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OcobnmBOCTI MOPYLLEHb
MPOOKCYOAHTHO-
AHTUOKCKYOAHTHOro GanaHcy

Yy XBOPWIX i3 OiabeTn4HO0
HegoponaTieto — HOCIIB

DISHX FEHOTWMIB MOSIIMOPI3MY
G894T reHa eNOS

Mera — BU3HAYUTU CTaH TIPOOKCUAAHTHO-AaHTUOKCUIAHTHOTO OajlaHCy y XBOPUX Ha
nykposuii aiaber 2 tuny 3 HedpoNaTiE-HOCIB Pi3HUX T€HOTHIIB HOJIMOPQIZMY
G894T (rs 1799983) rena eNOS.

Marepiamu ta meroau. O6cTesxeno 126 xpopux i3 giabernunoro Hedponariecio (JH).
Konrposbhy rpyny yreopeno i3 20 3poposux oci6. 3ajsexHo Bia nosiMopdnoro Bapi-
anra rs 1799983 rena eNOS xBopux Ha 1ykposuii giabet (LI/1) 2 Ty posaiiuiu Ha aBi
rpymu: | rpyma — Hocii rerotuny G/G nomimopdiamy G894T (rs 1799983) rena eNOS
(n=80); Il rpynma — nocii renotnmiB G/T 1 T/T (n=46).

Pesyasratu. Posnogin renotuniB nosimopdismy rs 1799983 rena eNOS Bianosinas
pisroBasi Xapi— BaiinGepra. AHasli3 JaHUX BUSIBUB CTATUCTUYHO 3HAUYIILY PI3HULIIO 32
YacTOTOIO TEHOTHINB 1 ajiesiell IoCTipKyBaHoro mosiMopdismy B rpymi xBopux Ha /IH
TOPIBHSHO 3 KOHTPOJIBHOIO TPYTIOIO, IO Bi/MIOBIZIA€ JOMIHAHTHIN MOJIEJIi yCIIaIKyBaHHST
(BigHomenns mancis 0,31 (95 % posipuwnii inrepsa 0,09—0,99), p=0,045). YcranosiaeHo
CTATUCTUYHO 3HAYYI BiZIMIHHOCTI 3a 4aCTOTOIO TEHOTWINB 1 ajeseil JOC/Ii/KyBaHoro
nosriMopdiaMy 3ase;kHo Bif cTaTi B Tpymi xBopux Ha [1/] 2 tumy 3 /IH: sxinku Mmasm 3HAIHO
Hwkanii pusuk renotuity G/ T, Hixk yostoBiku. [Ipu gocizizkeHHI TOTAIbHOT AaHTHOKCH/IAHT-
HOT aKTUBHOCTI BUSIBJIEHO CTATUCTUYHO 3HAYYTIO MEHIII 3HAYEHHS Y XBOPHX i3 TEHOTUIIOM
G/G nosimopdiamy 1s 1799983 rena eNOS nopisHsiHo 3 Hocisimu asniesist T (renorunm G/ T
+ T/T). ¥ xBopux Ha JIH-HociiB pizHux renorumnis nomiMopdismy rs 1799983 rena eNOS
PiBEHb TOTAIILHUX TiJIPOIIEPOKCU/IIB CYyTTEBO He BizipisHsices. XBopi va /] 2 tuny i3 TH
rOMO3UTOTHI Ta reteposuroThi Hocil azesist T nosimopdismy rs 1799983 rena eNOS masm
CTATUCTHYHO 3HAUYIIE THIBUILEHHS IPOOKCHIAHTHO-aHTHOKCH/IAHTHOTO GaJIaHCy.

BucnoBku. Y xsopux Ha /IH posnozxin renorunis nosimopdizmy G894T (rs 1799983)
rera eNOS Bianosinas pisrosasi Xapai — BaiiHOepra B ycixX JOCJIIZKEHUX Ipynax Ta
CYTTEBO He Bi/IPI3HABCS Bijl TAKOTO B €BPONEHCHKUX MOIMYJIAIISAX. Y YOJOBIKIB PUUK
HasBHOCTI TreHotuny G/T mnosimopdizmy G894T (rs 1799983) rena eNOS yrpuui
GiapImit, HiXK y JKiHOK (32 JOMIHAHTHOIO MOJIEJIJTIO YCTIaIKyBAHHSI BiIHOIIEHHS IAHCIB
0,41 (95 % nosipunti intepsan 0,20—0,83), p=0,013). ¥ nociis renorunis G/T i T/T
3apeeCTpyBaIM CTATUCTUYHO 3HAUYIe MiJIBUIIEHHS MPOOKCHIAHTHO-aHTUOKCUIAHT-
HOTO Ga/laHCy Ha TJIi 3MEHILIEHHs TOTAIbHOI AHTHOKCUIAHTHOI aKTUBHOCTI OPIBHIHO
3 nocistmu renoruny G/G (p <0,05).

Knto4osi cnosa:
LyKpoBUiA giabeT 2 Tmny, aiabeTnyHa Hedpponaris, eHaoTenianbHa CrMHTasa okcuay

agoty, reH eNOS.

pobiiema 6opotsbu 3 1ykposuM aiaberom (I1/1) € akryanbHOWO st
Cy4JacHOI METUIIUHMT Y 3B SI3KY 31 CTPIMKUM 3POCTAHHSIM 3aXBOPIOBAHOCTI
B ycboMmy cBiTi. Huni I/l — oje 3 Halinomupeninmx HeiHQeKIliiHuX 3aXB0-
PIOBaHb JIIOJMHU IICJST CeplieBO-CYIMHHOI Ta OHKOJIOTIYHOI IaTOJIOTiI, 110
MIPU3BOIUTD /10 iIHBAJIZIHOCTI Ta JIETAJTbHOTO HACTIIKY. 32 TaHUMU BcecBiTHBOI
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opranisariii OXOpoHU 3/I0POB’SA, MOIIHUPEHICTD Jlia-
6eTy cepell I0POCJIOr0 HaCeIeHHsI CBITY 3a OCTaHHI
10 pokiB 3pocia 3 4,7 1o 8,5%. lo 2040 p. mnpo-
THO3YIOTH 301JIbIIIEHHS KIJIBKOCTI TAKKUX XBOPHX 10
642 mutn oci6. Koxkni 13—15 pokiB KijgbKicTb oci0,
ski crpaxkaaoTb Ha /], moaBooetbes [13].

Haii6inpia Hebesneka I1/] nos’s3ana 3 yekiaj-
HEHHSIMH, 1[0 PO3BUBAIOTHCS Yepe3 Horo pyiHiBHUN
BIUIMB Ha APIOHI cyuHM. 3a JaHUMK Pi3HUX aBTO-
piB, piaberruna Hedponaria (JH) possuBacTbes
y 20—40 % namientTin i3 [1/] [3]. XpoHiuna HUpKOBa
naroJioris, a came /[H, npusBoanuTh 10 3HUKEHHS
KOpOoHapHOI (YHKIIi, PO3BUTKY TinepTpodii mio-
Kap/ia JIiBOTO ILIYHOUYKA Ta MiABUIIEHHS PU3UKY
Cepiio3HUX Kap/ioBaCKYJIAPHUX TOIN YHACJII0K
BIINBY PI3HUX TeMOJMHAMIYHUX YMHHUKIB [29,
37]. Oxkcumantuuii crpec (OC), gaxuii Tpu3Bo-
JIUTh 10 TATOJIOTIYHUX 3MiH Y TKAaHWHAX 1 OpraHax
JIIOINHH, Biflirpa€ BaXKJIMBY poJib y (pOpMyBaHHI Ta
MIPOTpeCcyBaHHI MAKPOCYIUHHUX 1 MiKPOCYAMHHUX
yekmagaaens npu 1] 2 tumy [5, 31].

3MiHa TOJIEPAHTHOCTI ZI0 TJIIOKO3H, TillepiHCYTi-
HeMis, TITIOKO30TOKCHYHICTB, TTiICUIIEHHS aBTOOKHC-
HEHHsI IJIIOKO3H Ta TIPUCKOPEHE TITIKO3yBaHHs Oi/IKiB
CIPUYUHAIOTh HU3KY PO3Ja/iB, 10 3YMOBJIOIOTH
possutok OC i3 nopyieHHsIM yHKILIT €HI0TeNi0
[11]. Topymuiennst Gamancy Mi TTPOOKCHAAHTAME
Ta CHUCTEMOI0 AaHTUOKCUIAHTHOTO 3aXHUCTY CYIIPO-
BOJUKYETHCS TCUJIEHHSAM MPOIECiB MMEPOKCHIATTIT
JIMTIIIB Ta 3MiHAMM SIKICHUX XapaKTePUCTHUK JIiIo-
IPOTEIHIB, 3aJy4eHUX Y PO3BUTOK aTE€POCKJIEPO3Y.
HacaigkoMm nmx mporieciB € eHjpoTesiagbHa J1c-
byHKIis, crierpdivHi 3MiHM Cy/IMH | PO3BUTOK liabe-
TUYHUX aHTionatiii, 3okpema /IH [34, 35]. Ocranmio
BITHOCATHh O MYJBTU(hAKTOPHUX TMMATOJOTTIHUX
CTaHIB 13 YNCJIEHHUMU JIAaHKaMU TTIaTorenesy [7, 24].
Cepen reHeTHYHUX TOTIMOPGI3MiB, TTOB’A3aHUX i3
PO3BUTKOM K HUPKOBOI, TaK i CepleBO-CYIUHHOI
[1aTOJIOT, BULJISIIOTH TE€HH, SIKI PeryJioioTh JIimij-
HUI 0OMiH, PE0JIOriYHi BIaCTUBOCTI KPOBI, 3aI1a/IbHi
peaxirii, aHTHOKCU/IAHTHY CHCTEMY, DpeHiH-aHTiOTeH-
3UH-AJTB/IOCTEPOHOBY CUCTEMY TOIIO [25].

Ycranosienns acoriarii moiMopdi3my TeHa i3
3aXBOPIOBAHHSIM Ta OIIHKA 1HIUBILYaJIbHOTO TeHE-
TUYHOTO PU3WKY MAfOTh BAKJIWBE 3HAYEHHS [T
PO3po0OKK inePeHITiHOBAHOTO X0y 0 IMPO-
(imakTikM i JiKyBaHHS 3a3HAYEHOI MATOJIOTI Ta
il yCKJIaZHEeHb 3a7eXKHO BiJl CIIQJIKOBOI CXUJIBHOCTI
naiienrta. Tomy ofHUM 13 HaOLIBI TIPOTPECUBHUX
HiX0/iB € po3pobKa cTparerii paHHbOI AIaTHOCTUKY,
MPOrHO3YBAHHSI Ta MPEBEHTUBHOI Teparlii XBopoou
3 BUKOPUCTAHHIM TeHeTUYHUX MapKepiB.

CyygacHi HOCTiKeHHS 3 BUSBICHHS T€HETUIHOI
JgeTepMiHoBaHocTi 6araToakTOPHUX 3aXBOPIO-
BaHb, Takux sk [[H, rpyHTyIOTbCSI Ha BU3HAUEHHI
noiMopHUX BapiaHTiB reHiB, GIJIKOBI MPOLYKTH

eKcIpecil IKUX MOTEHIIHHO 6epyTh y4acThb y maTo-
reHesi JOCTIIXKYBAaHOTO 3aXBOptoBaHHA. ONHUM i3
TaKUX MPOAYKTiB € okcuz azoty (NO), axuii Bifirpae
BKJIMBY POJIb y PeryJisilii GyHKIIOHATBHOTO CTaHY
€HJIOTEJITO Ta CYJTMHHOTO TOHYCY, 30KpeMa y XBOPHUX
na II/1 [10, 20, 36].

Ilicns BIAKpUTTS reHa eHJ0TeN iaabHOl CUHTa3U
NO (eNOS) tpuBae mnomuryk acorriaiiii BapiaHTiB
fioro mosrimopdiamy y xBopux Ha I1/] 2 Tumy 3 Hup-
KOBOIO Ta Cy[MHHOIO marosorier. [oBeneHo, 1o
Monudikarisg momiMopdizmy rera eNOS3 1oB’13aHa
3 OC [16]. BuBueHo Ta J0BeIEeHO POJb MOJIMOP-
dismy rerna eNOS3 (Glu298 Asp) y posBuTKy
EHJIOTeNMH-3aIesKHUX CYJAMHHUX YCKIajHeHb [15].
[Momimopdism G89AT (Glu298Asp, rs1799983)
rera eNOS 3ymoBioe 3aminy B 894 mo3uiiii B eK30-
Hi 7 TyaHiHy Ha TUMIiH, IO CHPUYNHSE 3aMiHy B 298
no3uttii epmenty NO-cuHTa3m TIyTaMiny Ha acra-
pariH i, Bi[IOBIIHO, 3HIKEHHsT Ga3aJIbHOT IIPOLYKIIii
NO [19] ynacaigok nopyieHss nigaxy L-aprinia/
NO [12] ta MoKe BitirpaBaTH TIEBHY POJIb Y PO3BHUT-
ky JH [40]. Pesynsratu mnociikeHb, MOB'sSI3aHi
3 BrumBoOM TiosiMopdismy reHa eNOS G894T na
cxunbHicTb 710 [IH Ta ii mporpecyBanHs, € cynepey-
JINBUMH, 10 MO’Ke TTOSICHIOBATHCS BIIMIiHHOCTSIMU
3a po3MipoM BUOIPKH, eTHIYHOIO IIPUHAIEKHICTIO Ta
KpUTepiaMu 3anydenss |2, 8, 22, 23, 28, 39].

Mera qoCHiKEeHHSI — BUSHAYUTU CTaH IPOOKCH-
JIaHTHO-aHTHOKCU/IAHTHOTO OaJaHCy Y XBOPHUX Ha
IyKpOBHii iabeT 2 Triy 3 He(poIaTien-HoCiTB pis-
HUX reHotutiB moiMopdizmy G894T (rs1799983)
rera eNOS.

Marepianu Ta MeTOIU

[locmimxenHs mpoBeeHo v Biamiai mpodimakTu-
KU Ta JIiKyBaHHST XBOPOO HUPOK MTPU KOMOPOIAHUX
craHax Ha 0asi KJIHIYHOTO Bi/UIiIeHHsT TinepTeHsiit
i 3axBoptoBanb HUPOK /Y «HarmionanbHuii iHCTH-
TyT Tepamii imeni JI. T. Mamoi HAMH VYkpainn»,
GioxiMiuHi Ta iMyHO(DEpPMEHTHI JOCII/KEHHS —
y J1abopatopii iIMyHHO-6I0XIMIYHUX Ta MOJIEKYJISP-
HO-TEHEeTUYHUX JOCJII/I3KEeHb.

HocnijskeHHss BUKOHAHI 3 JIOTPUMAHHSM MiXK-
HAPOJIHKUX CTAHAAPTIB MO0 y4YacTi 0OCTEKEHUX,
€TUYHOI CKJIA/I0BOI BUKOHAHHSI JIOCJI/KEHD Ta B3SITTSI
Giomarepiasty. XBOPI, SIKi B3sUIH y9acThb Y TOCIKEHHI,
miamcany iHopMOBaHY 3roly HA YIacTh Y HbOMY.
ocuipkeHHs BUKOHAHI 3 JIOTPUMaHHSIM OCHOBHUX
nmosioskeHb «[IpaBun eTMYHUX TPUHITUIIB TPOBE-
JIeHHS HAyKOBUX MEIUYHUX JIOCJI/IKEHb 32 Y4acTIO
JIOJIMHU, 3aTBEPIzKeHUX [e/IbCIHCHKOIO JIeKIapalli€io
(1964—2013), ICH GCP (1996), mupextusu €EC
Ne609 Big 24.11.1986 p., makazis MOJ3 ¥Ykpaiam
Ne 690 Bizx 23.09.2009 p., Ne 616 Bizx 03.08.2012 p.

Obcrexeno 126 xsopux Ha /IH, 1o nepebysa-
au Ha JjikyBanHi B kiiHimi Y <«Hamionanbauit
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iHcrutyT Tepanii imeni JI. T. Mamoi HAMH Yxpaiams.
KonTposibHy Tpymy yTBOpeHO i3 20 3710poBHX 0Ci0.

JliarHOo3 <«XpoHiuHa XBOpPOOa HUPOK» YCTAHOB-
JIIOBABCS 3TiJIHO 3 Kjaacudikalliero, MPUHSTOI Ha
V1 Hamionanpnomy 3’3z HedposoTiB  YKpainu
15.09.21 p. [1] ra pexomenariisimu Kidney Disease:
Improving Global Outcomes (KDIGO) 2022 p.
[17]. Jnsa BusHaueHHs CTail 3aXBOPIOBAHHS PO3-
PaxoByBaJM IIBU/IKICTH KIYOOUKOBOI (bibrpartii
3a popmysiotro CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration). @opmy.ia BpaxoBye
piBeHb KpeaTHHiIHYy B CUPOBATIIi KPOBI, pacy, cTaTh
Ta BiK 00CTEKEHOTO.

Kputepismu 3amyueHHs NMaIi€HTIB Y TOCTIKEH-
Hs Oysm: HasiBHicTh IIJI 2 Tumy Ta mignucaHHs
iH(OpPMOBaHOI 3TO/IN HA YYACTh Y AOCTI/IZKEHH], KPU-
TepisMu BUIy4YeHHS — BiK < 18 pokiB, BariTHiCTb,
HagBHICTB gekomIieHcaitii [T/1, nepsunrnoOi maTosorii
HUPOK (cedokam'siHa XBOopoOa, iH(EKIIil BUBITHIX
HIJISIXIB, YPO/KEeHI aHOMaJIil HUPOK), TepMiHAJIbHA
CTaJlid HUPKOBOI HEJOCTATHOCTI, THKKI 3aXBOPIO-
BaHHS TIEYiHKHU, 3JI0SKICHI HOBOYTBOPEHHS, 3aXBO-
PIOBaHHS CUCTEMH KPOBI, BiICYTHiCTD iH(OpMOBaHOI
3TO/IN HA yYacTh Y JOCJI;KeHHI.

[Lnan obcreskeHHs niepeabadaB: BUBYEHHS aHTPO-
HOMETPUYHUX IIOKA3HUKIB, JaO0PaTOPHI HOC/II HKEH-
HA (KJTIHIYHI aHaTi3u KPOBi Ta cedi), BU3HAYEHHS
(byHKITIOHATTBHOTO CTaHy HUPOK IILJISIXOM pPO3pa-
XYHKY HIBHIKOCTI KJayOouKoBoi (ibrpaitii 3a ¢op-
mysioro CKD-EPI [31], anpOyminypii, mapameTpis
BYTJIEBOJIHOTO OOMIiHY Ta JIIITHOTO CIIEKTPa KPOBi,
esiekTpokapaiorpadiio, exokapaiorpadiio.

Jluist ipoBeier st GioXiMIYHMX TOCTIIZKEHD Opajin
BEHO3HY KPOB BpAHIl HATIE, BiIOKPEMJIIOBAJIN
CUPOBATKY HMEeHTPU(PYTYBaHHAM, 3pa3K1 CHPOBATKHI
3aMoposkyBasin 3a Temiepatypu —80 °C.

ITpooKCHAAHTHO-aHTHOKCUAAHTHIIT ~HasaHc
(ITAB) cupoBaTku KpoBi PO3PaXOBYBIU SIK CITiB-
BIJIHOILIEHHSI BMICTY TOTAJbHUX TiJIPOIIEPOKCU/IIB
(TTII) y xpoBi I TOTATBHOI AHTUOKCUAAHTHOI
aktuBHOCTI (TAA) [29]. Bmict TTTI Busnavamm kosto-
PUMETPUYHUM METOJIOM Y PEaKIlii 3 MepoKCUIA3010
XPOHY 3 BUKOPUCTAHHSIM sIK XPOMOTEHHOTO CyOCTpaTy
3,3',5,5"-TeTpaMeTHIIOEH3UIIHY JUT1IPOXIOPHLY.
Miamazon BumipioBanust — 5,0—1000,0 MrMOJIB/J1,
gyTuBicts — 5,0 MkMosib/ 1. PiBerb TAA — kouto-
PUMETPIUYHIM METO/IOM 32 PEAKITIEI0 3 TIEPCyIb(haToM
aMOHII0 3 Bukopucrauusm 3,3',5,5"-rerpamernnben-
3UJTIHY JIATIPOXJIOPHILY SIK XPOMOTEHHOTO CyOCTpATYy.
Hianazon BumipioBanas — 10,0—700,0 MmxMosib
TPOJIOKC-eKBiBasIeHT, 4y TaMBicTh — 10,0 MKMOIH TPO-
JIOKC-eKBiBaJIeHT. BUMipIOBaHHST OITTUYHOI ITIJIBHOCTI
MIPOBOIVIIN Ha HATTII BABTOMATHIHOMY iMyHO(DEPMEHT-
Homy anasizaTopi «Immunochem-2100» (CIITA).

3abip KpoOBi st MOJIEKYJISIPHO-TE€HETHYHUX
MOCJIKeHb 3IINCHIOBAJU 3 JIKTHOBOI BeHU

3 MIHIMAJTBHOIO TTEPETKKOI0 JUKTYTOM Y BaKyTali-
Hepu Vacutest 3 KIEDTA.

Jesokcupubonykieinosi kucioru (JIHK) Buinsa-
JI 3 KPOBI CTaHJIAPTHUM METOJIOM 13 BUKOPUCTAHHSIM
HaGopy pearentiB NeoPrep50 («Heoren», Ykpaina)
3riIHO 3 THCTPYKINE BUPOOHMKA. [eHOTUITyBaHHS
noiMopdiamy 1s1799983 rena eNOS mipoBoansm 3a
texnosorieio TagMan (asesb-criendivna rnosiMepas-
Ha JIAHITIOTOBA PEAKIIis 3 IETEKITIETO Pe3yJIBTaTy B PEKIU-
Mi peaJibHOTO Yacy ) i3 3acrocyBanHsaM Habopy Tag-Man
Fast Universal PCR Master Mix i TagMan SNP Assay
(Applied Biosystems, CIITA). Amruricikaitito 1po-
BOJIMJIN 32 JIONIOMOTOI0 CUCTEMU JIeTEeKIlii TTPOYKTIB
ToJIiMepa3HoI JIAHITIOTOBOI PEaKIlil B PEsKUMi peasibHOTO
yacy CFX96 Touch (BioRad, CIIIA). [lis anesbHol
JIMCKPUMIHAII BUKOPUCTOBYBAJIM TIPOrpaMHe 3a0€3-
neuerntst CFX Manager Software (CITTA).

CraTuCTUYHUN aHalli3 TeHeTUYHUX acolliallii
TIPOBOAINJIN 3 BUKOpUCTaHHAM miporpamu SNP Stats
[30]. s mopiBHSIHHSI BUSIBJIEHUX 1 OUYiKyBaHUX
4acTOT FeHOTHUITIB PO3PAXOBYBa/IX piBHOBAry Xap/i-
Baiin6epra 3a kpurepiem y 3 OIHUM CTYIIEHEM CBOOO-
1. 1151 OTiHKY PU3WKY, TIOB I3aHOTO 3 TIEBHIM aJieJieM
ab0 TeHOTUTIOM, PO3PAXOBYBAJIU BiIHOIIEHHSI TITAHCIB
(BIIT) i 95 % mosipunii intepsan (/II). Pozpaxyrok
BIII mpoBoanan BiAMOBIAHO 10 II'SATH BiIOMUX
MoJiesielt yeraaKyBaHHs (KOMOMIiHAHTHA, TOMIiHAHT-
Ha, PelleCUBHA, HAJIOMiHAHTHA 1 JIOT-aIUTUBHA).
HaitimoBipHiriry Moiesib 06rpasiu 3a iHpopMariinHum
kputepiem Akaike (AIC). Mozesnb i3 HalMeHITM 3Ha-
yernsaM AIC BBakasim HalOLIbII IMOBIPHOIO.

Craructuuny o6poOKY TPOBOIMIN 3 BUKOPHC-
TaHHsAM makeTiB porpam IBM SPSS Statistics 23.0.
[TepeBipKy HOPMaJBHOCTI PO3MOIITY ITOKA3HUKIB
3/1iicHIOBasIN 3a lontomMorolo Tecty larmipo — Yinka.
Pizauiio Mi>k rpynaMu B CYKYIHOCTSIX i3 HOp-
MaJIbHUM PO3TIO/IIJIOM BHU3HAYAIA 32 OMOMOTOIO
kputepito CThIOZIEHTa, y TPYIaX, sIKi He BiANOBiga-
JIU HOPMAJILHOMY PO3IOJIiJTY, KiJIbKICHI TTOKa3HUKU
B HE3B sI3aHKX BUGIPKAX IIOPIBHIOBAIN 32 JJOIIOMOTOIO
HelnapaMeTpuyHoro kpurepito Manna — Yitai. /lani
HaBEJICHO SIK cepeIHI0 apubMeTUIHY BeJIMYUHY Ta ii
ctanzaptHe Biaxuaenus (M + SD) 3a HopmaabHOTO
posnoziy manux abo sik memiany (Me) i MisKKBaH-
TUIIbHUIE ianazoH (Q25-Q75) 3a posnozity, BiqmiH-
HOTO Bijl HOPMaJTBHOTO. Pi3HMINO MiK 3HAYEHHSIMU
BBKAJIM CTATUCTUYHO 3HAUYIIOIO 32 PIBHS KPUTEPIIO
sragytocTi (p) <0,05.

PesyabraTi Ta 00rOBOPEHHS

Ananiz mapamerpis OC mokasas, 10 PO3BUTOK
HedponaTii y martienTis i3 IL/] 2 Tumy cymnpoBoKy-
€TBHCS CTATUCTUYHO 3HAUYTITUM 3HIDKeHHAM TAA Ha
Ti1i 3poctanns Bmicty TITI y kposi. Kpim Toro, mpu
JITH mae mictie 3raune nopymennd [TAD nopisagano
31 3mopoBuMu ocobamu (Tadi. 1).

YKPAIHCbKWUI TEPANEBTUYHUN XXYPHATT o Ne 3 o 2024



OPUTIHAJBbHI AOCIAXEHHA o ORIGINAL RESEARCH

Ta6nuus 1. MNokasHvky NAB NpookcKaaHTHO-aHTUOKCKMAAHTHOro 6anaHcy KPOoBi Y XBOPUX Ha LIyKPOBUI giabeT 2 Tuny

3 piabetndHoo Hedbponartieto (Me [Q1—Q3])

Moka3Huk OH (n=126) KoHTponbHa rpyna (n=20) p

TAA, MKMOINb TPOSTOKC-EKBIBANEHT 370,6 (211,1—424,2) 670,4 (520,6—784,8) <0,01
TIM, MkMonbs/n 132,9 (96,5—147,6) 98,4 (72,2—110,8) <0,05
MAB, ym. og. 0,35 (0,45—0,34) 0,15 (0,11—0,16) <0,01

Sk 3a3HaYEeHO BUIIE, OKUCHO-BITHOBHUI IIOTEHIIAT
BU3HAUYAETHCA SIK CITIBBIIHOIIEHHS MiK ITPOOKCU/IAHT-
HUMHU 1 aHTUOKCUIQHTHUMU areHTaMi. ¥ 1aToJIoriu-
HUX YMOB2X 11eli cTaH Mozke 3MiHoBarucs. Ha T rinep-
IUTiKeMil aKTUBYIOThCSI YUCJIEHH] TATOTeHeTUYHI TTIJISTXU
YTBOPEHHSI aKTUBHUX (hOPM KHUCHIO, TIPUCKOPIOETHCST
PO3BUTOK CYJMHHOTO 3allaJIeHHSI Ta eHJ0TeaIbHOL
TChYHKIII, TTT0 TTPU3BOIUTD /10 CTPIMKOTO BUCHAKEH-
HSI KOMIIEHCATOPHUX MEXaHi3MiB aHTHOKCUJIAHTHOTO
3aXMCTY 1 aKTUBAIlil OKCUIAHTHUX ITPOLECIB.

IIpoanamizoBaHo poO3MO/IiJ TEHOTUTIIB 1 ajesei
nomiMopdizmy 1s 1799983 rerna eNOS. CraTucTimato
3HAQUYIIICTh PI3HUII 32 PO3IMOIJIOM TEHOTHIIIB
i amenett momimopdizmy G894AT rema eNOS mixk
rpylaMyd XBOPUX Ta KOHTPOJIHOIO TPYIIOI0 OIli-
HIOBAJIN 32 KPUTEPIEM ¥’ 3 BUKOPUCTAHHIM MYJIb-
TUILTIKATUBHOI, 3arajibHOi Ta aJUTUBHOI (TecT
Koxpana — ApmiTtamka) Mozemeit.

Ak nokazasu pe3yJibraT MOJIEKYJISIPHO-TeHEeTHY-
HOTO JIOCJIJIZKEHHS, PO3IOJIJI TeHOTHUIIB MOJIMOP-
dismy 11799983 (G894 T, Glu298Asp) rena eNOS
BianoBinas pisHoBasi Xapji— BaitnOepra B ycix
nociprenux rpynax (xsopi Ha JIH — p= 0,78, koHT-
poubha rpymna — p = 0,15, saranbra Bubipka — p = 1,0).

Posnozisn rerorunis nosimopdizmy rs1799983
rena eNOS B obcTexennx rpymax xsopux Ha /[H 36i-
raBcst 3 TakuM y 6asi ganux 1000 Genomes Project
Phase 3 [14]: maxopuuii renotunt G/G — y 69,4 %
MAIliEHTIB (32 pe3yJbraTaMu HAIoro JOCJiKeH-
Hs — y 66,4 %), G/T —y 25,0 % (y 30,0 %), miHop-
nuit resorun T/T — y 4,6 % (y 3,5%).

AnaJi3 maHnX 3a JOTTOMOTOIO0 OHJIATH-TTPOTPaMU
SNPStats mpozieMOHCTPYBaB CTATUCTUYHO 3HAYYIILY
PI3HUINIO 32 YACTOTOIO TEHOTHUITIB 1 ajeseil noci-
JUKyBaHOTO TioJiiMopdiamy B TpyIi xBopux Ha JIH
MOPIBHSIHO 3 KOHTPOJILHOIO TPYIIOIO, 1110 Bi/IIIOBI/IA€
noMiHaHTHii Mozesti yenaakysanus (BIIT 0,31 (95 %
J110,09—0,99), p=10,045).

Y rpymi xBopux Ha I/l 2 tuny 3 /IH uyacrota
reroturniB G/T a6o T/T rena eNOS Gyna Brpudi
OIIBIIIOI0, HIXK Yy TPYIi KOHTPOJIO, MO JOBOIUTDH
BILINB T-asiesisd Ha PO3BUTOK 3aXBOPIOBAHHS.

3 orJisiy Ha 0cOGIMBOCTI B PEryJisiiiii MeTaboIid-
HUX TIPOIECIB 3aJI€KHO BiJl CTaTi IPOBEJEHO JIOCJTi-
JUKEHHST PO3IIOJILTY YaCTOT aJle/IbHUX BapiaHTIB i TeHO-
TuniB osiMopdizmy rs 1799983 rena eNOS y xBopux
Ha [1/] 2 Tury B 90JI0BIKiB Ta kiHOK (Tabu. 2, 3).

Anai3 maHux 3a IOMOMOTOI0 OHJIANH MPOTPaMu
SNPStats BUsSIBUB CTaTHCTHYHO 3HAYYIIT PO36i;KHOC-
Ti 32 YaCTOTOIO TEHOTUIIIB 1 aJiesielt 0CIiIKyBaHOTO
nosimMopdismy B rpymi xBopux Ha LI/] 2 tuny 3 /1H:
SKIHKY MaJTi 3HAYHO HISKYUH pusnk renotuny G/ T
nomimopdizmy 1s1799983 rena eNOS 3a kojo-
MiHAaHTHOIO MOJIEJITIO YCHAAKyBaHHS, TE€HOTUIIIB
G/T i T/T — 3a TOMIHAaHTHOIO MOJIEJIJITO, TEHOTH-
my G/T — 3a HaJIOMiHAHTHOTO i JIOT-a/INTHBHOIO
Moze/to (aus. Tabu. 3).

3 Oy HAa OTPUMAaHi Pe3yabTaTH, IIPoaHai30-
BaHO PU3UK HASIBHOCTI TIOTEHITIHO HECTTPUSTIUBUX
renorumiB G/T i T/T y xsopux na /[H pisnoi crati
(Tabu. 4). YcTaHOBJIEHO, 1110 YOJIOBIYA CTaTh yTPUUi
migBUIye pusnk HociiictBa reHotuny G/T modi-
Mopdizmy rs 1799983 rena eNOS.

i xpaioro po3yMiHHA MeXaHi3MiB acoltiailii
nonimopdismy rs 1799983 rerna eNOS 3 ocHOBHUMU
nmokazuukamu [TADB, a Takox i3 po3BUTKOM Ta MMpo-
rpecyBanHHAM JIH XBopux po3nofiuiam Ha rpynu
3TiTHO 3 TOMIHAHTHOTIO MOJIEJLITIO YCIIaKyBAHHS:

I rpyna — nocii renotunty G/G nosiMmopdizmy
G894T (rs1799983) rera eNOS (n =80);

IT rpynia — nocii renotunis G/T i T/T noui-
Mopdizmy G894T (rs 1799983) rerna eNOS (n = 46).

IIpoanasizoBano ocHoBHiI mapamerpu ITADB
y namienTis i3 /IH y 3asnadenux rpynax (tabu. 5).

IIpn nocmimxenni TAA BUSBIEHO CTaTUCTUIHO
3HAYYIIO MEHTIT 3HAUE€HHS IThOTO TTapaMeTpa y XBOPUX

Ta6nuus 2. Poanopin anenei nonimopdiamy reHa eNOS 3anexxHo Big cTarti, %

FeHoTun Anenb
CraTtb
G/G G/T T/T G T
YonoBikK (N = 56) 53,6 429 35 75,0 25,0
JKiHkK (n=90) 74,4 22,2 3,4 86,0 14,0
3aranbHa Bunbipka 66,4 30,2 3,4 82,0 18,0
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Ta6bnuua 3. MNonimopdoiam reHa eNOS 3anexxHo Bif cTaTi

Mopensb Honosiku XiHkn o
yCnaaKyBaHHs leHoTun (n=56) (n=90) BLU (95 % Al) p IKA BIK
G/G 30 (53,6 %) 67 (74,4 %) 1
KopgomiHaHTHa G/T 24 (42,9 %) 20 (22,2 %) 0,38 (0,18—0,81) 0,039 195,2 207,1
T/T 2(3,6%) 3(3,3%) 0,67(0,11—4,21)
) G/G 30 (53,6 %) 67 (74,4 %) 1
[omiHaHTHa 0,013 193,5 202,5
G/T-T/T 26 (46,4 %) 23 (25,6 %) 0,41 (0,20—0,83)
G/G-G/T 54 (96,4 %) 87 (96,7 %) 1
PeuecursHa 0,92 199,7 208,6
T/ 2(3,6%) 3(3,3%) 0,91 (0,15—5,64)
] G/G-T/T 32 (57,1 %) 70 (77,8 %) 1
HapnomiHaHTHa 0,012 193,4 202,3
G/T 24 (42,9 %) 20 (22,2 %) 0,39 (0,19—0,82)
Jlor-agutneBHa - - - 0,51 (0,28—0,95) 0,031 195,0 204,0

Mpumitka. IKA — iHdpopmauinHuii kpuTepih Akaike; BIK — bariecis iHdhopmaLinH1iA KpUTepiia.

Tabnuua 4. BigHolLUeHHs LaHciB HocincTBa
pigHMX reHoTunie reHa eNOS B 3anexHo Big cTari
y XBOPWX Ha AiabeTnyHy Hedoponarito

Yonosiku XiHKu

Monimopcdpizm (n=50) (n=76) BLU (95 %)
G/G 24 56 1

GIT 24 18 0,32 (0,15—0,70)*
T 2 2 0,43 (0,06—3,22)

MpumiTka. * PisHnua ctatmcTnyHo 3Hadylla (p < 0,05).

i3 renotuniom G/G mosimopdizmy 151799983 rena
eNOS nopiBHsiHO 3 Hociamu asesst T (reHoTunu
G/T + T/T) (nuB. Tabu. 5).

[l BU3HAUYEHHS TPOOKCUAAHTHOI aKTHUBHOCTI
KpoBi naiienTiB i3 I1/] 3 ypaskeHHIM HUPOK J10CJIi-
mxyBanu piBedb TTTI. YcranoBiieHO, 110 y HOCIIB
pizanx renotumiB nosiMopdiamy 151799983 rena
eNOS 1eil MOKa3HUK CYTTEBO He BiJPi3HABCS
(p>0,05) (nuB. Tab. 5).

Y xBopux Ha I1/] 2 THITY TOMO3UTOTHUX i TETEPO-
3UTOTHMX HOCIiB asiesist T 3apeecTpoBaHO CTAaTUCTHY-
Ho 3Hauye migBunieHHsd [IAD nmopiBHsIHO 3 HOCisSIMU
resoruny G/G rena eNOS (p <0,05) (auB. Tabir. 5).

[ani moz0 3B’13Ky Mix nogiMopdizsmom G894T
rena eNOS Tta Bmictom NO y cupoBatiii Kposi
cynepeunuBi. Tak, 3a pe3yJbraTaMu JOCTIKEHHS
R.G. Dias ta cmiBasrt. [6], renotun T/T momsimop-
dismy G894T rena eNOS 3ymoBItoe 30i/bIIEHHS
ITPOTEOJIITUYHOI AaKTUBHOCTI €HI0TeJaTbHUX K TUH,

110 MPU3BOJUTD /IO 3HUKEHHS PiBHST (DYHKIIIOHAJIb-
Hoi eNOS Tta 3menmenng piBasg NO. AL E. Atay Ta
CITiBaBT. [4] TIPOZIEMOHCTPYBAH, 1O B TMAIlIE€HTIB-
HociiB T-amens wommentpaitis NO HIK4YA, HiXK
B 0cCi0, gKki MalOTb TOMO3WTOTHUN JIOMiHAHTHUI
rerotunt G/G. 3a manumu M.N. Sakar Ta criBabr.
[27], oco6u 3 T /T-renoruriom rs 1799983 rera eNOS
MAalOTh CTATUCTUYHO HILKYMH piBeHb NO mopiBHAHO
3 ocobamu 3 resorunamu G/G abo G/T (p<0,05).
e miaTBEp/IZKYETHCS ACOTIAIIIETO MyTAHTHOTO AJIeJIst
T 3 eanotenianbHO0 MuchyHkIieo [21]. X. L. Wang
i CIiBaBT. TIOKA3aJM 3HILKEHHS aKTUBHOCTI dep-
menty eNOS 1o 80 % 3a nasisHocti renotury T/T
nosrimopdiamy G894T rena eNOS [38], mo moxe
OyTH PE3yJILTATOM IiABHUIIEHOT CIPUNHHSATINBOCTI
110 postieruiersst 6iika eNOS y nociis amess T [32].
¥ xBopux Ha [T/l TakoXK 1MPOIeMOHCTPOBAHO 3HAUHO
HUKYNI piBeHb cuposatkoBoro NO [2].

OnHak, Jesiki gocaigauku, Hanpukiaa A. M. Mac-
kawy Ta criBaBT., OTpHUMAJIH TPOTUIIEKH] PE3YJIBTa-
Tu. Bonu BcranoBuiwm, 1o asesb T nosimopdizmy
G894T rena eNOS acorifioBana 3 MiABUIEHIM
BMICTOM HITPATiB Y 1171a3Mi KpoBi [ 18]. It aBropu He
BUSABIJIN KOHOTO (DYHKITIOHATBHOTO e(heKTy 1IHOTO
OJTHOHYKJIEOTU/THOTO Ttos1iMopdismy [9, 26].

Taxum ymHOM, TTOIAJIBIITI JOCTi/PKeHHST acoIiialii
MOKa3HUKIB aHTHOKCUIAHTHOTO GaJIaHCy Y XBOPHUX i3
fiabeTHYHUM yPaskeHHSIM HUPOK € aKTYaJIbHUMU Ta
HeOOXiIHUMU, 0COOJIMBO B KOHTEKCTI IMHAMIKH ITi/1
BILTTBOM KOMTLTIEKCHOI (hapMaKOJIOTIUHOI Teparrii.

Ta6bnuus 5. [Noka3HNKM NPOOKCUAAHTHO-aHTUOKCHMAAHTHOrO BanaHcy KpoBi Y XBOPUX Ha LyKPOBUIA diabeT 2 Tiny
3 piabeTn4HoO HedbponaTieto 3anexxHo Bia reHotuny (Me [Q1—Q3])

Moka3Huk G/G (n=80) G/T+T/T (n=46) p

TAA, MKMOSb TPOSOKC-EKBIBANEHT 405,26 [305,05—473,69] 363,02 [304,87—459,26] <0,05
TIM, MKMONb/N 105,93 [96,19—126,29] 102,89 [93,41—126,90] >0,05
MAB, ym. of. 0,23 [0,20—0,36] 0,29 [0,24—0,37] <0,05
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yTpuui Gijabimuii, HiK y KiHOK (3a JOMiHAHT-
HOO Mojesutio yeraakysanus BIIT 0,41 (95% 11
0,20—0,83), p=0,013).

Y nociiB renotunis G/T i T/T nosaimopdizmy

BucHoBku

¥ xBopux Ha /IH posmnozin reHoTuIiB mosimMmop-
bismy G894T (rs1799983) rena eNOS Bianosinae
piBHOBa3i Xapui-BaitnGepra B ycix pociizKeHnX

rpynax Ta CyTTEBO He BiJ[PI3HSETHCS BiJl TaKOro
B €BPONEHCHKUX MOTYJISITSX.

Y wosnosikiB pusuk HasBHOCTI Tenotuny G/T

nomimopdizmy G894T (rs1799983) rena eNOS

Konghnixmy inmepecie nemae.

rs1799983 rema eNOS crioctepiraeTbcs cratmc-
TuyHO 3Hauylle migBuieHHs [TADB na Tai 3men-
menas TAA, mopisugHo 3 Hocisimu renotuny G/G
(p<0,05).

Yuacmo asmopis: xonuenyis i ousaiin docaioncenns — A. O. H.; 36ip mamepiany — B. FO.T.;
onpayposanns mamepiany — II. C. C.; cmamucmuuna obpoora danux — K. O. C.;
nanucanmnsi mexcmy — K. O. C., B.JL I11.
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A.O. Nesen, P.S. Semenovykh, K. O. Savicheva, V.Y. Galchinska, V. L. Shkapo
GI «L. T. Mala National Therapy Institute of NAMS of Ukraine», Kharkiv

Features of prooxidant/antioxidant balance disorders in patients
with diabetic nephropathy — carriers of different genotypes of G894T
polymorphism of eNOS gene

Objective — to determinate the state of prooxidant-antioxidant balance in patients with type 2 diabetes mellitus with
nephropathy — carriers of different genotypes of G894T (rs 1799983) polymorphism of eNOS gene.

Materials and methods. 126 patients with diabetic nephropathy (DN) were examined. The control group included 20
healthy individuals. Patients with type 2 diabetes mellitus (DM) were divided into two groups depending on the eNOS
rs 1799983 gene polymorphism: group I — patients with DN and G/G genotype eNOS G894T gene (n=80); group IT —
patients with DN and G/T and T/T genotypes eNOS G894T gene (n =46).

Results. The distribution of genotypes of the rs1799983 polymorphism of the eNOS gene corresponded to the Hardy-
Weinberg equilibrium. Data analysis demonstrated a significant difference in the frequency of occurrence of genotypes and
alleles of the studied polymorphism in the group of patients with DN compared with controls, which corresponds to the
dominant model of inheritance (odds ratio 0.31 (95 % confidence interval 0.09—0.99), p=0.045). There were significant
gender differences in the frequency of genotypes and alleles of the studied polymorphism in the group of patients with type
2 DM with DN: women had a significantly lower risk of the G/T polymorphism genotype than men. The study of total
antioxidant activity (TAA) revealed significantly lower values of this parameter in patients with G/G genotype of the
rs1799983 polymorphism of the eNOS gene compared to carriers of the T allele (G/T+T/T genotypes). In diabetic patients
with different genotypes of the rs1799983 polymorphism of the eNOS gene, the levels of total hydroperoxides (THP) did
not differ significantly. Homozygous and heterozygous carriers of the T allele of the rs1799983 polymorphism of the eNOS
gene had a significant increase in the prooxidant-antioxidant balance.

Conclusions. In patients with DN, the distribution of genotypes of the G894T polymorphism (rs 1799983) of the eNOS
gene corresponds to the Hardy-Weinberg equilibrium in all studied groups and does not differ significantly from European
populations. In men, the risk of having a heterozygous G/T genotype of the G894T (rs 1799983) polymorphism of the eNOS
gene is 3 times higher than in women (according to the dominant model of inheritance, odds ratio 0.41 (95 % confidence interval
0.20—0.83), p=0.013). In carriers of G/T and T/T genotypes, a significant increase in prooxidant-antioxidant balance was
observed against the background of a decrease in total antioxidant activity, compared with carriers of G/G genotype (p <0.05).

Keywords: type 2 diabetes mellitus, diabetic nephropathy, endothelial nitric oxide synthase, eNOS gene.
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EcbeKTVBHICTE QiIKCOBaHOI
KOMOIHaLLl emnarmidono3nHy

Ta METCOOPMIHY 1A SHVKEHHS
CEepLEBO-CYOMHHOIO PUSUKY

Y XBOPWX I3 HEKOHTPOIbOBAHOO
apTepIasibHOKO MNePTEHSIEID Ta
OEKOMMEHCOBAHUM LIYKPOBWM
niabetom 2 tuny

Mera — BuBuuTH edeKTUBHICTh (HiKcOBaHOI KOMOiHAII eMIaraidhio3uHy Ta Mer-
dhopMiHy /JIsT BHUIKEHHST CEePIIEeBO-CYJMHHOTO PUBUKY Y XBOPUX i3 HEKOHTPOJbHOBA-
HOIO apTepiaabHoIio Timeprensieio (AT) Ta IeKOMIEHCOBAHUM IyKPOBUM JiabeTOM

(ILT) 2 Tumy.

Marepiamu ta Mmeroau. Ob6creskero 36 mamienTiB i3 HekoHTpoaboBaHoio Al Ta
nexommencosanum IIJ[ 2 Tumy Bikom Bim 45 mo 60 pokis. /o 3amydeHHsa B TOCITi-
JUKEHHS BCI XBOPI OTPUMYBAJIM CTaHAAPTHY aHTUTiepTeH3uBHy (iHTi6iTOp aHrioTen-
suHIEepeTBopioBasbHOr0 hepmenty (1IAIID) abo 610KaTOP PEIENTOPIB aHTIOTEH3U-
uy 11 (BPAII) y noennanni 3 6J0KaTopoM KaJbI[i€BUX KAaHAMIB i Tia3uaomoaiOHIM
JiYyPETHKOM), IIYKPO3HUKYBaIbHY (MeT(hOpMiH) Ta TinoimnigemMiuny (aTopBacTaTiH)
tepanio. OaHak 1iThoBUX piBHIB aprepiambHoro tucky (AT), riaikoBanoro remo-
rnobiny (HbA1c¢) i ainigis He mocsruyro. Ilicjas nmepBUHHOIO OGCTEKEHHS BCIM
XBOPUM Npu3HaueHOo (hikcoBaHy KoMOiHaLi0 eMmiaraidhiozuty i merhopminy B 1031
12,5 mr/1000 mr 1—2 pasu Ha 706y Ta MPOAOBKEHO AaHTUTIEPTEH3UBHY Ta IiloJiTi-
nemiuny Tepariio. IToBropre obcrexents mposeaeHo deped 20 Tk, CTaTucTHIHUI
aHaJli3 OTPUMAHUX JaHUX IIPOBEIEHO 3a JAOIIOMOro0 CTaHAAPTHUX METOMIB i3 3acTo-
CyBaHHsIM TaKeTiB NpuKIagHux mporpam Microsoft Excel 7,0 Ta SPSS 19.0.

Pesyabratu. IlepeBesienHst XBopux i3 HeeeKTHBHOI I[yKPO3HIIKYBAJIbHOI Teparii
Ha (QikcoBany koMmbinaiiio emmaraiaosuny i MeTdOpMiHy Ha T CTaHZapTHOI
AHTHUTINTEPTEH3WBHOI Ta TIMOJIMiZIeMiYHOl Teparii [ajJ0 3MOTY IOCSTTH IiJIbOBOTO
pisust HbA1c y kposi y 69 % xBopux, AT — y 64 %. Yacrora TOCATHEHHS 11IbOBUX
pisais AT y miarpymi xBopux, gki orpumysaimun BPAII, 6yma cratucTudno 3Ha-
YyIIO BUINA, HIXK y MArpymi xBopux, siki orpumysaiu iAIID. TIposenenns 3a3ua-
YeHOI Teparii CIPUsIO CTATUCTUYHO 3HAUYIIOMY 3MEHIIIEHHIO MACH Tijia, OCSATHEeH-
HIO IIJTbOBUX PiBHIB XOJIECTEPUHY JIITIONPOTEIHIB HU3bKOI I'YCTUHU 1 XOJECTEPUHY
He-JITONPOTEIHIB BUCOKOI TYCTHHY B KPOBi OijIbllle HisK Y TPETUHYM XBOPUX Ta 3HU-
JKEHHIO0 BUPA3HOCTI aibOyMiHypii B yacTUHY XBOPUX. AlIpoOOBaHa Tepalis B iJIOMY
BHIIKYBaJa CEPLUEBO-CYAMHHUN PUBKK 1 He BUKJIMKAA ITOOIYHUX e(DEKTIB, AKi MOTJIN
[PU3BECTH /IO IPUITNHEHHS JIIKYBaHHS.

Bucunoeku. DikcoBana xkoMmGiHaiist emuaraihaosuny it MerdopMminy Ha Tii cTaH-
JIApTHOI aHTUTIEPTEH3UBHOI Ta TilOJiNifeMiyHol Teparii y MallieHTiB i3 HEKOH-
tpospoBaroo Al i gexommnencoBanuMm I[[/[ 2 tumy cnpusiia mocsaruennio y mepe-
BaykHOI Giiburocti marienTis uiibosux pisHis HbAlc y xposi it AT, 3HuKeHHIO
Macu Tijia, TO3UTUBHUM 3MiHaM MOKA3HUKIB JIiAHOrO 0OMiHy i (DYHKIT HUPOK Ta
IIPOJIEMOHCTPYBAJIa MOKJIMBICTD CYyTTEBOTO 3MEHIIIEHHS CEPIIEBO-CYAMHHOTO PUBHKY.
Bussieno Ginbuie sumkents AT y pasi noeaHanHst (pikcoBanoi KoMmOGiHalii emmna-
raidosuny i merdopminy 3 BPAII nopisustro 3 iATID y 1iei kateropii XBopux.
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prepiasbHa rineprensis (AT) i iykpoBwuii giaber

(I1T) 2 Tutry — 11€ emiieMioNIoTiuHo Ta ITaTorexHe-
TUYHO TiCHO TIOB’sI3aHi 3aXBOPIOBAHHS, K1 HAJTEKATh
J10 HAMTIOUPEHI X HeiH(beKIIHHIX XBOpoO y CBiTi
[27, 28]. 3a manumu JiTepaTypH, Y ZOPOCTUX TOITY-
sstisix 111 2 turmy po3BuBaeThes B 2,5 pasy yacritie
cepen xBopux Ha AT, Hix cepest 0cib 3 HOpMATLHIM
aptepianbHuM TCKOM (AT) [20]. YeTanosseno, 1o
nepebir sik AT tak i I/ 2 tumy, 3Haudo noripiiry-
€TbCSI TIPU TIOEJHAHHI 1UX 3axBopioBaHb [20, 27,
28]. IIpu komopbiaromy mepebiry AT i IIJ] 2 Tumy,
0co0IMBO B pasi JeKoMIeHcallil BYTJIEBOJHOTO
0OMiHy, rifepreHsisi B OLIBIIOCTI XBOPUX HAOyBae
HEKOHTPOJIbOBAHOTO Ta PE3UCTEHTHOTO XapaKTepy,
PO3BHUBAIOTHCS BUPA3Hi MOPYIIEHHsI JITTiTHOTO 00Mi-
Hy, aTEPOCKJIEPO3, iTlleMiuHa XBOpoOa cepiis, cepiieBa
nenocratHicth (CH) 1 ypakennsa aupox [3, 20, 33].
Y 6isbinocti xBopux moeaHanust AT i [T 2 tuy crio-
cTepiraeThes Ha TJ1i HajmmmmTkoBoi Mac Tima (HMT)
ta abaominaabpHoro oxkupinis (AO), 110 IPUCKOPIOE
(opMyBaHHS cepiieBO-CYAMHHUX ypakeHb [27, 28].

ITpobsema AT ta I/ 2 TuIy € akTyaJbHOIO JJIst
Ykpainu. B ymoBax BiliHM 4acToTa i TSIKKICTH 1IUX
3aXBOPIOBAaHb Ta iX TOEIHAHOTO Tiepebiry 3HauHO
36inbImmmcs [4, 6].

3 OrJIsALy Ha TIPOTHOCTUYHO HECTIPUSTINBUI TIepe-
6ir AT'i I1/] 2 tumy TpuBa€ MoIyK HaiieheK THBHIIIX
MIXOZIIB /10 JIKYBaHH 1IUX 3aXBOPIOBaHb |3, 27, 28].
OmanM i3 TPUHIATIOBO HOBUX HATIPSAMIB JIKYBaHHS
/T 2 tumy, Axuii BUSBUBCA IysKe MEPCHEKTUBHUM
TakoXk 3a noexHaHoro nepebiry AT i IIJ] 2 rtwmy,
€ 3aCTOCYBaHHsI iHTI0ITOPIB HATPIN3a/Ie;KHOTO KOTPaH-
cnioptepa rmoko3n-2 (iIH3KTI-2) — 1mykposnamky-
BAJIbHUX TIpeNapaTiB 3 YHIKATbHUM TJIIOKO3yPUYHUM
MexaHi3MoM fii [2, 28], fAKi, 3TifiHO i3 CydyacHUMH
PEKOMEHIAITISIMU, BIZTHECEHO /10 KJIIOUOBHX TIpeTiapaTis
y mikyBanni 11/] 2 tumy, a y mamienTis i3 11/] 2 tumry
Ta Jy’Ke BHCOKUM CEpIEeBO-CYIUHHUM PUIUKOM
PEKOMEH/IOBaHI SK MpenapaTh «Iepiioi Jinii» [15,
28, 35]. Ilpenaparu 1Hi€l rpyIu MPOEMOHCTPYBAIH
3/ATHICTD rasbMyBat mporpecyBanng CH nesanex-
HO BiJ (bpakiiii BUKUIY JIBOTO NIJIYHOUKA, & TAaKOXK
XPOHIYHOI HUPKOBOI HEJIOCTATHOCTI y XBOPUX K 13
fiabeToM, Tak i 6e3 TaKoro, TOMy PEKOMEH/I0BaHi pu
[UX 3aXBOPIOBAHHSIX SIK IIperapary <Ieploi JiHil»
[19,21,27—29]. [ly:Xe BAKIUBUMU <HEITYKPO3ZHIKY -
BasmpHUMEY BiacTuBocTamMu iH3KTI-2 € sammwkenns
MacH Tijia, TIABUINEHHSI OCMOTHUYHOTO Jiype3y Ta
HaTpiitypesy, 3HMKeHH: apTepiasbHoro THCKY (AT),
CEYOBOI KUCJIOTH KPOBi i ambOyMiHYpii y XBOpHX
Ha /T 2 tuny sx i3 AT Tak i 6e3 Hei, 0co6/MBO Ha
i HMT i AO, ripo 1110 cBifgath pe3yisraTi HUSKU
JIOCTIKeHb, 30KpeMa HaImux Tomnepennix [1, 18, 27,
28]. Oanm 3 edpextrBHUX NpectaBankis iH3KTT-2
13 JIOBEJICHUM Y PAH/IOMI30BaHUX TOJBIMHUX CIITTUX
11a11e00KOHTPOJIBOBAHUX JIOCTI/IKEHHSIX 3HUKEHHS

CEepIIEBO-CYAINHANX 1 HUPKOBUX TIOAIN € eMmarid-
nozus [10, 18, 30, 34, 35]. ¥V HusIi KiiHiYHUX POOIT
MOKA3aHO TIO3UTUBHUI BILIUB eMTarTi(hIo3MHy Ha
CTaH BYIJIEBOAHOTO 0OMiHy, piBerb AT, mMacu Tijia
(MT) i moxasHUKY PYHKITIOHYBaHHS HUPOK Y XBOPUX
Ha II/] 2 tuny 3 HopmanbauM piBHeM AT i rinepren-
ziero [9, 12, 18, 23, 24]. OxHak HEOCTaTHHO BUBYEHO
BUPA3HICTb 3MiH MeTabOJIYHUX Ta FeMOAUHAMIYHKIX
rapameTpiB 1 TOKa3HUKIB yPasKeHHS HUPOK, a TAKOK
CepIeBO-CyZIMHHOTO PU3UKY ITPU 3aCTOCYBaHHI eMIIa-
rTihI03MHY, 30KpeMa B KOMOIHATIIT 3 IHIITMI ITyKPO3-
HIDKYBJIBHUMU TIperapaTaMu y XBopux Ha Al ska
3a/IUTIAIACS HEKOHTPOJIbOBaHOIO, Ha T 11/] 2 tummy
3 JIEKOMIIEHCOBAHNUM BYTJIEBOTHUM OOMiHOM.

Mera AOCHIKEeHHS — BUBYUTU e(DEKTUBHICTD
(ikcoBaHol KOMOGiHaITii eMmariduo3nHy Ta MeThop-
MiHY IS 3HWKEHHS CepIeBO-CYIUHHOTO PUSUKY
Yy XBOpUX 3 HEKOHTPOJbOBAHOIO apTepiaibHOIO
TimepTeHsi€io Ta TeKOMIIEHCOBAHUM ITyKPOBUM Jlia-
6eTom 2 Tury.

Marepianu Ta MeTOIU

O6c¢rexeno 36 xsopux Ha AT’y noexnanni 3 1171
2 tumy BikoM Bixt 45 110 60 pokiB (cepenHiit Bik —
(52,6 £4,0) poxy), i3 unx 20 (56 %) doMOBIKIB
i 16 (44 %) xiHOK, Ha 6a3i Bi/ytiIeHHs ritiepTeHsiii Ta
3axBopioBanb HUPOK [[Y «Harionanbuuii incTUTYT
teparrii imeni JI. T. Manoi HAMH Ykpainus.

Kputepii 3amyduenns B 10OCTiIKEHHS: HAIBHICTD
mizimcanoi iHhOpMOBAHOI 3TO/IU HA YYACTh Y I0Ci-
JUKeHHi, BiK Biz 45 mo 60 pokiB, ycraHoBieHUI
miaruo3 IIJI 2 Tumy cepeHbOTO CTYTEHS TSKKO-
cTi B crafii JekomIieHcartii ByrJeBo{HOTO 0OMiHY
B TIOEIHAHHI 3 HEKOHTPOJbOBAHOIO €CEHIliaJIbHOIO
AT II cragii, 2—3-ro cTymeHs.

Kpurepii BusryueHHs 3 TOCTiIZKEHHS: €CeHIliaTbHa
AT 1T ta III cranmii, ecenmianbaa AL II cragmii, 1-to
crynens, cumnromatuudi AL I1/] 2 Tumy nerkoro ta
TSKKOTO CTYTIeHsT, XPOHIYHA HUPKOBA HEIOCTATHICTD
Buiile 3a I11a craziro, II/] 1 Tuny Ta inmr 3axBopro-
BaHHA EHIOKPUHHUX OpTaHiB, TOCTpUil iH(apKT
MiOKapia, TOCTPHii KOPOHAPHUIT CUHAPOM, cTabiIbHa
crenokapid, incyast, CH I1b crazii (craxii D) ta
[II—1V ¢yuxkmionansuoro kiaacy (DOK) 3a NYHA,
BariTHICTb, JIAKTallisl, BPOJUKEHI Ta Ha6yTi BaIn
CepIlsl, TSKKA CYIYTHS MATosoriss (TSKKI 3aXBO-
PIOBAHHS HUPOK, TEUiHKHU, MITYHKOBO-KUIITKOBOTO
TPaKTy, GPOHXOJIETEHEB] 3aXBOPIOBAHHST).

JlocmipkeHHsT BUKOHAHO 3 JIOTPUMAaHHSIM ITPUH-
nutiB [esbciHChKOI lekaapaitii BcecBiTHBOT Meny-
HOI acolialfii Ipo eTUYHi MPUHIUIIN TTPOBEIEHHS
HAYKOBUX MEJITMYHUX JIOCTI/KEHb 32 yUaCTIO JIIOIUHU
(1964 — 2013), Konsenriii Pagn €Bponm mpo mpasa
JIFOJIMHU 1 G10MEIUIINHY, ETHYHUX Ta MOPAJIbHO-TTPa-
BoBuXx BuMor CraryTty YKpaiHChKoi acortiartii 3 6io-
eturu i Hopm GCP (1992), GLP (2002). ITpotokout

YKPAIHCbKWUI TEPANEBTUYHUN XXYPHATT o Ne 3 o 2024

13



OPUTIHAJBbHI AOCIAXEHHA o ORIGINAL RESEARCH

pobotu yxsasernii KomiTeroM 3 MeAWYHOI eTUKN
npu 1Y «Harionanbauii iHCTUTYT Teparii iMeHi
JI. T. Manoi HAMH VYkpainn».

Yei xBopi Oyii 00cTeskeHi 3 BUKOPHCTAHHSIM
3araJbHOKJIHIYHIX, JTabOPATOPHUX Ta IHCTPYMEH-
TaJIbHUX METO/IIB.

Cepen obcreskennx 6yno 36 XBOPHX i3 HEKOHT-
posiboBanoio AT 1T crazii, 2-ro crynenst (22 (61 %))
i 3-ro crynenst (14 (39 %) (1onpu mpoBeseHHS
AHTUTINIEPTEH3UBHOI Tepalii, He I0CATHYTO I1iJIbo-
Bux piBHIB AT (< 140/90 MM pT.cT.)) y HO€AHAHHI
3 /I 2 tuity cepeTHbOro CTYIIEeHS TSKKOCTI B CTail
JIEKOMIIEHCAITii BYTJIEBOAHOTO OOMiHY (TIOMPH MPO-
BeJIeHHS I[yKPO3HIKYBAJIbHOI Tepailii, He J0CsIT-
HYTO I[iJTbOBOTO PiBHSI TJIIKOBAHOTO TEMOTJIOGIHY
(HbA1c¢<7,0 %)).

Bugasneno: a) posBuneHi ceprieBo-Cy/IMHHI 3aXBO-
pioBannsg (CC3): CH 3i 36epesxenoio dpakxiiicio
Bukuny, cragis C, [-11 @K y 8 (22 %) narienris
(ITOK—y6(17%), ITDOK—y2(5%));6) YnHHUKI
pusuky CC3: HMT — y 14 (39 %) narienris, AO —
y 22 (61 %) (AO I crynenss — y 13 (36 %), AO 11
crynens —y 9 (25 %)), kypinusg —y 11 (31 %), kom-
GiHoBaHy aucimigemio — y Beix xopux (100 %),
rinepypukemiio (I'YE) — y 14 (39 %); B) ypakentst
OpraHiB-MillleHel: ypaxKeHHs cepiist — rineprpodiio
JIIBOTO 1LIyHOUYKa — y BCix xBopux (100 %), ypaxkeH-
HS Cy/IUH — IJIBUIIIEHHS >KOPCTKOCTI CTIHKHU apTepiii
(myabeoBmiit AT > 60 mm pr.ct.) —y 14 (39 %), ypa-
SKEHHST HUPOK: 3HM)KEHHS PO3PaXyHKOBOI MIBUAKOCTI
Kay6oukoBoi dinbrpaitii (pIIIKD) no kareropii
G3a —y 16 (44 %), migBuIeHHs PiBHS abOyMiHy pii
3a BEJIMYMHOIO CITiBBITHOTIEHHST abOyMiH/KpeaTu-
uin (AKC) y ceui o kareropii A2 — y 24 (67 %),
noeaHanus 3uskenHst plIIKD mpo kareropii G3a
3 MiIBUIIEHHSAM PiBHsI a7TbOyMiHYypil 10 KaTeropii A2
(TsIKKe ypaskeHHst HUPOK) — y 14 (39 %).

3a cepIeBO-CyIUHHUM PU3UKOM PO3MOJIII Bi-
MOBIZTHO JI0 CYyYaCHUX €BPOIENCHKUX PEKOMEHIA-
1iit OyB TaKUM: JIy’Ke BUCOKWIA CEpPIIeBO-CYANHHUI
pusuk — y 14 (39 %) XBopuX, BUCOKHII CepIeBO-
cyanHHMA pusuk — y 22 (61 %).

Hiarnoctuxy AT II/I 2 tumy, ypaskeHb opranis-
MillleHel Ta yCKJIaHEeHb ITUX 3aXBOPIOBaHb, & TAKOK
BusiBieHHd CC3 Ta iXHIX YNHHUKIB PUBUKY IMIPO-
BOJIMJIN 3TiZIHO i3 CyYaCHUMU €BPOIEHCHKUMU Ta
HaI[lOHATBPHUMHI pekoMeHaatiisvu [5, 7, 8, 27, 28].
HasBHicTb 1 BUpa3HicTh ypaskeHb HUPOK OIIHIOBA-
JIM TIJISIXOM BU3HaueHHs1 kareropii 3amin plIIK®
i asbOyMiHYpii 32 €BPOIEICHKUMI PEKOMEH/IAIISIMU
[21, 27, 28].

lnepypukemiro iarHOCTYBaJIM TIPU PiBHI C€UOBOI
KHUCJIOTU B CHPOBATIN KpOBi > 360 MKMOJIb /T 3TiIHO
3 €BPOIEHChKUMHU peKoMeHaatisimMu [ 16].

OI1iHKY BYIJIEBOAHOTO OOMIHY HPOBOIUIN
3a piBHEM TJiKeMil HaTIe, MOCTHpaH/IiaJbHOI

riikemii, konnenrpaiieio HbAlc y kposi (dep-
MEHTATUBHUM METO/IOM i3 BUKODHUCTAHHSIM aHa-
mizatopa «Humareazer 2000» (Himewyunna)) Ta
incymiHopesuctetHicTio (IP) muasixom po3paxyHKy
innmekcy HOMA (Homeostatic Model Assessment)
(HOMA-IR) 3 ypaxyBaHHSM PiBHS B KPOBIi TJIO-
K037 Ta iHcysiny Hatmie [13]. BumicT y xposi iHcy-
JIIHY BU3HAYAJIH 32 IOTIOMOTOI0 iIMyHO(DepMEHTHOTO
aHayTizy 3 BUKOpHCTaHHsSM HabopiB ¢ipmu DRG
(Himegyunna).

PiBeHb y KPOBI TIOKA3HUKIB JITIHOTO OOMiHY BHMi-
proBasi (hepMEHTATUBHUM METOIOM 32 JIOTIOMOTOIO
anamizaropa Humareazer 2106-1709 (Himeuunna).

Jlnst Busnauennst pIIIK®D sukopucroByBasm ¢hop-
mysry CKD-EPI 3 ypaxyBanusam piBHSA KpeaTHHiHY
B CUPOBATIIi KPOBI, IKUI BUMIPIOBAJIN 32 JIOTTIOMOTOIO
(bepmenTarusroro metony |21, 25]. [liarHocTuky
aIbOyMiHYPii BUKOHYBAJIM 3a JOMOMOTOM0 OIiHKU
AKC y pankosiit opitii ceui [21] i3 BuU3Ha4eHHAM
KOHIIEHTpaIlii a/ibOyMiHy B cedi iMyHO(hEpPMEHTHIM
METOJIOM i3 BUKOPUCTaHHSIM HabOpy peaKkTHBIiB
«AnpOymin-IMA» («Ipanym», Ykpaina) Ta BMicTy
KpeaTUHIHY B cevi 3a I0TTOMOTO0T0 (hOTOMETPUYHOTO
metony (Mozaudikartisi Sdbde 6e3 mernporeinizaitii)
i3 BUKOpHCcTaHHsM Habopy peakTusis «Liguick Cor-
Creatinine» («Cormay», Ilosbia).

CTpyKTypHO-(PYHKITIOHATBHUN CTAH CEPIS OIIi-
HIOBAJIM 32 IOTIOMOTOI0 MEIMYHOTO /IIarHOCTUYHOTO
yabTpasBykoBoro komiiekcy «Aloka SSD 280 LS»
(AmoHis) 3a cTaHAAPTHOIO METOUKOIO.

[lo 3amyuenHsa B mociiakeHHs Bci xBopi Ha AT
i II/T 2 Tumy Ha amOyJIaTOPHOMY eTalli OTPUMYBa-
JIM CTaHAAPTHY KOMOIHOBaHY aHTUTilEPTEH3UBHY,
IIYKPO3HIKYBAJIbHY Ta MO IeMIYHY Tepartito Ha
TJIi pEKOMEH/AIIIN 00 KOPEKILT croco0y KUTTS,
30KpeMa IIO0JI0 JIiETOTepartii Ta pekuMy (HisuIHUX
HaBaHTaKeHsb [7, 27, 28].

Ax aHTUTINEPTEH3UBHY Teparilo XBOPI OTPHU-
MyBaJi 3-KOMIIOHEHTHY HedikcoBaHy KOMOiHa-
1ito 6J0KaTopa pPeHiH-aHIIOTEH3UHOBOI CHUCTEMU
(PAC): iHTi6iTOp aHTIOTEH3MHIIEPETBOPIOBATEHOTO
dbepmenty (IAIID) nepungonpua y n03i 5—10 mr
1 pa3 Ha 106y (19 (53 %) xBopux) abo GJIOKATOP
perienitopiB anrioteH3uny-11 (BPAII) onmecapran
y 1031 20—40 mr 1 pas Ha 106y (17 (47 %) XxBOpuUX)
y TO€EIHAHHI 3 GJOKATOPOM KaJIbI[iEBUX KaHAJIiB
(BKK) npurizpomipuanHOBOTO psAmy TPUBAIOI il
amstopuiiiHoM y 1103i 5—10 mr 1 pa3 Ha 100y Ta
tiasuponoaioanm aiyperukom (TTI/T) inganamizom
y no3i 2,5 mr 1 pa3 Ha 100y. OHaK /10 3aIydeHHs
B JIOCJI/ZKEHHS B JKOJIHOTO XBOPOTO HE GYJI0 0CAT-
HYTO IIJIbOBUX PiBHIB «0icHOTO» AT.

Yei xBopi /10 OYATKY JIOCJI/PKEHHSI OTpUMYyBa-
s meTopMiH y 10608Biit 1031 1500—2000 mr sik
IIYKPO3HUIKYBaJIbHY Tepariito. B ycix mnaiienTis
BYTJIEBOJIHUI OOMIiH 3a/TMIIABCSI IEKOMITEHCOBAHUM.
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Takox /0 3ayy4yeHHd B IOCTiKEHHS BCi XBOPI
OTPUMYBAJIU TINOJIIIIEMIUHY Tepallilo aTopBacTa-
tiuroM y 11031 20—30 mr 1 pas Ha 100y, aje 1iabo-
BUX PiBHIB [5] B KPOBi X0JIeCTEPUHY JHITONPOTEIHIB
nu3bKoi ryctunn (XC JITTHT) ta xonecrepuny, He
MOB’SI3aHOTO 3 JIIMOMPOTEIHAMU BUCOKOI T'YCTUHU
(XC ne-JITIBT) He 6yJ10 TOCATHYTO.

ITic/is1 IpOBEIEHHS IIEPBUHHOIO 0OCTEKEHHS BCIM
XBOPHM MPU3HAYEHO (hiKCOBaHY KOMOIHAIITO eMITa-
ridosuny ta Metdopminy B 1031 12,5 mr/1000 mr
1—2 pasu na 100y i1 MPOIOBKEHO aHTHUTITIEPTEH-
3UBHY Ta TINOJIIEMIUHy Teparmiio B TUX CaMUX
/103X, B SIKUX il OTPUMYBAJIM XBOPI /10 3aJIy4eHHs
B JIOCJIJIPKEHHA.

IIpenapatu npusHavyaau micas HMiANACAHHS
JI0OPOBIILHOI 3ro[| MAI[iE€HTA.

Ycim nmarienTaM Ha TIOYaTKy JOCJIPKEHHS 6y]II/I
HaJlaHi PEKOMEHIAIIii 111010 KOPEKIIiT Crioco0y sKUTTsI
3T1/IHO 3 YUHHUMHU €BPOIIEHCbKUMHU Ta YKPAiHCbKUMU
pexkoMeHzatisamu |7, 27, 28].

[ToBTOpHE 06CTEKEHHST BCIX XBOPHUX MPOBEIEHO
yepe3 20 THK 3aCTOCYBaHHSA NPU3HAYEHOI TepalTii.

CratucTnynnii anasi3 OTpUMaHUX JaHUX TTPOBE-
JIEHO 32 JIOTIOMOTOTO CTaH/IAPTHUX METO/IIB i3 3aCTO-
CYBaHHSIM IaKeTiB MPUKJIaIHIX Tiporpam Microsoft
Excel 7,0 Ta SPSS 19.0.

PesyubraTi Ta 00rOBOpEHHS

YcranoBieno, mo mepeBesieHHS XBOPUX i3
HEKOHTPOJIbOBaHOIO Al Ha TJi IEKOMIIEHCOBAHOTO
/T 2 Ty 3 HeedeKTUBHOI IYKPO3HMKYBAIBHOI
teparii MerdopmiHOM Ha (ikcoBaHy KOMOIHAINiO
emmarsico3nHy Ta MeTOPMIHY Ha TJIi CTaHAPTHOL
AQHTUTINEPTEH3UBHOI Ta TIMOJIMiIeMiYHOT Tepariii
J1aJio 3MOTY JI0CSATTH 11i1hoBuX piBHiB HbA1c y KpoBi
(<7,0%) gepes 20 Tk ikyBarus B 25 (69 %) marti-
€HTIB. AHAJII3 3MiH OKa3HUKIB BYTJIEBOHOTO OOMi-
HY B ITUX MAI[IEHTIB 32 3a3HaUeHU 1Iepio]] TIKyBaHHS
BUSBUB CTATUCTUYHO 3HAUYTIE 3HMKEHHS K BMICTY
B kpoBi HbAlc, Tak i rikemii HaTIe, OCTIIPAH/Ii-
aznbHOI rrikemii Ta Besimunan HOMA-IR (ta6u. 1).

Bukopucrannusi 3azHadeHol Teparii CIpHUSIO
TaKOK CTAaTUCTUYHO 3HAYYLIOMY 3HMKeHHI0 MT

i ingexrcy macn tisa (IMT) xBopux. Tak, MT 3nu-
sumacsa 3 (93 £3) 1o (88 £2) kr (p<0,05), IMT — 3
(32,1 £0,2) no (28,3 +0,3) xkr/m* (p<0,05).

[TosuTtuBHI 3MiHU TOKAa3HUKIB BYIJIEBOAHOTO
0OMiHY CYIPOBOKYBAIICH TIO3UTHBHOIO JIHHAMI-
KO0 MapaMeTpiB JIiIiHOTO 00MiHY. 3aCTOCYBaHHS
(dikcoBaHol KOMOIHaILT eMmaridosnmy Ta MeThop-
MiHY Ha TJi MONepeHbOI Teparlil aTopBaCTaTUHOM
y 000Biit 103i 20—30 Mr i cTaHAAPTHOT AaHTHTIEP-
TEH3UBHOI Teparlii a0 3MOTY JOCITTU IIJIbOBUX
piBuiB y kposi XC JIITHI y 14 (39 %) xBopux Ta
XC ue-JITIBT — y 16 (44 %).

YactuM MeTaboIUHUM MOPYIIEHHSIM, SIKe aco-
iroetbest 3 ATy noeananni 3 IIJ] 2 tuity ocobamBo
B mamieaTiB 3 HMT i AO, € acummtomua I'YE [27,
28]. OcranHst BIJIMBaE He Jiviiie Ha nepedir 3axBo-
pioBams, a it na Bubip teparnii y xopux na Al i3 I1/]
2 Tumy [27, 28]. 3 oryisiy Ha 1aHi TIPO yPUKO3ypHU-
uuii edexr iH3KTT-2, 3oxkpema emmarmidosuny,
[IPOAHAII30BaHO BILUIMB amnpoboBaHOi Teparii Ha
gacrory I'YE cepen o6cTexennx xBopux. BusiBiieHo
TEHIEHITII0 JI0 3HUKEHHS 1IbOTO MOKAa3HUKa dyepe3
20 tux reparii (i3 39 % (y 14 xBopux) 10 25 % (y 9
xBopux) (p>0,05).

OpHi€eio 3 KIOYOBUX TPOOJIEM y XBOPHX i3
HEKOHTPOJIboBaHOIO Al Ha TJIi IEKOMIIEHCOBAHOTO
/1 2 tumy € pocsarHeHHs 1iaboBUX piBHIB AT.
OTpuMaHi 1aHi CBiJTYaTh PO CYTTEBUM 10aTKOBUI
aHTHUTiepTeH3NBHUN eekT (hikcoBaHOi KOMOiHAIT
emmaraido3uny Ta MeTOpMiHY B I1i€i KaTeropii
xBopux. Yepes 20 Tik 3acToCcyBaHHS eMmarmigio-
3uHY Ta MeT(OPMIiHY Ha TJIi CTaHAAPTHOT KOMOIHOBA-
HOI aHTUTINEPTEH3MBHOI 1 rinoJiiniieMivHol Tepartii
B 23 (64 %) XBOPUX JTOCIATHYTO TITHOBOTO PIBHS SIK
cucToJigHoro, tak i miacrosaiuynoro AT, i craruc-
TUYHO 3HAuyIlle 3HWKEHHS PIBHIB CHUCTOJIIYHOTO,
piacrosiaHoTO i cepenrboro AT y 3arasbHiil BUOipiti
nauienTis (Tadi. 2).

[Ipu neranbHOMY aHaUIi31 OTPUMAHUX JAHUX BUSIB-
JIEHO, 1110 BUPA3HiCTh JOAATKOBOTO aHTUTITTEPTEH3NB-
HOTO ehekTy hikcoBanoi KOMOIHAITT eMTarTihIo3u-
HY Ta MeT(OPMiHY Y XBOPUX BiJIpi3HsIACS 3aJI€KHO
Bi/l CKJIQJIOBUX CTAH/IAPTHOI aHTUTINEPTEH3UBHOI

Ta6nuuga 1. [JuHamika nokasHvKiB ByrmeBOAHOrO OOMIHY Y XBOPWX Ha apTepianbHy rnepTeHsiio Ta LyKpoBui aiabet
2 Tvny nig BNAMBOM 3aCTOCYBaHHS dhikcoBaHOi KOMGiHaLi emnarnidnosnHy Ta MeTopMiHy Ha Tni CTaHAapPTHOI
aHTUrinepTeH3VBHOI Ta rinoninigemivyHoi Tepanii (n =36; M +m)

Moka3HukK Jlo nikyBaHHS Yepe3s 20 TMX NiKyBaHHSA
HbA1c y kpoBi, % 8,1+0,3 6,6+0,2°
[Mioko3a B KPOBI HaTLLE, MMOb/N 89+0,4 6,3+0,3"
[Mioko3a B KpOBi Yeped 2 rog nicns igu, MMons/n 10,2+0,6 7,56+0,5*
IHoekc HOMA-IR 54+0,4 3,1+0,3*

MpumiTka. * Pi3HMuUs LWOAO NOKa3HMKIB A0 NMiKYyBaHHA CTATUCTUYHO 3HadyLla (p < 0,05).
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Tabnuusa 2. [JyHamMika NokasHuKIB apTepianibHOro TUCKY Ta 4aCTOTN CEPLIEBMX CKOPOYEHb Y XBOPUX Ha apTepiansbHy
rinepTeHsito Ta LyKpoBUI giabeT 2 TVny nig BIMBOM 3aCTOCYBaHHS hikcoBaHOI koMBiHaLlii emnarnidonosmHy
Ta METOPMIHY Ha TNi CTaHAAPTHOI aHTUMNePTEH3MBHOI Ta rinoninigemivHol Tepanii (n=36; M +m)

Moka3Huk o nikyBaHHS Yepes 20 TMX nikyBaHHSA
CwuctoniyHui AT, MM pT.CT. 168,8 £4,1 137,2+22*
LiactoniyHuin AT, MM pT. CT. 954+24 83,56+1,8"
CepegHint AT, MM pT.CT. 112,2+3,6 96,4 +2,3*
[Mynbcosuin AT, MM pT.CT. 56,6 +3,7 52,1+49
HacToTa cepLeBMX CKOPOYeHb, 3a 1 xB 64,4+45 67,134

MpumiTka. * Pi3HMUS LWLOAO NOKA3HMKIB A0 NiKyBaHHA CTaTUCTUYHO 3HadvyLla (p < 0,05).

Teparii. Tak, yacToTa JIOCATHEHHS 1IJIbOBUX PiBHIB
CUCTOJIYHOTO Ta miactosmiynoro AT y miarpymi xBo-
puX, SKi OTpUMyBaIK KOMOIHAIIIO OJIMecapTaHy,
aMJIOJIMITIHY Ta 1Hanmamiry, 6yJia craTUCTUYHO 3Ha-
gytio Buma (82 %, p <0,05), Hixk y mATpyIi XBOPHUX,
SIKi OTPUMYBaJI KOMOTHAIIIO TIEPUH/IOTIPIITY, aMJIO-
mariny i inpamaminy (47 %). OTxe, N0AaTKOBHIA
aHTUTinepTeH3uBHUI eeKT PikcoBaHOI KOMOIHAIL
emmarmiro3nny Ta MeTGOpMiHy 3HAYHOIO MipOIO
3aJIeKaB BiJl XapaKTepy aHTUTIIePTeH3UBHOI TepalTii,
30KpeMa BiJ Toro, sikuit 6;10katop PAC BUKOPHCTO-
ByBasim — BPAII a6o iATID.

Ocxkimpkn i AL 1 I/] 2 Trrmy € HaftqacTinmmu mpu-
YUHAMU YPAKEHb HUPOK, IOCII/[ZKEHO BILJIUB 3aI1PO-
HOHOBaHOI KOMOIHOBaHOI Teparlii Ha TOKa3HUKH, SKi
XapaKkTepu3yloTh HASIBHICTb Ta BUPA3HICTb ITUX ypa-
skenb, — pIIIK® (3a piBHEM KpeaTHHIHY B CUPOBATII
KpoBi) i anbOyminypito (3a Besmumnoo AKC y ceui).

YcranoBieno, mo Ha TOYATKY OCJI/PKEHHS
14 (39 %) XxBOpUX MaJIU TSIKKE YPaKeHHsT HUPOK (3a
KPUTEPIsIMU €BPONEHCHKNX peroMenmamiit 2023 p.
[28]), na mo Brasysaso sumxenus pIIKD o
kateropii G3a B oeiHaHHi 3 MiABUIIEHHAM aTbOyMi-
Hypii 10 KaTeropii A2. ¥ 6i/b1101 KiJIbKOCTI XBOPHX
BusiBiieHo Jmiie 3uvkerns plLIK® no kareropii
G3a (y 44 %) abo nuiiie MiABUAIIEHHS aTbOyMiHypil
1o kareropii A2 (y 66 %).

Yepes 20 trox Tepaliii He BCTaHOBJIEHO CTAaTHC-
TUYHO 3HAYYIOTO 3HMKEHHS YaCTOTH TSKKOTO
ypaskeHHsT HUPOK, 1307150BaHOT0 3HMKeHHs pIITK O
1o kareropii G3a it anbOyminypii 10 kareropii A2.
Y 7 (19 %) XBOpUX BUSABJIEHO 3HIKEHHST BUPA3HOCTI
anbOyMiHypii 3 Kareropii A2 xo kateropii Al.

Ha mizictaBi oTpuMaHuX JJaHUX TTPOBEIEHO aHAI3
3MiH KaTeropiil ceprieBo-Cy/IMHHOTO PU3UKY B JIMHA-
MiIli Tepartii. YCTaHOBJIEHO, 110 JIIKyBaHHS MAIliEHTIB
i3 HexoHTpoaboBaHOIO Al Ta meKoOMITeHCOBAaHUM
I/T 2 tumy 3a gonomoroto (ikcoBaHoi KoMbiHaIril
emmarmiro3nny i MeTdopMiny Ha TJIi CTaHAAPTHOL
AQHTUTINEPTEH3UBHOI Ta TIMOJIMNiIeMidYHO1 Tepariii
CIPUSAJIO CTATUCTUYHO 3HAUYIIOMY 3MEHIICHHTO
YACTKU XBOPUX i3 BUCOKHM CEpIEBO-CYJAMHHUM

PUBMKOM 3a PaXyHOK 301/IbIIEHHST YaCTKH MAIli€HTIB
i3 momipHO BucokuM pusukom (tabir. 3).

OnHuM i3 BaKJIUBUX PE3YJIbTAaTiB MTPOBEIEHOTO
JOCJIKeHHsT OyJ1a BiZICyTHICTD TO0IYHMX eeKTiB,
SIKi MOTJIU TIPU3BECTH 10 IPUITUHEHHS JIKYBaHH,
[P 3acTOCYBaHHi (hikcoBaHOI KOMOIHAIT emIari-
(bmrosuny T2 METopMiHy Ha TJIi AHTUTITIEPTEH3UBHOI
Ta rinoJiniieMigHol Tepartii.

IlepeBesienHs MalieHTiB i3 HEKOHTPOJIHLOBAHOIO
AT rta pexkomnencoBanum I/l 2 tumny 3 Heedex-
THUBHOI I[yKPO3HIKYBaJIBHOI Teparlii Ha (ikcoBamy
KOMOiHaIio emrarsidao3uny it Merdopminy Ha T
MPOJIOBXKEHHS CTaH/IAPTHOI aHTUTINEPTEH3UBHOI
Ta TIIOJIMIZIEMIYHOI Tepariii [ajo 3MOTY MOCSTTH
B OizbinocTi mamiedTiB 1iaboBoro pisas HbAlc
y kposi. DikcoBana KOMOiHAIlisI eMIarihI03nHy
Ta MeTHOPMIiHY XapaKTepu3yBaiacs BUP3HIM aHTH-
rinepTeH3uBHUM e(peKTOM, CIpHsia CTaTUCTUIHO
s3HauynioMy 3HmkenHio MT 1 IMT y nux xBopux
(y 61 % 3 nux 6ys0 AO, y 39 % — HMT), nigButien-
HIO YaCTOTH JIOCSITHEHHSI 11JIbOBUX PiBHIB Y KPOBI
XC JIITHT Tta XC ue-JIIIBI, a Takox 3HUKEHHIO
BUPA3HOCTI albOYMiHYPii B GIJIBIIIOCTI XBOPHUX.

BaxkiuBuM pe3yJibTaTOM JOCJIKEHHST OYJI0
BCTAHOBJIEHHS MOSKJINBOCTI 3HWKEHHS CEpPIIEBO-
CYIIMHHOTO PU3UKY.

Tabnuusa 3. HacTtoTta kateropirt cepuUeBO-CyANHHOIrO
PU3MKY Y XBOPVIX Ha apTepianbHy rinepTeHsito Ta
LyKpOBWIA diabeT 2 TMny nig BAAVBOM 3aCTOCYBaHHS
dikcoBaHoi kombiHauii emnarnidpno3nHy Ta MeTdopMiHy
Ha TNi CTaHOAPTHOI aHTUMNNEPTEH3MBHOI

Ta rinoninigemivyHoi Tepanii (n=36; M+ m)

Yepes 20 Tnx

Pusuk Lo nikyBaHHS niKyBaHHs
[y>xe BUCOKMI 14 (39,0 %) 14 (39,0 %)
Bucokui 22 (61,0%) 10 (28,0 %)*
[MomipHO BUCOKNIA 0 12 (33,0 %)*

MpumiTka. * Pi3HnUS LWOAO NOKA3HMKIB A0 NiKyBaHHS CTATUCTUYHO
3Havyula (p <0,05).

16

YKPAIHCbKU TEPANEBTUYHUN XXYPHAT e Ne 3 o 2024



ORIGINAL RESEARCH  OPUIIHAJIbHI AOCIAXEHHA

BuBuenHro gk MyKpo3HMKYBaJIbHUX, TAK i 10/1AT-
KOBUX (IUIEHOTPOIHUX) MeTabOMIYHIX, IeMOJIu-
HAMIYHUX Ta HUPKOBUX eeKTiB eMmarsiro3nny
HPUCBSIYEHO BEJIMKY KUJIbKICTh pobiT. JlocimkeHo
edexTn emmarmiyo3nHY SK y MOHOTepamii Ta
B KOMOIHAITIT 3 IHITNMM I[yKPO3HWIKYBaJIbHIUMU TIpe-
mapatamu y pisHux kateropiit xgopux Ha I1/] 2 Trmy
stk 3 AT, Tak i 6e3 rineprensii |9, 12, 18, 23, 24, 32].
Opmnak oTprMaHi JIafi XapaKTepu3yIoThCs HEOHO-
PIIHICTIO 100 BUPA3HOCTI IYKPO3HUKYBAJTbHUX
i HEI[YKPO3HIKYBATbHUX e(deKTiB eMmarmichao3u-
Hy Ta oro KOMOIHaIiil 3 iHITUMK TIpernapaTaMu.
OcobauBo 11e crocyerbest xBopux Ha L[] 2 Tumy,
aKkuil 1epebira€ B MOEQHAHHI 3 TillepTEH3i€I0 Ta
YPaKEHHSIMA HUPOK 1 CEepIIeBO-CYAMHHOI CUCTEMU
pi3HOrO CcTymneHs TsskKocTi. HepoctaTHbO BUBUEHO
eeKTUBHICTH eMIIaraihI03uHy Ta iioro KoMOiHaIIi il
i3 1HITUMU IYKPO3HUKYBAJbHUMU IIperapaTaMu
Ha ceplieBo-cyaAuHanil pusuk xsopux Ha Al i I1/]
2 TUIY, 30KpeMa Ha TJIi PI3HUX BapiaHTiB aHTUTITIEp-
TEH3UBHOI Ta rinoJiiniieMiyHol Tepartii.

HocniskeHo BUpa3HicTh /10/IaTKOBOTO aHTHTITIEP-
TEH3WBHOTO e(heKTy eMTIaraiI03nHy Y XBOPUX Ha
AT i I/] 2 tumy nipu 3acTOCyBaHHI Pi3HUX aHTUTI-
MepPTEeH3NBHUX MIPenaparis Ta IXHix KomOiHarii [ 12,
17,24, 26, 32]. Y HuU3Ii 10CHiIKEeHb YCTAHOBJICHUHN
CUHEPTIYHUH aHTHUTINEPTeH3UBHUI edeKT eMra-
rIihI03uHY Ta JAiyPETHKIB, 0OCOOIUBO TETIHOBHX,
IO TOSICHIOETBCS HASBHICTIO B eMTariihyio3nHy
JiypeTn4yHol i HaTpiltypeTnyHo1 BiacTuBocTel [ 18,
24]. ImoBipHO, y TpOBEZICHOMY HaMH JOCJTI/KEHH]
CIIOCTEpIraBcsl CUHEPTIYHUN aHTUTITIEPTEH3UBHUN
edexr emmarmicdmosuny i TII/] inganamixy. Came
MM, a TaKOXX THUM, 10 (hikcoBaHY KOMOIHAIIiO
eMmarTihao3uHy Ta MeTHOPMiHY 3aCTOCOBYBAIU
Ha TJi TPbOXKOMIIOHEHTHOI aHTHUTilIepTEH3UBHOI
Teparii, IMOBIPHO il MOSICHIOETbCS BUCOKA 4acToO-
Ta JIOCATHEHHs 1inboBUX piBHIB AT y xBOpUX i3
HEKOHTpoaboBaHoIo Al

[le oHUM BasKJIMBKUM ITUTAHHSIM, SIKe 0OTOBO-
PIOETBCS B JliTepaTypi, ajie HeJlOCTaTHHO BUBYEHO,
€ MOKJIMBUN CUHEPriYHWUU aHTUTINEePTEeH3UBHUN
edext emmarsidosuny i 6iokaropis PAC [11, 18,
24, 26]. ¥ pob6oti R. A. Scholtes i cmiBasrt. (2023)
IOKa3aHo, 10 3acTocyBaHHA y xBopux Ha II/]
2 tuny 3 AT emnarmidaozuny Ha tii BPAII 3HauHO
migsumtye ctyminb sumkeras AT [31]. Ak mexa-
Hi3M TaKOTO CHUHEPTriYHOTO aHTHUTIIEPTEH3UBHOTO
edexry emmarmipaosuny Ta BPAII posragmaiors
3MaTHICT 000X TIpernapaTiB aKTUBYBATH YTBOPEH-
Hd anrioteHsuny (1—7), ki BoJIOi€ TTOTYKHOIO
Ba30MMJIATAIIHOIO aKTUBHICTIO, a TAKOK 1HIINMA

Kongnixmy inmepecis nemae.

KapIioMpOTEKTOPHUMU edeKTaMl — aHTUTPOM-
60TUYHKMM, aHTUIpPOJidepaTuBHUM, aHTU(IOPO-
tnuyanM [14, 18]. IloTyxHi KapmionmpoTeKTOpHI
BJIACTUBOCTI aHrioTeH3uHy (1—7) Ta BupasHirie
i BUIIEHHS 1bOro (haKTOpa B KPOBIi, 0COOIMBO 3a
HU3BKOTO BUXIJHOTO piBHS, Tifi BiuinBoM BPAII
nopiBasiHo 3 iAIID ycranoBseni pawime i Hamu
y xBopux Ha Al i I/ 2 tuny [2, 22]|. Bugasienusa
B I[bOMY JIOCJI/I>KEHHI O3HAaK CHHEPriyHOIro aHTH-
rinepreH3uBHOTO edekTy (ikcoBanoi KoMOGiHatii
emmarmicdaosuny Ta metrdopminy 3 BPAII ysro-
JUKYETbCST 3 JAHUMU I1HIIUX aBTOPIB 1 CBIJUUTH
PO HEOOXIHICTD AMDEPEHIIITOBAHOTO THAXOY /10
BuGOpY HalleeKTUBHIIIOI Tepartii.

PesgyssraTu mposeieHOro JOCIDKEHHS B IIJIOMY
CBiJluaTh TPO BUCOKY eheKTUBHICTh (hiKCOBAHOI
KoMOGiHartii emmarsidaosuny it Merdopminy Ha T
CTaH/IaPTHOI AHTUTITIEPTEH3UBHOI Ta TiMOJITTiIeMiy-
HOI Tepariii 1010 3HUKEHHS CepleBO-CY/MHHOTO
PU3UKY Y XBOPUX 3 HEKOHTPOIboBaHOW Al y o€~
HaHHi 3 1ekoMrieHcoBauuM 11/ 2 tumy, 1110 06TpyH-
TOBYE JIOIIJIbHICTh CBOEYACHOTO 3aCTOCYBAHHS TaKO1
KOMOIHOBaHOI Tepartii 7T TIOJIMIIIEHHST TTPOTHO3Y.

BucHoBku

[IpusnavyeHHs NaIieHTaM i3 HEKOHTPOJIbOBAHOIO
AT i pexommnencoBanum /[ 2 tumy dikcosanoi
KoMOiHarlii emnariiio3uny it MmeThopMiHy Ha T
NPOJIOBXKEHHS CTaH/IapPTHOI aHTUTINEPTEeH3UBHOI
Ta TIMOJII/IEMIYHOI Tepallii CIpuse MOCATHEHHIO
B OLJIBIIOCTI MAIIEHTIB I[IJIOBOTO PiBHS HE JIMIIe
HbA1c y kposi, a it AT.

Busisneno, 1110 10/1aTKOBUIA aHTUTITIEPTEH3UBHU N
edexT dikcoBanoi kombiHarii emnarmidurosuny Ta
MeT(hOPMiHY CTAaTUCTUYHO 3HAUYIIO BUPA3HINTUN
y xBopux Ha AT'i I/ 2 tuty, y SKUX 70 CKJILy KOM-
GiHOBaHOI aHTUTIIEPTEH3UBHOI Tepartii Ik 6JI0KaTop
PAC Bxoauts BPAII nopiBHAHO i3 3aCTOCYBaHHIM
iAIID.

Hyxpo3HMKyBaIbHUI 1 AHTUTIIEPTEH3UBHUM
edektn ikcoBanoi KoMGIHaIli eMmarTidao3nuty
it MeTopMiHYy HaA TJIi aHTUTITIEPTEH3UBHOI Ta Tilo-
JILITJIEeMIYHOI Teparil acoliol0ThCs 31 3HUKEHHSIM
BuUpaszHocTi oxxupinHg Ta HMT i cynipoBomkyoThest
[MO3UTUBHUMHY 3MiHAMU [TOKA3HUKIB JIITTHOrO 00Mi-
Hy Ta (QYHKIIIT HUPOK.

YcTaHOBJIEHO MOKJIUBICTD CYyTTEBOTO 3HUKEHHS
CepIIeBO-CYIMHHOTO PU3UKY B MAIIEHTIB i3 HEKOHT-
pomboBanoio Al i gexommencoBannm I1J] 2 Tumy
MIJITXOM JIOIaBaHHSL /10 CTaHAApPTHOI aHTUTIIep-
TEH3WBHOI Ta TIMOJIMTiIeMivHOi Tepartii (hikcoBaHOi
KoMOiHarlii emiarsihiosuny it MeThopminy.

Yuacmo asmopis: konuenuyis i ousaiin docnioncenns, pedazysanns — C. M. K.;
30ip ma onpawrosanns mamepiary — JI. A. P, O.B. M., M. FO. I1.; nanucanns mexcmy — JI. A. P, O.B. M.
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Effectiveness of a fixed combination of empagliflozin with metformin in reduction
of cardiovascular risk in patients with uncontrolled arterial hypertension
and decompensated type 2 diabetes mellitus

Objective is to study the effectiveness of a fixed combination of empagliflozin and metformin in reducing cardiovascular risk
in patients with uncontrolled arterial hypertension (AH) and decompensated type 2 diabetes mellitus (DM).

Materials and methods. 36 patients with uncontrolled AH and decompensated type 2 diabetes mellitus aged 45 to 60 were
examined. Before inclusion in the study, all patients received standard antihypertensive (angiotensin-converting enzyme
(ACE) inhibitor or angiotensin-II receptor blocker (ARB) in combination with a calcium channel blocker and a thiazide-
like diuretic), glucose-lowering (metformin) and hypolipidemic (atorvastatin) therapy. However, target levels of blood
pressure (BP), glycated haemoglobin (HbA1c) and lipids were not achieved. After the initial examination, all patients
were prescribed a fixed combination of empagliflozin and metformin at a dose of 12.5 mg/1000 mg 1—2 times a day, and
antihypertensive and hypolipidemic therapy was continued. Re-examination was carried out after 20 weeks. In the work,
a statistical analysis of the obtained data was carried out using standard methods using Microsoft Excel 7.0 and SPSS 19.0
application packages.

Results. The transfer of the examined patients from previous ineffective hypoglycemic therapy to a fixed combination of
empagliflozin with metformin against the background of standard antihypertensive and hypolipidemic therapy made it
possible to achieve the target levels of HbA1c in 69 % of patients and target BP levels in 64 %. The frequency of reaching
target BP levels in the subgroup of patients who received ARB was significantly higher than in the subgroup of patients who
received ACE inhibitors. The specified therapy contributed to a significant reduction in body weight, reaching the target
levels of low-density lipoprotein cholesterol (LDL-C) and non-high-density lipoprotein cholesterol (Non-HDL-C) in more
than a third of patients, and reducing the severity of albuminuria in some patients. The tested therapy, in general, led to
reduction in cardiovascular risk and did not cause side effects that could lead to discontinuation of treatment.

Conclusions. The fixed combination of empagliflozin with metformin against the background of standard antihypertensive
and hypolipidemic therapy in patients with uncontrolled hypertension and decompensated type 2 diabetes mellitus
contributed to the achievement in the vast majority of patients of the target levels of HbA1c in the blood and BP levels,
reduced body weight, positive changes in lipid metabolism and kidney function, and demonstrated the possibility of
a significant reduction in cardiovascular risk. A more pronounced decrease in BP was detected in the case of a fixed
combination of empagliflozin and metformin with ARB compared to ACE inhibitors in this category of patients.

Keywords: arterial hypertension, type 2 diabetes mellitus, empagliflozin, metformin, cardiovascular risk.
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Impact of asprosin, interleukin-6,
and adiponectin on exocrine
pancreatic insufficiency in
patients with t?/wpe 2 diabetes
mellitus and chronic pancreatitis

Exocrine pancreatic insufficiency (EPI) is a clinical condition often associated with
chronic pancreatitis (CP) and type 2 diabetes mellitus (T2DM) leads to malabsorption
and nutritional deficiencies, severely impacting patients’ quality of life. It has been iden-
tified that asprosin, a glucogenic protein, is a key player in carbohydrate metabolism
and chronic inflammation. Elevated levels of asprosin, along with changes in interleu-
kin-6 (IL-6) and adiponectin, may contribute to the pathophysiology of EPI in patients
with T2DM and CP.

Objective — to investigate the levels of asprosin, IL-6, and adiponectin and their
correlation with exocrine pancreatic function in patients with T2DM and CP.

Materials and methods. The study included 100 patients treated at Kharkiv Regional
Clinical Hospital from 2020 to 2022. Patients were divided into two groups: Group
1 (n=70) with comorbid T2DM and CP, and Group 2 (n=230) with T2DM alone.
The control group included 20 healthy individuals. Blood levels of asprosin, IL-6,
and adiponectin were measured using immunoassays. Fecal elastase-1 (FE-1) levels
were used to assess exocrine pancreatic function. Pearson’s correlation coefficient was
calculated to determine the relationships between these markers.

Results. Asprosin levels were significantly higher in Group 1 compared to Group 2 and
the control group, with the highest levels observed in patients with comorbid T2DM and
CP (10.06 +£3.56 ng/ml). IL-6 levels were also elevated in Group 1 (64.44 +4.35 pg/ml),
indicating heightened inflammation. Adiponectin levels were lower in Group 1
(2.80 £ 0.38 ng/ml), correlating with worse metabolic profiles. FE-1 levels were markedly
reduced in Group 1 (142.2+6.3 mg/g), confirming severe EPI. Significant correlations
were found between asprosin levels and IL-6 (positive correlation, r=0.49, p<0.01), as
well as between asprosin levels and FE-1 (negative correlation, r=-0.52, p<0.01). In the
group of patients with isolated T2DM, significant moderate negative correlations were
found between asprosin levels and adiponectin (r=-0.47, p<0.05) and FE-1 (r=-0.44,
p<0.05). The study also demonstrated a strong negative correlation between adiponectin
and IL-6 (r=-0.61, p<0.01) in patients with comorbid T2DM and CP.

Conclusions. Elevated asprosin levels in patients with T2DM and CP are associated
with increased inflammation and reduced exocrine pancreatic function. The significant
correlations between asprosin, IL-6, and FE-1 suggest that asprosin could serve as
a clinically valuable biomarker for assessing metabolic and inflammatory status in
these patients. The findings highlight the complex interaction between metabolic and
inflammatory pathways in the development of EPI.

Keywords:

type 2 diabetes mellitus, chronic pancreatitis, exocrine pancreatic insufficiency,
asprosin.

xocrine pancreatic insufficiency (EPT) is a clinical condition marked by
the pancreas’s insufficient production of digestive enzymes, resulting
in malabsorption and nutritional deficiencies [10]. EPI is often associated
with chronic pancreatitis (CP) but can also be exacerbated by metabolic
disorders such as type 2 diabetes mellitus (T2DM) [4]. The presence of EPI
significantly compromises patients’ quality of life, leading to weight loss,

ISSN 1605-7295 (Print)
ISSN 2522-1175 (Online)

=

S

L.V. Zhuravlyova,
M. A. Markevych

Kharkiv National
Medical University

KOHTAKTHA IHOOPMALIISA
CORRESPONDING AUTHOR

XypasnboBa

Napuca BonoaumupisHa
[.Mef. H., Npod., 3aB. kadeapu
BHYTPILLUHBOI MeauumHm Ne 3

Ta eHOoKpuHonorii

E-mail: lv.zhuravlova@knmu.edu.ua

http://orcid.org/0000-0002-0051-3530

OtpumaHo - Received
03/06/2024

[MpuiHATO [O APYKY - Accepted
27/07/2024

© 2024 AsTopu + Authors

Ony6nikosaHo Ha ymosax nitensii CC BY-ND 4.0
Published under the CC BY-ND 4.0 license

20 YKPAIHCbKU TEPANEBTUYHUN XXYPHAT e Ne 3 o 2024



ORIGINAL RESEARCH  OPUIIHAJIbHI AOCIAXEHHA

diarrhea, and vitamin deficiencies due to impaired
nutrient digestion and absorption.

Emerging research has focused on asprosin,
a fasting-induced glucogenic protein, which plays
a critical role in metabolic regulation [6]. Asprosin
is secreted by adipose tissue during fasting and
stimulates hepatic glucose release, thereby contrib-
uting to insulin resistance and hyperglycemia — key
features of T2DM [13]. Elevated levels of asprosin
have been observed in individuals with metabolic
syndrome, underscoring its significant role in glucose
metabolism and inflammation [3].

In addition to asprosin, other biomarkers such
as interleukin-6 (IL-6) and adiponectin have been
implicated in the pathophysiology of EPI. IL-6,
a pro-inflammatory cytokine, is elevated in chronic
inflammatory states including CP and T2DM [9].
High levels of 1L-6 are associated with systemic
inflammation and have been linked to the progres-
sion of pancreatic damage and insufficiency [12].
Conversely, adiponectin, an anti-inflammatory adi-
pokine, is typically reduced in metabolic disorders.
It has insulin-sensitizing properties and its lower
levels are associated with increased inflammation
and metabolic dysfunction [2].

The interplay between T2DM and CP presents
a unique clinical challenge, as both conditions inde-
pendently and synergistically impair pancreatic func-
tion [7]. Understanding the roles of asprosin, 1L-6,
and adiponectin in this context is crucial for elucidat-
ing the mechanisms underlying EPI. Elevated aspro-
sin and IL-6 levels, coupled with reduced adiponectin
levels, may exacerbate pancreatic inflammation and
fibrosis, contributing to the severity of EPI [5].

Objective — to investigate the levels of asprosin,
IL-6, and adiponectin and their relationships with
other metabolic and inflammatory markers, with
a specific focus on their impact on exocrine pancre-
atic function in patients with T2DM and CP.

By examining these correlations, we seek to pro-
vide insights into the potential mechanisms through
which these biomarkers influence pancreatic health
and to identify new therapeutic targets for managing
EPI in this patient population.

Materials and methods

This study examined 100 patients treated at the
Kharkiv Regional Clinical Hospital from 2020 to
2022. The patients were divided into two groups.
Group 1 (n=70) included patients with comorbid
T2DM and chronic pancreatitis (CP), consisting
of 64 % men and 36 % women, with an average age
of 62.3+6.7 years. The mean BMI in this group
was 29.4 £ 4.69 kg/m? Group 2 (n=230) comprised
individuals with type 2 diabetes mellitus (T2DM),
with a gender distribution of 63 % men and 37 %

women, and an average age of 64.4 + 6.6 years. The
mean body mass index (BMI) in this group was
29.6 £3.92 kg/m?. The mean duration of T2DM in
the first group was 12.6 5.4 years, whereas in the
second group, it was 11.2£6.8 years. The control
group (CG) included 20 relatively healthy individu-
als of corresponding age.

Informed consent was obtained from all par-
ticipants under the Code of Ethics of the World
Medical Association (Declaration of Helsinki). The
study received ethical approval from the Ethics and
Bioethics Committee of Kharkiv National Medical
University (decision dated October 7, 2020).

The diagnoses of chronic pancreatitis and T2DM
were established based on the regulations set by the
Ministry of Health of Ukraine.

Inclusion criteria were: the presence of voluntary
consent to participate in the study, the presence of
chronic pancreatitis, and type 2 diabetes mellitus.

Exclusion criteria included: patients aged under
18 years, with HbA1c level >9 %, patients with type
1 diabetes mellitus, patients with acute pancreatitis,
patients with chronic kidney disease, patients with
stage I1T hypertension, patients with stage ITB-III
heart failure, acute inflammatory processes, onco-
logical diseases, history of alcohol and substance
abuse, and presence of HIV/AIDS.

Blood asprosin, adiponectin and IL-6 levels
were measured using an indirect non-competitive
heterogeneous immunoassay on the «Labline-90»
analyzer (Austria) with a commercial test system
from «Elabscience» (China). To evaluate exocrine
pancreatic insufficiency, fecal elastase-1 (FE-1)
levels were determined.

Statistical analyses were performed using Prism
9.0 software (GraphPad Software, USA). Pearson’s
linear correlation coefficient (r) was used to deter-
mine the relationships between the studied char-
acteristics. Correlation was considered inverse for
r values between 0 and -1.0 and direct for values
between 0 and 1.0. An r coefficient from 0 to 0.3 (or
from 0 to -0.3) indicated a weak relationship; from
0.4 to 0.7 (or from -0.4 to -0.7), a moderate rela-
tionship; and from 0.7 to 1.0 (or from -0.7 to -1.0),
a strong relationship. The results were presented as
r coefficients with the corresponding significance
level (p). Differences between independent groups
were assessed using analysis of variance (ANOVA).

Results and discussion

The following markers were studied: adiponectin,
IL-6, FE-1. The results show significant differences in
the levels of these parameters, as well as asprosin levels,
in the patient groups compared to the control group
and between group 1 and 2. The levels all markers of
the studied groups are presented in Table 1.
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Asprosin, adiponectin, IL-6, and FE-1 levels in
the studied groups were analyzed. Asprosin levels
were significantly higher in Group 1 (T2DM and
CP) and Group 2 (T2DM) compared to the control
group. The highest asprosin levels were observed
in Group 1 (10.06 =3.56 ng/ml), which were sig-
nificantly higher compared to Group 2 (7.34 +2.08
ng/ml, p<0.001) and the control group (2.81 + 1.34
ng/ml, p<0.001). Adiponectin levels were lower in
Group 1 (2.80+0.38 ng/ml) compared to Group
2(3.29£0.31 ng/ml, p<0.05) and the control group
(4.92£0.37 ng/ml, p<0.001). The differences were
statistically significant. IL-6 levels were also highest
in Group 1 (64.44 + 4.35 pg/ml), significantly higher
than in Group 2 (28.67 £ 3.05 pg/ml, p<0.001) and
the control group (3.10%0.34 pg/ml, p<0.001).
FE-1 levels were lower in Group 1 (142.2 £ 6.3 ug/g)
compared to Group 2 (192.7+4.3 ug/g, p<0.001)
and the control group (210.2+1.2 pg/g, p<0.001).
The differences were statistically significant.

The obtained results of asprosin, adiponectin,
IL-6, and FE-1 levels in patients with T2DM
and comorbid T2DM and CP indicate correla-
tional relationships (mostly of moderate strength)

between these indicators. The results are presented
in Tables 2 and 3.

In the group of patients with comorbid T2DM
and CP, significant correlation relationships were
observed between asprosin and other studied indica-
tors. Asprosin levels demonstrated a moderate nega-
tive correlation with adiponectin levels (r=-0.42;
p<0.05) and a moderate negative correlation with
FE-1 levels (r=-0.52; p<0.01). There was a moder-
ate positive correlation between asprosin and IL-6
levels (r=0.49; p<0.01). Additionally, adiponectin
levels exhibited a strong negative correlation with
IL-6 levels (r=-0.61;p<0.01) and a moderate posi-
tive correlation with FE-1 levels (r=0.41; p<0.01).
IL-6 levels had a weak negative correlation with
FE-1 levels (r=-0.34; p<0.05).

In the group of patients with T2DM (n=30),
significant correlation relationships were observed
between asprosin and other studied indicators.
Asprosin levels demonstrated a moderate nega-
tive correlation with adiponectin levels (r=-0.47;
p<0.05) and a moderate negative correlation with
FE-1 levels (r=—0.44; p<0.05). There was a moder-
ate positive correlation between asprosin and 1L-6

Table 1. Asprosin, adiponectin, IL-6 and FE-1 levels in the studied groups

Indicator Group 1 (T2DM and CP) (n=70)

Group 2 (T2DM) (n=30) Control group (n=20)

Asprosin, ng/ml 10.06 + 3.56 7.34+2.08* 2.81+1.34%
Adiponectin, ng/ml 2.80+0.38 3.29+0.31* 4.92+0.37*
IL-6, pg/ml 64.44 +4.35 28.67 £3.05* 3.10+0.34*
FE-1, pg/g 142.2+6.3 192.7 £4.3* 210.2£1.2%

Note. The difference from the control group is statistically significant: * p <0.001; ** p < 0.05.
The difference from the control group is statistically significant: #* p <0.001.

Table 2. Correlation between asprosin and other studied indicators in patients with comorbid T2DM and CP (n=70)

Indicator Asprosin, ng/ml Adiponectin, ng/ml IL-6, pg/ml FE-1, pg/g
Asprosin, ng/ml — -0.42* +0.49** -0.562**
Adiponectin, ng/ml -0.42* -0.61** 0.41*
IL-6, pg/ml +0.49** -0.61** — -0.34*
FE-1, pg/g -0.52** 0.41* -0.34* —
Note. * p< 0,05, ** p<0,01.

Table 3. Correlation between asprosin and other studied indicators in patients with T2DM (n = 30)

Indicator Asprosin, ng/ml Adiponectin, ng/ml IL-6, pg/ml FE-1, pg/g
Asprosin, ng/ml — -0.47* +0.51** -0.44*
Adiponectin, ng/ml -0.47* -0.53** +0.31*
IL-6, pg/ml +0.51* -0.53** — -0.32¢
FE-1, pg/g -0.44* +0.31** -0.32* —

Note. * p< 0,05, ** p<0,01.
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levels (r=0.51; p<0.01). Additionally, adiponectin
levels exhibited a strong negative correlation with
IL-6 levels (r=—-0.53; p<0.01) and a moderate posi-
tive correlation with FE-1 levels (r=0.31; p<0.05).
IL-6 levels had a weak negative correlation with
FE-1 levels (r=-0.32; p<0.05).

These findings indicate that asprosin is signifi-
cantly correlated with several key metabolic and
inflammatory markers in patients with comorbid
T2DM and CP. Elevated asprosin levels are associ-
ated with decreased adiponectin and increased IL-6,
which are both implicated in the pathogenesis of
exocrine pancreatic insufficiency. These findings
suggest a potential role for asprosin in the develop-
ment of pancreatic dysfunction in T2DM patients
with chronic pancreatitis [3, 8, 13].

Adipose tissue has been established as an endo-
crine organ that plays a regulatory role in metabo-
lism and energy balance. Research has demonstrated
that adipocyte-derived factors can modulate insulin
action and inflammation [1]. Excess adipose accu-
mulation is linked to insulin resistance, a key driver
of T2DM. Consequently, obesity is associated with
arange of metabolic disorders, including T2DM and
metabolic syndrome.

The present study indicates that asprosin, an
adipokine secreted by white adipose tissue, may
contribute to the development of exocrine pancreatic
insufficiency in patients with T2DM and chronic
pancreatitis. Elevated asprosin has been associated
with insulin resistance and impairment of pancre-
atic beta-cell function [13]. Furthermore, asprosin
appears to have inflammatory effects, as evidenced
by its positive correlation with interleukin-6 (IL-6)
levels [11].

The observed negative correlation between
asprosin and the FE-1 level, a marker of exocrine
pancreatic function, suggests that asprosin may
adversely impact pancreatic exocrine secretion. This
is consistent with previous research demonstrating
the deleterious effects of asprosin on pancreatic
beta-cell function and the development of diabetic
complications [3]. Notably, the inverse relationship
between asprosin and adiponectin, an adipokine with
anti-inflammatory and insulin-sensitizing properties,
further supports the notion that asprosin contributes
to the impairment of pancreatic function in this
patient population [6].

In summary, the present study provides evidence
that elevated asprosin, in conjunction with altered
levels of adiponectin and interleukin-6, may be asso-
ciated with the development of exocrine pancreatic

Conflicts of interest: none.

insufficiency in patients with T2DM and chronic
pancreatitis. These findings highlight the potential
role of asprosin as a pathogenic factor and a potential
therapeutic target in the management of pancreatic
dysfunction in this patient population.

Conclusions

Thus, the analysis of the correlation relationships
between asprosin, IL-6, adiponectin, and FE-1 levels
in patients with T2DM and CP revealed:

1. The highest asprosin levels were noted in the
group with comorbid T2DM and CP, significantly
higher than in the group with isolated T2DM and
the control group.

2. Significant moderate positive correlations were
established between asprosin levels and IL-6 in both
the group of patients with isolated T2DM and the
group with combined T2DM and CP.

3. In the group of patients with isolated T2DM,
significant moderate negative correlations were found
between asprosin levels and adiponectin and FE-1.

4. In the group of patients with combined T2DM
and CP, significant moderate negative correlations
were observed between asprosin levels and adipo-
nectin and FE-1.

5. The findings suggest that elevated asprosin
levels are associated with increased inflammatory
markers (IL-6) and decreased anti-inflammatory
markers (adiponectin), as well as impaired exocrine
pancreatic function (FE-1), indicating a complex
interplay between metabolic and inflammatory
pathways in these patients.

This study identifies substantial changes in the
levels of the asprosin, the inflammatory cytokine
interleukin-6, and adiponectin in patients with type
2 diabetes mellitus and chronic pancreatitis. The
observed associations between these biomarkers
and exocrine pancreatic function underscore their
potential involvement in the pathogenesis of these
comorbid conditions, thereby warranting further
research into their clinical applications as diagnostic
and therapeutic targets.

Future studies should focus on elucidating the
mechanisms by which asprosin, 1L-6, and adipo-
nectin influence pancreatic function and exploring
potential therapeutic interventions that target these
biomarkers to mitigate their adverse effects on both
endocrine and exocrine pancreatic functions. Such
interventions could significantly improve the man-
agement of patients with T2DM and comorbid CP,
addressing both metabolic control and pancreatic

health.

Authorship contributions: conception and design, critical revision of the article — L. V. Z.;
acquisition of data, analysis and interpretation of data, drafting the article — M. A. M.
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J1.B. XXypaBnboBa, M. A. MapkeBuny4

XapKiBCbKIIT HATIOHAIBHIIT MeTMYHII YHiBEPCUTET

Brnnve acnpocuHy, IHTEPNEnKiHY-6 | aAMNMOHEKTVHY Ha EK30KPUHHY HELOCTATHICTh
MiALLNYHKOBOI 3a/1031 B NALIEHTIB i3 LyKPOBMM AiabeToM 2 TUMy Ta XPOHIYHVIM NaHKpEeaTUTOM

Ex3okpunna HeyocTatHicTh mignurynkosoi 3ao3u (EHII3) — wuinivamii cran, KU 4acTO acOIIOEThCS 3 XPOHIYHIM TIaH-
kpearurom (XII) i iykposum miabetom (IL/]) 2 Tury, pusBoanTb A0 MaibabCcopOILi Ta AediuTy XapuyBaHHs, 110 3HAYHOIO
MipOI0 BIIMBAE HA SIKICTh JKUTTS MAIEHTIB. YCTAHOBJIEHO, IO ACTPOCHH, TIIOKOTEHHUN OLIOK, € KJIUYOBUM YYaCHUKOM
TTIKEeMIYHOTO 0OMIHY Ta XpOHIYHOTO 3anajieHss. [liaBuIeHuii piBeHb acpocuHy pas3oM 3i aminamu intepseiikiny-6 (1JI-6)
i aiIoHeKTUHY MOKYTh cripuanuuTu narodisiosoriio EHII3 y narienris i3 ILJ] 2 Tumy ta XI1.

Merta — nocrmigutu piBenb actpocuny, [JI1-6 i afnnonekTHHY Ta IXHIO KOPEJIAI0 3 €eK30KPHHHOIO (QYHKILIEIO Ti/IIIITYHKOBOI
3asio3u B narienTis i3 1/] 2 tuny ta XII.

Marepiamu ta Mmetoau. Y nociimkerns 6ymo 3amydeno 100 marienTis, siki mepeGyBain Ha JTiKyBaHHi B XapKiBCbKiil o6macHiit
kuiniuHiil gikapui B epion i3 2020 mo 2022 p. Iamnientis posnoxisman Ha asi rpymu: rpymna 1—70 narientis i3 noeaHanusm
LT 2 tumy i XTI, rpyna 2—30 nanienris i3 [/] 2 tuny 6e3 XII. Konrpoabhy rpyiy crBopeto i3 20 3poposux oci6. Pisenb
acripocuny, 1JI-6 i agunmoHeKTHHY B KPOBi BUMIPIOBAJIN 3a JOTIOMOroI0 iMyHoaHasi3iB. Bmict dekanbhoi enacrazu-1 (OE-1)
BUKOPUCTOBYBAJIM JIJIS1 OIIHKM eK30KpUHHOI (DyHKIiT mianurynkoBoi 3anosu. Koedinient kopessnii [Tipcona pospaxoByBasn
IS BASHAYEHHS B3a€MO3B’SI3KiB Mijk 3a3HAYEHUMU MapKEPaMH.

Pesyabratu. Pisenb actipocuiy 6yB 3HA4HO BUIIMM y TPy 1 OPIBHSHO 3 TPYIIOI0 2 Ta KOHTPOJIBHOIO IPYIIOI0, 3 HANBUIIMMHI
MoKasHUKaMK B narienTis i3 moeanannsm 1] 2 tumy ta XIT ((10,06 + 3,56) ur/mi). Konnenrparist 1JI-6 takosx OyJia Buco-
koio B rpymi 1 ((64,44 +4,35) tir/mMir), 110 CBIZAYMIIO TIPO 3HAYHE 3anajeHHs. PiBeHb afUoOHeKTHHY OYB HYZKYMM y TpyIi 1
((2,80+0,38) Hr/muir), 110 KOpEIoBaio 3 TipimuMu MeTaboaignuMu npodiasyu. Bmict ME-1 6yB 3Ha4HO 3HUKEHUM y TPYTI
1 ((142,2 +6,3) Mxr/T), mo miarseppkyBato Tsokky EHII3. Bussiaeno cummbai Kopessmii Misk piBHAME actipocury i 1J1-6
(r=0,49; p<0,01), a Takoxx Mixx piBusimu actipocuny Ta OE-1 (r=-0,52; p<0,01). ¥ rpyni nanienriB 3 izonpoBarum 11/]
2 Tuny 3adikcoBaHo MOMipHi 06EpHEHO POTIOPLIiHI 3B’A3KM MiK PiBHAMMU acnipocuny i agunonektuny (r=—0,47; p<0,05)
ta E-1 (r=-0,44; p<0,05), y rpymi martienTis 3 moeamamtsm 11/] 2 tumy i XTI — cunbruii o6epHeno mpomopIiiHuii 38’s130K
Mix agunonektunom ta IJI-6 (r=-0,61; p<0,01).

Bucnosku. lligsumenmnii piBHens acnpocnny B mamienTis i3 1/ 2 Tumy ta XII acoritoeTses 3 MiBUIIEHIM 3aTIaJIeHHIM Ta
3HUKEHOIO eK30KPUHHOIO (DYHKIEIO MiAMIIYHKOBOI 3a71031. 3HauHi Kopessiii Misk actipocunomM, LJI-6 ta DE-1 cBiguars, 1110
acnpocuH MosKe OyTH KJIIHIYHO 3HAUYIIUM Gi0MapKepoOM /ISt OIIHKM MeTab0 IigHOTO Ta 3a1aIbHOTO CTATYCy B IIUX TAIIEHTIB.
OrpuMaHi fiali CBiYaTh PO CKJIAJHY B3aEMOJIII0 MisK MeTabOJIYHUMHE Ta 3allaJIbHUMU TisixaMu B possutky EHIT3.

Ko4oBi ciioBa: 1rykpoBuii giabet 2 THITy, XpOHIUHUI MAHKPEaTHT, EK30KPUHHA HEJOCTATHICTD I INITYHKOBOI 31031, aCTIPOCHH.
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# Zhuravlyova LV, Markevych MA. Impact of asprosin, interleukin-6, and adiponectin on exocrine pancreatic insufficiency in patients with type 2 diabetes mellitus and chronic pancreatitis.
Ukrainian Therapeutic Journal. 2024;3:20-24. http://doi.org/10.30978 /UT] 2024-3-20.
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Assessment of dietary intake

In patients with metabolic
dysfunction-associated steatotic
liver disease using the Ukrainian
version of the EPIC-Norfolk Food
Frequency Questionnaire:

A cross-sectional study

Metabolic dysfunction-associated steatotic liver disease (MASLD) is prevalent world-
wide. Studies demonstrate a possible association between diet and MASLD. However,
data regarding patients in Ukraine are lacking.

Objective — to study dietary habits and meeting recommended dietary intake in
patients with MASLD.

Materials and methods. Adults with MASLD aged 18 years and older (n =29) receiving
care in outpatient settings who fully completed the adapted and validated Ukrainian
version of the EPIC-Norfolk Food Frequency Questionnaire (FFQ) were included in
the analysis. Liver steatosis was confirmed by ultrasound examination, and diagnosis of
MASLD was based on the criteria defined by the American Association for the Study
of Liver Diseases. As a reference for recommended dietary intake, data from the Dietary
Guidelines for Americans, 2020—2025 years were used. FETA software was used to cal-
culate nutrient data from the FFQ, The one-sample t-test, t-test, the one-sample signed
rank sum test, and Mann-Whitney test were used to assess the differences between the
sample and the reference data. The chi-squared test was used to analyse categorical data.
Results. The mean age of participants was 41.4 = 12 years, 69 % of participants being
female. The mean body mass index was 35.4+7.9 kg/m’ Participants consumed
more protein, than recommended by current dietary recommendations. Women also
tended to have higher energy intake and consume more fat, saturated fatty acids, and
carbohydrates than recommended. The median fibre intake was 19.36 g (Q1; Q3:13.29;
26.45), which is lower than the recommended 14 g per 1000 kcal (p=0.0015). Dietary
intake of most vitamins and micronutrients was met. However, women and men
consumed less than 600 IU of vitamin D daily. Among all patients with MASLD,
sodium intake (3829.5 + 1559.3 mg) was significantly higher than recommended (2300
mg, p<0.0001). Approximately 62 % of participants take dietary supplements, with
vitamin D being the most popular choice.

Conclusions. Our study showed that patients with MASLD in Ukraine tend to exceed
recommended protein and sodium intake and, at the same time, have low fibre and
Vitamin D consumption. High energy intake and saturated fatty acids consumption
are also of concern.

Keywords:

dietary assessment, food frequency questionnaire, nutrient, MASLD, Ukraine.

Metabolic dysfunction-associated steatotic liver disease (MASLD) is
considered to become one of the most common chronic liver diseases, and
its prevalence is expected to increase [5]. Multiple studies have investigated
the role of dietary habits in the development and progression of MASLD. The
data demonstrated an association between higher energy intake and MASLD
[20]. Ultra-processed foods, sugar-sweetened beverages, and saturated fats
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are also believed to be the main contributors [16].
Drug development addressing inflammation and
fibrosis progression in MASLD remains a challenge.
On 14 March 2024, the U.S. Food and Drug
Administration (FDA) approved resmetirom for
the treatment of adults with non-cirrhotic non-
alcoholic steatohepatitis (NASH) with moderate
to advanced liver scarring (fibrosis), to be used
along with diet and exercise [6]. However, lifestyle
changes remain an effective part of treatment and
should be recommended for patients with MASLD
[5, 7]. In Ukraine, the actual data on dietary intake
in patients with MASLD and their meeting the
recommended dietary intake (RDI) are still lacking.
A better understanding of the dietary intake of
patients with MALSD is needed to improve the
care for this population group, making this study
important and relevant.

Objective — to study dietary habits and meet-
ing recommended dietary intake in patients with
MASLD.

Materials and methods

Participants

It was a cross-sectional study involving patients
with MASLD. Participants were recruited from
outpatients who received medical care in two
medical centres in Kyiv, Ukraine: private medical
centre «Universal Clinic «Oberig» and KNE «Kyiv
Municipal Consultative and Diagnostic Centers
from July 2023 to June 2024.

The inclusion criteria for participation in the
study were as follows: adult patients aged 18 years
and older, liver steatosis confirmed by ultrasound
imaging and the recent diagnosis of MASLD (in the
last 6 months). The diagnosis of MASLD was based
on the criteria defined by the American Association
for the Study of Liver Diseases (AASLD), which
are consistent with the EASL—EASD —EASO
Clinical Practice Guidelines: hepatic steatosis
identified by imaging or biopsy and at least one
of five cardiometabolic risk factors: body mass
index (BMI) > 25 kg/m?* or waist circumference
(WC)>94 cm (males) and >80 cm (females);
fasting serum glucose > 5.6 mmol/L or 2-hour
post-load glucose levels > 7.8 mmol /L or HbA1c
> 5.7 % or type 2 diabetes or treatment for type 2
diabetes; blood pressure > 130,/85 mm Hg or specific
antihypertensive treatment; plasma triglycerides
> 1.70 mmol /L or lipid-lowering treatment; plasma
HDL <1.0 (males) and <1.3 mmol/L (females) or
lipid-lowering treatment [5, 10].

The exclusion criteria were pregnancy, daily
alcohol intake of more than 30 g per day for men
and 20 g per day for women [5], acute or chronic
liver diseases (hepatitis B, hepatitis C, etc.) other

than MASLD, recent changes of dietary habits.
We measured weight and height with further BMI
calculation. We also collected information about
the place of residency, smoking status and physical
activity level of the participants.

The study was conducted in accordance with the
Declaration of Helsinki, and all participants gave
informed consent. The study protocol was approved
by the Ethic Committee of the Bogomolets National
Medical University, Kyiv, Ukraine (Protocol No 152).

Food frequency questionnaire

and recommended dietary intake

Dietary intake was assessed using the Ukrainian
version of the food frequency questionnaire «the
EPIC-Norfolk FFQ», which we previously adapt-
ed and validated for Ukrainian adults [17]. As
a reference for RDI, we used data from the U.S.
Department of Agriculture and the U. S. Department
of Health and Human Services, Dietary Guidelines
for Americans [14]. We set recommended dietary
intake for macro- and micronutrients for each
participant based on their age and sex. Estimated
Calorie Needs were chosen based on age, sex and
physical activity levels of each participant. As the
Acceptable Macronutrient Distribution Range
(AMDR) for fat intake ranges from 10 to 35 %, we
used the highest value (35 %) as the threshold and
previously set Estimated Calorie Needs for calculat-
ing the acceptable energy obtained from fat, which
was further converted from kcal to grams of fat using
the approximation that 1 g of fat equals 9 kcal of
energy [13]. We calculated the reference for fibre
intake according to the recommendation of eating
14 g of fibre per 1000 kcal [14]. The upper limit for
saturated fatty acids (SFA) was set as < 10 % of daily
energy intake (kcal) [14].

Statistical Analysis

Categorical variables were presented as the num-
ber of cases and percentages. Continuous variables
were checked for normality using the Shapiro-Wilk
test and histograms. Normally distributed continuous
variables of the demographic data were presented as
mean and £ standard deviation (SD). As some con-
tinuous variables of nutrients did not follow a normal
distribution, we expressed data for nutrients in the
table as median with 25th and 75th percentile (Q1
and Q3). The one-sample t-test and the one-sample
signed rank sum test (depending on whether data
were normally distributed or not) were used to
assess the differences between the sample data and
the test value (one reference value for all partici-
pants according to guidelines the U.S. Department
of Agriculture and U.S. Department of Health and
Human Services. Dietary Guidelines for Americans)
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[14]. Mann-Whitney test (for non-normally dis-
tributed data) and t-test (for normally distributed
data) were used to assess the differences between the
sample data and the reference data (calculated for
each participant). The chi-squared test was used to
analyse categorical data. The sample size was defined
as at least 24 participants, as it was recommended
by J.C. Hall [9] with power set as 80 %, p<0.05,
and the null hypothesis that the mean difference in
calorie intake is 500 kcal or less. Initially data were
entered and encoded in Google and Excel sheets, then
we used FETA software to calculate nutrient data
from the FFQ [12]. A p-value <0.05 was considered
statistically significant. Data was analysed using
MedCalc® Statistical Software 20.215.

Results

Among 40 patients, who filled inclusion criteria,
34 agreed to participate in the study and were given
the Ukrainian version of FFQ. Four participants
did not return the filled form. The results of 30
filled FFQ were further entered into Excel sheets
and encoded. Then we used the FETA software to
calculate nutrient and food group data from the
FFQs. One participant, who did not fill the FFQ
properly leading to a total energy intake lower than
800 kcal /day, was excluded. As a result, 29 partici-
pants who fully completed FFQ were included in
the following analysis. The mean age of participants
was 41.4 £ 12 years, with 69 % of participants being
female. The mean BMI was 35.4 +7.9 kg/m? Table 1
summarizes the main socio-demographic and clinical
characteristics of participants.

Both men (112.46 g vs 56 g, p=0.01) and women
(127.68 g vs 46 g, p <0.0001) consumed more protein
than recommended by current dietary recommenda-
tions [8]. Women also consumed more saturated fat
than the threshold of 10 % of daily energy intake.
Daily intake of fibre was lower in both women and
men. The median of fibre intake was 19.36 g (Q1;
Q3:13.29; 26.45), which was lower than the rec-
ommended 14 g per 1000 kcal (median 31.74 g, Q1;
Q3:21.63; 36.33; p=0.0015). Dietary intake of most
vitamins and micronutrients was met. However,
women as well as men consumed less than 600 TU of
vitamin D daily. Detailed data of macronutrient and
micronutrient intake, meeting the dietary guidelines
recommendation are summarised in Table 2. Patients
with MASLD consumed higher sodium amounts
than recommended. Among all patients with
MASLD sodium intake (3829.5+ 1559.3 mg) was
significantly higher than recommended (2300 mg,
p<0.0001). This finding can be also supported by
the fact that approximately 90 % of participants
always add salt during cooking their food and there
were no differences between sexes. Nearly 52 % of

Table 1. The main socio-demographic and clinical
characteristics of participants

Characteristics Value
Age, years 41.4+£12
Female 20 (69 %)
Male 9 (31%)
Smokers 9 (31%)
Residence
City/town 24 (82.8%)
Village 5(17.2%)
BMI, kg/m? 35479
BMI category, kg/m?
<25 0
2510 <30 9 (31%)
30to <35 6 (21 %)
35to <40 7 (24 %)
>40 7 (24 %)
Physical activity
Sedentary 19 (65 %)
Light activity 8 (28 %)
Active 2 (7 %)

Note. Categorical variables are presented as the number of cases
and percentage, while quantitative indicators are presented
as Mean = SD.

participants constantly or very often took dietary
supplements, 10 % used them periodically, and 38 %
did not take any. There was no difference between
the sexes (p =0.6337, chi-square test). The frequency
of dietary supplement use depending on the living
area is shown in Figure. Among patients who used
dietary supplements, most (approximately 61 %)
consumed at least two different supplements. Nearly
40 % of the participants reported the use of three dif-
ferent types of dietary supplements. Vitamin D was
the most popular choice, which was mentioned by
83 % of participants, 39 % mentioned using marine
fish oil and /or omega-3 fatty acids. The use of vita-
min C, magnesium, zinc, and multivitamin complexes
has also been reported.

Discussion

Our results demonstrating higher energy intake
by patients with MASLD are in agreement with
those of other similar studies [1, 15, 20]. Stratified
analysis shown higher carbohydrates, fat, saturated
fat and sodium intake by woman than recommended.
In contrast, the dietary recommendations for fibre
intake were not met. Both women and men con-
sumed significantly lower amounts of fibre which
is consistent with the results of multiple studies in
different countries [1, 2, 13].
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Table 2. Daily intake of macronutrient and micronutrients in patients with MASLD

Indicator All participants Men Women

RDI RDI
Energy, kcal 2267 (1545—2595) 2400 1655 (1386—2605) 1800 2377 (1705—2596)*
Protein, g 116.5 (73.5—150.1) 56.0 112.5 (65.5—156.6)** 46.0 127.7 (74.5—150.5)**
Fat, g 89.49 (64.41—124.2) 93.33 80.43 (57.92—94.15)* 70.00 92.85 (72.01—126.2)*
MUFA, g 36.58 (26.04—47.07) - 32.29 (21.93—44.23) - 38.01 (26.55—49.76)
PUFA, g 15.03 (10.18—18.53) - 14.69 (9.85—17.05) - 15.76 (9.90—20.28)
SFA, g 29.60 (20.90—44.76) 18.39 21.76 (19.01—34.21) 26.41 34.44 (25.27—45.16)**
Cholesterol, mg 467.1 (331.1—657.2) - 467.1 (317.6—617.0) - 492.4 (330.9—658.0)
Carbohydrates, g 220.3 (151.0—299.9) 130.0 237.5 (109.5—286.1) 130.0 217.6 (1569.7—302.5)***
Fructose, g 17.24 (13.69—29.72) - 14.53 (11.92—16.58) - 22.20 (17.01—37.79)
Dietary fibre, g 19.36 (13.29—26.45) 23.17 16.00 (11.78—20.26)* 33.28 22.05 (13.72—31.50)*
Total sugars, g 92.8 (59.8—127.5) - 58.4 (52.4—106.5) - 97.4 (69.8—156.4)
Thiamine, mg 1.75 (1.22—2.16) 1.20 1.79 (0.88—2.46) 1.10 1.66 (1.28—2.10)***
Riboflavin, mg 1.92 (1.21—2.39) 1.30 1.40 (1.10—1.77) 1.10 2.02 (1.33—2.53)***
Niacin, mg 30.98 (20.05—38.50) 16.00 30.98 (19.56—46.71)** 14.00 30.57 (20.32—37.60)***
Pyridoxine, mg 251 (1.56—3.23) 1.30 2.28 (1.58—3.31)"* 1.30 2.59 (1.50—3.27)***
Vitamin B,,, mcg 8.58 (5.31—14.50) 2.40 8.58 (3.66—12.71)** 2.40 9.86 (6.56—14.75)***
Total folate, mcg 333.2 (220.7—443.5) 400.0 231.7 (194.1—313.8)** 400.0 392.8 (231.1—542.4)
Vitamin C, mg 145.35 (76.42—221.74) 90.0 75.70 (50.71—125.68) 75.00 174.57 (91.22—277.06)***
Vitamin D, mcg 3.35 (2.04—5.69) 15.00 2.79 (2.09—6.09)*** 15.00 3.36 (2.04—5.24)**
Vitamin E, mg 12.30 (9.86—17.66) 15.00 10.24 (9.05—12.21)** 15.00 13.79 (10.41—20.32)
Iron, mg 13.98 (9.66—16.72) 8.00 11.94 (9.60—15.60)** 14.65 14.65 (9.66—17.50)
Calcium, mg 851.4 (516.0—1185) 1000 576.1 (421.1—855.6) 1000 1021.9 (746.0—1274)
Magnesium, mg 381.7 (237.5—438.2) 420.0 275.8 (237.5—438.2) 320.0 382.1 (254.2—449.5)
Zinc, mg 12.83 (7.95—14.78) 11.00 11.67 (8.38—15.70) 8.00 12.99 (7.88—14.41)**
Sodium, mg 4518 (2430—4949) 2300 3800 (2111—4765) 2300 4548 (2564—4967)"**
Potassium, mg 3420 (2724—4877) 3400 3158 (2666—3783) 2600 3983 (2658—5169)**

Note. Variables are presented as Median (Q1— Q3).

RDI is based on the US Department of Agriculture and US Department of Health and Human Services. Dietary Guidelines for Americans.

MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids; SFA: saturated fatty acids.

Vitamin D RDI 600 IU =15 mcg.

The difference from RDI is statistically significant: * p <0.05; ** p<0.01; *** p <0.001.

100% -
80% -
Do you take
dietary suppliments?
60% - If yes, how often?
o | . | O Yes, everyday/
40% almost everyday/
often
20% I :
O Yes, sometimes
0% H No, I don't

Rural area  Urban area

Timeline: within the past twelwe months. p=0.0425, ¢ test.

Figure. Dietary supplement usage frequency depending
on living area in patients with MASLD

Our data demonstrating that low vitamin D intake
is consistent with the results of a study conducted
in Canada, which demonstrated that patients with
MASLD vitamin D intake had alower RDIin 100 %
of both men and women [1]. This is also supported by
a meta-analysis showinag that patients with MASLD
have decreased serum 25(OH)D levels [4].

The role of high sodium intake and the onset of
MASLD remains unclear. Even so, some studies have
demonstrated a high sodium intake in patients with
MASLD, which is in line with our findings [18]. In
addition, a study conducted in Korea examined the
sex-specific association between sodium intake and
the risk of MASLD and found that the estimated
24-h urinary sodium excretion levels were posi-
tively associated with the incidence of MASLD in
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all subjects. Furthermore, upon sex stratification,
a significant relationship was observed in females
but not in males [11].

Considering the relatively high rate of dietary
supplement consumption among patients with
MASLD, attention should be paid to the amount
and type of supplements consumed. For exam-
ple, additional vitamin D supplementation may
seem reasonable in some cases as defined by the
Endocrine Society [3]. However, large amounts of
different dietary supplements pose a risk of drug-
induced liver injury (DILI) development [8], mak-
ing relevant questions about dietary supplement
usage and reviewing them with the help of LiverTox
(National Institute of Diabetes and Digestive and
Kidney Diseases) as needed.

This study has some limitations. Despite our
efforts to involve more men in this study, owing
to the ongoing war in Ukraine, it was difficult to
achieve. In addition, the total energy intake of men
was lower than we expected. This may be explained
by underreporting, which is considered a particular
issue with self-reported data, especially among
obese participants [ 19]. Nevertheless, our study has
several strengths. To the best of our knowledge, this
is the first study to use a validated FFQ to assess
dietary intake in Ukrainian adults with MASLD.
Furthermore, we investigated whether patients
with MASLD met the current dietary recommen-
dations for most nutrients. We detected increased

consumption of protein and sodium. At the same
time, patients did not meet RDIs for fibre and vita-
min D. Hence, these findings can be used in clinical
practice to provide more precise recommendations
for this category of patients.

Conclusions

Our study showed higher protein and sodium
intakes in patients diagnosed with MASLD in
Ukraine. Women also tend to have a higher energy
intake and consume more fat, SFA, and carbohy-
drates than those recommended by the current
guidelines. In contrast, patients did not meet
the daily requirements for fibre and vitamin D.
Relatively high rates of dietary supplement con-
sumption are also a concern. Finding opportunities
to attract more males in similar research remains
valid. These results can be used in clinical settings
to advise patients with MASLD to pay attention to
daily energy and macronutrient intake, reduce the
amount of sodium consumed, and prefer foods with
higher fibre and vitamin D contents.
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*KHII «KuiBcbkuii MiCbKHiT KOHCYJIBTATUBHO-IarHOCTUYHUI 1IEHTP>

OuiHKa xapdyBaHHA B MaLliEHTIB 3 MeTabO0MHHO-aCoLiMOBAHOK CTEATOTUYHOKO
XBOPOOOIO MEHIHKM 3a OMOMOrot YKPaiHCbKOI BEPCIi ONmUTyBasbHMKa
EPIC-Norfolk Food Frequency Questionnaire: Kpoc-CeKUiMHE OOCHIMKEHHSA

Meraboaiuno-aconiiioana creatornyna xpopoda nevinku (MACXII), mommpena B ycboMy CBiTi. J{ocaigKeHHs 1eMOH-
CTPYIOTh MOKJIMBUIL 3B’5130K Mizk sietoio Ta MACXII. OnHak gaHuX 1mI0/10 MalieHTiB B YKpaiti Opakye.

Mera — BUBUNTH Xap4yOBi 3BUUKH Ta IOTPUMAHHS PEKOMEH/IOBAHUX /IIETUIHNX HOPM Y narienTis 3 MACXII.

Marepiamm ta meromu. IlpoanamnizoBano nani 29 namientis i3 MACXII Bikom nonaz 18 pokiB, sKi OTPUMYBAIN MeIIHY
JIOTIOMOTY B aMOYJIaTOPHUX yMOBaX i MOBHICTIO 3aTOBHIIIN /[ALITOBAHY W BaJIi/[OBaHy YKPATHCHKY BEPCIIO OMUTYBAIbHIKA
the EPIC-Norfolk Food Frequency Questionnaire (FFQ). CreaTos neuiHku mifTBEepIKeHO 3a I0MOMOIOI0 YJIbTPa3ByKOBO-
ro pocripkenns, giarno3 MACXII ycTaHOBJICHO HA OCHOBI KpUTEPiiB AMEPUKAHCHKOI acoltiallii 3 BUBUCHHS 3aXBOPIOBAHb
mevinku. /[ BU3HAUEHHS PEKOMEH/IOBAaHUX JIIETUIYHUX HOPM BUKOPUCTAHO J/IaHi 3 «/[iETHIHNX peKOMeHAIiH 119 aMepu-
kauiliB, 2020—2025 pp.». Jlaui moxo Hyrpientis 3 FFQ pospaxoBaHo 3a 101oMorow nporpamuoro sabesmeuertst FETA.
Jluist OiHKY BiAMiHHOCTEH MisK BUGIPKOIO Ta pedpepeHTHUMU JIaHUMU BUKOPUCTOBYBasu t-kpurepiii CThiogeHTa (1711 OHi€el
BUOIPKH Ta UIs1 IBOX BUOIPOK ), OMHOBUGIPKOBUIT KpUTEPiil 3HaKOBUX paHTiB Biskokcona ta Tect Manua — Yitui. [{ig ana-
JIi3y KaTeropialbHUX JJAaHUX 3aCTOCOBYBAJH TECT 2

Pesyanbratu. Cepeniii Bik yuacHukis cranosus (41,4 + 12,0) poky, 69 % yuacuukis Oy xinkamu. CepeaHiil iHIeKe Macu
tina — (35,4 +7,9) kr/m%. YuacHUKH CrioxkuBaju Oiibiie OLIKa, HisK PEKOMEHI0BAHO CYYaCHUMMU JIETUYHUME PEKOMEH/ 1A
nigmu. JKiHKM TaKoK Majii TEH/IEHITITO /10 BUIIIOTO CIIOKUBAHHS €HEPTii, JKUPiB, HACUUEHHX JKUPIB i BYIJIEBO/IIB, Hi3K PEKO-
MeH0Bano. Memiana crioKuBaHHs KIITKOBUHU ctanoBmia 19,36 r (MixkkBapTuiabauit podmax — 13,29; 26,45), 1o nmkde
pexomenioBanux 14 1 ua 1000 kkax (p=0,0015). [lieTuuti HOPMU CHOKUBAHHsI OLIBIIOCTI BITAMIHIB Ta MIKPOEIEMEHTIB
GyJu forpuMani. OHaK JKiHKK Ta 40s10BiKH criokuBanu Meriie 600 MO sitaminy D Ha 106y. Y Beix nauientis i3 MACXII
crnioxkuBanHs Hatpio ((3829,5 +1559,3) Mr) Oysio 3HAYHO BUIIUM, Hix pekomeHaoBaHo (2300 mr, p<0,0001). Biusbko
62 % y4yacHUKIB IpuiiMasu Ji€THYHI J0OABKY, HAUIOMYJISPHINIIM 3 AKX OyB Bitamin D.

BucnoBku. /locnimkenis npogemoncTpysao, 1o namientu 3 MACXII B Ykpaini 3a3Buuaii mepeBUIyI0Th PEKOMEH/I0BaHe
CIIOKMBAHHA OiJIKa Ta HATPIIO, ajle MAaIOTh HU3bKE CIIOKMBAaHH KJIITKOBUHH I BiTaminy D. BUK/IMKae 3aHenOKOEHHS BUCOKA
KaJIOPiiiHICTDb PAIiOHy Ta CIIOKMBAHHA HACUYEHUX JKUPIiB.

Krouosi ciioBa: onlinka paitiony xapuyBaHHsI, OTIUTYBAJIbHIK YaCTOTH XapuyBaHHsl, moxkuBHi peyosunn, MACXII, Ykpaina.
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CKPUHIHT HANMOLUMPEHILLINX
KapaiomMeTadoni4HmX
3axBOPtoBaHb Ha NiACTaBi
OLIHKM YYNHHWIKIB PU3MK
cepe[ BIMCbKOBOCTY>KOOBLIIB

Mera — OI[HUTU MOIIMPEHICTh OCHOBHUX KapAioMeTaboJiuHIX 3aXBOPIOBaHb, BU3HA-
YNUTH IXHI YMHHUKY PU3UKY Ta 3iCTaBUTH 3 MeTaOOJIYHUMU TIOPYIIEHHSIME Ta IHAMKa-
TOPaMU CTPeCy Yy BIHCHKOBOCIIY/KOOBIIIB.

Marepiaiu Ta Metomu. Y AoCHifKeHHsT OyJ0 3adydyeHO 74 4YOJIOBIKiB-BilicbKOBO-
cayx6o0BuiB. Cepenniii Bik — 43,4 [31,4; 50,6] poky. Cepen obcreskeHnx yacTka ocib
3 aprepiansbHoio rineprensicio (Al') cranoBuia 51,4 %, 3 mucaimigemieio (AJI) —
75,7 %, 3 MeTaboJIIYHO-aCOIIHOBAHOO CTEaTOTUUHOW XBOopoOoto neuinku (MACXIT) —
48,6 %, 3 HaAJIMIIKOBOIO Macolo Tija abo oxupinusm — 51,4 %. Posmomin Ha rpymnm
MPOBOAWIIN 3aJI€KHO BiJl KiJIBKOCTI HAsgBHUX KapAioMeTaboJIiuHUX 3aXBOPIOBaHb:
rpyna 1 (nopisustaus) — 14 (18,9 %) namientis 6e3 AL, JIJI ta MACXII, rpyma 2 —
32 (43,2 %) narientu 3 1 — 2 3a3Ha4eHUMHU KapioMeTaboIYHUMU 3aXBOPIOBAHHIMH,
rpyna 3—28 (37,8 %) nauienris i3 komopbignotwo mnarosoriero (AL, IJI ta MACXII).
OuiHIOBaIM aHTPOIOMETPUYHUIL TIPOQiIb, TPaaMIiiiHi KIiHIKO-6i0XiMIUHI TTOKa3HU-
k. Bmict y KpoBi inaukaTopis crpecy (zerigpoenianapocrepon-cyiabdar (ITEA-C)
i KOpTU30J1), a TAKOK Mapkepa okucHoro crpecy 8-OH-nesokcuryanosuny (8-OH-/IT)
BHU3HAYAIH IMyHO(PEPMEHTHUM METO/IOM.

Pesyabratn. Cepen o6cTeReHNX BilichKoBOCTysKO0BINB i3 Al BaBiui wacrime pee-
CTPYBaJIM HA/UTUIIKOBY Macy Tina/oxupinns (p=0,003, x*=9,110), y 3,3 pasy uac-
time — MACXII (p=0,0001, x*=19,598) ta B 1,7 pazy wacrime IJI (p=0,0001,

=15,418). Cepen siiicbkoBociysk60BiiB i3 MACXII Brpuui wacrinie mana Micie
HaaMipHa Maca Tirma/oxupinmsa (p=0,0001, ¢*=19,598), B 1,6 pasy gacrime — JIJI
(p=0,0001, x*=13,416). BiiicbkoBocay:k00B11i 3 Gi/IbIIO0 KiNbKICTIO KapaioMeTaboiiy-
HIX 3aXBOPIOBaHb OyJU cTaTuCTHYHO 3Hauyio crapummu (p = 0,003). ¥ rpymi 3 21,4 %
BiiICbKOBOC/IYKOOBIIIB Masli HOPMaJIbHUIL iHIeKC Macu Tija, Toai sk y rpyii 1 28,6 %
0cib Masim HaJTMIIKOBY Macy Tijia a6o osxkupinns (p=0,001). 36inbiments KiabKocTi
KapzioMeTaboIiuHIX 3aXBOPIOBaHb CYIIPOBOIKYBAJIOCS CYTTEBUM 3MEHIIEHHIM 4acT-
KH ckesetHol myckysarypu (p=0,039 musa rpynu 1 nopisasiHo 3 Tpynoio 2; p=0,001
st tpyni 1 mopiBusHO 3 rpynoio 3; p=0,001 xus rpynu 2 mopiBHAHO 3 TPYHOIO 3).
BiiicbkoBocitysk00BI1i TpyIK 3 MOPIBHSAHO 3 rpymamu 1 Ta 2 Majiu CTaTUCTUYHO 3HA-
YyIIO BUIII TTOKa3HUKY iHIeKcy Mack Tisa, o6somy Taumii (OT) i crerom, 6ibiny 4acTky
3araJIbHOTO JKUPY Ta MEHINY 4YacTKy ckesieTHoi myckyaatypu (p= 0,001 xns Bcix map
nopiBuanb). HaiiBumi pisni acnaprataminorpancdepasu (ACT), amaninaminorparnc-
epazn (AJIT), cevosoi kucrotn (CK) ta naftnmxay Bemmuuny crissignomenas ACT/
AJIT 3apeectpysasuu B rpyti 3 opiBusino 3 rpynoio 1 (Bianosizno p=0,002; p=0,0001;
p=0,001; p=0,0001) ta tpymoo 2 (p=0,0001; p=0,0001; p=0,0001; p=0,0001).
V BilicbKOBOCIIYKOOBIIIB TPyIH 3 TOPIBHSAHO 3 IPyno0 1 OyB CTATUCTUYHO 3HAUYIIO
MeHIUM BMicT JykHOi (ocdarazu (p=0,048). Bugsieno moripiieHHst JTirmiHOTO
npodisio 3i 36ibIIEHHSIM KiJIBKOCTI KapAioMeTaboIiuHUX 3aXBOPIOBaHb: y IpyIii 3 cra-
TUCTUYHO 3HAYYIO BUIIMMU OyJIM MOKA3HUKHU 3arajibHoro xosecrepuny (3XC), tpu-
raitiepunis (TT), xonecrepuny Jinonporeinis pyske Husbkoi rycrunu (XCJIITTHT) Ta
HU3BKOI IycTUHM MopiBHgHO 3 Tpymoio 1 (Bixnosigno p=0,0001; p=0,0001; p=0,0001;
p=0,007) ta rpymoio 2 (p =0,0001; p=0,024; p=0,002; p=0,005). Y rpymi 2 mopiBHsHO
3 rpynoto 1 Buum 6yB pisers TT (p=0,0001) i XC JIIIJTHT (p=0,0001). Cyrreso
HskurM OyB BMict JITEA-C y rpymi 3 nopisusito 3 rpynoro 1 (p=0,019), ane Biamin-
HOCTeT 32 PiBHEM KOPTH30JTy He BUsiBIeHO. CTaTHCTHYHO 3HAYYIIO HIZKYUM OYB BMICT
8-OH-/IT'y rpynax 2 (p=0,003) ta 3 (p =0,019) nopisustro 3 rpynoio 1. Kopessitiiiamit
aHaJli3 JAHUX BUSIBUB, IO PIBEHb CTPECOBMX TOPMOHIB MaB 00EPHEHO MPOIOPIiHHUIL
3B’g30K i3 mokazuukamu OT (p=0,016), ACT (p=0,004), AJIT (p=0,021), 3aranbroro
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6inipy6iny (p =0,033), CK (p=0,002), rnikosanoro remornobiny (HbA1c) (p=0,024),

3XC (p=0,002), TT (p=0,001), XC JITIJIHT (p=0,001).

Bucnosku. Cepe/1 BilicbKOBOCIYKOOBIIIB 3HAYHO TTOMIMPEHi KapaioMeTabo iyHi 3aXB0-
PIOBAHHS, YaCTHM SBUIIEM € HAsBHICTH KOMOPOIIHOCTI, 1110 3HAYHO TABUIILYE Kap/io-
BACKYJISIPHUI PUBUK i 3yMOBJIIOE TI0Tpeby B ONTUMI3alil JTiKyBaIbHO-TPOMIIAKTHYHIX
METO/IB I BUSABJICHHST Ta KOPEKIii KapAioMeTaboMiuHNX 3aXBOPIOBaHb. 301/IbIIEHH
KIJIBKOCTI KapAioMeTabo/iuHNX 3aXBOPIOBAHb ACOIIIOETHCA 3 OLIBIIM BIKOM, MOTIPIIEH-
HSAM aHTPOIIOMETPUYHOTO CTaTyCy, MediHKoBUX 11pob, 36ibimentsam pisas CK, morip-
HMIEHHAM JIiTTiaHoro mpodimo. Y BilichbKOBOCAYKO0BIIB i3 KapAioMeTaboIiuHOI0 KOMOP-
Gipmictio JITEA-C MoHa posrisiiaTé K iHAMKATOP XpoHiuyHoro crpecy. HeobxixHo
npoBoANUTH MoHiTOpuHT i BuacHy Kopekitiio OT, Bmicty ACT, AJIT, saranbroro 6ixipy-
6iny, CK, HbA1c, 3XC, TT i XC JIIIJIHT y BilicbKOBOCTY;KOOBIIB Yepe3 3B’A30K HX
MOKA3HUKIB 31 CTPecoM JIst TPOMITaKTUKKI KapAioMeTaboiuHUX 3aXBOPIOBAHb.

Knto4osi cnosa:

BINCbKOBOCNY>KOOBLYi, KapaioMeTabonivHi 3aXBOPIOBAHHS, CTREC, KOPTUI0/,

nerigpoeniaHapocTepoH, 8-OH-ae3okcuryaHosmnH

Ba naHuMu 1opivyHoro 3Bity MOJ3 VYkpainu,
y 2023 p. xapaiomeTaboJiuHi 3aXBOPIOBAHHSI
GyJIn OJIHIEIO 3 IPOBIIHUX MPUYNH 3aXBOPIOBAHOC-
Ti Ta cMepTHOCTI B Kpaini [2]. CeprieBo-cynmmnHi
saxBopioBanHs (CC3), cepen sSKHMX aprepiajibHa
rimeprensiss (Al) € oxnielo 3 HaWmomMMpeHIiMMX
[aTOJIOTIl, — OCHOBHA IpuunHa cMepti (OIU3BKO
64 % Bim ycix cmepreil). 3a pesyJjbrataMu OIH-
tyBanHs <«OIliHKa cTaHy AiabeTHYHOI J0MOMOTU
B Yipaini 2023 p.» cepen ocib Bikom 20—79 pokis,
Ha I[yKpPOBUil [iabeT XBOpitoTh 9,6 % 4OJIOBIKIB Ta
9,0% wxinok [1]. Biu3bKO TOJOBUHU JOPOCTOrO
HaceJIeHHs1 YKpalHU Ma€ HaJJIUIIKOBY Macy TiJa,
0 € YMHHUKOM PHU3UKy po3BUTKY sk CC3, Tak
i miaGery. /lo iHIIMX TOMUPEHUX KapioMeTadoriu-
HUX TOPYIIEHbD, MO TaKOK € YMHHUKAMHU PUSUKY
BuHukHeHHss CCJ3, Hasexarb auciimigemis (/1JT)
Ta MeTaboJIIYHO-acoIliioBaHa CTeaTOTHYHA XBOPoOa
neuinkn (MACXII) [3]. Beaxaiors, mo 20—40 %
oci6 i3 kapaioMeraboOJiYHUMU 3aXBOPIOBAHHSIMU
MatoTh [1J1, sika € 0CHOBHUM YMHHUKOM PU3UKY PO3-
BuTKy CC3, 0c06IMBO aTEPOCKIEPOTHYHOTO TEHESY.
[Tommupenicts MACXII B Ykpaini cepe 10pocsioro
HacesieHHst ctaHoBUTh 20—40 %. Ile 3axBOproBanHs
TiCHO TIOB’sI3aHe 3 OKUPIHHAM, IHCYJIIHODE3UCTEHT-
nicrio, JIJI i AT, naityacrinie TparusieTbest B 0ci6
i3 Ha/IMIPHOIO MacoIO Tijia Ta IyKPOBUM jiabGeToM
2 tumry. Tomy B YKpaini 4K iepBUHHA, TaK i BTOPUHHA
npodilakTUKa KapaioMeTaboIiYHIX 3aXBOPIOBAHD
Ma€ BasKJINBe 3HAYCHHS.

B ymoBax BiiiHM 301JIBIIYIOTHCS TTONIMPEHICTH
i BUpa3HiCTh YMHHWKIB pusnky po3Butky CC3,
a TaKOK acoIliiioBaHUX MeTabOJIYHUX YCKJIA[HEHD
[18]. Ilix gac BiftHU TOCTYT 10 MEAUIHOI TOTIOMOTH,
SKICHOI 1Ki, (Di3WYHOI aKTUBHOCTI Ta HOPMaJbHUX
YMOB JKUTTs1 oOMeskeruit. HeperyJisipre xapuyBaHHs,
BXKUBAHHS BUCOKOKAJIOPIHUX ITPO/IYKTiB, HEIOCTATHST
TPUBAJIICTH CHY Ta (hi3IUHa IEPEBTOMA MOKYTh TTPH-
3BOJMTH JIO TOPYIIEHb MeTaboJIYHOrO cTaTycy. 3a

JIAHUMU PI3HUX JIOCTI/IKEeHb, HAWHeCTTPUSATIUBIIII
3MIHU CIIOCOOY JKUTTST — Y BIilICBKOBOCITY/KOOBIIIB,
TOMY Cepe/l 1€l KaTeropii HaceJIeHHsT CyTTEBO 301Ib-
IIYIOThCST KapAioMeTaboiuHi PUsHKH, 110 moTpedye
JI0ZIATKOBOTO MOHITOPUHTY Ta ONTUMI3allii JiKyBaJIb-
HO-TTpodimakTIaHmX 3ax07iB [6, 12, 15]. SKio Kopek-
110 BUCOKOTO pU3uKy po3BuTKy CC3 (Hampukian,
I[yKPOBOIo iabery), ki acoI[IOI0ThCs 31 3HAYHIM
ITiZIBUIIIEHHSM CMEPTHOCTI, 3a3BUUail TIPOBOSITH O/Ipa-
3y MICJIsT BUSIBJIEHHST, TO 0COOM 3 Kap/li0BACKYJISIPHUM
PM3UKOM HU3bKOI Ipajiallii 4yacTo He € IPUXUIbHUMU
1o sikyBaang. OTiHKa TMOMMPEHOCT] Ta BUPA3HOCTI
KapioMeTaboJiYHIX TOPYIIEHb cepel BiChbKOBO-
CJIy;KOOBIIB MOJKE TTBUIIATH €(eKTUBHICTD JIKY-
BaJIbHO-TIPO(IIAKTUIHNX 3aXO/IiB, CIIPSIMOBAHUX Ha
3HIKEeHHs pusuKy po3Butky CC3.

Bognouac TpuBasi ncuxosoridyHi Ta ¢isuuHi
HaBaHTa)KEHHH, 3 IKUMU CTUKAIOTHCS BifICHBKOBO-
ca1ysKOOBIIi, TAKOXK TPU3BOJISATH /10 PO3BUTKY CTPEC-
IHZYKOBaHWX 3MiH B opranismi [9, 14, 22]: 3minn
peryJisiiii cepiieBo-CyIMHHOI CUCTEMU, HAIPUKJIA,
MiIBUIIEHHST apTepiajbHOTO TUCKY, MOPYIIECHHS
MeTa0oJTi3My i MiZBUIIIEHHS] PU3UKY TIPOTPECYBaH-
HS HasgBHUX KapAioMeTaboJiYHUX 3aXBOPIOBaHb.
TpuBanuii crpec MOKe TaKOK CIIPUYMHUTH 3POC-
TaHHS PiBHS KOPTU30JIY, O TPU3BOAUTE 0 Bif-
KJIQJITaHHS >KUPOBOi TKAHWUHU, IOPYIIEHHS JIiTTiIHOTO
poGisTio Ta iHIMX MeTaboIYHUX TOPYIIeHb, Tomy
JIOCJIIJKEHHSI CTPECOBUX UYMHHMKIB Ta iX 3B'SI3Ky
3 KapaioMeTaboJiYHUM CTaTyCOM BiliCHKOBOCIIY K-
GOBIIIB MOKE CTATH KOPUCHUM IHCTPYMEHTOM JIJISI
BYACHOI [[IaTHOCTUKM 1 e(eKTUBHOTO JIiKyBaHHS
HAsBHUX KapAioMeTaboIiYHIX CTaHIB.

OcHOBHMMU iHIWKATOPaMHT CTPECY € PiBHI KOPTH-
3oJ1y 11 afpeHokopTUKOTpOITHOTO TopMOHY (AKTT)
y xpoBi |7, 8, 17]. Koptuzo, ropmoH, 10 BUPOG-
JISETHCST HATHUPKOBUMU 3a7103aMU Y BIJIIIOBiAb HA
CTpec, Biiirpae KJIIOYOBY POJib Y peryJisiiii oOMiHy
PEUOBUH, IMYHHOI CHUCTeMM Ta MiATPUMIL PiBHSI
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rmoko3u. Topmon AKTT, saxuit mpomykye rimodis,
CTUMYJIIOE CEKPEeIlii0 KOPTU30JIy Ta € BaKJIUBUM
MOKAa3HUKOM aKTHWBAIlii Oci Timotamamyc-Timodis-
HaJIHMPKOBI 3a71031. BilicbKoBOCIYKO0BIT, 0COOINBO
Ti, IO CTPAKIATOTH Ha TIOCTTPABMATHYHUI CTPECOBUTI
po3Jajl, MalOTh TEHIIEHINIO 0 MTOPYIIEeHb Y CUCTeM1
rimotagamyc-Tinodi3-HaTHUPKOBI 3a7T03H, IO MOKe
BUSIBJISITUCST SIK MIZIBUIIEHHSM, TaK 1 3HUKEHHSIM
PiBHA KOPTU30J1y Yepe3 XpoHiuHuii crpec. Ie Bkasye
Ha te, 1o Koptn30J i AKTT € BasksmBUMM MapKepa-
MU JIJIS TOCJTJIZKEHHS SIK TOCTPOTO, TaK 1 XPOHIYHOTO
cTpecy y BiliCbKOBOCIYKOOBIIIB. [HITUM CTPECOBUM
ropMoHOM € gerifapoerianzipoctepon ([ITEA) [4],
KU 3a3BUYAil PO3IJISALAIOTH IK Gi0MapKep roCTPOro
ctpecy. Bmict JITEA migBumy€eThes micis rocTporo
MICUXIYHOTO CTPECY He3aJIesKHO Bijl IOTO TUITY Ta TPU-
BAJIOCTI Ta € IIOPIBHSIHHUM Y KPOBI Ta CJIMHI, 1110 MOXKe
OyTH KOPUCHKUM JIJIsI BUSIBJIEHHSI TaKUX TTOPYIIEHb
y BiliCbKOBOCTY;KOOBIIIB, ajie MiBUIIEHHS PiBHS
[ATEA € xoporkouacHum (1 piK), 10 YCKJIATHIOE
JI0T0 OL[IHKY Ta, BI/IITOBIIHO, IPAaKTUYHY 3HAYYIIICTh
[10]. 3a ganumu nocaimkenns A.- K. Lennartsson Ta
criBaBT. (2022), eheKTHBHUM iHAMKATOPOM i3 BiJI0-
MUX CTPEC-TOPMOHIB € aHaGOJIUHUI TOPMOH JeTi-
npoetmianapoctepony cyabdat (ITEA-C). ATEA-C,
sk i JITEA, Bupobisierbest y Bignosiap #Ha AKTT
1 BUBLJIHAETHCSA B KPOB IapajieJIbHO 3 TOPMOHOM
CTpecy KOPTU30JI0M. ABTOPH ITPOJIEMOHCTPYBAJIH, 110
rpyla Hali€eHTiB 3 BUCOKUM PiBHEM CTpecy MaJla 3Ha-
uHo HUsKay peakitito [[TEA-C (Ha 40 % Huskue), HisK
TpyTma 3 HI3bKIM CTpecoM, Tojli Ak 3a BMmicToM JITEA,
koptusony it AKTT rpynu He Binpisusnaucs. Takosxk
HOKasaHo, 110 3MeHInents: Bupobruirea ITEA-C
MOsKe OYTH ITPOMIKHOIO TTaTOTEHETHYHOIO JIAHKOO
MiK TPUBAJIUM CTPECOM 1 TIOTAaHUM 3710poB’aM [20].
Bizomo, 1m0 3MiHW PiBHS CTPECOBUX TOPMOHIB
MOKYTh BiffOyBaThCs TIiJ| BIUIMBOM MeTabOJiYHIX
nopytieHb (oxxupinss, [IJI Tomo). Onnak, nanux
II[010 IIHOTO MaJI0, 0COOJIMBO Y BiiCbKOBOCITYKOOBIIIB
abo BeTepaHis.

Bizmomo, 110 po3BUTOK cTpecy, K TOCTPOTo, Tak
1 XpOHIYHOTO, HA KJIITUHHOMY PiBHi CYITPOBO/IXKYETh-
€SI OKMCHO-BIJTHOBHUMM TTOPYIIeHHAMA. Po3BUTOK
OKHCHOTO CTPeCy Pa3oM i3 (hOpMyBaHHSIM 3aIlal€HHS
HU3BKUX TPAAIliil € KIIOYOBUM TTaTOTEHETUIHUM
MeXaHi3MOM PO3BHUTKY KapioMeTaboJIiuHIX 3aXBO-
pioBanb [16, 23]. Tomy He MO’KHA BUKJIIOYATH, IO
HACJTIIKU BIIMBY CTPECOBUX YMHHUKIB Ha MeTabo-
JHYHUI cTaryc ocib i3 HasTBHUME KapiomMeTaboJid-
HUMU 3aXBOPIOBaHHIMU MOKYTh OYTH BUPa3HilIN-
MM, HiK B 0Ci0 6€3 11X 3aXBOPIOBAHb.

Merta poGOTH — OL[IHITH HOIIUPEHICTH OCHOBHUX
KapaioMeTaboIiuHIX 3aXBOPIOBAaHb, BUSHAUNTH IXHi
YMHHUKU PU3KMKY Ta 3iCTaBUTH 3 MeTabOJYHIUMU
MOPYTIECHHSAMH Ta iHINKATOPAMHU CTPECy y BiliChKO-
BOCJTY;KOOBIIIB.

Marepiamm Ta MmeToau

VY nocaimkensst OyJio 3agy4eHo 74 4OJIOBIKiB-
BiiiCbKOBOC/IYKOOBIIIB, SIKi IPOXONIIN aMOyJIaTOpHe
abo crarionapHe JikyBauust B JIY «Harionaabauii
inctutyT Tepartii imeni JI. T. Manoi HAMH Yxpaians>
npotsirom 2023 p. Cepe/Hiil Bik naiienTis — 43,4
[31,4; 50,6] poxy, miHiMambHIiT — 22,8 poKy, Mak-
CUMAIEHIHI — 58,2 POKYy.

Posznoiisr Ha rpy v IpoBOIIIN 3aJIE5KHO BiJl PE3YJIb-
TaTiB CKPUHIHTY KapioMeTabo iYHUX 3aXBOPIOBAHb
(AT, MACXII i /IJT) (puc. 1). AETpOnIOMETpUIHNIA
1podisib BiiCHKOBOCIYKOOBIIIB, 30KpeMa HAsIBHICTh
HAJIJTMIIKOBOI MacH Tijla Ta OKMPIHHH, BBaXKajiu
YMHHUKOM Kap/ioMeTaboJiYHOrO PH3KKY, ajie He
BpPaxOBYBaJU TPU PO3IMOALJI B TPYMHU. 3a JaHUMU
MoTIepe;IHbOTO AHKETYBAHHS, Maca Tijla BilIChKOBO-
Ca1yKOOBIIIB TIPOTITOM OCTAHHBOI'O POKY HEOJIHOpa-
30BO 3MIHIOBAJIACS BiJl 3MEHIIIEHHST 710 301IbITIeHHS
1 HaBIAKW 3aJIeKHO BiJI TPUBAJIOCTI Ta i1HTEHCUB-
HOCTi (Di3MYHMUX HaBaHTaXKeHb Ta xapuyBaHHs. Lle
JIaJIo Ti/ICTaBU PO3IJIS/IATH B HAIIOMY JIOCJII/IKEHH]
BIIXWJIEHHSI Bil HODMU B AHTPOIOMETPUYHOMY
cTaTyci 9K JUHAMIYHUN YMHHUK Kapj_'[iOMeTa60Jqu—
HOTO PU3UKY, a He SIK TPUBATIUH MaTOJOTIYHUH CTaH.
[TanienTis 3 imemMigHOI0 XBOPOOOIO CEPIA Ta IyKPO-
BUM /liabeTOM He 3aJTydasiv B IOCJI/IKEHHS, OCKiJIb-
Ki oOUABI maToJsorii HajieKaTh 0 3aXBOPIOBaHb
i3 JlysKe BUCOKMM KapioMeTaboJiYHUM PU3UKOM,
[0 MOTJIO BIUTMHYTH Ha CTaTUCTUYHY 3HAUYIIICTh
BIIMIHHOCTEH MiX rpynamu.

Ipyma 1 (nopiBusnnst) — 14 (18,9 %) natienTin
6e3 AT, JIJT ta MACXTI, rpymia 2 — 32 (43,2 %) marti-
e’TH 3 1—2 3a3HayeHUMMHU KapaioMeTaboiuHIMU
3axBopioBaHHsIMH, TpyTa 3 — 28 (37,8 %) marienTin
i3 komop6iaHoIo marosorieo (AT, JIJT ta MACXIT).

% 75,7

51,4

JI1 MACXII

Hanmipna
Mmaca Tina,/
O’KUPIHHA

Puc. 1. HacTka BiiCbkOBOCNY>KOOBLIIB i3 BUABNEHNMM
3a pesynbratamm CKPUHIHIY KapaioMeTabonmiqHmm
naTonoriamu

YKPAIHCbKWUI TEPANEBTUYHUN XXYPHATT o Ne 3 o 2024

33



OPUTIHAJBbHI AOCIAXEHHA o ORIGINAL RESEARCH

Cepen BiiicbkoBoCay:K60BIiB 3 Al e
B 14 (18,9 %) miarnos ycTaHOBJIEHO JI0 TIOYATKY BilTHI
B Ykpaini, cepen martientiB 3 MACXIT — B 4 (5,4 %).
OCKiJIbKM TaIliEHTH TIepEeBa)KHO He TPOXOIAITHN
IOPIYHOTO 3araJIbHOTO MPOMLIAKTIHIHOTO 0OCTEKEH-
Hsl, MOJKHA TTPUITYCTUTH, IO B OLIIBIIIOCTI 0OCTEKEHNX
AT Ta MACXII Bniepirre BUHUKIIH i1 yac BIfHU.

O1iHfoBa/IM TaKi aHTPOIIOMETPUYHI TOKA3HUKM:
ingexc macu tima (IMT), 06Bix Tamii (OT), 06Bix
creron (OC), Bignomenns OT/OC, BigcoTkoBuU
BMiCT 3arasibHOTO kupy (37K), BicoTkoBuil BMiCT
ckenetHnx M'a3iB (CM) 1 piBeHb BiciiepajbHOTO
sxupy (B/K). [lns BusHayenHs 3a3HavueHNX TTOKA3-
HUKIB BUKOPUCTOBYBAJIM MOHITOP CKJIAQAy TiJja
«Omron BF511».

bioximiuHi TOKa3HUKM KPOBI OIIHIOBAJIN 32 CTAH-
MAPTHUMU METOIMKAMM:

- nmeuinkosi mpobu (acmapraraminorpancdepasa
(ACT), ananinaminorpancdepasa (AJIT), criiBBinHO-
mrertst ACT/AJIT, sysxua docdaraza (JID), Trmvo-
soBa ipoba (TII), 3arambHuii i ipsimuii 6LTipy6iH);

+  IHMKATOPH BYTJIEBOAHOTO MPpoisio (rIoKo3a
Ta Triko3mIboBanuii remorsiobin (HbA1c));

- imgukaTopu JimigHoro mnpodiaio (3arajib-
Hnit xosecrepun (3XC), Tpurminepuaun (TT),
XOJIECTEPUH JITIOTIPOTETHIB y’Ke HU3bKOI T'YCTUHUI
(XCJIIHT), Bucokoi ryctunu (XC JIIIBI) Ta
Husbkoi ryctunn (XC JIITHT));

- HUpKOBi npobu (ceyosa kucaora (CK), cevo-
BUHA, KPEaTHHiH, aJIbOYMiH);

- wmapkep samanennst (C-peaktuBHMiT 610K
(C-Pb)).

Sk iHaMKaTOpH cTpecy 0OpaHO TOPMOHHU CTPECY
(/ITEA-C i xoptusosr), a TakoK MapKep OKHUCHOTO
crpecy 8-OH-nesoxcuryanosun (8-OH-/IT), piBenn
SIKUX BU3HAYAIU B KPOBI IMyHO(epMEHTHUM METOIOM.

[l cratnctrnyHOTO aHAMI3y OTPUMAHUX TAHUX
BHUKOPUCTOBYBAJIM MAKET ITPOTpaM 06POOKH JTaHUX
IBM SPSS Statistics 19. /lani HaBemeHo y BUTIA-
I MeJliaHW Ta MIKKBapTUJIBHOTO 1HTEPBATy Mix
25-m ta 75-m nporentussimu (Me [Q1; Q3]). st
OI[IHKM MIXKTPYIOBUX KiJbKICHUX BiZIMIHHOCTEN
3actocoByBasin U-kpurtepit Manna— Yitni. /lns
MHOKMUHHOTO TIOPIBHSTHHS SIKICHOI O3HAKH (4acTOTH
BUSABJIEHHSA) y KIJBKOX TPyMax BUKOPHCTOBYBa-
g kputepiii x> Iy BUSBJIEHHS KOPEJISIil Mix
rapaMeTpamu IIPoBe/IeHO KOpeJIsiiitHnii aHastis 3a
Cnipmenom. [l Bcix BUIB aHaMi3y BiIMIHHOCTI
BBaKAJIM CTATUCTUYHO 3Hauynumu pu p < 0,05.

PesysbraTi T2 00rOBOpEHHS

O1riHKa MOMMPEHOCTI MMOEHAHOT TTATOJIOTI1 cepet
ycix 06cTeReHNX BiiiCbKOBOCTYKOOBITIB OKa3aa,
mo cepen naiienTiB 3 Al BaBiui yacTiie majia
Miclle HaJJIUIIKOBAa Maca Tia/oxupinas (68,4
i 33,3%, p=0,003, x*=9,110), y 3,3 pady uactimie

rpamsiacst MACXII (73,7 ta 22,2 %, p=0,0001,
v?=19,598) ta B 1,7 pagy wacrimme — JIJI (94,7
i 55,6 %, p=0,0001, x*>=15,418). Ockinpku Maiixe
B ycix nmariientiB 3 AT’ Gysia giarHocrosana /IJ1, a B
koxxHoro apyroro — MACXII, 1e cBiguuTh 1mpo
HeOOXiAHICTh TPOMIIAKTUKKA IHUX 3aXBOPIOBAHD
y BIliCbKOBOCJTY>KOOBIIIB i3 BitoMuM anamue3om AT
OxKpiM TOTO, KOPEKIIisl aHTPOIIOMETPUYHOTO CTATYCY
B 1i€l Kareropii BiiicbKOBOCITYKOOBIIB, 3 OIJISILY
Ha BHUCOKY TIONIUPEHICTh HAAMIPHOI Macu Tija,
notpebye 0coOJMMBOT yBaru sIK 3a/ist 3HUKEHHS
PU3UKY PO3BUTKY CEepIIeBO-CYTUHHUX YCKJIAHEHD,
TaK i 3a/171s1 301IBIIEHHST BUTPUBAJIOCTI BifiCbKOBO-
CaTysKOOBIIIB.

Cepen BiticbroBocy:k608IiB 3 MACXII yTpu-
Yl yacTillle peecTpyBaji HAAMIpHY Macy Tija/
oxupinns (77,8 i 26,3%, p=0,0001, x*=19,598),
a /Ul — vy 1,6 pasy (94,4 ta 57,9%, p=0,0001,
x> = 13,416). Husbka monmmpeHicTh HOpMaJIbHOI MacH
Tijla # JIiigHOro Mpodiaio B MeKax HOPMHU CepPer
martienTiB i3 MACXII mae mimcTaBm mpumycTuTH
BTOPUHHY (opMy 3axBopioBaHHs. Ha Harry pymky,
HaNiMOBIPHIIIIOIO TPUYKUHOIO TaKol nonmpeHocTi /1J1
Ta OKHUPIHHS cepell 00CTEKEHUX BIHCHKOBOCIYK-
6oBI1iB, 0co6mBo 3 AT i MACXII, € HenpaBuibHe
XapuyyBaHH:I, a caMe HeperyJIapHUI TpUioM ki (1110
B YMOBAaX BilfHU 3 OYEBHU/HUX TIPUYNH HEMOKJINBO
BUIPABUTH) Ta He30aJaHCOBAHICTh Xap4yBaHHSI.
Tomy B cydacHMX yMOBax BKpall BaKJIMBOIO € PO3-
pobOKa XapyoBOrO pailioHy BiiiCbKOBOCTY;KOOBIIIB
3 ypaxyBaHHSM 3MiHM KpPaTHOCTI npuiiomy ki Ha
100y Ta 1060BO1/THKHEBOI TTOTPEOU B MOKMBHUX
peYoBUHAX, MiKpoeJieMeHTax 1 BiTaMiHaX.

[Tomanbiiry O1iHKY aHTPOIIOMETPUYHOTO CTATYCY,
MeTaboJIIYHUX 1HAUKATOPIB 1 CTPECOBUX YNHHUKIB
HPOBO/IMJIN B IPYIax BilCHbKOBOCITYKOOBILIB.

Cepenniit Bik y rpymi 1 cranosus 38,0 poky,
y rpymi 2 — 40,4, y tpymi 3 — 47,9 poky (puc. 2).
Orske, BIHCHKOBOC/TYKOOBILI 3 GLIBIIOI KiJIBKICTIO
Kap1ioMeTabo i YHIX 3aXBOPIOBaHb OYJIN CTaTHCTHY-
Ho 3Hauyto ctapmumu (p = 0,003). Otpumani gani
JIOJIATKOBO CBiIYaTh HA KOPUCTH TOTO, 10 BiK — CYT-
TEBUI MOAM(bIKATOP KapAioMeTaboiYHOTO PUSUKY
cepejt BilicbKOBOCTYKOOBITIB.

Ominka aHTPOMOMETPUYHOTO CTATyCy BUSBU-
Jla CTAaTUCTUYHO 3HAYYII BIIMIHHOCTI 3a IIOIIN-
PEHICTIO HAJUIMIIKOBOI MacH Tija/OKUPIHHAM
(p=0,001). MeHtie TpeTHHU BiiiCbKOBOCTYKOOBITB
y rpymi 3 masm Hopmasibhuit IMT (21,4 %), Tozi sk
y rpymi 1 — HaUTMIIKOBY Macy Tijia abo OKHUPiHHS
(28,6 %), 1110 CBiYNTH 1IPO CYTTEBUIT BHECOK IIHOTO
YMHHUKA B PO3BUTOK KOMOpPOigHOi Kapaiomerabo-
JIigHOI maToJorii (puc. 3).

[TopiBHS/IBHNI aHAJI3 AHTPOITOMETPUIHUX 1H/N-
KaTOPiB BUSIBUB HAlHECIIPUSATIMBIIINI aHTPOIIOMe-
TPUYHUI CTATyC 3 OIJISILY Ha KapaioMeTabo iyt
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Puc. 2. Posnopin BincbkoBoCny»X60BLB Yy rpynax 3a
BIKOM

PU3HK Yy TPyIi 3 HAWOGIIBIIO KOMOPOIAHICTIO —
nanienTu 3 noegaanum nepedirom AT, JIJTi MACXII
MaJIA CTATUCTUYHO 3HAYYIIO BUII TOKa3HUuKU IMT]
OT, OC, 3K, B/K (p=0,001 ans Bcix map mopis-
HstHb, Tabu. 1). Bapruii yBaru axr, 1o 36i/biieH-
HSI KiJIBKOCTI KapaioMeTaGo/iYHUX 3aXBOPIOBAHD
CYTIPOBO/IKYBAJIOCS CYTTEBUM 3MEHIIEHHSAM YaCTKH
ckesieTHOI Myckysatypu (pa= 0,001 ripu nopiBHSHHI
rpynn 3 i3 Tpynamu 1 ta 2; p = 0,039 mpu mopiBHaHHI
rpyn 1 ta 2), mo € BKpall Ba)KIMBUM MOKAa3HUKOM
JUIS1 BiliChKOBOCTYKOO0BILB. OTsKe, 301/IbIIeHHS Kijlb-
KOCTi Kap/iioMeTaboJIiuHIX [aToJIOTiH Y BiHChKOBO-
cJ1y;KOOBIIIB He JIUIIE T IBUIILY€ KapAioMeTabo iaHi
PU3UKH, a 1, IMOBIPHO, aCOIIIOETHCS 31 BHUKEHUMU
MOKAa3HUKaMU (Di3UIHO] MiITOTOBIEHOCTI.

OriHKy MeTaboJIiYHOTO CTaTyCy B OOCTEKEHUX
rpynax HaBeeHo B TabJl. 2. YCTaHOBJIEHO TeH-
JIEHITII0 /10 TIOTipIIeHHs Te4YiHKoBol (YHKIII Ta
migsuiends pisasg CK 31 36i1blIeHHAM KiJTbKOC-
Ti kapaiomerabosiunux saxsopiosanb (AL, JIJI,
MACXII) — mafisumi pisuai ACT, AJIT i CK Ta
HaliMeHITy BeanunHy criBBigHomeHHs ACT/AJIT
3apEECTPOBAHO B TPYTIi 3 TOPiBHSAHO 3 TpyTIofo 1 (Bij-
nosiziHo p = 0,002; p=0,0001; p=0,001; p=10,0001)
i rpymoio 2 (p=0,0001; p=0,0001; p=0,0001;
p=0,0001). Orpumani gani cBivaTh PO CYTTEBE

Puc. 3. lNowmpeHicTb cepep BINCbKOBOCYXOO0BLIB
HaONMLLIKOBOI Macu Tina/oxmpiHHS

301/IbIEeHHsT BUPA3HOCTI TOPYLIEHHS MeTaboi3My
B TI€YiHI y BillCHKOBOCIIY;KOOBIIIB i3 TOTPiitHOIO
KOMOPOIZTHOIO MATOJIOTIEI0 TOPIBHSHO 3 0cobaMu
6e3 X KapaioMeTabo iuHuX 11aTo 10riii abo 3 1—2
naroJsioriamMmu. BapTuii yBaru CcTaTUCTUYHO 3Ha-
uyio HKYKid BMict JID y BilichbKOBOCITY;KOOBILIB
y Tpyti 3 mopiBHsAHO 3 rpymoio 1 (p = 0,048). Xoua
3a3Buyail migsuinerns pisasa JID e o3nakoio mopy-
eHb y renarobiiapHiil cucremi, Ha Hallry JIyMKY,
y BiliChKOBOCJTY;KOOBIIIB Tie MOKe OyTH iHIAUKATO-
POM He TIOINIIEHHS TeYiHKOBOI (QYHKITT B TPYyII
3, a BUIBOM MasibHyTpuIlii. OKpiM BiZAMIHHOCTI 3a
BmictoM CK, mokasHUKKM HUPKOBUX MPOG y TpyTax
BIlICHKOBOCJTY;KOOBIIIB He BiApisHsincs. MokHa
MPUITYCTUTH, M0 X04a (PyHKITIOHATbHI TOPYITEHHS
HUPOK HasesKaThb /10 TPAAUIIMHUX YMHHUKIB Kap-
JI0OMeTaboIIYHOr0 PUBUKY, cepell BiiiCbKOBOCIY K-
OOBIIIB 1I€ll YNHHUK HE € KJIIOYOBUM, a TOMY HOTO
MpodiMaKTHUKY MOKHA TPOBOIUTH 3TiTHO 3 YAHHUMU
pekoMeHganisgMu 6e3 0COOIMBUX 3MiH.

He BusiB€HO cTAaTUCTUYHO 3HAYY X BIJIMIHHOC-
Tel 32 BYTJIEBOAHUM ITPOMDIJIEM MizK IPyTiaMu, O/THAK
Ha 1izicTasi nokasauka HbA1c y BilicbkoBocyk00B-
B rpynu 3 BUsIBJIEeHO mepemtiaber (auB.TadL. 2).
YcTanoBMIeHO TOTIPIIEHHS JiMiAHOTO TPOodiaio
31 30iIbLHIEHHAM KIJbKOCTI KapaioMeTaboiuHuX

Ta6nuus 1. [NopiBHANbHA XapakTePUCTMKA aHTPOMOMETPUYHOIO CTaTyCy BINCbKOBOCY>XOO0BLIB PI3HWUX rpymn

MokasHuk Fpyna 1 (n=14) Fpyna 2 (n=32) Fpyna 3 (n=28)
IMT, Kkr/m? 23,1 [21,8; 25,9] 23,5 [22,5; 25,3] 30,1 [26,6; 33,5]**
OT, cm 85,5 [80,5; 91,0] 85,3 [80; 91] 98,5 [90; 107,3]**
OC, cm 96,0 [88,5; 101,0] 96 [92,5; 97,5] 104,5 [98,4; 110,4]***
3XK, % 14,3 [12,4; 25,3] 20,2 [17,1; 25,11 32,2 [22,7; 33,9]*
CM % 41,6 [36,8; 42,9] 38,1 [34,6; 41,4]** 30,3 [29,9; 36,7]*
BX 6 [4; 8] 85 9" 14 [10; 16]**

Mpumitka. CTaTMCTUYHO 3HaYyLLa pisHMUS Wopo rpynu 1: * p = 0,0001; ** p<0,01; *** p<0,05.

CTaTMCTUYHO 3HadyLa pisHuUs oo rpynm 2: * p = 0,0001.

YKPAIHCbKWUI TEPANEBTUYHUN XXYPHATT o Ne 3 o 2024

35



OPUTIHAJBbHI AOCIAXEHHA o ORIGINAL RESEARCH

Tabnuusa 2. MNopiBHANbHA XxapakTepucTka MeTaboniYHOro CTaTycy BiiCbKOBOCNY>KOOBLIB PI3HNX Fpym

MokasHuk F'pyna 1 (n=14) Fpyna 2 (n=32) Fpyna 3 (n=28)
MNoka3HUKM NeYiHKOBUX i HUPKOBUX NPO6

ACT, Op/n 25 [18; 26] 24 [18; 28] 36 [25; 42]***
AT, On/n 27 [19; 40] 25 [18; 39] 53 [40; 80]**
ACT/ANTT 0,9[0,7;1,5] 1,0[0,7; 1,1] 0,7 [0,5; 0,71
N®, Hvons/(c-n) 242 [137; 330] 185 [141; 293] 156 [131; 225]%*
T, ooSH 1,3[1,2; 1,7] 2,0 [1,7; 2,3 1,8[1,2; 2,0]
3aranbHuin 6inipy6iH, MKONb/N 9,8 [7,9; 9,9] 9,2 [8,7;9,8] 9,8 [8,4; 10,7]
Mpsmuiz 6inipy6iH, MKoONb/N 2,1[2;2,7] 2,6 [2,2; 2,7] 2,1[2,0; 2,6]
CK, mMkonb/n 251 [214; 305] 283 [244; 325] 341 [309; 407]*
CeYoBuHa, MMOsb/N 5,5[3,7;6,5] 6,1[52;7,1] 5,6 [4,5; 6,8]
KpeaTtuHiH, MkMonb/n 76 [67; 81] 81 [73; 90] 79 [74; 85]

AnbOyMiH, r/n 44,50 [42,46; 47,14]

47,05 [42,86; 47,75] 44,76 [39,10; 45,90]

Mapkepwu ByrnesogHoro ta ninigHoro npodinto

[MtoKo3a, MMOMb/n 4,80 [4,65; 4,92] 4,9 [4,66; 5,19] 5,23 [4,56; 5,66]
HbA1c, % 4,66 [4,51; 4,91] 4,71 [4,6; 4,83] 4,85 [4,49; 5,93]
3XC, mmons/n 4,28 [3,15; 4,85] 4,21 [3,93; 5,41] 6,09 [5,23; 6,95]*
T, Mmonb/n 0,94 [0,75; 1,07] 1,74 [1,07; 2,13]* 2,08 [1,72; 2,791
XC NNAHT, mmons/n 0,42 [0,34; 0,48] 0,85 [0,61; 0,95] 1,01 [0,81; 1,69]*
XC NNBI, Mvonb/n 1,35 [1,11; 1,66] 1,15 [0,97; 1,55] 1,18 [1,12; 1,68]
XC JMMHI, mmonb/n 2,74 [1,15; 3,13] 2,43 [1,79; 3,37] 3,42 [2,49; 3,83]**

Mpumitka. CTaTMCTUYHO 3HaYyLLa pPisHMLS Woao rpynu 1: * p = 0,0001; ** p<0,01; *** p<0,05.
CTatMcTnyHO 3Havylla pisHMuUs wopdo rpynu 2: * p = 0,0001; # p<0,01; ** p < 0,05.

3aXBOPIOBaHb — CTATUCTUYHO 3HAYYNIO BUIIUMU
pisri 3XC, TT, XC JITIJTHT, XC JITTHT 6ystu B tpyTii
3 nopiBHsHO 3 Tpymnoto 1 (Bixmosizno p=0,0001;
p=0,0001; p=0,0001; p=0,007) Ta rpymoio 2
(p=0,0001; p=0,024; p=0,002; p=0,005). Oznnak
Ha Bi/IMiHY BiJl 3MiH TIe4iHKOBUX np06 BIZIMIHHOCTI 3a
JiiniHuM ripoisieM 3apeectpyBasiv Mik rpyramu 1
Ta 2, TOOTO 3a HASIBHOCTI KapioMeTaboIuHKIX 3aXBO-
proBanb i 6e3 AL, JJI, MACXII. Tlepmumu o3Ha-
KaMU 3MiH JIIT0rpaMut B TPy 2 OyJiu JIMiie BUIIT
nopiBHsHO 3 rpynoto 1 piai TT (p=10,0001) Ta XC
JITJIHT (p=0,0001), anommpenicts JJ1 y 1i#i rpymi
cranoBusia 87,5 %. Y rpyiii 3 yci BilicbKOBOCIYKOOBIT
masi [IJ1, o Ha 12,5 % Gisblie, Hix y Tpyri 2, a cra-
TUCTUYHO 3HAUYIIII BI/IMIHHOCTI IIOPiBHSIHO 3 TPYIIO0
1 3achixcoBano 3a BMicToM 3XC Ta, IO BaKIUBIIIIE,
XC JIITHT, 1110 MOsKe CBIIYUTH TTPO 3HAYHU BHECOK
[IOEHAHOIL KOMOp6ilIHOi 11aTOJIOTi Yy BUPA3HICTh 3MiH
JIITIJTHOTO TTPOLJIIO.

3a piBaem C-Pb BimminHOCTI MiXk TpymamMu He
OyJIM CTaTUCTUYHO 3HAYY M. 301/IbIIIEHHS BUPa3-
HOCTI 3allajIeHHS € O/J{HUM 3 OCHOBHUX MeXaHI3MiB
PO3BUTKY Ta MPOTPECyBaHHs 6araTbOX KapjaioMmera-
GoIiUHKX 3aXBOPIOBaHb, 30kpeMa AT, MACXII, /IJI.
Opnnak piBerb C-PbB Takosk Moske mifBUIITyBaTUCS

BHACJIJIOK TICUXOJIOTIYHOTO cTpecy. IcHye Oarato
JIAaHUX HAYKOBOI JIiTepaTypH, 110 IiITBEP/KYIOTh, 1110
3arajeH s Bijiirpae poJib y natodisiosiorii rocrporo,
XPOHIYHOTO Ta MOCTTPABMATUIHOTO CTPeCy. SAK o
i3 roctpodazoBux nokasuukis, C-Pb nemoncTpye
3B’SI30K i3 PO3BUTKOM PeakKIlil, OB sI3aHUX 3i cTpe-
COM, BiZIOyBa€ThCS i IBUIIIEHHST BMiCTY Tiepudepnd-
Horo C-PDb, myTartii reniB C-Pb Ta 3minum excrpecii
reda C-Pb B imynHUX curnanmpaux nsxax [11]. Ha
HAITy TyMKY, BITUB CTPeCY Ha TiABUIIEHHS 3araib-
HOI 3aI1aJIbHOI AKTUBHOCTI OYB 3HAYHO OIIBIINM 32
nagsuocti A, MACXII i /IJI, Tomy He BusBIEHO
BiZIMIHHOCTEll HaBiTh MiXX TI'pylamMu BiliChKOBO-
caysKOOBIIB 3 MOTPIIHOIO TTOEAHAHOIO TTATOJIOTIE0
(AT, MACXITI, IJT) i rpymioto Ge3 11X 3aXBOPIOBaHb.
[J14 iepeBipKM TAaKOTO MPUITYTIEHHS CJIi/T TPOBECTU
HOPIBHSJIBHUI aHaJIi3 IPYITH BIHCHKOBOCTYKOOBIIIB
Ta [UBIJIBHUX OCIO aHAJIOTIYHOTO BiKY, CTaTi Ta HasiB-
HUMM KapAioMeTaboiuHIMHU [IATOJIOTiSIMU, 8 TAKOXK
JIOJTATKOBE AHKETYBAHHS MIOZI0 OCHOBHUX CTPECOBUX
YWHHUKIB Y BifICbKOBHIT 4ac cepei 0GpaHuX IpyT, 10
He TiepedayeHo JU3aitHOM HAIIOTO IOC/IIKEHHS.
O11iHKa cTpecoBUX TOPMOHIB Y KPOBI BUSBUJIA
smtie cytTeBe 3Menterns Bmicty ITEA-C y rpymi
3 nopiBastHo 3 rpynoto 1 (p=0,019) (rabm. 3).
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Ta6nuug 3. NopiBHANbHA XapaKTepUCTMKa CTPECOBKX IHANKATOPIB Y BiICbKOBOCTY>KOOBLB PI3HWUX rpyn

Moka3Huk Mpyna1 (n=14) Mpyna 2 (n=32) Mpyna 3 (n=28)
OrEA-C, mkr/mn 2,90 [2,72; 4,74] 2,88 [2,27; 3,22] 2,45 [2,05; 3,95]**
KopTuzon, Hr/mn 3,38 [2,66; 4,19] 3,42 [2,583; 4,15] 2,28 [1,30; 3,54]

8-OH-Ar, Hr/mn 69,10 [51,62; 88,08]

47,75 [34,38; 66,53]" 49,28 [36,94; 80,98]**

Mpumitka. CTaTMCTUYHO 3HaYyLLa pisHMUS Wwoao rpynm 1: * p<0,01;

3 OTJIy Ha BiICYTHICTb BiAMIHHOCTEN 32 piBHEM
KOPTU30JIy B IUX IPyIax, MOKHA TPUITYCTUTH, 11O
Yy BiliCbKOBOCIYKOOBILIB IPYIIH 3 CTPECOBI IIpoIecH
HaOyJI1 XPOHIYHOTO XapaKTepy, 0 BUSBUIIOCS 3HI-
sxeaHsM smicty JIT'EA-C 3a mpunatmmom 3BopoTHO-
ro 38’s13ky. Cxoski 3minu Busteusn P. Leff-Gelman
Ta criBaBT. Xo4a 00’'€KTOM JOCIi/KeHHsT OyJIn He
YOJIOBIKM, & BariTHI ’KiHKWM, aBTOPW BCTaHOBWJIH,
o B 0Oci6 i3 mijBUIlleHUM piBHEM TPUBOKHOCTI
3pOCTaB BMICT KOPTU30JIy TA 3HIKYBABCS PiBeHb
JATEA-C [19].

Y Hamomy JIOCHiIKeHHI TaKOXK BUSBJIEHO CTa-
TUCTUYHO 3HAYyM0 HIKYI mokasumkn 8-OH-/IT
y rpynax 2 (p=0,003) ta 3 (p=0,019) nopisasiHO
3rpynoio 1. 3a raammu cydacnhoi siteparypu, 8-OH-
T € xao4oBuM 6GioMapKepoM JIst OLIHKU PI3HUX
CTaHiB, OB’ 43aHUX i3 TeHEPaTi30BAaHNM KJIITHHHUM
OKMCHUM CTPECOM i OKUCHUM TomKoKeHHsIM [THK
[5]. Onnak pani mogo wanpsimy 3min 8-OH-/IT" ta
HPOrHOCTUYHOTO 3HAYEHHSI BUSIBJIEHUX 3MiH 0OMe-
JKeHI Ta 3HAUHOIO MIpOI0 3aJjie’KaTh BiJl HagBHUX
y TAI[iEHTIB CYIyTHIX CTaHIB, a TAaKOXK Bifl METOLY
BU3HAUEHHS IIhOTO TMOKa3HWKa (OTro OIliHIOIThH
Y KPOBI, cJinHi Ta ceyi). Tak, 3a JTaHUMU MeTaaHai3y

1 <0,05.

Tabnuus 4. B3aeM03B'A30K MiXK HAABHICTIO
KapaioMeTaboni4HNX 3axBOpoBaHb, METABOMIYHMIX
nopyLUeHb Ta 3MiHaMK NMOKa3HWKIB CTpecy

Yy BilACbKOBOCY>KOOBLIIB

MoB’A3aHi NoOKa3HUKK r p
KinbkicTb kappiomeTaboniqH1X 3axBOpOBaHb

IMT +0,566 0,0001
oT +0,573 0,0001
oC +0,455 0,0001
ACT +0,427 0,0001
ANT +0,574 0,0001
ACT/AITT -0,453 0,0001
CK +0,554 0,0001
3XC +0,538 0,0001
1B +0,526 0,0001
XC nnaHr +0,657 0,0001
XC NrHr +0,357 0,002
OreA-C -0,304 0,023

CTpecosi iHankaTopu Ta MeTabonivHi MoKasHMKM

M. Graille Ta criasr., pierb 8-OH-/IT y ceui OyB Kopruson i OT ~0.453 0.016
iIBUIIIEHUM B OCI0, IKI/ITMBOIO 3BUYKOIO sIKUX Oysio  ATEA-C i ACT -0,382 0,004
KyPiHH#, 1110, SIK BiJIOMO, € MONIMPEHOI0 3BUYKOIO  [rEAC i AT 0314 0,021
cepe/1 BitficbkoBOCTysk00BI1iB [ 13]. 3a gannmu iHIIoro ,

. X KopTtugon i ACT/AIT +0,532 0,002
MeTaaHami3y, kouienrtpario §-OH-/[I" > 8,01 ur/mr
KpeaTuHiHy pO3IJIsiia/ii SIK iHAUKATOp OKKMcHOro — 8-OH-AiJIo +0,489  0,0001
CTPECY Ta BUCOKOT'O PU3UKY PO3BUTKY TecTaIiifHoro 8-OH-OriTn -0,382 0,004
HyIKpOBOTO ma6?Ty [24], A. Nandak.umar ! CHiBasT. Koptwaon i saranbHuit Ginipy6in -0,378 0,033
BugBwIH, 110 BMicT 8-OH-/IT"y comni B KOHTpOTbHIT
rpy1i cranosus (6,59 +1,47) ur/an, toxi ax y rpy-  8-OH-Al i npamuit GinipyGin —0460 0,010
Max XBOPHMX 3i 3JIOSIKICHUMU HOBOYTBOPEHHAMHU  KopTwson i CK -0,527 0,002
OyB TABUIEHUH Y/IBiUi, 110 aBTOPU TMOSICHIOBAJIN 8-OH-r | CK 0,340 0,012
BUPA3HNM OKHCHUM CTPECOM y IWX xBopux [21].
Wang Xue-bin Ta criiBasr. (2020) oxapaxrtepusypaiu  ATEA-C 1 ansOywin 0,456 0,007
Bumict MmaTprunoi /IHK 8-OH-/IT" y nefikorurax sk OrEA-C i HbA1c -0,399 0,024
He3JIeKHUNT YMHHUK PU3UKY PO3BUTKY iMIEeMidHOI OFEAC | 3XC 0,404 0,002
XBOPOOU ceplist y HAIEHTIB i3 IyKPOBUM JiabeToM
2 tumy [25]. Jlanux naykosoi miteparypu mogo —oP™Ion T 0579 0,001
BimminHocTelt 3a piBHeM 8-OH-/II' 3amexuo Bim  Koptuson i XC NNAHC -0,560 0,001
BUPA3HOCTI MeTabOIiYHUX MOPYIIeHb a00 KibKOCTI  nrea ¢ § xC NNBr 0412 0,002
Kap/ioMeTaboiYHUX 3aXBOPIOBaHb Y JIOCTYITHIN :
JliTepaTypi HAMU He BUSIBJIEHO. Koptuzon i XC JMBIK +0,552 0,001
YKPAIHCbKWI TEPAMEBTUYHUN XXYPHATT o Ne 3 o 2024 37



OPUTIHAJBbHI AOCIAXEHHA o ORIGINAL RESEARCH

Kopensamitinnii ananiz BUIBUB B3aEMO3B’SI3KHU
Mi KilbKicTIO KapaioMeTaboIiuHUX 3aXBOPIOBAHD
(0; 1—2; 3) Ta MeTaboiYHUME 3MiHAMU y BiliCbKO-
BOCJTYyKO0BIIiB (Tab1. 4). TToripiieHHs aHTpoOMe-
TPUYHOTO CTATYCY, TEYiHKOBOI (DYHKILi1, JIiTiTHOTO
npodiso Ta miasuiierHs pisasa CK acortitoBamucs
3 GLJTBITIOI0 KIJIBKICTIO METabOIYHIX 3aXBOPIOBAHb
y BilicbkoBoCyKO00BIIIB (p<0,05 mis Bcix map
HOPiBHSAHD ). OKPiM TOTO, BUSIBIIEHO CTabKMiT 00ep-
HEHO TMPONOPITiNHNI 3B'530K Mik piBHeM [[TEA-C
i KizbkicTio KapaiomeTaGoJIiYHMX 3aXBOPIOBaHb
(p=0,023), xoua BigMiHHOCTEH 32 PiIBHEM KOPTU30-
JIy He BCTAaHOBJIEHO. 3 OTHOTO OOKY, TaKi pe3yJIkTaTit
MOKYTh OYyTH 03HAKOIO BHIIOTO CTPECOBOTO PiBHS
y BIHCHKOBOCIYKOOBIIB 0e3 kapaiomeTraboJiiu-
HUX 3aXBOPIOBaHb, 3 1HMIOTO — MOKYTb CBIIYUTU
1po GisibIry WMOBIPHICTH BUSIBJIEHHS XPOHIYHOTO
cTpecy y BiiiCbKOBOC/Y;KOOBIIIB i3 HASIBHUMHU Kap-
giomerabosiyauME opyineHHsiMu. He cri Takosk
BUKJIIOUATH BIJIUB BiKy Ha BiZIMIHHOCTI 32 PiBHeM
I[bOTO CTPECOBOTO TOPMOHY. ToMmy /st Tm0IIIo-
ro PO3YMiHHSI OTPUMAHUX JaHUX CJIiJ[ TIPOBECTU
JIOJATKOBI JIOCTI/IKEHHS Yy BiICbKOBOCIYKOOBIIIB
Ta UUBIJBHOTO HACEJEHHS aHAJOTiYHOTO BIKY.
Bapto yBarwu, 110 piBHi CTPeCcOBHX TOPMOHIB GyJin
06epHEHO IPOIIOPLINHO OB’ I3aHi 3 MOKA3HUKAMMU
OT (p=0,016), ACT (p=0,004), AJIT (p=0,021),
3araibHoro 6imipy6iny (p=0,033), CK (p=0,002),
HbA1c (p=0,024), 3XC (p=0,002), TT (p=0,001),
XC JIIIAHT (p=0,001). 3 ormsamgy Ha Te, IO
[ITEA-C i kopTusos HaJeXaTh 10 TOPMOHIB CTPeCy
(SIK TOCTPOTO, TaK i XPOHIYHOTO), a TAKOK Ha Te, 1110
JOCIKYBaHUMU OyJIU caMe BiiicbKOBOCTYKOOBII,
BTpaTa MacH cepejl SIKUX He € PIZIKUM SIBUIIEM 3 0Ue-
BUJIHUX TIPUYWH, IMOBIPHOIO TPUIUHOIO MOKYTh
OyTH came HaBaHTaKeHHsI — (Pi3MUHI HaBaHTasKEHHS
Ta TIOB’sI3aHe 3 UM HEPBOBO-TICUXiYHE HAIIPY KeH-
Hs, 110, MOKJIUBO, TPU3BOAUTH 10 IIIBUIICHHS

Kongrixmy inmepecis nemac.

Yuacmo asmopis: xonyenuis — O.B. K., . 1. K.;

katabostiamy. Pisenn 8-OH-/IT" 6yB nos’si3anmii 3i
3MiHAMU JTUIIE TTOKa3HUKIB MTeYiHKOBUX Ta HUPKO-
BUX TIPO0.

BucHoBku

Cepell BiiChKOBOC/YKOOBIIIB 3HAYHO TIONIMPEH]
KapaioMeTabo iuHi 3aXBOPIOBAaHHS: YacTKa 0cib
3 AT — 51,4 %, 3 [1J1 — 75,7 %, 3 MACXII — 48,6 %,
3 HAUIUIIKOBOI0 Macoi0 Tia ab0 OXUPIHHAM —
51,4%. YacTuM gBUILEM € IO€AHAHA I1ATOJIOTIS:
cepen oci6 3 AT BaBiui yacrinie criocTepirajacs Haji-
smnikoBa Maca Tizta/oxxupinss (p = 0,003),y 3,3 pasy
gacrirme MACXII (p=0,0001) TaB 1,7 pa3sy uactimie
JUUT (p=0,0001), o 3HauHO 36iJbIIyE Kap/ioBac-
KYJISIPHUI PUBUK Ta 3yMOBJIIOE HEOOXIAHICTh ONTH-
Mizallii JiKyBaJbHO-TIPOMIIAKTUIHIX METO/IB JIJIst
IXHbOTO BUSBJIEHHS Ta KOPEKIIil.

YUuHHUKAMHU PU3UKY PO3BUTKY KapjioMeTa-
GOJIIYHKUX 3aXBOPIOBaHb, SIKi aCOLIIOIOThCA 3 IX
MOTIUPEHHSM, € TOTIPIIeHHST aHTPOIMOMETPUYHOTO
crarycy, ediHKoBuX mpo0, miasuinents pisas CK,
noripiieHHs JirigHoro mpodimo (1J1).

V BilicbKOBOCIYKOO0BILIB i3 TPhOMa Kap/ioMeTabo-
siyanmu 3axBoproBanHsaMu (Al MACXII, /IJT) cyTre-
Bo HIkYMM € piBenb JII'EA-C nopiBagno 3 BilichKo-
BOCJIysKOOBIIsIME 6€3 1nx 3axBoproBatb (p=0,019) Ha
TJI BIZICYTHOCTI BiIMIHHOCTI 32 PiBHEM KOPTHU30JLY, 1110
MO>KHA PO3IJIA/IATH SIK IHIUKATOP XPOHIYHOTO CTPeCy
y BIICHKOBOCITYKOOBIIIB i3 KOMOPOiAHICTIO.

PiBeHb cTpecoBUX TOPMOHIB y BiliCBKOBOCJIY:K-
6OBIIIB 00epeHeHo MPOIOPIiitHo noB’a3anuii 3 OT
(p=0,016), ACT (p=0,004), AJIT (p=0,021),
sarajibHuM Giipy6iHom (p = 0,033), CK (p=10,002),
HbA1c (p=0,024), 3XC (p=0,002), TT (p=0,001),
XC JIIAHT (p=0,001), Tomy MOHITOPUHT i CBOE-
YacHa KOPEKIisl 11X MOKa3HUKIB MOKe TTOJITIIITUTH
npodilakTUKy KapaioMeTaboiuHIX 3aXBOPIOBaHb
y BillCBKOBOCTYKOOBILIB.

Ousaiin docnioacenns, pedazysanns cmammi — O.B. K., L. K., A. O.P;
30ip danux ma ananiz mamepiany — A. O.P, O. €. 3., H. [O. €.; nanucanns cmammi — A. O. P.
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Screening of the most common cardiometabolic diseases
based on risk factor assessment among military personnel

Objective — to assess the prevalence of major cardiometabolic diseases by identifying their risk factors and comparing them
with metabolic disorders and stress indicators in military personnel.

Materials and methods. The study included 74 male military personnel with an average age of 43.4 [31.4; 50.6] years.
Among all the participants, the proportion of individuals with hypertension (HTN) was 51.4 %, with dyslipidemia (DLP) —
75.7 %, with metabolic-associated steatotic liver disease (MASLD) — 48.6 %, and with overweight or obesity — 51.4 %. The
participants were divided into groups based on the number of cardiometabolic diseases: group 1 (comparison) consisted of
military personnel without HTN, DLP, or MASLD (n =14, 18.9 %), group 2 — personnel with 1—2 of the above-mentioned
cardiometabolic diseases (n =32, 43.2 %), and group 3 — military personnel with comorbid pathology, including HTN, DLP,
and MASLD (n =28, 37.8 %). All participants were assessed for anthropometric profile, traditional clinical and biochemical
indicators. Stress indicators included dehydroepiandrosterone sulfate (DHEA-S), cortisol, and oxidative stress marker
8OH-deoxyguanosine (8OH-DG), which were measured in the blood using immunoassay methods.
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Results. Among military personnel with HTN, overweight/obesity was twice as common (p=0.003, x>=9.110), MASLD
was 3.3 times more frequent (p=0.0001, 3*>=19.598), and DLP was 1.7 times more frequent (p=0.0001, y*>=15.418).
Among military personnel with MASLD, overweight/obesity was observed three times more frequently (p=0.0001,
%> =19.598), and dyslipidemia was 1.6 times more common (p =0.0001, x>=13.416). Personnel with more cardiometabolic
diseases were significantly older (p=0.003). In group 3, 21.4 % had a normal BMI, while in group 1, 28.6 % were overweight
or had obesity (p=0.001). The increase in the number of cardiometabolic diseases between groups was accompanied by
a significant reduction in skeletal muscle percentage (p=0.039 for group 1 vs group 2; p=0.001 for group 1 vs group 3;
p=0.001 for group 2 vs group 3). Military personnel in group 3 had significantly higher BMI, waist circumference (WC),
total fat percentage, and lower skeletal muscle percentage compared to groups 1 and 2 (p=0.001 for all comparisons).
The highest levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), uric acid (UA), and the lowest
AST/ALT ratio were observed in group 3 compared to group 1 (p=0.002; p=0.0001; p=0.001; p=0.0001) and group 2
(p=0.0001; p=0.0001; p=0.0001; p=0.0001), respectively. Alkaline phosphatase levels were significantly lower in group 3
compared to group 1 (p=0.048). Lipid profile deterioration was observed with an increase in the number of cardiometabolic
diseases: total cholesterol (TC), triglycerides (TG), very low-density lipoprotein cholesterol (VLDL-C), and low-density
lipoprotein cholesterol (LDL-C) levels were significantly higher in group 3 compared to group 1 (p=0.0001; p=0.0001;
p=0.0001; p=0.007) and group 2 (p =0.0001; p=0.024; p=0.002; p=0.005), respectively. In group 2, only TG (p=0.0001)
and VLDL-C (p=0.0001) levels were higher compared to group 1. DHEA-S levels were significantly lower in group 3
compared to group 1 (p=0.019), but no differences in cortisol levels were found. SOH-DG levels were significantly lower
in groups 2 (p=0.003) and 3 (p=0.019) compared to group 1. Correlation analysis revealed that stress hormone levels were
inversely associated with WC (p=0.016), AST (p=0.004), ALT (p=0.021), total bilirubin (p=20.033), UA (p=0.002),
glycated haemoglobin (HbA1c) (p = 0.024), TC (p = 0.002), TG (p=0.001), and VLDL-C (p=0.001).

Conclusions. Cardiometabolic diseases are highly prevalent among military personnel, and comorbidity is a frequent
phenomenon that contributes to a significant increase in cardiovascular risk and highlights the need for optimized
preventive and therapeutic strategies. The increase in the number of cardiometabolic diseases is associated with older age,
worsened anthropometric status, liver function tests, increased uric acid levels, and deteriorating lipid profile. DHEA-S can
be considered a marker of chronic stress in individuals with cardiometabolic comorbidity. Monitoring and timely correction
of WC, AST, ALT, total bilirubin, UA, HbA1c, TC, TG, and VLDL-C levels among military personnel are necessary, as these
indicators are related to stress and can improve cardiometabolic disease prevention.

Keywords: soldiers, cardiometabolic diseases, stress, cortisol, dehydroepiandrosterone, 8OH-deoxyguanosine.
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The association of systemic
inflammatory biomarkers

with metabolic dysfunction-
associated steatotic liver disease
and arterial hypertension

Objective — to explore the relationship between metabolic dysfunction-associated
steatotic liver disease (MASLD) on the background of arterial hypertension (AH) and
blood inflammatory markers including C-reactive protein (CRP), Interleukin-6 (IL-6),
IL-4, haptoglobin and pentraxin-3 (PTX-3).

Materials and methods. We examined 102 patients with MASLD. They were divided
into 3 groups: group A included 52 patients with isolated MASLD, group B — 23
patients with MASLD and AH stage I, and group C — 27 patients with MASLD and
AH stage II. The control group (group D) comprised 20 apparently healthy people.
Patients with viral hepatitis, liver cirrhosis, alcoholic liver disease, and AH stage 111
were excluded. Systemic inflammatory biomarkers analyses were performed using
electrochemiluminescence, immunoenzymatic, and immunoturbidimetry techniques.

Results. The systemic inflammatory biomarkers analyses revealed significantly higher
levels of CRP (p=0.001), IL-6 (p=0.01), haptoglobin (p <0.05) and PTX-3 (p<0.01) and
decreased levels of 11L-4 (p<0.05) in group B and group C in comparison with the group
A and control group (p1<0.01, p2=0.01). Also, there was a significant increase of CRP
(p=0.01), IL-6 (p=0.01), and PTX-3 levels (p<0.05) in group B compared with group
C. However, the relationship between the IL-4 (p >0.05) and haptoglobin (p > 0.05) levels
and the progression of the AH stages have not been confirmed in our study.

Conclusions. Our findings indicate the direct relationship between the systemic
inflammatory biomarkers’ involvement in developing liver tissue inflammation and the
further progression of MASLD. The obtained data indicate the relationship of AH and
its stages with the development of chronic systemic inflammatory response in patients
with MASLD and AH comorbid course.

Keywords:
metabolic dysfunction-associated steatotic liver disease, arterial hypertension,
C-reactive protein, IL-6, IL-4, haptoglobin, pentraxin-3.

In the structure of general morbidity metabolic dysfunction-associated
steatotic liver disease (MASLD) occupies one of the leading positions,
displacing viral and alcoholic hepatitis [14]. According to statistics, MASLD
affects 30 % of the adult population worldwide, with its prevalence increasing
from 22 % to 37 % from 1991 to 2019 [7]. Recently, studies of the MASLD
progression mechanisms in patients with arterial hypertension (AH) are
relevant [13]. AH is a multifactorial disease resulting from the interaction
between genetic predisposition and environmental risk factors. MASLD and
AH often co-exist in the same individual in a complex two-way relationship
as they share common metabolic risk factors, such as age, obesity, insulin
resistance, and development of chronic systemic inflammation (CSI) [5, 12].
The development of CSI leads to exhaustion and necrosis of hepatocytes,
which leads to the development and rapid progression of MASLD [9].
Currently, it is known that CSI markers, such as C-reactive protein (CRP)
and interleukin 6 (IL-6) may be involved in the pathogenetic mechanisms
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of the development and progression of MASLD
[1, 3]. One of the mediated markers of CSI in
patients with MASLD is also the acute phase
protein — haptoglobin — produced mainly in the
liver [2]. Also, a serum biomarker pentraxin-3 has
significant potential in the diagnosis of MASLD and
its stages [16]. Pentraxin-3 (PTX-3) is produced
by the liver in response to inflammatory mediators
and is a systemic response to local inflammation
[11]. However, the role of systemic inflammatory
biomarkers including PTX-3 in the comorbid course
of MASLD and AH remains inconclusive.

Objective — to explore the relationship between
metabolic dysfunction-associated steatotic liver dis-
ease on the background of arterial hypertension and
blood inflammatory markers including C-reactive
protein, interleukin-6, interleukin-4, haptoglobin
and pentraxin-3.

Materials and methods

We examined 102 patients with MASLD who
underwent treatment in the Department of Internal
Medicine, Lozova Medical Hospital, from September
2017 to April 2021. Patients’ anthropometrics, clinical
features (gender, age, symptoms, body mass index, his-
tory of MASLD, alcohol intake survey, complaints),
and biochemical findings (CRP, IL-6, IL-4, haptoglo-
bin, PTX-3) were collected. The studied patients were
divided into 3 groups: group A included 52 patients
with isolated MASLD, group B — 23 patients with
MASLD and AH stage I, and group C — 27 patients
with MASLD and AH stage II. The control group
(group D) comprised 20 apparently healthy people.
Patients with viral hepatitis, liver cirrhosis, alco-
holic liver disease, and AH stage 111 were excluded.
Anthropometrics and clinical dataset information is
shown in Table 1. The study was conducted follow-
ing the ethical principles included in the Declaration
of Helsinki (1964—2013) and order of the Ministry
of Health of Ukraine No 616 of 03.08.2012. All the
participants were informed about the goals, organiza-
tion, and research methods and signed an informed
consent to participate.

The CRP level analysis was determined using
the photometric turbodimetric method using a bio-
chemical analyzer Beckman Coulter AU 480
(USA). Reference measurement range: 0—10 mg/L,
sensitivity — 3 mg/L. The TL-6 level was deter-
mined by electrochemiluminescence immunoassay
using a Beckman Coulter AU 480 biochemical
analyzer (USA). Reference measurement range:
0.03—5 pg/mlL, sensitivity — 0.03 pg/mL. The
IL-4 level was determined by electrochemilumi-
nescence immunoassay using a Beckman Coulter
AU 480 biochemical analyzer (USA). Reference
measurement range: 0.03—5.00 pg/mL, method

sensitivity: 2—30 pg/mL. The haptoglobin level
was determined using an immunoturbodimetric
method, measurement range: 0—400 mg/dL, refer-
ence range: 23—205 mg/dL (IFCC), sensitivity
— 1 mg/dL (Cobas Mira). A Beckman Coulter AU
480 biochemical analyzer (USA) was used in the
study of the haptoglobin level. The level of PTX-3
was determined by the enzyme immunoassay
method using the «Human Pentraxin-3 ELISA Kit»
manufactured by Multisciences (Lianke) BiotechCo.
(China) using immunoenzyme reaction analyzer
«Immunochem-2100» (USA).

The structural changes and the severity of liver
steatosis were visualized by the ultrasonography
method using the «Vivid 3> (USA) and «Logiq 5»
(USA) devices. The severity of liver fibrosis was
assessed based on the results of transient elastogra-
phy using an ultrasonic scanner Siemens — «Acusons
3000» («Radmyr» JSC NDIRI, Ukraine) with
a convex format sensor at frequencies of 2—5 MHz
at a depth of 10—50 mm from the capsule.

The results statistical processing was performed
with Microsoft Office Excel 2013 and Statistica
13.1 computer programs on a personal computer
with the use of parametric (Student’s t-test) and
non-parametric (Mann—Whitney U-test) statisti-
cal methods. Evaluation of correlations was carried
out according to Spearman’s rank correlation coef-
ficient R [4]. In the studied groups’ comparison, the
error probability was considered to be statistically
significant at p <0.05.

Results

Characteristics of the Study Participants

The anthropometric characteristics of 102 patients
are summarized in Table 1.

The average body mass index of patients in the
group of MASLD and AH stage II conformed to
the obesity class, in the group of MASLD without
AH obesity was determined in 21 % of patients, in
the group of MASLD and AH stage IT — in 26 % of
patients and the control group — in 10 % of patients.
The waist-to-hip ratio demonstrated the presence of
abdominal obesity in groups MASLD and AH stage
I and MASLD and AH stage IT in comparison with
the group of MASLD without AH and the control
group. The average BP levels in groups MASLD and
AH stage I and MASLD and AH stage 1T exceeded
the average blood pressure (BP) levels of the main
and control groups and conformed to the T and II
AH stages according to WHO classification (1999).

Structural Changes of the Liver

In univariate analysis of US parameters (Table 2)
in all groups of patients (A, B, C), compared to the
control group, the following indicators were found:
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Table 1. The studied patient groups’ anthropometric characteristics

Isolated MASLD
Parameters

MASLD and AH

MASLD and AH Control group

(n=52) stage | (n=23) stage Il (n=27) (n=20) P

Age, years 49.4+8.5 54.5+6.3 46.6+7.2 35.4+10.8 0.05
Female 22 (42.3%) 13 (56.5 %) 14 (51.8%) 9 (45.0 %) - 0.05
Male 30 (57.7%) 10 (43.5 %) 13 (48.2 %) 11 (55.0 %)

Body mass index, kg/m? 27.51+£3.31 28.6+4.21 30.17 £ 3.86 22.91+£2.70 <0.05
Systolic blood pressure, mm Hg 130.0+7.0 145.0+8.0 160.0+11.0 120.0+10.0 <0.05
Diastolic blood pressure, mm Hg 80.0+4.0 90.0+8.0 100.0+9.0 75.0+5.0 <0.001
Waist-to-hip ratio 1.1+£05 25+0.8 2.7+0.3 09+0.2 <0.05

Note. Categorical variables are presented as the number of cases and percentage, while quantitative indicators are presented as u+ SD.

Table 2. Structural changes of the liver in the studied patient groups

Isolated MASLD

MASLD and AH

MASLD and AH Control group

Parameters (n=52) stage | (n=23) stage Il (n=27) (n=20) P

Ultrasonography

Distal attenuation of the echo signal Detected Detected Detected Not detected 0.05
L Increased, Increased, Increased, Normal,

Parenchymal echogenicity 0.05

heterogen heterogen heterogen homogen

Left liver lobe size, craniocaudal 63537 66.5+2.5 675419 56+2.9 <0.05

dimension, mm

Right liver lobe size, craniocaudal 5 4 4 5 146.0%3.9 148.0%2.6 116.0% 2.1 <0.05

dimension, mm

Portal vein diameter, mm 8.3+05 85+26 8.3+05 75+14 <0.05

Transient elastography

Liver stiffness measurement, kPa 2411 2713 3.2+038 1604 <0.05

Fibrosis stage FO—1 43 (82.7 %) 17 (74.0%) 9 (33.4%) 0 <0.05

Fibrosis stage F1—2 9(17.3%) 6 (26.0%) 18 (66.6 %) 0 <0.05

Note. p — the probability of changes compared to the control group.

the presence of distal attenuation of the echo signal
(in 82 % of patients), an increase of the liver paren-
chymal echogenicity (in 78 %), an increase of the left
liver lobe (in 44 %) and right liver lobe size (in 36 %)
and an increase of the portal vein diameter (in 25 %).
It should be noted that no significant differences
were found when comparing the structural state of
the liver between groups A, B, and C. According to
the results of transient elastography, the presence
of fibrosis stage FO—1 was more common in groups
A (82.7%) and B (74 %). The presence of fibrosis
stage F1—2 was more common in group C (66.6 %).
Fibrosis stages F3 and F4 were not detected in the
patients involved in the study.

Systemic Inflammatory Biomarkers Levels

A significant increase of CRP levels was found
in all groups of patients (A, B, C) compared to the
control group. However, no significant difference
in this parameter between the group B and C was
found. The lowest IL-6 level was found in control
group with its gradual increase in other groups.

A significant increase in the haptoglobin levels was
found in all groups of patients. However, no signifi-
cant difference in the haptoglobin level between the
group B and C was found (Table 3).

Discussion

This study showed the presence of a relationship
between the systemic inflammatory biomarkers (CRP,
IL-6, IL-4, haptoglobin, PTX-3) and the develop-
ment of MASLD regardless of the concomitant AH
presence or absence. Also, a significant increase of
studied biomarkers in patients with a comorbid course
of MASLD and AH stage I and IT in comparison
with the group of isolated MASLD may indicate the
independent role of AH in the development of the
chronic systemic inflammatory process in patients
with MASLD. In addition, a significant increase of
CRP, IL-6, and PTX-3 in patients with MASLD and
AH stage ITin comparison with the group of MASLD
and AH stage I can confirm the negative impact of
AH progression on chronic systemic inflammatory
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Table 3. Systemic inflammatory biomarkers’ levels in the studied patient groups

Isolated MASLD

MASLD and AH

MASLD and AH Control group

Parameters (n=52) stage | (n=23) stage Il (n=27) (n=20)
CRP, mg/L 3.8£3.1* 4.1£2.9% 4.3£2.3"" 0.4+0.6
IL-6, pg/mL 3.8+1,3* 4.23+ 1.8 4.36+ 1.3 24+11
IL-4, pg/mL 1.78 15" 1.67£1.4"+ 1.68+ 1.3 1.87+£0.8
Haptoglobin, mg/dL 136.5+19.6* 213.8 £23.8* 228.8+17.3* 67.5+18.3
PTX-3, pg/mL 254.3 £ 44 .4 421.9 £ 31,4 430.9 = 35.8***#ae 53.2+14.3
Waist-to-hip ratio 1.1+£05 25+0.8 2.7+0.3 09+0.2

Note. The difference from the control group is statistically significant: *p < 0.05; ** p<0.01; *** p <0.001.
The difference from the group with isolated MASLD is statistically significant: “p < 0.05; * p<0.01.
The difference from the group with MASLD MASLD and AH stage | is statistically significant: *p < 0.05; * p <0.01.

process development in patients with a comorbid
course of MASLD and AH. PTX-3 isa novel biological
marker of inflammatory processes. Many diseases that
have some inflammatory characteristics and have the
potential to cause systemic inflammatory processes
can lead to increased serum pentraxin-3 levels [8]. In
a study, it was shown that pentraxin-3 PTX-3 acti-
vates complement and innate immunity, hence playing
crucial roles in tissue and vascular inflammation [10].
Previous studies demonstrate that CRP, PTX-3, IL-6,
and haptoglobin have an impact on systemic inflam-
matory response development in hypertensive patients
[6, 15, 17, 18]. These data are also consistent with our
study findings. According to our results, there is a close
association between elevated CRP, PTX-3, IL-6, and
haptoglobin levels and systemic inflammation in
hypertensive patients with MASLD. However, the
relationship between the I11L-4 and haptoglobin levels
and the progression of the AH stages has not been
confirmed in our study. A possible explanation for this
trend could be a small number of patients.
Limitations. The findings obtained are not rep-
resentative of all subjects with MASLD because of

the small sample size and the strict inclusion criteria.
Further prospective studies should be arranged to
clarify the cause-and-effect relationship and test
whether quantification of PTX-3 levels could pro-
vide additional information beyond the currently
recognized risk factors to predict future cardio-
vascular events in subjects with MASLD and AH
comorbid course.

Conclusions

Our findings indicate the direct relationship
between the systemic inflammatory biomarkers’
involvement in developing liver tissue inflammation
and the further progression of MASLD. In addi-
tion, the obtained data indicate the relationship of
AH and its stages with the development of chronic
systemic inflammatory response in patients with
MASLD and AH comorbid course. Considering
the small group of patients, further multicenter
prospective studies are needed to study and predict
the influence of systemic inflammatory biomarkers
on the risk of cardiovascular diseases developing in
patients with MASLD and AH comorbid course.
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! XapkiBCcbKUil HAIIOHATBHUN MEIUIHUIA YHIBEPCUTET

>KHII «JTosiBchKe TepuTopiaabie MeudHe 00’ eIHaHH»

bBiomapkepy CUCTEMHOMO 3ananeHHsa Npu KoMopoiaHOMy nepebiry
MeTab0MI4HO-acoLiMoBaHOI CTEATOTUYHOI XBOPOOW MEYIHKMN
I apTepianbHoI rinepTeHasil

Mera — BUBYMTH 3B’130K MiK MeTaOOII9HO-aCOIIHOBAHOIO CTEATOTHYHOIO XBOpoOoto medinkn, (MACXII), na i apre-
piasibnoi rineprensii (AT) Ta mapkepamu sananentst Kposi (C-peakrushuii 6inok (C-PB), inrepaeiikin-6 (1J1-6), 1JI-4,
ranrorsiobid i nentpakcun-3 (PTX-3)).

Matepiam ta meromu. O6creskeno 102 xopux na MACXII. Tx posmozimmmm na tpu rpymu: rpyiy A — 52 XBOpHX Ha 130~
apoBany MACXII, rpyny b — 23 narnientn is MACXII i AT I craaii, rpyny C — 27 nanientiB i3 MACXII i AT II crazuii.
Konrpouabhy rpyiy (rpymna /) yrBopero i3 20 npakTudHo 340poBux ocib. KpurepisMu BuiydeHHs 3 AOCHIKeHHs OyJiu
HASIBHICTh BIPYCHUX TEMATHUTIB, IIUPO3Y MEYiHKH, AJIKOTOJIbHOI XBopoOu teuinku it AT I11 crazaii. AHasis 6iomapkepis cuc-
TEMHOT0 3allaJIeHHsT TIPOBOUIIN 32 JOHOMOIOI0 €JIEKTPOXEMUIFOMIHECIIEHTHUX, IMyHO(EPMEHTHUX Ta IMyHOTYpOiAuMeT-
PUYHUX METO/IIB.

Pesyabratu. Anasiz GiomMapkepiB CMCTEMHOTO 3anajieHHst BUsBuB 3uauno sumii pisui C-PB (p=0,001), IJI-6 (p=0,01),
ranrrorso6iny (p<0,05) i PTX-3 (p<0,01) Ta smenmenns smicty 1JI-4 (p<0,05) y rpynax b ta C 1mopiBHsSHO 3 IpyIoio
A Ta konTpoJibHOIO Tpy1oio (p1 < 0,01, p2=0,01). Takox 3apeecTpyBaau CTATUCTUYHO 3HAYYIIE ITiBUIICHHS KOHIIEHTPAILil
C-PB (p=0,01), IJI-6 (p=0,01) ta PTX-3 (p<0,05) y rpyni b nopisusino 3 rpynoio C. [Ipote 38’s13ky mix piBusimu 1JI-4
(p>0,05), ranrrorao6iny (p>0,05) Ta nporpecyBaniam cragiii ATy HanmoMy oCaiizKeH i He ATBEPAKEHO.

BucHoBku. Pesyiibraru HAIIOTO JOCIIKEHHs BKa3yloTh Ha Oe3M0CEPEHIO y4acTh OioMapKepiB CHCTEMHOTO 3arajeHHst

B PO3BUTKY 3arajienns TKaHuHu nedinku ta nporpecyBanii MACXII. Orpumani nani ciquars npo BrmuB Al Ta ii craziii
Ha TPOTPeCcyBaHHs XPOHIUYHOI CUCTEMHOI 3armanbHoi BifmoBizi y xBopux Ha MACXII.

Kiouogi cioBa: MeTaGoJ1iuHO-acoliiioBata creaToTuuHa XBopo0a IediHKy, apTepiaibHa rineprensis, C-peakTuBHUIA GIJIOK,
1JI-6, 1JI-4, rarrrorsio6in, eHTpakcuH-3.

OJA UUTYBAHHSA

# Aleksandrova TM, Zhelezniakova NM, Prosolenko KO, Vizir MO, Chervona OA. The association of systemic inflammatory biomarkers with metabolic dysfunction-associated steatotic
liver disease and arterial hypertension. Ukrainian Therapeutic Journal. 2024;3:41-45. http://doi.org/10.30978/UT]2024-3-41.
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Ponb OKMCHOro cTpecy

Y BUHVKHEHHI MapOOOHTUTY Ha
TN MeTaboniYyHO-acoLMoBaHMX
3axXBOPIOBaHb

OKMCHUIT CTpec € BaKJIMBUM KOMIIOHEHTOM YIOBIJIBHEHOTO IATOJOTIYHOTO 3aria-
JIEHHSI TIPU MeTaboJiYHO-aCOIHOBAaHNX 3aXBOPIOBAHHAX I XPOHIYHOMY MapOJOHTHTI.
3axBOPIOBAHHS MAPOIOHTY B3aEMOIIOB 3aHi i3 comarnyHoio maroJorielo. Ilpu mpomy
BUHUKAIOTD SIK MiCIIE€Bi, TaK 1 CUCTEMHI 3allaJibHi peakilii, 110 Mi/IBUIILYE PU3UK MTOSIBU Ta
[IPOrpecyBaHHs COMATUYHUX 3aXBopioBaHb. [Icuxosoriunuii cTpec, Mop’s3anuii 3 oKuc-
HUM CTPECOM 3 MiJBUIIEHUM BUPOOJIEHHSIM OKCHIAHTIB i OKUCHUM YIIKOZKEHHSIM,
€ BaKJIMBUM YMHHUKOM €TIiOJIOTi SIK TIaPOJOHTHUTY, TaK i TIOPYIIEHb METabO0I3MY.

Mera — npoanasizyBaTi MOKJIMBUIA 3B’sI30K XPOHIYHOTO MTAPOJOHTUTY, 8-TifipoKcue-
sokcuryanosuny (8-OHdAG) gk Giomapkepa OKMCHOIO CTPeECy Ta KOPTH304y B 0cCi0 i3
MeTabo I YHO-aCOoI IOBAHUMI 3aXBOPIOBAHHSIMIU.

Marepianu ta Mmeroau. O6crexero 68 oci0, i3 HuX 47 Majm MeTaboJIiuHI 3aXBOPIOBAHHSI,
JIiarHOCTOBAHI 3TiHO 3 BITYM3HSIHUMU Ta MiKHAPOAHNMHU KpuTepisiMu. KoHTpoIbHY
IPYIy YTBOPEHO i3 CHCTEMHO 3[I0POBHX 0OCi0, PEIPe3eHTATHBHIX 32 BIKOM Ta CIiBBIIHO-
MeHHSM CTaTel, SIKi He OTPUMYBAJI CTOMATOJIOTIYHUX JTiKYBAJbHUX Ta TMPOQITaKTIy-
HUX 3aX0/[iB BITPO/IOBK OCTaHHIX 6 Mic. /liarHO3 «XPOHIYHWUI TAPOOHTHUT» YCTAHOBIIO-
BaJIv BIIIOBI/IHO /10 pekoMeHaitiii, sasisirernx Ha World Workshop on the Classification
of Periodontal and Peri-Implant Diseases and Conditions (2017). Konuenrpaitito
8-OHdG y niasmi KpoBi Ta KOPTU30JIy B CJMHI BUMIPIOBAIU iMyHO(EPMEHTHUM METO-
nom. PospaxoByBastit cepeiHe apuMeTHIHe 3HAYCHHsI, CTaHAaPTHY MOXUOKY, KpUTEPiil
CrplofienTa /1 TOPIBHAHHSA 03HaK. /{11 BUABICHHS 3B'43Ky MiX ITOKa3HUKAMU 3aCTO-
cyBasin Kopesatiiiamii Tect [lipcona.

Pesyssratu. B 060x rpynax OyJu mamieHTH 3i 30POBUM HAPOJIOHTOM i XPOHIUHUM
napogontutom. Piserb 8-OHAG B ocHogHill rpyni 6yB sHauno Bummm (p < 0,001), Hizk
Y KOHTPOJIbHIN rpy1i. BusiBsieHo piznuirio 3a kornenTpaitieto 8-OHAG mix narierramMu
i3 3aXBOPIOBAHHSIMU TIAPOJIOHTY Ta 3/[0POBUM T1APOIOHTOM. PiBeHb KOPTU30JTY B CJIMHI
B NAIIEHTIB i3 XPOHIYHMM MAPOJOHTUTOM OYB 3HAUHO BUIIUM IIOPIBHSIHO 3 HAlliEHTaMU
3 KJiHiuHO 3710poBuM napogonToM (p=0,00). BussieHo kopessiiito Mizk piBHeM Kop-
THU30JIy Ta HAsIBHICTIO 3axBopioBaHb napogoHTuty (r=0,619; p=0,00), mix BMmicTOM
8-OHdG y mia3mi KpoBi Ta iHAEKCOM BTpaTH emitesiaabHoro npukpimients (r= 0,537,
p=0,00), ingekcom ririenu (r=0,599; p=0,00), a Takox Mixx pisaem 8-OHAG rta koH-
Henrpaitieio koprusoay B cauti (r=0,292; p=0,036).

BucHoBku. OxucHMIL CTpec Biiirpa€ BXKJIUBY POJIb B YIOBITbHEHOMY HIaTOJIOTIYHOMY
3alaJIeHH] SIK TIpU MeTab0IIYHO-aCOI[IHOBAaHUX 3aXBOPIOBAHHSX, TAK 1 IIPU XPOHIYHOMY
naponouTuti. 8-OhdG — kitouoBwmii i yHiBepcanbHuii GioMapKep /st OIIHKUA OKMCHOTO
notkokerss /IHK. BusiBsieHo npsiMo mipomnopitiitamii 38’ 130K MizK MapKepOM OKUCHO-
TO CTpecy, MapOJOHTUTOM i KOPTU30JIOM.

Knto4osi cnosa:
XPOHIYHWUIA MaPOAOHTUT, OKCUAAHTHWIA CTPEC, 8-TiAPOKCMOE30KCUNYaHO3MH,

MeTabonivHO-acoLlinoBaHi 3axXBOPIOBAHHS.

poniunuii mapogoutut (XII) — GaratodakTopHe XpoHiuHe 3aXBOPIOBAHHS
31 CKJIIHOIO He30aIaHCOBAHO0 B3AEMOJIIERO MizK MiKPOOIOTOIO MAPOIOHTY
Ta IMyHHOIO PEaKIi€I0 OPTaHi3My JIIOANHHU, a MiKpOOHi 3yOHi GIOTUTIBKI BBaska-
0T OCHOBHUMU €Ti0JIOTIYHUMU YMHHUKAMU, 10 1HIIII0I0Th 3anasierss: [ 14]. I3
PUBKMKAMU PO3BUTKY Ta CXUJIBHOCTI 10 MAPOAOHTHUTY aCOIIOIOTHCS HaraTo cuc-
TEMHHUX 3aXBOPIOBaHb i CTaHiB, 30KpeMa MOPYIIEeHHST MeTab0JIi3MYy, TeHETHYHIUI
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noJriMopdi3M, a TaKOK KypPiHHS, COIliaTbHO-€KOHO-
MIYHHUH cTaTyc, ICUXOJOTIYHUH CTpec TOIIO.
3axBOPIOBaHHS TIAPOJIOHTY B3aEMOTIOB SI3aHi i3
COMaTHYHOIO TIATOJIOTIEI: 3 OHOTO GOKY, CHUCTEMHI
3aXBOPIOBAaHHS BIJIMBAIOTH HA CEPEIOBUIIE TIOPOSK-
HUHU POTA, MOPYIIYIOUU MICI[eBY IMyHHY CHUCTEMY,
MEPENTKO/KAI0Th CUHTE3Y KOJIareHy, iHilliloloTh 3ara-
JIEHHS, a 3 IHIIIOTO — MAapPOJIOHTONIATOTEHN B aKTUBHI I
(hasi 3amaseHHs siceH MPOMYKYIOTh 3aMaIbHi ITMTOKI-
HU, SIKi 3aITyCKAIOTh He JIUIle MicIleBi, a i CCTeMHi
3alajIbHl peakiiii, Ta MiJBUILYIOTb PU3UK BUHUK-
HEHHSI Ta TPOTPECYBAHHST COMATHYHOT TTATOJIOTH [ ].

OxwucHMIT cTpec BiZliTpa€ BayKIUBY POJIb ITPH YIT0-
BLIBHEHOMY TIATOJIOTIYHOMY 3allajleHHi, 1110 CYIIPo-
BOJUKY€E sIK MeTabOJIiYHI 3aXBOPIOBAHS, TaK i Xpo-
HIYHUH 11apogoHTUT. [Toipu Te 110 OKUCHUI cTpec
€ HOPMaJIbHKUM TIPOIIECOM B aepOOGHOMY MeTabo1i3Mi,
a akTuBHI popmu kucHio (ADK) Bigirparors disio-
JIOTIUHY POJIb Y KJIITUHHIN cUTHasi3allil Ta 3aXuCTi
Bijl maroreHiB, nmpu 3MiHi OasaHCy OKCHIAHTIB/
AQHTUOKCU/IAHTIB yTBOPIOIOTLCS BUIbHI PajiKau,
stki ommkoKyoTh JIHK. Oxanm i3 6iomapkepis, 1o
CUTHAJII3YE [TPO NOPYIIEHHS, sIKI BUHUKJIM BHACJI/IOK
nontkokerHst [IHK, € 8-rinpokcunesokcuryanosun
(8-OHdAG) [1]. Bi yTBOPIOETHCS BHAC/IIOK OKIC-
Horo nomkomkenus JHK, cupuunnenoro ADK.
Icnye 3B’s30k Mixk pisHem 8-OHAG i3 cepueso-
CYIMHHOIO MATOJIOTIET0, [IabeTOM, TiTIepJIiITieMi€e0,
OKUPIHHAM. TaKoK MTPUITYCKAIOTh HASBHICTD 3B’ A3KY
Mizk BICOKOIO KoHIleHTpaitieo 8-OHdG y cimni ta
Porphyromonas gingivalis ik 0CHOBHIM T1aTOT€HOM,
IO CIIPUYUHIOE 3aMaJIbHO-IECTPYKTUBHI 3aXBOPIO-
BaHHsI apogoHTy [15].

3 movyatkoM 30poiHOr0 KOHMJIKTY B YKpaiHi
HaceJeHHsI ONMHUWJIOCS B CHUTYyallil, KOJIM CTpax,
TPUBOTra, JENPeCis cTalu IOJEHHUMU CKJIAJI0BH-
mu kuTTd. [lcmxomnoriyauii crpec, mMoB’g3anuii i3
OKHCHUM CTPECOM, MiJBUIEHUM BUPOOJEHHSIM
OKCHUJIAHTIB Ta OKHUCHUM VIIKOIKEHHSIM, TaKOK
€ BOKJIUBUM YMHHUKOM €TIOJIOT] SIK TAaPOJIOHTHUTY;
TaK i mopymeHb MeTaboIi3My.

Merta qOCTIIZKEHHS] — [TPOAHATI3yBaTH MOKJIH-
BUI 3B’130K XpoHiuHOTO Napopoututy, 8-OHAG sk
GioMapKepa OKMCHOTO CTPECy Ta KOPTH30JIy B 0Ci6
i3 MeTaboIiYHO-acOIIHOBAaHUMU 3aXBOPIOBAHHSIMMU.

Marepiamm Ta MmeToau

XapakTepuCTHKA NAIiEHTIB

VY nocaimkenns O0yso 3anydeHo 68 ocib, i3 HUX
47 manu MeTaboIiuHO-acoLioBaHI 3aXBOPIOBAHHS
Ta nepebyBasin Ha aMOyIaTopHOMY ab0 cTarioHap-
HoMmy JiikyBaHHI B /1Y «Harionanbauil iHCTUTYT
tepamii imeni JI. T. Mamoi HAMH V¥Ykpainns.
MetabosiuHi 3axBopoBaHHs (HEAJIKOTOJbHY
JKUPOBY XBOPOOY MEYiHKM, 1HCYJIIHOPE3HCTEHT-
HIiCTh, apTepiajibHy TrilepTeHsio, IyKpoBHil giaber

2 TWTy) MiaTHOCTYBAJM 3TiJIHO 3 BITYM3HAHUMH Ta
MizkHapogHuUMHu Kputepisimu. CepeqHe 3HaYeHHS
ingexcy macu tisia (IMT) cramosuio 28,2 km/m>
KonTposbHy rpymy yTBopeHo i3 21 cucteMHO 3710-
POBOI 0COOM, PENTPE3eHTATHBHIX 32 BIKOM Ta CTATTIO,
SIK1 He OTPUMYBAJIM CTOMATOJIOTIUHUX JIIKYBaJTbHUX
Ta MPOoGIMAaKTUIHUX 3aXO/IiB BIIPOJOBK OCTAHHIX
6 mic (cepenne 3navennss IMT 21,3 kr/m?).

KJ1iHiuHi CTOMATOJIOTIYHI JOCIZKEHH A

OcTraToYHWH [iarHO3 «XPOHIYHWH MTAPOOHTUT
YCTAHOBJIIOBAJIU BiJIIOBIIHO J0 PeKOMEHJAIlil,
sasBiennx Ha World Workshop on the Classification
of Periodontal and Peri-Implant Diseases and
Conditions (2017) [11], Ha migcrasi kaiHigHuX Gio-
METPUUYHUX T1apaMeTpiB (raubuHa napogoHTAIbHOTL
KUIIIeH], PeTlecis siceH, TOBHA BTPaTa CIOJyYHOTKA-
HUHHOTO NPUKPITIJIEHHS SICeH, ypaxkeHH (ypkariii,
PYXJIUBICTH), & TAKOK BUKOPUCTOBYIOUN PEHTTEHO-
JIOTIYHI METO/IH.

VeiM narieHTaM BU3HAYaIW TIMOUHY MapOIOH-
TQJIbHUX KUIIIEHb 3a JIOTIOMOTOI0 TPaZylHOBAHOTO
MapOJIOHTAIBHOTO 30HA, KU BBOAWIN B IMApo-
JIOHTQJIBHY KHIIEHI0O 3 KOHTPOJIbOBAHUM THCKOM
y HIECTH TOYKAX HABKOJIO KOKHOrO 3yOa (Mesio-
IIIYHIH, cepeIHbONTIYHIN, AMCTATBHO TIIYHIN, Me310-
JIIHTBAJIbHIN, CEPeIHbOA3NYHIN Ta AMCTATBLHO I314-
HiiT). Takox 3a 101TOMOTOT0 TTAPOJIOHTAIBHOTO 30H 12
BU3HAYAJM PiBEeHb GCEHHOTO Kpalo SK Bi/ICTaHb Bijl
KJIHIYHOTO Kpalo sCeH /0 eMajieBO-TIeMEHTHOTO
3’enanns. Po3paxoByBau BTpaTy eMiTeTiaJbHOTO
npukpinenns (CAL). [Ins nassHocti abo Bij-
CYTHOCTI KPOBOTOUMBOCTI SICEH OIIHIOBAJIN 1HEKC
KpoBoTounBOCTI siceHeBux cocoukiB (PBI). Cran
ririeHn poTa OLIHIOBAJIM 32 Tir€HIYHUM 1HIEKCOM
(TT) I'pina— Bepminbona (Greene — Vermillion).

BioxiMiuHi 1oCHiAKEeHHS

Konmnenrpaitito 8-OHAG y miasmi Kposi BUMipio-
BaJIM iIMyHO(PEPMEHTHUM METO/IOM JIJIsi BUBHAYEHHST
okucuoro ypaxkennsa JIHK. /liamazon uytamBocTi
BusHavyenns 8-OHAG — Big 100 go 15 ur/miL.

[l BU3HAUEHHS PiBHA KOPTU30JTY B CJIMHI BUKO-
pUCTOBYBaJM iMyHO(DEPMEHTHIIT METOJI aHATI3Y Ta
Habip pearentiB «Kopruzou mmoc-IMA» («Xemay,
Ykpaina, REF: K210S; Lot. 104KA). 3a HOpMY 11pu-
fiMasi 3HaveHHs < 2,5 HT/MJI.

3asasnerizib NAIi€HTIB MOMePeXKaIu PO yTPH-
MaHHsI Bijl IpuiioMy i abo KypiHHS Tiepes mpo-
ey poto, 3a00POHY CTUMYJISIT CAMHOBUIIJIEHHS
3a JIOTIOMOTOI0 JKYyBaJbHUX TYMOK, OOMEKEHHS
(hisnyHUX HaBaHTa)keHb ab0 HAJAMIPHOTO CTpECY.
Comty 30Mpajiii METOIOM MTACHBHOTO CILTLOBYBaHHS
BIposoBK 10 XB y rpaayiioBaHy mpoOipKy 3 Haxu-
JIOM TOJIOBU JIOHM3Y B CIIOKIHHOMY CTaHi y nepioj
iz 10:00 zo 12:00. 3pasku cauHu 36epiranu 3a
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temnepatypu —20 °C. Y nenb nmpoBeieHHS aHAJI3Y
3pasku 1eHTpudyryBasu npotsiroM 10 xXB 1151 BUIa-
JIEHHSI TBEPJIO1 YaCTUHHU.

CTraTHCTUYHUH aHAJTi3 TIPOBO/IAJIN 32 IOTIOMOTOI0
nporpamuoro 3abesnedentss SPSS. PozpaxoByBain
cepenHe apudmernyne 3HadeHHs (M), ctannapTHy
oxu6Ky (m), kpurepiit CThroieHTa /17151 TIOPiBHSIHHS
o3Hak. [TopiBHSIHHS BiZICOTKIB (4aCTOK) IIPOBOUIIN
3 BUKOPUCTAHHSM z-KpuTepio. 3Hadenns p < 0,05
BBaKaJTM CTATUCTUYHO 3HAUYNIUM. 3B'SI30K MIXK
MOKA3HWKAMM OIIHIOBAJIN 32 JOMOMOTOI0 KOPeJIsi-
nitinoro tecty Ilipcona.

Etnyna yactuHa

Vei yuacHUKYM JOCTiKeHHsT Oy moiHdopmMo-
BaHl 100 3aIJIAHOBAHUX 3aXOIB Ta MiAIINCAIN
dhopmy moxo yuacti B pociimkenni. [Tepenbadeni
3axo/u 100 3abe31edeHHss Oe3IEeKH I 310POB’s
Nali€eHTa, JOTPUMAHHS HMOro I1pas, JIOACHKOI Iiji-
HOCTI Ta MOPAJbHO-ETUYHUX HOPM BiTIOBIZAIOTH
npuHIunam lesbcinebKoi iektapaltii npas JIOUHU
(World Medical Association Declaration of Helsinki,
Ethical Principles for Medical Research Involving
Human Subjects), Kousenttii Pagu €Bporu 3 nipas
JoauHu Ta Giomemuimau, MixHapoaHoi paau
MEJIMYHUX HAYKOBUX TOBAapuCTB, MiKHApOIHOTO
KOJIEKCY MEIMYHOI €TUKU Ta Bi/IMOBIIHUX TTPAaBOBUX
aKTiB, 1[0 PETJIAMEHTYIOTh ITPOBEJICHHS KIIHIYHUX
JIOCJT/IZKeHb B YKpaiHi.

PesyabraTu

Ha mizctaBi KJIIHIYHOTO OIJISIAy BUSIBJICHO, IO
B KOKHIN rpymi Oysm aBi KaTeropil mamieHTis: 3i
37I0POBUM TIADOZIOHTOM Ta i3 3aMajJbHO-IECTPYK-
TUBHUMHU yPAKEHHIMHU TAPOJOHTY. 3aXBOPIOBAHHSI
MapoJIOHTY BUsIBIIEHO y 76,6 % TMaIlieHTiB 0CHOBHOT
rpymu, Tay 24,0 % — KOHTPOJIBHOI.

BinbuiicTs naiieHTiB 663 cOMaTUYHO1 TIATOJIOTI1
MaJIu KJITHIYHO 3/TOPOBUIA ITAPOIOHT, TO/IL SIK B OCHOB-
Hili TPYIIi 3apeeCcTpyBaIn XPOHIYHUN reHepasti3oBa-
HU NAPOJIOHTUT PI3HOTO CTYIIEHS, iATBEP/KEeHU I
HapOJOHTANIbHUMY iHAEeKcaMu (TabauIs).

Inaexc ririenn MOpoKHUHU POTa COMATUYHO 3/10-
poBuUX 0ocib oIiHeHO SIK cepeaHili, 10 BiAmoBigano

3aJI0BIIbHOMY PIBHIO, TO/Ii IK XBOPI 3 MeTabOIUHM-
MU 3aXBOPIOBAHHSIMU MAJIU BUCOKE 3HAUEHHST 1H/IEK-
Cy 3 HAlTripHIMMK IOKa3HUKAMU Y TUX HAIIEHTIB, 1110
cTpaxkJaau Ha XpoHiuyHU# apooHTUT (p < 0,001).

Pigenp 8-OHdAG y mmasmi B ocHOBHiil rpyri
6yB 3Hauro Bunwit (p<0,001), HisK y KOHTPOJIb-
Hiil rpyni. BusBieHo pisHUINIO 32 KOHIIEHTPAILI€O
8-OHdG wmix namjeHTamMy i3 3aXBOPIOBAHHSIMMU
[IAPOJIOHTY Ta 3/J0POBUM I1apPOJIOHTOM. PiBeHb KOp-
TU30JIy B CJIMHI MAIIEHTIB i3 XPOHIYHUM ITapO/IOH-
TUTOM OYB 3HAYHO BUIIMM TTOPIBHIHO 3 MAlliEeHTaMU
3 KJIHIYHO 3710poBUM T1apoioHToM (p = 0,00).

[Ipw BUBUEHHI IMOBIPHIX KOPEJIATIIHNX 3B A3KIB
MIi’K TTOKa3HUKaMM BUSIBJIEHO, 110, OKPIM BiZIOMOI
MIPAMO ITPOTIOPIIHHOT 3a/1€KHOCTI TAPOJIOHTUTY BiJl
I'T(r=0,649; p=0,00) ta ingekcom CAL (r=0,781;
p=0,00), icaye cepeHbOi CUIN TIPSIMO TTPOTIOPITITi-
HUI 3B’I30K MK PiBHEM KOPTHU30JIy Ta HASIBHICTIO
3axBopioBanb mapopoutury (r=0,619; p=0,00),
ingexcom CAL (r=0,545; p=0,00), riricHiunum cra-
HoM tiopoxkHuHu pota (r=0,574; p=10,000). Takox
BUSIBJICHO ITPSIMO TIPOTIOPIIIHY KOPEJISIIII0 iHAEKCY
CAL (r=0,537;p=0,00) ta I'T (r=0,599; p=0,00) i3
piBaem 8-OHdAG y nurasmi kpoBi Ta c1abKuii 3B’s130K
i3 TEH/IEHITIEI0 10 cepeiboro Mixk BMictom 8-OHAG
Ta KOHIIEHTPalli€lo KopTuzoay B cauHi (r=0,292;
p=0,036).

OO0roBopenHst

ITapomoHTHT sABJIsIE COOOIO 3allabHe 3aXBOPIOBAH-
HI, STKE XaPaKTePU3YETHCS TIOCTYTIOBUM PYHHYBAHHIM
TKaHUH, SIKi THATPUMYIOTH 3yOH, 1110 3a BiICYTHOCTI
HaJIEKHOTO JIKYBaHHs IPU3BOAUTB JI0 BTPaTh 3y0iB.
[TaToreneTnyHa CKIaI0BA TAPOJIOHTUTY IIPECTaBIIe-
Ha TTaTOJIOTIYHUM TIPOIIECOM, OTTOCEPETKOBAHNM B3a-
EMOJIIEI0 MK IMCOIOTHYHUMI MiKPOOHUMM TIOITYJIst-
IisIMU i abepaHTHUMY IMYHHIMI PEAKIISAMU Ha PiBHI
TKaHUH, 110 OTOYYIOTh 3y0. Ync/IeHHi T0CTiIKeHHST,
IIPOBE/ICHI OCTAHHIMU POKaMMU, CIPUSJIA KPallloMy
PO3YMIHHIO TIaTOTeHe3y 3aXBOPIOBaHb MAPOIOHTY,
iMYHHOI BIZINOBI/, BAKIUBOCTI MIKPOOIOMY HOPOK-
HUHU POTa 1 YNHHUKIB pU3UKY [8].

Ha BuHUKHEHHS Ta PO3BUTOK IMapOJOHTUTY
MOJKYTb BILJIUBATH OAraToO YHHHUKIB, MOI(DIKOBAHNX

Tabnuusa. KniHivHi napameTpy Ta NapodoHTaNbHI iIHAEKCU NaLiEHTIB

Mpyna CAL, mm PBI rl

KoHTponsHa 1,1+0,39 0,96 +0,54 1,63+0,12
bes yparkeHb NapoaoHTy 0 0 1,41+0,33
3 XPOHIYHMM NapOLOHTUTOM 2,1+0,45" 1,92 +0,36* 1,86+0,14

OcHoBHa 1,95+0,41* 2,21+0,46* 2,50+0,34*
bes yparkeHb NapofoHTy 0,18+0,12* 1,62+0,42¢ 2,35+ 0,39¢
3 XPOHIYHNM NapOLOHTUTOM 3,70+0,88* 2,84+0,61* 2,65+0,27*

MpumiTka. * Pi3HMUSA LLOAO NOKa3HWKIB NiArpynv 6e3 yparkeHb NapofoHTy CTaTUCTUYHO 3HadvyLla (p < 0,05).
# Pi3HnUA LLOAO BIiANOBIAHOI NIArPYNM KOHTPOMBHOI rpynu cTaTMcTUYHO 3HavyLla (p < 0,05).
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ab0 HemomndikoBaHNX, HAOYTHX a00 BPO/IKEHUX.
I xo4a 3aXBOPIOBaHHSI TAPOJIOHTY IHIIIOETHCS Gio-
IUIIBKOIO, CTPEC, TeHETUYHI Ta CIIaAKOBI 0COOINBOCTI,
HIKiIJINBI 3BUYKY, TTOMUJIKU B XapuyBaHHI, HAIBHICTb
COMATUYHOI [1aTOJIOTIi € 3araTbHOBU3HAHUMU YNHHU-
KaM¥ PU3UKY PO3BUTKY HATOJIOTIUYHOTO Tpotiecy [4].

B3aemM03B’430K Mixk 3aXBOPIOBAHHAM TTAPOJOHTY
Ta CUCTEMHUME CTaHAMM, OCOOJIMBO MOB’sI3aHUMU
3 OPYIIEHHAM MeTab0JIi3MY, CTa€ OUEBUIHUM Yepes3
3arajibHi YMHHWUKW PHU3UKY, 30KpeMa, CyOriHrBi-
TaJIbHY JIEHTaJIbHY OIOIUIIBKY, 1110 i€ SK MOCTIHUI
pesepByap sl MPO3ANaJbHUX IUTOKIHIB, TaKUX
JIK iHTepJeiKin-1f3, dakTop HEKPO3y MyXITUHU-O
i mpocrarsanaun E2 [10]. /To6pe Backy isipuzoBaHi
3ala/bHl TKAHMHU APOJIOHTY MOCTITHO BUBLJIbHS-
I0Th PI3HOMAaHITHI PEYOBUHU, 30KpeMa IMTOKIHH,
IO TTOTEHIIIHHO 3MIiHIOIOTh (hi3i0MOTIUHI cTaHU Ta
MaTOJIOTIYHI ITPOIECH.

Cryniab OKHCHOTO BUOYXY HPU HApOAOHTUTI
MOJKEe CIIPUYMHUTH 3HAYHE JIOKAJbHE MOTIKOJIPKEH-
s /IHK. Ha piBui mapoponty npoaykiis ADK
BiZIOYBA€ETHCSI TIEPEBAKHO B TOJTIMOPGHHOSAIEPHUX
KJTITUHAX, M0 MPU3BOAUTH 0 HECETEKTHUBHOTO
VIITKOKEHHS KJITHH, JIMiiB K TUHHOT MeMOpaHH,
mosteky, 6inkis, JJTHK i KoMIoHeHTiB MaTpuKCy
[3]. bakTepii B MOpOKHUHI poTa i TAPOAOHTATBHUX
KUTIEHIX CTIOKUBAIOTh AaHTHOKCUAAHTH, TIPUTHIYY-
toun ycynenust ADK. Orike, 3axuct Bij OakTepiit
MMOPOKHUHU POTA 3HUIKYETHCS, 1110 j1a€ 3mory ADK
HA/IXOJMTH 3 TKAHWUH TTIAPOJIOHTY B CUCTEMHUI KPO-
B000ir. Otiitka 6ioMapKepiB OKUCHOIO CTPECY MOKe
OyTH KOPHCHOIO T/l YaC CKPUHIHTY MapOJOHTHUTY,
HOB’SI3aHOTO 3 MOpyIIeHHsIM MeTabotizmy. OpHuM
i3 Takx GiOMapKePiB, 10 BUHUKAIOTH Y PE3yJIbTaTi
nontkopxenna JJHK, € 8-OHAG. ¥V pocaimxennax
okucHoro notmrkopkedds JIHK Bussieno minsu-
meny xonnenrpaiio 8-OHAG y naiieHTis i3 Xpo-
HIYHUM napoZionTuToM [9, 12].

Y Hantomy f0CaiKEHHT KOHIIEHTPAIIIIO B 11J1a3Mi
piBtst 8-OHAG BuMiproBasIv sIK y TTAI[iEHTIB i3 Tapo-
JIOHTUTOM, TakK i B 0ci6 3i 3710pOBUM MapOIOHTOM,
o6 3’sicyBaTH, Y BIUIMBAE XPOHIUHE 3ariajeHHs
TKaHWH, [0 OTOYYIOTh 3y0, Ha IIMPKYIOIOUNI OKIIC-
HUH CTpec.

HocaijpkenHsa okasaiy miJiBUIIeH] PiBHI 1IbOTO
MapKepa B Talli€HTIB 13 XPOHIYHUM TTaPOIOHTUTOM
B 060X rpynax. Konnenrpanist 8-OHAG y cuposariii
KPOBI MAIi€HTIB i3 XPOHIYHUM TTAPOJJOHTUTOM OyJia
CTATUCTUYHO 3HAUYIIO Olbioro (58,9 Hr/mir), HisK
B oci6 3i sgopoBuMm mapozpoHtoMm (26,45 Hr/Mmi),
a waiiBuiuii nokasnuk 8-OHAG sadikcysann
B IIAI[i€EHTIB OCHOBHOI I'PYIIH, IO CTPasKIATH HA XPO-
Hivauit mapoxouTut (61,8 ar/mMi). OueBuaHO, 10
8-OHdG Bimobpaskye craH siK 3araJIbHOTO 3710POB’s1,
TaK i IIaPOJIOHTY, 30KPeMa, € KJITHIYHUM GioMapKepoM
OKHCHOTO YITKO/[KEHHS.

XPOHIYHUI NICUXOJIOTTYHUI cTpec Jiefall JacTi-
Ile BU3HAYAIOTh SIK He3aJeKHUN YNHHUK, 1110 MOKe
GesrocepesiHbO BIUIMBATH Ha OPraHi3M 3arajioM,
3MIHIOBATH IMyHHY BiJIIIOBI/Ib Ta BIJTUBATU Ha (i3i-
OJIOTIYHUI CTaH TKAHWH MapooHTYy [6].

310pOBUI TTAPOJOHT CIIPUHHATIUBUAKN /10 OKHC-
HOTO cTpecy, TOOTO B OpraHiami icHye GajaHc Mix
YTBOPEHHSIM OKCUIAHTIB 1 aHTUOKCUIAHTHUM 3aXUC-
ToM. OIHAK TTOPYITEHHS OKMCHO-BITHOBHOI CHCTe-
MU B TIAPOJIOHTI MTPU TPUBAJIOMY MCUXOJOTIYHOMY
CTpeci CIIPUYMHIOE TIIOKCiI0, IOPYIIYE 3a3HaYeHU
GaJraHc i MPU3BOUTD 10 OKUCHOTO CTPECY, IO 3aIIy-
YyeHuil y maroreres GaraTbox 3aXBOPIOBaHb, 30KpPeMa
NaponoHTUTY. PyitHYBaHHS aHTMOKCHUIAHTHOI CHC-
TeMU BHACJIZIOK OHOYACHOTO 3aMaJIeHHs i TICUXO-
JIOTIYHOTO CTPEeCY CIIPUUMHIOE OKUCHE YITKOIKEHHS
TKaHWUH MapopoHTy [13].

AxTHUBYIOYN TrinoTanzamo-TrinodizapHo-HaIHUP-
KOBY BICb 1 CUMITATUYHY HEPBOBY CUCTEMY 32 JIOIO-
MOTOI0 BUPOOJIEHHST KOPTHU30JIy Ta KaTeXOJaMiHiB,
XPOHIYHMIA TICUXOJIOTTYHUIT cTpec mopyInye banaHc
MIZK TIpO3alaJbHUMHU 1 MPOTU3ANAJbHUMU Peak-
1IsIMU, 11O NPU3BOJUTH /10 IMYHOCYIIPECUBHOI [ii
3aB/ISIKH HASIBHOCTI TTFOKOKOPTUKOI/THAX PEIENTOPIB
Ha [IOBEPXHi KIJIbKOX IMyHHUX KJITHUH.

KoptusoJ, sk ropMoH, MOB’I3aHUI 31 CTPECOM,
nopyiinye Mertabosi3M JKUpiB, GiNKIB i TIIOKO3H,
a OTiKe, MMIIBUIILYE UYTJIUBICTh TKAHUH TTAPOJOHTY
J10 TTapOJIOHTOIATOTeHiB.

Pesynpratu Hamoro AOCiKeHHS TiTBEPIXKY-
I0Th MaHi TIPO Te, O TAIliEHTH 3 TOETHAHHSIM
MeTabOJTIYHUX 3aXBOPIOBAHb Ta 3ala/IbHO-eCTPYK-
THUBHOI I1aTOJIOT] IAPOJIOHTY MAIOTh HaBUII piBHI
KopTtusoay. [Ipuyomy HOCTOBIPHICTh TaKUX JaHUX
Ii/ITBEP/IKYETHCA, AKIIO MMOPIBHIOBATHU 1X He JIUIIIE
i3 COMaTUYHO 3/I0POBUMM TAITIEHTAMM, & ¥ 3 TUMH,
XTO Ma€ MeTaboJIIYHO-acoLiioBaHi 3aXBOPIOBAHHS
Ta KJIHIYHO 3/I0POBUI MTAPOIOHT.

TraHUHU TMOPOKHUHU POTA MAiOTh TJIIOKOKOP-
TUKOIJIHI PelenTopy, sIKi pearyoTb Ha XPOHIUHE
BUBIJIbHEHHS TJIIOKOKOPTUKOI/IIB. Y MTOPOKHUHI pOTa
TJTIOKOKOPTHKOIIM IPUTHIYYIOTH iIMyHITET, iHTiOy04n
BUPOOJIEHHST CEKPETOPHUX IMYHOIIOOYJIiHIB 1 (hyHK-
10 HEUTPOMITiB, 1O MOXKe TMOPYIIUTU 3aXUCT Bijl
[IapPO/IOHTAJIbHUX MiKpOOpraHi3miB. PesnucTeHTHICTD
J10 TJIIOKOKOPTUKOIZTHUX PENENTOPIB — CTaH 3HUKEHOI
YYTJIMBOCTI IMyHHUX KJITUH /IO [VIIOKOKOPTHUKOI/IIB
Yyepe3 XPOHIUHY CEKpeIlio KOPTU30JLy, MOXKe J0/aT-
KOBO HECTIPUATINBO BITUBATH Ha MApoAOHT [2, 7].
Kpim TorO, Cexpertisi TIIOKOKOPTUKOIIB TeHEpye
PEaKTUBHUI OKMCHUIA CTPEC Yepes IiIBUILeHY MiTo-
XOH/IPiaJIbHYy AaKTUBHICTB, TOTEHITIITHO TONTKO/LKYIOYN
TeJIOMePH Ta MIPUTHIYYIOUN aKTUBHICTD T€JIOMEPAsH,
1110 TIPU3BOUTH /10 KJIIITUHHOTO CTAapiHHSL.

TTotpu Te 1o noreHuiiHUMU 0O6MeKeHHAMU
I[BOTO JIOCJTI/IZKEHHST MOKe OYTH BiZIHOCHO HEBEJINKA
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BUOIpKa MAI[i€HTIB i TON (haKT, MO MU BUKOPHUCTO-
BYBQJIU JIUIIIE OIUH MaPKEP OKUCHOTO CTPECY, BUSIB-
JIEHO JIOCTOBIPHI KOpeJidllii MiK yciMa JIoCIi/IsKyBa-
HUMU TIOKa3HUKAMU, SIKI MTi/ITBEPKYIOTh B3AEMHUN
[aTOreHeTUYHWIT BIUIMB TIOPYHIeHb MeTaboJIi3My,
XPOHIYHOTO MAPOIOHTUTY 1 TICUXOJOTTYHOTO CTPECY.
Heo6xinHo mpoBecTH 104aTKOBI JOCIiKEeHHS, 11100
YITKO BUSHAYUTH BILJTUB CUCTEMHOTO OKICHOTO CTpe-
cy K Ha MeTaboJIIYHO-acoIiHoBaHi 3aXBOPIOBAHHS,
TaK 1 Ha 3aXBOPIOBAHHS TTAPOIOHTY.

BucHoBku

3axXBOPIOBaHHS TTAPOJOHTY B3aEMOIIOB’SI3aHi i3
COMaTHYHOIO MATOJIOTIEI0: 3 OJTHOTO OOKY, CHCTEMHI
3aXBOPIOBAHHS BILIUBAIOTH HA CEPETOBUTIIE TTOPOK-
HUHU POTA, MOPYIITYIOUN MiCIIeBY IMyHHY CUCTEMY;,
MePeIKo/KAI0OTh CUHTE3y KOJIareHy, iHIIil0I0Th
3allajieHHs, a 3 IHIIOr0 — MapPOJOHTONATOTEHU

Konghnixmy inmepecis nemae.

Cnucok nitepatypu

B aKTWBHIN (a3i 3amajieHHs sCceH TPOAYKYIOTh
3amajbHi IUTOKIHMU, SKi 3aIIyCKAIOTh He JIUIIIe Mic-
1IEBI, a I CUCTEeMHI 3allayibHi peaxiiii, Ta MmiJIBUIILYIOTh
PU3UK BUHUKHEHHS Ta IPOTPECYBaHHS COMAaTUYHOI
ITaTOJIOTII.

OxucHUI cTpec BiZlirpa€ Ba)kKJIMBY POJib IIPU
VIIOBLIBHEHOMY TIATOJIOTNIYHOMY 3allaJieHHI MeTa-
GOJIIYHKX 3aXBOPIOBAHb, 4 TAKOK XPOHIYHOIO MapO-
JOHTUTY. [lJish OIIHKKM OKMCHOTO TONIKOJKEHHS
JTHK 8-OHdG € kitouoBuM i yHiBepcasbHUM 6i0-
MapKepoM.

IcHye mpsiMo nponopItiiHMIL 3B’ 130K MiXK MapKe-
POM OKHICHOTO CTPECY, MTaPOAOHTUTOM i KOPTU30JIOM.

IMoganpmi mOCHIAKEHHS 13 3a3HAYeHOI TeMU
€ BOKJIUBUMU JIJIs1 PO3YMiHHS TATOJOTIUYHUX MeXa-
Hi3MiB, IO BUXOJSATH 32 PAaMKHU PO3BUTKY Iapo-
JIOHTUTY.
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N.Y. Emelyanova
GI «L. T. Mala National Therapy Institute of NAMS of Ukraine», Kharkiv

Role of oxidative stress in the occurrence of periodontitis
in the background of metabolically associated diseases

Oxidative stress is an important component of slow pathological inflammation in metabolic diseases and chronic periodon-
titis. Periodontal diseases are interrelated with somatic pathology. This results in both local and systemic inflammatory
reactions, which increases the risk of the onset and progression of somatic diseases. Psychological stress associated with
oxidative stress with increased production of oxidants and oxidative damage is an important factor in the etiology of both
periodontitis and metabolic disorders.

Objective — to analyze the possible bond between chronic periodontitis, 8-hydroxydeoxyguanosine (8-OHdG), as a bio-
marker of oxidative stress, and cortisol in persons with metabolic-associated diseases.

Materials and methods. 68 people were surveyed, of which 47 had metabolically -associated diseases that were diagnosed
according to domestic and international criteria. The control group consisted of systematically healthy people, representative
by age and article that did not receive dental therapeutic and preventive measures for the last 6 months. The diagnosis of
«chronic periodontitis» was carried out in accordance with existing recommendations provided at World Workshop on the
Classification of Periodontal and Peri-Implant Diseases and Conditions (2017). The concentration of 8-OHdG in plasma
and the level of saliva cortisol were measured by the immunoenzyme method according to the manufacturer’s instructions.
The arithmetic mean, standard error, and Student’s t-test were calculated to compare the characteristics. Pearson’s
correlation test was used to identify the relationship between the indicators.

Results. Each of the groups had patients who had a healthy periodontium and those who had chronic periodontitis.
The 8-OHdG level in the main group was much higher (p<0.001) than in the control group, and the difference in the
concentration of 8-OHdG was also observed between those patients who had periodontal disease and those who had
a healthy periodontium. The level of salivary cortisol in patients with chronic periodontitis was much higher compared
to patients with clinically healthy periodontium (p=0.00). A correlation was found between cortisol levels and the
presence of periodontal disease (r=0.619; p=0.00), between plasma 8OHdG levels and the epithelial attachment loss
index (r=0.537; p=0.00), the hygiene index (r=0.599; p=0.00), and between 8OHdG levels and salivary cortisol
concentrations (r=0.292; p=0.036).

Conclusions. Oxidative stress plays an important role in delayed pathological inflammation in both metabolic diseases
and chronic periodontitis. 8-OHdG is a key and universal biomarker for the evaluation of DNA oxidative damage. There is
a positive relationship between the oxidative marker, periodontitis and cortisol.

Keywords: chronic periodontitis, oxidative stress, 8-hydroxydeoxyguanosine, metabolic-associated diseases.

OJIA MUTYBAHHA

Z Evenbsirosa HIO. Postb OKICHOTO CTPECY Y BAHUKHEHH] TAPOJOHTHTY Ha T/1i META00/IYHO-ACON{FIOBAHIX 3aXBOPIOBAHb, YKPATHCHKMIT TepareBTHYHIi1 skypHaL 2024;3:46-51. http://doi.
0rg/10.30978/UTJ2024-3-46.

# Emelyanova NY. Role of oxidative stress in the occurrence of periodontitis in the background of metabolically associated diseases. Ukrainian Therapeutic Journal. 2024;3:46-51. http://doi.
0rg/10.30978/UTJ2024-3-46. Ukrainian.
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Prognostic significance of
suppressor of tumorigenicity 2,
endothelin-1, macrophage
migration inhibitory factor,
interleukin-6 and C-reactive
protein in patients with acute
myocardial infarction with
ST-segment elevation and
reduced glomerular filtration rate

Acute myocardial infarction with ST-segment elevation (STEMI) is one of the most severe
forms of cardiovascular disease, requiring immediate diagnosis and treatment. Prognostic
biomarkers play a crucial role in risk stratification and guiding therapeutic strategies in
STEMI patients, particularly those with reduced glomerular filtration rate (GFR).

Objective — to evaluate the prognostic significance of suppressor of tumorigenicity 2
(ST2),endothelin-1 (ET-1), macrophage migration inhibitory factor (MIF), interleukin-6
(IL-6), and C-reactive protein (CRP) in STEMI patients with reduced GFR compared
to those with normal GFR for improved risk stratification and management.

Materials and methods. This study was conducted on a cohort of 762 patients diagnosed
with STEMI. The mean age of the patients was (60.5* 10.5) years, with 74.7 % being
male. The glomerular filtration rate was calculated using the CKD-EPI 2021 formula.
Patients were categorized into two groups: 246 with GFR <60 ml/min/1.73m?and 516
with GFR > 60 ml/min/1.73m? Biomarker levels (ST2, ET-1, MIF, IL-6, CRP) were
measured using enzyme-linked immunosorbent assay (ELISA) kits.

Results. In patients with reduced GFR, ST2 and CRP levels were significantly
higher than in patients with normal GFR (39.48 [26.49—80.71] and 33.78
[21.14—59.66] ng/ml, respectively, p=0.026 and 48 [36—96] and 24 [6—48] mg/],
p=0.015). The levels of MIF and IL-6 were also increased in patients with reduced
GFR, but the differences in these parameters were not statistically significant. No
significant difference was recorded in ET-1 levels between the groups. The analysis of
ROC curves for ST2 revealed moderate prognostic accuracy in predicting survival in
patients with reduced GFR (AUC =0.659; p=0.016).

Conclusions. The results indicate the importance of ST2 as a prognostic marker in
STEMI patients with reduced GFR. The use of these biomarkers in clinical practice
can improve risk stratification and management in this patient group. Further research
is warranted to develop individualized treatment approaches that consider the risks of
cardiovascular events and renal dysfunction in STEMI patients.

Keywords:

acute myocardial infarction, reduced glomerular filtration rate, biomarkers, ST2,
endothelin-1, MIF, IL-6, CRP.

cute myocardial infarction (AMI) is a leading cause of morbidity and
mortality worldwide, with ST-segment elevation myocardial infarction
(STEMI) representing one of its most severe manifestations. Early diagnosis
and management are crucial to improving outcomes in these patients [33].
Prognostic biomarkers are essential in stratifying risk and guiding therapeutic
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strategies in STEMI patients. Among the numerous
biomarkers suppressor of tumorigenicity-2 (ST2),
endothelin (ET), macrophage migration inhibitory
factor (MIF), interleukin-6 (IL-6) and C-reactive
protein (CRP) have gained significant attention for
their potential roles in prognostication, particularly
in patients with concomitant reduced glomerular
filtration rate (GFR) [6].

Chronic kidney disease (CKD), is a common
comorbidity in STEMI patients and is associated
with worse outcomes [17, 40]. CKD exacerbates the
cardiovascular risk profile through various mecha-
nisms, including heightened inflammation, oxidative
stress and endothelial dysfunction. Therefore, under-
standing the interplay between cardiac biomarkers
and renal function is crucial for the effective manage-
ment of STEMI patients with CKD.

Epidemiological studies have shown that the
prevalence of CKD is rising globally, and this condi-
tion significantly increases the risk of cardiovascular
diseases, including myocardial infarction (MT). CKD
patients are at a higher risk of developing AMI due
to a variety of factors, including hypertension, dia-
betes and dyslipidemia. The presence of CKD also
complicates the management of M1, as these patients
often have worse outcomes compared to those with
normal renal function. Studies have demonstrated
that the combination of CKD and MI leads to
increased mortality and morbidity, underscoring the
need for effective prognostic markers and tailored
therapeutic approaches [9, 19, 35, 41].

ST2, a member of the interleukin-1 receptor fam-
ily, exists in two forms: a transmembrane receptor
(ST2L) and a soluble receptor (sST2). The interac-
tion between ST2L and its ligand, interleukin-33
(IL-33), plays a role in cardioprotection by reduc-
ing myocardial fibrosis and hypertrophy. However,
elevated levels of sST2, which act as a decoy receptor
for IL-33, have been associated with adverse cardio-
vascular outcomes. In STEMI patients, sST2 levels
correlate with the severity of myocardial injury and
are predictive of mortality and heart failure [ 18, 32].
This prognostic value may be further influenced
by renal function, as CKD patients often exhibit
higher baseline levels of sSST2 due to reduced renal
clearance [8, 34].

Endothelin-1 (ET-1) is a potent vasoconstrictor
peptide produced by endothelial cells. It plays a cru-
cial role in maintaining vascular tone and promot-
ing endothelial dysfunction. Elevated ET-1 levels
are observed in various cardiovascular conditions,
including AMI. In STEMI patients, high plasma
ET-1 levels are associated with increased infarct
size, ventricular dysfunction and adverse clinical
outcomes [15]. Furthermore, CKD patients typi-
cally exhibit elevated ET-1 levels due to impaired

renal clearance and enhanced synthesis, making it
a significant marker in this population [11, 28].

MIF is a pro-inflammatory cytokine involved in
the regulation of immune responses. It is rapidly
released following myocardial ischemia and contrib-
utes to the inflammatory cascade associated with
STEMI. Elevated MIF levels have been linked to
larger infarct size, increased inflammatory response
and poorer prognosis in STEMI patients [29]. The
presence of CKD further amplifies the inflammatory
milieu, potentially increasing MIF levels and its
prognostic implications in this cohort [4].

IL-6 is a multifunctional cytokine that plays
a central role in inflammation and immune regula-
tion [13]. It is promptly elevated in response to
acute myocardial injury and has been correlated
with adverse outcomes in STEMI patients [3, 14,
27]. TL-6 promotes the hepatic synthesis of acute-
phase reactants, including CRP, and contributes
to the systemic inflammatory response. CKD is
characterized by a chronic inflammatory state, lead-
ing to persistently elevated IL-6 levels, which may
exacerbate the inflammatory response in STEMI
patients with reduced GFR [22, 38].

CRP is a well-established marker of inflamma-
tion and a predictor of cardiovascular events [16].
It is synthesized in the liver in response to IL-6
stimulation and is elevated in the setting of acute
myocardial injury. High CRP levels in STEMI
patients are associated with increased risk of mor-
tality, heart failure and recurrent ischemic events
[25]. In patients with CKD, elevated CRP levels are
common due to the underlying inflammatory state,
making it a valuable prognostic marker in STEMI
patients with reduced GFR [20].

The integration of biomarkers such as ST2, ET,
MIFE, IL-6, and CRP into clinical practice offers
a promising approach for the risk stratification
and management of STEMI patients, especially
those with reduced GFR. These biomarkers not
only reflect the extent of myocardial injury but
also provide insight into the underlying inflamma-
tory and endothelial dysfunctions exacerbated by
CKD. Further research is warranted to elucidate
the precise mechanisms by which these biomarkers
influence outcomes and to develop targeted thera-
peutic strategies that can improve prognosis in this
high-risk population.

Objective — to evaluate the prognostic sig-
nificance of suppressor of tumorigenicity-2, endo-
thelin-1, macrophage migration inhibitory factor,
interleukin-6, and C-reactive protein in patients
with ST-segment elevation myocardial infarction
comparing those with reduced glomerular filtration
rate to those with normal glomerular filtration rate
for improved risk stratification and management.
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Materials and methods

This study was conducted on a cohort of 762
patients diagnosed with ST-segment elevation
myocardial infarction (STEMI). The majority of
the participants were male, comprising 74.7 % (569
individuals), while females accounted for 25.3%
(193 individuals). The mean age of the patients was
60.5+10.5 years.

The patients underwent a standardized exami-
nation that included measurements of creatinine,
leukocytes, total cholesterol, triglycerides, high-den-
sity lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), very-low-density
lipoprotein cholesterol (VLDL-C) and ejection
fraction (Simpson).

GFR was calculated using the CKD-EPI 2021
formula, which is the most recent and accurate
method for estimating kidney function.

Blood samples were collected from all participants
upon admission to measure the levels of the following
biomarkers: ST2, ET-1, MIF, IL-6, and CRP. The
concentrations of these biomarkers were quantified
using enzyme-linked immunosorbent assay (ELISA)
kits, which were validated for clinical use.

Descriptive statistics were calculated for base-
line characteristics and biomarker levels, including
means, standard deviations, medians, and interquar-
tile ranges, as appropriate. Continuous variables were
compared using Student’s t-test or Mann-Whitney
U test, depending on the distribution of the data.

Receiver operating characteristic (ROC) curve
analysis was conducted to determine the predictive
accuracy of the biomarkers for adverse cardiovas-
cular events.

All statistical analyses were conducted using
SPSS software version 26.0 (IBM Corp., Armonk,
NY, USA). A p-value <0.05 was considered statisti-
cally significant.

The study protocol was approved by the insti-
tutional review board (IRB) of L. T. Mala Therapy
National Institute of the National Academy of
Medical Sciences of Ukraine, and written informed
consent was obtained from all participants prior to
their inclusion in the study. The research adhered to
the principles of the Declaration of Helsinki.

Results

The study observed 762 patients diagnosed
with ST-segment elevation myocardial infarc-
tion. The majority of the participants were male
(74.7%, n=>569), while females accounted for
25.3% (n=193). The mean age of the patients was
60.5*10.5 years.

Patients were divided into two groups based on
their GFR, calculated using the CKD-EPI 2021 for-
mula: those with GFR =60 ml/min/1.73m? (67.7 %,

n=>516) and those with GFR <60 ml/min/1.73 m?
(32.3%, n = 246).

The systolic arterial pressure (SAP) was
significantly higher in patients with GFR
> 60 ml/min/1.73m? (137.1 +£25.5 mm Hg) com-
pared to those with GFR<60 ml/min/1.73 m?
(132.8+30.7 mm Hg, p=0.049). The diastolic
arterial pressure (DAP) showed no significant dif-
ference between the groups (82.5+ 12.8 mm Hg vs.
80.1+15.1 mm Hg, p = 0.063).

Creatinine levels were significantly high-
er in patients with GFR<60 ml/min/1.73 m?
(136.9+34.8 mmol/L) compared to those with
GFR > 60 ml/min/1.73m? (92.4 % 16.2 mmol/L,
p<0.001). Other parameters, such as leukocyte
count, total cholesterol, triglycerides (TG), HDL-C,
LDL-C, and VLDL-C did not show significant dif-
ferences between the groups.

Ejection fraction (EF) wassslightly lower in patients
with GFR < 60ml/min/1.73m? (46.9 + 7.2 %) com-
pared to those with GFR > 60 ml/min/1.73m?
(49.2£7.3%), though this difference was not sta-
tistically significant (p=0.142; Table 1).

ST2 levels were significantly higher in patients with
reduced GFR compared to those with higher GFR.
ET-1 levels did not differ significantly between the
groups. MIF and IL-6 levels were higher in patients
with GFR <60 ml/min/1.73m? but these differences
were not statistically significant. CRP levels were
significantly higher in patients with reduced GFR
compared to those with higher GFR (Table 2).

The ROC curve analysis for ST2 revealed an area
under the curve (AUC) of 0.659 (standard error:
0.059; p=0.016) with a 95% confidence interval
ranging from 0.542 to 0.775, indicating moderate
prognostic utility for ST2 in predicting survival among
patients with GFR <60 ml/min/1.73m? (Figure).

Discussion

Our results show significantly higher levels of
ST2 in patients with GFR<60 ml/min/1.73m>
This finding aligns with previous studies that have
demonstrated the prognostic value of ST2 in cardio-
vascular diseases. For instance, the CLARITY-TIMI
28 trial highlighted that high baseline levels of ST2
are strong predictors of cardiovascular mortality
and heart failure in STEMI patients [32]. Specific
recent studies have investigated these biomarkers in
patients with AMI and rGFR. For example, a study
on the association of galectin-3 and soluble ST2
found that ST2 signaling is involved in ventricular
remodeling post-AMI, with correlations to reduced
GFR [39]. Additionally, research on serum soluble
ST2 in stable coronary artery disease highlighted
that elevated ST2 levels predict mortality and
adverse clinical outcomes in AMI patients with
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Table 1. General characteristics of patients based on GFR levels

Parameter GFR > 60 ml/min/1.73m? (n=516) GFR <60 ml/min/1.73m? (n =246)
Systolic arterial pressure, mmHg 137.1+£255 132.8+30.7*

Diastolic arterial pressure, mmHg 825+128 80.1+15.1
Creatinine, mmol/L 92.4+16.2 136.9 + 34.8**
Leukocytes, mmol/L 6.6=0.1 6.4+1.8

Total Cholesterol, mmol/L 3.8+1.1 42+18
Triglycerides, mmol/L 1.4£0.5 1.8+£0.8

HDL-C, mmol/L 1.0£0.5 0.93+0.36

LDL-C, mmol/L 1711 21+15

VLDL-C, mmol/L 0.9+04 0.95+0.42

GFR CKD-EPI, ml/min/1.73 m? 81.4+15.7 46.2+9.5"

EF, % 49.2+7.3 46972

Note. * p<0.05; ** p<0.001.

Table 2. Biomarker levels by group

Biomarker GFR > 60 ml/min/1.73m? GFR <60 ml/min/1.73 m? Total

ST2, ng/mL 33.78 [21.14—59.66] 39.48 [26.49—80.71]* 36.03 [24.17—67.44]
ET-1, pg/mL 3.0324 +1.19928 2.9727 £1.03122 2.9919+ 1.1363

MIF, ng/mL 2329.8 [1322.5—3885.675] 2694 [1737—4897.35] 2501 [1367.775—4018.75]
IL-6, mg/L 7.2 [4.415—11.53] 8.155 [5.7525—14.5775] 7.41 [4.73—11.96]
CRP, mg/L 24 [6—48] 48 [36—96]* 24 [10.5—48]

Note. The data are presented as Median [Q,—Q,].
*p<0.05.
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Figure. ROC curve of ST2 influence on survival
in patients with GFR less than 60 ml/min/1.73 m?

decreased GFR [21]. Furthermore, a study empha-
sized that elevated solauble ST2 is a predictor of
hospital outcomes, linking its levels to estimated
GFR and mortality in AMI patients [7].

In our study, the ROC curve analysis for ST2
revealed an area under the curve (AUC) of 0.659,
indicating moderate prognostic utility. This is con-
sistent with the findings from Y. Ren et al., who
reported the significant diagnostic efficacy and
prognostic value in patients with acute coronary
syndrome, indicating a stronger predictive capability
for adverse outcomes [30].

ET-1, a potent vasoconstrictor, showed elevated
levels in our study among patients with reduced
GFR, although the differences were not statistically
significant. Elevated ET-1 levels have been associ-
ated with worse outcomes in cardiovascular diseases
due to its role in promoting vascular dysfunction and
hypertrophy [23]. X. Freixa et al. reported similar find-
ings where high ET-1 levels correlated with adverse
clinical outcomes in acute myocardial infarction [12].
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The lack of significant difference in our study could
be attributed to the relatively small sample size or the
inherent variability in ET-1 levels among individuals.

A recent review highlighted ET-1’s involvement
in the progression of chronic kidney disease and
acute renal injury, emphasizing its relevance as
a biomarker for renal and cardiovascular pathologies
[26]. This aligns with our observations and suggests
the need for further studies to elucidate the precise
role of ET-1 in these conditions.

MIF is another biomarker whose elevated levels
were noted in our study, particularly in patients
with reduced GFR. Previous research has indi-
cated that MIF plays a critical role in the inflam-
matory response following myocardial ischemia
[37]. Elevated MIF levels have been linked to larger
infarct size and poorer prognosis in STEMI patients
[10]. However, the difference in MIF levels between
the two groups in our study was not statistically sig-
nificant, suggesting that while MIF is an important
marker, its prognostic utility might be more complex
and influenced by other factors.

Interleukin-6 is a central cytokine in the inflam-
matory cascade, and its elevated levels have been
correlated with adverse cardiovascular outcomes
[1]. Our study showed higher IL-6 levels in patients
with reduced GFR, although the difference was
not statistically significant. The chronic inflamma-
tory state associated with CKD likely contributes
to persistently elevated IL-6 levels, exacerbating
cardiovascular risk [36].

IL-6 has been extensively studied as a marker of
systemic inflammation and its association with car-
diovascular and renal outcomes is well-documented
[22]. Recent studies have also explored the therapeu-
tic potential of targeting IL-6 pathways in reducing
inflammation and improving outcomes in high-risk
cardiovascular patients [31].

CRP, an acute-phase reactant synthesized in
response to IL-6, was significantly elevated in our
study among patients with reduced GFR. Elevated
CRP levels are well-documented predictors of
adverse cardiovascular events, including mortality
and recurrent ischemia [5]. Our findings reinforce

Conflicts of interest: none.

the role of CRP as a valuable prognostic marker in
STEMI patients, particularly those with impaired
renal function. The role of CRP in reflecting sys-
temic inflammation and its predictive value in vari-
ous cardiovascular conditions has been extensively
validated [2]. TIts use as a marker for inflammation
in chronic diseases, including CKD, further under-
scores its clinical relevance [24].

The integration of these biomarkers into clinical
practice offers a promising approach for the risk
stratification and management of STEMI patients,
especially those with CKD. ST2, in particular,
shows potential as a robust prognostic tool. Further
research is warranted to explore the precise mecha-
nisms by which these biomarkers influence outcomes
and to develop targeted therapeutic strategies.
Longitudinal studies with larger sample sizes could
provide more definitive evidence and help refine the
use of these biomarkers in clinical settings.

Limitations

Our study has several limitations. The sample size,
particularly the number of patients with reduced
GFR, was relatively small, which may limit the
generalizability of the findings. Additionally, the
cross-sectional design precludes the establishment
of causality between biomarker levels and clinical
outcomes. Future studies should aim to include
a larger cohort and adopt a longitudinal design to
better understand the temporal relationships and
prognostic significance of these biomarkers.

Conclusions

In summary, our study underscores the critical
role of reduced GFR as an independent prognostic
factor in patients with acute myocardial infarction.
The significant association found between ST2 levels
and reduced GFR highlights the potential of this bio-
marker as a tool for improving prognostic assessment
in this vulnerable subgroup of patients. Additionally,
our findings suggest the necessity for further research
to develop individualized treatment approaches that
consider the risk of cardiovascular events and renal
dysfunction in patients with STEMI.

Authorship contributions: conception and design — A. O. B., M. P. K.; acquisition of data, analysis and interpretation of data,
drafting the article, critical revision of the article — A.O.B.,, M\.P.K., O.V.P,LR.V,I.LV.R, K.A. V., T.Y.S.
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[TPOrHOCTUYHE 3HAYEHHA MapKepa CYnPecCii TYMOPOreHHOCTI 2, eHOoTeniHy-1,
doakTopa iHribyBaHHA MirpaLii Makpodaris, iHTepnerkiHy-6 Ta C-peakTBHOro Oinka
B MaLEHTIB i3 rOCTPUM iHGDAPKTOM MioKkapaa 3 nianoMoM cermeHta ST

| BHVPKEHOIO LLBWAKICTIO KIy©O4KOBOI (pinbTpaLlii

Toctpuii indapkr miokapaa 3 nigitomom cermenta ST (STEMI) € onnieio 3 naiiTskunx (popm ceprieBo-CyIMHHUX 3aXBO-
PIoBaHb, 110 NOTPeOy€E HerailHoi AiarHOCTUKHY Ta JiKyBaHHs. [IpornocTuani 6ioMapkepy BifirpaioTh BasKIUBY POJIb Y CTpa-
Tudikaiii pUSHKIB Ta KepyBaHHI TepaleBTHYHUMK cTparterisMu B namieHTis i3 STEMI, 0cobimBo B 0cib 3i 3HUKEHHSIM
mBUAKOCTI Ky6oukoBoi (inbrparii (IITKD).

Mera — omiHUTH NMPOTHOCTHYHE 3HAUYEHHs Mapkepa cympecii Tymoporennocti 2 (ST2), enporeniny-1 (ET-1), dakropa
inridysans mirpanii makpodaris (MIF), intepaeiikiny-6 (IJI-6) Ta C-peaktusioro 6inka (C-PB) y nanientis is STEMI si
samskeroio [ITK® nopisusiHo 3 narientamu 3 HopmasibHoio [ITKD ist nostinenst crparndikaitii pusukiB Ta yrpabJiiHHs
JIIKYBaHHSIM.

Marepiamu ta Metomu. JlocrizkeHHs mposesene Ha koropti 3 762 narientis i3 miarnosom STEMI. Cepenniii Bik naiienTis
cranosuB (60,5 + 10,5) poky. Cepen mamienTis repeBakasi dosoBiku (74,7 %). PospaxoBysaiu IITKD 3a hopmymnoio CKD-EPI
2021. TartienTiB posmozmizmn Ha aBi Tpyir: 246 xBopux i3 [IIKM <60 mur/(x8-1,73 M?) Ta 516 i3 IITKD >60 mur/(xB- 1,73 M?).
Pisni 6iomapxepis ST2, ET-1, MIF, 1J1-6, C-PB) BusHauam MetomoM iMmyHobepmerTHoro anamisy (ELISA).

Pesyssratu. Y naiientis 3i sumkenow [ITK®D nokasauku ST2 ta C-PB Oysin 3HauHO BUINUMU HOPIBHSIHO 3 HAIli€H-
tamu 3 Hopmasbtoio KM (Bixmosizmo 39,48 [26,49—80,71] i 33,78 [21,14—59,66] ur/mu, p=0,026 Ta 48 [36—96]
i 24 [6—48] mr/m, p=0,015). Pigui MIF ra 1JI-6 Takox Oy.su nigsuineti B namienTis 3i suuskeHowo [TKD, ane BiaminHOCTI
3a UMK OKa3HUKaMU He OyJIi CTaTUCTUYHO 3HauylMu. 3a BMicrom ET-1 He 3apeecTpoBaHO 3HAUHOI BIAMIHHOCTI MizK
rpynamu. Ananiz ROC-kpuBux aist ST2 BUSBUB HOMIpHY TIPOTHOCTHUYHY TOUHICTB OO0 MPOTHO3YBAHHS BUMKUBAHHS
y mamienTis 3i sumkeroo HIKD (AUC =0,659; p=0,016).

BucnoBku. OTpuMani pe3yJsibraTH CBifl4aTh PO BaXKJIuBe 3HaueHHS ST2 SK MPOTHOCTUYHOTO MapKepa B MAIiE€HTIB i3
STEMI 3i samkenoro [IK®D. BukopucranHs 110ro 6GioMapkepa y KJIiHIUHII MPAKTUI MOKe TOJINIIUTH cTpaTugiKaiio
PUBHKIB Ta YNpPaBJiHHS JIKYBAaHHSIM y TakuX HarienTis. HeoOXiaHO MPOBeCTH AOAATKOBI MOCITIUKEHHST ST PO3POOKU
IHIUBIyaIi30BaHOTO IiXOMY /0 JIKYBaHHS, 1[0 BPAXOBYE PU3UKU CEPLEBO-CYAUHHUX IIOJiil Ta HUPKOBOI AUCGHYHKIIL
B nanienTis i3 STEMI.

Kimou4osi ciioBa: roctpuii indapkt Miokapza, 3HUKeHa HBUAKICTH KIybouKoBoi (isbrpattii, 6iomapkepu, ST2, enporenin-1,
MIE, 1J1-6, C-Pb.
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macrophage migration inhibitory factor, interleukin-6 and C-reactive protein in patients with acute myocardial infarction with ST-segment elevation and reduced glomerular filtration
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CLINICAL CASE o KIIHIYHHUA BUNAJOK
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Features of diagnosis and
treatment of a polytrauma victim
with predominant closed chest
trauma with lung and diaphragm
rupture. Clinical case

The article describes a clinical case and presents clinical signs of traumatic rupture of
the diaphragm and lung on the background of a wave-like course of the postoperative
period. Open diaphragmatic injuries are more common than closed ones. In this case, the
closed chest and abdominal trauma was sustained as a result of a road traffic accident.
The injury was combined and severe, with signs of traumatic shock. The location of the
diaphragmatic injury was on the right side, which is less common. The severe condi-
tion of the patient with respiratory failure (respiratory rate over 30 per minute) was an
indication for artificial lung ventilation, which made it impossible to take complaints
and anamnesis.

The individual spatial topography of the diaphragm depends on the size and location
of the abdominal organs, body structure, and depends on the line of examination. The
movement of internal organs into the pleural cavity indicates a diaphragmatic rupture,
but in this case, the extrahepatic location of the diaphragmatic defect was covered by
the liver, the lower lobe of the right lung, and adhesions, which led to the coverup of the
diaphragmatic defect. Increased abdominal size due to polytrauma and mechanical ven-
tilation in case of closed chest and abdominal trauma; increased air discharge through
pleural drainage during video laparoscopy or increased abdominal size during video
thoracoscopy; clamping of the pleural drainage with a spiral computed tomography of
the chest and abdominal organs allows detecting pneumoperitoneum and pneumotho-
rax, which indicates the presence of a defect in the diaphragm and lung. The use of video
thoracoscopy, video laparoscopy, and spiral computed tomography does not always
provide complete information about the existing damage to the diaphragm, so dynamic
observation with control radiological examinations is preferred.

Keywords:
traumatic rupture of the diaphragm, traumatic rupture of the lung, polytrauma.

Diaphragmatic injuries occur in 0.5—5.0 % of all combined injuries. The
rupture of the organ in a closed injury occurs more often at the junction
of its muscular and tendon parts. The size of the resulting defect can vary
significantly (from 2 to 20 cm). Due to the anatomical features of the body,
injuries to the left cupula predominate. Bilateral, multiple ruptures are rarely
detected. Injury to the diaphragm in open trauma can be localized in any
part of it. Due to the difficulty of diagnosis, 50—70 % of victims do not have
a diaphragmatic defect detected during their lifetime. Patients die from severe
combined thoracic or abdominal injuries, late complications of undiagnosed
pathology. The prognosis largely depends on the nature of the injury and the size
of the defect. About 50 % of patients with diaphragmatic rupture die from fatal
complications before the diagnosis is done. Death in the postoperative period
occurs in 35 % of cases, more often due to the presence of combined injuries [3].

It should be noted that the actual incidence of traumatic diaphragmatic
rupture (TDR) is much higher, as a significant number of victims die during
evacuation. The problem of diagnosing TDR in the acute period is one of the
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most difficult. It is influenced by the severity of the
general status of the victims, the nonspecificity of
complaints and symptoms, and the damage to other
organs and systems [6, 7].

The timely diagnosis of TDR becomes especially
important in the presence of combined injuries, pri-
marily traumatic injuries of the extremities, pelvis
and head. Shockogenous polytrauma does not allow
for a full range of diagnostic measures, among which
a special place is given to radiological methods. In
such cases, it becomes impossible to perform radio-
contrast and radiodynamic examination methods.
Thus, the difficulties in diagnosing TDR in com-
bined trauma significantly increase the number of
diagnostic and tactical errors and mortality. Despite
the importance of the problem, the issues of indica-
tions and contraindications for the use of specific
methods of diagnosing TDR and means of improving
safety during these methods remain controversial,
primarily in relation to the method of thoracoscopic
diagnosis of diaphragmatic injuries [9].

Older people are most susceptible to diaphrag-
matic rupture. This is due to a loss of strength due
to an increase in the tendon centre. Diaphragmatic
rupture occurs: in car accidents, in cases of falling
from a great height. Due to the fact that the right
cupula of the diaphragm is protected by the liver, an
acute increase of intra-abdominal pressure leads to
a rupture of the left cupula. Diaphragmatic rupture
can be classified as a complex closed injury. It should
be noted that more than 50 % of cases of diaphrag-
matic rupture are fatal [10].

Traumatic diaphragmatic injury has its own pecu-
liarities in diagnosis and treatment, so we consider
it necessary to share our own experience.

Objective is to demonstrate the peculiarities of
diagnosis and treatment of a victim with polytrauma
with a predominant closed chest injury with lung
and diaphragm rupture.

Clinical case

Injured P, 51 years old, man, was involved in
aroad traffic accident, transported to the advanced
surgical team in a severe status, where he received
first aid, evacuated to the Military Medical Clinical
Centre of the Northern Region of the Armed Forces
of Ukraine, and hospitalized in the emergency
department.

Diagnosis: Combined cranio-thoracic-skeletal
trauma. Closed head injury. Mild brain contusion.
Multiple abrasions of the face and scalp. Closed
chest injury. Closed fracture of the first rib on the
right, [—1II ribs on the left. Post-traumatic pulmo-
nitis. Closed abdominal injury. Contusion of the soft
tissue of the anterolateral wall on the right. Open
fracture of the right radial bone with displacement

of the fragments. Closed fracture of the right thigh
bone with displacement of the fragments. Closed
fracture of the left thigh bone and left tibia with
displacement of the fragments. Traumatic shock of
the third degree. Surgery: laparocentesis, drainage
of the abdominal cavity.

The injured man was admitted in severe general
status condition on artificial lung ventilation. His
level of consciousness is sopor. The right upper
and lower limbs were immobilised with ladder-like
splints. The injured man was taken to the emergency
room, where he underwent anti-shock measures,
chest and abdominal ultrasonography according to
the FAST protocol («Sonosite Micromaxx, 2017»):
no free fluid was detected. General clinical blood
and urine tests, biochemical blood tests, blood
coagulogram were collected and performed on the
Respons 920 (Germany) and «Lab Analyt» (China),
«HumaClot Duo Plus» (Germany), «Labline 40»
and <«Sunrise» (Austria) with additional equip-
ment «Biorad» and «Biosan». A cranial, chest and
abdominal spiral computed tomography (CT) was
performed on a «Toshiba Activion 16» appara-
tus with a tomographic step of 0.5 mm, revealed
a subarachnoid hemorrhage, a fracture of the first
rib on the right, I—1II ribs on the left, and a partial
pneumothorax on the right. Control chest and
abdominal radiographs, radiographs of the right
upper and lower extremities were performed using
the diagnostic radiographic complex KRD-50
«Indiascop-01» (Ukraine), revealed a fracture of
the right radial bone with displacement of frag-
ments, a fracture of the right thigh bone with dis-
placement of fragments, a fracture of the left thigh
bone and left tibia with displacement of fragments.
Fibrogastroduodenoscopy and fibrobronchoscopy
were performed on a video endoscopic stand
«Olympus CV-170, 2017». Videolaparoscopy and
videothoracoscopy were performed on the «Olympus
Visera 4K UHD OTV-S400, 2021» video endo-
scopic stand.

The final diagnosis was done: Combined cranio-
thoraco-skeletal trauma. Closed cranial injury.
Mild brain contusion. Subarachnoid hemorrhage.
Multiple abrasions of the face and scalp. Closed
chest injury. Rupture of the middle lobe of the right
lung. Rupture of the cupula of the diaphragm on the
right. Pneumothorax. Closed fracture of the first
rib on the right, the first and second ribs on the
left. Emphysema of the face, neck, chest and torso.
Coagulated right-sided hemothorax. Intra-hospital
bilateral lower lobe pneumonia. Respiratory failure
of the third degree. Closed abdominal trauma. Liver
abrasions (AAST I). Pneumoperitoneum. Traumatic
shock of the third degree. Acute renal failure.
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The data of the chest spiral CT of the injured on
admission are demonstrated in Fig. 1.

Surgeries: laparocentesis; drainage of the abdomi-
nal cavity, thoracentesis on the right, drainage of the
pleural cavity by Buhlau; video laparoscopy, revision
of the abdominal organs, diathermocoagulation of
liver abrasion, rehabilitation and drainage of the
abdominal cavity. xx.xx.202 xr — primary debride-
ment of the right radiocarpal joint wound, open
reduction, transcutaneous fixation of the right radial
bone with pins, fixation of the right thigh bone with
an external fixation apparatus (EFA) of the ‘thigh
bone femur-tibia’ type, fixation of the left thigh
bone and left tibia with EFA of the ‘thigh bone-tibia’
type. xx.xx.202xp — Redrainage of the right pleural
cavity according to Buhlau. xx.xx.202xp — median
transverse-longitudinal tracheotomy. xx.xx.202xp —
drainage of the right pleural cavity according to
Buhlau.

The signs of pneumoperitoneum were considered
as a consequence of laparocentesis. During vide-
olaparoscopy, a ruptured diaphragm on the right was
not detected due to its extrahepatic location.

The data of chest spiral CT on the 4th day, fol-
lowing injury are demonstrated in Fig. 2.

In the course of treatment, haemodialysis, control
chest and abdominal radiographs, chest and abdomi-
nal ultrasonography were done, positive dynamics
was noted, but on day 9, following injury, signs of
pneumothorax on the right and pneumoperitoneum
appeared.

The data of chest spiral CT on the 9th day, fol-
lowing injury are demonstrated in Fig. 3.

Due to an increase in air discharge from the pleu-
ral cavity, which occurred after changing the position
in bed, fibrogastroduodenoscopy was performed, per-
foration of the hollow organ was excluded. During
chest and abdominal CT, the pleural drainage was
clamped for diagnostic purposes, the abcupulan
began to increase in size (CT data also confirmed
this fact), which indicated the presence of a dia-
phragmatic defect.

The surgery was performed: Video-assisted tho-
racoscopy on the right, conversion, anterolateral
thoracotomy on the right, revision of the pleural
cavity, pleurolysis, decortication, suturing of the
defect of the middle lobe of the right lung and the
cupula of the diaphragm, sanation and redrainage of
the right pleural cavity according to Buhlau.

During the operation, after three times disinfec-
tion of the surgical field with antiseptic solutions
under general anesthesia, an access of 1.5 ¢cm in
diameter was made in the VI intercostal space along
the middle axillary line on the right and in the IV
intercostal space along the anterior axillary line on
the right. Due to the impossibility of disconnecting
the right lung from breathing (the victim has a tra-
cheostomy), due to decreased oxygen saturation, the
right pleural cavity was not accessible for examina-
tion. Conversion. An anterolateral thoracotomy was
performed in the 5th intercostal space. An extensive
adhesive process in the pleural cavity is determined.
The adhesions were separated by blunt method.
About 200 ml of old coagulated blood with fibrin
is sanitised in the pleural cavity. Revision reveals
a post-traumatic rupture of the right cupula of the

Figure 1. Chest CT scan at the time of admission: A — axial plane: partial right-sided pneumothorax, initial
manifestations of posttraumatic pulmonitis; B — sagittal plane: partial right-sided pneumothorax, small
pneumoperitoneum
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diaphragm up to 12x4 cm in size, in which the
liver is visualized — the defect is sutured. Further
revision revealed that the upper and middle lobes
of the right lung were adhered together, adhesions
separated by blunt method. Decortication of the
right lung was done. In the middle lobe of the right
lung, multiple ruptures were detected, from which
air was coming. Aerohaemostasis was achieved by
suturing the ruptures. No other pathology was
detected. The pleural cavity was irrigated with 3
litres of water-based antiseptic solution, sanitized
and drained with 2 PVC drains 40 Fr and 28 Frin
the VIintercostal space of the posterior inguinal line

on the right and along the middle subclavian line in
the IT intercostal space, Blihlau drainage was placed.
Layer-by layer wound suturing. Aseptic dressings.
Intraoperative ultrasonography of the peritoneal
cavity demonstrated no free fluid.

Control chest radiography was prescribed to the
patient.

The diaphragmatic rupture before and after sutur-
ing is demonstrated in Fig. 4.

The diaphragmatic defect was located on the right
side at the junction of the muscular and tendon
parts of the diaphragm, covered by adhesions in the
pleural cavity and the lower lobe of the right lung,

Figure 2. Chest CT scan on the 4th day after injury: A — axial plane: right-sided pneumothorax and
pneumomediastinum, posttraumatic pulmonitis of the lower lobes of both lungs, emphysema of soft tissues;

B — frontal plane: right-sided pneumothorax and pneumomediastinum, soft tissue emphysema; C — sagittal plane:
pneumomediastinum, pneumoperitoneum, soft tissue emphysema; D — axial plane: pneumoperitoneum, soft tissue
emphysema
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which was initially affected by pulmonitis and then
pneumonia. Changing the position of the injured in
bed and the regression of the inflammatory process in
the lung led to the opening of the junction between
the pleural and abdominal cavities.

The clinical course of the postoperative period was
without complications. The injured man underwent
sanitatation fibrobronchoscopies. Subsequently, the
patient was discharged for outpatient treatment in
3 weeks.

Open diaphragmatic injuries are more common
[1,2, 5] than closed ones. In this case, a closed chest

L 2y

and abdominal injury was sustained as a result of
aroad traffic accident. The injury was combined and
severe, with signs of traumatic shock. The location
of the diaphragmatic injury was right-sided, which
is less common [8].

The patient’s severe condition with respiratory
failure (respiratory rate over 30 per minute) was an
indication for artificial lung ventilation. This made
it impossible to take complaints and anamnesis.

Features of the individual spatial topography of
the diaphragm depend on the line of investigation,
the size and location of the abdominal organs, and

Figure 3. Chest CT scan on the 9th day after injury: A — axial plane: right-sided pneumothorax, bilateral lower lobe
pneumonia, soft tissue emphysema; B — axial plane: pneumoperitoneum, soft tissue emphysema; C — frontal plane:
right-sided pneumothorax, pneumoperitoneum, soft tissue emphysema; D — sagittal plane: right-sided pneumothorax,

pneumoperitoneum, soft tissue emphysema
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Figure 4. Ten days after a closed chest injury with a diaphragmatic rupture: A — diaphragmatic rupture before
suturing; B — sutured diaphragmatic after suturing

the body structure determine the clinical manifesta-
tions of the injury [4, 10].

The movement of internal organs into the pleural
cavity indicates a diaphragmatic rupture, but in this
case, the extrahepatic location of the diaphragmatic
defect was covered by the liver, the lower lobe of the
right lung, and adhesions, which led to the cover of
the diaphragmatic defect.

Clinical signs in the wavy course of the postop-
erative period, such as an increase in abdominal
size in the setting of polytrauma and artificial lung
ventilation in case of closed chest and abdominal
trauma; increased air discharge through the pleural
drainage during video laparoscopy or an increase in
abdominal size during video thoracoscopy; clamping
of the pleural drainage with the performance of spiral
computed tomography of the chest and abdominal
organs allows detecting pneumoperitoneum and
pneumothorax and indicates the presence of a defect
in the diaphragm and lung.

The use of video thoracoscopy, video laparoscopy,
and spiral computed tomography does not always
provide complete information about the existing
damage to the diaphragm, so dynamic observation
with control radiological examinations is preferred.

Conflicts of interest: none.

Conclusions

An increase in abdominal size in the setting of
polytrauma and mechanical ventilation in closed
chest and abdominal trauma, an increase in air
discharge through pleural drainage during video
laparoscopy, or an increase in abdominal size during
video thoracoscopy suggests a diaphragmatic defect.

In the case of an undulating course of the postop-
erative period, clamping of the pleural drainage with
aclamp and performing spiral computed tomography of
the chest and abdominal organs allows to detect pneu-
moperitoneum and pneumothorax, which indicates
the presence of pulmonary and diaphragmatic rupture.

The change in the position of the injured person in
bed led to a deterioration of his status due to the sepa-
ration of the pleural adhesions and the opening of the
junction between the abdominal and pleural cavities.

The use of video thoracoscopy, video laparoscopy,
and spiral computed tomography does not always
provide complete information about the existing
diaphragmatic injuries.

Evaluation of complaints, anamnesis, objective
and laboratory, and instrumental examination data
in the dynamics allows to diagnose the existing
pathology of the lungs and diaphragm.

Authorship contributions: conception and design, critical revision of the article — E. M. K.;

acquisition of data — V.V.M., S.A.S., V.O.B.;

analysis and interpretation of data, drafting the article — V.V.N., O.H.P.
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! XapkiBCbKuil HaIliOHAMILHNI MeIMYHNI yHIBEPCUTET

2 BiiicbkoBo-MeanuHuil Kainiurmii nenrp IiBHiunoro periony 36poitHux cui Yipainu, Xapkis

? XapKiBChbKUH IHCTUTYT MEUITMHI Ta GIOMEANYHUX HAYK

OcobnmMBOCTI AiarHOCTUKM Ta NMiKyBaHHSA NMOCTPaXKAanoro
3 MNOMITPaBMOIO MPU NepeBarkaHHI 3aKpPUTOI TPaBMU MPYOHO! KITITKK
I3 PO3PMBOM NereHi Ta giadoparmn. KniHivHWm BUNagok

PosrasgayTo kininiyHnil Bumazok. BucBiTieHo KIiHIYHI O3HAKKM TPaBMATHMYHOTO PO3PUBY AiadparMu Ta JereHi Ha Ti
XBUJIENIOAIOHOTO Tiepebiry micisgonepaiiiHoro mepiogy. Yacriiie TpamisioThest BIAKPUTI YIIKO/KEHHS AiadparMu, Hisk
3aKpUTi. Y HaBeeHOMY KJIIHIYHOMY BUIIaJIKy 3aKPUTa TPAaBMa TPYAHOI KJIITKH i ;KuBOTa OyJia OTPUMaHa BHACJIIOK TOPOIK-
HBO-TPAHCIIOPTHOI Iprrojn. TpaBma GyJra TOEHAHOIO Ta TSKKOIO 3 O3HAKAMH TPaBMAaTHYHOTO TOKY. [IpaBoGiuna moka-
Jli3allist YIKO/KeHHs iadparMu, M0 TPAIISETbCS pijine. TSKKII cTaH XBOPOTO 3 INXAJTBHOIO HEJIOCTATHICTIO (YacToTa
nuxanHst — noHaz 30 Ha XBUJMHY ) OYB IIOKa3aHHSIM JIJIsl IPOBECHHS IITYYHOI BEHTHJISLLIL JIET€Hb, 110 YHEMOKJIUBIIIOBAJIO
30ip cKapr i aHaMHe3sy.

InpuBinyanbHa npocroposa tonorpadis miadgparmu 3yMoBieHa PO3MIpaMu i PO3TAIyBaHHSAM OPraHiB Y€PEBHOI MOPOK-
HUHH, TiN0OYI0BOK Ta 3aJIeKUTh Bij JiHil gocaipkenns. [lepemiliieHHs: BHYTPINIHIX OPraHiB y MJIEBPaJbHY TIOPOKHUHY
CBIUUTH TIPO PO3PUB iadhparMu, aje B HABEIEHOMY BUIIAJKY IO3ANEYiHKOBE po3ralryBaHHs gedekty miadparmu 0yIio
MPUKPHUTO MEYiHKOIO, HUKHBOIO YACTKOIO TIPABOI JIEreHi Ta CHalKOBMM IPOIECOM. 30IIbIICHHS PO3MIpy sKMBOTA Ha TJi
MOJIITPABME Ta HITYYHOI BEHTUJIALI JIETeHb IPU 3aKPUTIH TPaBMi IPy/Iell 1 sKMBOTA, 301/IbIIIEHHSI CKUIAHHS MOBITPSI KPi3b
MJIEBPAIbHUI [PEHaK IIi/I 4ac BiZeoanapocKolrii, 30iIbIIeH s po3Mipy KUBOTA M 9ac BiZEOTOPAKOCKOIII, ITePEeTUCHEH-
HS 3aTUCKAYeM TLJIEBPAJIBHOTO JPEHAXKY 3 BUKOHAHHAM CIiPAJIbHOI KOMIT'IOTepHOI ToMorpadii opraHiB rpyaHoi KJIITKH Ta
OpraHiB 4e€PEBHOI MOPOKHUHU JIA€ 3MOTY BUSBUTH ITHEBMOIIEPIOHEYM i TTHEBMOTOPAKC, 1110 3aCBi[Uy€ HAABHICTD JedeKTy
niacdparmu Ta Jsereri. Bukopucrants BiZe0TOPaKOCKOIIii, BiZie01aliapoCcKoIiii Ta CripaabHOi KOMITI0TepHOI ToMorpadii He
3aBK/M HA/lA€ TOBHY iH(MOPMAIIIIO MI0/I0 HASBHUX YIIKO/UKEHb iadparMu, ToMy nepeBary CJij BiylaBaTi AWHAMIYHOMY
CHOCTEPE/KeHHIO 1 BUKOHAHHIO KOHTPOJIBHUX ITPOMEHEBUX JIOCI/IKeHb.

Kmo4osi cioBa: TpaBMaTHuHMit pO3pUB MiadparMu, TPABMATUYHI PO3PUB JIETeH], O TPABMA.
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LiykpoBuin giabet 3C T|/|r|¥.
3 4M MU MaeMo crpasy? Omsan

HagezieHo oHOBJIEHI [aHi 1IPO TePMiH <«IyKpoBUH miaber 3 Tuiy», HOTo cydacHy KJja-
cudikariiio, matodisiooriyni MexaHi3Mu PO3BUTKY Ta 0COOJIMBOCTI JIKYBaHHSI, BU3HA-
YeHHs1 IIYKPOBOIo Aiabery, HOro emigeMiosiorito ta Kiaacudikallilo, IPyHTYIOUUCh Ha
PEKOMEHAIIAX AMEPUKAHCHKOI iabeTMIHOI acomiarii, a TAKOK BU3HAYCHHS TOCTPOTO
MAHKPEATHTY, Oro eImizieMiosIoriuHi 0coGMMBOCTI Ta HaltyaCTilIl yCKIIaAHEHHST, 30KpeMa
1ykposuii giaGer 3C Tumy. BUCBITJIEHO CTATUCTUYHI JaH] IIO0 PUSUKY PO3BUTKY TAKUX
YCKJIaJHEHb TOCTPOTO TTaHKPEATUTy, SIK MOPYIIEHHS BYIJIEBOAHOTO 0OMiHy. OnucaHo
icTopnuHi TIepeayMOBHU (haTaTbHUX YCKJIQHEHb TOCTPOTO MAHKPEATUTY — Tillepriii-
KeMiYyHMX cTaHiB. Bucsitieno marodisiosoriuni MexaHi3Mu PO3BUTKY ILYKPOBOTO
miabety 3C THIy: MicIieBe Ta CHCTEMHE 3aTTaJeHHsl, BTpaTa OCTPIBIEBOI TKAHWHM TTijl-
MIJIYHKOBOI 3aJ1031, IN3PEryJIsALis iHCY/IiH-IHKPeTHHOBOI Bici, aBTOIMyHHA J1eCTPYKIIis
B-KIIITHH Ty HKOBOI 321031 TOIIO. OTIHMCAHO POJTh TEHETUYHUX YNHHUKIB Y PO3BUT-
Ky I[yKPOBOTO fiabeTy Ha T TOCTPOro maHKkpeatuTy. HaBeaeHo OCHOBHI Ta T0aTKOBI
miarHocTHaHi KpuTepii mykposoro aiabety 3C THITy, 3aITpOMOHOBaHI PI3HIMHU aBTOPAMH,
OCKITBKM HUHI BIiICYTHI CTaHAapTM30BaHi yHidikoBaHi KpuTepii. Bucsitieno mude-
PEHIIiIHY XapaKTepucTuky it 0COOMUBOCTI AiarHOCTUKY I[yKpoBoro aiabery 1, 2 i 3C
tury. OGroBopeHi TapreTHi i rTiKeMil AJIst atieHTis i3 ykposuM giabetrom 3C Tuiy.
HarosomeHno Ha HeoOXiZHOCTI NPOBEIEHHST CKPUHIHTY Ta NPOMIIAKTUKY TOPYIIEHHS
BYIVIEBOZIHOTO OOMIHY B TAIIEHTIB i3 MEPEHECeHUM IOCTPUM maHKpearutom. HamaHo
CyyacHi peKoMeHallii 1oA0 JiKyBaHHs I[yKpoBoro miabery 3C Tuily Ta 06roBOpeHo
MOSKJIMBICTH BUKOPUCTAHHSI IHCYJTIHY B PeKUMI 6a3nc,/6oTioc ISt I0CATHEHHST KOMITEH-
cauii ByrieBogHOro 0OMiny. HarosionieHo Ha HeoOXiZHOCTI KOMIIeHCAIlil 30BHIIIHbOCE-
KPeTOPHOI HeOCTATHOCTI MiANUITYHKOBOI 31031 71T TIOJITIIIEHHST 3aCBOEHHS KMPIB
1 JKHUPOPO3YMHHUX BiTaMiHIB.

Knio4osi cnosa:

uykposuii giabet 3C TUNy, NaHKpeaToreHHU aiabeT, NaHkpeaTuT, rinepriikemis.

ykposwii giabet (IL/]) — 11e rpyma 3axBoproBaHb, siKi XapaKTepU3yI0ThCsT

CTIHKOIO 1 PENMANBHOIO TiTeprIiKeMi€io. 3a OmiHKaMu, Ha niader XBOPi-
10T moHa 500 MutH gopocsux ocib y cBiTi [2]. 3riaHo 3 miabeTosoriaHIMI
pPEKOMEeHIAIliAMU BUJIJILAIOTh KiJibKa THIIB ﬂia6eTy. Yci BoHU 3yMOBJIEHI
nedirurom BUpoOHUIITBA ab0 (yHKINI iHCYIiHY, a00 060Ma YMHHUKAMHU.
Y 2011 p. Amepukancbka riabernuna acoriaitist (ADA) pasowm i3 BeecBiTHBOIO
OpraHisaIfi€lo OXOpOHH 3/[0POB’sT aHOHCYBAJIM HOBHIA THII iabeTy, OB’ sI3aHn i
3 eK30KPUHHUMHU 3aXBOPIOBAHHIMU MiIIIYHKOBOI 32,1031, YacTo /Jid ITOTO
THITY [iabeTy BUKOPUCTOBYIOTH TEPMIHU «[TAHKpeaTOreHH Ui iabeT> a6o <111
3C tumy» [2], «Bropunnuii mankpeatuaauii giabetrs [29] i «11/1, mos’sizanuit
3 eK30KPUHHOIO AUChYHKITIEIO MiMTYHKOBOI 3as03u» [31]. ¥ 2022 p. a 3'i3xi
€BpOoINENCcHKOro MaHKPeaTUIHOro KayOy 3alPONOHOBAHO TEPMiH «IIOCTIHAH-
KpeaTHuHUi IyKpoBuil miaber». Ileil T giabety Mae iHIITY IPUYMHY, [1ATO-
(hisiomorito, KITIHIYHY KapTUHY, AIarHOCTUYHI KPUTEPI, IIKyBaHHSA Ta TPOTHO3
HOPIBHSTHO 3 giabeToM 1 i 2 Tuy.

Merta orssiry — IpOBECTH aHaJIi3 Cy4acHOI JiiTepaTypH 1110710 BU3HAYEHHS,
€eITiZIeMi0JIoTi1, eTioJOTil, MATOTeHeTUUHUX MeXaHi3MiB PO3BUTKY 1 TaKTUKU
Benenns 111 3C tumy.

Budinsiroms 8 niomunie I[/] 3 muny [8]:

+ 3A — renernunmii gedeKT P-KAITUH TiANTYHKOBOI 3a71031;

3B — renernunuii fedekT iHCYTiHY (CUHIPOM iHCYJTIHOPE3UCTEHTHOCTI );
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+ 3C — pO3BUBAETHLCS MTPH TEPBUHHOMY YPaskeH-
Hi TiTITYHKOBOI 3aJ1031;

- 3D — wuykpoBuil aiaber, 10 CYIPOBOIKYE
eHIoKpuHoTIaTii (cMHIPOM KyInHra, TIr0KaroHoMa,
aKpOMeraJiisg TOTO);

- 3E — MeaukaMeHTo3HUH giabet (CrpruyrHeHni
[IPUITOMOM TJIIOKOKOPTUKOI/IIB, TIa3UHUX JIlyPeTH-
KiB, B-aapeHo6I0KaTOPIB TOIIO);

- 3F — pmiabGer indexuiiinoi etiosorii (1iurome-
rajioBipyc);

- 3G — piakicuimi ¢gopmu (iMyHOOTIOCEPETKO-
BaHUll jiaber);

- 3H — pizakicHi reneTHuHI CHHAPOMU (CUHIPOM
[Hayna, cunapom Teprepa, curanpom Kinaiindensrepa
TOIIIO).

Enizemiosiorist rocTporo naHkpeaTuTy

Ta yKpoBoro aiadery 3C tumy

[Tankpeatorennnii miaber, a6o ILJ 3C Twumy,
€ BTOPUHHUM JiabeTOM, 110 PO3BUBAETHCSI BHACIIIIOK
pyiiHyBantsi abo BTpaTé TKaHWUHU ITiIILTYHKOBOI
3aso3u. Ha iioro yactky npumnagae 6Jusbko 8%
Biz ycix Bunajkis [/I. /lo eTiosoriyHuX YMHHUKIB
HaJleKaTh XpoHiuHui mankpeatut (76 %), Heolliasist
mignTyHkoBoi 3a103u (9 %), remoxpomatos (8 %),
KicTo3HMiT (hi6po3 (4 %) i peseKitist i ILTyHKOBOI
samosn (3 %) [15].

TocTpuii maHKpeaTuT — 1€ 3alajbHe 3aXBOPIOBAH-
H4 ITI/IIIYHKOBOI 3aJ103H, SIKE IPU3BO/IATD JI0 TIOHA/]]
300 tuc. rocmitamzaniii Ha pik. ¥ CIIIA Butparu
Ha JIIKyBaHHS I[bOTO 3aXBOPIOBAHHS TIEPEBUIIYIOThH
2 mutpj ioJiapis mopiuso [ 11, 25]. TiobasbHa cykyHa
3aXBOPIOBAHICTh CTAaHOBUTE 34 Bumaaku Ha 100 TwC.
HaceJeHHs Ha PiK 3 BAPA3HOIO Bi/IMIHHICTIO B Pi3HUX
perionax Tak, na misaoui CIIIA 3axBopioBanicTh 3Ha-
yro Bua (58,2 Bumazky Ha 100 Tric. HaceseHHS Ha
piK), Hixk B €Bpomi (24,7 1 15,0 Bunazkis xa 100 Tuc.
HacesieHHs Ha pik y [Berrii Ta /lanii BinnosizgHO) [ 20,
24, 35]. 3arasbHuil piBeHb CMEPTHOCTI CTAHOBUTDH
6/m3bKo 1,2 Ha 100 THc. oarHO-pokiB [ 32]. Bimsbko
80 % XBOpUX HA TOCTPUI TAHKPEATUT MAIOTh JIETKUIT
KJIHIYHUI mepebir. Y marieHTis i3 moMipaum a6o
TSIKKUAM TIepebiroM 4acTo Ma€ Miclie MaHKPeaHeKpo3
i/ab0 oprafHa HeZIOCTATHICTD, 110 CIPUYKHSIE TPUBAJIE
niepeOyBanHs B stikapHi [ 19] Ta Mae Bak/mBi BizyiaieHi
HACJiIKH — 30BHINTHbOCEKPETOPHA HEJIOCTATHICTD
MITYHKOBOT 327103, YCKJIQHEHHS BHACJIIOK
HEKPO3y MIIIIJIYHKOBOI 3aJ103H, MTOBTODPHI eIi30/u
roctporo maukpearuty [1, 27, 34, 35].

[cTopuyHO MUHYIIY Tilepriikemioo BBaxKajau
JIATIIE TUMYIACOBHUM SIBUIIIEM TOCTPOTO TTaHKPEATH-
Ty mif yac rocmitamnizaiii. [IpoTte nBa HeromaBHIX
MeTaaHasi3u BUABUJIM HOBI JIaHi MI0JI0 XPOHi3allii
Ta BUCOKOI 4yacToTh 3axBopioBanocti Ha I1/] Ha T
rOCTPOro MaHKPEATUTY. YCTaHOBJIEHO, 10 B OJIM3b-
KO YBepTi TAaIliEHTIB i3 TOCTPUM TAHKPEATUTOM

MPOTIATOM TPBOX POKIB ICHAS OAYKAaHHSI PO3BU-
Hetbes ILJ1 [7, 36]. BaskiuBo, 1110 B 11€ OIiHIOBAHHS
He 3aJIydaJiv NaiienTiB 3 icnytouuM I1/1, sxkuii cro-
cTepiraeTbest y OJM3bKo 25 % MAIieHTiB i3 TocTprM
nmankpeatutoMm [6]. HemonaBue mpocrekTUBHE
nocTipKeH s BustBuio po3sutok [y 3,7,9111%
marienTiB 4epe3 6, 12, 18 i 24 mic BiAmoOBiAHO TicTsA
€TTi30;1y TOCTPOTO TTaHKpeatuTy [5]. ¥ TpuBammx (He
MEHIITe HiK 5 POKIB) OCTIIKEHHAX T/ 9ac MoaasIb-
IIOTO CIIOCTEePEKeHHS KyMYJISTUBHUN PiBEHD 3aXBO-
pioBaHoCTi Ha «HOBUI» 11/], OB’ g93an™MIt i3 TOCTPUIM
naHkpeatutToM, 30ibimBes 1o 40 % [36]. ITompu
1le, TOUHUI 9ac PO3BUTKY €HIOKPUHHOI ANCHYHK-
Iii MiCJIs emi30/ly TOCTPOTO MAHKPEATUTy CKJIAHO
CTIPOTHO3YBaTH. BaskJIMBUM acTieKTOM TTPOTHO3YBaH-
HS1 PO3BUTKY ITAHKPEATOTeHHOTO [[iabeTy € CTYIiHb
TSDKKOCTI TTAHKPEATUTY: TPU CEPETHBOTIKKOMY
il TSDKKOMY Tiepebiry pusuk Buiie. B ogHoMYy pocti-
IUKeHHI TpozieMoHcTpoBano po3sutok I/ v 56 %
HAIIEHTIB 13 TSKKAM HepebiroM ToCcTporo IaH-
KpeaTuTy MOPiBHSIHO 3 23 % y NAI[iEHTIB i3 JIETKUM
nepebirom [12]. Oxnak possutok 111 y naiienTiB
i3 JIETKUM HEHEKPOTUIHUM TOCTPUM TTAaHKPEATUTOM
CBIJTYUTH ITPO HASIBHICTD BIJINBY 1HIITUX YNHHUKIB,
TaKUX K OOTsKEHUT CiMEeITHIT aHaMHe3, Ha/IMipHa
Maca Tija ab0 OKUPIHHS, HELOCTATHICTD (hi3UUHOT
AKTUBHOCTI, IIOPYIIEHHS XapuOBOI II0BE/IIHKY TOIIO.

ITaTtodiziosnoriyni MexaHi3MH PO3BUTKY
ykpoBoro aiadery 3C tuimy
[Tarodisionoriuni MexaHisMu PO3BUTKY TTaHKPE-
arorennoro I1J[ BuBUYeHi HeAOCTaTHLO, IMOBIPHO,
icHy€e 6araTo YMHHWKIB i3 PI3HUM MOTEHIIHHIM BHE-
CKOM, HAIIPUKJIAJ], BTPaTa MacH OCTPiBIIEBUX KIITHH
IIIIIJIYHKOBOL 3a/1031, aKTHUBAllisl aBTOIMYHHUX
MeXaHi3MiB, CIIPUUMHEHUX TOCTPUM ITAHKPEATUTOM,
CIIJIbHI eTioJIOTIYHI YMHHUKKM PU3UKY, MiCIleBi Ta
CUCTEMHI 3amajibHi IPoIlec, 3MiHU 1HCYJIiH-1HKpe-
THHOBOI Bici To1o (prcyHok). OcobIMBO BasKINBO
PO3yMITH BHECOK SK 3a3HAUEHUX UYMHHUKIB, TaK
i IOTEeHIIIHOI FeHeTUYHOI CXUJILHOCTI, 11100 BU3HA-
quTH MOKJUBOCTI ipodinaktuku [1J] 3C Tumy.
YuHHUKHK, SAKI CHPUYUHAIOTH Po3BUTOK I1/]
1 Tuny (HapUKJIa1, HassBHICTb aBTOAHTHUTLJI Ta/ab0
YYTAUBUX TEHETUYHUX MOJIMOP(}i3MiB), HegocTat-
HbO BUBYEHI B I[boMY actiekTi. KiiHiuHi crioctepe-
JKEHHsI CBiuaTh, 1o morpeda B incyJrini mpu 11/ 3C
tuiry noioHa 1o takoi mpu L] 1 tumy [29]. ¥ marii-
enTiB 3 [I/] 1 Tuy BUIBASIOTH i IBUTIIEHHS OJTHOTO
a00 OiJibllle aBTOAHTUTIJ TTiCJIsT IMYHHOT aKTHBAILiL.
Y 70—80 % marienTis € aHTUTILIA 10 AeKapOOKCH-
sasu ruytaminoBoi kuciaotu (GADG65), incyminy
(IAA), acortifioBaHor0 3 iHCYJTIHOMOIO aBTOAHTUTEHY
2 (IA2A), Tpancnioprepa nuuky (ZnT8A) ta/abo
terpacrianiny 7. 1li aBToiMyHHI Mapkepu € O3Ha-
kot II/1 1 Tumy i BUPOGJISIIOTBCS Y BiINOBIAb Ha
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PucyHok. MatoreHetnyHi mexaniammn po3sutky LIO 3C Tuny [15]

aBTOpeaKTHUBHI T-KIITUHMU, 1110 PO3IT3HAIOTH BJIACHI
AHTUTEHW Ta HEOAHTUTEHU B-KIIITHH. 32 Bi/ICyTHOCTI
TOCTPOTO TAHKPEATHUTY ITiCJIsI BUSBJIEHHS aBTOAHTHU-
T y HAIEHTIB MOKE MUHYTHU BiJl KIJIbKOX MiCAIliB
JI0 KiJIBKOX POKIB /10 MaHidecTy iabeTy, 110 BKa3ye
Ha JIaTeHTHY a3y 3axBOpioBaHHd [4]. MoXIUBICTH
TOTO, 1[0 TOCTPE 3alaJIeHHS MiIMIITYHKOBOI 3271031
MOJKe MTPU3BECTH JI0 MOAIOHOT aKTHBAIlii iMyHITETY,
He OyJ1a IIMPOKO BUBYEHA, aJI€ € JIaHi TIPO BUSIBJICH-
HJ aBTOAHTUTLI y TAIIEHTIB i3 NMaHKpeaTOreHHUM
/T [18]. MoskHA TPUITYCTUTH, 1IIO0 CUJIbHA MicIleBa
1 cUCTeMHa 3allayIbHa BiJIIIOBi/Ib IIPU FOCTPOMY I1aH-
KpeaTuTi MOJKe IPU3BECTH /10 TMOCTTPAHCISIINHOI
MoriKartii eHjoreHHNX OLTKIB B-KuriTiH (IHCYITiH)
1 OCTPIBIIEBUX HYKJIEIHOBUX KUCHOT. [lilicHO, Helo-
JTAaBHO BIU3HAHO, TIT0 TaKi MOAUDIKOBaHI HEOETTiTOTII
CIPUYUHSIOTH 3arubesb B-kaitud mpu 1 tuni giabe-
Ty, @ IX BUPOOHMIITBO I ICUITIOETHCST B YMOBAX CTPECY
€HJIOTJIA3MATUYHOTO PETUKYJIYyMYy Ta 3alajeHHs
[26]. 1Ii Ginku MOKYTh HisATH SK aBTOAHTUTEHH,
CIIPUUMHSIIOUN aBTOIMYHHI Peakilii 31 3HM)KeHHSIM
cekpelii iHcyiny ta manipectom miabery. OnHak
JKOJIHE JIOCJIJKEHHST CMCTEMATUYHO He OI[IHI0BAJIO
AKTUBHICTb aBTOIMYHITETY IIi/l 4ac Ta MicJIs eni30/Ly
TOCTPOTO TTAHKPEATHUTY.

Bigomo, mo roctpi 3amajibHi 3aXBOPIOBAHHS
MiNIJIYHKOBOI 3aJI03U CIHPUYUHSIOTH TOTYKHY
MiCIIeBY Ta CUCTEMHY 3allaJbHy Bi/IIOBi/lb, HABIThH
3a Jierkoro nepebiry. 3a3Buyaii akKTHBYETHCSI CHC-
TeMa iHTePJIelKiHiB, 30KpeMa iHTepJelikiny-6. [let
MOKA3HUK TaKOXK ITiJBUIIYETHCSI IPU OKUPIHHI,
incyninopesucrentnocti Ta I/ 2 Tumy [33]. o
IHIMX MOKJIWBUX TATOTEHETUYHUX MeXaHi3MiB
possutky I/l 3C tumy MoXXHaA BiIHECTH OKUPiH-
Hs, TPUTTIEPUAEMII0, €K30KPUHHY HEJIOCTATHICTh

MiIITYHKOBOL 3a/103u. OKUPIHHA Ta TillepTPUTJIi-
MEPUAEMIS € BIIOMIMHI YUHHUKAMU PUSUKY PO3BU-
Ty sk 11J1 2 Tutry, Tak i rocTporo naHkpeatuty. Ixns
HagBHICTH /10 TIOYATKY eIi30/ly TOCTPOTO TTaHKpea-
TUTy migBuirye pusuk po3suTky LI/] i noreniiino
MOKe MIPUCKOPUTH MaHidecTyBanHs miabery [28,
30]. Ex3okpuHHA HEIOCTATHICTH MiNLITYHKOBOI
3as103u BUHUKaE y 30 % MaIlieHTiB YIPOIOBK TPhOX
POKIB MiCJIA €11i30/1y rocTporo mankpearury [ 16, 17].
Y XBOPUX 3 €K30KPUHHOIO HEJIOCTATHICTIO /LY H-
KOBOI 3271031 TIOPYIITYETHCS BiCh IHKPETUH-1HCYJTiH,
10 TTPU3BOIUTH /IO TIOPYIIEHHS CEKPEIlii TOPMOHY
iHkpeTuny. lle 3MiHIOE CeKpelrito TII0K0303aMeKHIX
IHKPETMHOBUX TOPMOHIB 1HCYJIIHOTPOITHOTO I10JIi-
nentuay (GIP) i riokaroHonogiouoro mentuy- 1
(GLP-1). leaxi nocmimKeHHS B TIAIIIEHTIB i3 MaH-
kpeatorenrauM [1/[ mokazamnm, 1o 3amicHa Teparris
(hbepmerTaMU T ATITYHKOBOI 3aJI031 YACTKOBO YCY-
Bae 1eit nedinur [14].

Hogi gani miaTBEpIKYIOTH TOTEHITITHNI 3B’ 130K
MK BiJIOMUMM TEHETUYHUMM YMHHUKAMHU PU3U-
Ky I/l i pO3BUTKOM IMaHKPEaTOreHHOTo iabery.
Y nocnimxenni, mposenenomy B IliBHIuHIN AMeputri,
cepezt 2685 marieHTiB i3 XPOHIYHUM TAHKPEATUTOM
BUSIBJICHO HASIBHICTb OJTHOHYKJIEOTUIHUX TTOJIMOP-
¢dismiB (SNP), nos’sizanux 3 11/[ 3C tuny, y 27 %
Bunazakis [13].

JliarHoCTHYHI KpUTEPii

ykposoro giadery 3C tumy

3araJibHONPUMHSTUX KPUTEPIIB IIarHOCTUKH Jlia-
6ery 3C Tumy Hemae. HeoOxiaHO oLiHIOBATH O3HAKI
3aXBOPIOBAHHS INIIYHKOBOI 3aJI03U B Malli€HTa
3 aHAMHE30M rOCTPOTO a60 XPOHIYHOTO MAHKPEATHTY
Y1 XPOHIYHOTO HGOJIIO B KUBOTL. PereibHuil anamMHes

68
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i (bisukambHe 00CTEKEHHS MAIOTh BasKJIMBE 3HAUEH-
HS JIUIS TIAIIIEHTIB 13 BIIepIlie BUSBJIEHOTO TillE€PIJIi-
Kemi€to. € pizui mokasuuku ADA, 3a sSKuM#I MOKHA
OIIHUTH TaitienTa 3 iarno3om [1/[, — piBeHb TI110K0-
3W1 HATIIE, IEPOPATHHUI TECT Ha TOJEPAHTHICTH 10
TJIFOKO3H Ta,/a00 riKo3uIboBaHuil reMorsiobin [9].
Bigmosigno o ADA, kpiM cTaHIapTHUX KPUTEPIiB
Juist piarHoctuky I1J], ng BcTaHOBJIEHHST JliarHO-
3y I/l 3C tumy moTtpibHa HasgBHICTH JOJATKOBUX
KPUTEPIiiB:

1. Hdiarnoctrmuni kputepii 11/]: rmikosuipoBanmit
remoryobin > 6,5% abo IIoKo3a B KPOBI HaTIle
>7,0 MMOJTB/JI, TTTIOKO3a B KPOBi 4epe3 2 T/ i1 yac
TJIIOK030TOJIepanTHOrO Tecty > 11,1 mmonn /i [9].

2. Ilopymiennst eK30KpUHHOI (DyHKITIT TNy H-
KOBOI 3aJI03M.

3. ITixTBEepaKEeHHS TOTO, IO AiabeT € BTIOPUHHIM
MIOJI0 €K30KPUHHOTO 3aXBOPIOBAHHS M1 IIIITYHKOBOI
3aJI03M.

N. Ewald ta R.G. Bretzel sanpomnionysanu taxi
ocHOBHi kpurepii giabety Ty 3C (MatoTh 6y TH BCi):

1. Ex30oKkpuHHA HETOCTATHICTh MiANITyHKOBOI
3aJ103H, IIarHOCTOBAHa 3a I0MOMOT0I0 IPSIMOTO ab0
(byHKITiOHATHPHOTO TECTY MOHOKJIOHATBHOI (heKasb-
HOI eslactasu-1.

2. 3amaneHHs MANUTYHKOBOI 3271031, Bi3yasizo-
BaHe 3a JIONOMOTOI0 E€H/IOCKOIIYHOTO YJIBTPa3By-
KOBOTO JIOCJI/IZKEHHS, MarHiTHO-Pe30HaHCHOI abo
KOMIT'IOTepHOi ToMorpadii.

3. Bincyrricts aBToiMynHHUX Mapkepi I11/]
1 Tumy [10].

[lo npyropsjaHux KpurepiiB HasekaTb IOPY-
meHHs1 GyHKIl B-KITUH TiANUTYHKOBOI 321034
(Busnavenng C-menTwmy), Bi/ICYyTHICTD PE3NUCTEHT-
HOCTI 110 iHCyJiHy, nopyiieHHs1 cekpenili GLP-1
Ta/ab0 MAaHKPEATHYHOTrO MOJIMENTHLY, a TaKOK
HU3bKI CUPOBATKOBI KOHIIEHTPaIlii ;)KUPOPO3YMHHUX

Bitamini (A, D, E i K). Oanak 11i kputepii MaioTh
oOMeKeHHSI — 30ir o3Hak 3 jaBHIM giabetom 1
i 2 TUTY, CYTTyTHS 1HCYJTIHOPE3UCTEHTHICTD TOTIIO.

Y tabauui HaBegeHo Kpurepii audepeHiiiHOl
niarnoctuku 1L/] 1, 2 Ta 3C Tumy.

TapreTHi 1iji Ta TiKyBaHHS

ykpoBoro aiadery 3C tuimy

ADA 1e BU3HAYaE 1iJEH 71T KOHTPOJTIO TIiKeMil
B narieHTiB i3 giabetom 3C THITy, a TAKOK Oe3reuHe
3HAYEHHS /I TJIIKOBAHOTO IeMOTJIOOIHY, ajie BUIi-
Jige crajil rinorsikemii, 9xi MaloTh 0cobJiMBe 3Ha-
YeHHS B IIUX IMaIli€HTIB:

PiBenb 1 — rimokosa Big 54 10 69 mr/m;

Pienpb 2 — rimokosa Bix 50 10 54 Mr/m;

PiBenp 3 (Tsakka rimorygikemisi) — TJIOKO-
3a <54 MTr//1J1, 10 OTPeGY€E MEIMIHOI IOTIOMOTH.

Taxki rinoraikeMiuyHl BUIIAQAKUA ACOIIIOIOTHCH
3i 30isbliieHHsIM Y 3,4 pady 5-pidHOI CMEPTHOCTI
y xBopux Ha [I/] 3C tumny [22].

[Torpu Gpak JaHUX MO0 KIIHIYHOTO JIKYBaHHS
I/ 3C Tumy, € ieBHe 0OTPYHTYBaHHSI [IJIsl PO3YMiH-
HS MOKJIMBOCTI OTO TTPOMITaKTUKH, CKPUHIHTY Ta
JIIKYBaHHS.

IHcynin — naifuacTilie pekoMeH/[0BaHa Tepallist
st nartienTis i3 giaberom 3C Tuity Ta HaiteeKkTHB-
Hima. OHak cJijt 3 00epesKHICTIO BUBHAYATH 03y
IHCYJTiHY Yyepes3 pU3uK rinoriikeMiil. [HcyiH € enu-
HUM PEKOMEHIOBAHUM JIIKAaPCHKUM 3aCO00M PH
teparrii xBopux Ha 1/ 3C tuy, ane 6pakye 10Ka3iB
repeBar IeBHOI CXeMU JIIKyBaHHSI 30BHIITHbOCEKPe-
TOPHOI HEZIOCTATHOCTI MiNMIIYHKOBOI 3a7I03U IS
MOJIIIIeHHST 3aCBOEHHS KUPIB 1 JKUPOPO3UNHHUX
BiTamiHiB. HezmocTaTHiCTh MiAIIIYHKOBOI 3271034
CTIPUYMHSE TIOPYIIEHHSI BCMOKTYBAHHS MO KUBHUX
pevyoBMH. 3aMicHa Teparlis aHKpeaTUIHUMHU (ep-
MEHTaMU MO3Ke TOJITIIITNUTH TJIIKEMIYHUN KOHTPOJIb

[14, 21].

Ta6nuusa. OcobnmMBOCTI AiarHOCTUKK TUMIB LIyKpOBOro aiabeTy [3, 4]

MapameTp LlykpoBun pia6et 1 Tuny LlykpoBun piabet 2 Tuny  Llykposun piabet 3C Tuny
[nikosaHwWit remornobiH, % >6,5 >6,5 >6,5

[Mioko3a KPoBi HaTLLLEe, MMOIb/N >7,0 >7,0 >7,0

C-nentng HaTtwe (Hopma — [y>xe HN3bKKI piBEHb HopmanbHuin Hu3bknin

0,5—2,0Hr/an), Hr/on (<0,2) ab0 BUCOKUI PiBEHb ab0 HopMasbHWiA piBEHb
KeTtoaunnos YacTto Pioko Pioko
[inornikemii Hacto Pioko Hacto
OcTpiBuUeBI aBTOAHTUTING € Hemae Hemae
Ek3okpunHHa HefocTaTHICTb Hemae Hemvae e

(dhbekanbHa enactagda < 200 MKr/r)

[ineprnikemis

BeanepepBHWin MOHITOPUHT MMOKO3M i o
abo peakTrBHa rinornikemis

Enizoan vepryBaHHs

Fineprnikemis . ST L
rinornikemin i rinepriikemin
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Jlikapi matore Gytu ob6isHani 3 IIJI 3C Tumy.
PexkomensioBaHO MPOBOAWUTH TIOPIYHUN CKPUHIHT

BucHoBku
ILykposuii piaber 3C Tumy € yCKJIaJHEHHSIM

3aXBOPIOBAHHS I/IIIJIYHKOBOI 3aJ103H, SIKE€ MOXKe
Oy TH HETIPaBUJIBHO Ta HE B IOBHOMY 00Cs3i iiarHOC-
toBaHe. Petesibruit 36ip aHaMHe3y Ta BAKOPHCTAHHS
BIZLITOBITHUX JIIATHOCTUYHUX JOCTIPKEHD J0IIOMOKE
KJTHITHCTaM i1eHTH(hIKYBATH MAIEHTIB i3 iabeTomM
3C Tully Ta HAZIATU HAJIEKHY TOTIOMOTY, IO TIOJITI-
HIMTb IXHI IPOTHO3.

Kongnixmy inmepecis nemae.

Yuacmo asmopies: konuenuyis i ousaiin docaioncenns — O. €. T;

HMAIIEHTIB MICJS eMi30/ly TOCTPOTO IMAaHKPEaTUTy Ta
HPUALISTH IM 0COOJIMBY yBary.

Hageneni mani ciguats, mo I1/[ 3C tumy crae

Jenasi BU3HAHINIUM KJIHIYHUM 00 €KTOM, aJjie
icHyioui mani o6MeskeHi Ta HeogHOPiaHL. HeoOxixHo
[POBECTH JIOCIIZKEHHS, 11100 YCYHYTH TIPOTaJIMHN
B 3HAHHSIX.

30ip ma onpayposanns mamepiany, nanucanns mexcmy — O. O. b.; pedazysanns — I./[. @., O. €. T.
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G.D. Fadieienko, O.Y. Gridnyev, O. O. Buriakovska
GI «L. T. Mala National Therapy Institute of NAMS of Ukraine», Kharkiv

Type 3c diabetes mellitus: what are we dealing with? Review

The authors presented updated data on the term «type 3 diabetes mellitus», its modern classification, pathophysiological
mechanisms of development and features of treatment, its definitions, epidemiology and modern classification based on the
recommendations of the American Diabetes Association. Definitions and epidemiological features of acute pancreatitis and
its most frequent complications, including 3c type diabetes have been described. Statistical data were presented on the risk
of developing complications of acute pancreatitis in the form of carbohydrate metabolism disorders. Historical prerequisites
of fatal complications of acute pancreatitis in the form of hyperglycemic states were also described. The pathophysiological
mechanisms of the development of type 3c diabetes, namely local and systemic inflammation, loss of islet tissue of the pan-
creas, dysregulation of the insulinincretin axis, autoimmune destruction of Bcells of the pancreas, etc. were highlighted in
detail. The role of genetic factors in the development of diabetes against the background of acute pancreatitis is described.
Currently there are no standardized unified criteria of type 3c diabetes, thus the main and additional diagnostic criteria
according to the different authors have been analyzed in detail. The differential characteristics and features of the diagnosis
of diabetes mellitus by type and peculiarities of the diagnosis of type 1, 2 and 3c diabetes mellitus have been presented.
The discussion on the glycemic target goals for patients with type 3¢ diabetes and the need for screening and prevention
of carbohydrate metabolism disorders in patients with acute pancreatitis has been outlined. The authors provided current
recommendations for the treatment of type 3c diabetes and discussed the possibilities of the use of insulin in the basis/bolus
mode to achieve compensation of carbohydrate metabolism. The necessity to compensate pancreas exocrine insufficiency to
improve the assimilation of fats and fat-soluble vitamins has been emphasized.

Keywords: type 3C diabetes mellitus, pancreatogenic diabetes, pancreatitis, hyperglycemia.

OO MUTYBAHHA
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JlinonpoTeiHoBa rmomepyronaris:
LLIO BigoMO? Orniag niteparypu

Oruisaz Jsliteparypu IIPUCBSIYEHO aKTyaslbHIN 11pobsemi cydacHol Hedposorii — Jrino-
npoteinosiit rmomepysonartii (JIIII'ID), piakicHoMy riomMepyisspHOMY TOPYIIEHHIO, IO
TPU3BOAUTD 0 HE(DPOTUIHOTO CHHAPOMY i/ab0 XPOHITHOI HUPKOBOI HETOCTATHOCTI.
Bucsitsieno nepsunnmii renernyanii nedexrt npu JIITTI, skuii nos’ssanunii i3 rere-
PO3UTOTHUMHU MyTallisMM TreHa amnodinonporeiny E (AnoE) y ainanni 3B’asyBanns
ginorniporeiniB Hu3bKoi ryctuan (JIIIHI) 3 BigmoBigamM perienitopoM, 10 T/BUTITYE
CTHOpiHEHICTh MyTaHTHUX AMOE-BMiCHUX JTOMPOTEIHIB 0 CTIHKU TJIOMEpYJISIPHUAX
kamizspis. [Ipeacrasieno pani momyasaiiHuxX gocmipkens o0 nommperocTti JITITTI,
CyJacHi ysIBJIEHHS TIPO ii TaToreHe3, 30KpeMa PO TOJOBHY MATOT€HETHYHY JIAHKY —
MOIITKOJPKEHHS CTPYKTYPH Ta (hyHKIIiT AroE BHAC/IZIOK reTepo3uroTHUX MyTalliil TeHa
AmnoE. PosrasayTto yyacts AnoE-BMiICHUX JTMOTPOTEIHIB, 0 CKAAAY SIKIX BXOAATH
isoopmu AioE, y hopMyBaHHI TII0MepYJISIPHUX AETIO3UTIB, JIIIOMPOTEIHOBUX TPOMOIB
y TIPOCBITI TJIOMEPYJISIPHUX KaIiJSPiB, @ TAKOXK POJIb MaKpo(dariB y maToreHesi peHab-
HoTO mimizo3y. Onncano ricrosorivny kaptuny, nputamanny JIIITTI, BayTpimmborio-
MepYJISIPHI Ta eKCTpapeHaIbHI YMHHUKH i1 PO3BUTKY, OCOOJIMBOCTI JIIMIZIHOTO ClIEKTpa
KPOBI, SKi CyIIPOBOKYIOTH KaiHiuHuil nepe6ir JIIITTL. HaBegeHo miarHocTuuHi Kpure-
pii JIIIT'TI, xriHiuHI BUSBH 1IHOTO TIIOMEPYJISIPHOTO TopymieHHs, mporHo3 mpu JITITTI,
yexmagnennst JITITTL i acomniiiosani 3 Helo komopbiznui cranu. OcobuBy yBary mpu-
niseno sikysanto JIIITTI, 6e3 sxoro xBopoba Mporpecye A0 TepMiHaJIbHOI XPOHIYHOT
HUPKOBOI HemocTaTHOCTI. OOroBOPIOIOTHCS MOKJIMBOCTI CYYaCHHUX TilOJIiIigeMiYHIX
3aco6iB ((ibpartiB, MOXiAHMX HIKOTUHOBOI KUCIOTH, CTATHHIB, MOHOKJIOHAJIBHUX aHTH-
Tiz o amodtintoniporeiny CIII) momo xopexkiii mopyteHs JimigHOTO o6MiHy, 3 AKUMU
acorioersest JITITTL. HaBenerno nepcriekTHBHI Ipemapati, siki MoskHa Gyjie 3aCTOCOBY-
Batu B naiientis i3 JIIITII (inribitopu HaTpid3asesKHOIO KO-TPAHCIIOPTEPA TIIIOKO3U
2, aHTUOKCHUJAHTH, aHTUKOHBYJbCAHT TOMIpaMaT) MiCJs TPOBEAEHHS CIelliaJbHUX
JIOCTI/KeHb. YBary NpuiieHo iHmmM JikyBagbauM 3axogam mpu JIIITTI (adepesy
JITIOTIPOTETHIB HU3BKOI TYCTUHN 3 TelTapUH-1HAYKOBAHOIO eKCTPAKOPIIOPATHHOIO MPeIn-
niratieto, imyHoazcopOLiiiHiil Tepartii cTahinoKOKOBUM POTEIHOM A, TpaHCILTaHTAIlil
Hupkn). Harosomneno Ha HeoOXiHOCTI IPOBEJEHHSI eKCIIEPUMEHTAIBHUX | KIIHIYHUX
JOCTI/KEeHb, SKI AaAyTh 3MOTY PO3IIUPHUTU YSBJIEHHS TIPO €TiOJNOTiI0 Ta TaToTeHe3
JILITTI, mosinmuTy 11 AiaTHOCTUKY # e(DeKTUBHICTD JIIKYBaHHS.

Knio4osi cnosa:
ninonpoTeiHoBa rMomepyonarig, anoninonpoTeiH E, enigemionoria, natoreHes,

KNiHIYHI BUSIBM, OiarHOCTUYHI KpUTepii, NiKyBaHHS.

icsg mepimoro ommcandsg B 1989 p. simompoTeiHoBa TIOMepyJIONaTisa

(JITIT'IT) Bimoma sk pifiKicHE TIIOMEPYJISIpHE TIOPYIIEHHS, 110 TPU3BOIAUTD
1o Hedporruroro cunapomy (HC) 1/a60 XpoHiuHOI HUPKOBOT HEZOCTATHOCTI
(XHH) [16]. IIpu JIIIITI cnocrepiratotbesa mpoteinypia (11Y), migsuiieni
KOHIIEHTpaIli B cupoBartiii Kposi Jinomnporeinis (JIIT), Garatux Ha TpUTJIi-
nepuan (TT) Ta iXHIX peMHaAHTIB, 1 TICTOJIOTIUHI O3HAKH JITIOIPOTEIHOBUX
tpom6is (JITIT) y npocsiti rimomepyasipanx kamissipis (I'K) mpu gedinuri
minucTux Kaitvh. Lle natosoriyauii cran 3 00TSKEeHUM CIMEHUM aHAMHE30M.
[TepBunnuii reHeTUIHUT Te(EKT ACOIIIOETHCS 3 TETEPOZUTOTHIMHE MY TaIlisIMHI
reHa antosinonpoteiny E (AnoE) y faissgHIt 3B’ 13yBaHHS JIIMONPOTETHIB HU3bKOI
ryctunu (JIITHT) i3 Bixmosigamm perterrropoM [29]. 3pocTtae KibKicTb T0Ka3iB
PO BasKJIUBY POJIb MyTalliii reHa AnoE y miziBUIIIeHH] CIIOPiIHEHOCT] My TaHT-
Hux AmoE-smicaux JIIT no crimku 'K i cipomoskrocTti mytanTHux JIIT 10
(hopmyBaHHs arperaTiB y pasi MmiJIBUIIEHHS IXHbOI KOHIIEHTPAIIi] B CYyJIMHHOMY
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mpocsiTi [13, 21]. Axmo we mikysatn JIIITTI, To
3a3BHMYail XBOPoOA MPOTPECYE [I0 TEPMiHAIBHOI CTa-
nii xponiuroi xBopo6u Hupok (XXH). JlocimkerHs
edekTiB cygacHuX rirosimiemiuamx 3aco6is (IV13)
rput JITITTI cBiunThb Ha KOPHCTD MOXiAHUX (hiOpoE-
BOI Kuc0T — (hibpartiB, sIKi HO3UTUBHO BILIMBAIOThH
Ha KJIHIYHI BUSIBU Ta TiCTOJOTTYHI 3MIHU B TKAHUHI
HUPOK. OCcTaHHIMM POKaMU 3pocJia KiJTbKIiCTh OIN-
caamx BunajakiB JIIITII y cBiTi. Crocrepiraerbes
Iporpec y AOCTiI>KeHHI MeXaHi3MiB Ta BiZITBOPEHHI
ekcriepuMenTaabHux mojeneit JIIITTI na rBapunax.

Mera orssimy JitepaTypu — OOrOBOPUTH €Ili-
neMioJstoriuni Ta kjiHiuHi ocobsuBocti JIIITTI,
narogdiziosoriydi MexaHi3Mu, 1110 TPU3BOAATH /IO ii
BUHUKHEHHS, 1IarHOCTUYHI KPUTEPIi, 3a I0TIOMOT 010
SKUX MOKHA MiATBEPAUTU HASIBHICTH Y Malli€HTa
JIIITTI, cyyacHi HanpsiMu JIiKyBaHHsI.

IIpoBeneno nomyx mxepen 3a 2017—2023 pp.
y 6Gasax ganux PubMed/Medline, Scopus, Web of
Science indopmaitiiinoi mepeski Internet 3a Kio4o-
BuME cioBamu «lipoprotein glomerulopathys, «apo-
lipoprotein E», <«epidemiology», «pathogenesis»,
«clinical manifestations», «diagnostic criteria»,
«treatment». /lyist anasisy BigiOpano 31 crarTio.

IcropuyHa moBizka

Y 1988 p. na mopiunoMy 3aciganti AmoHCHKOTO
ToBapucTBa 3 Hedpouiorii T. Saito Ta criiBaBT. y1iepiie
MTOBIJIOMUJIU TIPO JIBOX TAITIEHTIB 31 CXOKMMU KJITHIY-
HUMU O3HAKaMU HUPKOBOTO TTOIIKO/KEHHST, 30KpeMa
3 minornporeinnuMu Biakaagenuamu B ['K. Y 1989 p.
JIBa KJIHIYHUX BUIIAJKU Blepiie OyJ0 ONMUCaHO
B aHIJIOMOBHI#l HaykoBiii jitepaTypi. BiacyTHicTb
3aJIy4eHHS IHITUX OPTaHiB y MOIIKO/KEHHS HUPOK,
XapakTepHi MOPMOJIOTIUHI 3MiHI HUPKOBOI TKAHITHI
BUPI3HAJIN 11i /IBA BUIIAJIKU Cepejl IHIUX TOPYIIeHb
JimigHOTO MeTabosiamy. HasBHicTb JHmonpoTein-
HUX BIZIKJIQZIeHb Y TPOCBITI HUPKOBUX TJIOMEDPY.JI,
HOPYIIEHHS JIITIHOTO 0OMiHY, ki HaraxyoTh 111
tun rinepJimigemii (IJIIT), cramu mizcraBoo s
BBe/ICHHS B HePOJIOTIYHY TPAKTUKY HOBOTO [lia-
THO3Y <JIITOIPOTEIHOBA IIIOMepYyJionaTisi». Bizomo,
o 1T tun IVIIT xapakTepusyeThes MiABUIIEHHSIM
BMICTY B CUPOBATIIi KpOBi 51k Xosectepuny (XC), Tak
1 TT, HakonMueHHsIM y IIMPKYJISILIT HEIIOBHICTIO KaTa-
6ouizoanux JIII, 6aratux nHa TI, kcaHTOMaTO30M
i MysIBTH(OKATBHUM aTepOCKIEPO30M, IO TBUKO
nporpecye. binbiicts natienTis 3 111 tummom TUIIT
€ TomMo3nurotamu 3a izocopmoio AnoE2 (enorun
AnoE2/E2). Jleski reTepo3uroTHi Hocii i3odhopmu
AnoE2 ymacinox nmosimopdismy rena AnoE marornb
denorunu AnoE2/E3 a6o AtoE2/E4 [23].

Y 1991 p. S. Oikawa Ta criBaBT. MOBIIOMKIN
mpo miaBuieHi pisHi AnoE y 6 nartienTis i3 JITITTI.
[x ofenmyBamm cxoki pesyabTaTH OOCTEKEHH:
Iy (1,6—10,0 r/m06y), HOpMaJbHAa AKTUBHICTbH

JICTIATUH-X0JIeCTePUH-AIUIT-TPpaHchepasu, JITT THIH
npodisb, o Haraaysas 111 Tun TJIII, i 3HauHE miz-
BUIIEHHI KOHIIeHTpalii AmoE B cupoBarii Kposi
(> 10 Mr//m1) TOPiBHSIHO 3 TTAIlIEHTAMU KOHTPOJIBHOI
rpymu, B sikux Busisiero HC i TJITT 6e3 JITIT y mpo-
cgiTi 'K a6o I1b tumn TJITI 6e3 XXH. 3 6 naiieHTiB
denorun AnoE2/E3 6yB HasiBHUM y 5, (heHOTUTT
AnoE4/E4 — B 1, 1m0 gano mizctaBu NpUITyCTUTH
yuactb ArioE acomiitoBanoi [JIII Ta isohopm AoE
B mopyreHHi oominy JITI.

Y nopanboMy miITBEPIKEHO CIMEIHY IPUPOLY
JITITTI, omrcano ii ciMeiiHi BUTIAAKHU, IO JAJIO IIij-
CTaBU TPUIYCTHTH YCITaIKyBaHHSI XBOPOOH Pa3oM i3
myTaHTHUME i30bopmamu AnoE y ckmazi JIII, saxi
HakonmuayioThes B ipocBiTi I'K. ¥ 1997 p. onmucano
myTaitito AnoE Sendai (Arg145Cys), y 1998 p. —
mytaiito AnioE Kyoto (Arg25Cys). Ilposenennst
MOJIEKYJISIPHO-TeHeTUYHUX JOCTI/IKEHb 13 Ie30KCU-
PUGOHYKJIETHOBOIO KMCJI0TOIO TeHa ATIOE iasio 3mory
inentudikysaru 17 myTtartiit AnioE, acoriiioBanux i3
JITITTI [13, 21].

IToumpeHicTp JiMONPOTETHOBO1

rJomMepyJionarii y cBiti. BikoBi Ta craresi

XapaKTePUCTHKH MOMYJISIIil Mai€HTIB

i3 JIINONPOTETHOBOIO IJIOMEPYJIONATIEI0

3TifHO i3 cTaTucTHIHNMY faHuMy, y Kurai 3apee-
crpoBano 207 nartienTis i3 JITITTI (1,43 Bunazaky Ha
10 mua Hacenenns ), B Amnonii — 47 (3,74 Bumaaky Ha
10 mutn Hacesiennst). Y Kurai sunagku JITITTI riepe-
Ba)KHO PEECTPYIOTH Yy TiB/IEHHO-3aXi/IHUX 1 TTiB/IEH-
HO-CXi/IHUX TTPOBIHIIISIX KPaiHW, TO/Ii SIK B ATIOHIT —
[epeBakHO B I[EHTPAJIBHUX Ta IMiBHIYHO-CXIJHUX
perionax. Ille 20 sunazakis JITITTI 3apeectpoBano
B IHIMUX KpaiHax CBITY. 3arajoM Bifiomo mipo 274
Bunazku JITITTI (137 gosioBikiB i 137 ;KiHOK BikoM
Bift 7 1o 72 pokiB (cepesHiit Bik — 35 POKiB)).
[Ilomo BiKy BUSABJIEHHSI 3aXBOPIOBAHHS, TO JIMIIE
188 (68,6 %) maitieHTiB Maju BiATIOBIHY MEIUIHY
JIOKYMEHTAIIi10, sIKa IMi/ITBEP/KyBaia Bepudikailio
niarsogy Briepiie B nieBHomy Bili. Tak, 8 (4,2 %)
punazkis JIIITTI BusBneno y Bimi g0 10 pokis,
23 (12,2 %) — y Biti 11—17 poxkis, 112 (59,6 %) —
y Bimi 18—45 poxis, 42 (22,3%) — y Bimi 46—65
pokis, 3 (1,6 %) — y Biui nonaza 65 pokis. OTike,
6.m3bK0 60 % narienTis i3 JITITTT nasmexaTs 10 Biko-
Boi rpynu 18—45 pokiB (opocaux 0cib MOJIOIOTO
Biky). Criertuciuny mytarito AnioE Kyoto BusiBsieno
y 53 (19,3 %) marmienris, myrarniio AnoE Tokyo-
Maebashi — y 13 (4,7 %), myrariito AtioE Sendai —
y 14 (5,1%) [13]. [loxo reorpadii crenudivrmx
myTaiiiii, To myTaitist AoE Sendai B Kurai He 3apee-
crpoBana, MyTaiisg AnoE Kyoto nmepeBaskuo Tparis-
€Tbest B TpoBiHIii Sichuan y miBaenHo-3axigHOMy
Kurai, myTtariist AnioE Tokyo-Maebashi — y mpo-
BiHIIi1 Beijing. MoXHa IPUITYCTUTH, 110 B KOKHOMY
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reorpadiuHOMY PETioHi /I KOXKHOI crenngianoi
MyTallil 3Hal1eThCA CIiTbHUY TeHeTUYHUH TTPATIyp
1 CIJIbHI FeHeTUYHI HAllQ/IKK TIeBHOT'O TUITY MyTalliil
AnoE [14, 21].

ITaToreHes JinonpoTeiHOBOI rIIOMepyJIonaTii

Tounuit mnarorenes JIIITII ocratouno He
3’sacoBano. IleBHA HU3KA MATOTeHETUUYHUX JIAHOK
MOB’d3aHa 3 MOTIKOPKEHHAM CTPYKTYPH Ta (pyHK-
mii AnoE, mo € ronoBuum y matorenesi JIITITI.
TpuBammii wac mpumyckanu, mo gedextHi JIII
MO’KYTb BIIKJIAIaTUCST B HUPKOBIH TKaHUHI. ¥ BCiX
OIMCAHWX BUTaJKax OyJW HasBHI TeTePO3UTOTHI
MmyTatiii resa AnoE, saki moenHyBanucs 3 miBU-
MIEHNMW CHPOBATKOBUMU KOHIeHTpatigamu AmoE-
BMmicHux JIIT i BusiBnenusam AnoE B rimomepyisipaux
nerno3utax. llomkomKkeHHs CTPYKTypu W TOpy-
meHHst (QYHKINT HUPOK MOXKYTh OyTH TPOBITHIUMU
JIAaHKaMU B TIaTOreHes31 yTBOPEHHsI JIIIONPOTETHHUX
arperatis, ockisibku 1ipu JITITTI He criocTepiraerbes
3HAUHUX yPa’KeHb 1HHIMX OPraHiB i CUCTEM opra-
HI3MY 3 HacJIiIkKaM¥i HUPKOBOI aucdynkiii. OpHak
BijioMi BuIaJku nosTopHoro possutky JIIITTI
Y TPAHCILIAHTOBAHIH HUPIT 3MYIITYIOTh TIOTOUTHUCS
3 TUM, IO CTPYKTYPHO-(DYHKITIOHATbHI HUPKOBI
posJiau He € 000B’s13K0BUMHU J171st po3BuTKY JITITTI.

[lns mosgcHenHd B3a€EMO3B'S3Ky MiXK MTOPYIIEH-
Hsamu Jimigaoro oominy ta XXH J.F Moorhead
y 1982 p. 3ampononyBas TinoTesy JimigHoi Hedpo-
tokcuuHocti. Y 1987 p. T. Farragiana ta J. Cheng
mic/s aHai3y maToMopdONOoriYHUX 0COOINBOCTEN
3MiH y TKaHUHI HUPOK TIPU PEHAIbHUX JIiITi103aX
JUHIIIM BUCHOBKY, IO HAKOIIMYEHHS JIIIi/1iB y HUP-
Kax 4u Oy/Ib-sIKUX 1HIIINX TKAHWHAX BUHUKAE YePe3
BPOJKEHI aHoMautii JrimigHoro merabosizmy abo
€ HACJIJIKOM CKJIaJHIX MeTabOiuHUX PO3JIaliB.

Y nopanbinx KIbKOX JIOCHIPKEHHSAX OTPUMAHO
YiTKi I0Ka31 MPUYUHHOTO B3aEMO3B SI3KY MiXK T10DPY-
nreHnM MeTabostiamoMm i 1 XXH. JocmigHukis
3aI[iKaBUJIM TIATOJIOTIUHI 3MiHU TJIOMEPYJISPHOTO
arapaTy HUPOK, SIKi aCOIII0BAIUCS 3 HAABHICTIO B ITUP-
KyJistitii MytanTaux hopm AnoE B AnioE-Bmicuux JIT1.

Ax Bimomo, AmoE BXomuTh M0 ckiamy dYac-
TUHOK JIIMONPOTEIHIB Ay’Ke HU3bKOI TYCTUHU
(JIITZTHT), minmompoTeiniB MPOMIKHOI TYCTUHU
(JIIIIIT), JIITHI, npinmonpoTeiHiB BUCOKOI TYCTUHU
(JITIBT) i 3ammmikoBUX KOMITOHEHTIB (peMHaH-
TiB) ximomikponiB (XM) i 3abesneuye 3B’s130K
yCiX IUX allOJITONPOTEIHIB 3 aloJimoInpoTein-
B,E (AnoB/E)-penentopamMu Ta perentopamu Jio
AnoE. Crnopignenicts AnoB/E-perentopis 1o
AnoE-micuux JITT y 20—25 pazis Buria, Hix 10
anodtinorrpotein B (ArmoB)-smicaux JITTHT [19].

Ten AnoE, posrammoBanuii y 19-it xpomocomi Jironu-
Hu B cermenTi q13.2, kozye niporein AnoE 3 mosexy-
JISIPHOIO Macoto 34 k/1a, sikuii epedyBa€e B IUPKY IS

Y BUTJISAI TJIKOTIPOTEiHY, MO MicTUTB 299 0CHOBHUX
AMIHOKUCJIOT, SIK CUTHAJIBHOTO Tientuy [13].

Jlroncoknii ren AnoE mae tpu anens (e2, e3 i e4),
SIK1 KOZYI0Th Tpu BiAnosinHi i3oopmu AnoE (E2,
E3 ta E4), mo BiApi3HATOTHCS 32 aMiHOKUCIOTHUM
CKJIa7IoM i criopisiHeHicTio 10 AtoB/E-pererntopis.
Y nocmimKeHHSX in vitro BCTAHOBJIEHO, IO dYac-
tunku JITTHT tak camo, sk i AntoB/E-penentopu,
MOXYTb 13 BHUCOKHUM CTYII€HEM CIIOPiIHEHOCTI
3'ennyBatucst 3 yactuHkamu AnoE3 abo AnoE4-
BmicHux JIII. Mosekyna AtoE4 BinpizaseTncs Bi
AnoE3 saminoro apririny (Arg) Ha muctein (Cys)
y mosiokeHHi 112 aMiHOKMCIOTHOI TOCJiIOBHOC-
Ti (Arg112Cys). AnoE2-Bwmicui JIII ynacaizmox
3aMiHM TMCTeiny Ha apriHin y mososkensi 158
aminokucaotHoi mocmigoBaocti (Cys158Arg) we
3matHi 3'eqmyBatucsd 3 AnoB/E-penenrropamu [3].
[3ocpopma AnioE3 € HaliromupeHiioo B 3arajabHii
nomyssaiii (75% oci6 maiors denorun AnoE3/
E3). Hocii penoruny AnoE3/E3 3a3Buuait matotb
HopMoimigemito. B oci6 i3 penorumnom AmoE2/E2
BUCOKUI PU3UK TAKKOI AucOeTaIInonporeinemii
(IIT Tamy TJIIT) ta atepockieposy. [Tommpenicts
ateporegHoro ¢enotuny AnoE2/E2 cepen nace-
Jennst craHoBuTh 1:100, ase cimeiiny aucGerairi-
nomnporeinemMiio BUSABIIOTH auine B 1—2 % ocib i3
TakuM (perorunom. [Tona BizicytHicTs AIOE mipu-
3Bo/UTh 10 HakonmaeHHs JITITIT i pemuanTis XM
Ta PO3BUTKY aTEPOCKJIEPO3Y B MOJIOAOMY Billi [23].
I3odopmu AnoE1, AioE5 i AtoE7 Bizomi sik MiHOp-
Hi Ta BUHUKAIOTh YHACTiZOK MyTaiiii rena AtoE,
IO MTPU3BOUTD JI0 3aMiHU aMiHOKHUCJIOT Y IeBHUX
MMOJIOKEHHAX aMiHOKHCJIOTHUX ITOCTiIOBHOCTEN
mosiekysn AnioE. Bizomo, mo izoopma AnoES
3aydeHa B MeXaHi3MU TIONTKOKEHHS HUPOK [7].

AnoE Bigomuii takox sk GaratodyHKITIOHATb-
HUU amoJiinonpoTeid, CUHTE3 IKOro BilI6yBa€TbC5{
MepeB)KHO B TEUIHIN Ta JESIKUX IHIIMX OpraHax
(TonoBHMIT MO30K, HUPKH) 1 KT TUHAX (aIUTIOINTH,
Makpodaru). Bin BUKOHYE poJib JiraHsy B perien-
Top-onocepeskoBaHoMy norsiHanti JIII nedinkoio
Ta perysgaropa kiaipency JIII i3 nupkysisTopHOro
pycaa. ¥ ToTOBHOMY MO3KY KOMITOHEHTH MOJIEKYJTH
AnoE nponykyroThcs acTpoTaMu Ta KJIITUHAMU
i, a moGy0Ba MOJIEKYJIM alloJiNoONpPOTeiny Bijl-
OyBaeThest B 1iepedpociHabHiil pignni. Ynucnenni
(ynkIii TIeHTpasbHOI HEPBOBOI CHCTEMH OITOCe-
peaKoByIOThCs yuacTio B HUX AnoE. 3 i3odopmoro
AnoE4 aconiioeTbcsi BUCOKMIT PUBUK XBOPOOHU
AnpireiiMepa uepe3 BTPATy IOBHOIIIHHOI ydYacTi
AnoE B perymatii kornituBHOi ynKIii. Bizomo, 1o
KisbKicTh ATIOE, sika BUBIJIbHIOETBCS 13 MaKpodaris,
€ MaJIoIo, aJie JIOCTATHHOTO /I PEAYKIIii aTepocKie-
posy 6e3 sHmkeHHst rinepxosecrepuremii (I'XC).
Bapto yBarm, mo came 3 Makpogaramu 1oB’si3aHa
yuactb AnioE B momnkopkenHi HUpoK [25].
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[romepyJisipHi MOIIKO/KEHHS], 1110 aCOILII0I0THCS
3 myTarisamu AnoE, Bimomi sk AnioE2-romosurorna
riomepyonatist (Ao E2ITIT) ta JITITTL. AmoE2ITII
crioctepiraetbesi B HociiB myTanii AnmoE2/E2.
licTonoriyuno BUABJLETLCS TJIOMEPYJIOCKIEPO3
(I'C) 3i 3HauHOIO iH(DIIBTPAI€I0 HUPKOBOI TKAHIHHI
MIHUCTUMU KJITUHAMU MakKpogaraabHOTO TOXO-
JUKeHHs, iHoil — 3 Herwtactunyactumu JIIT [21].
AnoE2ITII 3a ricTosorivHo0 KapTUHOIO CKJIATHO
BizpisHuTH Bix giabernunoi Hedpomarii (JH), axa
CyIpoBoOKy€e mnepebir 1ykposoro aiabery (IL).
[3ochopma AroE2 BBaska€ThCs BaXKJIMBUM YNHHUKOM
pusuky (UP) sunanknennsg JIH mpu [1/] 1 ta 2 tumy.

Binprmicrs namientis i3 111 tuiom IJII1 € romo-
aurotamn 3a izoopmoro AtoE2 (penotnmr AnoE2/
E2) i maroTh TOpyIIeHHs JHMigHOrO OOMiHY, sIKi
MIPU3BOJIATD /IO TIIOMEPYJIIPHUX MTOTITKO/KEHD Yepe3
ninucTi Mmakpodaru. OHOro reHeTUYHOTO /IeheKTy
AnoE 3asBmuaii mezmocTatHbO s MaHidecTartii
KJIHIYHO 3HA4YyMoi ciMeiiHoi maucherasninomnpo-
teinemii. Tak, denotnn AmoE2/E2 BusaBasaoTh
y nomyJiii 3 yactotoro 1:100, Tomi gk cimeliny
nucberasinonporeinemito — i3 gacroroio 1:5000.
Tomy HeoOxiani iHmt UP, siki 6 crpusiid KIiHigHiIi
peasizartii 3miH henorumy AnoE. Ile MmoxyTs Oyt
Tpaautiiiini YP cepiieBo-cyAMHHNX 3aXBOPIOBAHb:
OKUPiHHS, apTepiasibHa rineprensis, I/I, rinotupeo-
inu3m, 00TsKeHMI ciMeitHIi anamHe3. IMOBipHO, 1110
KOMOIHAIIis1 IINX YHUHHKUKIB MOJKe CITPUYMHUTH TTOPY-
nieHHs1 kiaipercy pemHanTHUX dhopm JIII (3oxpema
XM), sumxenns ekcrpecii AnoB/E-perenrtopis
Ha IOBEPXHI KIITUHHUX MeMOpaH, IIiBUIIEHHS
cuntezy JIIIJTHT. Bigomo, mo IIT Tun TVIIT pigko
MaHihecTy€e B YOJIOBIKIB /10 HACTAHHST ITyOEPTaTHOTO
nepiofy, a B JKiHOK — JIO 1epPiojly MeHOTay3u, M0
MiZITBEP/IKY€ ICHYBAHHS TOPMOHAJIBHOTO KOHTPOJTIO
3a CiMEITHUM TIOPYIIEeHHSAM JIiITiHOTO 00MiHy [23].

AnoE2ITTI, gaxa acomitoernes 3 111 tunmom TVITI
uepes ognakoBuii AnoE2/E2 denoru, Mmoxe OyTu
Pe3yJIbTaTOM HETaTUBHOTO BIJIMBY Ha TJIOMEPYJIH
Hajumiky B cupoBatui kposi TT, JITIAHT, JITITIT
orocepesIKOBaAaHO dYepe3 HaBaHTaKeHi JirmigamMu
Makpodarn (minucti makpodarn). [Homi cmocTepi-
ra€ThbCs IUTONOTIYHA KapTuHa yTBopeHHs JIIIT un
HeiMyHHUX cyOeHIoTeriabHuX abo cyOeriTesiaib-
HUX M[IJbHUX BiJIKJIa/eHb, IKI HE MAIOTh IIJIACTUH-
gactoi cTpyKTypu. OTiKe, BaKJINBUMH O3HAKaMU
LJIOMepPYJIIpHOTO TomkopkeHHsT pu AnoE2TTTI
€ I'C, Bupasna iudinsrTpariss HUPKOBOI TKAaHWHHU
Makpodaramu, nepeHaBaHTakeHuMu Jririgamu i JITT
3 MyTaHTHOIO i30hopmoio AoE2, moogmuoki JITIT
6e3 TIacTUHYAcTol cTpyKTYypH [21].

Bimomi Takox kinbka BUTAAKiB MyTallii AnoE
Toyonaka (Ser197Cys), siki HOEAHYIOTHCST 3 TOMO-
3urotHoio myTatieio AmoE2/E2. ¥V nux Bumaakax
ricTojioriyHa KapTWHA B TJIOMEpYyJaX Haraaye

HeiMyHOTIO/1iGHY MeMOPaHO3HY HepoIaTiio, a HAKo-
nuyeHHd ATIOE B TiioMepyJiaX BUSBJISIIOTH 32 10TI0-
Morofo Mac-crektpockotii. ITpu myTtarii AnoE
Toyonaka (Ser197Cys) mosiekysmn AnoE 11036aB-
JIEH1 JIITHOTO 1apy BHACJIIOK MONIKO/XKEHHS
CIIpPaJIbHOI CTPYKTYPU, MU PO3MIP IUX MOJe-
KYJI Ta€ TM 3MOTY TIPOHUKATH KPi3b TJIOMEPYJIIPHY
6asanbry MemOpany (I'BM). TIpu 1ibomy esieKTpo-
HHa MIKPOCKOIIiS BUSABJISAE IIIJIbHI BiJIKJIAJ€HHS
B cyberiTeiaibHiil, CyOeH0Te iaIbHIl Ta Me3aH-
riampHil gingakax [BM. Myrarttig AnoE Toyonaka
ingykye III Tun TJIII y pesysnbrari 3B’d3yBaHHS
myTauTHOTO ATOE (Ser197Cys) i3 pementopom
no JITTHT uyepe3 N-tepminasibHUil oMeH. Y pasi
nmoeaHants myTariii Toyonaka 3 myTartieio AnoE2/
E2 (Cys158Arg) posib octanmboi B inaykitii [T tumy
[JIT1 suukae gyepes auchynkiio C-TepMiHaIbHOTO
JIOMEHY, SIKUM 3’ €THY€EThCA 3 JirmigamMmu. Mosexkyan
AnoE, mnos6asjeni JimigHOro Imapy, yHacJaigok
3MEHIIIEHHSI PO3MiPYy HAKOMUYYIOThCS B IJIOMEpy-
JIax y BUIVISIJI IMIJIBHUX BiJIKJIQ/ICHb HEPEBAXHO
B cybemitenianbhiil aissiaii TBM, nbomy cripusie
HasgBHICTh y cTPyKTypi AmoE2 mozutwsHO 3aps-
JUKeHol amiHokucsoTu (apriviny) [8].

Ocobausictio JITITTI, saxa Bigpisuse il Big
AnoE2TTTI, € acoriaiiis 3 reTepO3UrOTHUMU MyTa-
migmu rera AoE B missatii 38’a3ky JIITHT i3 Biz-
MOBIIHUM perenTopoM. bisbiricTs naiienTis i3 111
tunioM [JIII € romosuroramu 3a isochopmoio AoE2
(benorunt AioE2/E2). Jleski reTepo3uroTHi HOCIi1
idohopmm AnoE2 ymacmiziok momimopdismy reHa
AnoE marors penorunu AioE2/E3 abo AoE2/E4.
IHo/i B nalieHTiB BUABJISIOTH NOPYIIEHHS 3/[aTHOCTI
penteniropa o JIITHT 3’eqnyBaTucs 3 HopMajibHOIO
i3ocbopmoro AnoE3. Anasioriyni mopymieHHs onu-
caHo B poauHax 3 abcomorHuM gedinurom AnoE
[23]. Oxpim HaBemeHNX KIACHYHUX TETEPO3UTOTHUX
(enorumniB AnoE, onncano BUIAAKN TETEPO3UTOT-
HUX MiCeHC-MyTAIliil y AiMAHIN cailTy 3'€AHanHsd
JIITHT 3 perenrtopoMm [12, 21] Ta reTepo3uroTHUX
MYyTaIliil, HACTIIKOM SKUX € JieJiellid (BTpaTa) Kijib-
KOX aMiHOKucJor [28].

Crerudiuna myraritist AmoE Sendai acottitoeTnest
3 mouatkoM Bigkuaganusa JIIIT y I'K. 3amina mpo-
JIiHY Ha aprinin y mytantnoMmy AnoE 4epes BTpary
MoJsiekyiol0 ANoE o-cripajsbHOI CTPYKTYpH TIpU-
3BOJIUTH /10 3HWKEHHS aKTUBHOCTI 3’e/tHannsg AnoE-
BmicHux JITIJTHT i JITTHT i3 BiamoBigHUMM perier-
TOpaM¥ B JIJIAHIN caliTy 3'€aHaHHA. Biakmamamaio
JITIT i3 mIacTHHYACTORO CTPYKTYPOIO O€3 MHUCTHX
kiitiH y mpocBiTi 'K cripusie, imoBipHO, HasBHICTD
B MosiekyJii MmytantHOro AnoE Sendai mosutnsHO
3aps/IPKEeHOI aMiHOKUCTOTH (apTiHiHy), M0 MoJeT-
nrye nponuksHenHs JIII kpise I'BM [6, 31].

[Ipu cnermiuniit myrarii AnoE Kyoto, sk cBiz-
yaTh ekcriepuMeHTH 3 AnoE Jjizocomamu, Jimiie
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10 % momekyn AnoE B AnoE-smicaux JIIT moxyTh
JIeMOHCTPYBAT! HOPMAJIbHY 3/IaTHICTh JI0 B3a€EMO-
Jlii 3 BIAMIOBIIHUMU PeleNTOPaMu B JIJISHIL CailTy
3'€IHaHHS, 1110 MOKe CIHPUYMHUTH aIloJinonpoTe-
iHHy arperarito MyTanTHuX MoJsiekys AnioE Kyoto
B 'K [6, 21].

Ha Binminy Bim AmoE2ITII BaskimBoio TicTos10-
riunoto o3Hakoio JITITTI € HagBHICTH pO3NINPEHNX
'K i3 wmakommuenusM B ixubomy tpocsiti JIIIT
IJIACTUHYACTOI CTPYKTYPH, SIKi HE MiCTSITh TIHUCTUX
KiThH [4, 21].

MinopHa izopopma AtoES ripu izoestiekrpudaHomy
(hoxycyBaHHi BUSIBJISIE 3HAYHO BUTIII TTO3UTUBHUN
sapsan, HixK AmnoE4. Minopaa isodopma AmoES5
(Glu3Lys) rtpamusierbest B 0,1 % 0cib AmMOHCHKOT
nomyistitii. Hocli AmoES matots Bucokuit pusuk [XC
1 aTepocKJIepo3y, He3BAKAIOUM Ha BJIBiUl BUIILY 3/1aT-
wicts AnoES-Bmicuux JITT 3’exnysatucs 3 JITTHT
pellenTopaMu TOPIBHAHO 3 HOCigaMU i30opMu
AnoE3. Ilpunyckatots, mo I'’XC y HOCIiB MiHOpHOI
isocopmu anmoES BUHMKa€e BHACTIIOK TPUTHIYCHHS
aktuBHOCTI perterrtopis f0 JITTHT y neuinti i Tkanm-
HaX yepe3 Ha/IMipHe TOTJIMHAHHSA 3 IUPKYJIATOPHOTO
pycia AttoES-smicHux minonporeinis [7]. 3 minop-
HOtO i30hopmoio AnoES 1oB’si3aHe BUHUKHEHHSI
JITITTI y HupKOBOMY TPaHCIJIAHTATI Yepe3 OJIUH PiK
ITicJIst TPAHCIIAHTAL] TPYITHOI HUPKU.

Ornucano BUTIAIKKM TTOEAHAHHS MyTatii AmoES
(Glu3Lys) 3 AnoE2/E2 (Cys158Arg), AmnoE
Chicago [10], AnoE Sendai i AmoE3 [13, 21].
Y HociiB rereposurornux penorumis AnoES/AnoE
Chicago a6o AnioE5/AnoE Sendai tpureprim 9P
JIIITTI € rineprpurminepuaemis (I'TT) i3 pibaem TT
>400 mr/mt (4,51 MMoib/1). Y HOCIIB TeTepo3uror-
Horo denoruny AnoES5/AnoE3 croctepiraiorbest
I'XC, dokanpuuii cermentapuuii I'C, HakommyeH-
HS TMHACTUX MakpodariB y ctiakax i mpocsiTi 'K
[6, 31]. IlpumnyckatoTh yuyacThb MiHOPHOI i30bopME
AnoES sx YP JITITTI [10, 31].

I[Tono matoreHeTnuHO1 poJii Makpodaris, TO
BKJIUBO TTaM ITaTH, 10 TJIOMePYIsIpHa iHDITBTpa-
Iisgd THHUCTUMU MakpodaraMmu He € TiCTOJIOTIYHOIO
osnakoro JIIITTI. s JIIITTI BracTuBa HasgBHICTH
JIIIT y mpocsiti 'K ynacaigox vakonmuenss JIII,
JI0 CKJIQTy SKUX BXOAATH i30popmu AtioE. Y au3Ii
JOCJI/IKEHb YCTAaHOBJIEHO, 10 MaKpodaru mpojy-
KYIOTh HEBEJUKY KimbKicThb ATOE, sdK0i moCcTaTHBO
nost npuraivenss [JIIT 1 arepockieposy. B onromy
3 EeKCIIePMMEHTIB Makpodaru, sSKi MpomayKyBaIn
AnoE Sendai, sanyuamucst B mnarorenes JITITTI
y MHUIIEH 13 TPAHCIJIAHTOBAaHUM KiCTKOBUM MO3KOM
1 OIHOYACHO BUSBJISIIN AHTUATEPOT€HHI BJIACTUBOC-
Ti. Jlocaigauky AT BUCHOBKY, 1110 Makpodarn
6epyTh yyacth y Metabosizmi AnoE-pmicaux JITI,
a TimepakTHUBHICTH MakpodariB 4m ix cympecid
€ BOKJIMBUMU YMHHUKAMU TIATOT€HE3Y PI3HUX TUITIB

perasbroro Jimino3y. Ockimbku AmoE2ITTI i JITITTI
JIeMOHCTPYIOTh HU3bKY TeHeTUYHY TIeHEeTPAHTHICTD,
MIPUITYCKAIOTD, TT0 (DYHKIIII MakpodariB BaxKIIBI K
€TIOJIOTIYHI YMHHUKU TIPU WX TJIOMEPYJIONaTisX,
a Ha aKTHUBHICTH mepebiry 3a3HayeHWX BapiaHTIB
TJIOMEPYJIONATIi BIJINBAE BUBIJIbHEHA KIUJIBKICTh
AmnoE, 3oxpema fioro mytanTHuX i3odopm. OTike,
HeoOXiHI oAb ZOCAiAKEeHHS PoJIi Makpodaris
i MakpodaraJbHOTO JTi03y B TaTOTeHe3i ypaskeHb
HUPKOBUX ryiomepyJ [13, 21].

3a JaHUMU CBITJI0BOI MIiKPOCKOIIii, THTIOBOIO
naromopdoJioriunoto ozuakoro JITITTI € qunaraiis
'K, y IpoCBiTi AIKMUX MICTSITBCST BAKYOJISIPHI 260 €031~
HOMbIJIBHOrPaHYISPHI TPOMOU 3 JITTIHUMHU KOMITO-
HEHTaMU, JI0 CKJIaly SIKUX, OKPIM JIiITi/1iB, BXOJASATD
AnoE i AnoB-smicHi JITI. Jlinomnporeinosi TpoM6u
XapaKTEPU3YIOThCS KOHIIEHTPUYHOIO TLIACTUHYAC-
TOIO CTPYKTYPOIO, IKA ITPH eJIEKTPOHHII MiKPOCKOTTii
Harajye BigouTok manbis [4]. Bigknaganusa JITIT
y npocsiti 'K crpuynHionTs BHYTPIIIHbOTJIOME-
PYJSpHI YUHHUKKW — HeraTuBHUU 3apsj [BM ta
3BuBucTa OynoBa I'K. 3 ekcTpapeHaIbHUX YHHHUKIB
210 posButky JIIITTI npus3BoAATH NPOLYKTH JIIITHOT
HepoKCcHalii, SKi YNHATDH Oe3ocepe/Hiil HeraTuB-
HUIl BIUIMB HA NapPeHXIMAaTO3HI HUPKOBI KJITHHMU.
Posb okcupantaoro crpecy i IVIIT mpu JITITTI
JIOBOJIUTD PEMICisl HUPKOBOTO IOIIKO/KEHHSI MTiCJIst
JIKYBaHHsI aHTHOKCHAAHTOM Tpobykosom i [JI3
denodioparom [17].

Y namientis i3 JIIITTI BusgBiasaoTh MyTallii reHa
AnoE B moemnanHi 3 MyTaIlisIMi iHITUX T€HiB, MyTa-
I[isIMU iHTPOHIB 200 PEryIATOPHUX TOCII IOBHOCTEN,
HACJII/IKAMU eMTreHeTUYHUX YU 30BHIIHBOCEPEIO-
BUIITHUX BIUIUBIB. TaK, ONTKOKEHHS TJIOMEPY.JI, SKi
HaralytoThb ricroyoriuny kapruny JIIII'TI, onucano
B MUIIEN 3 EKCIIEPUMEHTATBHO BiJITBOPEHUM aTEPO-
CKJIEPO30M YHACJI/IOK /leheKTy reHa, Mo KOIye cKa-
Ber:kep petientop knacy B turmy I (SR-BT) no JITIBT.
licTronoriuna kapTuHa HUPKOBOTO IMONIKOKEHHS
MOJITIIIYETHCS TTPU BUKOPUCTAHHI B €KCIIEPUMEHTI
[JI3 3 aHTHOKCHUIAHTHOIO aKTUBHICTIO MTPOOYKOITY
[15]. Taki maToreHeTHYHI YNHHUKU TPOTPECYBAHHST
XXH, six i6pos, anorTos, JoKaJIbHe TOIKOIKEH-
Hs HUPKOBOI TKaHWHH, iHQIJBTpaIliss HUPKOBOI
MapeHxXiMU IMyHHUMHU KJITUHAMH, MOXKYTh OyTH
npudetHumu 10 BunukHeHHs JITITTI. TIpoBenenns
EKCIIEPUMEHTAJIbHUX Ta KJIHIYHUX JIOCJi/IKEeHb
JIACTh 3MOTY PO3IMIUPUTH YSIBJIEHHS TIPO €TiOJOTi0
it narorenes JITITTI.

JiarHocTiyHi KpUTepii

JINONPOTETHOBOI IJIOMePYJIoNaTii

Ynepuie giarnoctrnyni kputepii JIIII'IL sanpo-
MOHYyBau AMOHCHKI Hedpostoru B 2006 p.: 1) pisHi
pisui 1Y, 2) munatamis npocsity 'K, nagsuicTb
y HbOMY OJigo 3abapBieHux cyOcTaHiiii 1mpu
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CBITJIOBI# MiKPOCKOTIi1, 3) KOHIIEHTPUYHA TITaCTUH-
JyacTa CTPyKTypa cyOCTaHIIiil y MPOCBITi ArIaToBa-
HUX [JIOMEPYJI, SIKa IIPU eJIeKTPOHHIN MiKpOCKoIii
Harajye BinouTok nanbiis, 4) 11T Tun TJITT i3 Buco-
KuM BMicTOM AmMOE B KpoBi, SKUil acOIIIOETHCS
3 rereposurorauMu AnoE denorumnamu (E2/E3 a6o
E2/E4, inoni E1/E3 un inmummn) npu esrekTpocdo-
pesi 3 i3oesekTpuuHUM oKrycyBanHsIM. OCKiIbKI
reHEeTUYHE TECTYBaHHS He € 00OB'SI3KOBUM JIJIst
i ITBEP/IKEHHST iarHO3Y, BOHO MOsKe OYTH 3aIpo-
ITIOHOBAHO MalfienTam i3 nigospoio Ha JIITTI, konu
1€ MO>KJINBO.

KniHiyHi BUSIBH i IPOTHO3 NpH

JINONPOTEIHOBIH IJI0MepyJIonaTii

Koiniuni Bussu JIIITTI 3aBxam nHecnernmdiy-
Hi. Crouarky kiinivauii mepe6ir JIIITTT mosxke
O6ytu 6e3 cummnrtomiB. [losiBa ocraHHIX 3a3BUvail
ACOILIOETHCS 13 3aTPUMKOIO PiAIMHU B OpraHi3mi.
Y 70 % nanientis Mmoxke Matu Micite HC. Pisui ITY
MOXKYTb CYTTEBO BiJIPI3HATUCS B PI3HUX IMAI[IEHTIB
(0,5—24,0 r/n00y). Be3 BiANOBIAHOTO JIiKyBaHHS
JIIITTI 3a3Bruaiino nporpecye Ta B Maiie I0JI0BUHI
MAIli€EHTIB 3aBEPIIYETHCSI TEPMIHAIBHOIO CTAli€0
XXH ymnponosx 1—27 pokis. Tepminampna XXH
crioctepiraetbesd 1pu Takux AnoE renorumax,
ak Kyoto, Tokyo-Maebashi, Osaka, Kurashiki,
Guangzhou ta Sendai. ITlono denorumnis AnoE, To
BUIIQ/IKK TepMiHaibHOI ctajil XX H criocrepiratioTs-
cs ipu penoturiax AnioE2/E3 1 AnioE3/E3. Onnax
Ha TiicTaBsi e TUTIB MyTatliit AmoE Busnauntu
mporuos JITITTI cknazano [5, 11].

JlinigHuii i JimonpoTeiHnauii npoguIb

MAI[IEHTIB i3 JIIONPOTEiHOBOIO

TJIOMEPYJIONATIEI0

ITaientn 3 JITITTI BUPi3HAIOTLCA MMiIBUIIIEHU-
MU cupoBaTKOBUMK piBHsAMU AnoE. A6comoTHi
piBai AnoE cranosmare 3,9—71,0 mr/m, cepen-
Hs KoHueHTpamis — 11,14—17,1 mr/au, 1o
BJIBiYl IlepeBUILYE HOPMAJbHUUI IMOYJIAiHUI
piBerb (5,57—8,55 mr/m1). BakiuBomo 03HAKOIO
[JITT mpm JIIITTI € I'TT i3 pisuem TT (JIIIAHT)
>4—6 mMonb/ 1. TinepaimigemMis Haraaye ciMeitHy
nucberaminonporeinemito (11T tun TJITT), Brep-
nie onucany B 1967 p. gk cimMeiliHUNI rOMO3UTOT-
uuii nedexr AnoE (denotnn AnoE2/E2), mpm
SIKOMY uepe3 HagBHICTb i30opmu E2 opytiyeTbes
3’eqnannsa AnoE2-smicaux JIITHT i3 Bigmnosiz-
Humu AnoB/E-penenrtopamu remnaTomnuTiB i 1epu-
dbepuunmnx tranmn. Xoua JIIITTI acotioeTbes
3 MOPYIIEHHSIMU JIIHOTO OOMiHY, sIKi Harajy-
I0Th cimeiiny aucberaminonporeinemiio (111 Tumn
[VIIT), mpm JIITTII wa Biaminy Bix IIT Tumy [JITI
BiJICYyTHI KCAHTOMATO3 i MyJBTU(MOKATBHUIT aTepo-
ckiepos [3].

YcknagHeHHS TiNONPOTEiHOBO1

IJIOMePYJIoNaTii Ta acolliiioBaHi 3 HEIO

KOMOPOiHi cTann

3 ycxaagaens JIIITTI onucano BHyTpinmHbOCY-
JIMHHY KOAryJIalilo Ta aTUIOBUN TeMOJITHUYHUMI
ypeMmiunuii cutapom. Bizomi komop6iani 3 JITITTI
CTaHMU: CIIJIEHOMEraJIisl, TajaceMis, copias, abaomi-
HaJIbHA a0pTaJibHA aHEBPU3Ma, TIJIEBPATIBHUN BUITIT
Ta HeltpodibpomaTos I tuiy. OnHaK He iCHY€ T0Ka3iB
B3a€EMO3B’A3KY IMX 3axBopioBanb i3 JITITTI [13, 20].

OCKITBKN TOJIOBHOIO TTATOMOPOIIOTIYHOIO 0CO-
6ausictio JIIITII € minonporeinoBuii Tpom603
y mipocBiTi ausatoBanux 'K, iHozi BUHMKaE moTpe-
6a B 1poBeieHHI audepeHIiaIbHOl AiarHOCTUKK
3 MaKpOrJIOOYIIHEMIYHOIO 1 KPiorJI00y TiHeMiYHOO
HedponaTismu [4].

JlikyBaHHS JIIONPOTEIHOBOI IIIOMepyJIonaTii
Sxmio He mikysaru JITITTI, To xBopoGa 3a3Buyaii
mporpecye 10 TepMinanbHo1 cTanii XX H. Acorriattis
JITITTI i3 mopyIuieHHsSMU JHIIHOTO OOMiHY, sKi
Haraaytoth 11 tun TVIIT i3 mpuTamManHnM 1719 HbOTO
IiIBUIIEHHSIM Y cHUpoBaTili KpoBi Garatnx Ha TT
JIITAHT Ta JIIIIL, 3My1ye KIiHIUCTIB 3aCTOCO-
ByBatHu [JI3, cnpamosani Ha ycynenna ['TT, sxka,
SIK BiZIOMO, TIOTip1ITy€ (DYHKITIOHAJIbHUM CTAaH HUPOK.
3acrocyBants (ibpariB y AesAKUX TaIi€HTiB i3
JITITTI mae 3mMory MOMIMIIUTYA KJTiHIYHI BUSIBU Ta
riCTOJIOrIYHY KapTUHY B HUPKOBiil TKAaHUHI.
Denodibpar i Gezadibpat MOKYTh CyTTEBO 3HU-
3uTH cuposatkosi koutienTparii TT (JITIJIHT) yma-
CJTIZIOK arOHICTUYHOI i HA HyKJIeApHUU perenTop,
AKTUBOBAHMI TTPOJTi(hepaTopoM MEPOKCICOM, 3aBIs-
KU [bOMY BiJIOYBAETHCSI CTUMYJISAIiS aKTHBHOCTI
bepmenty minmonporeinminasu (JIILJI), mo cipusie
3HMKEHHIO BMicTy B cuposartiii kposi TT i JIITHT.
VaaranpHeHi pesyJsibraTii 3actocyBaHHs (ibpartis
y 35 martientis i3 JITITTI cBiguats, 1o uepes 12 mic
BUKOpHUCTAaHHA 11h0T0 Ki1acy [JI3 cyTreBo mosmminmry-
€ThC TN mpodinib, 3meHIyeTbes 1Y, miasu-
IIYETHCS PiBEHb CHPOBATKOBOTO a/lbOYMiHY, 3HAUHO
3HIKYEThCS BMiCT ATIOE, He moripiyeTbest PyHKITis
Hupox [10]. Amorchki mocmianuky aJst ipodiiak-
TUKU TIPOTPECYBAHHST HUPKOBOI AMCHYHKIIT 3aCTO-
COBYBAJIM CEJIEKTUBHUN MOJYJISATOP O-PETIETITOPIB,
aKTHBOBAHUX MTPOJIihepaToOPOM TIEPOKCHUCOM, TTeMa-
(ibpar, stkuii mpoeMOHCTPYBaB Ge3red I MpodiTh
BUKOPHUCTAHHS, BUPA3HUH TOJIITIIEMIYHNM 1 aHTH-
npoteinypuannii eexrn B martienTis i3 JIIITTI [30].
Hiceputpon — rmoxijiHe HIKOTUHOBOI KHUCJIOTH
3aCTOCOBYIOTh JIJIST KOPEKIii MOpyIleHb JIIiIHOro
oOMiHy Ta sHwkenHst [1Y B namientiB i3 XXH,
mo acotioerbesa 3 [JITL /locBig BUKOpUCTAHHS
Hiceputposay npu JIIITIT obmexyeTbCst aBOMA
BUIIA/IKAMU yepe3 BiIJICYTHICTh BiJIIOBI/II MAIlIEHTIB
Ha CTAaTUHU i He MOKe BBa)KaTtucs goctatHiM [13].
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3 IHIINX MTOXIiTHUX HiIKOTHHOBOI KucaoTn ipu JITITTI
JOCJIIZKYIOTH HialliH Yepes3 HOoro KOPUCHI JIITITHI Ta
Hemimiaai epextn [26].

CratuHN 3aCTOCOBAHO B HEBEJIUKOI KLJIBKOCTI
naiientis i3 JIIITTI uyepe3 37aTHICTL WX IIpe-
napaTiB MiZBUIIYBATH €KCIIPECiio PerenTopiB 10
JITTHT na moBepxHi MeMOpaH rarmaTomnuTiB, YMHUTH
rioXo0JIeCTeEPUHEMIYHUM, TITIOTPUTIIIEPUAEMIYHUT
1 aHTUOKCUTAHTHIH ePeKTH, TTOTIMITYBAaTH (DYHKITIIO
CYIIMHHOTO eHJI0Teli10, 3HmKyBaTh [1Y ta cipusitu
36epeskeHHI0 GyHKIT HUpoKk. HeBennka KiJbKicTh
CIIOCTEPEKEHD He JIA€ 3MOTU IPOBECTHU OITIHKY edek-
TUBHOCTI cTaTuHOTepanii npu JIITT'TI.

3 inmwux TJI3 mepcrekTHBHUM MOXKe OyTH
BUKOPUCTAHHS MOHOKJIOHATBHUX aHTHUTIM 0 aro-
ainonporeiny CIIT (AnoCIII), gakuii BBa)kaTh
noty;kuuM inriditopom JITLJI. Tvaktusaris AoCITT
MOHOKJIOHATIbHUMU aHTUTLIAMU JIa€ 3MOTY (hepMeH-
Ty JIIJI 3pificHioBatn epeKTUBHUI JTMOTTPOTEiH-
minonis 6aratux Ha TT apinonpoteinis (JITITHI,
JITIITIT), piBHi JKUX € 3a3BUYAll MiABUINEHi TPU
JIIITTI yracminok myTartiii rena AnoE [9, 22].

Y neaxkux namientiB i3 JIIITTI 3apeectpoBano
HO3UTUBHUI ePeKT KOMOIHOBAHOTO 3aCTOCYBAaHHS
[JI3 3 inribiTopaMu peHiH-aHTIOTEH3MH-ATbI0CTe-
POHOBOI cucTemu [4].

[HribiTopr HaTpili3a/JesKHOTO KO-TpaHCIIopTepa
rmoko3u 2 (H3KTT2) noBenmn edeKTUBHICTD 151
kopekitii ITY npu XXH He3zanekHO Biji HAsABHOCTI
II/I. Ha mizcrasi qokasiB Kopucri it Ge3neqHocTi iHri-
6itopiB H3KTT?2 mpu criagkoBux XBopoOax HUPOK
(cunzapom Ambriopra) [2], ¢t mpoBecTH JOCTIIKEeH-
HA 1uX npenapartiB y mamienTis i3 JITITTI [13].

IIponienypa adepesy i3 cucremoro, sika MiCTUTh
remapud s agcop6ii JITTHT B kostomTi, 3aMicTh
3suyvaitnoro JIITHI adepesy 3 pekcrpan cymibdar
KOJIOHKAMU MOKe OyTH KOPUCHOIO JIJISI JTIKYyBaHHs
JIIITTI. HagBHicTh renapuHy B IPeIUITiTAIliiHIT
CUCTEeMi 3HMXKYE PU3NK aHa(ITaKTUIHUX PeaKiiii
Ha iHTi6iTOpY aHTIOTEH3UHIIEPETBOPIOBAILHOIO (hep-
MEHTY Ta CIIPUSIE TIOBHIN peMmicil rimomepyJionartii 3a
KopoTkuii TepMin. Ha IyMKy 1OCTiIHUKIB, reriapux
aKTUBYE sK 1asMoBy JIILJI, Tak i niedyinkoBy Tpu-
TUIIEPU/IIITIA3Y, IO CIIPUYUHIOE JITIOMPOTEI I3
6ararnx na TT JITIJTHT ta JITIIIT i BUBezeHHIO iX i3
nupkKyJsiii. [TpummyckaroTs, 1110 3HUKEHHS CUPOBAaT-
koBoro BmicTy 1ux JIII 3aBagku cTUMYJTIOBAJIbHIN
i renapuHy Ha 111a3MoBy i edinkoBy JITLJI cripustie
nedpomnporekii mpu JIIITTI, aka moemmyerbes 3 111
tuniom [ITT [24, 27].

Jlocsia 3actocyBaHHS iIMyHOAICOPOIIITHOT Tepa-
mii ctadizokokoBuM 1poTeiHoM A y 13 maiieHTiB
i3 JIITTI y Kwurai cBigunTh mpo mIBHIKE 3HU-
skerns 1TV, cupoBatkoBux piBHIB AnoE, 3HUK-
nenns JIIIT y mpocsiti TK 3a garmmu mosTopHoi
Giomncii. CrocrepeskeHHs 3a Iali€HTaM¥ IiCJIs

iMyHOacOpOIiiHOT Tepartii BUSBIIO TOBEPHEHHSI
ITY no BuximHoro piBHA y 6 MAIIEHTIB YIIPOTOBK
12 wmic. HoTupbhom i3 HUX MPOBENEHO TIOBTOPHY
edeKTHBHY iMyHOa1cOPOIIiTHY Tepariio cTadijoko-
KOBUM TTpoTeinoM A. OCKiTbKM TPOTEiH A BUSABJISIE
BHUCOKY CIOPiIHeHicTh 10 Fc ainsiHku iMyHOTJI0-
Oyniny G i mie sk Fey-penentop, BiH ClipoMOKHAN
komrencysaru siedinut Fey-perterrropis ripu JITITTI
i TAaKMM YMHOM TTOJTIIUTH (yHKITIT0 HUPOK. [lompn
HO3UTUBHUIT KJIiHIYHWIT edekT, iMyHoaacopOIiiiHa
Tepaltis Ma€ HEJI0JIKN — YCKJIQJIHEHHS 1HBa3UBHOI
Mpollelypy, BUCOKA BApPTiCTh JiKYBaHHS Ta PU3UK
inexmii [13, 21].

AHTHOKCHIAHTH, OKPiM 1TpoOyKoay (BitamiH C,
nosticherosy, N-alleTUIIIINCTE H, a0y pUHOJ, TPH-
pozHi nosricaxapuau, NeHTOKCU(iiH, MeTHIOAPIOK-
COJIOH ), MOXKYTh Oy TH KaHIUIATAMHI B IOCTTIIKEHHSIX
eeKTy aHTMOKCUIAHTHOI Tepattii Ha TporpecyBaHHs
JITITTI [13].

AHTUKOHBYJIbCAHT TOIIpaMaT B €KCIIEPUMEHTI Ha
muniax i3 gedinurom AnoE, okpim moMipHOTO 3HU-
JKeHHS CUPOBATKOBOTO BMICTY JITi/liB Ta TJIIOKO3M,
BUSBJIsIE HeDPOTPOTEKTOPHIIA eheKT i MosKe OyTH
HEPCIEKTUBHUM JJIsI PO3POOKU 3ac00iB KOpeKIii
TJIOMEPYJISIPHOTO Jitmio3y [18].

TpancrimanTaliss HUPKM Ta iIMYHOCYIIpECHUBHA
Tepartist mic/st TpaHCIIanTalii ve Oy edeKkThB-
Humu B JikyBanHi JIIITTI. Ile mos’sasano 3 Tum,
M0 HAAJWUIIOK y THUPKYJAIii MyTaHTHUX AmoE-
Bmicaux JIIT y penumienTa cipuunnioe nossy JIIIT
y TpancnmantoBaniii Hupti [1]. TloBimomasgernes,
110 B KiJTbKOX BUIIQ/IKAX ITiCJIsl TPAHCIIJIAHTAIlil B/ia-
socs 3amertmTH [1Y 3a gomomoroio sedaroHOMITY.
CrnoyaTky 11eif mpenapar mporoHyBau 71 3aMiHU
MIPEIHI30I0HY, aJie B TTIOAAJBIIOMY 3’SICyBaIOCs, M0
JI0JITaBaHH JIe(IOHOMIY /10 TIPEHI30JI0HY CIIPU-
s€ TIOBHOMY 3HUKHEHHIO HeOaKaHWX HUPKOBUX
cuMIToMiB. [IpuITycKaioTh, 1110 MO3UTUBHI KJIiHIUHI
edekTrn KOMOGIHOBAHOTO JIiKYBaHHSI He IOB’si3aHi
3 iIMyHOCYTIPECUBHOIO Jii€to Jedronominy [13].

BucnoBku

JlinonpoTeiHoBa TJIOMEPYJIONATisA € TJIOMEpY-
JIIPHUM TIOPYIIeHHsM, ke mpusBoauth 10 HC
i/abo XHH, 3 00TsKeHNM CIMETHUM aHaMHE30M
1 IEPBUHHUM T€HETUYHUM Jle(PeKTOM, TIOB’SI3aHUM i3
reTepo3UTOTHUMHU MyTaiisaMu reHa AnoE B mimanti
38’s13ky JIITHI 3 BinmoBiHIM pelierntopom, 1o Ii1-
BUIIYE CHOpPifHEHICTh MyTaHTHNX AmnoE-BMmicHUX
JIIT no crinku 'K i 3gaTHICTS MyTaHTHUX amloOJIiIIO-
MPOTEHIB 10 (hOPMyBaHHA arperariB y pasi IiJ[Bu-
IIeHHS IXHbO1 KOHIIEHTPAIIil B CyZIMHHOMY ITPOCBITI.
BBaxaioTp, 1110 TOTIKOZKEHHS CTPYKTYPH i (hyHKIIii
AnoE Bigirpae nposiany posb y natoreresi JITTTTI.
lereposurorni myTartii rena AioE cympoBoKyioTh-
s TBUNIIEHUME CUPOBATKOBUMHU KOHIIEHTPAIlisIMU
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AnoE-smicaux JITI, 1o cknamy SKux BXOASITH i30hop-
mu AnioE, 1o BifimoBizaoTh nesHiit myTartii. 11i i3o-
hopmu ArioE BUABAATOTH TAKOXK Y TITOMEPYJIIPHAX
JIeTI03UTaX y CKJIAJI JITOMPOTEeIHHUX arperaTiB. [l
JIIITTI xapakrepHoto € HasBHicTb JIIIT y npocsiTi
I'K ynacminox nakonmuenuda JIII, no ckmamy sxux
BX07ATE i30hopmu AnioE. IIpn bomy 'K 3a3Bnvaii
posmupeni, a JIIIT He MicTATh MHUCTAX KIITHUH
i MatOTh KOHIIEHTPUYHY TJIACTUHYACTY CTPYKTYPY,
sIKa Harajiye BiouTok masubiist. Bigkraganuio JITIT
y ipocBiTi ['K cripusioTs BHy TPINIHBOTIIOMEPYJIAPHi
YUHHWUKW — HeraTuBHUM 3apsa [BM i 3BuBucra
6ynosa I'K. 3 ekcTpapeHaIbHUX YAHHUKIB PO3BUTKY
JITITTI cripusttoTh TIPOLYKTHU JIiTTTHOT IEPOKCHUIALLI,
AKI 9MHATH Ge3MOocepe/IHiil HeTaTHBHUN BILIMB Ha
IapeHxXiMaTo3Hi HUPKOBI KJIITHHM.

3amigozputu JIIITTI moxkna B marienta 3 111
tuniom [JIII, y sikoro B AuHAMIIl CIIOCTEPEKEHHSI
BUABJIAOTh pizHi piBHi ITY. Imosipuicts JITITTI
301/IbINY€ETHCST B Pas3i BUSIBJIEHHST B CHPOBATII KPOBI
Brucokoro piBaga AmoE (> 10 mr/mm), axkuii aco-
LIIOEThCST 3 TeTepo3uroTHUM AnoE denorumom
(E2/E3 a6o E2/E4 inoxi E1/E3 uu inmiMun) npu
enexTpodopesi 3 i30eIeKTPUIHUM (DOKYCYBAHHSIM.
Basksmsoro osnakoro [VIIT pu JIIII'II € I'TT 3 piB-
vHem TT (JITITHT) >4—6 mMmonn/n. Xoua JITITTI
ACOIIIETBCI 3 MOPYIIEHHSAMHU JIIIAHOTO OOMiHY,
SIKI HarajytoTh ciMeiiHy aucOeTasinonpoTeiHemMio
(ITI tam TUILT), mpm JITIT'TI ma Bigminy Bix 111 Ty
[VIIT BimcyTHI KcaHTOMATO3 i MYJBTU(MOOKATHHUN
arepocksiepos. Y 70 % manientis JITITTI nepebirae
y Buryisizti HC, Ge3 BiIoBi THOTO JIiKyBaHHsI TIPOTpe-
cye i B 50 % BUTIA/IKIB 3aBEPITYETHCS TEPMiHAIBHOIO
cragiero XXH ymnponosx 1—27 pokiB. OctaToyHO
HiATBEPAUTH IiarHo3 Joromarae Oiorcis HUPKHU.
CBiTs10Ba MiKPOCKOTIist HiONTATY JIa€ 3MOTY BUSIBUTH
auaraiito pocsity K, HasBHicTb y HhOMY 011710
3abapBiieHnX CyOCTaHIlii, a eJeKTPOHHAa MiKpO-
CKOTIiST — KOHIIEHTPUYHY TIJIACTUHYACTY CTPYKTYPY
cyOCTaHIIii y TPOCBITI INIATOBAHUX IJIOMEPY.I, sIKa
Harajly€ BiZIOMTOK TTaJIbIIs.

JlinmoripoTeiHoBa TJIOMepyJIONATidI MOXKe IIepe-
GiraTi 3 yCKJIJHEHHSMHU (BHYTPIIIHBOCYMHHA
KOAryJIsIlisl Ta aTUIIOBUM TeMOJIITUYHUN YPeMiuHU
CUHJIPOM).

JlinonporeinoBa rioMepyJionarist HoTpedye JiKy-
BaHHs, 100 3aM00ITTH MOAAIBIIOMY il TIPOrpecy-
BaHHIO /10 TepMiHambHOI cTaxii XXH. 3 ormsamny
Ha 3MiHM B JIiliJIHOMY clieKTpi KpoBi, BiaacTusi I1I
tuny IJIIL, i3 cyyacHux [VI3 nailedekTUBHINITUMU
BBasKaloTh (hibpaTu (herodidpar, Gesadibpar, nema-
hibpar), SIKi MOKYTh CyTTEBO TOJIIIITUATH JI T THUH

Konugnixmy inmepecis nemae.

podiJIb MAIiEHTIB, 3HAYHO 3HU3UTU CUPOBATKOBU
piBenb AnoE, amenmutu ITY, miaBunmti piBeHb
CHPOBATKOBOTO abOyMiHy 6e3 moripiieHHst (hyHK-
wii aupok. Oxpim pibpaTiB, MOIMIIMTA JIIIHII
criekTp kposi nartienTiB i3 JIIITTI MmoxxyTh 11oXiHi
HIKOTHHOBOI KUCJIOTH (HiCepUTpOJ, HialluH), cTa-
TUHW, AOCBiJl e(heKTUBHOTO BUKOPUCTAHHS SIKUX
O0OMESKYETHCSI HEBEJIMKOFO KiJIBKICTIO CITOCTEPEKEHD.
[IepcnexktuBuum Hanpssmom kopekuii I'TT npu
JITITTI moske Oy T BAKOPUCTAHHST MOHOKJIOHAJTBHUX
aututis 10 AnoClIIl, axuii BBaskKatoTh MOTYKHUM
inriGitopom JITIJL. ¥V gesikuX naiieHTiB HO3UTUBHO
BIUTMBAE Ha KiiHiuHwii nepebir JITITTI kombinoBate
3actocyBanHs [JI3 Ta iHribiTopiB peHiH-aHTiOTEH-
3UH-aJIbI0cTePOHOBOI cuctemu. [uriGitopu H3KTT2
3 YpaxyBaHHSIM iX /I0Be/IeHOi e(heKTUBHOCTI B KOPEK-
uii IIY npu XXH HesasexHO Biji HasgBHOCTI
[T MoxyTb GyTH TIEPCIEKTUBHUMHU B JIiKyBaHHI
JITITTI, 1o 3yMOBJIIOE HEOOXiAHICTH TIPOBENEHHS
nocruimkens. porenypa adepesy JIITHT 3 rema-
PUH-THYKOBAHOIO TMPENUITITAIlIEI0 3HUKYE CHUPO-
BaTKOBUI BMmicT Garatux Ha TI AnoE-BmicHux
JIIT (JIIIJIHT, JIIIIT) 3aBasgku cTUMYJTIOBATBbHIT
[l remapuHy Ha IUIa3MoBY Ta medinkoBy JIITJI,
cripusie Heppomporekriii mpu JITITTI, sxa moemamy-
erbest 3 11T Tumom JIJITI. ImyHocopOItiiiHa Teparrist
ctadimoxokosum riporeinom A mipu JIIITTT cipuse
mBUAKOMY 3HIKeHHIO 1Y, cupoBaTkoBOro piBHS
AnoE, suuxnennio JIIIT y mpocsiti T'K. 11i epextn
MOB’s13aHi 3 BJIACTUBICTIO CTA(iIOKOKOBOTO TIPOTEIHY
A BUABIATU BUCOKY CIOPiTHEHICTD 10 Fe-minaaku
imyHorsmo0yniny G i gisitu sik Fey-pererntop, 1o,
iMoBipHO, KoMmTieHcye gedinuT Fey-pertentopis mpu
JITITTI. AHTHOKCH/IAHTH, OKPIM ITPOOYKOJTY, MOKYTh
OyTH KaHAUAaTaMK B JOCJIKEHHSAX eeKTy aHTH-
OKcUJaHTHOI Teparii Ha mporpecyBaHHs JITITTI
AHTHUKOHBYJIBCAHT TOIipaMaT MO’Ke 3alliKaBUTU
JOCIIHUKIB 111 PO3poOKHU 3ac06iB KOPEKIii TJI0-
MepYJISPHOTO JIili/I03y Yepe3 BJIaCTUBOCTI TTIOMIPHO
3HIIKYBATH CUPOBATKOBI PiBHI JIII/IIB 1 IIIOKO3U Ta
BUABJIATH He(DPOTIPOTEKTOPHUI e(DeKT.
TpancnmanTailis HUpKU He € e(PeKTUBHOIO B JIIKY-
BanHi JITIT'TI yepes nossy JIII'T y TpanctanToBaHiii
HUPIL B pa3i 30epesKeHHsT B PEIUITIEHTA HA/JTHIIKY
myTanTHUX AnoE-smicaux JIIT y cuposaTiii Kposi.
ExcriepymeHTaIbHi Ta KJIHIYHI JOCTIKEHHS
Ay Th 3MOTY PO3IMIUPUTHU YIBJIEHHS TIPO €TiOJOTII0
1t marorenes JIIITTI, mominmimuTu [iIaTHOCTUKY 1IbOTO
PiIKiCHOTO TTIOMEPYJITPHOTO TIOPYITIEHHS, 3aITPOTIO-
HYBaTHU i1 BIIPOBAIUTHU B JIIKAPChKY ITPAKTUKY edek-
TUBHI METOJIM KOPEKIIil TJIOMePYJISIPHOTO JIiITi103Y
Ta TJIOMEPYJISIPHOTO JIIOMTPOTETHOBOTO TPOMOO3Y.
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Lipoprotein glomerulopathy: what is known?
Literature review

The review is devoted to the important problem of contemporary nephrology — lipoprotein glomerulopathy (LPG), a rare
glomerular disorder leading to nephrotic syndrome and /or chronic kidney failure (CKF). The article highlights the primary
genetic defect in LPG associated with heterozygous mutations of the apolipoprotein E (ApoE) gene in the low-density
lipoprotein (LDL) binding site with the corresponding receptor, which increases the affinity of mutant ApoE-containing
lipoproteins to the glomerular capillary wall. The article presents data from population-based studies on the prevalence of
LPG and current understanding of its pathogenesis, in particular, the main pathogenetic link — damage to the structure
and function of ApoE due to heterozygous mutations of the ApoE gene. The participation of ApoE-containing lipoproteins,
which include ApoE isoforms, in the formation of glomerular deposits, lipoprotein thrombi in the lumen of glomerular cap-
illaries, as well as the role of macrophages in the pathogenesis of renal lipidosis is considered. Histological picture typical
for LPG, intraglomerular and extrarenal factors of its development, and features of serum lipid spectrum accompanying
the clinical course of LPG are described. Diagnostic criteria of LPG, clinical manifestations of this glomerular disorder,
prognosis in LPG, its complications and some co-morbid states associated with LPG are given. Special attention is paid
for the treatment of LPG, without which the disease is progressing to a terminal CKFE. Some possibilities of contemporary
lipid lowering agents (fibrates, nicotinic acid derivates, statins, monoclonal antibodies to apolipoprotein CIII) in correction
of lipid disorders associated with LPG are discussed. Some perspective agents that could be applied in patients with LPG
(inhibitors of natrium-dependent glucose co-transporter 2, antioxidants, anticonvulsant topiramate) after special trials are
enumerated. Some attention is paid to other treatment measures in LPG, such as LDL-apheresis with heparin-induced
extracorporal precipitation, staphylococcal protein-A immunoadsorption therapy, and renal transplantation. Necessity is
emphasized of further experimental and clinical studies that will allow to enlarge updated ideas about the etiology and
pathogenesis of LPG, improve its diagnostics and treatment efficacy.

Keywords: lipoprotein glomerulopathy, apolipoprotein E, epidemiology, pathogenesis, clinical manifestations, diagnostic
criteria, treatment.
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Or%an—protective effects
of the alternative renin-
angiotensin system and
prospects for therapeutic
treatment. Review

The article is devoted to review the data regarding the identification of biochemical
and functional features of the components of the renin-angiotensin system using the
tools of bibliometric analysis of scientific literature. A modern interpretation by the
dividing of the multifunctional complex into two systems, namely the classical renin-
angiotensin system and alternative renin-angiotensin system, in accordance with the
definition of biological effects, is given. The enzymatic cascade involved in the pro-
duction and metabolism of peptides in both classical and non-classical pathways of
renin-angiotensin systems is shown from the point of view of the evolution of scientific
concepts. The triggering role of components of the classical renin-angiotensin system
in pathophysiological processes with transformation into cardiovascular diseases and
metabolic dysfunction has been proven. The history of the creation of pharmacological
drugs for the correction of the classic renin-angiotensin system is presented. In view
of the achievement of recent years, the revision of the alternative renin-angiotensin
system is emphasized due to the discovery of the counter-regulatory action of the
angiotensin-converting enzyme 2, angiotensin-(1—7), the Mas receptor in relation to
their correction of metabolic processes, regulation of blood pressure, and the presence
of anti-fibrotic, anti-inflammatory and antioxidant properties. The positive effect of
the components of the non-classical renin-angiotensin system on the protection of the
cardiovascular system and kidney is presented based on the results of experimental
studies on animals. Pharmacokinetic and pharmacodynamics characteristics of recom-
binant angiotensin-converting enzyme 2 in experiments on healthy volunteers are
highlighted. The potential protective effects of angiotensin-converting enzyme 2 and
angiotensin-(1—7) concerning cardiometabolic risk are presented. The available data
indicate the need for further comprehensive scientific investigations of the components
of alternative renin-angiotensin system to create a new class of pharmacological agents
with their implementation in medical practice.

Keywords:
renin-angiotensin system, angiotensin-(1—7), angiotensin-converting enzyme 2, Mas
receptor.

t has been more than a century since the discovery of the first component of

the complex pathway of the renin-angiotensin system (RAS). Scientists and
practitioners continue to carefully evaluate this multifunctional mechanism and
its involvement in physiological and pathophysiological processes. The classical
concept of the RAS was formed and gradually supplemented with knowledge
about enzymes, peptides, and receptors, which participate in maintaining the
body’s homeostasis and play a triggering role in the development of pathological
conditions. These studies correspond to the current trend in pharmacotherapy,
focusing on the development of targeted agents with inhibitory properties.
These drugs have significantly contributed to therapeutic strategies and are
considered a major advancement in treating arterial hypertension, heart failure,
and diabetic nephropathy. Studying the RAS has progressed to the discovery
of its new components. Beyond the border of classical RAS, the concept of
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non-classical RAS has been formed, encompassing
molecules such as angiotensin-converting enzyme
2 (ACE 2), angiotensin-(1—7), and Mas receptor.
Alternative RAS is known to counteract certain
components of classical RAS. Experimental studies
have demonstrated the beneficial effects of ACE 2
and angiotensin-(1—7) on pathological disorders
associated with the RAS when using specific agonists
and antagonists of angiotensin peptides. This
review aims to examine the historical progression
of research in several areas of the RAS and propose
future options for clinical implementation.

Biological effects

of the renin-angiotensin system

Classical RAS. In modern terms, the classi-
cal RAS axis includes the following components:
angiotensinogen, renin, angiotensin I, angiotensin-
converting enzyme (ACE), angiotensin II, as well
as angiotensin type 1 (AT1R) and type 2 (AT2R)
receptors. Angiotensin II is the main player in the
RAS. Tt exerts its negative effects via ATIR by
increasing the tension of the sympathetic nervous
system, exerting renal sodium reabsorption and
potassium excretion, causing vasoconstriction,
increasing blood pressure, and promoting inflamma-
tion and oxidative stress. Angiotensin IT contributes
to endothelial dysfunction and atherogenesis, as it
regulates the expression of adhesion molecules. The
proliferative properties of angiotensin II lead to
mesangial hypertrophy and contribute to the devel-
opment and progression of chronic kidney disease.

AT2R are considered the functional antagonists
of AT1R and generally induce the opposite effects,
including vasodilation, natriuresis, cellular differ-
entiation, growth inhibition, and improving insulin
resistance. AT2R serve as a potential therapeutic
target for protecting against hypertension, metabolic
dysfunction, and organ remodeling [23].

Non-classical RAS. In 1968, scientists H. Y. Yang
et al. discovered a new enzymatic mechanism for the
inactivation of different peptides found in pig and
human urine. This discovery subsequently led to the
identification of a previously unknown RAS path-
way [44]. The end product of enzymatic hydrolysis of
the H-terminal angiotensin heptapeptide was named
angiotensin-(1—7). Later on, this was determined to
be an ACE-independent pathway for the formation
of angiotensin-(1—7) [21]. Angiotensin-(1—7) is
an endogenous ligand for the G protein-coupled
Mas receptor [32]. The discovery of the human
ACE homologue in 2000, which was found to be
a carboxypeptidase insensitive to captopril upon
cloning and functional expression, might be regarded
as an outstanding achievement. Consequently, it
was called ACE 2 [38]. ACE 2 plays a crucial role in

converting angiotensin I to angiotensin-(1—9) and
angiotensin II to angiotensin-(1—7), making it the
primary mediator of this biological process [8,39].
The investigation uncovered the essential role of
alternative RAS in regulating blood pressure and
mediating cardiometabolic consequences, consider-
ing the reception and expression of these peptides in
different tissues and cells.

The hypotensive effect of the components of the
non-classical renin-angiotensin axis has been proven
in experimental animal studies. Thus, chronic admin-
istration of angiotensin-(1—7) into the lateral ven-
tricles of the brain reduced blood pressure in geneti-
cally hypertensive rats [12]. Angiotensin-(1—7)
interacting with the Mas receptor is considered to
promote vasodilation by increasing the release of
nitric oxide via Akt-dependent pathways and post-
translational regulation of nitric oxide synthase [35].
An investigation of the mRNA of the Mas receptor
revealed an imbalance between nitric oxide and reac-
tive oxygen species production in the endothelium
of mice. Therefore, an overexpression of ACE2 in
blood vessels was observed in genetically modified
hypertensive rats, resulting in a reduction in blood
pressure and improvement of endothelial function
[2]. Angiotensin-(1—7) effects include dilatation of
microcirculation induced by nitric oxide release and
increased telomerase activity of the endothelial cells
[9]. The authors came to the conclusion about the
significant contribution of non-classical RAS to the
regulation of vascular tone and blood pressure control.

ACE and ACE 2 play opposite roles in the metabo-
lism of peptides belonging to the angiotensin fam-
ily. The alternative renin-angiotensin axis acts as
a physiological antagonist to the classical compo-
nents of the RAS by counterbalancing the effects of
angiotensin I1. A high level of ACE 2 is transformed
into an increased amount of angiotensin-(1—7) and
angiotensin-(1—9), forming protective phenotypes
for cardiovascular diseases, including hypertension.
At the same time, a decreased level of ACE 2 results
in the activation of the classical branch of the RAS
and the progression of cardiovascular pathology.
Angiotensin-(1—7) as an antagonist of angiotensin
IT enhances the beneficial effects of the RAS due to
vasodilation, blunting of inflammation, improve-
ment of endothelial function, and contribution to
antifibrotic pathways [33].

The cardioprotective properties of ACE2 and
angiotensin-(1—7) include the prevention of fibro-
sis, suppression of myocyte growth and patho-
logical hypertrophy, and inhibition of myocardial
remodeling in patients with hypertensive heart and
post-infarction conditions caused by angiotensin
IT activity [3, 18, 37]. The experimental studies
have conclusively shown that the non-classical
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components of the RAS have antifibrotic activities
that effectively guard against the development of
myocardial dysfunction and heart failure [27, 41].

The alternative axis of the RAS is involved in the
correction of metabolic disorders. The obtained data
shows the positive impact of the angiotensin-(1—7)/
Mas receptor system on glucose metabolism. Chronic
infusion of angiotensin-(1—7) improves insulin
resistance and hypertension caused by a high-
fructose diet in rats [47]. In an in vivo experi-
ment, it was established that angiotensin-(1—7)
increases glucose uptake by skeletal muscles and
improves insulin sensitivity in rats [10]. The meta-
bolic effects of the renin-angiotensin alternative axis
are also involved in the pathogenesis of diabetic
nephropathy, exerting a confirmed protective effect
by experimental studies. ACE 2 knockout in mice
with streptozotocin-induced diabetes demonstrated
accelerated glomerulosclerosis, tubular damage,
interstitial fibrosis, podocyte apoptosis, and elevated
serum creatinine [25]. In contrast, podocyte-specific
overexpression of ACE 2 in streptozotocin-induced
diabetic mice resulted in reduced levels of mesangial
expansion and hypertrophy of glomeruli, confirming
the attenuation of diabetic nephropathy [31].

The protective features of the compounds of non-
classical RAS in patients with cardiac disease, dia-
betic nephropathy, and severe viral infections can be
attributed to the anti-inflammatory and antioxidant
capabilities of ACE 2 and angiotensin-(1—7) [30].
ACE 2 participates in the ACE /angiotensin IT/AT1R
signaling cascade and counteracts the damaging
effects of this system, making it a potential marker
of cardiac and renal pathology [5].

Pharmacological correction

of the classical renin-angiotensin system

Scientific evidence suggests that traditional RAS
has a dominant role in the pathogenesis of arterial
hypertension. Therefore, the researcher’s efforts
were focused towards the creation of pharmacologi-
cal agents that primarily function by inhibiting the
adverse effects of the components of this system
(Fig. 1). [13].

The starting point was the observation that the
bite of the Brazilian snake, Bothrops jararaka, led to
arobust decrease in blood pressure [11]. The research
conducted by H.Y. Yan et al. revealed that a compo-
nent found in snake venom, identified as dipeptidyl
carboxypeptidase, was discovered to be ACE. This
molecule is responsible for converting angioten-
sin T and deactivating bradykinin [45]. The first
ACE inhibitor, captopril, was created in 1977 and
received clinical approval in 1980 [6]. Also, in 1980,
a new class of ACE inhibitors, known as carboxyl
dipeptide enalapril, was developed [26]. Currently,

there is a huge number of ACE inhibitors with
different pharmacokinetic and pharmacodynamic
characteristics that have specific clinical effects and
indications. AT 1R antagonists became the next class
of antihypertensive drugs based on the RAS block-
age. The first representative of this pharmacological
class, losartan, was advocated for clinical use in 1994.
Nowadays, RAS blockers are routinely prescribed as
a basic medication to manage hypertension, myocar-
dial infarction, heart failure, and renal complications
of diabetes at all stages of cardiovascular disease.

Scientific studies have investigated the antihy-
pertensive, cardioprotective, and renoprotective
effects resulting from the direct stimulation of the
AT2R. Compound 21 (C21) was introduced in 2004
as the first nonpeptide highly selective AT2R ago-
nist due to its proven in vivo actions, which include
anti-inflammatory, anti-fibrotic, and anti-apoptotic
properties [14] (see Fig. 1).

Chronic AT2R stimulation resulted in a decrease
in blood pressure in an experimental hypertension
induced by angiotensin II [16]. The findings of
this study encourage to evaluate acute and chronic
AT2R activation in the control of sodium excretion
and blood pressure, with or without concomitant
AT1R blockade. C21 increases plasma and adipose
levels of adiponectin and improves insulin signal-
ing in the liver. Chronic C21 infusion has positive
metabolic effects in female diabetic db/db mice,
alleviating type 2 diabetes complications through
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Figure 1. Antagonists and agonist of the classical
renin-angiotensin system
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a mechanism that involves NO production [7]. The
antagonists of the classical RAS are widely recog-
nized and understood. Currently, ACE inhibitors and
AT1R blockers are the cornerstone of cardiovascular
therapy, while drugs that activate AT2R are less
well known. However, C21 could potentially serve
as a therapeutic choice for diabetes prevention and
may be a promising option for the treatment of
hypertension in humans.

Therapeutic perspectives

of the renin-angiotensin alternative axis

The results of experimental and clinical observa-
tions related to the RAS have formed a convincing
basis for the implementation of theoretical knowledge
into a practical approach. The strategy of forming
a balance between two branches of RAS appeared,
which was based on the verification of the specified
effects in animals with simulated pathological con-
ditions. For example, it was established that AT1R
blockage restores angiotensin-(1—7)-induced dilation
of coronary vessels in rats with hypertrophied heart
[36]. The results of experimental studies showed that
non-classical components of the RAS can lower blood
pressure in animals with simulated arterial hyperten-
sion. Based on these findings, the group of authors
made an assumption regarding the structure-based
identification of small-molecule ACE 2 activators as
a potential antihypertensive agent (Fig. 2).

Angiotensin [ ]

ACE2 activators
’ ACE2
rACE2 |f‘> ¢

Angiotensin-(1-9) ]

ACE
PEP
NEP

Q [ Angiotensin-(1-7) ]

Mas receptor
biological effects

Cyclic-(1-7),

lathionine stabilizeted
angiotensin-(1-7)

Vasodilatation
Anti-proliferative
Anti-fibrotic
Anti-oxidant
Anti-nflammatory
d Insulin resistance

PEP — prolyl endopeptidase;
NEP — neutral endopeptidase neprilysin

Figure 2. The activators of the renin-angiotensin
alternative axis

The researchers, H.J. A. Prada et al., determined
the study’s goals were to identify substances that
increase the activity of ACE 2 and analyze whether
these compounds would affect the pathophysi-
ological mechanism underlying hypertension [29].
The authors performed in vitro assays of two
chemicals, xanthenone and resorcinolnaphthalein,
which, in a dose-dependent manner, improved the
activity of ACE2. Xanthenon was administered
in vivo to Wistar-Kyoto rats and spontaneously
hypertensive rats. After acute administration of
xanthenone, a robust decrease in blood pressure
was observed in both studied groups, while chronic
infusion resulted in a mild hypotensive effect only
in spontaneously hypertensive rats. At the same
time, recovery of heart function and reversal of
myocardial, perivascular and renal fibrosis were
observed in spontaneously hypertensive rats. The
authors concluded that structure-based screening
may help identify compounds that activate ACE 2,
lower blood pressure, and reverse tissue remodel-
ing. The use of ACE 2 activators represents a valid
strategy for antihypertensive therapy. A similar
study was later conducted involving two compo-
nents, XNT (1- [(2-dimethylamino) ethylamino]-
4-(hydroxymethyl)-7- [(4-methylphenyl) sulfonyl
oxy]-9H-xanthene-9-one) and diminazene (DIZE),
in order to determine their mechanisms of action as
possible activators of ACE 2 [14]. Ex vivo and in vitro
animal studies have shown that the mechanisms of
action of XNT and DIZE are ACE-independent and
these substances are not ACE 2 activators. Despite
the significance of ACE 2 activators as a therapeutic
target, the scientists came to the opinion that direct
administration of ACE 2 might be more successful.

Some studies have been devoted to the formation
of a new class of drugs that specifically target the
alternate axis of the RAS. The first publications on
this topic were related to the experimental stud-
ies that highlighted the use of recombinant ACE 2
(rACE2) in animal models of acute and long-term
cardiometabolic diseases. J. Wysocki et al. (2010)
conducted an acute experiment on mice to inves-
tigate the effects of angiotensin IT administration
followed by rACE2 solution infusion [43]. They
found that the subsequent infusion of rACE 2 solu-
tion led to a dose-dependent increase in serum
ACE?2 activity and a decrease in systolic blood
pressure and angiotensin II level. These findings
suggest that TACE2 has the ability to degrade
angiotensin II and prevent hypertension. Similar
results were presented in a study by J. Zhong et
al. (2011), who presented the ability of rACE 2 to
reverse angiotensin IT-induced hypertension as well
as reduce oxidative stress and tubulointerstitial
fibrosis in mice with an ACE 2 knockout [43]. The

YKPAIHCbKWUI TEPANEBTUYHUN XXYPHATT o Ne 3 o 2024

85



orndaan e« REVIEWS

use of rACE 2 soluble infusion was shown to have
a positive cardioprotective effect with suppression
of myocardial hypertrophy, fibrosis and heart dys-
function according to other researchers [1, 20]. In
a mouse model exhibiting systolic dysfunction, the
administration of an angiotensin-(1—7) antagonist,
called A779, has been demonstrated to hinder the
favorable therapeutic impact of rACE 2 [28].

The prolonged activation of angiotensin 1T leads
to oxidative stress, inflammation, and fibrosis,
which are significant factors in the development
of complications of diabetes, namely, the formation
of diabetic nephropathy. The ability of ACE2 to
simultaneously destroy angiotensin IT and produce
angiotensin-(1—7), leading to a shift in the balance
of RAS from angiotensin IT to angiotensin-(1—7),
as confirmed in animal experiments, suggests that
modulating the activity and/or expression of com-
ponents of the alternative pathway of the RAS
is a promising therapeutic strategy for managing
diabetic nephropathy. A study conducted in 2006
involved the administration of a specific ACE2
inhibitor (MLN-4760) either alone or in combina-
tion with the AT1R blocker telmisartan to mice of
the db/db line for a duration of 16 weeks [46]. Upon
concluding the experiment, it was determined that
pharmacological inhibition of ACE 2 with MLN-4760
in diabetic mice resulted in an increased deposition
of fibronectin and collagen in the glomeruli and
tubulointerstitial zone, as well as the expansion of
the mesangial matrix. The addition of telmisartan
to treatment prevented the increase in renal albu-
min excretion brought on by the pharmacological
inhibition of ACE 2. The study’s authors concluded
that ACE 2 can regulate the amount of glomerular
angiotensin IT by breaking it down. This finding
suggests that targeting ACE 2 could be a potential
therapeutic approach to reduce albuminuria and glo-
merular damage [46]. In an experiment on a diabetes
model, rACE 2 was administered to Akita mice for 4
weeks [19]. The results showed a notable decrease in
renal fibrosis, glomerular hypertrophy, and a reduc-
tion in the thickness of the glomerular basement
membrane. Adenovirus-mediated overexpression of
ACE-2 in streptozotocin-induced diabetic rats was
found to significantly decrease transforming growth
factor (TGF-B,) and collagen IV levels, along with
robust reductions in albuminuria, oxidative stress,
and glomerular damage [19]. These renoprotective
effects of ACE 2 overexpression were similar to those
observed during treatment with ACE inhibitor
benazepril. During the experiment, mice of the db/
db line received daily injections of either 0.5 mg/
kg of angiotensin-(1—7) or saline for 28 days. It
was determined that the long-term administration
of angiotensin-(1—7) inhibited the production of

reactive oxygen species, suppressed inflammation in
prerenal adipose tissue, renal fibrosis, and lipotoxic-
ity, which are the markers of diabetic nephropathy
[22]. P. Cassis et al. investigated the effectiveness
of angiotensin-(1—7) in db/db mouse models with
diabetic nephropathy [4]. The study was planned
in a comparative format. Animals in the first group
received cyclic angiotensin-(1—7), whereas those in
the second group received an ACE inhibitor, lisino-
pril. Treatment was started in the 10th week of the
animals’ lives and was completed in the 19th or 20th
week. Cyclic angiotensin-(1—7) therapy was found
to reduce albuminuria and podocyte dysfunction,
similar to the effects of lisinopril, which also reduced
glomerular fibrosis and inflammation. Moreover, it
was established that the addition of cyclic angioten-
sin-(1—7) to ACE inhibitor therapy had a positive
add-on effect in experimental diabetic nephropathy.
Lanthionine-stabilized angiotensin-(1—7), which is
resistant to ACE and other peptidases, was employed
in an experimental investigation on mice with type
I diabetes (streptozotocin-induced model) or type 1T
diabetes (db/db model) [17]. It has been proven that
lanthionine-stabilized angiotensin-(1—7) consistent-
ly raises insulin levels while lowering glucose and gly-
cated hemoglobin levels in the blood of test animals.
Thus, the medications that enhance the catalytic
activity of ACE 2 and specifically target the tubular
and glomerular structures of the kidneys provide
new possibilities for treating diabetic nephropathy.
Hence, it is imperative to develop pharmaceuticals
that possess stimulatory properties on ACE2 for
practical application in clinical settings [24].
Encouraging findings regarding the effects of
rACE 2 in animal models justified the transfer of
these studies to humans. Since the components of
non-classical branch of the RAS are aimed at correct-
ing the pathogenetic mechanisms of arterial hyper-
tension and heart failure, the protective properties of
angiotensin-(1—7) and ACE 2 create a perspective
for the development of a new therapeutic approach
for the treatment of cardiovascular pathology.
Recombinant human ACE 2 (rACE 2) was proposed
as a new RAS peptidase for treating heart failure
[25]. 2013 publication reports the findings of a ran-
domized, double-blind, placebo-controlled study
on the pharmacokinetics, pharmacodynamics, and
tolerability of rACE 2 in healthy individuals [15].
The drug was administered intravenously in
a single dose (100—1,200 mcg/kg). ACE2 activ-
ity was assessed by measuring the enzyme levels in
plasma by the ELISA method, while concentrations
of angiotensin II, angiotensin-(1—5) and angio-
tensin-(1—7) were analyzed in serum using liquid
chromatography-mass spectrometry. 30 minutes
after the administration of a single dose of rACE 2,
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the level of angiotensin II decreased, the level of
angiotensin-(1—7) increased, decreased, or remained
unchanged, and the level of angiotensin-(1—35)
increased. The authors conclude that tACE 2, with
a half-life of 10 hours, is well tolerated in healthy indi-
viduals, leading to a reduction in angiotensin IT levels
within 24 hours after intravenous injection [15].

Arterial hypertension is an actual problem in car-
diology that results in structural remodeling of the
heart, ultimately leading to a decline in myocardial
function and heart failure. One of the additional
methods of correction of arterial hypertension and
heart failure is a non-pharmacological strategy
with the use of physical exercises. This can lower
blood pressure, slow down clinical manifestations of
myocardial dysfunction, and even improve cognitive
function. At the same time, it is important to note
that physical activity enhances the vasoprotective
and cardioprotective effects of the components of
the alternative RAS, specifically ACE 2/angioten-
sin-(1—7) pathway [42].

Investigations demonstrated that physical exer-
cises alter the level of the RAS compounds in experi-
mental animals with hypertension and heart failure.
U. Tyrankiewicz et al. studied the impact of physical
activity and pharmacological ACE inhibition on
the ACE/ACE 2 balance in transgenic, homozygous
female Tgaq*44 mice with induced heart failure
[40]. The experimental animals were randomly
assigned to two groups: an exercise training group
and a group with a sedentary lifestyle. Each group
was further divided into a control group and a group
that received the ACE inhibitor perindopril at a dose
of 10 mg/kg daily in their drinking water. After two
months of follow-up, the results showed a beneficial
effect of the combination of physical activity with
pharmacological inhibition of ACE on the ACE/
ACE 2 balance. Additionally, there was a significant
increase in the angiotensin-(1—7)/angiotensin 1T
ratio, a crucial indicator for evaluating therapeutic
outcomes in heart failure.

A similar study was conducted on a rat model
with diabetes in order to determine the effect of

Conflicts of interest: none.

Authorship contributions: conception and design — O. M. K.;

physical activity on the balance of the RAS and
inflammation in the kidneys [34]. Wistar rats were
randomly divided into 4 groups: non-trained, trained,
non-trained with diabetes and trained with diabetes.
Blood glucose, albuminuria and urinary volume were
determined. Renal levels of angiotensin peptides
(angiotensin-(1—7)), angiotensin I and IT), inflam-
matory markers, as well as the activities of ACE and
ACE 2 were assessed. In diabetic rats physical exercise
reduced the levels of albuminuria, angiotensin I, and
angiotensin II. Also, in this group of rats there was
a shift in the balance of renal RAS towards ACE 2/
angiotensin-(1—7) axis, along with a reduction in
the elevated levels of pro-inflammatory cytokine
(interleukin-1B) in the context of diabetes. Physical
exercises enhance kidney function by altering intrare-
nal RAS towards non-classical components, decreas-
ing pro-inflammatory cytokine levels, and can be
considered a convincing strategy for the prevention
of renal complications induced by diabetes.

Conclusions

Starting with the discovery of the first compo-
nents of RAS, scientific achievements contribute
to the identification of this system as one of the
leading regulators of the functional state of organs
and systems in the human body. Scientific studies
demonstrate the beneficial effects of the components
of alternative RAS, as they prevent the injuring
effects of angiotensin II stimulating AT1R. Many
experiments have shown that ACE2 and angio-
tensin-(1—7) have organ-protective properties,
exhibiting antifibrotic, anti-inflammatory, and anti-
oxidant effects. This served as justification for the
implementation of a new approach to the treatment
of cardiovascular pathology and metabolic disorders.
Evidence has shown the effectiveness of exogenous
substances that boost the catalytic activity of ACE 2
in treating diabetic nephropathy. Therefore, we can
assume that further in-depth research on the RAS
multifunctional complex should be focused on the
creation of pharmaceuticals with clinical transla-
tional potential.

drafting the article — O.M. K., S. V.1, A. K. Z.; bibliometric analysis of scientific literature — V. Y. S.
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0. M. KosanboBa, C.B. IBaH4YeHKo, A. K. XKypaBnboBa, B. €. LLlankiH

XapKiBCbKIIT HAT[IOHAIBHIIT METMYHUI YHiBEPCUTET

OpraHo3axucHa posb anbTepHaTUBHOI PEHIH-aHMoTEH3NMHOBOI CUCTEMM
Ta NepcrneKkT BN TepaneBTUYHOro nikyBaHHsA. Ornsa

Hagezeno pani mozo izentudikaiii 6ioxiMivHuX 1 GYHKIIOHATBHUX 0COOINBOCTEN KOMIIOHEHTIB PeHiH-aHIi0TEeH3UHOBOI
cucremu. IIposeseno 6ibmiomMeTpuyHuii aHali3 6a3y HAYKOBUX MEPIOANYHKUX BUIaHb. 3TiHO i3 CYyYacHOIO IHTepIIpeTaIicio
B MyJBTH(DYHKITIOHATHHOMY KOMIIJIEKCI BUIIJIEHO /IBi CKTaIOBI Ha TiCTaBi 6ioI0TiIHNX eheKTiB — KIACHUYHY peHiH-aHTio-
TEH3UHOBY CHUCTeMY I aJbTepHATHBHY PEHIH-aHIIOTEH3MHOBY cucTeMy. BucBiT/ieHO (hepMeHTaTUBHUN KacKaj, sikuii Oepe
VUaCTh Yy MPOAYKITT Ta MeTabOTi3Mi IETNTH/IIB AK Y KITAaCHIHUX, TaK 1 B HEKJTACUIHUX IMIJISTXaX PEHIH-aHTIOTEH3MHOBOI CHCTE-
MU, 3Ti/IHO i3 CyJYaCHUMHU YSIBJIeHHIMU. /[oBeieHo TprUTepHy poJib KOMIIOHEHTIB KJIACUIHOI PEeHiH-aHTiOTeH3MHOBOI CUCTEMN
B 1aTodizioNoriyHnX mpoiecax i3 TpaHchOpMali€lo B CepleBO-CYAMHHI 3aXBOPIOBaHHS Ta MeTaGoJiuHy AMChYHKIIIO.
Haseneno icTopito cTBopenHs (hapMaKOJOTIYHUX TMperapariB /I KOPEKIlii KJIaCMYHOI PeHiH-aHTi0TeH3NWHOBOI CUCTEMU.
3aBASKN BiIKPUTTIO KOHTPPETYJISTOPHOI [lii aHTiOTeH3WH-TIePeTBOPIOBAILHOTO (hepMeHTy-2, anrioteHsnny-(1—7), Mas-
pelenTopa 1moA0 Kopekilii MeTaboiuHIX MPOIECiB, PeryJisilil aprepialbHOTO TUCKY, HASABHOCTI aHTU(IOPOZHUX MPOTH-
3allaJIbHAX 1 aHTHOKCH/IAHTHUX BJIACTUBOCTEH BUSBJIECHO aJBTEPHATHBHY DPEHiH-aHTiIOTEH3MHOBY cucteMy. [losutuBHMIt
BIIJINB KOMIIOHEHTIB HEKJIACUYHOI PEHIH-aHTiOTEH3MHOBOI CHCTEMU Ha CepIleBO-CYAMHHY CHCTEMY, 110 MOJIsATAE B i1 3aXUCTI,
Ta HIPOK BUSIBJIECHO 32 PE3YJIBTATAMHU €KCTIePUMEHTATBHIX J0CTIIKEHb HA MOJIEJISIX 3 BUKOPHCTAHHAM TBapyH. BucsitieHo
(bapmakokiHeTuHi Ta (papMaKOAMHAMIYHI XapaKTePUCTUKK PEKOMOIHATHOIO aHTIOTEH3MH-TIEPETBOPIOBAILHOIO (hepMeH-
Ty-2, IKi BA3HAUEHO NPU JOCIIIIZKEHHSX Ha 3/10POBUX A00POBOJIbIAX. HaBeneHo moTeH iiiHi IpoTeKTOpHi eheKTH aHTioTe -
3MH-TIEPETBOPIOBAJIbHOIO (hepMmeHTy-2 i anriorensuny-(1—7) momo kapaiomerabosiunoro pusuky. HasBri naHi cBiguarh
PO HEOOXIAHICT MPOBEICHHSI KOMIIEKCHUX JOCJI/IZKEHb KOMIIOHEHTIB aJlbTepHATHBHOI PEHIH-aHIiOTEH3UHOBOI CHCTEMU
3 METOIO CTBOPEHHST HOBOTO KJIacy hapMaKkoIOTigHIX 3ac00iB UIsT BIPOBA/KEHHSI IX B JIIKYBaJIbHY TIPAKTHKY.

KmouoBi cioBa: penim-anTiOTeH3NHOBA CHCTeMa, anTioTen3nf-(1—7), anTioTeH3nH-NepeTBOPIOBANLHNI (epmenT 2,
Mas-penenrop.

OJA UUTYBAHHSA

# Kovalyova OM, Ivanchenko SV, Zhuravlyova AK, Shapkin VY. Organ-protective effects of the alternative renin-angiotensin system and prospects for therapeutic treatment. Review.
Ukrainian Therapeutic Journal. 2024;3:82-89. http://doi.org/10.30978 /UT]2024-3-82.
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B «YKpAIHCbKOMY TepaneBTU4HOMY XypHasTi»

Crarri 1yOJIiKyloTbCs YKPaiHChKOIO a00 aHIJiii-
CBKOIO MOBOIO.

ABTODPCBKNIT OpPUTIHAT TIOJAIOTH B €JEKTPOHHOMY
Buriai. Pykonuce mae mictutu:

- ingekc Y/IK; HasBy crtaTTi; mpi3BUIIa Ta iHimiamm
aBTOPIB; HA3BY YCTAHOBH, [l TIPAIIOIOTH ABTOPH, MICTa,
Kpainu (17151 iHO3eMITiB);

- Tekct (crartst — 10 9 c.; orsin, npobieMHa cTaT-
Ts1 — 1o 12 c.; kopoTka indopmartig — g0 3 ¢.). [luranmasa
1po myGJiKaIio B JKypHaJi BEJIMKOI 3a 06csaroM indop-
Mallii BUPIIIYEThCS IHAUBIYAJIbHO;

- CIHMCOK IUTOBaHOI itepatypu (50 % 3 HUX MAIOThH
Oy TH MEHIIIE HiZK I SITUPIYHOT TaBHUHMN);

+  pesioMe 3 TIOBHUM 3aroJIOBKOM CTaTTi, Mpi3BUIIa-
MU Ta iHil[iaJlaMi aBTOPiB, KJIIOYOBUMHU CJIOBaMu (Big 5
710 10 ci1iB um cJI0BOCHOYYEHb, 1110 PO3KPUBAIOTH 3MICT
CTaTTi) IBOMAa MOBAMM: YKPAiHCHKOIO Ta aHTJHCHKOIO
(nepexJiaz Ma€ OyTH SAKICHUM i TOYHUM);

- TOIITOBY Ta EJEKTPOHHY ajpecy it OmyOIiKy-
BaHHA B JKypHaJI;

- (dotorpadito mepmroro abTopa (SIKIIO aBTOPIB
6imbiie 1BoX abo oxmH aBTOp) ab6o doTorpadii ABOX
aBTOpiB (K0 aBTOPiB A1BoE ). DoTorpadii MaioTh 6y TH
He MEHIIMMH Hi’K 3 x4 cM;

- 3amoBHEHWH GJIaHK JHIEH3IHUX YMOB BHUKOPWC-
TaHHS HAYKOBOI CTATTi (MOYKHA 3aBAHTAKUTH HA CATI
http://utj.com.ua — IIpo nac — IIpo xypHam —>
13. ABTopcChKi 1IpaBa, JileH3iliHI yMOBN);

- HoMepu TesieOHIB st 3a0e31eYeHHsT OllepaThB-
HOTO 3B’I3KY peaKilii 3 aBTOpaMH.

JlomaTkoBo ABOMa MOBaMH HAJIAIOTHCS: TIPI3BHUINA,
imMera, 110 6aThbKOBI BCIX aBTOPIB, HA3BU YCTAHOB, B SIKNUX
TIPAITIOIOTh AaBTOPH, MiCTa, HAYKOBI CTYTI€Hi, 3BaHH, TTOCa-
/I, KOHTaKTHI maHi Ta inentudikaropn ORCID.

CraTTio HmiANMCyI0Th yCi aBTOPU Ta HAJACUJIAIOTH Y
penmakiiio 3 oMiIiiiHUM HATIPaBIEHHAM Bifl 3aKJIady, B
SIKOMY BUKOHAHO POBOTY.

Y xiHii crarTi MofaloTh AaHi MOAO KOHQIIKTY iHTe-
peciB (Harpukiaja, KoH(IiKTy iHTepeciB Hemae) Ta
yYacTi KOKHOTO aBTOpa y HaNMCaHHI CTaTTi (KOHIer-
1ig i ausaiin gocaimkenns; 30ip MaTepiany; o6poOKa
MaTepiasy; CTaTUCTUYHE OTIPAIIOBAHHSA JAHWX; HaIH-
CaHHSI TEKCTY; peflaryBaHHs ToIo). biank 3asBu 110710
KOH(JIIKTY iHTEpeciB MOXKHA 3aBaHTAKUTU Ha CaMTi
http://utj.com.ua — IIpo nac — IIpo xypHan —>
10. Kondurikt inTepecis.

Penaxiiss nexknapye morpumaniga nopm COPE
(Committee on Publication Ethics) Tta pexomenmariii
WAME (World Association of Medical Editors).

CTATTS mae mictuTi HOBI HAYKOBI 1aHi (A1 OTJIsA-
ZliB) Ta HOBI HAYKOBi pPe3yJbTaTH (719 OPUTIHATBHUX
JIOCJI/IZKEHD ).

CTPYKTYPA ocoBHOTO TEKCTY CTaTTi Ma€ Bi/IIOBIIA-
T 3aTaTbHONIPUAHATIN CTPYKTYPI AT HAYKOBUX CTATEH.

Tax, cTarTi, 110 MiCTSTh PE3YJIBTaTH €KCIIePUMEHTAITb-
HUX JIOCTi/IZKeHb, 30KpeMa JUCEePTaIliiHNX, 1 pO3MiTleHi
nig pyopukoio «OpuriHaabHi AOCTIIKEHHS», CKJa-
JAI0ThCs 3 TakuxX po3iiiis: «Beryms, «Meta poGorus,
«Martepiau Ta MeTouy, «PesysisraTi Ta 00roBOPEHH»,
«BucnoBkum». I1i my6Jiikaiiii MaioTh BKJIIOYATH Taki HE0O-
XiJIHI eJleMeHTH: MOCTaHOBKa TIPOBJIEMI Y 3araJbHOMY
BUIJISAL Ta il 3B'M30K i3 BaKJIMBUMM HayKOBUMU abo
MPaKTUYHUMU 3aBJAaHHSMW; aHaNi3 OCTAHHIX JOCJHi-
JUKeHb 1 11y OJIiKalliii, B SKUX 3a1109aTKOBAHO PO3B’sI3aHHSI
iei npobseMu i Ha AKi CIIMPAETHCSA aBTOP, BULIEHHS
HEPO3B'sI3aHNMX paHillle YaCTUH 3arajJbHOI MpobieMu,
KOTPUM TIPUCBSIYYETHCS 3a3HaueHa CTaTTs; (opmy-
JIIOBAHHS IIiJIel CTaTTi; BUKJIAZ OCHOBHOTO MaTepiamy
JOCJIKEHHST 3 TIOBHUM OOIPYHTYBaHHSIM OTPUMAaHWX
HAYKOBUX PE3YJITaTiB; BUCHOBKH 3 I[bOTO JIOCJI/IPKEHHST
i TIepCTIEKTUBY TIO/IATIBININAX PO3BIIOK Y ITHOMY HATIPSMI.

Y posnisi «Matepianu Ta MeTou», KPiM OCHOBHUX
JIOCJIIHUIBKUX METO/iB, 000B’S3K0BO CJIiJl 3a3HAYUTU
METOAU CTATUCTUYHOI 06poOKku. HaBojsiuu pesyJibra-
TU JOCJIKeH s, He caig aybmoBaty gani Tabaunb i
PUCYHKIB, BAPTO OOMEKUTUCS HAWBAKJIMBIIUME Bi0-
MOCTSIMU.

PE3IOME O CTATTI, B sikiit my6mikyioThCst
pe3yJIbTaTH eKCIIePUMEHTATBHUX IOCIIPKEHb, TOBUHHO
MaTH Ty CaMy CTPYKTYPY, III0 ¥ CTAaTT4, i MICTUTH Ti cami
pyopuku. Obcsr pestome — He mentie 1800 3uaxis (3
ypaxyBaHHAM TPOOLIIB i KJIFOYOBUX CJIIB).

I craTTi (KTiHigHI criocTepeskeH s, JIEKITi1, OTIISAIH,
CTATTi 3 iCTOPil METUITIHY TOITIO ) MOKYTH O(DOPMIIATUCS
iHaKIIe.

JIATPAMU ta TPADIKWN BcTaBiasiorh y TeKCT
Pa30M 3 BUXiTHUMU JAaHUMU, STKi BUKOPUCTOBYBAJIH JIJISI
o6y 108U,

OOTOTPADIT, EXOTPAMMU, Bukonani mpode-
ciitno Bpyuny MAJIIOHKMU nogatoTs B e1€eKTpOHHOMY
Bursi (BizckaHOBaHi 3 po3aiibHicTio He Merire 300 dpi
i 36epeskeni y dpopmarax TIFF un JPEG). @ororpadii
MAI[EHTIB MOJAI0Th 3 IXHBOI MUCBMOBOI 3rofu abo B
TaKOMY BUTJISI, 106 0c0OY XBOPOr0 HEMOKJIUBO OYJI0
BcranoBuTH. (byank ingopMoBanoi 3roan MarieHTa Ha
nyb6uikariio ioro dororpadii MOKHA 3aBAaHTAKUTU Ha
caiiti http://utj.com.ua — IIpo Hac — IIpo xypram —>
12. TlomiTika MO0 3aXUCTy YYACHUKIB TOCTiIZKEHHS. )

Hazupatoun jikapcbKuil 1pernapar, rnepepary Haja-
BaTH MiKHaponaHil HenmateHToBaHill Ha3Bi (INN), gky
MUCaTH 3 MaJIoil JITEPH.

CIIMUCKUN JIITEPATYPU cknamaoTh TiAbKU 32
aydaBiToM: CIIOYaTKy IMpaii KUPUJIWIEIO, a IMOTIM
satnnuieo. OdopMIeHHS Ma€ BiZIOBIIATH CTAHAAPTY
NLM (National Library of Medicine; https://www.ncbi.
nlm.nih.gov/books/NBK7256/. He aursiomoBHi 6i61i-
orpadivHi TOCUIaHHS AyOIIO0TH aHTTIHCHKOI0 MOBOTO
(Ha3By GepyTh 3 aHITIIHCHKOTO pe3toMe) i o3HAYaI0Th
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MoBy crarti, Hanpukaag Ukrainian. SIkuo B nepuio-
JKepelli HeMa€e aHTJIOMOBHOTO PeskoMe, CJiiji 3pobuTu
KBastiikoBaHMii nepexsan abo TpaHCaITepaIliio Ha3BK
JIATUHCBKUMU JiTepaMu. 3 YKPaiHChbKOI MOBU TPi3BU-
M2 aBTOMAaTUYHO MOJKHA TPAHCJIITEPyBaTH 3TiHO 3i
crangaprom KMY 2010 (macnoprhwuit), reorpadivni
na3Bu — 3rigno 3i crangaptroMm Y KITIIT 1996 (cripote-
Huit) 3a nocuaanusm https://www.slovnyk.ua/translit.
php. Hanpukinui norpibHo BkasyBaTu yHIKaJIbHUI
nudposuii ineaTudikatop crarri DOI, gkmo Takuii €.
[TepeBipuTn HasBHICTD y cTaTTi imenTudikatopa DOI
MoskHa Ha calitax http://search.crossref.org uu http://
www.citethisforme.com. /{nst orpumanusa indopmarii
o0 DOT oTpibHO BBECTH B MOITYKOBUH PSIIOK Ha3BY
CTaTTi aHIIIHCHKOIO MOBOIO.

VYei crarri, Hagicaani g nyGaikanii y pospmizax
skypHay «OpwurinanpHi gociipkeHHs», <«Jlikapcepki
3acobuy, «Oryaany ta «KiiHiynnii BUnagoks, miisara-
I0Th pelleH3yBanH0. Peflakiist 3auiinae 3a co60to mpaBo
3MIHIOBATH CTHIIb OGOPMIIEHHST CTATTi. 32 HeOOXiAHOCTI

CrarTi Ha/[cHJIaTH Ha azpecy: vitapol3@gmail.com

3pasKkn ohopMIIeHHS fiTepaTypu

CrarTta

cTaTTsi MosKe OyTH [OBEPHYTa aBTOPaM JJist JOOIPAIlio-
BaHHS Ta BiJIIIOBiZieil Ha 3alIUTaHHS.

[epeapyk omy6iKoBaHUX CcTaTeil MOKIMBUI Ha
ymosax Jitensii CC BY-ND 4.0.

[Ty6mikamiss crareii 6esomarTHa. 3a J0AATKOBUI
penakitiinmii cepsic (1mepeksiaz yKpaiHCbKOIO Y1 aHTJIii-
CbKOIO MOBAMHU, PeJlaryBaHHsI TEKCTIB, po3poOKa rpacdiu-
HUX 3a/1a4, OTIPAIIOBAHHS TOBHOKOJIbOPOBUX LTIOCTPAITiii
TOII[0) aBTOPU CIJIAYYIOTh KOINTH BiJ[IIOBITHO /10 BCTa-
HOBJICHOTO Tapudy.

[leTanbHile 3 pelakiifHOIO ITOJITUKOIO Ta yMOBAMU
ny6uikaiii B KypHaIi MOKHA O3HAHOMUTHCS Ha CaTi
http://utj.com.ua B poamimi «IIpo sKypHa>.

Ilepeonnamy na nepioduune Opyxosane GuUOAHHS
«Ykpaincorxuii mepanesmuvunuil acyprans moxcHa ogop-
mumu 8 pedaxiii.

Kimvkicmv pexnamu cmanosums 6ausvko Oecsamoi
YACMUHU 610 3a2abH020 00CS2Y BUOAHHSL.

Konraktauii tenedon: (44) 298-00-60

E-mail: vitapol3@gmail.com
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02304-0. PMID: 33076891; PMCID: PMC7574431.

CrarTa 3 IHTepHeTy

Structure and Dynamics: ejournal of Anthropological and Related Sciences [Internet]. Irvine (CA): University of
California. Vol. 1, No. 1, 2005 [cited 2007 Jan 25]. Available from: http://repositories.cdlib.org/imbs/socdyn/sdeas/.

MaTtepian koHcpepeHLUii

Von Auer C, Oldenburg J, Krause M, Miesbach W, Scharrer I, PTP-Study Group. In: Scharrer I, Schramm W, editors. 35th
Hemophilia Symposium; 2004; Hamburg, Germany. Berlin: Springer; 2006. p. 201-4.

OucepTauis

Roguskie JM. The role of Pseudomonas aeruginosa 1244 pilin glycan in virulence [master’s thesis]. [ Pittsburgh (PA)]:

Duquesne University; 2005. 111 p.

KHuxka

Eyre HJ, Lange DP, Morris LB. Informed decisions: the complete book of cancer diagnosis, treatment, and recovery. 2nd

ed. Atlanta: American Cancer Society; 2002. 768 p.

3pas3ku ayoroBaHHA mKepen aHrincbKo MOBOK

CrarTa

Danieenko T/, Tpinnes OE, Kyuuip IE, Yeprnosa BM, Fadeenko GD, Gridnyev OE, Kushnir IE, Chernova VM,
ComnomentieBa TA, Hikicoposa AB, Kypinna OI. Solomentseva TA, Nikiforova YaV, Kurinna OG. The improvement
ViockoHasieHHst JIiKyBaHHsI Ta poiiakTika nporpecysantst of treatment and prevention of non-alcoholic fatty liver disease
HEaJIKOTOJIbHOI JKUPOBOI XBOPOOU MEYiHKU Ha TJI progression against the background of metabolic disorders. Modern
MeTabosliuHuX 1opyiieHb, CydacHa racTpOeHTEPOJIOTIsL. Gastroenterology (Ukraine). 2022;5-6:17-91. http://doi.
2022;5-6:17-91. http://doi.org/10.30978/MG-2022-5-17.  org/10.30978/MG-2022-5-17. Ukrainian.

KHuxka

Axosnesa OO, Ilisropak KB. Kniniuna (papmaxodioris
JIKapChKUX 3ac00iB IS JTIKYBaHHSI 3aXBOPIOBaHb OPTaHiB
TpaBienns. Bimauit: Hosa xuura; 2014. 288 c.

Yakovleva OO, Pivtorak KV. Klinichna farmakolohiia
likarskykh zasobiv dlia likuvannia zakhvoriuvan orhaniv
travlennia. Vinnytsia: Nova knyha; 2014. 288 p. Ukrainian.

YKPAIHCbKWUI TEPANEBTUYHUN XXYPHATT o Ne 3 o 2024 o1



JiLeHsinHI yMOBW BUKOPWUCTAHHA HAYKOBOI CTATTI
B «YKpalHCbKOMY TeparneBTU4HOMY XKypHarli»

HasBsa crarTi

ABTOpHM cTaTTi

Mu, aBTOpHM CTaTTi, MATBEP/KYEMO, MO O3HAHOMJIEHI 3 TOJAHUM PYKOIMHMCOM i cXBajawiau Horo. Mu
rapaHTy€MO, 1[0 CTAaTTs € OPUTIHAJIBHOK POOOTOI aBTOPiB. MU rapaHTyeMo, 1[0 cTarTs He OyJja oIy-
GJylikoBaHA Ta He PO3IJISAAEThCI s yOsiKalii B iHIIMX BUAaHHsX. Bix iMeHi Bcix aBTOPIB cIiBaBTOP

Hece TTOBHY BiJITIOBI/IaTbHICTD 32 TIOJIAHHSI.

Mu miaTBEepIKYEMO TOIT (DaKT, 1110 BCi aBTOPH, IIepepaxoBaHi Ha TUTYJIbHI CTOPIHII, 3pOOKJIM 3HAUHII BHECOK
y poGOTY, IPOYUTAIM PYKOIIKC, IiATBEPAKYIOTh AIHCHICTD 1 JIEr TUMHICTD IaHKX Ta iX IHTEPIpETAIlilo, a TAKOK
MOTO/IKYIOTHCS HA TIOJIAHHS CTATTi 10 « YKPAiHCHKOTO TEPANIEBTHYHOTO JKYPHAITY .

Yci aBTOpM TOTOKYIOTHCS, TIIO CITMCOK aBTOPIB € MTPABUIBHUM Y CBOEMY 3MICTi Ta TIOPSIAIKY.

Yei aBTOpU TIOTOIKYIOTHCS 3 PIlIEHHSIM TOJI0OBHOTO PeJaKTopa PO MPURHATTS a00 BIAXUIEHHS PYKOIUCY
1o my6utikarii, a y pasi BUsBJIEHHST OY/b-sIKOTO TOPYIIEHHST €TUUHUX TPUHIUINB BUIAHHS B <« YKPAiHCHKOMY
TepareBTUYHOMY >KyPHAJIi» BI/IKJINKAHHS PYKOIIUCY € OCTATOUHUM.

Mu, aBTropu, Jlitiensiapu, rapaHTy€eEMO, 1110 BOJIOIIEMO BUKTIOUHUMU aBTOPCHKUMU IIPABaMU HA CTATTIO 1 HATAEMO
JlineHsiary, BUIaBIIO « YKpalHChKOro TepaneBTHaHOro sKkypHaiys» I «[HITOJI JITM», 6e30111aTHO HEBUKJIIOUHY
JIIIEH3110 Ha 11 ONPUJIIOTHEHHS Ta BUKOPUCTAHHS:

Ha TiepBHUHHE onyOIiKyBaHHs crarTi B KypHasi Ha ymosax Jiinensii CC BY-ND 4.0;

Ha alalTaIliio CTaTTi 3TiTHO 3 PeJAKIIMHUMU BUMOTaMU;

Ha MepeBipKy TEKCTY PYKOIIUCY Ha T1jIariaT;

Ha BUKOPUCTAHH: METAJAHUX CTATTI ILISIXOM 0OPOO/IEHHS I CCTeMAaTU3AlLii, JOBEAEHHs 10 3aTaIbHOTO BiOMa;
Ha PO3MIIIIEHHS CTaTTi B MepesKi [HTepHeT Ha caiTi ;KypHaJly Ta Ha Cliellia/li30oBaHuX caiiTax MeJInvHol iHhopmartii;
Ha BHECEHHS /IO MONTYKOBUX CUCTEM 1 HAYKOMETPUYHUX 6as;

Ha MepeKJIaJ] CTaTTi IHITUMU MOBaMU;

HA PO3IOBCIOKEHH CTATTi HEOOMEKEHNM HAKJIaI0M y Oyab-aKkKX (hopMaTax Ha PI3HUX HOCIAX indopmarii,
30KpeMa 3 KOMEPIHHOIO METOIO;

Ha 1iepesiavy, 36epiraHHs Ta OIPaIioBaHH TIEPCOHANBHUX JaHUX 6e3 0OMEKEHHsI CTPOKY BiZIOBIZHO 110 3aKOHY

Yrpainu «IIpo 3axucT mepcoHaTbHUX TaHIX>.

Asrtopu (Jlitiensiapu):

(npiseuwga ma nionucu)
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