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MeHeKMEHT LIyKPOBOTO JliabeTy yIOCKOHAIMBCS TTiCIsT
TOrO, SIK OYyJ10 3aIPONOHOBAHO PEKOMEHIYBAaTU LiJIbOBUM
«gac y mianazoHi» 3,7—9,9 Mmonb/n (A1t piBHIB TJIIOKO-
31, OTPMMAaHUX 3a JOIMOMOIOIO TOCTiAHOIO MOHITOPUHTY
rmoko3u (CGM)). Y KoHCeHCYCHil 3as1Bi, OIy0JIiKoBaHiit
y 2019 poli, peKoOMeHI0BaHO HaMaraTucs TOCSATTH Oiiblie
Hix 70 % uacy B 3a3Ha4eHOMY [ialla30Hi AJsT OLIbIIOCTI
mofeit i3 ykpoBuM niadetoM 1-ro tumy (LIZL1) i mykpoBum
niaderom 2-ro tuny (11J12) 3 MmonudikaiisiMu 17151 IeBHUX
miarpyr. BepxHst mexxa B 9,9 MMoJTb/JT IEpEBUIILYE TUTTOBUI
nopir y 7,7 MMOJIb/JI TICJIST TIPUAOMY TXi U1 OibIIOCTI
Joneit, sIKi He xBopitoTh Ha LI/, ame Oyma obpaHa 3 TIpak-
TUYHMX MipKyBaHb i JUIS MiHiMi3allil pU3UKY TilOITiKeMil.

IIpoTe HOBIlI MPUCTPOI IJI BBEACHHS iHCYJIiHY Ta Cy-
YyacHi mpenaparu iHcyJliHy no3Bojauiau Joasm 3 LIJI1 no-
CSTTU a0COJIOTHO HOPMAaJbHUX PiBHIB TJIIOKO3U — TOOTO
3,7—7,7 MMOJIb/7T — MPOTATOM OiJbII TPHUBAJIOTO TIEPiOIy

an

0e3 HagMipHOTO PU3MKY TinmoriikeMmii. ToxX 41 MOBUHEH 1l
«4ac y HOpMaJIbHOMY Jlialta30Hi» CTaTU HOBOIO TepareBTUY -
HOIO MillleHHI0?

VY 6epesni 2025 poKy eHIOKPUHOJIOTM 0OroBOPIOBAIN
e nmutaHHg Ha KoHdepeHuii Advanced Technologies &
Treatments for Diabetes (ATTD). CripaBai, MoXHa 10CsT-
HYTHU Yacy y HOpMaJIbHOMY Jlialla30Hi 3a JOIIOMOTIOI0 Cydac-
HOI TEXHOJIOTIi aBTOMAaTH30BaHOI CUCTEMHU JOCTABKU iHCY-
niny. B omHoMy nociimxkeHHi, onmyojikoBaHoMmy B Diabetes
Care, 3a yJacTio peaJlbHUX KopucTyBauiB (13 461 ocoba i3
LI1) riopuaHoi 3amkHyToi cuctemu AID Minimed 780G
TicJIs ONTUMi3allil HajallTyBaHb Yyac mepeOyBaHHS B Iia-
na3oHi 7,7—9,9 MMoJib/J1 CYyTTEBO HE 3MiHUBCS (TPUOIU3HO
Ha 25 % B obuaBa npomMixkku). KiabKicTb yacy, mpoBemne-
HOTO B YMOBax TiMorjikeMii, He 30iblIniacs mpu BUKO-
pucrtanHi cuctemu 780G, HaBiTh AeII0 3HU3UBIIKCH 3 0,6
10 0,4 %.
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J1o TOTO 3K BCTaHOBJICHA KOPEJISIIis MixK 9acoM Y Jiara-
30Hi i BHUXKEHHSIM YaCTOTH YCKJIaIHEeHb, OB’ si3aHux 3 LIJ1.
OnpHuM i3 IpuKIagiB € JocaimkeHHs moaei 3 LI 1, y akux
KOxXHe 5% 3HUKEHHS 4yacy B Jiana3oHi acoliiloBaiocs 3i
30iIbLICHHSIM Ha 28 % Il1aHCiB BAHUKHEHHS 1ia0eTUYHOI
peTuHomnartii. A B mepexpecHoMy nociiakeHHi 808 nopociamnx
i3 LIJI1 koxHi 10 % 306inblieHHs Yacy B Aianma3oHi acolio-
BaJIMCS 31 3HIDKEHHSIM YacTOTH Oia0eTUIHOI PEeTUHOIIATII,
Hedponarii, nepudepuyHOi HeliponaTii Ta iHCyIbTy. Y TIpo-
CIIEKTUBHOMY JOCTIIKEHH] 3a yyacTio 6061 mrommnm 3 LIJ12
HWXXUMI1 yac y niana3oHi OyB MMOB’sI3aHUIA 31 3HAUHO BUILLIUM
piBHEM CMEPTHOCTI BiJl yCiX MPUYMH.

3a ocTaHHE NECATUIIITTS BimOysacs 3Ha4HA €BOJIOLLIs
MEIMKAMEHTIB, BKJIIOYHO 3 arOHiCTaMM TJIIOKaroHOonomio-
HOro nenTuny 1 Ta iHribiTopaMmy HATPili-TITIOKO3HOTO KO-
TpaHcrnopTepa 2, sIKi 1ormoMaraoTb HOpMaJjli3yBaTu piBeHb
IJIIOKO3M, Pa3oM 3i CIUIECKOM BUPOOHUIITBA KOMEPILIIHHO
MOCTYIHUX cucteM goromoru. JdocnimkeHHs: 2024 poky
monao BukopuctaHHsi CGM y 3840 oci6 i3 LI/J12, sKi He
MPpUIIMaJI iHCYJTiH, TToKa3aio 17% 36ibleHHs yacy B mia-
Ma30Hi MPOTSTOM OJHOTO POKY, 1110 MPU3BEJIO 10 TOTO, IO
CTaHAAPTH MEIUYHOI JOTIOMOTIY AMEpUKAHCHKOI MiadeTnda-
Hoi acouianii 2025 poky pekomMeHayoTh po3risiHyth CGM
IS L€ET TTOIMyYJISLIl.

3 iHmoro 60Ky, Ha KOH(epeHIlii 3BepTaiacs yBara, 110
yac y Jiana3oHi xoya i MOBMHEH MOTMBYBATHU IMAalli€HTIB,
ajie He OyTM OCHOBHOIO METOIO JIiKYBaHHSI, 3BaXKalouu Ha
IOCTYMHICTb loro nocsarHeHHs. Binomo, 1110 y 3HaKOBOMY
IOCTiIKEeHHI KOHTpouIo miadety Ta yckinanHeHs (DCCT) y
nauieHTiB i3 LIJI1 pu3uk peTuHOMATIl Ta iHIIUX MiKpPOCY-
IUHHUX YCKJIaTHEHb 3HU3UBCS, OCKiIbKM piBHI HbAlc
3HIKYBAJIMCS B cepeaHboMY 3 9 1o 7 % 3a TOMOMOTO0
iHTeHCUBHOI iHCYJIiHOTepamii MOPiBHSIHO 3 yYaCHUKaMU,
SIKi OTPUMYBAJIM CTaHIAPTHE JIIKyBaHHs. AJe TIPU PiBHSX
HbAlc Huxye 3a 7 % niepeBaru ctaBajy MEHII BUPaKeHM -
MU, a PU3UK TiITOIIiKeMii 3pocTasB.

IIIo crocyeThest sikocTi kutTs, 80 % moneit 3 LIJI Bin-
YyBalOTh ce0e «0OMEeXEHUMMU» CBOIM CTAHOM, BUXOISIUM 3
HelmogaBHO omy6aikoBaHoi «IlIkamm oOMexXeHb miabeTy».

Bona ckimagaeTbes 3 1IeCTU ITyHKTIB, SIKi OLIHIOIOTH Yac,
BUTpPAYEHU Ha TyMKU PO Aia0GeT: OuIbIIe, HiXK XOTia0Cs
0; OaxkaHHS MEePEeKYCUTH, 1100 YHUKHYTU HU3bKOIO PiBHS
LIyKPY B KPOBI; BiT4yTTsI 0OMEXEHHS 111010 (hi3MYHUX BIIpaB
i OOMEXXEeHHS B 1Xi, IIIOJ0 «BiJIbHOCTI XKUTU CBOIM XKUTTSIM
TakK, 51K 5 XOuy».

be3ymoBHO, HEOOXiHI TOIATKOBI TOCTIIXKEHHS Pi3HUX
minrpy aroneit 3 LI, a Takox po3po0Ka HOBUX CTaHIAPTIB
CGM, koHceHcyc 1010 oQilliifHoI Ha3BW METH Jiala30Hy
3,7—7,7 MmoJb/71. Y Oynb-KOMY pa3i HEOOXiTHO TocsATaTh
(iziosoriyHoro Aiara3zoHy piBHS IITIOKO3U 03 ITiIBUIIEHHS
PM3UKY TilOIiKeMil.

Bitannsa yurauam i3 cepeanboBiuHoro micra bamoepr Ha
nisHoui Bapapii! VMoro me HasuBaoTh HiMelbkolo BeHe-
11i€10, a/Ke TYT MOXKHA MTPOTUIMBTY HAa TOHIOJIi CTAPOBUH-
HUMM KaHajamMu. bamGepr 3yMiB 30€perTy 30BHIIIHICTh
CepenHbOBIUYSI, aIKe HOMY IMBOM BAAJIOCS BLIITH ITi 9ac
[ pyroi cBiTOBOI BiliHU. Y HbOMY TapMOHITHO TTOETHYIOTHCS
roTHKa Ta 6apoKO, Cy4yacHiCTh Ta Tpaaullii, peiriliHi cropy-
IIM Ta OCBIiTHI 3aKkjaau. Jloci MicTO OBisiHe JiereHoaMM, Ka3-
KaMH i HaBiTh MicTHMKOI0. BOHM HagaloTh ioMy 0COOIMBOTO
mapMy. MajabOBHUYI KPa€EBUIM, AaBTEHTUYHUM XapakTep i
sgKach HaliBMILIA cUJia, sIKa BilyiaHO o0Oepirae mMicTo, CTBO-
proioTh y bambGepry ocobiuBy atmocdepy.

Crapa paryiia Bpaxae 3 Teplioro Momisiay Kajieimao-
CKOITIOM CTWJIiB ((haxBepK, 6apoko, rotuka). byaiBHuil-
TBO paTylli CBOTO Yacy CTaJlo KAMEHEM CIIOTMKAaHHS MiX
ropoAsiHaMu Ta enuckonom. Myapi XXuTesi Ha apryMeHT
MIPaBUTEIS «TiLIbKY HE Ha MOl 3eMJTi» 3HAUIIUIM YHiKaJIbHE
pitieHHs1. BoHM ciopyauiv IITYYHUI OCTPiB HA Pivlli i Bxke
Ha HbOMY 3BeJiv O0axkaHuii 00’ekT. PaTyIia cToiTh Ha BOJi 1K
KOMIIPOMIC, i Bi/l IbOTO JIMIIIE MPUBAOJIUBIIIIA.

3 nob6axaHHAM Bam i BawuMMm pigHUM ONTUMI3MY

W BUNpaBgaHWX HafgiA Ha Kpaiwle, W06 yce oMmpisiHe

CTano peanbHicTio, a 6yAb-9Ka cnpasa 3aBepLunnacs
ycrixom,

ros1IoBHMI pefakTop npogecop

Bonogumup IBaHoBu4 lNaHbkis M
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OCOB6AUBOCTIi KOPOTKOYACHOI
BAPIA6eAbHOCTI CepLeBoro purmy
Y BHYTPILWHbO NepemilieHux ocio,
XBOPUX HO LLYKPOBUM pAlabeTt 2-ro tuny

Pestome. AkTyanbHicTb. BHyTpilLIHEO nepemillieHi ocobu (BIO) 4acTo cTukaroTecs 3 6aratbMa sik (isuydHUMMU,
TaK i neuxonoriyHmun npobaemamm. Tpusora i genpecis, o nputamaHHi BI1O, nporHo3ytoTb noBinbHE o4yXXaHHS
i 36INbLUYIOTb PU3WK MOCTTPAaBMaTUYHOro CTPECOBOIro po3nagy I cMepTHOCTI. AuceyHKLiS BeretatuBHOI HepBO-
BOI' cMcTemu 4acTo noegHyeTbCA 3 LykpoBum giabetom (L) 2-ro Tuny, kapgiasibHOK aBTOHOMHOO Hevponarieto
(KAH). MeTa: nposectu aHarsia ocob/IMBOCTEVN KOPOTKOYacHOI BapiabesbHoCTi cepyesoro putMmy (BCP) y BIIO,
xBopux Ha L[] 2-ro tuny. Matepiann ta metoamn. O6CTEXEHO TpU rpynu, 3 HUX 16 MpakTu4Ho 340p0BUX OCI6
(1-wa, KoHTposb), navieHTn 3 L] 2-ro tuny i3 cybkniHidHoro KAH (M. JlbsiB i o6nacts, 2-ra, n = 16) i Bl10, xsopi
Ha L[] 2-ro tuny i3 cybkniHidHoto KAH (3-14, n = 16). Y navieHTiB He BusiBIeHO KniHidHUX cumntomie KAH, a BIK,
crarb, Tpusanicte L4/ 2-ro tuny, IMT, rnikoBaHui HbA1c 3HaqyLye He BigpiaHsauck (p > 0,05). CybkniHidHy KAH
JiarHocTysanu 3rigHo 3 pe3yrbratamMuy TeCTiB KapLioBacKyisipHUX pedhrieKkcis i onutyBasbHuka «KoMno3uTHa
ouiHka BeretatnsHux cumntomiB 31» (COMPASS 31). Jocnigxxysanv v aHaniayBaim pe3ynbTati KOpOTKOYacHoi
BCP tpuBanictio 5 xB. Pesynbratin. Y nauiexTis i3 L[] 2-ro tuny 1a cybkniHidHoro KAH crioctepiraetscs ctatuc-
TUYHO 3Ha4qyLUye MigBULLEeHHS HacToTu cepLeBux ckopodeHsb (YCC). OgHoHacHO BUSIBIIEHO BipOrigHe 3HVXKEHHS
3HaueHb cepeaHboi TpuBanocTi iHTepsaniB R-R (mRR); Bigcotka nocnigosHux NN-iHTepBaris, pisHUUs MK SKuMmn
nepesuiyye 50 mc (PNN50%); piBHIB BUCOKOHACTOTHOIO KOMIOHEHTa Kapgioputmy (HF) i HopmoBaHoi oguHuLi
CrieKTpa BUCOKOYacToTHOro komrnoHeHta (HF,,.,). Y BIO i3 U 2-ro tuny Ta cybkniHiYHoo KAH nopiBHSIHO i3
2-10 rpyroko crioctepiraeTscs nogasbLue 3HadyLe 36inbweHHs HYCC: 86,19 + 82,3 [69,0; 121,0] ya/xXB; 3HWKEHHS
mRR: 709,56 + 93,45 [496,0; 871,0] Mc; KBaapaTHOro KOPEHS i3 cepeaHix KBaapariB pi3HULb BESIMHYUH OCTIZOBHUX
nap iHtepsanis NN (RMSSD): 17,56 + 9,06 [5,0; 41,0] mc; pNN50%: 2,56 + 4,66 [0; 17] %, HN3bKO4YaCTOTHOrO KOM-
rnoHeHTa kapgioputMmy (LF): 626,56 + 428,50 [156,0; 1358,0] mc®; HF: 143,81 + 111,68 [10,0; 363,0] mc’; BigcoTka
HF y 3aranbHomy crniektpi BCP (HF%): 10,44 + 8,15 [2,0; 26,0], a TaKoX 3poCTaHHsI HOPMOBaHOI 0oAuHUL CriekTpa
HU3bKOYacTOTHOIro KomroHeHTa (LF,,.): 79,81 + 14,25 [54,0; 96,0] HOpM.04.; BiZCOTKA AyXe HU3bKOYaCTOTHOIro
komrioHeHTa kapgioputMmy (VLF): 47,5 + 18,69 [12,0; 86,0] %. BucHoBkn. Y Bl1O i3 LY/ 2-ro Tuny Ta CyOKJiHI4-
Hoto KAH 3aghikcoBaHO 3HVXXEHHS 3arasibHoi notyxHocti BCP, a TakoX rnomiTHe [OMiHyBaHHS CUMNaTU4YHOro
KOMIOHeHTa. Lle cBig4YuTh Npo akTuBidauito agantayiviHnx peakyivi opraHiamy y BigroBigb Ha CTPecoBi cuTyadii.
BuikopucTaHHs KopoTkodacHoro aHasnisy BCP moxe 6y T 5Kk EKOHOMIYHO BUTQHUM, TaK i HayKoBO 06 PyHTOBaHUM
nigxogom ansa paHHboi giarHoctukn KAH y nadieHTis i3 LI 2-ro tuny. OTpumaHi gaHi MoXyTb CTaT OCHOBOI 4151
CTBOPEHHS e(beKTUBHUX CTpaTerivi MpoginakTuku, a TakoX HOBUX METOLIB CBOEYacHOI fiarHoOCTUKu Ta Tepanii
Br1O, xsBopux Ha LU 2-ro tuny.

Knio4oBi cnoBsa: BHyTpiLLHbO nepemilLieHi ocobu; LyKpoBui giabet 2-ro Turny; KapgiasibHa aBTOHOMHA Hewpo-
raTisi; KopoTKo4acHa BapiabesibHICTb cepLeBoro putMmy
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Bctyn

OcTaHHi CTaTUCTUYHI JaHi MPO BHYTPILIHbO TepeMi-
meHux ocid (BI1O) Ha rmobanbHOMY piBHI CBim4aTh Mpo
TiCHUI 3B’SI30K IIbOTO SIBUIIIA i3 TPUBAJIUMU 30pOMTHUMU
KoHikTamu. 3o0KkpeMa, 3HauHuii Bincotok BIIO y cBiTi
Mpunagae Ha perioHu, sIKi mepedyBaloTh y CTaHi BiliHU.
3oKkpeMa, ToBiToOMIISIETbCS, 1110 OibiIicTs BITO y cBiTi
MOXOOUTH i3 KpaiH, OXOIUIEHUX BiliHOIO [1, 2]. ¥ HayKoBiit
JIiTepaTypi HaATO YacTo irHopyeTbes Te, 1o BITO, sxi
CTUKAIOThCS 3 OaraTbMma K (Pi3MIHUMU, TaK i TICUXOJI0-
TIYHUMH IIPOOJIEMaMHU, YaCTO BUKOPUCTOBYIOTh SIK «30p0I0
BiitHu» [3, 4]. Bimomo, 1o monan 20 % BUMYIIEHO Iepe-
MillIleHNX YKPaiHIIiB CTpaxkAaloTh HA CepLIeBO-CYIMHHI 3a-
xBoploBaHHs (CC3), a KOXEH ABaALUSTUI — Ha IyKPOBUI
nmiabet (LI) [5]. KpiMm Toro, pa3om i3 momaTKoBUM CTpe-
coBMM (pakTOpOM, BUKJIIMKaHUM MaHmeMmieto COVID-19,
pociiicbKe BTOPrHEHHS B YKpaiHy IIPU3BEJIO A0 CILIECKY
pO3JIaliB ICUXiYHOTO 3M0POB’Sl, BKJIIOUYAIOUN MOPYIIEHHS
CHY, TPUBOTY, IEMPECilo Ta MOCTTPaBMaTUYHUI CTPECOBUIA
poznan (ITTCP) [6].

Jo6pe 3am0KyMEHTOBaHO, 1110 TPUBOTA i AeTpecis Mpo-
THO3YIOTh ITOBIJIbHE OMYy>KaHHS i 301IbIIYIOTh PU3UK CMEPT-
Hocrti Big CC3 [7, 8]. MOXIMBUM TOSICHEHHSIM 1IbOT'O MOXKE
OyTU XpOHiYHe MOpyIIeHHs (PYHKIiOHATbHOI LTICHOCTL
ceplist BHACTIIOK TPUBAJIOT AUCPETYJISILIIT BereTaTUBHOI Hep-
BoBoi cuctemu (BHC) [8, 9].

Huchynkuis BHC noenHyeTbes 3 YMCIEHHUMH T1a-
TO(Di3i0JOTIYHUMHU CTaHAMM i 3aXBOPIOBAHHSIMU, 30KpeMa
apTepiaJIbHOIO TiMePTeH3i€10, MeTa0OJIYHIM CHHIPOMOM,
MOPYILIEHHSIM TOJIePaHTHOCTI A0 Toko3u/LIJL 2-ro tuny,
PO3BUTKOM KapIialbHOi aBTOHOMHOI Heliponartii (KAH)
[10, 11].

KAH Bu3Haya€eThCs SIK MOPYILIEHHS CEPLEBO-CYIUHHO-
T0 BeTeTaTUBHOI'O KOHTPOJIIO B 0ci6 3 LI/I Imiciist BUKTioueH-
Hs iHmMx npuuuH [12]. Baxkaetbes, mo KAH nos’sizaHa
3 BUHUKHEHHSM Oia0eTy, ajie BereraTuBHA OUCGHYHKIIS
MOIIMpPEeHa BXe B MpeniabeTUYHOMY CTaHi Ta MPOrpecye
nin yac maHipectHoro LI 2-ro tumy [13, 14]. Pe3yabratu
HEII0JaBHbOTO CUCTEMAaTUYHOTO OTJISITY CBiI4aTh, 1110 T0-
mupeHicte KAH konuBaeTbes Bin 9 no 39 % cepen oneit
3 npeniaderom [15]. KAH mpu LIJI 2-ro Tumy BBaxKaeThCs
He3aJieXKHUM YMHHUKOM pu3KuKy cmepTHocTi Bim CC3 [10,
16]. 3 orsaay Ha BruinB KAH Ha IKicTh XKUTTS NaLIi€HTIB
i3 LI/1 2-ro tumy, icCHy04i Ha CbOTO/IHI peKOMEHIaIlIii Mpo-
MOHYIOTh MPOBOAUTHU MOLIYK BEreTaTUBHUX CUMIITOMIB Y
Oymb-sKoro mnamieHTa [17]. OgHak TomorpadidyHe po3Talry-
BaHHst BHC He nae 3moru npoBectH npsime ii (iziosioriute
TECTYBaHHSI, a OTKe, HEOOXiTHO BUKOPUCTOBYBATH HETIPSIMi
BUMipIOBaHHSI.

3onotuit crangapt y miarHoctuui KAH 6a3yeTtbcs
Ha pe3yJibTaTaX TeCTiB KapAioBacKyJsIpHUX pedeKkciB
(cardiovascular autonomic reflex tests, CART’s). OgHak
CART’s noTpeOyoTh crieiiaJlbHOro o0yiaiHaHHSI, BOJIO-
NiHHA METOAMKAMMU Ta OUTbIIOI CHiBMpali 3 MalliEHTOM, a
TaKOX MOXYTb OYyTH HETOCTAaTHHO YyTJIMBUMMU, 11100 BUSIBU-
TH CYOKJTiHiUHi TTopyiieHHs ¢pyHKIlioHanbHOro crany BHC
[18]. 3okpema, y mawieHTiB 3 LIJI 2-To Tumy i3 CyOKIIiHIYHOIO
KAH Hepinko n1iarHoCTYeThCS PUTHIUEHHS BapiaOeIbHOCTI
cepueBoro putMy (BCP), sike, omHak, 4acTo 3aIMIIAETHCS
HeBUsABIeHUM 3a qoromoroo CART’s [19].

24-rogununii xontepiBcbkuii 3anuc EKI € 3om0tnMm
CTaHIAPTOM Y cTpaThikallii pU3UKY Mali€HTIB i3 FOCTPUM
KOpOHapHUM cuHApomoM, niadbetnaHoo KAH rtomo [20].
BCP moxe ciyryBaTu TpaHCAiarHOCTUYHUM OGioMapKepom
pusuky CC3 Ta KOrHIiTUBHO-eMoLiiiHOi ouiHku [21]. On-
Hak 3pocJia MoTpeda B OTpUMaHHI pe3ybTaTiB BUMipIOBaHb
BCP 3 BUKOpUCTAaHHSM KOPOTKOCTPOKOBUX YAaCOBUX pa-
MOK (TpuBaiictio 5 xB) [22]. Lle 3yMOBIeHO HEOOXiMHICTIO
CKOPOTHUTH Yac i BUTPATU HA BUILJICHHS Ta aHaJli3 iHAEKCiB
BPC. Kpim Toro, 24-romnmHHUI XOATEPiBCHKUIA 3aIIIC He-
CYMiCHUI 3 TMHAMIKOO AeSIKUX (hi3iooTiYHUX MeXaHi3MiB,
sIKi TTIOTPiOHO 3apeecTpyBaTu (HaNpUKJIIaa, CTPUOKM KOTHi-
THUBHOTO HaBaHTaXXeHHsI) Toio [23, 24].

TakuM YMHOM, METOK POOOTH OYJIO ITPOBEIECHHS aHATI3Y
0COOJIMBOCTEI KOPOTKOYACHOI BapiabeTbHOCTI ceplieBO-
0 PUTMY Yy BHYTPIlIHBO MEPEMillIEeHUX OCi0, XBOPUX Ha
LI 2-ro tumy.

MarTtepiaAu Ta meToamU

Lle minoTHe oOcepBaLiiiHe TOCTIMKEHHS 3 BUKOPUC-
TaHHSIM TIOPiBHSUIBHOTO TEPEXPECHOTO Au3aiiHy Oyio
3mificHeHe Ha Kadenpi eHIOKpMUHOJIOTII JIbBIBChKOTO Halli-
OHAJILHOTO MEAWYHOTO YHiBepcuTeTy iM. dannna [anuiis-
KOro, 110 po3TallloBaHa Ha 0a3i MOJiKJIiHIYHOIO BilmiJIeH-
Hs1 dinii «LleHTp eHmokpuHoJorivHoro 310poB’si» KHII
JIOP «JIbBiBCbKMI OOMACHUI KTiHIYHUM AiarHOCTUYHUI
LIEHTP» 3 AOTPUMAHHSIM €TUYHUX HOPM Ta TIPUHIIUIIIB
I'enbcincbkoi neknapaiii BcecBiTHbOT MeAMYHOI acolia-
1ii, mepertsiHyToi B 2013 polri, Ipo mpoBeaeHHS HAyKOBUX
MEIUYHUX TOCiIXEeHb 32 yJacTIO JIIOAUHU. YCi MallieHTh
repen MpoBeAeHHIM 00CTeXKEeHHSsI MiAnrcaIu 100pOBiIIbHY
iH(OpPMOBaHY 3rojly, CXBaJIeHYy KOMiCi€l0 3 MUTaHb €TUKU
HayKOBMX JOCIiIXEeHb, eKCIIEpUMEHTaJIbHUX PO3POOOK i
HAYKOBUX TBOPiB JIbBIBCHKOTO HaIliOHAJILHOTO MEIUYHOTO
yHiBepcurety iM. Jlanuna [aauibkoro (mpotokoi Ne 7 Bin
26 yepBHS 2023 poOKy).

OO6cTeXXeHO TPU TPYMH, 3 HUX 16 TPaKTUIHO 3T0POBUX
oci6 (1-ma, KoHTposab), namieHTu 3 LI 2-ro tumy i3 cyo-
kiinivHoo KAH, ski mocriliHo npoxuBaioTh y JIbBOBI Ta
objacti (2-ra, n = 16), i xBopi Ha LIJ] 2-ro Tumy i3 CyOKJTi-
HiuHoo KAH, saxi orpumanu cratyc BITO miciasa mouatky
rmoBHOMacIITabHoro BroprueHHst P® (3-1a rpyna, n = 16).
Hiarxo3 1] 2-ro Tvmy BCTaHOBIIIOBAJIM 3rimHO 3 [25]. ¥V ma-
mienTiB 3 LIJ] 2-To ThIy He BUSIBIEHO KJIiIHIYHMX CUMIITOMIB
KAH (opTocTtatnuHOi rinoTeHs3ii, HermepeHOCUMOCTi (hiznd-
HUX HaBaHTaXXEHb TOLIO).

Kpurepii BkimtoueHHs: LI 2-ro tuny, cyOKIiHiu-
Ha cranig giabetnunoi KAH; Bik 40—60 pokiB. Kpurepii
BukJ4YeHHs: LI/l 1-ro Tuny; niabeTUYHUI KeToalumos;
BropunHuii LI1; inmekc Macu Tina > 40 xr/m?; giabetnuHa
nposicepaTBHA PETUHOIIATIS; TiaOeTUYHA XPOHIYHA XBO-
po6a Hupok IV iV cr.; niabeTnuyHa cTora; TSKKi CYIMyTHi
3aXBOPIOBAHHSI; BariTHICTh; TICUXiYHi po3Jaau.

IIpoBeneHo aHaji3 icTopii xBopoOu, MagiHHS, BXU-
BaHHSI aJIKOTOJIIO Ta CTaHy (Pi3MIHOI aKTUBHOCTI. Bumi-
pIOBaJIM aHTPOITIOMETPUYHI, KITiHIYHI Ta MeTaOOJiuHi ma-
pametpu. JliarHo3 miaGeTHIHOI XpOHIYHOI XBOPOOU HUPOK
I'PYHTYBaBCsI Ha HAasIBHOCTI MiKpO- Ta MaKpOoaJlbOyMiHY-
pii Ta/a60 3HMKEHOI IIBUIKOCTI KJIYOOUKOBOI (bibTpaliil
(< 60 mu/xB/1,73 M?). JliarHOCTHKA 1iaGe TUIHOI peTUHOTIA-
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Tii 6a3yBayiacst Ha pO3UINPEHOMY Ta KOMIUIEKCHOMY OTJISIIi
o(ranbMosiora. 3axBoproBaHHS MepubepUIHUX CYIUH OLli-
HIOBaJIM 3a KJIiHIYHUMU KPUTEPisMU, a KOPOHApHi Ta/abo
LepeOpOBaCKYJISIPHI MOJil — 3a aHAMHE30M Ta JaHUMU aM-
OynaTopHUX KapToK. HeBposoriune o0cTekKeHHST TPOBOAM -
JIOCS LIUISIXOM OLIiHKM HEBPOJIOTIYHUX CUMIITOMIB i O3HaK
3a gonomorot Michigan Neuropathy Screening Instrument
Questionnaire (MNSI-Q) i Michigan Diabetic Neuropathy
Score (MDNS) [26, 27]. YyacHUKH TOCTIIKEHHS 3aTTOBHIO-
BaJIM YKpaiHOMOBHY BepCito onuTyBajibHuKa «KomIio3uTHa
OlLliHKa BereTaTUBHMX cuMnToMiB 31» (Composite Auto-
nomic Symptom Score, COMPASS 31) ik cKpuHiHroBOro
TECTY IS MiATBePIKEHHSI BeTeTaTUBHOIL TNC(QYHKILT y XBO-
pux Ha LIJI 2-ro Tumny [8, 28].

BereratuBHy (pyHKIIiI0 BUMipioBaly 3a JOIIOMOTOIO
CART’s, a caMe 3MiHM YaCTOTHM CepLIEBUX CKOPOYEHb
(YCC) minm yac rmmbokoro BAUXy, criBBigHomeHHs 30 : 15,
npoou BanbcanbBu, oprocratuuHoi mpoou (CART’s) Ta Ko-
potkouacHoi BPC [29, 30]. Ouinka CART’s O6yna otpumaHa
i3 cymu 6aiiB, HagaHnx koxkHoMy CART [20]. CyokmiHiuyHy
KAH niarHoctyBanu 3rinHo 3 pe3yjabTaTaMy, OTPUMaHUMU
npu nipoBeneHHi CART’s i COMPASS 31 [31, 32].

s BUBHAYEHHSI BaJIiTHOCTI Ta MiarHOCTUYHOI edek-
TUBHOCTI KopoTkodyacHoi BCP gk ckpuHiHroBoro iH-
CTPpYMEHTY IIJIsI BUsIBIeHHsI cyoxitiHiuHoi KAH y mamien-
TiB i3 LI/l 2-ro Tuny OyB MpoBeNeHUI OeTaIbHUI aHai3
orpuMmaHux pe3yibrariB. EKI' mpoBoauau 3a moromororo
12-kaHanbHoro esnektpokapaiorpaga KOKAPI-200 (UTAS,
Vkpaina). Anani3 koporkouyacHoi BPC (kopoTkoro 3amucy
BPC) npoBoauu 3a nonomorot EKI', 3anucanoi B craHi
CIIOKOIO B ITOJIOXKEHHI JiexKauu Ha CIIMHI MPOTSTOM 5 XB.
EKT peecTpyBanu 3a 10moMorow oaHopa3oBux Ag/Ag-
Cl-enextponiB. dani EKI' y cranmapTHiil KoHdirypairii
BinBeneHHs 11 oTpuMyBau 3a JOTTOMOTOIO TIOPTATUBHOTO
obnagHanHg EKI €C-3H (Labtech, Yropuiuna).

YacToTHUIT Ta YaCOBUI aHaJIi3 TPOBOAMIN 3a TOMO-
moroto EKTI'-kommiekciB «Kapniokom», «Kapmionab» Bu-
pooHunTa TOB «XAI-MEOMKA» (M. XapkiB, Ykpaina).
AHaJizyBaji IOPYILIEHHSI PUTMY Ta MPOBITHOCTI, TOKa3HU-
ku YCC, cepenHboi TpuBanocTti iHTepBaiiB R-R (median
RR interval, mRR), cranmapTHOTO BimxujaeHHS BeIUYNH
HopMasibHuX iHTepBaiiB R-R (NN) (standard deviation of
NN intervals within the measurement area, SDNN), kBa-
JIPaTHOTO KOPEHS i3 cepeHiX KBaapaTiB Pi3HULb BEJIM-
YUH TocainoBHuX Tap iHTepBaniB NN (root mean square
of successive differences between adjacent NN intervals,
RMSSD), Bincotka nociinoBHux NN-iHTepBaliB, pi3HU-

s Mixk skuMu TiepeBuinye 50 mc (percentage of consec-
utive NN intervals that deviate from one another by more
than 50 ms, pNN50), koedimienra Bapiauii (coefficient of
variation, CV), TpuaHryisipHoro iHaekca (triangular index,
HRVTI), 3aranbHoi noryxHocTi (total power, TP), nyxe
HU3bKOYACTOTHOTO KOMITOHEHTA Kapaioputmy (very low
frequency power, VLF), HU3bKOYaCTOTHOrO KOMIIOHEHTA
kapaioput™My (low frequency power, LF), Bucokodacrtot-
Horo KoMroHeHrta kapaioputmy (high frequency power,
HF), HopMoBaHOI oaMHUIII cCIEKTpa HU3bKOYAaCTOTHOTO
KoMItoHeHTa KapaioputMy (low frequency normalised unit,
LF,,.), HOpMOBaHOI OAMHMUIII CIIEKTPa BUCOKOYACTOTHOIO
koMmmoHeHTa KapaioputMmy (high frequency normalized unit,
HF,,.), cniBBinHoweHHs LF i HF (quotient of the spectrum
in LF and the spectrum in HF, LF/HF), Bincotka VLF B
3arasibHoMy criekTpi BCP (percentage of VLF in the total
spectrum, VLF%), Bincotka LF B 3araabHOoMy criekTpi BCP
(percentage of LF in the total spectrum, LF%) i Bincotka HF
y 3aranbHOMY criekTpi BCP (percentage of HF in the total
spectrum, HF%). TpusaiicTs vyacy 3anucy EKI cranoBuia
5xB [30].

PesynbraTt pocnigkeHb onpalibOBYBad METOIOM
BapialiiiHO1 cTaTUCTUKU. 11 MOPIBHSIHHS CepeaHixX ab-
COJIIOTHUX BEJIMYMH BUKOPUCTOBYBAIU MapaMeTPUYHUI
kputepiit CTbloieHTa i HerapaMeTpuuHuii Kputepiii Wil-
coxon (MicroCal Origin v. 8,0). OTpuMaHi MOKa3HUKU
HaBeIeHi y BUIJIAOI cepenHixX apudMeTUIHUX 3HAYCHb i3
cepenHiM KBaapatuyHuM BigxuieHHsIM (M * SD). ITopis-
HSIHHSI OTPUMAaHUX TaHUX Y TPYIIax MPOBOIMIIN 32 JOTIOMO-
rolo HemapaMeTpUYHOro Kputepito ManHa — YiTHi, s ix
OITMCY BUKOPUCTOBYBaIU MediaHy (Me) Ta iHTepKBapTUIb-
Huii po3Max (Q25 — Q75). CrarucTuyHa 3HaUyILiCTh Oy1a
BCTaHOBJIEHA Ha piBHi p < 0,05 i BU3Haya1ach TaKUM YMHOM:
P — BipOTigHICTh BIIMIHHOCTEI MiX MIEPIIIOIO i IPYTOIO IPy-
MamMu; p, — MiX MePUIOI0 i TPEThOIO TPyNaMu; p, — Mix
Ipyrolo i TpeTboro rpynaMu. [IporpamHe 3a0e3reuyeHHST —
TIBCO Software Inc. (v. 14.0.0.15).

PesyAbTaTH

XapaKTepUCTUKY OOCTEXXEHUX T'PYI MpelcTaBIeHO B
Taosm. 1.

A BUIHO i3 pe3yJsibTaTiB, HaBeAeHUX y Tabi. 1, BiK,
cratb, TpuBaticth LIJ1 2-ro Tumy, nokaznuku IMT i HbAlc
B 00CTEXXEHUX Irpyrnax CTaTUCTUYHO 3HAYYIIE HE Biapi3HSI-
anuck (p > 0,05).

Y tabs1. 2 HaBeJIeHO 0COOJIMBOCTI MapaMeTpiB KOPOTKO-
yacHoi BPC y xBopux Ha LI] 2-ro tumy.

Ta6nunuys 1. 3aranbHa XxapaKTepucTuKka o6CTexXeHuX rpyn

KoHTtponb uAa 2-ro tuny BMO 3 LA 2-ro tuny
MapameTpu P
1-wa rpyna (n =16) | 2-rarpyna (n=16) | 3-ta rpyna (n = 16)
Bik, pokis 56,1+6,4 545+51 552+54 p > 0,05; p, > 0,05; p, > 0,05
Cratb (x/4) 4/12 4/12 4/12 p > 0,05; p, > 0,05; p, > 0,05
IMT, kr/m? 26,7 +24 285+24 29,1+1,8 p > 0,05; p, > 0,05; p, > 0,05
L4, pokis - 43+0,5 45+04 p > 0,05; p, > 0,05; p, > 0,05
HbA1c, % 55+1,2 6,3+1,5 6,5+1,4 p > 0,05; p, > 0,05; p, > 0,05

TMpumitkn: p < 0,05 — BiporigHa pi3HNULs MiX 1-10 i 2-t0 rpynamu; p, — BiporigHa pi3HuLs MiX 1-t0 i 3-r0 rpynamu;

P, — BiporigHa pi3HuLsa MiX 2-10 i 3-t0 rpynamm.
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PesynbraTi HaIIOTO AOCTIKEHHST BUSBWIN, 110 Y Ta-
uienTiB i3 LI/ 2-ro tumny ta cyokiiHiuHowo dhopmoio KAH
(rpymna 2) cnocTepira€TbCs CTATUCTUYIHO 3HAYYIIE MiIBU-
menHss YCC. OnHovacHo Oynu 3adikcoBaHi 3MiHUM TTOKa3-
HUKiB KopoTkouyacHoi BCP, 3okpemMa BiporigHe 3HUKEHHS
3HayeHb RMSSD i pNN50%, 110 cBimuuTh MpoO 3arajibHe
a3meHIneHHss BPC [33]. Takox Bin3HaueHO 3HMKEHHS PiBHIB
HF i HF,, ninsumenns LF, Ta 3pocTtaHHs ciBBiTHO-
menHs1 LE/HF. e cBinuuTh npo 3MeHIIIeHHSI aKTUBHOCTI
napacumIaTuaHoro komrnonenta BHC, mio Bukiukae Bin-
HOCHE MOCWJIEHHSI aKTUBHOCTi CUMITATUYHOI HEPBOBOI CHC-
temu (CHC) ta nminBuieHHs nokasHuka LF/HF (ta6a. 2).

norm

VY BIIO i3 J 2-ro tuny ta cyokiminiunoio KAH
(rpyna 3) mopiBHSIHO i3 Tpymow 2 cIocTepiraeTbes
Imoaajblle CTaTUCTUYHO 3Hauylle 30inbpmeHHs YCC i
mRR. IMopiBHsnbHMIT aHaNi3 KopoTKoyacHoi BPC mix
2-10 Ta 3-10 rpynaMu BusBuB, 1o y BI1O 3 111 2-ro Tuny
Ta cyokiiHiuHoto KAH crnocrepiraetbcst mopasiplie cTa-
TUCTUYHO 3Hauylle 3HmKeHHss RMSSD, pNN50% i HF,
a takox 3poctaHHs LF,  (tabsu. 2). Taki 3MiHU MOXYTh
CBIIUMTH HE JIMIIE IMPO TMOoAabIly aKTUBAIIil0 CUMIIa-
TUYHUX MEXaHi3MiB peryJisilii, aje i mpo amanTaliiHi
peakilii, 1110 BUHUKJIM Ha (OHi CTpecoBUX cUTyaliil y
LIMX TTaLi€HTIB.

Ta6nunys 2. MapameTpu KopoTKOYaCcHOI BapiabenbHOCTi cepLieBoro putmy y xsopux Ha L[ 2-ro tuny
i3 cy6KniHi4HOIO KapaianbHOO aBTOHOMHOIO HeAponarieto

N anen KoHTtponb uAa 2-ro tuny BMO 3 LUA 2-ro tuny o
1-wa rpyna (n =16) | 2-rarpyna (n=16) | 3-ta rpyna (n = 16)
o | TSN | TR | WIS oo omincos
| DIRS | BEAEE | BaAn |seomn oo
SDNN, mc 4%3?0;5716%?3 4?2’3?0;’—'(;15,3]5 3[72’8160;’—'517?3]1 p > 0,05; p, < 0,05; p, > 0,05
RMSSD, mc 38[@)1,8;%;?6]73 28['47, 3;17;%?5 1[75’,506? 21%?6 p > 0,05; p, < 0,001; p, < 0,05
PNN50% 17[’8’; ’jfg,‘(‘)’]% 8'[%? 51?6?4 2’5[8;’-“1 ;‘166 p < 0,05; p, < 0,001; p, < 0,05
CV, ym.oa. EE’Z‘%;J-} ggf 5ig,10;181,b?8 6’[8,?30;191,6%5 p > 0,05; p, > 0,05; p, > 0,05
HRVTI, ym.oz. 1[17’%’? ;-'62,’07]8 1%,103; ;-'62,’07]8 9[’56,8;’-'1 2:316 p > 0,05; p, > 0,05; p, > 0,05
T | PR | T | TOLINE | bome<aoun-om
wee | LmS | MSue | LR |0 ome oo
s | A | EALE | WSS o someeoo
e | AR | S | S poms oo o
LF....., HOPM.Of. Gf’ég?of;{b??’ 6[43:‘25?0;’-'819%9]3 7[95’481,10;1916%2]5 p > 0,05; p, < 0,001; p, < 0,001
HF....., HOpM.Og. 3%3?0;:7157,66]3 2“[Z 8;“-'42;,36]85 20[;11,8;325%125 p < 0,05; p, < 0,01; p, > 0,05
LF/HF, ym.oz. [26??:14;i651,€3818] ﬂﬁzsﬂ“%?j [Zj?g;’-'zg:g% p > 0,05; p, < 0,01; p, > 0,05
VLF% 3%;?0%5%?3 31[215,8;1523,66]29 4[71’2?0;18168,6?9 p>0,05; p, > 0,05; p, < 0,05
| RS | A | s eomeomo
HF% 22[15?3;%;,46]45 21[25%3;1423,16]7 9 1?21,4;; 368,61]5 p > 0,05; p, < 0,01; p, < 0,001

Mpumitkn: YCC — yactota cepyesux ckopoyeHb; MRR — cepepfHsi TpuBanictb iHTepsanis R-R; SDNN — ctaH-
AapTHe BiAXWJeHHS BeJINYUH HopMmasnbHux iHTepsanis R-R (NN); RMSSD — kBagpaTHUI KOpiHb i3 cepeHix KBa-
Aparis pisHUUb BennyuH nocnigoBHux nap iHrepsanie NN; pNN50% — Bigcotok nocnigosHux NN-iHTepBanis,
pi3HnLsa Mix askumun nepesuLlye 50 mc; CV — koedpiyieHT Bapiauii; HRVTI — TpnavrynapHwii iHgekc; TP — 3arasb-
Ha notyxHicte; VLF — fyXe HU3bKOYacTOTHUI KOMIMOHEHT Kapaiopntmy; LF — HU3bKoYacTOTHUI KOMIMOHEHT
kapgioputmy; HF — BUCOKOYacTOTHUII KOMITOHEHT Kapgioputmy; LF .. — HOpMoBaHa ogUHULSI CIIEKTPa HU3bKO-
4acTOTHOro KOMroHeHTa Kapaioputmy; HF,, . — HOpMoBaHa OAUHMLS CNEKTPa BUCOKOYACTOTHOro KOMIMOHEHTa
kappgioputmy; LF/HF — cniBBigHoweHHs1 LF i HF; VLF% — Bigcotok VLF B 3aranbHomy cnektpi BPC; LF% — Big-
coTok LF y 3aranbHomy cneKTpi BapiabenbHocTi cepuyesoro putmy; HF% — Bigcotok HF y 3aranbHomy criektpi
BCP; p < 0,05 — BiporigHa pi3Huysa mix 1-t0 i 2-t0 rpynamm; p, — BiporigHa pisHnysi Mix 1-to i 3-to rpynamm; p, —

BiporigHa pisHuLs MiX 2-10 i 3-10 rpynamm.
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3menHmenHsa noka3HukiB LF i HF, Buasnene y mami-
eHTiB i3 LIJ1 2-ro Tuny i cyokiiniunoro KAH, siki HaOynun
cratycy BI1O micis moyaTKy moBHOMACIITaOHOTO BTOP-
rHeHHs P® (tabm. 2), MoXe CBITYUTH TPO OCJabIeHHS
O6apopedIeKTOpHOro MeXaHi3My Ta 3HMKEHHS mapacumIia-
TUYHOI PeryJisiiii cepiieBo-CyaIMHHOI cuctemMu. IMoBipHO,
3a3HayeHi 0COOJMBOCTI CIIPUSIIOTh 3HAUHUM KOJIMBAHHSM Y
napacUMIIaTUYHIl aKTUBHOCTI, 110 3HAUIIUIO BimoOpaXKeH-
Hs1 'y 3MiHi BimcoTkoBoro nokaznuka HF. Sk Binomo, mmo-
ka3Huk VLF% y cniekrpanbHomy aHanizi BCP Bino6paxkae
akTUBHicTh cumnatuyHoro Binainy BHC i ticHo kopentoe 3
piBHEM IICUXOEMOIIiITHOrO HaBaHTaXeHHsI Ta (DYHKIIiIOHAIb-
HUM CTaHOM KOpPH roJIOBHOTO MO3KY [34, 35]. ¥ mauieHTiB
i3 ctatrycoM BITO, xBopux Ha LI/I-To Tuy Ta CyOKIiHIYHOIO
KAH, saxi nmepeOyBau 1T HaIllIMM CIIOCTEPEXXEHHSIM, OYJI0
3acdikcoBaHo migBuIIeHHS YacTku VLF% (ta6m. 2). Taka
3MiHa € TUMOBOIO ISl CTaHiB iIHTEHCMBHOI'O HEPBOBO-EMO-
1iitHoro HamnpyXeHHs. Lle MoXe CBiTYMTH TIPO TpUBAJTY aK-
tuBauito CHC, gka cnpuuuHsie nucbalaHCc eHepreTUYHUX
i MeTabOoIIYHUX IIPOILIECiB B OpraHi3Mi, OpiEHTOBaHMX Ha
MoOii3allito 3aX1UCHUX pecypciB. Takuii cTaH cipusie TOCU-
JICHHIO €HepTreTUYHOTO OOMiHY, aKTHBi3allii MeTaOOIiYHMX
(yHKIIi Ta MOKpalleHHIo KpoBooobiry [36]. [ToBizoMIsI€Th-
¢, 1110 Ha paHHiX cTamisgx po3Butky CC3 akrusaliss CHC
PO3IJISIIAETHCS SIK KOMITIEHCATOPHUIA MeXaHi3M OpraHi3my,
SIKUM Biflirpa€ KJIIOUOBY POJIb Y MiATpUMaHHi BereTaTUBHOI'O
6anancy [37].

¥ pesynbTarti focinkeHHs BUusiBieHo 3HuxkeHHs1 BPC ta
aKTUBHOCTI IMapacumIiaTuaHoi HepBoBoi cuctemu (IICHC),
1110 BiIMOBiZa€ 3a 11 peryssiiilo, a TAKOX MiABUILEHHS YyT-
JuBocTi putmy cepus 1o BriuBy CHC. BusiBneHi 3miHu,
3a(hikcoBaHi y MalieHTiB 000X IpyIl, BKa3ylOTh HA paHHE
MOpPYLIEHHS MapacUMMIaTUYHOI PEryJIsiiiii cepleBol Misiib-
HOCTI, III0 € OOHI€IO 3 IepIInX 03HaK po3BUTKy KAH mpn
LI 2-ro Tumy [10, 20].

O6roBopeHHs

TlcuxocouialbHUI CTpeC BUSHAYAETHC SIK peaklliist op-
raHi3My Ha CKJIaJHi KUTTEBI CUTYallii, HarpuKIIaa 6e3pooiT-
T [38, 39]. ¥ KOHTEeKCTi HAIMX NOCHiIXKEHb, TPOBEACHUX
cepen BITO, cTpecoBi YMHHUKM HEPiIKO MOB’sI3aHi 3 BUMY-
IIeHUM nepeceaeHHsIM. EMoliiiHi mposiBU ncuxocoiaib-
HOI'O CTpecy 3a3BMYail CynpoBOMIXKYIOThCs 3MiHaMu YCC
ta BCP, 1m0 € Haciinkom aktusailii CHC i npurHiueHHs
TICHC. TpuBanuii ncuxocouiaJbHUI CTPEC CYTPOBOIXKY-
€ThCST HEMPOCHIOKPUHHOIO aKTHBALIIEIO TiMOTaIaMO-Ti-
nogizapHO-aapeHaI0BO1 OCi, sIKa BKJIIOYAE BUBUIbHEHHS
KOPTUKOTPOIIiHY, aIpeHOKOPTUKOTPOITiHY, HOpaApeHATiHY
Ta cekperniio Koptusony [40]. TakuM YMHOM, TOCTiIXKYIO-
Yy HelpoKapaiaJabHi peakliii Ha IICUXOJIOTiYHi CTpecopHu,
HEeoOXiIHO BpaxoByBaTH OCOOMCTICHI XapaKTepUCTUKU Ta
eMOLIHMUI CTaH TMali€eHTa, sIKi BIJIMBAIOTh Ha 3IaTHICTh
crpaBisiTucs 3i ctpecom [41]. Mu noromxyemMocs 3 aym-
Ko10, BUCIOBIeHOI0 M. Siepmann et al. (2022), 1o 36i1b-
IIEHHST CUMITATUYHOI aKTUBallii Ta/ab0 3HMXXEHHS Tlapa-
CUMIIATUYHOTO BIJIMBY B YMOBAaX MCUXOCOLIiaJIbHOTO CTPecy
MOXKHa BBaXkaT MapKepoM MaTOJOTiYHMX CTaHiB [41].

Jo6pe 3a70KyMEeHTOBAaHO, 1110 TPUBOXKHI Ta IeIIPECUBHI
poO37aay 3HAYHOIO MipOI0 KOPEJIOIOTh i3 YIIOBIIbHEHHSIM
Mpoliecy BiTHOBJIEHHS Ta IMiABUIIEHUM PU3UKOM CMepT-

HocTi [7]. OmHUM i3 MOXKJIMBUX MEXaHi3MiB, SIKHI TTOSICHIOE
TOTipIIIEHHS CTaHy CeplieBO-CyIMHHOI CUCTEMU Ta 3POCTAH -
Hsa cMepTHocCTi Bix CC3 y TakMX MalLli€EHTIB, € XpOHIUHE
rnopyuieHHs1 GpyHKIIOHAIBHOI LiJicHOCTI cepuis. Lle mopy-
LLIEHHSI, IMOBIpHO, CIPUYMHEHE TPUBAJIOIO TUCPETYIISIIIEI0
BHC [9]. HacnipaBni BusiBJI€HO, 1110 TpUBOTA, NETPECUBHI
CTaHM TiCHO TOB’si3aHi 3i 3HMXKeHHIM BCP, po3BuTKOM
IITCP [42, 43]. V cBoto uepry, npurHiueHHss BCP xope-
JIIOE 3 HU3BbKOI e(DEKTUBHICTIO BEreTATUBHOIO KOHTPOJIIO
Ta IIBUIIEHOIO BPa3aMUBICTIO 10 cTpecy [44]. 3HMKeHHS
KOHTPOJIIO K. vagus Hall ceplieM MiABUIILYE BPa3IUBICTb 10
CUMITAaTMYHOI CePLIEBO-CYIMHHOI illleMii Ta 3JI0SIKiCHUX
ApUTMiil, IO CIIPUSIE MiABUIIIEHHIO cMepTHOCTI [45]. Takuit
narodiziooriYHMIT B3aEMO3B’SI30K MOXHA PO3IJISIIATH SIK
3aMKHYTE KOJIO, Y SIKOMY XPOHIYHi 3aXBOPIOBaHHS MOTip-
LIYIOTh BET€TaTUBHUI KOHTPOJIb HAJ MiOKapaoM, a ToTip-
LLIEHHS 3I0POB’S CEPLIEBO-CYAMHHOI CUCTEMH, 1110 BUHUKAE
BHACJIiIOK LIbOTO, ITiABUIIYE BPa3InBiCcTh 10 cTpecy [41]. Lle
TaKOX IiIKPECTIOE MOTEHIIIAHY BaXKJIMBICTh i KOPUCHICTh
BCP gk miarHOCTMYHOI i TepareBTUYHOI MillleHi KOHTPOJIIO
NIMHAMIKW TICUXOJIOTIYHOTO CTAaTyCy i CTaHy CepLieBO-CYIUH-
HOI CUCTeMH Y TALIEHTIB i3 TpUBOTroI0 i mempecieio [21, 41].

BCP Bino6paxae iHauBimyaabHy 30aTHICTb 110 (i3ioJio-
riyHoi Ta eMolliitHOI peryJsiii [46]. V 3B’s13Ky 3 uuMm BCP
3aMpOITIOHOBAHO 1K OioMapKep JIJISI MOHITOPUHTY eMOLIiitHOT
peryssiiii, Helipodi3ioIoriYHMX 3MiH IIpU AeSIKUX po3jiagax
LIEHTPaJIbHOI HEPBOBOI CUCTEMHU, BKJIIOUAIOUM IETIPECUBHI i
TpUBOXHi po3dnaau [39]. LleHTpanbHa BereTaTuBHA cUcTEMA
(central autonomic network) € HeBiI’€ MHUM KOMIIOHEH-
TOM CHUCTEMU BHYTPILIHBOI PETYJIslii, 32 JOMOMOTOIO SIKO1
LIEHTpaJibHa HEPBOBA CUCTEMA KOHTPOJIIOE BiCLIEPOMOTOP-
Hi, HEPOEHIOKPUHHI, 00JIbOBi Ta MTOBEMNIHKOBI peakilii.
Bona BkiI04a€e ocTpiBLEBY KOpY, MUTIAJENOAIOHE Tijo,
rirnoragamyc, repruakBeIyKTajlbHy Cipy pe4yoBUHY, Mapa-
OpaxiaJlbHUI SIIEPHUIA KOMITJIEKC, SIAPO OMMHOYHOTO TPAKTy
i BEHTpoJlaTepaJibHUI Biflia qoBracroro Mo3ky [39, 47].
[MpedponTanbha kopa (ITMK) i muraanenonioHe Tijo ro-
JIOBHOTO MO3KY SIK HEBill’€MHiI KOMIIOHEHTU LIEHTPaJIbHOIL
BereTaTMBHOI cucteMu (central autonomic network) yepe3
M. vagus i rinoTajaMo-CTOBOYPOBI LIUISIXU OITOCEPENKOBYIOTh
BEreTaTUBHUI KOHTPOJIb BUCOKOTO TIOPSIZIKY, TTOB’SI3aHUM 3
KOTHITUBHUM CITPUMHATTIM i eMOLIIMTHUMU peakiiisimu [48].
lNnodyuxuis [TOK, sk 11e crioctepiraethes Mpu posiagax,
noB’s13aHuX 3i cTpecoM, Takux sk [ITCP, a y Haiomy Bu-
MajaKy cTpecoBoro cutyauico y BIIO, Moxke mpu3BoauTu 10
HEIOCTATHBbOTO KOTHITUBHOTO BIUJIMBY EMOLIIMTHUX peaKkiiit
i, SIK HACJIiIOK, /10 TiMepakTUBHOCTI MUTAAIENONi0HOrO Tijla
[49]. 3HmkeHHs dyHKIioHATBHOT akTUBHOCTI [TDK Moke
BIUIMBATU Ha BEreTaTUBHI LIECHTPH (TilmorajaMyc, CTOBOYp
MO3KY), nepudepnuHy akTuBHicT BHC Tta nuHamiky iH-
TepBaIiB CepLeOUTTS, IO MPU3BOAUTH 10 3HIKeHHsT BCP
[39, 49]. TinoaktuBHicTh [TMOK mposiBASIETHCS Y 3HUKEH-
Hi BCP, 110, CBO€10 4eproro, Npu3BOIUTH IO MOTipIIeHHS
30aTHOCTI 10 eMOLifHOI PeryJsiilii, 3MEeHILEeHHST ICUXO0JI0-
TiYHOI THYYKOCTI Ta ITOPYIIEHHS COLialbHOI aKTUBHOCTI
[39].

Bucoka ¢yHkuioHanpHa aktuBHicTe BPC € o3Hako10
aIeKBaTHOI aJanTUBHOCTI CepLEeBO-CYIUHHOI CUCTEMH,
110 J03BOJISIE OPraHi3My MPUCTOCOBYBATUCS O BHYTpillI-
HiX i 30BHIIIHIX TToapa3HuKiB [31]. BomHoyac HamMmipHa
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aktuBalisgs CHC rta sumxenns [ICHC 3gatHi cnpusatu
npurHiyeHHto BPC. Binomo, 1o Husbkuii pisenb BPC €
daxropoMm pu3uky CC3 [50]. Husska BCP Bka3ye Ha 3HU-
JKEHHST TTapacUMITaTUYHOTO KOHTPOJTIO CEPIIEBOI NisIbHOCTI
i Moxe acouitoBaTuch 3 LIJ1 2-ro Tuny Ta HeTpaAULIHHUMU
dakropamu pusuky CC3 (cTpec, piBeHb KOpTU30Y, Oio-
Mapkepu 3anajieHHs ) [51, 52]. Bucokuii piBeHb KOMOpPOiI-
HOCTI ITOB’SI3aHUX 3i cTpecoM Nncuxiynumx posnaniB i CC3
MiIKPECTI0E BAXJIMBUIA TTaTO(hi310J0TIYHMI 3B’ SI30K MiX
LIMMU pO3JaIaMU i TUCPETYJISILI€I0 IEHTPaJIbHOI BereTa-
TUBHOI cucteMu [53]. 3okpema, migBuiieHuit pusuk CC3
Mic/sl eMOLIHO CKIaAHUX IMOili BKa3ye Ha BUPILIAIbHY
POJIb CTPECIHIYKOBAHUX TIepeOyI0B CUMITaTOAIPEHATOBOT
CHUCTEMU Ta JEMOHCTPYE MOAYJIOIOUNIA BIUIMB €MOLIIAHUX
BUKJIMKIB Ha (popmyBaHHs pu3uky CC3 Ta jeTaabHUX Ha-
crinkis [39].

Binpuricts mopymens BHC, ski Bunukaiots npu LI/
2-T0 TUITY, Ma€ KapaioBarajibHuUii XxapakTep. 3a3Buyaii KAH
CIIepIIy 3a4illa€ A. vagus, 1110 3abe3nedye Maiike 75 % mna-
pacuMMaTU4YHOI akTUBHOCTI [54]. Takum yuHOM, K. vagus
ypaxaeTbcst ogHUM 3 niepiunx npu KAH, a HailGinbL paHHi
03HaKM, TaKi K TaxiKapmis CIIOKOIO0, 3yMOBJICHI ITapacuM-
NaTUYHOIO JeHEepBalli€lo Ta BiAMOBIIHUM IMiABUILEHHSIM
cumnatuuHoro Tonycy CHC [17]. IlapacumnaTuyHa auc-
(yHKILisSI BUCTYIIAa€ HE3aJIEXKHUM HETaTUBHUM TPOTHOC-
TUYHUM (pakTopoM y naiieHTiB i3 CC3, 110 MoB’s13aHo 3i
3POCTaHHSIM PiBHSI 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Bifl cep-
LIEBO-CYIMHHMX YCKJIAIHEHb [55, 56]. 3HMKEHHS aKTHB-
Hocti [ICHC nipu3BoauTh 10 HE3aIOBiIbHOTO KOHTPOJIIO
YCC i migBumenoi YCC y crani criokoto [57]. binpmra YCC
y cTaHi cnokoio Ta 3HmxkeHa BCP kKopenoioTh 3 pu3sukoM
cepleBo-CcyTMHHOI cMepTHOCTI [58]. 3okpema, dpemiHreM-
ChKe JIOCITIKEHHSI ceplist BCTaHOBUIIO, 1110 minsuineHa YCC
aCOIIIOETHCS 31 3POCTAHHAM PU3UKY CEPLEBO-CYITMHHOT
3aXBOPIOBAHOCTI Ta CMEPTHOCTI He3aJeXKHO BiJl HasIBHOCTI
TpamuuiiHux dakropiB puzuky CC3. OTpumaHi pe3yiab-
TaTy OyJM JOAATKOBO MiATBEPIKEHI €MigeMioIOTriYHUMU
JoCTimKkeHHIMu [56].

3HwxeHunit pyHkiionansauii ctan BHC, 3okpema BPC,
ACOLIIOETHCS 3 MiABUILEHUM PU3UKOM 3arajbHOi CMEpT-
HOCTi, BKJTIOYAIOUM CeplieBY (HAMPUKIIAI, Yepe3 TOCTPUiA
KOPOHApHUI CUHIPOM), i BUBHAETHCSI HAlIHHUM MapKe-
pom CC3 [20, 59]. BinnosigHo, Aucperysisiiisi IeHTPaIbHOI
BEreTaTMBHOI CUCTEeMHU MOXe OyTH 3ajlydeHa 10 po3JiajliB
MEHTaJIbHOTO 310poB’st, po3BUTKy IITCP, apTepianbHoi ri-
nepreHsii, MmeTaboiuHoro cuHapomy, LI 2-ro Turmy i 6ytu
MiATPYHTSM panToBoi HeouikyBaHoi cmepTi [58, 60]. Bucoka
KOMOPOITHICTb ITOB’I3aHMX 31 CTPECOM PO3JIadiB MEHTAJIb-
Horo 310poB’sa i CC3 migkpecaoe BaXIUBUiA maTodizio-
JIOTIYHMI 3B’SI30K MiX LIMMM po3jagaMM Ta MOPYIIEHHSIM
HelpoBereTaTUBHOTO KOHTpoJIto [61, 62]. 30Kkpema, mia-
BUILIEHUI PU3UK CEePIIEBOi HETOCTATHOCTI ITiCJIsI eMOLIiHO
BaXXKUX TOMIili BKa3ye Ha BUPIIIAIBbHY POJIb CIIPUYUHEHUX
CTpecoM ajanTalliil, 3MiliCHEHUX CUMITaTOaapeHaT0BOIO
CHCTEMOIO, i IEMOHCTPYE MOAYIIOIYi e(PeKTU eMOLIIMHNIX
BUKJIMKIB JUIsI BAHUKHEeHHSsT pu3nKy CC3 Ta ieTalbHUX Ha-
CIiKiB [63, 64].

CneuudiuHe nporHoctuyHe 3HaueHHs 3MiH YCC y
KoHTeKCTi po3BUTKY ITTCP cTaHOBUTH KIIOUOBUIA aCIeKT
Cy4JaCHMX AOCHiIKeHb [65, 66]. [IpocrieKTHBHI HAYKOBI po-

00T BKa3yloTh Ha Te, 110 IepBUHHE 3HIDKeHHS BCP Mmoxe
BUCTYIATH SIK MOTEHUIMHUI (haKTOp pU3MKY BUHMKHEHHS
nernpecuBHux craHis, IITTCP [44, 67]. BinmosigHi mocii-
JIKEHHSI MOXYTh CTaTU BaXKJIMBUM iHCTPYMEHTOM JIJIST ieH-
tudikarii 6iomapkepiB CC3 y moneit, ki € Bpa3auBUMU 10
MOTEHIIHHOTO TICUXOEMOIIIHHOTO TPaBMaTUYHOTO BILJIUBY
[2]. Lle cTBOpIOE MOXKIIMBOCTI 17151 PO3POOKM iIHHOBALIIMHUX
cTpareriii mpo@iIaKTUKK Ta MEePCIIeKTUBHUX ITiIXOIiB 10
TICUXOXPOHOO0I0JIOTIYHOTO JiKyBaHHSI, OPIEHTOBAHUX Ha
BITO, mauienTis i3 IITCP, a Takox oci0 i3 migBUIIIEHUM
piBHEM pU3KKY [68].

DyHKIlioHaTbHE PO3YMiHHS B3aEMO3B SI3KY MiXK MO3KOM
i ceplieM MoTpedye CyTTEBOTO MOKPAIICHHS 33 TOITOMOT'010
JMOKJIIHIYHUX i TPOCTIEKTUBHUX KIIIHIYHUX AOCTiIKEHb. 30-
Kpema, 3aJIMIIAEThCSI HEJIOCTATHBO 3’ SICOBAHOIO POJIb OKpe-
MUX TiUTSTHOK MO3KY, SIKi 0€pyTh y4acTh y HEHTPaIbHIl HEeli-
pOBEreTaTUBHIN AMCPETyJIsilii y BinmoBiab Ha criennivHi
cTpecopu Ta ctpecosi posianu [69, 70]. TTogabliie BUBYEH-
Hs1 0i0JIOTIYHMX YMHHUKIB, 1110 BIUIMBAIOTh HA peakililo Ha
CTpecC, € KPUTUYHO BAXKJIMBUM JUJISI BCTAHOBJICHHST 3B’ SI3KiB
MiX KOTHITUBHUMM, €eMOUIHUMM, MICUXOCOLiAJIbHUMU i
€KOJIOTIYHUMU acIleKTaMu CTPecy, a TAKOX iHAWBiLyaIb-
HUMMU BiIMiHHOCTSIMU Yy TIepe0iry 3aXBOpIOBaHb.

OCKiTbKM MeXaHi3MHU eMOIIiiTHOTO 30YIKEHHS Ta aK-
THUBAIlil 3HAUHOIO Mipol0 30iraloThCsl 3 LIEHTPAJbHOIO Be-
reTaTuBHOIO cructemolo, BCP moxe cTaTu yHiBepcaaibHUM
OioMapKepOM YyTJIMBOCTi CTPECOBOI CUCTEMU, Bpa3IMBOCTI
Ta iHaUBiAyaJabHOTO pU3MKYy. lLle BinkKpuBae MOXJIMBICTD ii
OB IIMPOKOTO 3aCTOCYBAHHS SIK Y HAYKOBUX AOCIIIKEH-
HSIX, TaK i B KJIiHiUHii npakTuii [39].

Amnani3 pe3ynbTaTiB KoporkoyacHoi BCP BinkpuBae
MEepPCIeKTUBU ISl OLIIHKU CEPLEeBO-CYJAMHHOIO 310POB’sI
Mali€eHTIB i peryaloBaHHs HelpokapaiaJlbHOI (PyHKIIIi.
OpHaxk peajizallisl IbOro IMOTEeHIIiaNTy B MPaKTUIHOMY I10-
KpallleHHi CTaHy CepLIEBO-CYIMHHOI CUCTEMU MOTPeOy€E
MPOBEAEHHS NTOAATKOBUX MacCIITAOHUX PaHIOMi30BaHUX
KOHTPOJIbOBAHUX TOC/i/IKEHb, @ TAKOX PETEJILHOIO aHaJli3y
peanbHux gaHux [41, 71]. Lle HeoOXxinHO s 3’sICyBaHHSI
Toro, uu 3natHa monyusiiss BCP msxom BTpydyaHb, 30-
KpeMa MeToJaMu 0ioJIOriYHOro 3BOPOTHOTO 3B’SI3KY, 3a-
0e3MeuynTy CyTTEBE MOKPAIEHHSI CTaHY CeplIeBO-CYIMHHOT
cuctemu y BITO i3 LI1 2-ro tuny. SIK BUmIa€eThCs, 1€ CTaHEe
OIHUM i3 KIIOUOBMUX HAIIPSIMKiB MalOYTHIX HOCIiIXEeHb,
npucBsiueHnx ocobdauBoctssm BCP.

Otxe, kopoTkoyacHa BCP moxe BucTymaTu sik TpaHc-
NiarHOCTUYHUI GioMapKep cepleBO-CYyIUHHOTO PU3UKY
Ta iHCTPYMEHT ISl OLliIHKY KOTHITMBHO-EMOILIITHOTO CcTa-
Hy [21, 72]. 3aBOsIKu CBOIM ITOBHIiCTIO TPaHCIISILIHHUM
BJIACTUBOCTSIM aHai3 KopoTtkodyacHoi BPC moxke cratn
MEePCIeKTUBHUM IiaTHOCTUYHUM i, 30KpeMa, IMOTeHIIiIHO
TepareBTUYHUM ITiAX0I0M Y MaiiOyTHiX nociimkeHHsX. Lle
BiIKpMBa€ HOBiI MOXKJIMBOCTI JJIs1 MOTIMOIeHHS (QYHKIIiO-
HaJILHOTO PO3YMiHHSI AUHAMIiKM AUCPETYJISILii ceplieBOro
PUTMY, OCKiJIbKY TaKWM aHali3 iHTerpye byHaaMeHTaabHi
¥ KJTIHIYHI aCIIeKTH JOCIiKeHb. BaxkJImBo 3a3HAYNTH, 1110
JIOHTITIONHI olliHKY muHaMivHux 3MiH YCC go i micasa mi-
KYBaHHS € HaI3BUYAHO LIIHHUMU JIJIs1 BUSIBJIGHHS MPELU-
3iftHux 3MiH peakTuBHocTi BHC Ta npoueciB Hopmaizarii
il dyHk1ioHanpHOro ctany [39]. OqHaK Ha CyOKJIiHIYHUX
CTaisIX pi3HOMAaHITHUX 3aXBoploBaHb, 0co01mBo KAH y ma-
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mieHTiB i3 LIJI 2-ro Ty, HeoOXiTHO BpaXOByBaTU CKJIATHUIA
xapakTep B3aemozii Mixk yncieHHuMu CC3, gaKi MOXYTb
cyrTeBo BiinBatu Ha BCP. ¥ Ttakux Bumamgkax moLiabHO
MOEIHYBATU TTOKA3HUKM MTOPYIIeHb (PYHKIIIOHAJIBHOTO CTa-
Hy BHC 3 nogatkoBumu 6iomapkepaMu 111 3a0e3nedeHHS
OibIII TOYHOI imeHTUdIKALIT TaTODi3i10J0TYHUX MPOLIECiB.

BucHoBKkMU

Pe3ynbTaTt 1OCTiIXEHHS TTPOASMOHCTPYBAJIU, 10 Y
nauieHTiB i3 L1J1 2-ro Tumy Ta cyokminigyHoo dopmoro KAH
CIIOCTEPIra€Thes CTATUCTUYHO 3HauyIle minpuieHHs YCC,
3MiHU IMOKAa3HUKIiB KopoTkoyacHoi BCP y Burmsni Biporin-
Horo 3HIXeHHs 3HaueHb RMSSD i pNN50%, piBuis HF
i HF,,,.., minBumienHs LF, . Ta 3pocTaHHs CiBBiIHOLLIEHHS
LF/HF.

Y BIIO i3 LI 2-ro Tumny Ta cyokiuiHiuHoo KAH cro-
CTEPIraeThCs MOJAJIBIIE CTATUCTUYHO 3HAUYIIE 301TbIIEHHS
YCC, aTakoxx mRR; nmogaspliire cTaTMCTUYHO 3HAYYIIE 3HU-
sxkeHHs1 RMSSD, pNN50% i HF, a takox 3poctannst LF, ..

PesynbTatt 1bOTO IJIOTHOTO 00CEpPBaIliifHOTO IIepe-
XPECHOTO AOCIIIXEHHS MPOAEMOHCTPYBAIU, IO BUKOPU-
craHHs KopoTtkodyacHoi BCP moxe Oy HayKOBO i KO-
HOMIYHO OOTPYHTOBAHUM YYTJIMBUM METOJOM PaHHBOI
niarHoctuku KAH y xBopux Ha LI/] 2-ro Tumy.

BuxopucraHHs JlikapeM NepBUHHOT MEIMYHOI I0ITOMO-
i Metoay KopotkoyacHoi BCP moxe OyTu pakKTUYHUM iH-
CTPYMEHTOM JUISI paHHBOI TiarTHOCTUKU cyOKItiHiuHoi KAH
y xBopux Ha [IJ] 2-ro tumy.

CdopMynboBaHi BUCHOBKI MOXYTh OYTH BUKOPHMCTA-
Hi TSl pO3p0o0KM iIHHOBALIIMHUX CcTpaTeTiit MPodiTaKTUKKA
Ta MEePCIEeKTUBHUX IMiIXOMiB A0 MCUXOXPOHOOIOIOTiYHOIO
JlikyBaHHsI, opieHToBaHuX Ha BI1O, nauientis i3 [ITCP, a
TaKOX OCi0 i3 migBuIlleHUM piBHeM pusuky KAH, 3okpema
BIIO, xBopux Ha LIJI 2-To THIy.

norm

Konduikr inTepeciB. ABTOpU 3asIBIISIIOTH IIPO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta Bi1acHOi (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBIIi JaHOI CTATTi.

Indopmauis npo dinancyBanns. CtarTs MiAroTOBIEHA
B paMKaxX BUKOHAHHS CTUNEHIiaibHOI poboTu BepxoBHOI
Pamu Ykpainu.
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Features of short-term heart rate variability in internally displaced people
with type 2 diabetes mellitus

Abstract. Background. Internally displaced people (IDP) often face
many problems, both physical and psychological. Anxiety and de-
pression inherent in IDP predict slow recovery and increase the risk
of post-traumatic stress disorder and mortality. Dysfunction of the
autonomic nervous system is often combined with type 2 diabetes
mellitus (T2DM) and cardiac autonomic neuropathy (CAN). The
aim of the study was to analyze the peculiarities of short-term heart
rate variability (HRV) in IDP with T2DM. Materials and methods.
The study looked at three groups: 16 practically healthy individuals
(group 1, controls), patients with T2DM and subclinical CAN (Lviv
and region, group 2, n = 16) and IDP with T2DM and subclinical
CAN (group 3, n = 16). No clinical symptoms of CAN were de-
tected in the patients, and age, sex, duration of T2DM, body mass
index, and HbAlc did not differ significantly (p > 0.05). Subclini-
cal CAN was diagnosed according to the results of cardiovascular
reflex tests and the Composite Assessment Symptom Score 31. The
results of short-term HRYV lasting 5 min were studied and analyzed.
Results. A statistically significant rise in heart rate wase detected in
patients with T2DM and subclinical CAN. At the same time, there
was a significant decrease in the median RR interval (mRR); the
percentage of adjacent NN intervals that deviate from one another
by more than 50 ms (pNN50%); levels of the high frequency power

(HF) and the high frequency normalized unit (HF,_,,). In IDP with
T2DM and subclinical CAN, compared to group 2, a further signifi-
cant increase in heart rate was observed: 86.19 + 82.30 [69.0; 121.0]
bpm; a decrease in mRR: 709.56 + 93.45 [496.0; 871.0] ms; the root
mean square of successive differences between adjacent NN inter-
vals: 17.56 £ 9.06 [5.0; 41.0] ms; pNNS50%: 2.56 £ 4.66 [0; 17] %;
low frequency power (LF): 626.56 + 428.50 [156.0; 1358.0] ms*; HF:
143.81 £ 111.68 [10.0; 363.0] ms?; percentage of HF in the total HRV
spectrum: 10.44 + 8.15 [2.0; 26.0], as well as the growth of the LF
normalized unit: 79.81 % 14.25 [54.0; 96.0] n.u.; percentage of a very
LF in the total spectrum: 47.50 + 18.69 [12.0; 86.0] %. Conclusions.
It was found that in IDP with T2DM and subclinical CAN, the total
HRYV power went down, and the sympathetic component became
much stronger. This indicates the activation of the body’s adaptive
reactions in response to stressful situations. The use of short-term
HRYV analysis can be both a cost-effective and scientifically sound
approach for the early diagnosis of CAN in patients with T2DM.
The data obtained can become the basis for the development of
effective prevention strategies, as well as new methods of timely
diagnosis and therapy of IDP with T2DM.

Keywords: internally displaced people; type 2 diabetes mellitus;
cardiac autonomic neuropathy; short-term heart rate variability
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Cardioprotective effects of sodium-glucose transport
protein 2 inhibitors in patients with breast cancer
and concomitant type 2 diabetes mellitus
undergoing chemotherapy

Abstract. Background. Breast cancer continues to be the most frequently diagnosed malignancy among women
globally, with millions of new cases identified each year. Despite significant advances in chemotherapy that have
considerably enhanced survival rates, these improvements are often accompanied by adverse effects that may
Jjeopardize long-term health. One of the most concerning complications is cardiotoxicity, which can range from subtle,
asymptomatic alterations in cardiac function to overt, severe heart failure. This study purposed to evaluate the im-
pact of sodium-glucose transport protein 2 inhibitors (SGLT2) inhibitors on diastolic function and endothelial health
in breast cancer patients receiving chemotherapy. Materials and methods. A prospective, comparative, study was
conducted at Ivano-Frankivsk Central City Clinical Hospital, Private Medical Center “Frankomed” and Lviv Private
Medical Center “Rhythm” from January 2023 to May 2024. Fifty-five female patients with confirmed breast cancer
and type 2 diabetes mellitus who were referred to cardiologist were enrolled and divided into three groups: group
1 (control, n = 27) received no SGLT2 inhibitors, group 2 (n = 15) received empagliflozin 10 mg daily, and group 3
(n = 13) received dapagliflozin. Echocardiographic assessments and flow-mediated dilation measurements were
performed before chemotherapy initiation and after its completion. Results. The control group exhibited a significant
deterioration in diastolic function, evidenced by a substantial decrease in the E/A ratio and an increase in the E/e’
ratio and isovolumetric relaxation time. In contrast, both empagliflozin and dapagliflozin groups maintained better dia-
stolic profiles and endothelial function, as shown by less pronounced changes in echocardiographic parameters and
flow-mediated dilation. Logistic regression confirmed that patients in the control group had significantly higher odds
of developing abnormal follow-up indices compared with those receiving SGLT2 inhibitors. Additionally, a potential
class effect was observed, with both agents offering cardioprotective benefits while exhibiting subtle differences in
their impact. Conclusions. SGLT2 inhibitors appear to mitigate chemotherapy-induced cardiotoxicity by preserving
diastolic function and endothelial health in patients with breast cancer concomitant with type 2 diabetes mellitus.
Keywords: breast cancer; diabetes mellitus; chemotherapy; SGLT2 inhibitors; diastolic function; endothelial
function

Introduction

Breast cancer continues to be the most frequently di-
agnosed malignancy among women globally, with millions
of new cases identified each year [1]. Despite significant
advances in chemotherapy that have considerably enhanced
survival rates, these improvements are often accompanied by
adverse effects that may jeopardize long-term health. One of

the most concerning complications is cardiotoxicity, which
can range from subtle, asymptomatic alterations in cardiac
function to overt, severe heart failure [2, 3].

Among the various manifestations of chemotherapy-in-
duced cardiotoxicity, diastolic dysfunction has emerged as
a critical area of focus. This condition, marked by impaired
relaxation and inefficient filling of the left ventricle, may
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initially present without symptoms but has the potential to
progress to overt heart failure if not addressed early. Re-
search has shown that chemotherapeutic agents, particularly
anthracyclines, can adversely affect diastolic function even
in patients who previously had no cardiovascular issues [4].

In parallel, endothelial dysfunction is garnering at-
tention as an early marker for cardiovascular disease. The
endothelium plays a crucial role in maintaining vascular
homeostasis by regulating blood flow, inflammation, and
thrombosis. Disruption of endothelial function often as-
sessed via flow-mediated dilation (FMD) has been linked to
an increased risk of atherosclerosis and other cardiovascular
complications. Chemotherapy, through its systemic effects,
can impair endothelial-dependent vasodilation, thus eleva-
ting the risk of future cardiovascular events [5, 6].

Recent investigations have highlighted the potential of
sodium-glucose co-transporter 2 (SGLT2) inhibitors, such
as empagliflozin, in mitigating chemotherapy-induced car-
diotoxicity [7]. Initially developed for the management of
type 2 diabetes mellitus (T2DM), empagliflozin has shown
cardioprotective benefits in both diabetic and non-diabe-
tic populations, possibly through mechanisms that improve
myocardial energy metabolism, reduce oxidative stress, and
enhance endothelial function [8§—10]. Furthermore, emer-
ging evidence suggests that this cardioprotective effect might
be a class effect shared by various SGLT?2 inhibitors, inclu-
ding dapagliflozin and canagliflozin, thereby broadening the
scope of potential interventions for protecting the cardiovas-
cular system during chemotherapy [11, 12].

The purpose of the study was to assess the existence of
class effect of SGLT?2 inhibitors in having protective cha-
racteristics against chemotherapy induced cardiotoxicity and
endothelial dysfunction in breast cancer patients receiving
doxorubicin, who did not have prior cardiovascular diseases.

Materials and methods

This prospective, comparative, two-center study was
conducted at the Precarpathian and Lviv Regional Onco-
logical Centers between January 2023 and December 2024
to assess the existence of class effect of SGLT?2 inhibitors
on their protective effect diastolic function and endothelial
health in breast cancer patients undergoing chemotherapy.
A total of 55 female patients with confirmed breast cancer
and T2DM were enrolled and stratified into three groups.
Group 1 (n = 27) served as the control and did not receive
any SGLT2 inhibitor, group 2 (n = 15) received empagliflozin
at a daily dose of 10 mg throughout their chemotherapy treat-
ment, and group 3 (n = 13) was administered dapagliflozin
under the same conditions.

Ethical clearance for the study was secured from the
ethics committee of Ivano-Frankivsk National Medical
University, and written informed consent was obtained from
each participant prior to their inclusion. The study was con-
ducted according to Helsinki Declaration. The eligibility
criteria required participants to be female, aged between
18 and 75 years, with a verified diagnosis of breast cancer
and scheduled for a chemotherapy protocol that included
doxorubicin. Additionally, patients were required to have
no prior history of cardiovascular disease. Individuals with
known cardiovascular conditions (for example, coronary

artery disease), those already receiving other SGLT?2 inhi-
bitors or drugs known for their cardioprotective properties,
patients with a history of severe renal dysfunction (¢GFR
<45 mL/min/1.73 m?), or those unable to comply with fol-
low-up protocols were excluded from the study.

Participants underwent comprehensive evaluations at
two time points: prior to the initiation of chemotherapy and
after the completion of the entire treatment regimen. Echo-
cardiographic evaluations were carried out using the Sie-
mens NX3 Elite ultrasound system. Parameters measured
to assess diastolic function and left ventricular contractility
included the E/A and the E/e’ ratio, the left atrial volume
index (LAVI), isovolumetric relaxation time (IVRT), de-
celeration time (DT), and left ventricular ejection fraction
(LV EF).

Endothelial function was examined using flow-mediated
dilation (FMD) of the brachial artery. Each FMD assessment
was performed in a temperature-controlled environment after
the patient rested in a supine position for a minimum of 10
minutes. A blood pressure cuff was applied to the forearm,
just distal to the antecubital fossa, and inflated to a level
50 mmHg above the patient’s systolic blood pressure for
5 minutes to achieve vascular occlusion. Upon cuff deflation,
the resulting reactive hyperemia induced an increase in the
brachial artery diameter, which was then measured using
high-resolution ultrasound. The percentage change from
baseline diameter was calculated to determine endothelial
function.

All data were analyzed using the Python 3.11 with Pan-
das, Scipy.Stats and Zepid libraries. Categorical variables
were compared via the chi-square test, while continuous
variables were assessed using the Mann-Whitney U test and
Kruskall-Wallis test, as the data did not have normal distri-
bution according to Shapiro-Wilk test. To identify variables
independently associated with the changes in echocardio-
graphic and endothelial parameters, logistic regression ana-
lysis was performed. Statistical significance was defined as a
p-value less than 0.05.

Results

The median age was 48.00 years across all groups, with no
significant difference observed (group 1: 48.00 (43.00—52.00)
years, group 2: 48.00 (44.00—53.50) years, group 3: 48.00
(46.00—50.00) years; p = 0.905). All participants were fe-
male, ensuring uniformity in sex distribution (100 % in each
group, p = 1.000).

Body mass index (BMI) values were comparable among
the groups (group 1: 25.84 (22.95—30.44), group 2: 29.40
(26.55—31.66), group 3: 27.93 (26.09—29.72); p = 0.184).
The distribution of BMI categories varied, with a higher
proportion of normal weight individuals in group 1 (40.7 %)
compared to groups 2 (20.0 %) and 3 (7.7 %), though this
difference was not statistically significant (p = 0.574). Addi-
tionally, overweight status was observed in 25.9 % of group 1,
47.7 % of group 2, and 69.2 % of group 3, while the oc-
currence of grade 1 obesity was 22.2, 26.7, and 23.1 % in
groups 1, 2, and 3, respectively. Grade 2 obesity was reported
only in group 1 (11.1 %) and was absent in the other groups;
grade 3 obesity was observed in 6.7 % of group 2 patients
only.
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The cumulative dose of doxorubicin did not signifi-
cantly differ among the groups (group 1: 247.82 (243.70—
252.61) mg/m?, group 2: 246.39 (243.12—249.86) mg/m?,
group 3: 245.78 (243.98—251.85) mg/m?; p = 0.746). There
was no statistical difference between groups concerning the
incidence of different stages of breast cancer (p = 0.629)
and level of HbAlc (p = 0.946). Overall, the baseline cli-
nical characteristics were comparable across all three groups
(Table 1).

The baseline diastolic function, as assessed by the ra-
tio of early to late ventricular filling velocities, was simi-
lar among the groups (median values: 1.39, 1.40, and 1.41
in groups 1, 2, and 3, respectively; p = 0.574). Following
treatment, a marked decline was observed in group 1, with
the median value dropping to 1.03 compared to 1.39 and
1.37 in groups 2 and 3 (p < 0.001 for comparisons involving
group 1), corresponding to a significant decrease of 25.57 %
(p <0.001).

Cardiac filling pressures, estimated by the E/e’ ratio,
were comparable before treatment, although a slight dif-
ference was noted between groups 2 and 3 (p = 0.044).
Post-treatment, group 1 exhibited a significant increase in
this ratio (median 9.10) relative to the values recorded in
groups 2 (7.15) and 3 (7.37) (p < 0.001 for comparisons with
group 1). This translated into a 39.35 % elevation in group 1
(p < 0.001), while the changes in groups 2 and 3 were less
pronounced (6.30 %, p = 0.134; and 15.46 %, p < 0.001,
respectively).

Measurements of isovolumetric relaxation time were si-
milar across the groups at baseline (approximately 86—87 ms;
p = 0.589-0.611). After treatment, group 1 demonstrated
a significant prolongation (median 101.63 ms) compared
to the shorter durations observed in groups 2 and 3 (89.16
and 90.43 ms, respectively; p < 0.001 for comparisons in-
volving group 1). The corresponding percentage changes
were 16.38 % in group 1 (p < 0.001), 4.52 % in group 2
(p=0.092), and 3.54 % in group 3 (p = 0.022).

Assessments of deceleration time did not reveal any sig-
nificant intergroup differences at baseline (medians around
177—180 ms; p = 0.297—0.840). After treatment, while ab-
solute values remained statistically similar among the groups
(p = 0.208—0.589), all groups experienced significant in-
creases from baseline, with percentage changes of 8.36 %
in group 1 (p = 0.043), 8.65 % in group 2 (p = 0.007), and
5.96 % in group 3 (p = 0.013).

Systolic function, determined by left ventricular ejection
fraction, was comparable prior to treatment (medians of ap-
proximately 60—62 %; p = 0.239—0.576). Following therapy,
a significant decline was observed in group 1, with a median
ejection fraction of 54.18 %, while groups 2 and 3 maintained
higher values (58.92 and 58.66 %, respectively; p < 0.001 for
group 1 versus groups 2 and 3). This reduction represented
a9.81 % decrease in group 1 (p < 0.001), which was notably
greater than the 4.22 % reduction in group 2 (p = 0.002) and
the 2.06 % change in group 3 (p = 0.377).

Endothelial function, evaluated by flow-mediated di-
lation, was similar across the groups at baseline (medians
around 12.85—13.42 %; p = 0.745). After treatment, group 1
showed a substantial reduction to 7.43 %, which was sig-
nificantly lower than the values in groups 2 (10.94 %) and
3 (10.08 %) (p < 0.001 for comparisons involving group 1).
This translated into a percentage decline of 39.41 % in
group 1 (p < 0.001), compared to declines of 15.87 %
(p <0.001) and 21.16 % (p < 0.001) in groups 2 and 3, re-
spectively.

Logistic regression analyses were conducted to compare
follow-up echocardiographic and endothelial function pa-
rameters between the groups (Table 3). When comparing
group 1 to group 2, patients in group 1 had significantly in-
creased odds for an abnormal follow-up E/A ratio, with an
odds ratio (OR) of 3.372 (95% CI: 1.665—4.478, p < 0.001).
A similar finding was observed in the comparison of group 1
versus group 3, where the OR was 3.859 (95% CI: 1.032—
5.218, p < 0.001).

Table 1. Baseline characteristics of studied patients

Variable Group 1 (n = 27) Group 2 (n = 15) Group 3 (n =13) p-value
Age 48.00 (43.00; 52.00) 48.00 (44.00; 53.50) 48.00 (46.00; 50.00) 0.905
Sex (female) 27 (100 %) 15 (100 %) 13 (100 %) 1.000
BMI 25.84 (22.95; 30.44) 29.40 (26.55; 31.66) 27.93 (26.09; 29.72) 0.184
Normal weight 11 (40.7 %) 3 (20.0 %) 1(7.7 %)
Overweight 7 (25.9 %) 7 (46.7 %) 9 (69.2 %)
Grade 1 obesity 6 (22.2 %) 4 (26.7 %) 3(23.1 %) 0.574
Grade 2 obesity 3(11.1 %) 0 (0.0 %) 0 (0.0 %)
Grade 3 obesity 0 (0.0 %) 1 (6.7 %) 0 (0.0 %)
Doxorubicin dose, mg/m? | 247.82 (243.70; 252.61) | 246.39 (243.12; 249.86) | 245.78 (243.98; 251.85) 0.746
HbA1c, % 8.00 (6.40; 9.05) 8.00 (6.20; 9.00) 8.10 (6.80; 9.20) 0.946
| 5 (18.5 %) 3(20.0 %) 2 (15.4 %)
Stage of breast I 10 (37.0 %) 4 (26.7 %) 5 (38.5 %) 0.629
cancer I 7 (25.9 %) 6 (40.0 %) 4 (30.8 %)
\Y 5 (18.5 %) 2(13.3%) 2 (15.4 %)
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Table 2. Changes of echocardiography and endothelial variables over time

Variable name Group 1 (n = 27) Group 2 (n = 15) Group 3 (n=13) v‘;%12 vps%13 vps%23
Pre-treatment | 1.39 (1.27:1.50) | 1.40(1.29;1.56) | 1.41(1.17:1.60) | 0.472 | 0.830 | 0.685
E/A | After treatment | 1.03 (0.89; 1.16) | 1.39(1.22;150) | 1.7 (1.22;1.58) |<0.001<0.001| 0.830
A%, pvalue | —25.57 %, p < 0.001 | —6.10 %, p = 0.108 | —2.83 %, p = 0.552
Pre-treatment | 6.36 (6.06;7.10) | 6.86(6.00;7.91) | 6.15(5.78;6.83) | 0.253 | 0.337 | 0.044
E/¢ | After treatment | 9.10 (8.28;9.99) | 7.15(6.58,8.08) | 7.7 (6.94;7.72) |<0.001<0.001| 0.907
A%, p-value 39.35 %, p < 0.001 6.30 %, p=0.134 15.46 %, p < 0.001
Pre-treatment | 86.98 (82.81; 95.04) | 86.40 (83.39; 90.75) | 86.75 (83.01; 88.62) | 0.589 | 0.383 | 0.611
'(\r;F;)T After treatment | 101.63 (93.80; 111.47) | 89.16 (83.03; 96.27) | 90.43 (84.95; 92.22) | < 0.001 | < 0.001| 0.677
A%, p-value 16.38 %, p < 0.001 4.52 %, p =0.092 3.54 %, p = 0.022
Pre-treatment |178.40 (163.22; 196.67)|177.02 (150.27; 191.87)|179.56 (169.41; 191.87)| 0.368 | 0.840 | 0.297
(Dans) After treatment |195.39 (176.94; 206.26)|188.22 (175.14; 200.31)|191.23 (183.15; 200.06)| 0.208 | 0.452 | 0.589
A%, pvalue | 8.36%,p=0.043 | 8.65%, p=0.007 | 5.96%,p=0.013
Pre-treatment | 60.71 (57.30; 63.89) | 62.22 (58.53; 65.20) | 60.19 (57.35: 62.48) | 0.576 | 0.545 | 0.239
'(:,\/i)EF After treatment | 54.18 (52.91: 57.00) | 58.92 (57.36; 60.78) | 58.66 (55.12; 63.12) |< 0.001 | 0.001 | 0.830
A%, pvalue | —9.81 %, p<0.001 | —4.22 %, p=0.002 | —2.06 %, p = 0.377
Pre-treatment | 13.34 (11.72; 14.00) | 12.85 (11.54; 14.05) | 13.42 (11.85; 14.21) | 0.877 | 0.737 | 0.745
F,'/\:')D After treatment | 7.43 (6.10; 9.23) | 10.94 (9.60; 11.93) | 10.08 (8.59; 11.72) |<0.001|<0.001| 0.249
A%, pvalue | —39.41 %, p < 0.001 | —15.87 %, p < 0.001 | —21.16 %, p < 0.001

In terms of the follow-up E/e’ ratio, the analysis re-
vealed that group 1 patients had markedly lower odds com-
pared to both group 2 (OR = 0.251, 95% CI: 0.131—0.482,
p <0.001) and group 3 (OR =0.12, 95% CI: 0.00143—0.331,
p < 0.001), suggesting better diastolic function in these
comparisons.

For IVRT, each millisecond increase was associated
with a decreased likelihood in group 1 compared to group 2
(OR =0.905, 95% CI: 0.856—0.957, p < 0.001) and versus
group 3 (OR =0.829, 95% CI: 0.751-0.915, p < 0.001).

No statistically significant differences were observed for
deceleration time at follow-up between group 1 and either
of the comparison groups, with p-values of 0.19 and 0.311,
respectively.

Regarding systolic function, as measured by LV EF,
group 1 exhibited higher odds compared to group 2
(OR = 1.456, 95% CI: 1.2—1.768, p < 0.001) and group 3
(OR =1.225,95% CI: 1.078—1.392, p = 0.002).

Analysis of endothelial function by FMD, showed that
the odds were significantly increased for group 1 versus

group 2 (OR = 2.492, 95% CI: 1.622—3.829, p < 0.001)
and versus group 3 (OR = 1.877, 95% CI: 1.352—2.607,
p <0.001).

Discussion

The current study reveals that breast cancer patients un-
dergoing chemotherapy who received SGLT2 inhibitors — ei-
ther empagliflozin (group 2) or dapagliflozin (group 3) — ex-
hibited significantly better preservation of diastolic function
and endothelial health compared with the control group
(group 1). In particular, the control group demonstrated a
pronounced decline in key echocardiographic parameters,
including the E/A ratio and left ventricular ejection frac-
tion, as well as a greater impairment in endothelial function
measured by FMD. Follow-up measurements indicate that
patients in the control group had significantly higher odds of
developing an abnormal E/A ratio compared to both treat-
ment groups, suggesting that the use of SGLT2 inhibitors
may mitigate the deleterious cardiac effects typically ob-
served with chemotherapy, which is in line with the study by

Table 3. Logistic regression analysis of the follow-up parameters

G1vs G2 G1vs G3
Variable

OR (95% CI) p-value (OR) (95% CI) p-value
Follow-up E/A ratio 3.372 (1.665—4.478) < 0.001 3.859 (1.032-5.218) < 0.001
Follow-up E/e’ ratio 0.251 (0.131-0.482) < 0.001 0.12 (0.0143-0.331) < 0.001
Follow-up IVRT (ms) 0.905 (0.856-0.957) < 0.001 0.829 (0.751-0.915) < 0.001
Follow-up DT (ms) 0.985 (0.963—1.008) 0.19 0.986 (0.96-1.013) 0.311
Follow-up LV EF (%) 1.456 (1.2-1.768) < 0.001 1.225 (1.078-1.392) 0.002
Follow-up FMD (%) 2.492 (1.622-3.829) < 0.001 1.877 (1.352-2.607) < 0.001
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Pabel et al. and Packer et al. 8, 9]. Endothelial function was
better preserved in the treatment groups, with significantly
lower odds of endothelial impairment compared to controls.
Given that endothelial dysfunction is a precursor to athe-
rosclerosis and other cardiovascular events, these findings
hold important implications for the long-term cardiovascular
health of breast cancer survivors, which is supported by re-
sults of the work of Ganbataar et al. [11].

A particularly interesting aspect of these findings is the
evidence of a potential class effect among SGLT2 inhibitors
[12]. While both empagliflozin and dapagliflozin conferred
cardioprotective benefits, subtle differences emerged in their
impact on the cardiac parameters assessed [13, 14]. Although
the overall trends in diastolic and endothelial function were
similar between the two agents, variations in odds ratios sug-
gest that individual drugs within this class may exhibit dis-
tinct pharmacodynamic or pharmacokinetic profiles [15, 16].
Such differences could be attributed to variations in receptor
affinity, tissue distribution, or off-target effects, which might
influence their overall cardioprotective efficacy [17, 18]. This
observation of a class effect reinforces the idea that while
SGLT?2 inhibitors as a group offer a promising strategy for
reducing chemotherapy-induced cardiotoxicity, the choice
of a specific agent could be important in optimizing patient
outcomes.

Conclusions

This study demonstrates that SGLT?2 inhibitors, whether
empagliflozin or dapagliflozin, provide significant cardio-
protective benefits in breast cancer patients with concomitant
type 2 diabetes mellitus undergoing chemotherapy. Patients
receiving these agents exhibited better preservation of diasto-
lic function and endothelial health compared with controls,
as evidenced by more favorable changes in E/A ratio, E/e’
ratio, isovolumetric relaxation time, and flow-mediated di-
lation. Additionally, our findings suggest a potential class
effect, with both agents conferring protection while subtle
differences in their impact may reflect variations in pharma-
cological profiles.
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®eaopos C.B.", lepalieHko C.b.", Koarosa I.B.", beaiHcbrkui M.B.", lfepateHko A.C.", Poviko 'A%, Barvns C.A2
" IBQHO-DPAHKIBCEKY HALIOHQABHWU MEANYHV YHIBEpCUTET, M. IBAHO-DPAHKIBCHK, YKPQIHO
2 /\bBIBCbKIMV HQLIIOHQABHUA MEANYHI YHIBEPCUTET iMeHi AQHWAQ [QAMLIbKOro, M. /\bBiB, YKpQiHQ

KapaionpotekTopHi edeKTH iHriGiTopiB HATPIN3AAEIXHOIO KOTPAHCMOPTEPA FAKOKO3U 2-T0 TUNY
B NALEHTIB i3 PAKOM MOAOYHOI 30AO03U TA CYNYTHIM LlYKPOBUM Aic6eTom,
SKi OTPUMYIOTb XiMioTepanito

Pesiome. Axmyaavnicms. Pak MOJI0YHOI 31031 3a/IMILAETHCS Hali-
MOILIMPEHIIO0 30SIKICHOIO MYXJIMHOIO Cepell XKiHOK Y BCbOMY
CBITi, IIIOPOKY BUSIBJISIIOTh MiJILIOHM HOBUX BUTanKiB. He3Baxa-
FOUM Ha 3HAYHUI ITpOTpecC y XiMioTeparlii, IKWii 3HAYHO TTiABUILLINB
MOKAa3HUKM BUKMBAHHS, 11i MOJIIIIEHHSI YaCTO CYPOBOIXKYIOThHCS
MOOIYHUMHU edeKTaMU, 10 MOXYTb TOCTaBUTH M 3arpo3y 3/10-
pOB’sl B JOBrOCTPOKOBIiit nepcrekTuBi. OMHUM i3 HalOiIbII He-
0e3IeYHNX YCKIaTHEHb € KapIiOTOKCUYHICTb — Bil He3HAUYHUX,
0e3CMMIITOMHUX 3MiH ceplieBOi (DyHKIIii 10 SIBHOI, TSKKOI CepLIEeBOL
HeloCTaTHOCTi. Mema: OLIIHUTU BIUIMB iHTiOITOPiB HATpili3anex-
Horo korpaHcroprepa riokosu 2-ro tuny (iH3KTI2) na miacto-
JIYHY 1 eHJoTeTialbHy (PYHKIIIT B MALIIEHTOK i3 paKOM MOJOYHOL
3aJ103U4, IKi OTPUMYIOThH XiMioTepamnito. Mamepiaau ma memoou.
IIpocrnekTrBHE TOCIiIKEHHS IPOBOaMIOCS Ha 6a3i IBaHo-DpaH-
KiBCBKOI LIEHTPaJIbHOI MiChKOI KJIIHIYHOI JIiIKapHi, MEIMYHOTO LIEH-
Tpy «@paHkomen» Ta JIbBIBCBKOTO MEIMYHOIO LEHTPY «Putm» i3
ciuns 2023 poky 1o TpaBeHb 2024 poky. [I’atmecsT m’sITh MalieHTOK
3 MiATBEPIKEHUM pakKOM MOJIOUHOI 31031 Ta IlyKPOBUM AiabeToM
2-r0 TUIY, sIKi OyJIM HarpasJieHi 10 Kapaiosiora, po3aiivig Ha TpU
rpynu: rpyna 1 (KoHTposb, n = 27) — 6e3 3acrocyBaHHs iH3KTT2,
rpymna 2 (n = 15) — emmnarmicdao3ud 10 Mr moaeHHO Ta rpyna 3
(n = 13) — nanarmicguosux. [Tepea moyaTkoM Ximiorepartii Ta mic-

JIs1 11 3aBeplleHHsI TPOBOIMIN exoKapaiorpadiuHi 00CTeKeHHS
Ta BUMipIOBaHHS peakiiii cynuH. Pezyismamu. I'pyria KOHTPOIIIO
ToKasajia BipoTilHe MOTipIIeHHs 1iacToJiYHO1 (PYHKILii, 1110 ITia-
TBEPIKYBAJIOCS 3HDKEHHSIM Koedinienta E/A, 30ibleHHSIM KO-
ediuienra E/e’ i nogoBxeHHsIM yacy po3ciabieHHs. Ha mpotusary
LIbOMY IPYITY eMIartiI031Hy il fanariiha03uHy IeMOHCTPYBaIU
JTTIIT TOKa3HUKY TIaCTOJIIYHOI Ta eHIOTeTialIbHOT (DYHKIIii 3 MEHII
BUpPaXXeHUMU 3MiHaMU exXoKapaiorpadiyHUX IMOKAa3HUKIB i BUMi-
ploBaHHS peakilii cynuH. JloricTuuHa perpecis miaTBepaunia, 1o B
Mali€HTIB KOHTPOJIbHOI I'PYIU 3HAYHO BUIILIi IIIAHCU BUHUKHEHHS
aTOJIOTIYHUX ITOKa3HUKIB Ha IIOBTOPHOMY OOCTEXXEHHI TTOPiBHSIHO
3 rpymamu, ki orpuMyBaiv iH3KTI 2. Takox BUSBICHO MOXITH-
BUI1 KJIACOBMI e(heKT, OCKIIbKM 00MIBa MTperapaTy 3a0e3neuyoTh
KapAionpoTeKllito, MPoTe 3 AeSIKUMU BiAMiHHOCTSIMU y BILIMBI,
SIKi TIPY LIbOMY HE JOCSITJIM CTaTUCTUYHOI 3HAUyloCTi. Bucrnoexu.
IIpenapatn iH3KTI2 3maTHi 3MeHIIyBaTH KapIiOTOKCUYHICTb,
BUKJIMKAHY XiMiOTepali€lo, IUISIXOM 30epexkKeHHST iaCTOJIYHOI Ta
eHI0TeTiabHOI (PYHKIIIN Y MalliEHTOK i3 TOENHAHHSIM paKy MOJIOY-
HOI 3aJ1031 ¥ LlyKPOBOT'O 1iabeTy 2-ro TUITY.

Kimro4oBi ciioBa: pak Mo104HOI 3a1031; LyKpOBUii niabeT 2-ro
THITYy; XimioTepamis; iHridoitopu H3KTI2; miacToniuHa (pyHKIIis;
eHIoTeNianbHa QYHKILS
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AIAQrHoCTUYHe Ta NPOrHOCTUYHE 3HAYEHHS
3AnAaAbHUX IHAEKCIB Y NAUIEHTIB i3 NpeAiabeTom
TA LYKPOBUM Aia6eToM 2-ro tuny

Pestome. AktyanbHicts. LlykpoBuii giabet 2-ro tuny (LI2) cyrnpoBoaXyeTbCs XPOHIYHUM HU3LKOIHTEHCUBHUM
3arasneHHsIM, Lo 3Ha4YHO Crpusie PO3BUTKY IHCYIHOPE3UCTEHTHOCTI Ta yCTaneHHI0 MeTaboslivHOI JekomreHcauii.
SanarbHi iHaekeu, chopMoBaHi Ha OCHOBI 3arasibHOro aHasniay KpoBsi, MOXYTb CJ1yryBatu JOCTYNHUM iHCTPYMEHTOM
ovyiHkn meTasananeHHsi. Meta: BnsHaq4ntu pisHi Sil Ta SIRI y nayieHTiB i3 npegiabetom 1a L2 3 MeToo ouyiHKM
IXHbOI giarHocTM4HOI Ta MPorHocTYHOI YiHHocTi. Matepianu Ta metogun. [Jo JocnigkeHHs 6yr1o 3any4eHo 60 ocib,
poarnogineHnx Ha Tpu rpynu: 3 A2, npegiabeTom Ta KOHTposibHa rpyna. [posoaunock BusHa4eHHs1 iHgekcis Sli
1a SIRI, a Takox HbA1c, ARG, iINOS Ta iHLmMX rnokasHuKiB. 3acTocoByBamcb cTaTucTnyYHi metogm: Tect Kpa-
ckena — Yonnica, ROC-aHania, PCA Ta kopensauiviHmi aHania. PesynbraTtn. 3Ha4eHHs Sll 6yno cyTTeso BuLmm
y rpyni 4yKpoBoOro giabety ropiBHAHO 3 KOHTPOsIbHOK rpyroto (p = 0,008) ta rpynoto nipegiabety (p = 0,2414),
Lo MiATBEPAKYE MPOrpPeCyoYnii xapakTep 3ananeHHs 3a piBHiB gucrnikemii. SIRI He JeMOHCTpyBaB CyTTEBUX
BIAMIHHOCTEH y MDKIpynoBux 3icTaBrieHHsIX, ane BiporigHo kopesntosas i3 Sl (y rpyni A2 R = 0,72; p < 0,001).
lNokasHuk Sl 3avimae YinbHe micye y PCA-aHanisi nopsig 3 HbA1c ta ARG, a pesynstatn ROC-aHaniay ans Sl
CBIgYMIM MPO Vioro noMmipHy 3[aTHICTb po3pisHoBaTn xBopux Ha L2 Tta 3goposux ocié (AUC = 0,719). BucHo-
BKW. IHgekc Sl € goctynHum Ta iHghopmaTnBHUM GiOMapKepoOM L7151 PaHHbLOI [iarHOCTUKW Ta OLiHKM 3anasibHoro
cTartycy y nauieHTis 3 nopyLUeHHsIMU BYriieBogHoro oomiHy. daHi ROC-aHanisy 3acsigqunmv nomipHy niarHoCTu4HHy
3partHictb Sl y BigmexysaHHi oci6 3 L{J2 Big 340poBux 0OCI6, L0 BigKpMBae MOXIMBOCTI [J151 FIOro BUKOPUCTaHHS
Y CKPUHIHIOBMX rporpamax, 0Co6/IMBO Ha PiBHI NEPBUHHOI laHKN OXOPOHU 3[0pOB’sl. 3anarsbHi iHgekcu (ocobnmeo
Sll) € nepcriekTMBHUMM 5IK JOBATKOBI, HEIHBA3WBHI MapKkepu AJ151 PaHHbOI JiarHOCTUKU, MPOrHO3yBaHHS Ta MOHITO-
PUHIY eqbeKTUBHOCTI Tepartii y navieHTis 3 MopyLUEHHsIM BYr/1eBOAHOro 06MiHy. IX LUMPOKe BNPOBAa[XEHHS MOXe
cripusiTU nepcoHaniaauyii nigxoais 4o NiKyBaHHS Ta 3HWKEHHIO PU3NKY CEPLIeBO-CYANHHMX YCKNaaHeHb. [Jogatkosi
LOCTifKEHHs1 HeOOXIfHI A5l PO3PO6KM ONTUMATbHUX MOPOroBUX 3HA4Y€Hb IHAEKCIB, LLJO JO3BOJIATh iX BKITIOYUTU [O
CTaHfapTHUX anropuUTMIB OOCTEXEHHS NaLieHTIB i3 MOPYLUEHHSIMW BYr/IeBOAHOr0 OOMIHY.

Knio4oBi cnosa: yykposuii giabet 2-ro tuny; npesiabet; cucTeMHi 3anasbHi iHGeKey; [JiarHoCcTuKa; CUCTeMHE
3anasneHHs

Bctyn

3anajeHHsI CYIIPOBOIXKYE JIIOACTBO 3 HaliIaBHIllIUX Ya-
ciB. Ille y naBHbOpUMCBKY enoxy Aypediit Llenbciii onrcan
KJIaCUYHi MPOsIBY 3aMajbHOTIO MPOLECYy — MOYEPBOHIHHS,
HaOPSIK, Kap, OLIb Ta mMopyIIeHH QYyHKII [1].

YTponoBX OCTaHHIX AECITUIITh CHOPMYBAJIOCS HOBE
YSIBJIEHHSI TIPO POJIb 3aMaJIbHOTO MPOLIECy B MaToreHesi Me-
TaOOTIYHUX 3aXBOPIOBAaHbL. 30KpeMa, CTaJI0 OUYEBUIHUM, IO
1ykpoBuii niadet 2-ro tumy (11J12) — 1ie He nuiie MeTabo-
JIiYHe, a i 3anajibHe 3aXBOPIOBAHHSI, TIPU SIKOMY HU3bKOiH-

TeHcuBHe XpoHiuHe 3ananeHHs (HIX3) cnyrye doHOBUM
natodizioJorivyHUM MeXaHi3MOM, 1110 3aIyCKae Kackaj 3MiH
B €HIIOTEJIi1, TKAaHWMHAX-MILIEHSIX i MiAILTYHKOBIH 3a5103i [2].
Lleit heHOMEH 3HAYHOIO MipOIO OB’ sI3aHMI 31 3MiHAMHU Y
CTIII KUTTSI — 3HMKEHHSIM (Di3MUHOI aKTUBHOCTI, IIOPY-
IIEHHSIM Xap4yoBOi MOBEAiHKH, BILIMBOM TEXHOJOTIYHOTO
cepenoBuina [3].

Cepen nmpmunH BUHNKHeHHsT HIX3 — rimokcis xkuposoi
TKAHUHU, TOPYILIeHHS (PYHKIIiI aquIOLUTIB, aKTUBALIisI
IMYHHUX KJIITUH, T1C0i03 MiKpoOiOTH KMIIIEYHNKA Ta XPO-

© «MixHapogHuil eHoKpUHonoriuHui XypHan» / «International Journal of Endocrinology» («Miznarodnij endokrinologicnij Zurnal»), 2025

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2025

[Ina Kopecnonpenuii: LLlaenko 3natocnasa OnekciiBHa, KaHAMAAT MeAVYHIX HaYK, AOLEHT, Kapeapa eHAoKpUHONOrii 3 AUTAYMMY iHdeKuitHMMM XBopo6amu, ITonTaBCbKuii AepxaBHil MeauyHuiA
yHiBepcuTer, Byn. LlleBuenka, 23, m. Montasa, 36011, Ykpaika; e-mail: zlataligonenko@gmail.com, z.shaienko@pdmu.edu.ua; Ten.: +380 (50) 033-33-92

For correspondence: Zlatoslava Shaienko, PhD in Medicine, Associate Professor, Department of Endocrinology with Pediatric Infectious Diseases, Poltava State Medical University, Shevchenko st., 23,
Poltava, 36011, Ukraine; e-mail: zlataligonenko@gmail.com, z.shaienko@pdmu.edu.ua; phone: +380 (50) 033-33-92

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

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

Tom 21, N2 3, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

HiYHAa TJIiKeMiuyHa BapiaOenbHicTh [4]. CaMe HamMipHa Ipo-
JYKIisT Tpo3amnajibHUX IUTOKIHIB, Takux K TNF-a, 1L-6,
1L-1pB, iHAyKYy€ pe3UCTEeHTHICTh OO0 iHCYIiHY Ta IMOIIKO-
TKEHHST B-KIIITUH MiaIUTyHKOBOI 3a71031 [5]. KitrouoBy posib
y perysiii 1boro mpouecy BifirpaloTh TPAHCKPUMLIiAHI
dakTopu, 3okpema NF-«xB (ctumysnioe npomykiiro mpo3a-
nanbHuUx 6inkiB) Ta PPARY (Mae nporusanaibHi Bl1acTu-
BOCTI), III0 pOOUTH 1Ii IIJISIXU ITePCIIEKTUBHUMU MILICHSIMU
IUTS (hapMaKoJIOTi9HOT KOpeKIIii [6].

Xoua 30JI0TUM CTaHAAPTOM J1iaTHOCTUKU CUCTEMHOTO
3anajeHHsI € BU3HAYeHHsI PiBHiB MTpo3arnajibHUX IUTOKIHIB,
takux sk IL-13, IL-6, IL-8, IL-12, IL-17, TNF-q, 1i me-
TOIMKM € TOPOTUMHU, MAIOTh BUCOKY BapiaTUBHICTb pe3yib-
TaTiB Ta MaJOAOCTYIHI 151 MIOBCSIKIAEHHOI MPaKTUKM [7].
V 3B’43Ky 3 UM Bce OiIblile yBaru IIpUBEPTaIOTh 3amajbHi
innekcu — SII (Systemic Immune-Inflammation Index),
SIRI (Systemic Inflammation Response Index), NLR (Neu-
trophil-to-Lymphocyte Ratio), PLR (Platelet-to- Lympho-
cyte Ratio), siki (popMyIOTbCsI Ha OCHOBI ITOKa3HUKIB 3arajib-
HOTO aHaJli3y KPoBi (KiJIbKiCTh HEUTPODiIiB, TiMGPOILIUTIB,
MOHOLIUTIB, TPOMOOLIUTIB) [8].

PesynpraTit KIiHIYHMX DOCTiIXeHb CBiZ9aTh PO Tic-
HUI 3B’I30K ITiABUILIEHUX 3HAYEHb LIMX IHAEKCIB 13 TSKKi-
CTIO 3aMaJIbHUX MPOILIECIB Ta PUBUKOM PO3BUTKY YCKJIA/I-
HeHb. 30kpema, R-H. Wang ta criBaBT. miaTBepIXKyIOTh
nporHoctuyHy uiHHicte NLR, SII, SIRI ta PLR y nma-
Li€HTIB i3 BHYTPIIIHHOMO3KOBUMH KPOBOBIJIMBAMU, 1110
MiAKPECIIOE IXHIO POJIb SIK HAAIMHUX MapKepiB CUCTEMHOTO
3arnajeHHs [9].

Lli maHi mar0Th MiACTaBU MPUIYCKATH, 110 aHATOTIYHUN
migxio Moxke OyTu e(eKTUBHO 3aCTOCOBAHMM i y Malli€eH-
TiB 3 MIOPYILIEHHSIM BYIJIEBOJIHOTO OOMiHY, 30Kpema B 0ci0
i3 npeniaberom ta LIJ12. Cy4yacHi qoCTiIKeHHs CBiTyaTh,
110 y Wi€l KaTeTopil Mali€eHTiB 3HaYeHHS 3alaJlbHUX iH-
JIEKCiB MOXYTb OYTH MiABUIIEHUMU BXE HA JOKJIHIYHUX
cTafisix, 1110 BiIKPUBA€E MEPCIEKTUBU IX BUKOPUCTAHHS K
IHCTPYMEHTY PaHHbOI JiarHOCTUKU, CTpaThdiKallii pusuKy
Ta IMHAMIYHOI'O MOHITOPUHIY €(eKTUBHOCTI JIiIKyBaHHSI.
Taxkum YuHOM, iHIEKCH CUCTEMHOTO 3arajieHHsI (30KpeMa,
NLR, PLR, SII, SIRI) 3acayroBytoTb Ha yBary sik JOCTYIIHi,
HeiHBa3MBHI Ta iH(GOpMaTUBHI OioMapKepH, 3MaTHI MTiIBU-
IIUTH TOYHICTh OLIIHKY 3aMaJIbHOTO CTAaTyCy Ta IMIPOTHO3Y Y
MNAli€HTIB i3 METa0OTIYHUMHU MOPYIIEHHSIMHU.

PoGota € ¢pparmMmeHTOM HAayKOBOTO AOCTIIKEHHS Ha TEMY
«Po3pobka 3aco0iB 1151 KOpeKllii MaToJOriYHUX 3MiH B Op-
raHax TpaBHOI CUCTEeMHU B KOHTEKCTi XBOpOO LIMBiTi3allii».
HepxaBHuii peectpauiiinuit Homep 0124U001922. Tepmin
BukoHaHHs 2024—2028 poku.

MeTo10 TaHOTO MOCHiIXEHHS OYJO BUBUYEHHS 3MiH
cucteMHux 3ananbHux iHaekciB (S1I, SIRI) y mamieHTis i3
npeniabeToM i IyKpOBUM J1iabeTOM 2-T0 TUITY ITOPiBHSIHO 3
KOHTPOJIBHOIO IPYIIOI0, a TAKOX OLIiHKA iX KOpeJsSLiiHuX
B3a€EMO3B’SI3KiB 3 iHIIMUMU METaOOTIYHUMU MOKa3HUKAMU.

MaTepiaAn Ta MeToAmn

Y nocnigxeHHs 0yi10 3anyyeHo 60 mamnieHTiB BiKoM Bis
35 no 70 pokiB, IKMX PO3MOAUIMIM Ha TPU KJIiHIUHI TPy
3aJIeXKHO BiJl CTaHy BYTJIeBOJHOTO 0OMiHY. /{0 riepiioi rpymnu
(G1) yBiliILIM MALIEHTH 3 MiATBEPIKEHUM JIiarHo3oM LIJ12,
SIKMI1 BCTAHOBJTIOBABCS 3TiTHO 3 YNHHUMU TiarHOCTUIHUMU

kputepismu, — 3araigom 20 oci6. dpyry rpyny (G2) cra-
HOBWJIM TALIIEHTH 3 IpeaiabeToM, AiarHo3 sikux 6a3yBaBcst
Ha BUSIBIEHOMY piBHI INliKoBaHOro remorio6iny (HbAlc)
B MeXax 5,7—6,4 % abo Ha HAsSIBHOCTi TTOPYIIIEHHS TOJIe-
PaAHTHOCTI 10 TJIIOKO3K. Y 1110 TPYITY TaKOX OYJ10 BKIIIOUEHO
20 oci6. KonTtponbny rpymny (CG) ctanoBwim 20 TpakKTUYHO
310POBUX OCi0 6€3 BUSIBIEHUX O3HAK IOPYIIEHHS BYyTJie-
BOJTHOTO OOMiHY, SIKi HE MaJIM CYITyTHIX TSDKKHIX XPOHITHUX
3aXBOPIOBAHb i HE OTPUMYBAJIM MPOTUAIA0ETUYHY 200 MPo-
TU3amajbHy TepaIlio.

Vci npouenypu, npoBecHi 3 MalieHTaMu, 3HilCHIO-
BaJIMCh JIMIIIE ITiCJIs1 OTPMMAaHHSI IXHbOI MMCbMOBOI 3TOMH,
siKa IpyHTYBaJlacsl Ha rorepeaHbomy iHpopmyBaHHi. [o-
climkeHHs 0yno cxBasieHe KoMiteToMm 3 6ioetuku [TonTas-
CbKOTO JIep>KaBHOTO MEIUYHOTO YHiBepCUTETY (ITPOTOKOI
Ne 236 Big 20.03.2025 p.). Yci yuacHUKM He MaJld TOCTPHUX
3aMaJbHUX 3aXBOPIOBaHb HA MOMEHT 00cTexXXKeHHs. [1o Kpu-
TepiiB BUKJTIOYEHHSI HaJIeXaJlu BaTiTHICTh, J€KOMITEHCOBaHi
XPOHIYHi 3aXBOPIOBaHHSI Ta aKTUBHI iH(EKIIiifHi ITpoliecH.

MeTonu OLIIHKM BYIJIEBOOZHOTO OOMiHY BKJIIOYAIN BU-
3HaYeHHs piBHSA I1I0K03u Hatie Ta HbAlc. Po3paxoByBaiu
3ananbHi iHgekcu: SIRI gk criBBimHOIIEHHS (HEUTpOdi-
JI1 X MOHOIUTH)/"iMboruTH, a SII sk (TpoMOOLIUTH X HEil-
Tpodian)/miMGOLUTH.

CraTucTUYHY 00pOOKY OTpMMaHUX PE3YJIbTaTiB MPO-
BOAMJIM 3 BUKOPUCTAHHSM MAaKeTiB MPUKIATHUX MPOrpam
IBM SPSS Statistics 30.0, GraphPad Prism 10.0. Hopmans-
HICTb pO3MOIiy BU3HAUaAIU 3a 10roMoroo tecty JI’Aro-
crino — Ilipcona. JlaHi HABOAWIM Yy BUTJISIII CepPeTHbO-
ro Ta CTaHIAPTHOI MOMUJIKHU cepenHboro (M £ m) y pasi
HOPMAaJIbHOI'O PO3MOAily, MeAiaHU Ta MixKKBapTUJIbHOI'O
po3maxy (Me (Q1—Q3)) — y pa3i HEHOpMaJILHOTO PO3ITO-
niay. BinMiHHOCTI MixX IrpynaMy BU3HavajIu 3a JOIIOMOTOIO
tectiB CThioneHTa, Manna — YiTHi, Kpackema — Yomrica,
ANOVA. KopensiiiiiHi B3aeM03B’S13KM BU3HAaYaIu 3a J0-
IIOMOTO0I0 paHTroBoro kputepiro CripmeHa. s BUBYCH-
HSI B3a€EMO3B’SI3KiB MiX MOCJIiIKYBAHUMU TTOKa3HUKaAMU
BUKOPUCTOBYBAJIM METOJ FOJJOBHUX KOMITOHEHT. J1j1s1 06-
paxyHky mutomti mig kpusumu (AUC), yTBopeHUME abco-
JIIOTHUMU 3HAYEHHSIMU JOCTiIKYBaHUX MOKA3HUKIB, MO-
oynoBu ROC-kpuBux BUKOPUCTOBYBAIM METOAM XaHIIi Ta
VYincona — bpayHa. 3HaYeHHS JOCITIIKYBaHUX TTOKa3HUKIB
MiX rpyIiaMy IOpiBHIOBAJIU 3a JoIIoMorolo Tecty Kpacke-
Jia — Youmrtica (omHoctopoHHboro ANOVA). BinmiHHOCTI
BBaxkaJd CTaTUCTUYHO 3HAUyIIMMU T1pu p < 0,05.

PesyAbTaTH

V nporueci aHaIi3y OTpUMaHUX JaHUX OYJ10 BU3HAYCHO
piBHi 3amanbHux iHgekciB SIRI ta SII y Tphox moCITimKy-
BaHuXx rpymnax: namieHTiB i3 LIJ12 (G1), ocib i3 nmpeniabe-
ToM (G2) Ta KOHTPOJIBHIl TPYITi TPAKTUYHO 3M0POBUX OCIO
(CQG) (1abm. 1).

Cepenniii piseHb ingekcy SIRI y rpymi G1 ctaHoBuB
16,72 £ 2,19, y rpyni G2 — 12,95 £ 1,44, a megiaHHMit
piBeHb y KOHTpoJIbHIH Tpymi — 11,49 (8,25—14,05). Xoua
criocTepirajiacst TEHIEHILis 10 TiABUILEHHSI 1IbOTO MOKa3-
HuKa B 0ci6 i3 LI/12, cTaTucTUYHO 3HAYYIIMX BiAMiHHOCTEM
MixX rpynamu He BusiBieHo: Mix G1 ta G2 (p, = 0,327)),
Mixk G1 Ta KOHTpoJIbHOIO Tpymoto (p, = 0,217), a TaKoX Mix
G2 Ta CG (p, = 0,952).
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Tabnuys 1. 3Haq4eHHs1 noka3uukis SIRI Ta Sll y gocnigxyBaHux rpynax

e I I I B

SIRI 16,72 + 2,19
Sli 563,80 + 68,27
TMpumitkn: *

12,95 + 1,44

410,00 + 35,07
— BigMIHHOCTI 3Ha4YeHb cucTeMHUx 3ananbHux iHgekcis SIRI Ta Sl y nauieHTis i3 42 (G1), npepgia-

0,952
0,0272

11,49 (8,25-14,05)
343,30 + 26,29

=0,3275; p,=
p,= 0,2414; p,=

0,217; p,=
0,008; p,=

6erom (G2) Ta B KOHTponbHI rpyni (CG): p, — BigmiHHOCTI mix G1 T1a G2; p,— mix G1 1a CG; p, — mix G2 1a CG.

(8]
(7] » -
- E 2 9o & §
»n 7] ) = < I
1,0
Sl
SIRI 0,5
cNOS
L 10
iNOS
ARG F 4-05
HBA1c I
-1,0

(4]

- » o

- E 9 B 3

7 7 = < T
Sl
SIRI
iNOS
ARG
HBA1c

PucyHok 1. TennoBa kapta kopensiin
MiX cCUCTEeMHUMM 3anasbHUMU
Ta MmeTaboniyHumm nokasHukamm y rpyni G1

Ha BimMiny Bing uporo ingexc SII mponeMoHCTpyBaB Bi-
porinHo Bl 3HaYeHHs y nauieHTiB i3 LI12: y rpymi G1 ce-
penHiit pisens SII cranoBuBs 563,80 + 68,27, y rpymi G2 —
410,00 & 35,07, a y KOHTpoJIbHii1 rpymmi — 343,3 + 26,29.
CTaTUCTUYHUIL aHAJli3 BUSIBUB 3HAUYIy pi3HMIO MiX Gl
i CG (p, = 0,008), a takox Mixx G2 i CG (p, = 0,0272),
110 BKA3Yy€ Ha MOCTYIMOBE 3POCTaHHS IIbOTO iHAEKCY 3i
30UTBIIIEHHSIM CTYIIEHSI OPYIIEHHS BYIJIEBOTHOIO OOMIHY.
BomgHouac BigMiHHOCTI MixX rpymnoro LIJI2 Tta mpexiadety
(G1 ta G2) He HOCATAU PiBHS CTATUCTUYHOI 3HAUYIIOCTL
(p, = 0,2414).

7151 morau6eHOro po3yMiHHS poJjli CUCTEMHMX 3ariajib-
HUX iHIEKCiB y MAlli€HTIiB 3 MOPYIIEHHSIM BYTJIEBOIHOIO
00MiHy OyB IpoBeAeHUI KOpeIsILiMiHUI aHali3 y rpymnax
G1iG2 (puc. 1, 2).

Y rpyni G1 BUSIBIIEHO TiCHUI TIPSIMUIA KOpESIiHHUI
3B’s130K Mix SII ta SIRI (R = 0,72; p = 0,0002). ¥ rpy-
i G2 takuii caMmuit B3a€Mo3B’s130K 30epiraBcst (R = 0,71;
p=10,0003) (puc. 1, 2).

IHmi mokasuuku, Taki 9k HbAlc, ARG (aprinaza),
iNOS 1a ¢cNOS, npogeMoHCTpyBaJiM ¢j1abKi abo cTaThc-
TUYHO HE3HAUYIi 3B’SI3KM i3 3allaJIbHUMU iHAeKCaMu, 3a
BUHATKOM ToMipHOTO 3B 513Ky MiX iNOS Ta cNOS (R =0,5;
p =0,021) y rpymi G1 (puc. 1, 2).

3 MeTo BU3HAYEHHsS TOTO, SIKi came JOCHiIXyBa-
Hi TOKAa3HMUKM HaiOibllle BIJIMBAIOTh Ha BapiaOeJbHICTh
KJIiHiKO-71a00paTOpHUX XapaKTepPUCTUK Yy MAlli€HTIB i3 I10-
PYLIEHHSIM BYTJIEBOJHOTO OOMiHY, OyJIO 3aCTOCOBAHO Me-
Ton rojoBHMX KommoHeHT (PCA). 3a pe3yabraramu aHa-
JIi3y OyJIO BCTAHOBJIEHO, 11O IIepilia FOJIOBHA KOMIIOHEHTA
HaWOUIBIIO MipOIO acolilioBaHa 3 MOKa3HUKOM apriHa3u
(ARQG), 1110 CBigUMTH IIPO Barome 3HAYCHHST OKCUIATUBHOIO

PucyHok 2. KopensyiviHa Tensiokaprta rnoka3HUKIB
3ananeHHs1, okcugatusHoro cTtpecy ta HbA1c
y rpyni G2

CTpecy Ta MeTabOoIYHUX 3MiH Y popMyBaHHI MPOodiIIo XBO-
pux. Lls kommoHeHTa nosicHIoe 29 % 3arajabHol aucrepcii.
Jlpyra roioBHa KOMIIOHEeHTa BigzoOpaxkae BHecoK HbAIc i
Binnosinae 3a 26 % 3aranbHoi Bapiatiii. Po3momin cratucTiu-
Ho 3Hauymx ¢akropi (ARG, HbAlc, SII, SIRI, iNOS), a
TaKOX IXHiil BITHOCHUI KyMYJISITUBHII BHECOK Yy 3aTajIbHY
Bapiallito 3a pe3yibraramu PCA HaBeneHO Ha puc. 3.

Tpetst KoMIoHeHTa IIOB’sI3aHa i3 3allaJIbHUM iHIEKCOM
SII, sixmii 3a6e3meuye 19 % BHecKy y (hOpMyBaHHS 3arajib-
HOI CTpYKTypu naHux. Takum uyuHoM, iHaekc SII mocinae
TpeTE MicIle cepell HalfOIIbII BINTMBOBUX MOKA3HUKIB, 110
MOSICHIOIOTh BIIMIHHOCTI MiX MalliEHTaMU 3 Pi3HUM CTYyIIe-
HeM MeTa0OJIiYHNX ITOPYILICHbD.

] —@— % Individual 100.00
100 % Cumulative 9534 ‘

7 87,89

7 71,28

50 | 4548
0 | | | | |
1 2 3 4 5
Principal Component

PucyHok 3. «Kam’sihmvi cxun» (scree plot)
Aans ronosHux komnoHeHT: ARG, HbA1c,
Sll, SIRI, iNOS 3a pesynbratamu PCA

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

Tom 21, N2 3, 2025



OpuriHaAbHI AoocAipXeHHs / Original Researches

ROC-kpuBa gna nokasHuka ARG (G1i G2)
ARG
100
80
BN
= 60
=
2
S 40
(%]
20
AUC =1,0; p < 0,001
0 T T T T |
0 20 40 60 80 100
100-Specificity, %

ROC-kpuBa gna nokasHuka iNOS (G1 i G2)
iNOS
100

80

(9]
o

N
o

Sensitivity, %

n
o

AUC =1,0; p < 0,001

0 T T T T 1
0 20 40 60 80 100

100-Specificity, %

PucyHok 4. ROC-kpuBi ana nokasHukis ARG ta iNOS npu guchepeHuiadii nayieHTiB
i3 yykpoBum giabeTom 2-ro TUny Ta npegiaéerom

JIns1 OiHKM TiarHOCTUYHOI 31aTHOCTI CUCTEMHMX 3a-
nanpHux iHaekcis (SII, SIRI) Ta MapkepiB oKcumaTuBHO-
ro ctpecy (ARG, iNOS) y po3MexxyBaHHI KJIiHIYHUX TPYII
MPOBEJEHO aHaJli3 XapaKTePUCTUIHUX KPUBUX YYTJIIMBOCTI
Ta crietudiunocti (ROC-anani3) (puc. 4).

Iloxa3znuk SII mpomemMoHCcTpyBaB HAMBUIILY AiaTHOC-
TUYHY iHGOPMATUBHICTh Y MOPiBHSIHHI NaLieHTiB i3 LIJ12
Ta KOHTPOJIBHOI IpyIy, ae rioma min kpusoio (AUC) cra-
HoBuia 0,7194 (p = 0,08), 1o Bianosigae nMoMipHii 3mar-
HOCTi 10 pO3MeXyBaHHs. Y BUIIaAKy audepeHialii Mix
npeniadbeTom i KOHTpoJibHOW rpyrnoo AUC craHoBuia
0,6405 (p = 0,08807), a mix L2 i mpeniaberom — 0,6317
(p=0,18).

Hns innekcy SIRI aHaniz moka3aB HUXKYi 3HAUCHHS
IiarHOCTUYHOI TOYHOCTI: Ipu mopiBHIHHI rpyn L2
i mpemiabeTy mioma mig KpuBoio ctaHoBuiaa 0,5794
(p = 0,09589).

HaiiBuii giarHOCTUYHI XapaKTepUCTUKU BUSBIIEHO
1151 ARG ta iNOS nipu nopiBusinHi LI/12 i npeniabety —
AUC = 1,0 (p <0,001) mrst 000X ITOKa3HUKIB.

O6roBopeHHs

PesynbraTé 11bOTO DOCHIAKEHHS MiATBEPAXYIOTh
3pOCTaHHS iHTepecy A0 3alajJbHUX iHAeKCiB, 30Kkpema SII
i SIRI, six pyTMHHO AOCTYMHUX, HEAOPOTHUX, aJie iH(hopma-
TUBHUX MapKepiB MeTa3anaJeHHs, 1110 CYyPOBOXYE MPO-
rpecyBaHHs npemiadery ta LIJ12 [10, 11].

Innexc SII mpoaeMoHCTpyBaB BipoTinHe MiABAIIEHHS Y
nauieHTiB i3 112 mopiBHSIHO SIK i3 KOHTPOJbHOIO I'PYIIOI0,
TaK i 3 ocobaMM 3 IpeaiabeToM, 110 CBITUYNUTh ITPO TOCTYITO-
BE HAKOIUYEHHS CUCTEMHOTI'O 3aMaJIbHOTO HAaBAHTAaXXEHHS.
Taka nrHamika BiIIoBifgae JaHUM TTOTIePEAHIX JOCIIIKEHb
[12, 13], y IKMX HEUTPO(DiTbHO-TPOMOOLIMTApHA AaKTUBALIist
OB’ SI3YETHCS 3 IHCYIIHOPE3UCTEHTHICTIO, aTePOTreHEe30M Ta
OKCHIATUBHUM CTPECOM.

Xoua ingekc SIRI He BUSBUB CTaTUCTUYHO 3HAUYIIUX
MIXTPYMOBUX BiIMIHHOCTEH, 1110 CBIIYUTH PO OOMEXEHY
niarHocTuyHy iHopMatuBHicTh SIRI y po3pi3zHeHHi qocmi-
JDKyBAHUX KaTeropiit MmalieHTiB, MOTO TiCHUI KOpPeIsIiii-

Hui1 3B’130K i3 SII cBimunTh mpo cxoxi maTodizionoriyxi
MeXaHi3MU, TTOB’sI3aHi 3 aKTUBAIiEI0 MOHOLIMTAPHO-MaKpO-
¢araipHOI JaHKM iMyHHOI BiIMOBIfi.

[Mpstmuii kopensiiiitHumii 38°s130k Mixk SI1 ta SIRI y rpymi
G1 MoxXe CBiTYMTHU PO Y3rOMKeHe 3pOCTaHHsI 1IUX iHIEKCiB
SIK BiZoOpaXkeHHsI CUCTEMHOTO 3amajieHHs. Takuii camuii
B3aeMO3B’s130K y rpyni G2 minkpecitoe noreHuian SII Ta
SIRI s1x KoMIIEMEHTapHMX OioMapKepiB Ha paHHIX eTamax
MeTa0OoJIiYHUX TTOPYLIEHb.

BcraHoBneHi KopesiiiiiHi B3aEMO3B’SI3KM MiX ITOKa3-
Hukamu HbAlc, iNOS ta ¢cNOS y mociimKyBaHNX IpyIiax
MMiATBEPIXKYIOTh, 1110 3alajibHi iHAEKCH 3HAaYHOIO MipOIO He-
3aJIeXHI Bif KiIacMIHUX MeTabosiyaux Mapkepis (HbAlc)
i MOXXYTb BUCTYIIATH JOJATKOBUMM HE3aJICXKHUMHU iHCTPY-
MEHTAaMH JiarHOCTUKU Ta MOHITOpPMHTY. IXHs mepesara
IOJISITA€ Y JOCTYITHOCTI, IIPOCTOTI BU3HAYEeHHSsT (Ha OCHOBI
3arajJibHOTO aHaJli3y KpOBi) Ta MOXXJIMBOCTI OaraTopa3oBOro
BUKOPUCTAHHS 0€3 T0IaTKOBUX BUTpPAT.

HaiiBuiiy giarHocTHyHy iH(OpMaTUBHICTD y TMpEepeH-
ialii mTpakKTUIHO 300POBUX IMAlli€EHTIB Ta MamieHTiB i3 112
nae innekc SII, mpore itoro eeKTUBHICTb MiX Tpeaiade-
toMm i LIJ] € ooMexeHoro. Inmexc SIRI y mocnimkyBanux
rpynax rnokasaB HMKYi 3HAYEHHSI 1iarHOCTUYHOT TOUHOCTI,
110 CBiIUUTh MPO HU3BKY 3AaTHICTh A0 AialrHOCTUYHOIO
po3mexyBaHHs. HaiiBuilli 1iarHOCTMYHI XapaKTepuCTUKU
BusiBiieHO uist ARG Tta iNOS nipu nopiBHstHHI LIJ12 i mipe-
nmiabety — AUC = 1,0 (p < 0,001) mst 000X MOKa3HUKIB,
1110 CBiTUUTH TTPO MAaKCUMAaJbHY PO3IJIbHY 3M1aTHICTh 1IUX
bioMapkepis.

OTpuMaHi JaHi y3roKylThCs 3 Cy4acHOIO JliTepary-
polo. 30KpeMa, y 1ociakeHHi Liu Ta criBaBT. BCTaHOBIIE-
HO BipOTimHy acomiamnito MixX migBuineHuM piBHeM SII ta
HasiBHicTIO [1J12, 1110 103BOJISIE PO3MIISIIATH 1Iei iHIEKC SIK
MPOCTHIA, ajie ePeKTUBHUI MapKep XPOHIYHOTO 3aTajIeHHS
HaBiTh y MALli€EHTIB 0e3 KJIiHiYHO MaHi(heCTOBaHUX yCKIIaI -
HeHb [13]. I1po Barome 3Ha4eHHSI OKCUIATUBHOIO CTPECY Ta
MeTaboJIIYHMX 3MiH Y (hopMyBaHHI Mpodiito XBOPUX CBifI-
yuTh pe3yabrat PCA, 1o BctaHoBUB noka3zHuku ARG,
HbAIc Ta SII gk HaiiBarominii y ITossiCHeHHI BiIMiHHOCTE
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MiX TamieHTaMM 3 pi3HUM CTYIIEHEM MeTa0OIiYHUX ITOPY-
meHb. Lle miarBepaKye ioro iHTerpaabHy poJjib SIK MapKepa,
110 TIOEAHYE XapaKTePUCTUKHU CUCTEMHOTO 3armajeHHs i
MeTaboriuyHoi akTuBHOCTI [14, 15]. [IporHocTuyHe 3Ha-
yeHHs iHaekcy SIRI y3romkyeTbes 3 paHillie OTpUMaHUMU
JaHnumu [16—18].

Oomexenns pocaimkenns. Po3paxyHok iHgekciB SII
ta SIRI mpoBogMI OMHOPA30BO, Y POOOTI HE TOCTIIXKY-
BaJIM IMHAMIiKy IMX iHAEKCiB Ha TJi NpOTUAia0eTUYHO1
a0o0 mpoTu3amnanbHoi Tepamii. TakuM 4yuHOM, TTOTPiOHI
MaiOyTHI DOCHiIKeHHSs, 100 BUBYUTU MPOTHOCTUUHY
LiHHICTh (paKTOpiB 3amajeHHs B AMHaAMIlli Ta 3aJ1€XXHO
Big craxy LIJ12.

BucHoBKMU

Y mauieHTiB 3 TIpeaiabeToM Ta IyKPOBUM JiabeTom
2-T0 TUITY CIIOCTEPIra€ThCs MOCTYIIOBE HAPOCTAHHSI PiBHS
CUCTEMHOTO 3arajeHHsI, 1110 BiT0OpaKaeThCs y 3pOCTaHHI
3HauyeHb 3anajbHoro inaekcy SII. Lleit iHgekc y 3a3Ha-
YEeHUX Tpymax MpoJeMOHCTPYBaB CTATUCTUYHO 3HAUYIITi
BiIMiHHOCTiI MOPiBHSIHO 3 KOHTPOJIbHOIO TPYIOI0, IO
TO3BOJISIE PO3IJISIIATHA MOTO SIK HalilMHWM iIHCTPYMEHT ISt
OLIIHKM 3aIlaJbHOTO CTAaTyCy MpPU METa0OJIYHUX TTOpY-
IIEHHSIX.

Innexc SIRI xoua it He moka3zaB BipOTimHOI MiXTpy-
MOBOI CTATUCTUYHOI 3HAYYIIOCTi, IPOTE BUSBUB CUJILHUMI
KopensauiiHuii 38’5130k i3 SII gx y rpymi npeniaberty, Tak
i IJI2, mo BKa3zye Ha iioro natodisioyioriyHy crnopinHe-
HICTh Ta MOTEHIIiaJI Y KOMIUIEKCHI#l OLIiHIII iMyHO3aMnalb-
HUX 3MiH.

PesynbpraTi aHai3zy roloBHUX KOMIIOHEHT IiATBEpAU-
au, o iHaekc SII € BaroMmuM y (popmyBaHHI 3arajibHOTO
MeTaboIiYHOTo NMpodiato, MOCTYIIalYNCh JIMIIE TJiKoBa-
HOMY TeMoII00iHy Ta apriHasi. Lle minkpeciroe 3HaYeHHSI
SII 1K iHTerpajibHOTO MOKAa3HUKa, 110 MOENHYE 3anajlbHi Ta
MeTaboJIiuHi acleKTHU.

Hani ROC-anHajizy 3acBigumnyiv MoMipHY JiarHOCTUUHY
3patHicTh SII y BimMexxyBaHHi oci6 3 11JI2 Bixg 3mopoBux
0ci0, 110 BiIKpUBA€ MOKIMBOCTI /111 HOTO BUKOPUCTAHHS
B CKPMHIHTOBMX MporpamMax, 0COOJMBO Ha piBHi TEPBUHHOI
JJAaHKW OXOPOHU 3I0POB’sI.

3amnanbHi iHgekcu (ocobnmso SII) € mepcneKTUBHUMU
SIK TOIATKOBi Ta HeiHBa3MBHI MapKepH IJIs paHHbOI dia-
THOCTUKU, TIPOTHO3YBaHHS Ta MOHITOPUHTY €(heKTUBHOCTI
Teparii y Mali€HTiB 3 MOPYILIEHHSIM BYIJIEBOIHOIO OOMiHY.
Ix mMpoke BrpoBamKeHHSI MOXE CITPHSATH TIepCOHaTiaLil
MiIXOMiB 10 JiKyBaHHS Ta 3HUXKEHHIO PU3UKY CepPLIEBO-CY-
TUHHUX YCKJIaTHEHb.

JonatkoBi DOCTiIKEeHHS HEOOXiIHI UTST pO3POOKM ONITH -
MaJIbHUX MOPOTOBUX 3HAYEHb iHAEKCIB, 110 JO3BOJISTh 1X
BKJIFOUUTH 10 CTAaHAAPTHUX aJITOPUTMIB OOCTEKEHHS Ta-
LIEHTIB i3 MOPYIIEHHSIMU BYIJIEBOJIHOIO OOMIiHY.

Konduikr intepeciB. ABTOpU 3asIBJISIIOTH PO BiZICYTHICTh
KOHITIKTY iHTepeciB Ta BIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi MpU MiArOTOBLII TaHOI CTATTi.

Buecok aBropis. 3.0. [llaeHko — KOHILIETIIis Ta AU3alH
TOCJTIKeHHSI, 30ip JaHMX, aHaJli3 Ta iIHTepIIpeTallist JaHUX,
HanucaHHs crarri; [.HO. MopoxoBeub — aHaji3 Ta iHTep-
npeTallist JTaHuX, pefaryBaHHsI TEKCTY.
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Z.0. Shaienko, H.Yu. Morokhovets
Poltava State Medical University, Poltava, Ukraine

Diagnostic and prognostic value of inflammatory indices in patients
with prediabetes and type 2 diabetes mellitus

Abstract. Background. Type 2 diabetes mellitus (T2DM) is cha-
racterized by chronic low-grade inflammation, which significantly
contributes to the development of insulin resistance and progres-
sive metabolic dysfunction. Inflammatory indices derived from
complete blood count parameters may serve as accessible and
cost-effective tools for assessing meta-inflammation. Objective:
to determine the levels of systemic immune-inflammation index
(SII) and systemic immune-inflammation response index (SIRI)
in patients with prediabetes and T2DM in order to assess their
diagnostic and prognostic value. Materials and methods. This study
included 60 participants divided into three groups: type 2 diabe-
tes, prediabetes, and a control group. The levels of SII, SIRI,
HbAlc, arginase, inducible nitric oxide synthase, and other meta-
bolic markers were measured. Statistical methods included Kru-
skal-Wallis test, receiver operating characteristic (ROC) analysis,
principal component analysis (PCA), and Spearman correlation.
Results. S11 was significantly elevated in the T2DM group com-
pared to both the control (p = 0.008) and the prediabetes group
(p = 0.2414), indicating the progression of systemic inflammation
alongside glycemic dysregulation. Although SIRI did not demon-
strate significant between-group differences, it showed a strong

correlation with SII in the T2DM group (R = 0.72; p < 0.001).
SII is important in the PCA alongside HbAlc and arginase, and
ROC analysis for SII revealed its moderate ability to distinguish
between diabetic and healthy individuals (AUC = 0.719). Conclu-
sions. SI1 may be considered a promising and accessible biomarker
for early diagnosis and assessment of inflammation in patients with
impaired glucose metabolism. ROC analysis data demonstrated
moderate diagnostic ability of SII in distinguishing people with
T2DM from healthy individuals, which opens opportunities for
its use in screening programs, especially at the primary health
care level. Inflammatory indices (especially SII) are promising as
additional, non-invasive markers for early diagnosis, prognosis and
monitoring of therapy effectiveness in patients with carbohydrate
metabolism disorders. Their widespread implementation may con-
tribute to personalization of treatment approaches and reduce the
risk of cardiovascular complications. Additional studies are needed
to develop optimal threshold values of indices that will allow them
to be included in standard algorithms for examining patients with
impaired carbohydrate metabolism.

Keywords: type 2 diabetes mellitus; prediabetes; systemic inflam-
matory indices; diagnosis; systemic inflammation
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Endoscopic treatment of benign
cicatricial fracheal stenoses

Abstract. Background. Benign tracheal stenosis is relatively rare but remains a significant chronic disease due
to its drastic symptoms including dyspnoea and inspiratory stridor, and consequent negative effect on quality of life.
Traditionally, the surgical approach by resection of the stenotic tracheal segment has been the therapy of choice.
However, endoscopic techniques have arisen and may offer a safe and less invasive alternative. The purpose
of the study was analysis of results of surgical treatment for tracheal cicatricial stenosis, taking into account the use
of minimally invasive endoscopic methods. Materials and methods. The study comprised 105 patients with tracheal
cicatricial stenosis who were admitted to the clinic of the V.T. Zaytsev Institute of General and Urgent Surgery of
the National Academy of Medical Sciences of Ukraine. The study was conducted in 2018-2024. The patients were
divided into two groups: | group — 75 participants who were initially candidates for endoscopic treatment of tracheal
cicatricial stenosis, and surgical intervention was considered only in case of failure, their treatment was conducted
until 2018; and group Il — 30 people with contraindications to circular tracheal resection or such operation was
considered to be inappropriate, their endoscopic treatment was conducted since 2018. Results. Modern endoscopic
treatment for tracheal cicatricial stenosis with length of < 1.0 cm using precision electrodissection allows to carry
out recanalization of the stenosis without complications. With the length of tracheal cicatricial stenosis of more than
50 % of trachea length, the method of choice remains prolonged dilatation with a Montgomery T-tube. Conclusions.
Minimally invasive endoscopic interventions should be considered as a method of choice to achieve tracheal lumen
size sufficient for breathing in patients who have contraindications to radical surgery.

Keywords: tracheal cicatricial stenosis; minimally invasive endoscopic interventions; thyroid

Introduction

Benign tracheal stenosis is a relatively rare yet impactful
chronic condition characterised by symptoms such as dys-
pnoea, inspiratory stridor and poor quality of life [1]. Most
commonly, benign tracheal stenosis is observed in young
to middle-aged women, which may lead to misdiagnosis of
bronchial asthma and therefore delayed diagnosis of benign
tracheal stenosis. There are a few potential causes, inclu-
ding damage from a prior intubation, damage from inhaling
chemicals or heat, an autoimmune disease, gastro-oesopha-
geal reflux disease or an unknown cause, in which case it is
known as idiopathic subglottic stenosis [2].

Tracheal cicatricial stenosis is one of the most severe
complications which arise as a result of prolonged orotra-
cheal intubations, tracheostomies, neck injuries with damage
to the trachea [2]. It is known that up to 25—30 % surgical
interventions on the trachea are accompanied by various
complications, as a result of which 10 % of patients die [3, 4].

The main cause of the trachea cicatricial stenosis is pro-
longed mechanical ventilation of the lungs as a result of se-
vere combined trauma, major surgical interventions, severe
somatic pathology. Up to 25 % of patients in the intensive
care units are on ventilators for more than a week. According
to a number of authors frequency of complications of long-
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Table 1. Classification of patients by the type of tracheal cicatricial stenosis

Tracheal cicatricial stenosis Group 1, abs. (%) Group 2, abs. (%) Total, abs. (%)
Post-intubation 29 (38.7) 22 (73.3) 51 (48.6)
Post-tracheostomy 23 (30.6) 8 (26.7) 31 (29.5)
Post-traumatic 8(10.6) - 8 (7.6)
Post-burn 6 (8.0) - 6 (5.7)
Idiopathic 9 (12.0) - 9 (8.6)
Total 75 (100.0) 30 (100.0) 105 (100.0)

term mechanical ventilation via tracheostomy or intubation
tube reaches 80 %. Out of all complications share of trache-
al cicatricial stenosis makes up to 25 % of cases. Share of
post-intubation tracheal stenoses in the incidence structure
makes from 14 to 45 %, post-tracheostomy ones — from 51
to 73 % [5, 6].

Neck injuries with damage to the trachea are in third
place among the causes of tracheal cicatricial stenosis, ma-
king from 4.8 to 12 % of the total number of diseases [3].
Idiopathic stenosis of trachea occurs in 1—-2.9 % of cases [4].

The fact that first endoscopic intervention which is con-
ducted in specialized institutions in patients (more than
40 %) is carried out as an emergency, often in the first hours
confirms the importance of timely diagnosis of the disease
at the pre-hospital stage [8].

Summarizing everything said above we can state the ab-
sence of a generally accepted concept of the use of minimally
invasive interventions and traditional operative interventions
in tracheal cicatricial stenosis. All of it dictates the necessity
of conducting further studies in this important area of clinical
thoracic surgery.

The purpose of the study was to analyse the results of sur-
gical treatment of tracheal cicatricial stenosis, taking into
account using of minimally invasive endoscopic methods.

Materials and methods

The study comprised 105 patients with tracheal cicatricial
stenosis, who were admitted to the clinic of the V.T. Zaytsev
Institute of General and Urgent Surgery of the National
Academy of Medical Sciences of Ukraine. The study was
conducted in the period of 2018—2024.

The research met international requirements CONSORT
and had corresponding design — retrospective and prospec-
tive randomized clinical trial in which the results of treatment
of tracheal cicatricial stenosis were studied.

Ethical principles of the research were observed. Per-
mission for the research was granted by the ethical com-
mission of the Educational and Scientific Medical Institute
of the National Technical University “Kharkiv Polytechnic
Institute” (minutes of the meeting No. 3 from January 22,
2024). Written informed consents for the use of the results
of treatment for the research were gained from all the pa-
tients.

In the process of study various endoscopic methods of
tracheal cicatricial stenosis treatment were studied as well
as methods of anaesthetic provision, rigid and flexible bron-
choscopy. Therefore the 105 patients with tracheal cicatricial
stenosis were divided into two groups:

— I group — 75 patients, who were initially candidates
for endoscopic treatment of tracheal cicatricial stenosis, and
possibility of surgical treatment was considered only in case
of failure, their treatment was conducted until 2018;

— 1I group — 30 patients, in which contraindications to
circular tracheal resection were found or such operation was
considered to be inappropriate, their endoscopic treatment
was conducted since 2018.

Among the patients with tracheal cicatricial stenosis
there were 69 male (66 %) and 36 female (34 %) aging 14
to 67 years, average age was 34.3 years. The classification of
the patients by gender and age is represented in the Table.
The most numerous group was the one with patients ageing
20 to 29 years (25 %). Depending on etiological factor 5
types of tracheal cicatricial stenosis were classified, they are
represented in Table 1.

As can be seen from the data in the table, the most fre-
quent were post-intubation (48.6 %) and post-tracheostomy
(29.5 %) tracheal cicatricial stenosis, recognized as iatro-
genic. According to the classification all the patients had
ITI—IV degree of tracheal cicatricial stenosis.

The diagnosis was established on the basis of com-
plaints, anamnesis and physical examination, application
of instrumental and laboratory methods of research, survey
radiography of the chest and neck in direct and lateral pro-
jections, multispiral computed tomography with the tomo-
graphs of the company Philips Netherlands and Somatom
definition flash of the company Siemens (Germany), with
the aim of identifying the localization, extent, degree of
narrowing of the tracheal cicatricial stenosis and to assess
the condition of the cartilaginous semi-rings of the trachea
in the area of stenosis.

All the patients who came to the clinic for operative treat-
ment underwent standard clinical and laboratory tests.

The diagnosis of tracheal cicatricial stenosis was car-
ried out on the basis of the anamnesis with an indication
of previous long-term mechanical ventilation of the lungs
with tracheostomy or without it; complaints of respiratory
difficulties, which arose 2—3 weeks and more after tracheal
extubation, shortness of breath at physical activities or tran-
quillity, coughing, difficult discharge of sputum; objective
data — blood gases, Sa0,.

Before recanalization of tracheal cicatricial stenosis, all
patients underwent flexible diagnostic bronchoscopy with a
fibrobronchoscope or video bronchoscope of the company
Olympus (Japan). During the visual assessment of the upper
and lower respiratory tract, the following aspects were taken
into account: anatomical features of the epiglottis, scoop-
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shaped cartilages and vocal folds, their condition and mo-
bility, the presence or absence of paresis, as well as accom-
panying inflammatory changes, the presence of cicatricial
stenosis, degree of its narrowing, shape and extent, as well
as pathological mobility of the walls of the trachea during
breathing and coughing (tracheomalacia). An endoscopic
sign of tracheal cicatricial stenosis was considered narrowing
of the lumen of the trachea only at the level of cicatricial
deformation of its walls.

Under postintubation stenosis circular form of stenosis
was observed more frequently, under post tracheostomy more
frequent was triangular A-shaped stenosis with the apex di-
rected to the front scarred wall. The degree of narrowing and
extent of tracheal cicatricial stenosis were defined with the
help of flexible endoscope.

If the distal end of the bronchoscope could be passed
through the narrowed lumen of trachea, the diameter of ste-
nosis was smaller than the diameter of the bronchoscope
(6 mm); in case passing of bronchoscope was impossible, the
diameter of narrowing was less than 6 mm.

The extent of stenosis was also defined with the help of
flexible bronchoscope on condition there was a possibility
to pass the endoscope to the distal border of the steno-
sis. The extent of the stenosis from the lower to the upper
limit of the narrowing was defined by removing the endo-
scope according to the markings on the bronchoscope tube.
Under tracheal cicatricial stenosis with diameter less than
6 mm, in patients of the first group the extent of narrowed
area was defined after bulging of the cicatricial stenosis by
the same method, and in patients of the second group the
extent of tracheal cicatricial stenosis was defined by the
CT data.

The walls of the stenosed part of the trachea were cha-
racterized by the absence of relief of cartilaginous semi-
rings, thickening and unevenness of the mucous membrane.
The extent of tracheal cicatricial stenosis varied from 0.5 to
8.0 cm.

Stenoses less than 1.0 cm in length had a membranous
form similar to thin cicatricial bands.

Under each bronchoscopy examination along with mea-
suring of the extent of tracheal cicatricial stenosis, the length
of the unaffected parts of trachea and larynx above and the
number of unchanged cartilaginous semirings below the tra-
cheal cicatricial stenosis were determined. Absence of their
damage was testified by clear contouring of cartilage semi-
rings, the number of which was determined visually and in-
dicated on the bronchoscopy protocol.

Tracheomalacia was determined by increased respira-
tory mobility of the walls during inhalation and exhalation:
under stenosis localization in the cervical part of the trachea
tracheomalacia manifested in inspiratory narrowing, in in-
trathoracic part by expiratory narrowing.

Statistical processing of the data was conducted on a
computer IBMPC using software system Statistica V 10.0.
To compare average absolute values, we used Student’s cri-
teria (t). As a result of the comparative analysis of relative
indicators, the ratio criterion was used 2. Confidence inter-
vals were calculated with the help of Fisher’s method. The
criterion of statistical reliability of the obtained results was
considered to be the value p < 0.05.

Results

Endoscopic methods of tracheal cicatricial
stenoses treatment applied in the first group
(till 2018)

In 75 patients of the first group endoscopic treatment was
considered to be the main one and with the aim of recanali-
zation of tracheal cicatricial stenoses laser dissection of scar
tissue, bulging and stenting in the tracheal cicatricial stenoses
area were applied in various combinations depending on the
extent of tracheal cicatricial stenoses: the one of less than
PCT 1.0 cm long and the one of more than 1.0 cm long.

Endoscopic treatment was conducted with the rigid bron-
choscope usage during bronchoscopy under anaesthesia with
the ventilator, in operating room conditions, the equipment
of which included: rigid respiratory bronchoscope with a set
of tubes with a diameter of 7—13 mm:; fibro- and video bron-
choscopes; surgical neodymium laser; the ventilator; electric
or vacuum suction; centralized oxygen supply; equipment
for monitoring indicators of gas exchange and hemodyna-
mics; standard set of instruments for tracheal intubation and
tracheotomy, as well as for drainage of the pleural cavity, if
necessary.

Laser interventions under tracheal cicatricial stenoses
were conducted during rigid bronchoscopy under intrave-
nous anaesthesia with the ventilator. Rigid bronchoscope
tube was installed over the stenosis area then the laser light
guide was passed through the guide, optical telescope or a
flexible bronchoscope was used in this role. The laser action
was carried out at a distance of 3—5 mm from the tracheal
cicatricial stenoses with pulses of 0.7—1.0 per second with
an output power of 40 W. Dissection of the scar tissue was
carried out radially from the centre to the periphery of the
fibrous ring, without reaching the tracheal wall. Under circu-
lar form of tracheal cicatricial stenoses dissection was carried
out in four directions (at 2, 4, 8 and 10 o’clock), and under
irregularly rounded (A-shaped) fibrous ring with pronounced
changes along the front wall — in three directions (at 3, 9 and
12 o’clock). We avoided actions on the back (membranous)
wall of the trachea. For laser dissection neodymium surgical
laser was applied. Bulging of tracheal cicatricial stenoses
was carried out with the tubes of rigid bronchoscope under
intravenous anaesthesia with the ventilator starting with the
tube with diameter of 7 mm, with control of indicators of gas
exchange and hemodynamics. The tube of rigid broncho-
scope was passed through the zone of tracheal stenosis with
careful translational-rotational movements with adequate
effort. With such movements we tried to avoid rupture of
scar tissue. After passing the tube through the stenosis area
we studied the condition of the lower parts of the trachea
and bronchi, evacuated the contents of the bronchi, which
contributed to the improvement of gas exchange indicators.
After that the tube was removed and a tube 1—2 mm larger
than the previous diameter was re-introduced. Bulging of
tracheal cicatricial stenoses was completed after applying the
tube with diameter of 12 or 13 mm.

Bulging of tracheal cicatricial stenoses was carried out
both in an emergency and in a planned manner. The indi-
cation for emergency bulging was a decompensated tracheal
cicatricial stenoses less than 6 mm in diameter, which was
clinically manifested by stridor, cyanosis and a decrease in
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gas exchange rates. Emergency bulging was conducted imme-
diately after the patient was admitted to the clinic. Planned
bulging was conducted under compensated and subcom-
pensated tracheal cicatricial stenoses 5—6 mm in diameter
and more. In case of initial bulging tubes with a diameter of
8—9 mm were used.

Tracheal cicatricial stenoses stenting was used to ensure
stable preservation of the tracheal lumen, achieved with the
help of bulging and laser interventions, as well as formation
of a fibrous framework at the level of tracheal cicatricial ste-
noses. In majority of patients Dumont-type silicone stents
with an outer diameter of 12—16 mm were used for stenting,
but one of conditions for the installation of such a stent was
location of the stenosis 2 cm and more below the vocal folds.

Under laryngeal-tracheal stenoses involving the scar pro-
cess of the subfold of the larynx in the presence of a trache-
ostomy we applied silicone Montgomery T-tube.

The Dumont stent was inserted during rigid broncho-
scopy with the help of a guide, in which the stent was placed.
Rigid bronchoscope tube was inserted about 0.5 cm above
the upper limit of tracheal cicatricial stenoses, then it was
pushed out of the guide and placed at the level of stenosis.
The walls of the stent were straightened with the help of for-
ceps or optical telescope from the set of rigid bronchoscope.
Further on the position of the stent was controlled during
flexible endoscopy.

Montgomery T-tube was inserted into tracheal cicatricial
stenoses via tracheostoma. The essence of the method was
as follows: rigid bronchoscope tube was inserted above the
tracheostoma and upper limit of stenosis. End of the strong
braid was first pulled through the horizontal part of the stent,
then through the proximal branch of the vertical part of the
stent. After that the braid was inserted into tracheostoma
where it was it was grasped under visual control with forceps
inserted through the bronchoscope and pulled out. The other
end of the braid was fixed with a clamp at the top of the hori-
zontal part of the stent. At the moment of apnoea, the lower
segment of the vertical part of the stent was mechanically
inserted through the tracheostomy with the help of a curved
clamp into distal part of the trachea. During the following
traction of the braid through the tube of the bronchoscope,
the upper segment of the vertical part of the stent was im-
mersed through the tracheostomy into the proximal part of
the trachea, while the horizontal part of the stent remained
outside. On straightening of the stent ventilation was provi-
ded by the vertical part of the stent. At the same time, the ap-
noea lasted a little more than 30 seconds. The horizontal part
of the stent provided its firm fixation, as well as control of the
patency of the stent with the possibility of its sanitation. The
length of the silicone stents was determined individually and
exceeded the length of the tracheal cicatricial stenoses area
by 0.5—0.8 cm higher and lower the stenosis borders, the
proximal edge of the stent was placed below the vocal folds.

Endoscopic methods of tfracheal
cicatricial stenoses tfreatment applied
in the second group (since 2018)

In all the patients of the second group after preliminary
clinical and radiological examination diagnostically flexible
bronchoscopy was carried out with video bronchoscope

Exepa I1-180 of the company Olympus (Japan) under local
anaesthesia with 2% lidocaine solution (5.0—10.0 ml). It
allowed not only to estimate the type of tracheal cicatricial
stenoses, its degree and if possible, the extent, and when exa-
mining in the NBI mode — evaluate the vessels (blood sup-
ply) in the scar tissue, and also identify presence or absence
of inflammatory changes under reveal of which antibacterial
therapy is conducted. The final estimation of degree and
extent of tracheal cicatricial stenoses was carried out on the
basis of CT data and video bronchoscopy.

The second group included 30 patients who were under-
going treatment since 2018 till the present time, and those
who have contraindications to circular resection of the tra-
chea or such operation was considered to be inappropriate.
With the aim of recanalization of tracheal cicatricial stenoses
in patients in II group we used three endoscopic methods ac-
cording to a clear dependence on the extent of scar changes:
with tracheal cicatricial stenoses with length of < 1.0 cm we
carried out only endoscopic electro dissection of scar tissues
under the control of NBI without prior bulging; with tracheal
cicatricial stenoses with length of > 1.0 cm (less than 50 % of
trachea length) the main radical method of treatment was
circular tracheal resection, however, preoperative preparation
was required for circular tracheal resection in patients with
concomitant pathology. With this goal if necessary stenting
of the tracheal cicatricial stenoses area was carried out with
a self-expanding nitinol stent without coating for 2—3 weeks;
under tracheal cicatricial stenoses of more than 50 % of tra-
chea length the method of choice was Montgomery T-tube
inserting.

Endoscopic treatment of tracheal cicatricial stenoses in
patients of the second group, as well as in patients of the first
group, was carried out in conditions of operating room with
participation of a thoracic surgeon, endoscopist-broncho-
logist, anaesthesiologist, endoscopic and anaesthesiology
nurses.

Endoscopic treatment of tracheal cicatricial stenoses
since 2018 unlike the patients of the first group, was conduc-
ted with flexible videobronchosopy with NBI function under
local anaesthesia against the background of spontaneous
breathing under intravenous drug sedation, with constant
monitoring of hemodynamic indicators.

For electrodissection of scar tissue we used electrosur-
gical unit EUS-30 and endoscopic knife KD-1 L-1 of the
company Olympus (Japan) in the cutting mode (PURE) with
capacity of 25—35 W. Dissection of scar tissue was conduc-
ted step by step in places of maximum tension and minimal
blood supply, identified during NBI, with the exception of
the back (membranous) wall of the trachea, bordering the
front wall of the oesophagus.

In patients with concomitant pathology (after recent
heart attack, stroke, CABG and a number of endovascular
operations) emergency stenting of tracheal cicatricial stenoses
with nitinol stent without coating which self-expand 1.0 cm
was performed as a preoperative preparation for circular tra-
cheal resection, as an alternative to bulging or tracheostomy.
The stent was inserted during flexible bronchoscopy under
visual control without previous bulging and electrodissection
of tracheal cicatricial stenoses, which allowed to avoid injury
to the surrounding tissues and achieve good fixation of the
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stent. The length of the stent as a rule corresponded to the
length of tracheal cicatricial stenoses.

After stenting condition of the patients improved which
was confirmed by the gas-exchange indicators (PO,, PCO,,
Sa0,). On provision of adequate therapy, a temporary com-
pensatory effect was achieved, it allowed to conduct circular
tracheal resection in the optimal conditions. Presence of the
stent allowed to carry out circular tracheal resection accor-
ding to the developed original technique of anaesthesiologic
maintenance of circular tracheal resection without tracheal
intubation using a laryngeal mask and jet lung ventilation.
The stent was removed intraoperatively along with the re-
sected part of trachea. There were no intra- or postoperative
complications.

Long-term endoscopic stenting of tracheal cicatricial
stenoses was carried out with silicone Montgomery T-tube.
The stent was inserted traditionally with the use of braid
during rigid bronchoscopy with visual control with video-
brochoscope inserted into the tube of rigid bronchoscope. It
was inserted in such a way that the length of the stent did not
exceed the limits of tracheal stenosis by more than 0.5 cm.
Under subfold stenosis the stent was placed below the vocal
folds. Control of the patency of the stent and its sanitation
if necessary were conducted through the horizontal part of
the T-shaped stent through the tracheostoma which provided
for reliable fixation of the endoprosthesis in the lumen of the
trachea.

Silicone T-tube stenting was a vital necessity for long
stenoses. In the presence of such cicatricial tracheal stenosis,
immediately before installation of the T-shaped tube, the
trachea was surgically opened longitudinally and scar tissue,
if possible, was excised from the lumen of the trachea. The
duration of fixation of the T-shaped stent was 12 months or
more, which is required for the formation of a new fibrous
framework.

With the aim of estimating the results of endoscopic treat-
ment of tracheal cicatricial stenoses we applied the following
criteria of efficiency: treatment of tracheal cicatricial stenoses
was considered to be efficient in patients in which a fibrous
frame with a diameter of the lumen of 1.0 cm or more was
formed after the application of endoscopic methods of reca-
nalization of tracheal stenosis sufficient for breathing; treat-
ment of tracheal cicatricial stenoses was ineffective in patients
in which restenosis developed after endoscopic treatment.

Due to the different choice of methods of endoscopic
treatment of tracheal cicatricial stenoses in two groups of
patients, the analysis of treatment results was conducted in
each group separately with the goal of determining effective
and safe methods among all methods used — for their further
implementation in clinical practice.

Discussion

Wide application of endoscopic method of treatment in
recent years allows to refuse from emergency operations, and
this in its own turn decreases the frequency of post operative
complications and overall mortality. Providing quick and
adequate restoration of the patency of the respiratory tract,
the method allows to eliminate chronic hypoxia, which cre-
ates favourable conditions for a planned examination and the
choice of optimal treatment tactics.

One of the first interventions performed on patients with
decompensated cicatricial stenosis of the trachea, is emer-
gency restoration of airway patency. To carry out this task
various endoscopic methods can be applied. They can be
classified into two big groups:

— methods aimed at removing part of the scar tissue from
the lumen of the trachea (mechanical, physical);

— methods aimed at expansion of the narrowed part of
the trachea.

Physical methods of influence are based on the use of
properties of various types of radiation or high-frequency
currents to destroy biological tissues. These methods can
be applied in two modifications — for the destruction of
scar-granulation tissues in a circle or their dissection along
the length [9].

The main advantage of electrosurgical method lies in
the fact that thermal tissue damage is minimal, but general
availability and low cost of the equipment make it the most
attractive one. Serious disadvantages include presence of
contact of electrode with the tissues as a result of which there
is a formation of soot and welding of the electrode, which can
lead to bleeding [10].

In case all physical methods of destruction of scar and
granulation tissue are applied, there is a high probability of
damage to adjacent unchanged areas of the trachea. In the
future, this will inevitably lead to the development of inflam-
matory process, which in turn can lead to the involvement of
ever more tissues in the scarring process and negatively affect
the results of treatment [11].

The safest methods in this regard are the ones aimed
at widening the stenosis — bulging and balloon dilatation.
These interventions in patients with critical tracheal stenosis
are usually performed first. The most accessible method of
one-time expansion of the lumen in patients with tracheal
cicatricial stenoses is bulging with tubes of a rigid broncho-
scope. As a result of such impact there is a local rupture of
scar tissues. Consistently using tubes of increasing diameter,
it is possible to most quickly (within 0.5—1 minute) and quite
effectively restore the lumen of the respiratory tract with the
evacuation of the secretion accumulated in the substenotic
department. This operation can be carried out with plastic
bougies, as well as a set of intubation tubes that are put on
the fiberscope. In the presence of a tracheostomy, bougies
or tubes are sometimes passed through the tracheostomy
opening under local anaesthesia [12].

At the moment expansion of the narrowed area before
the introduction of endoprostheses is successfully used [13].

Some authors believe that balloon dilatation allows to
restore the lumen of the trachea with minimal trauma to the
mucous membrane. Apart from temporary expansion of the
narrowed area of the trachea, this technique can be used as
an independent method of treating scar stenoses after lung
transplantation, circular resection of the trachea, radiation
therapy [14].

An important advantage of operations of one-time en-
doscopic expansion of tracheal cicatricial stenoses is the fact
that they allow quickly and effectively expand the lumen,
eliminate ventilation disorders and stabilize the patient’s
condition, while trauma to the intact parts of the trachea is
minimal [13].
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A significant disadvantage of the method is unstable ef-
fect of treatment with the development of restenosis in a
considerable part of patients. So as an independent method
of treatment, it is used only in a limited number of patients
for strict indications. “Bright” period lasts from several hours
to several months, most often 7—14 days. Then irrespectively
of the method of endoscopic impact on the scar tissue the
lumen of the trachea narrows again in a considerable part
of patients. The best results were achieved only during con-
ducting repeated expansions of membrane-like stenoses [15].

For the time being there is no universal method of resto-
ring the patency of the respiratory tract, it forces professio-
nals to apply combined methods. For instance photodestruc-
tion, electrocoagulation or mechanical removal of tissues
supplemented with bougie or balloon dilatation [16].

The opinions of professionals as for advantages of emer-
gency application of the endoscopic methods mentioned
above differ. Thus, some authors believe that for decompen-
sated stenoses in seriously ill patients, the only way to help
is emergency tracheoscopy with recanalization of trachea
using a laser, and emphasize that endoscopic laser interven-
tions are simple, effective and safe way of restoring tracheal
patency [17].

Other researches point out that in in case of emergency if
the patient does not have a tracheostomy, when hypoxemia
builds up after induction of anaesthesia, only bulging with
the tube of a rigid bronchoscope allows to quickly expand the
lumen and restore adequate breathing [18, 19].

Thus, different authors use different methods of endo-
tracheal impact on scar tissue. Each of them chooses one or
several most convenient for them methods of restoring airway
patency. The choice of method is affected by the personal
experience of the doctor, as well technical capabilities of the
clinic in relation to a specific clinical situation.

The most important and still not solved problem for to-
day in the surgery of tracheal cicatricial stenosis is mainte-
nance of the lumen in the respiratory tract at the level suffi-
cient for adequate breathing. To provide this task cylindrical
structures (stents) are installed in the lumen of the trachea for
a long time, this prevents it from narrowing [20].

The choice of the method and way of intrusion depend
on the stenosis localization, presence or absence of tracheo-
stomy, general condition of the patient, as well personal ex-
perience of the doctor [21].

In case the situation regarding the severity of the patient’s
condition allows to decide on further tactics during 24 hours,
then to ensure reliable patency of respiratory tract orotrache-
al intubation tube is used [12].

In the presence of a tracheostomy and a low localization
of the stenosis, a split section of a thermoplastic intubation
tube, extended tracheostomy cannulas or T-shaped tubes are
used. With “immature” cicatricial stenoses, some authors
leave the tube in the trachea for 3—4 months, during which
the scar tissue matures in the form of cicatricial compaction
of the walls of the trachea itself, which keeps its lumen from
collapsing [22].

In the absence of a tracheostomy, it is advisable to use an
endoprosthesis. In case of emergency when stenosis is loca-
lized in the cervical and upper thoracic parts of the trachea
placing a tracheostomy below the narrowing and inserting a

tracheostomy tube was considered to be the most accessible
method in the past. If the narrowing was localized in the
middle or lower third of the thoracic trachea, when conven-
tional tracheostomy tubes length was insufficient, extended
tracheostomy tubes were used. In the absence of a tracheo-
stomy tube of the required length, a custom-fit split section
of thermoplastic tube was sometimes used. The advantage of
such constructions lied in the fact that being custom-fit they
as a rule did not injure the trachea walls, they were easy to pull
out and insert again. Nevertheless, in spite of obvious advan-
tages all these methods had a significant drawback — need
to place and support a tracheostomy for a long term, which
considerably worsened the patient’s quality of life and con-
ditions for conducting surgical operations in the future [23].

The implementing into clinical practice of prostheses
which are completely located in trachea as well as develop-
ment and improving of the ways of their inserting using en-
doscopic techniques allowed to refuse from emergency open
operations in most cases. At the moment most of researches
believe that in case of absence of tracheostoma it is more ap-
propriate to use endoprosthesis [24]. Prosthetic trachea as an
organ has been developed for many years all over the world.
The grafts which were applied at the initial stages with the
aim of replacing cartilage framework, and also monolithic,
fine-pore, mesh and combined alloprostheses caused granu-
lation and cicatricial stenosis. All the prostheses were placed
into trachea during open surgical operation [25].

Requirements for the endoprostheses are following: lack
of toxicity, biological inertness, stability in body tissues, suf-
ficient rigidity, strength, elasticity and flexibility, sufficient
drainage function, which allows to remove mucus from the
respiratory tract, impermeability to liquid, air and bacteria,
easy availability and possibility of sterilization [7].

After installing the prosthesis, all patients may initially
(from a few days to weeks) have problems related to the pre-
sence of a foreign body in the tracheal lumen — reflex cough
and increased tracheobronchial secretion. The inner surface
of the prosthesis contributes to the deposition of sputum,
in relation to this obturation of its lumen may occur. This
process can be prevented when using aerosols with regular
mechanical removal of pads during tracheoscopy. Tracheo-
scopies with sanitation should be performed regularly, and
during the first year once every three months. As a result of
contact of foreign body with the wall of the trachea there may
be formed granulomas. If detected, granulomas should be
removed mechanically or with laser and electrocoagulation.
Brachytherapy can be used with recurrent granulations [26].

It is known that dilatation of tracheal cicatricial stenosis
with the help of stents allows not only to temporarily restore
adequate patency of the respiratory tract and prepare the
patient for planned surgery, but also contributes to the for-
mation of a reliable fibrous framework around the tread [27].

Nowadays there is no consensus about how long a stent
should be kept in the area of stenosis for the lumen to be
formed. Authors believe that it is appropriate or the endo-
prosthesis to stay in the trachea for about 4 months [28].

There is a report where the duration of the endoprosthesis
in the tracheal lumen varied from 5 to 24 months. Long-term
results have been tracked from 1 to 5 years. After removal of
the stent stable positive (good and satisfactory) results were
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obtained in 13 patients, unsatisfactory results — in 9 patients.
In all the patients with localization of stenosis in the cervical
area, a lumen sufficient for breathing was formed as a result
of the treatment. In localization of stenosis in the chest such
a result was obtained in only 1 patient out of 10. The author
makes a conclusion that temporary introduction of a stent of
various designs for cicatricial stenosis in the cervical trachea
allows to achieve stable effect in all operated patients, but in
stenosis with localization in the chest this treatment option
is of low efficiency. Thus, the results of long-term dilatation
of cicatricial stenosis on stents are controversial. The range of
positive results is very wide and varies from 20 to 94.6 % [29].

This condition must be related to the lack of common
criteria in the selection of patients and insufficiently large
number of patients in whom the method of treatment by di-
latation on the endoprosthesis was used. Besides it should be
noted that in the literature in its entirety, researchers divide
the results of treatment with tubular structures that are fully
inserted into the lumen of the trachea, and medical tracheo-
stomy tubes which require functioning tracheostomy, which
is fundamental.

Conclusions

Minimally invasive endoscopic interventions should be
considered as the method of choice for achieving lumen suf-
ficient for breathing in patients who have contraindications
to radical surgery. Modern endoscopic treatment of tracheal
cicatricial stenosis of < 1.0 cm with the help of precision
electrodissection allows to carry out recanalization of the
stenosis without complications. With the length of tracheal
cicatricial stenosis of more than 50 % of trachea length the
method of choice remains long-term dilatation with Mont-
gomery T-tube.
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" XapKiBCbK HQLIOHQABHM MEANYHWN YHIBEPCUTET, M. XQPKIB, YKPQIHO
2 I[HCTUTYT 3QranbHOI TQ HEBIAKAQAHOI Xipyprii im. B.T. Saviuesa HAMH YkpaiHu, m. Xapkis, YkpaiHa
3 HaB4QABHO-HQYKOBU MEANYHMK IHCTUTYT HALIOHQABHOIO TEXHIYHOrO YHIBepCUTETY «XQPKIBCHKK MOAITEXHIYHNL IHCTATYT»,

M. XapkiB, YkpaiHa

EHAOCKOMIYHE AIKYBOHHSI AOGPOSKICHUX
py6ueBux CTeHO3iB Tpaxei

Pestome. Axmyaavnicmo. J106posiKicHUIA cTeHO3 Tpaxei Tparisi-
€ThCSI BIITHOCHO HEYacTO, aJie 3aTMIIAETHCS BATOMUM XPOHIYHUM
3aXBOPIOBAHHSIM YHACIJOK BUPaXXeHUX CUMIITOMIB, BKJIIOYAIOUU
3aUIIKY 1 iHCITipaTOPHUI CTPUIOP, Ta MOAATBIIOTO HEraTUBHO-
TO BIUIMBY Ha SIKiCTb XUTTS. TpanuiliitHo MeTomoM BUOOpPY OyB
XipypriyHU Miaxim — pe3eKilis CTEHO30BaHOTO CETMEHTA Tpaxei.
OnHak 3’SIBUIMCh €HIOCKOMIYHI MPOIIEAypH, 1110 MOXKYTb 3aIpO-
MOHYBaTH Oe3MeYHy i MeHIIl iHBa3MBHY ajbTepHaTuBYy. Mema:
aHaJli3 pe3yJbTaTiB XipypriyHOTO JIiKyBaHHSI pyOLIEBUX CTEHO3iB
Ttpaxei (PCT) 3 ypaxyBaHHSIM BUKOPUCTAHHSI MiHiiHBa3MBHUX
€HIOCKOTIUHUX TeXHOJIOTiii. Mamepiaau ma memoou. J1o0 nocii-
mkeHHsT BKirodeHo 105 mamienTis i3 PCT, sikux sgikyBanau B 1Y
«IHCTUTYT 3araybHOI Ta HeBimkiIamHoi Xipyprii im. B.T. 3aiinesa
HAMH VYkpainn». JocrimkeHHs nposenaeHe y 2018—2024 pp.
XBopux posnisieHo Ha ABi rpymnu. [lepiia rpyna — 75 oci0, ski
croyarky Oyaud KaHAUAaTaMU IJisl eHIOCKOIMiYHOTO JIiKyBaH-

Hg PCT, a MOXJIMBICTb XipyprivHOTO BTpYYaHHS po3riisiaanacs
JIMIIe B pasi HeBmadi; mpoJikoBaHi 10 2018 poky. ¥ npyry rpymy
yBiiinum 30 XBOpUX, y SIKMX OyJIM BUSBIICHI MPOTUIIOKA3aHHS
0 LMPKYJISIPHOI pe3eKilii Tpaxei abo Taka orepallisi BBaKauacs
HENOIiTbHOIO; EHIOCKOTIYHE JTiKyBaHHS mpoBoauiocs 3 2018
poKy. Pesyssmamu. CydacHe eHIOCKOITIYHE JIIKYBaHHS pyOIIeBOTO
CTEHO3y Tpaxei 3aBIOBXKHU < 1,0 cM 3a 1OITOMOTr0I0 MPen3iiiHOTO
€JIEKTPOPO3CIYeHHSI 103BOJISIE BUKOHATH peKaHasi3allilo CTeHO3y
0e3 yckiagHeHb. [1pu 10BXUHI pyO1IeBOro CTeHO3y Tpaxei moHa
50 % moBXWHU Tpaxel METOIOM BUOOPY 3aIMIIAETHCS TPUBaja
nunatanisg T-moaioHuM cteHToM MoHTromepi. Bucnosku. MiHi-
iHBa3UBHI €HIOCKOMIYHI BTpYYaHHS CJIiJl PO3MISIAATH SIK METOM
BUOOPY IJIsSI TOCSITHEHHST MPOXiTHOCTI Tpaxei B MAIli€HTIB, SIKi
MalOTh IIPOTUTIOKA3aHHS A0 paguKaJbHOI omeparrii.

KiouoBi c10Ba: py6Lesi cTreHO31 Tpaxei; MiHiiHBa3UBHI €HIOCKO-
MiYHi BTpyYyaHHs; IIUTOIOAIOHA 3a/103a
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Herbal and mineral composition
for the management of thyroid dysfunction

Abstract. Background. To date, herbal medicine is one of the most promising methods for comprehensive treat-
ment of diffuse and mixed goiter. Under such conditions, it is relevant to use pharmacological preparations based
on plant materials that would have a wide range of effects on thyroid function. The purpose of the study was to
evaluate the effectiveness, safety and tolerability of dietary supplements containing L-tyrosine, brown algae extract
(Phaeophyceae), zinc, copper, and folate, as well as dry extract of roots and rhizomes of white cinquefoil (Potentilla
alba L.), dry extract of black chokeberry fruits (Aronia melanocarpa), dry extract of flowers and fruits of redhaw
hawthorn (Crataegus sanguinea), sodium selenite and possibilities of their combination. Materials and methods.
The study included 147 patients with nodular goiter and different thyroid functional state: 23 with diffuse goiter, eu-
thyroidism; 24 with diffuse goiter, subclinical hypothyroidism; 22 with diffuse goiter, subclinical thyrotoxicosis; 27 with
nodular goiter, euthyroidism; 25 with nodular goiter, subclinical hypothyroidism, 26 with nodular goiter, subclinical
thyrotoxicosis. Results. The analysis of the use of herbal medicines showed that dietary supplements containing
L-tyrosine, brown algae extract (Phaeophyceae), zinc, copper, and folate can be recommended alone or as part
of a comprehensive treatment for 3 months in patients with endemic and multinodular goiter on the background of
hypothyroidism and euthyroidism. In nodular goiter with hyperthyroidism and euthyroidism, it will be more effective
to use herbal remedies with the inclusion of dry extract of roots and rhizomes of white cinquefoil (Potentilla alba L.),
dry extract of black chokeberry fruits (Aronia melanocarpa), dry extract of flowers and fruits of redhaw hawthorn
(Crataegus sanguinea), sodium selenite alone or as comprehensive treatment for 6 months. Patients with endemic
and mixed goiter without thyroid dysfunction are recommended combined therapy with both herbal remedies for
3 months. Conclusions. The best effect was achieved with the combined use of both phytopreparations: in euthy-
roid patients with diffuse and mixed goiter, thyroid status remained normal, antibody levels were unchanged; they
presented a significant decrease in volume and a tendency to decrease in the size of thyroid nodules.

Keywords: thyroid gland; hypothyroidism; thyrotoxicosis; nodular goiter; treatment; herbal medicine
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Introduction

Over the past decade, there has been a tendency to in-
crease the number of thyroid gland (TG) diseases, which is
due to many environmental factors. Among the most impor-
tant are iodine deficiency and radiation contamination [1, 2].

Almost the entire territory of Ukraine suffers from iodine
deficiency. According to the Global lodine Nutrition Score-
card study, in Ukraine, 382,000 children (80 %) are born
every year at risk of disorders due to iodine deficiency [3].

Among the causes of nodular goiter, there are primary
and secondary exogenous iodine deficiency. The second-
ary one occurs when there is an excess of numerous trace
elements (manganese, sodium fluoride, iron, cobalt) that

interfere with the absorption of iodine by plants, radiation
exposure, monotonous diet, vitamin deficiency in food,
consumption of foods containing goitrogens (thiocyanates),
a defect in the enzymes involved in the synthesis and meta-
bolism of thyroid hormones, genetic predisposition [4, 5].
Combined iodine and selenium deficit exacerbates the prob-
lem of iodine deficiency, leading to increased frequency of
hypertrophic and hyperplastic processes in the thyroid gland,
autoimmune thyroid diseases, and multinodular goiter [6, 7].
Prolonged iodine deficiency also contributes to the develop-
ment of thyroid dysfunction: hypothyroidism and thyroto-
xicosis (increased ability of autonomous hyperproduction of
thyroid hormones by thyroid nodules) [8, 9].

© «MixHapogHuil eHoKpUHonoriuHui XypHan» / «International Journal of Endocrinology» («Miznarodnij endokrinologicnij Zurnal»), 2025

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2025

[ina kopecnongenuii: [lipywko Okcana MukonaiBHa, AOKTOP MeAnuHuX Hayk, npodecop, Kapeapa eHaokpuHonorii, IBaHo-OpaHKIBCbKWi HaLioHanbHIIt MesnyHiA yHiBepcuTeT, BYN. fanuubkKa, 2,
M. IBaHo-OpaHkiBcbk, 76018, Ykpaika; e-mail: odidushko@ifnmu.edu.ua, did-oksana@ukr.net; Ten.: +-380 (68) 677-97-23
For correspondence: Oksana Didushko, MD, DSc, PhD, Professor, Department of Endocrinology, lvano-Frankivsk National Medical University, Halytska st., 2, Ivano-Frankivsk, 76018, Ukraine; e-mail:

odidushko@ifnmu.edu.ua, did-oksana@ukr.net; phone: +380 (68) 677-97-23
Full list of authors’ information is available at the end of the article.

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

Tom 21, N2 3, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

However, despite the proven multifactorial nature of en-
demic and nodular goiter in regions with iodine deficien-
cy, there are still no unified preventive and rehabilitation
programs aimed at eliminating all unfavorable factors that
lead to the formation and progression of goiter. According
to the current protocols, the following drugs, first of all, are
prescribed: potassium iodide, which is not always effective,
especially in the case of a combination of several unfavo-
rable factors [10—12]. Under such conditions, the relevance
of pharmacological preparations based on plant materials
that would have a wide range of effects on thyroid function.
According to the WHO, 80 % of people around the world use
medicinal herbs for various purposes [13—17].

One of the most available today in the literature is infor-
mation on the spectrum of therapeutic properties of white
cinquefoil [18] (Potentilla alba L.), which has found a place
in the complex treatment of patients with diffuse toxic goi-
ter, hypothyroidism, diffuse and nodular goiter. The un-
derground part of Potentilla alba L. (rhizomes with roots)
contains carbohydrates (starch), iridoids, saponins, phenol-
carboxylic acids, flavonoids (quercetin), tannins (gallotan-
nin) up to 17 % in the flowering phase. The aerial part con-
tains iridoids, saponins, phenolcarboxylic acids, flavonoids
(rutin), tannins up to 6 %. The leaves contain phenolcarbo-
xylic acids, flavonoids (quercetin, kaempferol, cyanidin).
Rhizomes and roots of white cinquefoil (Potentilla alba)
contain flavonoids, macro-iridoids, saponins, carbohydrates,
phenolcarboxylic acids, tannins, most of which have signifi-
cant antioxidant properties that help reduce the levels of per-
oxide radicals, hydroxyl radicals, and phospholipid degrada-
tion, as well as anti-inflammatory properties, antimutagenic
and immunomodulatory, antitumor, membrane stabilizing,
and thyroprotective properties. The plant also accumulates
microelements (iodine, magnesium, copper, selenium, zinc,
cobalt, iron, aluminum, and silicon) in physiological doses,
which are molecular iodine synergists [19—21].

The literature contains data on the effectiveness of her-
bal remedies in the complex treatment of hypothyroidism,
which include white cinquefoil, dry extract of Baikal skull-
cap (Scutellaria baicalensis Georgi), dry extract of roseroot
(Rhodiola rosea L.), in other publications, a combination of
cinquefoil with selenium and zinc [17].

Given the above, it was important to study the effec-
tiveness and the possibility of using the capsules contains
300 mg of dry extract of roots and rhizomes of cinquefoil
(Potentilla alba), 39.9 mg of dry extract of chokeberry fruits
(Aronia melanocarpa), 30 mg of dry extract of flowers and
fruits of redhaw hawthorn (Crataegus sanguinea), 0.1 mg of
sodium selenite (Natrii selenis) in the form of dry powder,
and capsules, which contains 300 mg of L-tyrosine, brown
algae extract (Phaeophyceae) (which corresponds to 50 ug
of iodine), 25 mg of zinc oxide, 2 mg of copper gluconate,
folate, which corresponds to 25 of 40 ug folic acid and their
combination in case of thyroid pathology.

The fruits of black chokeberry (Aronia melanocarpa)
contain anthocyanins, flavonoids, organic acids, vitamins C,
E, PP, carotenoids, sugars, tannins, vitamin B,, folic acid,
and trace elements (fluorine, iodine, copper, and iron), con-
tribute to stabilization of the endocrine glands, restore thy-
roid function, and reduce blood sugar and cholesterol levels.

Flowers of redhaw hawthorn (Crataegus sanguinea)
contain hyperoside, quercetin, vitexin, saponarethin, orien-
tin, amines (choline, acetylcholine, and trimethylamine),
ascorbic acid (18—100 mg%), B-carotene (0.4—2.7 mg%),
vitamin K, and phenolic compounds.

Fruits and flowers of redhaw hawthorn improve metabo-
lism, promote weight loss, tone the heart muscle, reduce the
excitability of the central nervous system, increase blood sup-
ply to the coronary vessels of the heart and brain, eliminate
arrhythmia and tachycardia, improve sleep and well-being,
normalize blood pressure, and also remove heavy metal salts
from the body, lower cholesterol, increase the body’s resis-
tance to the effects of unfavorable factors [22].

Selenium is a component of protein compounds named
selenoproteins: glutathione peroxidase, deiodinase, thiore-
doxin reductase, which ensure adequate functioning of the
thyroid gland, it participates in the secretion and metabolism
of thyroid hormones, activates the conversion of thyroxine
into triiodothyronine; promotes optimal functioning of the
immune system, free radical scavenging, and has antitumor
properties [17].

L-tyrosine is an amino acid that is part of the active
centers of some enzymes. Also, residues of this amino acid
in proteins can be substrates for enzymes that perform
post-translational modification, for example protein kinases.
For the construction of thyroid hormones, not only iodine
but also other trace elements (selenium, iron, zinc, copper,
and calcium) and the amino acid, L-tyrosine.

According to recent studies, tyrosine, in addition to the
synthesis of thyroid hormones, is involved in the synthesis
of several substances important for the human body, such
as norepinephrine and adrenaline, dopamine and melanin.
Scientific studies have shown that tyrosine supplementation
can reduce the effects of stress and fatigue on cognitive per-
formance in work environments characterized by psychoso-
cial and physical stress [23, 24].

In addition to L-tyrosine, it contains brown algae extract
(which corresponds to 50 ug of iodine), zinc, copper, and
folate, which are components of the synthesis of one of the
most important thyroid proteins, thyroglobulin.

The purpose of the study was to evaluate the effective-
ness, safety and tolerability of dietary supplements containing
L-tyrosine, brown algae extract (Phaeophyceae), zinc, cop-
per, and folate, as well as dry extract of roots and rhizomes
of white cinquefoil (Potentilla alba L.), dry extract of black
chokeberry fruits (Aronia melanocarpa), dry extract of flo-
wers and fruits of redhaw hawthorn (Crataegus sanguinea),
sodium selenite and possibilities of their combination.

Materials and methods

The study included 147 patients with nodular goiter with
different thyroid functional state (23 with diffuse goiter,
euthyroidism; 24 with diffuse goiter, subclinical hypothyroi-
dism; 22 with diffuse goiter, subclinical thyrotoxicosis;
27 with nodular goiter, euthyroidism; 25 with nodular goiter,
subclinical hypothyroidism, 26 with nodular goiter, subclini-
cal thyrotoxicosis).

The mean age of the patients was 43.24 *+ 2.19 years
(20 to 72 years). All patients underwent an ultrasound exa-
mination (US) on a Canon Aplio a550-AEE 197297 scanner
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(Japan). During the ultrasound, we evaluated the volume of
the thyroid gland, the presence and size of nodules and the
dynamics of these parameters in 3 months to analyze the
effectiveness of the therapy. The study included patients with
thyroid nodules who were not recommended the FNAB of
nodules (THIRADS 2).

All patients underwent a study of the thyroid hormonal
status: free thyroxine (T,), free triiodothyronine (T,), thy-
roid-stimulating hormone (TSH), antibodies to thyroglo-
bulin (Tg-Ab), antibodies to thyroid peroxidase (TPO-Ab).

According to the developed study design, patients with
diffuse and mixed goiter in euthyroidism received a com-
bination of herbal remedies containing L-tyrosine, brown
algae extract (Phaeophyceae), zinc, copper, and folate, as
well as dry extract of roots and rhizomes of white cinquefoil
(Potentilla alba L.), dry extract of black chokeberry fruits
(Aronia melanocarpa), dry extract of flowers and fruits of
redhaw hawthorn (Crataegus sanguinea), and sodium sele-
nite; patients with diffuse and multinodular goiter, subclini-
cal thyrotoxicosis received a dry extract of roots and rhizomes
of white cinquefoil (Potentilla alba L.), dry extract of black
chokeberry fruits (Aronia melanocarpa), dry extract of flo-
wers and fruits of redhaw hawthorn (Crataegus sanguinea),
and sodium selenite; patients with diffuse and multinodular
goiter, subclinical hypothyroidism received a phytoprepa-
ration with the inclusion of L-tyrosine, an extract of brown
algae (Phaeophyceae), zinc, copper, and folate. Observations
of the above parameters were performed before treatment
and after 3 months.

The work is part of the research of the Department of
Endocrinology of the IFNMU on the topic “Scientific sub-
stantiation and improvement of diagnosis and treatment of
endocrinopathies based on the study of priority etiopathoge-
netic factors and comorbidities”. State registration number:
0120U105103.

Results

Under the influence of the treatment, there were changes
in clinical symptoms in all study groups. In patients with
subclinical thyrotoxicosis on the background of both nodular
and mixed goiter who received a phytopreparation containing
a dry extract of the roots and rhizomes of white cinquefoil
(Potentilla alba L.), dry extract of the fruits of black choke-
berry (Aronia melanocarpa), dry extract of flowers and fruits
of redhaw hawthorn (Crataegus sanguinea), and sodium
selenite, got improved emotional state, normalized sleep,
reduced tremors and sweating. Levels of TSH, T, T, corre-
sponded to euthyroidism in 3 months. When comparing the
results of ultrasonography of the thyroid gland, we revealed a
significant decrease in thyroid volume from 20.95 + 3.11 cm’®
to 15.55 £ 2.92 cm® (p < 0.05) in patients with multinodu-
lar goiter, and from 22.95 &+ 2.15 cm?® to 17.05 + 1.65 cm’®
(p < 0.05). It should be noted that the size of the thyroid
focal lesions did not change significantly over 3 months of
observation.

Thus, the use of a phytopreparation containing a dry ex-
tract of the roots and rhizomes of white cinquefoil (Potentilla
alba L.), dry extract of the black chokeberry fruit (Aronia
melanogaster), dry extract of flowers and fruits of redhaw
hawthorn (Crataegus sanguinea), and sodium selenite in

patients with multinodular goiter, and subclinical thyrotoxi-
cosis, helps to improve subjective well-being, normalize TSH
levels and reduce goiter size.

Our data on the effectiveness of the herbal preparation,
which contains a dry extract of the roots and rhizomes of
white cinquefoil, are consistent with studies conducted in
Ukraine [15, 17].

Patients with diffuse and mixed goiter with subclinical
hypothyroidism received a dietary supplement containing
L-tyrosine, an extract of brown algae (Phaeophyceae), zinc,
copper, and folate for 3 months. After 3 months, 95.9 % of
patients reported improvement in general condition: de-
creased fatigue, lethargy, drowsiness, facial swelling, hair
loss, improved skin condition, which is likely due to im-
provement of thyroid status. Thus, in 91.7 % of patients with
diffuse goiter and subclinical hypothyroidism and 92.0 %
of patients with multinodular goiter, respectively, achieved
euthyroidism, which proves the effectiveness of the use of
this complex in hypothyroidism. When analyzing the dy-
namics of thyroid ultrasound parameters, the tendency to
decrease the volume of the thyroid gland in patients of both
groups was established: 21.15 £+ 3.02 cm?® to 18.69 + 2.92 cm’®
(p > 0.05) in patients with multinodular goiter, and with
23.56 £ 2.25 cm?®to 21.25 = 1.55 cm® (p > 0.05). The size of
focal thyroid masses also did not change significantly. In
our opinion, for better and faster reduction of goiter size,
it is recommended to enhance the effect of dietary supple-
mentation with the inclusion of L-tyrosine, an extract of
brown algae (Phacophyceae), zinc, copper, and folate with
an additional prescription of a phytopreparation containing
a dry extract of roots and rhizomes of white cinquefoil (Po-
tentilla alba L.), dry extract of the fruit of black chokeberry
(Aronia melanocarpa), dry extract of flowers and fruits
of redhaw hawthorn (Crataegus sanguinea), and sodium
selenite in this cohort of patients, which may be the target
for further research.

Discussion

In our opinion, the results obtained in the groups of pa-
tients who took complex therapy with the inclusion of phyto-
preparations for 3 months. In patients with both diffuse and
multinodular goiter who were in euthyroidism, got subjec-
tively reduced feeling of pressure, compression in the thyroid
area, and improved well-being. Indicators of thyroid status
and antibody levels did not change, which allows the use of
these herbal remedies in patients with autoimmune thyroidi-
tis. Compared to the pre-treatment values, a significant de-
crease in thyroid volume was observed: from 21.85 £ 2.71 cm®
to 15.85 £ 2.95 cm’® (p < 0.05) in patients with diffuse goiter
and from 22.18 £ 2.93 cm® to 16.15 = 2.95 cm’® (p < 0.05) in
patients with multinodular goiter. It should also be noted that
after treatment in 58 % of patients, the echographic structure
of the thyroid tissue improved and a tendency of reducing the
size of the nodules was observed. Therefore, in our opinion,
the patients should be recommended to continue taking the
dry extract of the roots and rhizomes of white cinquefoil (Po-
tentilla alba L.), dry extract of black chokeberry fruit (Aronia
melanocarpa), dry extract of flowers and fruits of redhaw
hawthorn (Crataegus sanguinea), and sodium selenite for
up to 6 months.
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Thus, combined therapy with herbal medicines in pa-
tients with diffuse and multinodular goiter who were in
euthyroidism, subjectively improves the condition of pa-
tients, helps to maintain the balance of thyroid hormones,
reduces the size of thyroid nodules.

It should be noted that none of the patients had intole-
rance, side effects, or allergic reactions to the studied phyto-
preparations during the study.

Thus, we have tested and proved the effectiveness and
safety of the use of phytopreparations containing L-tyrosine,
extract of brown algae (Phaeophyceae), zinc, copper, and
folate, as well as dry extract of roots and rhizomes of white
cinquefoil (Potentilla alba L.), dry extract of black choke-
berry fruits (Aronia melanocarpa), dry extract of flowers and
fruits of redhaw hawthorn (Crataegus sanguinea), sodium
selenite, and their combination.

Conclusions

Based on our research, it has been shown that phytoprepa-
rations can be used in the following treatment regimens: a
dietary supplement containing L-tyrosine, an extract of brown
algae (Phaeophyceae), zinc, copper, and folate is recommen-
ded as a monotherapy for 3 months for patients with endemic
and multinodular goiter with hypothyroidism and euthyroi-
dism. A complex herbal preparation containing dry extract of
roots and rhizomes of white cinquefoil (Potentilla alba L.),
dry extract of black chokeberry fruits (Aronia melanocarpa),
dry extract of flowers and fruits of redhaw hawthorn (Cra-
taegus sanguinea), and sodium selenite is recommended as
monotherapy for 6 months for patients with endemic and
multinodular goiter with thyroid hyperfunction and euthyroi-
dism. Patients with endemic and multinodular goiter without
thyroid dysfunction are recommended combined treatment
for 3 months and continued use of the herbal medicine with a
rational ratio of white cinquefoil rhizomes (Potentilla alba L.),
dry extract of black chokeberry fruits (Aronia melanocarpa),
dry extract of flowers and fruits of redhaw hawthorn (Cratae-
gus sanguinea), and sodium selenite for up to 6 months.
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IBAHO-DPAHKIBCHKM HALIOHAABHUI MEAMYHWY YHIBEPCUTET, M. IBAHO-OPaHKIBCHK, YKpaiHO

EdeKkTUBHICTb 30CTOCYBAHHS diToTepanii Ta MiHepaAiB
NpPU AiKYBOHHI AMCOYHKLIN LLUTONOAIGHOT 30A03U

Pe3iome. Axkmyaavnicms. Ha choronni giroreparnis € onHuM i3
MEePCHeKTUBHUX METO/iB KOMIUIEKCHOTO JIIKyBaHHST TUPEOITHUX
IUC(YHKIIN. 3a TAKUX YMOB aKTyaJbHUM € 3aCTOCYBaHHS dap-
MAaKOJIOTiYHMX IpernapaTiB Ha OCHOBI POCIMHHOI CUPOBMHH, SIKi
0 MaJIM IUMPOKUI CHEKTP BIJIMBY Ha (PYHKILIO IIMTONOAIOHOT
3a5103U. Mema: ol1iHKa e(heKTUBHOCTI, OE3MEKU i1 TEPeHOCUMOCTi
M00aBOK, 110 MICTSATh L-TUPO3WH, EKCTPaKT OypuX BOAOPOCTEit
(Phaeophyceae), uMHK, Miab i (ponaT, a TAKOX CyXUil eKCTpaKT
KOpEHiB i KopeHeBuII niepctavy 6iytoro (Potentilla alba L.), cyxuii
€KCTPAaKT IJIOAiIB YOPHOILTiAHOI ropoduHM (Aronia melanocarpa),
CYXUIl eKCTPaKT KBiTiB i IJIOIIB IJI0Oy KPMBaBO-YEPBOHOTO
(Crataegus sanguinea), CeJIEHIT HAaTPil0, Ta MOXJIMBOCTI iXHbOT
KoMOiHallii. Mamepiaau ma memoou. Y nOCiIKeHHI B3STM y4acTh
147 nauieHTiB i3 By3JI0BUM 3000M Ta Pi3HUM (DYHKIIOHAIBHUM
CTAaHOM IIUTOMOAIOHOI 3ay103u: 23 — i3 1ndy3HUM 3000M, €yTH-
peosoM; 24 — i3 nudy3HUM 3000M, CYOKIiHIYHUM TillOTUPEO-
30M; 22 — i3 qudy3HUM 3000M, CYOKIIIHIYHUM THUPEOTOKCUKO-
30M; 27 — i3 By3JI0BUM 3000M, €yTUPEO30M; 25 — i3 BY3JIOBUM
3000M, CYOKJIIHIYHUM TilIOTUPEO30M, 26 — i3 By3JIOBUM 3000M,
CYOKJIIHIYHUM THPEOTOKCUKO30M. Pe3yabmamu. AHai3 3acTOCy-
BaHH$ POCJIMHHUX MperapariB MOKa3as, 1110 100aBKU, 5IKi MiCTATb
L-tuposuH, ekcrpakT 0ypux Bogopocreit (Phaeophyceae), HuHK,

Minb Ta ¢ojaT, MOXYTb OyTH PEeKOMEHIOBaHi IK MOHOTEpAITist
a0o0 B CKJIaJli KOMIUIEKCHOTO JIIKyBaHHS IIPOTITOM TPhOX MICSILIB
y TIAILEHTIB 3 EHAEMIYHMM i 0araToBy3JI0BUM 3000M Ha TJIi Tilo-
TUpeo3y i eyTupeosy. [1pu By3noBoMy 300i 3 rinepTUpeo3oM Ta
€yTUPEO30M OiTbIll e(heKTUBHO BUKOPUCTOBYBATH (hiTOIpenaparu
3 BKJIFOUEHHSIM CYXOT'O EKCTPAKTy KOPEHIB Ta KOPEHEBMIIL TIepCTavdy
oinoro (Potentilla alba L.), cyxoro eKcTpakTy IIOAIB YOPHOILTI/I -
Hoi ropoouHu (Aronia melanocarpa), CyXoro eKCTpakTy KBiTiB Ta
IJIOMIB TJ10/1y KpruBaBo-4epBoHOro (Crataegus sanguinea), ceJIeHITy
HATPIilO SIK MOHOTEparito ab0 KOMIUIEKCHE JIIKyBaHHSI TIPOTSITOM
mecty MicsauiB. [NamieHTam 3 eHIeMiYHUM Ta 0araToBY3JIOBUM
3000M 0e3 mopyleHHsT (PYHKILiT IIUTOMOAIOHOI 3271031 PEKOMEH -
NyeTbcsl KOMOIHOBaHa Tepartisi oboMa (iTorpernaparaMu IMPOTITOM
TPbOX MicsiLiB. Bucnoexu. Halikpaiuuii echekt OyB JOCSTHYTHI NTpU
KOMOIHOBaHOMY 3aCTOCYBaHHi 000X (hiTOIpeIapariB: y MALiEHTIB
i3 1Mdy3HUM Ta 6araToBy3J10BUM 3000M, sIKi IepeOyBaJiv B CTaHi
eyTUPeo3y, MOKa3HUKKN TUPEOITHOTO CTaTyCy 3aUIIAINCh Y HOP-
Mi, piBHi aHTUTLJI He 3MiHIOBAJIMCh, CITOCTEPIrajaocs BiporigHe
3MEHIIEeHHs 00’ €My i TEeHIEHIIisI 10 3MEHIIEHHS pO3MipiB BY3IIiB
LIMTOMOAIOHOT 3aJ103U.

Kir0uoBi cj10Ba: mmTononioHa 3a103a; TinoTUPEO3; TAPEOTOKCH -
KO3; By3JI0BUI 300; JIiKyBaHHSI; diToTepartist
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ROC analysis data and predictors
of rehabilitation effectiveness in patients
with type 2 diabetes mellitus

Abstract. Background. Type 2 diabetes mellitus (T2DM) is a serious chronic disease that significantly impacts quality
of life and is one of the leading causes of disability worldwide. Effective rehabilitation for such patients contributes
to the improvement of their functional status, reduces the risk of complications, and enhances the overall progno-
sis. Identifying predictors of the effectiveness of rehabilitation measures allows for the individualization of treatment
approaches and optimization of therapedutic strategies. Using ROC analysis to evaluate the diagnostic accuracy of
these predictors ensures the reliability of the obtained results and enables more accurate prediction of rehabilitation
outcomes. The aim of the study is to identify predictors of the effectiveness of rehabilitation measures in patients with
T2DM and to evaluate their diagnostic accuracy using ROC analysis. This will enable the optimization of rehabilitation
programs, increase their effectiveness, and improve the quality of life for patients. Materials and methods. To pre-
dict the effectiveness of rehabilitation in diabetic polyneuropathy, 95 patients with T2DM were examined. Descriptive
statistics, correlation analysis, and ROC analysis were used to evaluate the diagnostic accuracy of predictors of re-
habilitation effectiveness. Results. The analysis indicates a significant association between tobacco smoking status
and the effectiveness of rehabilitation. Current smokers have the lowest rehabilitation effectiveness scores, followed
by those who quit smoking, with non-smokers having the highest scores. The findings indicate that employment status
significantly affects the effectiveness of rehabilitation. The results suggest that higher glycated hemoglobin (HbA1c)
levels are moderately associated with decreased rehabilitation effectiveness scores. Patients with higher HbA1c levels,
particularly those in the 14-20 range, show significantly worse rehabilitation outcomes compared to those with lower
HbA1c levels. The higher DN4 scores are moderately associated with decreased rehabilitation effectiveness scores.
Conclusions. There is a significant association between smoking status and rehabilitation effectiveness. Non-smo-
kers have the highest rehabilitation effectiveness scores. Socioeconomic factors, such as employment, should be
considered when designing rehabilitation programs. Higher HbA1c levels are moderately associated with decreased
rehabilitation effectiveness scores. Neuropathic pain severity, as measured by DN4, influences rehabilitation outcomes.
Keywords: diabetes mellitus; diabetic polyneuropathy; rehabilitation; physical therapy; prognosis

Introduction

Distal symmetric diabetic polyneuropathy (DPN) is a
prevalent complication of type 2 diabetes mellitus (T2DM),
significantly impacting patients’ quality of life and func-
tional abilities [1]. DPN is the most common form of
neuropathy in the world, affecting 30 to 50 % of diabetic
individuals and resulting in significant morbidity and so-
cioeconomic costs [2].

Effective rehabilitation is crucial for managing DPN
and mitigating its adverse effects [3]. However, predicting
the effectiveness of rehabilitation in DPN patients remains
challenging due to the condition’s multifaceted nature and
individual variability in treatment response [4].

10—15 % of newly diagnosed T2DM patients have DPN,
and the prevalence can exceed 50 % in patients with diabe-
tes for more than 10 years. Bilateral limb pain, numbness,
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and paresthesia are the most common clinical manifesta-
tions in patients with DPN, and in severe cases, foot ulcers
can occur, even leading to amputation. The etiology and
pathogenesis of diabetic neuropathy are not yet completely
clarified, but hyperglycemia, disorders of lipid metabolism,
and abnormalities in insulin signaling pathways are currently
considered to be the initiating factors for a range of patho-
physiological changes in DPN. In the presence of abnormal
metabolic factors, the normal structure and function of the
entire peripheral nervous system are disrupted, including
myelinated and unmyelinated nerve axons, perikaryon, neu-
rovascular, and glial cells. In addition, abnormalities in the
insulin signaling pathway will inhibit neural axon repair and
promote apoptosis of damaged cells [5].

DPN is a common and debilitating complication of T2DM,
affecting a substantial number of patients worldwide. Its impact
on quality of life, functional abilities, and overall health under-
scores the urgent need for effective rehabilitation strategies [6].

Managing DPN involves multifaceted challenges, in-
cluding varying symptoms, progression rates, and treatment
responses among individuals. Identifying reliable predictors
of rehabilitation effectiveness can help tailor interventions to
individual needs, optimizing patient outcomes [7, 8].

The economic burden of DPN, stemming from increased
healthcare costs and reduced productivity, emphasizes the
importance of efficient rehabilitation strategies. Effective
prediction models can potentially mitigate these burdens by
improving treatment efficacy and resource allocation.

By leveraging ROC analysis to assess the diagnostic accu-
racy of rehabilitation predictors, this study aims to advance
clinical practice. It seeks to provide evidence-based insights
that healthcare providers can use to enhance decision-ma-
king processes and improve the overall management of DPN
in patients with T2DM [9].

The aim of the study is to identify predictors of the effec-
tiveness of rehabilitation measures in patients with T2DM
and to evaluate their diagnostic accuracy using ROC analysis.

Materials and methods

To predict the effectiveness of rehabilitation in DPN,
95 patients with T2DM were evaluated.

The study was conducted following the approval of the
Ethics Committee and in accordance with the Helsinki Dec-
laration’s principles and international ethical standards for

good clinical practice (GCP). All participants provided in-
formed consent.

Pain sensitivity was evaluated with a blunted needle. The
presence of neuropathic pain was determined using the DN4
questionnaire [10], which included questions about sensory
symptoms and a clinical examination by a physician.

The 95 patients with T2DM were included: those with a
low DPN index (n = 30, 31.58 %), medium (n = 34, 35.79 %),
and high DPN index (n = 31, 32.63 %). Statistica 10.0 (Stat-
Soft, Inc.) was used for data analysis. Quantitative variables
that did not follow a normal distribution were described using
the median (Me) and lower and upper quartiles (Q1-Qs). Cate-
gorical data were presented with absolute and relative frequen-
cies. The Mann-Whitney U-test was employed to compare
two groups on a quantitative variable with a non-normal dis-
tribution. Spearman’s correlation coefficient was used to de-
termine the direction and strength of the association between
two quantitative indicators. ROC analysis was performed to
evaluate the diagnostic performance of quantitative variables
in predicting a categorical outcome. The optimal cut-oftf value
of the quantitative variable was determined using Youden’s J
statistic. Statistical significance was set at p < 0.05.

Results

We performed analysis of effectiveness of rehabilitation
(score) conditioning on tobacco smoking (Table 1).

In accordance with the presented Table 1, when compa-
ring effectiveness of rehabilitation (score), statistically signifi-
cant differences were revealed depending on tobacco smo-
king (p < 0.001) (applied method: the Kruskal-Wallis test).

When evaluating the dependence of the probability of
female on the effectiveness of rehabilitation (score) using the
ROC analysis, the following curve was obtained (Fig. 1, 2).

The area under the ROC curve comprised 0.644 £ 0.057
with 95% CI: 0.533—0.755. The resulting model was statisti-
cally significant (p = 0.018).

The cut-off value of effectiveness of rehabilitation (score)
which corresponds to the highest Youden’s J statistic is
41.000. The sensitivity and specificity of the method were
84.2 and 43.9 %, respectively.

Analysis of effectiveness of rehabilitation (score) was per-
formed conditioning on employment (Table 2).

According to Table 2, when comparing effectiveness of
rehabilitation (score), statistically significant differences were

Table 1. Analysis of effectiveness of rehabilitation (score) conditioning on tobacco smoking

. . Effectiveness of rehabilitation (score)
Variable Categories p
Me Q,-Q, n
No 33.00 31.00-35.00 43 < 0.001*
Tobacco smoking Quit smoking 37.00 35.00-41.25 12 P ~to = 0.002
Yes 42.00 40.00-44.00 40 pYes—Ye;l;::ckmg =0.038

Note (here and in Tables 2, 4-9): * — differences are statistically significant (p < 0.05).

Table 2. Analysis of effectiveness of rehabilitation (score) conditioning on employment

Effectiveness of rehabilitation (score)

Variable Categories
9 M = SD 95% CI n s
Yes 39.08 + 5.31 37.60-40.56 52
Employment 0.019*
No 36.35 £ 5.79 34.57-38.13 43
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Figure 1. ROC curve characterizing the dependence
of the probability gender on effectiveness
of rehabilitation (score)

Figure 3. ROC curve characterizing the dependence
of the probability employment on effectiveness
of rehabilitation (score)
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Figure 2. Analysis of the sensitivity and specificity
of gender depending on effectiveness
of rehabilitation (score)

revealed depending on employment (p = 0.019) (applied
method: Student’s t-test).

When evaluating the dependence of the probability of the
effectiveness of rehabilitation (score) using the ROC analysis,
the following curve was obtained (Fig. 3, 4, Table 3).

The area under the ROC curve comprised 0.637 £ 0.057
with 95% CI: 0.526—0.748. The resulting model was statisti-
cally significant (p = 0.022).

Figure 4. Analysis of the sensitivity and specificity
of employment depending on effectiveness
of rehabilitation (score)

The cut-off value of effectiveness of rehabilitation (score)
which corresponds to the highest Youden’s J statistic is
35.000. If effectiveness of rehabilitation (score) was less than
this value, was predicted. The sensitivity and specificity of the
method were 46.5 and 80.8 %, respectively.

We performed a correlation analysis of the association
between effectiveness of rehabilitation (score) and glycated
hemoglobin (HbAlc) (Table 4).

Table 3. Threshold effectiveness of rehabilitation (score)

Threshold Sensitivity, % Specificity, % PPV NPV
39.00 62.8 50.0 50.9 61.9
38.00 62.8 59.6 56.2 66.0
37.00 55.8 65.4 571 64.2
36.00 51.2 69.2 57.9 63.2

Table 4. Results of the correlation analysis of the association between effectiveness

of rehabilitation (score) and HbA1c

Correlation characteristics

Variable Strength of the association assessed
P using Chaddock scale P
Effectiveness of rehabilitation (score) — HbA1c 0.439 Moderate < 0.001*
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A moderate correlation positive association between HbAlc
and effectiveness of rehabilitation (score) was estimated.
Observed dependence of effectiveness of rehabilitation
(score) from HbA1c is described by a linear regression equation:
Y,

Effectiveness of rehabilitation (score) = 0' 306 : XHbA Ie ] ]5'

With an 1 increase of HbAlc 0.306 change of effectiveness
of rehabilitation (score) should be expected. According to the
coefficient of determination R? of the resulting model, 33.7 %
of the observed variance of HbAlc were explained (Fig. 5).

We performed analysis of effectiveness of rehabilitation
(score) conditioning on point HbAlc (Table 5, Fig. 6).

According to Table 5, when comparing effectiveness of
rehabilitation (score), statistically significant differences were
revealed depending on point HbAlc (p < 0.001) (applied
method: the Kruskal-Wallis test).

We performed a correlation analysis of the association be-
tween effectiveness of rehabilitation (score) and DN4 (score)
(Table 6).

A moderate correlation positive association between DN4
(score) and effectiveness of rehabilitation (score) was esti-
mated.

Observed dependence of effectiveness of rehabilitation
(score) from DN4 (score) is described by a linear regression
equation:

Y Effectiveness of rehabilitation (score) = 0 09 3 : EDN4 (score) + ] . 039 .

With an 1 increase in DN4 (score) 0.093 change in ef-
fectiveness of rehabilitation (score) should be expected. Ac-
cording to the coefficient of determination R? of the resulting
model, 13.7 % of the observed variance of effectiveness of
rehabilitation (score) were explained (Fig. 7).

Table 5. Analysis of effectiveness of rehabilitation (score) conditioning on point HbA1c

Variable Categories Effectiveness of rehabilitation (score)
g Me Q,-q, N .
4-6 33.00 30.00-36.00 2
7-8 35.50 33.00-40.00 42 <0.001*
Point HbA1c 9-10 35.00 33.00-38.00 22 . <000t
11-13 36.00 35.00-40.00 9 D 0,031
14-20 44.00 42.00-48.00 20
175 - 8.0- T .
150_ ° o [ [ . . .
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Figure 5. Regression line characterizing Figure 7. Regression line characterizing
the dependence of effectiveness the dependence of effectiveness
of rehabilitation (score) from HbA1c of rehabilitation (score) from DN4 (score)
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Figure 6. Analysis of effectiveness
of rehabilitation (score) conditioning on point HbA1c

Figure 8. Analysis of effectiveness
of rehabilitation (score) conditioning on DN4

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

Tom 21, N2 3, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

We performed analysis of effectiveness of rehabilitation
(score) conditioning on DN4 (Table 7).

In accordance with the presented Table 7, when compa-
ring effectiveness of rehabilitation (score), statistically signifi-
cant differences were revealed depending on DN4 (p = 0.003)
(applied method: the Kruskal-Wallis test) (Fig. 8).

Correlation analysis of the association between effec-
tiveness of rehabilitation (score) and cholesterol level was
performed (Table 8).

A weak correlation positive association between cho-
lesterol level and effectiveness of rehabilitation (score) was
estimated.

Analysis of point HbAlc was performed conditioning on
effectiveness of rehabilitation (Table 9).

According to Table 9, when comparing point HbAlc, sta-
tistically significant differences were revealed depending on
effectiveness of rehabilitation (p < 0.001) (applied method:
Pearson’s chi-square test).

Discussion

Predicting rehabilitation outcomes in patients with DPN is
essential for optimizing treatment efficacy, improving patient
quality of life, ensuring cost-effective healthcare, and sup-
porting informed clinical decision-making [11, 12]. Physical
therapy is a vital component of the multidisciplinary approach
required for effective rehabilitation of diabetic polyneuropathy

[13]. By addressing pain, strength, balance, coordination, fle-
xibility, and overall functional abilities, physical therapy helps
patients manage their symptoms and improve their quality of
life. Continued research and personalized treatment plans are
essential for optimizing rehabilitation outcomes for patients
with DPN [14, 15]. The analysis indicates a significant associ-
ation between tobacco smoking status and the effectiveness of
rehabilitation. Current smokers have the lowest rehabilitation
effectiveness scores, followed by those who quit smoking, with
non-smokers having the highest scores. These findings suggest
that smoking status plays a crucial role in rehabilitation out-
comes and that non-smokers, show the most improvement
according to this measure [16, 17].

Furthermore, the findings indicate that employment sta-
tus significantly affects the effectiveness of rehabilitation.
This underscores the importance of considering socioeco-
nomic factors, such as employment, when designing and
implementing rehabilitation programs [ 18]. Further research
might explore the mechanisms behind this association and
whether supportive measures for unemployed individuals
could enhance their rehabilitation outcomes.

Additionally, the results suggest that higher HbAlc le-
vels are moderately associated with decreased rehabilitation
effectiveness scores. This finding highlights the potential
influence of glycemic control on rehabilitation outcomes,
underscoring the importance of monitoring and managing

Table 6. Results of the correlation analysis of the association between effectiveness
of rehabilitation (score) and DN4 (score)

Correlation characteristics

Variable Strength of the association assessed
P using Chaddock scale P
Effectiveness of rehabilitation (score) — DN4 (score) 0.329 Moderate 0.001*

Table 7. Analysis of effectiveness of rehabilitation (score) conditioning on DN4

5 i Effectiveness of rehabilitation (score)
Variable Categories p

Me Q,-Q, n

0-2 38.00 34.00-42.00 5

3 35.00 30.50-38.00 23 .
DN4 45 37.00 | 33.00-41.00 48 o, 2% 002
6-7 42.00 38.00-46.00 17 o
8-10 4450 42.25-46.75 2

Table 8. Results of the correlation analysis of the association between effectiveness
of rehabilitation (score) and cholesterol level

Correlation characteristics

cholesterol level

Variable Strength of the association assessed
P using Chaddock scale P
Effectiveness of rehabilitation (score) — 0.953 Weak 0.013*

Table 9. Analysis of point HbA1c conditioning on effectiveness of rehabilitation

Variable Categories Effectiveness of rehabilitation .
High Moderate Low
4-6 1(2.7) 1(3.1) 0 (0.0)
7-8 21 (56.8) 15 (46.9) 6 (23.1) <0.001*
Point HbA1c 9-10 11 (29.7) 10 (31.2) 1 (3.8) Prigh — Low < 0.001
11-13 3(8.1) 6 (18.8) 0 (0.0) Phtocerate —Low < 0-001
14-20 1(2.7) 0 (0.0) 19 (73.1)
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HbAc levels in patients undergoing rehabilitation [19, 20].
The analysis demonstrates a significant association between
HbAc levels and the effectiveness of rehabilitation. Patients
with higher HbAlc levels, particularly those in the 14—20
range, show significantly worse rehabilitation outcomes
compared to those with lower HbAlc levels. These findings
highlight the complex relationship between glycemic con-
trol and rehabilitation effectiveness, suggesting that lower
HbAlc levels might be associated with improved rehabili-
tation outcomes. Further research is needed to understand
the underlying mechanisms and to confirm these results in
larger cohorts.

These results suggest that higher DN4 scores are mo-
derately associated with decreased rehabilitation effectiveness
scores. This finding highlights the potential influence of neu-
ropathic pain severity, as measured by DN4, on rehabilita-
tion outcomes. It underscores the importance of addressing
neuropathic pain in patients undergoing rehabilitation to
potentially enhance their rehabilitation effectiveness. How-
ever, further research is needed to explore additional factors
contributing to the remaining variance and to improve the
predictive power of the model.

Conclusions

There is a significant association between smoking status
and rehabilitation effectiveness. Non-smokers have the high-
est rehabilitation effectiveness scores, followed by those who
quit smoking, with current smokers having the lowest scores.

Socioeconomic factors, such as employment, should be
considered when designing rehabilitation programs.

Higher HbAlc levels are moderately associated with de-
creased rehabilitation effectiveness scores. There is a signi-
ficant association between HbAlc levels and rehabilitation
effectiveness, with higher levels, particularly in the 14—20
range, linked to worse outcomes. Glycemic control is im-
portant in rehabilitation, and managing HbAlc levels could
improve rehabilitation outcomes.

Higher DN4 scores are moderately associated with de-
creased rehabilitation effectiveness scores. Neuropathic pain
severity, as measured by DN4, influences rehabilitation out-
comes.
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" TepHOMIAbCbKIN HALIIOHQABHN MEAVYHWI YHIBEPCUTET iMeHI |.51. fTop6ayeBCchKoro, M. TepHoninb, YkpaiHa
2 YKpQiHCbKY HAYKOBO-MPAKTUYHUY LIEHTD eHAOKPUHHOI Xipyrii, TOQHCIAQHTALIT eHAOKPUHHMX OpraHis i TkaHmH MO3 YikpaiHu,

M. KwiB, YkpaiHa

3 ByKOBUHCBKI AEPXKQBHW MEAMYH YHIBEpCUTET, M. YepHisLji, YkpaiHa

AaHi ROC-aHaAi3y Ta npeAnKTopr ePeKTUBHOCTI pedabiAitauii
Y XBOPUX HO LlYKPOBUM AiaBeT 2-ro Tuny

Pe3iome. Axmyaavnicmo. Lykposuii niadet 2-ro tuny (I112)
€ Cepii03HUM XPOHIUHUM 3aXBOPIOBAHHSIM, 1110 3HAYHO BILJIMBAE
Ha SIKiCTb XMTTS Ta € OJHI€I0 3 MPOBIAHUX MPUYUH IHBATIIU-
3auii y cBiTi. EdbexTrBHa peabinitallis TaKUX XBOPUX CIIPUSIE
MOJTIIIIEHHIO PYHKIIOHAJIBHOTO CTaHy, 3araJIbHOTO IIPOTHO3Y i
3HUXKEHHIO PU3UKY YCKIaaHEeHb. BUSBICHHS MPeIUKTOPiB eheK-
TUBHOCTI peadiliTaluiiiHUX 3aX0/iB JO3BOJISIE iIHAUBIIyali3yBaTh
MiAXOOM M0 JIiKyBaHHS 1 ONTUMIi3yBaTH TepareBTUYHI CTpaTe-
rii. Bukopuctanasg ROC-aHai3zy mist OiHKY AiaTHOCTUYHOI
TOYHOCTI IUX MPEAUKTOPIB 3a0e3nevye HaAilHICTh OTPUMAHUX
NAaHUX Ta CIpPUsIE OiIIbLI TOYHOMY NMPOTHO3YBAHHIO pe3yJibTa-
TiB peabinitauii. Mema: BU3HAYUTH NIPEIUKTOPU e(PEKTUBHOCTI
peabimiTauniiHuX 3axoniB y xBopux Ha L[/I2 Ta oiHUTH IXHIO
IiarHOCTUYHY TOUHICTh 3a goromoroio ROC-ananizy. Ile no3-
BOJIUTH ONTUMIi3yBaTu peabiniTaliliHi mporpamMu, MiABUILUTHA
iXHI0 e(DEeKTUBHICTb Ta MOJIMIIUTH SKICTb XUTTS MALLi€HTIB.
Mamepiaau ma memoou. [11s nporHo3yBaHHS e(EeKTUBHOCTI
peabimiTalii mpu niabeTUYHIN MMoJiHepomnaTii 0yJ10 06CTeKeHO

95 oci6 i3 LIJ12. 3acTocoByBaJuCsI METOIM OTIUCOBOT CTATUCTU -
KM, Kopensuiiauii i ROC-anHani3 o ouiHKy AiarHOCTUYHOT
TOYHOCTI MIPeAUKTOPiB e(peKTUBHOCTI peabinitauii. Pezyavmamu.
AHaJti3 ToKa3ye CHJIBHUI 3B’SI30K MiX KYpPiHHSIM Ta e(heKTHB-
PesynbraTu cBimyaTh, 110 MiABUILEHUI piBEHb ITiKOBAHOTO Ie-
Morno6iny (HbAlc) moMipHO acoLilO€ThCS 3i 3HUKEHHSIM edek-
TUBHOCTI peabinitauii. [Mauientn 3 Bummmu pisusmu HbAlc,
0c00JMBO B miama3oHi 14—20, MaoTh 3HAYHO TipIli pe3yabTaTh
peabiniTaliii mopiBHSIHO 3 ocobaMu 3 HIXKUYMM yMicToM HbAlc.
Buii mokasHuku DN4 moMipHO acoLiOOThCS 3i 3HUKEHHSIM
edexkTuBHOCTI peabiniTanii. Bucnoexu. BcraHoBIeHWIT BUpaxe-
HUI 3B’I30K MiX KypiHHSIM Ta e(peKTUBHicTIO peadimitamii. [Tix-
BUILEeHU piBeHb HbAlc moMipHO acoLilOETHCS 3 11 3HUKEHHSIM.
TskKicTh HeliporaTUYHOTO 00JII0, BUMipsiHa 3a mKajaow DN4,
BIUIMBAE HA pe3yJibTaTu peadimitalii.

KirouoBi citoBa: uykposuii niabet; niabeTyHa noJiiHeiiponaris;
peabiniTanis; i3uuHa Teparrisi; MpOrHo3yBaHHS
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Use of thermoplastically extruded cereal products
in nutrition support of patients
with chronic pancreatitis and metabolic disorders

Abstract. Background. Chronic pancreatitis (CP) is a complex progressive disease of the pancreas, which is accom-
panied by significant metabolic disorders, exocrine insufficiency, maldigestion, and malabsorption. Patients with CP often
face nutritional deficiencies, which include protein, vitamin, and mineral deficiencies. This leads to weight loss, anemia,
and deterioration in the quality of life. One of the key elements in the treatment of such patients is diet therapy aimed at
correcting nutrient deficiencies and compensating for impaired digestive system functions. In modern gastroenterological
practice, functional food products manufactured using extrusion technology are attracting increasing attention. It allows
creating products with high bioavailability, easy digestibility, and an optimal balance of proteins, fats, and carbohydrates.
In particular, thermoplastically extruded products based on wheat, buckwheat, and rice cereals, enriched with chicken
fillet, carrots, apples, and pumpkin, show high potential in correcting the nutritional status of patients with CP. The purpose
of the study was to assess the effectiveness of using thermoplastic extruded products in diet therapy of patients with CP.
Materials and methods. The study involved 110 patients, who were divided into two groups: the main (70 participants
with CP who received the proposed mixture for enteral nutrition) and the comparison one (40 people with isolated CP
who were fed a standard diet). The assessment of nutritional status included determining the level of albumin, hemo-
globin, body mass index, as well as the content of pancreatic elastase-1 in feces. For 12 weeks, patients in the main
group received extruded products as the main element of the diet. Results. A significant improvement in the nutritional
status of the patients was noted. The albumin level increased from 32.1 + 1.8 g/l to 38.5 + 2.1 ¢/l, and hemoglobin from
112 + 5 g/l to 125 + 6 g/l. The patients’ body mass index increased 1.7 times. All changes were statistically significant.
The organoleptic evaluation of the products showed that 91 % of the patients rated them as “tasty” or “very tasty’, which
ensures a high level of the diet acceptability. In addition, the products are well tolerated, which increases compliance with
therapy. Conclusions. The use of thermoplastic extruded products in diet therapy for patients with CP is a promising
direction in the treatment of this disease. It allows to ensure the correction of nutritional status, improve the quality of life,
and also contribute to reducing the risk of developing complications associated with metabolic disorders.

Keywords: chronic pancreatitis; metabolic disorders; extruded products; nutritional support; diet therapy; func-
tional nutrition

Introduction

Chronic pancreatitis (CP) is a progressive disease of
the pancreas, characterized by the development of fibrosis,
loss of functional organ tissue, and impaired exocrine and
endocrine functions [1]. These pathological changes lead
to maldigestion, malabsorption, chronic pain, and serious
metabolic disorders that reduce the quality of life of patients
and cause a significant medical and social burden [2].

According to current studies, the prevalence of CP in the
adult population is 27—50 cases per 100,000 people, and the
incidence is increasing annually [3]. The main risk factors are
long-term alcohol consumption, smoking, gallstone disease,
metabolic syndrome, and genetic predisposition [4].

Patients with CP have progressive exocrine insufficien-
¢y, accompanied by a decrease in the level of pancreatic
enzymes, including lipase, amylase and trypsin. This causes
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malabsorption of nutrients, especially fats and fat-soluble
vitamins (A, D, E, K) [5]. Insufficient intake of these sub-
stances into the body leads to weight loss, anemia, osteopo-
rosis, the development of polyhypovitaminosis and impaired
immune system function [6].

More than 50 % of patients with CP have clinically sig-
nificant protein and energy deficiencies, which are associated
with an increased risk of complications and mortality [7].
Such patients often develop concomitant diseases, in particu-
lar hypertension, which significantly complicates the course
of CP due to the activation of oxidative stress and systemic
inflammation [8].

Modern approaches to the treatment of CP and meta-
bolic disorders are based on multicomponent therapy, which
includes drug correction of exocrine insufficiency, diet the-
rapy, control of chronic pain and prevention of complica-
tions [9]. Among them, diet therapy plays a key role, which
is aimed at compensating for nutrient deficiencies, improving
the functional state of the digestive system and the general
well-being of patients [10].

However, traditional approaches to diet therapy have a
number of limitations associated with poor digestibility of
ordinary foods due to impaired enzymatic activity. One of
the innovative solutions is the use of functional food products
manufactured using thermoplastic extrusion.

The aim of the study is to develop and evaluate the effec-
tiveness of using thermoplastically extruded products in diet
therapy for patients with CP, particularly in conditions of
exocrine pancreatic insufficiency.

Materials and methods

The study involved 110 patients with an established
diagnosis of CP and metabolic disorders, aged 33 to
45 years, who were divided into two groups: the main
group (70 people with CP, who, against the background
of standard therapy, received the proposed mixture for en-
teral nutrition), the comparison group (40 people with CP,
whose nutrition was carried out according to dietary table
No. 5 according to Pevzner [11]) who were treated in the
Department of Liver and Extrahepatic Biliary Surgery of
the State Institution “Institute of General and Emergency
Surgery of the National Academy of Medical Sciences of
Ukraine, Ukraine and the Department of Gastroente-
rology of the 18™ City Clinical Hospital (Kharkiv) in the
period from 2023 to 2024. All patients were examined ac-
cording to a single program developed on the basis of the
order of the Ministry of Health of Ukraine dated July 4,
2023 No. 1204 “On Approval of the Unified Clinical Pro-
tocol of primary and specialized medical care “Chronic
pancreatitis”, taking into account the Cambridge classi-
fication of chronic pancreatitis. The research methods are
ethical and meet international standards. The participants
were informed and gave informed consent to participate
in the study, which does not pose risks to their health and
well-being. The study received approval from the ethics
committee.

The age of the patients in the main group ranged from
33 to 45 years with a median of 38 years, the ratio of men to
women was 27.1 and 72.9 %, respectively. In the comparison
group, the age of the patients ranged from 32 to 43 years with

a median of 33 years, and the ratio of men to women was 30
and 70 %, respectively. Thus, the groups are comparable in
terms of gender and age.

Together with specialists from the Department of
Bakery and Confectionery Technology of the State Bio-
technological University (Kharkiv, Ukraine), mixtures for
enteral nutrition of patients with CP were developed and
tested, taking into account the daily nutritional needs and
nutrient malabsorption syndrome. The developed extru-
ded products were made on the basis of wheat, buckwheat
and rice cereals with the addition of chicken fillet, carrots,
pumpkin and apples. Extrusion technology provided high
bioavailability of nutrients and improved organoleptic
properties, which was important for patients with digestive
disorders.

Given that the level of nutritional status disorders in pa-
tients with CP varies depending on the cause of the disease
and its severity, and requires an individual approach to cor-
rection, the main goal of nutritional support in the treatment
of CP is to achieve adequate caloric and nutritional value of
food products and the diet as a whole through the products
recommended for use.

The nutrition plan during treatment included an indivi-
dually balanced diet that brings the usual food intake closer
to a healthy and balanced nutritional model. Additionally,
high-calorie drinks were taken into account, which contri-
bute to an increase in the supply of energy and nutrients. The
nutrition plan for patients in the main group included forti-
fied foods and dietary supplements to prevent deficiencies of
essential nutrients.

Method of manufacturing mixtures for enteral nutrition.
In the process of thermoplastic extrusion, loose raw mate-
rials were prepared in the form of a mixture and through a
special hole entered the working chamber, where they were
mixed while moving along it along a complex trajectory,
which leads to an increase in the degree of compression.
The degree of compression was determined by the ratio
of the area of the working channel to the total area of the
exit jets through which the product exits from the matrix.
During extrusion, the initial material containing starch was
subjected to thermomechanical action, which leads to its
destruction and transformation from a state of loose dis-
persed material into an elastic-viscoplastic mass (gel). This
mass is characteristic of highly concentrated starch pastes
and denatured proteins.

The following cereals were selected as the main grain
product allowed for consumption by patients with panc-
reatitis: wheat, buckwheat and rice. Chicken fillet, carrots,
apples and pumpkin were selected as enriching additives
for fortification of traditional cereal products. In order to
expand the range of products with different taste and nutri-
tional benefits, the possibility of producing products sepa-
rately based on each cereal and their mixtures was consi-
dered. Namely, product technologies were developed based
on the following mixtures: wheat vitamin mixture; wheat
protein mixture; buckwheat vitamin mixture; buckwheat
protein mixture; rice vitamin mixture; rice protein mixture;
combined mixture.

The following research methods were used in the work
on creating mixtures.
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The amino acid score was determined by the ratio of the
amount of each essential amino acid in the protein under study
to the amount of the same amino acid in the “ideal protein”:

mg AA in 1 g of the tested protein
mg of AA in 1g of ideal protein

Amino acid score = x 100, (1)
where AA is any essential amino acid.

The method for determining the biological value of a
protein by the adjusted amino acid score taking into account
the limiting amino acid and the “apparent” digestibility of
the protein — PDCAAS was proposed by FAO/WHO in 1991
according to the formula of G. Schaafsma, 2000.

mg of limiting AAin 1g
of the tested protein

mg of the same AAin 1g
of ideal protein

PDCAAS, % = xCD x 100, 2)

where CD is the coefficient of “apparent” protein digestibility
of the product.

DIAAS is a relatively new method recommended by
FAO/WHO and used as the main one in assessing the protein
value of protein. It assesses the biological value by amino acid
score, adjusted for the digestibility of essential amino acids
in the ileum, based on measuring the digestibility of each
individual essential amino acid in the small intestine, namely
in its section — the ileum — as opposed to the traditionally
accepted method of determining protein digestibility, which
is measured in feces.

mg of limiting AAin 1g

B of the tested protein D of amino acid
DIAAS, % = 100 % mg of the same AAin g in the ileum. (3)
of ideal protein

The energy value of extruded products based on wheat
cereals was about 340 kcal; buckwheat cereals — 303 kcal;
rice cereals — 317 kcal and a mixture of cereals — 322 kcal.

The carbohydrate content was within 60—66 g per 100 g
of product and fluctuated significantly with changes in the
recipe composition.

An important component is meeting the patient’s needs
for micronutrients, and it is worth noting that the most com-
mon deficiency is that of vitamins D, K and E. Deficiency
of water-soluble vitamins is less common. In addition, many
patients may have clinical and laboratory indicators of mineral
deficiencies, such as magnesium, iron, zinc and selenium [12].

Tables 1 and 2 show the content of vitamins, macro- and
microelements in extruded products for nutritional support
of patients with CP.

The calculation of the amino acid score of the developed
mixtures is given in Table 3.

The formula proposed at the meeting of the FAO Expert
Consultative Meeting in 2011 [13] was used as the reference
protein.

Patients of the main group consumed the developed mix-
tures both in dry form and by pouring them with warm water,
since warm liquid nutrition is recommended for patients
with pancreatitis. The consistency of the product prepared
for consumption depended on their personal preferences.
When pouring the product with water, it acquired the taste
properties of the corresponding porridge with meat or with
fruits and vegetables.

The clinical study included the collection of data on the
history of the disease, the frequency of exacerbations and
concomitant pathologies. All participants signed an informed
consent to participate in the study, which was approved by
the ethics committee.

The study protocol provided for a baseline assessment of
the patients’ condition before the start of the use of extruded
products, an intervention lasting 30 weeks with a subsequent
control examination (on the day 31—32 day of observation).

Table 1. Vitamin content in extruded products for nutritional support of patients with chronic pancreatitis

Unit of | Wheat | Wheat | Buckwheat | Buckwheat | Rice Rice

Nutrient measu- | vitamin | protein vitamin protein vitamin | protein

rement | mixture | mixture mixture mixture mixture | mixture
Vitamin A, PE Hg 50.99 42.39 50.69 51.35 27.84 21.08
Beta carotene mg 0.47 0.38 0.47 0.47 0.25 0.19
Vitamin B,, thiamine mg 0.40 0.40 0.20 0.21 0.36 0.36
Vitamin B,, riboflavin mg 0.30 0.31 0.30 0.31 0.09 0.09
Vitamin B, mg 4.90 5.45 5.01 5.57 0.04 0.34
Vitamin B,, choline mg 23.36 28.47 53.01 57.89 88.56 90.76
Vitamin B, pantothenic acid mg 0.91 0.99 1.19 1.27 0.64 0.68
Vitamin B, pyridoxine mg 0.40 0.45 0.40 0.44 0.57 0.59
Vitamin B,, folate ug 78.11 77.60 42.04 42.11 37.13 37.02
Vitamin E, alpha tocopherol, TE mg 1.37 1.36 0.10 0.1 0.88 0.88
Vitamin H, biotin Hg 12.45 12.39
Vitamin K, phylloquinone mg 2.98 2.81 0.62 0.62 0.32 0.24
Vitamin PP, HE mg 5.50 5.47
Niacin mg 3.94 3.92
Vitamin C mg 1.00 0.49 1.10 0.56 0.55 0.25
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Table 2. Content of macro- and micronutrients in extruded products

Nutri Unitof | Wheat | Wheat | Buckwheat | Buckwheat | Rice Rice Composite
utrient measu- | vitamin | protein vitamin protein vitamin | protein | ™ . 5"
rement | mixture | mixture mixture mixture mixture | mixture
Macronutrients
Potassium, K mg 407.67 | 422.24 334.36 353.27 340.34 | 346.14 373.57
Calcium, Ca mg 4217 41.01 19.44 18.73 43.05 42.36 33.97
Silicon, Si mg 1286.50 | 1280.49 | 408.65
Magnesium, Mg mg 121.22 121.27 214.89 214.08 121.08 | 121.11 153.29
Sodium, Na mg 6.19 7.25 15.12 16.55 33.24 33.62 18.46
Sulfur, S mg 0.22 0.27 62.36 61.96 19.77
Phosphorus, P mg 375.94 | 385.24 311.73 322.04 342.29 | 347.03 350.09
Chlorine, CI mg 0.09 0.11 138.03 | 137.34 43.83
Micronutrients
Aluminum, Al ug 4.86 6.04 948.63 | 941.78 300.56
Boron, B Hg 10.82 13.45 237.81 231.31 73.82
Vanadium, V Hg 0.18 0.22 415.09 | 413.06 131.82
Iron, Fe mg 3.48 3.37 2.58 2.46 2.25 2.20 2.69
lodine, | Hg 0.09 0.11 2.43 2.38 0.76
Cobalt, Co Mg 0.04 0.05 7.18 713 2.27
Manganese, Mn mg 3.15 3.12 1.56 1.54 3.77 3.75 2.78
Copper, Cu ug 496.22 | 486.15 585.62 573.69 583.43 | 578.29 547.07
Molybdenum, Mo Hg 0.27 0.33 27.83 27.57 8.80
Nickel, Ni ug 0.75 0.93 53.91 53.29 17.01
Rubidium, Rb pg 2.78 3.46 1.39
Selenium, Se ug 69.49 70.26 8.12 9.54 20.76 21.41 33.67
Strontium, Sr ug 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fluorine, F ug 0.49 0.11 0.58 0.14 83.25 82.67 26.47
Chromium, Cr 3o} 0.18 0.22 2.99 2.89 0.92
Zinc, Zn mg 2.68 2.69 2.35 2.36 1.88 1.89 2.32
Table 3. Characteristics of the protein quality of extruded products studied for the content
of essential amino acids
Amino acids (222]] \mgﬁﬁtn [\)’I\"gteeailt‘l Bt‘x’ci;tlgﬂ;ﬁat B%ﬁﬁﬁ?ﬁm vi?anl::in plfgf:in Composite
RIR mixture | mixture mixture mixture mixture | mixture RIS
Lysine 48 65.74 81.83 98.67 109.91 80.94 91.30 92.95
Histidine 16 145.18 | 155.82 135.52 146.38 158.28 | 164.92 152.29
Threonine 25 137.98 142.59 144.16 148.25 140.24 | 143.40 144.32
Tryptophan 6.6 202.51 | 201.37 203.97 202.83 181.65 | 182.60 197.73
Methionine + cystine 23 171.36 | 169.83 123.31 127.37 168.45 | 167.65 152.04
Phenylalanine + tyrosine 41 211.04 | 208.31 130.84 137.10 227.37 | 224.03 183.20
Valine 40 111.63 113.86 118.97 120.30 133.19 | 133.00 120.73
Isoleucine 30 128.25 | 132.54 116.95 122.23 124.64 | 128.08 126.50
Leucine 61 118.47 | 120.64 95.81 100.31 150.51 | 149.40 118.77
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Table 4. Score evaluation of organoleptic indicators of extruded products

Indicator

weighting
factor

Indicator characteristics

Typical, pronounced

Typical, weakly expressed

Odor 5

Atypical, slightly altered, but weakly expressed

Atypical, foreign, clearly expressed

Typical, plain

Typical, plain, slightly darkened or lightened

Color 8 Typical, not plain

Altered (lightened or darkened)
Atypical (significantly modified)

Typical, homogeneous

Typical, homogeneous, sticky or stiff

Consistence 4

Typical, homogeneous, sticky or hard

Atypical, heterogeneous, sticky, watery

Typical, pronounced

Typical, weakly expressed

Taste 8

Atypical, with a foreign taste

Atypical — stale, expressed quite strongly

To assess the condition of the patients, we carried out
anthropometry (determination of body weight, body mass in-
dex), biochemical blood tests (albumin, hemoglobin levels),
as well as determination of the level of pancreatic elastase- 1
in feces to assess the exocrine function of the pancreas ac-
cording to standard methods.

During the organoleptic study of wheat flakes from
wheatgrass, the following indicators are determined: taste,
color, smell.

The organoleptic evaluation of extruded products was car-
ried out according to the quality indicators given in Table 4.

In the case of score assessment, the evaluation score is
multiplied by the weighting factor obtaining a total score
in points. Products of excellent quality must have a score
of at least 90 points, good — 80—89, satisfactory — 60—79.
A product that received a score below 60 points is of unsa-
tisfactory quality.

For statistical data processing, the general-purpose data
processing program package “Statistica for Windows” was
used.

For data presentation, the median and mean values were
used as indicators of the measure of location; standard de-
viation as an indicator of the measure of dispersion. As a
non-parametric comparison method, the Mann-Whitney
test (MWT) was used to compare two independent groups,
the Wilcoxon test (WT) was used to evaluate the dynamics of
indicators, and the t-test was used to compare percentages.

Not expressed (absent)

Typical, with the presence of unevenly cooked grains

Not expressed (absent)

= N W~ OO = N W s O = D O >~ A =2 NN OB o

Results

According to our data, consumption of 200 g of extru-
ded products satisfied from 40 to almost 90 % of the daily
requirement. The highest level was achieved with the buck-
wheat protein mixture (Fig. 1).

BCAA are three branched-chain amino acids: leucine,
isoleucine, and valine. It is known that branched-chain ami-
no acids, or BCAA, are proteinogenic, meaning they are
the main building blocks for protein synthesis. Studies have
shown that these amino acids are absorbed more quickly in
the gastrointestinal tract and enter the bloodstream than
short, unbranched amino acids. This means that protein
synthesis with their participation is accelerated. They exist
as part of the body’s support during mass gain and recovery.
The level of BCAA in the developed products is shown on
Fig. 2.

The limiting amino acid of grain products used as a basic
component is lysine. The use of enriching additives allows
to raise the level of lysine in mixtures to 80—90, and in the
buckwheat protein mixture the amino acid score for lysine
exceeded 100.

It is known that lysine has a great positive effect on the
human body, in addition, it improves the functioning of the
intestine, restores the balance of microflora, treats dysbiosis,
relieves inflammation and helps in the treatment of pancre-
atitis. Therefore, increasing the level of lysine in the protein
composition of the developed products is important.
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Figure 1. Daily requirement of BCAA for people with different body weights under the condition
of consuming 200 g of extruded products per day
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Figure 2. Level of BCAA in developed products (g per 100 g of product)

The study assessed the impact of thermoplastically extruded
products on the nutritional status of patients with CP (Table 5).

The values of the pancreatic elastase-1 index in the sub-
jects of the main group and the comparison group were sig-
nificantly lower than the content of pancreatic elastase-1
in patients of the control group (p < 0.05, MWT). The dif-
ferences in the values of the pancreatic elastase-1 index in
patients of the main group and the comparison group did not
reach a statistical level.

In general, the majority of patients of the main group
and the comparison group in terms of the level of panc-
reatic elastase-1 in the blood serum had an average degree of
severity of excretory insufficiency of the pancreas (43—61.4
and 25—62.5 %, respectively). A mild degree of enzyme syn-
thesis disorder was observed in 27 (38.6 %) and 15 (37.5 %)
individuals, respectively.

Patients with severe excretory insufficiency were not in-
volved in the work.

Table 5. Dynamics of laboratory parameters in patients with CP on the background of consumption
of extruded products

Laboratory parameters

Before treatment

Blood serum albumin (g/l) 32.1+1.8
Hemoglobin (g/l) 112+ 5
113.0 £ 17.7¢

Pancreatic elastase-1 (ug/g) 113.1 (85-156)*

Patient groups, study terms
 wam [ compaisn |

Day 31-32 Before treatment Day 31-32
38.5+2.0 33.0+1.7 36.2+2.0
125+ 6 114+ 4 120 £ 5
391.0 + 63.5*

391.8 (253-507)*

Note: * — statistically significant differences from the control group (p < 0.05, MWT).
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The albumin level in patients of the main group increased
1.2 times from 32.1 £ 1.8 g/1 to 38.5 = 2.1 g/1 (p < 0.01,
WT), while in the comparison group — 1.1 times: from
33.0%+ 1.7 g/1t0 36.2 £ 2.0 g/1 (p <0.01, WT).

The hemoglobin level in patients of the main group in-
creased 1.1 times from 112 £ 5 g/I to 125 + 6 g/1 (p < 0.01,
WT), and in the comparison group — 1.05 times: from
114 £ 4 g/1to 120 = 5g/1 (p < 0.01, WT).

The level of pancreatic elastase-1 in feces increased by
15 % in the main group, indicating improved exocrine func-
tion. In the comparison group, such changes were less pro-
nounced (7 %, p < 0.05, t-test).

Patients in the main group after 30 weeks of using ex-
truded products showed a significant improvement in body
weight and body mass index (BMI). BMI increased by
1.8 times, while in the comparison group only by 0.8 times.
The changes were statistically significant (p < 0.05, WT).

91 % of patients in the main group rated the products as
“tasty” or “very tasty”, which ensures high compliance with
the diet. At the same time, buckwheat and rice mixtures re-
ceived a score of 90 points, and mixtures made from wheat
cereals — 84—86 points.

Discussion

High physiological and technological requirements
are imposed on nutritional support products for the treat-
ment of CP. The first group of requirements includes a
balanced chemical composition, high nutritional value
and easy digestibility of the product. The limiting factor
is the narrow range of products recommended for use.
Technological requirements include ease of preparation
for use. Products manufactured by thermoplastic extru-
sion meet these requirements. The use of thermoplastic
extrusion technology for grain products allows you to
obtain a ready-to-use product with adjustable properties
that is well digestible.

Nutritional support is an important part of the treat-
ment of CP and aims to ensure sufficient calorie intake,
regulate the response to oxidative stress, and prevent cata-
bolic processes during the course of the disease [14]. In
the case of the development of hypercatabolic syndrome
in patients with CP, energy expenditure can increase by
77—158 % [15]. To calculate nutritional support, it is re-
commended to take into account the following standards
of consumption per 1 kilogram of body weight during the
day [14]: energy from 25 to 35 kcal; carbohydrates from 3
to 6 g (at that, the concentration of glucose in the blood
serum should not exceed 10 mmol/1); protein from 1.2
to 1.5 g (with possible correction in the case of acute re-
nal or hepatic failure); fats — 2 g (at that, the content
of triglycerides in the blood serum should not exceed
12 mmol/I).

The developed mixtures for enteral nutrition fully met
these requirements.

The results of the study confirm the effectiveness of ther-
moplastically extruded products in diet therapy of patients
with CP. A significant increase in albumin and hemoglobin
levels indicates an improvement in protein-energy status,
which is consistent with the results of other studies [1, 15].
An increase in pancreatic elastase-1 levels confirms the

positive effect of extruded products on the exocrine function
of the pancreas. This may be due to the high bioavailability
of proteins and vitamins, which is provided by extrusion
technology [16].

In our study, patients in the main group demonstra-
ted better results than patients in the comparison group.
This may be explained by a more pronounced effect of
the developed products on compensatory mechanisms
in combination with CP. According to modern studies,
oxidative stress and systemic inflammation with hyper-
tension aggravate nutritional disorders in CP, and the use
of products enriched with antioxidants and vitamins helps
to reduce them [4, 15].

The organoleptic acceptability of products plays an
important role in increasing patients’ compliance with
diet therapy, which is also confirmed by previous studies
[16, 17].

According to current studies, extruded products
demonstrate a positive effect on the nutritional status of
patients with CP, reduce symptoms of malabsorption and
contribute to an increase in energy and endurance levels.
In particular, they allow to restore protein and vitamin
deficiencies, facilitate digestion processes and are well
tolerated by patients [18, 19]. The use of thermoplastically
extruded cereal products made from wheat cereals, rice or
buckwheat will allow adding a new product to the diet of
patients with pancreatitis. This product is almost ready
to use, adding warm liquid to the product allows you to
quickly prepare warm porridge of the required consisten-
cy. This will allow you to use small meals without unne-
cessary effort and quickly if necessary. Extruded cereal
products will be able to satisfy such nutritional require-
ments of patients with pancreatitis as the consumption of a
high-calorie product that is easily digestible. The products
are very low in fat, and carbohydrates are represented by
dextrinized starch, which is more easily digested and does
not belong to simple sugars.

Thermoplastic extrusion technology allows the creation
of products that are characterized by: high bioavailability
of proteins, vitamins and minerals; easy digestibility due to
improved texture and reduced antinutrient content; enrich-
ment with essential nutrients such as amino acids, fiber and
antioxidants [20].

Conclusions

The use of thermoplastically extruded products in diet
therapy of patients with chronic pancreatitis allows for im-
proved nutritional status, as confirmed by increased albumin
and hemoglobin levels.

In patients with CP, the developed products contribute
to a more significant improvement in protein-energy status
and exocrine pancreatic function compared to patients who
followed a standard diet.

The high level of organoleptic acceptability of the pro-
ducts ensures high compliance with diet therapy, which is
important for long-term treatment of patients with CP.

Thermoplastically extruded products are an effective
and promising component of complex therapy for chronic
pancreatitis, especially in the presence of comorbid con-
ditions.
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" AepXKQABHMM GIOTEXHOAOTIYHWM YHiBEpCUTET, M. XQPKIB, YKPQIHO

2 XQpKiBCbKM HQLIOHQABHA MEAMYHI YHIBEPCUTET, M. XapKiB, YKpQiHO

BUKOPUCTAHHS TEPMONACACTUYHO EKCTPYAOBOHUX 3€PHOBUX MPOAYKTIB
Y XOPYOBiN NIATPUMLL XBOPUX HO XPOHIYHMUIA NAHKpPEeATUT
i3 NOPYLUEHHSIMU MEeTABOAIZMY

Pe3iome. Axkmyaavnicmo. Xponiunnii nankpearut (XI1) — ue
CKJIAJIHE MPOTPECYIoUe 3aXBOPIOBAHHS MiAILITYHKOBOI 3aJ103U, SIKE
CYIIPOBOIKYETHCSI 3HAUHUMU METa0OJIYHUMU TTOPYIICHHSIMU,
€K30KPUHHOIO HEOCTATHICTIO, MAJIBIUTECTIEI0 Ta MaTbabCOPO-
uieto. [Mamientu 3 XI1 yacTo cTUKaOThCS 3 HYTPUTUBHOIO He-
JIOCTaTHICTIO, 1110 BKJIoYae AediuuT OinKiB, BiTaMiHiB i MiHepa-
JiB. Lle 3yMOBITIOE 3HMKEHHSI MaCH Tijla, aHEMIIO Ta TTOTipIIeHHS
sgKoCTi XKUTTs. OMHUM i3 KIIIOUOBUX €JIEMEHTIB JIIKyBaHHS TaKNX
MallieHTIB € Ji€eToTepallisi, CIpsSIMOBaHA Ha KOPEKIIilo aediuuTy
HYTPI€HTIB i KOMIIEHCaIlil0 TOpYIIeHNX (DYHKIIii TPaBHOI CUCTEMMU.
Y cydacHiit racTpoeHTepOJIOTIUHIi MPaKTHILLi BCce OiIbIIY yBary
MIPUBEPTAIOTh (DYHKIIIOHAJIBbHI Xap4oBi ITPOIYKTH, BUTOTOBJICHI 3a
JIOITIOMOTOI0 €KCTPY3iitHO1 TexHo10rii. BoHa 103BoJIsIE CTBOPIOBATH
MPOIYKTH 3 BUCOKOIO O10JIOTTYHOIO TOCTYITHICTIO, JIETKOIO 3aCBOIO-
BaHICTIO, ONTUMAIBHUM OajlaHCOM OiJIKiB, XUPIB i BYTJIEBO/IiB.
3o0KpeMa, TepMOIUIACTUYHO €KCTPYIOBaHi MPOAYKTH Ha OCHOBI
MIIEHUYHOI, FpevyaHoi Ta pUCOBOI KpYII, 30araueHi KypsiauM die,
MOPKBOI0, SI0JTYKOM i rap0Oy30M, MaloTh BUCOKUIA TTOTEHILial y KO-
pekuii HyTpuTUBHOTO cTaTycy xBopux Ha XI1. Mema: ouinutu
e(heKTUBHICTh BUKOPUCTAHHSI TEPMOIUIACTUYHO €KCTPYIOBAHUX
MPOAYKTIiB Yy AieTotepartii oci6 i3 XI1. Mamepiaau ma memoodu.
Mo nocmimkeHHst O0yino 3aixydeHo 110 maiieHTiB, SKMX pO3MOIi-
JIeHo Ha ABi rpynu: ocHoBHY (70 yyacHukiB i3 XI1, orpumyBaiu
3aMpPONOHOBAHY CYMIlII JJIST eHTePAJIbHOTO XapuyBaHHsI) Ta TPYITy
nopiBHsHHSA (40 oci0 i3 i3oapoBaHuM XI1, xapuyBaaucs 3rigHo 3i

CTaHIAPTHOIO Ai€To10). OlLliHKa HYyTPUTUBHOTO CTAaTyCy BKJIIoYaia
BU3HAYEHHs PiBHSI albOyMiHy, reMOIJIOOiHY, iHAEKCY MacH Tija,
a TaKkoX BMiCTy MaHKpeaTuyHoi enacrasu-1 y kanii. [Iporsrom
12 THKHIB MALIIEHTA OCHOBHOI TPy OTPUMYBAJIN €KCTPYIOBaHi
MPOJYKTH SIK OCHOBHUIA eJleMeHT paliony. Pesyssmamu. OtpumMaHi
JlaHi CBiIYaTh MPO 3HAYHE IMOJIIMILIEHHSI HyTPUTUBHOTO CTATYCy.
PiBenb anpOyminy 3pic i3 32,1 + 1,8 r/m mo 38,5 £ 2,1 r/x1, a remo-
rno6iHy — 3i 112 £ 5 r/n go 125 £ 6 r/n. IHaekc macu Tina nariti-
€HTIiB 3011bIIMBCS B 1,7 pa3a. Yci 3MiHM Majiu CTaTUCTUYHO 3HAUY-
it xapakrep. OpraHoyienTUYHA OLliHKA MIPOIYKTIB MoKa3asa, 110
91 % y4acHWKIB OLIHMIN iX K «CMauHi» a00 «IyXe CMadHi», 110
3a0e3mnevye BUCOKUIM piBeHb MPUITHATHOCTI Hietu. ExcTpymoBaHi
MPOAYKTU € e(heKTUBHUM KOMITOHEHTOM JieToTepariii ocio i3 XI1.
IXHe BUKOpUCTAHHS 103BOJIsIE 3MEHIIIUTH TIPOSIBU MaIbabCOPOLLil,
TOJIMILIUTY 3aCBOEHHSI OUIKIB, BiTaMiHiB Ta MikpoeseMeHTiB. Kpim
TOTO, MPOAYKTH N0OpE MePEHOCIThCS MalliEHTAaMU, 110 MiIBUIILYE
MPUXUIBHICTD 10 Teparlii. Buchoeku. BukoprcTaHHs TepMoILIac-
TUYHO €KCTPYIOBaHUX MPOAYKTIB y AieToTeparii nauieHTiB i3 XI1
€ TIepCITIEKTUBHUM HAIIPSIMOM Y JIIKYBaHHI 1IbOTO 3aXBOPIOBAHHSI.
BoHo 103BosIsiE 3a6€3MeYNTH KOPEKIIil0 HYTPUTUBHOTO CTAaTyCy,
TMOJTITIIUTY SIKICTh KUTTSI, @ TAKOX CIPUSITU 3HVKEHHIO PUBUKY
YCKJIQJIHEHb, MTOB’SI3aHUX i3 META0OTIYHUMU TTOPYIIEHHSIMU.
Kuo4oBi ciioBa: xpoHiuHmii maHKpeaTuT; MeTabosIiuHi MOpyLIEH-
Hsl; eKCTPYIOBaHi MPOAYKTU; HYTPUTUBHA IMTiIATPUMKA; TiETOTEpa-
mist; GyHKIIOHAJIbHE XapuyBaHHS
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Sex hormones influence on epilepsy
in young men

Abstract. Background. Hormonal changes in epilepsy have been studied mainly in women. Changes in sex
hormones in men have hardly been studied, despite the possible significant impact of epilepsy on the hormonal
spectrum in general and on sex hormones in particular. Hormonal dysfunction is also a known factor in worsening
the clinical course of epilepsy. The purpose of this study was to investigate sex hormones in young male patients
with epilepsy depending on the age of epilepsy onset, clinical course of the disease, type of seizures and form of
epilepsy. The content of estradiol, progesterone, testosterone, prolactin was studied. Materials and methods.
The study involved 80 male patients aged 18—44 (mean of 32.73 + 7.23) years with epilepsy who were classified
as young adults according to the WHO classification. The sample was random. All participants provided informed
consent to participate in the study voluntarily. All patients with epilepsy were divided into three groups. The first
group consisted of patients with age of epilepsy onset under 13. The second group included patients whose epilepsy
onset occurred during puberty (13—17 years). The third group consisted of patients with epilepsy onset at the age
of 18 years and older. All patients had a history of epilepsy for at least 1 year. The studies were carried out on the
basis of clinical symptoms and instrumental data analysis. The hormonal status of the subjects was studied by de-
termining serum level of sex hormones. Results. General trends were found in all patients with epilepsy: increased
estradiol, decreased prolactin, and decreased testosterone. The degree of hormonal imbalance in patients with
epilepsy depended on the age of epilepsy onset (prepuberty, puberty, post-puberty), the type of seizures and the
clinical course of epilepsy. The present study established the relationship between the level of steroid hormones in
young men and the age of epilepsy onset. It also examined the relationship between steroid hormone levels and
the form of epilepsy, the type of epileptic seizures and their frequency. Conclusions. In men aged 20—44 years
who are classified as young subjects by the WHO, epilepsy is accompanied by an imbalance in sex hormone. The
nature of the hormonal imbalance depends on the age of epilepsy onset, although in all age subgroups, there was
a tendency toward an increase in estradiol, a decrease in progestin and testosterone. Hormonal imbalance in men
with epilepsy may be evidence that sex hormones are involved in the development of epileptogenesis in young age.
Keywords: epilepsy; sex hormones; testosterone; progesterone; prolactin; estradiol; young men; antiseizures
medications

Introduction

Reproductive and sexual dysfunctions are typical for pa-
tients with epilepsy and are not differentiated by gender [1].
It is known that the birth rate is reduced in both women with
epilepsy and men [2].

The incidence of hyposexuality and decreased potency
in men with epilepsy varies from 38 to 71 % [3—5]. Disor-
ders of sexual desire and arousal are described in 30—60 %

of patients with epilepsy. About one third of sexually active
men with epilepsy have difficulty with erection or ejacula-
tion [6, 7]. A decrease in libido or potency occurs in about
20 % of men with epilepsy [3, 8].

The previous studies, which used mostly structured or
unstructured interviews, found a higher frequency — from
38 to 71 % [3, 9—15]. The abnormal semen analysis, in-
cluding decreased sperm count, abnormal morphology, or
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impaired motility, is observed in 90 % of men with epilepsy
[11, 13]. The etiology of these dysfunctions is multifactorial,
as epilepsy itself, as well as drugs for its treatment, have a
significant impact on the functioning of the reproductive
system.

The comorbidity of epilepsy and neuroendocrine dis-
orders accounts for up to 2/3 of all cases. Men suffering
from epilepsy have prerequisites for the development of
hormonal disorders from the very beginning, due to the
presence of neuroendocrine regulation disorders. Epileptic
seizures disrupt the cortical regulation of hormone release
by the hypothalamus and can disrupt the integrity of the
hypothalamic-pituitary-sexual system at all levels. In turn,
antiseizure medications (ASMs) interfere with sex steroid
metabolism by inducing or inhibiting liver microsomal en-
zymes [10].

Progesterone is an endogenous antiepileptic hormone
that affects seizure susceptibility. Progesterone targets a
variety of molecular and cellular mechanisms that have a
role in epileptogenesis. The antiepileptic activity of pro-
gesterone is mediated mainly by its conversion to allo-
pregnanolone with a wide range of anticonvulsant pro-
perties. Progesterone can modulate inflammatory signaling
cascades, apoptosis, neurogenesis and synaptic plasticity,
and thus can directly modify the effects that affect epilep-
togenesis [16].

Disturbances in progesterone levels in men can be mani-
fested by metabolic disorders, create prerequisites for fe-
male obesity, causeless depression, drowsiness, mood swings,
headaches, fatigue, irritability, testicular atrophy, and lowe-
red blood pressure. Changes in blood progesterone levels also
negatively affect sexual desire [17].

Testosterone has a marked effect on seizure suscep-
tibility. Testosterone modulates seizure susceptibility
through its conversion to neurosteroids with anticonvul-
sant and proconvulsant effects. Thus, the overall effect
of testosterone on nervous excitability and epileptiform
activity depends on the levels of various testosterone me-
tabolites in the brain. Thus, testosterone has a bi-direc-
tional effect on seizures: at higher doses it acts as a pro-
convulsant, and at lower doses it has an antiepileptogenic
effect [18, 19].

Prolactin is one of the hormones of the acidophilic cells
of the anterior pituitary gland. It is a peptide hormone by
chemical structure. In men, prolactin is involved in the pro-
cess of testosterone production. This hormone plays a role in
the immune system, affects body weight, participates in the
development of secondary sexual characteristics and in the
formation of sexual desire [19].

The purpose of the study was to investigate sex hormones
in young male patients with epilepsy depending on the age of
epilepsy debut, clinical course of the disease, type of seizures
and form of epilepsy. The content of estradiol, progesterone,
testosterone, prolactin was studied.

Materials and methods

The study involved men aged 18—44 years with epilepsy.
According to the WHO classification, all men were classified
as young adults. The average age of men was 32.73 + 7.23
years.

All study participants were divided into groups depen-
ding on the age of epilepsy onset: group 1 — male patients
with epilepsy onset before the age of 13, group 2 — pa-
tients with epilepsy onset during puberty (13—17 years), and
group 3 — young men with epilepsy onset in the post-pu-
bertal period. All patients had a history of epilepsy for at
least 1 year. The control group consisted of 20 healthy men
of comparable age.

The levels of sex hormones (estradiol, prolactin, proges-
terone, testosterone) were examined in all groups. Estradiol
determination is based on a competitive enzyme-linked
immunosorbent assay. The concentration of estradiol in
the test samples is determined by the calibration graph of
the dependence of optical density (OD) on the content of
estradiol in the calibration samples. The reference inter-
val in men was 0.029—0.3 nmol/L. Estradiol levels were
determined using an ELISA and the Estradiol ELISA kit
(Ukraine). Method for determining the concentration of
prolactin in a one-step “sandwich” version of a solid-phase
enzyme-linked immunosorbent assay using monoclonal
antibodies to prolactin. The reference interval was 57—
600 mIU/L. The level of prolactin was determined using
a set of Prolactin ELISA-BEST reagents (Ukraine). The
method for determining testosterone concentration is based
on a one-step solid phase competitive enzyme immunoas-
say using monoclonal antibodies to testosterone. The re-
ference interval for men is 4.5—35.4 nmol/L. Testosterone
levels were determined using an ELISA and a set of reagents
Testosterone ELISA-BEST (Ukraine). The serum proges-
terone level in young men with epilepsy was determined
by a one-step solid-phase competitive enzyme immuno-
assay using polyclonal antibodies. Reference interval for
men: 0.5—6.0 nmol/L. Progesterone levels were determined
using ELISA and the Progesterone ELISA-BEST reagent
kit (Ukraine).

In terms of ethics and bioethics, the study was conducted
in accordance with the current international and Ukrainian
legislation and industry regulations.

The results of the study were processed using the Sta-
tistica 10.0 software package and Microsoft Excel XP. The
probability of differences in mean values was determined by
the Student’s t-test and Pearson’s agreement test ()?). The
difference was considered significant at p < 0.05.

Results

It is expedient to present the steroid hormone levels of
young men with epilepsy and compare the data between the
groups (Table 1).

We hypothesized that hormonal disorders may de-
pend on the nature of the course of epilepsy, namely the
age of onset, the form of epilepsy, the type of seizures,
and their frequency. To test this hypothesis, we analyzed
the detected hormonal changes depending on the above
characteristics.

This study determined the relationship between changes
in the level of sex hormones and the form of epilepsy in
men in each group. Since the sample was random, only
two forms of epilepsy could be distinguished in this study:
symptomatic and cryptogenic. After statistical processing
of the data, a relationship was established between the
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Table 1. Steroid hormone levels in young men with epilepsy

Hormones

Group 1

Group 2

Group 3

Control group

Testosterone, nmol/L

15.53 [10.37; 20.27]*

12.64 [9.35; 21.79]"*

13.31 [7.49; 17.23>*

19.95 [4.5; 35.4]

Estradiol, nmol/L

0.31[0.24; 0.34]*

0.36 [0.26; 0.39]*

0.33 [0.28; 0.39]*

0.16 [0.129; 0.3]

Progesterone, nmol/L

3.53[1.72; 3.82]

2.76 [2.16; 4.39]"*

3.75 [2.43; 6.49F

3.410.8; 6.0]

Prolactin, mIU/L

298 [226; 468.36]*

323.25 [260; 394.65]"2

301 [250; 430.24]"

328.5 [57; 600]

Notes: ' — significant difference between groups 1 and 2 (p < 0.05); > — significant difference between groups 2
and 3 (p < 0.01); * — significant difference between groups 1 and 3 (p < 0.05); * — significant difference compared

to the control group (p < 0.01).

form of epilepsy and changes in estradiol levels in men of
group 3 (young men with the onset of the disease in the
postpubertal period). In men with epilepsy with the onset
of the disease in the pre-pubertal and in the pubertal period
(groups 1 and 2), no differences were found at a statistically
significant level. In patients with the onset of epilepsy in the
postpubertal period (group 3) with symptomatic epilepsy,
estradiol levels ranged from 0.22 to 0.45 nmol/L with a
median value of 0.34 nmol/L. In patients of group 3 with
cryptogenic epilepsy, the level of estradiol was 0.319 [0.21;
0.42] nmol/L (Fig. 1).

Thus, in group 3, the estradiol level depends on the form
of epilepsy at a statistically significant level (Mann-Whitney
test; p = 0.011), unlike in groups 1 and 2.

There was a statistically significant dependence (median
test (MT), p = 0.018) of changes in estradiol levels on the
type of seizures in patients of group 1. The median estradiol
value was 0.21 nmol/L in focal seizures, in generalized sei-
zures — (.28 nmol/L, in polymorphic seizures the median
estradiol value was 0.35 nmol/L. Also, a statistically signifi-
cant dependence of the type of seizures in patients of group 1
was observed on the level of testosterone (MT, p = 0.18). In
focal seizures, the testosterone level was 4.9 nmol/L, in gene-
ralized seizures — 14.9 nmol/L, in polymorphic seizures the
testosterone level was 23 nmol/L.

In addition, in patients of group 1, a statistically signifi-
cant dependence (Kruskal-Wallis test (KWT), p =0.001) of
estradiol and testosterone levels on the frequency of seizures
was observed. The level of estradiol in moderate frequency
seizures was 0.1 nmol/L, and the level of testosterone was
3 nmol/L, and in frequent seizures — 0.3 and 16 nmol/L,
respectively.

In the second group, patients showed a statistically signi-
ficant dependence of estradiol (MT, p = 0.44), progesterone
(KWT, p = 0.05) and testosterone (KWT, p = 0.003) on the
type of seizures.

The median estradiol value was 0.32 nmol/L in genera-
lized seizures, in patients with focal seizures the level of
this hormone was 0.38 nmol/L, in polymorphic seizures —
0.35 nmol/L. The median testosterone value was 7 nmol/L in
generalized seizures, in patients with focal seizures the level
of this hormone was 15 nmol/L, in polymorphic seizures —
18 nmol/L (Fig. 2).

The median progesterone value was 1.5 nmol/L in gene-
ralized seizures. In patients with focal and generalized sei-
zures, the level of this hormone was 2.8 nmol/L. In polymor-
phic attacks, the progesterone level was 4.5 nmol/L.

In contrast to group 1, patients in group 2 showed a statis-
tically significant correlation (KWT, p = 0.001) between the
frequency of seizures and testosterone levels. Testosterone
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Figure 1. Changes in estradiol levels in patients
of the third group depending on the form of epilepsy:
1 — symptomatic epilepsy, 2 — cryptogenic epilepsy
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Figure 2. Changes in testosterone levels in patients
of group 2 depending on the type of seizures:
2 — generalized seizures, 3 — focal seizures,
4 — polymorphic seizures
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level in seizures of moderate frequency was 8§ nmol/L, it was
18 nmol/L in frequent seizures.

In group 3, patients with epilepsy showed a statistical-
ly significant dependence of estradiol levels on the type of
seizures (KWT, p = 0.07), prolactin (KWT, p = 0.017) and
progesterone (KWT, p = 0.003). The median value of es-
tradiol in focal seizures was 0.34 nmol/L, progesterone —
3.8 nmol/L and prolactin — 275 mIU/L. In generalized
seizures, the level of estradiol was 0.31 nmol/L, progeste-
rone — 2.9 nmol/L, prolactin — 300 mIU/L. In patients with
focal attacks with transition to bilateral seizures, estradiol was
0.33 nmol/L, progesterone — 4.3 nmol/L and prolactin —
340 mIU/L. The median value of estradiol in polymorphic
seizures was 0.35 nmol/L, progesterone — 4.1 nmol/L, pro-
lactin — 260 mIU/L.

Discussion

The hormonal changes identified in the study confirm
the presence of neuroendocrine regulation disorders in men
with epilepsy. This, on the one hand, maybe due to the pro-
cess of brain epileptization and impaired central neuroendo-
crine regulation of sex hormones. This opinion is in directly
confirmed by a decrease in the level of “anti-epileptogenic”
hormones when the disease debuts at puberty. On the other
hand, the use of ASMs, which in any case affect the secretion
and metabolism of steroid hormones. In turn, steroids have a
multidirectional effect on brain excitability [16].

Estradiol levels were higher in all patients prescribed
ASMs, regardless of the active ingredient. Given that estro-
gens are pro-epileptogenic, such an increase in estradiol in
men with epilepsy, regardless of the duration of the disease,
the form of epilepsy, the type of epileptic seizures, and the
age of epilepsy onset, indicates a two-way relationship be-
tween epilepsy and changes in steroid hormones, as well as
the involvement of neuroendocrine disorders in the patho-
genesis of the disease [17]. An increase in estradiol, which is
metabolized in the brain to a number of neurosteroids, leads
to an increase in brain excitability through in direct effects
on NMDA-and GABAergic mechanisms. Multidirectional
changes in prolactin levels confirm the presence of sex hor-
mone dysfunction in epilepsy in men [18].

A significant decrease in testosterone levels, which, on
the contrary, is predominantly an antiepileptogenic hor-
mone, also confirms the involvement of neurohormonal
disorders in epileptogenesis. It is noteworthy that the de-
velopment of epilepsy in puberty (patients of group 2) is ac-
companied by more significant hormonal disorders, although
a decrease in testosterone relative to the control group was
detected in all patients.

Also, low progesterone levels, especially in patients with
a onset at puberty, indicate a weakening of antiepileptogenic
mechanisms and the development of hormonal disorders
that support epileptogenesis. Taking into account the broad
neuroprotective and antiepileptogenic properties of pro-
gesterone, it can be concluded that its decrease against the
background of general hormonal imbalance with a decrease
in the level of antiepileptogenic hormones and an increase
in proepileptogenic hormones maybe one of the links that
supports the development of epileptogenesis in this group
of patients.

In addition, analysis of the ratio of hormones in patients
with different types of epileptic seizures and seizure frequen-
cy indicates that hormonal imbalance of sex hormones is
associated with the development and persistence of epileptic
seizures. That is, there is the formation of a self-sustaining
epileptic system, which, on the one hand, is due to epileptic
activity, and on the other hand, exacerbates the pathological
condition.

Steroid hormones, which are synthesized and secreted
from the ovaries, gonads, and adrenal glands, play a key role
in the neuroendocrine control of nervous excitability and
seizure susceptibility [20]. The mechanisms of sex steroid
hormones’ influence on brain excitability are associated with
both classical, intracellularly mediated effects and non-clas-
sical membrane effects caused by binding to membrane re-
ceptors.

Thus, the present study revealed that the level of sex
steroid hormones in young men depends on the form of
epilepsy, frequency and type of epileptic seizures. Testo-
sterone levels depended on the age of epilepsy debut, i.c.,
the highest rate was observed in males who had epilepsy
debut in puberty. A significant decrease in testosterone
levels, which, on the contrary, is predominantly a proep-
ileptogenic hormone, also confirms the involvement of
neurohormonal disorders in epileptogenesis. The deve-
lopment of epilepsy in puberty (patients of group 2) is
accompanied by more significant hormonal disorders.
The highest level of prolactin was observed in young men
whose epilepsy debut occurred during puberty — 323.25
[260; 394.65] mIU/L.

Multidirectional changes in prolactin levels confirm the
presence of sex hormone dysfunction in epilepsy in young
men. The highest level of estradiol was observed in men
whose epilepsy debut occurred during puberty. Proges-
terone levels differed statistically significantly from those
of the control group. The highest progesterone level was
observed in young men with epilepsy debut in the pre-pu-
bertal period and amounted to 3.53 [1.72; 3.82] nmol/L.
Also, low progesterone levels indicate a weakening of an-
ti-epileptogenic mechanisms and the development of hor-
monal disorders that support epileptogenesis. Given the
broad neuroprotective and antiepileptogenic properties of
progesterone, it can be concluded that its decrease against
the background of general hormonal imbalance with a
decrease in antiepileptogenic hormones and an increase
in proepileptogenic hormones may be one of the links that
supports the development of epileptogenesis in this group
of patients.

The study also found that the level of steroidal sex hor-
mones depended largely on the ASMs. Patients whose taking
carbamazepine had elevated levels of estradiol, levetirace-
tam — elevated levels of prolactin, valproic acid — proges-
terone, lamotrigine — testosterone. However, these changes
were trend-like and did not reach statistically significant
levels.

Conclusions

In men aged 20—44 years, who are classified as young
subjects by the WHO, the presence of epilepsy is accompa-
nied by an imbalance in sex hormone levels.
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The nature of the hormonal imbalance depends on the
age of epilepsy onset, although in all age subgroups there
was a tendency to increase estradiol, decrease progestin and
decrease testosterone.

The established imbalance of sex hormones in men with
epilepsy may be evidence that sex hormones are involved
in the development of epileptogenesis in men of a young
age group.
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BnAuB ctaTreBux ropMoOHiB HO nepe6ir eniaencii
B MOAOAMX YOAOBIKIB

Pestome. Axmyaavnicms. TopMOHaNIbHI 3MiHU IIPU €IILIETICIT BU-
BUAJIMCS MEPeBaXKHO B XKiHOK. 3MiHU CTaTeBUX FTOPMOHIB Y YOJIO-
BiKiB Maiixe He TOCTiIKYBaIy, ITONPYU MOXJIMBUI 3HAYHUI BIUTUB
XBOPOOUW Ha TOPMOHAJIBHMIA CIIEKTP B IIIJIOMY i HAa CTaTeBi TOPMOHU
30kpema. ['opMoHanbHa IUCHYHKITIS TAKOX € BiTOMUM (PaKTOPOM
MOTipIIeHHS KIiHiYHOTO nepebiry eminerncii. Mema: BUBYCHHS
CTaTeBUX FTOPMOHIB Y MOJIOIMX MALliEHTIB YOJIOBIYOI CTaTi 3 €Ili-
JIETICIEIO 3aJIEXKHO BiJl BiKy MTOYaTKy 3aXBOPIOBAHHS, KJIiHIYHOTO
nepediry, TUITy HamamiB Ta ()OpMHU EITiJIeIICii. AHaTi3yBaIl BMICT
ecTpaiony, MporecTepoHy, TECTOCTEPOHY, MPOJaKTUHY. Mame-
plaau ma memoou. Y NOCIiIKeHHI B3sut ydacTb 80 4OJIOBiKiB BiKOM
18—44 (y cepennbomy 32,73 + 7,23) poku 3 erijiencielo, siKux
BiZHECEHO M0 KaTeropii MOJOAUX JOPOCIUX 3a KiIacHpikallieio
BOO3. Bubipka Oyna BUNaAKOBOW. YCi yYaCHUKU 100POBIIBHO
HajaIM iHhopMoOBaHy 3rofy Ha y4acTh y AOCiIKeHHi. I1aiieHTiB
3 eMiJIerCiero po3MnoaiieHo Ha Tpu rpymnu. [lepiry rpymy craHOBUIN
XBODI 3 BiKOM ITOYATKY eriyierncii MmeHe 13 pokis. /1o apyroi rpynu
YBIMIIIN TAlli€EHTH, Y SIKMX O€0I0T emijierncii mpumnaB Ha Mepiofn
crateBoro no3piBaHHs (13—17 pokiB), 10 TPeTbOi — YOJIOBIKHU
3 nebrotoM y Billi 18 pokiB i crapie. Yci nauieHTH XBopijiv Ha
emijernciio moHaiiMenIre 1 pik. JJocaimKeHHST ITpOBOIMINCS Ha
OCHOBI KJIiIHIYHOI CUMIITOMATUKHU i aHali3y iHCTPYMEHTAJIbHUX

naHux. [opMOHaNIbHMIA CTaTyC 0OCTEKEHUX BUBYAJIH IIUISIXOM BH-
3HAUEHHSI PiBHS CTaTeBUX TOPMOHIB Yy CUPOBATIli KpOBi. Pe3yabma-
mu. Y BCiX MALIiEHTIB 3 EMiJIETICIEI0 BUSBICHO 3arajibHi TEHACHIII:
MTABUIIICHHS €CTPaIioy, 3HIKEHHS TTPOJIAKTUHY i TECTOCTEPOHY.
CryniHb TOPMOHAJIBHOTO IHMCcOaIaHCy 3aJiexXaB Bil BiKy Oe0I0Ty
XBOpoOu (mmpemnyodepTaTHUIi, MyOepTaTHUI, MTOCTIyOepTaTHUIA),
TUITYy HalaliB Ta KJIiHIYHOTO Mepediry emiiencii. ¥ mbomy nocii-
JDKEHHI BCTAHOBJIEHO 3B’S130K MiX PiBHEM CTEPOITHUX TOPMOHIB Y
MOJIOIUX YOJIOBIKIB i1 BiKoM e0IoTy emiyerncii. Takox po3risianu
3aJIEKHICTh MiXK piBHEM CTEPOITHUX TOPMOHIB i (hOPMOIO eTiIencii,
TUIIOM ENiJENTUYHUX HaMaliB Ta IXHbOIO 4acTOTOW. Bucnosku.
Y vonoBikiB Bikom 20—44 poku, siki 3a Kiacudikaitiero BOO3 Ha-
JIeXXaTh IO KaTeropii MOJIOAMX Cy0’ €KTIB, €ITiJICTICisl CYITPOBOIXKY-
€TbhCS T1cOaTaHCOM CTaTeBUX TOPMOHIB. XapaKTep ropMOHAIbLHOTO
nucbanaHcy 3aJ1eXKUTh Bill BiKy 1€010Ty 3aXBOPIOBAHHSI, X0Ua B yCiX
BiKOBUX ITiATpyIIax Maja Miclle TeHACHILisT 0 MiIBUIIEHHS PiBHS
ecTpaiosty, 3HVKEHHsI TIPOreCTUHY i TecTocTepoHy. ['opMoHab-
HUI qrucOalaHC Y YOJIOBIKiB 3 eMiJIeTICiEI0 MOXKE CBITUUTHU ITPO POJIb
CcTaTeBUX TOPMOHIB B eMiJIeNTOreHe3i B MOJIOAOMY Billi.

Ki1ro4oBi ci1oBa: emninerncis; crareBi FOpMOHU; TECTOCTEPOH; IIPO-
reCTepOH; MPOJIAKTUH; €CTPAIiOJ; MOJIO/Ii YOJOBIKHM; TPOTUHATIA-
TIOBi MpenapaTu
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Peunamsytounmn oypyHKYAbO3 Y NALIEHTIB
3 LYyKpOBUM AiabeTtom 1-ro tuny:
IMYHONATOAOTriSI TO MOXXAUBOCTI
MeANKOMEHTO3HOI KopeKuil

Pe3tome. Meta po6oTtu: BuBunTY CTaH iMyHHOI BigMoBigi y nauieHTis 3 peunamnByoYnm ypyHKYIbo3oMm (P®) Ha
i yykposoro giabety 1-ro tuny (4A1) i MmoxnnsocTi vioro kopekuii. MaTtepianu ta meroan. O6¢cTexeHo 56 nayi-
eHTiB 3 L1, AKi Mann He MeHLue HX 5 KIiHIYHUX eni3ofiB (hypyHKYIb03Y BIPOLAOBX OCTaHHbOrO KareH[apHoro
POKY. Y BCiX nayieHTiB BU3Ha4Yanu rnokasHUKN KNiTMHHOIO IMyHITETY, Mic/si Horo Ui XBopi 6ynu paHaoMI30BaHi
Ha 3 rpynu i oTpyMyBau pi3He JiKyBaHHS MNPOTAroM HacTyrnHux 3 micayis. MNayieHTy nepLuoi rpynu (20 xBopux)
OTpUMyBaIY CTaHAapTHy Tepanito i3 3aCTOCyBaHHSIM aHTUBIOTUKIB | MICLUEBUX aHTUCENTUKIB, 3a HEOOXIAHOCTI — Xi-
pypri4Hy goromory. 18 ocobam apyroi rpynv [oAaTKoBO npu3Hadan komrnekc PecsepasuH® y fosi 1 kancyna Ha
£06y Bripogosx 3 micayis. lMNayieHTv TpeTsoi rpynu (18 oci6) oTpumysanu komnnexkc PecsepasuH® rno 2 kancym
Ha [o6y npoTsarom Toro X 4acy. licris 3aBepLLeHHsT 3-Mics4YHOro nepiogy noBTOPHO BU3HAYa v MOKa3HUKU iMyHHOI
BignoBigi. Takox B ycix nawieHTIB peecTpyBam 4acToTy peumamnsiB (bypyHKYIbo3y, NoTpeby B 3aCTOCYBaHHI aHTU-
6IOTUKIB | YaCTOTY 3BEPHEHb MO XipypridHy JOMOMOrY BrPO[OBX HACTYMHOIro KajeH[apHoro poky. Pesynbraru.
Y nayientiB 3 U1 i P® BusiBneHe cyTTeBE 3pOCTaHHS PiBHS KIITUH MOHOUMTapHO-MakpogaransHoro psgy (CD™,
p < 0,05 Ljofo Hopmu), siKi XapaKTepu3yrTbCsl BUCOKOK aBTOIMYHHOI akTUBHICTIO npu LUM1, a Takox BiporigHe
3HWKEHHS PIBHSI KITITUH MOHOUMTAaPHO-MakpogharanabHoro psay 3 aktmsHictio M1 makpogparis (CD%+, p < 0,05
L4oa0 HOPMMU), LLYO MOXeE 6YTU NPeaNKTOPOM 3HUXXEHHS NMPOTUIHEPEKLIVIHOro 3axucTy. [pu3Ha4eHHs KoMisiekcy
Pecsepa3avH® cripusie 3HWXEeHHIO IHTeHCUBHOCTI aBTOIMYHHOIO 3anasibHoro rpouecy, BigHosneHHto IPIl (p < 0,05),
CYrpOBOAXYETbCSI 3HWXKEHHAIM PiBHSI Makpogaris, siki 6epyTb y4acTb B aBTOIMYHHUX peakuisx (p < 0,05), i 36irb-
LUEHHSIM PiBHS1 KITITUH MOHOUMTAaPHO-MakpogarasabHoro psgy 3 aktmsHicTio M1 makpogparis (CD%*, p < 0,05), aki
b6epyTb y4acTb y MPOTUMIKPOBHOMY 3axXUCTi. Pe3yribTaToM cTaso 3MEeHLLEHHS] YacToTU peLuanBIB rHiiIHUYKOBUX
ypaxeHsb LUKipy (p < 0,05), a TakoX BiporigHe 3HUXeHHS NoTpebu B aHTUOIOTHKAaX yrpo[oBX 1 poky criocTepe-
XXeHHs (p < 0,05) i HeobxigHOCTI XipypriuHnx BTpyHaHs (p < 0,05). VY Bunagky 2-pa3oBoro npuioMy KOMIIEKCY
PecBepa3suH® Ha goby onvcaHi BuLLe echekTv 6yrm GirlbLL BUPAXKEHUMM, a FOSI0BHE — BibLU CTIVIKUMM. OTPUMaHNI
pesynetar crioctepirascs npotsirom 1 poky. [Npu 3acTocyBaHHi Komriniekcy Pecsepa3nH® He BUHNKAIO XOQHUX
Ceprio3HNX HebaxxaHnX rnobi4HMX eqeKTiB, IKi 6 3MYyCUIN MPUMUHNTA KOoro npuioM. BUCHOBKHK. Y navieHTis 3 Li/]1
i P® BusBrieHi cyTTEBI 3MiHW B CTaHI KIIITUHHOIO IMYHITETY, L0 MPOSBNIANINCS 3MIHAMM Y KiJIbKOCTI i CriBBigHOLLIEH-
Hi KIIITUH MOHOUMTapHO-MakpogharanbHoro psgy. [MpuaHadeHHs1 komrnekcy PecBepasnH® cyrnpoBogxyBanocs
BIfJHOBJIEHHSIM LnX 3MiH. 3acTocyBaHHs1 Kommnnekcy PecBepa3nH® npoTsirom 3 MicsiiB cynpoBoAXyBaocs 4030-
3anexXHUM 3MEHLLIEHHSIM Yucna peunansis ypyHKYbo3y y xsopux Ha Li/]1 i BiporigHo 3ameHLuyBasno notpeby B
aHTUBIOTHKAaX, @ TaKOX 4acToTy XipypriYHux BTPyYaHb.

KntoyoBi cnoBa: yykposuii gia6et 1-ro Tmny; peumanByoYmii (ypyHKYIIb03; pecBepaTpors; (aroumuTos; iMyHHa
Bignosigb
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Bctyn

®OypyHKyn — 1e riauboka iHbexklIlist BojsocssHoro ¢do-
JIiKyJa, 110 3yMOBJIIOE YTBOPEHHS aOcCLecy 3i CKYIMYeHHS
THOIO i JTOKaJTbHe HEKPOTU3YBaHHS TKaHUH. DypyHKYIN
BUHMKAIOTh Ha BKPUTUX BOJIOCTHUMU (POJTiKyIaMU YaCTH -
Hax mKipu [1]. 3a3Buyaii MpUIMHOIO 1i€l iH(EKIIii € 30710~
TUCTUI cTadiTOKOK, X04a iHIll 6aKTepii TeXX MOXYTh OyTH
eTtiojorivHUM pakTopoM. OcoOIMBY yBary B OCTaHHI pOKK
MPUIIISIOTh PELUIUBYIOYOMY (PYyPYHKYIBO3Y, 3yMOBJIE-
HOMY MeTuluIiHope3ucTeHTHUM S. aureus (MRSA). Xoua
KJIiHIYHUI TIepeOir Takoro iH(MeKIIiitHOTOo Mpoliecy 3arajJoM
HE BiIPi3HSIETHCS Bill THX, SIKi BUKJIMKAHI iHIIUMU 30yIHU-
KaMM, aJie BiH TSDKYE ITiIIa€ThCS JIIKyBaHHIO CTAaHIAPTHUMM
aHTUOAKTepiaIbHUMU 3aC00aMU, 2 TOMY CTAHOBUTb CYTTEBY
Mikpo0Oiojioriuny mmpooiemy [2].

Y GinbIIOCTI KiHIYHMX BUTTAIKiB BUHUKAIOTh OOUH a60
IBa (PypyHKYJIU, a MiCJs IX 3HUKHEHHST HE CITOCTEPIra€Th-
cs1 MOBTOPHUX eIrizomiB. IIpoTe iHOAI DYypyHKYIHO3 Ma€e
CXWJIBHICTb 10 PELIMAMBIB, 1110 MOXE CTAHOBUTU CYTTEBIi
npoOyieMH IS cCAaMUX MALiEHTIB i JikapiB. Taki BUmagku
JIOCTAaTHBO 4aCTO XapaKTepU3YIOThCs CMaIKOBUM aHAMHE-
30M peLUaAnBY0Uoro GypyHkynbo3y (PD), 1o Mmoxe cBia-
YUTU SIK TIPO HASIBHICTh JESIKMX CITAJIKOBO OOYMOBJICHUX
MiHiMaIbHUX AedeKTiB iMyHHOI BiIMOBIIi, TaK i IMpo cimeli-
HY KOJIOHi3a1lito nesskuMu BugamMu Mikpodaopu |3]. [Tpote
MEePBUHHI (BpOMXKeHi) iMyHOAeIilMTH, SIKi aCOLIiI0I0ThCS 3
PO, y kJ1iHiYHI IPaKTULIi 3yCTPiYarOThCSI BITHOCHO PilKO.
P® Ha cboronHi BU3HAYa€EThCSI SIK HasiBHICTD 3 200 Oifibliie
eni3omiB yrpomaoBx 12 micsuiB. OKpeMo BUAISIOTH TSK-
Kuii PO, gxiio npoTsarom MbOro X 4acy Iepebir XBopoou
notpeOyBaB 3 abo Oiblile KypciB aHTUOIOTUKOTEpartii i/abo
XipypriyHux BTpy4aHsb [4].

Kosnonizanist 3010TucTiM cTadiIoKOKOM MepenHix Bimmi-
JIiB HOCA Bimirpae nesHy poJib B etioorii PO i eekTuBHOCTI
aHTUOI0TUMKOTepallii, ajie He BIUIMBAE Ha YAaCTOTY PELIMINBIB.
OKpiM HOCOBMX XO[iB, KOJIOHi3allis . aureus TaKOXK Tparuisi-
€TBCS Y CKJIAJIKAX IIKipK, HATTPUKIIaJ 33 ByXaMu, ITijl TPYIbMU
4yl y maxoBiil nisHIL. bakrepii, BimMiHHi Bin S. aureus, Takox
MOXYTh OYyTH TTaTOTEHHUMU, OCOOJIMBO MIPU (YPYHKYJIax
y BYJIbBOBariHaJIbHIiN OUISHII i HABKOJIO MPSIMOI KUILIKU Ta
Ha cimHuusgx. Cepel iHIIMX €TiONOTYHUX YNHHUKIB PO —
Corynebacterium, S. epidermidis i S. pyogenes [5].

KniniuyHo 3Hauymmmu rnpeaukropamu PO e: mykposuii
niabert [6], TSKKa aHeMisl, TOBTOpHA aHTHOIOTMKOTepalTis,
OXXUPiHHS (MMOBipHO, Yepe3 iHCYIiHOPe3UCTEHTHICTD) [7].
IMoBTOpHI rocmiranizaitii, moaiMopOiTHICTh, HETOTPUMAHHS
0COOMCTOI TiriEHU, reMaTOJIOTiIYHi 3aXBOPIOBAHHS 1 TSIXKKi
ypaxeHHsI TieuiHku [8], npuitom imyHonemnpecanTis [9, 10],
HaOyTi nedexru imyHiTety [11, 12] TakoX € TOTATKOBUMU
dakropamu cXusibHOCTI 10 PD. XpoHiuHi 3aXBOpIOBaHHSI
LIKipW, XpOHiYHiI paHu ab0 TpodiyHi BUpa3Ku KiHIiBOK
MiIBUIIYIOTh CXWJIBHICTh 10 KOJIOHi3allil TaToreHHUMU 0aK-
TepisiMU i pU3UK PO3BUTKY 3axBoproBaHHsA [11]. Jdedimur
MaHO303B’S13yI040T0 JIEKTUHY i 3yMOBJIEHE 1ITUM MOPYIIEH-
Hs QYHKIIII HeUTpOodiJiB TaKOX OYy/IM MOB’sI3aHi 3 BUILIOIO
gacTtotoo P® [13].

SAK1o AiKyBaHHS 3BUYaitHOTO (hypYHKYJIBO3Y € IPOCTUM
i moBoJIi e)eKTUBHUM (MiCLIeBi aHTUCETITUKU TPU JIETKHUX
dopmax, XipypriyHuit po3pi3 i3 IpeHyBaHHSIM i 3aCTOCYBaH-
HSIM aHTUOIOTUKIB — MPU TSIKKHUX), TO Teparris PO HaBiTh

CBhOTOJ/IHI € TOCUTH MpobiemaTnyHOI. [TokazaHHSIMU 10
3aCTOCYBaHHSI aHTMOI0THUKIB €: TSDKKUI Mepedir IKipHOT iH-
¢exkii (MHOXXMHHI BOrHMIIA a00 IMIBUAKE IIPOTPECYBaHHS),
il 3B’SI30K 3 TSKKUM 3aXBOPIOBaHHSAM (IIyKpOBMIi niaber,
JIEKOMIIEHCOBaHI 3aXBOPIOBAHHSI IT€UiHKU TOILO), CUCTEMHi
3aXBOPIOBaHHs ab0 iMyHOCYTIpeCisi, TOXUJINIA BiK, abcuec y
MEeBHil AUISTHII, SIKY BaXKKO ApeHyBaTH (HarpuKJam, 00JI1y-
4sl, pyKM Ta TeHiTaJii), acouiifoBaHMil cenTUYHUI (PIIeOiT, a
TaKOX BiICYyTHICTb MO3UTUBHOI KJIIHIYHOI peakilii Ha po3pi3
Ta apeHax [14].

3po3yMiJTo, 10 MMOBTOPHE 3aCTOCYBAHHS aHTUOAKTEpi-
aJIbHUX 3aCO0IB Y XBOpUX Ha PM 3yMOBITIOE IIBUIKE KYJIBTU-
BYBaHHSI aHTUOIOTMKOPE3UCTEeHTHUX IITaMiB. PekomeHmarii
Acottialii iHbekiiHux 3axBoptoBaHb CIIIA mponoHyoTh
TaKi aHTUOIOTUKY JIJIs1 EMITIpUYHOrO Mpu3HaueHHs ipu PD B
aMOyJIaTOPHUX MAaLIEHTIB: KIIIHAAMILIMH, TPUMETOIPUM-CYJTb-
dameToKca3oi, HUKIiHU (TIOKCULIMKIIIH Y1 MiHOLIMKIIiIH) i
JIiHe30J1i11. 3a7IeKHO BiJl TSKKOCTI iH(MeKIIii po3risinatoThest
BapiaHTU Bif 7 mo 14 nHiB JIiKyBaHHsI, 3 OIJISIAY Ha iHIMBI-
ITyaJIbHi OCOOIMBOCTI KJTiIHIYHOI BinImoBiai mamiexTa [15].

ExoririeHiuni 3axonu, cripssMoBaHi Ha J€KOJIOHi3allil0
KOHTAaKTHHUX 0Ci0 i cepemoBuia (ABepHi PyYKU, TyaJaeTHi
CHUJIiHHSI TOILIO) BiJl TaTOTeHHUX IITaMiB 6akTepiil, mpu PO
He MPOAEMOHCTPYBAIM MEPEKOHINBOI e(heKTUBHOCTI. Tak
caMmo I IepcoHajibHa JACKOJIOHI3allisl y MalieHTa, sika re-
pendayae 3aCTOCYBaHHSI aHTUCENTUYHUX MUIOUMX 3aCO0IB,
JIOP-npemapariB 3 aHTUCENITMKAMM, Ha CbOTOMIHI 3aCTOCO-
BYETBCS PiIKO Yepe3 HeIOCTATHICTh KITIHIYHUX T0Ka3iB [16].

Taxum unHOM, Teparist PO 3a1MIIa€ThCST aKTYaIbHOIO
KJIiHIYHOIO TTpobeMoto. HaiiGinbiin go1iIbHUM BapiaHTOM
JIIKyBaHHSI TaKUX IMalli€HTIB 3aIMILIAETLCS CTaOLTi3alIis TTe-
pebiry o0CHOBHOTO 3aXBOPIOBaHHsI (HATIPUKIIA, IIyKPOBOTO
niabeTy) i omHOYacHa KOPEeKIlisl BiIMOBIIHUX BTOPUHHUX
po3naniB iMyHHOI Bimmosini [17].

OcTaHHIMU pOKaMU BCE YacTillle TTPOBOASITHCS JOCIi-
JI>KEHHSI, IPUCBIYCHI pi3HUM MeToaaM JIikyBaHHS PD y
MalieHTIB 3 IyKPOBUM IiabeTOM: BiJl BHYTPilIHbOBEHHUX
iMyHOII00YIIiHIB 10 BeIuMKMX 103 BitaMiHiB D i C, Tpagu-
LiIfHMX 3ac00iB KUTAMCHKOI MEIUIIMHHI Y HABITh aKyITyHK-
Typu [17].

Cepen IepCIeKTUBHUX 3aC00iB, SIKi MOXYTh OMHOYACHO
BIUIMBATH i HA MeTabOJIiYHiI pO3J1aan Y XBOPUX Ha IyKPOBUIA
nmiabeT, i Ha cTaH IMPOTUMIKPOOHOTO iMYHITETY, OCOOIUBY
yBary npuBepTae pecBeparpos. Pecseparpon — NoTy>KHUI
MPUPOTHUI aHTUOKCUAAHT 3 rpymnu ditoanekcuHiB. Pociu-
HU BUPOOJISIIOTH OTO JUJIsI 3aXUCTY Bin OakTepiii Ta rpuoiB.
YucneHHi focmimkeHHs MiATBEPAUIN MTO3UTUBHUI BIUIUB
pecBepaTpoIly i pecBepaTpoyMiCHUX MPOAYKTIB Ha CTaH
MPOTUMIKPOOHOTO IMYHITETY SIK Ha TBAPUHHUX MOJMIEISIX,
Tak i B mozaeit [18, 19]. 3okpema, BUSIBIEHUI OO BILUIUB
Ha MIPOAYKIIi0 ITpo3amnaJbHUX i TPOTU3anaIbHIX UTOKIHIB
(TNF-a, IL-1pB, IL-6, metanonporeasu MMP-1i MMP3,
Cox-2), aktuBatiio imyHonurtis [20]. Oxpim TOrO, 3aCTO-
CyBaHHS$I pecBeparpoy y n103i 100 Mr/no0y cyTTeBO 3MeH-
IIIyBaJIO IIPOSIBY iIHCYTIHOPE3UCTEHTHOCTI y 388 malli€eHTiB 3
LIYKPOBUM /1iabeToM 2-r0 TUITY, CIIPUSIIIO 3HUKEHHIO PiBHSI
[JIFOKO3M HATIIE i TJIIKOBAaHOTrO reMorio0iny [21].

Came TOMy MU BUKOPHUCTAJM pecBepaTpoJiyMiCHUM
KoMmIutekc PecBepasuH® y Mali€HTiB 3 LIyKPOBUM diabeTOM
I-ro Tuny (LI 1) i P®D.

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

Tom 21, N2 3, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Meroro nociimkeHHs: OyJi0 BUBUCHHS JIiIKYBaJIbHOI ehek-
TUBHOCTI i 6e3ITeKn 3acToCcyBaHHS KOMIUTeKey PecBepasuH®
npu P® y xBopux Ha LII1.

MaTepiaAn Ta MeToAmn

ITig HaIMM HAMISIIOM TIPOTSITOM OTHOTO POKY Iepe-
oysanu 56 mauientis 3 LI/]1. IMauientn manu Big 5 1o 9
enizoniB P® nporsarom nomnepeaHboro poky. Bouu oynu
paHIOMi30BaHi Ha 3 TPYIM, MOPiBHSHHI 32 BIKOBUMU, TeH-
IePHUMM i KIIIHIYHMMHM O3HAKaMM, TSIXKKIiCTIO Mmepediry
/11, yactorolo 3aroctpeHb PD, a TakoX 4acTOTOIO 3a-
CTOCYBaHHSI aHTMOIOTUKIB YIIPOJOBXK MOMEPEIHHOTO POKY.

IMamienTu nepmoi rpynu (20 XBopux) OTpUMyBau
CTaHIapTHE JiKyBaHHS IpernapaTaMu iHCYJIiHY, a Y BUTIAIKy
KJIiHiYHOrO petuanBy PM — nomaTkoBo JIiKyBaHHS Miclie-
BUMU aHTUCENTUKAMU i aHTUOIOTUKAMU, 32 TTIOTPEOU — Xi-
PYPTidHy JOTIOMOTY (PO3KPUTTS THilTHUKA i3 IpeHYBaHHSIM
paHm).

XBopuM npyroi rpynu (18 XxBopux) 1ogaTKOBO MpU3HAa-
ynii Komiieke PecBepasun® no 1 karcyii Ha o0y mpo-
TsiroMm 3 micsauiB. ITanientam TpeThoi rpynu (18 xBopux)
KoMmrIuieKe PecBepasnH® mpr3HAUMIM 110 2 Karicyu Ha 100y
MPOTSTOM 3 MicCSIIiB.

Komrmnekce PecBepasun® (Nutrimed, YkpaiHa) MicTUTD
150 mr pecBepaTpoiry, 100 Mr eKCTpakTy 4YepBOHOIO BMHA i
50 MI eKCTpakTy KiCTOYOK BUHOIPALY.

Kiriniune i mabopaTopHe 00CTeXKeHHS MAILiEHTIB IIPO-
BOAWJIM Ha TIOYATKY AOCHiIKeHHs (neHb 0), yepe3 3 Micsii
igepe3 12 micsuiB. Iloka3HUKM KIIITMHHOTO iIMYHITETY BU-
3HAYaJIM 3a KjactepamMu gudepeHIliloBaHH Ha KIiTUHAaX
BEHO3HOI KPOBi 32 JOMOMOTOI0 IPOTOYHOI'0 LIUTODIII00-
pumetrpa Beckman Coulter. OkpeMo BU3Ha4aau 4acToTy
peuuauBiB ypPYHKYJIbO3Y, HEOOXiMIHICTh Y 3aCTOCYBaHHI
aHTHOIOTHKIB i XipypriqYHOi JOIIOMOTHY BIIPOAOBXK 1 pOKy
crnocTepexkeHHs. byna mociimkeHa TakoX MepeHOCUMiCTh
koMmIuiekcy PecBepasun® i vactora HebaxkaHNX ePEKTIB ITPU
loro 3acTocyBaHHi.

PesyAbTaTH

V naui€eHTiB Meploi IPyMnu CIOCTepiraju CyTTEBI 3MiHU
MOKa3HUKIB KIIITUHHOTO iMyHITeTY (Tab1. 1), 110 IPOSIBIISI-
JIocs y MepIy 4epry CyTTEBUM 3POCTAHHSM PiBHSI KJIITUH

MOHOLIMTapHO-MakpodaraabHoro psay (CD'™, p < 0,05
1100 HOPMHM), Y SIKMX OIlMCaHa BMCOKAa aBTOIMyHHa aK-
TUBHICTD Y xBopux Ha LIJI1. Tak, minBuILeHHS iX KiTbKOCTI
CYIMPOBOIXYEThCSI 3HAYHUM 3POCTAaHHSIM YaCTOTH ypakeHb
eHIO0TeNil0 CyIuH i peTuHomnarii y nauientis 3 LIJI1 [13].
OnHOYAaCHO PEECTpYBaIMCS 3MiHU CITiBBIIHOIIEHHS pe-
ryJsTtopHux cyononynsuiii T-nimdouuris, 110 cynposo-
JDKYBaJIOCs 3HAYHUM HapOCTaHHSM iMyHOPETYJISITOPHOTO
innekcy (IPI) (p < 0,05 mono Hopmu).

HatomicTs BUSIBIISIIM BiporimHe 3HMKEHHS piBHS KIIITUH
MOHOIIMTapHO-MaKpodaraJbHOTO psay 3 aKTUBHICTIO M1
Makpodaris (CD*", p < 0,05 111010 HOPMH), LIIO MOXKE OYTH
MPEeIUKTOPOM 3HUKEHHSI MPOTUiH(MEKIIIHHOTO 3aXUCTY,
y Mepury 4epry 11010 YMOBHO-TIATOT€HHO1 MiKpodJopu
LIKipH, SIKA € YaCTOIO MPUYNHOIO THINHUMYKOBMX iH(MEKIIil
B IMyHOCKOMITPOMETOBAHUX MauieHTiB [11, 12].

[IpoTsirom ogHOTO POKY CITIOCTEPEKEHHS 11i MOKa3HUKU
HEe BiIIHOBJIIOBAJIMCSI, OiJIbIlIe TOTO — CIIOCTEpirajgacs TeH-
NIEHILis1 10 MOAAJIBIIOTO HAPOCTAHHSI HABEEHUX BUILIE 3MiH
(p > 0,05 y muHamii).

Ha npotuBary 1ipomy npuszHaueHHs KoMIuiekcy Pecse-
pa3uH® y no3i 1 xarcyyia Ha 100y MpoTsroM 3 MicsiiB
(npyra rpymna) Crpusio 3HUXKEHHIO PiBHS KJIITUH MOHO-
nuTapHo-MakpodaranbHoro psaay (CD'*, p < 0,05 momo
MoKa3HUKa J10 JiikyBaHHS i p < 0,05 MOpiBHSIHO 3 KOHTPOJIb-
HOIO0 rpyIolo). BusiBiisuiu BiporinHe 30iIbIIeHHS PiBHSI KJTi-
TUH MOHOIIMTapHO-MaKpOo(haraabHOTO PsITy 3 aKTUBHICTIO
M1 makpodaris (CD**, p < 0,05 moao mokasH1Ka 10 JIiKy-
BaHHA i p < 0,05 MOPiBHSIHO 3 KOHTPOJIHHOIO TPYIIOI0), 11O
MOXe OyTU MPEeIUKTOPOM BiTHOBJICHHST TTPOTHiH(EKIIiii-
HOTIO 3aXMCTy 1100 30yIHUKIB THIMHUYKOBUX iH(EKIIii.
Y naitieHTiB Apyroi rpynu TakoX BUSIBJIEHA TEHICHILIST 10
BinHoBIeHHs [PI (p > 0,05).

V nalieHTiB TpeThoi rpymu (mpuitoM Kominiekcy Pecse-
pas3uH® y 03i 2 Karcy/au Ha 100y MpOTSIroM 3 MicsILIiB) BU-
SIBJICHO OiJIBIII CYTTEBE 3HVXKEHHS PiBHSI KJIITMH MOHOILIUTap-
HO-MakpoarajabHOTOo psily 3 aBTOIMyHHUMU BJIACTUBOCTSIMU
(CD"*, p < 0,05 1010 noka3HuKa a0 JikyBaHHs i p < 0,05
TMOPiBHSIHO 3 KOHTPOJILHOIO TPYTOI0), a TAKOX I1Ie OLIBIIT
BUpPaXKeHe, MOPiBHIHO 3 APYTOI0 IPYMOI0, 30UIbIIEHHS PiBHS
KJIITUH MOHOLIUTApHO-MaKpoharaabHOTO PsIIy 3 aKTUBHIC-
TiIo M1 Makpodaris (CD**, p < 0,05 1010 noka3HuKa 10

Tabnuys 1. Noka3Hukun nonynsyivi imyHounTis y xBopux Ha L1 3 P® Ha Tni pi3Hux cxem niKyBaHHS

(Koﬂie:ﬁsura%y:i 20 (Komnﬁgg?’gg;:;asuﬂ (KOMHI’e):;ﬂPre%‘;ré?)asuH®
MoKazHuK ’ no 1 kancyni/pno6y), n = 18 no 2 kancynw/po6y), n = 18
o nikyBaHHS 3“&'?:2& J[lo nikyBaHHS 3“&'23& J[lo nikyBaHHS 3“&%2&
CD* knituHu, % | 49,40 +4,44 | 48,22 + 4,01 47,56 +3,28 | 49,15+556 | 50,33+5,12 | 52,35+ 5,34
CD* knituHmn, % | 36,37 +3,33 | 36,11 +3,34 | 3542 +3,07 | 38,43+4,05 | 39,40+4,89 | 36,43 +3,33
CD®* knituHK, % 13,34 + 2,89 12,92 £+ 2,13 12,26 + 2,11 16,07 + 3,05 12,12 + 2,57 19,09 + 2,06
CD™® kniTuHu, % | 14,05 + 1,42 15,16 = 1,11 14,15+ 2,16 17,19 £ 2,81 16,56 + 1,78 19,27 £ 1,82
CD™ knituHn, % | 16,11 + 0,45 15,34 + 0,29 15,25+ 0,51 | 7,41 +0,26* **| 14,14 +0,33 | 5,67 + 0,33 **
CD®* kniTuHK, % 4,24 + 0,67 4,12 + 0,35 467+098 |7,16+0,61"*"| 4,16 +0,41 9,17 =+ 089" **
IPI 3,07 +0,33 2,93 + 0,26 3,13+ 0,34 2,51 +0,28 320+0,22 |1,82+0,25"*

TMpumitkn: * — p < 0,05 NOPIBHAHO 3 NOKa3HUKOM A0 NiKyBaHHS; ** — p < 0,05 NopiBHSAHO 3 MOKa3HUKOM KOHTPOJIb-

Hoi rpynu.
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JikyBaHHS i p < 0,05 MOPiBHSTHO 3 KOHTPOJILHOIO TPYIIOI0). Y
MalieHTiB TPEThOI IPYyIU TaKOX BUsiBIeHa HopMautizalist [P1
(p < 0,05 mopiBHSIHO 3 KOHTPOJIHLHOIO IPYIIOI0).

Binbin nikaBumu Oy pe3ysibTaTy BiUIJIEHOTO iIMyHO-
JIOTIYHOTO MOHITOPMHIY, OTpUMaHi yepe3 1 pik micis mo-
YyaTKy JAOCiIKeHHs (BiAMOBIiIHO — yepe3 9 MicsiB micst
3aBepIIECHHS Tepariii KomruiekcoMm PecBepa3un®, tao. 2).

V mauieHTiB mepioi (KOHTPOJILHOI) TPYIU He BinOyIocs
BipOTiTHUX 3MiH YMiCTY OCHOBHMX MOIYJISLIii Ta cyOmomy-
JIAUii iIMyHOUMTIB yepe3 12 Mics11iB Bifl moyaTKy crioctepe-
JKEHHSI. Y XBOPUX APYroi TPyIu 3MiHU, 3yMOBJICHI 3-Micsiu-
HUM MpUitoMoM KoMmIiekcy PecBepasun® y mo3i 1 xarcyna
Ha 100y, yacTKOBO perpecyBaiu. Tak, piBeHb [Pl y Hux Bxe
He BiIpi3HSIBCS Bi IOKAa3HMKA 10 JIIKyBaHHSI i Bill aHAJIOTiu-
HOTO MOKa3HMKa y MalieHTiB repioi rpymnu (p > 0,05). I1pu
LIbOMY piBE€Hb KJIIITUH MOHOLMTAapHO-MaKpodarajbHOro
psay CD™ 3anuinaBcsi HUKYKUM, HiXK Y XBOPUX TEPILIOT
rpynu (p < 0,05 mono nokazHuka 1o JikyBaHHs i p < 0,05
MOPiBHSIHO 3 KOHTPOJBHOIO IPYIIOI0). A UMCIIO KJIITUH MO-
HOLIMTapHO-MaKpodarabHOTO psify 3 K1acTepoM nudepeH-
mitoBaHHs CD®* Gyi10 BUIIIMM ITOPiBHSIHO 3 KOHTPOJIBHOIO
rpymomwo (p < 0,05), mpoTe BxKe He BiIpi3HSIIOCS Bil aHAIO-
riyHOTO MOKa3HMKa 10 JikyBaHHs (p > 0,05).

XapakTepHO, 110 3MiHU, 3yMOBJIEHi 3-MiCSIYHUM IIpU-
tomom Komiuiekey PecBepasun® y 103i 2 Karcyiu Ha 00y,
OyJIM OiIbII CTIMKMMM i 30epiraaucs HaBiTh yepe3 12 Micsi-
LB Bi ITOYaTKy JiKyBaHHs. Tak, BUSBICHO HIDKYUIA piBeHDb

KJIITUH MOHOIIUTapHO-MaKpodaraJbHOTO PSIY 3 aBTOIMYH-
Humu BractuBoctamu (CD™, p < 0,05 momno moka3HukKa
1o aikyBaHHS i p < 0,05 OpiBHSHO 3 MEPIIOIO i IPYroio
rpyrnamMu XBOpHX), a TAKOX BUCOKMI PiBeHb KJIIITUH MOHO-
LIMTapHO-MaKpodaraabHOro psiiy 3 akTUBHICTIO M1 Makpo-
(daris (CD**, p < 0,05 1mox0 MokasHuKa 10 JIIKYBaHHS i
p < 0,05 nMopiBHSIHO 3 MEPILIOIO i APYTOIO TPYIIAMU XBOPUX).
V maui€eHTiB TPeThOI TPYITM TAKOXK 30epiraBcss HOpMaJIbHUM
piBeHs [PI (p < 0,05 mopiBHSHO 3 MEpIIOIO i IPYroo rpyra-
MU XBOpHUX, TaOII. 2).

HaiiBaxxyimBilmmm pe3ysibTaTOM 3aCTOCYBaHHSI Tepa-
ITi1 CTajl0 CKOPOYEHHS 4acTOTH 3aroctpeHb PD (Ta6i. 3)
37,2 £ 0,5 mpoTsiroM norepeaHboro poky 1o 5,1 + 0,4 micist
3-MicsgHOTO Kypey Tepariii koMmriekcoM PecBepasnn® y no3i
1 xancyma Ha o6y (p < 0,05). 3acTocyBaHHS 2-pa30BOro
IIOJEHHOTO TIpUiioMy KoMITiekcy PecBepasnH® yrpomoBxk
TAKOTO X Yacy CIIPHUSLIO 111 OiIbII BUPaXKeHOMY CKOPOUEHHIO
KiJIbKOCTI 3aroctpeHb — 110 3,8 * (0,2 pa3a mpoTSIroM poxy
(p < 0,05). IMpu ubomy yactoTa 3aroctpeHb PD y KOHTPOIIb-
Hiii rpyIi B3araji He 3miHuacs: 7,5 £ 0,6 y nonepenHiii pik
i7,2 £ 0,6 — mpoTsiroM HacTyITHOro poky (p > 0,05).

CyTTEBO 3MEHILMWIOCS YUCJIO KIIHIYHO 3HAUYIIMX 3a-
roctpeHb P®: HeoOXiMHICTD Y 3aCTOCYBaHHI aHTMOIOTHKIB
y XBOpHX, SKi mpuitManu KoMmiuieke Pecsepasnn® (apyra
rpymna), ameHmunacs 3 5,3 = 0,3 no 2,1 = 0,3 (p < 0,05)
Kypcy aHTuOioTMKOTeparii 3a pik. Ille 6inbi1 BupaxkeHuM
OyB e(eKT y mauieHTiB TpeThoi rpymnu: 5,5 = 0,6 mpoTsarom

Ta6bnuys 2. lNoka3Hnku nonynsyivi imyHounTis y xsopux Ha LJJ1 3 P® — BigaaneHi pesynbtatu

Mepiua rpyna_(KOH'rpoana), (Komnﬂgzgi’;?l’s::asu@ (Komn:ep:;ﬂP:ee:‘g;:asuH‘@
Moka3Huk n=20 no 1 kancyni/no6y), n = 18 no 2 kancynu/go6y), n =18
[o nikyBaHHs | Yepe3 1 pik | [lo nikyBaHHa | Yepe3 1 pik | [lo nikyBaHHs | Yepe3 1 pik
CD?* knituHn, % | 49,40 +4,44 | 50,25+4,29 | 4756 +3,28 | 47,06+4,14 | 50,33+5,12 | 51,16 + 5,05
CD* knituHK, % 36,37 + 3,33 38,21 + 3,00 35,42 + 3,07 38,01 + 4,42 39,40 + 4,89 34,41 + 3,17
CD?® knituHKn, % 13,34 + 2,89 12,20 + 2,22 12,26 + 2,11 13,58 + 3,33 12,12 + 2,57 17,28 £ 2,12
CD™knitnuHn, % | 14,05 + 1,42 14,89 + 1,21 14,15+ 2,16 15,16 £ 2,31 16,56 + 1,78 16,17 £ 1,98
CD'™ knituHn, % | 16,11 + 0,45 15,34 + 0,29 15,25 +0,51 |12,12+0,38" **| 2,13+0,33 |6,23 +0,36" **
CDS%* kniTnHn, % 4,24 + 0,67 412 +0,35 4,67 + 0,98 5,67 = 0,33* 4,16 = 0,41 8,89 = 0,80 **
IPI 3,07 £ 0,33 2,93 + 0,26 3,13+ 0,34 2,82 +0,19 320+0,22 | 1,91 +0,22"**

TMpumitkn: * — p < 0,05 NOPIBHAHO 3 NOKa3HUKOM A0 NiKyBaHHS; ** — p < 0,05 NopiBHAAHO 3 MOKa3HUKOM KOHTPOJIb-

Hoi rpynu.

Tabnmys 3. Kinbkictb 3aroctpeHs i notpeba B aHTnbioTukax y xsopux Ha U1 3 P®
Ha T171i pi3HUX cxeM NiKyBaHHS

Opyra rpyna TpeTsa rpyna
MoKasHNK (Egz:"%;ﬁm;? (komnnekc PecBepa3uH® | (komnnekc PecBepa3nH®
np— 20 | mot Kancyni/go6y), no 2 kancynu/gooy),
- n=18 n=18

Yucno 3arocTpeHb, nonepeaHin pik 7,5 +0,6 7,2+0,5 7,6 0,4
Yurcno 3arocTpeHb, pik CNOCTEPEXEHHS 7,2+0,6 51 +0,4%* 3,8 £ 0,2% ** ***
MoTpeba B aHTUBIOTUKAX, NoNepeHin pik 54+0,5 53+0,3 55+0,6
MoTpeba B aHTUBIOTMKAX, PiK CMOCTEPEXEHHS 52+0,4 2,1 +0,3%** 1,6 £ 0,3* **
Yucno xipypriyHux BTpy4aHb, NonepeaHin pik 44 +04 46 +0,3 43+0,3
Yucno xipypriyHmx BTpyYaHb, Pik CNOCTEPEXEHHS 45+0,3 1,9+0,3"* 1,5+ 0,3 **

TMpumitkn: * — p < 0,05 NOPIBHAHO 3 NOKa3HUKOM A0 NliKyBaHHS; ** — p < 0,05 NopiBHSAHO 3 MOKa3HUKOM KOHTPOJIb-

Hoi rpynu; *** — p < 0,05 NopiBHAHO 3 MOKa3HUKOM APYroi rpymnu.
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nornepeaHboro pokyi 1,6 £ 0,3 — micist 3-MicI4HOTOo Kypey
KoMmIutekcy PecBepasnH®. 3MeHIIMIACS TaAKOX HEOOXim-
HICTb y XipypriuHUX BTpYYaHHSX y MALiEHTIB APYTOi i Tpe-
ThO1 Ipy1I (p < 0,05).

BonHouac y KOHTpoIbHIl IpyIli moTpeda B aHTUOIOTH -
Kax 3anuiianacs craioto: 5,4 0,5 mpoTsirom nomnepeaHbo-
ro poky i 5,2 + 0,4 — npotsirom HactyrHoro (p > 0,05).

TakuM YMHOM, TIpU3HAYEHHS KOMIUIeKcy PecBepasun®
o 1 karcysi ogyH pa3 abo IBiUi Ha IeHb IIPOTSITOM 3 Mi-
csILiB MOXe GyTH KopucHUM natientam 3 L1 i P®. Moro
3aCTOCYBAHHSI CIPUSIE 3HUKEHHIO iIHTEHCUBHOCTI aBTO-
iMYHHOTO 3aIlajJbHOTO Ipoliecy, BimiHOBIEeHHIO piBHs 1PI
(p < 0,05), cympoBOIKYETLCS 3HIKEHHSIM piBHSI MaKpoda-
TiB, Ki 6epyTh yyacTb B aBTOIMYHHUX peakuisx (p < 0,05),
i 30LTBIIICHHSIM PiBHS KJIIITMH MOHOLIMTapHO-MaKpodarajib-
HOTO psiAy 3 akTUBHicTIO M 1 Makpodaris (CD**, p < 0,05),
SIKi OepyTh y4acTh Y IPOTUMIKpOOHOMY 3axucTi. Pe3ynbra-
TOM CTajI0 3MEHIIIEHHS YaCTOTH PELUIMBIB THIHHUYKOBUX
ypaxeHb mkipu (p < 0,05), a TakoxX BiporigHe 3HUXKEHHS
NoTpedu B aHTMOIOTUKAX YIIPOMOBXK 1 pOKY CIIOCTepesKEHHST
(p < 0,05) i HeoOxigHOCTI XipypriuHUX BTpyyaHsb (p < 0,05).

V Bumanky 2-pa3oBoro npuitoMy Komiuiekcy PecBepa-
3UH® Ha 100y onucaHi Bule epeKTr OyIu OLIbLI BUpaxe-
HUMHU, a TOJIOBHE — OiJIBII CTIHKMMMU: OTPUMAHUMN pe3yib-
TaT CIIOCTEPiraBcs MPOTSTOM OHOTO POKY.

Jlyxe BaXJIMBUM € TOU (pakT, 1110 Yy BUMAAKY 3aCTO-
CcyBaHHSI KOMILUIeKCy PecBepa3suH® He BUHMKAJIO KOTHUX
cepilo3HMX HebaxkaHUX MOOIYHUX e(eKTiB, SIKi 0 3MyCUIN
MPUNTUHUTHU oro nipuiioM. [1pu mpusHayeHHi KOMIUIEKCY
PecBepa3un® y 1000Bii 1031 2 Karncyiau Ha 400y Y IBOX Ia-
wieHTiB (11,1 %) Ha crapTi JiKyBaHHS 3’SIBUIKCS TOJIOBHI
00J1i JIerKoi iHTeHCUBHOCTI. 3rajaHuii HeOaxkaHul eeKT
Halli€EHTH PO3LIHWIM SIK CJIa0OKUii (He3HAUYHOI iHTEeHCUB-
HOCTI): BiH He TOTpeOyBaB IPUIIOMY aHAJITETUKIB, BiIMiHNI
KOMILIEKCY i MUHYB CaAMOCTiifHO BITPOJIOBXK 2—4 JHIB.

BucHoBKM

1. ¥V nanienri 3 LIJI1 i cynytHiM P®D nipu imyHoJ0Ti4-
HOMY OOCTEXXEHHI BUSIBJISIIOCS] CYTTEBE 3pOCTAHHSI PiBHS
KJITUH MOHOLMTapHO-MakpodaraibHoro psaay (CD'™,
p < 0,05 momo HopMU), SIKi XapaKTePU3YIOThCS BUCOKOIO
aBTOIMYHHOIO akTuBHicTiO Tipu LI/I1, a Takox BiporigHe
3HWKEHHS PiBHS KJIITHH MOHOLIUTapHO-MaKpodaraabHOTO
psiny 3 akTuBHicTIO M 1 MakpodariB (CD**, p < 0,05 momo
HOPMHU), 1110 MOXE OYyTH MPEIMKTOPOM 3HMXKEHHS TTPOTUiH-
(GeKIifHOTO 3aXUCTY.

2. TlpusHayeHHs KoMIuiekcy PecBepasnn® maiieHTam 3
LIJI1 mpoTtsirom 3 MicCSIIiB CyIIPOBOMKYBAIOCS 3HIKCHHSIM
piBHSI MakpodariB, siKi 6epyTh y4acTh B aBTOIMyHHUX peak-
misix (p < 0,05), i 30iIbIIEHHSIM piBHS KJIITUH MOHOIIATAp-
HO-MakpodarajbHOro psiny 3 akTUBHicTIO M 1 Mmakpodaris,
sIKi OEpyTh yyacThb y NPOTUMiKpoOHOMY 3axucTi (p < 0,05),
a TaKOX CHPUSLIO BiTHOBJIEHHIO IMyHOPETYJISITOPHOTO iH-
nexcy (p < 0,05).

3. 3acrocyBaHHS KOMIUIeKCy PecBepa3unH® nBiui Ha
00y BITPOJIOBXK 3 MiCSIIiB 3a0€31MeYnII0 OiTbII BUPaKEHUIA,
a roJIOBHE — OLIbII TPUBAIUM iMyHOJIOTIYHUMN e(eKT, Hix
itoro npuiiom 1 pa3 Ha no0y (p < 0,05).

4. TlpusHauyeHHs1 KoMILIeKCcy PecBepasuH® maiieHTam
3 11 i P® cripusio BiporigHOMY 3HMKEHHIO YaCTOTH pe-

uuauBiB P, a Takox CyTTEBOMY 3MEHIIIEHHIO IOTpeOu B
3aCTOCYBaHHi aHTUOIOTHKIB i HEOOXiMHOCTI XipypriYHUX
BTpy4aHsb (p < 0,05). JlikyBanbHuit edpekT OyB OLIbII BUpa-
>KEHUM y BUTIAJKY 3aCTOCYBaHHSI TIperaparty JIBiui Ha 100y
MPOTSITOM 3 MiCsI1IiB.

5. Ipwuitom komruiekcy PecBepasnH® He CynmpoOBOIXKY-
BaBCSl BUPAXKEHUMU TMOOIYHUMMU eheKTaMu, siKi O CyTTEBO
BIUIMBAJIM Ha MOTO MePEHOCUMICTb Y1 3MYCUJIN OU TIPUTIU -
HUTU HOTO 3aCTOCYBAHHS.

Konduikr intepecis. He 3asnenui.
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Recurrent furunculosis in patients with type 1 diabetes mellitus:
immunopathology and possibilities of drug correction

Abstract. Background. The purpose of the work is to study the state
of the immune response in patients with recurrent furunculosis
against the background of type 1 diabetes mellitus (DM1) and the
possibility of its correction. Materials and methods. Fifty-six pa-
tients with DM 1 who had at least 5 clinical episodes of furunculosis
during the last calendar year were examined. Cellular immunity
indicators were studied in all participants, after which they were
randomized into 3 groups and received different treatments over the
next 3 months. Patients of the first group (n = 20) received standard
therapy with the use of antibiotics and local antiseptics, surgical care
if necessary. Eighteen people of the second group were additionally
prescribed Resverasin® at a dose of 1 capsule per day for 3 months.
Group 3 patients (n = 18) received Resverasin® 2 capsules per day
for the same time. After the completion of the 3-month period,
the indicators of the immune response were redetermined. Also,
the frequency of furunculosis recurrences, the need for antibiotics
and the frequency of surgical visits during the next calendar year
were recorded in all participants. Results. In patients with DM 1
and recurrent furunculosis, there was a significant increase in the
level of cells of the monocyte-macrophage series (CD'"*, p < 0.05
relative to the norm), which are characterized by high autoimmune
activity in DM, as well as a significant decrease in the level of
cells of the monocyte-macrophage series with the activity of M1
macrophages (CD®**, p < 0.05 relative to the norm), which may be
a predictor of a decrease in anti-infective defense. The prescrip-

tion of Resverasin® helps reduce the intensity of the autoimmune
inflammation, restore immunoregulatory index (p < 0.05), and is
accompanied by a decrease in the level of macrophages involved
in autoimmune reactions (p < 0.05) and an increase in the level of
cells of the monocyte-macrophage series with the activity of M1
macrophages (CD®*, p < 0.05) involved in antimicrobial defense.
The result was a decrease in the frequency of recurrences of pustu-
lar skin lesions (p < 0.05), as well as a significant reduction in the
need for antibiotics during 1 year of follow-up (p < 0.05) and the
need for surgical interventions (p < 0.05). In case of administering
2 doses of Resverasin® per day, the effects described above were
more pronounced, and most importantly, more persistent: the result
obtained was observed for 1 year. When using Resverasin®, there
were no serious side effects that would force you to stop taking
it. Conclusions. In patients with DM1 and recurrent furunculosis,
significant changes in the state of cellular immunity were revealed,
which were manifested by changes in the number and ratio of cells
of the monocyte-macrophage series. The administration of Resve-
rasin® was accompanied by the restoration of these changes. The use
of Resverasin® for 3 months was accompanied by a dose-dependent
decrease in the number of furunculosis recurrences in patients with
DM and significantly reduced the need for antibiotics and the
frequency of surgical interventions.

Keywords: type 1 diabetes mellitus; recurrent furunculosis; resve-
ratrol; phagocytosis; immune response
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AKTUBHICTb ApriHa3o-NO-CUHTA3HOI cuctemMu
Ta 3MiHU B cuctemi NO
B CUPOBATLI NepudepUudHoOi KpPOBI Y BATITHUX
i3 3ATPUMKOIO POCTY NACAQ

Pestome. AkTyanbHicTb. OKcU[aTUBHWY CTPEC, BUKITMKAHUI 36iTbLUEHHSIM aKTUBHUX (hOPM KUCHIO Ta/a6o
He[oCTaTHbOK [OCTYIHICTIO Ta aKTUBHICTIO aHTUOKCUAAHTIB, JIEXUTb B OCHOBI Cy4acHOI KOHUenLii natoreHe3y
3atpumku pocTy rinoga (3Pr1). OkeypaTtnBHUE Ta HITPO3aTUBHWI CTPEC HE iCHYIOTb OKPEMO, a B3aEMOLIOTh
4Yepe3 yTBOPEHHS NEPOKCUHITPUTY. OTXe, oyiHka cuctemu okengy a3oty (NO) B KNiHIYHUX yMOBax MOXe cTatu
BaXJ/IMBOK 4151 NpoginakTuku 1a nikysaHHs 3Pl1. MeTta: BuB4UTH 3MiHN akTMBHOCTI isoghopm NO-cuHTasu t1a
apriHaau B cupoBartyi KpoBi y BariTHux i3 3Pl Ta BnavB ymx 3MiH Ha PO3BUTOK OKCUAATUBHOIO Ta HiTpO3aTuB-
Horo cTpecy. Matepianu Ta meToAun. Y AOCHIOXEHHS 6Y10 BK/IIOHEHO pe3yibTaTn 06CTEXEHHS 26 BaritHuX i3
BcTaHoBrieHow 3Pl Ha eTari criocTepexeHHs B X/K, sKi yBIiViLLAM [0 NepLLoi rpynu; 4O ApYroi rpynu yBiviLLio
18 yMOBHO 3[0pOBUX BariTHUX 3 HOPMasibHUMN YETOMETPUYHUMU MOKA3HUKaMU noga. Yeim nayieHTkam Bu-
3Ha4danm NO-CUHTasHy eH3nMaTn4Hy aKkTUBHICTb cupoBaTku Kposi rnpu 37 °C y cepenosuLLi iHKybaLii 06’eMom
1,5 mn. Pesynbtatun. [laHi JOCNIOXEHHS BKa3yOTb HA MOPYLUEHHS 6aaHcy MiXX MeTabosiqYHuMu LUsxamu
L-apriHiHy y nayieHTok i3 3Pl1. BusiBrneHo 3MiHvu akTUBHOCTi eHaumiB apriHa3o-NO-cuHTa3Hoi cuctemu npy gaHivi
nartosorii, Lo Hacamnepes BnpaxaroTbcsi B 3pocTaHHi akTuBHoCTi INOS Ta 3HWXeHHIi akTuBHOCTI apriHasu. [1pu
feqiynTi apriHasmn 6insLue L-apriHiHy goctynHo g1 NO-cuHTasu, Lo npu3BognTb 4O HAAMIPHOro BUPOOSIEHHS
NO. ¥ Bucoknx koHueHTpayisx NO € chbakTopom eH[oreHHoi iHTOKeuKawii BHacigok vioro LwBmgkoi iHaktusauii
3 YTBOPEHHSIM TOKCUHYHOIO MEePOKCUHITPUTY. 3Ha4yHa Mo3nTUBHA KOPESALis MK CUPOBATKOBUM MEPOKCUHITPU-
TOM | CYMOIO HITPUTIB Ta HITparTiB, ki € cTabinbHumu metabonitamu NO, Bkasye Ha nocuneHy npogykuito NO
i, IK HacnifgoK, BULLM PiBEHb NePOKCUHITPUTY y BariTHux i3 SPI1. BucHoBKW. [poaykuis HaaMipHOI KinbKOCTi
HITpOreHy okcugy BHacsigok nepepoanoginy aktusHocti NO-cuHTasHoi cuctemm B 6ik Ca®*-He3anexHoi iHgy-
ymbernbHoi i3ochopmum B yMoBax iLLeMii € NPU4YMHOK OKUCHIOBASIbHOrO Ta HITPO3aTUBHOIO CTPECY, KU Bigirpae
Knto4oBy pornb y natoreHesi 3PI1.

Knro4oBi cnioBa: satpumka pocTy nnoga; HitporeHy okeua, NO-cuHTa3u; apriHasa; OKMCHIOBATIbHWMY Ta HITPO-
3aTBHUI CTpec

Bctyn

3arpumMka pocty mionaa (3PIT) — akryanbHa nipobiema
CYy4acHOTO aKyIlIepcTBa, OB’ si3aHa 3 BUCOKMMU TTOKa3HU -
KaMU TleprHaTaJbHOI 3aXBOPIOBAHOCTi, CMEPTHOCTI, J1OB-
TOCTPOKOBUMU 3aXBOPIOBAHHSIMU, BKJIIOYAIOUN 3aTPUMKY
HEHPOPO3BUTKY B IUTUHCTBI Ta TMiABUIIICHUI PU3UK Cep-
1I€BO-CYIMHHUX 3aXBOPIOBaHb, AMCIiMiAeMii Ta I[yKpOBOTO
nmiabety B mopociioMy Biti [1, 2].

3a ganumu BcecBiTHBOI opraHi3allii OXOpPOHM 300~
poB’s, yacToTa HoBoHapomkeHux i3 3PIl ctaHOBUTE:!
y LenTpanbhiit A3ii — 31,1 %, y po3BUHEHUX KpaiHax
€pponu — 6,5 %, a B YkpaiHi cepen JOHOIIEHUX —
10—22 %, cepen HemoHowmeHux — 18—22 % [3]. dana
rmaToJsiorist yckinanHioe mepeb6ir 10—15 % BariTHOCTel.
V cTpyKTypi NpUUMH MepUHATATLHOI 3aXBOPIOBAHOCTI Ta
cmeptHocTi 3PIT cranoButh 40 %. HeoHaTasbHi ycKitanu-
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HeHHs ripu 3PI1: rimotpodist — 81,8 %, rimnokcuuHoO-i1e-
MiyHEe ypakeHHS LeHTpaJbHOI HEPBOBOI CUCTEMU —
25,4 %, nuxanbHi mopymenHs — 10,1 %, acmipamiiHuii
cuHapoM — 4,8 %; moTpedy y repeBoi 10 crieliaaizoBa-
HUX BimaiieHb MaioTh 19,3 % HOBOHAPOMKEHUX, Y peaHi-
MaliifHit TomoMo3i — 6,3 %, CHHIPOM PamnToOBOI TUTSIIO1
cMepTi cynpoBomkye 1—3 % Bunankis |3, 4].

3PII noB’s3aHa 3 IIalieHTapHOIO TUCHYHKIIIE€I0, Yac-
TOTAa SIKOI ITPU €KCTPareHiTaIbHUX 3aXBOPIOBAHHSIX MaTepi
Ta yCKJIaaIHEeHOMY mepebiry BaritHocTi pocsirae 80—90 %
[5, 6].

OKCcUIaTUBHUM CTpec, BUKJIMKAHUN 30iJbIIEHHIM
akTUBHMX (opm KucHIO (ADPK) Ta/a60 HETOCTaATHHOIO
JMOCTYTHICTIO Ta aKTUBHICTIO aHTUOKCU/IAHTIB, JIEXUTh B
OCHOBIi cydacHoi KoHuerii matoreHe3y 3PI1. Oxcuma-
TUBHUI Ta HITPO3aTUBHUI CTpeC He iCHYIOTh OKpeMo, a
B3AaEMOIIIOTH Yepe3 YTBOPEHHS MEPOKCUHITPUTY — MO-
TY>XHOTO OKMCHMKA, 1110 YTBOPIOETHCS B PE3YJIbTATi iHAK-
TuBallii cynepokcunaoM HitporeHy (1) okcuny (NO). Oc-
TaHHIA TIPOOYKYETHCSI B HaAMipHIill KiJIbKOCTi BHACIiIOK
nepepo3mnoainy aktTuBHOCTi NO-CHHTa3HOiI cUCTeMU B OiK
Ca?"-He3anexHoi iHaynnoebHoI i30(hopMU B YMOBAX Ti-
nokxcii. ¥ Bucokux koHueHTpauisx NO mae nmpo3anajibHi
e(eKTH, ITOCUJIIOE Ba30AMIaTallilo Ta CIPUSIE YTBOPEHHIO
BibHUX panukainis [7, 8].

CuHrasu okcuay azoty, NO-cunTtazu (NOS, Nitric
oxide synthase) — poguHa ¢pepMeHTIiB, 110 3a0e3IeUyIOTh
cuHTe3 NO i3 L-apriHiny. ¥ ccaBuiB HasiBHi Tpu i30dop-
mu NO-cuHTazu: engoteniaibHa eNOS (takox NOS,),
HeiipoHanbHa nNOS (takox NOS)) it inayuu6enbHa
iNOS (takox NOS,). Ilepuri 1Bi KOHCTUTYTUBHO €KC-
MPECYIOThCS Y BiMTOBIIHUX TUTIAX KJIITUH i aKTUBYIOTbCS Y
pasi MiaABUILEHHS IUTOIJIa3MaTUYHOI KOHIIEHTpaLlii Kajlb-
mifo. CuaTte3 iNOS iHOYKYEThCS TIJIBKU 3a TIEBHUX YMOB,
HE eKCMPECYEThCS MOCTIMHO (KOHCTUTYTUBHO). CUHTE3
LbOTO €H3MMY BiIOYBAaETHCS TIIBKU MPU IATOJOTIYHUX
craHax [9].

ApriHiH € cninbHUM cyocTtpaTtoMm ajist NOS i apriHa-
31. ApriHaza — MeTaJOeH3UM IIMKJYy CEYOBUHU, SIKUI
KaTai3ye rinpoii3z L-apriHiHy 10 CEYHOBMHM Ta OPHITU-
HY, KOHKYPYIOUH 3a CIIiIbHMI cyocTpat i3 NOS ta Brumm-
Batouu Ha ii akTuBHicTh [10—12]. CniBBiZHOIIEHHS MiX
pi3HUMU 1IIXxaMu MeTabomiszmy L-aprininy (NO-cuH-
Ta3HUM (OKMCHUM) Ta apriHa3HUM (HEOKUCHUM)) M-
TpuUMye€ (iziosoriyHuit mya 1iei aMiHOKMCIOTU Y KJTi-
TUHaX Ta NeTepMiHy€ iHTEHCUBHICTb MPOAYKYBaHHS
NO Ta itoro metaboJiTiB. ApriHiH MOXe JoroMaraTu
y 00pOTh0i 3 OKMCHUM CTPECOM, aje TIIbKM 3a YMOB
npaBuibHOT po6oT NOS Ta 10CTaTHBOT KiTBKOCTI aH-
TUOKCUIaHTHUX (pakTopiB [13, 14]. B iHmmux Bumagkax
BiH MOX€ HaBiTh MOCUJIWTU MOIIKOIXKEHHS KJIITUH 4Ye-
pe3 yTBOpeHHSs mepoKcuHiTputy [15, 16]. TToripmeHHs
MaTKoOBOI1 Iepdy3ii Ta MoB’sI3aHa i3 Helo IJIalleHTapHa
nUCcYHKILiS HEe TiIbKU BIUIMBA€E HA UUISAXU (GOPMyBaH-
Ha NO, ane it Bu3Havae te, a1 6yame NO KopucHuM abo
IIKITJTUBUM [UIST KITITUHU.

MeTta: BUBUMTHU 3MiHU aKTUBHOCTI i30popm NO-cuH-
Ta3u Ta apriHa3u B cMpoBarili KpoBi y BaritHux i3 3PII Ta
BILIMB 1IMX 3MiH Ha PO3BUTOK OKCUIATHBHOIO Ta HiTpo3a-
TUBHOTI'O CTPECY IIPH Lili ITaTOJIOTi].

MarTepiaAu Ta meToamn

[TpoBeneHO peTpOCIeKTUBHE KOTOPTHE MOCIIiIXKEH-
Hs1. O0OcTexxeHo BariTHuX i3 BctaHoBjeHoto 3PIT Ha eTami
CTIOCTEPEXEHHS B XKiIHOYMX KOHCYJIbTALliSIX, SIKi YBIHIIIN
1o mepuioi rpynu (n = 26); Ko apyroi rpymnu ysiiimo 18
YMOBHO 30POBUX BariTHUX 3 HOPMaJbHUMU (heToMe-
TPUYHUMU MOKa3HUKamu riona. Jliarno3 3PI1 BctaHOB-
JITOBaJIM BifmnoBigHo 1o CTaHAapTy MEAUYHOI JOITOMOTH
MO3 Ykpainu «3aTpumka pocty roaa» Bim 02.10.2023 p.
No 1718.

BusnauenHss NO-crMHTa3HOI eH3UMaTUYHOI aKTUBHOC-
Ti cupoBaTku KpoBi npoBoauau npu 37 °C y cepenoBuilli
iHKyOamii 06’emom 1,5 ma Takoro ckiany: Tpuc-HCl —
0,08 M (pH =7,4), CaCl, — 10 MM, L-aprinin — 0,15 MM,
NADPH(H*) — 0,12 MmM. KoHTtposbHi Ta 6e3cydcTpaTHi
3pa3ku (10 SIKMX cyOCcTpaT He BBOAMUJIM) TOTYBAJIM aHAJIO-
riYHO 10 mociimHux, aie BoHM 3aMictb NADPH(H') ta
L-aprininy mictunu GiguctuiaboBaHy Bomy. NO-cUHTa3Hy
peaxililo iHilliloBaJiM BHECEHHSIM JI0 iHKyOalliiiHoro cepe-
IIOBUILIA aliKBOTHU IIpoTeiny (70 MKJT); KiJIbKiCTh IIPOTEiHY
y ipo6i He nepesuiyBaia S0—70 mxr/mi. JlocainHi mpoou
CIeKTPO(OTOMETPYBAIU MPOTU KOHTPOJBbHUX Ta 6e3cy0-
CTpaTHUX 3pa3KiB 1pu A = 340 HM, micJis1 Yoro iX iHKyOyBasu
npotsiroMm 20 xB nipu 37 °C. Peaxiiito 3ynuHsIIA BHECEH-
HsIM 110 peakiiiiiHoro cepenosuuia HCIO, (1,5 M). AkTus-
HicTb NO-cuHTa31 BUpaxKajyd B HAHOMOJISIX OKMCHEHOTO
NADPH(H")/xB Ha 1 Mr 3arajibHOTO TIpOTEiHY y MpOOi.
AxTtuBHicTh Ca*" -He3aexHoi iNOS BU3HaYaIu aHAJIOTid-
HO, OOJA04YM B iHKyOalliliHe cepeaoBUIlle CeJIEKTUBHUMI
iHri0iTOp iHIYIMOETLHOT i30(hOpMM aMiHOTYaHIIMH 3aMiCTh
CaCl,. AktuBHicTb Ca**-3anexHoi i3odhopmu NOS, 110
3TiIHO 3 JaHUMMU JIiTepaTypy BiAIIOBiTa€ KOHCTUTYTUBHIM
(ennmotenianbHiit) i3odopmi NOS (eNOS), po3zpaxoByBaiu
SIK PI3HUIIIO MiX 3arayibHoI0 akTUBHICTIO NOS i aKTUBHICTIO
Ca*"-He3anexHoi izohopmu NOS.

AKTHBHICTb apriHa3y B CMPOBATIIi KPOBi BU3HAYAIM 3a
YTBOPEHHSIM CEYOBMHU, BMICT SIKOI BUMipIOBaJIM 3a JI0TIO-
MOTOIO 1iarHOCTUYHOrO HAaOOpY BiAIOBIAHO A0 iIHCTPYKIIil
dbipmu-BupobHMKa (Simko, Ykpaina). EHsuMatnyny peak-
11i0 iHiLioBaIM BHECEHHIM aylikBoTu (150 MKIT) moTeiHy B
iHKyOa1iitHe cepegoBuie Takoro ckiamxy (MM): 20 Tpic-
HCI, 100 L-aprinin, 2 MnCl, (pH = 9,5) 06’emom 300 MKJ1;
KIJIBbKiCTh MpoTeiny y 1pob6i — 50—100 Mxr/mi. IHKyOa1io
spiticHioBaiau 30 xB mpu TeMitepatypi 37 °C Ha meiikepi.
Peaxiiito 3ynuHsIM BHECEHHSIM B iHKyOalliliHe cepeaoBU-
e 40 Mk 50% TpUXJIOPOLTOBOI KUCIOTH. Y KOHTPOJIbHI
3pa3Ku 3aMiCTh MPOTEIHY BHOCUJIU BiAINOBIAHY aliKBOTY
¢izpo3unny. KpiMm mocmimHux i KOHTPOJIBHUX P00, To-
TyBaJd TaKOX MpoOy, 1110 MiCTUTh CTAHAAPTHUI PO3YNH
cevoBunu (16,65 MM). Yci 3pasku crieKTpoOTOMETPYBaI
MPOTHU KOHTPOJBHUX TP A = 520 HM. AKTUBHICTb apriHa3u
00UMCITIOBAJIN i BUpaXkallh Yy HAHOMOJISIX CEYOBMHM/XB Ha
1 Mr 3arajbHOTO MIPOTEIHY Y MPOOi.

Yac xuttst NO CTaHOBUTH JIeKiIbKa CeKyH/I, 3a (izi-
OJIOTIYHMX YMOB HEBEJIUKi MOTO KiJIbKOCTi IIBUIKO iHaK-
TUBYIOThCSI OKMCHOIO peaklli€lo, Mepexoasun y HiTpuT abo
HiTpaT. OcTaHHI € CTa0iIbHUMU MeTa0OJiTaMU OKCUIY
a30Ty, TOMY iX CyMapHe BU3HAUYEHHSI € METOJOM OLIiHKU
3arajbHoro cuHTedy NO. MeTon BU3HAYE€HHSI CyMU HiTpa-
TiB Ta HiTPUTIiB Oa3yBaBcs Ha peakllil yTBOPEHHS 3a0apB-
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PucyHok 1. ApriHasHa akTuBHicTb (A)
y cupoBaTyi KpoBi 06CTEXEHNX BariTHUX

lMpumitka: * — p < 0,001 cTOCOBHO YMOBHO 3[0pPOBUX
BariTHuX.

JIEHOTO KOoMIUIeKcy 3 peaktuBoM I['picca. 0,1 M urazmMu
po3unHsn y 0,51 M Boau, ocamkyBaiu OUJIOK IUISIXOM
BHeceHHs 0,3 MJI pO3UYMHY XJIOPHOI KMCIOTU. Bimbupanu
0,27 ma cynepHaTtanty, nomaaiu 0,03 M 3 M po3um-
Hy amiaky, 0,06 mur 0,1 M po34MHY XJTOPUIHOI KUCITO-
™, 0,6 M1 10% po3unHy onToBOi KMCIOTH, 30 MT cyMmii
(1:100) nMHKOBOIO MUJIy Ta MaHTaHy cyabdaty (115 Bia-
HOBJIEHHS HiTpaTy IO HiTpUTY) a00 MaHTaHy cyJIbdaTty (y
BUIIAIKy BU3HAYCHHSI HITpUT-aHioHY), 0,54 MJI peakTuBy
I'picca. Yci peakTuBu roTyBam Ha Bomi o1 iH’ekwiid. 'o-
TOBY CYMIilll CTpYIIYBasIM i neHTpudyrysanu rmpu 15 000 g.
ExcTuHKIIiI0O cynepHaTaHTy BUM3HAYaJlud MPU ITOBXMHI
xBuiti 550 HM. KoHTpoJieMm ciyXuia AucTuiboBaHa Boja.
KoHueHTpauito BU3HaYaIu 3a KajaiopyBajJbHUM rpadikom
(y MKMOJIB/7T).

BMicT Ta mponyKyBaHHSI MEPOKCUHITPUTY JYXKHUX Ta
JIY)KHO3eMETbHUX METaJTiB BUSHAYAIM 3TiTHO 3 METOIUKOIO,
onucaHoto Vanuffelen i criiBaBT. KoHIIeHTpallil0 epoKcu-
HITPUTY JYXXKHMX i Ty>KHO3eMeJIbHUX MeTajliB BU3HAYAIU 3a
MPUPOCTOM aTOMAPHOTO MOy, SIKUIA YTBOPIOETHCS B PeaKIlil
MEePOKCUHITPUTY 3 oauaoM Kaiio y ¢pochaTrHomy Oydep-
HOoMy po3unHi (pH = 7,0).

JI1st TIepeBipKy HOPMAaJIbHOCTI PO3IIOAITY KiTbKiCHUX
JTaHUX HaMmu OyJ10 3acTocoBaHo Kputepiii Lllamipo — Yinka.
V BUIanKy rayCciBChbKOIo po3MoIily BapialliiiHi psiay OIHICY-
BaJIMCh 3a JIOTIOMOTOI0 CEPETHBOTO apU(METUIHOTO Ta HOTO
cra”maptHoro BinxuieHHs (X = SD). Psanu, sxi Mmanu Hera-
YCiBCBKUI pO3MO/IiJ, OMUCYBAIUCH 33 TOTIOMOTOIO MeliaH!
ta 25-10 i 75-ro nepuentuiis: Me [25 %; 75 %].

3HaYyIIiCTh Pi3HULI MixXK ABOMA CepeIHIMU BETUMINHAMU
BU3HAyaJach MIPU HOPMAJTbHOMY PO3IOAiIi 32 TOITOMOTOIO0
t-xputepito CTbIOIEHTAa, a MPU BiICYTHOCTi rayCiBCbKOIro
posnoniny — U-kputepito Manna — YiTHi. PisHuiis Bea-
Kasachk BiporigHoto 1pu p < 0,05. Kopensiilini 3aaexkHo-
CTi BUMipIOBAJIMCH 3a JOTIOMOTOI0 KoedillieHTa Kopesiil
IMipcoHa (mmpu KiJbKiCHUX MOKa3HUKaxX) abo KoedillieHTa
kopensanii CriipMeHa (Ipy paHTOBUX MOKa3HUKAX).

Yci cratucTiyHi 00paxyHKU MTPOBOAMIINCS i3 BUKOPUC-
TaHHSIM IIporpamMHoro 3ade3nedyeHHs Rstudio v. 1.1.442 ta
R Commander v.2.4-4.

PesyAbTaTH

BusiBneHo mpurHideHHs1 apriHa3HOro IIIsIxy MeTa-
6omizmy L-aprininy y cupoBarii KpoBi xiHok i3 3PII.
VY pesynbTaTi NpoBeNeHUX AOCIiIKEHb BCTAHOBJICHO, 1110
aKTUBHICTb apriHa3u y 2,22 pa3a HuxXK4a, HixX y iHOK 3 HOp-
MaJIbHUM Tepebirom BaritHocTi (6e3 3PIT) (57,16 = 2,14
i 127,25+ 7,21 HMOJIb CEYOBUHU/XB Ha | MI MPOTEIHY Bi/-
noBigHO) (p < 0,001) (puc. 1).

[IpurHiyeHHsI aKTUBHOCTI apTiHa3M CyIIPOBOIKYBAJIOCh
oxHouyacHoIo akTtuBalieio iNOS. BctaHoBeHO, 11I0 aKTUB-
HicTh iNOS y mocnigHiil rpyni nepeBuiiyBaia MoKa3HUKKU
KOHTpoIbHOI rpynu (6e3 3PIT) y 7,76 pasa (97,0 £ 6,14
i 12,50 = 1,45 umons NADPH(H")/xB Ha 1 Mr npoTeiny
BigmosinHo) (p < 0,001) (puc. 2).

BBaxaerbcs, mo NOS-3anexkHuil cMHTE3 0a3aib-
Horo NO peanizyetbest eNOS, Toni sik iNOS 3a6e3mne-
yye gomaTtkoBi KinbkocTi NO y KIiTUHAX IpU pi3HUX
naTtoyioriyHux craHax [17]. 3pocTaHHS aKTUBHOCTI
iNOS y BaritHux i3 3PII cynpoBomaXyBaaoCh 3HUXKEH-
HSIM CMHTE3y KOHCTUTYTUBHOI i30hopMu eH3uMy. Taxk,
eNOS y nocninHiit rpyrmi Oyna HUXx4oM B 2,78 pasa, Hix
y IPYIli KOHTPOJIIO, i ctaHoBMAa 29,66 £ 3,54 HMoIb
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Ipyna kKoHTpono MauieHTkn i3 3Pl

PucyHok 2. AktusHictb iNOS y cupoBarui KpoBi
BaritTHux

lpumitka: * — p < 0,001 cTOCOBHO YMOBHO 3[0pPOBUX
BariTHUX.

PucyHok 3. AktusHictb eNOS y cupoBatyi KpoBi
BariTHuUx

lMpumitka: * — p < 0,05 cTOCOBHO YMOBHO 340pPOBUX
BariTHux
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Ta6bnuys 1. 3MiHM NoKa3HUKIB CUCTEMUN OKCUAY a30Ty y CUPOBATLi KPOBi BariTHux

lMoka3Huku 1-wa rpyna, n = 26 2-rarpyna,n=18 P
Cyma HITpuTiB Ta HiTpaTiB, MKMOMb/T 5,12+ 0,32 3,12+ 0,28 < 0,05
[MepoKCHHITPUT, MKMONb/T 8,46 [2,26; 14,76] 3,04 [0,66; 4,13] < 0,001

TMpumitkn: p,_, — pi3HULIST MiDK NOKa3HUKaMu nepLuoi i gpyroi rpyn. BigMiHHOCTI MiX nokasHUKaMu BU3Ha4Yanu 3a
ABOCTOPOHHIM KpuTepiem Dilwepa (BiporigHoto BBaxanu pisHuLto rnpu p < 0,05).

NADPH(H")/xB Ha 1 Mr nipoTeiHy; B KOHTPOJIbHINl —
82,62 = 7,44 umons NADPH(H+)/xB Ha | Mr ripoTeiny
(p <0,05) (puc. 3).

Binomo, 1110 icHye B3aeMoperyJsiist apriHa3u Ta NOS B
L-aprinin-MeTaboi3younx nuisixax. ApriHaza pelrIIpoOKHO
peryinoe akTUBHICTh (ekcripecito NOS) nuisixoM BUCHaXKEH -
Ha L-apridiny K ix cnineHoro cyoctpaty [18]. Hanexunit
6aanc Mixk NO-cuHTa3HoMW0 (OKMCHUI MeTabotizm L-apri-
HiHYy) Ta apriHa3HoI0 (HEOKMCHUI MeTabo1i3M L-apriHiHy)
aKTUBHICTIO (€KCIIPECi€I0) € HEOOXiTHUM IS ITiATPUMKU
romeoctady NO. 3 orjisiny Ha 3a3HayeHe BaXKJIUBO OYyJI0
TMOCHIANTHU, SIK 3MIHIOETbCS CITiBBITHOIIEHHSI OKMCHOTO Ta
HEOKVCHOTO LIJISAXiB MeTaboJ1i3My L-apriHiHy y mami€eHToK
i3 3PII.

BcraHoBieHO, 110 CIiBBiAHOIIEHHSI aKTUBHOCTEH
apriHa3za/iNOS y KOHTpoOJIbHil rpyni craHoBuiao 10,18
y 11a3Mi, a B fochigHii rpymni — 0,59. 3HMKEHHS CTiBBiI-
HoleHHs apriHa3a/iNOS y nauieHnrtok i3 3PI1 3HauHO10
MipOIO MOSICHIOETHCS 3HUKEHHSIM aKTUBHOCTI apriHa3u
Ta pi3koto akTuBauieto iNOS. [IpurHiueHHsS aKTUBHOCTI
apriHasu (ska Moryia 6 CIpUYMHUTU OOMEXEHHS Tinep-
npoaykitii NO 1muissxom KOHKYpeHIlii 3a criiibHuii 3 NOS
CcyOCTpaT) CTBOPIOE OibII CIIPUSTIMBI YMOBU IJI1 (PyHK-
mionyBanHs iNOS mpu 3PI1.

[MTaTonoriyna aktuBauisa (iHaykuis) iNOS npuo-
IUTH 00 HagMipHOTro cuHTe3y NO, 30iIbIIyIoun 3araabHy
KOHIIeHTpalio MetadositiB NO i cipusitoun yTBOPEHHIO
CYIIEpOKCHUI-aHiOHA Ta MEPOKCUHITPUTY. Pe3yabraTu mo-
CJTiIDKEHHS TIOKAa3aJiu, 10 Cepe/iHiii piBeHb HITPUTIB Ta Hi-
TpaTiB y BariTHUX OOCiTHOI rpynu OyB Ha 39,1 % BuILNM,
HIX y XKiHOK I'pYITYA KOHTPOJIIO, TOKA3HUKU MTEPOKCUHITPUTY
Oynu BulMMu y 2,8 pasza (tabai. 1).

IIpu oOpaxyHKy BiMi4a€ThCs CHUIbHA IIO3UTUBHA KOpPe-
JISITIIST MiK CYMOIO HITPUTIB i HITPATiB Ta TEPOKCUHITPUTOM
(r=0,67).

O6roBopeHHs

JaHi mocmimKeHHs BKa3ylOTh Ha MOPYIICHHS OajlaHCy
MixX MeTaOOJIYHUMU LIIsIXaMU L-apriHiHy y malieHToOK
i3 3PI1. BusgBiaeHo 3MiHM aKTMBHOCTI €H3MMIiB apriHa-
30-NO-cHHTa3HOI CUCTEMU IIPU JaHill ITaTOJOTii, 1o
BUPaXarmThCsl Yy 3pOCTaHHI aKTUBHOCTI iHAYLIMOEIbHO1
i3opopmu NO-crHTa3M Ta 3HUXKEHHI aKTUBHOCTI apri-
Ha3u.

IIpu medinuti aprinasu Oiybllle apriHiHy TOCTYITHO ISt
NO-cuHTa3u, 1110 TPUBOAUTH 10 HAIMiPHOTO BUPOOJICHHS
NO. Bigomo, mo ¢izionoriuni edpextn NO B opraHizmi
(ky1iTUHI) € MOABIHHMMMU 3aJIe3KHO Bill HOro KOHIEHTpallii
[19]. 3a HopManbHUX Pi310JOTIUHUX YMOB KOHLIEHTpa-
misgs NO € Hu3bKo10. 3pocTaHHd iioro BMicTy uyepe3 iNOS

CMpUsIE afanTallii opraHi3mMy 10 HU3bKOTO PiBHSI KUCHIO i
Ma€ KOMIIEHCATOPHO-MPUCTOCYBalIbHe 3HaUeHHS. DyHKIIiT
NO B yMoBax Tilokcii: BazoauaTallisi pO3IINPIOE CYIUHU,
MOKpPAIYIOUM KPOBOMOCTAYaHHS, MOAYJIOE KIITUHHUIA
MeTabo0J1i3M, MOXe 3MEHITYBAaTU OKUCHIOBAJILHUI CTpeC
y neBHUX ymoBax. [1pote HagMipHUii cuHTe3 NO € Ginbln
HeOe3MeYHUM, HixX ioro aedilut. ¥ BUCOKUX KOHIIEH-
tpauisx NO € pakTopoM eHIOreHHOI iHTOKCHKAIIil, 110
BU3HAYa€ MOro HUTOTOKCUYHUM e(eKT, BUKJIMKAE 3aTH-
0eJib KJIITUH | TKAHWH 32 MEXaHi3MOM amornTo3y Ta/abo
Hekpo3sy [20].

OKUCHIOBAJILHUI CTpeC BUCOKUI Y IUIALICHTI yepes 1i
BMCOKY MiTOXOH/IpiaJIbHy aKTUBHICTb, a illleMidyHa IJIaleHTa
iHnykye HagMipHy npoaykiito ADK [21, 22]. Cynepokcu-
HMI1 aHiOH, SIKWIi € oHi€l0 3 hopm ADK, IBUAKO iHAKTHU -
Bye NO Ta iioro MeTaboJ1iTi 3 YTBOPEHHSIM MEPOKCUHITPU -
Ty. [IepOKCUHITPUT — 1ie MOTYKHUI OKUCHUK i HITPYIOUMiA
areHT, SIKUI Biflirpa€ BaxJIMBY pOJib Y ITaTOreHe3i 6araTbox
3aXBOPIOBaHb, OCKIJIbKM BiH MOX€ BUKJIMKATU OKUCHIO-
BaJIbHUN i HITPO3aTUBHUI CTpecC, MOMIKOKYIOUM OUIKH,
JHK, nimigu, 3 po3BUTKOM XpOHIUHOro 3amajeHHs [23].
3HayHa MO3MTUBHA KOPEJALisl MiKk CUPOBAaTKOBUM Tie-
POKCHHITPUTOM Ta CyMOIO HITPUTIB Ta HIiTpaTiB, sIKi € cTa-
oinpHIMH MeTabojitamu NO, BKa3y€e Ha MOCHICHY IIPO-
nykitio NO i, SIK HacinoK, BUILUIA piBeHb MEPOKCUHITPUTY
y BaritHux i3 3PII.

Xoua B3aemonis Mixk NO ta ADK Moxke peryaoBaTu
¢izionoriyHuii TOHYC CyIMH Iif Yac HOpMaJIbHOI BariTHO-
cTi [22], MmoxnmBo, mucHananc Mixk NO ta ADK 3amydeHnii
1o natoreHe3y 3PIT.

[lincymoBy1ouM, My BUSIBUJIM, IO BariTHICcTH i3 3PII
NeMOHCTpYE 3MiHU B cucteMi NO, sIKi XapaKTepu3yTh-
Cs MiABUINEHHSIM CyMH HITPUTIB Ta HiTpaTiB (CTiMKHUX
loro MeTaboIiTiB), 3HUXKEHHAM KOHCTUTYTUBHOI eNOS,
3HUXKEHHSIM CITiBBiIHOIIEHHS apriHa3a/iNOS 3a paxy-
HOK HM3bKOI aKTUBHOCTI apriHa3yu Ta 3HAYHOI aKTUBAIlil
iNOS Ta BUCOKOI KOHLIEHTpaLlii MepoKCcUHITpUTy. OLliHKa
¢yuxkuii cucreMu NO B KIIIHIYHUX YyMOBaxX MOXe CTaTHU
BaxXJIMBOMO ISt podinakTuku Ta jikyBaHHst 3PII, a Bu-
BUEHHSI NMOKA3HUKIB OKCUIATUBHOTO Ta HITPO3aTUBHOTO
cTpecy CIpusie po3yMiHHIO (iziosorii hopMyBaHHS TaHOT
MaToJIoril.

BucHoBKkM

Busnauenns aktuBHOCTI apriHa3u ta NO-cuHTa3u
MOXe CJIyTyBaT MapKepoM 3arpo3u po3sutky 3PIT (3okpe-
Ma, y Mali€HTOK 3 TPYIU PU3UKY), JOIIOMOITHU B Ipodilak-
TUILIi TAKOTO YCKJIaIIHEHHS BariTHOCTI HA paHHIX TepMiHax
i, IK pe3yabTaT, MOKPaIIUTU MOKAa3HUKHU TepUHATaIbHOI
3aXBOPIOBAHOCTI.

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

Tom 21, N2 3, 2025



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

OKUCHIOBaJIbHUM Ta HITPO3aTUBHUIA CTPEC BimirparoTh
KJTI0YOBY pouib y matoreHesi 3PI1. 3acTocyBaHHST aHTHOKCH-
IaHTHOI Teparii B 1ikyBaHHi 3PI1 Moxke OyTu nmepcrnekTuB-
HUM i TOTpeOy€ MOJATBIIIOr0 BUBYECHHSI.

KounduikT inTepeciB. ABTOp 3asiBJIsIE TIPO BiICYTHICTb
KOHGUIIKTY iHTepeciB i B1acHOI (hiHaHCOBOI 3al1iKaBJIEHOCTI
IIi 9ac ImiaroToBKu cTaTTi. [oHOpap He 3amexyiiapoBaHo.

Indopmania npo dinancyBanna. KonHa opraHizauis He
Opasta yJacTi y (¢hiHaHCYBaHHi CTaTTi Y1 IPUAHSTTI PillICHHST
CTOCOBHO ii ITyOJTiKaIii.
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M.P. Lysyy
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Activity of the arginase-NO synthase system and changes
in the NO system in peripheral blood serum
of pregnant women with fetal growth restriction

Abstract. Background. Oxidative stress caused by an increase in
reactive oxygen species and/or insufficient availability and activity
of antioxidants underlies the modern concept of the pathogenesis
of fetal growth restriction (FGR). Oxidative and nitrosative stress
do not exist separately, they interact through the formation of per-
oxynitrite. Therefore, assessment of the nitric oxide (NO) system in
clinical settings may be important for the prevention and treatment
of FGR. Purpose of the study was to investigate changes in the
activity of NO synthase and arginase isoforms in serum of pregnant
women with FGR and the impact of these changes on the deve-
lopment of oxidative and nitrosative stress. Materials and methods.
The study included the results of the examination of 26 pregnant
women with established FGR at the stage of observation in the
hospital who made up the first group; the second group included
18 conditionally healthy pregnant women with normal fetal fetomet-
ric indicators. All patients had serum NO synthase enzyme activity
determined at 37 °C in a 1.5 ml incubation medium. Results. The
findings indicate an imbalance between the metabolic pathways

of L-arginine in patients with FGR. Changes in the activity of the
arginase-NO synthase system enzymes were found in this patho-
logy, which is primarily expressed in an increase in iNOS activity
and a decrease in arginase activity. With arginase deficiency, more
L-arginine is available for NO synthase, which leads to excessive
production of NO. At high concentrations, NO is a factor of endo-
genous intoxication due to its rapid inactivation with the formation
of toxic peroxynitrite. A significant positive correlation between
serum peroxynitrite and the sum of nitrites and nitrates, which are
stable metabolites of NO, indicates increased NO production and,
as a result, higher peroxynitrite levels in pregnant women with FGR.
Conclusions. The production of excessive amounts of nitric oxide
due to the redistribution of the activity of the NO synthase system
towards the Ca?*-independent inducible isoform under conditions of
ischemia is the cause of oxidative and nitrosative stress, which play
a key role in the pathogenesis of FGR.

Keywords: fetal growth restriction; nitric oxide; NO synthases;
arginase; oxidative and nitrosative stress
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T AHI « YKpQIHCbKA HAYKOBO-MPAKTUYHY LLEHTD eHAOKPUHHOI Xipypril, TOQHCAIAQHTALT @HAOKDUHHWX OPIraHIB

i TkaHWH MQO3 YipaiHm», M. Kuis, YkpaiHa
2 [HCTUTYT MICASIAMIIAOMHOI OCBITVY HALIIOHAABHOrO MeAnYHOro yHisepcutety imeHi O.O. boroMoAbLis,
M. Kuis, YkpaiHa

B13HAYEHHS 3B’93KY Mi)K OCOBAMBOCTAMM
rOPMOHOAbHOIO TAQ U O3HAKAMM
XXKIHOYOI CEKCYOAAbHOT AUCDHYHKLIT Y XKIHOK
3 eHAOMETpPIo30M Ta 6e3 Hboro
Y NPOrHo3i yCnilWHOCTI rectauii

Pe3tome. AkTyanbHicTs. [MogonaHHs Henmigas y XiHOK MOMO[Oro BiKy BU3HAHO OAHUM i3 HAVBaXMBILLMX 3a-
BAaHb MeauLMHU CborofeHHs. Cepen YNHHUKIB, IKi 3HUXYIOTb (PEPTUIIbHICTb XIHOK, 3a/TMLLIAETLCA aKTyaslbHUM
3axBOPIOBaHHS HA eHAOMETPIO3. 3Ha4YHa NOLUMPEHICTb 3aXBOPIOBaHb 3i CRINIbHUMU NaToreHeTUYHUMU YNHHUKaMM
pPOo3BUTKY npu3Besia [O rosiB1U XBOPOO «MOXWUIOro BIKY» Y XIHOK pernpofyKTUBHOro Biky. [Jo Takux HanexwuTs,
30Kpema, XiHo4a cekcyasnbHa aucyHkuyis (XCL). 38’30k XXCL i ropMoHaibHUX MOKa3HUKIB SK MPOrHOCTUYHUX
YUHHUKIB PernpoayKTMBHOIO 340P0B sl XIHKM CbOrogHi HEAOCTaTHLO AocixeHni. MeTa: BU3Ha4YnTU 3B’I30K
MiXX 0CO6IMBOCTSIMM rOPMOHAaIbHOro 1n1a v o3Hakamm XXC/L y XIiHOK 3 eHROMETPio30M i 6e3 HbOoro y rnporHo3i
yeniwHocTi MmanbyTHbOI rectavii. MaTtepiann ta metogun. [Qu3arviH JOCTIAKEHHS — MPOCMNEKTUBHE KOropTHe
AocnigxeHHs, sike oxormio 130 XIHOK penpogyKTUBHOro Biky. [lpoBegeHo po3nogin XIiHOK Ha 3 rpynu: OCHOB-
Ha rpyna IA (n = 70) — XiHKM 3 Noe[HaHHAM XIHOYOI cekcyasbHOI AnCeyHKUII Ta 30BHILLUHbOrO reHitasabHoro
eHpomeTpiody; rpyna nopisHsiHHSA IB (n = 30) — xiHkn 3 XXC/] 6e3 30BHILLHBbOrO reHiTasibHoOro eHAoMeTpio3y;
KoHTposbHa rpyna Il (n = 30) — 3450poBi penpoayKTUBHO aKTUBHI XiHKW. KiHLeBUMu ToYKamu JOCTIAXEHHS 6yn
PiBHI rinoghisapHuX i SEYHUKOBUX rOPMOHIB, MPOaHAPOreHOBMX CTepOIfiB, OBYIATOPHICTE MEHCTPYallbHUX LUKJIIB.
VkasaHi nokasHuku JOCnigKysann [0 NiKyBaHHS | B KOHTPOsIbHI TepMiHu Tepanii — 3, 6, 9 mic. HasisHicTe XKC/]
BU3Ha4am 3a AOMOMOror onuTyBasbHUKa 3 MigpaxyHKoM 6asiB Ha oHnaviH-kanbkynsatopi. HassHicte XXC/L
BU3Ha4asm npu 3Ha4eHHi iHgekcy xiHo4voi ctateBoi yHkyii (FSFI) meHL Hix 26,55 6ana. JlikyBaHHs1 6ys10
cripsiMoBaHe Ha BifJHOBJ/IEHHSI KOPEKTHOI po60TH IEYHUKOBOIO CTepPOiforeHe3y 3 BUKOPUCTAHHAM POCIIMHHOI
Teparnii. CTaTucTuYHMIi aHasi3 BUKOHYBan 3a [OMOMOIoK0 CrieyianizaoBaHoro naketra ctaTuCTUHHUX porpam
SPSS 25.0 (StatSoft Inc., CLLIA). PesynbraTtn. 3a nokasHukamu nentugHUX ropMoHiB rinogisa siporigHa
HopMmarnisayisi MOKa3HWKIB y rpyrnax ropiBHsHHSA BigbyBanacs B TePMIH i3 LLOCTOro no Aes’ssTuvi Micsayb Tepariii.
3a pisHem ecTpagiony Big3Ha4anocsi Koro BiporigHe 3pOCTaHHsI B 060X rpynax ropiBHSHHS MPOTSAroM BCbOro
TEPMIHY CrIOCTEPEXEHHS. Ha fes’ssiToMy micsili 3Ha4eHHs MporecTepoHy y nauieHTokK i3 XXC/ i eHgomeTpiozom
6ynn BIpOrigHo BULUMMU, HiX 6e3 eHgomeTpiody, p = 0,002. He3aBaxkato4m Ha npoBefeHe JiKyBaHHS, MOKasHUKN
ecTpagiony Ta rnporectepoHy B rpyni IA 3aniiuanncs BiporigHo HYXXYUMU MOPIBHAHO 3 rPYrnor KOHTPOJIHO BIPO-
LO0BX BCbOro nepiogy crioctepexeHHs (p < 0,001). Y nayieHTok 6e3 eHgomeTpiody (rpyna IB) yepes 9 micsuis
JiKyBaHHS BAAI0CS1 CKOPUryBaTu JINLLIE 3HAYEHHS] €CTPOreHy, siki 6y/n 3icTaBHUMMN 3 rPYot0 KOHTPOO. AHani3
3a gornomororo kKputepito aHHa 3 nornpaBkoro BoHgeppoHi nokasas BigCYTHICTb CTATUCTUYHO 3HAYUMOI PIBHULI
Mix rpynamu IA i IB npotsrom Bcboro Kypcy sikysaHHs (p > 0,05). [py kopensayiviHoMy aHaniai BCTaHOBJIEHO,
o y nauyieHtok i3 XXC/[ i eHgomeTpio3om yeped 6 MicsayiB JliKyBaHHS 3MIHU KOHUEHTpaUi JOCigXyBaHNX
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FOPMOHIB CTaTUCTUHYHO 3HaYylLye KopesoBanu 3 rnosinlleHHsaM 6asiB 3a BCciMa KaTeropismm onutyBasibHUKA.
Y KOHTpOnbHWI wectumicsdHmii Tepmid 20 (66,3 %) XiHOK He 6ynu rotosi o 6e3nedYyHoro 3a4arts. Y [es's-
TUMICSYHUI KOHTPOSTbHUU TEPMIH O 6E3rNeYHOro MaTepuHcTBa y Uivi rpyni He 6y rotosi 16 (53,3 %) XiHOK.
BucHoBkun. XKiHku i3 30BHILLHbO-BHYTPILLHIM eHaomeTpio3om i XXC/L] Ta xXiHku 3 MoHogopmoro XXC/L maroTs
pi3He natoreHeTn4He 1710 y (hopMyBaHHI natosorii rectayii. Tepanisi XiHoK i3 6yAb-skoro gpopmoro XKC/] noBuHHa
matu nepcoHigpikoBaHnii xapaktep. OuiHka gomeHris XXC/L fae MOXnBICTb LUBUAKOI QiarHOCTUKN MarbyTHIX

rectayiviHnx pusuKiB y XIHOK pernpoRyKTUBHOro BIKY.

Knto4oBi cnoBa: xiHo4a cekcyanbHa AUCEYHKLIS; eHAOMETPIO3; rOPMOHAIbHUI (OOH; OBYNISLIS; BariTHICTb

Bctyn

MenuiimHa cbOroJIeHHsI BCE YacTillle CTUKAETHCS i3 3a-
XBOPIOBAHHSIMH, SIKi Y CBOEMY I'eHe3i MaloTh KOMOpOigHe
TJI0 MATOJOTiIYHUX 3MiH. 31aBanocs 0, 111e He TaK JaBHO To-
BiIOMJIEHHS IO XKiHOUy ceKcyanbHy nucdynkiio (KCII)
CTOCYBaJIUCS XKiHOK ITEePUMEHOITay3HOTO Ta MEHOITay3HOTO
BiKy, IIPOTE 3a YMOB CbOTOJIEHHS 1151 ITpOo0IeMa TOPKHYJIacs
XKiHOK (DepTHIBLHOTO BiKYy [1].

IMTutannsa 2KCJl y 1iei KaTeropii XKiHOK BaxJIMBe 3 I10-
3WIii BIJIMBY Ha iX PENPONYKTUBHY 3MaTHICTh. IHIIMM
HaJA3BUYaAliHO MOIIMPEHUM 3aXBOPIOBAHHSM 3 BU3HAHUM
HeTaTUBHUM TIPOTHO30M JUISI TIPUPOITHOI (hepTHUIIBHOCTI €
eHgomMetpios. [Morpu nommpeHictsb (y moHan 10 % xiHOK),
€TiOJIOTisl eHIOMETPio3y OCTaTOUHO He BUBYEHa [2].

TIpoTarom ocraHHiX AeCATUIITh EHIOMETPIO3 aCOIli-
I0BaBCs 3 PU3UKOM JEKiIbKOX XPOHIYHUX 3aXBOPIOBaHb,
SIK-OT paK, aBTOIMYHHI 3aXBOPIOBAaHHS IIUTOMNOMIOHOI 3a-
JI0O3U, acTMa/aToMiuHi 3aXBOPIOBAHHS, CEPLEBO-CYAUHHI
3aXBOPIOBAHHS TOIIO. 3 OMISITY Ha Cy4YacHi TeHAEHIIil 10
OaxkaHHSI HAPOIXKEHHS IiTell y OiIbII Mi3HHOMY PEINpo-
OYKTUBHOMY Billi, Y 3KiHOK i3 MOETHAHHSIM €HIOMETpPio3y i
KCJI npuponHe 3a4aTTs Ta 6€3reyHuit Iepedir BariTHOCTI
MOXYTb OyTH HEMOXJIUBI [3, 4].

Ha croromni HemocTaTHBO POOIT, IPUCBIIYCHNX BUBUCH-
HIO «HETUITOBUX» KJIIHIYHUX MapKepiB Oe3MUIiAns y MOJIO-
IMX XiHOK i3 KoMopOigHumu craHaMmu [5—7]. CTocoBHO
o3Hak KC/I HaitOiIbI1I TOCTIIKEHUM € OOJIbOBUIA CUHIPOM.
BonHouac iHIlli moKa3HUKM, SIK-OT OaxkaHHSI, 30yIKeHHsI,
3MallleHHsI, Opra3M, 3a0BOJIEHHSI, 3JIMIIAIOTHCS B «Cipiii
30Hi». HeMae i uiTkux npaHux rnpo 38’5130k o3Hak 2KCJI Ta
TOPMOHAJIBHUX TTOKa3HUKIB SIK TIPOTHOCTUIHUX YMHHUKIB
PETPOIYKTUBHOTO 3M0POB’ST XKiHKU.

Merta nociimzKeHHs:: BU3HAYUTU 3B’ S1I30K MiXK 0CO0JIM-
BOCTSIMM TOpMOHaIbHOTO Ta i o3HakKaMu KCJI y xKiHOK
3 €HIOMETPio30M i 6€3 HbOI'O Y IPOrHO3i YCIITHOCTI Maii-
OyTHBOI TecTallii.

MaTepiaAn Ta MeToAmn

HocmimkenHs mposeaeHo y nepion 3 2022 mo 2025 p.
Ha 0a3i Kadenpu akyiiepcTBa, FiHEKOJIOTii Ta HEOHATOJIOTi1
IHCTUTYTY MicHgauIIIoOMHOI ocBiTH HalioHalbHOTO MeImd-
Horo yHiBepcuteTy iMmeHi O.O. boroMosblis it YkpaiHChbKO-
0 HayKOBO-IIPaKTUYHOTO LEHTPY €HIOKPUHHOI Xipypril
Ta TpaHCIJIaHTallii eHTIOKPUHHUX opraHiB i TkKaHuH MO3
Vkpainu. Ycboro gociimkeHHs: oxommio 130 xXiHOK pe-
MPOAYKTUBHOTO BiKy, IKMX OyJI0 pO3MOIiJIEHO Ha 3 TpyIu:

— ocHoBHa rpyna IA (n = 70) — XiHKM 3 TOETHAHHSIM
KCJI i 30BHilIHBOTO reHitanbHoro eHapometpiody (3I'E);

— rpyna nopiBHsHHA IB (n = 30) — xinkwm i3 2KC]],
0e3 3I'E;

— KoHTposbHa rpyna II (n = 30) — 3mopoBi penpomayk-
TUBHO aKTUBHI XiHKU.

KinueBnMu ToukaMu JOCHiIKEeHHS OyJiv: piBHI Tirmo-
¢izapHUX TOPMOHIB ((hOJIKYJIOCTUMYIIOIOYNI TOPMOH —
DCT, moteinisyounit ropmoH — JIT', mpojakTUH), piBHI
SIEYHMKOBUX TOPMOHIB (aHTUMIOJIJIEpiB TOpMOH — AMI,
€CTpajioJ, IIPOTeCTepOH), PiBHI MPOAHAPOTEHOBUX CTE-
poiniB (BinbHMIA TecTocTepoH — BT, merimpoaHapocTepo-
Hy cynbdatr — AT'EA-C, 17-okcunporectpon — 17-OI1),
2KCII, oBy/ISITOPHICTb MEHCTPYaIbHUX LIMKIIIiB.

BkazaHi mokazHUKM AOCTIIXyBaau A0 JiKyBaHHS Ta y
KOHTPOJIbHI TepMiHM Teparii — 3, 6, 9 mic.

bioxiMiuHi JOCTiIKEeHHs MPOBEAEHO y KITiHIUHil J1a-
OopaTopii 0i0OXiMiYHMX, TOPMOHAJIBHUX Ta iMyHOJOTTUHUX
nociimkenb JHIT «YkpaiHchbKUit HAyKOBO-TIpaKTUUHUI
LIEHTP €HIOKPUHHOI Xipyprii, TpaHCIIaHTallil eHIOKPUH-
HUX opraHiB i TkaHuH MO3 YKpaiHnu» 3a 1011OMOTroI0 XeMi-
JIIOMIiHECLIEHTHOTO iMyHOaHai3y (iMyHOXiMiYHMI1 aHaTi3a-
top ARCHITECT/ALINITY; Abbott, CIIIA).

Hasiuicte 2KCJI Bu3Havaiau 3a 1OMOMOTOK OMUTY-
BaJIbHUKA 3 TiApaxyHKOM 0aJjliB Ha OHJIAMH-KaJIbKYJISTOPI.
OnuTyBaJIbHUK MICTHB 6 Kateropiii (ToMeHiB): «baxkaHHSs»,
«30ymKeHHsT», «3MaleHHs», «Opra3m», «3ag0BOJEHHS»,
«binp». HagBricts 2KCJI BU3HaYaMM 1Ipy 3HAYCHHI iHIEKCY
xiHovoi crateBoi dynkiii (FSFI) mentre Hixx 26,55 Gana
(https://www.thecalculator.co/health/Female-Sexual-Func-
tion-Index-(FSFI)-Questionnaire-Calculator-949.html).

Tepamis Oyna cripsiMoBaHa Ha BiTHOBJIEHHSI KOPEKTHOI
poOOTH STEUHUKOBOTO CTEPOINOreHe3y 3 BUKOPUCTAHHSIM
pociIMHHOI Teparii: sikipui ciaaHki (Tribulus terrestris), cy-
XUt eKCTpakT — 350 Mr, 110 MicTUTh He MeHII HixX 90 %
(ypocraHo0OBUX canoHiHiB, riHkro 6ino6a (Ginkgo bi-
loba), cyxuii eKCTpakT Juctss — 50 Mr, TUMOHHUMK KH-
taiicekuii (Schizandra chinensis), cyxuii eKCTpakT sIrig —
30 mr.

CTaTuCTUYHMI aHaJTi3 BUKOHYBAJIX 32 TIOITOMOTOIO CIie-
11iaJ1i30BaHOTO MakKera cTaTucTuuHux nporpam SPSS 25.0
(StatSoft Inc., CILIA). 1 cTaTUCTUYHOI 0OPOOKU OTpH-
MaHMX JaHUX BUKOPUCTOBYBAJIM METOAM HerapaMeTpuy-
HOI CTaTUCTUKM, OCKIIBKM PO3MOMAiJ 3HaUeHb OUIBIIOCTI
MOKAa3HMKIB Bipi3HsIBCS Bim HOpMasibHOTO. 7151 cepemHix
3Ha4YeHb MMOKA3HUKIB BUKOPUCTOBYBAIM MediaHy 3 25 %o
ta 75 %0 — Me (QI; QIIT). MHOXWHHI TTOPiBHSAHHS KiJlb-
KiCHUX 3MiHHUX 3aJIeXKHUX BUOIpOK 3MiliICHIOBAIN 3a 10-
nomoroio kpurepist @pinmana, a He3anexxHux — Kpycka-
Ja — YoJuutica. AToCTepiopHi MOPiBHSHHS IJ1s1 He3aJeKHUX
BUOIPOK BUKOHYBaJIM 3 BUKOPUCTAHHSM KpuTtepito JlaHHa
3 rornpaBKow boHbeppoHi (obuncioBazack aBTOMaTUYHO
MPOrpaMHUM 3a0€3MEUYEHHIM), LIS 3JIEXKHUX — KPUTeE-
piro BinkokcoHna 3 nomnpaBkoio bordepponi. [TopiBHIHHS
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YacToT (SIKiCHi 3MiHHI) BUKOHYBaJIM 3a TOTTOMOTOI0 METOTY Pe3YAbTGTVI

KyTOBOTO nepeTBopeHHs1 Dilepa 3 ypaxyBaHHSIM TTOMIPABKKU st BUBHaYEHHSI TOPMOHAJIbHOTO TJIa KiHOK JAOCJIi-
Herca, kputepiio xi-KBaapar (1BoGiuHa KPUTUYHA IUISTHKA)  IKYyBAHMX IPYM MU MPOBEIM BU3HAUCHHS LIEHTPAIbHUX
i3 Z-KpUTEepieM IS alTOCTEPiIOPHOTO aHali3y 3 MOMPAaBKOI  TOPMOHIB rinodisa Ta Moka3HUKIB CTEPOINHUX TOPMOHIB Y
BoHbeppoHi mpu MHOXMHHUX MOPiBHSAHHSAIX. JIJIsI BCTAHOB-  KOHTPOJIbHI TepMiHM JIiKyBaHHS (Tada. 1—3).

JIEHHsI TIPUYUHO-HACTIIKOBUX 3B’SI3KiB BUKOPUCTOBYBAIU Ak BUIHO 3 Ta0. 1, y XKiHOK Tpynu A cTaTucTU4HO 3Ha-
Kopessuiiuuii aHani3z CriipMeHa Ta JiHiiHWIA perpeciiHuii -~ 4yiiie MiABUILEHHS YaCTOTH 1iarHOCTYBaHHSI HOpMaJIbHUX
aHani3. CTaTUCTUYHO 3HAUYMMOIO BBaxaau pisHuio rpu  piBHiB @CI (47,1 %) i JIT (55,7 %) Bin3Havaiu 3 1I0CTOrO
p <0,05. Micsug (3 mic. vs. 6 mic. p = 0,001 i p = 0,006 Bimmosia-

Tabnuys 1. JuHamika 3Ha4yeHb NenTULHNUX ropMOHIB rinogbisa y XiHOK rpyn AoCig)KeHHs

: | rpyna — ocHoBHa (n = 100) Il rpyna —
Moka3HukK TepmiH IA (n = 70) IB (n = 30) KOHTpOnbHa (n = 30) P-value
o nikyBaHHs 4,8* (4,2;5,1) 4,2 (4,1;4,6) < 0,001
3 Mmic. 5,42 (5,1;5,6 52 (5,1;5,3 < 0,001
dCIr, MMO/mn - ( ) ( ) 8,2** (7,9; 8,5)
6 Mmic. 5,8 (5,2; 6,95) 6,6° (6,40; 6,90) < 0,001
9 mic. 7,1(6,7;7,5) 6,6 (6,50; 7,13) < 0,001
[o nikyBaHHs 4,2 (4,1;4,4) 4,3 (3,9; 4,5) < 0,001
3 mic. 4,6°(4,3;5,1) 4,3 (4,2; 4,6) < 0,001
nar, MMO/mn - 7,8 (7,2; 8,1)
6 Mmic. 51 (4,7;6,2) 5,9° (5,10; 6,13) < 0,001
9 mic. 6,3 (5,9; 6,9) 6,1 (5,90; 6,95) < 0,001
[o nikyBaHHsA 22,3 (21,2; 23,3) 21,9 (21,2; 23,1) < 0,001
3 mic. 16,52 (13,9; 18,1) 14,6 (14,2; 15,4) < 0,001
MponakTuH, Hr/Mn - 11,2% (10,1; 12,1)
6 Mmic. 13,1 (10,1; 14,1) | 12,0 (9,85; 12,80) 0,053
9 mic. 12,1 (10,1; 12,8) | 11,3 (9,70; 12,10) 0,151

TMpumitkn: cepeaHi 3Ha4eHHs Npe[CcTaBIeHi MefiaHo (25 %o; 75 %o) — Me (QI; Qlll); Arisi MHOXUWHHOIO MOPIBHSH-
HS1 BUKOPUCTOBYBann Kputepii Kpyckana — Yonnica ta Kputepivi ®pigmaHa, Ansi anoctepiopHux rnopiBHsHbL —
KpuTtepivi aHHa 3 nonpaBkoto boHgheppoHi Ta Kputepir BinkokcoHa 3 nonpaBkoto BoHgheppoHi, cTaTUCTUYHO
3Ha4qyLLor0 BBaX<Kasin pisHuuto npu p < 0,05; * — ctatucTU4HO 3Ha4yLya pisHUYsl NopiBHSAHO 3 rpynoto IB, p < 0,05;
** — cTaTMCTUYHO 3HaYyLya pi3HUYs nopiBHAHO 3 rpynamu IA i IB, p < 0,001; ¥ — cTaTUCTUYHO 3HaYyLya Pi3HULS
nopiBHsiHO 3 rpynamu IA i IB y TepmiH «fgo nikyBaHHs1 — 3 micsiyi», p < 0,05; ? — cTaTUCTUYHO 3HaYyLLa PisHULS
rMOPIBHAHO 3 TEPMIHOM «[]0 NliKyBaHHS», p < 0,05; * — cTaTUCTUYHO 3HaYyLLa Pi3HULS MOPIBHAHO 3 TEPMIHOM «[O
JlikyBaHHs1i — 3 micsli», p < 0,05; @CIT — ¢honikynoctumynoroymii ropMoH; JIIT — sitoTeiHi3yro4nii ropMoH.

Ta6bnnuys 2. [luHamika s€e YHUKOBOro cTepoifgoreHe3y y XiHOK rpyn [OC/iAXKeHHS

| rpyna — ocHoBHa (n = 100 —
Moka3Huk TepmiH A (:y= 70) I(B n= 33) KOHTSJ;’::: (n = 30) P-value
o nikyBaHHs 1,9 (1,8; 2,2) 2,2(1,8;2,2) 0,224
AHTUMIONEPIB 3 mic. 1,9 (1,8; 2,2) 2,2 (1,8;2,2) 22 (18:2.2) 0,164
FOPMOH, Hr/MA 6 mic. 1,9 (1,82; 2,23) 2,2 (1,8;2,23) T 0,164
9 mic. 1,9 (1,84; 2,24) 2,2 (1,80; 2,23) 0,220
o nikyBaHHs 47,6 (45,3; 51,2) 46,9 (44,9; 48,6) < 0,001
Ectpagion, 3 mic. 55,8 (49,3; 59,4) 53,8 (49,2; 56,9) 92.2* (89.4: 98.3) < 0,001
nMonk/n 6 mic. 64,2 (52,6; 88,9) | 65,2** (63,3; 81,0) ’ o < 0,001
9 mic. 79,9 (77,5; 90,5) | 89,9 (79,65; 92,65) < 0,001
[o nikyBaHHs 0,23 (0,21; 0,23) 0,23 (0,21; 0,23) < 0,001
MporecTepoH, 3 mic. 0,23 (0,23; 0,25) 0,23 (0,23; 0,24) 0.34° (0,34: 0,42) < 0,001
Hr/mn 6 mic. 0,27°(0,23; 0,34) | 0,26** (0,25; 0,31) ’ T < 0,001
9 mic. 0,312 (0,27; 0,36) 0,26 (0,25; 0,31) < 0,001

Mpumitkn: cepenHi 3Ha4eHHs npe[cTaBreHi MegiaHoto (25 %o; 75 %o) — Me (QI; Qlll); Ansi MHOXUHHOIO NMOPIBHSIH-
Hs1 BUKOpUCTOBYBanu Kputepii Kpyckana — Yonnica ta Kputepivi ®@pigmaHa, Ans anocTepiopHux rnopiBHsiHb —
KpuTtepivi [JaHHa 3 nonpaBkoto BoHgheppoHi Ta Kputepin BinkokcoHa 3 nonpaBkolo BoHgheppoHi, cTaTUCTUYHO
3Ha4yLLoIo BBaXKasnu pisHuLto npu p < 0,05; * — cratucTu4HO 3Ha4dyLya pisHUYs nopiBHAHO 3 rpynoto IB, p < 0,05;
** — cTaTUCTUYHO 3HaYyLLa Pi3HULs MOPIBHSIHO 3 rpyrnoro IA, p < 0,001;  — cTaTMCTUYHO 3HaYyLLa Pi3HULSI NOpiB-
HSIHO 3 rpynoro IB y TepMmiH «[0 nikyBaHHs — 6 micsauiB», p < 0,05; * — cTaTUCTUYHO 3HayYyLLa Pi3HULS NOPIBHAHO
3 rpynoro IB, p < 0,05; * — cTaTUCTUYHO 3HaYyLya Pi3HULS MOPIBHSIHO 3 TEPMIHOM «A[O JNiKyBaHHS», p < 0,05; © —
CTaTUCTUYHO 3Ha4vyLya Pi3HALS NOPIBHAHO 3 TEPMIHOM «40 JiKyBaHHA — 3 micsili», p < 0,05.
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Ta6bnuys 3. [uHamika npoaHRpPOreHHOro CTepoifgoreHe3y y XiHOK rpyn AOCig)KeHHs

| rpyna — ocHoBHa (n = 100) Il rpyna —
Mokas Tepmi P-value
KasHiK ol IA (n = 70) IB(N=30) |KOHTponbHa(n=30)| = 2!
[o nikyBaHHs 1,1(0,9; 1,2) 0,9 (0,9; 1,1) < 0,001
3 mic. 1,5 (1,3; 1,6) 1,3(1,2; 1,4) < 0,001
BT, HMONb/N - 3,17 (2,9; 3,3)
6 mic. 1,7 (1,4, 2,4) 1,7° (1,60; 2,1) < 0,001
9 mic. 1,9 (1,7, 2,4) 1,7 (1,60; 2,13) < 0,001
[o nikyBaHHs 59,1 (58,8; 66,0) 53,5 (41,1; 65,8) < 0,001
3 mic. 65,7° (58,8; 115,2) | 64,6 (56,9; 76,7) < 0,001
OrFEA-C, Hr/mn - 345,9* (309,1; 401,9)
6 mic. 108,9 (66,7; 235,0) |114,4° (108,8; 181,5) < 0,001
9 mic. 187,8 (167,9; 235,0)|202,3 (178,7; 282,4) < 0,001
[o nikyBaHHs 0,95 (0,89; 1,1) 0,95 (0,89; 1,1) < 0,001
3 mic. 0,887 (0,79; 0,92) 0,8%(0,8; 0,9) <0,001
17-0OM, Hr/mn - 0,78***(0,67; 0,82)
6 mic. 0,8 (0,76; 0,9) 0,79 (0,76; 0,80) 0,002
9 mic. 0,8 (0,76; 0,81) 0,78 (0,76; 0,80) 0,144

TMpumitkn: cepeaHi 3Ha4eHHs1 Npe[CcTaBrIeHi MefiaHo (25 %o; 75 %o) — Me (QI; Qlll); Arisi MHOXUWHHOIO MOPIBHSH-
HS1 BUKOPUCTOBYBanun Kputepii Kpyckana — Yonnica ta Kputepivi @pigmaHa, Ansi anoctepiopHux rnopiBHsaHbL —
KpuTtepivi aHHa 3 nonpaBkoto boHgheppoHi Ta kKputepin BinkokcoHa 3 nonpasBkoto BoHgheppoHi, cTaTUCTUYHO
3Ha4yLLoro BBaXkanu pisHuyro npu p < 0,05; * — cTaTUCTUYHO 3HaYyLLa pi3HULs nopiBHAHO 3 rpynamu IA Ta IB,
p < 0,05; ** — cTaTMCTUYHO 3HayyLya pPi3HUYS MOPIBHAHO 3 rpyroto IA y TepMiH «f0 niKyBaHHSI — 6 micsayiB»,
p < 0,05;* — cTaTucTyHO 3Ha4vyLya pi3HULsi MOPIBHSIHO 3 rpynoto IB y TepmiH «fo nikysaHHs — 3 micsili», p < 0,05;
@ — CTaTUCTUYHO 3Ha4yLLa pi3HNLSI MOPIBHSIHO 3 TePMIHOM «A0 JNiKyBaHHS», p < 0,05; ®* — cTaTUCTU4YHO 3HaYyLya
Pi3HULSI MOPIBHSIHO 3 TEPMIHOM «[0 JliKyBaHHS1 — 3 micsyi», p < 0,05; BT — TectocTepoH BinbHui; FEA-C — pge-

rigpoeniaHapocTepoH-cynbpar; 17-0Ol1 — 17-0KcunporecTepoH.

HO), a niposiakThHy (40,0 %) — 1o neB’sIToro Micsius cro-
crepexxeHHs (6 mic. vs. 9 mic. p = 0,001). ¥V XxiHOK rpymnu
IB cratnctruHo 3Hauyioi fuHamiky 3HadeHb OCT, JIT i
MPOJIAKTUHY Ha TJIi JIIKYBaHHS JOCATHYJIN Yyepe3 6 MicsIiB
Tepariii (Kkpurtepiii BinkokcoHa 3 monpaskoto boHbeppoHi:
3 mic. vs. 6 mic. p < 0,001, p=10,001ip < 0,001 Bigmosia-
HO). [Ipryomy BiporimHe 30iTbIIEHHS YaCTOK ITAlliEHTOK
i3 HOpMaJIbHUMU/ONITUMAIbBHUMU PiBHSIMM LIUX TTOKa3HU-
KiB BigOyBasocst Takox yepes3 6 micauiB (DCI' — 90,0 %,
p <0,001; JIT — 90,0 %, p < 0,001; nponakrun — 36,7 %,
p<0,001).

CTaTUCTUYHO 3HAYYIINX BiIMiHHOCTEM 32 3HAYCHHIMU
AMI gk Mix, Tak i B MexXax Tpyn TOCTiIKEHHs BIIPOIOBX
BCBOTO IIepiony JIKyBaHHS He BUsIBIeHO (KpuTepiit Kpycka-
na — Yosutica ta kputepiit @pigmana, p > 0,05). [1pote
TPYIY CTATUCTUYHO 3HAYYIIIE BiIpi3HSIUCS 32 3HAYSHHSIMU
eCTpajiojly Ta MpOrecTepoHy Ha piBHI 3HAUMMOCTI (KpuTe-
piit Kpyckana — Yomica, p < 0,001) (Ta6:. 2).

ATtocTepiopHi ITopiBHSHHS (KpuTepiit [lanHa 3 rmonpas-
Koto boHdepponi) BusiBuIn, 1o rpynu 1A i 1B cratuctuu-
HO 3HaYyIlle He BiIpi3HSINCS 3a 3HAYCHHSIMU eCTpaIiony
MPOTSITOM BChOTO TEPMiHY JIIKyBaHHSI Ta MIPOT€CTEPOHY «I10
JiKyBaHHS — 6 Mmicauis» (p > 0,05). Ha nes’aromy micsii
3HAUEeHHS OCTaHHBOTO Yy TaiieHToK 3 2KC]I i eHmomeTpi-
030M OYJIM BipOriZiHO BUIIMMMU, HiX 03 eHIOMEeTpio3y,
p = 0,002. [Torrpu mpoBeneHe JTiKyBaHHS ITOKa3HUKU €C-
Tpamioyy Ta MporecTepoHy B Ipymi IA 3anuianucs Biporin-
HO HWZKYMMU MTOPIiBHSAHO 3 TPYITOI0 KOHTPOJIIO BITPOIOBXK
Bchoro mnepiony croctepexeHHs (p < 0,001). Y mauieHToK
6e3 engomMeTpiosy (rpyna IB) uepes 9 micsuiB JiKyBaH-
HSI BAAJIOCSI CKOPUTYBATH JIMIIIE 3HAYEHHSI €CTPOTeHY, sIKi
Oynu 3icTaBHUMU 3 rpymoio KoHTpoto (IB vs. II rpyma,

p=1,0).

AHaJti3 piBHiB IEUHUKOBUX TOPMOHIB Y KOHTPOJIbHI Te€p-
MiHM y TpyMax MOPiBHSIHHS BUSBUB CTATUCTUYHO 3HAUMMI
BiIMiHHOCTI: B rpyni [A nmoeramHe CTaTUCTUYHO 3HAYYIIEC
MiABUILIEHHS PiBHIB eCTpaioy BinOyBaiocs 3 TPETbOTo Mo
neB’sITUil Micsiip Tepartii (10 vs. 3 mic. p = 0,002, 3 mic. vs.
6 mic. p < 0,001, 6 mic. vs. 9 Mmic. p < 0,001), a mporectepo-
HY — 3 IIIOCTOTO I10 IeB’AThii Micsub (1o vs. 3 mic. p = 0,07,
3 mic. vs. 6 Mic. p < 0,001, 6 mic. vs. 9 mic. p = 0,048). ¥ xi-
HOK Tpynu IB cTtaTucTryHO 3HauyllIe MiABUILECHHS PiBHIB
MporecTepoHy — depe3 6 Mic. (1o vs. 3 mic. p = 1,0, 3 wmic.
vs. 6 mic. p < 0,001, 6 mic. vs. 9 mic. p = 1,0); ectpamio-
JIy — B 1Ieii ke yac (1o vs. 3 mic. p = 0,042, 3 mic. vs. 6 Mic.
p = 10,01, 6 mic. vs. 9 mic. p = 0,016). [ToBHa HOpMaJTi3allis
LIMX [TOKA3HUKIB uepe3 6 Mic. 3aikcoBaHa 3 IIIOCTOrO Mics-
s cnocrepexeHnHs: rpyna IA — y 31,41 37,4 % BignosigHo,
rpyna IB — y 26,7 36,7 % BianoBinHo. Ha neB’satomy Mmicsi-
11 ix yacTka B rpymi IA 3pocna no 47,11 62,9 % BignosigHo
(6 mic. vs. 9 mic. p= 0,001 ta p < 0,001) i mo 90,01 40,0 %
BimmosimHo B rpyti IB (6 mic. vs. 9 mic. p < 0,001 Tap = 1,0).
CTaTUCTUYHO 3HAYYIIUX BiAMiHHOCTE MixX rpynamu [A
i IB 3a yacToTOI0 HOPMAJBHUX PiBHIB €CTPaMiOIy Ta IIPOTe-
CTEpOHY y 3a3HaveHi TepMiHU He BcTaHOBJeHO (p > 0,05).

JIlmHaMiKy IpOaHAPOreHHOIO CTEPOidOoTeHe3y Y >KiHOK
IPYIT NOCJiIKEHHST HaBeeHOo y Tab. 3.

I'pynu gocnimkeHHs Mau CTAaTUCTUYHO 3HAYYII Bil-
minHocTi 3a koHneHTpauigsmu BT i JITEA-C mo ta mpo-
TSITOM BChOTO TEpioay JIiKyBaHHs, a 3HaueHHs 17-OI1 y
nepion «I0 JiKyBaHHSI — 6 MicsiiB» (kputepiit Kpycka-
Ja — Yojurica, p < 0,001) (ta6u. 3). [Topanbiimii anoctepi-
opHUii aHai3 (Kkputepiit JlaHHa 3 monpaskow boHbeppoHi)
MOKa3aB BiJICYTHICTh CTATUCTUYHO 3HAYMMOI Pi3HULII MiX
rpynamu IA i IB 3a 3nauennsmu BT, IT'EA-C ta 17-OI1
MPOTSITOM BChOTO Kypcy JiikyBaHHs (p > 0,05). Kpim Toro,
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He3BaXXalouu Ha MPOBeNeHY Teparlilo, y MalliEHTOK 3 Ipy-
nu 1A He Bnanocst nocsirnytv 3HaueHb BT ta JITEA-C, 3i-
CTaBHUX 3i 3HAUEHHSIMHU y IPYIIi KOHTpoJ0. B 000ox rpy-
nax TMOPiBHSIHHS 1100 MOKa3HUKIB KOHTPOJILHOI IPYITH
konueHtpauii BT i JITEA-C Oyiu cTaTUCTUYHO 3HAYMMO
HikanMiu (p < 0,001). Konuenrparii 17-OI1 y mamieHTOK 3
€HIOMETPiO30M JOCSTIIM 3HaYeHb KOHTPOJIBHOI IPYIH JIUIIE
Ha neB’siToMy Micswi JikyBaHHs (p = 0,062), a B rpyrmi 6e3
eHaoMeTpio3y — yepe3 6 micsui (p = 0,434).

IIpu3HaveHe niKyBaHHS y Halli€HTOK 3 Tpynu IA mpo-
TSITOM BCHOTO 4acy CIIOCTEpPEKEHHsI JEMOHCTPYBaJIO 3Ha-
yyme niguineHHs BT i ITEA-C ta 3nuxenHs 17-OI1
Y KOHTPOJIbHI TepMiHu (Tabi. 3). Y maimientok rpynu 1B
CTaTMCTUYHO 3HAYYIIOTO IMiABULIEHHS KOHLEeHTpawliil BT
i ATEA-C pocsriu ni3Hille — 4depe3 6 MicsiiB Teparrii
(p <0,001 Tap=0,001 BinmoBigHO).

IIpu kopensuiitHOMy aHai3i BCTAHOBIIEHO, 1110 Y MMalli-
eHTOK 3 2KC]I i eHmoMeTpio30M yepe3 6 MiCsIIiB JTiKyBaHHS
3MiHM KOHLIEHTpAIlill TOCTiIKYyBaHUX TOPMOHIB CTaTUCTUY-
HO 3Hauyllle KOpeJIoBaJIX 3 MOJIIIIIeHHsIM 0ajliB 3a BciMa
KaTeropisiMu onuTyBajbHUKa (TaoI. 4).

Iopanpmuit miHiiHWI perpeciiHuii aHaji3 IToKa3aB,
110 yepe3 6 MicsLiiB Teparrii 6aiu 3a Kareropieio «baxaHHs»
BipOTiIHO KOpeJIoBalIM 3i 3HAUeHHSIMU ecTpaniony Ta JIT
(adjR2 = 0,75, p < 0,001), 3a kaTeropieto «30ymKeHHSI» —
3 ecrpagiosiom i JITEA-C (adjR2 = 0,88, p < 0,001), 3a ka-
Teropiero «3MalneHHs» — 3 ectpamionoMm (adjR2 = 0,94,
p < 0,001), 3a kareropieo «Oprasm» — 3 ecTpagiosom
(adjR2 = 0,83, p < 0,001), 3a kareropieio «3amoBOJICH-
Hs» — 3 ectpafiosioM, JIT i mponaktuHoMm (adjR2 = 0,88,
p < 0,001), 3a kareropieto «biab» — 3 ecrpamionom i JIT
(adjR2 = 0,899, p < 0,001), 3a FSFI — 3 ectpamionom i JIT
(adjR2 =10,95, p < 0,001).

Sk BumHO 3 Ta6i. 5, yepe3 6 MicsILiB Big mo4aTKy Ji-
KyBaHHs xBopux Ha KC]I 6e3 eHaoMeTpio3y J1abopaTopHi
MOKA3HUKM TaKOX CTAaTUCTUYHO 3HAUYIIE KOPETIOBAIN 3
Oaylamu 3a BCiMa KaTeropisiMU aHKETH.

JliHifinuit perpeciiiHyii aHaJ1i3 BUSIBUB, 1110 Oajiu 3a Ka-
Teropiero «30yIKeHHsI» 3aeXKalu TiJTbKU Bill 3MiH 3HAaYeHb
ectpamiony (adjR2 = 0,608, p < 0,001), 3a kareropieio «3Ma-
1weHHs» — ectpanioiy, BT Ta ®CT (adjR2 = 0,830, p < 0,001),
3a Kareropieto «Opra3zm» — mnporectepony, AI'EA-C i BT
(adjR2= 0,892, p < 0,001), 3a kateropieto «binb» — ecTpamio-
ny, BT i ®CT (adjR2 = 0,85, p < 0,001), 3a FSFI — ectpaniony
(adjR2=10,676, p < 0,001). ITomimnireHHs 6atiB 3a KaTeropisi-
Mu «baxkaHHsI» Ta «3a710BOJIEHHST» BipOTiTHO He Oys10 MOoB’sI-
3aHe 31 3MiHaMM KOHIEHTPALIiil CTepoiiB Ha (hOHi JTiKyBaHHSI.

Sx 6aunmo, mokasHukM K 2KC/I, Tak i ropMOHaIBHO-
IO TOMEOCTAa3y Y XiHOK TPYIT TOPiBHSIHHSI IEMOHCTPYBaAJIU
CTaTUCTUYHO IiATBEPIKEHY HOpMaJli3allilo 3 IIOCTOro 10
NIeB’SITOTO MICSIIIiB Tepartii.

Ha crapri Tepamnii Ta y KOHTpOJIbHUIA TEpMiH Uyepe3 3 Mi-
CsIi B yCiX XiHOK T'PYII MOPiBHSIHHS COHOTpadiyHO IIpo-
CJIIAKOBYBAJIMCS AaHOBYJISITOPHI MEHCTpPYyaJIbHI HMKIU. Mu
MPOBEJIN JTOCIIIKEHHST OBYJIITOPHOCTI MEHCTPYaJIbHOTO
LIMKJTY B KOHTPOJIbHMIA Mepion 6—9 mic. (puc. 1).

K 6aunMo i3 HaBeJIEeHOI JiarpaMu, y TEpMiH 6 MicsIIiB
TMOBHOLIIHHI OBYJISITOPHI IIMKJIM B XKiHOK rpynu A ¢ikcysa-
sucs 3a Y3/I-nokasHukamu y 47,1 % (n = 33) XxiHOK, a Ha
neB’saromy — Yy 90,0 % (n = 63). ITicis mrecTumicsTaHOI Tepartii
AHOBYJISITOPHI IIMKJIM BinzHavames y 13 (18,6 %) xkiHOK, He-
JOCTaTHICTH oTeiHoBoi (a3 (HIID) —y 24 (34,3 %). TobTo
37 (52,8 %) xiHOK He OyJIi TOTOBI 0 GE3MEYHOrO 3aYaTTsI.

ITo 3akiH4eHHi neB’ aTUMicsTaHOro TepMminy onHa (1,4 %)
JKiHKa MaJia aHOBYJIATOpHMIA 1K, 6 (8,6 %) — HJID. Tob6-
To 7 (10,0 %) XiHOK He OyJIM TOTOBI 10 3a4aTTsl.

Tabnuys 4. KopensyiviHi 38’s13Kku Mixx pe3ynbTatamu aHKeTyBaHHs1 (6asm) Ta 1abopaTopHUMU NOKa3HUKaMu
Y XiHoK rpynu IA 4epe3s 6 micsiB Bif no4aTKy NiKyBaHHs

Moka3HukK BaxaHHs1 | 36yaxeHHs | 3MalleHHs | Oprasm 3apoBoneHHs Binb FSFI
ocr r 0,78 0,86 0,82 0,79 0,86 0,85 0,82
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
nr r 0,83 0,88 0,86 0,83 0,89 0,88 0,86
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
r -0,80 -0,88 0,86 -0,83 —-0,86 —-0,88 -0,85
MponakTuH
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
) r 0,83 0,9 0,9 0,9 0,91 0,9 0,89
EcTpagion
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
r 0,84 0,9 0,88 0,88 0,9 0,88 0,87
MporecTtepoH
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
T r 0,82 0,86 0,86 0,85 0,83 0,84 0,82
B
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
r 0,78 0,86 0,85 0,82 0,88 0,85 0,83
OreA-C
p 0,000 0,000 0,000 0,000 0,000 0,000 0,000
17-0M r -0,29 -0,41 -0,41 -0,43 -0,42 -0,40 -0,41
p 0,016 0,001 0,000 0,000 0,000 0,001 0,000

TMpumitkn: Ans KopensayiiHoro aHanisy BUKoOpuUcToByBanu KoegiyieHT CriijpmaHa, CTaTUCTUYHO 3HAYUMOIO BBa-
xanum pisHnyro npm p < 0,05; r — koegbilieHT Kopensyii, p — piBeHb 3HaYumocTi; TTIT — TUPeOoTPONHUY ropMOH;
®OCIr — ¢honikynoctumynoroymii ropMoH; JIIr — nroteiHizyro4nvi ropmoH; BT — TecTocTepoH BinbHui; NEA-C —
AerigpoeniaHapoctTepoH-cynbgpart; 17-Ol1 — 17-0KcnnporecTepoH.
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Tabnuys 5. KopensyiviHi 38’s13Kku MiXx pe3ynbTataMu aHKeTyBaHHs1 (6anmn) Ta 1abopaTopHUMU NMOKa3HUKaMu
Y XiHOK IB rpynu Yepes 6 micsiLiB Bifj moYaTKy JliKyBaHHSs

Moka3HukK BaxaHHsi | 36ymKeHHs | 3malueHHs | Oprasm 3apoBoneHHsA Binb FSFI
oCr r 0,688 0,782 0,631 0,774 0,707 0,524 0,85
p 0,000 0,000 0,000 0,000 0,000 0,003 0,000
nr r 0,588 0,72 0,532 0,713 0,637 0,523 0,74
p 0,001 0,000 0,002 0,000 0,000 0,003 0,000
r -0,526 -0,704 -0,623 -0,756 -0,634 —-0,489 -0,68

MponakTuH
p 0,003 0,000 0,000 0,000 0,000 0,006 0,000
) r 0,703 0,812 0,636 0,732 0,679 0,521 0,897

EcTpagion
p 0,000 0,000 0,000 0,000 0,000 0,003 0,00
r 0,603 0,717 0,631 0,777 0,684 0,501 0,807

MporecTtepoH

p 0,000 0,000 0,000 0,000 0,000 0,005 0,000
a7 r 0,546 0,702 0,625 0,722 0,684 0,53 0,786
p 0,002 0,000 0,000 0,000 0,000 0,003 0,000
OFEA-C r 0,511 0,714 0,618 0,749 0,655 0,52 0,639
p 0,004 0,000 0,000 0,000 0,000 0,003 0,000
17-OM r —-0,558 -0,677 -0,391 -0,516 —-0,608 —-0,485 -0,53
p 0,001 0,000 0,033 0,003 0,000 0,007 0,003

Mpumitkn: gna KopensiyiiHoro aHanisy BUKopucToByBanu KoegiyieHT CriijpmaHa, cTaTUCTUYHO 3HAYMMOIO BBa-
xanu pisHuuro npm p < 0,05; r — KoebilieHT Kopensyii, p — piBeHb 3HaYnMocTi; TTIT — TUPeOTPOrNHUY rOPMOH;
®CIT — ¢honikynocTumysmoroumnyi ropMoH; JIIr — noteiHisyrouni ropMmoH; BT — TectocTepoH BinbHun; JIEA-C —
AerigpoeniaHapoctepoH-cynbgpat; 17-0Ol — 17-oKcunporectepoH.
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PucyHok 1. OBYnSITOPHICTb MEHCTPYasnibHUX LNKIIIB
XKiHOK rpynu IA

I3 HaBeneHoI miarpamu (puc. 2) BUIHO, 1110 Y KOHTPOJIb-
HU TEPMiH 6 MiCSIiB TOBHOLIHHI OBYJISITOPHI LIUK/IU B
xiHok rpynu B dikcyBammcs y 10 (33,3 %) 3a Y3/I-miokas-
HUKaMU, a Ha IeB’aToMy — B 14 (46,7 %). Y KOHTPOJbHMIA
MIECTUMICSIYHMI TepMiH aHOBYJISITOPHI IUKJIM Big3Hadya-
e y 3 (10 %) xinok, HII® — y 17 (56,7 %). To6To 20
(66,3 %) xiHOK He OyJIu rOTOBi 40 OE3MEYHOrO 3a4aTTs.
VY neB’ATUMICSIYHUN KOHTPOJIBHUI TEPMiH 10 OE3MeUHOTO
MaTepUHCTBA Y Ll rpyIti He Oymu rotoBi 16 (53,3 %) kiHoK.

OO6roBopeHHs

3a oLiHKaMM, IIOIMPEHICTh CeKCYaJbHOI TUCHYHKIIIT
y KiHOK cTaHOBUTB 43—90 % [8, 9]. JocmiKeHHSIMU BCTa-
HOBJIEHO, 1110 TOPMOHAJILHUM OucOagaHC, CIIPUIYNHEHUN
€HIIOKPUHOMATISIMU, CHHIPOMOM TOJIiKiCTO3HUX SIEYHUKIB,
OXXMPiHHAM, META0OJTIYHUMM po3jIaaMU, IIYKPOBUM mdia-
0eTOM i AeSIKMMM MeToAaMM TOPMOHAILHOI KOHTpaLIeTI1Iii,

PucyHok 2. OBynsiTOpHICTb MEHCTPYasibHUX LINKIIIB
XiHOK rpynu IB

TaKOX MOB’I3aHUI i3 CEKCYaIbHOIO TUC(PYHKITIEIO B XKiHOK.
3okpema, IMokKa3zaHo pPoJib aBTOIMyHHHUX 3aXBOPIOBaHb I1IH-
TOMOIIOHOI 331031 B MaHidecTallii KJIiHIYHUX ITPOSBIB XKi-
HOYOI cekcyanbHOI AMchyHKIIT Y hepTuabHuX XiHok [10].
I3 MOXUJIMBHMX TpHUTepiB 3HMKEHHSI piBHS aHOPOTEHIB Y
>KiHOK PO3IJISTHYTO TineproMouucTeineMito. [laToreHeTHaHM
MMATPYHTSIM BBaXKalOTh aKTUBALIil0 OKCUAAHTHOTO CTPECY, €H-
JoTeMiaabHOI IUC@YHKILIT, 3HDKEHHS 0i0IOCTYITHOCTI OKCHIY
azoTy. BingzHaueHo HeraTMBHUIA BIUIMB OIKMCAHUX ITPOLIECiB HA
omixynsipHMii picT i hopMyBaHHS ITPO3aaIbHOTO BHYTPIlII-
HBOGOJIKYISIPHOTO T/Ia 3 PO3BUTKOM €HIOMETPiO3y SI€EYHU-
KiB Ta OJIOKyBaHHSIM apoOMaTa3HOro (hepMEHTY TPaHyIbO3HOL
TKaHuHU [11, 12]. TTopyIeHHsST yMOB JIsI TPAaBUJILHOTO POCTY
¢oJtikyna mpu3BOAUTH 0 ITOPYIIEHHS MEHCTPYaJIbHOI (hyHK-
1ii Ta 6e3ITinas B 3KiHOK 3 eHmoMeTpio3om i 2KC/I.
[IcuxonoriyHi HaCTiIKKM €HAOMETPiO3y Ta XKiHOYOI CeK-
cyaJibHOI IUC(MYHKIII, SIK-OT AeTpecisi, TPUBOXHICTb, 06€3-
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CWJUISL, TIOYYTTSI IIPOBUHM, OTipIICHHS MiXKOCOOMCTICHUX
CTOCYHKIiB, MPU3BOISITh 10 30UIbIIEHHS KiJIbKOCTI pO3Jy-
4yeHb cepen Mojoaux map [13, 14]. 3 orrsioy Ha 0cOOIMBOCTI
¢dopMyBaHHS ceKCyaabHOI TUCGHYHKILT B XiHOK perpoayK-
TUBHOTO BiKy Ta ii MoJiiMOpOigHe TJI0, aITOPUTMU 00CTe-
JKeHHS ¥ JIiKyBaHHSI MalOTh OyTU TlepcoHiikoBaHUMMU, a
IUUIS1 TIOA0JIaHHS TPOOJeMU CJTifl 3a7y4aTu MYJIbTUIUCIM-
IUIiIHAPHY KOMaHy Jikapis [15, 16].

SIK BUIHO 3 HaBeIEHUX BMIIE pe3yIbTaTiB 0OCTEKEH-
HsI MOpOiTHOTO TOPMOHAILHOIO TJIa Ta JOMEHIB aHKETHU
KCJI y XiHOK TpyII MTOPiBHSIHHSI, HASIBHICTh EHIOMETPiO3y
3yYMOBIIIOE Pi3HUIIIO B OBapiaJlbHOMY CT€POINOTreHe3i Mpu
1IMX 3axBopiloBaHHsX. Lle miaTBepaKy€eThcs BU3HAUEHUMU
PI3HULISIMU B KOPEJISLISIX Y TOCTIIKYBAaHUX IPyraxX XBOPUX.
AHaJi3 yacy BiTHOBJIEHHS ITOKA3HUKIB peIPOTYKTUBHOTO
3I0POB’d i ceKCyaTbHOI PYHKILIT IUIsT 000X TPYIT ITOPiBHSHHS
CTaHOBUB BiJl IIIECTU A0 AEB’SITH MICSIIiB Bif MOYATKY JIiKy-
BaHHsI. Ta Bce XX y TepMiH 6 MiCSILIiB TOTOBUMH JIO 3a4aTTSI Y
rpymi IA 6ymu 47,1 % (n = 33) xiHok, a y rpymi IB — 33,3 %
(n=10); y Tepmin 9 micsuiB — 90,0 % (n = 63) y rpymi [A i
46,7 % (n = 14) y rpymi IB.

Taka pizHuIIs y BiomoBini Ha mpu3HavYeHe JIiKyBaHHS 10~
Ka3ye HeoOXiTHICTh YiTKOTO AUMepeHLiiiOBaHOTO MiIX0may
110 Ipu3HaveHoi Tepartii. JI1s xiHok i3 moenHaHHsIM 2KC/I i
€HIIOMEeTPio3y POCTMHHA Teparlisl Majia OiJIbII CITPUSTIIMBUIA
eeKT MOPiBHSIHO i3 xXiHKamu 3 MoHoGopMHOI0 2KC]I.

s xiHok rpymu 1A, xiiniuHi o3Haku 2KCJI sgKoi cy-
MPOBOIXKYBAIUCS XaOTUYHO 3HMXKEHMMU Buknaamu JII' Ha
TJIi TilepIpoIaKTUHEMIi IpY 3HMKEHHI 0a3aJIbHOTO PiBHS
MPOreCcTEPOHY Ta MOPYIICHHSIM aHAPOTeHHOT (DYHKILiT KOpU
HaJHMPKOBUX 3aJI03 i 0BapiaJIbHOTO CTePOidoreHe3y, mpu-
3HAYEHHS Y KOMILIEKCi TepareBTUYHUX 3aXO/IiB SIKipIiB
CTaHKHUX y TepMiHi 6—9 Mics1IiB Tepallii € MaTOreHeTUIHO
TOLIUIBHUM. Y IIbOMY acIeKTi Hallli BUCHOBKM 30irafoThbCst
3 BUCHOBKaMHM iHIUX gocainHukiB 2KCJI Ta 3HUKEHHS aH-
IPOreHHOT0 TOMeOCTa3y y >KiHOK MOJIOIOTo Biky [17, 18].

CT0OCOBHO XiHOK i3 MOHO(DOpMHOI XKC/I, TepaneBTHY-
HU eeKT SIKOoi y AeB’ ITUMiCIYHUI KOHTPOJbHUI TepMiH
BKa3yBaB Ha HEOOXiTHICTh MTOJAIBINOTO JIIKyBaHHSA Y 53,7 %
JKiHOK U151 3aI0BOJIEHHS TOTped opraHi3aMy B KOPeKTHil
poOOTi BCiX CTPYKTYP PeNpPOAYKTUBHOTO TOMEOCTa3y, TO
rojaJbla TAKTUKA IX BeIeHHSI TOBUHHA OYyTU TIeperisiHyTa.
Hapaszi y noctymnHiii miTepatypi My He 3HAUIIUIM 9iTKOTO
JITOPUTMY HaJaHHS TIperpaBifapHOl Teparil y TAKUX KiHOK.
Xoua oBiTOMJIEHHS PO BUKOPUCTaHHS L-apriHiHy, keHb-
ILIEHIO Ta YePBOHOI KOHIOIIMHMU € oOHaniauBumu [ 19, 20].

BucHoOBKMU

Kinkn i3 enmomerpiozom Ta 2KC/I, i XXiHKM i3 MOHOGOP-
mHo10 2KCJI MaloTh pi3He MaToreHeTUYHe TJI0 Y (hOopMyBaH-
Hi maroJiorii recrartii.

Tepamist xiHoK i3 Oyab-sikoto hopmoro 2KCJI moBuHHA
MaTH IIepCcoHi(iKOBaHMIT XapaKTep.

Ouninka noMmeHiB 2KCJI ja€ MOXJIMBICTh IIBUIKOI Jia-
THOCTHUKM MalOyTHIX recTaliifHNX pU3UKIB Y XKiHOK perpo-
TYKTUBHOTO BiKY.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOT PO BiZICYTHICTb
KOHJIIKTY iHTepeciB i BacHOi1 (piHaHCOBOI 3alliKaBI€HOCTI
MIPU IiATOTOBIIi TaHOI CTAaTTi.
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Determining the relationship between hormonal background characteristics
and signs of female sexual dysfunction in women with and without endometriosis
in the prediction of gestational success

Abstract. Background. Overcoming infertility in young women is
recognized as one of the most important tasks of modern medicine.
Among the factors that reduce female fertility, endometriosis re-
mains relevant. The widespread prevalence of diseases with common
pathogenetic factors has led to the emergence of diseases of “old
age” in women of reproductive age. These include, in particular,
female sexual dysfunction (FSD). The relationship between FSD
and hormonal indicators as prognostic factors of female reproductive
health has been little studied to date. The purpose was to determine
the relationship between the characteristics of the hormonal back-
ground and signs of FSD in women with and without endometriosis
in the prediction of the success of future gestation. Materials and me-
thods. The study design is a prospective cohort study, which included
130 women of reproductive age. They were divided into 3 groups:
group IA (n = 70) — a combination of female sexual dysfunction
and extragenital endometriosis, the comparison group IB (n = 30) —
female sexual dysfunction without extragenital endometriosis, the
control group II (n = 30) — healthy reproductively active women.
The end points of the study were levels of pituitary and ovarian hor-
mones, proandrogenic steroids, ovulatory menstrual cycles. These
indicators were studied before treatment and at the control periods
of therapy — 3, 6, 9 months. The presence of FSD was determined
using a questionnaire with scoring on an online calculator, when
the female sexual function index was less than 26.55 points. The
therapy was aimed at restoring the correct functioning of ovarian
steroidogenesis using herbal therapy. Statistical analysis was per-
formed using a specialized statistical software package SPSS 25.0
(StatSoft Inc., USA). Results. A significant normalization of pituitary

peptide hormones in the comparison groups occurred in the period
from the sixth to the ninth month of therapy. As for the estradiol
level, its significant increase was noted in both comparison groups
throughout the entire observation period. At the ninth month, the
values of progesterone in patients with FSD and endometriosis were
significantly higher in than those without it (p = 0.002). Despite the
treatment, the estradiol and progesterone levels in the 1A group re-
mained significantly lower than in the control group throughout the
entire observation period (p < 0.001). In patients without endome-
triosis (IB group), after 9 months of treatment, only estrogen values
were successfully corrected, which were comparable to the control
group. Analysis using Dunn’s test with Bonferroni correction showed
no statistically significant difference between the IA and IV groups
throughout the entire course of treatment (p > 0.05). Correlation
analysis revealed that in patients with FSD and endometriosis after
6 months of treatment, changes in the studied hormones statistically
significantly correlated with improvements in scores in all domains
of the questionnaire. At the control period of 6 months, 20 (66.3 %)
women were not ready for safe conception. In the 9-month control
period, 16 (53.3 %) patients in this group were not ready for safe
motherhood. Conclusions. Women with external-internal endome-
triosis and FSD and women with FSD alone have different pathoge-
netic background in the formation of gestational pathology. Therapy
of patients with any form of FSD should be personalized. Assessment
of FSD domains allows for rapid diagnosis of future gestational risks
in women of reproductive age.

Keywords: female sexual dysfunction; endometriosis; hormones;
ovulation; pregnancy

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

Tom 21, N2 3, 2025



olel

International Journal of Endocrinology

Oraap,
Review

VIIK 616.379-008.64-06

bobok H.M.
INSTYTUTUM AG, m. Lyr, LLiBeniapis

DOI: https://doi.org/10.22141/2224-0721.21.3.2025.1544

TepaneBTUYHI CTpATerii,
HOCAIAKU TO NepCnekTUBm 30CTOCYBAHHS
CQroHiCTiB peuenTopis
FAIOKOroHonoAi6Horo nentuay-1

Pe3tome. Brims couianbHux Mepex 3Ha4HOK Mipoto (hopMye ecTeTUYHI TeHAEeHLii B Cy4acHOMY CyCrifbCTBI.
HeonHopa3oBo 6yr10 npofeMoHCTPOBaHO 3MiHy BUMOI 4O €CTETUYHOI Ta rniaacTuyHoi Xipyprii, Lo 6a3yeTbcsi Ha
ymx BrimBax. CouiasibHi TpeHAN hopMyIOTb BUMOIrN He Tiflbki [O 30BHILLHbOro BUISAY, ane v BranBarTb Ha
hapmayeBTUYHUI BUGIp HacesneHHs. BupasHum rnpukaagoMm € picT 3acTocyBaHHsI MeanYHUX npenaparis ans
3HWKEHHs macu Tina. [penapaty rpynu aroHicTie peuenTopis riokaroHonogiéHoro nentugy-1 (IIM0-1) akTmeHO
MpU3Ha4aroTbCA Y NiKyBaHHI LiyKpOBOro giabety 2-ro TUiy Ta OXWUPIHHSA, MpoTe iX [is BravBae Ha 6e3sid ¢isio-
JioridHnx ripoyecis. [mboke po3ymiHHsA BrismBy arosicTis [TIM1-1 Ha MeTabosi3m r71l0Ko3u, CEeKpeLito IHCYITiHY Ta
PO6OTY LUYHKOBO-KULLIKOBOro TpakTy (LLIKT) HeobxigHe ans onTumMasibHOro nigbopy tepanii 1a o6rpyHTyBaHHs
X BUKOpUCTaHHS A1 KOPEKLii Barv y nayieHTiB 6e3 cyrnyTHbOro LyKpoBoro giabety. Baxinsow ocobamBicTio
npenapartis rpyrv [TIM1-1 € ixHA 3aaTHICTb MoAyloBaTn aneTuT Yepes BrJIMB Ha rinotasamyc, Lo pobuTb ix
nepcrnekTUBHUMU L4715 JIIKYBaHHA OXUPIHHSA. JoCnimpKeHHs MoKasyroTb, L0 Ui npenapaTtv BrnBarTb HE INLLE Ha
BYrnieBoAHWI 06MiH, a Vi Ha cepLieBo-CyanHHY cucTemy T1a poboTy HUpoK. OgHaK TpuBase Ta HeobrpyHToBaHe ix
3acTocyBaHHs MOXe CyrnpOBOIKYBATUCA HebaxaHnmu egpekTamu. HeobxigHi 4O[ATKOBI JOCTIAXXEHHS Ta criocTe-
pexeHHs1 oo [gosroctpokosoro srnvsy [TIf1-1 Ha ByrnesogHuii 06MiH, Kopekuito Baru, poboty LLKT, nediHku,
HUPOK Ta MeTaborsidyHuii cTaTtyc nayieHTiB. BuB4eHHs MexaHiaMiB gii yux npenapartis JO3BOUTb TOYHILLE MPOrHo-
3yBaTu iHAUBIAYaibHy eQOeKTUBHICTL Ta pU3NKU Teparnii. Takum YUHOM, JlikapsiM noTpioHe Bce biflbLue PO3yMiHHS
hapmaKonorivHnx eqeKTiB npenapartis yiei rpynu, OCKiIbKu BOHU BCE YacTille CTUKATUMYTbCS 3 nauieHTamu, siki
XO4yTb BUKOPUCTOBYBAaTH abo rnpuiiMaroTb aroHicty peyenropis ITIM1-1. Hessaxaro4m Ha Te, Lo 3acobm mMacoBoi
IHGbopmaLii LUMPOKO BUCBITITIOIOTL L{e NUTaHHS, BCeOIYHUV HayKOBWMK Onuc ¢hapmMakosioriY4Horo BBy, okasaHb,
0CO6/IMBOCTEV MPU3HAYEHHS | MOTEHUIVIHMX HACTigKIB 3acTocyBaHHs aroHictie ITIM-1 € JocuTb akTyarbHUM.
Knro4oBi cnoBa: aroHicty peLentopis moKaroHonogibHoro Nentuay; LyKpoBuii 4iabeT 2-ro TUry; OXUPIHHS;
JIIKyBaHHSs1; ornsg

Bctyn

IBoe 3 n’sitnt mopaeit y CnonyyeHux IItatax AMepuku y
Billi ctapie 18 pokiB MaloTh OXUpPIiHHS, a TToHan 110 Minb-
OHIB HaceJieHHs MatoTh Nipeaiadet [1]. SIk oxxupiHHS, TaK i
npeniadeT € cTaHaMu BUCOKOI'O KapaioBaCKYJISIPHOTO pU3U-
Ky, SIKi 4aCTO TIIEPeIyIOTh PO3BUTKY IIYKPOBOTO JiabeTy 2-r0
tuny (LI12) [2]. 3a ouinkamu HayKoBLiB, 70 % mroaeii i3 mpe-
niabeToM OymyTh BPEIITi-PEIIT MaTH BCTAHOBJICHUIA AiarHO3
L2 [3]. MeauuHi BTpy4aHHsI U151 3ar00iraHHs1 abo 3MeH-
ILIeHHST TIporpecyBaHHs mommpeHocTi 112, siki 3ocepemkeHi
Ha 3HVMKEHHI CIIOXXMBAHHSI KaJIopiii i 30i1bIeHHi (i3naHOT
aKTHUBHOCTI, 3a0€3Ie4yI0Th 3HAaYHO OLIbIITY BTpaTy Baru, HixX

3BMYAliHI peKoMeHaallil oo jJikyBanHs. Kpim Toro, cucre-
MaTUYHI OIVISIANA NTOKA3YI0Th, L0 KOPEKLisl XapuyBaHHs Ma€e
HaNOUIBIIMIA BIUIMB Ha 3amo0iraHHs mporpecyBanHio 1112,
y cepeaHbOMY Ha 36 % 3HUKYIOUM BiTHOCHMIT pU3UK [4].
BuszHaueHo, 1110 ITOCTYIIOBE BiTHOBJIEHHSI Bary BiIOyBa€ThCs
nipuban3Ho y 80 % miozeii, siki HaBMUCHO XyaHYTh [5]. TTin-
BUILIEHUI alleTUT, HEPETYJIbOBAHE MOYYTTS CUTOCTi, XapuoBi
pO3JIav Ta HaaHHSI LIIHHOCTI 1Xi CIPUSIIOTh BilIHOBJIEHHIO
Baru [6]. BrpaTa Baru 3a 10roMororo papMaKkoJIoTiqHHX 3a-
CO0IB SIK TOTATKOBOI Teparlii 10 00OMeKeHHsI KaJopiitHOCTi
3/6e3 minBuIleHoi (Pi3MIHOT aKTUBHOCTI MOXe OyTH OMNTH -
MaJIbHUM KPOKOM BMPIllIEHHS TUTaHHSI OXKUPiHHA [7].
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MeXxaHi3Mm Ajii TO CUHTE3 €HAOreHHOro
rAIOKAroHonoAi6Horo nentnay-1 (MMM-1)

T'TIII-1 € moximHMUM Bim MPOIIIOKATOHY, SIKUI Y IIUTYH-
koBo-kumkoBomy TpakTi (LLIKT) Ta Mo3Ky mocTTpaHcisi-
LHiliHO MOAMDIKYETHCS Ta PO3IICIUIIOETHCS HAa 0i0JI0TIYHO
akTuBHi Gopmu: ['TITI-1 (7-36) amin i ['TITT-1 (7-37). Oc-
HOBHOIO LIUPKYJIIOIOYOIO 6i0JIOTiYHO aKTUBHOIO (hOPMOIO €
nepuia, [TITI-1 (7-36). Lsg dopma I'TIT-1 Binirpae BaxiuBy
posb y romeocTasi rimoko3u, motopuii IKT, aneturi Ta
BimuyTTi HacU4eHHs [8].

VY dizionoriunux ymosax I'TITI-1 BuainsieTscst eHmo-
KPUHHUMM L-KJTiTMHAMM CIM30BOi 00OJIOHKM KUIIEYHU-
Ka y BIAIIOBiIb HAa HAOXOMKEHHS MOXWBHUX PeYOBUH [9].
Bcranosneno nBa miku cexpenii I'TIII-1, siki cmocTepira-
IOThCS Y BiAIIOBiOb Ha mpuitoM iXi. [lepimii mik BUHUKAE
yepe3 15 XBUIWH ITic/Is ToYaTKy MpUiioMy 1Xi i BinOyBaeThCs
paHillle, Hi>k HaAaAXOMKEeHHS MOXNUBHUX PEYOBUH Y IIPOCBIT
KUIIIEYHMKa i iX BIMB Ha L-kitituHu. Lle siBuiie mBuakoro
ninBuieHHs piBHs ['TITI-1 mosicHI0eThes (yHKIIIOHYBaH-
HSIM HEWPOEHIOKPUHHUX 3B’SI3KiB, KOJIM MOXUBHI peyo-
BUHM B IIUTYHKY 200 MPOKCUMAJIbHOMY Bilili KUIIEYHUKA
CTUMYJIIOIOTh BUBLJIBHEHHSI TOPMOHIB, SIK-OT LIIIJTYHKOBUIA
iHTiOyI0uMit menTua (III0K0303a71eXXHUM IHCYTIHOTPOITHUMN
MEITUI) i TaCTPUH-PUII3UHT TIeNTUI, SIKi OiI0Th Yepe3 Ba-
TYCHI IIIJISIXU, 11100 CTUMYJIIOBATU L-KJTITUHY TS CeKperlil
I'TIII-1. EHTepanbHa (BereTaTMBHa) HEpBOBA CICTEMa MOXKe
CIIpUATU paHHbOMY MiABUIIEeHHIO KoHUeHTpalii I'TITT-1
micast xi. JApyruii mik BUHMKAaE Mi3Hillle, BiH TPpUBATIIINMA
i, IK BBaXKAIOTh HAyKOBIIi, € HAC/IIAKOM MPSIMOTO KOHTaKTy
MOXWBHUX peYoBUH 3 L-kimitnHamu kumeyHuka [10]. Takum
YUHOM, MTOXMBHI pEYOBMHU B ITYHKOBO-KUIIIKOBOMY TPaKTi
MaloTh 3naTHicTh ctumytoBatu ['TITT-1 npsimo abo ormo-
CcepeaKOBaHO Yepe3 TOPMOHAJIbHI Ta HEMPOHHI MeXaHi3MMU.

T'TIII-1 TakoxX eKcrIpecyeThCsa HeiipoOHAMM B SIAPi COJTi-
TapHOTro TpakTy cToBOypa Mo3Ky (NTS) i BUBiIbHIETCS Y
PI3HUX IUITHKaX MO3KY, BKJIIOUAIOUH SIApA TiltoTajaMmyca, Ti-
nokaMI i KoptukaibHi TistHKU. Llentpansuuii I'TITT-1 € on-
Hi€I0 i3 KJIIOUOBHUX JIAHOK Y PO3BUTKY aHOpPeKCii. CTUMYJISLIIST
aKTUBHOCTI €HJIOTEHHOTO KayIaJbHOTO CTOBOYpa MO3KY i, SIK
Hacainok, cuHredy ['TII-1 omocepenkoBye aHOPEKCUUHUI
eeKT Jnonoicaxapuay, XJIOpUIY JITii0, XOJIeIICTOKIHIHY,
JIETITUHY Ta OKCUTOLIMHY. bararo 3 1ux XiMiYHUX peuyoBUH,
SIKi BBOAWIU B €KCIIEPUMEHTATIBHUX MOEJISIX, 3MEHIIYIOTh
CTMOXMBAHHS i, 30inbInytoTh ekcrpecito I'TITI-1. Haro-
MiCTb aHOPEKCHYHi e(eKTU IIUX PEUOBUH MOCIA0II0I0THCS
a00 yCyBalOThLCS 3a IOITOMOT'OIO0 iH’€KIIiT aHTATOHICTA pelleIT-
topa ['TITI-1 (I'TITI-1P). HenTpanbuuii nuisix aii TTITT-1,
SIKUI Oepe y4acTb y 3HMKEHHI arleTUTy, MOXe TIPU3BOIUTH
JI0 CyMapHUX e(heKTiB IiET TPYIN MperapariB 00 3HKEH-
Hs Macu Tia. OmHaK iCHy€E HEeBiIMOBIIHICTh MK IIITbHICTIO
HepBOBUX BOJIOKOH i peuieritopiB ['TITI-1. Binburicts moci-
IKeHb CBim4aTh Ipo posb came nepudepuyHoro I'MII-1
B aKTHUBAllil LIGHTPAJIbHOTO pelienTopa 1poro nerntuay [11].

besnocepenns nis I'TIIN-1 onocepenkoByeTbCsS aKTH-
Bauiero I'TIII-1P, axuii ekcripecyeTbest Ha nepudepii (Be-
reTaTMBHI HEPBOBi BOJIOKHA KMIIIEYHNKA, OJTyKarodi HEPBU,
MiIILUTYHKOBA 3271032, IIUTYHOK, TOHKWM i TOBCTUI KUIIIeU-
HUK, XXMPOBa TKAHWHA) i B TOJIOBHOMY MO3KY (KaynaabHUit
CTOBOYp MO3KY, TinoTajlaMyc, TiloKaMIl, sSiapa KOpU rojioB-
HOro Mo3Ky) [12, 13]. I1epudepmuno cunrtezoBanumii ['TITT-1

i€ JTJOKaJIbHO, 3MiHI0109M MoTopuKy LIIKT Ta amretut, a Ta-
KOX Moxxe 6e3rnocepeaHbo aktuByBaTy ['TII1-1P Mo3ky mist
monymoBaHHsa ¢yHkuii HIKT i xapuoBoi moBeninku [11].

Mpenapat rpynu MMN-1 y KAiHIYHIW NpAKTUL

IIpemapatu I'TII1-1 € cMHTETUIHUMY METUIHUMU 3a-
cobamu, 1110 MalOTh YaCTKOBY ab0 MOBHY TOMOJIOTIiIO aMi-
HOKMCIOTHOI TtociaimoBHOCTi 3 I'TITT-1, sikwmit yTBOpIOETHCS
B opraHi3mi. [lepion HamiBpo3nanmy ¢izionoriunoro I'TIT-1
CTAaHOBUTH 1—2 XBUJIMHM Yepe3 Ait0 GPepMEHTY TUTTCTITUIII-
nentunazu-4 (JAI1I1-4) [14]. Ha BigMiHY Big mpupoaHOTro
TOPMOHY MeIUYHi IpernapaTv MaloTh JOBIIUNI Mepion Ha-
TMiBpO3May Ta BUIILLY 0i0JIOTiYHY aKTUBHICTh. BOoHM MOXYTh
imityBatu Bci epextu T'TII-1, sskuii BUTIISIETHCS KUIIEY -
HUKOM Y BiImoBimb Ha mipuiiom ixi [15]. I'TII1-1 gomomarae
PETYJIIOBATH PiBeHb IIYKPY B KPOBi, CTUMYJTIOIOUYM BUBLIbHEH-
HI iHCYJIiHY, IPUTHIYYIOUM CEKPEIIilo TIIOKAroHY i YITOBiJIb-
HIOIOYM IIBUIKICTb, 3 SIKOK CITOPOKHIOETHCS IIUTYHOK, 110
MPU3BOIUTH 0 BIIUYTTS CUTOCTI Ta 3HVKEHHS aneTuty [16].

Mexanizmu, 3a mormomMoroio Ikux rpencraBaukuy I'TIT-1
CIIPUSIIOTH 3HVDKEHHIO PiBHS IJTIOKO3U B KPOBI Ta BTPATIi Baru,
BKimiovaioTh aktuBauito ['TII1-1P, po3ramroBaHux ronoBHUM
yrHoM y LUKT, mignutyHkoBiii 3a1o3i Ta Mo3Ky. Ilics aktu-
Bartii ['TIT1- 1P mocuitoeThbes 3aexxHa Bill TITIOKO3U CEKPeLis
iHCYJTiHY, sIKa TOTOXHa (hi3iooriyHil BiAMOBINi Ha TiABUIIE-
HUI piBeHb IJIIOKO3U B KPOBI Iicst i [17]. OmHovyacHo aro-
Hictu peuenTopis ['TII-1 ynoBiTbHIOIOTH MOTOPHUKY LIUTYHKA,
30LIBILIYIOTH MposTidepallito B-KIITUH MiIIUTYHKOBOI 3871031
Ta 3MEHIIIYIOTh BUBLUIBHEHHSI IJIIOKATOHY, CIIPUSTIOUN 3araJlb-
HOMY 3HIMKeHHIo aretuty [18]. Kpim Toro, B3aemonist 3 pe-
uerrropamu I'TII-1 y rimotanamyci MoXe 3MEHIIUTHY BiT4yTTs
TOJIOY, TATY J1O TXi Ta MOCWINTH BimuyTTst HacuueHHs [19]. LLi
OaraTorpaHHi Aii CIpUsIIOTh KOMIUIEKCHOMY MeTa0O0IiYHOMY
edexry mpemapariB rpymu [ TII1-1 y peryssiiii piBHS TTIOKO31
B KpOBi Ta noJjeruieHHi Brpatu Baru [20]. [Tpenapatu ais
JIIKYBaHHSI OKMPiHHS JOTIOMAraloTh MOJIETIIUTH KOHTPOJb
Baru, sIKI0 BOHW BUKOPHUCTOBYIOThCSI Pa30M i3 HU3bKOKA-
JIOPiiHUM XapuyBaHHSIM Ta IiABUILEHOIO (Di3MIHOIO0 aKTUB-
HicTIO ocobamu 3 iHgekcoM Macu Tita (IMT) > 30 kr/m? a6o
> 27 Kr/M? i3 CYIyTHIMM 3aXBOPIOBAHHSIMU, OB’ I3aHUMHU 3
oxXupiHHaIM, sK-oT LIJI2, rimeproHiuHa XxBopoba abo IUCITi-
migemist. [latieHTH, siKi He MOXYTb JOCSITTY LIiJIel 3HVKEHHS
Baru 3a JOIOMOTIOIO Ji€TH i (pizuuHOro HaBaHTaxkeHHs (5 %
BiJl TOYATKOBOI BTpaTH Baru 3a 3—6 MicsI1IiB), MOXKYTb 3aCTO-
COBYBAaTH JOMOMIXXHY MeIMKaMEHTO3HY Tepartito [21].

Cunrernuni aronictu I'TIIT-1 mMaloTh pi3Hy CTIHKICTb 10
¢epMeHTaTUBHOI Aerpanallii i, OT>Ke, MaloTh TOBLIMI Mepion
HaIiBBUBECHHSI, 1110 MOJIETIIYE TepareBTUUYHE BUKOPUCTaH-
He. JliparmyTu, 1110 BBOAUTBCS MiIIIKIPHO IIOIHS, € TIEPILINM
aronicroM I'TITI-1, cxBasenum YmpaBiiHHIM 3 KOHTPOJIIO
3a miponykTtamu i Jikamu CIIA (FDA) ta €Bponeiicbkum
areHTCTBOM 3 Jlikapchkux 3aco0iB (EMA) nis TpuBaaoro
KOHTpPOJIIO Baru. [HIIMiA rpemnapar y boMy Kjiaci, cemariy-
TWM, SKUI BBOAUTHCA MiALLIKIPHO OIWH pa3 Ha TXX/IEHb, OYB
cxanrennii FDA y 2021 pomi SIK 1OITOBHEHHSI OO TilTOKaIo-
piliHOTO XapuyBaHHSI i 30i1bIIeHHS (i3UYHOI aKTUBHOCTI B
paMKax TPUBAJIOTO KOHTPOJIIO Baru y JOPOCTUX 3 OXKUPIHHAM
(mmovatkoBwmit IMT > 30 xT/M?) 260 HATATIIKOBOIO Baro¥o (IT0-
yatkoBuii IMT > 27 kxr/m?) 3 IpuHaAIMHi OHO0, OB’ I3aHOI0
i3 HAIMIpHOIO MaCOIO TijIa ITaToJorielo [22].
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3acobu macosoi iHpopmauii Ta iX BNAUB
HO BUKOPUCTAHHS npenaparie rpynu MM-1

Ha croroani ananoru I'TII-1, sIx okpemuii Kiiac mpe-
napaTiB, BKIIOYAIOTh HACTYITHI Jil0Yi peYOBUHMU, SIKi CXBa-
neHi FDA: cemarnytun (Toprosa HazBa Ozempic i Wegovy),
THp3enaTua (ToproBa Ha3Ba Mounjaro), opJiictat (ToproBa
HazBa Xenical, Alli), niparnytun (ToproBa Ha3Ba Saxenda,
Victoza) Ta iHIIi, SIKi aKTUBHO BUBYAIOTHCS HAYKOBIISIMMU.
Xoua Wegovy, sIK TIpeJCTaBHUK [il0U40i peYOBUHU ceMar-
JIyTuny, cxBasieHuil panime FDA nis 3HUKeHHS Baru y
moneit 3 oxxupinHsaM, Ozempic, «CeCTpUHCHKUI» ceMar-
JIyTia, Oinbll 3aTpedyBanuii. Bukopucranus Ozempic aist
CXyIOHEHHST 3 KOCMETUYHOIO METOIO He 3a TIPU3HAYCHHSIM
HaOyJIo0 Bce OiMBIIOro po3rojocy Ta HaBiTh MpOCIaBIeH-
HA B coLliaTbHUX Mepexax i uncieHHux 3MI. 3pocraroua
MOIYJSIPHICTD i iHTepeC A0 LIbOTO IMpernapaTy NpU3BeIu 10
nocriiiHoro nedinuty Wegovy Ta Ozempic, 1110 BIUTMHYJIO Ha
MAali€HTIB, IKMM IIi iK1 OoTpiOHi 11 tikyBanus LIJ12 [23].

CnocTepiraetbcsl 3pocraya MOIYJISIPHICTh Ta iH-
Tepec go npemnapaty Ozempic i TOB’sI3aHUX 3aCO0IB IS
BUKOPUCTAHHSI HE 3a MPU3HAYEHHSIM 3 METOI0 KOCMETHY -
HOI Kopekilii Baru. JIoCmIimKeHHs MiaTBepIKyIOTh 3HAYHE
3pOCTaHHS I'POMAJICLKOTO iHTEpECy 10 TOITYKOBOTO Tep-
MiHa «Ozempic», a TakoxX IoB’si3aHuX aroHictiB I'TITI-1
3a octaHHi 5 pokiB y CIIA. CemarayTus Ta iHIIi arTOHICTH
T'TIII-1 € BiTHOCHO HOBMMMU JIiKaMU, SIKi BAKOPUCTOBYIOTh-
cs B Taimy3i oxopoHu 310poB’s. Y kBitHi 2005 poky FDA
OyJio Briepiie cxBajieHo ekceHatun (Bydureon; AstraZeneca,
Kemb6pumxk, Benukoopuranist) mia mikyBanus LIJI [24],
micyst yoro OyJio cxBajieHO HU3KY iHIux aroHictiB ['TITT-1.
¥ 2014 poui niparnytun (Saxenda; Novo Nordisk) OyB nep-
M aroHicroM ['TITI-1, skuit orpumaB cxBajieHHst FDA
IJIs JTiKyBaHHSI 3 METOIO BTpaTU Baru y IMalli€HTIB i3 0Xu-
piaaaM 6e3 LI /I, Ta mepmmm aronictom penenropa I'TIIT-1,
cxBaJieHUM Juist aiteit i mipnitkiB 3 A2 [25]. ¥V rpyani 2017
poky Ozempic (cemarmytun 0,25; 0,5; 1,0 a6o 2,0 Mr oogun
pa3 Ha TIKIEeHb) OyB cxBaJieHMiA mist tikyBaHHs LIJ12 [26].
VYV 2020 poui Ozempic oTpuMaB 10JaTKOBE MOKa3aHHS JIJIsI
3HIKEHHSI pU3UKY CEPIO3HUX CePLIEBO-CYIUHHUX MO y
nopociux i3 11J12 ta ypaxkeHHSIM ceplLieBO-CYIMHHOI CUCTe-
mu. 3apa3 FDA posmmpuiio nokaszanss nisg Ozempic. Ha
noyatky 2025 poky FDA cxBanuno Ozempic (cemariayTu)
gk enuHui npenapat ['TIT-1 o151 3HMKeHHS pU3UKY 3aXBO-
PIOBaHHS HUPOK i CeplIeBO-CYIMHHOTO PU3UKY Y TOPOCINX
i3 LI/12 Ta xpoHiuHOI0 XBopoOo1o Hupok (XXH) [27].

XXH Bpaxae npubiausHo 37 MiIbIOHIB 1OPOCTUX Y
CIIIA i, 1K 04iKy€eTbCSI, 3pOCTaTUME 3i CTAPIHHSIM HACEJICH-
HI 1 30UThIIeHHSIM TTommpeHocTi LIJ12, ocHOBHOI TpuYrHNI
XXH i HupkoBoi HegocTaTHOCTI [28, 29]. XXH € nmommpe-
HUM yckianHeHHsM LIJ12, npuuomy npubiauszo 40 % mo-
neit i3 LIJ12 takox matote XXH [28, 30]. Jdnst moneit i3 LIJ12
XXH € 3HauyHUM TArapeM i Moxe CIIpUYMHUTU A0JAaTKOBI
YCKJIQIHEHHS, 30KpeMa TiIBUIIEHUI PU3UK CEePIEeBO-CY-
nuHHUX 3axBopioBaHb (CC3) i cmepti [30, 31]. CxBasneHHs
FDA rpyHTyeThes Ha pe3yiabTaTax a3y 3b BUIpoOyBaHHS
FLOW 11010 BruinBy Ha (hyHKIIiF0 HUPOK iH’ €Kit Ozempic
OIVH pa3 Ha TKIeHb y gopocaux i3 LIJ12 Ta XXH. Jdocmi-
mxkeHHss FLOW nocsiriio cBo€i mepBMHHOI KiHIIEBOT TOUKH 3
Ozempic 1 Mr, IpoAeMOHCTPYBABIIM CTATUCTUYHO 3HAYYILIE
3HIDKEHHS BiTHOCHOTO PU3UKY 3aXBOPIOBaHHS HUPOK Ha

24 % i cmeptHOCTI BHacaimok CC3 (3HMXKeHHST abCOJIOT-
HOTO pU3KKy Ha 4,9 % 4epe3 3 poKM) MOPIBHSIHO 3 TUIALIE00
IIpY JOAaBaHHI 10 CTAHOAPTHOTO JIiKyBaHHS [32].

Y uepBHi 2021 poxy Wegovy (cemaritytun 2,4 MT OIMH pa3
Ha TYKIeHb) 0YJ10 CXBaJICHO IS JIIKyBaHHSI 3 METOIO BTPaTU
Baru y nauieHTiB 3 oxkupinasM (IMT 30 kr/m? abo Giblie)
a0o 3 HaaMmipHOIO Baroio (27—30 Kr/m?) 3a HasIBHOCTI MPH-
HaWMHi OTHOTO CYITyTHHOTO 3aXBOPIOBAHHS, TTOB’SI3aHOTO
3 Baroto (AI', nucninmigemist, LI12) [33]. ¥V TpaBHi 2022 poky
Mounjaro, epimii Kom6inoBaHuii aroict I'TIT-1 i rmoko-
303aJIeXKHUI iHCYJIIHOTPOITHUH MOJinenTu I, OyB CXBaJIEHUI
st aikyBanHs L2 [34]. Hatomicte Wegovy € enuHUM ce-
MarIyTUIoM, cxBajieHUM FDA criemtianbHO 11T yIIpaBIliHHST
BTpartolo Baru, aje Ozempic BUKJIMKAB OUIbIINIA iHTEepec
rpomManachKocTi. Binkonn Wegovy BUIIIOB Ha ITyOIiYHUI
puHOK y uepBHi 2021 poky, itoro BupooHuk Novo Nordisk
3ITKHYBCSI 3 TPYAHOIIIAMMU 111010 33/I0BOJIEHHSI 3pOCTal0u0ro
rnornury Ha ripenapar. Y rpynHi 2021 poky komriaHist Novo
Nordisk oronocuna npo aediuut npenapaty Wegovy [35].
3 1IbOro Yacy po3moyaBcs IiKOBUI iHTepec CIIOXUBAYiB 10
Ozempic, 1110 MOXe OyTU MOB’SI3aHO 3 TTOYaTKOM HOTO BU-
KOPHUCTaHHS He 3a PU3HAYSHHSIM JIJIsI KOHTPOJIIO Baru [23].

JlexinbKa JoCTiIKeHb ITPOAEMOHCTPYBAIM BATOMUI BIUTUB
3HAMEHUTOCTEeH, colliaabHux Meaia Ta 3MI Ha cydyacHi ecte-
TAYHI TEHICHIIII. Pe3ybTaTi minKpeciooTh ITepeBakaroumia
BIUIMB LIMX [IKEPES Ha TPOMAIChKy AYMKY LIOI0 MEAUYHOI
iH(opMallii, HiX (PaKTUYHMX HaYKOBUX MyOJTiKallili Ta T0Ka3iB
[23]. 3okpema, Mounjaro BUSBUBCS 3HAYHO e(PEKTUBHIILIIM Y
Bcix mo3ax (5, 10 i 15 Mr) mj1st KOHTPOITIO PiBHSI LIYKPY B KPOBi
Ta BTpaTH Baru, Hix cemantytua (1 mr). HacripaBni yuacHu-
ku nociimkeHHs: SURPASS-2 Brpatwiu B cepefHbOMY 10
11,2 xr, npuitMatoun Mounjaro, OpiBHSIHO 3 5,7 KTy Tpymi
ceMannytuny. HaBiTh nipu HaliHvkuiil 1o3i Mounjaro nepe-
BepIyBaB ceManIyTU I JUIst BTpaTul Baru [36]. OgHak rpoMa-
cbKuii iHTepec, BuMipsinuii Google Trends, He BimoOpaxae
nepeBar Mounjaro, a HATOMICTh BUTAETHCS OLIBIII Y3rOmKe-
HuUM 3i cxBasieHHsIM Ozempic y colliaTbHUX Mepexax Ta/abo
3HAMEHUTOCTSIMU, 1110 11Ie OiIblle MiIKPeCIIOe iXHiil BILIUB
Ha TPOMAaJIChKiCTh. ByJio IpoBeneHO TOMaTKOBUIA MOIIYK Y
Google Trends 3a noiykoBuM TepmiHoM «Ozempic BTpaTa
Barm», o0 MiOTBepAUTH, IO ITOITYKOBMI TepMiH «Ozempic»
OXOILTIOBAB HeE TIJTbKU THX, XTO LIIKaBUThCs JIiKyBaHHsIM LIJ12,
ajie i THX, XTO 3allikKaBJIeHWIi Y BTpaTi Baru 3a J0MOMOTOI0
npernapary 6e3 MpsSIMUX METUIHUX ITOKa3aHb [23].

3a nepii 9 micauis 2022 poky nponaaxi Novo Nordisk
y [iBHiuHi Ameputti 3pociu Ha 37 % [37]. Toni sik mocTa-
YaJbHUKY MOYAJIM BUTIMCYBATH pelienty Ozempic He 3a Npu-
3HAYEHHSIM, 11100 3370BOJILHUTU 3POCTal0ui MOTPeOr CBOIX
MAaIiEHTIB, 301IbIIEHHS TIOMTUTY TPU3BEJIO 10 AeDIlUTY i€l
¢opmu, 1110, y CBOIO Yepry, 3HAUHO BILUIMHYJIO Ha TALIEHTIB,
siKi 3asexxath Bin Ozempic wist tikyBaHHs LI12. [Tpu micstu-
Hiit po3api6Hiit BapTocTi 6mmu3pko 1200,36 monapa CIIIA
BUKopucTaHHs Ozempic 6e3 CTpaxoBOTo MOKPUTTSI € HETI0-
MipHUM IS 6araThoX MalieHTiB. Mounjaro KOIITYE 1Ie 10-
poxue — moHan 1500 momapiB CILA. [lesxi anTeku 00N
1110 TTpo0JIeMy, TO3BOJIMBIIIM CITOKMBaYaM OTPUMYBATH aro-
Hictu I'TII1-1 3a yacTKOBY OILIATY, TAKMM YMHOM ITiATPUMY-
touu ronasnbliie BukoprctaHHs ['TITT-1 He 3a mpu3HaYeHHSIM
[23]. Y BiamoBias cTpaxoBi KOMIIaHii oyaau BUMaraTu, oo
KOIM JiarHO3Yy BidIloBimHO 1o MixHapomHoi Kiacuikarrii
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xBopob (MKX-10) mma LI/12 BkazyBanmch Ha pelerrax Iist
aronictiB I'TITI-1 [38]. Xoua Wegovy Ta Ozempic MicTITh
CeMarJIyTHI, 1€ Pi3Hi IPOAYKTU 3 Pi3HUMU MOKA3aHHSIMU,
NO3YyBaHHSM, iH(OpMaIli€ro TTpo MpU3HAYEHHS, rpadikaMu
TUTpyBaHHs ToIo. Lli mpemapatu He € B3aEMO3aMiHHUMMU.
HesBaxatouu Ha 11e, Wegovy Ta Ozempic 3aIMIIaI0ThCS B
cnucKy aedilMTHUX Tpernaparis 3a nmopigomjaeHHs MU FDA.
Yepes mOCTIMHMI ITOIUAT 0araro IMAaLi€HTIB i MOCTaYaIbHUKIB
3BEPTAIOTLCS 10 anTeK, 00 oTpuMatu 1 Jiku. [Tpote Novo
Nordisk Boomie maTeHTOM Ha CeMaryIyTU, KOHTPOJIIOUN
BCe BUPOOHMITBO iHTpenieHTiB. Tomy daxiBiii mornepes-
2KaloTh, 1110 CEMAarJayTUI Ta CIIOPiAHEHi mpernapaTyu rpyIu
I'TITI-1, sIKi BUTOTOBJISIIOTBHCS 3 HEBIIOMUX [IKEPEs, MOXYTh
MaTH Y CBOEMY CKJIajli pi3Hi KOMITOHEHTH [23].

OrAgA HAOCAIAKIB HEKOHTPOALOBOHOIO
30CTOCYBOHHS TO NOGIYHMX edeKTiB
aroHicris IMMN-1

KonTposioroui opraHu onpuIIOAHWIN HOIePeIKeHHS
po HeOe3IeKy JIiKiB 010 IMTOIIUPEHOCTI CKIIAIHUX i Iiapo-
OJICHMX MpernapaTiB ceMarIyTUay. 3pOCTaHHS OMYJISIPHOCTI
CceMarIyTUIy IJIsI CXYIHEHHS € PYILIiHOIO CHIIOIO TTiIpooIie-
HuX npenapari. Jlikapi TOBUHHI HACTIHHO pO3’SICHIOBaTH
nauieHTam, 1110 BOHU MalOTh OTPUMYBATU Tperaparu, sKi
MiCTSATh CeMarIyTU/I, JIUIIE 32 PELIeNITOM BiJl JIILIEH30BaHOTO
MocTayajibHUKA MEIUYHUX MOCIYT i OTPUMYBATH JIiKU JIUILIE
B anTeKax i3 AeprkKaBHOIO JIlIeH3i€10 a00 ayTCOPCUHTOBUX
ycTaHoBax, 3apeectpoBaHux FDA [20].

Aronictu I'TITI-1 He mo306aBiaeHi MOOIYHUX e(hEeKTiB.
BaxkmBo, 1110 iCHY€E HeIOCTaTHSI KiJIbKICTh TaHUX MPO iX BU-
KOPUCTaHHS U1 KOCMETUYHOI KOPEeKIlii Baru y Mali€HTiB
i3 oxxupiHHsM, 6e3 LIJ12 i Tum Gisbliie y maiieHTiB 6e3 oxXu-
pinHs Ta 6e3 LIJ12. [To6iuHi edexTH, mpo sIKi HalyacTile
TOBIIOMJISTIOT i SIKi HaiiOLJIbIIIe TTOB’sI3aHi i3 TIPUITOMOM ce-
MarayTuay, BKIIo4atoTh nopyuieHHs: podotu LUKT y Bunisiai
HYZIOTHU, OJIIOBaHHS, OOJIIO Y XKMBOTI, Aiapel Ta KOHCTUIIALI1
[39]. Maitxxe ogHa m’sita BCiX MALIEHTIB Y KIIiHIYHUX JOCITi-
mkeHHsx Ozempic i Rybelsus BimuyBaau HynoTy, sika € Hali-
nouMpeHimmm nobiyuum ecdexkrom. Kpim Toro, 6y 3ano-
KYMEHTOBaHi 3HVKEHHS alleTUTY Ta TUCTIETICis. Xo4ya TOUHUMA
MeXaHi3M LMX e(eKTiB MOBHICTIO He 3’SICOBaHUIA, BiH MOXe
OyTHU TMOB’SI3aHUI i3 3aTPUMKOIO MEPUCTATBTUKU IIUTYyHKA
a00 aKTHBALIi€I0 MO3KOBHUX LIEHTPIB, OB’ SI3aHUX 3 PETyIsi-
Li€I0 alleTUTy, HACMYEHHSIM 1 HyImoToo. Bibin Bucoki mo3mn
Ta MiABUILEHHS I03U MOB’S13aHi 3 PU3UKOM IIMX TTOOIYHUX
edexkriB [40]. Y 6a3oBoMy mocrmimkeHHi Jiparmytuny 80,3 %
YYaCHMKIB, SIKi IpUiiMaIM TIpernapaT, 3a3HauuId MOsIBy He-
GaxkaHWX SIBUIII TIOPiBHSIHO 3 63,3 % yJ4acHUKIB, sIKi TpHriimMa-
v 11ane6o. BinbiricTs modivyHMX edheKTiB OyJv OB’ s13aHi 3
IIKT, Bxmovatoun Hynoty (40,2 %), niapeto (20,9 %), 3amop
(20,0 %) i 6moBanHst (16,3 %). LIITyHKOBO-KUIIIKOBI ITOGIUHI
e(eKTH NTPU3BEJIN 10 NIPUITMHEHHS JIIKYBaHH Yy 6,4 % ydac-
HMKIB riopiBHsSIHO 3 0,7 % y Tpyti rane6o. biabmicts yyac-
HUKIB BiIuyBaJu HYIOTY B meplii 4—8 TUKHIB, i iX BiICOTOK
MOCTYIIOBO 3MEHIIyBaBcA 3 4yacoM [41]. s cemarmytumy
yacToTa MobOiyHUX eeKTiB Oysia CXOXKOI0 cepell YYaCHUKIB
nikyBanHs (89,7 %) i rpyn miate6o (86,4 %). IoaioHo mo
JIiparIyTuay, HaiyacTilie MoBiTOMIISIIOCS TIPO HITYHKO-
BO-KMIIIKOBI MO0iUHiI edpekTu (HymoTa, aiapesi, OJI0BaHHS
Ta 3arop) y 74,2 % yJacHUKIB, SIKi IpUAMAaIA CeMarTyTH]I.

BinburicTe y9acHUKIB Bimayu Io6iuHi epekT mpotsarom 20
TWOKHIB MTiC/s ovaTtKy npuiiomy cemaraytuny [42]. Cemary-
THI TAKOX ITOB’SI3aHUH i3 AUC(]YHKIIIE€I0 XKOBYHOTO MiXypa Ta
SKOBUHMX IIUISIXiB, BKJIIOYHO 3 JKOBUHOKAM STHOIO XBOPOOOIO
(KKX) Ta xoneructutom [43]. JlocaimkeHHs in vitro moKasy-
10Tb, 110 ['TIT1-1 mocuntoe posnidepartiro Ta hyHKILIOHATBHY
AKTUBHICTb XOJaHTiOLIMTIB, 1110 MOXKE CIIPUSITU MOPYILIEHHIO
po00TH XKOBYHOTO Mixypa [44]. HesKi aBTopu IIPUITYCKAIOTh,
IO CeMarJTyTHUI MTOTeHIIITHO MOXKe TTPUTHIYYBATU CEKPELIito
XOJIELIMCTOKIHIHY, 3MEHIITYBAaTU CMIOPOXKHEHHS )XOBYHOTO
MiXypa Ta MOoI0BXyBaTH OT0 HAIIOBHEHHS, 1110 MPU3BOIUTH
IO PO3BUTKY 3axBopioBaHb [45]. Y KiIiHiYuHOMY aHadi3i 3a
y4acTIo MALi€HTIB, SIKi IPUAMaIM ceMarnIyTu, Oyso 3apee-
CTPOBAHO OiJIbllIe PO3JIaMiB, MOB’SI3aHUX 3 XKOBUHUM MiXypOM,
MOPIiBHSIHO 3 YYaCHUKAMU, SKi ipuiitmMainu riatue6o (2,6 mpo-
™ 1,2 % BiAnoBimHO). BinbLIiCTh WX TTOMi OYIM CIpUYK-
neni JKKX [46, 47]. B yyacHUKIB, SIKi IIpUiAMAaIH JTiparsTyTHI,
TaKOX OUIBIIICTh 3aJ0OKYMEHTOBAHUX CEPUO3HUX MOOIUHUX
eekTiB Oy/1M 1MoB’s13aHi 3 5KOBYHUM Mixypom (KKX — 0,8 % i
roctpuii xoineuuctut — 0,5 %). 3adikcoBHa BTparta Baru OyJia
OUTBIIIOIO B YYACHMKIB, Y SIKMX CIOCTEPIraJiMcsi CUMIITOMU,
IIOB’S13aHi 3 JKOBYHUM MiXypOM, ITIOPiBHSIHO 3 KOHTPOJHHOIO
IpyIiol0. ABTOpY HEMAaBHBOTO MeTaaHaJTi3y MM BUCHOBKY,
o I'TIT-1 nos’s13aHUit 3 BULIUM PU3UKOM 3aXBOPIOBAHb
>KOBYHOTO MiXypa ab0 >KOBYOBMBIITHUX LIUISIXiB, OCOOIMBO IPU
3aCTOCYBaHHI Y BUCOKMX J03aX IMPOTITOM TPUBAJIOro Mepioay
qacy [43]. Binbiicts yuacHukiB (78 %) y rpyrii JipariyTumy,
ski moBimoMun 1po 2KKX abo xoneucTuT, B NoaaablIoMy
MPOMIILIY TUTAHOBY XOJIELIUCTEKTOMiIO [48].

JlekiJibka cucTeMaTUYHUX OTJISIAIB i MeTaaHai3iB Mo-
Ka3yloTb, 110 iCHYE CTAaTMCTUYHO 3HAYYIIMU PU3UK IIiM-
BUIIIEHHSI MaHKpeaTUYHUX (DEepPMEHTIB, MOB’SI3aHUIA i3
npenapatamu Ha ocHoBi I'TIII-1. AroHicTu peuLenTopin
I'TIII-1 6e3mocepenHbo cTUMYIIOIOTEH penernTopu ['TITT-1
y GeTa-KJIiTUHaX OCTPiBLIB MiAILTyHKOBOI 3aJ1031 Ta KJTi-
TUHAX €K30KPUHHUX MPOTOK. JIOCTIAHUKY MPUITYCKAIOTh,
IO LISI CTUMYJISILLISI MOXKE MPU3BECTH 10 HAIMiPHOTO POCTY
KJIITUH, SIKi TOKPUBAIOTh MEHIII MPOTOKM, BUKJIMKAIOUN
rinepruiasito, 30iIbIIIEHHS MacH ITiAIUIYHKOBOI 3a103H,
OKJII03i10 TIPOTOKM, MiABUILEHHS TUCKY y MPOTOKaX i, SIK
HACJIIOK, TOCTpe ab0 XpoHiuHe 3anajieHHs [49]. ¥V 2024 p.
FDA BumnycTtuio nomnepeakeHHs yepe3 3aHEMOKOEHHS
mono aroHictiB peuernrtopiB ['TIT1-1 i miaBuieHOro pU3NUKy
MaHKpeaTUTy Ta paKy IMiInuIyHKoBoi 3aimo3u [50]. Hymar-
JIYTUI MiCTUTD MONEPEeIKEeHHS, 1110 BiH MOXe 301IbIIUTH
pusuk nankpeatury [51]. Jlikcucenarua, BianmoBinHoO 10
iioro iHCTpyKIlii, OyB MOB’sI3aHUI1 i3 BUITaJIKAMU IMaHKpE-
atuty [52]. Bynu Takox omy0riKoBaHi ITOBiTOMJIEHHS IIPO
TOCTPUI MAHKPEATUT Y TALliEHTIB, SIKi TPUAMaIN eKCEeHATH]T
[53]. Heski 3BiTH TToKa3aju, 10 JiparayTUI y Pi3HUX 103aX
aCOLIIOETHCS 31 30ibIIeHHSIM piBHA Jinasu 10 30 % [54].
Lle cnoHykae BUPOOHMKIB peKOMEHIyBaTH OOMEXXEeHHS 3a-
crocyBanHs I'TII1-1 mpu migo3pi Ha maHKpeatuT [55].

Aronictu I'TIIT-1 TakoxX 3HMXYIOTH piBEHb INIIOKO3U B
KPOBi Ta MOXYTb BUKJIMKATH TiITOIJIiKeMio. PU3uK rimoriike-
Mii 3HAYHO 3pOCTa€ Mpu 30UIbIIIEHHI 103 i TPpY 3aCTOCYBaHHI
CeMarIyTuIy 3 iHIIMMU aHTUTINePIiKeMiYHUMUY Tperapa-
TaMH, SIK-OT TIOXiHi CyJIb(OHIJICEeYOBUHU, MeT(OpMiH ab0
iHcymiH [20]. Aronictu peuernropiB I'TITI-1 MoxXyTbh BUKIHU-
KaTU peakilil TinepuyTaMBOCTi 1-ro Tuiry, sK-oT aHadirax-
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cisl Ta aHTIOHEBPOTUYHUI HAOpsIK [56]. IcHye MOXIMBICTD
MepexpecHol peakllii MiXK pi3HUMM aroHiCTaMU peLenTopPiB
T'TIII-1. ToMy peKOMEHIY€ETHCS 3 00ePEXKHICTIO IPU3HAYATI
11i MpernapaTy NallieHTaM 3 00TSDKEHUM aJIeproJIoTiyHUM aHa-
MHE30M a00 3a HasIBHOCTI aJIeprivyHOI peakllii y BiAIoBiab Ha
iHmi aronictu peuenropis ['TITT-1. 3aranom Oyso 3adikco-
BaHO 188 aHadinakTuHMX peakiit cepen 696 089 kopucty-
BauiB ['TII1-1 B akTyanpHOMY KIIiIHIYHOMY OOCIIIKEeHHI [57].

3acrocyBanHs aroHictiB ['TITT-1 Moxe mpu3BecTH 10
0(TaJbMOJIOTIYHUX YCKJIAAHEHb: OCTaHHI JOCTiIKEeHHS
nokasytothb, 1o ['TITI-1 Moxe BrimBaTi Ha pO3BUTOK [ia-
0eTUYHOI peTuHoIAaTii. B orjasmoBoMy MeTaaHai3i 4acToTy
Iia0eTMIHOI peTMHOIATII, IMOOIYHUX peaklliii 3 00Ky odeit
MOPiBHIOBAIM cepell yYacHUKIB 93 mocimkeHb. SIK BUCHO-
BOK, 3actocyBaHHs ['TII1-1 Oymo 3HaYHO MOB’s13aHe 3 TMiABU-
ILIEHMM PU3UMKOM paHHbOI CTafii JiabeTUYHOI peTUHOMATIl
(criBBimHOmEeHHs pusukiB (RR) = 1,31, 95% nosipumnii in-
tepsai (CI) 1,01—1,68) i paHHiX cTamiit ypaskeHHS CiTKiBKU
(RR=1,29,95% CI 1,01—1,66) nopiBHstHO 3 miare6o [58].

Ilomo onkoJjoriyHoi matosiorii, pu3nk C-KIITUHHUX
MyXJIMH muTonoaioHoi 3ano3u (1113) € npoTunokazaHHIM
1o 3actocyBanHs I'TIIT-1. Ha mouyatkoBux eTamax po3poo-
KU TIpernapary JOC/iIKeHHs Ha TBApMHAX i3 3aCTOCYBaHHSIM
CeManIyTUIy BUSBUIN po3BUTOK C-KIiTMHHUX myxauH 1113.
OnHak NMOTeHLIHMT 3B’SI30K MiXK cemartyThiaoM i pakom 1113
y monaeit noci BuByaeThes. [laieHTr 3 ocoducTim abo ciMeii-
HUM aHaMHe30M Meny/isspHoi KapuyHoMu 113 abo Ti, y Koro
NiarHOCTOBaHO CUHIPOM MHOXKWHHOI €HIOKPUHHOI HEeOIUIasii
THIY 2, He MOXYTh IpuiiMaTtu rpernapatu rpymnu [TTI-1 [20].

3acrocyBaHHs aroHictiB I'TITT-1 moxe OyTn Hebesneu-
HUM B 0Ci0, sIKi IUIaHYIOTh OIlepaTUBHE BTpy4yaHHs. OCKiIbKI
aronictu peuernropiB ['TIT1-1 ynoBibHIOIOTh CIOPOXKHEHHS
LIUTYHKa, CJTi IaM’SITaTy PO PU3UKM JIETeHEeBOI acIipallii ITi
yac 3arajbHol aHecTe3ii. Pu3umk acrmipairii Ha TJTi ImpoBeaeH-
HS$I 3aTaJIbHOTO 3HE0OJTIOBAHHS IS 1Ii€l KaTeropii MaiieHTiB
0CTaTOYHO He Bu3HayeHui. [IpoTe daxiBlii peKOMEeHIYIOTh
OyTu oOepexKHMMMU MallieHTaM, sIKi HeIIOJaBHO IOoYajii
npuiimMatu aroHictu peuenTtopiB ['TIII-1 i miaHyoTh onepa-
TUBHE BTPYYaHHS TTi/l 3arajibHOIO aHecTe3i€to [59].

NMepcnekTneu 3actocyBaHHs MMM-1

BUCHOBKM KIIIHIYHUX JOCTiIXEHb MiAKpecIooTh 0a-
ratodyHkuioHanbHicTh ['TIII-1 5K TepaneBTUYHOI MillleHi
Ta OT0 y4acThb y pi3HMX OiOJOTIYHMX Tpolecax, IMiaKpec-
JIIOIOUM POJIb IperapariB JaHOol TPy Y BUPIIIEHHI CKIal-
HUX MeXaHi3MiB MeTabosiuHuX 3axBoptoBaHb. [TII-1 mie
Ha ['TIIT-1P, akTUBY10YM YMCIEHHI BHYTPIIIHbOKIITUHHI
CUTHAJIbHI IIJIIXY i IUISIXU, TIOB’s13aHi 3 MeTaOOJIiYHIMU,
MPOTU3ATTAJIbBHUMHU Ta aHTUOKCUIAHTHUMM PeaKilisiMu.
1li mexaHi3MM BimirpaloTh BUpIlIAJbHY POJIb Y IIMPOKOMY
niana3oHi TepaneBTUYHUX e(PEeKTiB, PO3IMIMPIOIOUN TTOKA-
3aHHs ['TIT1-1 3a mexi nikyBanHs LIJI. Xoua TepaneBTUYHI
niepesaru ['TITI-1 y nikyBaHHi mopyiiieHb ByTJIeBOIHOTO 00-
MiHy TOCTaTHBO BUBYEHI, X POJIb Y Tepallii iHILIMX 3aXBOPIO-
BaHb Ilepeadavyae HOBI cTpaTeril TikyBaHHs. JocmimkKeHHs
I'TIIT-1 Ta fioro aroHicTiB nepeadavyarOTh OaraToo0ilsg0Ui
HampsIMU y Teparii 3aXBOploBaHb OOMiHY PEYOBUH, PO3-
IIMPIOIOYH iXHIll TTOTeHIIia] 3a MeXi PEeryJsilii TJTIOKO31
Ta TIPOIMOHYIOYM Hailo Ha OiIbIN KOMIUIEKCHI ITiaAX001 10
JIIKyBaHHS METa0OIiYHNX 3aXBOPIOBAHbD.

Ha inTeHCMBHOMY KOHKYPEHTHOMY PMHKY IIpeIiapaTiB
['TITI-1 npoctoro miaBuIeHHS e(PEeKTUBHOCTI MpernapaTy
BXe HeAOCTAaTHbHO, 1100 BUIUIMTHA HOBI MPOAYKTH IJIST Ji-
KapiB Ta KiHIIeBUX crioxkuBaviB. KirtouoBi cTpaterii 1momn0
iHHOBalIill Ta nudepeHIiallii TPOAYKTIB L€l rpynu OyayTh
30CepeKeHi Ha I’ AT OCHOBHUX HampsiMax [60]:

— PO3LIMPEHHS TepaneBTUUHMX MMOKa3aHb;

— IOCSTHEHHS BIUIMBY Ha IEKiJIbKa OiOJIOTiYHMX Mi-
ILICHEH;

— ONTHUMIi3allisg KJIiHIYHOTO 3aCTOCYBaHHSI JTiKapChKMX
KOMOiHallii1 Ta 3MEHIIIEHHS TOOIYHNX e(PEeKTiB;

— po3pobka HOBUX (DopM mpenapaTiB LIS Iepopaib-
HOTO 3aCTOCYBaHHSI;

— MOIOBXEHHS TPUBAJIOCTI Iii JIiKiB.

Lli cTparerii He TUIBKU ITIOCTPYIOTh TIMOMHY Ta IIIM-
poTy (hapMaleBTUUYHUX AOCTIIXKEHb, ajie il BKa3yloTh Ha
MepenoBi MePCIeKTUBY MaOYTHIX MEIUYHUX TOCSITHEHbD.
[To-niepiie, po3iIMpeHHs MOKa3aHb € aKTYaJIbHOIO TOUKOIO
nocaimkeHHs npenapatiB ['TII-1. Buznano, 1o npenapatu
I'TII1-1 moxHa 3aCTOCOBYBATHU TP Pi3HMX 3aXBOPIOBAHHSIX,
takux ik CC3, ypaxkenHst neuinku, LI12 i XXH. [To-apyre,
e(eKTUBHICTh € OCHOBHUM KPUTEPIi€EM TSI OLIIHKM JIKiB, i
Hapa3i 6araTouinboBi nmpenapatu ['TIT-1 moka3anu Kpamry
edeKkTuBHicTh. Hampukian, aroHicTu peLenTopiB moTpiii-
HOI A1ii, IK-OT peTaTpyTU, € IPOBITHUMU MYJIbTUIITHOBH -
mu nipenapatamu rpynu I'TII-1. Kpim Toro, kom6iHoBaHa
Tepartisi MpoJeMOHCTpyBaia 3HaYHi TlepeBaru: mpernapar
CagriSema (cemarnytua + karpinintun) Big Novo Nordisk
JIIEMOHCTPYE Kpallluii KOHTPOJIb IJTiKeMii Ta e(peKT 3HIUKEH-
HS Baru IMOpPiBHSIHO 3 ceMarjyTUAOM OKPEeMO, i 1ie 3aCBil-
yye, 110 KOMOiHOBaHa Tepalrisi MOXe JOCSITTU OibIIoTO,
HiX cyMa ii CKJIaoBMX, OJTHOYACHO 3MEHIIYIOUM MOOIYHi
edextn [61]. Kpim Toro, [Is MOMIMIIEHHST JOTPUMaHHS pe-
JKAMY JTIKyBaHHS TTalliEHTAMM BKpail BasKJTMBO TTOTOBXKUTH
rnepion HamiBBUMBeNEeHHsI Tipenapaty. Lle Oyno mocsirHyTo
3a IOIIOMOT0I0 METOiB MonM(ikalii XiMidYHOI CTPYKTYpU
npenapartiB. Hanpukian, BueHi po3po0JisioTh Mperapa-
™ ['TIII-1, gKi moTpeOy1oTh Juille MOMICIYHUX iH’EKIIIN.
Hapertuti, 3 ormsiay Ha pe3UCTeHTHICTh IeSIKUX TTAIliEHTIB 10
iH €Ki, MepopalibHi JIiK1 cTaloTh BapiaHToM BuOopy. On-
Hak nepopanbauii mpoaykt ['TII-1, Rybelsus, Mae HU3BKY
0i0OIOCTYITHICTD i MOTPeOy€e IOAEHHOIO 3aCTOCYBAaHHS, 110
3MEHIIYE OT0 3pYYHICTh I marieHTiB [60].

Takum 9yHOM, HiIBUILIEHHST 010JOCTYITHOCTI, CTA0iIb-
HOCTI Ta Tpodiato 6e3rneku Oyae KI0YOBUM Y MAaliOyTHHOMY
1151 po3poOKu repopanibHux npenapatis ['TITT-1. 3i 3poc-
TaHHSIM TOLIMPEHOCTI METa0OMIYHMX 3aXBOPIOBAaHb Y BChO-
MYy CBiTi BTpy4aHHs, cripsamoBati Ha ['TII1-1P, MoxyTsb Bimi-
TpaTy BasKJIMBY POJIb Y 3MEHIIICHHI TSTaps 1IMX 3aXBOPIOBaHb
3a YMOBH iX 0e3IeYHOro BUkopucTansa. CIiibHI 3yCHILIsI
MOCJTAHUKIB, KJIIHIIIMCTIB i pO3pOOHUKIB (hapMalleBTUYHUX
MpernapariB MalOTh BaxKJIMBe 3HAUECHHSI, 11100 MepeBeCTH 1ii
HAyKOBI ifiel B e(peKTUBHI Ta TOCTYITHI METOIM JIiIKYBaHHSI.

BucHoBKM

[Tpenapatu rpynu I'TITI-1 € mepcneKTUBHUM Harpsi-
MOM JIiKyBaHHSI 0araTboX MeTabodiYHuX IMopyiieHb. Ha
cborofHi, okpiM LIJI2 Ta 0XXUpiHHS, IMPOKO BUBYAIOTHCS
MOXJIMBI TepareBTUYHI HaNPsIMU iX TTpu3HadeHHs. OqHaK
BILUIVB COLaIbHUX MepexX Ta 3MI npu3BoauTh 10 HEKOH-
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TpoJboBaHOro 3actocyBaHHs aroHictiB I'TIIT-1. JderanpHe
BuUBUeHHs MexaHi3miB nii ['TITT-1 Ta nmommpeHHs iHboOp-
Mallii Ioa0 MoKa3aHb Ta PU3UKIB € aKTyaJIbHUM KPOKOM Y
TOCSATHEHHI CITIPUITHSTTS JIiIKapChbKUX 3aC00iB BilITOBIIHO 10
X MPU3HAYEHHS Ta PEryJIloBaHHS BilMYCKY MEAUYHUX TTpe-
mapaTiB BiIITOBiIHO 0 HOpMAaTUBHMX 0a3 i 3aKOHOIABCTBA.

KounduikT inTepeciB. ABTOp 3asiBJIsIE TIPO BiICYTHICTh
KOH}IIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIEHO-
CTi IIpM MiATOTOBII JAHOI CTATTi.

Indopmauis npo dinancyBannsa. Orsn JitepaTypu He
noTpedyBaB >KOAHOIO J0JaTKOBOTO (DiHAHCYBaHHS.

Buecok aBtopiB. bo6ok H.M. — koHuemnwis Ta Au3aitH
TMOCJIIXKEeHHS, 30ip JaHUX, aHaIi3 Ta iIHTepIIpeTallisl TaHUX,
HaIMCaHHS CTaTTi, KPUTUYHUI OTJISINL CTATTi, OCTATOYHE
3aTBEPIKEHHS CTaTTi.
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Therapeutic strategies, consequences and prospects
of glucagon-like peptide-1 agonists

Abstract. Social media shapes aesthetic trends in modern society
significantly. Changes in requirements of aesthetic and plastic sur-
gery based on these social trends have been repeatedly demonstrat-
ed. Social trends shape not only the requirements for appearance
but also affect the pharmaceutical choice of the population. A clear
example is the growing use of weight loss medicines. Glucagon-like
peptide-1 (GLP-1) receptor agonists are widely prescribed for the
treatment of type 2 diabetes and obesity, but they also affect a va-
riety of physiological processes. Deep understanding of the effects
of GLP-1 agonists on glucose metabolism, insulin secretion and
gastrointestinal function is essential for optimal therapy selection
and justification for using these medicines for weight management
in patients without concomitant diabetes. An important feature of
GLP-1 drugs is their ability to modulate appetite through effect on
the hypothalamus, which makes them promising for the treatment of
obesity. Studies show that these drugs affect not only carbohydrate

metabolism but also the cardiovascular system and kidney function.
However, their prolonged and unreasonable use may be accompa-
nied by undesirable effects. Additional research and observations
are needed on the long-term effects of GLP-1 on carbohydrate
metabolism, weight management, gastrointestinal, liver, kidney
function, and metabolic status of patients. Studying the mechanisms
of action of of this group of agents will allow more accurately pre-
dict the individual effectiveness and risks of therapy. Accordingly,
physicians need to understand the pharmacological effects of these
drugs, as they will increasingly encounter patients who want to use
or already take GLP-1 receptor agonists. Despite the fact that the
media widely cover this issue, a comprehensive scientific description
of the pharmacological effects, indications, prescribing features and
potential consequences of GLP-1 agonists are relevant.
Keywords: glucagon-like peptide-1 receptor agonists; type 2 diabe-
tes mellitus; obesity; treatment; review

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

Tom 21, N2 3, 2025



ﬁ Eﬂ © Oraap,

International Journal of Endocrinology

Review

UDC 616.36-003.826-008.9-053.2:577.213/.216:577.175.72-027.252
O.E. Abaturov, A.O. Nikulina

Dnipro State Medical University, Dnipro, Ukraine

DOI: https://doi.org/10.22141/2224-0721.21.3.2025.1545

Epigenetic influence of long non-coding RNAs
on the development of insulin resistance
in metabolically associated fatty liver disease
(part 2)

Abstract. Understanding the mechanisms of action of long non-coding RNAs (IncR) and their significance in the
development of insulin resistance (IR) in patients with metabolically associated fatty liver disease will allow modifying
and increasing the effectiveness of methods for diagnosing and treating metabolic disorders. Adipose tissue is insulin-
dependent and plays a significant role in glucose metabolism. The stimulation of the insulin receptor (INSR) of white
adipose tissue adipocytes activates the transport of glucose, free fatty acids (FFA), and glycerol into the cell, stimulates
lipogenesis de novo and adipogenesis, and also inhibits the activity of lipolysis mechanisms. The leading triggers that
cause the development of IR in adipocytes are lipotoxicity and low-grade inflammation of adipose tissue. In particular,
in the adipose tissue of patients with metabolically associated steatohepatitis, overexpression of TNF-a and IL-6 mRNA
is observed. Inflammatory mediators such as TNF-a and IL-18 inhibit INSR, and TNF-a induces phosphorylation of
the serine residue of the IRS-1 molecule, disrupting signal transmission to phosphatidylinositol-4,5-bisphosphate-3-
kinase. Obesity activates mitochondrial FFA-stimulated adenine nucleotide translocase 2, which leads to hypoxia of
adipocytes and stimulates hypoxia-induced factor-1a. Activation of the latter causes inhibition of glucose uptake by
adipocytes, enhances the process of glycolysis by affecting numerous enzymes involved in glucose metabolism, also
inducing dysfunction and inflammation of adipose tissue. The authors emphasize that insulin-resistant adipose tissue
is characterized by a low level of glucose influx into adipocytes, a high level of FFA release after insulin stimulation,
which generally leads to hyperglycemia and hyperlipidemia. The following IncRs are involved in the pathogenesis of
IR of white adipose tissue: ADIPINT, ASMER, Binc1, DIO30S, GAS5, Gm15290, H19, LncOb, MEG3, SRA. Long
non-coding RNAs involved in the pathogenesis of IR of muscle tissue are IRLnc, H19, NONMMUT044897.
Keywords: obesity; insulin resistance; metabolically associated fatty liver disease; long non-coding RNAs

The role of long non-coding RNAs

The insulin-associated signaling pathway in adipocytes,

in the development of insulin resistance
in adipose tissue in metabolically
associated fatty liver disease
Features of insulin signal fransduction
in adipocytes

Adipose tissue is an insulin-dependent tissue and plays
a significant role in glucose metabolism. Stimulation of the
insulin receptor (INSR) of white adipose tissue adipocytes
activates the transport of glucose, free fatty acids (FFA),
and glycerol into the cell, stimulates de novo lipogenesis and
adipogenesis, and inhibits the activity of lipolysis mecha-
nisms [1].

unlike the hepatocyte pathway, is characterized by an al-
most equal participation of the substrates IRS1 and IRS2
in signal transduction to the serine/threonine kinase AKT.
AKT activation leads to activation of the transcription factor
SREBPIc and y-receptors activated by peroxisome proli-
ferator-activated receptor gamma (PPARY), leading to the
expression of lipogenic genes and increased adipogenesis
[2—5].

Inhibition of lipolysis in adipocytes is mediated by AKT’s
effects on phosphodiesterase 3B (PDE3B), inorganic pyro-
phosphatase 1 (PP1), and protein phosphatase 2 phosphatase
activator (PTPA).
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Phosphodiesterase PDE3B plays a key role in inhibi-
ting lipolysis. Activated AKT phosphorylates PDE3B, which
leads to accelerated degradation of the prolipolytic second
messenger, cyclic AMP, which has the ability to induce pro-
tein kinase A (PKA), which in turn phosphorylates two key
lipogenic enzymes: adipose tissue triglyceride lipase (ATGL)
and hormone-sensitive lipase (HSL).

In the first stage of lipolysis, ATGL catalyzes the hy-
drolysis of triglycerides to diacylglycerol (DAG) and fatty
acids in lipid droplets. HSL subsequently hydrolyzes DAG
to monoacylglycerol and fatty acids. In the final stage of
lipolysis, monoacylglycerol lipase (MGL) hydrolyzes mono-
acylglycerol to glycerol and fatty acids. Protein phosphatase
2A is an activator of HSL; and PP1 acts as the main perilipin
phosphatase in adipocytes (Fig. 1) [6—8].

Manifestations of insulin resistance
in adipose tissue

The leading triggers that cause the development of insulin
resistance (IR) in adipocytes are lipotoxicity and low-level
inflammation in adipose tissue. In particular, overexpression
of TNF-a and I1L-6 mRNA is observed in adipose tissue of
patients with IBS. It has been demonstrated that inflammatory
mediators such as TNF-a and IL-1f3 inhibit INSR, and the
key pro-inflammatory cytokine TNF-a induces phospho-
rylation of the serine residue of the IRS-1 molecule, thereby
disrupting signal transduction to phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) [9, 10]. JNK1-dependent IL-6
secretion in adipose tissue has been shown to induce increased
expression of suppressor of cytokine signaling 3 (SOCS3),
which causes inhibition of insulin signal transduction [11].

Also, obesity and HFD can activate mitochondrial fatty
acid-stimulated adenine nucleotide translocase 2 (ANT?2),

which leads to adipocyte hypoxia and activates hypoxia-in-
ducible factor-1a (HIF-1a). Activation of HIF-1a causes
inhibition of glucose uptake by adipocytes, enhances gly-
colysis by affecting numerous enzymes involved in glucose
metabolism. Hypoxia and HIF-1a also induce adipose tissue
dysfunction and inflammation [12].

It should be noted that insulin-stimulated protein synthe-
sis is not impaired in insulin-resistant adipocytes [13]. Insu-
lin-resistant adipose tissue is characterized by low glucose
influx into adipocytes and high levels of FFA release after
insulin stimulation, which generally leads to hyperglycemia
and hyperlipidemia [4].

Pool of long non-coding RNAs involved
in the development of insulin resistance
in adipose tissue

In white adipose tissue adipocytes from HFD-induced
obese mice, 234 long non-coding RNAs (IncRs) are diffe-
rentially expressed, of which 87 IncRs are upregulated and
147 IncRs are downregulated compared to adipocytes from
normal weight mice [14]. LncRs have been shown to play a
significant role in the development of insulin resistance (IR)
in white adipose tissue adipocytes in patients with MAFLD
(Table 1).

Long non-coding RNAs, the rate of expression
of which advances with the development
of insulin resistance of adipose tissue

ADIPINT. It has been demonstrated that in obesity,
human white adipose tissue increases the expression of an
adipocyte-specific IncR that interacts with homo sapiens
(human) adipocyte associated pyruvate carboxylase interac-
ting IncRNA — ADIPINT (CATG00000106343.1; 1,638
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Figure 1. Effect of insulin on glucose and lipid metabolism in adipocytes
Notes: here and in Fig. 2-4: red arrows — activation; blue lines — inhibition. Molecular models adapted from the

Protein Data Bank.
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Table 1. Long non-coding RNAs associated with adipose tissue IR in MAFLD

Literary
e

Increased level of expression in the liver

Induces enzymatic activity of pyruvate carboxylase, which stimulates triglyceride

HOIPIY synthesis, promotes an increase in lipid droplet size, and induces IR of adipocytes [15, 16]
ASMER-2 Reduction in ASMER-1 expression inhibits lipolysis and adiponectin release in adipocytes [17]
Binc1 ﬁuppresses adipose tissue inflammation through multiple targets, including EBF2, [15]
nRNPU, Zbtb7b, hnRNPA1, and PGC-113
Gm15290 Sponges miR-27b, associated with PPARy-induced stored fat in white adipose tissue [18]
LincADAL  Promotes lipogenesis and differentiation of adipocytes [19]
LncASIR Sprays lipolysis [20]
LncOb Couples leptin transcription [21]
MEG3 Activates FASN and PPARYy in white adipose tissue [22]
SRA Activates PPARYy in white adipose tissue [15]
Decreased level of expression in the liver
ASMER-1 ae:éie;osgy(:ezSMERJ expression suppresses lipolysis and suppresses adiponectin [16]
DIO30S Activates adipogenesis in brown adipose tissue and reduces energy expenditure [15]
GAS5 Strengthens the transmission of insulin signals [23]
H19 Overexpression H19 leads to a decrease in body weight, fat weight and an increase [22]
in meat weight in mice on aphids HFD
TUGH1 Regulation of the miR-204/SIRT1 axis [24]
uc001kfc.1  Regulates PTEN expression [25]

nt URS00025E353D). Moreover, the expression level of
IncR ADIPINT is associated with fat cell size, adipose tissue
IR and pyruvate carboxylase (PC) activity. The long non-
coding RNA ADIPINT physically interacts with PC and
promotes its catalytic activity, which enhances lipogenesis
de novo in adipocytes. The IncR ADIPINT has been shown
to primarily function as a mitochondrial gatekeeper for PC,
allowing this enzyme to exert multiple effects on glucose
metabolism in adipocytes. Knockout of the ADIPINT gene
has been shown to selectively reduce PC mRNA levels in
adipocyte mitochondria; alter the mitochondrial PC inter-
actome; and reduce lipid content in adipocyte fat droplets.
ADIPINT-mediated increases in PC activity are thought to
induce lipogenesis and gluconeogenesis [16].

ASMER. In white adipose tissue of obese patients, there
is an increase in the expression level of adipocyte-speci-
fic IncR 1 and 2 (homo sapiens (human) adipocyte asso-
ciated metabolic related IncRNA 1 and 2 — ASMER-1/
ENSG00000235609.4; 8,345 nt URS0000BC4618_9606;
ASMER-2/CATG00000111229.1). Long non-coding RNAs
ASMER-1 and ASMER-2 regulate the expression of genes
of key adipogenic transcription factors, in particular PPARYy.
With the development of IR, the expression level of IncR
ASMER-1 decreases, and IncR ASMER-2 increases. It has
been demonstrated that both ASMER-1 and ASMER-2 have
the ability to inhibit lipolysis and adiponectin synthesis in
adipocytes of white adipose tissue [17].

Bincl. The brown adipose tissue long non-coding RNA
Bincl, which is a driver of thermogenesis in brown and beige
adipocytes, has been associated with the development of IR
[15]. Mice with adipocyte-specific knockout of the Bilncl
gene (AKO) exhibit hyperglycemia, hyperinsulinemia, and

more severe hepatic steatosis after HFD feeding. Also, in
these mice, a significant decrease in mRNA expression of
uncoupling protein 1 (UCP1), genes involved in de novo
lipogenesis (Srebp Ic, Fasn, and Scd), lipid accumulation
(Dgat2), and increased expression of several macrophage
markers, including galectin 3, carboxypeptidase A3, and
TNF-a-induced protein 2, was observed in white adipose
tissue adipocytes. In contrast, transgenic mice overexpressing
IncR Bincl have low serum insulin concentrations, high tis-
sue sensitivity to insulin action, and minimal hepatic steatosis
after a course of HFD. It is believed that IncR Blnc1 in white
adipose tissue has a protective effect that protects adipocytes
from excessive fat accumulation and adipose tissue from the
development of inflammation and IR, due to interaction with
a partner protein — zinc finger and BTB domain contai-
ning 7B (ZBTB7B) [26, 27]. The ZBTB7B protein directly
activates the expression of the IRS-1 substrate. ZBTB7B
deficiency disrupts the insulin-induced Akt-mTOR-SREBP
signaling pathway and lipid biosynthesis [28]. The ZBTB7B
protein determines the differentiation of helper T cells. Loss
of ZBTB7B expression or disruption of its function inhibits
the development of CD4* T cells [29]. The ZBTB7B pro-
tein is also a key factor in the development of brown fat and
cold-induced beige fat, as well as the activation of thermo-
genic gene expression in adipocytes [26].

Gm15290. The long non-coding RNA Gm15290
(mus musculus predicted gene 15290 — Gm15290; 665 nt
URS0000CCEOEB_10090) is characterized by a particu-
larly high level of expression in the white adipose tissue of
experimental obese mice. It has been demonstrated that IncR
Gm15290 activates the expression of key adipogenic genes,
such as PPARG, the early adipogenic marker gene C/EBPa,
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and the late adipogenic marker gene fatty acid binding pro-
tein 4 (FABP4) [18, 30, 31]. It has been demonstrated that
IncR Gm15290 induces miR-27b, which targets INSR and
PPARG subunit genes. Overexpression of IncR Gm15290
leads to sequestration of miR-27b, which leads to an increase
in the number of both INSR and PPARY molecules. Silen-
cing of IncR Gm 15290 induces a decrease in the rate of body
weight gain and the mass of subcutaneous and visceral white
adipose tissue in mice fed a HFD. Activation of PPARy leads
to excessive fat deposition in adipocytes and the development
of IR. Insufficient increase in IncR Gm15290 expression
levels may lead to competition for miR-27b interaction with
its target mRNAs. Preferential binding of miR-27b to INSR
mRNA leads to the development of IR in combination with
excessive lipid accumulation [18, 31].

LincADAL. 1ong non-coding RNA for adipogenesis and
lipogenesis (homo sapiens (human) lincRNA adipogene-
sis and lipogenesis associated — lincADAL; 523 mt URS-
0000D780CF_9606), is highly expressed in white adipose
tissue and promotes increased expression of SREBP1c, FASN
genes, as well as preadipocyte differentiation. The IncR lin-
cADAL exerts its effects on lipogenesis and preadipocyte
differentiation through interactions with heterogeneous nu-
clear ribonucleoprotein U (hnRNPU), insulin-like growth
factor 2 mRNA binding protein 2 (IGF2BP2), and PPARa
[18]. The IGF2BP2 protein upregulates the expression of fatty
acid elongase 6 (ELOVL6), which catalyzes the elongation of
C16 to CI18 fatty acids, contributing to the development of
MAFLD [32]. Igf2bp2~~ knockout mice are resistant to the
development of HFD-induced AD, insulin resistance, and
obesity [33, 34]. It has been demonstrated that lincADAL
gene knockout is accompanied by increased PPARa expres-
sion in human adipocytes, and lincADAL overexpression is
likely to be accompanied by suppression of PPARa receptor
mRNA expression activity [19]. Thus, excessive lincADAL
generation through its effect on IGF2BP2 and PPARa
mRNA expression contributes to the development of IR.

LncASIR. Mice fed a HFD have been shown to have
high levels of adipose-specific insulin responsive IncRNA
(IncASIR) in white adipose tissue. The IncR LncASIR is
thought to be an integral component of the insulin-associated
signaling pathway in adipocytes. Thus, silencing IncASIR in
cultured primary adipocytes is accompanied by suppression of
the expression of diacylglycerol O-acyltransferase (DGAT?2),
ATP citrate lyase (ACY), thyroid hormone responsive protein
(THRSP), acyl-CoA synthetase short-chain family member 2
(ACSS2), I-acylglycerol-3-phosphate O-acyltransferase 3
(AGPAT3), and aldehyde dehydrogenase 3 family member B2
(ALDH3B2), which are associated with lipolysis [20].

LncOb. In mice on a HFD background, the representation
of IncR 1 associated with osteoblastogenesis (mus muscu-
lus (mouse) IncRNA osteoblastogenesis associated 1; 618 nt
URS00007703E3_10090), which is expressed exclusively in
adipocytes of white adipose tissue, is significantly increased.
The human /ncOb gene is located on chromosome 7,21 kb
upstream of the leptin (LEP) gene [21]. LncOb knockout mice
exhibit hyperphagia and faster weight gain, combined with
lower leptin expression in primary adipocytes and serum leptin
concentrations on a HFD compared to wild-type mice [21, 35,
36]. Studies on experimental animals have shown that leptin

deficiency leads to the development of IR in mice regardless
of changes in body weight [35, 37, 38]. Obese children with the
CC genotype of SNV rs10487505 of the /ncOb gene, associated
with low leptin expression, develop IR. The degree of obesity
in children homozygous for the C allele is inversely propor-
tional to the level of leptin in the blood serum and directly
proportional to the level of insulin resistance [39]. At the same
time, it has been demonstrated that the severity of MAFLD is
not associated with either the level of leptin concentration or
the SNV rs10487505 genotype of the [ncOb gene [40].

MEG3. In patients with obesity and IR, increased expres-
sion of IncR MEG?3 in subcutaneous white adipose tissue is
observed. The activity of IncR MEG3 expression correlates
with the degree of IR and the level of FASN and PPARY
mRNA concentrations in subcutaneous white adipose tis-
sue adipocytes [22]. Increased expression of IncR MEG3 in
vascular endothelial cells isolated from white adipose tissue
was also noted, compared with endothelial cells of skeletal
muscle or liver vessels of obese mice [41].

SRA. Homo sapiens (human) steroid receptor RNA ac-
tivator (SRA) is a IncR that has the ability to coordinate the
functions of various transcription factors and can act as a
scaffold for the assembly of corepressor protein complexes.
The long non-coding RNA SRA activates several receptors,
such as nuclear receptors for retinoic acid, vitamin D, andro-
gens, estrogens, progesterone, glucocorticoids, and thyroid
hormones [42]. Insulin resistance in white adipose tissue is
not accompanied by changes in SRA expression in adipo-
cytes, unlike liver and muscle tissues, whose IR is associa-
ted with increased SRA expression. At the same time, SRA
expression in adipose tissue in patients with type 2 diabetes
(T2DM) is inversely proportional to HbAlc values. Sral
knockout (SRAKO) mice are characterized by a high de-
gree of insulin sensitivity and resistance to the development
of HFD-induced obesity. The increased insulin sensitivity
in SRAKO mice is due to increased AKT phosphorylation
activity in liver cells, white adipose tissue and calf muscles.
SRAKO mice also have lower fasting serum insulin levels
than wild-type mice [43—45]. It has been demonstrated that
IncR SRA stimulates insulin-induced phosphorylation of
both AKT kinase and FoxO1 factor. Overexpression of IncR
SRA in white adipose tissue activates PPARY and promotes
differentiation of ST2 adipocyte precursor cells [15, 42].

Long non-coding RNAs whose expression
level decreases with the development
of insulin resistance in adipose tissue

DIO030S. The expression of antisense RNA Dio3 (homo
sapiens (human) DIO3 opposite strand upstream RNA —
DIO30S; 3,454 nt URS000075DF04_9606), whose gene
is localized at the distal end of the imprinted cluster GTL2/
DIO3 in region 32.31 of the long arm of chromosome 14, is
inhibited in white adipose tissue in female fetuses and new-
borns born to obese mothers [15, 46]. Inactivation of IncR
DIO30S leads to increased expression of the iodothyronine
deiodinase 3 (Dio3) gene, which causes a deficiency in the
conversion of thyroxine to trilodothyronine and inhibition of
the PRDM16/PGC-1a complex, which leads to suppression
of brown adipocyte differentiation activity. Conversely, over-
expression of IncR DIO30S activates thermogenesis, adipoge-
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nesis of brown adipose tissue, and prevents the development
of obesity and metabolic disorders [47]. Triiodothyronine
deficiency has been shown to be associated with the develop-
ment of IR [48, 49]. Thus, decreased expression of the IncR
DIO30S in adipose tissue is accompanied by activation of
Dio3, which leads to reduced triiodothyronine formation [50],
and triiodothyronine deficiency induces adipose tissue IR.

GASS. It was found that the expression level of IncR
GASS in subcutaneous white adipose tissue in patients with
type 2 diabetes is significantly lower than in healthy people.
The long non-coding RNA GASS directly binds to the pro-
moter of INSR subunits and, acting as a transcription acti-
vator, stimulates their expression, enhancing insulin signal
transmission. According to experimental data, the expression
of INSR subunit genes is dramatically reduced upon de-
pletion of IncR GASS. Thus, an appropriate level of GAS5
transcript concentration is required for normal glucose ho-
meostasis, and insufficient expression of IncR GASS leads to
the development of IR [23].

H19. According to the results of the study by Javad
Daneshmoghadam and colleagues [22], obese women have a
reduced level of IncR H19 expression in subcutaneous white
adipose tissue compared to women with normal body weight.
Moreover, the level of H19 transcript concentration is in-
versely related to the level of FASN mRNA expression and
HOMA-IR values [22]. It has been shown that IncR H19 in-
teracts with polypyrimidine tract binding protein 1 (PTBP1)
and stabilizes the mRNA of SERBPIc, a key factor in lipo-
genesis [51]. At the same time, it has been shown that the
suppression of IncR H19 expression is associated with the in-
duction of adipogenesis, as evidenced by the increased activity
of PPARY receptors, C/EBPa proteins, and FABP4 [52].

TUGI. It has been shown that in the white adipose tis-
sue of mice fed a HFD, there is a significant decrease in the
concentration of gene 1 transcripts, which is associated with
an increased level of taurine expression. Overexpression of
IncR TUGT1 is accompanied by a significant decrease in
body weight, hypoglycemia, inhibition of fat accumulation
mechanisms and the activity of the inflammatory reaction
in the liver tissue. Long non-coding RNA TUGI, sequeste-
ring miR-204, promotes an increase in the expression of the
SIRT1 protein, the SLC2A4/GLUT4 transporter, the PPARYy
receptor and AKT phosphorylation. A decrease in the level
of TUGT transcripts leads to an increase in the pool of func-
tionally active miR-204, which, interacting with the listed
molecular targets, induce lipid accumulation in adipocytes
and the development of IR of adipose tissue [24]. The impact
of IncR on the insulin-associated signaling pathway leading
to the development of adipose tissue IR is presented in Fig. 2.

The role of long non-coding RNAs
in the development of insulin resistance
in muscle tissue in MAFLD
Features of insulin signal transduction
in skeletal muscle myocytes

Skeletal muscle myocytes under physiological conditions
respond to the stimulating effect of insulin by activating gly-
cogen synthesis from glucose absorbed from the peripheral
blood. Insulin-stimulated glucose consumption is mainly
carried out by skeletal muscle cells. In skeletal muscle myo-

cytes, the substrate IRS1 is mainly used for insulin signal
transduction, while IRS2 is not a necessary component for
insulin-mediated stimulation of glucose transport into the
cell. The IRS2 substrate in myocytes is primarily involved
in insulin control of lipid metabolism. In skeletal muscle
myocytes, AKT activation promotes cellular glucose uptake
by inducing the translocation of storage vesicles containing
solute carrier family 2 member 4 (SLC2A4/GLUT4) to the
plasma membrane. GLUT4 storage vesicle translocation
is mediated by induction of the GTP-bound form of Ras-
bound substrate 1 of botulinum toxin C3 (Rac family small
GTPase 1 — RAC1) and inactivation of the GTPase-activa-
ting protein (TBC1 domain family member 4 — TBC1D4).
The absence of GLUT4-vesicle-storage translocation in re-
sponse to insulin stimulation indicates an early stage of IR.
In myocytes, glucose undergoes glycolysis, but the majority,
approximately 75 %, is used for glycogen synthesis.
Activated AKT kinase stimulates glycogen synthesis
mechanisms. On the one hand, it inhibits glycogen synthase
kinase 3 (GSK3), which leads to the activation of glycogen
synthase 1 (GYS1), and on the other hand, it dephosphory-
lates phosphorylase kinase (PHK), which reduces the inhibi-
tory effect of glycogen phosphorylase (GP) (Fig. 3) [53, 54].

Manifestations of insulin resistance
in muscle tissue

It is known that human skeletal muscle myocytes utilize
about 80 % of postprandial glucose, and therefore IR in
skeletal muscle myocytes makes a key contribution to the
development of MAFLD and T2DM. The constant action of
insulin in high concentrations induces phosphorylation of the
serine or threonine residue of the IRS1 substrate, which in-
hibits the functional activity of IRS1 and the mechanisms of
translocation of GLUT4 vesicles to the plasma membrane of
the cell [55]. Selective IR in muscle tissue, mediated by dele-
tion of the Irtk or Glut4 genes in skeletal muscle myocytes of
experimental animals, is accompanied by the development of
hepatic steatosis [5]. It has been shown that hepatic steatosis
is more associated with skeletal muscle IR than with hepatic
IR in patients with MAFLD [11]. Insulin-resistant muscle
tissue is characterized by low glucose uptake by cells after
insulin stimulation and impaired fatty acid -oxidation [55].

Pool of long non-coding RNAs involved
in the development
of muscle insulin resistance

The IncR transcriptome profile of insulin-resistant skele-
tal muscle myocytes is significantly different from that of my-
ocytes with preserved insulin sensitivity [56]. Long non-co-
ding RNAs are actively involved in the pathogenesis of IR of
skeletal muscle myocytes in patients with MAFLD (Table 2).

Long non-coding RNAs whose expression
levels are increased in the case
of the development of skeletal muscle
insulin resistance

IRLnc. Increased expression of long non-coding RNA
associated with intramuscular fat related lincRNA (IRLnc)
is associated with the development of IR in skeletal muscle
myocytes [59]. It has been demonstrated that IncR IRLnc

Tom 21, N2 3, 2025

www.mif-ua.com, https://iej.zaslavsky.com.ua 97



Oragap, / Review iE-l

2
Insulin %
| SLC2A4/GLUT-4
| TUG1 —>
[ ):( )
| ASMER-1 L H19
! "\I’/Ité(é‘ 1 | TUG1
1 3
1 Binc1 1 Glucose
1 Gm15290
mTORC1 PPAR-y SREBP1c 1
ke ; = Glucose-6-
IS ‘7)?/ <§m = ,?ga; —_— % . ‘ % " 1PC  phosphate
% i x ;-
| T %% |
FoxO1 1T ASMER-2 1 LincADAL 1 Pyruvate
?g Tamisaoo  TMEGS 1 ADIPINT l
1 Triglycerides,
lipid droplet size,
1 LncASIR gluconeogenesis
T SRA

Figure 2. The influence of IncR on the development of insulin resistance in adipose tissue
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Table 2. Long non-coding RNAs associated with skeletal muscle insulin resistance in MAFLD

Literary
“

Increased level of expression in the liver

IRLnc Promotes NR4A3 expression, inhibiting catecholamine catabolism [57]

NONMMUTO044897  Sequesters miR-7051-5p, which inhibits SOCS1, which promotes IR development [56]
Decreased level of expression in the liver

H19 Insufficient miR-Let7 silencing leads to DUSP29 inhibition [58]

98 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 21, N2 3, 2025



(14

Oragp, / Review

directly binds to the mRNA of nuclear receptor subfami-
ly 4 group A member 3 (NR4A3/NOR-1). Silencing IncR
IRLnc leads to a decrease in NR4A3 mRNA expression
[57]. The NR4A3 protein is a positive regulator of insulin
sensitivity. Transcriptional activity of the nuclear receptor
NR4A3 enhances glucose transport activity by increasing
GLUTH4 translocation in both basal and insulin-stimulated
L6 cells [60]. It has been demonstrated that overexpression of
the NR4A3 gene in 3T3-L1 adipocytes promotes increased
insulin-stimulated glucose uptake [61]. At the same time,
a decrease in NR4A3 gene expression levels is observed in
insulin-resistant skeletal muscle and adipose tissue of ex-
perimental animals [62]. On the other hand, Ligang Wang
et al. [57] showed that the IncR IRLnc directly promotes the
expression of NR4A3, which inhibits catecholamine cata-
bolism. Overexpression of NR4A3/NOR-1 is accompanied
by an increase in catecholamine concentrations, which leads
to a decrease in tissue sensitivity to insulin action, including
insufficient SLC2A4/GLUT4 translocation activity [60, 63,
64]. Stimulation of B-adrenergic receptors reduces glucose
uptake by increasing glucose-6-phosphate concentrations,
thereby inhibiting hexokinase, but does not inhibit insu-
lin-stimulated glucose transport in skeletal muscle [65]. It
should be noted that IncR IRLnc promotes fat deposition
in skeletal muscle fibers, which induces the development of
muscle IR [60].

NONMMUT044897. The development of skeletal muscle
IR involves IncR NONMMUT044897 (mus musculus long
non-coding RNA NONMMUT044897.2; 4,233 te URS-
00009B3E3A_10090). It has been shown that IR is accom-
panied by a significant increase in the expression level of
IncR NONMMUT044897, which has the ability to interact
with miR-7051-5p. A decrease in the number of functionally
active miR-7051-5p leads to an increase in the expression
of the SOCS1 gene, which suppresses the activity of INSR
[56, 66, 67].

Long non-coding RNAs whose expression
levels are reduced during the development
of skeletal muscle insulin resistance

H19. The development of skeletal muscle IR is accom-
panied by a decrease in the expression level of IncR H19 in
myocytes, which contributes to the inhibition of cell sensiti-
vity to insulin. Thus, hyperinsulinemia induces the activation
of KH-type splicing regulatory protein (KHSRP), which in-
teracts with primiR Let7 and promotes its maturation to the
mature form of miR-Let7, which is a target for IncR HI19
[58, 68]. Decreased H19 expression leads to an increase in
the pool of functionally active miR-Let7, which leads to the
suppression of the activity of dual specificity phosphatase 29
(DUSP29), the mRNA of which is a target of miR-Let7. De-
creased DUSP29 levels inhibit protein kinase AM P-activated
(PRKA) and the coactivator PGC-1a, which suppress the
activity of glucose translocation mechanisms into the cell, ac-
tivate gluconeogenesis, lipogenesis and inhibit mitochondrial
biogenesis, respectively [69, 70]. Also, low levels of the coacti-
vator PGC-1a in hepatocytes lead to impaired expression of
the /RS1 and /RS2 genes, contributing to the development of
liver IR [71]. It should be noted that a decrease in the level of
IncR H19 expression in skeletal muscle myocytes contributes
to the development of sarcopenia. Knockout of the H19 gene
in myoblast cells is accompanied by a decrease in the activity
of myocyte differentiation. A decrease in the activity of IncR
H19 expression in C2C12 mouse myoblast cells is accom-
panied by a decrease in the generation of miR-675-3p and
miR-675-5p, since they are encoded in exon 1 of the H19
gene. Given that miR-675-3p and miR-675-5p directly in-
hibit the anti-differentiation transcription factors Smad, a low
level of their representation leads to the inhibition of myocyte
differentiation and the development of sarcopenia [72, 73].

The effect of IncR on the insulin-associated signaling
pathway leading to the development of muscle IR is pre-
sented in Fig. 4.
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Figure 4. The influence of IncR on the development of insulin resistance in muscle tissue
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Conclusions

Thus, IR is a natural consequence of the progression of
hepatic steatosis and one of the main pathogenetic factors
in the development of various metabolic disorders, which
significantly reduce the quality and duration of life of a pa-
tient with MAFLD. In the development of IR of the liver,
adipose and muscle tissue in patients with MAFLD, IncRs
play one of the most important roles, influencing both
intracellular insulin-associated signaling pathways and the
development of mitochondrial dysfunction, endoplasmic
reticulum stress, and inflammation. It has been demon-
strated that IncRs such as B4GALT1-AS1, Bincl, EPB-
41L4A-AS1, H19, HCG18, HOTAIR, HOTTIP, HOXB-
AS3, LncARSR, MALATI1, MEG3, MIAT are involved
in the pathogenesis of hepatic IR; in the pathogenesis of
IR of white adipose tissue — ADIPINT, ASMER, Bincl,
DIO30S, GASS5, Gm15290, H19, LncOb, MEG3, SRA
and others, in the pathogenesis of IR of muscle tissue —
IRLnc, H19, NONMMUT044897. Understanding the
mechanisms of action of IncR and their significance in
the development of IR in patients with MAFLD will allow
modifying and increasing the effectiveness of methods
for diagnosing and treating both IR and other metabolic
disorders.
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Abarypos O.€., HikynaiHa A.O.
AHIMPOBCHKN ASOXKQBHUA MEAVYHUI YHIBEPCUTET, M. AHINPO, YKpaiHa

EnireHeTn4yHWMI BNAMB AOBrMX HeKOAYI04YMX PHK HO pO3BUTOK iIHCYAIHOPE3UCTEHTHOCTI
npu MeTa60AIMHO ACOLIMOBAHIN XXMPOBIN XBOPOOi NeYiHKu
(4OCTUHAO 2)

Pe3iome. Posyminns Mexanizmis il qosrux Hekonyiounx PHK (long
non-coding RNAs — IncR) Ta iXHb0ro 3HaYeHHSI B PO3BUTKY iHCYITi~
HopesucTteHTHOCTi (IP) y mamieHTiB i3 MeTab01iYHO acoliiioBaHOIO
JKMPOBOIO XBOPOOOIO MEUiHKM J03BOJUTHh MOAUDIKyBaTH i1 MiaBU-
IIUTU e(PEKTUBHICTh METO/IB AiarHOCTUKH 1 JIIKyBaHHSI METa00JIiu-
HUX nopylueHb. 2KrpoBa TKaHMHA € iHCY/TiIHO3aJIEXKHOIO Ta Billirpae
iCTOTHY poJib y MeTa00J1i3Mi TII0KO3U. 30YIKEHHST iHCYIIHOBOTO
peuenitopa (insulin receptor — INSR) agumnornuTiB 6i10i 3KupoBoi
TKaHWHU aKTUBYE TPAHCIIOPTYBaHHS TJIIOKO3U, BUTBHUX XXUPHUX
kuciot (BXKK), rtinepuHy B KIiTMHY, CTUMYJIIOE JIiNOreHe3 de novo
i1 aIUIIOTeHe3, a TAKOX MPUTHIYYE aKTUBHICTb MEXaH{3MiB JIIOi3y.
[TpoBigHUMY TpHUTEpaMu, 110 BUKJIMKAIOTh pO3BUTOK I P amumonuris,
€ JIITOTOKCUYHICTD 1 HecienupiuHe 3anajeHHs XKUPOBOi TKAHUHU.
30Kpema, Y KUPOBili TKAHNHI XBOPUX i3 META0OJIIYHO aCOLIIIOBAHNM
cTeaTorenaTuToM criocrepiraetbes Hagekcnpecisi MPHK TNF-a
i IL-6. Meniaropu 3ananenssi, sk-otr TNF-a ta IL-1(, iHrioyioTh
INSR, a TNF-a inaykye (ochopuitoBaHHs CEpUHOBOIO 3aJTUIIKY
mojekynu IRS-1, mopyiiryioun nepenady curHaizy Ha dochaTtu-

IITIHO3UTOJ-4,5-0icocdar-3-KiHazy. OXUPIHHS, Y CBOIO Yepry,
aKkTUBYE MiToxoHIpianbHy B2XKK -cTrMymboBaHy aneHiHHYKICOTUIHY
TPaHCIIOKAa3y-2, 1110 TPU3BOAMTD A0 TITOKCil aTUTIOIUTIB i CTUMYJIIOE
iHIYKOBaHMI1 TiMoKciero akTop 1o. AKTHBALLiSI OCTAHHBOTO BUKJIN-
Ka€ MPUTHIYEHHS MOIMHAHHS TIIOKO3U aUITOLIMTAMU, TTOCHITIOE
MPOLIEC TJIKOi3y 3a paxyHOK BIUIMBY Ha YMCJICHHI (hePMEHTH, 11O
OepyThb yuacTb y MeTab0J1i3Mi IIIIOKO3M, TAKOX iHAYKYHOUU TUCHYHK-
11i10 i 3amajeHHs KUPOBOI TKAHUHU. ABTOPY HAroJIOlyOThb, 110
{HCYJIIHOPE3UCTEHTHA XXMPOBa TKAHMHA XapaKTePU3yEThCS HU3bKUM
piBHEM iH(ITIOKCY IJTI0KO3U B aIUTTOLIUTH, BACOKHUM PiBHEM BUBIJIb-
HeHHst BXKK micist iHCy1iHOBOT CTUMYISILIT, 110 3arajioM MPU3BOAUTD
IIo TinepritikeMmii Ta rinepimninemii. ¥ marorenesi [P 6inoi xxupooi
TKaHUHU 6epyTh yuacTh HacTymHi IncR: ADIPINT, ASMER, Bincl,
DIO30S, GASS5, Gm15290, H19, LncOb, MEG3, SRA Ta iHui.
Josri Hekomyroui PHK, 1110 6epyTh yuacts y maroreHesi IP m’s130B0i
tkanuHu: [IRLnc, H19, NONMMUT044897.

Ki1r040Bi cl10Ba: oxxupiHHs; iHCYIIHOPE3UCTEHTHICTD; METAOOIIYHO
acollifioBaHa XupoBa XBopoOa MeviHKu; 10Bri Hekonytodi PHK
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Hyponatremia due to adrenal insufficiency
and the syndrome of inappropriate
antidiuretic hormone secretion:
clinical cases

Abstract. Hyponatremia is defined as a serum sodium concentration below 135 mEg/L. It is one of the most
common electrolyte imbalances, potentially leading to significant morbidity and even mortality. Early recognition is
crucial to prevent severe complications; however, clinical diagnosis is often challenging due to the nonspecific nature
of symptoms. In most cases, hyponatremia results from water retention, which dilutes sodium concentration in the
extracellular fluid and plasma. One key factor to consider in the diagnostic process is cortisol deficiency, which can
contribute to the development of this condition. The primary causes of hyponatremia include adrenal insufficiency
and the syndrome of inappropriate antidiuretic hormone secretion (SIADH). Adrenal insufficiency disrupts sodium ho-
meostasis due to a deficiency in glucocorticoids and mineralocorticoids, leading to sodium loss and hypovolemia. The
condition may develop due to autoimmune processes, infections, or as a consequence of adrenal surgery. Meanwhile,
SIADH is characterized by excessive secretion of antidiuretic hormone, causing water retention and hypotonic hypo-
natremia. This syndrome can result from malignancies, central nervous system disorders, pulmonary diseases, or the
use of certain medications. Hyponatremia presents with a broad spectrum of clinical manifestations, ranging from mild
fatigue and nausea to severe neurological impairment, including seizures and coma. The severity of symptoms often
correlates with both the degree and the rate of sodium decline. In this publication, we present two clinical cases of
symptomatic hyponatremia: one caused by adrenal insufficiency and the other associated with SIADH. We analyze
diagnostic approaches, including laboratory tests and imaging studies, as well as therapeutic strategies aimed at
addressing the underlying causes. Treatment modalities range from fluid management and hormone replacement
therapy to pharmacological interventions, depending on the etiology and severity of the condition. Recognizing the
underlying cause of hyponatremia is essential for effective management and improving patient outcomes.
Keywords: clinical case; syndrome of inappropriate antidiuretic hormone secretion; adrenal insufficiency; hypo-
natremia

Introduction

Hyponatremia is the most frequently observed electrolyte
disorder in hospitalized patients [1]. It is defined as a serum
sodium concentration below 135 mEq/L and is classified as
mild (130—134 mEq/L), moderate (125—129 mEq/L), and
severe (< 125 mEq/L). Severe cases are strongly associated
with prolonged hospitalization, increased morbidity, and
elevated mortality rates [2]. Studies have shown that even
mild hyponatremia can increase mortality risk among hos-
pitalized patients [3], while moderate to severe hyponatremia
in patients with cancer significantly prolongs hospitalization
and raises readmission rates [4].

The mechanisms leading to hyponatremia are multifacto-
rial, often involving a complex interplay of hormonal dysre-
gulation, renal sodium handling, and systemic diseases. Two
primary contributors to hyponatremia are the syndrome of
inappropriate antidiuretic hormone secretion and adrenal
insufficiency. SIADH results from excessive secretion of an-
tidiuretic hormone (ADH), causing water retention and di-
lutional hyponatremia [5]. Conversely, adrenal insufficiency
disrupts sodium homeostasis through cortisol and/or aldo-
sterone deficiency, leading to sodium loss and hypovolemia.

Understanding these mechanisms is critical for accurate
diagnosis and effective management of hyponatremia, given
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its substantial impact on patient outcomes. Additionally,
certain medications, including diuretics, antidepressants,
and antiepileptics, are recognized as well-established causes
of both asymptomatic and symptomatic hyponatremia [6].
Depending on the severity of sodium imbalance, hyponatre-
mia may manifest with a spectrum of neurological, musculo-
skeletal, and gastrointestinal symptoms, potentially resulting
in life-threatening complications.

Case 1

A 75-year-old male presented to the emergency depart-
ment with complaints of profound generalized weakness,
recurrent vomiting (up to 10 episodes per day), sudden-onset
vertigo, and occipital headache. Additional symptoms in-
cluded hyperosmia, dysgeusia, and persistent hiccups. His
medical history was notable for type 2 diabetes mellitus in a
compensated state and a prior left-sided nephroadrenalecto-
my four years ago due to renal cell carcinoma.

On physical examination, the patient’s blood pres-
sure was 100/60 mmHg in a sitting position, dropping to
80/40 mmHg upon standing, indicating orthostatic hypo-
tension. His heart rate was 88 bpm, and oxygen saturation
was 97 % on room air. A neurological examination revealed
sensory polyneuropathy in the lower extremities and sensory
ataxia. Laboratory findings were significant for hyponatre-
mia, with a serum sodium level of 115 mmol/L, and hypoka-
lemia, with a potassium level of 3.1 mmol/L. Blood glucose
was 7.0 mmol/L. The estimated glomerular filtration rate
(eGFR), calculated using the CKD-EPI Creatinine-Cystatin
C formula, was 54 mL/min/1.73 m?. Other routine laborato-
ry parameters were within normal limits. Magnetic resonance
imaging (MRI) of the brain showed no evidence of acute
neurological pathology or metastatic disease. Contrast-en-
hanced computed tomography (CT) of the chest, abdomen,
and pelvis revealed no signs of metastatic lesions.

The patient was started on slow intravenous therapy with
3% hypertonic saline and potassium chloride to correct elec-
trolyte disturbances. Despite treatment, sodium levels re-
mained in the range of 124—130 mmol/L over the following
days. Causes of hyponatremia, such as hypothyroidism and
medication effects, were excluded.

Further endocrine evaluation revealed a morning serum
cortisol level of 1.48 ug/dL (reference: 6.02—18.4 ug/dL),
a 24-hour urinary cortisol of 21 ug/24 hours (reference:
58—403 ug/24 hours), and a plasma adrenocorticotropic
hormone (ACTH) level of 11.3 pmol/L (reference: 7.2—
63.3 pmol/L). These findings confirmed the diagnosis of
Addison’s disease (primary adrenal insufficiency). The plas-
ma levels of aldosterone, renin, and the aldosterone-renin
ratio were within normal limits. The patient was initiated on
hydrocortisone replacement therapy, which led to significant
clinical and laboratory improvement. His generalized weak-
ness, which had been his most debilitating symptom, mar-
kedly resolved. Sodium levels normalized upon follow-up,
and no further episodes of hypotension were noted.

Discussion

This case highlights the importance of considering ad-
renal insufficiency in patients presenting with refractory hy-
ponatremia, especially in the context of a history of adrenal

surgery. The patient’s persistent hyponatremia, despite ap-
propriate initial management, prompted further endocrine
evaluation, leading to the diagnosis of Addison’s disease.
Addison’s disease is characterized by the destruction or
dysfunction of the adrenal cortex, leading to deficiencies
in glucocorticoids and mineralocorticoids. Hyponatremia
in Addison’s disease is primarily due to mineralocorticoid
deficiency, resulting in renal sodium loss and volume deple-
tion. Additionally, cortisol deficiency can lead to increased
secretion of ADH, further contributing to hyponatremia.
The patient’s history of left-sided nephroadrenalectomy
for renal cell carcinoma likely contributed to the development
of adrenal insufficiency. Although unilateral adrenalectomy
typically spares adrenal function due to compensatory activity
of the contralateral adrenal gland [7], factors such as subclini-
cal adrenal dysfunction or additional stressors may precipitate
insufficiency. The observed cortisol deficiency, alongside nor-
mal aldosterone and renin levels, suggests preserved compen-
satory mechanisms within the renin-angiotensin-aldosterone
system (RAAS). Hypovolemia-triggered RAAS activation
likely maintained aldosterone secretion, possibly supported
by residual function in the contralateral adrenal gland. The
presence of orthostatic hypotension, generalized weakness,
and gastrointestinal symptoms in this patient is consistent
with the clinical manifestations of Addison’s disease. Hy-
perosmia associated with adrenal insufficiency has also been
documented in the medical literature [8], which aligns with
the observations in this patient. The normalization of sodium
levels and resolution of symptoms following hydrocortisone
replacement therapy further support the diagnosis.

Case 2

An 81-year-old female patient presented with complaints
of abdominal pain, tremor, nausea, vomiting, severe heada-
che, and general weakness. According to her medical history,
she had repeatedly sought medical attention for similar com-
plaints, and hyponatremia had been documented. Based on
medical records, during previous hospitalizations, sodium
level correction was performed, but the effect was short-term,
requiring subsequent hospital admissions. The patient was
briefly prescribed gabapentin (300 mg) for tremor manage-
ment; however, its use was discontinued due to an increase
in hyponatremia episodes. She had been diagnosed with
rheumatoid arthritis for 10 years and had been receiving daily
methylprednisolone therapy at a dose of 4 mg. Additionally,
she had been on long-term antihypertensive therapy, inclu-
ding perindopril (10 mg), indapamide (2.5 mg), amlodipine
(10 mg), bisoprolol (5 mg), and moxonidine (0.2 mg).

During the examination, her consciousness was intact,
but communication with the patient was difficult due to se-
vere general weakness and disorientation. Essential tremor
was noted, and her systolic blood pressure was 170 mmHg.
Blood electrolyte analysis: sodium level — 116 mmol/L, po-
tassium level — 2.9 mmol/L, creatinine and TSH levels —
within normal limits.

Brain MRI revealed signs of a previous stroke in the ter-
ritory of the left posterior cerebral artery and the watershed
zone of the middle and posterior cerebral arteries. Con-
trast-enhanced CT scans of the chest, abdomen, and pelvis
did not reveal any signs of small-cell lung cancer or other
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malignancies, nor did they identify any pathology that could
explain the acute abdominal pain. Further esophagogastro-
duodenoscopy detected a Zenker’s diverticulum, cardiac
sphincter insufficiency, and a fundic gland polyp.

For the correction of electrolyte disorders, the patient
underwent slow intravenous administration of 3% sodium
chloride and potassium chloride. Positive clinical dynamics
were observed, with a regression of general weakness; ho-
wever, sodium levels remained low, and its correction had
only a short-term effect.

Further endocrinological evaluation, conducted while
the patient was taking 4 mg of methylprednisolone, revealed:
normal ACTH levels, mildly reduced morning cortisol:
4.31 ug/dL (reference: 6.02—18.4 ug/dL), normal levels of
urinary cortisol, metanephrines, aldosterone, active renin,
and aldosterone-renin ratio, plasma copeptin levels within
normal limits: 6.3 pmol/L (reference: 0.8—28.2 pmol/L),
reduced serum osmolality: 271 mmol/kg (reference: 280—
300 mmol/kg).

Based on the collected data and the exclusion of other
possible causes of hyponatremia, the patient was diagnosed
with SIADH. Fluid restriction was recommended, and vap-
tan therapy was prescribed; however, the patient was unable
to initiate the treatment due to financial constraints.

Discussion

This case underscores the diagnostic challenges associa-
ted with persistent hyponatremia in elderly patients, parti-
cularly when standard corrective measures result in only tem-
porary improvement. The patient’s chronic hyponatremia,
unresponsive to conventional therapy, ultimately led to the
diagnosis of SIADH.

SIADH is characterized by excessive release of ADH, re-
sulting in water retention, dilutional hyponatremia, and con-
centrated urine. Common etiologies include central nervous
system disorders, malignancies, pulmonary diseases, and
various medications. In this patient, a history of stroke may
have contributed to the development of SIADH. According
to the literature, hyponatremia occurs in 35 % of stroke pa-
tients, with SIADH accounting for 67 % of these cases [9].
Distinguishing SIADH from other causes of hyponatremia,
particularly cerebral salt-wasting syndrome (CSWS), is cru-
cial since their management strategies differ significantly.
While both conditions present with hyponatremia and may
follow neurological events, SIADH is typically associated
with euvolemia or slight hypervolemia, whereas CSWS pre-
sents with hypovolemia due to renal sodium wasting.

The patient’s slightly reduced serum cortisol level, de-
spite normal ACTH, raised the consideration of secondary
adrenal insufficiency. However, the absence of additional
clinical manifestations, along with normal aldosterone and
renin levels, made this diagnosis less likely. Additionally, pro-
longed use of low-dose methylprednisolone could suppress
endogenous cortisol production, potentially confounding the
interpretation of adrenal function tests.

The management of SIADH primarily involves addres-
sing the underlying cause while simultaneously correcting
hyponatremia. First-line treatment includes fluid restriction
to reduce water intake and increase serum sodium levels [10].
In cases where fluid restriction is insufficient or impractical,

pharmacological agents such as vasopressin receptor anta-
gonists (vaptans) may be employed. However, the high cost
of these medications may limit their accessibility, as was
observed in this case.

Conclusions

The first case underscores the need for a high index of
suspicion for adrenal insufficiency in patients with unex-
plained hyponatremia, particularly in those with a history
of adrenal surgery or malignancy. Timely recognition and
appropriate management are crucial to preventing potential
complications associated with this condition.

The second case highlights the importance of considering
SIADH in the differential diagnosis of hyponatremia, parti-
cularly in patients with a history of neurological disorders. It
also emphasizes the necessity of a comprehensive evaluation
to exclude other potential causes and to tailor management
strategies appropriately, taking into account the patient’s
clinical status and available resources.
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boarapcera C.B., AtoTsHCbKa H., lNpoueHko M., AiwmiumHa KO.
Akaaemis «kAobpobyT», M. Kuis, YkpaiHa

FinoHaTpieMisi BHOCAIAOK HOAHUPKOBOT HEAOCTATHOCTI
TA CUHAPOMY HEOAEKBATHOI CeKpeLiii OHTUATYPETUYHOrO FOPMOHY:
KAiHIYHi BUNOAKHN

Pesrome. Tinonarpiemis BU3HaYaeThes K KOHLEHTPALlis HATPiIO
B cupoBartili KpoBi Huk4e 3a 135 mExs/n. Lle onHe 3 Haitromm-
PEHIIIKX MOPYIIeHb eJIEKTPOTITHOTO GajlaHCy, 110 MOXEe IPU3BO-
IUTU 10 3HAYHOI 3aXBOPIOBAHOCTI Ta HaBiTh cMepPTHOCTI. PaHHe
BUSIBJIGHHSI € KDUTUYHO BaXKJIMBUM ISl 3a1T00IraHHs CepiO3HUM
YCKJIAIIHEHHSIM, TIPOTe KJIiHIYHA 1iarHOCTUKA YacTO yTPYy/AHEHA Ye-
pe3 HecTrieM(PivHMI XapaKTep CUMIITOMIB. Y OiJIbIIIOCTI BUTIAAKIB
TiroHaTpieEMisl pO3BUBAETHCSI BHACTINOK 3aTPUMKHU BOAU B Opra-
Hi3Mi, 110 CIIPUYMHSIE PO3BEIEHHS KOHLEHTpAllil HaTpilo B o3a-
KJIITUHHIA pinuHi Ta ria3Mi. OMHUM i3 KIIIoU0oBUX (HAaKTOPIB, SKU
CJIiI BpaxOBYBATH IIill Yac MiarHOCTUKHU, € Ne(MIilIT KOPTU3OIY, IO
MOXe MPU3BOAUTU 0 PO3BUTKY LILOr0 cTaHy. OCHOBHUMM TMPU-
YUHaMU TilOHaTpieMii € HAIHUPKOBA HEIOCTATHICTh Ta CUHAPOM
HeaJeKBaTHOI ceKpellii aHTuaiypetnaHoro ropmony (SIADH).
HannupkoBa HeloCTaTHICTh MIOPYIIYE HATPIEBUI TOMeOCTa3 Yyepe3
nedIilUT III0OKOKOPTUKOIIIB i MiHepaJOKOPTUKOIMIB, 110 CIIPUYM-
HSIE€ BTpaTy HATPilo Ta pO3BUTOK rirnoBosiemii. Lle mopyieHHst Moxe
BUHUKATU BHACJiOK aBTOIMYHHUX IpOIIeCiB, iHheKLiil abo K
pe3ynbTaT onepaiiii Ha HagHupHKUKax. BomHouac SIADH xapaxk-
TEPU3YETHCSI HAIMIPHOIO CEKPELIEI0 aHTUIIYPETUUHOTO TOPMOHY,
1110 BUKJIMKAE 3aTPUMKY BOJIM I TiMOTOHIYHY rirnoHatpiemito. Lleit

CHUHIIPOM MOXe OyTU CIPUYMHEHUI 310KiCHUMU HOBOYTBOPEH-
HSIMM, 3aXBOPIOBAaHHSIMM LIEHTPAJIbHOI HEPBOBOI CUCTEMH, JIeTe-
HEBMMM TATOJIOTISIMU a00 BXMBAHHSM TMEBHUX JIKAPCHKUX TMpe-
mapariB. ['imoHaTpieMis Ma€e IMMPOKUIA CIIEKTP KIiHIYHUX MPOSIBIB,
BiJl JIeTKO1 BTOMJIIOBAHOCTI i HYAOTU 0 TSKKUX HEBPOJOTIUHUX
MOpPYIIeHb, BKJIIOYAOUN CYyIOMM Ta KOMY. BupaxkeHicTb CUMIITO-
MiB 9aCTO KOPEJIOE SK i3 piBHEM, TaK i 31 IIBUIOKICTIO 3HUKEHHSI
KOHIIEHTpalii HaTpito. Y wiii myOJikaiii HaBeIeHo ABa KIiHiuHi
BUMNAAKWA CUMIOTOMATUYHOI TMiMOHATPiEMii: ONMH COPUYMHEHU
HaTHUPKOBOIO HEIOCTATHICTIO, iHIIMI ToB’s13aHuit i3 SIADH.
IIpoaHasizoBaHO AiarHOCTUYHI ITiIXOIU, BKITIOYAaIOUM JJaO0paTOPHi
TOCJIiIKeHHSI i MeTOIM Bidyastizallii, a TAKOX TeparneBTUYHi cTpa-
Terii, CrpsIMOBaHi Ha YCYHEHHSsI OCHOBHUMX IMMPUYMH 3aXBOPIOBAHHSI.
TakTuka JiKyBaHHSI Bapilo€ BiJl KOpeKllii BOAHOro GajlaHcy i 3a-
MiCHOI TOpPMOHAJIBHOI Tepalrii 10 (apMaKoJIOTiYHOrO BTPYYaHHS
3aJIeXHO Bifl €Ti0JIOrii Ta TSXKKOCTI cTaHy. BU3HaueHHST OCHOBHO1L
MPUYMHU TiTOHATPIEMIT € BAXJIUBUM JJ151 €(DeKTUBHOTIO JIiIKYBaHHSI
i TIOJTIITIIIEHHST Pe3YJIbTATIB Y MALliEHTIB.

KiouoBi c1oBa: xniHiuHMI BUNIAnoK; CUHIPOM HealeKBaTHOL
ceKpellil aHTUAIypEeTUIHOTO TOPMOHY; HAIHUPKOBA HENOCTATHICTh;
rinoHarpiemis
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Peunaus
cuHapomy Cinnaa

Pe3tome. AkTyanbHicTs. MHOXUHHA eHRoKpuHHa Heornasis (MEH) 2A e pigKicHUM aBTOCOMHO-AOMIHAHTHUM
FEeHEeTUYHNM CUHABPOMOM, SIKMU HacTO HenpasusibHO JiarHOCTYETbCSA ab0 iIrHOPYETLCS KIHIYHO, LLYO MPU3BOANTL [0
3aTpuUMKU JTiKyBaHHs1 nayieHTiB. Lje nepesaxxHo criafkose 3axBoptoBaHHs 3 roLumpeHictro 1 Ha 40 000 oci6. Y noso-
BUHI Bunagkis cuHgpom MEH BuHnkae criopagu4Ho vi 06yMOBIIEHMV HOBOKO MyTaLjiEro y cTateBmx abo coMaTnyHmnX
KnitTnHax. MeTa: y[oCKOHaneHHs [iarHOCTUKN Ta AMGbepeHLiiHOI [iarHOCTUKM 3axBOPHOBaHb, sKi nepeobirarotb
3 apTepiasibHOIO rinepTeH3ier0, CBOEYACHOI MOCTaHOBKU fiarHo3y Ta HaseXHoro fikysaHHs rayieHTis. Marepiann Ta
meroau. OnvncaHo BUNa[okK [iarHOCTUKK, JTiKyBaHHS Ta ric/isionepawiviHoro CrioCTEPEXEHHSI XBOPOro 3 peLuanBom
cuHgpomy Cinnna. Pesynbtatu. lNayieHT 44 pokiB, OCHOBHOK CKaproto SIKoro 6ys10 BigHOBJIEHHS riNepTOHIYHNX
Kpu3iB Yepe3 9 pokKiB nicnis [iarHocTUKu Ta nikyBaHHs cuHapomy MEH tuny 2A. Ocob6/mBICTIO LbOro KiiHiHHOro
BUnNagKy 6ymno rnpoBeneHHs ANGEPEHLIVIHOI BiarHOCTUKM 3aXBOPOBaHb, SKi nepebiraroTe 3 apTepiasbHor rinep-
TEH3i€r0, A4/19 NOCTaHOBKW rpaBusibHOro giarHo3dy. BucHoBku. lNavieHTn 3 cuHgpomom MEH nicns xipyprid4Horo
JliKyBaHHSs1 MOTPEOYIOTb PETESILHOIO CHIOCTEPEXEHHS MPOTArOM YCbOro XUTTS 4151 BY4ACHOI [iarHOCTUKM Ta JliKyBaH-
HS1 peuynanBy 3axBOPHOBaHHS. TaKoX BaX/IMBUM aCrieKTOM € reHETUYHE OOCTEXEHHS YIIEHIB POAVHU HA HasIBHICTb
RET proto-oncogene mutations 3 METO BY4aCHOI fiarHOCTUKM Ta npoginakTUKu po3BuUTKy cuHgpomy MEH.
Kno4oBi cnoBa: aprepianbHa rinepTeHsis; CUHAPOM MHOXUHHUX eHOOKPUHHMX HEOMNNasiv; HagHUPHUKOBI 3a-
J7103u; LUMTOMNOAIOHa 3a5103a; (heoXpOMOLMTOMA, MEAYIISAPHUI paK LYMTOMOAZIOHOI 3a5103u; giarHOCTUKa

Bctyn

MHoxuHHa eHgokpuHHa Heoruiasis (MEH) 2A € pin-
KiCHUM aBTOCOMHO-/IOMiHAaHTHUM T€HETUYHUM CUHIIPO-
MOM, SIKMIA YaCTO HEeMpPaBWJIbHO MiarHOCTYETHCS a00 irHO-
PYETBCS KIIIHIYHO, 1110 PU3BOIUTH 0 3aTPUMKU JIIKYBaHHS
nauieHTiB [1]. Lle mepeBaxkHO CragkKoBe 3aXBOPIOBAHHS i3
nomupenicTio 1 Bumamok Ha 40 000 oci6 [2]. ¥ momoBuHi
BumankiB cuaapomM MEH BumHUKae criopaguaHo il 00y-
MOBJIEHII HOBOIO MYTAIli€l0 y CTaTeBUX a00 COMAaTUYHUX
KJTITUHAX.

Cunapom MEH knacudikytoTh 32 OCHOBHUMM KJTiHiU-
HUMM MPOsSIBAMU, OOYMOBJIEHUMHU TTOPYIIEHHSIMU CEKpellil
TOPMOHIB 3aJIEXKHO BiJl JIOKai3allii Tireprriasii abo myxXJIMHU
€HIIOKPUHHUX 3aJ103:

— cuaapom MEH 1-ro Tunry — cuaapom Bepmepa:
y HaTOJIOTIUHMI MpPOolLeC 3aay4aloThCsl MPUIIUTOIOMIOH
3aios3u (ITLL3), aneHorinodis, minIyHKoBa 3a103a;

— cuHapom MEH tuny 2A — cunapom Cinruia: 3amy-
yeHi muTonoaioHa 3ano3a (1113), HaTHUPHUKOBI 3a7103U
(H3), inkonu TTI3;

— cunapom MEH tuny 2B — cunapowm Iopitina: 3amy-
yeni I3, T3, H3 ta ci1mu30Bi 000JIOHKA.

V cBiTi 3apeectpoBano mmoHaza 1000 summankiB MEH 2A,
SIK CIIOpaIUYHUX, TaK i ciMeHHMX, 3 HUX MeHII Hix 200
BUITAAKiB 3adikcoBani y Kurai, BKitouHo 3 moHan 80 crio-
paguuHumMu i 90 cimeitHuMU BUnaakamu [3].

Icnye yotupu Bapiantu MEH 2A: knacnunuit MEH 2A,
MEH 2A 3 aminoigo3om mikipHoro juiaio, MEH 2A 3 xBo-
pob6oio lNpmmpynra ta MEH 2A 3 FMTC [4].

Knacuunuit MEH 2A € HalimomupeHilmmum TUIIOM,
SIKUI TIPOSIBJISIETBCS B OCHOBHOMY SIK MEIYJISIpHUI pak
muToronionoi 3amo3u (MPII3), dpeoxpoMmonmToma Ta
rinepnapaTtupeo3s [5]. Maiixe y 100 % mamieHTiB € MyJIb-
tudokanbHUIA i nBoOIYHMIT MPI3, axuit 3a3Bryaii € nep-
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LIKM po3ianoM i BuHukae a0 30 pokis [6]. MPII[3 xapak-
TEPU3YETHCS TTOCTYITOBUM POCTOM, ajie BUSHAYA€E BUCOKMI
piBeHBb 3axBopioBaHOCTI Ta cMepTHOCTI ipu MEH 2, ipu
SIKOMY HaBiThb MiKpOKapIIMHOMM MOXYTb MeTacTa3yBaTh
y JiMdaTU4Hi By3/1u Ta BiggaaeHi opranu. HaityacTiiie
niarHo3 MPII3 BcTaHOBIIOIOTH Mif Yac 0OCTeXEHHS 3
MPUBOJY BY3J0BOTO 3002, KOJIM MPU yJIbTPa3BYKOBOMY J10-
crimkeHHi 13 BUSIBISAIOTH TimoexoreHHUI By30J1. Jluiire
15 % BunankiB MEH 2A € cuMnToMaTUIHUMU Ha MOMEHT
BCTaHOBJIEHHS IiarHO3y, a pemTa 85 % BHUSABISIOTHCS 3a
nornoMorot ckpuHiHry [7]. CrieuudiyHuM iMmyHOTricTO-
XiMivHuM mapkepom MPII3 € Bu3HaueHHSsT KaJIbLIUTOHI-
HY (SIK y HaIllOMY BUIIAJKY) Ta KapLIMHOEMOPiOHAJIbHOTO
AHTUTEHY.

IlepBuHHMIZ TinepapaTupeo3 Moxe He OYTU MOIIpe-
HuM 3a MEH 2A i noreHuiiino 3’apasarucs auure y 3—11 %
BUMAAKIB [8].

IMauientu 3 MEH tuny 2A, 1110 MaloTh NaTOJIOTiYHUIA
BapiaHT reHa RET, xapakrtepusylorbcss MPII3, deoxpo-
MOIIMTOMOIO Ta Tilmeprapatupeo3oM. Xoda ¢heoxpoMo-
LIUTOMY ChOTOJHiI BU3HAYAIOTh SIK 3J0SKICHY MyXJHUHY,
BimoMmo, 10 peoxpoMouMToMa, acoiiiioBana 3 MEH 2A,
Ma€ HEeBEJIMKMIA PU3UK MeTacTa3yBaHHs. Yci peoxpomMo-
uromu/maparanriaiomu (PPGL) MatoTe moTeHIian s
MeTacTa3dyBaHHSI B HexpoMadiHHI TKAHUHM, TOMY B KJla-
cudikauii eHIOKPUHHUX MyXJIMH BcecBiTHBOI opraHizanii
oxopoHu 310poB’st 2017 poky Oy1o ckacoBaHO Iipedikc
«100posiKicHi». IloTeH1iaa 3109KiCHUX HOBOYTBOPEHb
piniie 3yctpivaetbes y Bunaakax MEH 2A [9, 10].

Periuaus heoXpoMOLIMTOMU TCIsT aipeHANIeKTOMIl, SIK
He AUBHO, HE PiIKicTh i TpamiseTbest mpubausHo y 20 %
BunankiB [11]. JocnimkenHs: 89 mauieHTiB, siki nepe-
HEeCJIM KOpTUKOo30epirarouy agpeHaaeKTOMilo, BUSBUIO
nporpecyBaHHs y 60 mawieHTiB (67 %) He3aaexXHO Bif
KOPTUKOCTEPOIAiB i BiICYTHOCTI pELIMANBIB 3aXBOPIOBAaHb
MIPOTATOM ABOX POKiB [12]. BigmoBinHo, mami€eHTH 3 IBO-
6iuHOI0 (heOXPOMOLIMTOMOIO 3a3HAIOTh OJJHOCTOPOHHIO
KOPTHKO30epiraioyuy ornepaiilo 3 TOBHUM BUAAJIEHHSIM
KOHTpaslaTepayibHOI 3aJ103U. TeopeTUYHo 11e BABIYi 3HU-
KY€ PU3UK pelUANBY (eOXpPOMOLIMTOMU 3aBISIKU 30epe-
KeHH1o kopu H3 nuire 3 ogHOro 60Ky IMOpiBHSAHO 3 000Ma
cropoHaMu. Halil BUnajgok npoaeMOHCTPYBaB BaKIUMBIiCTh
TeHEeTUYHOTO TeCTYBaHHS IJIsi e(PEeKTUBHOI JOMTOMOTU
y niarHoctuili MEH 2A Tta nepesarn KopTuko3oepirato-
YyuX orepallii y JikyBaHHi ¢peoxpoMouutTomMu. CMEpTHICTh
npu MEH 2A B ocHoBHOMY noB’s13aHa 3 MPIL 3, 10-piuyna
3arajbHa BUKMBaHICTh s nalieHTiB 3 MTC olliHIOETbCS
y 64 % [13].

PexomeHnnatiii AMepukaHcbkoi, bpuraHcbkoi Ta €Bpo-
MEeMChKOI TUPEOinHUX acolialiil cxBamooTs RET-anani3
IUIST BCiX mauieHTiB i3 miaTBepmxkenuM MPII3. ITonan
50 % nauienTi i3 MPII3 3 ypaxkeHHsIM JTiMpaTUIHUX
BY3JIiB 3a3HAIOTh PELIMAMBY 3aXBOPIOBAHHS, 1110 TTPU3BO-
AT 10 CMEPTI, 1€ € OCHOBHOIO TPUYMHOIO CMEPTHOCTI
nanienTis 3 MEH 2A [14]. Hapa3i nporoonkoredr RET
€ €IWHUM TeHOM, 3aJlydeHuM 1o natoreHesy MEH 2A.
3aBAsSIKY YiTKiil KOpesiii MixKk TeHOTUIIOM i (peHOTUITOM
npotooHkoreH RET ciyrye BaxjanBUM AiarTHOCTUYHUM
inctpymentom mist MEH 2A. BeneHHs maliieHTiB 3a 10-
nomoro RET npoTooHKOreHHOro TeCTyBaHHSI Ta TeHe-

TUYHOTO KOHCYJIbTYBAHHS MOXe He TLTbKY ONTUMi3yBaTH
MMPOTrHO3, TOB’SI3aHUI 3 TEHOTUIIOM, aJie i MOJIMIIUTH
SIKICTD >KUTTS YWICHIB pOOUHM TailieHTa [15].

Bioximiuna miarHocTHKa (eOXpOMOIMUTOMHU 0a3y-
€TbCS Ha BUIBHUX METOKCHaMiHaXx y Ija3Mi KpoBi abo
(bpakmioHoBaHux MeTaHedpuHax y ceui. DizionoriuHo
piBHiI HOpMeTaHe(PUHY BUIL, HixXK piBHi MeTaHeDpUHY.
V nmanienTiB i3 MEH 2 3 deoxpomonnTomamMu cnocTe-
piraeTbcs 3MilllaHa eKCcKpellisi MeTaHe(pUHY Ta HOpMe-
TaHe(pUHY 3 OUIBIIOK eKCKpellielo MeTaHedpuHy [16].
Kpim Toro, Amar et al. [17] nmoBimoMuiu, 1110 MiABUIIEH-
H$1 piBHSI MeTaHe(PUHY B cedi MOHaa MeXXy HOPMHU € Haii-
OLIBII paHHIM MapKepoM peluanuBy (HeoXpOMOIIUTOMMU.
Ha nymMKy umx aBTOpiB, YyCi peUMAUBU MOXHA BUSIBUTH
IO TMOSIBY TMEPIIUX CUMITOMIB Ha OCHOBI TMiIBUILIEHHS
piBHI MeTaHe(PUHY.

INamienTtam i3 cunapomom MEH 2A pexoMeHayeThes
npodilakTHYHa TUPEOineKTOMisl Yyepe3 Te, 1110 HOCiT MatoTh
100% pusuk po3Butky MPII3 yripomgosx xutts [18].

KAiHiYHUM BUNOAOK

Ha xadenpy enmokpunosorii JIbBiBCbKOro HallioHAIb-
Horo Menu4yHoro yHiBepcutety (JIHMY) imeni Jlanuna
lanuubkoro 3BepHyBcs nauieHT b., 44 poku, 3i ckapra-
MM Ha TIEPiONYHI TinepTeH3UBHI KPU3H, SIKi BiTHOBUIUCS
MpUOIU3HO piK TOMY Ta TypOyBaiu 1 pa3 Ha 1—2 micsiii.
lnepreH3uBHI KpU3K OYJIM HETSKKIi, IPOXOIUIN CAMOCTiii-
HO, TPaAULiliHi FMOTeH3UBHI JIiKapCchKi 3200 MPAKTUYHO
He naBanu edpekTy. [IpoTsarom ocraHHIX KiJIBKOX MiCSIIiB
KpHY3H ToYacTillaay Ta rnovyaay TypOyBaTy maiieHTa 1—2
pa3u Ha TUXKIEHbD.

3 aHamHe3y BinoMo, 1110 2013 poKy mallieHT BxXe 3Bep-
TaBcs 3i cKapraMu Ha TilepTeH3MBHI KpU3H, SIKi He JIiKBi-
IyBaJIUCS CTAHIAPTHOIO TiMOTEH3MBHOIO TePArli€lo, Mmicst
00CcTexXeHHSsT OyJIM BUSIBJIEHI 00’ €MHi YTBOPEHHSI HIUTOIIO-
Ii0HOI Ta HAMHUPHUKOBOI 3aJ103, IIPOBeIeHA TUPEOINeKTO-
Misl Ta 1iBOOIiYHA aJipeHaIeKTOMisl, Tic/sl TiCTOJIOTIYHOTO
00CTexXeHHs oIlepaliiiHOro MaTepiany OyB ITOCTaBJICHUI
OCTaTOYHMI NiarHo3: cunopom MEH 2A (medyaspuuii pak
m3 (T, ,N,M,, 310akicna geoxpomoyumoma nieoi H3
(T,N,M,)); cumnmomamuuna apmepianvra einepmen3is). Ilic-
JisioniepauiifHuiA repion nepebiraB 0e3 ycKiIaaHeHb, MALliEHT
OyB BUITMCAHUI Y 3a00BiJIbBHOMY CTaHi, 3HUKJIM CKapru, SIKi
itoro TypoyBanu (rigBuiieHHs: AT, Giib B emiracTpaibHiii
NiISIHIL), oMy OyJia MpuM3HaueHa 3aMicHa Tepallis mpe-
mapatamu TopmoHiB 113. TIpoTsirom Bchoro yacy maii€eHT
nepedyBaB Ha MTMCIIAHCEPHOMY CITIOCTEPEXKEHHI Ha KIJIiHi4-
Hili 6a3i kadenpu eHmokpuHoorii JHMY imeni Jlanuna
[anuibkoro «LleHTp eHIOKPUHHOTO 30POB’sI», PETYJISIPHO
MPOBOAUBCS KOHTPOJb PiBHS TUPEOTPOITHOTO FTOPMOHY,
KaJbIUTOHIHY, KOPTU30JY; YIbTPAa3BYKOBUIT KOHTPOJIb [i-
qnsiaku 13 ta H3. IamieHT oTpuMyBaB MOCTiiiHY 3aMiCHY
Teparito (J1eBotupokcuH 150 mMkr). Takox miciist onepa-
TUBHOTO BTPYYaHHS OyJ10 MPOBENEHO OOCTEKEHHS YJIEHIB
pomuHu Ha penmer MPIII3.

[Ipu 06’€KTUBHOMY OOCTEXEHHI BUSIBJICHO: picT —
183 cm, Bara — 76 Kr, iHgekc Macu Tima — 22,8 xr/m?;
AT — 125/80 MM pT.cT., IyJibc — 78 ynapiB 3a XBUJIMHY;
IIKipa 4yKcTa, MOMipHO BOJIOra; MaTOJOTiYHUX BiAXUJIEHb
3i CTOpOHM OpraHiB IpydHOI KJITKU He BusBieHo; L3 He
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MaJIbIYETHCS, KIIHIYHO — eyTUPeo3; SI3UK YUCTUI, BOJIO-
TUii, XKUBIT M KuUii, Hebomounii; cumnromu OpTHepa Ta
IlacrepHainpkoro Bin’eMHi 3 000X CTOpIH.

Ilpu ynbTpa3ByKOBOMY MOCHiIXEHHI BUSBJICHO
(19.06.2024): 113 — craH micjis TUpeoigeKToMil Ta JiM-
dageHeKkTOMil 111K, 3AIMIITKOBOI MapeHXiMU He BUSIBJICHO;
OpraHiB YepeBHOI MOPOXKHUHU — y TIPOEKILil rpaBoi H3 Bi-
3yaJli3yeThCs 130€X0reHHe YTBOPEeHH 53 X 35 MM, COJIimHOI
CTPYKTYPH, Y CEPEIMHI CTPYKTYPH Bi3yasli3yEThCSI BOTHUIIIEC
KiCTO3HOI AereHepariii 4 MM.

3a gaHumu JadopaTopHoro ooctexeHHs (12.07.2024)
3MiH y 3arajJbHOMY aHaJji3i KpoBi, 3arajJbHOMY aHasi3i
ceyi, Koaryjaorpami, mokKa3HMKax CEYOBMHU, KPEaTUHiHY,
IJIIOKO3U, €JIEKTPOJIiTiB Y KPOBi HE BUSIBJIIEHO, IIBUIKICTh
ki1y6oukoBoi ¢inbrpauii (LLIK®) HopmanbHa. [TikoBaHMit
reMorjao0iH 6,8 %.

Oco0bauBe 3HAYeHHS IJIsI IPOBEAeHHS TU(epeHITiiHOL
NiarHOCTUKY MaJIi TaKi MOKa3HUKU KPOBi: TUPEOTPOTTHU I
ropmoH — 0,3 MKkMO/mn (pedepeHcHi 3HaueHHs 0,27—
4,2), xanpuutoHiH — 9,33 nr/ma (N no 18,2), kanbiiit
ionizoBanuit — 0,74 mmons/n (N 1,05—1,37), kaniit —
4,8 mmoaw/n (N 3,5-5,5), peHin aktuBHuii — 24,37 Hr/n
(N 5,0—33,0); y ceui: anpeHasin — 434 Hmosb/24 1 (mo 110),
HopaapeHasiH — 1510 Hmonb/24 T (1o 535), 3aranbHi MeTa-
HedpuHu — 2469,4 Mxr/24 1 (N 25-312).

3 MeTOol0 YTOUHEHHSs AiarHo3y Oyja mpoBeleHa
KOMIT I0TepHa ToMOorpadisi 4epeBHOI MOPOXKHUHU 3 KOH-
TpacTHUM miacuieHHsM (23.07.2024): npaBa H3 V-no-
nioHOI ¢popMM, Ha OCHOBI 3 IEPEX0OIOM Ha HIiXKY IIpO-
CITITKOBYETLCS afiegHoMa po3MipoM 51 X 44 MM 3 9iTKUMK
PiBHOMipHMMU KOHTYpaMH, 1iJIbHiCcTIO HaTUBHO 20 om.X/
apt. paza — 60 om.X/BeH. dasza — 70 om.X; BpaxoByIOUH
XapaKTePUCTUKY HAKOMUYEHHS KOHTPACTHOI PEUOBUHU
B pi3Hi (pa3u KOHTpacTyBaHHS: absolute washout — 60 %
(adrenal adenoma)/relative washout — 42,9 % (more
40% — adrenal adenoma). O3Hak 3B’S130K 3 HAaBKOJIUIII -
HiIMM CTPYKTypaMmu He Bi3zyanisyerbcs. JliBa H3 He Bi3y-
alli3yeThCs.

INamienTy OyB BCcTaHOBJEHUI niarHo3: cundpom MEH
muny 24 (geoxpomoyumoma npasoi HAOHUPHUKOBOI 3aN03U,
3108KICHA eoxpomoyumoma 1ieoi HaOHUPHUK0B0I 3a103U (Ni-
6o0iuna adpenanexmonmis (2013) (T,N,M,); nicasonepayiiinuii
einomupeos nicas mupeoio- ma aimgadenexmomii (2013) 3
npueody MPII3 (T,,N,M,), cman medukamenmo3Hoi Kom-
nexcauii; CUMNMOMAMUYHA apmepianrbHa 2inepmensis, Kpu-
306a opma. Llykposuii diabem, émopunHuil, OnMUMAAbHUL
2NIKeMiYHUTl KOHMPOb.

J71s1 TIOmaIbIIoro JIiKyBaHHS MALiEHT OyB CKepOBaHUIMA
y xipypriuHe BigaiieHHs JIbBiBCbKOi 0071aCHOI KTiHIYHO1
JIiKapHi, e IPOBeIeHO ONepaTUBHE JiKyBaHHS: Jlalapo-
CKOTIiYHa MpaBo0iYHa KOPTUKO30epiraroua aapeHaJIeKToOMist
(05.09.2024).

VY nicnsonepaniiiHoMy repioni oapa3sy Oyja mpu3Ha-
YyeHa 3aMicHa Tepamis: nepua-apyra 106a — riipoKopTu-
30H 50 MTI KOXHi 4 ToO BHYTPIITHLOBEHHO, TpeTs — 50 MT
KOXHi 5 roj, yetBepta — 50 Mr KOXHi 6 roj, m’sgra — 50 Mr
KOXHi 8 rox, mocrta — 50 Mr KoxHi 12 roa, cboma — 50 Mr
1 pa3 Ha ieHb 3paHKY; Ha/laJli BHYTPillTHLOBEHHE BBEICHHSI
BiIMiHWIM, 3 YETBEPTOI TOOM MiCJIsl ONEepaTUBHOIO BTPY-
yaHHs (ITiCIs BiZHOBJIEHHST (QYyHKII IIJTYHKOBO-KHIIIKO-

BOTO TPaKTy) TigpoKOpTU30H 10 MI Tpudi Ha IeHb MEPO-
panbHO Ta pirynpokopTusoH 100 Mr 1 pa3 Ha AeHb 3paHKy
MOXUTTEBO.

3a JTaHUMU TiCTOJIOTIYHOTO OOCTEXKEHHS BUSIBJICHO: (he-
oxpoMolMToMa, nudepeHiliiiHa opma.

Ha ocHOBIi naHuX TiCTOJIOTiYHOTO BUCHOBKY OYB yTOU-
HEHU KJIiHIYHWI niarHo3: cundpom MEH muny 2A (ge-
0XpOMOYUMOMA NPaeoi HaOHUPHUKOBOI 3aa103u (npagobiuna
aopenanexkmonmisn (2024) (T,N,M,); 3ro0akicna geoxpomoyu-
moma nieoi HAOHUPHUKO0B0I 3a103U (1i600I4HaA adpeHareKkmo-
mis (2013) (T,N,M,); nicasonepauiiinuii einomupeo3 nicas
mupeoio- ma aimgpadenexmomii (2013) 3 npusody MPII[3
(T,N,M,), cepedus maxckicmo, cm. MeOuKameHmo3Hoi KoM-
neHcauii; cumMnmomamu4rHa apmepiansvHa 2inepmensis, Kpu-
308a (opma; XpoHiUHa HeAOCMamHuicms HAOHUPHUKOBUX 3~
103 (080CMOPOHHSL AOPEHANCKMOMIST), CI. MEOUKAMEHMO3HOI
xomnencayii. Llyxpoeuii diabem, émopunnuili, onmMumMaibHuil
2NIKeMIYHUL KOHMPONb.

3 omIsiAy Ha HasIBHICTh y XBoporo noeaHanHs MPII3,
(hbeoxpoMoIMTOMM, MALIEHTY TTPOBE/IEHE TEHETUYHE J10CTi-
mxeHHs1 Ha RET proto-oncogene mutations: reH RET, rete-
posurotHa mytatist ¢.1900T>C(p.Cys634Arg), TpaHCKpUIT
NM_020975.6, maTroreHHUI BapiaHT.

IIpu onuTyBaHHI MalieHTa 3’SICOBaHO, 1110 y 0AaTbKiB
Ta X poaAnUYiB 3 000X CTOPiH HeMa€e 3aXBOPIOBAaHb IIUTO-
MoaioHO1, HAMTHUPHUKOBUX 3aJ103, OHKO3aXBOPIOBAaHb HE
OyJio. 3BaxkalouM Ha IMOBAaXXHUI BiK 0aTbKiB, BUKOHAHHS
F€HETUYHOTO AOCIIIKEHHS Y WIEHIB POJUHU MallieHTa
He OyJIO MOXJIMBMM. 3 OIVISIAY Ha BiACYTHICTh CKapT Ta
KJIIHIYHUX MPOsIBiB y 0aThKiB MalliEHTa MOXHa BBaXKaTw,
110 BUSIBJIEHA MYTallisl € de novo, 1110 HE CYNIepeumTh JaHUM
JliTepatypu.

3BaxaruM Ha OTPUMAaHUIi TTO3UTUBHUIA pe3yibTaT 00-
crexxeHHs Ha RET proto-oncogene mutations, mamieHTy
PEKOMEHI0BAHO MTPOBENECHHS KOHCYJIbTALLil 3 BUPILLIEHHIM
IMUTaHHS PO 00’eM 00CTeKeHHSI JOHBKM Ta HEOOXiTHICTh
MpOBeIeHHS MPOdiTaAKTUIHOI TUPEOiIeKTOMii.

BucHoBKkMU

AHaji3youy onucaHui KJIiHIYHUI BUITaA0K, CJIiJ Ha-
TOJIOCUTH, 110 TanieHTH 3 cuaapomoM MEH micis xipyp-
TiYHOrO JiKyBaHHS MOTPEOYIOTh PETEIbHOTO CIIOCTepe-
JKEHHS TIPOTSITOM BChOTO XUTTSI ISl BUACHOI 1iarHOCTUKU
Ta JIIKyBaHHS pelUMIMBY 3aXBOpIOBaHHs. BrockoHaneHHs
iIHHOBAILITHUX OTIepaTUBHUX METOAUK CIPHUSIE MOJIIMIIEeH-
HI0 norsay 3a nauieHtamu 3 MEH 2A 3 ¢peoxpomMoriuTto-
MOIO y TpUBaJiOMy MicisionepaliiiHoMy mnepiomai. Takox
BaXXJIUBUM aCIIEKTOM € T€eHEeTUYHE OOCTEXXEHHS WJICHIB
ponvuu Ha HasgBHicTh RET proto-oncogene mutations
3 METOIO BUACHOI IiarHOCTUKM Ta MPOMiTaKTUKN PO3BUTKY
cuHapomy MEH.

KondurikT inTepeciB. ABTOpU 3as1BJSIIOTH PO BiICYTHICTh
KOHQJIIKTY iHTepeciB Ta BJIacHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpY MiATOTOBII JAHOI CTATTI.

Buecok aBTopiB. CacdonoBa O.B. — inest cratri, Be-
NeHHS TallieHTa, aHajli3 OTPUMAaHUX JaHUX, HallMCaHHSI
tekcty; MapkeBud KO.O. — xipypriuHe JiKyBaHHS Talli-
€HTa, NepeKyaa, HamMcaHHs TeKCTy; YpoaHoBud A.M. —
3arajibHe KepiBHUIITBO, HAalMCaHHS TeKCTy; Mapke-
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B4y M.-10.}O. — ormsam cygacHoi JiTepaTypu, HaIMCaHHS
tekcty; CadoHoB A.C. — 30upaHHs if 0O6poOKa naHUX,
HaIMCcaHHS TEKCTY.
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Recurrence
of Sipple syndrome

Abstract. Background. Multiple endocrine neoplasia (MEN) 2A
is a rare autosomal dominant genetic syndrome that is often mis-
diagnosed or clinically ignored, resulting in delayed treatment of
patients. It is predominantly a hereditary disease with a prevalence
of 1 per 40,000 people. In half of the cases, MEN syndrome occurs
sporadically and is caused by a new mutation in germ or somatic
cells. Aim: to improve diagnosis and differential diagnosis of diseas-
es that occur with hypertension, timely diagnosis and appropriate
treatment of patients. Materials and methods. We presented a case
of diagnosis, treatment and postoperative observation of a patient
with recurrence of Sipple syndrome. Results. A 44-year-old man
had main complaint of recurrences of hypertensive crises 9 years

after diagnosis and treatment for MEN 2A syndrome. A feature of
this clinical case was the differential diagnosis of diseases that occur
with hypertension to make the correct diagnosis. Conclusions. Pa-
tients with MEN syndrome after surgical treatment require careful
monitoring throughout life for timely diagnosis and treatment of
disease recurrence. Also, an important aspect is genetic examina-
tion of family members for the presence of RET proto-oncogene
mutations for the purpose of timely diagnosis and prevention of the
development of MEN syndrome.

Keywords: hypertension; multiple endocrine neoplasia; adrenal
glands; thyroid gland; pheochromocytoma; medullary thyroid can-
cer; diagnosis
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