii 11l 00X0ay iMyHITETY,
MaHIiIyJII0l09M Maiixke BciMa JIJaHKaMU 3aXMCHOI CUCTe-
mu xassiiHa. BEB neMoHcTpye yHiKanibHUB TpOITiZM 10
B-nimdomnutis, ekcnpecylouu BipycHUI iHTepJeiiKiH-10
(vIL-10), npurHiuyoun MOJIEKYJU TOJOBHOTO KOMILIECK-
cy ricrocymicHocti (Major Histocompatibility Complex,
MHC) Ta 610KyouM anonTo3 iHGiKOBaHUX KIITUH [6].
[Mapanenbro 3 uum HHV-6 Ta HHV-7 unHaTh BUpaxeHy
nutornatuuHy airo Ha CD4* T-nimbounTtu (xeamepu) ta
NK-KJIiTHHUA, BUKOPUCTOBYIOUYM crielinGiuHi TJIiKOIpo-
TeiHu A 3B’ 13yBaHHd 3 peuentopamu CD46, CD134 ta
CD4, mo npu3BoaUTh 00 JayHPETYIAlii X MapKepiB Ta
YTBOPEHHSI CUHIIUTIIB [7, 8]. 3aBasKu ekcnpecii crenu-
dignoro 6inka U21 obuaBa OeTarepriecBipycu nepeHa-
npaBisoTh MojieKysn MHC-I B izocomu 1s1 gerpanaiii
Ta mpurHiuyiors Jiranau aktusamii NK-xkiaitun (MICA,
MICB), cTaroun «HeBUAUMUMU» JJISI IUTOTOKCUYHOTO
3aXUCTy I pealizylouu NmepeBakHO MiXKIITUHHUM ILISIX
nomupeHHs (cell-to-cell spread) [9, 10].

IIpoTe maToreHeTUYHUI MOTEHILia TeprecBipyciB He
00MEXKY€EThCS JINIIIE TIPSIMOIO iMyHOCYTIpecieto. BaxkuBum
dakTOopoM XpoHi3alii iH(eKIIil Ta YIIKOIKEHHST TKAaHWH-Mi-
meHell € okcupatuBHuii crpec (OC) [8, 11]. MexaHi3m
po3Butky OC mpu reprneTuuHii iHGeKIii € TBOCTOPOH-
HiM: KJIiTUHA Te€HepY€E BiIbHI paaiuKaau y CIIpo0i 3HUIIUTU
MaToreH, TOMi SIK BipyC aKTUBHO MTPOBOKYE HAKOTIMUEHHS
akTuBHUX (popM KucHI0 (ADK/ROS) nis mojermeHHs
BiIacHOI perurikaiiii [8, 12]. Bipycu repmnecy cTUMYJIOIOTh
peuentopy TLR2 Ha moBepxHi iMyHHUX KJIITHH, 1110 aKTHU-
Bye NADPH-okcugasy, BUCHaXYIOTh piBeHb €HIOT€HHOTO
IJIyTaTiOHY Ta CIIPUSIIOTH pYiHYBaHHIO Oinka Nrf2, skuii
BilMOBiga€e 3a BKIIOYEHHSI aHTUOKCUIAHTHOTO 3aXUCTY |35,
13]. KpiMm Tor0, BipyCcHI OiIKM ITOPYIIYIOTH pOOOTY MIiTOXOH-
Npiii, 3MYIIYIOUM iX BAKUIATH CyMIepOKCUI-aHiOHU [14].

Hacninku Takoro tpuaoro inoykoBaHoro OC € pyii-
HiBHUMU JJis1 opraHizMy. OKpiM KapOOHYBaHHSI OiJIKiB
Ta nepekucHoro okucHeHHs ainiaiB (ITOJI) meMmOpaH, y
HEPBOBIill cucTeMi 1eii TIpoliec MOB’ SI3YI0Th 3 PO3BUTKOM
HeliponereHepallii (3okpeMa, Xxsopoou Asblreiimepa) [11,
15]. ¥ KOHTEKCTi eHIOKPMHHUX OpraHiB XpOHiUHE 3alia-
JIEHHSI, 3yMOBJIEHE BipyCHOIO MiMiKpi€l0 XeMOKiHiB (4epe3
renu U112, U51, U83), Ha 1iii noenHanHs ADK Ta BHyTpill-
HBOKJIITUHHOTO HAKOMMWYEHHS 3ajli3a 3JaTHEe 3aIlyCKaTh
0co011BY (hOopMy KJIITMHHOI 3arubeni — deponto3s [10,
11, 14]. Lle mpu3BOOUTbH 10 ASCTPYKILil MapeHXiMu 3aj103 i
MaHidecralii ropMoHabHUX po3iaaiB. OcoOIUBY KIiHIYHY
CKJIaIHICTb cTaHOBUTH 3aaTHicTh HHV-6 Ta HHV-7 1o xpo-
MOCOMHOI iHTerpauii B Te1omepu (ciHHYV), 1o no3Bossie
iM YHUKATH [il CTaHIapTHUX MIPOTUBIPYCHUX MperapaTiB
[8, 17].

3Baxalouu Ha BUILEBUKIIAJCHE, AeTajlbHA OLliIHKA pU-
3WKiB IIKOJIU JIJIsI 3MOPOB’s TalliEHTa, CKIaIaHHS TOYHUX
MPOTHO3iB 11010 JiKyBaHHSI €HIOKPUHHOI Ta CYITyTHbO1
MaTOJIOTi# MOTPeOyIOTh INIMOOKOTO PO3YMIHHS CUHEPTiYHOI
B3aemozii BEB, HHV-6 ta HHV-7 3 imyHHOI0 crcTeMoI0 Ta
AHTUOKCUJIAHTHUM CTaTyCOM OpPTraHi3My.

Mera: OLIIHUTH XapaKTep MPOOKCUIAHTHO-aHTUOKCH -
JNAHTHOTO OUcOaNaHCy Ta YacTOTYy FTeHOTOKCUYHUX YIIIKO-
IKEHb y TIALIIEHTIB 3 aBTOIMYHHUMM €HIIOKPUHOIIATISIMU Ta

XPOHIYHMMM MiKCT-TeprnecBipycHuMu iHpexkuismu (BED,
HHYV-6, HHV-7) 3ajexHo Bin KyMyJIsSITABHOTO BipyCHOTO
HaBaHTAXEHHs, a TAKOX BU3HAYUTU CTPYKTYPY CYMYTHiX
€HIIOKPUHHO-METab0IiYHUX Ta TeHETUYHUX (PaKTOPIB iMy-
HOCYIIpecii 151 ONTUMi3allil TPOrHO3yBaHHS JIiKyBaHHSI.

Marepiaau Ta metoamn

Kniniko-aemMorpadiyHa xapakTepucTHKa 00CTeRKEeHHX Ma-
nienTiB. KiiHiko-iMyHOI0OTiYHE 0OCTEXXEeHHST BUKOHYBAJIN
Ha 0a3i Kadeapu iHGEKIINHUX XBOPOO Ta KIIIHIYHUX ITi/-
po3miniB HYO3 Ykpainu im. I1.J1. lllynuka. Y mocimimkeH-
Hs1 OyJio 3amydeHo 50 maiieHTiB 3 Bepu(ikoBaHUMU MaHi-
dectHIMU (popMaMU XPOHIUHOI TepIiecBipycHOI iHdeKIIii
Ha TJIi aBTOIMYHHUX €HIOKPUHHUX 3aXBopioBaHb. Cepen
00CTexXXeHNX 0Ci0 IepeBakKaln YOJOBiKM — 27 MallieHTiB
(54,0 %), xiHOK Oyi0 23 (46,0 %). AHaJIi3 BiKOBOI CTPYKTY-
PY DOCIIiIKYBaHOI KOTOPTH MOKa3aB, 1110 CepeaHiil BiK XBO-
pux craHoBuB 33,1 £ 10,3 poky (BikoBuii aianmazoH — Bin 17
110 58 pokiB). Binblricts oocrexenux (72,0 %) craHOBUIN
0co0M aKTUBHOTO MPalEe31aTHOTO BiKY.

3any4yeHHs MALi€HTIB 10 JOCTIIKEHHS 30iliCHIOBAIN
3a YMOBH ITiANKCAaHHSI HUMU (popMU iHDOPMOBAHOI 3roan
Ha y4JacTb Y HayKoBili poOOTi Ta 0OpOOKY IepCOHATbHUX
NIAHUX BIZTMOBIIHO 10 OCHOBHUX MOJIOXEHb [ebCiHChKOT
nexJiapanii BcecBiTHbOI MenMUHOI acoliialiii mpo eTu4Hi
MPUHLIMITYA MPOBEIEHHS MEIUYHUX TOCTIIKEHb 32 y4acTio
JIIOIVHU.

MoJeKyasipHO-TeHeTHYHI MeTOoIU A0CTiKeHHs. Bepudi-
Kallil0 HasIBHOCTi HyKJICITHOBMX KHCJIOT 30yTHMKIB Ta OLIIHKY
PiBHS BipyCHOTO HaBaHTaXXeHHs y OioyloriyHOMY MaTepiai
(3pa3ku LJIbHOI KPOBi Ta CIMHU MAlLli€HTIB) MPOBOIUIN
METOJIOM T0JIiMepa3Hoi JIAHIIOTOBO1 peakllii B pexXuMi pe-
anpbHoro yacy (Real-Time PCR). ¥ po60Ti BUKOPUCTOBY-
BaJIM KOMEPILiliHi TECT-CUCTEMU Ta peareHTU BUPOOHUIITBA
Euroimmun/Euroimmun Medizinische Labordiagnostika
AG (HimeuunHa). JlocaimKeHHsT BUKOHYBAJIU BiIIIOBiZHO
IO IIPOTOKOJIIB Ta iHCTPYKIiii BUpOOHMKA. 3aCTOCOBaHI
TECT-CUCTEeMM MaJjiy TaKi IapaMeTpy aHaJiTUYHOI YYTIu-
BOCTi (HVDKHST MeXKa KiJIbKiCHOTO BUBHAUYEHHSI ):

— Juis1 BipyciB mpocToro repriecy 1-ro ta 2-ro THUIIiB
(HSV-1/2) — 100 indikyouux onuHuip (komiii JJHK)
B 1 MJ1 3pa3ka;

— JUJISL TepIecBipyciB JIOAMHU 6-TO Ta 7-TrO TUIIIB
(HHV-6/7) — 150 indikyrouux onuHuib (komiit JTHK)
B 1 MJI 3pa3ka;

— nns Bipycy Emmureiitna — bapp (BEB/HHV-4) Ta
uutomeranosipycy moanau (CMV/HHV-5) — 400 indgi-
Kyrouux omuHuib (Komiii JIHK) B 1 mut 3pa3ka.

PeecTpaliito curHajly Ta MaTeMaTUYHUI pO3paxyHOK
koHueHTpauii BipycHoi JHK y mocaimxyBaHux mpob6ax
3MiiICHIOBAJIM B aBTOMAaTUYHOMY PEXUMMi 3a IOTTIOMOTOIO
MporpaMHOro 3abe3nevyeHHs amILTigikaTopa.

ImyHonoriuni MeTomu AociimkenHs. OLiHKY CTaHY BPO/I-
JKEHOI Ta alanTUBHOI JJAHOK IMYHITETY, a TAaKOX ineHTUdi-
Kallito 0a30BUX CyOIMOMYJIALill iMyHOKOMIIETEHTHUX KITITUH
BUKOHYBaJI METOIOM 0araToKoJipHOi TPOTOYHOI LIUTOME-
Tpii. [Ins1 (peHOTUIYBAaHHS KIIITUH 3aCTOCOBYBAJIM MaHei
KOMEepLIiHUX MOHOKJIOHAJIbHUX aHTUTLJI, MidyeHUX (ryopo-
XpoOMaMU, 3 PeECTpaliero BiTHOCHUX (%) Ta aOCOMIOTHHUX
(knituH/MKI1, X 10°/71) 3HaUEHBD.
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JAndepeHniaTbHIN aHai3 KIITUHHUAX TOITYJISIII IIpo-
BOJMJIY 32 TAKUMU MapKepaMU Ta iX MTOETHAHHSIMU:

— T-kaimunna aanka: 3aranbii T-naiMporutu (CD3Y),
T-xenmepu (CD3"CD4"), T-uuTOoTOKCUYHI JiMpOLUTH
(CD3"CD8") i3 po3paxyHKOM iMyHOPETYJISITOPHOIO iHAEKCY
(CD3*CD4*/CD3*CDS8"). lonaTkoBO OlIiHIOBaJI MiHOPHI
cyononynsuii: noasiiHo no3utusHi (CD3*CD4*CD8") Ta
nongiiiHo HeratuBHi (CD3"CD4-CD8") T-xiitunu;

— B-kaimunna aanka: 3aranbHa ppaxitis B-aiMbounTis
(CD19%);

— HamypanavHi Kinepu (NK-xkaimunu): 3araqbHU Ty
NK-kaitua (CD3-CD16/56%), a TakoX IIiTbHICTh €KC-
npecii HIUTOTOKCUYHUX aKTUBaLiiiHuX peuenropis CD94
Ta NKG2D";

— MOHOUUMAPHO-MaKpopaearvha cucmema: 3aralbHUR
BMICT MOHOIIUTIB/MakpodariB Ta iX po3noij Ha PyHKIIi0-
HasbHi cyononyJswii: kiaacuuHi (CD14*CD167) ta mpo3a-
nmanbHi/mpoMixkHi (CD14*CD16%) dhopmu;

— Oendpumni kaimunu (JK): inentTudikanito ninin K
MTPOBOIVIIN 32 HAsIBHICTIO MOJIEKYJT TOJIOBHOTO KOMILJIEKCY
ricrocymicHocTi II kitacy (HLA-DR) 3a BigcyTHOCTI J1i-
HilTHO-CITen(iYHIX MapKepiB JTiMAOIIUTIB, 3 TIOAIIOM Ha
mienoinHi (HLA-DR*/CDI11c¢*) ta mnasmouurtoinHi K
(HLA-DR/CD123%).

AHai3 dyopecleH1Iii Ta reiiTyBaHHS JOCTiIKyBaHUX
KJTITUHHMX TTOMYJISILINM ITPOBOIWIIM 32 TOITOMOTOI0 Cy4acHOTO
MPOTOYHOTO IIUTOMETPA Ta CIENiali30BaHOTO MPOTPAMHOTO
3a0e3reveHHsI 1151 6araTornapaMeTpUYHOro aHasi3y JaHuX.

JIaGopaTopHi MeToaM NOCTIMKEHHSI OKCHIATHBHOIO CTa-
Tycy. KoMruiekcHUIi aHaii3 MOKa3HUKIB OKCUIATUBHOTO
CTpecy Ta aHTUOKCHIAHTHOTO 3aXUCTY IMPOBOIMIM Ha 0a3i
akpenuToBaHoi yiabopatopii ITIT «JlabopaTopist ap. Pron-
repa, M1I» (Kuis, Ykpaina/Limbach Gruppe, BepJiH,
HimeuunHa) 3 BUKOpUCTaHHSIM CTaHIAPTU30BaHMX aHaJIi-
TUYHUX TIaTHOPM.

Inrerpanbna anTHokcuaanTHa 3aatHicTs (AOC). Buzna-
YEHHSI 3araJlbHOTO aHTMOKCUIAHTHOTO MOTEHIialy CUpo-
BaTKM KPOBi MPOBOAWIN (POTOMETPUUHUM METOAOM, IO
0a3yeThCs HA 3MATHOCTI aHTUOKCUIAHTIB 3pa3Ka IMPUTHITY-
BaTU OKMCHEHHS (DYyHKIIiIOHAJIbLHUX XPOMOTI€HIB MEPOKCH-
TIOM BOIHIO. Pe3ynbTatit BUpaxkajiyd B MiKpOMOJISIX Ha JITP
(Mkmonb/n). PiBeHb > 320 MKMOJIb/J1 iHTEPIIPETYBAIM SIK
BMCOKY aHTUOKCHIAHTHY 30aTHICTh, 280—320 MKMOJIb/1T —
SIK cepeiHIo, < 280 MKMOJIb/T — SIK HU3BKY.

Iepokcunu gininie (PerOx). PiBeHb 3araibHUX JITIHUX
MEePOKCUIIB (BKITIOYAIOYH TIEPOKCHJI BOIHIO, TiIPOITEPOKCHT
KyMOJIy, IEPOKCUIIN JIIHOJIEBOI Ta JIIHOJIEHOBOI KUCJIOT) Y CU-
poBaTIi KPOBi BU3HAYATM €H3MMATUIHUM (POTOMETPUIHUM

METOJIOM, 110 0A3YETHCS HAa TIEPOKCUIA30-0MOCEPEIKOBaHI i1
peaxllii IepoKCU/IiB 3 XpOMOTeHHUM cyocTpaTtoM. KinbKicHY
OLIIHKY 3[iMiCHIOBAJIM 3a iHTEHCUBHICTIO 3a0apBJICHHS IIpU
3aj1aHiii ToBXUHI XBWIi. Pe3ybraTi BUpaxaaiu B MiKpOMOJISIX
Ha JiiTp. PedbepeHTHi Mexi: HopMa — < 180 MKMOJIb/JI; T10-
MipHe okcuaaTuBHe HaBaHTaxkeHHs — 180—310 MkMoIb/J1;
CUJIbHE HaBaHTaXXeHHs — > 310 MKMOJIb/J1.

Oxkucnenns [IHK (8-OH-ne3okcuryanosun). Kinbkic-
HE BU3HAYECHHST BMICTY 8-TiIpoKcH-2'-1e30KCUTYaHO3UHY
(8-OH-dG) y ceui gk mpsiMoro Mapkepa pagukKaabHOTO
MOIIKOMXEHHS siAepHoi Ta MiToxoHapianbHOT JIHK 3miii-
CHIOBAaJIU METOAOM KOHKYPEHTHOIrO iMyHO(EPMEHTHOIO
aHamizy (ELISA/I®A). BukopuctoByBaau crienudiuHi Mo-
HOKJIOHAJbHI aHTuTiNa 10 8-OH-dG. OnTuYHYy IJIBHICTh
BUMipIOBaIM HAa MiKPOIUIAHIIIETHOMY CIIEKTPO(GOTOMETDI.
KoHleHTpallilo po3paxoByBajii 3a KaJliOpyBaJabHOI KpH-
BOIO Ta BUpaXKaJld B HAHOTpaMax Ha MiIitiTp (Hr/mi). Bepx-
Hs1 pedhepeHTHA MexXa cTaHoBUIa 12,9 Hr/MiL.

Craructnynmii aHaji3. CTaTUCTUYHY 00OpOOKY OTpUMa-
HUX pe3yJIbTaTiB MTPOBOAWIN 32 TOMTOMOTOIO MaKeTa Mpu-
kaagHux rporpam Statistica 10.0 (StatSoft Inc., CIIIA).
[lepeBipKy THITy pO3IOALTY KiITbKICHIX MTOKA3HUKIB BUKO-
HYBaJIM 3 BUKOpUCcTaHHAIM KpuTepiiB Lllamipo — Binka ta
Konmoroposa — CmupHoBa. OTpuMaHi gaHi momaBau y
BUTJISINII CEPENHBOIO apu(pMEeTUYHOTO 3HAYCHHS Ta CTaH-
naptHoro BinxuieHHs (M = SD) abo y BUIjisiai MeniaHu ta
iHTepKBapTUWIbHOTO po3Maxy [Me (Q1; Q3)] 3amexHo Binm
TUITY po3moaiay. st OLiHKM CTaTUCTUYHOI 3HAYYIIOCTi
BiIMiHHOCTEl MiX IpyraMM 3aCTOCOBYBaIW MapaMeTpuy-
Huii t-kpuTtepiii CTelogeHTa 2060 HeenemMeHTHUI U-KpuTe-
piit ManHa — BiTHi. AHasi3 B3a€MO3B’S13KiB MixK BipyCHUM
HaBaHTaXXEHHSIM Ta iMYHOJIOTIYHUMMU TapaMeTpaMU 311iii-
CHIOBAJIX 3a JOIIOMOTO0I0 KoedillieHTa paHIOBO1 KOpeJIsiiii
Cmipmena (r). Kputnanuii piBeHb CTaTUCTUIHOI 3HAYY-
mocTi npuitManu 3a p < 0,05.

PesyAbTaTU
AHQOAI3 NOLUMPEHOCTi MiKCT-repnecaipyCcHuUxX
iHpeKLUin B 06CTEXEHUX NALEHTIB

BaxauBuM eTtanoMm poOOTH cTajla OlliHKa IpeacTaB-
JICHOCTi Ta KOMOiHAIIi/l aKTUBHUX TePIIETUIHNX iH(PEKIIii
cepel 3arajibHOl rpyru nauieHTiB. OTpuMaHUid pO3IOIiIT
CBIIUUTH PO NOMiHYBaHHsS (peHOMEeHY KOiH(piKyBaHHS
(MikcT-iHDeKILilt), 1110 CYTTEBO YCKIIAMHIOE KIIIHIUHU Te-
peOir Ta MpOrHo3 JIiKyBaHHSI.

[aHi po3roainy mauieHTiB 3a KiJIbKiCTIO OTHOYAaCHO Be-
pudikoBaHUX aKTUBHUX TUITiB BipyCiB Ta KJIiHIKO-iMyHOJI0-
TiYHY XapaKTepUCTUKY IPYIl HaBeAeHO y TaoI. 1.

Tabnuys 1. CneKkTp repnecBipyCHOro HaBaHTaXKeHHs1 Ta KJiHIKO-iMyHOJIOriYHa XapaKkTepucTmKa

y AocnigXXyBaHiv rpyni
KinbkicTb akTUBHUX TUNIB s o L .

repnecy B OAHOTO NauieHTa YacTtka nauieHTiB, % KniHiko-iMmyHonoriyHa xapakrepucTuka rpynm

OavH TN (MOHOIHdEKLS) 34 JlokarnbHi abo Knacu4Hi TpaH3UTOPHI NPOABYU
MomipHa imyHocynpecisa, akTmBauis
Hsa tvnv 1 NMPOOKCMAAHTHOIO Kackagy
Tpw TINK 33 CviHepriyHe npurHideHHsa T-xennepis Ta NK-knituH
Mn6oKMI cMCTeMHUIA iIMyHOEMILMT, BUCOKUIN

HoTpu TvnK 22 pU3nK heponToly Ta eHOoKpuHoNaTiv
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SIK cBiguaTh OTpUMaHI gaHi, nuiie y 34 % obcTexkeHUX
0Ci0 MaToJIOTIYHMI TIPOIIEC 3yMOBJICHUT MOHOIH(EKIIiE0.
V¥ nepeBaxHOi GibIIoCTi MamieHTiB (66 % cymapHoO) pee-
CTPYIOTHCS MOJIIKOMITOHEHTHI MiKCT-iH(MEKIIii: TToeTHAHHS
NBOX TUMIB BusiBieHo y 11 %, tppox — y 33 %, a yoTu-
pbox — y 22 % BUTIAAKIB.

Taka BUCOKa yacToTa TpU- Ta YOTUPUKOMITOHEHTHUX
repreTMYHuX acouiauiii (cymapHo 55 %) € yitkum map-
KepOM HEeCIPOMOXKHOCTI MPOTUBipycHOro iMyHiTeTy. Of-
HoyacHa mnepcucteHiis, Hanpukian, BEb, HHV-6 ta
HHV-7 Buknukae kackaaHy aerpanaitito mojekya MHC-I
Ta MHC-I1, 6;10KY€ nudpepeHmialiito T-xenmnepiB mepioro
TUITy Ta aKTUBHICTb HaTypanbHuX KistepiB (NK-cells).

JIJIst TpaKTUYHOTO CHIOKPHHOJIOTa HasiBHICTh Y 22 %
MAali€HTiB MIiKCTY 3 YOTUPHOX TUIIIB BipyCiB repriecy o3HaJya€e
KPUTUYHO BUCOKMI piBeHb TKAHUHHOI necTpyKilii. Cymartist
BipYCHUX CTpaTeriit eBasii mpu3BOAUTH A0 OE3MepepBHOIO
OKCUIATUBHOTO HaBaHTaXKEHHSI KJIITUH 3aJ103 BHYTPIllIHBOT
cekpellii, Bukiaukarouu macuBHe [TOJI Ta monmkomkeHHs
sanepHoi JIHK, 110 3romoM iHiwiroe ¢peponTo3s i HoOBHMI 3pUB
iMYHHOI TOJIEPAaHTHOCTI 3 MaHi(ecTalielo aBTOIMyHHUX
3aXBOPIOBAHb.

AHOAI3 KOMOPGIAHMX CTAHIB TO NepeAyMOB
PO3BUTKY iMyHOCYNpeCii

s 3’ icyBaHHSI IEPIIONPUYMH (hOPMYBaHHSI [IMOOKO-
ro iMyHOIe (iU THOrO CTaHy Ta BUCOKOI YaCTOTU MIiKCT-Tep-
METUYHOTO iH(iKyBaHHS B OOCTEXEHili KOrOpTi Malli€HTiB
OyJ10 MPOBEIEHO AeTAIbHUI aHaIi3 CyIyTHHOI COMaTUYHOI
MaToJIOorii Ta TeHETUYHOIO aHAMHE3Yy.

OTpuMaHi pe3yabTaTu CTPYKTYPOBAHO y BUIJISIAL Bil-
COTKOBOTO PO3MOIiTy MPOBiTHUX YNHHUKIB iMyHOCYyMpecii
(Taba. 2).

AHai3 CTPYKTypU KOMOPOIZHOCTI IeMOHCTPYE, IO
MpoOBiTHUM (haKTOpoM (OpMYBaHHS TPUBAJIOI iMyHOCY-
npecii € reHeTnaHUI 6a3uc (40 %), 3yMOBIEHUIT MyTallisTMU
y reHax, 1110 KOOpJIMHYIOTb iIMyHHY BilIlIOBiNb (30Kpema, re-
Hax peuentopHoro po3smizHaBaHHs PRR, TLR ta curnanb-
HUX IIISIXiB iHTepdepoHoreHe3y). Lle cTBopioe nepBUHHY
JIaOUIBHICTh IMYHITETY, MOJIETIIYIOUM BipycaM peaisallito
MeXaHi3MiB eBasii.

[pyre Miclie 3a 3HAUYIIICTIO PO3AIIWIN MOPYILIEHHS
npoiieciB MmeTuoBaHHs (20 %) Ta iHCYTIHOPE3UCTEHTHICTh

(IP) (20 %).

3HUXKEHHS MOTEHIially METUJIIOBAaHHS OJIOKYE a/leK-
BAaTHUI €MireHeTUYHUI KOHTPOJIb, 110 CYTIPOBOIKYEThHCS
HEKOHTPOJIbOBAHOIO IEMETUJISLIE€IO BipyCHUX IIPOMOTOPIB
Ta MOJIETIIEHHAM peTuTiKallil JJAaTEeHTHUX TeprecBipyciB.
IP sk makpomeTaOoJiyHUI YMHHUK Yepe3 KacKaau Xpo-
HIYHOI rinepiHcyiHeMii Ta HAKOMMMYEHHs TTpo3arnajlbHUX
aIUIIOKiHIB popMye CTilikKuit iMyHOMeTabOMiuYHUIA 010K,
rajbMyloun npoidepaiiio crenudivanx T-Kinepis i cTu-
myoroun OC.

EnmoxpuHHa maToioris, 30KpeMa IaToJIorisl IIUTOII0-
nioHoi 3amo3u (10 %), popMye cMHAPOM B3a€EMHOTO 00-
TsekeHHs. AlT 3HMXye MeTaboJIiuHy Ta MiTOXOHApPiaabHY
aKTUBHICTb iIMyHOKOMITETEHTHUX KJIITMH. BomHovac 3a-
XBOPIOBAHHS TEYiHKK Ta opraHiB TpasiaeHHs (10 %) mopy-
IIYIOTh TIPOIIECU €HIOTEHHOI JeTOKCUKAIIii, ITOCHITIOI0UHN
CUCTEeMHUI OKCUIATUBHUNI Ta KapOOHIUJIBLHUI CTpecC, 110 €
TpurepoM (heporTosy.

Takum ynHOM, KOMOPOiAHUIT TTPO(Diab 00CTEXEHUX
XBOPUX BKa3ye Ha MyJIbTU(PaKTOPHUM reHe3 iMyHOCyMpecii,
a eHIOKpMHHO-MeTaboriuHi mopymeHHs (1P ta TupeoigHa
narosiorist cymapHo y 30 % mallieHTiB) € KIIIOYOBUMM JIaH-
Kamu (hopMyBaHHSI TTOPOYHOTO KOJIa MAaTOTeHe3y MiKCT-Tep-
MeCBipyCHUX iH(EKIIii.

AVHAMIKAO MApKepiB OKCUAATUBHOTO CTpecy
TA AECTPYKLUiT 6iOMOAEKYA

J171s1 po3yMiHHS XapaKTepy IpOrpecyBaHHS BipyCiHIyKO-
BaHUX MATOJIOTIYHUX MPOLIECIB MPOBEAEHO MOPIBHSJIBHUI
aHaJIi3 CTaHy IPOOKCHUIAHTHOI CCTEMM B OOCTEXXeHill KO-
ropti xBopux y nuHamii 3a 2024 ta 2025 poku.

Pe3ynbraTyi MOHITOPUHTY IPOBIMHUX YMHHUKIB PO3BUT-
Ky OKCUJIATUBHOTI'O CTPECy HaBeleHO B Ta0JI. 3.

IlonaHi pe3yibTaTul CBimYaTh PO AEKOMIIEHCALIil0 aH-
TUOKCUAAHTHOTO 3aXUCTYy OpPraHi3My XBOPUX MPOTSATOM
OIHOTO POKY crocTepexeHHs. ['0JI0OBHOIO TeHAEHIIEIO €
BiporimHe 3MEHIIIEHHS YaCTKM HalieHTiB 6e3 o3Hak OC — 3
50 10 33 %. lle cBiquuTHL PO 3ay4eHHs OUIBLIOCTI OCi0 Y
XPOHIYHUM MPOOKCUAAHTHMIA KacKal il BIJIMBOM Iep-
CHUCTeHIIii repriecBipyciB [§, 12].

YacTtka ypaxeHb 3a paxyHok [TOJI 3anuinaerbcst cra-
6inmbHO BrcoKoo (43 % y 2024 p. ipotn 42 % y 2025 p.). e
BKa3ye Ha 0e3MepepBHUM XPOHIYHWIA 1eCTPYKTUBHUIA BILJIUB
BiIbHUX pamuKaliB Ha ¢ocOiImiaHI IIaCTA KIITUHHUX
MeMOpaH TKaHMH-MillleHe .

Tabnuys 2. CTpyKTypa nprUYnH Ta KOMOp6iaHNX chaKTopiB iMyHOCynpecii'y nayieHTiB
i3 repnecBipycHUMN MikcT-iH¢heKyismmn

MpoBigHi YMHHUKM
Ta NPU4YUHU iMyHocynpecii

YacTtka nauieHTiB, %

MaToreHeTM4YHMI 3B’A30K
i3 repnecsipycHOI0 nepcucTeHLicto

MyTauisa reHis, L0 BignoBigatoTb 40
3a po6oTYy iIMyHHOI cucTemu

[NepBWHHA reHeTUYHO feTepMiHOBaHa crabKicTb
NPOTUBIPYCHOT NNaHKM 3aXUCTY

EnireHeTnyHi posnagwm, nopyLueHHs cuHtedy OHK

Ta opraHiB TpaBJiIEeHHA

MopYLUEHHA METUNIOBAHHA 20 Ta cynpecisi T-KNiTMHHOI NaHKn
. . MeTa6oniyHum 6510K iMyHOreHesy, XpoHiyHe
IHCYNIHOPE3NCTEHTHICTL 20 CUCTEMHE HU3bKOIHTEHCUBHE 3ananeHHs
. o FopMoHanbHUIM gucbanaHc, gediunt TMpeoigHnx
MaTonoria wmnTonoaioHoi 3ano3un 10 CTUMYNATOPIB IMYHOLMTIB
3axBOptOBaHHSA MEYiHKN 10 CncTteMHa eHOOTOKCEMIS, MOPYLLUEHHS CUHTE3Y

6inKiB rocTpoi asn Ta geTokeukadii
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Ta6bnuys 3. [NopiBHSIHHA AVHaMIKU MPOSABIB OKCUAATUBHOIO CTPECY B O6CTEXEHUX nauieHTiB (2024-2025 pp.)

XapakTepuctuka Yactka Yactka
Ta NPOBiAHUIA YNHHUK nauieHTiB, nauieHTiB, BekTop MeTa6oniyHux 3miH
OKCUAATUBHOrO cTaTycy 2024 p. (%) 2025 p. (%)

BigcyTHiCcTb OKCMAATMBHOIO CTpecy 50 33 CTpiMKe 3BY>XXEHHs (pi3ionoriyHoi Hopmu
HasgHictb OC 3a paxyHok 43 42 CtabinbHo BUCOKa AeCTPYKLis KNITUHHUX
NepeKNCcCHOro OKUCHEHHs ninigis MeMbpaH
HassHictb OC 3a paxyHok 7 0 [NoBHa gekoMneHcalisi Ta BUCHaXXEHHS
BWCHaXEHHS 3anacis rnyTaTtioHy nepLUoi NiHii 3axucTy
Hassricte OC 3a paxyHok 0 o5 MamnicbecTauisi rMO60KOT FEHOTOKCUYHOCTI
pagukanbHOro oKMcHeHHs JHK M MITOXOHApPIansLHOro 610Ky

IToBHY KpuUTUYHY TTepeOynoBy 3adikcoBaHO B CUCTEMi
BHYTPIIIHBOKJIITUHHOIO TiOJIOBOTO 3aXMCTy. 3HMKEHHS
peectpatii OC 3a paxyHOK BUCHAXXEHHS TJIyTaTioHY 3 7 10
0 % He 03HAUAE MOJIIIIEHHS CTaHy, a CBITYMUTD PO 3aBep-
1IeHHs (a3u aganTaliii Ta repexij rnpouecy Ha TITMOMHHUI
MaKpOMOJIEKYJIIPHU piBEHb.

Lleit repexinm miaTBEpIXKYETHCS Pi3KAM CTPHUOKOM Yac-
TOTU IECTPYKIIii FeHETUYHOro MaTepiany (Ha IiAcTaBi HAKO-
nuueHHs1 8-OH-ne3okcuryanosuny) 3 0 no 25 %. Manidec-
Tauis cucteMHoro okrcHeHHs1 JIHK y uBepTi o6cTexxeHmnx
XBOPUX TMPOTSITOM POKY € MPSIMUM HaCIiIKOM TPUBAJIOTO
MITOXOHIPiaJIbHOTO OJIOKY Ta Jerpamallii YMHHUKa Nrf2
MiI BIUIMBOM BipyCHUX NpoTeiHiB [5, 14]. HakonuyeHHs
NYpPUHOBUX MYTAallill y ssAepHOMY amaparti KJIiTUH Ha TJIi
ITOJI cTBOpIOE KiIacuYHE MAaTOreHeTUYHe T1aTo s 3a-
MYCKY JIECTPYKTUBHOTO (peponTo3y MmapeHxiMu 3a103 BHY-
TPIllTHBO1 CEKpeEllil, 0 Pi3KO MOTipIIye TOBrOCTPOKOBUM
€HIOKPUHHUIA POTHO3.

KopeAsauinHmMii QHAAI3 B3OEMO3B’3KY BipYCHOro
HOBAHTQXKEHHS T CUCTEMHOI reHOTOKCUYHOCTI
JI7151 CTaTUCTUYHOTO MiATBEPAXKEHHS POJIi MEPCUCTEHILIT
KIUJTBKOX ITaTOTeHIB Y AECTPYKIIil TeHETUYHOTO arnapaTy KJli-
TUH OyJIO MPOBENEHO KopessiiiiHuii aHaii3 3a [lipcoHom.
OLliHIOBaJIM B3a€EMO3B’ 130K MiXK KiJIbKICTIO OTHOYACHO aK-
TUBHUX TUIIiB reprecBipyciB (n) y mailieHTa Ta 4acTOTOIO
BUSIBJIEHHS O3HAK paaukaabHoro okucHeHHs: JIHK (Ha min-
craBi HamMIKy 8-OH-ne3okcuryaHo3uHy B cedi).
Pe3ynbpTatu aHaiily 3acBiIuMIM HasIBHICTh CUJIBHOTO
MOPSIMOTO JIiHIMHOTO 3B’SI3KYy MiX JOCIiIKyBaHUMU O3Ha-
Kamu (KoeditieHT kopensuii [Tipcona r = 0,89) npu Bu-

COKOMY piBHi cTaTucT4HOI 3HauymocTi (p < 0,001), 110
Bi3yasrizoBaHoO Ha puc. 1.

MareMaTUYHMI PO3ITOIiJI JO3BOJUB YiTKO nudepeH-
1LIifoBaTH 00CTEXXEeHY KOrOpTY XBOPMX Ha IBi KJIiHIKO-T1aTO-
TeHETUYHI TPy 3aJIeXKHO Bijl piBHS 3arpO3u JIJIsI KJIITUH-
HOTO ITyJTy OpraHi3my:

1) rpyma A (HU3bKUIi/cepenHill pU3uK, «3eJIeHa 30Ha»):

— BKJIIOYAE TAlli€EHTIB i3 MOHOiH(peK1ieo (n = 1) Ta
IBOKOMITOHEHTHMMM MiKCT-BapiaHTaMu (n = 2);

— TIpM i30JIbOBAHOMY Iepediry ogHOro TUIy reprecy
yactota okucHeHHs JIHK € MiHiManbHOIO i CTAHOBUTH
qmme 2,5 %;

— Mpu KOiH(}iKyBaHHi ABOMA TUMaMU 1ieil TOKa3HUK
romipHo 3poctae 10 11,0 %, 110 cBimInTh Mpo 30epeskeHHS
KOMITEHCAaTOPHUX MOXJIMBOCTEH TioJOBO1 Ta (DepMEHTHOI
AHTUOKCUJAHTHUX CUCTEM KJIITUHU (TJIyTaTiOHMEepOKCHaa-
3U, CYNEPOKCUITUCMYTa3M);

2) rpyna b (BUCOKUI pU3UK, «<4€PBOHA 30HA»):

— BKJIIOYAE MALi€HTIB i3 TpU- (N = 3) Ta YOTUPUKOM-
IMOHEHTHUMMU (N = 4) aKTUBHUMMU BipyCHUMU acolliallisiMu;

— TIpUEHAHHS TPETHOTO AaKTUBHOTO TUITY TePIIEeCBi-
PYCY € KPUTUYHOIO TOYKOIO MepeioMy MaToreHe3y: Jac-
TOTa OEeCTPYKIii SIMIePHOTO Ta MiTOXOHIPiaJbHOTO MaTe-
piay cTpiMKO 301IbIIYETHCSI MalixKe BTpUYi, TOCSITal0Oun
32,5 %;

— CBOET KyJIbMiHallii TeHOTOKCUYHUI eheKT HaOyBae
MPU MiKCT-iH(EeKIil 3 YOTUPbOX TUIIIB, 1€ O3HAKU OKMC-
nenHs [JJHK peectpyrotbest y 57,5 % naiiieHTiB.

OTprMaHa 3aKOHOMIPHICTh IOBOIUTb, 1110 TePIECBipyC-
Ha cyMallisi YUHUTh €(PeKT KyMYyJIITUBHOIO MeTabO0IiYHOTO
BuOyxy. Ilepexin maiieHra y «aepBoHY 30HY» (3 Ta OiibIie

70,00
&\o, 60.00 Pun3unk okucHeHHs OHK
X Mpyna A (H13bKunit/cepenHivi pu3nk)
a 50,00 lpyna b (BUCOKMI pM3KK, «4epBOHA 30Ha»)
x
T 40,00 KoeiuieHT MipcoHa r = 0,89
2 3HauywicTtb p < 0,001
g 30,00
X
(o)
© 20,00
(o)
510,00
T
0,00 T 1
MoHo-1 MikcT-2 MikcT-3 MikcT-4
KinbkicTb akTBHUX TVNIB Bipycy (n)
PucyHok 1. 3anexHicTb reHOTOKCUYHOCTI Bifj BipyCHOro HaBaHTa)KeHHsl
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THIIIB BipyciB) 03Ha4a€ aerpanamito 6iaka Nrf2 ta TpuBaje
«IMATIKAHHST» MITOXOHIpPiaJbHUX CYNEePOKCUI-aHiOHIB i
Mi€10 BipyCHUX MpPOTeiHiB (Hampukiamn, oinka U21).

Taxka Bucoka yacrora nomkomkeHust JIHK (mo 57,5 %
npu MikcT-4) Ha i [TOJI € npsIMUM MOJIEKYJIIPHUM TpU-
repoM (eporiTo3y rMmapeHXiMaTO3HUX KJIITUH €eHIOKPUHHUX
opraHiB. Lle 06rpyHTOBYE nudepeHIiioBaHMIA TTiAXia 10 Te-
pamii: mauieHTy rpynu b morpeOyoTh HeTalitHOI arpeCUBHOL
AHTUOKCUAAHTHOI MiATPUMKHM Ta iHTEHCUBHOI MPOTUBIpPY-
CHOI CXEeMM TSI 3HVDKEHHS KiJTbKOCTi aKTUBHMX PETUTIKYIO-
yux (ppaxiliii Bipycy.

O6roBopeHHs

OTpuMaHi Mif yac AOCTiIKeHHs pe3yabTaTu CBiIuaTh
PO iCHYBaHHS YiTKOTO, MATOTEHETUYHO OOTPYHTOBAHOTO
B3a€EMO3B’SI3KY MiXK piBHEM KYMYJISITUBHOT'O TePIIECBIPYCHOTO
HaBaHTaXEHHS, CTYTIEHEeM JIEKOMIIEHCallil aHTUOKCUIAHTHO-
TO 3aXMCTY Ta NIMOMHOO MaKPOMOJIEKYJISIPHUX YIITKOKEHb
y Mali€HTIB 3 XpOHiUHOIO iMyHOCympecieto. HasgBHicTh mo-
JIHKOMITOHEHTHUX MIKCT-iH(EKIIi y 66 % 0bcTexXXeHNX 0Ci
MiATBEP/IKYE TIilOTE3y MPO CUHEPTIYHUI XapaKTep CYNpecuB-
HOI [Iii 1iM(POTPOITHUX TeprecBipycCiB, 110 CYTTEBO OOTSIKYE
COMATMYHUI Ta eHIOKPUHHMI cTaTyc XBopux [ 18].

AHaJi3ylouM iMyHOJIOTIYHi acCleKTU MePCUCTEHIIIi BU-
SIBJICHUX T1aTOTEHIB, CJIi 3a3HAYMTH, 1110 KOXEH i3 HUX Ma€
€BOJIIOLIIITHO BiATOYEHI MOJIEKYJIIPHI MEXaHi3MU YXUJISTHHS
Big imyHHoro Harjissny. BEB cpsaMoBye cBiif moTeHIian
Ha 3a0e3MevyeHHs TOBIYHOI JIaTeHTHOCTI Y B-1iMmdonnTax
IIJISIXOM TIPUTHIYEHHS amonTo3y Ta ekcmpecii vIL-10, mo
BUKJIMKAE NTMOOKUIA ArucOamaHc ryMOpabHOI JJAHKY 3aXU-
cty [19]. BogHouac GetareprecBipycu 6-1o Ta 7-ro TUIIIB
(HHV-6, HHV-7) neopraHi3yioTh KJIITUHHY JJAHKY iMyHi-
TETy, IEMOHCTPYIOUM BUPAXKEHUI TpOITi3M 10 3pianx CD4*
T-nimdponutiB Ta NK-xmitun [20].

CrinbauM Bektopom aii HHV-6 ta HHV-7 € excnipecist
cneundivyHoro npoteiny U21, sIKuii 3B’3y€ThCS 3 MOJIEKY-
snamu MHC I knacy ta nepeHarpabJisie€ iX y JIi30COMU JUISI
nerpanailii, poossun iH¢iKoBaHi KIIITUHU «HEBUAUMUMMN»
Ut uToToKCMYHUX T-nimMonuTis [5, 9]. Kpim Toro, npu-
THIYEeHHS JIiraHIiB aKTUBallil HaTypaibHuUX KinepiB (MICA,
MICB) Ta mayHpery:siist moBepxHeBux Mmapkepis CD4, CD3
i CXCR4 npu3BoasiTh 10 (PyHKIIOHATBHOTO Mapaiivy iMyHo-
mTiB [6, 8]. BaxkimuBoio ocobusicTio HHV-7, aka MiHiMi3ye
1Or0 KOHTAKT i3 HEUTpaTi3ylouuM1 aHTUTIJIAMK Ta CUCTEMOIO
KOMILIEMEHTY B O3aKJIITUHHOMY IPOCTOPI, € NMepeBakaHHsI
0e3rocepeTHbOro MiKKIITUHHOTO TotupeHHs (cell-to-cell
spread) HUISIXOM iHAYKIIii CHHIIUTiEyTBOpeHHS [8, 12].

OcobmmBuHii iHTepec I KIIiHIYHOI €eHIOKPUHOJIOTIL cTa-
HOBUTb KOMOPOimHMIT podisib 00CcTekeHNX XBOopuX. BusiB-
JIeHa BUCOKa YacTOTa TeHETUIHUX MyTallill iMyHHOI CUCTeMU
(40 %) Ta mopy1eHb mporieciB MetrmoBaHHs (20 %) BKasye
Ha MEePBUHHY CXWJIbHICTh 1i€1 KOTOPTHU 10 HeeDEeKTUBHOI
MPOTUBIPYCHOI BiNMOBIii. 3HUKEHHS TTOTeHIlially METHJTIO-
BaHHS BElE 10 IEMETUIIOBAHHS BipDyCHUX IMPOMOTOPIB, 110
MOJIETTIIYE TPAaHCKPUIIILiIO TeHiB MiMikpii (U12, U51, U83) Ta
MPUCKOPIOE pervIikallito maToreHis [7, 11].

EHI0KpUHHO-MeTa00 iuHi YMHHUKHA, SK-0T IP (20 %)
Ta TaToJioTis muTonoAioHoi 3amo3u (10 %), hopMyoTh
CTIMKMI TIpo3anaJbHU aAUITOKIHOBUI i LIUTOKIHOBUIMA
GOH, KMl 6JI0KYE MpoLeCH HOPMaIbHOTO iMyHOTI€He-

3y. Ilocriiina crumynsuis peaentopiB TLR2 BipycHumu
aHTUTeHAMU Ha TJIi TOPMOHAJILHOTO TMCOAIaHCy aKTUBYE
NADPH -oxkcuna3sy, 3amyckaiouy MacUBHE YTBOPEHHS aK-
TUBHUX (hopM KucHio (ADK/ROS) [4, 13].

PesyabTatu peTpOCHeKTUBHOIO MOHITOPMHTY 3a
2024—2025 pokr HAOYHO IEMOHCTPYIOTh €BOJIIOIIII0 OKCU-
MIaTUBHOTO CTPECY Bil aganTUBHOI (ha3u 10 HEOOOPOTHOIL
MaKpOMOJIEKYJIIpHOI AecTpyKilii. CTabibHEe YIIKOIKEH-
HS MeMOpaHHUX JininiB (Ha piBHi 42—43 %) y moeaHaHHi
3 TIOBHUM BUCHAXXEHHSIM BHYTPIITHHOKIITUHHUX 3aI1aciB
raytationy (mamiaas no 0 % y 2025 p.) Bimobpakae HecTrpo-
MOXHICTb €HIOTEHHUX aHTUOKCUIAHTHUX CUCTEM IPO-
TUCTOSITU BipycHOMY TUCKY [12, 15]. CTtpiMKe 3pocTaHHS
4acTOTH pamukanbHoro okucHeHnHs JJHK 3 0 mo 25 % €
MIPSIMUM HACJIiIKOM iHAYKOBaHOI BipyCHUMHU OiIKaMM 1e-
rpafauii TpaHcKpuriiitHoro pakropa Nrf2 Ta nmopyiieHHs
poboTu MiToxoHpiii [4, 14].

JloBeneHa y TOCHiIKEeHHI CHIbHA MpsiMa KOpeJIslisl 3a
ITipconom (r = 0,89; p < 0,001) MixX KilbKiCTIO aKTUBHUX
TUIIIB TePIIeCBipyCiB Ta YaCTOTOIO T€HOTOKCUYHOCTI 103-
BOJISIE YiTKO PO3MEXYBAaTH IMAaLli€EHTIB 3a 30HAMU KJIiHiYHO-
ro pu3uky. Ilepexin XxBopux i3 «3eeHoi 30HU» (MOHO- Ta
OGIKOMITOHEHTHI iH(]eKIIiT) 10 «4epBOHOI 30HU» (TpeTiii Ta
YeTBEePTUI TUIIHU BipyciB), y sKiit okucHeHHs [JIHK cTpimko
3poctae 1o 32,5 ta 57,5 % BinnmoBinHO, CBITYUTH TIPO KyMY-
JISTUBHUI XapakTep MPOOKCUITAHTHOTO BUOYXY.

3 momsny Cy4acHOI MOJIEKYJISIPHOI MEIUIIMHM, TTOEI-
HaHHs BupaxeHoro ITOJI (277,0 MKMoJIb/JT) Ta CUCTEM-
HOTO IOIIKOMIKeHHs myprHoBuX ocHOB JIHK (13,5 Hr/ma
3a 8-OH-dG) Ha T/1i HAaKOTIMUEHHSI 3aJli3a CTBOPIOE KJla-
CUYHUI MMaTOreHeTUYHUN pyHIaMeHT IS iHimiamii de-
ponTo3y — 0co0MBOi (popMU MporpaMoBaHOl 3aruodesni
KJIITUH TapeHXiMu eHIOKPUHHMX 3aj103 [15]. JdecTpykiiist
THPEOLUTIB a00 iHCYIOUNTIB BHACTIIOK (DepomnTo3y MpU-
3BOJIUTh 10 MACUBHOTO BUXOJY BHYTPIilIHbOKJIITUHHUX
aBTOAHTUTEHIB, 110 iHilIiI0€ a00 MTOIIMOIIIOE ITepedir aBTo-
iMmyHHUX eHpokpuHomnariii (AIT, iykpoBoro niadety 1-ro
TUIy TOlIO). [l0JaTKOBUM YCKJIATHIOIYUM (haKTOPOM €
3naTHicTh HHV-6 Ta HHV-7 1o xpoMocomHoOi iHTerpailii B
teaomepu (ciHHYV), 1110 po6uts ix pe3epByapu HENOCSIKHU-
MM JUIS CTAHIAPTHUX IIPOTUBIPYCHUX HYKJICO3UIiB [6, 12].

Takum yHOM, MAIliEHTU 3 TTOJIKOMIOHEHTHUMM Tep-
MEeCBipYyCHUMU MiKCT-iH(eKIissMu TOTpeOyIoTh 000B’ 13-
KOBOTO CKPUHIHTY MOKa3HUKIB OKCUJIATUBHOTO CTaTyCy Ta
nomkomkeHHs JJTHK. YpaxeHHs mauieHTiB i3 «4epBoHOL
30H1» OOIPYHTOBYE HEOOXiTHICTh BiIXOMy Bil MOHOTEpa-
IMii Ta BIPOBaIXKEHHSI KOMIUIEKCHUX iHAMBIAYyali30BaHUX
CXeM, 1110 BKJIIOYAIOTh arPECUBHY MaTOT€HETUYHY aHTU-
OKCUAAHTHY HiATPUMKY (TIperapaTu IIyTaTioHy, CEJIeHy,
LIMHKY, KodepMmeHTy Q10 Ta pocIMHHMX MOIi(heHOMIB) 1151
0JI0KYBaHHSI TEHOTOKCUYHOTO CTPECY, BiTHOBJICHHS MO-
TeHIliaJy MeTUJIIOBaHHs Ta 3arobiraHHs (eponTOTUYHIN
IeCTPYKIlii OpraHiB-MillIeHEiA.

BucHoBKM

XpoHiYyHa MEPCUCTEHILisT JTiMGMOTPOITHUX TrepriecBipy-
ciB (BEB, HHV-6, HHV-7) cynpoBomKyeThest (popMyBaH-
HSIM IMOOKOro MeTaboIiYHOrO JUCOHAHCY — BUPAKEHOIO
aKTMBAlli€l0 ePEeKMCHOTO OKMCHEHHS JIiMiAiB CUPOBAaTKU
KkpoBi (o 277,0 [212,0; 298,0] MKMOJIb/J1) Ta TEHOTOKCHY-
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HUM YIIKOIKEHHSIM smepHoi i mitoxoHapianbHoi JIHK 3a
nokasHukom 8-OH-ne3okcuryano3uny ceui (13,5 [11,8;
14,2] Hr/mi1), He3BaXKarouM Ha 30epeKeHHS BUCOKMX 3HAYeHb
iHTerpaJbHOI aHTHOKCHIAHTHOI 31aTHOCTI (364,0 MKMOJTB/JT).

V cTpyKTypi NpOTUBIPYCHOI PE3UCTEHTHOCTI 00CTeXe-
HUX XBOPUX JTOMiHY€e (heHOMeH KoiHGikyBaHHs (66 % Bu-
MajaKiB), MPUYOMY OiNbIIICTh MaLieHTiB (55 %) Mae Tpu- Ta
YOTUPUKOMIIOHEHTHI aKTUBHI BipyCHI acoliallii, 1o cBim-
YUTH MPO CUHEPTIYHUI XapaKTep CyNpPeCUBHOIO BIUIUBY
MaTOTeHIB HA IMyHHY CUCTEMY.

IIpoBimHUM YMHHUKOM (QOpPMYBAHHS XPOHIUHOI
iMyHOCympecii € TeHeTUYHO AeTepMiHOBaHa CIaOKiCTh
npoTtuBipycHoro 3axucty (40 %), Tomi sIK KOMOpOinHi
€HIOKPMHHO-MEeTa00JIiuHi IMMOPYILIEeHHS, 30KpeMa iHCyIiHO-
PE3UCTEHTHICTB i TTATOJIOTis IIMTOMOMIOHO]I 3a1031, CyMap-
HO BU3HAYaIOTh iMyHOCYTIpecuBHUI (hoH y 30 % mallieHTiB,
3aMMKaI04y IOPOYHE KOJIO B3AEMHOI'0 OOTSKEHHS BipyCHOI
Ta eHIOKPUHHOI TTaTOJIOTIIA.

PerpocniekTuBHuit MoHiTopuHr (2024—2025 pp.) Bu-
SIBUB HEYXWJIbHE TIPOrPeCyBaHHSI TPOOKCUIAHTHOTO HaBaH-
TaXEHH$ 3 BUCHAXXEHHSM afanTaliifHUX pe3epBiB: yacTKa
MeTaboiuHO cTabiibHUX 0cib ckopoTwmnacs 3 50 mo 33 %,
a IeKOMIIeHcallis TioJIOBOT CUCTeMM (3HMKEHHSI TJIyTaTio-
HoBoro 3axucty 1o 0 %) cynpoBOIKYBaIOCs KPUTUIHOIO
MaHidecrauieto cuctemMHoro okucHenHst JHK y 25 % na-
LIiEHTIB MPOTSATOM OTHOIO POKY.

MareMaTU4HO OBENEHO HASIBHICTh CUJIBHOTO TMPSIMOTO
JIIHIHOTO 3B’SI3KY MiX KyMYJIASTUBHUM BipyCHUM HaBaHTa-
JKEHHSIM Ta 4acToTOI0 reHoToKcuYHOocTi (r=0,89; p < 0,001).
BcTaHOBJIEHO, 1110 PUETHAHHS TPETHOTO Ta YETBEPTOTO aK-
TUBHUX TUIIIB T€PIIECBIPYCiB («depBOHA 30HA») CIIPUUMHSIE
MPOOKCUIAHTHU I BUOYX 31 3pOCTAHHSIM YaCTOTH YIIKOIKEH -
usa IHK mo 32,5 ta 57,5 % BinnosigHo. Take moexHaHHs
CHCTEMHOI TeHOTOKCUYHOCTI Ta TIEPOKCUA03Y JIITiIiB € TPU-
repoM ISt 3aIycKy (hpeponTo3y MapeHXiMu eHIOKPUHHUX
OpraHiB, 110 OOIPYHTOBYE HEOOXiTHICTh BKIIIOUEHHSI iHTEH-
CUBHOI aHTMOKCHUIAHTHOI Ta MPOTUBIPYCHOI MIATPUMKU Y
CXEeMMU JIIKyBaHHSI TIALIiEHTIB 1aHOI KaTeropii.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiZICYTHICTh
OyIb-IKOTro (piHAHCOBOTO, OCOOMCTOrO YK MPOeCiitHOro
KOHMIKTY iHTepeciB, SIKUi Mir OM BILIMHYTH Ha XiJ 1OCTi-
IDKEHHSI, IHTepIIpeTallilo OTpMMaHUX pe3yJIbTaTiB, BUCHO-
BKM 200 3MICT I1i€i CTaTTi.

Indopmania npo dinancyBanns. Pobora BukoHaHa 0e3
3aJIy4eHHs KOMeEPIIiiiHOTO (hiHAHCYBaHHS Y1 CIIOHCOPCHKOT
MiATpUMKU 3 00Ky (hapMalleBTUMHUX KOMITaHiii abo BUpoO-
HUKIB J1abOpaTOPHOTO 00JIaIHAHHS Ta TECT-CUCTEM.
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Evaluation of prooxidant-antioxidant imbalance and systemic genotoxicity
in patients with autoimmune endocrine diseases and chronic associations
of lymphotropic human herpesviruses

Abstract. Background. Chronic persistence of lymphotropic hu-
man herpesviruses (HHV) serves as a potent driver of systemic
immune dysfunction and oxidative stress, potentially initiating or
exacerbating autoimmune endocrine disorders. The purpose of
the study was to evaluate the pattern of prooxidant-antioxidant
imbalance and the frequency of genotoxic damage in patients with
chronic mixed herpesvirus infections (Epstein-Barr virus, HHV-6,
HHV-7) depending on cumulative viral load, and to identify the
distribution of concomitant endocrine-metabolic and genetic im-
munosuppression factors. Materials and methods. Patients with
autoimmune endocrine diseases and chronic mixed herpesvirus
infections were enrolled in the study. Laboratory analysis of blood
serum and urine included the evaluation of total antioxidant ca-
pacity, lipid peroxides, and 8-hydroxy-2'-deoxyguanosine. Statis-
tical processing was performed using Pearson’s and Shapiro-Wilk
tests. Results. Multicomponent mixed infections were verified
in 66 % of patients, with 55 % presenting associations of 3 or 4
active viral types. The primary immunosuppressive factors iden-

tified were genetic mutations (40 %), insulin resistance (20 %),
and methylation disorders (20 %). During the follow-up period
(2024—2025), the proportion of individuals without oxidative
stress dropped from 50 to 33 %, while glutathione depletion was
accompanied by the manifestation of radical DNA oxidation in
25 % of patients. A strong direct correlation was found between
the number of active viruses and the frequency of genotoxicity
(r=10.89) (p <0.001). In individuals with 3 and 4 pathogen types
(“red zone”), the frequency of DNA damage reached 32.5 and
57.5 %, respectively. Conclusions. The accumulation of more than
two active herpesvirus types triggers a prooxidant explosion with
systemic nucleic acid damage and lipid peroxidation. This se-
quence forms a pathogenic trigger for ferroptosis of the endocrine
gland parenchyma, justifying the inclusion of aggressive antioxi-
dant support in therapeutic regimens.

Keywords: autoimmune endocrine diseases; mixed herpesvirus
infection; oxidative stress; 8-OH-deoxyguanosine; insulin resis-
tance; ferroptosis
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The role of irisin, insulin resistance and liver enzymes

in women with infertility

Abstract. Background. infertility is a condition associated with metabolic issues, such as insulin resistance and
liver dysfunction. Irisin has the potential to impact both reproductive and metabolic functions. Several studies re-
vealed that irisin has been reported to be a biological indicator of insulin resistance. The purpose of the study was to
determine the correlation between the serum irisin level, insulin resistance, liver enzymes, and hormonal and meta-
bolic parameters in women with primary infertility. Materials and methods. This was a prospective case-control
study that was going to involve 100 women (50 primary infertile and 50 fertile controls) attending the Maternity and
Children Hospital in Ramadi, Iraq, between March 2025 and January 2026. Serum irisin, luteinizing hormone (LH),
follicle-stimulating hormone (FSH), lipid profile, glucose, vitamin D, liver enzymes and inflammatory markers were
determined. The HOMA-IR index was used to measure insulin resistance. Correlations and ROC curve analysis
were done, and the statistical analysis was carried out using SPSS. Results. Significantly higher concentrations
of irisin, LH, FSH, cholesterol, triglycerides, HOMA-IR, liver enzymes, and inflammatory markers were observed in
infertile women compared to controls (P < 0.001). Conversely, vitamin D levels were greatly decreased (P < 0.001).
Serum irisin showed significant positive correlations with cholesterol (r = 0.2880, p = 0.0425), glucose (r = 0.3513,
p =0.0124), and alanine aminotransferase (r = 0.4212, p = 0.0023). The analysis of ROC curves showed that irisin
is a good predictor of infertility. Irisin might be associated with the changes in glucose levels, although its associa-
tion with insulin resistance is weak and needs further research. Conclusions. The high level of irisin in infertile
women may be a compensating metabolism in connection with hormonal imbalance and insulin resistance. It seems
that irisin has a strong correlation with the presence of metabolic and hepatic dysfunction in infertility and may be

a promising biomarker to use in diagnosis and a potential therapeutic target in reproductive disorders.
Keywords: insulin resistance; metabolic dysfunction; irisin; infertility; vitamin D; liver enzymes

Introduction

Women with infertility are suffering from a dysfunc-
tion in their reproductive system. It can be caused by many
pathological changes in the feminine reproductive system
including those of the uterus, ovaries plus fallopian tubes
[1]. Approximately 48 million women globally suffer from
infertility, it is categorized as primary plus secondary, prima-
ry infertility describe as cases with no history of pregnancy,
whereas secondary infertility refers to the struggle to achieve
a subsequent pregnancy [2].

There are various identified reasons related to infertili-
ty, comprising ovulation disturbances, irregular uterine role,
block in the fallopian tubes, dietary habits, chromosomal
anomalies, stress level, obesity, genetic mutations plus envi-
ronmental properties |3, 4]. Hormonal disturbances have been
considered as the main causes of female infertility, the tran-
sition of non-growing follicles into the growth phase can be
enhanced by the synergistic action of pituitary hormones [5].

Irisin is a myokine recognized by Bostrom et al. in 2012,
it is created as a result of fibronectin type 111 domain-con-
taining protein 5 (FNDCS5) cleavage, the expression of
FNDCS5 gene was upregulated by the peroxisome prolifera-
tor-activated receptor-y coactivator 1la (PGCla) in skeletal
muscle as a response to physical exercise [6]. Irisin is stated
to increase glucose acceptance in skeletal muscle cells by
enhancing the GLUT4 insertion in the outer surface of the
plasma membrane [7]. Moreover, irisin has been reported
to contribute in the process of altering white adipocytes to
brown adipocytes plus enhancing thermogenesis via the
triggering of p38 MAPK as well as ERK MAPK signaling
path [8].

Insulin resistance was shown to be current in 20.5 % of
female with infertility [9]. Hyperinsulinemia associated with
insulin resistance results in raised concentrations of serum
testosterone plus luteinizing hormone (LH) leads to infer-
tility in women [10].
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Several studies revealed that irisin has been reported to be
a biological indicator of insulin resistance [ 11—13]. Assumed
the dominance of insulin resistance amongst most females
with infertility and the probable relationship of irisin with
insulin sensitivity, it is acceptable that irisin may participant
in the pathogenesis of infertility and reproductive system
disturbance, and it may be a potential new biomarker for
this disorder [14]. Remarkably, together obesity plus insulin
resistance have been documented as a major independent
supporter to women infertility which suggests a possible re-
lationship between liver steatosis plus women infertility [15].

Irisin have many physiological roles, comprising im-
provement of insulin sensitivity, anti-inflammatory func-
tions, and antioxidant stress defense [16, 17]. These
physiological roles are carefully connected to the central
pathophysiological variations in the infertility, constructing
irisin an extremely tempting research aim in the infertility
discipline, in addition comprehension the irisin correlation
with other physiological markers could create a unique stra-
tegies for infertility treatments as well as improved patient
consequences so this study designed to explore whether se-
rum irisin can aid as a reliable biomarker for infertility. To
attain this, the study was planned to examine and to compare
serum irisin concentrations in 50 women suffering from in-
fertility against 50 healthy age-matched women. Moreover,
the study also examined the relationship between serum irisin
concentrations and the insulin resistance, vitamin D, liver
enzymes and many other physiological parameters included
in this study.

The purpose of the study was to determine the correlation
between the serum irisin level, insulin resistance, the level
of liver enzymes functions, and the level of hormonal and
metabolic parameters in women with primary infertility.

Materials and methods

The study was a case control study on women aged 25—35
years between March 2025 and January 2026 in the Materni-
ty and Children Hospital in Ramadi City, Iraq. There were
100 participants who were recruited (50 women with primary
infertility and 50 age-matched fertile healthy controls).

Inclusion criteria included women between 20 and
40 years of age, whereas exclusion criteria were women under
the age of 20 and over 40, women with diabetes, thyroid di-

seases, neoplasms, kidney problems, heart disease, Cushing
syndrome and ovarian tumor.

Five milliliters of fasting venous blood samples were col-
lected in the morning; 2 mL were put in EDTA tubes to
determine erythrocyte sedimentation rate (ESR) and white
blood cell (WBC) count and the rest 3 mL were centrifuged
to get serum which was kept at —70 °C until analysis.

Enzyme-linked colorimetric analyzes were used to
measure serum glucose, liver enzymes (AST, ALT, GGT),
total cholesterol (TC), and triglycerides (Abbott Diagnos-
tics, Illinois, USA). The determination of ESR was done
via the Westergren method (BD, Plymouth, UK). ELISA
kits (PerkinElmer, USA) were used to measure serum con-
centrations of irisin, insulin, follicle-stimulating hormone
(FSH), and LH. The insulin resistance was measured with
the help of the homeostasis model assessment (HOMA-IR)
calculated as [(fasting insulin (nU/mL) X fasting glucose
(mg/dL)/405)].

The research design was carried out in compliance with
the requirements of the Declaration of Helsinki, and it was
accepted by the institutional ethics committee.

Statistical analysis was completed via GraphPad Prism
(version 8.0), OriginPro (2024), and MedCalc (version
19.1.1). Continuous variables were compared between groups
via Student’s t-test, with a P-value < 0.05 reflected a statisti-
cally significant. The link between Irisin with other variables
was assessed via Pearson’s correlation coefficient (r). To
evaluate the diagnostic performance of the irisin, receiver
operating characteristic (ROC) curve analysis was done, area
under the curve (AUC) was deliberate.

The research plan was endorsed by the Institutional Ethics
Committee, and all the activities were performed in line with
the aspects of the Declaration of Helsinki. All participants had
signed informed consent before collection of samples.

Results
Comparison of anthropometric, inflammatory,
metabolic and hormonal parameters of fertile
and infertile women

The subjects enrolled in this study were alienated in two
groups control and infertile women. Anthropometric, phy-
siological that exhibited significant alteration between these
sets of women are obtainable in Table 1. Infertile women had

Table 1. Anthropometric, physiological parameters and hormones in fertile and infertile women, mean = SD

Parameter Control (n = 50) Infertile (n = 50) P-value
Age (years) 28.460 = 1.631 28.600 + 1.485 0.6546
BMI (kg/m?) 23.170 + 1.062 25.820 + 1.146 < 0.0001
WBC 6.5520 + 0.3019 8.0720 + 0.4620 < 0.0001
ESR (mm/hr) 10.1400 + 0.4450 14.9700 = 0.7753 < 0.0001
TG (mg/dL) 82.020 + 4.826 108.40 = 12.44 < 0.0001
Cholesterol (mg/dL) 153.50 + 12.80 205.60 + 18.77 < 0.0001
LH (mIU/mL) 5.4980 + 0.7753 8.9240 £ 0.7509 < 0.0001
FSH (mIU/mL) 5.5160 + 0.5211 5.8500 + 0.3813 0.0004
Irisin (ng/mL) 12.280 + 1.465 18.130 + 1.723 < 0.0001
Vitamin D (ng/mL) 35.420 + 4.307 18.920 = 3.406 < 0.0001
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Table 2. Comparison of glycemic parameters between fertile and infertile women, mean = SD

Parameter Control (n = 50) Infertile (n = 50) P-value
Fasting glucose (mg/dL) 82.550 + 5.840 101.200 + 2.862 < 0.0001
Insulin (mIU/mL) 8.4760 + 0.6891 14.490 = 1.557 < 0.0001
HOMA-IR 1.6320 + 0.1904 3.5780 + 0.3801 < 0.0001

Table 3. Alterations in liver enzyme levels among infertile women compared to fertile controls, U/L, mean + SD

Parameter Control (n = 50) Infertile (n = 50) P-value
ALT 16.0600 + 0.7975 25.330 + 2.443 < 0.0001
AST 19.9700 + 0.8171 23.6100 + 0.7575 < 0.0001
GGT 12.3900 + 0.8895 17.19 £ 0.94 < 0.0001

significantly higher levels of BMI, WBCs, ESR, triglycerides
(TG), cholesterol, LH, FSH, irisin and had significantly low
level of vitamin D, while there is no significant change in the
age of the two sets.

Alterations in glycemic and insulin resistance
parameters in infertile women compared
to fertile controls

The results of Table 2, indicate a high level of increment
in glycemic parameters in the infertile women as compared to
the fertile controls. Fasting glucose, insulin, and HOMA-IR
were significantly elevated in infertile women, which shows
the insulin resistance and metabolic dysregulation. On the
contrary, fertile women exhibited highly low values in all the
parameters measured. These differences have been found
to be extremely statistically significant (P < 0.0001) which
implies that the role of impaired glucose metabolism and
elevated insulin resistance could be crucial in the pathophy-
siology of female infertility.

Comparative analysis of hepatic enzyme
activity (ALT, AST, and GGT) between fertile
and infertile women

The results shown in Table 3, indicate an important in-
crease in liver enzyme (ALT, AST, and GGT) levels in in-
fertile women in comparison to fertile controls. This rise
indicates that there is a hepatic dysfunction or subclinical
metabolic stress in infertile women. The identified changes
can be related to some underlying metabolic disorders such
as insulin resistance and lipid imbalances that are known to
impact liver functioning and reproductive wellbeing. The
extremely high level of differences (P < 0.0001) highlights
the possibility of liver enzyme abnormalities as indirect bio-
markers that are related to infertility.

Assessment of the relationship between
circulating irisin levels and selected physiological,
inflammatory, metabolic, and endocrine markers
Table 4 results show how serum irisin is correlated to
a number of physiological and biochemical parameters.
There was statistically significant positive correlation be-
tween irisin and total cholesterol (r = 0.288, P = 0.0425)
and this indicates that irisin might have a relation with lipid
metabolism. Despite the positive trend of irisin with WBC
and ESR and negative with triglycerides and vitamin D,

these results were not statistically significant. No significant
relationships were found between irisin and age, BMI or
reproductive hormones (LH and FSH). In general, these
results suggest that irisin can be somewhat but specifically
related to lipid profile but not inflammatory or hormonal
parameters in this cohort.

Correlation analysis of circulating irisin levels
with glucose metabolism
and insulin resistance markers

Table 5 results reveal the correlation between important
glycemic parameters and serum irisin levels. Irisin showed a
statistically significant positive correlation with fasting glu-
cose levels (r = 0.3513, P = 0.0124) implying that irisin could
be involved in glucose metabolism. By contrast, irisin had a
negative relationship with insulin and HOMA-IR; but these
were non-significant. These results show that irisin might be
associated with the changes in glucose levels, although its
association with insulin resistance is weak and needs further
research.

Table 4. Correlation analysis of irisin with clinical,
metabolic, and hormonal parameters
in study participants

Variable r P-value
Age —-0.081 0.5750
BMI 0.004 0.9797
WBC 0.251 0.0792
TC 0.288 0.0425
TG -0.218 0.1288
LH —-0.085 0.5593
FSH 0.035 0.8082
ESR 0.173 0.2309
Vitamin D, —-0.264 0.0638

Table 5. Association between irisin and glycemic
parameters in study participants

Parameter r P-value
Glucose 0.3513 0.0124
Insulin -0.1730 0.2296
HOMA-IR -0.1200 0.4065
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Table 6. Association between irisin and liver enzyme
levels in study participants

Parameter r P-value
ALT 0.4212 0.0023
AST -0.1840 0.2008
GGT -0.07326 0.6131
100
80
>
£ 60
.('Z‘,
$ 40

20

AUC = 1.000
P < 0.001

20 40 60 80 100

100-Specificity

Figure 1. ROC curve for irisin to predict women
infertility

Correlation analysis of circulating irisin levels
with hepatic enzyme activity (ALT, AST, and GGT)

The results in Table 6, demonstrate the relationship be-
tween serum irisin levels and liver enzymes. Statistically sig-
nificant positive correlation was found between irisin and
ALT (r=0.4212, P =0.0023) which indicated the possibility
of association between irisin and hepatic metabolic activity
or liver stress. Conversely, irisin was found to be negatively
correlated with AST and GGT but this was not significant.
These results, in general, suggest that irisin can be selectively
correlated to certain liver functions, especially ALT, but not
an overall hepatic reaction.

Receiver operating characteristic (ROC) curve analysis
was done to evaluate the diagnostic performance of variab-
les distinguishing between cases. The area under the curve
(AUQ) for irisin is 1.000 means this parameter is perfect in
distinguishes between the two groups with 100 % accura-
cy, the sensitivity and specificity recorded a value of 100 %,
while the AUC value was > 14.5 for vitamin D,, irisin, with
a 95% confidence interval between 0.946 and 1.000 (Fig. 1).

Discussion

In order to evaluate the role of irisin, insulin resistance
plus liver enzymes in women with infertility, we compared
the values of measured variables to detect those that were sig-
nificantly dissimilar between the tested groups. In the cur-
rent study the mean value of BMI was significantly raised in
infertile woman compared to fertile group. It was noted that
obese female with BMI > 25 kg/m? had meaningfully higher
anovulation features when matched to normal weight women,
this results was similar to other studies [19]. They established
that the threat of ovulatory infertility is raised in obese female.

The results show a significant elevation in the irisin, in
infertile group comparing with fertile one. Irisin is signifi-
cantly decreasing the raised luteinizing hormone, serum

insulin and BMI in female obese mice [19]. So, the increase
in irisin level in women with infertility may be a compensa-
tory response to manage the elevated luteinizing hormone.
Dawood et al. (2023) highlighted that higher irisin levels,
often found in obese, infertile women, could pose challen-
ges to intracytoplasmic sperm injection (ICSI) procedures,
reflecting the impact of metabolic issues [20]. In human
recombinant irisin enhances trophoblast differentiation and
functional capacity within the placenta, offering a potential
therapeutic approach for defective placentation [21]. The in-
terplay of insulin resistance, hyperandrogenism, and obesity
severely degrades oocyte quality and follicle development.
Due to this metabolic-hormonal dysfunction, accompanied
by increased clotting risk and suboptimal endometrial func-
tion, patients face heightened risks of failed fertilization and
recurrent miscarriage [22].

Studies demonstrate that disordered endocrine metabo-
lism results in insufficient irisin, which causes poor growth,
development, and fertility in mice [23]. Furthermore, re-
search indicates that irisin possesses notable anti-inflam-
matory capabilities within various tissues, notably the en-
dometrium, by regulating cytokine release, this molecule
acts to mitigate the progression of inflammation, offering
a potential therapeutic approach for managing endometrial
inflammatory conditions [24].

Elevated insulin levels (hyperinsulinemia) are linked to
subfertility, as they act upon ovarian theca and granulosa cells,
this metabolic state promotes premature differentiation of
theca cells and triggers an early response to LH in small fol-
licles, culminating in anovulation, hyperinsulinemia not only
triggers ovulatory dysfunction but also compromises endome-
trial receptivity, leading to impaired implantation [25]. Insulin
resistance is the chief pathophysiology of NAFLD as it impairs
hepatic de novo lipogenesis, forming the liver more sense to
damage via oxidative stress, which resulted in necro-inflam-
mation, fibrosis, finally progress to NAFLD illnesses [26, 27].

The results also showed a significant increase in WBCs
and ESR in infertile women when compared to fertile group.
While acute inflammation helps heal injuries, this persistent,
low-grade inflammatory state disrupts ovulation, reduces
egg quality, and impairs embryo implantation [28]. In-
fertile women with higher BMI often exhibit significantly
higher WBC counts, neutrophil levels, and NLR (neutro-
phil-to-lymphocyte ratio) compared to those with a normal
BMI, indicating systemic inflammation [29, 30].

Insufficient vitamin D levels represent a significant con-
tributor to female infertility [31, 32]. The existing results
revealed that females with primary infertility had signifi-
cantly lower vitamin D concentrations matched to the fertile
group, proposing that vitamin D insufficiency is linked with
fertility. The biological actions of this vitamin are mediated
by the soluble vitamin D receptor (VDR), which actions as
a nuclear transcription factor within target cells to modulate
genomic effects. The widespread existence of VDRs within
the female reproductive system implies a vital impact for
vitamin D in reproductive role [33, 34]. Evidence suggests
that vitamin D shows a therapeutic impact in addressing
reproductive dysfunction, specifically by mitigating uteri-
ne hypoplasia, enhancing aromatase gene expression, and
correcting folliculogenesis impairment that leads to infer-
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tility [35]. Vitamin D enhance the metabolism of glucose
by rising insulin creation, insulin receptor production and
inhibiting pro-inflammatory cytokines accountable for arbi-
trating insulin resistance [36].

Conclusions

Irisin is a myokine that works by trigging the change of
white adipose tissue to brown adipose tissue, and thus it helps
in improving metabolic diseases and increases the flow of
energy to the body. The elevated concentration of irisin in
our study in women with infertility may indicate the role
this myokine plays in improving this reproductive disorder.
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POAb ipn3uHY, IHCYAIHOPE3UCTEHTHOCTI TA NeYiHKOBUX depMEHTIB
Y XIiHOK i3 6e3nAipAaIM

Pe3iome. Axkmyaavnicms. Besnninas — Lie craH, NOB 3aHMit
i3 MeTaboiYHMMU MpobIeMaMU, 30KpeMa Pe3UCTEHTHICTIO 10
iHcyJliHy Ta qucdyHKUi€o rneviHku. [pu3uH Moxe BIUIMBATHU SIK
Ha PEMpOAyKTUBHY, TaK i Ha MeTaOboIiuHi (GyHKIIi. Y DeKiJIbKOX
NOCTIIXKEHHSIX T0Ka3aHO, 110 ipU3UH € 610JIOTiYHUM iHAUKATO-
POM Pe3UCTEHTHOCTI 10 iHCYIiHY. Mema: BUBHAUUTU KOPEJISILIiI0
MiX piBHEM ipu3MHY B CUPOBATLI KPOBi, iHCYJTiIHOPE3UCTEHTHI-
CTIO, aKTUBHICTIO MEYiHKOBUX (DEPMEHTIB, TOPMOHAJILHUMHU i
MeTabOoTiYHMMM MTOKAa3HUKAMM B XKiHOK i3 MEPBUHHUM O€3ILIiI-
nsMm. Mamepiaau ma memoou. Y 11bOMY IPOCIIEKTUBHOMY ITOCJIi-
JDKeHHI TUITY «BUIMAJ0K — KOHTPOJIb» B3s1M yyacThb 100 oci6 (50
MAILli€HTOK i3 MepBUHHUM 0e311ianasam Ta 50 ¢hepTUIbHUX KiHOK
KOHTPOJIbHOI I'pyIu), sIKi BiagBimyBanum Maternity and Children
Hospital y Pamani (Ipak) 3 6epesnst 2025 poky mo ciunsg 2026
poky. BuzHaueHO MOKa3HUKM ipU3MHY CUPOBATKM KPOBI, JTIOTE-
inisytouoro (JII'), donikyrocrumyiioodoro ropMmony (PCI),
JinigHoro mpoditio, raoKo3u, Bitaminy D, ¢pepMeHTIB neyiHKu
i1 MapkepiB 3ananeHHs. [IJis1 OLiHKM pe3UCTEHTHOCTI A0 iHCYJiHY
BukopucroByBanu ingekc HOMA-IR. Ananiz ROC-kpuBoi i
CTAaTUCTUYHUIA aHaJi3 MPOBOIMIMN 3a JOMOMOTOI0 TIporpaMu
SPSS. Pesyavmamu. Y 6e3nigHuX XiHOK criocTepirajucs Bi-

porinHo Buili KoHueHTpauii ipusuny, JII, ®CI', xonecrepuny,
Tpurtinepunis, nokaziuka HOMA-IR, akTMBHOCTI IIe4iHKOBHUX
(epMeHTIB Ta MapKepiB 3amajeHHsI MOPiBHSIHO 3 KOHTPOJBbHOIO
rpynoto (P < 0,001). [ HaBnaku, piBeHb BiTamiHy D OyB Biporiz-
Ho 3HmxeHuit (P < 0,001). CupoBaTKOBUI1 ipU3UH MaB 3HAYHY
IMO3UTUBHY KOpeJslilo 3 ymicTom xojectepuny (r = 0,2880,
p = 0,0425), rmroko3u (r = 0,3513, p = 0,0124) ta ananiHami-
HotpaHcdepasu (r=0,4212, p = 0,0023). Ananiz ROC-kpuBux
IMOKa3aB, 110 ipU3WH MOXHAa BBaXKaTU MPEAUKTOPOM OE3ILTias.
VIMOBipHO, ipM31H OB’ SI3aHUIA 31 3MiHAMM PiBHSI TITIOKO3H, X04a
110r0 3B’S130K 3 iHCYJIIHOPE3UCTEHTHICTIO € C1a0KUM i MoTpedye
MOJATBIINUX AOCHIIKeHb. Bucnoexu. Bucokuii yMmicT ipu3uHy B
0e3MUIiIAHUX KiHOK MOXe OyTU KOMIIEHCATOPHUM MEXaHi3MOM
y 3B’SI3Ky 3 TOPMOHAaJbHUM IucOaTaHCOM Ta iHCYJIiHOPE3UC-
TEHTHICTIO. [pU3MH Ma€e CUJIbHY KOpeJsiilo 3 MEeTaboJiuHOIO i
MMeYiHKOBOIO TUCHYHKIIIEIO TIpKU OE3TLTiAmi Ta MOXe OYyTH mep-
CHEeKTUBHUM OioMapKepoM IJisl BUKOPUCTAHHS B JiaTHOCTHII i
MOTEHLIHOIO TePaneBTUYHOIO MillIEHHIO ITPU PENPOIYKTUBHUX
posnajaax.

Kii04oBi clioBa: iHCy1iHOPE3UCTEHTHICTD; MeTabOiuHA A1C-
¢yHKIIS; ipy3uH; 0e3tians; Bitamin D; ¢pepMeHTH nediHKU
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Possibilities and prospects of application
of modern methods in the diagnostics
of thyroid diseases

Abstract. Thyroid diseases constitute a clinically heterogeneous group of endocrine disorders that require pre-
cise differentiation between functional abnormalities, benign nodular lesions, neoplasms of uncertain etiology, and
malignancy. Traditional diagnostic approaches, including biochemical evaluation, high-resolution ultrasound, risk
stratification based on the Thyroid Imaging Reporting and Data System, fine-needle aspiration cytology, Bethesda
classification, and histopathological verification, remain the basis for clinical decision-making. However, these
methods have important limitations related to operator dependence, cytological uncertainty, overlapping morpho-
logical features, and difficulty in predicting tumor aggressiveness before treatment. This review summarizes the
diagnostic capabilities and future prospects of modern methods for the assessment of thyroid diseases, with a par-
ticular emphasis on immunocytochemical and immunohistochemical markers, molecular genetic and epigenetic
testing, liquid and digital cytology, proteomic and metabolomic profiling, polarization-optical and laser methods,
and artificial intelligence-enabled diagnostic platforms. Molecular testing, including analysis of BRAF, RAS, RET,
NTRK, ALK, PAX8::PPARG, TERT promoter, and TP53 alterations, has added value in indeterminate nodules
and supports personalized risk stratification. Optical and laser methods provide quantitative assessment of tissue
anisotropy, collagen organization, stromal remodeling, and microarchitectural heterogeneity, although their clinical
implementation requires further validation. Artificial intelligence, radiomics, pathomics, and multimodal models can
reduce interobserver variability and integrate imaging, cytological, molecular, and clinical data into personalized
diagnostic workflows. The future of thyroid disease diagnostics lies not in replacing established methods, but in de-
veloping standardized, externally validated, clinically interpretable multiparametric systems that increase diagnostic
accuracy, reduce unnecessary surgical interventions, and support risk-adapted management of thyroid diseases.
Keywords: thyroid diseases; thyroid nodules; thyroid cancer; fine-needle aspiration cytology; Bethesda system;
ultrasound diagnostics; molecular testing; immunohistochemistry; optical diagnostics; artificial intelligence; radio-
mics; personalized medicine; review

Introduction

Thyroid diseases represent a highly prevalent and clini-
cally heterogeneous group of endocrine disorders, ranging
from functional abnormalities to benign nodular disease and
malignant neoplasms. Their relevance is reinforced by the
persistent global burden of thyroid cancer, which demon-
strates marked geographic variability, a strong female pre-
dominance, and a paradoxical pattern of increasing inci-
dence with comparatively low mortality in many countries
[1, 2]. This epidemiological profile reflects both improved
detection and the continuing challenge of distinguishing

clinically relevant disease from indolent or incidental le-
sions. Thyroid nodules are particularly important because
they are frequently detected during imaging performed for
unrelated indications, whereas only a minority are malignant.
Contemporary guidelines therefore emphasize structured
risk stratification rather than indiscriminate investigation or
intervention [3].

The principal diagnostic challenge is not merely to detect
thyroid cancer, but to differentiate benign nodules, low-risk
differentiated tumours, biologically aggressive carcinomas,
and lesions with uncertain malignant potential before irre-

© «MixHapogHuit eHoKpuHonoriuHmii XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2026

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2026

[ina kopecnonzenuii: binookwit Onekcanpp B'auecnaBoBuy, KaHAMAAT MeAUYHUX HayK, AoLeHT, kadeapa xipyprii N2 1, ByKoBUHCbKUIN AepXaBHUIA MefnyHuil yHiBepcuTeT, TeaTpanibHa naowwa, 2,

M. YepHiBui, 58002, YkpaiHa; e-mail: bilookyis@gmail.com, bilookyi.olexandr@bsmu.edu.ua

For correspondence: Oleksandr Bilookyi, PhD in Medicine, Associate Professor, Department of Surgery 1, Bukovinian State Medical University, Teatralna sq., 2, Chernivtsi, 58002, Ukraine; e-mail:

bilookyis@gmail.com, bilookyi.olexandr@bsmu.edu.ua
Full list of authors information is available at the end of the article.

78 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 22, N2 5, 2026


mailto:bilookyi.olexandr@bsmu.edu.ua

[ d

Oraga / Review

versible therapeutic decisions are made. This task is com-
plicated by tumour heterogeneity, overlapping sonographic
patterns, variable cytological interpretation, and evolving
histopathological definitions introduced in the recent World
Health Organization classification of thyroid neoplasms [5].

Conventional diagnostics remain the foundation of cli-
nical decision-making, but they have intrinsic limitations.
Serum biochemical testing defines thyroid function and may
indicate selected tumour types, yet it cannot reliably charac-
terize most nodular lesions. Ultrasound improves anatomical
and risk assessment but remains operator-dependent and im-
perfectly specific. Fine-needle aspiration cytology is central
to preoperative evaluation; however, the updated Bethesda
system still recognizes indeterminate diagnostic categories
in which malignancy risk is probabilistic rather than defini-
tive [4]. These uncertainties can lead to diagnostic surgery,
overtreatment, delayed treatment, or inconsistent patient
counselling. Consequently, modern thyroid diagnostics is
moving toward personalized, multiparametric assessment.
Molecular testing has demonstrated clinical utility in inde-
terminate nodules by improving preoperative risk estimation
and reducing unnecessary diagnostic surgery in selected pa-
tients [6]. At the same time, current thyroid cancer mana-
gement increasingly incorporates molecular alterations, re-
currence risk, tumour biology, and patient-specific clinical
context rather than relying exclusively on morphology [7].
Artificial intelligence, digital image analysis, and integrated
diagnostic platforms are promising tools for refining ultra-
sound, cytological, histological, and molecular interpreta-
tion; however, recent evidence also highlights unresolved
gaps, including model overfitting, limited external validation,
and insufficient readiness for routine implementation [8].
Therefore, the future of thyroid disease diagnosis lies in vali-
dated, standardized, and clinically interpretable systems that
combine conventional assessment with molecular, optical,
omics-based, and computational biomarkers.

Conventional diagnostic framework

The conventional diagnostic framework for thyroid di-
seases begins with clinical and biochemical assessment,
which remains essential for separating functional disorders
from structural thyroid pathology. The initial evaluation
should document age, sex, family history, previous neck
irradiation, compressive symptoms, rapid nodule growth,
cervical lymphadenopathy, pregnancy status, iodine expo-
sure, and medication history. Biochemical testing should in-
clude thyroid-stimulating hormone as the primary screening
parameter, followed by free thyroid hormone fractions when
functional abnormality is suspected. Calcitonin measurement
may be considered when medullary thyroid carcinoma is
clinically relevant, although its routine use depends on local
policy and pretest probability. This stage does not usually
determine nodule dignity by itself, but it guides imaging,
identifies patients requiring endocrine stabilization before
invasive procedures, and helps avoid unnecessary cytological
evaluation of autonomously functioning nodules [9].

High-resolution ultrasound is the central imaging me-
thod for thyroid nodules because it defines lesion size, com-
position, echogenicity, margins, shape, calcifications, ex-
trathyroidal extension, and suspicious cervical lymph nodes.

Modern Thyroid Imaging Reporting and Data System mo-
dels were developed to reduce subjective reporting and to
align malignancy risk with biopsy or follow-up thresholds.
The Korean Thyroid Imaging Reporting and Data System
update emphasized standardized terminology, malignancy
risk categories, biopsy indications, assessment of extrathy-
roidal extension, and surveillance after biopsy, demonstrating
that imaging classification is not only descriptive but also
management-oriented [10].

Comparative evidence indicates that American, Euro-
pean, and Asian reporting systems classify nodules broadly
similarly but may differ in low-risk categories, biopsy thre-
sholds, and estimated malignancy risk, which can influence
local diagnostic pathways and healthcare resource use [11].
Nevertheless, ultrasound remains operator-dependent. A sys-
tematic review of American College of Radiology Thyroid
Imaging Reporting and Data System reliability found mode-
rate inter-reader agreement for overall classification, with
weaker agreement for some individual features such as mar-
gins, supporting the need for structured training and quality
assurance [12]. Doppler ultrasound adds information about
vascular distribution and haemodynamic patterns, but vas-
cularity alone is insufficiently specific to distinguish benign
from malignant nodules. Its value is greatest when inter-
preted together with grey-scale ultrasound features, lymph
node assessment, and clinical context. Elastography provides
a complementary estimate of tissue stiffness, based on the
observation that malignant nodules are often firmer than
benign lesions. Meta-analytic evidence supports the diag-
nostic value of elastography techniques for thyroid nodule
characterization, but results vary according to qualitative,
semi-quantitative, and quantitative methods, equipment,
operator experience, and nodule composition [13].

Therefore, elastography should improve, not replace,
conventional ultrasound risk stratification. Fine-needle as-
piration biopsy remains the reference preoperative sampling
method for nodules selected according to clinical and ul-
trasound risk. Its diagnostic value depends on appropriate
indication, ultrasound guidance, adequate cellularity, stan-
dardized smear or liquid-based preparation, and close com-
munication between clinicians, radiologists, and cytopatho-
logists. Contemporary cytology recommendations emphasize
that biopsy should be integrated into a risk-adapted path-
way rather than used indiscriminately, because excessive
sampling increases indeterminate results, patient anxiety,
and downstream surgery without proportional diagnostic
benefit [14]. Although the method is minimally invasive and
cost-effective, false-negative, false-positive, nondiagnostic,
and indeterminate results still occur, particularly in follicu-
lar-patterned lesions.

The Bethesda System for Reporting Thyroid Cytopatho-
logy provides a uniform diagnostic language that links cyto-
logical categories with estimated malignancy risk and recom-
mended clinical management. In current practice, it enables
reproducible communication among specialists and supports
decision-making for repeat biopsy, surveillance, molecular
testing, or surgery. However, the Bethesda framework does
not eliminate diagnostic uncertainty, especially in atypia of
undetermined significance and follicular neoplasm catego-
ries, where cytology cannot reliably demonstrate capsular
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or vascular invasion. Recent cytopathology reviews there-
fore position Bethesda reporting as a structured probability
model rather than a definitive histological substitute [15].
Histopathological verification remains the final diagnostic
standard after surgical excision. It confirms tumour type,
invasion, margin status, lymphovascular involvement, extra-
thyroidal extension, and lymph node metastasis. The 2022
World Health Organization classification refined thyroid tu-
mour nomenclature and grading, reinforcing the concept that
final diagnosis should integrate morphology with biological
behaviour and, where appropriate, molecular correlates [16].

Immunocytochemical
and immunohistochemical markers

Immunocytochemical and immunohistochemical tech-
niques occupy an intermediate diagnostic position between
morphology and molecular testing. They are not intended to
replace cytology or histopathology, but they increase diag-
nostic confidence when conventional microscopic criteria
are equivocal, particularly in follicular-patterned lesions,
papillary thyroid carcinoma variants, metastatic disease, and
suspected medullary thyroid carcinoma. Their main value
lies in panel-based interpretation, because single markers
may show incomplete sensitivity or specificity and may
be influenced by tumour differentiation, sampling quali-
ty, fixation, and background thyroiditis. Therefore, marker
expression should be interpreted within the clinical, ultra-
sound, cytological, and architectural context rather than as
an isolated binary result [17—19]. In differentiated thyroid
lesions, galectin-3, Hector Battifora mesothelial cell marker
1, cytokeratin 19, cluster of differentiation 56, and thyroid
peroxidase represent the most frequently discussed con-
ventional diagnostic markers. Galectin-3 is associated with
malignant transformation, altered cell adhesion, and tumour
progression, and its expression is commonly increased in
papillary thyroid carcinoma. Hector Battifora mesothe-
lial cell marker 1 also supports papillary thyroid carcinoma
diagnosis, particularly when combined with cytokeratin 19,
which highlights epithelial differentiation and is often dif-
fusely expressed in malignant papillary-patterned lesions.
Loss of cluster of differentiation 56 expression may further
support malignancy, whereas preserved expression is more
typical of benign follicular lesions. Thyroid peroxidase tends
to be retained in non-neoplastic thyroid tissue and benign
follicular proliferations but is reduced in many carcinomas.
Recent studies confirm that combined panels generally out-
perform individual markers, especially when galectin-3,
Hector Battifora mesothelial cell marker 1, cytokeratin 19,
and cluster of differentiation 56 are interpreted together;
however, none of these markers is sufficiently definitive to
replace histological evaluation of invasion [17—19].

In medullary thyroid carcinoma, immunocytochemical
and immunohistochemical testing have a more direct diag-
nostic role because tumour cells derive from parafollicular
cells and usually express neuroendocrine markers. Calci-
tonin remains the central marker, while carcinoembryonic
antigen provides important supportive evidence, particularly
in poorly differentiated or morphologically ambiguous cases.
Chromogranin A and synaptophysin confirm neuroendo-
crine differentiation and help distinguish medullary thyroid

carcinoma from differentiated follicular-cell-derived thy-
roid malignancies and metastatic tumours. Contemporary
cytopathology guidance emphasizes that these markers are
especially valuable when cytological features are misleading,
when amyloid is absent or inconspicuous, or when meta-
static neuroendocrine carcinoma enters the differential
diagnosis [20].

Beyond epithelial and neuroendocrine markers, stromal
biomarkers are gaining relevance because thyroid cancer pro-
gression is not determined only by tumour cells, but also by
extracellular matrix remodeling, fibroblast activation, and tu-
mour-stroma interaction. Type I and type III collagen reflect
fibrotic matrix deposition and altered stromal architecture.
In papillary thyroid carcinoma, increased collagen-related
gene expression and stromal marker changes suggest that
collagen organization may contribute to local invasion, stiff-
ness, and tumour microenvironment remodeling [21, 22].
These findings support the concept that collagen profiling
may complement morphology, although its diagnostic use
remains investigational. Matrix metalloproteinase-2 and ma-
trix metalloproteinase-9 are important indicators of extracel-
lular matrix degradation, basement membrane disruption,
and invasive capacity. Stromal studies in papillary thyroid
carcinoma have demonstrated altered matrix metallopro-
teinase-9 expression, while experimental evidence indicates
that inhibition of matrix metalloproteinase-2, matrix metal-
loproteinase-9, and related proteases can suppress papillary
thyroid carcinoma cell migration and invasion [21, 23]. This
supports their biological relevance as markers of aggressive
tissue remodeling, although routine diagnostic thresholds are
not yet standardized. The ratio between intact and degraded
collagen is a promising translational concept because it may
integrate matrix deposition and proteolytic breakdown into a
single measure of stromal instability. In oncology, degraded
collagen fragments are increasingly considered indicators of
active matrix turnover, invasion, and immune-stromal in-
teraction [24]. For thyroid pathology, this approach remains
prospective rather than established, but it could become
useful in multiparametric diagnostics if validated against cy-
tology, histology, molecular risk, recurrence, and long-term
clinical outcomes.

Molecular genetic
and epigenetic methods

Molecular genetic and epigenetic methods have become
essential adjuncts in thyroid diagnostics because they ad-
dress the biological uncertainty that remains after clinical
examination, imaging, and cytology. Their principal role
is not to replace morphology, but to refine malignancy
probability, support classification of indeterminate nodules,
identify aggressive molecular profiles, and reveal potentially
actionable alterations. Contemporary molecular diagnos-
tics therefore, functions as a bridge between preoperative
risk assessment and personalized management, particularly
when conventional cytology provides probabilistic rather
than definitive information [25]. The BRAF V600E mutation
is the most characteristic molecular alteration in papillary
thyroid carcinoma and reflects constitutive activation of the
mitogen-activated protein kinase pathway. Its detection has
high diagnostic relevance when cytology is suspicious or
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indeterminate, because it strongly supports papillary thy-
roid carcinoma in an appropriate morphological context.
However, its prognostic interpretation must remain cautious.
Although BRAF V600E has been associated with extrathy-
roidal extension, recurrence risk, dedifferentiation, and re-
duced radioiodine avidity in some studies, its independent
prognostic value is influenced by tumour stage, histologi-
cal subtype, coexisting mutations, and treatment strategy.
Thus, BRAF V600E is best regarded as a diagnostically useful
and therapeutically relevant driver rather than a universal
marker of aggressive behaviour [26, 29]. RAS mutations
represent a different diagnostic problem because they are
strongly linked to follicular-patterned thyroid tumours but
are not specific for carcinoma. They may occur in follicu-
lar adenoma, non-invasive follicular thyroid neoplasm with
papillary-like nuclear features, follicular thyroid carcino-
ma, and follicular-patterned papillary thyroid carcinoma.
Consequently, RAS positivity indicates clonal neoplastic
proliferation and supports surgical consideration in selected
indeterminate nodules, but it cannot by itself prove capsular
or vascular invasion. This limitation reinforces the need to
interpret RAS status together with cytology, ultrasound risk,
histological architecture, and additional molecular events
[27]. Gene rearrangements add another layer of diagnostic
and therapeutic information. RET/PTC rearrangements
are classically associated with papillary thyroid carcinoma,
whereas activating RET alterations are central to medullary
thyroid carcinoma and also have therapeutic implications in
advanced disease. NTRK and ALK fusions are uncommon
but clinically important because they identify potentially
targetable tumour subsets. PAX8::PPARG rearrangement is
most closely associated with follicular-patterned neoplasia
and may be encountered in follicular thyroid carcinoma and
related tumours. In advanced differentiated thyroid cancer,
systematic genotyping can identify more aggressive mole-
cular profiles, clarify mechanisms of radioiodine-refractory
disease, and detect actionable fusions that may influence
targeted treatment selection [28]. TERT promoter and TP53
mutations are especially relevant as markers of tumour pro-
gression. TERT promoter mutations are associated with
poorer survival outcomes and recurrence risk, particularly
when they coexist with other driver alterations. TP53 muta-
tions are less typical of well-differentiated thyroid cancer but
become more frequent in poorly differentiated and anaplastic
transformation, reflecting genomic instability and dediffe-
rentiation. These alterations are therefore more informative
for prognostic stratification than for initial benign-malig-
nant discrimination. Their presence should raise concern for
aggressive disease biology, and support intensified staging,
multidisciplinary evaluation, and closer follow-up [28, 29].
Molecular testing is most clinically valuable in Bethesda
category I1I and IV nodules, where cytology cannot reliably
separate benign follicular proliferations from malignant tu-
mours. In this setting, molecular assays may function as
rule-out tools, rule-in tools, or combined classifiers depen-
ding on test design, disease prevalence, and local surgical
thresholds. Meta-analytic evidence comparing Afirma gene
expression and sequencing classifiers with ThyroSeq versions
indicates that diagnostic accuracy differs between platforms,
with performance depending on sensitivity, specificity, and

negative predictive value in the intended population [30].
Therefore, molecular testing should be used selectively, with
explicit consideration of pretest risk and the clinical con-
sequence of a positive or negative result. Gene-expression
classifiers and next-generation sequencing panels represent
complementary strategies. Gene-expression classifiers pri-
marily estimate the probability of benign versus suspicious
biological behaviour, whereas sequencing panels detect point
mutations, copy-number alterations, gene fusions, and other
driver events. Next-generation sequencing is particularly
useful when diagnostic, prognostic, and therapeutic ques-
tions converge, but its interpretation requires technical qua-
lity control, adequate cellularity, transparent reporting, and
multidisciplinary expertise [25, 30]. Epigenetic biomarkers
are also emerging as clinically relevant tools. MicroRNA
profiles may help distinguish malignant thyroid tumours
from benign or very low-risk lesions and may provide prog-
nostic information related to recurrence or persistence [31].
Deoxyribonucleic acid methylation profiling has identified
candidate markers capable of differentiating differentiated
thyroid cancer from non-malignant follicular lesions and
predicting recurrence risk after surgery [32]. Despite these
advances, epigenetic testing remains less standardized than
mutation and fusion analysis. Its future role will depend on
external validation, reproducible thresholds, integration with
cytology and imaging, and demonstration of added clinical
value beyond existing molecular panels.

Cytological, proteomic,
and omics-based innovations

Liquid-based cytology represents an important refine-
ment of thyroid fine-needle aspiration because it improves
specimen preservation, reduces obscuring blood and inflam-
matory background, and allows residual material to be used
for ancillary studies. Compared with conventional smears, its
diagnostic performance is generally comparable, although in-
terpretation requires awareness of altered cytomorphological
details, including reduced colloid, more dispersed cellularity,
and modified nuclear appearance [33]. Its main practical
value is standardization of preparation and compatibility with
immunocytochemical or molecular testing, especially when
cytological material is limited. However, liquid-based cyto-
logy should be regarded as a technical enhancement rather
than an independent diagnostic solution, because diagnostic
accuracy still depends on sampling quality, cytopathologist
expertise, and integration with ultrasound risk. Digital cyto-
logy and digital pathology extend this framework by enabling
whole-slide image archiving, remote consultation, quality
control, education, and computational analysis. Their imple-
mentation in cytology requires validated scanning protocols,
attention to three-dimensional cell groups, image focus, file
management, and diagnostic concordance with glass slides
[34]. In histopathology, digital transformation offers broader
workflow integration, structured reporting, interoperability,
and the foundation for reproducible quantitative assessment
[35]. For thyroid diagnostics, these approaches are espe-
cially relevant in indeterminate or rare lesions, where expert
review and longitudinal comparison can improve consis-
tency. Proteomic analysis adds a functional layer by eva-
luating proteins that reflect tumour biology more directly
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than genomic alterations alone. Mass spectrometry-based
platforms have been used to identify protein signatures as-
sociated with thyroid cancer, benign nodules, autoimmune
thyroid disease, invasion, and recurrence risk [36]. Recent
spatial proteomic research in indeterminate thyroid nodules
demonstrates that tissue-based protein mapping may help
characterize diagnostically difficult lesions and generate can-
didate biomarkers for preoperative or postoperative strati-
fication [37]. Nevertheless, proteomic biomarkers remain
limited by preanalytical variability, small cohorts, platform
heterogeneity, and insufficient external validation. Meta-
bolomic approaches are based on the premise that malignant
transformation modifies energy metabolism, lipid pathways,
amino acid turnover, oxidative stress, and endocrine-related
biochemical networks. Current evidence suggests that meta-
bolomic profiling may distinguish thyroid cancer from benign
disease and may provide information on aggressiveness, but
most findings remain exploratory and require standardization
of biospecimens, analytical platforms, and diagnostic thre-
sholds [38, 39]. Integrated omics-based diagnostics aims to
overcome the limitations of single biomarkers by combining
cytology, proteomics, metabolomics, transcriptomics, mo-
lecular alterations, and clinical data into composite panels.
Plasma multi-omics studies and integrated analyses of thy-
roid cancer have identified regulatory pathways and candi-
date biomarker combinations that may support non-invasive
classification and prognostic assessment |38, 40]. The future
clinical value of these platforms will depend on prospective
validation, transparent analytical pipelines, reproducibility
across laboratories, and evidence that integrated biomarker
panels improve decision-making beyond conventional cyto-
logy and established molecular testing.

Polarization-optical
and laser-based diagnostic methods
Polarization-optical and laser-based diagnostic methods
expand thyroid diagnostics from morphological description
toward quantitative assessment of tissue microarchitecture.
Their rationale is based on the fact that thyroid parenchy-
ma, tumour stroma, follicular structures, capsule, blood
components, and collagen fibres exhibit optical anisotropy,
meaning that their interaction with polarized light depends
on molecular orientation and structural order. Birefringence
is particularly relevant because collagen-rich stromal and
capsular components can modify the phase and polarization
state of transmitted or scattered light. In pathological thyroid
tissue, polarization-sensitive second harmonic generation
microscopy has demonstrated that malignant transforma-
tion and stromal remodeling can alter collagen organiza-
tion and optical signatures, providing a tissue-level basis for
quantitative optical diagnostics [41]. Polarimetric analysis
of histological sections converts these structural differences
into measurable parameters, including retardance, depo-
larization, orientation, and matrix-derived descriptors. In
contrast to routine bright-field microscopy, polarimetric
methods can visualize hidden anisotropic architecture and
quantify stromal heterogeneity. This is especially relevant
for follicular-patterned thyroid lesions, where the distinction
between benign and malignant disease depends on capsular
or vascular invasion. Wide-field second harmonic generation

microscopy combined with machine learning has recently
been applied to thyroid nodules for the assessment of cap-
sular invasion, showing that laser-based collagen imaging
may support difficult histopathological decisions rather than
merely reproduce conventional microscopy [42].

Azimuth and ellipticity of polarization describe com-
plementary aspects of light transformation by tissue. Azi-
muth reflects the orientation of the polarization ellipse and
is sensitive to the spatial alignment of anisotropic structures,
whereas ellipticity reflects the degree to which polarized light
becomes circular or elliptical after interaction with tissue. In
biomedical polarimetry, these parameters can be mapped
across tissue fields and interpreted as indirect indicators of
fibre orientation, birefringence, scattering, and depolariza-
tion [44, 45].

For thyroid diagnostics, such parameters may be espe-
cially informative when tumour-associated stromal reor-
ganization, capsule distortion, or inflammatory changes
modify local optical symmetry. Interferometric and digital
holographic methods add phase-sensitive measurement to
polarization analysis. Digital holographic polarimetry re-
constructs three-dimensional optical information from laser
speckle or interference patterns and can generate quantitative
maps of phase and polarization changes. Recent work on
laser speckle fields formed by polycrystalline blood films
proposed holographic polarimetry as a tool for differential
diagnosis of thyroid pathology, including nodular goitre,
autoimmune thyroiditis, and papillary cancer [43]. Although
this approach is not yet part of routine pathology, it illus-
trates how optical signals from biological fluids or tissue-de-
rived structures may provide indirect diagnostic information
about systemic or local thyroid disease. Azimuth mapping
and polarization maps operationalize these measurements
by transforming complex optical interactions into spatially
resolved images. Such maps can highlight areas of increased
anisotropy, structural disorganization, or altered depolari-
zation, enabling quantitative comparison between normal
tissue, benign lesions, inflammatory disease, and malignant
tumours. Mueller matrix-based image analysis further allows
separation of different optical effects and may generate repro-
ducible biomarkers of tissue architecture when acquisition
and processing protocols are standardized [44, 45, 48].

Wavelet analysis of laser and polarimetric images provides
an additional computational layer by decomposing image
signals into scale-dependent components. This is important
because thyroid tissue architecture contains structures of
different sizes, from follicles and colloid spaces to stromal
fibres and tumour interfaces. Wavelet decomposition can
isolate local irregularities, boundary changes, and texture
patterns that may be less visible in global image statistics. In
cancer tissue analysis, Mueller-matrix imaging enhanced by
wavelet decomposition and polarization-singular processing
has improved extraction of diagnostically relevant informa-
tion from complex polarimetric datasets [46].

Multifractal analysis extends this concept by quantifying
the heterogeneity and scaling behaviour of optical images.
Parameters such as variance, asymmetry, entropy-related
measures, and fractal dimensions can characterize the ir-
regular distribution of anisotropic elements within tissue or
biological films. In optical diagnostics, these descriptors are
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valuable because malignant transformation is often associa-
ted with architectural disorder rather than a single uniform
structural change. Mueller-matrix interferometric studies
have shown that multifractal scaling can describe optically
anisotropic biological structures and support diagnostic dif-
ferentiation [47].

For thyroid diseases, the main future prospect is not the
isolated use of one optical index, but integration of birefrin-
gence, azimuth, ellipticity, holographic phase data, wavelet
features, and multifractal descriptors into standardized mul-
tiparametric platforms. Such systems require validation on
well-annotated thyroid cohorts, correlation with histopatho-
logy and molecular risk, and transparent statistical thresholds
before clinical implementation.

Artificial intelligence
in thyroid diagnostics

Artificial intelligence is increasingly positioned as a de-
cision-support technology in thyroid diagnostics rather than
as a substitute for clinical expertise. Its main value is the
capacity to analyse high-dimensional imaging, cytological,
histological, molecular, and clinical data, reduce subjective
interpretation, and support reproducible risk stratification
across heterogeneous diagnostic settings [49]. In thyroid ul-
trasound, artificial intelligence models have been developed
to distinguish benign from malignant nodules, standardize
feature recognition, and assist application of the Thyroid
Imaging Reporting and Data System. Recent systematic evi-
dence indicates that ultrasound-based artificial intelligence
models can achieve diagnostic performance comparable
with experienced radiologists, although performance varies
across algorithms, populations, image acquisition proto-
cols, and reference standards [50]. A multicentre diagnostic
study showed that an artificial intelligence-assisted thyroid
ultrasound model improved diagnostic performance and
interobserver agreement, with the greatest benefit among less
experienced physicians [51]. Artificial intelligence-modified
risk stratification systems may also simplify conventional re-
porting while maintaining performance similar to established
thyroid imaging reporting systems, suggesting a practical role
in workload reduction and decision standardization [52]. In
cytology and histopathology, machine learning and deep
learning may support cell detection, nuclear feature quantifi-
cation, pattern recognition, mitotic assessment, tumour seg-
mentation, and triage of diagnostically difficult cases. These
tools are particularly relevant in thyroid cytology because in-
determinate categories are affected by interobserver variabi-
lity and subtle morphological differences. In histopathology,
artificial intelligence can quantify architectural and nuclear
features across whole-slide images, potentially improving
reproducibility in papillary thyroid carcinoma variants, fol-
licular-patterned lesions, and tumour microenvironment
assessment [53]. However, cytological three-dimensionality,
staining variation, scanner differences, and limited annotated
datasets remain important barriers to routine use. Radiomics
and pathomics transform medical images into quantitative
features that describe shape, intensity, texture, spatial hete-
rogeneity, and tissue architecture. In thyroid cancer, ultra-
sound radiomics can extract information not captured by
visual assessment, while pathomics can quantify cytological

or histological morphology at scale. Multimodal studies in-
tegrating pathomics and ultrasound radiomics for papillary
thyroid carcinoma demonstrate the potential of image-based
feature fusion to improve classification and support more
objective diagnostic workflows [54]. Artificial intelligence
integration with molecular and omics data is a logical next
step toward personalized diagnostics. Combined models in-
corporating clinical variables, ultrasound radiomics, BRAF
V600E status, and conventional ultrasound features have
shown value in differentiating benign and malignant nodu-
les with indeterminate cytology, indicating that artificial
intelligence can integrate biological and image-based risk
signals in a clinically meaningful way [55]. Future models
may further combine radiomics, pathomics, sequencing,
transcriptomic, proteomic, and metabolomic data, but such
integration requires harmonized datasets and transparent
statistical design. Explainability, external validation, and
clinical implementation remain the central challenges. Visual
interpretability methods can show which ultrasound regions
or features influence model predictions, improving clinician
trust and error detection [56]. Nevertheless, many algorithms
are still limited by retrospective design, single-region training
data, class imbalance, spectrum bias, and unclear impact on
patient outcomes. For Scopus-level clinical translation, arti-
ficial intelligence systems must demonstrate reproducibility,
calibration, decision-curve benefit, safety, ethical data gover-
nance, and compatibility with existing diagnostic pathways.

Personalized diagnostic strategies
Personalized diagnostic strategies in thyroid diseases
are based on the principle that the intensity of investigation
should correspond to the individual probability of malig-
nancy, biological aggressiveness, and expected clinical bene-
fit. Risk-adapted algorithms combine clinical risk factors,
thyroid function, ultrasound pattern, cytological category,
tumour size, lymph node status, and patient-specific con-
text to avoid both underdiagnosis of aggressive cancer and
overtreatment of indolent lesions. Recent guideline-level
recommendations emphasize dynamic risk assessment, re-
currence-risk stratification, and individualized surveillance
rather than uniform diagnostic and therapeutic pathways
[57]. The practical future of personalized diagnostics lies in
structured integration of clinical, ultrasound, cytological,
molecular, optical, and artificial intelligence-derived data.
Multimodal models that combine ultrasound images with
molecular test results have shown potential for improving risk
stratification of indeterminate thyroid nodules, where single
diagnostic modalities remain insufficient [60]. Radiogeno-
mic studies further suggest that imaging phenotypes may
reflect underlying molecular signatures, creating a bridge
between non-invasive imaging and tumour biology [61].
Similarly, multimodal ultrasound radiomics combined with
clinical variables may improve differentiation between fol-
licular adenoma and follicular carcinoma, a distinction that
remains difficult before surgical verification [62]. Optical and
laser-based parameters may become part of this integrated
framework if they are validated against histology, molecu-
lar features, and clinical outcomes. Prediction of tumour
aggressiveness and recurrence risk is a central objective of
personalized diagnostics. Artificial intelligence-supported ra-
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diomics models using multimodal ultrasound data have been
investigated for predicting central lymph node metastasis in
papillary thyroid carcinoma, while molecular testing may
refine structural recurrence risk in high-risk differentiated
thyroid cancer [63, 64]. These approaches shift diagnos-
tics from static classification toward prediction of biological
behaviour. The clinical impact is individualized treatment
planning: patients with low-risk lesions may benefit from
surveillance, limited surgery, or less intensive follow-up,
whereas patients with aggressive molecular, imaging, or his-
tological profiles may require broader staging, more extensive
surgery, selective postoperative radioiodine therapy, or closer
monitoring. Contemporary consensus statements therefore
support tailoring post-surgical radioiodine decisions and
theranostic strategies to recurrence risk, disease extent, and
expected benefit [58, 59].

Limitations and future directions

Modern thyroid diagnostics is limited not by the absence
of methods, but by insufficient standardization across in-
creasingly complex modalities. Ultrasound terminology,
molecular reporting, artificial intelligence outputs, optical
imaging parameters, and omics-derived biomarkers must
be harmonized before they can be reliably compared across
institutions. The international consensus on thyroid ultra-
sound lexicon illustrates the strategic importance of shared
definitions for imaging features, because inconsistent ter-
minology directly affects risk classification, biopsy deci-
sions, and follow-up strategies [65]. Similar standardization
is required for molecular tests, where clinical interpretation
depends on platform design, mutation coverage, local disease
prevalence, and cytological category [66]. Reproducibility
and external validation remain major barriers to implemen-
tation. Promising diagnostic models often perform well in
development cohorts but lose accuracy when applied to new
populations, equipment, operators, or laboratory workflows.
External validation of an artificial intelligence model for thy-
roid nodule risk stratification demonstrated that independent
testing is essential before clinical adoption [67]. Real-world
prospective evaluation of artificial intelligence-assisted thy-
roid ultrasound further emphasizes that diagnostic benefit
must be tested in routine practice, not only in retrospective
datasets [69].

Cost-effectiveness and accessibility are equally impor-
tant. Molecular testing may reduce unnecessary diagnostic
surgery in selected indeterminate nodules, but its value de-
pends on test cost, surgical thresholds, reimbursement, and
healthcare infrastructure. Economic analysis of molecular
testing for indeterminate thyroid nodules showed improved
effectiveness but higher mean cost, confirming that imple-
mentation must be locally justified rather than assumed uni-
versal [68].

Regulatory and ethical aspects are especially relevant
for artificial intelligence and molecular diagnostics. Clini-
cal decision-support systems require transparent reporting,
predefined intended use, monitoring of errors, protection
of patient data, and clarification of clinician responsibility
[70, 71]. Artificial intelligence used in diagnostic software
may also meet the definition of high-risk medical techno-
logy, requiring robust evidence, traceability, interpretability,

and post-market surveillance [72]. Future progress should
therefore focus on validated multiparametric platforms that
integrate clinical variables, ultrasound, cytology, histology,
molecular alterations, optical features, and computational
outputs into transparent, reproducible, and clinically actio-
nable diagnostic pathways.

Conclusions

The established diagnostic framework for thyroid diseases
remains based on coordinated clinical assessment, biochemi-
cal testing, high-resolution ultrasound, structured imaging
risk stratification, fine-needle aspiration cytology, standar-
dized cytological reporting, and final histopathological veri-
fication. These methods retain central clinical value because
they provide accessible, reproducible, and practice-orien-
ted pathways for differentiating functional disorders, benign
nodules, and malignant thyroid tumours.

However, contemporary diagnostics can no longer rely
exclusively on conventional morphology and imaging. Im-
munocytochemical and immunohistochemical markers im-
prove diagnostic confidence in morphologically equivocal le-
sions, while molecular testing refines malignancy probability,
identifies actionable alterations, and supports risk assessment
in indeterminate nodules.

Optical, laser-based, proteomic, metabolomic, and inte-
grated omics approaches remain less standardized, but they
expand diagnostic thinking toward quantitative evaluation of
stromal architecture, tumour biology, tissue heterogeneity,
and systemic molecular signatures. Artificial intelligence
and personalized medicine represent the next strategic layer
of thyroid diagnostics. Computational models may reduce
observer variability, enhance ultrasound and pathology inter-
pretation, integrate radiomic and molecular information, and
support individualized prediction of tumour aggressiveness
or recurrence risk.

Nevertheless, their clinical value depends on explaina-
bility, external validation, quality control, ethical data gover-
nance, and demonstrated benefit in real diagnostic pathways.
The most promising future model is therefore not replace-
ment of established diagnostics, but validated integration.
A multiparametric diagnostic platform that combines cli-
nical, biochemical, imaging, cytological, histological, im-
munophenotypic, molecular, optical, omics-based, and
computational data may enable more accurate, risk-adapted,
and patient-specific management of thyroid diseases.
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BYKOBUHCHKA AEPIKQBHUM MEANYHNN YHIBEPCUTET, M. YepHiBLy, YKpaiHO

MOXXAMBOCTI TQ NepCneKTMBU 30CTOCYBOHHS CYHYOCHUX METOA|B
Y AiOrHOCTUL, 30XBOPIOBCHbD LMTOMOAIGHOT 30A03U

Pestome. 3axsoproBaHHs HIMTOMOLIGHOT 321031 CTAHOBJIATH KTi-
HIYHO TeTepPOreHHY TPYITy eHIOKPUHHUX PO3JIAJIiB, 1110 TOTPEOYIOTh
TOuHOI nudepeHLialii 3 GyHKIIOHATLHUMU MTOPYLIEHHSIMHU, J0-
OpOSIKICHUMMU BY3JIOBUMU YPAXKEHHSIMU, HOBOYTBOPEHHSIMU HEBU -
3HAYEHOTO XapaKTepy Ta 3J0SIKICHUMM MyxJIMHaMU. TpaauiiitHi ai-
arHOCTMYHI MiJIXOAM, BKJIIOYAI0UM Oi0XiMiuHY OIIiHKY, YJIbTPa3BYy-
KOBE TOCTiIKeHHSI BUCOKOI PO3MIiIbHOI 31aTHOCTI, CTpaTU(iKalIio
pu3uKy Ha ocHoBi cuctemu Thyroid Imaging Reporting and Data
System, TOHKOTOJIKOBY acIlipalliiiHy IIUTOJIOTiI0, Kiiacuikarllito
Bethesda it ricronaTosioriuHy Bepudikailito, 3aIUIIAI0ThCS OC-
HOBOIO KJTIHIYHOTO TIPUMHATTS pileHb. OmHaK 1Ii METOIU MalOTh
BakJIMBi 0OMeXeHHs, MOB’s13aHi i3 3aJIeXHICTIO BiJ omeparopa,
LIUTOJIOTIYHOK HEBU3HAYEHICTIO, TIEPEKPUTTIM MOPMOJOTIYHUX
03HAaK i TPyJIHOIIIAMU MTPOTHO3YBAaHHS arpeCUBHOCTI MyXJIMHU 10
MOYaTKy JiKyBaHHS. Y IIbOMY OIJISII y3araJbHEHO MiarHOCTUYHI
MOXJIMBOCTI Ta MaiiOyTHi MepCNeKTUBU CyJaCHUX METO/IiB OLIHKU
3aXBOPIOBaHb UIMTOMOAIOHOT 3aJ1031 3 OCOOJIMBUM aKIIEHTOM Ha
IMYHOLIMTOXIMiUHI ¥ iIMYHOTiCTOXiMi4HI MapKepu, MOJIEKYJIsSIp-
HO-TEHETUYHE Ta eIlireHeTUYHe TeCTYBaHHS, PiIIMHHY i U(POBY
LIUTOJIOTiI0, MPOTEOMHE Ta MeTaboJOMHE MPOdiIIOBaHHS, MO~
JISIpU3aLlifHO-ONTUYHI i JJa3epHi METOAM, a TaKOX MiarHOCTUYHI
1atopMu 3 MATPUMKOIO IITYYHOTO iHTeIeKTy. MoekymsipHe
TecTyBaHHs, BKiIovatoun aHajiz 3mMiH BRAF, RAS, RET, NTRK,

ALK, PAX8::PPARG, npomoropa TERT Ta TP53, mae nonatko-
BY LIIHHICTb MpPU By3JlaX HEBU3HAYEHOTO XapakTepy i MiATpuMye
MepcoHasi3oBaHy cTpatudikaiiio pu3nky. ONTUYHI i1 1a3epHi
METOIM 3a0e3IeUyIoTh KiJbKiCHY OLIiHKY aHi30Tpomii TKAHUHMU,
oprasi3allii KojlareHy, peMOJeJIIOBaHHS CTPOMU Ta MiKpoapXiTeK-
TYPHOI TeTEPOTeHHOCTI, X0ua iX KJIiHiYHe BIIPOBAKEHHSI MOTPeOy€e
noganbinoi Bamimamii. ILITyaHuit iHTeaeKT, pagioMika, maTomika i
MYJIbTUMOJIbHI MOZEJi MOXYTh 3MEHILIUTHU BapiaOeabHICTh Mixk
crioctepirayaMu i iHTerpyBaTH Bidyasi3alliiiHi, LUTOJOTIYHI, MOJIe-
KYJISIpHI Ta KJIiHIYHi IaHi B iHAWBiMyali30BaHi [iarHOCTUYHI poOoyi
npouecu. MaiiOyTHE AiarHOCTMKY 3aXBOPIOBAHb IIUTOMOMIOHOT
3aJ1034 IOJISITA€ HE B 3aMiHi yCTaJleHMX METO/iB, a B pO3po0lLii
CTaHIAPTU30BAHUX, 30BHIIIHBO BaJliTOBAaHUX, KJIiHIYHO iHTEp-
MPEeTOBAaHUX MYJIbTUTIAPAMETPUYHUX CUCTEM, SIKi TiABUIILYIOTH
NiaTHOCTUYHY TOUHICTh, 3MEHIIYIOTh KiIbKiCTh HEITOTPIOHMX Xi-
PYPriYHUX BTPYyYaHb i MiATPUMYIOTh PU3UK-adallTOBaHE BeIeHHS
3aXBOPIOBaHb LIUTOINOAIOHOI 3a1031.

KirouoBi ciioBa: 3axBoproBaHHs WIKUTONOAIOHOI 3a/1031; By3/I1
IIUTOIOAIOHOI 321031 ; paK IIUTOITOAIOHO]I 321031, TOHKOT0JIKOBA
acmipaliiiiHa 1urosoris; cuctrema Bethesda; ynbTpa3BykoBa gia-
THOCTHKA; MOJIEKYJISIDHE TECTYBaHHS; IMyHOTICTOXiMisl; ONTUYHA
NiaTHOCTUKA; IITYYHUI iHTEJEKT; pagiomMika; repcoHali3oBaHa
MEIUIINHA; OTJISIT
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MatodisioAoriyHi T MOPPOPYHKLLIOHAABHI 3MIHU
NiALUAYHKOBOI 30A03U NPU eKCNnepuMeHTOAbHOMY
LYKPOBOMY AiaGeTi Ta OXXUPIHHI

Pe3stome. OxwupiHHs, metabonidHmii cuHgpom (MC) i uykposuii giabeT (LiL) 2-ro 1y cynpoBOaXYOTECS MOPYLLIEH-
HAMM CTPYKTYPU | PYHKLIT Ni[LLTYHKOBOI 3a5103u. EKCriepyuMeHTarnbHi Mogesi Ha Lyypax LUMPOKO BUKOPUCTOBYIOTb
7151 BOCTIIAXKEHHS MexaHiamiB ancyHKUii B-KitvH, iHcyniHopesncTeHTHocTi (IP), okewgaTtmsHoro ctpecy (OC) ta
XPOHIYHOro 3ananeHHsi Hu3bKoi iHteHcmBHocTi (X3HI). OxupiHHsa, MC Ta rinepriikemiss acouitoroTbCs 3i 3Ha4HUMU
rnaTogi3ionoriyHnMm 3MmiHamu B MiALLITYHKOBIV 3471030, O BK/IHOYat0Tb AECTPYKLIIO B-KIITUH, MNOPYLUEHHS apXiTeK-
TOHIKM NaHKpeaTn4HuX ocTpiBLiB, po3suTok X3HI, OC, nopyLueHHs meTaboniamy rrikoninigis Ta ¢i6pody. Kro4oBy
porb y nporpecyBaHHi unx 3miH Bigirparots X3HI, OC 1a IP. OcTpiBui nigLumyHKOBOI 3a103u, SIK K/loHoBa JlaHKa
EHOOKPUHHOI cucTemu, BigirparoTb BUpPILLATIbHY POk y perynsauii roMeoctasy [11toKo3U Ta € 0COOJIMBO Yy TIIMBUMU
10 0CO6IIMBOCTEWN BHYTPILLIHLOYTPOBHOIO eHepreTu4HoOro MeTabosiiHHoro MikpocepegosuLLa. [opyLLueHHs BHY TPILL-
HbOYTPOBHOro 6anaHcy MOXUBHUX PEHOBUH MOXE CIIPUYUHUTI 3MIHW Y rpoLecax po3BUTKY OCTPIBLIB, LYO, y CBOIO
4epry, 3yMOBJIIOE CTPYKTYPHI Ta pyHKUioHanbHi aHomarii. OgHak Brisms L[] Ta oxxupiHHA Ha MopgobyHKLiOHa Ib-
HUWV CTaH rifLLIyHKOBOI 3a5103u, 0COO/IMBO Y KOHTEKCTI MDKMOKO/TIHHEBUX 3MIH, BCE LUe 3a/TLLAETLCA HEAOCTaTHbO
BuBYeHUM. MeToto Lboro orrisigy 6yso npoBeCTH aHasiad CyHacHUX JiTepatypHUX aHuX LLO[O MOPGOSOriYHuUX
i oyHKLiOHaIbHMX 3MIH MiJLLITYHKOBOI 3a/1031 Y LLypIiB 3@ YMOB eKcriepuMeHTasibHoro L] ta oxupiHHs. Ocobmsuii
akUeHT B ornisgi 3pobsieHo Ha [OCIIKEeHHSIX, SKi 3aCTOCOBYIOTb CTPENTO30ToUMH-iHAYKoBaHi mogeni U sk kna-
CUYHWY Niaxig 4O BiATBOPEHHS ANCYHKUIT B-KNiTUH, & TaKOX BUCOKOXUPOBI abo rinepkasnopiviHi gietn. Po3rnsiHyTo
OCHOBHI MOJIOXXEHHS1 TeOoPIi MOXOAKEHHS1 340POB’Sl Ta XBOPOO Yy MpoLeci pO3BUTKY, & TAKOX Teopii heTasibHoro npo-
rpamyBaHHs1 B KOHTEKCTI OXupiHHs1, nperectayiviHoro (MMU[M) i rectayiviHoro uykposoro giabety (I'Uf). Okpemo
BUCBITIIEHO [OCTIIKEHHSI, CIPSIMOBAHI Ha KOMIT/IEKCHUV aHasia MopghOohyHKLIOHaIbHUX 3MiH OCcTpiBLIB JlaHrepraHca
B ekcriepumeHTansHux ymosax ML i L. MNoLuyk nitepatypm nposoguscsi B Scopus, Science Direct (Big Elsevier)
i PubMed, Brnto4Ho 3 6asamu gaHnx Medline. BukopucTaHi KIltoH0oBI €/10Ba «LyKPOBUM [iabeT», «OXUPIHHS», «Me-
TaboNIHHUV CUHAPOM» , «XPOHIYHE 3arasieHHsI», «OKCUAATUBHUK CTPEC» , «IHCYTIHOPE3NCTEHTHICTb» , «[iALLTYHKOBA
3arsno3aa», «B-KniTuHW», «MopgOYHKLIOHANbHI 3MiHW>». [1151 BUSIBIIEHHS pe3yibTaTtiB JOCiAKeHb, siKi He BAanocs
3HaUNTW Mg Yac OHAaviH-MoLLYKY, BUKOPUCTOBYBABCS PYyYHWU MOLLIYK 6i6iorpadpii nybikawiv.

Kno4oBi cnoBa: uyykposuii giabet; rectayiviHuii LyKpoBui fiabeT; MeTabosiuHui CUHAPOM, NigLLTyHKOBA 3a-
7103a; B-KAITUHW; MOPGOPYHKLIOHASIbHI 3MIHN

Bctyn

daxkTopu crocody XUTTS, IK-OT HU3bKa (pizuuHa aK-
TUBHICTH i He30alaHCOBaHe XapuyBaHHS, MalOTh TiCHUN
3B’SI130K i3 PO3BUTKOM IIyKpoBoro aiadety (LIJ1) 2-ro Tumy
[1, 2]. Bukiuku, 1110 CynpoOBOIKYIOTh 1€ 3aXBOPIOBAHHS,
CTaJIM TIOLITOBXOM /IO aKTUBHUX HAyKOBMX MOCJiTKEHb,
CIIpSIMOBAHMX Ha PO3POOKY Ta BUBUYEHHSI MeXaHi3MiB mii
HOBUX TeparieBTUYHMUX ITiIXOIiB.

BaxiuBy poJib y 1IbOMY MPOIIECi Bilirpae BUKOPUCTaH-
HsI TBApDUHHUX MOAeJeH, siKi J03BOJISIIOTh OUIbII TJIMO0-
KO DOCIIONTY LiJIbOBI OpTaHU Ta TKAHWHU. Takmii Imimxim
CIpUSIE OTPUMAHHIO PeJIeBAaHTHUX JAaHUX 32 KOPOTIIUIA
4yac i 3a MEHIIIOI BapTOCTi, a TAKOX TeHEepYyE pe3yJbTaTu,
SIKi MATPUMYIOTb SIK KJIiHIYHi BUTTPOOYBaHHSI, TaK i TpaH-
clsliliHe 3actocyBaHHs |3, 4]. JIist BUBHaHHS eKCIepu-
MeHTanbHOI Mozeni LI/l mpuaaTHO BOHA MOBMHHA TOUHO
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BimoOpaxkaTu 1maToi3ioNoriyHi 3MiHM Ta IPOBOKYBAaTU
PO3BUTOK YCKJIAAHEHb, MOAIOHUX A0 TUX, SIKi BAHUKAIOTh
B opraHi3Mi Joaeil. OnucaHo KijJibka TBApUHHUX MOIEe-
neit L1 2-ro Tumy, MpoTte MOKM 110 HEMAE XKOIHOI, sKa
0 MOBHICTIO OXOIUIIOBaJIa BCi MATOJIOTiIUHI Ta €TiONOTiuHI
0COOIMBOCTI 1IbOTO 3aXBOPIOBaHHS. ¥ KOHTEKCTi maTtodi-
310JI0TTYHMX TOCiIKEHb KIIOUOBUMHU XapaKTEPUCTUKAMU
TaKoi MOJeJIi € HasIBHICTh iHCYIiHOpe3ucTeHTHOCTI (IP),
IO TTOETHYETHCS 31 3HUXKEHUM BUPOOJICHHSIM TOPMOHY
B-xmituHamu octpiBuiB Jlanrepranca [5]. Lli ocobanBoc-
Ti TPYHTYIOThCSI Ha TinoTe3i MonBiiHOTO LUKITY, 3TiIHO 3
SIKOIO BUCOKE CITOKMBaHHSI eHeprii, 1oB’si3aHe 3 [P, mpu-
3BOJIUThH [0 IMiJABUILEHHS PiBHS TPUIIILIEPUIIB y T1a3-
Mi KpoOBi. ¥ 1IIbOMY MeXaHi3Mi HaJJIMIIIKOBE BilKJIaIdeHHS
KUpPY B IIEUiHIIi TOTipIIye ii 9yTaUBICTh OO iHCYIIHY, 110
3HUXXYE CUHTE3 IJIIKOTeHY Ta MOCUJIIOE TJIIIOKOHEOTeHe3
i, y CBOIO Uepry, MpU3BOIUTD IO TimepriikeMii. 3 iHIIOro
OOKY, TillepTpUIIiLepuaeMisi BUKJIMKAE JIIITOTOKCUYHICTh
B ocTpiBlsix JlaHTepraHca, 1110 3MEHIIY€E CEeKpellilo iHCy-
JIiHY. Y B3aeEMOIii 1Ii mMpoLecH IiACHIIOIOTh TillepriliKe-
Mil0 i CIIpUSIIOTh TTPOrPeCyBaHHIO HEAOCTATHOCTI B-KIIITUH
MiAIUTyHKOBOI 3a103u [6].

ExcriepyMeHTaIbHI MOZIeJi Ha Llypax IMUPOKO BUKO-
PUCTOBYIOTH [UISI HOCiIKEHHsI MOP(OIOTiYHUX i (PYHKIIi-
OHAJILHUX 3MiH MiAILTYHKOBOI 3a7103u nipu LI 2-ro tuny Ta
oXupiHHi. Haifuacrilre 3acTOCOBYIOTh CTPENTO30TOLIMH-iH-
nykoBaHi (Streptozotocin, STZ) moneni; Momenti 3 BUKO-
pucTaHHSIM BUCOKOXUpoBOi aietn (high-fat diet, HFD);
TeHEeTUYHO IeTepMiHOBaHi ¢popMu, 30kpema ZDF-moneni
(Zucker Diabetic Fatty model) [7].

JiaGeTUYHMUI cTaH MaTepi COPUIYMHIE BUHUKHEHHS
okcupaTuBHoro crpecy (OC) y ruiona, 1110 31aTHO Hera-
TMBHO BIUIMHYTU Ha 0Tr0 pO3BUTOK [8]. 3Baxkarouu Ha 1ie,
HeOOXimHO aKTUBi3yBaTH IOCIIIKEHHS, CIIPSIMOBaHi Ha
BUBUEHHSI PO3BUTKY TUI0/Ia B yMOBax TinepriikeMii. OqHak
MPOBENEeHHS KJIiHIYHUX MOCIiI’)KeHb HALUITOBXYETHCS Ha
CYTTEBI TPYAHOIILI Yepe3 eTUYHI 0OMEXEeHHS Ta HEKOHTPO-
JIbOBaHi (haKTOpPH, 1110 BIUIMBAIOTh HA BHYTPILLIHLOYTPOOHE
cepenonuiie [9]. Yepes 1ie po3podka eheKTUBHUX eKCIIe-
PUMEHTAJIbHUX Mojesell HabyBae 0COOJIMBOrO 3HAUEHHSI.
Y 1boMy HampsIMKY CTBOPEHO KiTbKa €KCITePUMEHTATbHUX
Mojesieli ISl MOJIeJIIOBaHHS CTaHy MperecramiifHoro mia-
6ety (IITLJ) i recrauiittoro gia6ery (FLIJ). Cepen HuX
MoxxHa Buainutu STZ-inaykosany i HFD-inaykoBaHy Mo-
neni [10].

Mero1o 11bOTO OIJIsITY OYJIO MPOBECTU aHaJi3 CydacHUX
JIiTepaTypHUX JaHUX 11010 MOPGOJOTiYHUX i (DYHKIIiO-
HaJIbHUX 3MiH HiAIUIYHKOBOI 331031 Y IIIYPiB 32 YMOB €KC-
nepuMeHTanbHOTO LIJI Ta oXupiHHs. OcoOIMBUIL aKLIEHT
B OIJIs1i 3p0o0JIeHO Ha AOCHIIKEHHSX, SIKi 3aCTOCOBYIOTh
CTPENTO30TOLMH-iHAyKoBaHi Moaeni LIl K kimacuaHmit
Miaxig A0 BiATBOpeHHSs AuchyHKIIT B-KIITUH, a TAKOX BU-
COKOXMPOBI abo rinepkKanopitiHi gietu. Po3risiHyTo oc-
HOBHI TTOJIOKEHHSI TEOPii MOXOKEHHS 3JI0POB’Sl Ta XBOPOO
y npoueci po3Butky (Developmental Origins of Health and
Disease, DOHaD), a Takox Teopii ¢eTasbHOro rnporpa-
MyBaHHS B KoHTekcTi oxupinns, [T i FLA. Oxpemo
BUCBITJICHO JOCIIIKEHHSI, CIIPSIMOBaHi Ha KOMILUIEKCHUI
aHaJti3 Mopho(YHKITIOHATLHUX 3MiH OCTpiBLIiB JlaHrepraH-
ca B ekcniepuMeHTanbHMX ymoBax ITILIJT i TLII.

CTpenTo30TOLMH-IHAYKOBAHUN AiaGeT
i BACOKOXXMPOBA AjeTa

Llypu € BaxXJIMBUM MOJEIbHUM OPraHi3MOM LISl BU-
BueHHs LIJI, ocKilbku MeTOaM XiMiYHOI iHAYKIIii Y TBApUH
IIO3BOJISIIOTH BiATBOpIOBaTU CTabibHI MeTaboJIiuHi Ta Ti-
crosioriuni 3mMinu [11, 12]. OnHuM i3 HaOUIbII TTOIIMpPE-
HUX (papMaKOJIOTiUHUX 3aCO0iB, IKi BUKOPUCTOBYIOThCS
3 Li€I0 MeTOoI0, € cTpenTo3oTouuH. Lleit mpemapaT Bubip-
KOBO BIUIMBA€ Ha [3-KJIITUHU ITiAIUTYHKOBOI 3a7031 Yyepe3
TpaHcropTep rmoko3u tuity 2 (facilitated glucose transport-
er member 2, GLUT?2), mo npu3BoaAuTh 10 ajJKiJTyBaHHS
JHK, akrusauii nomi(AJP-pubdosn)oiaimepasr, BAHUK-
HeHHs OC Ta 3HMXEHHS BHYTPIITHbOKJIITUHHUX PiBHIB
OKMCHEHOTro HiKOTMHaMidaaeHiHAnHykiaeoTuay (oxidized
nicotinamide adenine dinucleotide, NAD*) i AT®. 3pemui-
TOIO 11€ TIPU3BOIUTH 1O HEKPO3Y Ta amoITo3y (-KIITUH i
PO3BUTKY iHCYJIIHOBOI HemocTaTHOCTI. Taki mpolecu Bu-
KJIMKAOTh TiNEePIIiKeMilo Ta iHIlli MeTabo IiuHi TOpyILIeHHSI,
110 iMiTYI0Th MaTodizionoriudi nposieu L1 y monunum [11].
YV HayKoBili JiTepaTypi JeTaJIbHO MpOaHali30BaHO BUKO-
puctaHHst STZ-iHayKoBaHUX Mojeieil niabeTy y 1IypiB.
Oco0uBa yBara IMpUAiIsIach IMHAMILIL MacH Tijla, PiBHIO
IHCYJIiHY Ta TiCTOJIOTiYHiN OyHO0Bi MiAIUTYHKOBOI 3aJI03U.
Taxki moneni 3a6e3ne4yoTh peTeIbHO KOHTPOJbOBAHY OC-
HOBY IS IOCJTi/IDKEHHsI MEXaHi3MiB pyWHYBaHHS B-KJTIITUH
i QYHKIIOHAJbHUX MOPYILIEHb MiAILTYHKOBOI 321031, 1110
pOOUTH iX BaXKJIMBUM iHCTPYMEHTOM Y BUBYCHHI ITATOreHE3y
LII Ta TecTyBaHHI HOBUX TepaneBTUYHMX minxomis [13].

[loBimomisieTnes, 1m0 ogHOpa3oBe BBeAeHH STZ mis
MOJIEJTIOBAHHSI €KCTIEpUMEHTAJIbHOTO Aia0eTy B NIypiB Ji-
Hii Bictap npusBeio 1o 3MeHIIeHHS 3arajJibHOI KiJIbKOCTi
MaHKpeaTUYHUX OCTPiBLIiB YABiUi MOPiBHSIHO 3 KOHTPOJIEM.
V niabeTUYHUX LIypiB MepeBaxaau ocTpiBLi JlaHrepraHca
3 (peHoTunOM B—/0+. Y CTPYKTYpi eHIOKPUHHOTO anapary
6,13bK0 50 % CTAHOBWJIM MaJTi OCTPIBIIi, IPUYOMY iXHS
KiJIBbKicTh Oysna Ha 17 % BMILOIO 32 MOKA3HUKU KOHTPOJIb-
HMX TBapUH, BOJHOYAC CIIOCTEPirasocst 3HaYHe 3MEHILIEHHS
KiJIBKOCTI OCTpiBLiB OibIOil iomti. Kpim Toro, reHeTHny-
HU (aKTOP, 110 3yMOBJIOE PO3BUTOK CTAIKOBOI TilepTeH-
3i1 y LIypiB 31 CHOHTAHHOIO TiMepTeH3ieto (spontaneously hy-
pertensive rats, SHR), mpu3BoauB no 3HMKEHHS IITBHOCTI
MaHKpeaTUYHUX OCTPIiBLIB y 3a7103i Ha 40 % MOpPiBHSHO 3
KOHTPOJIbHOIO Tpymolo [7].

Bimomo, 110 ogHOYacHe TMiIBUIIEHHS PiBHS TIIOKO-
31, eputpornoetuHy (EITO) ta TiobapOiTypoBOi KMCIOTU
(TBARS) Bkazye Ha cran OC y moegHaHHi 3 TilTOKCIi€IO Ta
MOPYLIEHHSIM 00MiHY pe4oBUH [14]. MeTo HOCTiIKEHHS,
nposeneHoro 1.S. lessi et al., Oy/10 BU3HAYMTU OCOOIMBOCTI
BBy STZ-iHayKoBaHOTO 1iabeTy y 11ypiB JiHii Bictap Ha
CTaH OCTPIBLIB MiIILIYHKOBOI 321031 Y IUIOAIB Ha 18-ii Ta
21-i1 neHb BariTHOCTI. bysto BusIBIeHO, 1110 Ha LIMX CTamisIX
y caMOK 3 Jia0eTOM CITOCTepirajiics BUILli piBHi IJIIOKO3U B
kpoBi, EI1O ta TBARS, a Takox me3opraHizoBaHUIl po3-
MO KJIITUH B OCTPiBLISIX MiALITYHKOBOI 321034 TUIO/IB
TOPIBHSIHO 3 KOHTPOJIeM. IMyHOTiCTOXiMIiYHMIT aHaJIi3 M0~
KazaB, 1110 Ha 18-if meHb BariTHOCTI EHAOKPMHHA YacTUHA
M IILTYHKOBOI 3371034 IJIOMIB IeMOHCTPYBaia OiIbIINIA Bill-
COTOK KJIITHH, 3a0apBieHMX iHcyliHOM. KpiM Toro, rutonu
CaMOK MaJjid MEHIIMK BilICOTOK KJIiTUH, sIKi 3a0apBiIioBa-
ek 3a Ki-67 (BucokocrnenndiyHUM MapKepOM KJIIITUHHOT
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npoJidepalrii), xoya crmocTepiraiacs OibIa mpoJidepalis
KJIiTUH Ha 21-11y no6y. Ha 21-it aeHb BaritTHoCTi rpyna 3i
STZ-innyKoBaHMM AiaGeTOM moKa3aya OUTbIINII BiICOTOK
KJIITVH, 10 3a3Haiu anonTto3y. OTxXe, TinepriikeMis y Ma-
Tepi MOPYIIYE CTPYKTYPY OCTpiBLIiB JIaHrepraHca miaiuiyH-
KOBOI 3aJ1031 I1JI0[1a, BUKJIUKAE (DYHKIIIOHAJIbHI 3MiHM, SIKi
MOXYTb CIIPUSITA PO3BUTKY TillepIlikeMil y HOBOHApOIXe-
HUX TBapuH [9].

R. Yanko mocniauB 3MiHU y TANITYHKOBIH 3a103i 1ITypiB
i3 miabeToMm, 3a3HAaYMBIIN 3MEHIIIEHHS KiJTbKOCTI Ta pO3Mi-
piB ocTpiBLiB JlaHrepraHca, a Takox atpodito B-KIiTUH.
1li sBuIia, IMOBIpHO, CIIPUSIOTH PO3BUTKY TiMepriikemii
Ta MOPYILIEHHIO ceKpelrii iHcyminy [15]. ¥ cBolo yepry, mo-
crimkeHHss M. Kochmar et al. netaabHO mpoaHasi3zyBaio
TiCTOJIOTIUHI 3MiHM B INiAIIIYHKOBIN 3am03i mpu HFD-
iHAYKOBaHOMY OXMpiHHi. Ha paHHiX cTamisx maroJorii y
LIYPiB i3 MOMipHUM OXMPiHHAM OyJ10 3a(ikKCcOBaHO rirep-
IUIA3i10 OCTPIBIIB, sIKa 3rOA0M IIepeXoamia y TUCOYHKIIIIO
Ta anonTto3 B-kjaituH. KpiM Toro, mioia ocTpiBiiB mo-
CTYMOBO 3MEHIITyBajacsl B Mipy ITpOTrpecyBaHHsI OXKUPiHHS
Ta PO3BUTKY AiabeTy. YIbTpacTpyKTypHUI aHasi3 TKAaHUH
MiIILTYHKOBOI 3aJI031 BUSIBUB BaKyOJIi3allilo [3-KJIiTUH, 110
CBIIYUTH PO TOPYLICHHS MeTabOJiUHUX TIPOLECiB i 3HU-
JKEHHS 1X ceKpeTopHOi pyHKIIii [16].

TMoBinomnsierbes, 110 B ymoBax STZ-inaykoBaHoro LIJI
y 1IypiB BinOyBaeThcss MopdodyHKIIiOHAIbHA ITepedynoBa
MapeHXiMM OCTPIBIIB IMiONIITYHKOBOI 3ao3u. Lleit mpoiec
XapaKTepU3y€eTbCs 3MiHAMU YIbTPACTPYKTYPHU [-KIiTUH,
IJIST SIKUX BJIACTUBI TpaHcgopMallii siapa: 3MEeHIIEHHS M10T0
pPO3MipiB, TTOSIBA PO3MUTHUX KOHTYPiB, 3HUKHEHHSI TTepU-
HYKJIEApPHOTO MPOCTOPY, a TAKOX HAKOMUYEHHS BEJIMKOT
KiJIBKOCTiI KOHIEHCOBAHOTO XpPOMAaTHHY. Y cepenoBUILLi XpO-
MaTUHY BUSIBJIEHO 3HAYHY KiJIbKiCTh NpiOHMX Be3uKyJ. [1o-
Ka3aHo, 110 KiIbKiCTh KOHJIEHCOBAHOTO XPOMATUHY TIPSIMO
KOPEJTIOE 3 KiJIBKICTIO CEKPETOPHUX I'PaHyJ y LIUTOILIa3Mi: 3i
30UTBIIIEHHSIM KiJIbKOCTI TPaHyJI CIIOCTEPIra€ThCsI 3pOCTaH-
HsT 00CSTY YUIIIbHEHOTO XpOMAaTUHY Ta BiANIOBiTHE 3MEH-
1IeHHs po3MipiB sapa. STZ-inaykoBanuii L1 npu3BoauTh
IO HEOOOPOTHMX 3MiH Y CTPYKTYPi OCTPIBIIiB ITiAIIUTYHKOBOL
341031, 1110 MPOSIBJISIETHCS 3MEHILIEHHSIM KJIITUHHOTO CKJIa-
ny octpiBliB Ha 21 %. OCHOBHUM (haKTOPOM ITi€l 3MiHU €
3HUKEHHS KiTbKOCTi B-KJTiTUH, BiAMOBiAAJIbHUX 32 CUHTE3
iHcyiHy. OmHOYacHO 3 MM 3a¢iKCOBaHO Ipolec (PyHKITi-
OHaJILHOI aganTallii BXe iCHYIOUMX KJIiTUMH, sSIKi 3a3HaIOTh
CTPYKTYpHUX Moau@iKaliil, CpsIMOBaHUX Ha ITiABUIIIEHHS
X ceKpeTOpHOI aKTUBHOCTI [17].

3rinHo 3 pe3yabTaTaMu JOCIIIKEeHb, Y 1ypiB i3 STZ-
iHIlyKOBaHUM J1ia0ETOM CITIOCTEPIiraaocsi 3HaUHe 3HKEHHS
MacH Tijla, MacH MiIILTYHKOBOI 3aJT03U Ta PiBHS iHCYJIiHY B
KpoBi. 'icronoriunuit aHami3 BUSBUB 3HAYHi MATOJOTiUHi
3MiHU, BKJIIOUHO 3 JereHepalli€lo it aTpodieto oCTpiBILiB,
3MEHIIEHHSIM KiJIbKOCTi B-KJIiTUH, BaKyoJli3ali€lo 1IUTO-
TUIa3MM Ta MOPYIIEHHSIM CTPYKTYPU allMHApHOI TKAHUHU
[18]. MMoxibHi pe3ynbTaTy OyIM OTpUMAaHI B iHIIIOMY J10-
CIIiIKEeHHI, Y IKOMY MPOJEMOHCTPOBAHO PyHHYBaHHS Ta
3MEHIIEeHHS po3MipiB ocTpiBLiB JlaHrepraHca, 110 CBiI-
YUTb TIPO 3HAYHY BTpaTy -kiaituH [19]. BBaxkaerbcs, 1o
OCHOBHUMH MeXaHi3MaMM MOIIKOIXEHHS B-KJIITUH TIpU
STZ-innykoBaHOMYy 1ia0eTi € MiTOXOHApiaJibHAa TUCHYHK-
mist ta OC [20]. OC Bimirpa€ KJIF090BY pPOJIb Y ITOLJIMOJICHHI

ITOIIKOIKEHb OCTPIBIIIB MiAIIUIYHKOBOI 3aj1031. OcoOIMBY
BpPAa3JIUMBICTb B-KJIITUH IMOSCHIOIOTH CJIa0KOI0 aKTUBHICTIO
iXHIX aHTUOKCUIAHTHUX crucTeM. HakonuueHHs: peakTuB-
Hux ¢opm kucHo (PDOK) vepes BrmuB STZ cripudunHsie
AKTUBALlil0 IEPEKUCHOTO OKUCHEHHS JIiMi/IiB, YIIKOKEHHS
6inkoBux cTpyKTyp i hparmenrtauito JAHK. Lli mpouecu
3HAYHOIO MipO10 0O0YMOBJIIOIOTH PO3BUTOK IiCTOINATOJIOrU-
HUX 3MiH, SIK-OT BaKyOJIi3allisI Ta MOPYIIECHHS apXiTeKTOHi-
kv TKaHuH [18]. Okpim OC, XpoHiuHe 3amajieHHs] HU3bKOT
intencuBHocTi (X3HI) € omHuM i3 Ki1ro9oBUX (haKTOPiB, 110
cnpusioTh nucdyHKil B-kiituH [20]. BctaHoBieHo, 1110
Mpo3anajbHi HIUTOKiHU, SIK-0T iHTepiaeikin (IJ1) 13, ¢ak-
TOp HEKpO3y MyxJInHU o i IJI-6, HeraTMBHO BIUIMBAIOTh HA
CEeKpeLlilo iHCYJIiHY Ta CIIPUSTIOTh anonTo3y B-kiituH. X3HI
Jleialti yacTille po3riisiiaeThes SIK LIEHTPATbHUH eJIEMEHT Y
po3BUTKY niabdety [21]. TakuM YMHOM, AeTeHepaTUBHI 3Mi-
HM, 110 CITOCTEPIraloThCsl B TKAHWHAX MiIIUTYHKOBOI 32J1031
mypiB i3 STZ-iHaykoBaHUM AiabeToM, HalliMOBIipHillle, €
pe3yabratoM noeaHaHoro BBy OC i X3HI [18].

HFD € 3010T1IM cTaHaapTOM 17151 MOJIEJIFOBAaHHSI OXXU-
pinHs, [P, LIJ1 2-ro Tuny Ta MC B 1abopaTOpHUX TBapuH
[22]. Impykuia LI 2-ro tuny 3a gormomoroio HFD y mo-
€HaHHI 3 HU3bKOO 103010 STZ cripsMoBaHa Ha IIBUIKE
CTBOPEHHS MOJEJI IIypiB i3 MeTa0OIiYHUMU TTOPYIIIEH -
HsMU, xapakTepHumu ajst L1 2-ro tuny. HFD npoBokye
IP yepe3 po3BUTOK HaAMipHOI Baru Ta OXUPIHHS, TOMIi SIK
Hu3bKa no3a STZ BUOipKOBO ITOLIKOIXKYE YaCTUHY [3-KJIi-
TUH IAIIYHKOBOI 3aJ103U. Y pe3yjbTaTi pO3BUBAETHCS
niabet BHacHimok moeaHaHHs [P ta 3HDKeHHS ceKpelrii iH-
cyniny [5]. Cepen ekcriepMeHTaIbHUX MOJEJICi, OITMCAaHNX
y HayKOBii1 JTiTepaTypi, came 1151 KOMOiHaIlisl BBaKa€ThCS O~
Hi€l0 3 HalOLIbII HaOIMXeHUX a0 rarodizionorii LI/ 2-ro
tmy. 3rinHo 3 gociimkeHHsM, nposeaeHuM P.-C. Chao
et al., Ipu TTOPIBHSIHHI YOTUPHOX Pi3HUX MoOIeIei iHAyKIIil
MOJIeJIb i3 BUKOPUCTAHHSAM (PPYKTO3U MTPOJEMOHCTpYBaia
Buii 3HaueHHs iHaekcy HOMA-IR (Homeostatic Model
Assessment for Insulin Resistance) Ta niaBuileHuii piBeHb
iHCYJIiHY B IUIa3Mi, OAHAK iCTOTHUX 3MiH Yy PiBHi IJTIOKO3U
KpoOBi BinzHaueHo He 0yno. Hatomicts monens HFD + STZ
3a0e3nevyBajia HalBUII MTOKAa3HUKU IJIIOKO3U B KPOBi, 1py-
ruii 3a BemuuHoto ingekc HOMA-IR, 1P 3a pesynpraTamu
rinepiHCyJIiIHEMIYHO-EBIIIKEMIYHOTO KJIEMITY, @ TAKOX CYyT-
TEBE 3HUXXEHHS eKCIPECii INIIOKO3HOTO TpaHCIIOpTepa TUITY
4 (facilitated glucose transporter member 4, GLUT4) [23]. 3
iHII0TrO OOKY, Pi3Hi aBTOPU OMMCYBaJU Pi3HOMAHITHI CITIO-
cobm inmykuii LI 2-ro Tumy 3a goromoroto moaeni HFD
+ STZ, o BigpisHsuiucs go3amu STZ, TepMiHAMU iHIYKIIii
Ta CKJIaJoM pamniony [24, 25]. Lli BimMiHHOCTi 3yMOBJIIOIOTh
MAaTOJIOTiYHi MPOSIBU, SIKi MOXKYTh BapilOBaTUCS Bill JIETKUX,
3 MOPYIIEHHSIM ToJiepaHTHOCTI 10 rmoko3u (ITTT), mo Tsk-
KUX, 3 BUPAXXEHOIO TITIKEMIYHOIO IeKOMITIeH alliero [26].

OXXUPIiHHS, NperecTauinHnin
i rectauinHnn LyKposum Aiaer

B3aeMo03B’130K MixX miabeToOM Ta BariTHICTIO B OCHOB-
HOMY KJacu(dikyeTbcsl Ha nBi Kateropii. Ilepma — e
TTLJ, ssxuit o3Hayae giadeT, JiarHOCTOBaHMIA 10 3a4aTTs,
i BKtouae nepeBaxkHo LI 1-ro ta 2-ro tuny. dpyra —
I'JI, axuii BU3HAYAETHCS SIK MOPYIIEHHS MeTabo1i3My
[JIIOKO3M, 1110 BIEpIlie BUHUKAIOTh a00 BUSIBISIOTHCS TTijL
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yac BaritHocTi. I1pu IIT'LJ] 3HauHa rimepriikeMis ta
MOB’sI3aHi 3 He0 MeTabOJIiYHI MOPYILIEHHS 3a3BUYail iCHY-
I0Tb paHille, 1110 YaCTO MPU3BOAUTD 10 JEKOMIIEHCOBAHOTO
PEeryJSITOPHOTO CTaHy B KJIIOYOBUX META0OJIIUYHUX OpraHax.
Hasnaku, I'llJl 3a3Buyaii po3BUBAETHCS Y APYromMy adbo
TpeTbOMY TpUMecTpi [8].

3rigHo 3 11-M BugaHHSIM «ATiacy niabety» MixHapos-
Hoi (enepamii miabety (11th edition of the International
Diabetes Federation Diabetes Atlas), rimo6aipHa yacToTa
rimepriikemii y BariTHUX CTaHOBUTL mpubansHo 19,7 %,
IIIO CTOCYEThCS OJIM3bKO 23 MJIH HOBOHapomkeHux. Ce-
pen nux 79,2 % mos’sa3ani 3 I'LIJI, 110 BKa3ye Ha Te, 11O
I'UJl mae mupimii BB Ha Hawmaakis [27]. HanmipHe
30iJbIIIEHHST BarM Ha paHHiX eTamnax BariTHOCTI € 3Ha4y-
muM dakropoM pusuky po3Butky ['LIJI. BecTepnizalris
XapuyoBOTO pallioHy, SKa XapaKTePU3yEThCS HAITUIIKOM
KaJIOPiHOCTI, Ae(illuTOM XapuOBUX BOJOKOH Ta He30a-
JIJAaHCOBAaHUM CIIiBBiTHOIIIEHHSIM MaKpOEJIEeMEHTIB, € OJl-
HUM i3 KJTII04OBUX (PAaKTOpPiB, 11O CTUMYJIIOIOTH PO3BUTOK
1poro crany. Lle He suie BIUIMBA€ Ha CTaH 30POB’sl Ma-
Tepi, ajle 1 3yMOBJIIOE TpUBaJIi MeTabOIiYHI HACTIAKY IS
OUTUHU Yepe3 (peHOMeH «MeTaboiuHol mam’aTi» [28, 29].
EnigemiosioriyHi Ta KJiHIYHI OCTiIKEHHS 3aCBiIUyIOTh,
1110 AiTH, HapomkeHi Bix MaTepiB i3 'L, MaloTh 3HaYHO
BUILUI pU3UK oxupiHHs, [P Ta po3sutky LI/ 2-ro Tuny y
3pinomy Biui [30]. ¥ xiHok i3 'Ll 3 npyroro Tpumectpy
MoCTyNoBO (OPMYETHCS crieliudiuyHe cepeqoBuIle, STKe
XapaKTepU3YEThC TilepriikeMi€lo, TinepiniaeMieo Ta
X3HI. Lli mopymieHHS MOTANOIIOIOTHCS 3i 301IbIIIEHHIM
TepMiHy BariTHOCTi [31]. Came y TakuX yMOBax rinepme-
TabOJIIYHOTO CTpeCy BimOyBa€eThCS OCTaTOUHE (DOPMYBaHHS
TKaHWH i OPraHiB IUTUHU, a TAKOX YaCTKOBE (DYHKIIiO-
HaJlbHE A03piBaHHs [32].

Enimemionoriudi maHi cBiguath, 1mo npubiausHo 43 %
BariTHUX XiHOK CTUKAIOThCS 3 HaAMipHUM HabOpOM Baru
npotsaromM BaritHocTi. [Ipu ubomy cepen xiHok i3 T'LLJI
yacTKa TMX, XTO MaB HaJIMIIKOBY Bary abo OXUpPiHHS 10
HacTaHHs BariTHOCTI, gocarae 67 % [33, 34]. lietu 3 BuU-
COKHMM BMIiCTOM XUPiB, OCOOJIMBO TUITOBA 3aXiHa JieTa
(31), nns skoi XxapakTepHUI BUCOKUIT BMICT HACUYEHUX
KUPIB 1 XOJIECTEPUHY, € OOHUM i3 KJIIOYOBUX (PAaKTOPiB,
110 CIIPUSIOTh PO3BUTKY OXUPiHHS Y MaTepiB. Tpusaie
CIOXMBAHHS Xi, 6araToi Ha XXUpHU, IMPU3BOIUTD 10 €HEPIe-
TUYHOTO ArcOaIaHCy, 1110 MPOBOKYE 30iIbIIIEHHS KUPOBOT
TKAHUHU, MiABUILEHHS PiBHS BUIbHUX XKUPHUX KUCJIOT y
kpoBi Ta po3ButoK X3HI [35]. Lli meTtabGosiuHi mopyIeH-
HsI HOTipIIYIOTh iHCYJIiHOBUM CUTHAJIIHT i CIPUSIOTH MOSIBi
IP ta KomrieHcaTtopHOIi rinepiHcymiHemii [36]. ITIpoTsirom
BariTHOCTI TaKMi1 MeTaOOMIYHMI arcOalaHC MOXKe TIPSIMO
BIUIMBATU Ha IUIiA yepe3 PyHKIIiIo IUIalleHTapHoro oap’e-
pa, opmye BHyTpiliHbOyTpoOHE cepenoBuie 'L/, sike
XapaKTepu3yEThC TilepriikeMielo, rinepimnineMieio ta
301JIbILIEHHSIM PiBHS 3anajbHUX MapkepiB [37].

TMopymenns Metabounizmy raikonininiB (Glycolipid
metabolic disorders, GLMD) — pi3HoMaHiTHI MeTaboIiuHi
po3niaau, sSIKi BAHUKATh BHACIIOK MTOPYIIEHHS PeryJisi-
1ii piBHIB MIiKOiMiAiB, 1110, Y CBOIO Yepry, MPU3BOIUTH
11O TIABUILICHHS PU3UKY OXUPIHHS, 1iabeTy, mopylIeH-
Hs (YHKIiI Me4iHKM, HEPBOBO-M SI30BUX YCKJIaAHEHb Ta
KapmiopeHaJlbHUX 3aXBOpIoBaHb. Y mauieHTiB i3 GLMD

HaaMipHe CIIOXMWBAaHHS KaJopiil Ta HemocTaTHS (pi3udaHa
aKTUBHICTb MOXYTb cripusitTi po3BuTky OC Ta X3HI [38].
GLMD 3yMoBieH pi3HUMU METa0OIiYHUMHU MOPYILIEH-
HSIMU, IO CIIPUYUHSIIOTH TUCHYHKILiI0O CUHTE3y, PO3IIe-
IUIEHHS i1 BCMOKTYBaHHS TJIIOKO3M Ta JIiMiAiB B OpraHi3mi,
110 TTPU3BOIUTD 1O HAIMipHOTO €KTOTMIYHOTO HAKOTH-
YeHHs LIMX MoJjieKya. Lle roloBHUM YMHOM MOB’SI3aHO 3
HelipoeHIoKpuHHOIO0 nucperyianiero, IP, OC ta mera-
3anajieHHsIM (MeTabosivHuM 3anaieHHsM, X3HI) [39,
40]. IIpu GLMD 6araro MapkepiB 3amajeHHs Ta KJIiTUH
iMYHHOI CHCTEeMU BillirpaloTh BaXJIMBY POJIb Y TKAHMHAX i
opraHax, sIK-OT KPOBOHOCHI CyIMHM, OCTPIiBLI MiAILIyH-
KOBOI 3aJI03U, MeYiHKa, M’ 13U, HUPKU Ta aJUIIOLUUTH, i
CIIPUSIIOTH 3aMalbHUM YpaxKeHHsIM, 1110 BIJIMBAIOTh Ha Pi3-
Hi B3a€EMOIIOB’sI3aHi OpraHy Yyepe3 IXHi CUTHAJIbHI IUISIXHA
[41, 42]. KinueBi nponykTtu riaikyBaHHs1, AT®-3B’13yt0unii
kacetHuit TpancnopTep 1 (ATP-binding cassette transport-
ers, ABC), rimokaronomnonioHumii nerntua- 1, toll-rmoxioHmi
peuenTop-4 Ta ciHro3uH-1-docdar BigirpaloTb BUpi-
mwanbHy pojib y GLMD, ockinbky BOHU ITOB’SI3aHi 3 MeTa-
6osizMoM miikosiniaiB. HaciainkaMu 1iboro € ypaxxeHHs
CHCTEMHHUX OpraHiB Ta MiABUIIEHHS 3aXBOPIOBAHOCTI i1
CMepTHOCTI [43, 44].

Binbmiicts oci6 i3 'L/ nepedyBaioTh Ha MepeaniadeTuI-
Hilt1 a00 paHHill niaGeTUYHIN CTamii, KOJU OpraHi3M 3aju-
IAETHCSI B AKTUBHOMY KOMIIEHCATOPHOMY CTaHi, ajie 4acTo
ooTsexkenuit 3HayHUM GLMD ta X3HI [45]. nikomnininy €
MOJIEKYJIaMU, 11O BiirpaloTh BUPILLIAJIbHY POJIb y 3a0e31e-
YeHHi CTaOUIHLHOCTI Ta pO3Mi3HaBaHHS KIITUHHUX MEMOpaH.
OpHak TepMiH «TOKCUYHICTD TJIiKOJiMiAiB» (MeTaboiyHa
TOKCUYHICTh, IJTiKOJIIiIHUI CTpec) y LIUPOKOMY PO3y-
MiHHi O3Ha4a€ MopyieHHs QYyHKLii KJIITHH, CIIPUYUHEH]
CUCTEeMHUM HAaKOMUYEHHSIM IIKiIJIMBUX MeTa0O0IiTiB (Liepa-
MiIiB, TAHTJIIO3MIIiB TOIIO) ITill Yac MEeTa0OIIYHIX PO3JIAdiB,
a6o X3HI Ta OC, 110 BUKJIMKaHi HaJUTUIIIKOM TJTIOKO3U Ta
MMOOIYHMX TTPOAYKTIB JIITIAHOTO 0OMiHY [46].

Teopis NOXOAXKEHHS 3AOPOB’S TO XBOPOO
y npoueci po3BuUTKy

BecrtepHizallisg xapuoBUX 3BUYOK Ta MaJIOPYXJIUBUMN
croci6b XxuTTs, gKi € pakropamu pusuky LIl 2-ro tuy,
MPU3BOASTH 10 HAIMipHOTO HAKOMUWYEHHS €HepTii B opra-
Hi3Mi [47]. OgHak, oKpiM 1mux HaOyTuUX (pakTopiB, Aemati
Oinble 10Ka3iB CBIMYUTH MPO Te, 1110 MEPIIONPUINHU Me-
TabOJIIYHMX 3aXBOPIOBAHb MOXKHA MPOCTEXXKUTU, TPUUOMY
BUpilIaJbHUM (haKTOPOM € CTaH XapuyyBaHHS MaTepi mifg
yac BaritHocTi [48]. Teopis DOHaD Bka3sye Ha Te, 1110 He-
CIIPUSITIINBE BHYTPILIHLOYTPOOHE MiKPOCEPEIOBUIIIE MOXKE
CIPUYUHUTH «TIEpEnporpaMyBaHHsI» PO3BUTKY OpraHiB
IUI0Ma, i 1l BIUIMB Ma€ e(eKT mam’sTi, 110 € OOHIEI0 3
OCHOBHUX IMPUYUH BUCOKOI YaCTOTH METAOOTIYHUX 3aXBO-
pIOBaHb y HAIIAKiB y JOpOCIoMY Billi [46].

Eninemionoriuni KJ1iHiYHI, a TAKOX eKCIIepUMEHTaTbHI
TOCJIIIDKEHHS, TPOBE/ICHI Ha TBapUHAaX, JEMOHCTPYIOTh,
110 HECHPUSITIUBI YMOBH IIill YaC BHYTPIITHHOYTPOOHOTO
PO3BUTKY ab0 Ha paHHIX eTarnax HeOHaTaJIbHOTO Tepioay
MOXKYTb CYTTEBO BIUIMHYTH Ha PIiCT OpraHi3my, a TaKOX ITif-
BMIIYIOTh IMOBIpHICTh BUHUKHEHHSI TTPOOJIeM 3i 3JI0pOB’SIM
yrpoaoBx Xutts [49, 50]. HecnipusgTiusi BHYTpilIHbO-
yTpOOHi yMOBH 3IaTHI MOPYIITyBaTH (DOPMYBaHHS OPTaHiB i
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TKaHWH, BIUIMBATU HaBiTh HA KiJIbKa HACTYTHUX MTOKOJIiHb.
Lle y3araJibHIOETbCSI B CyYacHiii OioMeaqnYHiil KOHUEeMILil
DOHaD |[51, 52].

OCHOBHI 3aca/M 11i€i KOHLEIMIIil MOXXHA OKPECIUTH Ta-
KUM YAHOM:

— BHYTPIIIIHbOYTPOOHE TIporpaMyBaHHSI: nediuuT mo-
>KMBHUX PEYOBUH a00 BIJIMB TOKCUYHUX (PAKTOPiB y Kpr-
TUYHI MepioAn PO3BUTKY 3MYIIIYIOTh TUIiJ] aAarTyBaTUCS 10
YMOB IOBKULIS. Y pe3ybTaTi BilOyBalOThCsI CTPYKTYPHI Ta
MeTaboJIiuHi 3MiHM OpraHiB;

— edexT HeBinnmoBinHocTi (Mismatch): sIKIIo Ui TTi-
JIAILITyBaBCs 0 YMOB HeCTaui pecypciB (HalpuKJIai, po3BU-
TOK «€EKOHOMHOTO MeTabo0J1i3My»), aje Ticiasl HapOKeHHS
MOTpAaIuIsi€E Y CEpeIOBULIE 3 HAAMIPDHUM XapuyBaHHSM, 1€
MOXe CIPUYMHUTHU PO3BUTOK OXMpPiHHA un LIJ1;

— eMireHeTMYHi MexaHi3Mu: (haKTOpU JOBKIJLJIS, SIK-OT
Xap4yyBaHHS Y CTPECOBi cuTyallii, 31aTHi MoaudiKyBaTu
aKTHBHICTb TeHiB 0e3 3MiH y cTpykTypi JJHK. Binbii toro,
11i 3MiHM 3[aTHi IepeaaBaTCsl HACTYITHUM MTOKOJIiHHSIM.

OTxe, BiIITOBIZHO O TOJOKeHB rirmote3n DOHaD,
BIUIMB HECTIPUSITIMBUX YMOB, SIK-OT HEIOITaHHS, HEKOHT-
pPOJILOBaHUI HiabeT abo TilepToHisI, MOXKe 3aITyCKaTH agalli-
TUBHI MPOLIECU B OpraHi3mi. Xoya IIi IpOLeCH CIPUSIOThH
KOPOTKOCTPOKOBIi# BUXKMBAHOCTI, 3aJI€KHO Bill MOJATBIINX
YMOB cepeI0BH1IlIa BOHU MOXYTb MiIBUIILYBaTU PU3UK PO3-
BUTKY XPOHIYHMX HEiH(EKIIHHNIX 3aXBOPIOBaHb y 10POC-
JIoMy Bii [53].

Teopist peTAAbHOro NPOrPAMYBCHHS, OXXUPIHHS,
nperecTauinHum i recTauinHMm LLYKpoBUmM aAiaGet
OnHuM i3 HalOIIbII MOKA30BUX MPUKIAAiB (peTaab-
HOTO MpOorpamMyBaHHSI, TEOPil, sIka CTBEPIKYE, 1110 YMOBU
BHYTPIIIHBOYTPOOHOTO PO3BUTKY (30KpeMa, OCOOJIMBOCTI
XapayBaHHS, piBEHb CTPECY Ta CIIOCiO XXUTTS MaTepi) hop-
MYIOTh OCHOBY JIJIsSl MalilOyTHHOTO 370POB’sl a00 MiaBUILIE-
HOTO PU3UKY PO3BUTKY XPOHIUHUX 3aXBOPIOBAHb IMPOTSTOM
YCBOTO XXUTTSI TUTUHU, € 3aTPUMKA BHYTPILIHLOYTPOOHOTO
po3Butky (3BYP) mona [54]. PesyapTaTu emigeMiooriu-
HUX JOCJIKEHb CBiUaTh MPO YMCICHHI HeraTUBHI HaCIi/I-
KM HM3bKOI Macu Tijla pu HapomxkeHHi, cepen sskux LIJ{
2-TO TUITY, TillepJIiImiaeMis, OXKUPIiHHS, a TAKOX 3POCTaHHS
PU3UKY PO3BUTKY CEPLIEBO-CYAMHHUX 3aXBOPIOBaHb Yy J10-
pociomy Bili [55, 56]. locnimKeHHS TToOKa3au, 10 CAMKHI
1mypiB (6aTbKiBcbKe MOKOJiHHS, F,) i3 TsSXKUM nepedirom
STZ-inaykoBaHOTO NiabeTy 1eMOHCTPYIOTh BUCOKY YacT-
Ky 11ypiB nepmioro noxkoiiHHA (F)), sika kinacudikyerbest
gk 3BYP minona. Lle cBigunth mpo Te, 1110 UIOAU 3a3HaIu
3BYP, cnpuunneHoi rinepriikemieto F; [12, 57]. 3Baxaro-
YM Ha Te, 10 y Jopociaux 1ypiB 3i 3BYP Oyim Bin3HaueHi
MOPYIIEHHS TOJIEPAHTHOCTI IO TII0OKO3U Ta iIHCYJIiHY SIK 10
BariTHOCTI, TaK i HaMpUKIiHIIi recTauiiiHoro nepiony [12],
OyJ1I0 BUCYHYTO MPUITYIIEHHS, 1110 (DyHKIIiIOHAJIbHA aKTUB-
HicTh ocTpiBLiB JlaHTepraHca 3MiHIOETLCS 1Ie IO MOYATKY
BariTHocTi. Lle, y cBOIO 4epry, Moxe HeraTUBHO BILJIMBATU
Ha ¢izionoriuHuit mepeodir rectatii [58, 59].
HekoHTposiboBaHa rinepriikeMis y MaTepi MOXe MaTh
HeraTMuBHUU BIUIMB HAa PO3BUTOK TJI0JA, CIIPUUUHSITU
3aTPUMKY POCTY Ta IiIBUIILYBAaTU PU3UK PO3BUTKY MeTa-
0oJIiYHMX 3aXBOPIOBaHb y JopocioMy Biui [60, 61]. Me-
ToM0 mocimkeHHs, mpoBeaeHoro F.Q. Gallego et al., Oymo

OLIIHMTHU (DYHKIIOHAJIbHI XapaKTepUCTUKH OCTPiBIIEBOTO
amnapary MiIlUIyHKOBOI 321031 y ToToMcTBa F, XiHouyoi
crati, HapoaxeHoro 3i 3BYP Bin F, uiypis siHii Sprague
Dawley 3 STZ-ingykoBaHuM niabetom. BusiBieHo, 1o
JNIEKOMITEHCOBaHUI niabeT y MaTepi BUKJIMKAB 3aTPUMKY
pocty 1iona ta acouitroBascs 3 [1TI, rinepiHcyniHeMi€ew i
nocuneHum OC y F, camok B 1opocyiomy Billi. Xo4ya yacTka
IHCY/TiHOIIO3UTUBHUX KJIITUH iCTOTHO HE 3MiHMJIACS, 3011b-
IIEHHS KiJTbKOCTi COMaTOCTaTUH-IMyHOPEAKTUBHUX KITITUH
MOK€ BKa3yBaTU Ha MOXKJIMBI 3MiHM B yCiX eHIOKPUHHUX
KJiTMHaX ocTpiBLiB JlaHrepraHca, 3a BUHATKOM iHCYJTiHO-
MPOAYKYyIOUMX B-KIiTUH (He-B-KaiTuH, non-f-cells). Ha
IlyMKY aBTOPiB, 1I¢ BIIJIMBAE HA MOPYILIEHHS iHCYJIiIHOBOTO
CUTHAJILHOTO LUISIXY Ta MPOLIEC CeKpellil FOPMOHY, 110, Y
CBOIO Uepry, CIIPUsE PO3BUTKY TIIKEMIiUYHOI TUCPYHKIIIT
[59]. Onne 3 mociimkeHb OyJI0 30cepelKeHe Ha BUBYEHHI
MeXaHi3MiB ypaxKeHHs eHIOKPUHHOI YaCTUHM MiAIILTyHKO-
BOI 3aJ103U yepe3 aHali3 il MopdoJioriyHMX 3MiH i PyHKITi-
OHAJILHOTO cTaHy, cripuurHeHuX BruiuBoM HFD y BaritHux
caMU1Ib HelliHifHOT momyssuii mypis JiHii WAG/G Sto ta
iXHbOTO MOTOMCTBA. Pe3ynbTaTh mOoCIiIxKeHHs CBiI4YaTh,
o y 100 % BumnankiB Bin3Havyaavcss HOBOYTBOPEHHSI Mpi0-
HUX OocTpiBUiB JlaHrepraHca, 30UIbIIIEHHS X TUIOIII Yepe3
3POCTaHHS KiTbKOCTI B-KJIITUH Ta Q-KJIiTUH. 3aiKCOBaHO
BUCOKY (DYHKIIIOHAJIbHY aKTUBHICTb EHTOKPUHOILIUTIB, 110
MPOSIBJISITIOCH MiABUILEHUM pPiBHEM iHCYJIiHY MTOPIBHSIHO 3
KoHTposieM. OIHOYaCHO BUSABICHI AUCTPOdIiUHi Ta CKIe-
POTUYHI MPOIIECU B €HIOKPUHOILIUTAX, 1110 MOXE CBITUYUTH
po iXxHe pyHKILioHaTbHE BUCHAXeHHS. Y 100 % mypeHsT
BiKOM 1—2 Mic. Big3Ha4yaa0csI 3MEeHILIEHHS TUTOIII OCTPiBIIiB
JlanrepraHca, a TakoX KiJIbKOCTi o- i B-xiituH. Ha BimMi-
Hy BiI fjopociux camullb y noromctBa F, crioctepiranucs
IUCTPOdiuHI 3MiHU siAep [B- Ta O-KJIITUH, SIKi TIPOSIBJISLIUCS
KapioIliKHO30M, KapiopeKCHCOM, Kapioldi3McoM Ta TiIep-
xpomarosoM szep (y 100 % sumnaznkiB). Takum YMHOM, SIK Y
caMMllb, TaK i y noroMmctBa F, mopyuieHnnst Mmopdouiorii Ta
(YHKIIII MiIIUTYHKOBOI 321031 XapaKTepU3YIOThCS IIPOIie-
caMu KOMIIEHCATOpHOI rinepruiasii Ta rineprpodii, siki Bom-
HOYac CYIPOBOIKYIOTHCS TTPOTPECYBAHHSIM TUCTPOGDITHUX
Ta CKJIEPOTUYHMX 3MiH [62].

OcrtpiBui JlaHrepraHca, SIK KJII040Ba JIJAHKA €HIOKPUH-
HOI CMCTEMHU, BilirpaloTh BUPIlaJbHY POJb Y PEryJIsiiii
rOMeOCTa3y IVIIOKO3U Ta € OCOOJIMBO YYTJIMBUMU 0 OCO-
OGJIMBOCTEI BHYTPITHLOYTPOOHOTO €HEPTeTUYHOTO MeTa-
0oJiyHOro Mikpocepenosuia. Ilepioa Bim mi3HiX cTamii
eMOpioreHe3y 10 HEOHATaJIbHOTO eTaly CTAHOBUTb KpU-
TUYHE «BiKHO» JUISl PO3BUTKY, AMdepeHialii Ta dyHKIlio-
HaJIbHOT'O TO3piBaHHS KJIITUH OCTpiBLiB [63]. [TopyleHHs
BHYTPIIITHbOYTPOOHOTO OajlaHCy MOXUBHUX PEYOBUH Y LIei
KJTIOYOBUI TIepion MOXe COPUUYMHUTH 3MiHU Yy Ipoliecax
PO3BUTKY OCTPIBILiB, 1110, Y CBOIO YepPTY, 3yMOBJIIOE CTPYK-
TypHi Ta pyHKIiOHA/IBHI aHOMaTii. Taki BimXuJIeHHs iCTOT-
HO TIBUILYIOTh PU3UK PO3BUTKY MOPYIIEHb MeTa0O0Ii3My
IJIIOKO3U B 1opocioMmy Billi. [IpogeMoHcTpoBaHoO, 1110 Y Mi-
KpocepeIoBUILi MaTepUHCHKOI TilmepriikeMii ado 3a yMOB
HaJIMipHOTO HaJIXOJKEHHS MOXUBHUX PEYOBUH PO3BUTOK
OCTPiBLIiB Yy TOTOMCTBA MUIIIeH iHTeHCU(]IKYETHCS Ha ITi3HiX
ertarnax eMOpioreHesy [64, 65]. binbliie TOro, T0CTiIKEHHS
Ha Moaenssx HFD-innykoBanoro IIT'LJl BusiBuiIu Bupa-
JKEeHY TeTepOTreHHICTh KJIITUH — 30Kpema, allMHapHUX Ta
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B-xiIiTvH y 110miB. 3HMKEHA CeKpelLlist iHCYIIiHY PH 1bO-
MY CYIIPOBOIXYETHCSI KOMIIEHCATOPHOIO TiMepeKCIpeciero
KJIIOYOBMX TPAHCKPUMLIIMHUX (paKTOpiB, sIK-0T Pancre-
atic and duodenal homeobox 1 (Pdx1), mo cBiguuTh nNpo
aJanTUBHY NepeOynoBy KIITUH Y BiAINOBiAb HA XapyOBUM
i MeTabomiunuii ctpec [66]. ITpu TTTTIJ] BctaHOBIEHO BU-
COKMI pU3UK BUHUKHEHHST HECTIPUSATIMBUX HACTIAKIB TSI
Matepi Ta Tioga. Cepell HUX BUOKPEMITIOIOTh BPOIKEHI
BaJv PO3BUTKY, BUKMIIHI, TTepeaYacHi MOJOTH, MpeeKaaM-
T1Cif0, MAaKpOCOMIIO Ta TIepUHATAIbHY cMepTHICTH [67]. Ti-
MeprilikeMisi CIIPUYMHSIE TiABUIIIEHE BHYTPILIHBOKTITUHHE
CIMOXMBAaHHS KUCHIO MiTOXOHAPiSIMU, 1110 TIPU3BOAUTH 10
3HIKEHHSI 10TO THCKY Y TKAHMHAX i CTBOPIOE CTaH TiMOKCil
[68]. B ymOBax Tirmokcii BigOyBaeThCcsl MOCUIEHUI CUHTE3
EI1O y neyiHiii, 110 Moxe T0OaTKOBO CTUMYJIIOBATHCS BU-
cokuMu piBHAMH PDK [69].

IIponemoHcTpoBaHO, 110 Yy 1IypiB Ha 18-i1 neHb BariT-
HOCTI CIToCTepirajaoch 3HaYHe 30iIbIIIEHHST 00’ €EMY Ta Macu
OCTpIBLIiB, a TAKOX IIBUIKE MOBEPHEHHS 10 MOKA3HMKIB,
110 TIepeayBaJIi BariTHOCTI, Y HiC/ISATIONIOroBUii Iepion [19].
VY nminnutyHKoBi# 3a5103i 1uioza 1ypa ocTpiBLENOLiOHi yTBO-
PEHHSI, IO CKJIAIAIOThCS TTEPEeBaXKHO 3 IHCYTIHOTEHHMX KJTi-
TUH, NPUCYTHI BXe 3 18-ro mHs BaritHocTi [9]. [lo 20-Tro
TTHSI eHIOKPUHHI KIIITUHN HaKOTIMYYIOThCS Y CKYITYSHHSIX,
SIKi OpraHi30BYIOThCS y CIIPaBXHi «OCTPiBLi-TIOKPUBU» 3
SAPOM KIIITUH, 110 BUPOOISOTh iHCYIiH [9]. TToBimomisi-
€ThCH, 110 Ha 21-ii IeHb BariTHOCTI Y IUIOAIB Mia0e TMYHUX
mypiB JiiHii Sprague Dawley crioctepiranocst 30ibIIeHHS
KUIBKOCTI TIpoJtidepylounX KIITHUH, BUIIUM OYB BiICOTOK
KJIITUH, 1110 nepedyBaiyd Ha cTaaii anonTo3y (KJIiTUHU 3
MO3UTUBHUM pe3yJbTaTOM Ha PO3IIEIIeHy Kacmasy-3
(Cleaved Caspase-3, CC3)) [70]. Bimomo, mo CC3 € ro-
JIOBHMM MapKepoM, sIKUi BKa3dye Ha HEOOOPOTHUI IpolLiec
pyiinyBanHs kinituau, i JJHK Ta opranen [71]. Kiituam,
SIKi 1aloTh MO3UTHUBHUIA pe3yabTaT Ha CC3, nepedyBaloTh
Ha CTafil 3aIporpaMoBaHOl KIIITUHHOI CMEPTi — aromnTo3y
[72]. J. Casasnovas et al. mpoBex aHaJi3 CEKBEHYBaHHS
PHK B ocTpiBLISIX HiAILTyHKOBOI 3a1031 IUIOMIIB 3 Tilep-
TJIiKeMi€lo Ha 22-1i IeHb BariTHOCTi. ABTOPY TiATBEPINIIN,
1110 TinmeprliKeMis Ha IMi3HiX TepMiHaxX BariTHOCTiI MOPYIIY€E
BHYTPIIIHBOYTPOOHU PO3BUTOK. BIJIMB BUCOKOTO PiBHS
IJII0KO3M Ha IUJTiJI BUKJIMKA€E 3MiHU B €KCIIpecii reHiB oc-
TpiBLiB JlaHTepraHca: aKTUBYIOTHCS 3allajbHi IIPOLIECH Ta
MeXaHi3MM KIITUHHOI cMepTi. Lle miaBuInye pusmuk pos-
BUTKY AMCHYHKIIT MiIIITYHKOBOI 32J103U B I0POCIOMY Billi
[70]. Enirenetnuni ¢aktopu, sik-ot MetuitoBaHHs JHK,
30KpemMa rinoMetuiaroBaHHs npomotopa reHiB CDKN2A/B,
MOXYTb OyTHU ITOB’sI3aHi 3 aIIONTO30M [3-KJIiTUH y TOTOMCTBA
NiabeTUIHUX IIYpiB y Jopociaomy Bili [73].

Mertoio nocmimxenHs, mpoBeaeHoro V. Barco et al.,
OyJ10 OLIHUTHY BIUIMB TilleprilikeMii y 1iabeTUYHUX 1IypiB
F, Ha npeeMOpioHu 11ypiB jiHii Sprague Dawley, a Takox
Ha F, i mypensit npyroro nokosinHs (F,). Y nopociomy Bitti
y MaTepiB Ta iXHiX XXKiHOYMX HAIaJKiB 3MiliCHIOBAIN Tepo-
paJbHUI TECT TOJEPAHTHOCTI 10 IIIOKO3U. Pedynbratu mo-
kazanu, mo 'y F, i F, cnoctepiranoce [1TT. ¥ nmpeemOpioHiB
LIMX TPYTI OYJIO BUSIBIEHO 3aTPUMKY PO3BUTKY, JAeTeHepallito
i 3aru0eb KJIITHH MOPiBHSIHO 3 KOHTPOJIeM. TaKuM YMHOM,
MaTepPUHCHKUI diabeT YMHUTD TpaHCIeHepalliliHUI BILIUB
Ha eMOpioHM Ha paHHIX CTamisIX PO3BUTKY. JucbamaHc Mixk

IpoiecaMu mposridepalrii Ta 3armdeti KIITuH, Skuit ¢hop-
MYETBCS 11I€ ITiJ1 Yac BHYTPIITHBOYTPOOHOTO Mepioay, MOXe
3aJIMIIaTUCh Y Jopociaomy Bii. Lle Moxke cipuynHATHA Ta-
TOJIOTiIYHI 3MiHU B €HAOKPUHHIN YaCTUHI MiIILTYHKOBOI
321031, 110, ¥ CBOIO Yepry, MPU3BOAUTH A0 PO3BUTKY Jlia-
oety [74].

¥V nocnimxeHHi Ha Mozeni 1ypis siinii Sprague Dawley 3
I'LJI, inmykoBanum trmnoBolo 3/1, X. Cao et al. mpoaHamizy-
BaJIM BIUIMB 1IbOTO CTAHY HA TOMEOCTa3 ITI0KO3U, KIITUHHY
TeTePOTeHHICTb i (PYHKITIOHYBaHHS OCTPIBIIiB ITiAIIUTYHKOBOI
3aJ1031 Y HOBOHAPOIXKEHUX ITypeHsIT. byso BusBieHo, 110
tunosa 3]1 matepi mpu3ssena no cyrreBoro I1TI ta po3Butky
IP, mo mintBepmxyBano HasBHicTh ['LIJI. ¥ HOBOHapo-
JKEHUX LIYPEHST Li 3MiHU TPOSIBUIMCS MOPYIIEHHSIM TO-
MeocTasy IIIOKO3H, SIKe CYIPOBOIXKYBAIOCS OAHOYACHOIO
TiMOIJiKEMI€l0, TiMepiHCYIiHEMI€EIO Ta MiABUIIIEHUM PiBHEM
cekpeliii iHcymiHy. AHai3 pe3yabTaTiB cekBeHyBaHHSI PHK
okpemux kiniTuH (Single-cell RNA sequencing, sScRNA-seq)
BUSIBUB 3HAUHY aKTUBHICTh €HIOKPUHHUX KJIITUH OCTPiBLIiB
Jlanreprancay F, 3 'LIJI. CrioctepiraBcst aucOajiaHe y cKiia-
IIi TATPYIT O- Ta B-KJIITUH: 3MEHIIEHHS YaCTKU HEe3PiJInX
miarpym (al/B1) Ta po3mmMpeHHs MiATPYIT 3piuX KJIITHH
(a2/P2/B3/P4). Takox BinzHAYEHO MiABUILIEHY EKCIPECIitO
TeHiB, MOB’SI3aHUX i3 CUHTE30M iHCYJIiHY Ta TJIIOKaroHy
(Insl, Ins2, Gcg); MeTaboivHy TinepakTUBHICTb B-KITiTUH
y notomctBa F; 3 'LIL. 3okpema, Oynu 3adikcoBaHi 3MiHU,
SIK-OT 30araueHHsI puOOCOMAIbHMX i IIIKOMITUYHMX LIJISIXIB,
a TAaKOX CHCTEMHIi MOPYLIEHHS OpraHes: HaOpsiK MiTOXOH-
IIpiii, 3MEHIIIeHHS KiJIbKOCTi KPUCT, 3HIDKEHHS MeMOpaH-
HOT'O MOTEH1IiaTy Ta BUpaXXEHUI CTpeC eHI0IIa3MaTUYHOTO
petuxkynymy (EITP). OTxe, nmopyiieHHs1 MeTabo0J1i3My BHa-
chinmok '/, inmykoBaHoro TumnoBoto 3/1 mix yac BariTHO-
CTi, IepenaeThes Bif 0aTbKiB 10 rToToMcTBa. Lle 3ymoBitoe
nucbanaHc po3BUTKY minrpym a- i B-knituH y F, i cripusie
repea4yacHoOMY 03piBaHHIO OCTPIBIIiB MiAIUIYHKOBOI 3a-
J03u. OgHAaK TaKe iHTEeHCHBHE T03PiBaHHS BimOyBa€eThCS 3a
paxyHOK TOIIKOKEHHS OpraHesN y B-KimituHax [46].

AmnaJi3 306araueHHst HabopiB reHiB (Gene Set Enrich-
ment Analysis, GSEA) nmoka3aB 3Ha4YHe ITiIBUIICHHS aK-
TUBHOCTI CUTHAJIbHUX HUISIXiB (hOCchOiHO3UTUI-3-KiHa3U
(phosphoinositide 3-kinase, PI3K)/nporeinkinasu B (pro-
tein kinase B, Akt) Ta AM®-akTBOBaHOI NPOTETHKIHA3KM
(adenosine monophosphate (AMP) activated protein kinase,
AMPK) B ocTpiBLISIX MiAIITYHKOBOI 3aJ1031 HAIAIKiB IIIy-
piB i3 ', cnpuunHeHumM tumoBoio 3/1. Lle cBimuuTh mpo
MoxuBy aktuBailito oci PI3K — Akt — dakropu TpaHc-
KPUIIILii, 1110 PEeryaloloTh eKCHpecilo reHiB ¢pepMeHTIiB
IoKoHeoreHe3y 1 (transcription factors that regulate the
expression of gluconeogenesis enzyme genes 1, FOXO1) —
KoMIUIeKc 1 MmillleHi panaMinHy ccaBliB (mechanistic tar-
get of rapamycin complex 1, mMTORC1) yepe3 ek30coMaJIbHY
MikpoPHK-7-19488 (miR-7-19488) i3 kpoBi mynoBUHHOI
BeHU [75]. Taka y3romkeHicTh IMiIKPECII0€ KIIIOUOBY POJIb
natodizionoriyHoi aktusailii PI3K — Akt y iiux npoiiecax.
AHani3 nuisixiB Ha ocHoBi KioTchKoi eHIMKIIOMEe i TeHiB
i renomiB (Kyoto Encyclopedia of Genes and Genomes,
KEGG) nponeMoHCTpyBaB IOCHJIEHY €KCIIPECilo T'eHiB,
TMOB’sI3aHUX i3 YHKIISIMU pUOOCOM Ta IepeTpaBICHHSIM i
BCMOKTYBaHHSIM O1JIKiB, y B-KJIiTHHAX MOTOMCTBA TBapuH i3
I'J, BuknukanuM tumnoBoio 3/1 [76]. CUrHaabHUR HUISIX
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AMPK, sxuii BUCTymna€e eHTpaJIbHUM PEryISITOPOM €Hep-
TeTUYHOTO OajlaHCy, UMOBIpHO, CIIpUsIE amanTallii MeTabo-
JIIYHMX TIPOLECIB Y KIITUHAX OCTPIiBIIIB Yepe3 Perysiiio
nux GyHkuii [77]. 3okpema, 3a yMOB BHYTPillIHbOYTPOO-
Hoi rinepriikemii aktuBauiss AMPK mincumioe 4yTiuBicTb
KJIITUH 10 €HepPreTUYHOIo CTaHy i KOOPAMHYE CBOIO [it0
3i muisixom PI3K — Akt. Lle 3a6e3rneuye 3amyck MOJIeKy-
JISIPHUX MEXaHi3MiB, SIKi PeTyIIOI0Th CUHTE3 Ta CeKpelliio
iHCYITiHY, 1110, Y CBOIO Yepry, MPU3BOIUTD 10 (hOpMYyBaHHS
MepeayacHoro rinepceKpeTopHOro «KBa3i3pijoro» cTaHy
oCTpiBLIiB [46].

linmepcekperopHuii heHOTUIT B-KIIITUH y MTOTOMCTBA
mrypiB i3 T, inmykoBarnum turioBoto 3/1, cyrmpoBOmIKy€ETh-
¢s1 IMCYHKILIEIO OpraHe, 1110 MPOSIBASEThCS HAOPSIKOM Mi-
TOXOH/IPiAJIBHOTO MaTPUKCY, 3MEHIIEHHSIM KiJIbKOCTi KPUCT
Ta miaBuieHHsIM ctpecy EITP. Takuii (peHoTHIT YacTo 3amy-
CKa€ MOPOYHE KOJIO MixK MiTOXOHIPiaJbHOIO TUCHYHKIIIEIO
ta OC [46]. V¥ rinepriiikeMiYHOMY CepeIOBMII HaAMipHE
yrBopeHHs1 POK y B-Ki1iTMHAX MOXe CIPUYMHUTH TTOIIKO-
keHHs MiToxoHapiaabHoi JIHK Ta 0i1KoBUX KOMITIEKCIB,
3MiHIOE e(peKTUBHICTb JJAHIIOTa MEPEHECEHHSI €JIEKTPOHIB
Ta 3HIKYE MeMOpaHHMi1 moteHian [75]. JlucdyHKiioHamb-
Hi MiTOXOHIIPii 1OIaTKOBO I€HEPYIOTh MiIBUILIEHY KiJTbKiCTh
P®OK, a HakonnyeHi POK MoXyTbh mopyliyBaTu mpolec
sropranHs 0inkiB y EITP i mocumoBatu ctpec EITP. I Ha-
Briaku, ctpec EITP Takox Moxke moripiiyBaTu (yHKILiIO
MITOXOHIpPiil Yepe3 TaKi MeXaHi3MU, SIK 3MiHN PeryJsiii
KaJIbllil0, i TUM CaMMM CTBOPIOE 3aMKHYTE KOJIO B3IOBX
oci «mitoxoHapii — ctpec EIIP» [78]. Lleit MexaHi3m B3a-
€MHOTO TTOIIKO/IKEHHS MiXK OpraHeJlaMu MOXe CTBOPIOBa-
T (popMy «MeTa0OMIIUHOI ITaM’SITi» y [B-KJIIiTUHAX i pOOUTHU
X OLIBII Bpa3IMBUMMU 10 TIPUCKOPEHUX (PYHKITIOHATBHUX
3MiH IpU 3iTKHEHHi 3 MaliOyTHIMU METa0O0JIiYHUMU BUKJIM-
kaMu. OmHOYACHO 3HAYHE 30araueHHsI IUISXiB, OB’ I3aHUX
3 pubocoMaMu, y B-KIIITUHAX CBIIYMTH MPO Te, 1110 KJIITUHU
HamararoThCsl BIOPATUCS 3 META0OTIYHUM CTPECOM LIUISIXOM
MOCUJIEHHST CUHTe3Y OiJIKiB [79]. 3 orisimy Ha Te, 110 CUHTE3
OLJIKiB 3HAYHOIO MipOIO 3aJI€KUTh Bill MiTOXOHAPiaJIbHOTO
noctadyanHst AT®, aHoMaIbHO TTiABUIIIEHA pubOcoOMaTbHa
AaKTUBHICTh HEMUHYYE MMOCUJIIOE EHEePreTUYHEe HaBaHTa-
KeHHsT Ha MmiToxoHapii [80]. PesynbraTt TpaHCMIiciitHOT
eJICKTPOHHOT MiKpocKomii Hamanu npssMi MopdoJIOTiuHi
IoKa3u HaOpsKy MmiToxoHApii Ta posmupenHs EITP. I1o
CyTi, 1Ie#l CTaH € aTanTUBHOIO KOMITEHCAIIIE€I0 3-KIIITHH 10
BHYTPILIHbOYTPOOHOTO rirnepmeradoiuHoro crpecy [81].
Xouya KOPOTKOYACHMI TOMEOCTa3 MiITPUMYEThCS 3a paxy-
HOK HaIMipHO1 aKTUBHOCTI KJIITUH, TTOCTiliHE MOIIKOIKEeH-
Hs opraHesa — nepeayciMm MitoxoHapiii Ta EITP — cTBopioe
OCHOBY IS IXHbOI MaiiOyTHBOI (PYHKIIIOHATBHOI 1EKOM-
neHcatii [46].

BucHOBKMU

V mypiB i3 STZ-iHoykoBaHUM [IiabETOM CITOCTEpira-
€TbCSl 3HAYHE 3HUXKEHHS MacHU Tijla, Macu MiJUUTYHKOBOT
3aJI034 Ta PiBHS iHCYIiHY B KpoBi. [icTonmoriunmii aHami3
BUSIBUB JIereHepalilo i aTpodiro oCTpiBLIiB, 3MEHIIIEH-
HSI KiZIbKOCTI [3-KJIiTUH, BaKyoJi3allilo IIUTOIIa3MHU Ta
MOPYLIEHHST CTPYKTYpU aliMHapHoi TkaHuHu [18]. STZ-
iHnykoBaHuit 11/l mpu3BOIUTH 10 HEOOOPOTHUX 3MiH Y
CTPYKTYpPi OCTPIBIIiB I AIIIYHKOBOI 3aJI03M, 110 IIPOSIBIISI-

€THCS 3MEHIIICHHSIM KIITUHHOTO CKJIamy ocTpiBuiB. Oc-
HOBHMM (DaKTOPOM LIMX 3MiH € 3HUXKEHHSI KiTbKOCTi [B-KJTi-
TH. OOQHOYACHO 3 LIUM CIIOCTEPIraeTbcs (PyHKIIiOHATIbHA
ajarnTailisg iCHyloUMX KJITUH, SIKi 3a3HAaIOTh CTPYKTYPHUX
Moaudikaliil, CipssMOBaHUX Ha IiABUILIEHHS X CEKPEeTOp-
HOi akKTUBHOCTI [16].

OCHOBHUMM MeXaHi3MaMU MOIIKOMXEHHS (-KIiTUH
IIpY eKCIIepUMEHTAILHOMY Iia0eTi € MiTOXOHIpiaJbHa JHC-
dyHK1ig Ta okcupatuBHuii crpec. Hakonuuenuss POK
yepe3d BuB STZ cripuumnHsI€e aKTUBAllil0 MEPEKUCHOIO
OKMCHEHHS JilTifiB, YIIKOIXEHHS OITKOBUX CTPYKTYD i
¢parmenrauito JJHK. Lli mpolecu 3Ha4HOIO Mipoio 00y-
MOBJIIOIOTh PO3BUTOK TiCTOMATOJIOTIYHUX 3MiH, SIK-OT Ba-
KyoJTi3allist Ta MOPYILICHHS apXiTeKTOHiKM TKaHUHU [18, 20,
21]. X3HI menari yacTiiie po3IismacTbes K LEeHTPaTbHUMA
eJIEMEHT Yy po3BUTKY HiadeTy. [Ipo3ananbHi UMTOKIHU He-
raTUBHO BIUIMBAIOTh Ha CEKPELIilo iHCYJIiHYy Ta CIIPUSIIOTh
arnonTto3y B-KaIiThuH. TakuM YMHOM, IeTeHepaTUBHI 3MiHU,
1[0 CIOCTepPiraloThCsl B TKAHMHAX MiAILIYHKOBOI 3aJ103U
LIypiB 3 eKCIIEPUMEHTAJIBHUM AiabeToM, HalliMOBIipHillIle, €
pesynbraroM noeaHaHoro BBy OC i X3HI [21].

[MopymenHst MmeTaboJ1i3My TJIIKOJIMiIiB TPU3BOIUTH
IO MiABUINEHHS PU3UKY OXUPiHHS, MiadeTy, mopylIeH-
Hs1 QYHKIIT TeYiHK1, HEPBOBO-M’SI30BUX YCKJIaJHEHb Ta
KapliopeHaJIbHUX 3aXBOPIOBaHb. Lle roJoBHUM YMHOM T10-
B’sI3aHO 3 HelipoeHIOKpUHHOI0 nucperyisiieto, IP, OC ta
X3HI [38, 39].

IMoennanns LI i oxXupiHHSI CyTIPOBOIXKYETHCSI BUpa-
KEeHUMU MOPDOJIOTIYHUMHU Ta (PyHKLIOHAIBHUMU 3MiHAMU
MiANITYHKOBOI 3aJI03U, JECTPYKIIEIO [3-KIIITUH, PO3BUT-
koM OC, X3HI Ta ¢idpo3sy [17]. Ha pannix cramisx HFD-
iHIyKOBaHOT'O OXUPIHHS Y II1YPiB i3 MOMipHUM OXUPiH-
HSIM CIIOCTepira€eThcs TinmepIuiasisi OCTPiBIIB, sSIKa 3rOJ0M
IepexXoauTh y AUCYHKIIIIO Ta amonTo3 B-xkmituH. [Inoma
OCTPIBILiB TTOCTYITOBO 3MEHILIYETHCSI B Mipy TTPOrpecyBaHHSI
OXUPIiHHS Ta PO3BUTKY Hia0beTy. YIbTpacTPyKTYpHUIA aHa-
JIi3 TKAaHWH MiAIITYHKOBOI 3aJ103W BUSIBUB BaKyoJIi3allito
B-KJIITHUH, IO CBIAYUTH MPO MOPYIUIEHHS METabOJIiUHUX
MPOIIEeCiB i 3HMKEHHS iX ceKpeTopHOi dyHKIIii [35, 36].
HFD-inaykoBaHe OXMpPiHHS MIPU3BOAUTH 10 €HEePreThy-
HOro gucOayaHCy, 110 IPOBOKYE 30iIbIIeHHS XNPOBOL
TKaHWHU, TIBUIIEHHS PiBHS BIIbHUX XUPHUX KUCIOT
y KpoBi Ta po3BuTok X3HI. 1li mopyiieHHs MOTipiIyloTh
IHCYJIIHOBUI CUTHAJIIHT i cripusitoTh nosii I[P Ta komrieH-
caTopHOI rinepincyninemii [36, 37]. Y mopocnux miypis i3
STZ-ingykoBanuM niabetom ta 3BYP criocrepiraerbcst
MOPYIIEHHSI TOJIEPAHTHOCTI 0 TJI0KO3U Ta iHCYJIiHY SIK 10
BaTiTHOCTI, TaK i HAIIPMKIiHIIi recTauiifHoro mmepiony. OTxe,
(byHK1iOHAIBHA aKTUBHICTh OCTPiBIIiB JIaHTepraHca 3MiHIO-
€ThCSI 11Ie 10 TToYaTKy BariTHocTi. Lle, y cBoto uepry, moxe
HEeraTMBHO BIUIMBATU Ha (hi3iooTiuHuMiA Tiepedir recrarii
[58, 59].

lecrauifinnii HyKpoBuii Aia®eT y IIypiB IIPU3BOIUTH
no cyrreBoro IITI Ta po3Butky IP. ¥ HoBOHapomkxeHux
IIYPEHSIT 11i 3MiHU MPOSIBUIMCS TTOPYLIEHHSIM TOMEOCTa3y
[JIIOKO3H, SIKE CYMPOBOIXKYBAIOCS OJJHOYACHOIO TiMOTJIiKe-
Mi€10, TiMepiHCYTiHeMI€EI0 Ta MiABUILIEHUM piBHEM CEeKpellil
incyniny. CtaH rinepiHcyiHeMii Ta rimoritikemii 6e3noce-
PEIHBO CBITYUTDH MPO HAAMIPHUI PO3BUTOK i TilmepKom-
MeHcallilo OCTPIBILIB MiAIILIyHKOBOI 3aJI031 Y ITOTOMCTBA B
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YMOBaX BHYTPIIITHbOYTPOOHOTO MeTaboJIiYHOTO cTpecy [12,
59]. BriiuB BUCOKOTO PiBHSI TJIIOKO3M Ha IUIiJI BUKJIMKAE
3MiHU B €KCIIpecii r'eHiB OcTpiBLiB JlaHrepraHca: aKkThBallito
npoteciB X3HI Ta MexaHi3miB ki1iTuHHOT cMepTi. Enirene-
TUYHI hakTOpH, sK-0T MeTuoBaHHs JIHK, 30kpema rimo-
MeTtutoBaHHs mpomoropa reHiB CDKN2A/B, MoxyTb Oyt
MOB’s13aHi 3 arONTO30M (-KJIiTUH Yy MOTOMCTBA 1ia0e TUHUHUX
mypiB y mopociomy Bimi [70, 73].

AHari3 pesynbrartiB cekBeHyBaHHs PHK okpeMux xiti-
TUH HOBOHAPOMXKEHUX LIypeHsT Bing camuilb 3 'L/l Bussus
30araueHHsI puOOCOMAJIbHUX 1 MIIKOJITUYHUX HUISIXIiB, a
TaKOX CHUCTEMHIi ITOPYIIEHHSI OpraHej: HaOpsiK MiTOXOH-
Npiit, 3MEHIIEHHs KiJIbKOCTI KPUCT, 3HUKEHHSI MeMOpaH-
HOTO MOTEHIIialy Ta BUPAXEHUI CTPEC EHAOIIIa3MAaTUYHOTO
petuxynymy. Lle 3ymMoBiioe nucdaaHc po3BUTKY MiArpym
a- i B-xnitun y F, i cnipusie nepenyacHoMy A03piBaHHIO
OCTPiBIIiB HiAIILIYHKOBOI 3a031. OgHaK Take iHTEHCHUB-
He M03piBaHHS BiIOYBAETHCS 32 PaXyHOK IMOIIKOMXKEHHS
opraHen y B-kimitnHax [46]. TinepcekpeTopHuii (peHoTHIT
B-xaituH y motomcTBa mypiB i3 [, iHgyKoBaHUM TH-
noBoto 3/1, cynpoBoIXKyeTbCsl TUCHYHKIIEI OpraHes, 110
MPOSIBJISIETHCSI HAOPSIKOM MIiTOXOHIPialbHOTO MAaTPUKCY,
3MEHILEHHSIM KiJIbKOCTi KPUCT Ta IMiIBUILEHHSIM CTpecy
EITP. Takuii ¢peHOTHUIT YaCTO 3aIyCcKa€e MOPOYHE KOJIO MixXK
MiToxoHpiaabHOW0 aucdyHkitieto Ta OC. MexaHi3m B3a-
€MHOTO TTOUIKO/XKEHHS MiX OpraHeslaMu MOXe CTBOPIOBa-
™ (popMy «METaOOIIYHOI ITaM’ ITi» y [3-KJIIITUHAX i pOOUTH
1X OL7bII Bpa3JIMBUMU 10 MPUCKOPEHUX (PYHKIIIOHATIBHUX
3MiH IpH 3iTKHEHHI 3 MaltOyTHIMU MeTa0OIiYHUMM BUKIIM-
Kamu [46, 75].

IlepcnexTUBHUMU HANpPSIMKaMU IOMAJIBIINX AOCHTi-
JKeHb € CTaHIapTu3allisi eKCrepuMeHTaJTbHUX Mojieeit
niabeTy Ta IMOLIYK HOBMX METOMIIB 3aXUCTY 3-KJIITHH 32 YMOB
oxupiHHs Ta [P, a TakoxX oliHKa BimganeHUX, MizKITOKOJIiH-
HUX e(PeKTiB METabOJIIYHUX MOPYIIEHb.

KonduiikT inTepeciB. ABTOpU 3asiBJISIIOTH PO BiZICYTHICTb
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Pathophysiological and morphofunctional changes in the pancreas
in experimental diabetes and obesity

Abstract. Obesity, metabolic syndrome, and type 2 diabetes mel-
litus (DM) are accompanied by abnormalities in the structure and
function of the pancreas. Experimental models in rats are widely
used to study the mechanisms of $-cell dysfunction, insulin resis-
tance (IR), oxidative stress (OS), and low-grade chronic inflam-
mation (LGCI). Obesity, metabolic syndrome, and hyperglycemia
are associated with significant pathophysiological changes in the
pancreas, including 3-cell destruction, disruption of pancreatic
islet architecture, development of LGCI, OS, impaired glycolipid
metabolism, and fibrosis. LGCI, OS, and IR play a key role in the
progression of these changes. The pancreatic islets, as a key com-
ponent of the endocrine system, play a decisive role in regulating
glucose homeostasis and are particularly sensitive to the characte-
ristics of the intrauterine energy metabolic microenvironment. Dis-
ruptions in the intrauterine balance of nutrients can cause changes
in islet development, which, in turn, lead to structural and function-
al abnormalities. However, the impact of DM and obesity on the
morphofunctional state of the pancreas, particularly in the context
of intergenerational changes, remains understudied. The aim of
this review was to analyze current literature data on morphological

and functional changes in the pancreas of rats under conditions
of experimental diabetes and obesity. The review places particular
emphasis on studies that use streptozotocin-induced models of DM
as a classic approach to replicating 3-cell dysfunction, as well as the
use of high-fat or high-calorie diets. The main tenets of the Deve-
lopmental Origins of Health and Disease concept are discussed, as
well as the theory of fetal programming in the context of obesity,
pregestational, and gestational DM. Separate attention is given to
studies aimed at a comprehensive analysis of the morphofunctional
changes in the islets of Langerhans under experimental conditions
of pregestational, and gestational DM. The literature search was
conducted in Scopus, Science Direct (from Elsevier), and PubMed,
including the MEDLINE databases. The keywords used were “dia-
betes mellitus”, “obesity”, “metabolic syndrome”, “chronic in-
flammation”, “oxidative stress”, “insulin resistance”, “pancreas”,
“B-cells”, “morphofunctional changes”. To identify study results
that could not be found during the online search, a manual search
of the publications’ bibliographies was conducted.

Keywords: diabetes mellitus; gestational diabetes mellitus; metabo-
lic syndrome; pancreas; 3-cells; morphofunctional changes
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CepueBd HEAOCTATHICTb TO METAOGOAIYHUNA CUHAPOM:
POAb iHriGITOPIB HATPIN3AAEXXHOrO KOTPAHCNopTepda
FAIOKO3U 2-Tr0 TUMY Y KAIHIYHUM NPAKTULL

Pe3stome. Cepuesa HepocTatHicTb (CH) Ta meTaboniyHuii cuHgpom (MC) € gBoma B3aeMOros si3aHUMM r1106a5bHM-
My nipobriemamu cy4dacHoi meamumHn. OCHOBHUMY (haKTopamy PUSMNKY PO3BUTKY XPOHIYHOI CH € Taki KOMMOHEHTN
MC: BicueparbHe OXUPIHHS, IHCYSTIHOPE3UCTEHTHICTb, rinepiHcyniHeMIs, aucninigemis, aptepiansHa rineptensis (Al)
Ta yykposui giabet (L4L) 2-ro tuny. Y naHomy ornagi npoaHaniaoBaHo cy4acHi AaHi Lo[o B3aeMo3B’a3Ky Mix MC
Ta CH, ocobmBocTelt giarHOCTUKM Ta BEAEHHS TakuX NawljieHTiB, Lo BKIo4Yae MoangikaLito criocoby XUTTS, KOPEK-
yito cyrnyTHIX cTaHiB Ta onTumisauiro sikysaHHs camoi CH. PeaynbtaTt MacLLTabHUX KITiHIYHUX JOCTIIKeHb, 30KpemMa
DAPA-HF ta EMPEROR-Reduced, gosesnv ehbekTUBHICTb IHrBGITOPIB HATPIN3aNIeXHOIro KOTpaHCrnopTepa riioKo3u
2-ro Tuny (IH3KTI-2) ans nonertuerHHs nepebiry CH 3i 3HuxeHoto cpakuiero Bukugy (CHaH®B) He3anexHo Big
HassHocTi L. Sokpema, gocnipxeHHs DAPA-HF rioka3asno 3HWXeHHs1 pu3uKy raaHoBoi rocritanisawii 3 npysogy
roripweHHs CH Ha 30 %, 3MeHLLEeHHs1 pu3nKy ypreHTHOI rocnitanizayii Ta cepLeBo-cyanMHHOI CMePTI BiarnoBigHO Ha
57 ta 18 %. MNogansLui kniHivKHi gocnigxeHHs EMPEROR-Preserved ta DELIVER nipogeMoHCTpyBam eqheKTUBHICTb
emnarnichnoaviHy Ta ganarnighsiosnHy y 3HKeHHI pusuKy rocritanizayivi 3 npusogy CH Takox i gnisi nauieHris i3 CH
3i 36epexxeHoro pakuiero Bukugy (CH36®B). JocnigxeHHss EMPEROR-Preserved BUKITIOYHO OLiHNITO €heKTUB-
HicTb IH3KTI-2 (emnarnicgpniosnHy) y nauieHTis i3 CH 3 nomipHo 3HmxeHoro @B (CHn3H®B) Ta CH36®B He3anexHo
Big HasBHOCTI giabety. lNopiBHAHO 3 nnayebo emnarnichrio3nH 3HVXKYBaB PUSUK NEPBUHHOI KIHLEBOI TOYKM, siKa
BKJItO4aa cepLeBo-CcyanHHy cmepTb abo roctpy CH, Ha 21 %, nepeBaxxHO 3a paxyHOK 3HVXXEHHS PU3UKY PO3BUTKY
roctpoi CH. MetaaHaniz gaHnx gocnigxers DELIVER i EMPEROR-Preserved nigTBepams, LLO B JOCHIAKYBaHiv
ronynayii iIH3KTI -2 3Ha4HO 3HWXYIOTb SIK pU3nK KOMOIHaUii cepLyeBo-CyanHHOI cMepPTi Ta po3BuTKY roctpoi CH, Tak
i pr3uKn okpemux ii KOMMOHeHTIB. 51k Hacnifok, 3actocyBaHHs IH3KTI-2 emnarnighrnosvHy abo ganarsnicnosnHy
B nayieHTiB i3 Y 2-ro tuny i CH36®B niBoro wnyHo4ka > 40 % peKOMEHAYETbCS 47151 BHUXKEHHS PU3UKY rocTpoi
CH i cepueBo-cyanHHOI cMepTi Vi po3rnsigaetbesl B HactaHosi ESC sik pekomeHgavis knacy IA.

Knro4oBi cnoBa: cepuesa HegoCcTaTHICTb; META6OMIYHUY CUHLPOM; IHIIGITOPM HATPIN3ANEeXHOro KoTpaHcrnopTepa
[7II0KO3U 2-I0 TUY; BicLiepasibHe OXWUPIHHS; IHCYITIHOPE3UCTEHTHICTb, apTepiasibHa rinepTeHsis

Bctyn

CepueBa HegocTtatHicth (CH) Ta MeTabomiuHmii cH-
npoMm (MC) € 3HAYHUMU MeIMKO-COLiaTbHUMU MpoodIie-
MaMU, IBOMa T100agbHUMU ermineMissMu XXI cTomiTTd, 1110
TicHO neperutitaloTbesl. CH € oqHi€0 3 OCHOBHUX MPUYKMH
3aXBOPIOBAHOCTI Ta CMEPTHOCTI B YChOMY CBITi; TTOIIMpe-
HicTh xpoHiuHOi CH csrae 2 % cepen 1opOCIUX Ta IMOHA
10 % B oci6 noxuioro Biky [1]. MeTaGomiYHUiA CUHAPOM,
saxuit 3a kpurepisMu NCEP ATP 111 Bu3HauaeThbcsa 3a Ha-

SIBHOCTi TpbOX a00 OiJibllle KOMIOHEHTIB — 30iJbIlIeHO1
OKPYXXHOCTI Tasii, MiABUILEHOTO apTepialbHOTO TUCKY,
MOpPYIIEHb JiliTHOIO CHeKTpa Ta IiKeMii, 3HaYHO IOIIK-
peHUI1 B iHOyCTpiaIbHUX KpaiHax; cepel HaceJIeHHS BiIKOM
noHan 30 pokKiB 10T0 MOIIMPEHICTh, 32 JAHUMU Pi3HUX aB-
TopiB, ctaHoBUTH 10—20 % [2]. Lli ctanu TicHO MOB’s13aHi:
noHazn 60 % nauieHTiB i3 xpoHiuHoo CH MaloTh 03HaKM
MC, a HagIBHiCTb KOXKHOT'O JOAATKOBOIo KoMrnoHeHTa MC
CyTTEBO 30inbInye pu3nk po3Butky CH [3, 4]. [laumientu 3
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MC gacrinre ToMHUpaOTh He Bil 0e3IM0cepenHiX yCKIIaTHEHb
ykpoBoro giadery (LIJI), a Bin ceplieBo-CyAMHHUX 3aXBO-
proBaHb (CC3) [2—4].

HaiiGinbi 3HauymmmMu dhakTopamMu pu3uKy XpOHIYHOI
CH e taki komnoHeHTu MC, sK BicliepajbHe OXMPiHHS,
rinepiHcyniHeMmist, iHcyniHOpe3ucTeHTHicTh (IP), nuci-
nigemist, aprepianbHa rineprensist (AI') i LIJI 2-ro tumy.
11i KOMIIOHEHTH YacCTO CHiBICHYIOThH i B3a€EMOIIIOTh MixX
co6o10, popmyroun pi3Hi kiaactepr MC Ta 30iabIIyIOYN
KapaioMeTaboiyHe HaBaHTaXXEHHS PU3UKY; Y KIiHIUYHIN
MPaKTUIli BOHU TaKOX MOXYTh MMOENHYBATUCS 3 iHIIMMU
MeTaboJiYHUMU MOPYIIEHHSIMU, 30KpeMa TilepypuKeMicro
|3, 5—7]. IlpocneKTUBHI KOTOPTHI JOCTiIKeHHS 3aCBiIIn-
JIA, 10 3pOCTaHHS KyMYJIITUBHOTO HABAHTAXKEHHST KOMITO-
HeHTiB MC BiporinHo moB’s3aHe 3i 30UIbIIEHHSIM PU3UKY
CH. Cepen 1ux KOMIOHEHTIB MiIBUILEHUI apTepiabHUI
THUCK Bifirpa€ mpoBigHy poJib y 3poctaHHi pusuky CH, 3a
HUM iIyTh MiIBUILEHUH PiBeHb TTIOKO3U KPOBI, 301JIbIlIEHA
OKPY>KHICTb TaJlii Ta 3HUXKEHUIA XOJIeCTEPUH JIITONPOTEIHIB
BUCOKOI 1IiabHOCTI. Pu3uk CH 3pocTaB 3i 30iIbIIEHHSIM
KiJbKOCTi KOMIoHeHTiB MC; 3a HassBHOCTI TpUHAMHI 0/~
Horo KomrtoHeHTa MC BiH OyB y 5,4 pa3a BUILIUIM MOPiBHSI-
HO 3 ocobamu 0e3 koMnoHeHTiB MC [4—6].

Tlatorenetnunuit 38’5130k Mixk MC ta CH € 6arato-
dakropHuM. BicuiepanbHe 0XXUPIiHHS pO3ITISIIAIOTh SIK OTUH
i3 mepBuHHUX TpurepiB MC i BomHOYAacC SIK OMH i3 iioro mia-
THOCTUYHUX KpUTepiiB. BicliepaabHa XX1poBa TKaHWHA € aK-
TUBHUM €HIOKPUHHUM OPTraHOM, L0 MPOAYKYE aIUTIOKIHU,
npo3anajibHi HUTOKiHU, 30KpeMa IL-6 i TNF-a, aHrioTeH-
3uH Il Ta iHTiGiTOp akTMBaTOpa ruiasMmiHoreHy-1 (PAI-1).
lle mpu3BOAUTH 10 CUCTEMHOIO 3amajeHHsI, iHCYIiHOpe-
3UCTEHTHOCTI, eHIO0TeMiaabHOI TUCHYHKIIIT, TPOTPOMOO-
TUYHOIO CTaHy Ta HaIMipHOI aKTHUBallii peHiH-aHTiOTeH-
3uH-a’abaocTepoHoBoi cuctemu (PAAC) i cuMmmaTnaHo1
HepBoBoi cuctemu (CHC) [8—11].

XpOHIUHMII 3amaJIbHUI IPOIIEC Bilirpae BasKJINBY POJIb
y po3BuTKy ik MC, Tak i CH. IligBuienss piBug 1L-6
aCOIIIIOETHCS 3 PO3BUTKOM TinepTpodii Ta AiacToaiuHOI
nuchyHkIiii Mmiokapaa jgiBoro nutyHouka (JII), Tomi sk
nigsuieHHs: TNF-a noB’s3aHe He nuiie 3 rineptpodieto
MioKapza, a i 3 aloITO30M KapAiOMiOIUTIB, AUjIaTalli€lo
JILI Ta 3HMXEeHHSIM ioro cuctonivyHoi (GyHkuii. KiniHiani
IOCJIIKEHHS y Talli€EHTIB 3 KOPOHAPHOIO MATOJIOTIEI0 Ta-
KOX TIIIKPECTIOI0Th 3HAYeHHS €HA0TeTiaTbHOI TUChYHKIIIT,
TNF-a ta nopyliieHb HeHTpaJIbHOI TeMOIMHAMIKM B KOH-
TEKCTi illleMiYHOTO ypaxkeHHs MioKapna [9, 12—14].

1P i kommeHcaTopHa rinepiHcy/IiHeMis € LIEeHTPaJIbHUMU
nmankamu mmatoreHe3dy CH na i MC. BoHu nigBuIITyOTh
aktuBHicTb CHC, cripusitotb po3ButKy Al, rineprpodii
miokapaa JIII ta fioro cTpyKTypHO-(DYHKIIIOHATBHOMY
peMOJIeTIOBaHHIO. XpOHIYHE 3amajeHHsT Ta HelHporopMo-
HaJlbHA aKTUBallig 0e3MmocepeHbO MOIIKOIXKYIOTh Kap/li-
OMIOLIMTH, CIIPUSIOUN aroITo3y, Giopo3y i, IK HaCTiIoK,
JiacTONYHIM Ta CUCTOMIUHINM nucdyHKLii cepus [8, 15, 16].

AT € oganM i3 xmovoBux KoMmnoHeHTiB MC. [i po3su-
TOK 3HaYHOIO MipOI0 MOB’SI3aHN 3 HAAMipHOIO HEHpOTrop-
MOHAJIbHOIO aKTHUBAIli€I0 — XPOHIYHOIO TillepaKTUBalli-
eto CHC i PAAC y Bianosiap Ha rinepiHcyniHemito ta IP.
MexaHiuHe nepeBaHTaxkeHHsI Miokapaa npu Al 3yMoBI0oe
CTPYKTYPHE pPeMOJIeIIOBAaHHS MioKapaa yepe3 HaaMipHYy

HEHpOropMOHaIbHY aKTUBAllifo, MiABUIIEHHS PiBHS IIPO-
3anajbHUX LUTOKIHIB i mpodibpo3HuX hakTopiB pocTy.
Xponiuna aktuBaiiiss CHC ta PAAC € ogHuUM i3 TpoBinHUX
MexaHi3MiB KapaianbHoro ypaxenss npu MC [8, 15, 16].

CH — ue KJIiHIYHUI CMHAPOM, 11O CKJIAJAETHCS 3 OC-
HOBHUX Cy0’€KTUBHMX CUMIITOMIB, HacaMriepe 3aAUIIKH,
HaOPSIKiB HMXKHIX KiHIIIBOK Ta BTOMM, SIKi MOXYTb CYIIPO-
BOJIKyBaTuCS 00’€KTUBHUMU O3HAKaMU: TiJABUILIEHHSIM
BEHO3HOI'O TUCKY B SIDEMHUX BEeHaX, JEreHEBUMM XpHUIIa-
MU, nepudepiiHuMmu HaOpsiKaMu. 3a3HauYeHi CUMIITOMU
Ta 03HaKW, SIK MPaBUJIO, € HACIIIKOM TTOPYIICHHST HAITOB-
HEHH$ LUTYHOUKIB ceplist aD0 BUKUILY KPOBI, 1110 3yMOBJIEHO
CTPYKTYPHUMH Ta/a00 (DyHKIIIOHATbHUMU 3MiHAMU ceplis 3
BiIMTOBITHUM MiJBUILIEHHSIM BHYTPIillTHbOCEPLIEBOTO TUCKY
Ta/ab0 HeJOCTaTHIM CEPLEBUM BUKMIIOM Y CTaHi CIIOKOIO
Ta/abo mia yac ¢pisuyHOro HaBaHTaxeHHs [17].

BuznauyeHHs eTioorii nucdyHKIIii ceplist € 000B’I3KO-
BuM i giarHoctuky CH, ockinbku criengigyHa maToJIoris
MOXe BIUTMBATU Ha Moaablie JikyBaHHs. Haituacrime CH
BUHMKAE Yepe3 TUC@YHKIIIO MioKapaa: CUCTOJIIYHY, TiacTo-
JIiyHy a6o 3Mimany [17].

Ha croronHi sIK y 3arajibHiil ITOIyJIALIii, TaK i cepen
nauieHTiB i3 MC Buninsitors Tpu ocHoBHI ExoKI'-deHo-
Tunu cepuesoi HegoctaTHOCTi: CH 3i 3HMKeHO0 ppak-
uiero Bukuny (CH3u®B) — ®B JIII < 40 %; CH 3 no-
MipHO 3HMXeHOw ¢pakiuieo Bukuay (CHn3®B) — ©B
JIIT 41—49 %; CH 3i 306epekeHo1o (hpakili€elo BUKUIY
(CH36®B) — ®B JILI > 50 %. Oxpemo onucytots CH i3
MoJtinieHoo dpakiieo Bukuny, Too6to CH i3 BuxinHoro
@B JII < 40 %, 3poctannsam ®B JILI Bixg BUXigzHOTO piB-
HsT Ha > 10 NMyHKTIB Ta MOBTOpHUM BUMipioBaHHSIM DB
JIL > 40 % [17, 18].

CepueBa HemocTaTHicTh 3i 3HUXeHoo ®B JIII i
CH36®B Bigpi3HSAIOTHCS 33 XapaKTEPOM PEMOJIETIOBAHHS
JILL: mepiia acoliloeTbes 3 MPOTPECy0YO0I0 AUIaTallie€ro
Ta eKCIEHTPUYHOIO TinepTpodi€lo i yacTiiie moB’s3aHa 3
aTepPOCKJIEPOTUYHUM CEPLIeBO-CYIMHHUM 3aXBOPIOBAHHSIM
[17, 19].

MetaboniuyHuil CUHIPOM € BaXJIMBUM (haKTOPOM pU-
3uky CH36®B. lNinepTeH3iss cCripuuMHSIE€ KOHIEHTPUYHY
rinmeprpodiro JIII i migBuiye #0ro XXOpPCTKiCTh, TOMI SIK
OXXMPiHHS Ta MeTabOJIiYHI MOPYIIEHHS 10JaTKOBO 3HUXKY-
10Th yHKiiio JIII gepe3 cucremMHe 3amanieHHs, eHIOTe-
JlianbHy TUCOYHKIIIIO Ta TTOPYIIEHY MiKPOLMPKYJISIIiIO B
kopoHapHux cynuHax. Lleit penorun CH crin mino3pioBatu
y TIALIIEHTIB 3 MOPYIIEHOI TOJEPAHTHICTIO 10 (hi3UYHOTO
HaBaHTAXXEHHS Ta TUMOBUM KJIiHIYHMM mpodiaeM: JITHii
BiK, TprBaja abo II0raHo KOHTPOJIbOBaHa TilePTeH3isl, 0K~
pinHs, MC, ¢idpunsiist nepeacepan [19—22].

CeplieBy HEOOCTaTHICTh 3i 30epexkeHo10 (pakKiliero
Bukuay JIII MoxHa giarHOCTYBaTH JIMIlIe y MallieHTa i3
3a[MINKOIO Mpy HaBaHTaxkeHHi Ta @B JIII > 50 %, xonun
JOIATKOBI TOCTIIKEHHST IEMOHCTPYIOTh AiaCTOJIIYHY ITHUC-
dyuxutiro JIII Ta/abo minBULIEHUI TUCK HAIOBHEHHS
JILL: migBuIeHi piBHI HATPiAypeTUUYHUX NENTUIIB, KOH-
LeHTpUYHY rineprpodito JILI, niactoniuyny nuchyHKIIiO
JILL, 36inpieHHs JTiBOTO mepencepas ado IiABUILEeHU]
THUCK Y JiereHesiit aprepii. Ha cborogni CH36dB € omHi-
€10 3 OCHOBHMX MPUYMH TOCHiTaji3allii Mali€eHTiB cTapiie
65 pokis [17, 23, 24].
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PesyAbTaTH
OCco6AMBOCTI AIGrHOCTUKU CepLLEBOT HEAOCTATHOCTI
HQA TAi METABGOAIMHOrO CUHAPOMY

CrioctepeskeHHs 3a cuMITomMamu Ta o3Hakamu CH € Bax-
JIMBUM TIpY BefeHHi nanieHTiB i3 MC. Haiinpocriia ¢popma
MOHITOPUHTY MOXKe 3/1iiCHIOBATUCS IIUTSIXOM 300py aHaMHe3y
Ta (izukaabHOro odcrexeHHs. EnekTpokapaiorpama Moxe
BUSIBUTH TTOPYILLIEHHS PUTMY, O3HAKH TiltepTpodil IIUTyHOUKIB
Ta iHIIi aHOMaJTil, SIKi 301TBIIYIOTh iMOBipHicTh niarHo3y CH,
a TaKOX MOXYTb BILTMBATH Ha BUOip Teparrii. Exokapmiorpa-
dist € 3omotuM ctanmaptom st orinky B JILL, Bu3HayeH-
Hs1 ¢peHoruny CH, mapkepiB aiactonigyHoi (pyHKIIii, po3mipiB
KaMep ceplis Ta CTpYKTypH Miokapma [17, 25].

PeHtrenonoriune o6cTexkeHHsT OpraHiB rpyIHOI ITOPOXK-
HUHU JA€ MOXJIMBICTh BUSIBUTH iHIII MOXKJIMBI IPUIMHHU 3a-
MUILIKK, HATIPUKJIAJ 3aXBOPIOBAHHS JIET€Hb, @ TAKOX MOXe
HagaBaTHU JOAATKOBi moka3u Ha Kopuctb CH — 30kpema
3aCTill y JiereHsix abo kapaiomeraiito [17].

BuznadyeHHs piBHS HaTpiilypeTUMHUX NenTuaiB — BNP
260 NT-proBNP — € xi11o90B1M TeCTOM IJISI CKPUHIHTY Ta
BukitoueHHs1 CH. TTigBuileHi KOHIEHTpallil cBiqyaTh Ha
kopucTth aiarHo3dy CH, € KoprcHUMM [1J1s1 TPOTHO3YBaHHS
Ta MOXYTb CKEPOBYBAaTHU MOAAJbIIi JiarHOCTUYHI TOCTi-
mkeHHs [17, 24, 25].

KomMnAeKCHUM NiaXiA AO AiIKYBOHHS NOLEHTIB
i3 cepLeBOO HEAOCTATHICTIO
TA METAGOAIYHUM CUHAPOMOM

Teparist Mae 6yTH 6araTOKOMITOHEHTHOIO Ta CIIPSIMO-
BaHOIO sIK Ha Kopekiiito MC, tak i Ha JikyBaHHs CH. BoHa
BKJIIOYa€E Moaudikallifo crmocoOdy XXUTTI — mieTy, dizuu-
HY aKTHBHICTb, KOHTPOJIb MacH TiJia; JIIKyBaHHS CYITyTHiX
craniB — AI', I, auciininemii; 3acTocyBaHHSI Cy4aCHUX
npemnaparis, 30kpema iH3KTI-2 Tta aronicriB penenropin
rmokaroHonoaioHoro nentuay-1 (I'TITI-1), a Takox onTu-
Mizauiwo 6a3ucHoi Tepanii CH [17, 25, 26].

MeTdopMiH 3aIMIIAETECS OCHOBHUM 3aCO00M MoYar-
KoBoro JjikyBaHHs 111 2-ro tTumy. OgHax i3 MOSIBOIO IBOX
HOBUX KJIaciB TipemnapaTiB — aroHicTiB perientopis ['TIIT-1
ta iH3KTT -2 — mapanurma nikyBanHst LIJI 2-ro tumy cyT-
TEBO 3MiHWJIACS: aKIIEHT 3MIllIEHO Ha Teparlito, 1110 3HUXKYE
CepleBO-CyAMHHUI pU3UK, a He JIMIIE Ha TOCSITHEHHST KOH-
KPeTHHUX IMOKAa3HUKIB TilikoBaHoro remornobiny (HbAlc).
CyyacHi peKoMeHIa1lii mepeadadaroTh BUKOPUCTAHHS aro-
HictiB peuentopiB I'TIT1-1 a6o iH3KTI -2 y mauieHTiB i3
CC3 ab0 BUCOKUM PU3MKOM iX PO3BUTKY HE3aJIEXKHO Bill
MonepeaIHbOro Mpu3HauYeHHsI MeThOPMiHYy. 3a HEOOXiqHO-
CTi ITOCWJICHHSI IIPOTUAia0e TUYHOI Tepartil CJIif po3TsIaT
nperapaTy 3 HEHTpaJIbHUM a00 CIIPUSITIMBUM €(PeKTOM
moao CH; 3acTocyBaHHsI MiOTJIiTA30HY Ta CAKCAIJIIITUHY B
TakKill cuTyaiii He peKOMeHIYy€eThes [25—27].

3acTocyBaHHS iHCY/IiHY MOTpedye 00epeXXHOCTi yepe3
PM3UK 3aTPUMKM PiIMHU Ta TIMOIIiKeMil, a TaKOX depes
MOXJIMUBUI 3B’SI30K i3 HECTIPUSTIIMBUMU KJIIHIYHUMM pe-
3yJabTatamu. Benuke kiaiHiuHE TOCTiIXKEHHSs, TpOBEIEHE
F. Cosmi Ta criBaBT., OLIiIHWJIO BILJIUB iHCYJIiHY Ha pe3yJib-
Tatu JikyBaHHs nauieHTiB i3 CH3u®B Ta LI/ 2-ro Tumy.
Pesynbrati mokasaiu, 1110 3aCTOCYBaHHSI iHCYJIiHY OyJIO
MOB’sI3aHe 3 TipIIMMHU HachliakaMu y nauieHTiB i3 CH3H®B
MOPIBHSIHO 3 MalliEHTaMU, SIKi He BUKOPHUCTOBYBAJIM iHCY-

miH. OTxe, axmo manieHTy i3 CH HeoOXimHMit iHCYITiH, 3a
MOro CTaHOM CJIil peTeJIbHO CIIOCTEPIraTH 100 PUBUKY
noripmeHHs nepediry CH micias mouatky jgikyBaHHS [28].

Ipu AT’ npenapatamu BUOOPY € iHTiOITOPU aHTiOTEH-
3uHIIepeTBOpIooUoro epmenty (AIID) ta Giaokaropu pe-
LIETITOPIiB aHTioTeH3UHY 11, AKi po3risamaroThes IK OCHOBHI
aHTUTiNepTeH3uBHI 3acobu y Bunazaky IP i MC. 3a Heo6-
XiZHOCTi momaioTh OeTa-0JI0KATOPHU 3 MOBEIeHOI0 edeK-
tuBHicTIO Tpu CH, aHTaroHicT¥ MiHEPaJIOKOPTUKOITHUX
peuenTopis, aiypetuku. Iariditopu PAAC MOXyTh 1031~
TUBHO BIUIMBATH Ha MeTa0OJIYHUI Mpodisib i YyTINBICTh
IO iHCYJIiHY, TOMi SIK OKPeMi aHTUTiNIepTeH3UBHi CXeMU I10-
TpeOyIOTh iHAMBIMya1i30BaHOTO TiA0OPY 3 YpaxyBaHHSIM
KapaioMmeTaboiyHoro pusmky [8, 17, 26].

Lo crocyeThest BeneHHS TUCITIITiAEMii, TO 3aCTOCYBaHHS
CTaTHUHIB HE PEKOMEHIYEThCS CIeLialbHO IS JIIKyBaHHSI
CH, 3a BUHATKOM MAIli€HTIB, SIKi BXX& OTPUMYIOTh CTaTH-
HU yepes ileMiuyHy XBopoOy ceplist abo iHIII MoKa3aHHS,
MOB’sI3aHi 3 aTePOCKIEPOTUUYHUM CEPLIEBO-CYIUHHUM PU-
3uKoM. JloKa3iB OO0 PYTUHHOTO 3aCTOCYBaHHS iHTi0iTO-
PiB MPOIPOTEIHOBOI KOHBEPTA3U CYOTUITI3UH-KEKCUHOBOTO
tuny 9 came y naiieHTis i3 CH HenocratHbo [17, 29].

Ao paHille nepeandavyaiocs MOCTiTOBHE MPU3HAYEH-
Hs1 6iokaTopiB PAAC i B-agpeH00J0KAaTOPIB i3 MOCTYIO-
BUM TUTPYBAaHHSIM JIO3U, a TIOTIM JI0JlaBaHHSI aHTaroOHiCTiB
MiHepanoKopTukoifHux peuentopiB Ta iH3KTI-2, To Ha
Cy4acHOMY eTarli peKOMEeH/Iallil He TUKTYIOTh JKOPCTKOI I10-
CJIiIOBHOCTI iMITJIEMEHTALlil KOXKHOTO eJIeMEeHTa JIiKyBaHHSI.
BignosinHo, Tepamnito iH3KTT'-2 — mamarmicdio3nHom a6o
eMIIarTihJI03MHOM — MOXHa BBOJIUTH B TeParieBTUYHUI pe-
JKMM Ha paHHIX eTarax, 110 MOSICHIOETHCS IXHIM BUPaKeHUM
Kapmio- Ta HeppornporekTopHUM epexrom [17, 18, 30, 31].

Poab iH3KTT-2 y Tepanii CH

Inri6itopu H3KTT -2, TpanuuiiiHo Binomi sik aHTuUTinep-
[JIIKEMiYHi TIperapaT, 3aTBepAINCS SIK KII0Y0Ba Tepartis
npu pizHux deHorurax CH [32]. Pe3ynabraty BeTMKUX Kli-
HIYHUX JOCTIIKEHb CEPLIEBO-CYAMHHUX HACIIIKIB Y TAIliEHTIB
i3 LI 2-ro Tumy — EMPA-REG OUTCOME, CANVAS
Program, DECLARE-TIMI 58 ta VERTIS CV — niponeMoH-
ctpyBaiu, 1o 3actocyBaHHSa iH3KTI -2 3H1mKye pr3uk rocri-
taiizauii yepe3 CH i mae HedponpoTekTopHi edekTr. Takox
MOKAa3aHO 3HMXXEHHSI OCHOBHUX HECIIPUSTIMBUX CEPLIEBO-
CYIVWHHUX MOJii y MalliEHTIB i3 BCTAHOBJIEHNM aTePOCKIIEPO-
TUYHKUM CEPLIEBO-CYIMHHIM 3aXBOPIOBaHHSIM [33—36].

Hocnimxenns: DAPA-HF Oyno nepiiM MaciitabHUM
JOCITIIKEHHSIM, sIKe MepeBipuiio eDeKTUBHICTb Aanartidio-
3MHY y nauieHTiB i3 xpoHiunoto CH3H®B. Moro pesynbratit
ToKa3aiM 3HKeHHS pu3uKy noripiieHHst CH i cepiieBo-cy-
IUHHOI CMepPTi He3alexHo Bim HassBHOCTI LIJI 2-ro Tumy.
[MosuTtuBHI edekTu ganarnicha03uHy OyIr OTpUMaHi Ha Tt
cranaaptHoi Tepanii CH — inri6iTopis AII®, BPA, 3-610-
KaTOPiB Ta AHTArOHICTiB MiHEPAIOKOPTUKOITHUX PELIENITODIB;
nofanblii aHanizu DAPA-HF nintBepnwiu ctamicTb eekTy
B OKpeMUX KIiHIYHMX miarpynax [17, 37, 38].

JlaHi JiTepaTypy TaKoX CBiT4aTh, 1110 TOTATKOBUMM IEpe-
Baramu Janariio3uHy € BiICYTHICTb IIOTPEeOM B TUTPYBaHHI
IIO31, MiHIMaJIbHUI BIUIMB Ha apTepialbHUI TUCK, TTOMipHa
NiypeTudHa Jist 6e3 IMPOBOKYBaHHSI €JIEKTPOJITHUX PO3JIaliB
Ta KJIiHIYHO 3HavyIa HedporpoTekTopHa mist [32, 37].
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Pesynwratu momatkosoro ananizy DAPA-HF, y skomy
OILIIHIOBAJIM BIUIMB Aamarii(ao3nuHy Ha HMITYHOYKOBI apyT-
Mii, peaHiMalIiiiHy 3yIIMHKY CepILisl Ta PaliTOBY CMEPTh, IIPO-
JEMOHCTPYBaJH, 1110 3aCTOCYBaHHS Aanariidio3uHy 3HU-
JKyBaJIo pU3UK OyIb-5IKOi Cepil03HOI HLTYHOUKOBOI apUTMii,
3YIMMUHKU ceplist abo panToBoi cMmepTi [39].

Hocnimxennst EMPEROR-Reduced npoBonunocst mist
OLIIHKM e(eKTiB mogaBaHHs eMIartidiosuny 10 Mmr omuH
pa3 Ha 100y y nanieHTiB i3 CH3u®B, 3 LI/] 2-ro Tumy abo
0e3 Hporo. EMmariicao3nH 3HU3UB pU3MK TOCHiTai3alil
yepes 3aroctpeHHst CH, ynoBiIbHUB 3HVXKEHHSI TBUIKOCTI
KJIyOOUKOBOI (pisibTpallii Ta MpoaeMOHCTPYyBaB 10AAaTKOBI
MO3UTUBHI e(EeKTH, 30KpeMa 3MEHIIIEHHsI pU3UKY MOTip-
meHHs ctany npu CH HaBiTh B aMOy/IaTOPHMX TALIIEHTIB,
i3 paHHIM IPOSIBOM KJIiHiYHOI KOPHUCTI MiCJIsI ITOYaTKY JIiKY-
BaHHS [40]. Takum ynHoM, iH3KTTI-2 — nmanarnicno3uH i
eMnantigio3nH — pekoMeHaoBaHi nauieHTam i3 CH3H®B,
3okpemMa 3 LIJ1 2-ro Tury, 1j1st 3SMEeHIIIeHHSI pU3UKY TOCITiTa-
nizauii uepe3 CH i cepueBo-cynuHHoi cMepTi [17, 18, 40].

Hna nikyBanuss CH3u®B pekomeHnoBaHa iHTEeHCHUB-
Ha cTpaTeris paHHbOTO MPU3HAYEHHS TOKa30BO1 MEAUKa-
MeHTO3HOiI Tepamii, mo Bkiawodae iH3KTI-2, inriditopnu
PELIENITOPiB aHTIOTEH3UHY Ta HETIPUJIi3UHY abo iHTibiTOpHn
ATID, B-610KaTOPH i1 AaHTATOHICTY MiHEPATIOKOPTUKOITHUX
pelenTopiB, i3 MBUIKUM TUTPYBAHHSIM 10 IUILOBUX J103.
JlikyBaHHS cJ1il pO3MOYMHATH 11Ie 10 BUIMMCKU 3i cTallio-
Hapy, 3 MOAAIBIIIMMU YACTUMU KOHTPOJbHUMU BiZUTAMU
MPOTSITOM TEPIINX 6 THKHIB TiCIIST rocIiTasi3alii 3 MpUBOLY
CH, mo cnpusie 3HIKEHHIO pU3UKY ITOBTOPHOI TOCIIiTaIi-
3alii Ta cmepri [18, 30, 31].

CeplieBa HeIOCTAaTHICTh 3i 30epexkeHo10 (hpaKlIi€o BU-
KUy € CKJIAAHIIIOW (heHOTUITOBOIO (DOPMOIO, CTAHOBUTH
Maitxe nojioBUHY 3arayibHoro Tsarapsi CH i, Ha BinMiHy Bif
CH3u®B, tpuBanuii yac Maaa 06MeXeHi MOXIUBOCTI JIIKY-
BanHs. Jochimkenns EMPEROR-Preserved Ta DELIVER
cTajy MPOPUBHUMM, MPOJEMOHCTPYBABILIN €(DEKTUBHICTh
eMrnariiio3uHy Ta nanartidio3uHy y 3HUXEHHI pU3u-
Ky rocmitanizauiii yepe3 CH y 1iil kateropii mauieHTiB.
EMPEROR-Preserved Oys0 nepimuM I0CTiKeHHSIM, K
cneniagbHO oliHuiIo edexkTuBHicTh iH3KTT-2 (emmar-
nmidmo3uny) y mauieHTiB i3 CH 3 momipHO 3HMXXEHOIO Ta
30epexeHoro @B JILL He3anexXHO BiJ HasIBHOCTI aiabeTy.
Hocnimkenns DELIVER miaTBepaniao KopucTh gamarii-
dao3uny y namieHTiB i3 CH 3 moMipHO 3HIKeHOI0 260 30e-
pexenoto @B JIII; miarpyrosi aHaji3u 3aCBiIYMIN CTATICTh
KJIiHIYHOTO e(heKTy B pi3HUX KaTeropiii maiieHTiB [41—43].

3aranom gocsruyti ecekty iH3KTT -2 He BigpizHsuiicst
iCTOTHO B MiArpynax Mali€HTiB 3 pisHUMU 3HaueHHIMUu OB
JILI, a Takox mix manieHtamu i3 LIJI i 6e3 Hboro. /1o 10-
JATKOBUX IIepeBar HaJlexkaTh MOMIpHUM AiypeTUUHUN eDeKT
0e3 TopyIIeHHS 0ajlaHCy eJIeKTPOJIiTiB, HE(POIPOTEKILis,
HU3BKUI PU3MK TiMOIIiKeMii Ta CIIPUSITAUBUI BILUIMB Ha
Mmacy Tina [32, 41—43].

Sk Hacnimok, 3acTocyBaHHS eMmIartidao3uHy abo na-
naricaosuny y nauienris i3 CH Ta ®B JIII > 40 %, 30-
KpeMa 3a HasgBHOCTI LIJ] 2-To Tumy, peKOMEHAYEThCS IS
3HMKEHHS pU3UKY rocmitamizamii yepe3 CH i cepuieBo-cy-
JTMHHOI CMEPTIi Ta PO3IJISIAETHCSI B OHOBJIEHUX PEKOMEH 1a-
uisix ESC sk pekomennauis kinacy 1A [18, 41, 42]. [Nauientn
3 CH36®B Ta AT’ MaloTh OTpMMYBATH JIIKAPCHKi IperapaTu

B J103aX, 110 3a06e3MeYyIOTh JOCATHEHHS LIIbOBOTO apTepi-
aJIbHOTO THCKY. 3a HAsSIBHOCTI O3HAK 3aCTOIO PiIMHU IS 110~
JIETIIEHHSI CUMIITOMIB PEKOMEHIYIOThCS aiypeTuku [17, 18].

BucHoBKkMU

MeTabosiuyHniT CUHIPOM € TIOTY>XKHUM (DaKTOPOM PU3UKY
PO3BUTKY CEPLIEBOI HEAOCTATHOCTI, 1110 3yMOBJIIOE [TOTPEOY Yy
KOMILIEKCHOMY TIiIXOMi O BeACHHS TaKMX IAIli€HTIB.

[HridiTOpM HaTpiii3aneKHOIO KOTpaHCIOPTEpa IIHOKO-
31 2-ro Tuny (mamarticdao3uH, eMnartidao3nH) 3aliHsIN
LIEHTpaJIbHE Miclie B cyvacHiii Tepanii CH, orpumasiim
BUCOKH piBeHb peKOMeHAAllili 11 3ACTOCYBaHHS TP Pi3-
HUX (PeHOTUIAX CeplieBOl HEMOCTAaTHOCTI, He3aJIesKHO Bil
HasIBHOCTI LIyKPOBOTO Jlia0eTy.

[Ipu3HadeHHs iHTIOITOPIB HATPili3aJIeXXKHOTO KOTpaH-
crioprepa IIIOKO3U 2-ro TUMY (narnariidio3nH, emMrarii-
¢ao3uH) mauientam i3 CH Ta MeTaboIiYyHUM CUHIPOMOM
Ccrpusie 3HUKEHHIO PU3MKY TOCIiTajli3alliii, cepleBo-cy-
IMHHOI CMEPTi Ta MOJIMIIEHHIO ITPOrHO3Y.

KondaikT inTepeciB. ABTOpU 3asBJISIIOTH ITPO BiICYTHICTh
KOHITIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alliKaBIeHO-
CTi IIPY MiATOTOBIL JAHOI CTATTi.

Indopmania npo dinancyBanng. Ctartsa € ¢pparMeHTOM
HayKOBO-A0CIiIHOI poboTn «Oco0IMBOCTI Iepediry, mpo-
THO3Y Ta JIiKyBaHHSI KOMOPOiAHMX CTaHiB IPU 3aXBOPIO-
BaHHSIX BHYTPIIIIHIX OPTaHiB 3 ypaxyBaHHSIM F€HETUYHUX,
BIiKOBHUX i TeHIEPHMX aCIEeKTiB», HOMEP JepKaBHOI peecTpa-
i 0118U004461.

Buecok aBropiB. 2Knan B.M. — aBTop inei cTaTri, 3arajib-
He KepiBHMUTBO; KiTypa €. M. — KOHCy/bTallisl MaLi€HTIB,
cucTeMaTu3allisi KJIiHiYHOTO MaTepiaty, podoTa 3 TEKCTOM;
Ba6anina M.1O., Kup’ssH O.A. — omisia cydacHoi Jiitepa-
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Heart failure and metabolic syndrome:
the role of sodium-glucose cotransporter-2 inhibitors in clinical practice

Abstract. Heart failure (HF) and metabolic syndrome (MetS) are
two interconnected global challenges in modern medicine. The
main risk factors for the development of chronic HF include the
following components of MetS: visceral obesity, insulin resistance,
hyperinsulinemia, dyslipidemia, hypertension, and type 2 diabetes
mellitus (T2DM). This review analyzes current data on the rela-
tionship between MetS and HF, as well as the diagnostic and man-
agement features in such patients, which include lifestyle modifica-
tion, correction of concomitant conditions, and optimization of HF
treatment itself. The results of large-scale clinical trials, particularly
DAPA-HF and EMPEROR-Reduced, have demonstrated the ef-
ficacy of sodium-glucose cotransporter-2 inhibitors (SGLT2i) in
improving the course of heart failure with reduced ejection fraction,
regardless of the presence of T2DM. Specifically, the DAPA-HF
trial showed a 30 % reduction in the risk of planned hospitalization
for worsening HF, and a 57 and 18 % reduction in the risk of urgent
hospitalization and cardiovascular death, respectively. Subsequent
clinical trials, EMPEROR-Preserved and DELIVER, demonstrated
the efficacy of empagliflozin and dapagliflozin in reducing the risk

of HF hospitalizations in patients with heart failure with preserved
ejection fraction (HFpEF) as well. The EMPEROR-Preserved trial
specifically evaluated the efficacy of SGLT2i (empagliflozin) in
patients with HF with mildly reduced ejection fraction and HFpEF,
regardless of diabetes status. Compared to placebo, empagliflozin
reduced the risk of the primary composite endpoint, which includ-
ed cardiovascular death or acute HF, by 21 % — an effect mainly
driven by a reduction in the risk of acute HF. A meta-analysis of the
DELIVER and EMPEROR-Preserved trials confirmed that in the
studied population, SGLT?2i significantly reduced the risk of the
composite of cardiovascular death and development of acute HF, as
well as the risks of its individual components. Consequently, the use
of SGLT2i, empagliflozin or dapagliflozin, in patients with T2DM
and HFpEF > 40 % is recommended to reduce the risk of acute HF
and cardiovascular death and is considered a class IA recommen-
dation in the ESC guidelines.

Keywords: heart failure; metabolic syndrome; sodium-glucose
cotransporter-2 inhibitors; visceral obesity; insulin resistance; hy-
pertension
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Endocrine and metabolic determinants
of CKD-associated osteoporosis:
diagnostic insights and clinical implications

Abstract. Osteoporosis is defined as a systemic skeletal disorder characterized by decreased bone mineral
density (BMD) and deterioration of bone microarchitecture, leading to increased fracture risk. Among the causes of
secondary osteoporosis, chronic kidney disease (CKD) plays a crucial role, as the kidneys are central regulators of
endocrine mineral metabolism, including calcium, phosphate, vitamin D, and parathyroid hormone, as well as Klotho-
FGF23 axis. These disturbances contribute to the deterioration of BMD and bone quality. Collectively, these factors
highlight the need to recognize and further define CKD-associated osteoporosis as a distinct clinical entity. While
not routinely required, bone biopsy continues to play an important role in selected complex cases where diagnostic
uncertainty persists. Among the available markers, bone-specific alkaline phosphatase and tartrate-resistant acid
phosphatase 5b are not significantly affected by renal clearance and are therefore considered reliable indicators
of bone metabolism in CKD. Additionally, intact N-terminal telopeptide of type | collagen may also be applied in
this clinical setting. Presents of calcification in CKD require the new approaches for BMD assessment in kidney
impairment. Results indicate that radiofrequency echographic multispectrometry provides BMD and fracture risk
assessment comparable to DXA in patients on peritoneal dialysis, while also highlighting the impact of vascular
calcifications on the diagnostic accuracy of lumbar spine DXA measurements. Patients with CKD typically have
impaired bone microarchitecture, as evidenced by lower trabecular bone score. A comprehensive and collabora-
tive approach is essential to improve diagnostic accuracy and to develop more precise and effective therapeutic
strategies for this patient population.

Keywords: chronic kidney disease; CKD-associated osteoporosis; endocrine mineral metabolism; radiofrequency
echographic multispectrometry; trabecular bone score; review

Introduction
Osteoporosis is defined as a systemic skeletal disorder

as the kidneys are central regulators of mineral metabolism,
including calcium, phosphate, vitamin D, and parathyroid

characterized by decreased bone mineral density (BMD) and
deterioration of bone microarchitecture, leading to increased
fracture risk [1]. Osteoporosis is traditionally classified into
two main types: primary osteoporosis, which includes post-
menopausal and age-related forms, and secondary osteopo-
rosis, which develops as a consequence of underlying diseases
or medications.

While primary osteoporosis is mainly associated with
hormonal decline and ageing in both women and men, se-
condary osteoporosis may affect younger individuals and is
frequently linked to chronic systemic conditions. Among
these, chronic kidney disease (CKD) plays a crucial role,

hormone (PTH).

Several analyses based on the National Health and Nu-
trition Examination Survey have demonstrated that the pre-
valence of osteoporosis among individuals with a glomerular
filtration rate (GFR) below 60 mL/min is approximately
twice as high as in those with preserved renal function (GFR
above 60 mL/min). Furthermore, among adults older than
65 years diagnosed with osteoporosis, reduced kidney func-
tion is highly prevalent, affecting over 80 % of women and
about 50 % of men with GFR values below 35 mL/min.
Cortical bone accounts for nearly 80 % of total skeletal mass
and plays a major role in determining overall bone strength.
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In the context of CKD, secondary hyperparathyroi-
dism promotes structural deterioration of cortical bone,
characterized by increased porosity and thinning of the
cortical layer. These changes contribute to a progressive
decline in areal bone mineral density (BMD). Trabecu-
lar bone also significantly influences skeletal integrity. In
CKD patients, factors such as advanced age, hypogona-
dism, and the use of medications commonly prescribed in
renal disease management — including glucocorticoids and
calcineurin inhibitors — can lead to trabecular bone loss.
Defects in bone mineralization, such as osteomalacia, re-
main relatively common in CKD, although their frequency
has declined in recent years, likely due to the broader use
of vitamin D analogues.

In addition, bone quality in CKD is further compromised
by the accumulation of advanced glycation end products,
which negatively affect the collagen matrix. This is accom-
panied by impaired repair of microdamage, including micro-
cracks, and increased oxidative stress, all of which contribute
to reduced bone strength and resilience [2].

Chronic kidney disease is strongly associated with skeletal
fragility and a distinct osteoporosis phenotype characterized
by alterations in BM D, microarchitecture, and bone turnover
markers (BTMs).

Endocrine mineral metabolism

One of the earliest abnormalities in CKD is phosphate re-
tention, caused by reduced glomerular filtration rate (GFR).
Initially, compensatory mechanisms maintain normal serum
phosphate. Elevated phosphate levels stimulate both PTH
and FGF23 secretion that are strongly also associated with
increased cardiovascular morbidity and mortality [3].

Among the principal regulators of the bone-kidney endo-
crine axis, the Klotho-fibroblast growth factor 23 (FGF23)
system has gained recognition as a pivotal mechanism go-
verning phosphate balance and vitamin D metabolism. The
transmembrane protein a-Klotho, primarily expressed in
renal tubular cells, serves as an obligate co-factor for FGF23
by enhancing its affinity for fibroblast growth factor recep-
tors (FGFRs), thereby enabling efficient receptor activation
and intracellular signaling in target organs. In the context of
CKD, this regulatory axis undergoes profound disruption.

Declining renal function is associated with a progressive
reduction in Klotho expression, which leads to impaired
FGF23 signaling despite markedly elevated circulating levels
of FGF23. This state of functional FGF23 resistance con-
tributes to inadequate phosphaturic response, promoting
phosphate retention and subsequent hyperphosphatemia in
advanced CKD [4].

At the same time, persistently elevated FGF23 exerts
multiple systemic effects. It suppresses renal 1a-hydroxy-
lase activity, leading to decreased synthesis of active vitamin
D (1,25-dihydroxyvitamin D), thereby reducing intesti-
nal calcium absorption and contributing to hypocalcemia.
This, in turn, stimulates parathyroid hormone secretion
and accelerates the development of secondary hyperpara-
thyroidism [5].

Beyond its classical role in mineral metabolism, excess
FGF23 has been implicated in off-target effects, including
left ventricular hypertrophy, inflammation, and increased

cardiovascular risk, which are highly prevalent in CKD pa-
tients. Simultaneously, Klotho deficiency independently
contributes to vascular calcification, oxidative stress, and
accelerated aging-like phenotypes [6].

Importantly, disruption of the Klotho-FGF23 axis also
affects bone directly. Altered osteocyte signaling, impaired
mineralization, and dysregulated bone turnover contribute
to the skeletal phenotype observed in CKD-associated
osteoporosis, where bone fragility is driven not only by
changes in bone density but also by compromised bone
quality.

Taken together, the imbalance between reduced Klotho
availability and excessive FGF23 activity represents a central
pathophysiological mechanism linking renal dysfunction
with disturbances in mineral metabolism, skeletal fragili-
ty, and cardiovascular complications in CKD. Moreover,
FGF23 elevation is considered one of the earliest marker
kidney impairment [7].

Another mechanism of bone deterioration in CKD is
secondary hyperparathyroidism (SHPT). Activation of
FGF23 further suppresses calcitriol synthesis, exacerbating
vitamin D deficiency and contributing to hypocalcemia [8].
As a consequence of reduced calcitriol and impaired calcium
absorption serum calcium levels tend to decrease. This again
stimulates parathyroid hormone secretion. Hypocalcemia
is therefore a key trigger of secondary endocrine disturban-
ces in CKD. Decreased calcium and vitamin D levels lead
to secondary hyperparathyroidism (SHPT): high level of
PTH secretion increases bone resorption release of calcium
and phosphate from bone. Although initially compensatory,
chronic PTH elevation contributes to bone disease and sys-
temic complications [9].

The disturbances in mineral metabolism in CKD follow
a characteristic sequence:

1 GFR - phosphate retention » * FGF23 (early) - ¢ cal-
citriol = | calcium absorption » hypocalcemia - * PTH -
secondary hyperparathyroidism — bone remodeling abnor-
malities (renal osteodystrophy).

This cascade leads to impaired bone mineralization, in-
creased fracture risk, vascular and soft tissue calcification.

Historically, these skeletal abnormalities were described
as renal osteodystrophy [10]. However, with advances in
understanding the underlying pathophysiology, this con-
cept has evolved into the broader entity of CKD-mineral
and bone disorder (CKD-MBD). More recently, the term
CKD-associated osteoporosis has been proposed to reflect
the overlap between classical osteoporosis and CKD-rela-
ted bone pathology, emphasizing the combined impact of
reduced BMD, impaired bone quality, and disturbances in
calcium-phosphate metabolism [11].

Diagnosis of CKD-associated
osteoporosis

A growing range of diagnostic modalities, including bio-
chemical markers of bone turnover and advanced imaging
techniques, is now available to assist clinicians in evaluating
and managing CKD-associated osteoporosis. While not rou-
tinely required, bone biopsy continues to play an important
role in selected complex cases where diagnostic uncertainty
persists [12].
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Alterations in bone turnover are frequently observed in
patients with CKD and play a significant role in increasing
bone fragility. In recent years, the Kidney Disease: Impro-
ving Global Outcomes (KDIGO) introduced the concept of
CKD-associated osteoporosis to better characterize skeletal
fragility in this population and emphasized the importance
of BTMs in both assessment and management.

Despite this, existing clinical guidelines do not define
clear therapeutic targets for bone turnover. This consensus
document was therefore developed to provide practical re-
commendations on the application of BTMs in the manage-
ment of CKD-associated osteoporosis. The work was carried
out by experts from several leading organizations, including
the European Renal Association, International Osteoporosis
Foundation, European Foundation for Clinical Chemistry
and Laboratory Medicine, and European Society of Pediatric
Nephrology.

Among the available markers, bone-specific alkaline
phosphatase and tartrate-resistant acid phosphatase 5b are
not significantly affected by renal clearance and are there-
fore considered reliable indicators of bone metabolism in
CKD. These markers have recently been proposed as refe-
rence standards by an international consortium. Additionally,
intact N-terminal telopeptide of type I collagen may also be
applied in this clinical setting.

The consensus outlines key methodological aspects and
highlights the clinical value of BTMs in predicting fracture
risk, guiding therapeutic decisions, and monitoring treatment
response in CKD-associated osteoporosis. It also proposes
diagnostic thresholds for different patterns of bone turnover.
Future investigations should aim to integrate these reference
markers with other diagnostic approaches, define precise
treatment targets, and develop effective strategies to achieve
them [12].

Dual-energy X-ray absorptiometry (DXA) remains the
standard for assessing bone mineral density and predicting
fracture risk in CKD populations [13]. However, the DXA
method has significant limitations, such as bulky equipment,
the use of ionizing radiation with the need for shielding, and
the presence of artifacts associated with pathological calci-
fication in CKD [13].

Presents of calcification in CKD require the new ap-
proaches for BMD assessment in kidney impairment. Ra-
diofrequency echographic multispectrometry (REMS) bone
densitometry is a new ultrasound technique that allows for
the reliable assessment of bone mineral density in the lumbar
spine and femoral neck. The REMS technique has already
been tested in postmenopausal osteoporosis and has been
approved as a possible alternative to DXA [14]. There is in-
creasing evidence of the benefits of this technique in patients
with CKD-associated osteoporosis.

Radiofrequency echographic multi-spectrometry rep-
resents a portable, radiation-free imaging modality that
enables the evaluation and longitudinal monitoring of
osteoporosis at clinically relevant skeletal sites, including
the lumbar spine and femoral neck. Compared with con-
ventional DXA, REMS may improve accessibility to axial
BMD assessment. An expanding body of evidence demon-
strates a strong correlation between BMD measurements
obtained by DXA and REMS. In addition, recent studies

have highlighted the utility of the REMS Fragility Score,
which provides insight into bone quality and supports frac-
ture risk prediction over a 5-year period, complementing
standard BMD assessment.

Because REMS does not involve ionizing radiation, it
is particularly suitable for populations in whom radiation
exposure is a concern, such as pregnant women and pediatric
patients, and allows for more frequent monitoring. Its porta-
bility further enables use in a wide range of clinical settings,
including bedside assessment in frail individuals, primary
care, emergency departments, low-resource environments,
and even home-based evaluations, thereby avoiding logistical
challenges associated with patient transfer and positioning
required for DXA. Overall, current evidence supports REMS
as a valuable and practical alternative to DXA in the clinical
management of osteoporosis [20]. The clinical value of this
radiation-free method is enhanced in the presence of arte-
facts such as pathological calcifications, which are commonly
observed in CKD.

In this cross-sectional exploratory study, the performance
of REMS was compared with DXA for the assessment of
BMD in patients undergoing peritoneal dialysis [14]. Addi-
tionally, the relationship between lumbar aortic calcifications
(AOCs) and lumbar spine DXA measurements was evaluated.
A cohort of consecutive patients from a peritoneal dialysis
clinic underwent BMD assessment at the lumbar spine and
femur using both methods, including laterolateral DXA im-
aging. The findings demonstrated no significant differences
between REMS and DXA in femoral BMD measurements.
However, at the lumbar spine, anteroposterior DXA T-scores
were significantly higher compared to both laterolateral DXA
and REMS values, suggesting a potential overestimation.
Fracture risk estimates derived from both techniques were
comparable across the applied algorithms. Moderate agree-
ment between methods was observed for osteoporosis classi-
fication. Importantly, discrepancies between anteroposterior
and laterolateral lumbar DXA measurements were positively
associated with the extent and severity of AOCs.

Overall, these results indicate that REMS provides
comparable BMD and fracture risk assessment to DXA in
patients on peritoneal dialysis, while also highlighting the
impact of vascular calcifications on the diagnostic accuracy
of lumbar spine DXA measurements [14].

As was mentioned above, reducing BMD is associated
with increased mortality and fracture risk in CKD patients
[15]. However, BMD alone underestimates fracture risk
in CKD. Patients may sustain fractures despite normal or
osteopenic BMD. So, assessment of bone quality by Tra-
becular bone score (TBS) is very useful. It helps to reveal
microarchitectural deterioration even when BMD is pre-
served [16].

Patients with CKD typically have impaired bone mi-
croarchitecture, as evidenced by lower TBS values. TBS can
also be used to assess fracture risk: lower values correlate with
a higher risk of existing and new fractures [17].

Reduced TBS values were independently correlated
with advanced age and a higher prevalence of cardiovascular
events in patients undergoing hemodialysis. Individuals with
lower TBS also demonstrated significantly increased rates
of both mortality and fractures. These observations suggest
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that TBS may serve as a marker of frailty, as well as reflect a
CKD-MBD phenotype that is also inversely associated with
cardiovascular disease burden [18].

Some research on large population-based study have
shown the predictive value of TBS, both independently and
in combination with the Fracture Risk Assessment Tool
across different stages of CKD [19]. Lower TBS values were
associated with an increased risk of both major osteoporo-
tic and hip fractures across all levels of kidney function in
unadjusted analyses. However, after adjustment for FRAX
including bone mineral density, TBS remained a significant
predictor only for major osteoporotic fractures in individuals
with preserved renal function (¢GFR > 60 mL/min/1.73 m?)
Overall, while reduced TBS was linked to declining kidney
function and higher fracture risk, its addition to FRAX did
not significantly enhance fracture risk prediction in patients
with CKD.

Emerging imaging techniques and advanced analytical
approaches appear promising, as they may offer more com-
prehensive insights into bone health without substantially
increasing costs. Nevertheless, additional validation studies
are required before these methods can be widely adopted in
routine clinical practice [21].

Conclusions

Chronic kidney disease plays a pivotal role in the re-
gulation of endocrine mineral metabolism, including cal-
cium, phosphate, vitamin D, parathyroid hormone, and
the Klotho-FGF23 axis. These disturbances contribute to
the deterioration of bone mineral density and bone quality.
Collectively, these factors highlight the need to recognize
and further define CKD-associated osteoporosis as a distinct
clinical entity. A comprehensive and collaborative approach
is essential to improve diagnostic accuracy and to develop
more precise and effective therapeutic strategies for this pa-
tient population.
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EHAOKPUHHI TO MeTAGOAIYHI A@TePMIHAHTM OCTEONOPOo3Y,
CGCOLIMOBOHOrO 3 XPOHIYHOIO XBOPOGOIO HUPOK:
AIGrHOCTUYHI ACMNEKTU 1 KAIHIYHI HOCAIAKU

Pesiome. Ocreonopos BU3HAYAIOTH SIK CUCTEMHE 3aXBOPIOBAHHS
CKeJleTa, SIKe XapaKTepU3YEThCsl 3HUKEHHSIM MiHEepaJIbHOI HIiTb-
HocTi KicTkoBoi TKaHuHu (MILIKT) Ta moripimieHHSIM MiKpo-
apXiTeKTypH KiCTKH, 1110 MPU3BOAUTH IO IMiABUILIEHOIO PU3UKY
nepesnoMiB. Cepes TPUUYUH BTOPUHHOTO OCTEONOPO3Y BaXKIUBY
poJib Bimirpae xpoHiyHa xBopoba Hupok (XXH), ockinbku HUp-
KU € UEHTPAJIbHUM PEryJsiTOpoM eHIOKPUHHOIO MiHEepaJibHOTO
00MiHy, BKJIIOUalO4Yn Kajblliii, ocdat, BitamiH D Ta mapatupe-
oigHMI TopMOH, a Takoxk Bick Klotho — FGF23, a iioro mopy-
meHHs: 00yMoBmooTh 3HIKeHHsS MILIKT Ta sgkocTi KicTKOBOI
TKaHUHU. Y CYKYIMHOCTI 1Ii (haKTOpH MiAKPeCaI0I0Th HEOOXiTHICTh
pO3IMi3HaBaHHS i MOAAJBIIOIO BU3HAYEHHSI OKPEMOI KJTiIHIYHOT
OIMHMIII — OCTeornopo3y, acoliitoBaHoro 3 XXH. Xoua 6iomncist
KIiCTKHM He € pyTMHHOIO, BOHA MPOIOBXYE BillirpaBaTh BaXJIMBY POJIb
Y OesIKMX CKJIaIHMX BUTIAIKAX, KOJIM iarHOCTUYHA HEBU3HAUEHICTh
36epiraetbest. Cepesl TOCTYIHUX MapKepiB KiCTKOBO-creludiyHa
JyxHa docdarasza ta taprparpesucteHTHa Kucia ¢ocdaraza Sb
CYTTEBO HE 3aJieXaTh Bill HUPKOBOTO KJIIPEHCY i TOMY BBaXKalOThCsI

HaIifHUMM TTOKa3HUKAaMM KiCTKOBOTO MeTaboizmy mpu XXH.
KpiMm Toro, y X KIiHIYHAX YMOBaX TaKOK MOXKe OyTH 3aCTOCOBa-
HUIi iHTakTHUI N-KiHLIeBuUii TenonenTua Konareny I tumy. Hasis-
HicTh Kanblmdikariiii 3a XXH BuMarae HoOBUX MiIXOAiB 10 OLIHKHU
MUIKT npu HUpKOBiit HepocTaTHOCTI. Pe3ynbTatu nmokasyiorsb,
10 palioyacToTHa exorpadiuHa MyJIbTUCIIEKTPOMETPIsT 3a0e3Ieuye
ouinky MIIKT i pu3uky nepenomiB, MOpiBHSIHHY 3 Takoo DXA,
y Mali€HTIB Ha MEPUTOHEATbHOMY Jliajli3i, a TAKOX MiIKPECIIOI0Th
BILIUB CYIMHHUX KalbLM(]iKaTiB HA 1iarHOCTUYHY TOUHICTb BUMi-
proBaHb DXA nonepekoBoro Binminy xpeota. B oci6 i3 XXH 3a3Bu-
yaii mopyIIeHa MiKpoapXiTeKTypa KiCTOK, IpO 10 CBiTYMTh HIXKUYA
SIKICTb TpaOeKyIsIpHOI KicTKU. KOMIUIEKCHUI MinxXia € BasKJIMBUM
IUTSI THIBUIIICHHS AiarHOCTUYHOI TOYHOCTI i1 pO3po0KHU OLITbII edhek-
TUBHMX T€PAIIEBTUYHUX CTPATETiil y 1Iiii TPyIIi MaIli€HTIB.
KimrouoBi ciioBa: xpoHiuHa xBopoba HUPOK; OCTEOIIOPO3, ACOLII0-
BaHMUI i3 XpOHIYHOIO XBOPOOOIO HUPOK; EHIOKPMHHMI MiHepasb-
HUIT OOMiH; panioyacToTHa exorpadiuHa MyJbTUCIIEKTPOMETPIsl;
MMOKA3HMK SIKOCTi TPAOEKYISIPHOL KiCTKU; OTJISII
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BYKOBUHCHKI ACPXKABHUN MEAMYHI YHIBEpCUTET, M. YepHiBLj, YkpaiHa

XPOHIYHMIM CTPeC niA YOC BiHU
TO NOrO €HAOKPUHHO-METAOOAIYHI
| CTOMQATOMHATUYHI HOCAIAKU
(OrAgA AiTepartypm)

Pe3tome. AKTyanbHicTb. XpoHidHW CTpec nig Yac BiviHu € CUCTEMHUM MEAUKO-COLIaNIbHUM YUHHUKOM, 34aTHUM
Br/MBaTv Ha rcUXoemMoUiviHnii CTaH, HEVPOEHAOKPUHHY, METabosibHy, iMyHo3anasibHy perynsuyito 1a gyHKUIOHY-
BaHHs1 cToMatorHatuyHoi cuctemn. Merta: y3arasibHUTU Cy4acHi HayKoBi AaHi LWofo posii XPOHIHHOro BOEHHOIMO
cTpecy y (hopMyBaHHI arocTaTn4HOro HaBaHTaXXeHHs, MeTabosliqyHoI 1 iIMyHo3anasibHoi gucperynsauyii Ta ix 38’a3Ky 3i
cTomarorHatniHumMmmn Hacnigkamu. Matepianu Ta meroau. [lpoBeneHo ornsg nitepatypu 3 efieMeHTaMmu cuctema-
Tmn3oBaHoro rowyky B PubMed/Medline, Epistemonikos, Scopus, Web of Science, Google Scholar i noBHoTekcToBuyX
pecypcax Elsevier, Springer Nature, Wiley, MDPI Ta BMC 3a 2021-2026 pp. AHaniaysanv ornsgv, MetaaHasniau,
KIIHIYHI VI peTPOCHEKTUBHI AOCTIIAXXEHHS O[O XPOHIYHOro CTPECY, alloCTaTnYHOrO HaBaHTaXXeHHS1, IOCTTpaBMaTny-
HUX MPOSBIB, 6PYKCU3MY, CKPOHEBO-HMKHBOLLEENHNX PO3/184iB, NapofoHTalIbHUX NOPYLLUEHb, LiyKPOBOro giabety
2-ro Uy Ta OpPTONEANYHO-NPOTETUYHNX YCKNaaHeHb. Pe3ynbraTun. Y3aransHeHHs gaHux J03BOSINI0 cghopMyBaTn
IHTerpatvBHy asoctatn4Hy Mogesib eHLOOKPUHHO-METab0sTiYHMNX | CTOMAaTOrHaTUYHUX HACITIAKIB XPOHIHHOr0 BOEHHOIO
ctpecy. [NokasaHo, LYo TpuBasa gisi CTPECcopIB BiViHV MOXe peasi3oByBaTuUCs YEPE3 HEVPOEHAOKPVHHY, META6OTiYHY,
iMyHo3anarsnbHy, HeVipoM'si30BY, 60/1bOBY, OKITO3IVIHO-MeXaHIYHy Ta coLjianibHO-MOBERIHKOBY rifiku. HevipoeHaokpuHHa
rinka nos’sisaHa 3 Aucperynayieto rinoTanamo-rinogiaapHo-HaaHNPHUKOBOI OCi Ta 3MiHaMu KOPTU3010BOI BIAMNOBIgi;
meTabosiyHa — 3 MOripPLLIEHHAM [TIKeMIYHOro KOHTPOJTO, LUYKPOBUM [iabeToM 2-ro Tury, MeTabosiiYHuM CUHLPOMOM,
OKCU[ATUBHUM CTPECOM | CUCTEMHUM 3arasieHHsM; Napo[oHTalbHa — 3 BIIMBOM CTPECY, KOPTU30S1Y, MOPYLLEHHS
CHY Ta roBeniHKOBUX (haKTopiB Ha TKaHUHW NapofoHTa. HevipoM'a30Bi Ta 60/1b0BI MPosiBU BKIIHOYAOTb 6PYKCU3M,
KJI@HYWHI, CKPOHEBO-HKHbOLLENErHI po3naau, MiogbacyjiarnbHuvi 6irb | UeHTpasibHy CEHCUTM3aLito, a OKITIO3IMHO-MpPo-
TETUYHI HACTTIKW — NaTosIorivHe CTUPaHHs 3y6iB, CKO/M pecTaBpalivi | nepeBaHTaXXeHHs1 OPTONeaNYHNX KOHCTPYKLiN.
BucHOBKM. XPOHiHYHWV CTPeC BiviHW [OUINIbHO po3risaaty SK MKONCUNIITIHAPHWA YUHHUK PUSUKY, KUV MOEAHYE
EHOOKPUHHO-MeTabosliuHi, iMyHO3anasbHi Ta CTOMarorHaTuydHi MexaHiamu i oTpebye PO3LLUMPEHOI OLiHKM nayieHTa.
Knro4oBi cnoBa: orisg; BiviHa; XpOHIYHUI CTPEC; anoCcTaTuyHe HABaHTaXeHHS; BPYKCU3M; LIyKpOBWi fiabeT
2-ro iy

Bctyn

XPOHIUYHMI CTpeC Mid yac BilHU € CUCTEMHUM MEIU-
KO-COLliaIbHUM YMHHUKOM, SIKUI TTOEAHYE TICUXOEMOILIiliHi,
HEeMpOeHIOKPUHHI, MEeTabOJIIYHi Ta MOBEAIHKOBI HACIIKM.
Ha BiaMmiHy BilI KOpOTKOYacHOI TOCTPOi CTPECOBOI peakilii
BOEHHMI CTPEC YaCTO MA€ TPUBAJINIA, TOBTOPIOBAHUIA i He-
nependavyyBaHUii XapakTep, SKUii OB’ sI3aHUI i3 TpaBMa-
TUYHUMM HETAaTUBHUMU ITOMIiSIMM, 3arPO30I0 IS KUTTS,
BTpaTaMM OJIM3bKUX i PiTHUX, BUMYIIIEHUM MEePEMIILIEHHSIM,

HEBU3HAYEHICTIO Ta MOPYIIEHHSIM 3BUYHOTO CIIOCOOY KUT-
Ts [1—3]. JaHi cyyacHUX OIJISIIIB i MeTaaHai3iB CBimyaTh
PO Te, 1110 HACeJIEHHS, SIKe TIPOXKMBAE B yMOBaX BiliHU a00
30pOHOTO KOH(MIIIKTY, Ma€ MiIBUIIIEHY TTOIIMPEHICTD Je-
Mpecii, TPUBOTU Ta MOCTTPaBMaTUYHUX CTPECOBUX PO3IaliB
(ITTCP). YkpailHChKMIT KOHTEKCT JOJATKOBO ITiIKPECIIIOE
3HAYYILiCTh TPABMATUYHOI €KCIO3U1Li1, KyMYJISITABHOI TPaB-
MM Ta 30aTHOCTI IO IICUXOJIOTiYHOI amanTallii y (popMyBaHHiI
HacJIiaKiB BifiHu [1-5].
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OnHi€o i3 KITIOYOBUX ITPOMIXKHUX JJAHOK MiXX XpOHIYHIM
CTPECOM BiliHU i COMATUYHUMMU HACTIIKAMM € MOPYLIEHHS
CHYy. ¥ BiliCbKOBOCIIY>XX0OBIIiB, Oi3KEHIIIB i BUMYILIEHO Te-
peMillleHuX ocib MopyIIeHHS! CHY YacTO MOETHYIOThCS 3
IITCP, TpuBorolo, 1ernpecuBHUMU IPOsIBaMU Ta a(heKTUB-
Holo aucperyisiieio [6, 7]. [TopymeHHs CHY MOXYTb TTiJI-
TPUMYBATU CTaH TiMepPBIriIbHOCTI, 3HUKYBAaTU afanTalliiiHi
MOXJIMBOCTI OpraHi3My, IOCUIIOBATA 00JbOBY YyTJIMBICTh
i cripusiTi hOPMYBAHHIO MOBEIIHKOBUX Ta HEIPOM I30BUX
peaxiliii, 30KpeMa IeHHOI'0 CTUCKaHHs 3y0iB, OpyKCcH3My Ta
HampyKeHHs KyBaJTbHUX M s13iB [6—9].

KoHuenTtyanbHOIO OCHOBOIO /J151 TOSICHEHHS TAKUX 3MiH
€ MOJIeJIb AJIOCTATUYHOTO HaBaHTaKeHHsI. AJlocTas Bifoopa-
JKa€ 3MaTHICTh OpPTraHi3My MiATPUMYyBaTH CTaOLIbHICTh Yepe3
ajanTaliiiHi 3MiHM, TOAI SIK TpuUBaja a00 HamIMipHa aKTH-
Ballisl CTpeC-peasi3yrouux CUCTEM MOXE TPU3BOAUTH 10
amoctatTuuyHoro nepesanTaxkeHHs [10]. LlenTpanbHe miciie
B LIbOMY TIpOIIeCi Tocifae Tinmorajgamo-rinodizapHo-Ha-
HupHuKoBa Bich (I'TH-Bich), KOpTU30J10Ba BiANOBIAbL, CUM-
naTU4YHa aKTUBALIisl, 3MiHM iMyHO3aITaJIbHOI peaKTUBHOCTI
Ta MeTabosiuHoi perynsuii [11, 12]. ¥ uboMy KOHTEKCTI
KOPTHU30J1, 30KpeMa Horo N10BroTpuBaji peTpoCneKTUBHI
OGiomapkepHu, PO3IJISIAETHCS K OMUH i3 MOTEHUIMHUX T10-
Ka3HUKIiB XPOHIYHOTO CTPECOBOr0 HaBaHTAXKEHHSI, a LIeH-
TpaJibHa CEHCUTU3Allisl — SIK MOXJIMBUI MEXaHi3M Mepexoy
TMICUXOEMOLIIHHOTO HAaMpPYKEHHS B XpOHiYHiI COMaTUYHi Ta
001b0Bi ITposiBu [10—13].

Oco6yMBOro 3HaueHHsI HabyBa€e MeTabOIiYHO-Tapo-
IOHTAJIbHA TiJIKa HACIAKIB XpOHIYHOTO cTpecy. XpOHIYHUI
CTpec BilfHM MOKe MOTipIIIyBaTU MeTabOJiYHUI KOHTPOJIb
yepes nucperyJsiito [ TH-oci, mopymieHHs cHy, 3MiHY Xap-
YOBOI MOBEIiHKM, 3HUXXEHHS TTPUXUIIBHOCTI 10 JIIKYBaHHSI
Ta MOCUJIEHHSI CUCTEMHOTO 3allajJieHHs. Y MallieHTiB i3 1y-
KpoBuM niabetoMm 2-ro tuiry (LIl 2-ro tuiy) Ta MmeTabo-
JIIYHUM CUHAPOMOM LI MOXE MaTh OCOOJIMBE 3HAYCHHS,
OCKIJIBKM TTAPOAOHTHUT i INIIKeMIiYHUII KOHTPOJIb IepedyBa-
IOTh Y IBOOIYHOMY B3a€EMO3B 13Ky, a IapOJIOHTaJIbHA Tepa-
Mis1 31aTHA BIUIMBATU He JIMILIE Ha JIOKAJIbHi MapoJOHTaIbHi
MOKa3HWKM, a i1 Ha oKpeMi MeTaboJiuHi mapameTpu. Bom-
HoYac ICUXOJOTIYHUI CTpec Ta TPUBOXKHICTh caMi 1o cobi
aCOLIIOI0THCS 3 TIOTIPIIEHHSIM CAMOOLIHKY TapOJIOHTAJb-
Horo 310poB’s [14—18].

CromarorHatuyHa cuctema (CI'C) moxe posrisigaTucs
K OTHA 3 KJIIHIYHUX MillleHEeW CUCTEMHOI aJIOCTATUYHO1
IUCPeryJisiiii. XpOHiUHUI CTpec i MoCTTpaBMaTUYHI ITPOSIBU
3[IaTHI peali3oByBaTUCs Yepe3 OPYKCU3M, KIIEHYMHT, TiJBU -
LIEHHSI aKTUBHOCTI XKyBaJIbHUX M’$I3iB, CKPOHEBO-HUXHbO-
menernHi posnanu (CHP), opodaniansamii 6i1b, aTomoriva-
He ctupaHHs 3y0iB (I1C) i mepeBaHTaKeHHsT OPTONENUIHUX
KOHCTpyKUiit [19—21]. [Insg ctomaTosiora-oprornena Bax-
muBo, mo I1C He € caMOCTIfHMM J0Ka30M aKTUBHOTO
OpyKCcU3MYy, a MPOTeTUYHI YCKJIAAHEHHS y Malli€HTIB i3 ma-
padyHKIiOHaTbHUM HaBaHTAXKEHHSIM MOTPEOYIOTh KOMII-
JIEKCHOT OLIIHKM TICUXOEeMOIIiifHOTO, HEHPOM SI30BOTO, Ma-
POIOHTAJILHOTO ¥ MeTaboJliuHOTO cTaTycy. JlomaTkoBo B
0ci0, sIKi Oyau 3MYIIEHI MEPEeMiCTUTUCS BHACTINOK BiliHU,
CTOMATOJIOTIUHI HACIiIK1 MOXYTb ITOCHUIIOBATUCS Yepe3
00OMeXKeHUI TOCTYI 10 CTOMATOJIOTiYHOT JIOTIOMOTH, CTO-
MAaTOJIOTIYHUI OiTb i TOTIPIIIEHHS] CAaMOOLIIHKM CTaHy IT0-
poxxHMHU pota [19-25].

MerTa: y3araJibHUTU Cy4YacHi HaAyKOBi JaHi 110A0 poJii
XPOHIYHOTO BOEHHOTO CTpecy y (popMyBaHHi aloCTaTUYHO-
ro HaBaHTaXXEHHsI, METa0OJIIYHOI i1 iMyHO3aITaJIbHOI AUCpe-
TYJISILi Ta iX 3B SI3KY 3i CTOMaTOrHATUYHUMU HACITiIKAMMU.

MarTtepiaAu Ta meToamn

Martepiasiom sl OCHiIXKEHHs CTalyd CydyacHi HayKOBi
IMyOJTiKalii, IPUCBSIYCHI BIUIMBY XPOHIYHOIO CTPECY, ajlo-
CTaTUYHOTO HABaHTAXEHHSI, TTIOCTTPaBMAaTUYHMX TPOSIBIB,
nopyueHs cHy, opykcusmy, CHP, I1C, mapomoHTanbHuX
nopyueHs, LIJI 2-ro Tumy Ta opToneaAuIHO-MPOTETUIHUX
yckaaaHeHb. [Toiyk mxeped nposoawiu B 6azax PubMed/
Medline, Epistemonikos, Scopus, Web of Science, Google
Scholar Ta moBHOTeKCTOBMX pecypcax Elsevier, Springer
Nature, Wiley, MDPI i BMC 3a nepiox 2021—2026 pp.

[TomrykoBy cTpaterito ¢hopMyBaiu 3a TeMaTUYHUMU
6JIOKaMU 3 BUKOPMCTAHHSIM aHTJIOMOBHUX KJIFOUOBUX CJTiB
Ta iX ITO€OTHaHb: chronic stress, war stress, armed conflict,
post-traumatic stress disorder, allostatic load, cortisol, sleep
disturbances, bruxism, clenching, temporomandibular
disorders, central sensitization, tooth wear, periodontitis,
salivary cortisol, type 2 diabetes, glycemic control,
periodontal therapy, prosthodontic complications, implant-
supported prostheses, occlusal splints. JIj1s1 moenHaHHS T10-
LIIYKOBUX TePMiHiB 3acTocoByBayin onieparopu AND ta OR.
Jlo aHami3y BKJIIOYaayd CUCTeMaTUYHi OIJIsIM, MeTaaHai3u,
OIJISIIN JIiTepaTypu, KOHCEHCYCHI JOKYMEHTH, KJIiHIiYHi Ta
PeTPOCHEKTUBHI TOCTIMXKEHHS, 1110 BiANOBiIaId TeMaTU4-
HuM 0710KaM i manu noctyrnHi DOI ao PMID. 3aranom 3a
c¢OpPMOBAHOIO MOIIYKOBOIO CTpaTeTi€lo Oyo 3HalaeHo 112
IMyOJTiKalIi#, 3 IKMX MiCJ/IsI OLIIHKM BiATIOBIIHOCTI KPUTEPisiM
BKJTIOYEHHSI IO OCTATOUHOTO aHaJi3y YBIlIII0 53 HayKOBUX
mxepeya. Ha mincrasi y3arajibHeHHSI JaHUX C(hOPMOBAHO
aBTOPCHKY iHTETPAaTUBHY MOJIEIb, Y SIKilt XpOHITHUI BOEH-
HUIi CTpeC PO3MISIIAETHCS SIK CUCTEMHUI YMHHUK BILJIUBY
Ha CI'C uepe3s ajocTaTMIHEe HaBaHTAXXKE€HHSI, HEMPOEHIO-
KPUHHY, MeTaboJIiuHy, iMyHO3amnajibHy, HEPOM’SI30BY,
00JIbOBY, OKJIIO31iIHO-MeXaHiuHy, TapOdOHTaIbHY, OPTO-
MEeINIHO-TIPOTETUYHY Ta COLiaIbHO-TIOBEIiIHKOBY TiJIKH.

Pe3yAbTATU TO OGrOBOpPEHHS
AAOCTATUYHE HOBAHTCKEHHS 9K NATOreHeTU4yHa
OCHOBQ BMAMBY XPOHIYHOIO CTpecy

HO CTOMATONHATUYHY CUCTEMY

XPOHIUHUM CTpec Mia yac BilfHM MOXHA PO3IJISIAATU SIK
CTaH TPUBAJIOI aKTUBALlii afanTalliiHUX CUCTEM OpTaHi3My
B yMOBaX MOBTOPIOBAHOI 3arPO3U, HEBU3HAYEHOCTI, BUMY-
LIEHOTO TMepeMillleHHSI, OPYILIEHHS CHY Ta ICUXOTpaBMa-
TUYHOrO noceiny [1—9]. Ha BinMiHy Bin rocTpoi cTpecoBoi
peaxiiii, Ika Ma€ KOpOTKOYacHe IPUCTOCYBaIbHE 3HAYEH-
Hsl, TPMBAJIa Jiisi BOEHHUX CTPECOPIB MOXKE CIPUSITH (POpMY-
BaHHIO aJIOCTATUYHOTO HABAHTAaXXEHHS — CTaHy, 3a SKOTo
PEryJISITOPHI cucTeMU (PYHKITLIOHYIOTh Y peXUMi HaJIMipHOT
abo BUCHaXIMBOI akTuBaliii [10].

LenTpanpHe Miciie B boMy Itpolieci mocimae [ TH-Bico,
KOPTH30JIOBA BiAIOBiAb, CUMIIATUYHA aKTUBALLisI, iIMyHO-
3anajbHa peaKTUBHICTD i MeTaboiyHa perymnsmisa [10—12].
KopTuzos, 30kpema ioro 1oBroTpuBalli peTpOCHeKTUBHI
OioMapKepu, MOXe PO3IISIIATUCS SIK OAUH i3 MOKa3HUKIB
HAKOITMYEHOT'0 CTPECOBOIro HaBaHTaxkeHH: [12]. BomHouac
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XpOHIUHE MCUXO0eMOlliifHe HATIPy>XEHHS 3JaTHE BIJIMBATH
Ha LIEHTPpaJIbHi MeXaHi3MU 00JbOBOI MOAYJISILIi1, 11O CTBO-
PIOE TIepeayMOBHU [IJIs COMaTHU3allii, HEHTPaJIbHOI CEHCUTH-
3allii Ta XpoHizallii 60160BUX TTPosIBIB [13].

CTomMaTOorHaTUYHa CUCTEMA € OJIHIEIO 3 KIIIHIYHUX Mi-
IIeHeili TaKol cucTeMHOI aucperyssiii. [i hyHKIioHyBaHHS
3aJIEKUTh BiJl Y3TOJIKEHOI B3a€EMO/ii XXYBaJIbHUX M sI3iB,
CKpOHEBO-HIDKHboIIenenmHoro cyrinoba (CHIIC), oxmo-
3ifHUX CMiBBiTHOILIEHb, MAPOJOHTA, TBEPAVX TKAHWH 3y0iB i
OpTONeNMYHUX KOHCTPYKIili. ToMy XpoHidYHMI CTpec BiliHI
MOXKe peajli3oBYyBaTUCS Yepe3 KiJbKa B3a€EMOIIOB’I3aHUX
TiJI0K: HEMPOGHAOKPUHHY, META0O0IiYHy, iMyHO3aIaJlbHY,
HeHpoM’si30BYy, OOJILOBY, OKJTIO3iIHO-MEXaHiYHY, OpTOIIe-
JUYHO-TIPOTETUYHY Ta COLlialbHO-TTOBeNiHKOBY [10—18].

Oco06gMBOTO 3HAYEHHS [IJ151 eHAOKPUHOJIOTIYHOTO KOH-
TEKCTy HaOyBa€ MeTa0OIiYHO-TTapOOHTabHA CKJIaa0Ba.
Jucperymsiiist cTpec-peani3ylounx CUCTeM, TTOPYILIeHHS
CHY, 3MiHM XapuoBOI ITOBEAiHKHU, cUucTeMHe 3anaieHHs, L]
2-TO TUITYy Ta METaOOIYHUI CUHIPOM MOXYTh ITOCUIIOBATA
MapoAOHTaJIbHY BPa3JIMBICTh i BIUIUBATU Ha MPOTHO3 CTO-
MaTtoJIoTiyHoro JiikyBaHHs [14—18]. BomHouyac Opykcusm,
xienunHr, CHP, opodauianeanit 6ine, I1C i mporeTny-
Hi YCKJIaTHEHHS MOXYTh PO3IJsAaTUCS K KJIiHIYHI pe-
3yJIbTaTU CUCTEMHOI aJl0CTaTUYHOI aucperynsiuii [19—25].
AJjioctaTyHa MOJIENIb €HJIOKPUHHO-METabO0TiUHUX Ta CTO-
MaTOTHATUYHUX HACIiNKiB XpOHIYHOIO BOEHHOTO CTpeCy
nomaHa Ha puc. 1.

Cxema demoHcmpye, w0 XpOHIUHULL GOEHHULL cmpec Yepe3
asocmamuume Ha8aAHMANCEHHS, HellpOeHOOKPUHHY, IMYHO3a -
nanbHy ma memaboniury oucpe2ysyito Moxjce peanizogysamiucs
uepes Helipom’13060-001b08Y, OKAIO3IHUHO-MEeXAHIUHY, NAPOOOH -
MAanbHO-MemaboAiuHy ma OpmoneouHHO-NPOMEMuUUHY 2iAKU.

Henpom’s30B0-60AbOBI
TO OKAKO3IMHO-MEeXAHi4YHi HOCAIAKMU

OmHUM i3 HaAMOIIBII KJIiHIYHO ITOMITHUX IIPOSIBIiB
BIIMBY XpoHiuyHOTro cTpecy Ha CI'C € 3MiHa aKTUBHOC-
Ti >KyBaJIbHUX M’$I13iB. ¥ Cy4acHOMY PO3YMiHHi OpyKCcH3M
PO3MJISIIAIOTh HE JIUIIE SIK MIKITUBY 3BUYKY 200 HACHiTOK
OKJIIO3iiHUX MOPYIIEHb, a i IK MOBTOPIOBaHY aKTUBHICTh
KYBJIBHUX M’SI3iB, 110 MOXe TIPOSIBISITUCS CTUCKAHHSIM

3y0iB a00 iX CKPEeroTiHHSIM, HAIIPY>KEHHSIM UM yTPUMaH-
HSIM HYZKHBOT LIEJIENTM B IEBHOMY noioxkeHHi [ 19, 20]. s
KJIiHIiYHOI TIPpaKTUKK BaXXJIMBO PO3MEKOBYBATH OPYKCU3M
CHY Ta OpYKCHM3M HeCTlaHHsI, OCKUJIbKM BOHU MalOTh pi3Hi
MEXaHi3MHU, 3B’SI30K i3 MCUXOEMOLIMHMMU YMHHUKAMU Ta
JiarHOCTUYHI mmimxomu [20, 26—28].

bpykcu3m HecmaHHS i KIIEHYMHT MalOTh OCOOIMBE 3HA-
YEHHSI B YMOBAaX XpPOHIYHOTO BOEHHOIO CTPECY, OCKIIbKHU
BOHM MOXYTh OyTH TOB’sI3aHi 3 TPUBOXHICTIO, TilepBi-
TUIBHICTIO, EMOLIIMHUM KOHTPOJIEM, ITOCTTPAaBMAaTUIHUMU
MposIBAMY Ta TTOBEIiHKOBUMH peakilisiMu TaitieHTa. JleHHe
CTUCKaHHS 3y0iB MOXKe MiATPUMYBaTU TPUBaJIe i30MeTpHY -
He HampyKeHHs XXyBaJbHUX M sI3iB, M’S30BY BTOMY, OiJIb y
CKPOHEBO-XYBaJIbHIiil TUIAHLL, TOJOBHUI OiIb HANPyXKeH-
Hs1, nuckoMdopTt y CHILC i BiguyTTs CTUCHYTHX IIIEJISIT
[26—29].

[TocTTpaBMaTUUHUIT KOMIIOHEHT € BaXJIMBOIO JTJAHKOIO
MiX XpOHIYHUM CTPECOM BiiiHM, OPYKCU3MOM i O0TLOBUMU
nposiBamu. Y nauieHTiB i3 [ITCP onucano 3HauHy noum-
peHicTb 60ab0BuX hopm CHP, Opykcusmy HecrtaHHS Ta
OpYKCHU3MY CHY, @ TAKOX 3B’ 130K MiXK TSDKKICTIO MTOCTTPaB-
MaTUYHUX CTPECOBUX PO3IadiB, opodallialbHUM 00JIeM
i mapadyHKuUioHaIbHOW akTUBHIicTIO [21, 30—32]. Hage-
JIeHe BUIIIE T03BOJISIE PO3IJISAAT OPYKCU3M i KIIEHUMHT Y
MauieHTiB 3 00il0BUM ab0 BeTepaHCHKUM aHAMHE30M SIK
MOXKJIMBMI TOBEIiHKOBO-M I30BUI IIPOSIB TPUBAJIOTO TPaB-
MaTUYHOTO HATIPYXXEeHHSI.

BoiboBa ckiamoBa 1€l riJIKM MOB’sI3aHA 3 TUM, IO
XPOHIYHUI CTpeC BiiiHM, TPUBOXHICTh, IeTIPECUBHI IIPO-
SIBM, COMAaTH3allisl Ta MOPYILIEHHS CHY MOXYTh 3MiHIOBaTH
CHPUMHSITTS 00110, 1I0r0 iHTEHCUBHICTD i TpuBaticTh. Of-
HUM i3 MOXJIUBUX MEXaHi3MiB € 1IeHTpaJlbHa CEHCUTHU3Allisl,
3a SIKO1 MiABMIIYETHCS 30yIJIMBICTh LIEHTPaJbHUX 00JbO-
BUX IIJISIXIB i ITOCHITIOETHCS peaKilisl Ha 00Ib0Bi a00 HABITh
He00J1b0Bi Monpa3HuKu [13]. ¥V Takux yMoBax JoKaabHU
M’sS130BUI AUCKOMGOPT a00 eIMi30AMIHUNA OiIb y MiISTHII
CHIIC MOXyTbh epexonuTH Y XpOHIYHUIA opodaliiaibHUi
oospoBuil cunapowm [13, 30, 33].

[MopyiieHHsT CHY BUCTYMA€E BaXJIUBUM TTOCEPETHUKOM
Mix xpoHiyHuMm ctpecom, [TTCP, 6pykcuzmom i CHP.
HenocraTHs sIKicTh CHY MOXe MOCWJIIOBATA TPUBOXHICTb,
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¥
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3HIDKYBATH afalTalliiiHi MOXKJIMBOCTI OpraHi3My, ITiIBUIILY-
BaTU O0JbOBY UYTJUBICTb i MIATPUMYBATU NEHHE M’SI30BE
HarnpyxeHHs. Y nauieHTiB i3 CHP nmopyiienHs cHy gacto
MOETHYIOTHCS 3 OPYKCU30M CHY, OpYKCH30M HECIIaHHS, TO-
JIOBHUM 00JIeM HaNIPYKEHHS Ta TICUXOJIOTTYHUM AUCTPECOM
[6—8, 30, 33, 34].

BaxmBo ninkpecauTu, 1o 6pykcusm, kiaeHuuHr i CHP
He CJIiJ MOSICHIOBATU BUKJIIOYHO OKJIIO3iMHUMM YMHHUKA-
mu. CyyacHi JaHi BKa3yloTh Ha Te, 110 YacTKa OKJIIO3ii y
BUHMKHEHHI OpyKcu3My Ta opodailialbHOro 00J10 € 00-
MEXEHOI0, TOMi SIK TICUX0eMOlliiiHi, Helipodi3iooriuHi,
MOBEIiHKOBI Ta LIeHTpaJbHi 00JIBOBI MEXaHi3MU MaIOTh
camocriitHe 3HaueHHs [20, 35]. ToMy KiIiHiYHa OIliHKa Ta-
1iEHTA 3 03HaKaMu OpyKcu3Mmy, KieHunHry abo CHP mae
BKJTIOYATHW HE JIMIIE aHaJli3 OKJIIO3iMHNX KOHTAKTIB, a i
OILIIHKY CHY, TPMBOXHOCTi, IOCTTpaBMaTUYHUX TPOSIBiB,
M’s130BO1 00JII0YOCTi, TOI0BHOTO 60110 HanpyxeHHs, [1C i
craHy pecraBpauiit [13, 20, 26—35]. Oximo3iiiHO-MexaHiuHa
rijJika MoB’si3aHa 3 MOBTOPIOBAaHUM IapadyHKIiOHAIbHUM
HaBaHTaXKeHHSIM IIpY OPYKCU3Mi, KJIEHYMHTY i IMiaBUIIe-
Hill aKTMBHOCTI XyBaJIbHUX M’SI13iB. Y TaKMX yMOBaX TBep/i
TKaHWHU 3y0iB, pecTtaBpauii, mapogoHT i CHIIIC moxyTb
3a3HaBaTU MEXaHIYHOTO BILUIMBY, IO TIEPEBUIILYE MeXi (i-
3iosioriuHoi aganrauii. Kininiuxno ue nposBiasgerses [1C,
TpillIMHAMM eMaJli, CKOJIaMH pecTaBpalliii, TimepecTe3i€lo,
3MiHOIO OKJIIO3ii{HUX CHiBBiTHOIIEHD i 3HMKEHHIM (DYHK-
wioHanbHOI crabinbHocTi CI'C [22, 36—38].

IlaTonoriyHe cTUpaHHS € BaXJIMBUM, ajie Hecrneuudiu-
HUM MapKepoM OKJTIO3iifHO-MeXaHiYHOTO TIepeBaHTaXEeHHS],
TOMY HOTO HEe MOXHA PO3IJIsIIaTH SIK CAaMOCTIHUIA 10Ka3
aKTUBHOro 0pykcusmy. BoHO Moxe OyTH HaCIiIKOM SIK
MOTOYHOT0, TaK i MUHYJIOTO TTapayHKIIIOHAJILHOTO BILIU-
BY, a TaKOX IMOEIHYBATU aTpUlliiiHi, €pO3UBHi, aOpa3uBHi,
XapuoBi Ta ractpoe3odareanbHi YUMHHUKY [22, 36, 37]. g
kaiHiyHO1 iHTepnperalii [1C BaXIMBO BpaxoByBaTH HOro
CTYIiHb, JIOKaJi3allilo, CHMETPUYHICTh, TMHAMIKY, CTaH
pecraBpalliil, 03HaKM KJIEHUMHTY, M’SI30BY OOJIFOUICTb Ta
cynytHi niposisu CHP. CranmaptusoBana ouinka I1C 3a
JIOTIOMOTOIO KJIIHIYHMX iHAEKCIB 1a€ 3MOTy BUSHAYUTH TSIK-
KiCTb BTpaTHU TBEPAMX TKAHWH, MPOTHO3YBAaTU BILJIUB HA
¢ynkuito CI'C i o0rpyHTYyBaTH! pecraBpaiiiHy TaKTUKY |37,
38]. Okuo3iliHO-MexaHiuHe MepeBaHTaXXEeHHSI 0COOJIMBO
BaxkJIMBE y IMAlli€HTIB i3 HASIBHUMM IPSIMAUMU a00 HEMpsi-
MuMu pectaBpaiisimu. [lapadyHKIilioHaqbHa aKTUBHICTh
MOXe CIIPUSITU CKOJIaM KepaMikKM, TpilllMHaAM KOMITO3UT-
HUX pecTaBpalliil, TOpYIIeHHIO KpailOBOTO MPUISITAaHHS,
NeOOHIUHTY, TPUCKOPEHOMY 3HOIIYBAaHHIO MaTepialiB i
nepeBaHTaxkKeHHIO onopHUX 3y0iB [23, 39]. Tomy I1C y ma-
IIEHTIB i3 XPOHIYHUM BOEHHUM CTPECOM MA€E OLIiHIOBATUCS
He i30JIbOBAHO, a B KOHTEKCTi OPYKCHU3MY CHY, OpYKCHU3MY
HecraHHs, kieHunHry, crany CHILC, pecraBpaniitHoro
aHaMHe3y, racTpoe3odareaJbHUX, €pO3MBHUX, A0pa3UBHUX,
XapuyOBHUX i TOBEIIHKOBUX YMHHUKIB [22, 36—39].

MNapoOAOHTAABHO-METABOAIYHA FiAKQ:
CTpec, KOPTU3OA, LYKPOBUM AicbeT 2-ro tuny
i TKOHMHU NOPOAOHTA

INaponoHTaibHO-MeTa0OJiYHA TiJIKa € OMHIEIO 3 KIIIO-
YOBUX IIJIS €HAOKPUHOJIOTIYHOTO TPaKTyBaHHSI CTOMATO-
THATUYHMX HACJIIKIB XpOHIYHOIO cTpecy BilitHU. TKaHUHMI

IMapOJOHTA YYTIUBI 10 CUCTEMHUX 3MiH, OCKUJIBKY Tepeoir
MapoJOHTAIBHOTO 3aMaJeHHs 3aJIEXKUTh He JIUIIE Bif Mi-
KpOOHOro 0ioIIiBKOBOTO (haKTOpa, a i Bill CTaHy iMyHHOI
BIZIMTOBI/Ii, MiKPOIIMPKYJISIIil, OKCUIATUBHOTO CTPECY, METa-
00JIIYHOTO KOHTPOJIIO Ta MOBEIiHKOBMX YMHHUKIB TallieHTa
[14—18].

IlcuxonoriuyHuii cTpec, TPUBOXHICTb, AENPECUBHI
MPOSIBU Ta TOPYIIEHHS CHY MOXYTb TOTipIIyBaTH Mapo-
IMIOHTaJIbHE 3M0POB’S SIK Yepe3 MOBEAiHKOBI, Tak i yepe3
HeMpoeHIOKpUHHI MexaHi3Mu. CTpec MoXe 3HMXKXYBaTU
SIKICTh TiTi€EHM MOPOXHUHU pOTa, MOPYLIYBaTU PEXUM
XapuyBaHHS, MiABUILYBaTU MMOBIPHICTh KYpiHHSI, BiIKJIa-
JIEHHSI CTOMATOJIOTIYHOTO JIIKYBaHHSI Ta HEPETYJISIPHOTO
BinBimyBaHHs Jikapsi. BonHouac nucperysuis I'TH-oci,
3MiHM KOPTHU30JI0BOI BiIMOBIi Ta Ipo3altaJibHa aKTUBAIlis
MOXYTb MOIM(iKyBaTH MiclleBy iMyHHY BiJITOBib TKAHUH
nmapomoHrTa [2, 18, 40].

BaxyiuBum GioMapKepHUM HAIpPsSIMOM € BUBYEH-
Hs KOpTU30Jy cauHu. OCKiIbKY KOPTU30J BimoOpaxae
aktuBHicTh [ TH-oci, 1ioro piBeHb y CIMHI MOXe pO3-
[JISIAATUCS SIK HeiHBa3MBHUI MOKa3HUK CTpec-acoliiio-
BaHMX 3MiH. CyJacHi OTJISIAM Ta KJIiHIYHI TOCIiIXKEHHS
MiATBEPIXKYIOTh 3B’SI30K MiX ICUXOJIOTIYHUM CTPECOM,
MiIBUIIEHUM PiBHEM CJIMHHOIO KOPTU30Jy Ta Mapo-
moHTuTOoM [41, 42]. BogHoYac KOpTHU30J HE € CaMOO0-
CTaTHIM MapKepoM MapOJOHTaJIbHOIO PU3UKY, OCKiJIb-
KM OT0o piBeHb 3aJIeXKUTh BiJ yacy 3a00py, HUPKATHUX
KOJIMBaHb, CYMYTHIX 3aXBOPIOBaHb, MEIMKAMEHTO3HOI
Teparii Ta MeTOJAMKM BU3HAYEHHS. Y 1IbOMY KOHTEKCTIi
CJIMHHUI KOPTU30H PO3IMJISIAIOTh SIK TTOTCHIIMHY alb-
TepHaTUBY a00 MOJATKOBUII MapKep TSKKOCTI ITapomoH-
TUTY, OJHAK 1€l HAMpsIM TTOTPEeOYE MOAabIINO] BaTigalii
[43]. MeTabonmiyHUT KOMIIOHEHT L€l TiJKY HalOiabI
BHUPaXEHO IPOSBISETLCS Yy mawieHTiB i3 LI/] 2-ro Tury
Ta MeTabOJiYHUM CUHAPOMOM. XPOHIYHUU CTpec MoXe
MOTipLIYBAaTU MIIKEMIYHUI KOHTPOJb Yepe3 MOPYIIeHHS
CHY, 3MiHY XapuyoBOI MOBEIiHKM, 3HUXEHHSI TTPUXUITbHO-
CTi 10 JiKyBaHHS, CUCTeMHE 3amlajieHHs Ta HEMPOeHI0-
KpuHHY nucperyisuito [1, 2]. Bonrouac LJI 2-ro tumy
€ OJJHUM i3 HaMBaXXJIUBIILINX CUCTEMHUX YMHHUKIB, SIKi
MonndiKyoTh Iepebir napogoHTuty. [lopymeHHs rimike-
MiYHOTO KOHTPOJIIO MOXE MOCUJIIOBATH MapoJIOHTaIbHE
3amajieHHs, TOli IK aKTUBHUU MapOJOHTUT MiATPUMYE
CUCTeMHU 3amanbHUi (POH i MOXE YCKJIaJIHIOBATH J10-
CATHEHHS HaJleXKHOTO MeTaboIiyHOro KoHtpoo [14, 16].
Oco06uBe KJIiHiYHe 3HAaUeHHSI Ma€ BIUIMB MapOAOHTAb-
HOTO JIiKyBaHHSI Ha MeTa0o0JIiuHi MoKa3HUKM. [laHi cydac-
HUX OIVISIIIB CBimYaTh, 11O HeXipypriyHa mapogoHTajJbHa
Tepamnis y nmauieHTiB i3 LI 2-ro Tumy ta mapomoHTUTOM
MOKe€ TMOJIIMIIYBAaTU MapOJAOHTAIIbHUI CTATYC i CIIPUSITH
IMOMipHOMY TTOJIMIIEHHIO NTiKeMIYHUX iHAeKCiB [14, 16].
KpiM Toro, maponoHTanabHe JiKyBaHHSI MOX€ BILUIMBaTU
He JIMIIIe Ha JIOKAJIbHI MTapOJOHTAIbHI TOKA3HUKHU, a i Ha
OKpeMi mapaMmeTpu MeTabojiiuHoro cuHapomy [15]. Ipak-
TUYHUN BUMIp L€l B3aEMO/Iii JOITOBHIOIOTH peKOMEH a1
11010 HaBYaHHS MaIli€HTIB i3 MOEMHAHHSIM IIyKPOBOTO
niabeTy Ta mMapoOJOHTUTY, OCKIJIbKMA KOHTPOJb IJIiKeMii,
ririeHa MOpOXHUHU POTa, PEryIsSIPHICTh CITOCTEPEXKEHHS
Ta NPUXUJIBHICTD 10 JIiKyBaHHS MalOTh CHiJIbHE 3HAYEHHS
IUTSE eHIOKPUHOJIOTA i cToMaTostora [17].
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OKCcUIaTUBHUI CTPEC € 1Ie OJHIEI0 JAHKOIO MiX Me-
TaOOJIYHUMU MOPYLIEHHSIMU Ta MapOJOHTAILHUM 3ama-
JICHHSIM. Y manieHTiB i3 111 2-ro Tumy migBuileHe OKCu-
NMAaTUBHE HaBAaHTAXKEHHSI MOXE MOCHIIOBATH YIIKOIKEHHS
TKaHMH MapoJoHTa, MiATPUMYyBaTH 3anajJbHy BiAMOBiIb
i 3BHMXKYBaTU pereHepaTopHUil moTeHuian. Okpemi naHi
CBiZUaTh, 1110 AaHTUOKCUAHTHA MiATPUMKA SIK TOMOBHEHHSI
IO TapOAOHTAJIbHOI Tepallii MOXKe IOJIITIIYBaTH OKpe-
Mi MapoJOHTaIbHI MOKa3HWKU, OTHAK BOHA HE MOBUHHA
3aMiHIOBaTU 0a30BY MapOJOHTAJIbLHY Tepallilo, KOHTPOJIb
IJIiKeMii Ta KOpeKIlilo MOBEAiHKOBUX YMHHUKIB [9, 44].
JonaTKoBi aa’toBaHTHI MiAXoau, 30KpeMa IMpoOioTHUKU,
TaKOX PO3IJISNAThCS B KOHTEKCTI Moaugikanii mapo-
JIOHTAJIBHOTO JIIKYBaHHSI, IPOTE iX POJIb 3AIMIIAETHCS 10-
noMixHoo [45].

Jns ctomaTtosora-oprorneaa napoaoHTajlbHO-MeTa-
0OoJiiuyHa Tijka Mae Oe3rocepeaHe MpakKTUIHe 3HAaYeHHSI.
IMaponoHTanbHa cTabiIbHICTh BU3HAYAE TTPOTHO3 OMTOPHUX
3y0iB, MOXJIMBICTb MPOBEIEHHS pecTaBpaliiiHOro JIiKy-
BaHHs, BUOip KOHCTPYKIIii, MeXi IIpeIrapyBaHHSI Ta TIOBIO-
CTPOKOBY CTabiIbHICTh MPOTE3iB. AKIIO XpPOHIYHUIA CTpeC
noenHyeTbes 3 L1 2-ro TuIty, akTHBHUM MTapOTOHTUTOM,
MOPYILIEHHSIM CHY Ta napadyHKIiOHAJILHUM HaBaHTaXKEH -
HSIM, PU3UK YCKJIaJIHEHb 3pOCTA€E Yepe3 OMHOYACHY Mit0
3anajabHOI, MeTabOJIiuHOI Ta MexaHiuHOi JIaHOK [14—18,
41-44].

OpTOoneAUYHO-NPOTETUYHI
TO COLLIOABHO-MOBEAIHKOBI HOCAIAKU

OpTOoneanyHO-TIPOTETUYHI HACTIIKU XPOHIYHOTO CTpe-
Cy BiliHU (DOpMYIOTHCS Ha IePeTUHI HeiipoM’ I30BUX, OKJTIO-
3iifHO-MEeXaHIYHUX, MAapOAOHTAIbHUX Ta METAa0OJiUHUX
MexaHi3MiB. [J1st cToMaToJiora-opTorena BaXKJIMBUM € He
nmiie hakT HassBHOCTI OpyKcu3My a00 KICHUYMHTY, a i1 CTy-
niHb napadyHKIiOHATLHOTO HAaBaHTaXXEHHSI, CTaH TBEPAUX
TKaHMH 3y0iB, mapomgonTta, CHILIC, HasgBHUX pecTaBpaliiit
Ta IMIJIAaHTAT-TIPOTETUYHUX KOHCTPYKILii. ¥ Malli€eHTiB i3
XPOHIYHUM CTPECOM 11i YUHHUKU MOXYTb MTOENHYBATUCS
MiIBUIIYBATA PU3UK TEXHIYHUX, O10JOTiUHUX i (PyHKIIiO-
HalbHMX yCKIagHeHb [20, 23, 24, 39, 46, 47].

IIpsmi Ta HerpsaMi pecTaBpallii B IMAIiEHTIB i3 OpyK-
CU3MOM MOXYTb MaTH MiJBUILEHUI PU3UK YCKIaTHEHb
yepes3 MOBTOPIOBAHE MeXaHiUHe HaBaHTaXXEHHS, CKOJIU,
TPilIMHU, 3HOLIYBAHHS MaTepialiB, MOPYIIEHHST Kpaiio-
BOI'0 MpUWIsITAaHHS a00 BTpaTy aare3uBHOI ¢ikcarii [23].
VY Takux Bumamkax BUOip Marepiany, Iu3aiiH pecTaBpallii,
TOBIIIMHA KOHCTPYKIIii, XapaKTep OKII03iHUX KOHTAKTiB Ta
PEeXMM TIOIAJIBIIOTO CIIOCTEPEXEHHSI MalOTh BU3HAUATUCS
3 ypaxyBaHHSIM TapadyHKIiOHAaTbHOTO pu3MKy. BomHo-
yac MpOTEeTUYHE JIIKyBaHHSI HE TIOBUHHO PO3IJISIIATUCS K
METO[I JIIKyBaHHSI OpyKCU3My, a Ma€ OyTH CIIpSIMOBaHE Ha
BimHOBJIEHHS (DYHKIIil Ta CTPYKTYpPU 3 ypaxXyBaHHSIM MiIBU-
IeHoro 6ioMexaHiuHOTO pU3UKYy [20, 23].

IMmmaHTaT-NIPOTEeTUYHI KOHCTPYKIIil y Malli€eHTIiB 3
OpPYKCH3MOM CTaHOBJISITh OKpeMy KJIiHIYHy IIpobiemy. Ha
BiAMiHY Bil MMpUPOAHUX 3Y0iB iMIUIAHTAaTU HE MAlOTh Me-
PiOMOHTANIBLHOI 3B’I3KM, TOMY MeXaHi3MM MPOMPiOLeIii
Ta aMOpTHU3allii HABAHTAXKEHHSI € OOMEXEeHUMHU. 32 YMOB
MOBTOPIOBAHOTO MapadyHKIIOHAJILHOIO HaBaHTaXKEHHSI
1€ MOXe ITiABUIITYBAaTU PU3UK 0i0MEXaHIYHNX YCKIIaTHEHD,

30KpeMa mociadieHHsT a00 IepeIoMy TBUHTIB, CKOJIIB Ke-
paMiku, nmepeaoMy KOMIOHEHTIB KOHCTPYKILii, TepeBaH-
TaXKeHHS KiCTKOBOI TKAaHMHM Ta BTpPATH iMIUIaHTaTy [24,
46]. BonHouac pu3MK yCKJIaJAHEHb HE BU3HAYAETHCS JIUIIIE
HasIBHICTIO OPYKCU3MY: BaXKJIMBUMM 3aJIMIIAIOTHCS KiJlb-
KiCTb iMIIJTAaHTATIB, TUTT KOHCTPYKILil, MaTepiaj pecTaBpallii,
CTaH IapoJIOHTAa, FirieHa Ta peryJsapHiCTh MiATPUMYBATbHUX
Bi3uTIB [24, 46, 47]. OK1103i1iiHi LIMHU € OMHUM i3 IIPaKTHY-
HUX iHCTPYMEHTIB KOHTPOJIIO HACiAKiB OpyKCU3My Ta 3a-
XHCTY pecTaBpalliit a60 MPOTeTUYHNX KOHCTPYKIIiit. Ix crin
pPO3IJISIIaTH He SIK METOJI YCYHEHHSI IPUYUHU OpYKCU3MY, a
SIK 3aCi0 3MEHILIEHHSI MeXaHiYHOTO BILUIMBY Ha 3yOu, pecTaB-
patii, iMITIaHTaT-TIPOTETUYHI KOHCTPYKIIIi Ta M SI30BO-CYT-
J1060BUii KoMIuieke. CydacHi LMpoBi MiIXoau 10 BUTOTOB-
JIEHHSI IIIMH MOXXYTb TMiJIBUIIYBAaTH TOUYHICTb MPOEKTYBAHHS,
MOBTOPIOBAHICTb KOHCTPYKIIil i KOHTPOJIb iX afanTailii, of-
Hak e(PeKTUBHICTD IIMH 3aJI€XUTh Bill TPaBUJILHOTO BUOOPY
MoKa3aHb, KOHCTPYKIIii, OKJTIO31i1HOT CXeMM, MPUXWIBHOCTI
Mali€eHTa Ta peryaspHOro MOHITOPUHTY [47].

CouiaJlbHO-TIOBEIIHKOBA TiJIKa TIOTMIOBHIOE Oi0JIOTiUHI
MeXaHi3MU BIUIMBY XpOHIYHOTO BO€HHOTO cTpecy Ha CI'C.
B ymoBax BiliHM cTOMaTOTHATUYHI HACTIIKNA MOXYTh (hop-
MyBaTucs He auiie yepe3 I'TH-Bich, KOpTU30J10BY Bimmo-
Bimb, OpyKcu3M abo MeTaboJIiuHi IOpyIIeHHs, a il yepe3
3MiHY ITOBCSIKIEHHOI ITOBEIiIHKY MALliEHTa, BUMYIIICHE TIe-
pemileHHs1, (piHaHCOBI TPYAHOIL, MOBHIi Ta OopraHi3arliii-
Hi 0ap’epu, MOPYIIEHHST PEryIsIpHOCTI MPOdiTaKTUIHUX
OIJISINIB 1 BiIKJIaZieHHsI CTOMATOJIOT YHOTO JIiKyBaHHs [1—9,
25, 50, 51].

Y rpynax groneit, siki yepe3 BiiliHy Oyiu 3MyIIeHi Te-
PEMICTUTHUCS, MCUXOEMOLINHUI NUCTPEC MOXE MOEM -
HYBaTHCS 3 MOTiPIIEHHSIM JOCTYIY 0 CTOMATOJIOTiYHOT
nornomoru. JlaHi moao yKpaiHChbKUX OiXKeHIIiB BKa3ylOTh
Ha Te, 1110 CTpeC, TPUBOXHICTh Ta AETPECUBHI MPOSIBU MO-
KYThb aCOLiIOBATHCS 31 CTOMATOJIOTIYHUM 00JIEM, TiplIOI0
CaMOOIIIHKOIO CTaHy 3y0iB i siceH, Hepeali30BaHOIO I10-
TpeboIo B JIIKyBaHHI Ta HEBIAJIUMU CIIpOOaAMU OTPUMATH
CTOMATOJIOTiIYHY momomory [25]. Y mupiioMy KOHTEKCTi
OiXEHIIi yacTillle MaloTh Kapiec i MapoJOHTaIbHI MPO-
6aemu [50]. TToBeaiHKOBI 3MiHM B yMOBaxX XpOHIYHOI'O
CTpeCy MOXYTh BKJIIOYATH MOTipIIEHHS iHIMBIAyaJbHOI
TiriEHU MMOPOXHUHU poTa, 3MiHY XapuyyBaHHS, KypiHHS,
HeperyJsipHUil COH, caMOJIiKyBaHHS, TIPOIYCKU MiATPU-
MYBaJIbHOI TTapOIOHTAIBLHOI Tepallii Ta BilTepMiHyBaHHSI
MIPOTETUYHOrO JIiKyBaHHs. Y mauieHTiB i3 L1 2-ro tumy
TaKi 3MiHM MOXYTb JOIaTKOBO TOTipIIyBaTH IJIiKeMiYHU I
KOHTPOJIb i MOCUJIIOBATU MapOJIOHTaIbHY BPa3auBiCThb, a
B MAIIi€HTIB i3 OpyKcHU3MOM a00 KIIECHYMHIOM — 30iJIb-
IIYBAaTU PU3UK M’ SI30BOr0 00JII0, CTUpaHHS 3y0iB i pec-
TaBpaliliHuX yckiaagHeHb [14—18, 40—45]. ¥ koHTeKkcTi
MEIUIIUHU KaTacTpod NMepCcrneKTUBHUMU € OpraHi3aliiiHi
MOJIeJi, 110 MOJIETIYIOTh JOCTYII 10 CTOMATOJOTIYHOT 10-
IOMOTH B yMOBax INepeMillleHHsI HaceJIeHHS, BilIaIeHOCTi
HaceJICHUX MyHKTIB a00 oOMexeHo1 iHdpacTpykTypu [51].
Y3aranbHeHHSI OCHOBHUX MATOTEHETUYHUX T'JIOK XPOHiU-
HOI'0 BOEHHOTO CTpeCy, iX CTOMaTOTHATUYHUX MPOSIBiB i
KJIiHIYHOTO 3HAYEHHS HaBeleHo B TabuI. 1.

Y3arajibHEeHHSI TPOAHATiI30BaHUX KEPEIT T03BOJISIE PO3-
[JISIIaTU XPOHIYHMIA CTpeC i Yyac BiltHU K CUCTEMHMI Ta-
ToreHeTMYHM (hoH, 110 BrumBae Ha CI'C yepe3 B3aemomito
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Tabnuys 1. atoreHeTUYHi rinnku XpoHiYHOro BOEHHOro CTPECy Ta iXx CTOMaToOrHaTU4Hi Hacnigku

MaToreHeTUYHUIA . . CTomMaTorHaTu4Hi -
Ao OCHOBHi MexaHi3Mu nposieun KniHiyHe 3Ha4YeHHs Ixepena
o MTCP, TpuBora, genpecis, | Bpykcuam, KNeH4nHr, CKPWHIHT CTpecy, CHY,
TB Ofgﬁgr.m% cTpec NOPYLLUEHHS CHY, CHP, opodauiansHuin | MTCP i ctromaTonoriyHoro [1 ’2‘;9’
P P rinepBirinebHICTbL 6inb 60110
[TH-Bicb, KOpTN30N . MoscHioe
AnocTtaTtnyHe - ’ BaraTopisHeBa ; 2,3
CUMMNATUKOTOHIA, CUCTEMHE . 6araToakTOpHIiCTb Py
HaBaHTaXXeHHS 2ananeHHs avcperynsuia CI'C nopyLLIEHb 10-13]
HelpoM'A30B0- Bpykcunam cHy, 6pykcnam ~ M'sizoBa BTOI:/I%,. OujHka cHy, ,q6eHHo_ro [19, 20,
60nboBa rinka HecnaHHs, KNeH4uHr, MIO(*)aCLI,IaH'bHVIVI inb, CTUCKaHHS, 601t0; 26-35]
LieHTpanbHa ceHcuTM3auis 6onto4i CHP 3a notpebu EMI/EMA
MapadyHkuioHanbHe
OKNO3iHO-MexaHi4Ha HaBaHTaxeHHs, MC, TpiwmHm emani, NC He e camocTiltHim [22,
rinka arpuuis, eposis, rinepecresis, ckonu AOKa3OM aKTUBHOTO 36-39]
ractpoesogareanbHa ’ 6pyKCnM3mMy
pedntokcHa xBopoba
KopTtuson cnvuu, A KoHTponb napogoHTa npwm
MapogoHTanbHa rinka | KOPTM30H, iIMyHO3anasnbHa r'”;b%g’oggﬂag%%m’ CTpeci Ta NoBefiHKOBMX [lg_ig]
avcperynsuis puankax
LA 2-ro tuny, HbA1c, MapopgoHTansHa BpaxysaHHs rnikeMi4Horo [14-17
MeTaboniyHa rinka MeTaboNi4YHNI CUHAPOM, BPa3NMBICTb, ripLia KOHTPOJIO Nepes 44 45]’
OKCUOATUBHUI CTpec BiANoBiAb Ha Tepanito NiKyBaHHAM ’
OpToneandHo- I'IepeBaﬁIax(eHHﬂ Ckonu, 0eboHanHr, |H,D,.I/IBI_,E|,yaJ'II3aLI,I.Fl i (23, 24,
MOOTETMYHA FinKa pecTaBpadiil, KOPOHOK, nepenomMmm mMaTepianis, OKMO3iAHOI 46-50]
P MOCTIB, iMnniaHTaTiB KOMMOHEHTIB CXeMMU, LLUMHYBaHHS
. BumylieHe nepemilleHHs, CtomaronoriyHum TpaBma-iHpopmoBaHuin
CoujansHo- , - Rl [25, 50,
NOBEHKOBA rifka 6ap’epun JOCTyNY, 3HWKEHHS |  Giflb, NepepuBaHHs nigxig i nigTpyMyBanbHa 51]
NPUXUIBHOCTI nNpoginakTnKn Tepanis

HEeNPOeHIOKPUHHUX, METa0OIIYHUX, iIMyHO3aIaIbHUX, HEM-
pOM’SI30BUX, OOJIbOBUX, OKJIFO3ii{HO-MEXaHIYHUX, OPTOIIe-
JTYHO-TPOTETUYHHX i COLlIaIbHO-TTOBEIIHKOBHX MEXaHi3MiB.

BucHoBKMU

1. OOGrpyHTOBaHO CHCTEMHUI XapaKTep BIIUBY XpO-
HIYHOTO CTpeCy BilfHM Ha OpraHi3M JIOAWHU, SIKUW peati-
3YETHCS Yepe3 MEXaHi3M aJloCTaTUYHOTO NePeBAHTAKEHHSI.
TpuBasa akTuBallis rinmotajamo-rinodizapHo-HaTHUPHU -
KOBOI OCi, HEipOeHIOKPUHHA TUCPETYJISLIISI Ta CUCTEMHUM
npo3anajibHuii POH € yHiBepcaIbHUM MAaTOT€HETUYHUM
TPUTEPOM, SIKUIT TpaHC(HOPMYE TICUXOEMOIIiiHE HATIPYXKeH-
Hs1 Y COMAaTUYHi Ta CTOMATOTHATUYHI TOPYIIEHHS.

2. JloBeneHO MyJIbTU(AKTOPHY IIPUPOILY CTPEC-aCOIli-
MoBaHUX 3MiH y CTOMAaTOrHATUYHii cucTemi. KutiHiuHi mpo-
SIBM, TaKi sIK OPYKCU3M CHY Ta HECITaHHSI, KJIEHYMHT, CKPO-
HEBO-HWKHBOLIEJEIHI po3/1aau Ta MiodaciiaibHuii 6ib,
€ HACJIiIKOM LIEHTPaJIbHOI CEHCUTU3Allii, IIOPYyIIeHb apXi-
TEKTOHIKM CHY Ta TICUXOEMOLIITHOTO TUCTPECY, 110 3MilIly€E
napagurMy iXHbOTO CIIPUMHATTS 3 JTOKATbHO-OKITIO3IMHUIX
YMHHMKIB Ha LIEHTPaJIbHI HEMPOryMOpabHi MeXaHi3MU.

3. KoHienryanizoBaHo HecrielnbiyHICTh MTaTONOT YHO-
TO CTUPaHHS 3y0iB SIK i30JIbOBAHOTO MapKepa rnapadyHKIILii.
BcraHoBneHo, 1110 maTosoriuHe cTupaHHs 3y0iB B yMOBax
BOEHHOTO CTaHY € iHTETpaJIbHUM PE3yJIbTaTOM CUHEPTeTHY -
HOI J1ii OKJTIO3ii{HO-MeXaHiYHOTO TTepeBaHTAXKEHHSI, €pO3UB-
HUX, a0pa3uBHUX Ta TTOBEAiHKOBUX (haKTOPiB, 1110 TTOTPeOy€e
3aCTOCYBaHHSI CTAaHIAPTU30BaHUX iHAEKCIB OLIHKM Ta Iu-
(epeHLifHOI 1iarHOCTUKY JJ1s1 YHUKHEHHST 1iarHOCTUYHMX
TTOMUJIOK.

4. Po3kpuTo ABOOIYHMIT TATOTeHETUUHUI 3B I30K Y Me-
TabOJIIYHO-TTAPOIOHTAJIbHIN Tili. XpOHIYHUIA cTpec BiliHU
OIMoCepeKOBaHO (Yepe3 MOBEeAiHKOBI PU3UKM, KypiHHS,
TiIIepKOPTU30JIEMiI0) Ta Ge3ITocepeTHbO (Yepe3 MOCUICHHS
OKCHMJIATHBHOTO CTPECYy Ta IMpo3amnajbHOI0 CTaTyCy) IMo-
TipIIy€e IIiKeMiYHUI KOHTPOJb Y MAalli€HTIB i3 IIYKPOBUM
NiabeToM 2-To TUITy Ta METa0OJiYHUM CUHIPOMOM, 1110 JIi-
HiliHO 30iIbIIIY€E Bpa3aMBiCTh TKAHUH MAPOIOHTA Ta 3HILKYE
e(eKTUBHICTh CTaHIAPTHOI Tepartii.

5. BusHaueHo BuUcokuii 6ioMexaHiYHMU PU3UK B
opTomenuuHii croMmaroiorii. [loegHaHHS XpOHIYHOTO
cTpecy 3 napadyHKIiOHATbHOK aKTUBHICTIO KyBaJTbHUX
M’$SI3iB Ta MeTa0OJIYHOIO JUCPETYIIALI€I0 CYyTTEBO ITiM-
BUIILYE YAaCTOTY TEXHIYHUX (CKOJU, NIeOOHINHT, TIepeJio-
MU TBUHTIB) Ta 0i070TiYHUX YCKJIaNHEeHb pecTaBpalliil Ta
IMIUIAaHT-TIPOTETUYHUX KOHCTPYKILiii, IO OOIPYHTOBYE
HEOOXiMHICTh MPEBEHTUBHOIO 3aCTOCYBAaHHS 3aXUCHUX
OKJIIO3IMHUX IIWH (30KpeMa, BUTOTOBJICHUX 3a LIU(PPO-
BUMMU TPOTOKOJIAMMU).

6. OGIpyHTOBAHO HEOOXiAHICTh 3MiHM KIIIHIYHOTO i/~
X0y Ha TpaBMa-iH(OPMOBaHUI Ta MIKIUCIUTUTIHAPHUIA.
BiiicbkoBuii, BeTepaHChbKMI1 a00 MOB’SI3aHUI i3 BUMYIIIE-
HUM MEepeMillleHHSIM aHaMHe3 TalliEHTIB Ma€ PO3TJISIAATUCS
SIK CAaMOCTiHUI Moau(iKaTop CTOMATOJIOTiYHOTO pU3K-
Ky. [lepcrieKTMBHUM HampsiMOM MONAJbIINX JOCTIIKEHb
€ BaJliJalisi HeiHBa3MBHUX OioMapKepiB CTpecy, 30KpeMa
CHiBBiTHOIIEHHSI KOPTU30JIy Ta KOPTU30HY B CJIMHI i ioro
NUHAMIKU, U1 PETPOCIEKTUBHOI OLIIHKM aJIOCTATUYHOTO
HaBaHTaxK€HHs Ta MPOTHO3YBaHHSI CTA0iILHOCTI pe3y/bTa-
TiB KOMITJIEKCHOTO CTOMATOJIOTIYHOTO JIIKyBaHHSI.
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KonduikT inTepeciB. ABTOpU 3asIBJISIIOT MPO BiZICYTHICTD
KOH}JIiKTY iHTepeciB Ta Bi1acHOi (hiHaHCOBOI 3alliKaBJIeHO-
CTi ITpY MiATOTOBL JaHOI CTATTi.

Indopmauis npo dinancyBanns. CtaTTs MiAroTosjaeHa B
pamMkax camoiHaHCyBaHHSI.

Cnuncok Aiteparypu

1. Bobryk M. Chronic stress during war and its metabolic conse-
quences. Clinical Endocrinology and Endocrine Surgery. 2024,(4):86.
doi: 10.30978/CEES-2024-4-86.

2. Lim ICZY, Tam WWS, Chudzicka-Czupata A, Mcln-
tyre RS, Teopiz KM, Ho RC, et al. Prevalence of depression, an-
xiety and post-traumatic stress in war- and conflict-afflicted areas:
a meta-analysis. Front Psychiatry. 2022;13:978703. doi: 10.3389/
Spsyt.2022.978703.

3. Silwal S, Westerlund M, Osokina O, Ivnyev B, Ahramo K,
Ortin-Peralta A, et al. Mental health of Ukrainian children and youth
during the Russian-Ukrainian war: a scoping review. BMJ Glob Health.
2026;11(3):¢020506. doi: 10.1136/bmjgh-2025-020506.

4. Serdiuk O, Burlaka V, Markovska A, Smith C, Panok V, Kloch-
kov V, et al. Trauma exposure and risk of post-traumatic stress disorder
among youth and young adults during the Russia-Ukraine war. J Affect
Disord. 2025;391:119944. doi: 10.1016/].jad.2025.119944.

5. Lotzin A, Morozova-Larina O, Paetow A, Schratz L, Keller V,
Zarubin 1, et al. Resilient coping during the Russian-Ukrainian war:
Does it buffer the effects of cumulative trauma on ICD- 11 posttraumatic
stress disorder symptoms? Compr Psychiatry. 2025;140:152592. doi:
10.1016/j.comppsych.2025.152592.

6. Farhadian N, Moradi A, Nami M, Kazemi K, Ghadami MR,
Ahmadi A, et al. The nexus between sleep disturbances and men-
tal health outcomes in military staff: a systematic review. Sleep Sci.
2022;15(3):356-362. doi: 10.5935/1984-0063.20220063.

7. Baskaran A, Marogi E, Bitar R, Attarian H, Saadi A. Impro-
ving sleep health among refugees: a systematic review. Neurol Clin
Pract. 2023;13(2):e200139. doi: 10.1212/CPJ.0000000000200139.

8. Messman BA, Fentem A, Compton SE, Griffith EL, Blumen-
thal H, Contractor AA, et al. The role of affect in associations be-
tween sleep disturbances and posttraumatic stress disorder symptoms:
a systematic review. Sleep Med. 2023;110:287-296. doi: 10.1016/j.
sleep.2023.08.025.

9. Alpay EH. Post-displacement mental health among Syrian refu-
gees: a systematic review and meta-analysis comparing Middle Eastern
and European host contexts across time. J Affect Disord. 2026,121959.
doi: 10.1016/].jad.2026.121959.

10. Guidi J, Lucente M, Sonino N, Fava GA. Allostatic load
and its impact on health: a systematic review. Psychother Psychosom.
2021;90(1):11-27. doi: 10.1159/000510696.

11. Knezevic E, Nenic K, Milanovic V, Knezevic NN. The role of
cortisol in chronic stress, neurodegenerative diseases, and psychological
disorders. Cells. 2023;12(23):2726. doi: 10.3390/cells12232726.

12. Phillips R, Kraeuter AK, McDermott B, Lupien S, Sarnyai Z.
Human nail cortisol as a retrospective biomarker of chronic stress: a
systematic review. Psychoneuroendocrinology. 2021;123:104903. doi:
10.1016/j.psyneuen.2020.104903.

13. Takeuchi T, Hashimoto K, Koyama A, Asakura K, Hashi-
zume M. The association of central sensitisation with depression, an-
xiety, and somatic symptoms: a cross-sectional study of a mental health
outpatient clinic in Japan. Life (Basel). 2024;14(5):612. doi: 10.3390/
life14050612.

14. Kang S, Liu ZY, Yuan HH, Wang SM, Pan GG, Wei W, et al.
The impact of different states of type 2 diabetes when stratified by base-
line HbAIc on the periodontal outcomes of non-surgical periodontal
treatment: a systematic review and network meta-analysis. Int J Dent
Hyg. 2024;22(2):401-413. doi: 10.1111/idh.12789.

15. Simonelli A, Citterio F, Falcone F, D’Aiuto F, Sforza NM,
Corrao S, et al. Effect of periodontal treatment on metabolic syndrome
parameters: a systematic review. Oral Dis. 2025;31(12):3272-3281.
doi: 10.1111/0di.70018.

16. Delgado Castromonte HEE, Jaramillo AP, Vera W, Martinez
Becerra M, Hernandez Jiménez JS, Alcala A, et al. Impact of perio-
dontal interventions on glycemic indices and periodontal status among
adults with type 2 diabetes mellitus: a systematic review and meta-ana-
lysis. Cureus. 2025;17(11):€97692. doi: 10.7759/cureus.97692.

17. Cai M, Lai W, Peng W, Chen J, Zou P. Evidence-based sum-
mary and clinical practice suggestions of health education for diabe-
tes mellitus with periodontitis. BMC Oral Health. 2026 May 13. doi:
10.1186/512903-026-08527-9.

18. Aggarwal K, Gupta J, Kaur RK, Bansal D, Jain A. Effect of
anxiety and psychologic stress on periodontal health: a systematic re-
view and meta-analysis. Quintessence Int. 2022;53(2):144-154. doi:
10.3290/j.qi.b2091191.

19. Pavlou IA, Spandidos DA, Zoumpourlis V, Papakosta VK.
Neurobiology of bruxism: the impact of stress. Biomed Rep.
2024;20(4):59. doi: 10.3892/br.2024.1747.

20. Manfredini D, Ahlberg J, Lobbezoo F. Bruxism definition:
past, present, and future — what should a prosthodontist know? J Pros-
thet Dent. 2022, 128(5):905-912. doi: 10.1016/].prosdent.2021.01.026.

21. Minervini G, Franco R, Marrapodi MM, Fiorillo L, Cervi-
no G, Cicciu M. Post-traumatic stress, prevalence of temporomandi-
bular disorders in war veterans: systematic review with meta-analysis.
J Oral Rehabil. 2023;50(10):1101-1109. doi: 10.1111/joor. 13535.

22. Bronkhorst H, Kalaykova S, Huysmans MC, Loomans B,
Pereira-Cenci T. Tooth wear and bruxism: a scoping review. J Dent.
2024, 145:104983. doi: 10.1016/j.jdent.2024. 104983.

23. Al-Talib T, Goodman X, Ziada H, Abubakr NH. Bruxism
and direct and indirect restorations failure: a scoping review. J Dent.
2025;157:105738. doi: 10.1016/].jdent.2025.105738.

24. Hdggman-Henrikson B, Ali D, Aljamal M, Chrcanovic BR.
Bruxism and dental implants: a systematic review and meta-analysis. J
Oral Rehabil. 2024;51(1):202-217. doi: 10.1111/joor. 13567.

25. Ponomarenko M, Kaifie A. Oral health, stress and barriers acces-
sing dental health care among war-affected Ukrainian refugees in Germany.
BMC Oral Health. 2023;23:804. doi: 10.1186/512903-023-03513-x.

26. Stanisic N, Baram S, Nykdnen L, List T, Bracci A, Svens-
son P, et al. Exploring the relationship between muscle activity, jaw
behaviour and pain. Sci Rep. 2025;15(1):35029. doi: 10.1038/541595-
025-22184-y.

27. Stanisic N, Saracutu OI, Colonna A, Wu W, Manfredini D,
Hdggman-Henrikson B. Awake bruxism prevalence across popula-
tions: a systematic review and meta-analysis. J Evid Based Dent Pract.
2025;25(3):102171. doi: 10.1016/j.jebdp.2025.102171.

28. Asami K, Fujisawa M, Saito- Murakami K, Miura S, Fujita T,
Imamura Y, et al. Assessment of awake bruxism-combinational analy-
sis of ecological momentary assessment and electromyography. J Prost-
hodont Res. 2024,68(1):166-171. doi: 10.2186/jpr.JPR_D_22 00289.

29. Schmitter M, Del Hougne M, Karman C, Kuwert G, Hop-
fener K. Instrumental assessment of the association between sleep
and awake bruxism in a general dental practice. Clin Oral Investig.
2026,30(5):178. doi: 10.1007/s00784-026-06862-3.

116

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

Tom 22, N2 5, 2026



[ d

Oraga / Review

30. Dupare AS, Motwani M, Panchbhai A, Sukhadeve V, Taya-
de C, Bhalerao SV. Bruxism, sleep quality, anxiety disorders, and ten-
sion-type headache in temporomandibular joint disorders: a systematic
review. J Pharm Bioallied Sci. 2025;17(Suppl 5):53474-83476. doi:
10.4103/jpbs.jpbs_1251 25.

31. Knibbe W, Lobbezoo F, Voorendonk EM, Visscher CM, de
Jongh A. Prevalence of painful temporomandibular disorders, awake
bruxism and sleep bruxism among patients with severe post-traumatic
stress disorder. J Oral Rehabil. 2022,49(11):1031-1040. doi: 10.1111/
Joor.13367.

32. Solis ACO, Corchs F, Duran EP, Silva C, Del Real N, Araii-
Jjo AC, et al. Self-reported bruxism in patients with post-traumatic stress
disorder. Clin Oral Investig. 2024,28(2):152. doi: 10.1007/s00784-
024-05534-4.

33. Limrachtamorn T. Temporomandibular disorders in a tertiary
clinic: associations with pain, chronicity, sleep versus awake bruxism,
and psychological factors — a retrospective study. J Oral Facial Pain
Headache. 2026;40(1):106-118. doi: 10.22514/jofph.2026.010.

34. Knibbe W, Visscher CM, Lobbezoo E. Exploring post-trauma-
tic stress among patients at a clinic for orofacial pain and dysfunction.
J Dent. 2025;156:105656. doi: 10.1016/j.jdent.2025.105656.

35. Boscato N, Nascimento GG, Leite FRM, Horta BL, Svens-
son P, Demarco FF. Role of occlusal factors on probable bruxism and
orofacial pain: data from the 1952 Pelotas birth cohort study. J Dent.
2021;113:103788. doi: 10.1016/j jdent.2021.103788.

36. Dhaliwal G, Ouanounou A. Tooth surface loss: causes, mana-
gement, and prevention. Quintessence Int. 2024,55(6):504-513. doi:
10.3290/).qi.b5223649.

37. Nota A, Pittari L, Paggi M, Abati S, Tecco S. Correlation
between bruxism and gastroesophageal reflux disorder and their effects
on tooth wear: a systematic review. J Clin Med. 2022;11(4):1107. doi:
10.3390/jem 11041107.

38. Lorens M, Tomaszewska I. Methods for assessing and measu-
ring tooth wear-applications in clinical research and a comparison of
the Basic Erosive Wear Examination, Tooth Wear Index and Tooth
Wear Evaluation System Version 2.0. J Oral Rehabil. 2026,53(2):565-
578. doi: 10.1111/joor.70104.

39. Bartlett D, O’Toole S. Tooth wear: best evidence consen-
sus statement. J Prosthodont. 2021;30(S1):20-25. doi: 10.1111/

Jopr.13312.

40. Alagarda-Lauwers B, Periarrubia-Martinez L, Garcia-Sel-
va M, Gonzdlez-Angulo E, Cases-Sdnchez A, Fons-Badal C. Psycho-
logical disorders and their influence on the development of periodontal
disease in adolescents: a systematic review. Med Oral Patol Oral Cir
Bucal. 2026,31(3):e478-e484. doi: 10.4317/medoral.27999.

41. Al-Ak’hali MS, Al-Moraissi EA, Fageeh HN, Alakhali HS,
Peeran SW, Khurayzi TA, et al. Are salivary cortisol levels elevated

Information about authors

in periodontitis patients experiencing stress compared to those without
stress ? A systematic review and meta-analysis. J Contemp Dent Pract.
2025;26(2):206-216. doi: 10.5005/jp-journals-10024-3819.

42. Hingorjo MR, Owais M, Siddiqui SU, Nazar S, Ali YS. The
impact of psychological stress on salivary cortisol levels in periodontitis
patients: a case-control study. BMC Oral Health. 2025;25(1):276. doi:
10.1186/512903-024-05017-8.

43. Dimitrov D, Mlachkova A, Dosseva-Panova V. Salivary cor-
tisone as a potential alternative to cortisol in periodontitis severity as-
sessment. Int J Mol Sci. 2026,27(2):805. doi: 10.3390/ijms27020805.

44. Mizutani K, Buranasin P, Mikami R, Takeda K, Kido D,
Watanabe K, et al. Effects of antioxidant in adjunct with periodontal
therapy in patients with type 2 diabetes: a systematic review and me-
ta-analysis. Antioxidants (Basel). 2021;10(8):1304. doi: 10.3390/
antiox 10081304.

45. Hardan L, Bourgi R, Cuevas-Sudrez CE, Flores-Rodri-
guez M, Omarnia-Covarrubias A, Nicastro M, et al. The use of probi-
otics as adjuvant therapy of periodontal treatment: a systematic review
and meta-analysis of clinical trials. Pharmaceutics. 2022;14(5):1017.
doi: 10.3390/pharmaceutics 14051017.

46. lonfrida JA, Stiller HL, Kimmerer PW, Walter C. Dental
implant failure risk in patients with bruxism — a systematic review and
meta-analysis of the literature. Dent J (Basel). 2025;13(1):11. doi:
10.3390/dj 1301001 1.

47. Barboza EP, Caretta C, Eigo A, Rodrigues D. An umbrella
review of the role of bruxism in the failure of implant-supported pros-
theses. J Prosthet Dent. 2026,135(2):318.e1-318.e8. doi: 10.1016/].
prosdent.2025.08.035.

48. Larsson A, Manuh J, Chrcanovic BR. Risk factors associated
with failure and technical complications of implant-supported single
crowns: a retrospective study. Medicina (Kaunas). 2023;59(9):1603.
doi: 10.3390/medicina59091603.

49. Saini RS, Kaur K, Mosaddad SA, Heboyan A. Comparison
of digital splints versus traditional splints for bruxism management: a
systematic review. BDJ Open. 2026;12(1):48. doi: 10.1038/s41405-
026-00438-9.

50. Banihashem Rad SA, Esteves Oliveira M, Maklennan A,
Castiglia P, Campus G. Higher prevalence of dental caries and perio-
dontal problems among refugees: a scoping review. J Glob Health.
2023;13:04111. doi: 10.7189/jogh.13.04111.

51. Yakubova II, Makarenko MV, Krupnyk NM, Krupnyk AA.
Cost-benefit analysis of mobile dental clinics in remote areas of
Ukraine. Pol Merkur Lekarski. 2025;53(6):803-808. doi: 10.36740/
Merkur202506114.

OrpumaHo/Received 24.03.2025
PevyeH3oBaHo/Revised 15.06.2026
lMpwiiHsTo go apyky/Accepted 25.06.2026 M

0.B. Belikov, MD, Professor, Department of Prosthetic Dentistry, Bukovinian State Medical University, Chernivtsi, Ukraine; e-mail: belikov@bsmu.edu.ua; https://orcid.org/0000-0001-8828-6311
0.I. Roshchuk, Candidate of Medical Sciences, Associate Professor, Head of the Department of Prosthetic Dentistry, Bukovinian State Medical University, Chernivtsi, Ukraine; e-mail:

roshchuk@bsmu.edu.ua; https://orcid.org/0000-0002-1877-1546

N.I. Belikova, Candidate of Medical Sciences, Associate Professor, Department of Prosthetic Dentistry, Bukovinian State Medical University, Chernivtsi, Ukraine; e-mail: belikova@bsmu.edu.ua;

https://orcid.org/0000-0003-2304-2089

1.G. Biryuk, Candidate of Medical Sciences, Associate Professor, Head of the Department of Disaster Medicine and Military Medicine, Bukovinian State Medical University, Chernivtsi, Ukraine; e-mail:

biryuk.igor@ukr.net; http://orcid.org/0000-0001-8171-2808

M.V. Dikal, Candidate of Medical Sciences, Associate Professor, Department of Bioorganic and Biological Chemistry and Clinical Biochemistry, Bukovinian State Medical University, Chernivtsi, Ukraine;

e-mail: dikalmariana@gmail.com; https://orcid.org/0000-0002-9787-6193

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.

Information about funding. The article was prepared as part of self-financing.

Tom 22, N2 5, 2026

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

117


https://orcid.org/0000-0003-2304-2089

Oraga / Review

O.B. Belikov, O.I. Roschuk, N.I. Belikova, I.G. Biryuk, M.V. Dikal
Bukovinian State Medical University, Chernivtsi, Ukraine

Chronic stress during war and its endocrine-metabolic
and stomatognathic consequences
(a literature review)

Abstract. Background. Chronic stress during war is a systemic
medical and social factor that may affect psycho-emotional status,
neuroendocrine, metabolic and immunoinflammatory regulation,
and the stomatognathic system functioning. The purpose was to
summarize current scientific data on the role of chronic war-re-
lated stress in the development of allostatic load, metabolic and
immunoinflammatory dysregulation, and their association with
stomatognathic consequences. Materials and methods. A literature
review with elements of a systematized search was conducted in
PubMed/MEDLINE, Epistemonikos, Scopus, Web of Science,
Google Scholar, and full-text resources of Elsevier, Springer Nature,
Wiley, MDPI and BMC for 2021—-2026. Reviews, meta-analyses,
clinical and retrospective studies on chronic stress, allostatic load,
post-traumatic manifestations, bruxism, temporomandibular disor-
ders, periodontal disorders, type 2 diabetes mellitus and prostho-
dontic complications were analyzed. Results. Data synthesis enabled
the development of an integrative allostatic model of endocrine-
metabolic and stomatognathic consequences of chronic war-re-
lated stress. Prolonged exposure to war stressors may act through

neuroendocrine, metabolic, immunoinflammatory, neuromuscular,
pain-related, occlusal-mechanical and socio-behavioral pathways.
The neuroendocrine pathway is associated with hypothalamic-pi-
tuitary-adrenal axis dysregulation and altered cortisol response; the
metabolic pathway is linked to impaired glycemic control, type 2
diabetes mellitus, metabolic syndrome, oxidative stress and systemic
inflammation; and the periodontal pathway is associated with the ef-
fects of stress, cortisol, sleep disturbances and behavioral factors on
periodontal tissues. Neuromuscular and pain-related manifestations
include bruxism, clenching, temporomandibular disorders, myofas-
cial pain and central sensitization, whereas occlusal-prosthodontic
consequences include pathological tooth wear, restoration chipping
and overload of prosthodontic constructions. Conclusions. Chronic
war-related stress should be considered an interdisciplinary risk
factor that combines endocrine-metabolic, immunoinflammatory,
and stomatognathic mechanisms and requires an expanded patient
assessment.

Keywords: review; war; chronic stress; allostatic load; bruxism;
type 2 diabetes mellitus
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