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HewmonasHo B xypHani The Lancet Diabetes & Endo-
crinology ony0iKoBaHMI MeTaaHaIi3 CTOCOBHO 3MiH PiBHIiB
tupeoTporiHoro ropmoHny (TTTI') Ta BinbHOrO TUpOKCUHY
(8T,) y mpotieci crapinus. [Tpy 1boMy BUKOPUCTAHO MaHi
31 xoroptu 3 €Bpormu, CIIIA, A3ii, bpa3wrii Ta ABcTpartii,
mo Bkiovyanu 137 488 ygyacHukiB (MeniaHa Biky 60 pokiB,
nmiarmasoH 18—106).

Bimomo, 1o pesyiabratu aHamiziB (GyHKIIIOHATIBHOTO
craHy muTtononioHoi 3an03u (I3) MoxXyTh 3MiHIOBaTHUCS
3 BiKOM, MIOIIPU CyIEPEWINBI pe3yabTaTh 0araThbox IOCITi-
JKeHb. €Bporeiicbka TUPeoiqHa acoliallisi peKOMEeHIYE
BUKOPHUCTOBYBATH CIIeUM(pIYHUI IS BiKy pedepeHTHUI
intepsan TTT, 11100 YHUKHYTH TOMUJIOK B JIiarHOCTUILi CyO-
kiiHiyHuX qucdynkuii 3. YunHai HacTaHoBU AMepuKaH-
CbKOI TUPEOITHOI acolialii peKOMEeHIYIOTh IiABUIIYBATH
uinboBuii piseHb TTT y cuposarii kposi 10 4—6 MMO/a
B oci6 BikoM 70—80 poxkiB i crapiie, sIKi OTPUMYIOTb Tpe-
napaTy TUPEOiTHUX TOPMOHIB.

3minu piBHiB TTT Ta BT, y nporueci cTapiHHS MOXYTb
BiAPI3HATHUCH 3aJIEXKHO Bill €KOJOTIYHUX Ta TEHETUYHUX
YMHHUKIB, OMHAK iHTepIpeTallis mokKa3HuKiB ¢pyHkuii 1113
y JIIOJIel CTAapIIOro BiKy 3aJIMIIAETHCSI OCTATOYHO HE BU-
3HAUY€HOI0. ABTOPU MeTaaHaJli3y MOBiTOMIISIIOTh, 1110 BMIiCT
TTT OyB BUIIMIT TPpU 3pOCTaHHI BiKY Y perioHax 3 10CTar-

HIiM oTHIM 3a0e3MeYeHHsIM, ajle HIDKYUI — Y peTrioHax 3
nediunTom ifoxy. VIMOBIpHO, 116 MOKHA MOB’SI3aTH 3 M-
BUIIEHOIO TIOMIMPEHiCTIO PyHKIIioHaNIBbHOT aBTOHOMII 1113
B icTOpMuHO tomonediuuTHUX paitoHax. [1pu npoBeneHHI
ananizy TTI y cupoBarii KpoBi 3arajoM 3poCTaB 3 BiKOM,
ajie BeJM4MHa 11iei 3MiHU OyJia HE3HAYHOIO, MTPU LIbOMY
meniana TTT 36inburyBanacs auire Ha 0,5—1,0 MMO/n
npoTsarom XutTs Bin 18 no 100 pokis.

Dynkuig 13 Oyna 6iabln BapiabeabHOIO B OCIO BiKOM
65 pokiB i crapire, a 6inbin BupaxeHni smiau TTT Tta BT,
y 11ili BiKOBiii TpyIIi OyJi1 TTOB’SI3aHi 3 MiIBUILIEHUM PU3UKOM
cMmepTtHOCTI. Lleit pakT aBTOpM MOSCHIOIOTH HASIBHICTIO B
JIITHIX 0Ci0 OiBIIOT KiIBKOCTI HETUPEOITHUX 3aXBOPIOBAHb.

CuJIbHUMU CTOPOHAMU JTOCIIKEHHS € BEJIMKa, Teo-
rpadivyHO pisHOMaHiTHa BUOipKa, peTesibHi CTAaTUCTUYHI
MeToau. Xo4ya KOHIIEHTpallisl Hoay B cedi BUMiproBajiacs He
B yCiX KOTOpTax, iCTOPUYHUI CTATyC MOIHOTO 3a0e31eveH-
H$I KOXHOT KOrOpTH OYB peTesIbHO OXapaKTepU30BaHUI Ha
OCHOBI IOCTYITHUX JaHUX.

Cepen 0OMeXeHb 1IbOT0 JOCJiIKEHHSI MOXKHA Bil3Ha-
YUTU BiICYTHICTb BUMipIOBaHb TPUMNOATUPOHIHY B CUPOBa-
TIi KPOBi Ta 00OMexXeHy iH(pOpMallilo II0J0 ITOTeHIIMHIX
¢akTopiB, SIKi BIUIMBAIOTh Ha pe3yJbTaT, SIK-OT CYIMYTHi
3aXBOPIOBAHHS Ta BIUIMB JOBKULIA. Oco0M, sIKi OTpUMYBaIN
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JIEBOTUPOKCHUH, OyJIM BUKJIIOUCHI, TOMY HE3pO3yMiJIo, Y1
MOXHa eKCTparoJIloBaTh pe3yjbTaTu Ha 110 Tpymy. Kpim
TOTO, JOCJIIKYBaHi KOTOpTU OyJIU IIepeBakHO €BPOIICIi-
CBHKOTO TTOXOJI>KEHHSI.

Yu € miacTaBoio A1 MOYATKY IIPUOMY JIEBOTUPOKCUHY
He3HauyHe minBuieHHs KoHneHTpanii TTI B ocid Bikom
moHaz 65 pokiB i cTapiie, 3aTUIIAEThCS CYMEePEUTUBUM
muta"nHaM. Jocaimkenns TRUST nponemoncTpyBaio, mo
Teparist IeBOTUPOKCMHOM B 0Cib BiKOM 65 poKiB i cTapiire 3
He3HayHuM migsuineHHsM TTT Bim pecdepeHTHOrO mMiamazo-
Hy 0e3 KOpeKlIii 3a BikoM (cepeaHs BUXiTHAa KOHIICHTpAIlis
TTT 6,40 £ 2,01 MMO/1) He MOJIMIINIA CAMOIIOYYTTS
MalieHTIB.

JocmimkeHHs MOKa3yloTh, 110 YMHHI peKOMeHaalii
11010 BUKOPUCTAHHS BiKOBUX pedepeHTHUX dialla30HiB
TTI nnsa npu3HadyeHHS JIiKyBaHHS JIETKOTO TilTOTUPEO3y
Ta BU3HAYEHHS METHU Tepallii mpenapataMu ropmoHis 1113
MoTpeOyIOTh YTOUHEeHHS1. TpuBae 1oCIimKeHHsI, po3pobJie-
He U1l BCTAHOBJICHHSI ONTUMaJIbHUX L[ITIbOBUX MOKa3HU-
kiB TTT y niTHix moneit, siKi OTpUMYIOTh JT€BOTUPOKCUH
(NCT06073665).

Heo0xigHi mogaTKOBi JOCTIIKeHHSI, 1100 KpaIle 3po3y-
MiTH YMHHUKMU, SIKi CTIPUSIIOTH 3MiHaM MTOKa3HUKIB (YHKIIIT
1113 3 BikOM, Ta ONTUMIi3yBaTU HaJaHHS JOIIOMOTHU JIITHIM
JIIONISIM 3 TiIMOTHPEeo30M abo 3 TpPaHUUYHUMU 3HAYEHHSIMU
TTT.

Biranns unravam 3 MoHroiii — IUBOBMXKHOI KpaiHU B
cepui A3ii, sIKa MOEHYE CTApOIaBHI TPAAULIii Ta Cy4acHUA
po3BuToK. L1 KpaiHa acoLitOEThCs y OUTBIIOCTI IIOIEH Tillb-
KM 3 OpJIaMH JIIOTUX KOYiBHUKIB 3i MKITbHUX MiIPYYHUKIB
ictopii. Bona Bizoma cBoimu 6e3kpaiMu cTernaMu, KOYOBUM
CrocoOOM XUTTS Ta BeJIMKOIO icTopieto. Kitimar B MoHroil
KOHTUHEHTAJIbHUI, TOMY 3UMU TYT CYBOPI, a JliTa CIIEKOTHi.
Hanpukian, y3uMKy TemIiepatypa MOXe OIyCKaTHCS 10
—40 °C, Toai K yJiTKy BoHa 4acTto nepesuiiye +30 °C.
Vnau-barop — HalixonmomHimra ctonuus cBiTy. CepeaHbo-
piuHa TemIiepaTtypa TaM HUXK4a, Hixk Oynb-ne. HaceneH-
Hsl KpaiHM — BChOTO 3,5 MiJIbliOHA JIIOACH, a 11e poOUTh
1l HaliMEHIII HaceJIEeHOIO CYBEpEeHHOIO Jep:KaBOIO Y CBiTi.
Yepe3s Taki pi3Ki 3MiHU MOTOAY MiCLIE€Bi KUTeJi 3BUKJIU 10
CKJIAIHUX YMOB XUTTs. [1poTe 3aBIsiku 4ucTOMy MOBITPIO
Ta BEJIMKIl KiJIbKOCTI COHSIYHUX JHIB KpaiHa Ma€e 0COOJIMBY
MPUPOAHY Kpacy.

MowHroJtist Mae OHY 3 HaWBiMOMIIIIMX iCTOPilt y CBITI,
alKe came TYT HaponuBcs YuMHricxaH, 3aCHOBHUK MoH-
rojibebKoi iMmepii. ¥ XIII croniTTi fioro Bilfickka cTBOpUIN
HaMOLIBIIY CYyXOMYyTHY iMIIepito B icTopii moacTsa. B icropii
HebaraTo MocTaTeil BUKJIIMKAIOTh CTUIbKY XK TPETIETY i CTpaxy,
SIK JTiiep, sSIKuit 00’emHaB KO4YoBi TuieMeHa LleHTpaibHoi A3il
B Hail6GLIbIIy KOHTUHEHTAIBHY iMIIepiio. Moro Gesnpetie-
NEHTHUI yCTiX sIK 3aBOMOBHMKA OYB HE BUIMAIKOBICTIO, a
pPe3y/IbTaTOM CTPATEriYHOIO XUCTY Ta BiliCbKOBUX iHHOBAILIHA.
YuHricxaH 3a 25 pokiB 3yMiB 3aBOIOBATH OiIbIle 3eMeb i
HapoiB, HixX connaTy PumMcbkoi imriepii 3a 400 pokiBs.

OpHak MOHTOJIBbCHKA iMITepisl MOIIMPIOBAIACS 3 IOII0-
MOTOIO CYIIJIBHOTO TepOopy, TPUMYIIYIOUHN 0 TIOKOPU Yepe3
3arpo3y MOBHOrO 3HuINeHH:. [lompu TojlepaHTHICTh A0
peJNiriiiHuX i KyJIbTypHUX BiIMiHHOCTEH, Oy/ib-s1Ka HEJI0sTb-
HICTh Kapajacs XXOpCTOKOIO po3ipaBolo. s moaBiliHicTh
MPOrPECUBHOTO yIPaBIiHHS Ta 6€3XaJbHOTO 3aBOIOBAHHS

BU3HauUWIa cnamiuHy YuHricxaHa, 3poOMBIIM HOro iMIe-
pilo OTHOYACHO i MasikOM KyJIBTYpHOI iHTerpaiiii, i CMMBO-
JIOM CTpaxy.

YV MoHT01i10 IIPUITAENT B MiXKHAPOOIHUI aepoIIopT
iMeHi YuHricxaHa, cyyacHUM aBTOOaAHOM HOOMpaenics 10
romni YuHricxaHa, IMpoXUBa€EII B ToTeli «YuHricxan» i,
3BiCHO, BiJIBiIy€lll HAXOLIBIITY CTaTyO BEPIIHUKA Y CBiTi,
1110 300paxye YuHricxaHa Ha 00i10BOMY CKaKyHi (OCHOBHa
MeTa MO€ET MoI0poxKi). MOHYMEHT HACTIJIbKY BEJTMKUA, 1110
Ha roJIOBi KOHSI pO3MIillleHO OTJISIIOBUIA MalllaHYMK, 3Bifl-
KU BiIKPUBA€ETHCS TIPUTOJIOMIIIMBUI BuI. Bucora craTyi
BEJIMKOTO 3aBOiloBHMKA — 40 MeTpiB 0€3 ypaxyBaHHSI 1eCsI-
TUMETPOBOro ImoctameHTy. [1puBabIMBiCTh 11i€l KyIbTOBOI
KiHHOI CcTaTyi MoJjsirae He TiJIbKY B il MOHYMEHTAJIbHOCTI,
ajie i y CMUMBOJIIYHOMY 3HA4YE€HHI.

Sk HamioHanabHaA emOnemMa Monroirii, momioHo mo Eii-
denesoi Bexi y Ppaniii ado craryi CBodonu B CILA,
BEPILIHUK BTLTIOE B COOI BEJINKY iCTOPUYHY Ta KYJIbTYPHY
cnanmuHy kpainu. Cratys YnHricxaHa Ha KOHi — 1ie He
MPOCTO 300pakeHHsI JJeTeHAAPHOTO MPaBUTENIs, a i TUBO
IHXKeHEPHOI TyMKHU, 1110 TTOEIHYE PUCU €BPOMENHCHKOI TO-
TUKMU i3 Cy4aCHOIO €CTETUKOIO.

3 no6axaHHsIM YnTa4yam YacTiwle 3miHoBaTH
06CcTaHOBKY HaBKoJO ceb6e, BigKpMBaTh HOBI
Micus 3 iXHbOIO iCTOpiEl0 Ta NpUTamMaHHOO NuLle
iM aTmocdepoto,

rosioBHMI pegakTop npogecop,
4Ys1eH HayioHanbHOI cninku XypHanictis YKkpainu
Bonogumup IBaHoBu4 lNaHbkis M
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Metabolic-proteomic determinants

and immunogenetic transcriptomics of wound healing

in plastic and reconstructive surgery:
a cohort study

Abstract. Background. Perioperative care and postoperative complications, such as impaired wound healing,
infection, flap or graft failure, pathological scarring, remain a significant clinical challenge, negatively affecting pa-
tient outcomes and satisfaction. The aim of the study is to evaluate the IL6, CCL2, MAPK1, MAPKS, IL10, MMP9,
COL1A1 and COL3A1 genes’ transcriptional activity, functional networks, and major metabolic and immunogenetic
pathways involved in the wound healing in plastic and reconstructive surgery. Materials and methods. Ninety-five
women participated in the prospective longitudinal cohort study and underwent reconstructive/plastic surgery. Their
mean age was 35.48 + 6.61 years (from 19 to 57). All women underwent a set of clinical, demographic, laboratory
and instrumental examinations. The study was conducted in accordance with the principles of the GCP, Council of
European Convention on Human Rights and Biomedicine. Transcriptional activity of IL6, CCL2, MAPK1, MAPKS,
IL10, MMP9, COL1A1 and COL3A1 genes in the peripheral blood was validated by pathway-specific PCR array.
Functional linkage of the genes and protein-protein interaction were constructed using GeneMANIA software and
the STRING Interaction Network program. Results. Two hundred and sixty-seven gene-gene interactions of the
IL6, CCL2, MAPK1, MAPKS, IL10, MMP9, COL1A1, COL3A1 genes were established with the 20 most involved
genes, which realize their activity mainly through the following functional linkage: co-expression (50.06 %) and
co-localization (31.81 %) dominate, significantly less — common protein domains (8.63 %) and predicted (5.30 %)
and physical interactions (2.49 %), additional signaling pathways (1.71 %). The central place in the gene-gene
interaction network belongs to IL6, which acts as a key mediator of the pro-inflammatory response and connects
immune (CCL2, IL10), signaling (MAPK1, MAPKS8), and matrix (MMP9, COL1A1, COL3A1) components. IL10
gene shows the strongest expression (almost 3 times) in interaction with MAPK8 gene (M: 2.81 (p = 0.003)), the
latter activates inflammation, remodeling, and with excess expression — fibrosis. Conclusions. The IL6, CCL2,
MAPK1, MAPKS, IL10, MMP9, COL1A1 and COL3A1 genes’ transcriptional activity influence major metabolic and
immunogenetic pathways involved in the wound healing in plastic and reconstructive surgery.

Keywords: metabolism; genes expression; immune markers; proteomic activity; functional genetic linkage; mecha-
nisms; wound healing; plastic and reconstructive surgery; determinants

Introduction

Plastic and reconstructive surgery plays a pivotal role in
restoring anatomical structure, physiological function, and
quality of life in patients undergoing treatment for traumatic
injuries, congenital anomalies, degenerative disorders, on-
cologic defects, or aesthetic indications. The demand for
reconstructive and aesthetic procedures has grown steadi-

ly worldwide. On the other hand, the risk of postoperative
complications has been attributed mainly to perioperative
management, surgical technique and patient comorbidities
[1—4]. However, increasing evidence indicates that interindi-
vidual variability in wound healing cannot be explained solely
by technical or environmental factors. Instead, host-related
biological determinants including metabolic status, immune

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

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

[Jina kopecnonaeHuii: Cupopuyk Nlapuca MeTpiBHa, KOKTOP MeANYHMX Hayk, npodecop, 3aBiayBay kadeapu cimeitHoi MeauumHI, BYKOBUHCbKII AepxaBHU MeanuHuil yHiBepcuTeT, TeaTpanbHa

nnowya, 2, M. YepHisui, 58002, Ykpaina; e-mail: Isydorchuk@ukr.net; Ten.: +380 (99) 149-39-66

For correspondence: Larysa Sydorchuk, MD, DSc, PhD, Professor, Head of the Department of Family Medicine, Bukovinian State Medical University, Teatralna sg., 2, Chernivtsi, 58002, Ukraine; e-mail:

Isydorchuk@ukr.net; phone: +380 (99) 149-39-66
Full list of authors information is available at the end of the article.

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

Tom 22, N2 3, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

responses, and genetic regulation play a crucial role in de-
termining tissue repair dynamics and susceptibility to com-
plications [5—8].

Restoration of tissue integrity after injury is a fundamental
biological process in multicellular organisms [9]. In humans,
wound healing is a complex and tightly regulated sequence
involving hemostasis, inflammation, metabolic peculiarities,
cellular proliferation, and tissue remodeling [10]. These stages
depend on coordinated interactions among various cell types
and molecular mediators operating within precise spatial and
temporal regulation. Disruption of this process may lead to
pathological outcomes with significant clinical consequences
[11]. Impaired healing can result in chronic wounds, such as
diabetic, venous, or pressure ulcers, which affect millions
of patients worldwide and impose a substantial burden on
healthcare systems [12, 13]. Conversely, excessive repair re-
sponses may cause hypertrophic scarring, keloids, or fibrosis,
conditions that can compromise tissue function and remain
therapeutically challenging [14, 15]. In reconstructive proce-
dures, particularly implant-based interventions, postoperative
complications are commonly categorized as short-term or
long-term events: capsular contracture or animation defor-
mity, implant malposition, contour deformities, and rippling,
rare systemic conditions — breast implant illness and breast
implant-associated anaplastic large cell lymphoma.

At the molecular level, wound repair is regulated by growth
factors (e.g., VEGF, PDGEF, FGFs, TGF-f3), inflammatory
cytokines and chemokines (including interleukins IL1, TL6,
TNF-a, MCP-1, CCL2), and extracellular matrix regulators
such as matrix metalloproteinases (MMPs) [15—19]. These
mediators activate intracellular signaling pathways, inclu-
ding mitogen-activated protein kinases MAPK (MAPK1 and
MAPKS), phosphatidylinositol 3-kinase/protein kinase B
(PI3K/AKT), nuclear factor kappa-light-chain-enhancer
(NF-xB), and wingless-related integration site/beta-catenin
(Wnt/B-catenin), that control cell survival, proliferation, mi-
gration, and differentiation during tissue regeneration [20—23].

Equally important is the regulation of extracellular ma-
trix turnover and fibrogenesis. Matrix metalloproteinase-9
(MMP9) plays a critical role in ECM degradation and cel-
lular migration during the early phases of wound healing,
whereas collagen-encoding genes such as COL1A1 and
COL3AL1 govern the synthesis and organization of the struc-
tural matrix [24]. Balanced expression of these genes is es-
sential for proper tissue remodeling; excessive or dysregulated
activity may result in abnormal fibrosis or pathological scar
formation. Transforming growth factor-g1 (TGFf1), a cen-
tral regulator of fibroblast activation and collagen synthesis,
integrates inflammatory and profibrotic signaling pathways
and has been implicated in both normal tissue repair and
pathological fibrosis [25].

In addition to immune-genetic regulation, metabolic
factors, including insulin resistance, oxidative stress, dys-
lipidemia, and systemic inflammatory status, have emerged
as important modulators of immune function and tissue re-
generation. Metabolic-immune crosstalk influences mac-
rophage polarization, fibroblast activity, angiogenesis, and
ECM remodeling, suggesting that metabolic disturbances
may interact with genetic signaling pathways to shape wound
healing responses.

The aim of this study is to evaluate the 1L6, CCL2,
MAPKI1, MAPKS, IL10, MMP9, COL1A1 and COL3Al
genes’ transcriptional activity, functional networks, and ma-
jor metabolic and immunogenetic pathways involved in the
wound healing in plastic and reconstructive surgery.

Materials and methods

The prospective longitudinal cohort study included
95 women who underwent reconstructive or plastic breast
surgery. The mean age of participants was 35.48 £ 6.61 years
(range 19—57). All participants provided written informed
consent and underwent comprehensive demographic, clini-
cal, instrumental (breast ultrasound or mammography), and
basic laboratory examinations. The study was conducted
in accordance with the Council of Europe Convention on
Human Rights and Biomedicine, Declaration of Helsinki
and the Good Clinical Practice guidelines. Ethical approval
was obtained from the Biomedical Ethics Commission of
Bukovinian State Medical University.

Participants were stratified by age (< 30 years — 24.21 %,
30—39 years — 44.21 %, > 40 years — 31.58 %) and by the
presence of postoperative complications (12.63 % with com-
plications, 87.37 % without). Surgical procedures included
augmentation mammoplasty (69.47 %), reduction mammo-
plasty (5.26 %), mastopexy (6.32 %), mastopexy with aug-
mentation (9.47 %), implant replacement (7.37 %), and im-
plant removal (2.11 %). Observed complications comprised
retromammary seroma (2.11 %), capsular fibrosis (6.32 %),
implant retroposition with breast deformity (3.16 %), and
implant rupture (1.05 %). Previous surgical interventions
of other types were reported in 24.21 % of patients (e.g.,
appendectomy, ENT surgery, cesarean section), while
14.74 % had concomitant chronic conditions in remission.

Total RNA was isolated from peripheral blood leukocytes
using the GeneAll® Hybrid-RTM Blood RNA Kit (Gene-
All Biotechnology, Korea) according to the manufacturer’s
instructions. RNA quantity and quality were assessed prior
to analysis. Reverse transcription was performed using the
iScript™ gDNA Clear cDNA Synthesis Kit (Bio-Rad La-
boratories, USA). Gene expression analysis of 1L6, CCL2,
MAPKI1, MAPKS, IL10, MMP9, COL1AI, and COL3Al
was carried out using real-time quantitative PCR (RT-qPCR)
with iTaq Universal SYBR Green Supermix (Bio-Rad Labo-
ratories, USA) on a pathway-focused PCR array platform.
All reactions were performed in triplicate. Relative mRNA
expression levels were normalized to the reference gene
GAPDH and calculated using the comparative Ct (AACt)
method, with expression changes presented as 2"AACt fold
differences, as described in our former publications [25—28].

Statistical analyses were conducted using Statistica 7.0
(StatSoft Inc., USA) and Microsoft Excel 2016. Continuous
variables were assessed for normality using the Shapiro-Wilk
test. Normally distributed data are presented as mean =+ stan-
dard deviation (SD) and were compared using Student’s t-test
or one-way analysis of variance (ANOVA) where appropriate.
Non-normally distributed variables are presented as medi-
an (Me) with interquartile range (IQR Q1; Q3) and were
analyzed using the Mann-Whitney U test. Associations be-
tween categorical variables were evaluated using the ? test or
Fisher’s exact test when expected frequencies were < 5, with
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calculation of odds ratios (ORs) and 95% confidence intervals
(CIs). Multivariate associations were assessed using logistic
regression analysis. A two-sided p value < 0.05 was considered
statistically significant. Functional linkage of the genes and
protein-protein interactions were constructed using Gene-
MANIA software (http://genemania.org) and the STRING
Interaction Network program (https://string-db.org/).

Results

Within the framework of this study, gene-gene and pro-
tein-protein interaction networks involving the genes IL6,
1L10, CCL2, MMP9, MAPKI1, MAPKS8, COLI1AI and
COL3A1 were constructed using GeneMANIA software
and the STRING database. These networks were oriented
toward pathways associated with immune response, extra-
cellular matrix remodeling, and fibrogenesis. The analysis
revealed that the most significant gene-gene interactions
of the investigated genes and their expression profiles were
observed with 20 related genes (Fig. 1), with a total of 267
interactions identified. Functional associations were pre-
dominantly mediated through co-expression (50.06 %) and
co-localization (31.81 %). Less frequently, interactions were
associated with shared protein domains (8.63 %) and predict-
ed interactions (5.30 %), identified through bioinformatic
algorithms and integration of heterogeneous data types, in-
cluding machine-learning approaches and protein functional
similarity analyses, without direct experimental validation, as
potential mechanisms involved in scar formation. A smaller

proportion of interactions occurred through physical pro-
tein-protein interactions (2.49 %) and through shared signa-
ling pathways (1.71 %) identified in curated databases such as
KEGG, Reactome, and BioCarta, highlighting coordinated
regulation of wound-healing phases, fibrosis, and postope-
rative scar formation.

Within the interaction network, IL6 occupies a central
position, functioning as a key mediator of the pro-inflam-
matory response and linking immune components (CCL2,
1L10), signaling molecules (MAPK1, MAPKS), and extracel-
lular matrix-related elements (MMP9, COL1A1, COL3A1).
CCL2 is involved in monocyte chemotaxis and closely in-
teracts with IL6 and MAPK-dependent signaling pathways,
thereby amplifying the inflammatory cascade (Fig. 1).

MAPK1 and MAPKS constitute the signaling core of the
network, mediating cellular responses to inflammatory sti-
muli and regulating cytokine and extracellular matrix protein
expression. IL10 plays an anti-inflammatory role, modulating
the activity of pro-inflammatory cytokines and attenuating ex-
cessive immune responses. MMP9 is functionally associated
with extracellular matrix degradation and interacts with the
collagens COL1A1 and COL3ALl, reflecting processes of tissue
remodeling and fibrosis. The interaction between MMP9 and
collagen genes highlights the balance between matrix degra-
dation and connective tissue synthesis. Overall, the interac-
tion network involving IL6, 1L10, CCL2, MMP9, COLI1ALI,
COL3A1, MAPK1, and MAPKS8, demonstrates a tight in-
tegration of inflammatory, signaling, and fibrosis-related
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Figure 1. Network of interactions and functional linkage of genes (GeneMANIA — gene-centered) that regulate
the activity of inflammation, immune response, extracellular matrix remodeling, and tissue fibrosis
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Figure 2. Scheme of protein-protein interactions
of the analyzed genes’ expression
(STRING — protein-centered)

mechanisms, which may play a crucial role in the pathogene-
sis of chronic inflammation, regulation of wound-healing
phases, and postoperative scar tissue formation.

Protein-centered interaction of analyzed genes expression
of IL6, CCL2, MAPKI, MAPKS, 1L10, MMP9, COLIAL,
COL3AI1, TGFp1 generated by STRING-program based on
our data are shown in the Fig. 2.

The GeneMANIA analysis revealed functional relation-
ships primarily based on co-expression among genes associ-
ated with inflammation, signaling pathways, and extracellular
matrix regulation, which are involved in wound healing and
scar formation. The STRING network analysis further com-
plemented these findings by demonstrating experimentally
validated protein-protein interactions, thereby strengthening
the biological plausibility of the identified molecular axes.

To investigate the association between gene expression
and demographic, anamnestic, and clinical-laboratory pa-
rameters, IL10 gene with detectable transcriptional activity
in all examined individuals was selected. Group stratification
was performed based on the interquartile range (IQR) of
relative normalized mRNA expression levels: low expression:
<50 % (Q1-Q2), moderate expression: 50—75 % (Q2-Q3),
high expression: > 75 % (> Q3 quartile).

The IQR of IL10 mRNA expression showed no significant
association with participants’ age, blood group, Rh factor,
comorbid chronic diseases (18 % of cases overall), or history
of previous surgical procedures (Table 1). However, regarding
the type of breast surgery, implant replacement or removal
(repeat procedures) was more frequently associated with high
IL10 mRNA levels (= 0.99), observed in 30.35 % of cases
(p = 0.021). In contrast, primary augmentation mammo-
plasty, mastopexy, or their combination were more often as-
sociated with lower IL10 mRNA levels, observed in 34.15 %
(p = 0.028) and 29.48 % of operated women, respectively.
Postoperative complications were predominantly observed in
patients with the highest IL10 expression levels, occurring in
49.54 % (p = 0.003) and 53.21 % (p = 0.008) of cases, which
may reflect a compensatory adaptive immunological response.

Moderate and high IL10 gene expression were associated
with lower body mass index (BMI) in women, by 6.11 %
(p = 0.029) and 9.84 % (p = 0.003), respectively (Table 2).
No clear relationship was found between hemodynamic pa-
rameters and IL10 mRNA levels. Similarly, most biochemi-
cal blood parameters did not show significant associations
with IL10 transcriptional activity. However, in cases of high
IL10 expression (= 0.99), blood urea levels were higher than
in individuals with low or moderate IL10 transcriptional ac-
tivity, by 14.86 and 29.50 % (p = 0.021), respectively.

The genetic-molecular marker panel of postoperative
complications demonstrated a clear association between the
normalized expression of all analyzed genes and 1110 tran-
scriptional activity (Table 3). In cases of high 1110 expression
(mRNA > Q3), the transcriptional activity of L6, CCL2,
and MMP9 increased approximately 1.5-fold (p < 0.009—
0.004), while MAPK1, COLI1AI, and COL3Al expression
increased more than twofold (p < 0.012—0.001), and MAPKS
expression increased nearly threefold (p < 0.003—0.002).
Although the transcriptional activity of TGF@1 were insuf-
ficient for robust statistical analysis, a general trend toward
increased expression (approximately 3—4-fold) was observed.

Table 1. General clinical and demographic data depending on the IL10 gene expression value (mMRNA)

Age, years, M = SD

Augmentation mammoplasty
Reduction mammoplasty
Mastopexy
Mastopexy with mammoplasty
Implant replacement
Implant removal

Type of surgical
intervention, n (%)

Complications, n (%)
0 (I group)
A (Il group)
B (Ill group)
AB (IV group)
Rh+
Rh—
Surgical interventions in anamnesis, n (%)
Concomitant chronic pathology, n (%)

Blood type, n (%)

Rh factor, n (%)

mRNA mRNA mRNA
IL10 < -0.51, IL10 -0.50... 0.98, IL10 = 0.99,
n=25 n=12 n=13
34.60 + 6.00 37.75 + 4.54 35.08 + 4.81
16 (64.0) 8 (66.67) 6 (46.15)

2(8.0) 0 1(7.69)
3 (12.0) 2 (16.67) 1(7.69)
3(12.0) 0 0

0 2 (16.67) 4 (30.77)

1 (4.0) 0 1(7.69)
3 (12.0) 1 (8.33) 8 (61.54)
11 (44.0) 4 (33.33) 3 (23.08)
6 (24.0) 3 (25.0) 5 (38.46)
7 (28.0) 3 (25.0) 4 (30.77)

1 (4.0) 2 (16.67) 1(7.69)
21 (84.0) 11 (91.67) 11 (84.61)
4 (16.0) 1 (8.33) 2 (15.38)
4 (16.0) 2 (16.67) 5 (38.46)
5(20.0) 2 (16.67) 2 (15.38)
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Table 2. Hemodynamic, anthropometric and biochemical parameters in the examined depending

on the transcriptional IL10 activity (Q-Q3), M = SD

El

Parameters mRNA IL10 < -0.51 mRNA IL10 -0.50... 0.98 mRNA IL10 = 0.99
Weight, kg 63.48 + 3.71 60.75 + 3.19 58.62 + 2.96; p = 0.008
Height, cm 166.08 + 3.64 167.58 = 2.20 168.08 £ 2.92
BMI, kg/m? 23.06 = 1.44 21.65 + 1.52; p = 0.029 20.79 = 1.98; p = 0.003
SBP, mmHg 113.84 + 4.93 122.50 + 4.61; p = 0.001 115.77 + 3.69; p, = 0.032
DBP, mmHg 71.84 + 3.03 72.92 + 3.59 71.15 +6.32
Heart rate, bpm 70.80 = 3.01 73.25+4.73 71.54 £ 3.82
ALT, mM/h/I 15.72 + 3.24 15.90 + 3.51 19.85 + 6.69
AST, mM/h/l 18.12 + 3.40 18.24 + 3.08 20.66 = 4.62
Total bilirubin, pM/I 10.77 £ 3.02 12.90 + 3.51 12.35 £ 3.75
Glucose, mmol/l 4.68 £0.44 4.81 £0.26 477 £0.25
Total protein, g/l 74.77 £ 2.89 72.81 £2.95 75.50 = 3.53
Blood creatinine, pmol/l 60.01 + 7.37 59.01 +5.85 64.14 = 7.21
GFR, ml/min/1.73 m? 115.14 £ 7.06 112.69 + 4.13 112.16 + 8.67
Alkaline phosphatase, U/l 55.06 = 7.45 51.03 £ 6.73 55.73 £ 7.07
Urea, mmol/l 4.70 = 0.61 417 = 0.71 5.40 + 0.79; p = 0.06; p, = 0.021

Notes: SBP, DBP — systolic, diastolic blood pressure; ALT, AST — alanine, aspartate aminotransferase; GFR —
estimated glomerular filtration rate (CKD-EPI equation); p — significance of differences with the group with
IL10 mRNA level < -0.51; p, — significance of differences with the group with IL10 mRNA level -0.50... 0.98.

Table 3. Genetic-molecular marker panel of postoperative complications depending on the transcriptional
activity of IL10 gene (Q-Q3), Me (Q1; Q3); M

Genetic marker mRNA IL10 < -0.51 mRNA IL10 -0.50... 0.98 mRNA IL10 2 0.99

L6 —0.72 (-3.28; —0.24) 0.015 (0; 1.04) 1.13 (0.45; 2.0)

M: —1.64 M: 0.43 (p = 0.02) M: 1.64 (p = 0.0086)
coL2 —2.59 (—4.95; —0.69) 0.03 (0; 1.56) 1.06 (1.01; 2.35)

M: -3.48 M: 0.98 (p = 0.009) M: 1.53 (p = 0.004)
MAPKA —1.32 (-2.67; 0) 0.015 (0; 0.47) 1.13 (1.09; 2.02)

M: —1.17 M: 0.27 (p = 0.035) M: 1.99 (p < 0.001; p, = 0.012)
MAPKS 0.05 (-1.15; 1.03) —0.72 (-2.50; 0.11) 2.02 (1.12; 3.15)

M: —1.19 M: —0.47 M: 2.81 (p = 0.003; p, = 0.002)
MMPY —0.67 (-2.65; 0.83) —0.22 (—4.23; 0.35) 1.51 (-0.67; 2.52)

M: —1.11 M: —1.53 M: 1.24 (p = 0.007; p, = 0.009)
COL1AT —0.47 (-1.70; 1.04) 1.10 (~0.66; 0.97) 2.33 (-1.17; 3.74)

M: -0.36 M: 0.53 M: 2.12 (p = 0.012)
COL3AT 0.03 (~0.07; 0.25) 0.03 (0; 0.88) 1.19 (0.64; 2.29)

M: -0.83 M: 0.39 M: 2.02 (p = 0.003; p, = 0.033)
TGFB1 0.80 (=1.10; 0.90) 2.68 (1.84; 3.52) Me: 4.35

M: -0.40 M: 2.96 M: 4.35

Notes: p — significance of differences with the group with IL10 mRNA level < -0.51; p, — significance of diffe-
rences with the group with IL10 mRNA level —-0.50... 0.98.

Discussion

The present study integrates transcriptomic profiling with
gene-gene and protein-protein interaction analyses to eluci-
date molecular mechanisms underlying postoperative wound
healing and scar formation. Our network-based analysis re-
vealed a tightly interconnected regulatory axis involving in-
flammatory mediators (IL6, CCL2), intracellular signaling
molecules (MAPK1, MAPKS), anti-inflammatory regulators
(IL10), and extracellular matrix (ECM) remodeling compo-
nents (MMP9, COL1A1, COL3A1). These findings support
the concept that postoperative tissue remodeling represents
a coordinated process integrating immune activation, signal
transduction, and matrix reorganization. Gene interaction
analysis demonstrated that co-expression constituted the

predominant functional link within the network, followed by
co-localization and shared protein domains. Such patterns
are typical of genes involved in complex biological processes
such as wound repair, where coordinated transcriptional
programs regulate inflammatory signaling and matrix turn-
over simultaneously. Previous systems biology studies have
demonstrated that wound healing networks are characterized
by high levels of transcriptional co-regulation among cyto-
kines, ECM components, and signaling mediators, reflecting
their functional interdependence during tissue regeneration
and fibrosis [29—31].

Within the identified interaction network, IL6 emerged as
a central hub, linking immune, signaling, and ECM -related
genes. 116 is widely recognized as a key mediator of the early
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inflammatory phase of wound healing and plays an impor-
tant role in regulating fibroblast activation, collagen synthe-
sis, and angiogenesis [32—34]. Excessive or prolonged 1L6
signaling has been associated with pathological fibrosis and
hypertrophic scar formation, highlighting its central role in
the balance between regenerative and fibrotic repair process-
es [35]. The interaction between 1L6 and CCL2, observed
in our network, further supports this inflammatory axis, as
CCL2-mediated recruitment of monocytes/macrophages is
critical for orchestrating inflammatory responses and subse-
quent tissue remodeling [16, 36].

Another major component of the interaction network
was the MAPK signaling pathway which serves as key in-
tracellular mediators translating inflammatory stimuli into
transcriptional responses that regulate cytokine produc-
tion, fibroblast proliferation, and ECM synthesis [21, 22].
Activation of MAPK cascades has been implicated in fi-
broblast differentiation into myofibroblasts, a process that
drives collagen deposition and scar formation. Our findings
indicating strong interactions between MAPK genes and
both cytokines and ECM-related genes are consistent with
previous reports demonstrating that MAPK signaling in-
tegrates inflammatory and fibrotic responses during tissue
repair [37, 38].

In contrast to pro-inflammatory mediators, IL10 func-
tions as a major anti-inflammatory cytokine that modulates
immune responses and limits excessive tissue damage. Ex-
perimental and clinical studies have shown that 1L10 sup-
presses pro-inflammatory cytokine production and attenu-
ates fibrosis by regulating macrophage activity and fibroblast
function [39]. Interestingly, our analysis demonstrated that
increased IL10 expression was associated with higher tran-
scriptional activity of several inflammatory and ECM-re-
lated genes, suggesting a compensatory immunoregulatory
response during postoperative tissue repair. Elevated 1110
levels in patients with postoperative complications may there-
fore reflect an adaptive mechanism aimed at controlling ex-
cessive inflammation.

The identified interactions between MMP9 and collagen
genes (COL1AI and COL3A1) highlight the dynamic ba-
lance between ECM degradation and synthesis. MMP9 is a
key matrix metalloproteinase involved in collagen breakdown
and remodeling of the extracellular matrix during wound
healing [40]. Proper regulation of MMP activity is essential
for maintaining tissue homeostasis, whereas dysregulated
MMP expression can lead to either excessive fibrosis or im-
paired wound repair [41]. The close functional relationship
observed between MM P9 and collagen genes in our network
reflects this tightly controlled balance between matrix depo-
sition and degradation.

Our clinical analysis further demonstrated that IL10 tran-
scriptional activity was associated with multiple molecular
markers of inflammation and ECM remodeling, supporting
its central regulatory role in postoperative tissue respon-
ses. Increased expression of IL6, MAPK1, MAPKS, CCL2,
MMP9, and collagen genes in the presence of high IL10
activity suggests coordinated activation of inflammatory and
fibrotic signaling pathways. Such integrated regulation has
been described in systems biology models of wound healing,
where inflammatory and reparative pathways are activated

sequentially but remain tightly interconnected [42—44].
From a translational perspective, the molecular interaction
network identified in this study may contribute to the de-
velopment of predictive biomarker panels for postoperative
complications and pathological scar formation. Combined
evaluation of inflammatory cytokines, signaling mediators,
and ECM remodeling markers may improve risk stratifica-
tion and enable personalized perioperative management.
Such analyses are particularly relevant in reconstructive and
plastic surgery, where optimal outcomes depend on finely
tuned regenerative responses.

Several limitations should be acknowledged. First, the
transcriptomic analysis was performed in a relatively limited
patient cohort, which may restrict the generalizability of
the findings. Second, although STRING analysis supported
experimentally validated protein interactions, functional vali-
dation at the cellular or protein level was beyond the scope of
the present study. Future studies integrating transcriptomics,
proteomics, and functional assays will be necessary to further
elucidate the regulatory mechanisms underlying postopera-
tive wound healing and scar formation.

Conclusions

The present study demonstrates that inflammatory cy-
tokines (IL6, CCL2), MAPK signaling pathways (MAPKI,
MAPKS), and ECM remodeling genes (MMP9, COL1A1
and COL3Al) form an integrated regulatory network that
may play a central role in postoperative tissue repair and fi-
brosis. Identification of these molecular interaction axes pro-
vides new insights into the biological mechanisms of wound
healing and may facilitate the development of predictive
biomarkers and targeted therapeutic strategies for improving
surgical outcomes. 1L10 gene shows the strongest expression
(almost 3 times) in interaction with MAPKS gene (M: 2.81
(p = 0.003; p, = 0.002)), the latter activates inflammation,
remodeling, and excess expression — fibrosis.
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MeTa6oAiYHO-NPOTEOMHI AETEPMIHAHTU TA IMYHOr€HEeTUYHA TPAHCKPUNTOMIKA
3ArO€HHS PAH Y NACGCTUYHIN | PEKOHCTPYKTUBHIN Xipyprii:
KOroptHe AOCAIAYKEHHS

Pe3wome. Axmyaavnicmeo. TlepionepaiiiHnii QOIS Ta MiCs-
ornepalliifHi yCKIaaqHeHHsI, SIK-OT MOPYIIEHHS 3aTOEHHS paH, iH-
(bexl1isl, BiTTOpTHEHHSI KJIaITs a00 TpaHCIJIaHTaTa, MaToJOTriuHe
pYOLIIOBaHHSI, 3aIMILIAI0ThHCSI CEPHO3HOIO KITIHIYHOIO MTPOOIEMOIO,
1[0 HEraTUBHO BIJIMBAE HA Pe3yJbTaTH JIIKYBaHHS Ta 3a10BOJIE-
HICTh MauieHTiB. Mema: OUiHUTU TPAHCKPUTILIIITHY aKTUBHICTh
reniB 1L6, CCL2, MAPK1, MAPKS, 1L10, MMP9, COL1AI
i COL3Al, dyHKIiOHaTbHUX MEpeX Ta OCHOBHUX MeTaboJ1iu-
HUX i IMyHOTEHEeTUYHUX IUISIXiB, 110 OEpyTh Y4acTh y 3arOEHHI
paH y TUIaCTUYHII Ta pEKOHCTPYKTUBHII Xipyprii. Mamepiaiu ma
Memoodu. Y IPOCTIEKTUBHOMY MO3I0BXHbOMY KOTOPTHOMY JTOCTi-
JUKEHHI B3sUTM yyacThb 95 XKiHOK, sIKi epeHecau peKOHCTPYKTHUBHI/
NJIAaCTUUHi XipypriuHi BTpyyaHHs. IxHiit cepenniii Bik cTaHOBMB
35,48 + 6,61 poky (Bim 19 no 57). YciMm xiHKaMm ITpoBeIeHO KOMIT-
JIEKC KJIiHIYHUX, AeMorpadiyHux, J1abopaTOpHUX Ta iHCTPYMEH-
TaJIbHUX 00CTeXeHb. JlocaiakeHHs] BAKOHYBaJIU BiJMOBIAHO 10
npuHuunis GCP, Pagu €Bponu 3 npas JIOAUHU Ta GioMean1n-
Hu. TpanckpunuiiiHy aktusBHicTh reHis 1L6, CCL2, MAPKI,
MAPKS, IL10, MMP9, COL1A1 ta COL3Al y nepudepuyHiit
KpOBi MiaTBepakeHo 3a gonomoroto [1JIP-uuny, crnenundiyHoro
JUTSE BITIOBITHUX CUTHAJIBHUX LUIsIXiB. DYHKIIIOHANIBHUE 3B’ s1-
30K I'eHiB Ta 0iJI0K-0iJIKOBI B3a€MOIii T0OyI0BaHi 3a JOIIOMOT0IO
nporpamHoro 3abe3neueHHss GeneMANIA it nmporpamu STRING

Interaction Network. Pesytssmamu. YcranosieHo 267 reH-TeHHUX
B3aemoniii reniB 1L6, CCL2, MAPKI1, MAPKS, 1L10, MMP9,
COLI1A1, COL3A1 i3 20 Hait6inb11 3aTy4eHUMMU T€HaMU, 1110 pe-
aJIi3yl0Th CBOIO aKTUBHICTh IIEPeBaXKHO Yepe3 HACTYITHI (PYHKIIiO-
HaJIbHI 3B’13KU: foMiHye Koekcrpecist (50,06 %) Ta kojokaizalist
(31,81 %), 3HauHO piaiie — 3arajabHi 6iKOBI nomeHu (8,63 %),
nependauysati (5,30 %) Ta bizuuni B3aemoqii (2,49 %), nonaTkosi
curHaibHi muisixu (1,71 %). LleHTpanbHe Miclie B MepeKi reH-TeH-
HOI B3aeMoii HajleXXuThb IL6, sKuii BUCTYIAE KIIIOYOBUM MeJiaTo-
pOM Tpo3anaibHOI Binnosiai Ta mos’s3ye imynHi (CCL2, IL10),
curHanbHi (MAPKI1, MAPKS) i matpuxkcui (MMP9, COLIAI,
COL3AL1) kommnoneHTu. ['en IL10 neMOHCTpye HAICUITBHIIITY eKC-
npecito (Maitke B 3 pa3u) y Bzaemozii 3 reHom MAPKS (M: 2,81
(p = 0,003)), ocTaHHii1 aKTUBY€ 3aMajJieHHsI, PEMOETIOBaHHS, a
3a HaaMipHOi ekcrpecii — ¢idbpo3. Bucnosxu. TpaHckpuriiliHa
aktuBHicTh reHiB IL6, CCL2, MAPKI1, MAPKS, IL10, MMP9,
COLI1A1i COL3A1 BrimBae Ha OCHOBHI MeTa0OJIiuHi i1 iMyHOTe-
HETUYHI LIJIIXU, 10 OEpYTh YIaCTh Y 3aTOEHHI paH y IUIACTUYHI
Ta PEKOHCTPYKTUBHIl Xipyprii.

Kiro4oBi ci1oBa: MeTabosisM; eKcripecis TeHiB; iMyHHI MapKepu;
MPOTEOMHA aKTUBHICTb; (DYHKILIIOHATbHUI F€HETUYHUI 3B S130K;
MeXaHi3MU; 3arOEHHS paH; TUIACTUYHA Ta PEKOHCTPYKTUBHA Xi-
pyprisi; aeTepMiHaHTH
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The role of vascular endothelial growth factor C
in thyroid cancer metastasis

Abstract. Background. The vascular endothelial growth factor (VEGF) system includes several ligands: VEGF-A,
VEGF-B, VEGF-C, VEGF-D and their receptors: VEGFR-1, VEGFR-2, and VEGFR-3. VEGF-A primarily signals
through VEGFR-2, promoting endothelial cell proliferation, migration, and survival. VEGF-C and VEGF-D are
particularly important for lymphangiogenesis via VEGFR-3, which is highly relevant to lymph node metastasis in
thyroid cancer. The aim of this study was to compare levels of VEGF in tissue samples of conditionally normal
(CN) thyroid tissue, follicular adenoma, goiters, papillary thyroid carcinoma (PTC), metastasis (Mts), as well as
in blood plasma and peripheral blood mononuclear cells (PBMC) of patients with PTC. Materials and methods.
Postoperative samples of tissue, blood plasma, and cells were obtained from the surgical department of the IEM
clinic. The amount of VEGF was determined using enzyme immunoassay kits. Results. VEGF levels in benign
neoplasms did not differ from those in CN tissue. There was significant difference between CN tissue and PTC
tissues without Mts. The level of VEGF-C in the PTC tissues with Mts was ~ 2.5 times higher than in CN tissues. The
high level of VEGF-C was observed in the Mts tissue. The VEGF-C concentration in PTC tissue with Mts exceeded
its level in the PTC tissues without Mts by more than 2 times. In plasma and, especially, PBMC of PTC patients,
VEGF-C concentration significantly exceeded control levels but there were no differences between specimens with
and without Mts. Conclusions. VEGF-C levels in benign thyroid neoplasms did not differ from those in CN tissue. In
PTC tissues with Mts, VEGF-C concentrations were significantly elevated compared to CN and PTC tissues without
Mts. Our findings reveal significant differences in VEGF concentrations between PTC tissues with and without Mts,
which may be useful for predicting metastatic potential of tumor. The level of VEGF-C in plasma and PBMC can
become the basis for PTC diagnosis in the preoperative period.

Keywords: vascular endothelial growth factor C; papillary thyroid carcinoma; metastasis; benign neoplasms

Introduction

Thyroid cancer originates from follicular or parafollicular
cells and includes several histological subtypes, such as PTC,
FTC, MTC and anaplastic thyroid carcinoma (ATC). PTC
is the most frequent subtype, accounting for 85—90 % of all
thyroid tumors. While most differentiated thyroid cancers are
indolent, a subset develops regional lymph node or distant
metastases [1—4].

Tumor angiogenesis plays a fundamental role in enabling
cancer cells to invade surrounding tissues and disseminate
to distant organs. Among angiogenic factors, VEGF has
emerged as a central mediator of tumor-associated neovas-
cularization [5, 6].

The VEGF system includes several ligands: VEGF-A,
VEGEF-B, VEGF-C, VEGF-D, placental growth factor
and their receptors: VEGFR-1, VEGFR-2, and VEGFR-3.
VEGF-A primarily signals through VEGFR-2, promo-
ting endothelial cell proliferation, migration, and survi-
val. VEGF-C and VEGF-D are particularly important for
lymphangiogenesis via VEGFR-3, which is highly relevant
to lymph node metastases (LNM) in thyroid cancer. The
biologically active forms of these factors are constituted as
homodimers or heterodimers that bind structurally and
functionally related tyrosine kinase receptors expressed on
the cell surface, including VEGFR-1-3 [6]. Upon receptor
activation by their respective ligands, the targeted cells elicit
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cascade signaling events, embroiling phosphotidylinositol-3
kinase (PI3K), mitogen-activated protein kinase (MAPK),
cytoplasmic tyrosine kinase Src, and phospholipase C gam-
ma (PLC y) pathways [5, 6].

The aim of this study was to compare levels of VEGF-C
in tissue samples of conditionally normal (CN) thyroid tissue,
follicular adenoma (FA), goiters, papillary thyroid carcinoma,
metastasis (Mts), as well as in blood plasma and peripheral
blood mononuclear cells (PBMC) of patients with PTC.

Materials and methods

The research protocol was approved by the Bioethics
Commission of the V.P. Komisarenko Institute of Endocrino-
logy and Metabolism of NAMSU, protocol No. 26-KE dated
April 10, 2019. All patients signed informed consent for the use
of biomaterials for further diagnostic and scientific research.

Postoperative samples of FA, 2 types of goiter, PTC, Mts,
and conditionally normal (non-tumor, morphologically un-
changed thyroid tissue) tissue, obtained from the surgical
department of the Institute’s clinic, were used for research.
Blood plasma and blood cells (PBMC) of patients were also
analyzed. Blood was obtained by standard venipuncture and
stored in EDTA tubes. Plasma was separated by centrifugation
within 10 minutes after blood sampling. The PBMC were
collected using Histopaque 1077 (Sigma, USA) [7]. The con-
centration of protein in cell and tissue lysates was determined
according to Bradford [8]. Blood controls were taken from
healthy individuals without thyroid and comorbid diseases.

Samples were stored at —80 °C until use. The amount of
VEGF-C was determined using enzyme immunoassay Kkits
EH1506 (FineTest®, China). Measurements were performed
at an optical wavelength of 450/630 nm on an immunoenzy-
matic plate analyzer Stat Fax 3200 (Awareness Technology,
USA).

Patients with PTC, PTC + Mts, FA, and goiters par-
ticipated in the study. Group 1-2 included eight samples
with FA, group 3—4 — eight samples with nodular goi-
ter, group 5—6 — eight samples with multinodular goiter
(MNG), groups 7—8 — sixteen samples with PTC without
Mts, group 9—11 — twenty-four samples with PTC and Mts.
The concentration of VEGF-C in plasma of 9 patients with
PTC without Mts and 10 patients with PTC and Mts was
also determined. Blood from 5 individuals without thyroid
diseases and other chronic diseases, representative for age,
was used as a control.

Statistical analysis and data presentation were performed
using Origin 2019b software. The results of the study are pre-
sented as M *+ SE. Student’s t-test and nonparametric tests
was used to compare data groups. Values of p < 0.05 were
considered significant.

Results

The level VEGF-C varied from 0.245 + 0.013 ng/mL in
CN tissue to 0.893 + 0.117 ng/mL in PTC with Mts.

Fig. 1 presents the results of the VEGF-C detection in
the postoperative tissue of patients with FA, PTC and goiters.
No differences were observed between the concentration of
VEGF-C in tissues of benign neoplasms and in the corre-
sponding CN tissues (Fig. 1, groups 1—6). There was a small
but significant difference between CN tissue and PTC tissues

without Mts (Fig. 1, groups 7, 8). The level of VEGF-C in
the PTC tissues with Mts was more than 2.5 times higher
than in CN tissues (Fig. 1, groups 9, 10). Very high level of
VEGF-C was observed also in the Mts tissue (group 11). Itis
important to note that VEGF-C concentration in PTC tissue
with Mts exceeded its level in the PTC tissues without Mts by
more than 2 times (Fig. 1, groups 8, 10).

The level of VEGF-C in the PMBC of PTC patients in-
creased up to 10 times (Fig. 2) compared to control samples
(cells of healthy people) but there was no difference between
PTC with Mts and PTC without Mts. The same pattern was
observed for blood plasma but the amplitude of changes was
much lower compared to cells.

Thus, the level of VEGF-C in the PTC tissues of patients
with Mts and in Mts itself was significantly higher than in
tissues of PTC patients without Mts and benign neoplasms.

% +
300 - l +
250 l
200
150 -

100 ~
0 T T T T T T T T T T T
i 2 3 4 5 6 7 8 9 10 M
Figure 1. VEGF concentrations in the thyroid benign
neoplasms and malignant tumors
Notes: groups 1, 3, 5, 7, 9 — CN tissue (100 % in each
group); group 2 — FA; group 4, 6 — nodular goiter and
MNG, respectively; group 8 — PTC without Mts; group
10 — PTC with Mts; group 11 — Mts; * — significant
differences from correspondent CN tissue, P < 0.05;
+ — significant differences from groups 1-9, P < 0.05.
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Figure 2. VEGF concentrations in the blood cells
and plasma of patients with PTC with and without Mts

Notes: Contr. — plasma and cells of healthy people;
PTC — blood of patients without Mts; PTC + M — tumor
tissue with Mts. VEGF levels in PTC specimens signifi-
cantly different from control groups, P < 0.05.
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These data may have the prognostic value for predicting of
Mts formation and facilitate the differentiation of benign
thyroid neoplasms from PTC. The levels of VEGF-C in the
PTC blood cells and plasma were also much higher than in
control samples but there are no difference between PTC
with and without Mts.

Discussion

VEGF-C is one of the most potent directly acting lymph-
angiogenic factors of the VEGF family. Numerous factors
involved in lymphangiogenesis have been identified, among
which the VEGFR-3 and its ligand VEGF-C constitute the
central signaling axis initiating this process [9]. Activation
of VEGFR-3 triggers downstream signaling cascades that
regulate the essential steps of lymphangiogenesis, including
proliferation, migration, and tubular formation of lymphatic
endothelial cells. Consequently, VEGFR-3 and VEGF-C
are considered promising therapeutic targets for suppressing
lymphangiogenesis and subsequent LNM [9].

The formation of new lymphatic vessels is critical for
tumor cell dissemination to regional lymph nodes and the
development of lymphatic Mts. VEGF-C plays a prominent
role in lymphatic Mts in a wide range of malignancies, in-
cluding gastric cancer, cervical cancer, melanoma, and thy-
roid cancer. It was reported that VEGF-C is overexpressed
in thyroid carcinomas and that its elevated expression is sig-
nificantly associated with LNM [10—13].

Early studies demonstrated that VEGF is a potent angio-
genic factor that promotes tumor angioinvasion and distant
Mts, whereas VEGF-C preferentially enhances nodal Mts
through its lymphangiogenic effects. Although both VEGF
and VEGF-C contribute to tumor Mts in PTC, the clini-
cal significance of circulating VEGF-C has remained con-
troversial. Preoperative serum VEGF-C (sVEGF-C) levels
were found to be significantly higher in patients with PTC
than in control subjects. Elevated sSVEGF-C levels were as-
sociated with older age, extrathyroidal invasion, and the
presence of LNM, whereas serum VEGF levels were signifi-
cantly increased in patients with multifocal tumors. Notably,
SVEGF-C, but not sVEGF, showed a significant correlation
with high-risk PTC. A preoperative SVEGF-C concentration
exceeding 7,200 pg/mL was identified as the only indepen-
dent risk factor for nodal Mts. Furthermore, SVEGF-C levels
decreased significantly three months after thyroidectomy in
PTC patients but not in control individuals. Collectively, these
findings indicate that SVEGF-C levels in PTC patients cor-
relate strongly with LNM and advanced tumor stage [10—12].

Numerous studies have demonstrated that VEGF is over-
expressed in thyroid cancer tissues compared with normal
thyroid tissue. Elevated VEGF expression correlates with
increased microvessel density, larger tumor size, extrathy-
roidal extension, and the presence of both LNM and distant
Mts. Aggressive thyroid cancer subtypes, including ATC
and metastatic PTC, often exhibit particularly high levels of
VEGF expression [12, 14—17]. In PTC patients, the eleva-
tion of serum VEGF-C and VEGFR-3 levels was associated
with an advanced clinical stage (II1-1V), elevated thyroid-
stimulating hormone (TSH) level, an age over 45 years, and
a tumor diameter exceeding 2 cm. Patients with LNM had
significantly higher VEGF-C level but lower VEGFR-3 le-

vel than those without Mts regardless of gender. Detecting
serum VEGF-C and VEGFR-3 levels combined with TSH
may enhance the early diagnosis rate of papillary thyroid
carcinoma [18]. Serum VEGF increased in patients with
recurrent thyroid cancer following surgical therapies [19].

Overexpression of VEGF-C has been detected in appro-
ximately 69 % of PTC specimens but in only 5 % of benign
thyroid tissues. Comparative analyses between metastatic
and nonmetastatic PTC revealed higher VEGF-C expression
levels in both tumor tissue and adjacent nontumorous thyroid
tissue in metastatic cases. Immunohistochemical studies have
shown that VEGF-C protein is markedly overexpressed in
PTC lesions and that this overexpression correlates strongly
with cervical LNM. These findings suggest that VEGF-C
plays a significant role in PTC-associated lymphangiogene-
sis; however, further studies are required to validate its clini-
cal utility as a molecular marker for predicting cervical LNM
[11, 14].

VEGF contributes to thyroid cancer Mts through multi-
ple mechanisms. First, VEGF-driven angiogenesis promotes
the formation of new blood vessels that supply oxygen and
nutrients, thereby supporting tumor growth. Second, lymph-
angiogenesis mediated predominantly by VEGF-C and
VEGPF-D facilitates dissemination of tumor cells to regional
lymph nodes and formation of LNM. Third, VEGF increases
vascular permeability, enabling tumor cells to intravasate into
the circulation. Fourth, VEGF-C mediates tumor growth
and Mts through promoting EMT. Finally, VEGF modu-
lates the tumor microenvironment by influencing immune
cell infiltration and stromal remodeling, thereby creating a
pro-metastatic niche [5, 20]. Also, VEGF-C-expressing tu-
mor-associated macrophages (TAMs) can guide cancer cells
to lymph nodes, potentially by normalizing blood vessels and
promoting lymphatics, rather than lung Mts [21].

Elevated VEGF expression has been consistently associ-
ated with poor prognosis and reduced disease-free survival
in patients with thyroid cancer. Accordingly, assessment of
VEGTF levels in tumor tissue or serum has been proposed
as a potential prognostic biomarker, although its routine
implementation in clinical practice remains under investi-
gation [19, 22]. There was a clear and significant correlation
between VEGF-C expression and T stage in patients with
papillary carcinoma. Analysis of invasion of a surgical margin
demonstrated significant positivity in patients with papillary
thyroid cancers who expressed VEGF-C indicating the worse
prognosis of a disease. Also, a statistically significant cor-
relation was between VEGF-C and extrathyroid extension,
indicating the worse prognosis in papillary cancers [22]. The
level of VEGF-C expression was statistically significant in
patients with PTC. This study undoubtedly demonstrates
that VEGF-C expression is an evident negative prognostic
factor in patients with PTC, along with the classic prognostic
factors, such as a larger tumor size, tumor margin involve-
ment, extrathyroid extension, i.e. local aggressiveness [22].

Targeting VEGF signaling has emerged as a key therapeu-
tic strategy in advanced thyroid cancer. Multikinase inhibi-
tors, including sorafenib, lenvatinib, and vandetanib, inhibit
VEGTF receptors and have demonstrated clinical efficacy in
metastatic or radioactive iodine—refractory thyroid cancer.
These agents suppress tumor angiogenesis, delay disease
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progression, and improve progression-free survival; however,
the development of resistance and treatment-related adverse
effects remain significant clinical challenges [23—26].

Thus, VEGF plays a very important role in the formation
of thyroid cancer Mts by promoting angiogenesis, lymphan-
giogenesis, and tumor microenvironment remodeling. Its ex-
pression is closely associated with tumor aggressiveness and
metastatic potential. Anti-VEGF—based therapies represent a
major advancement in the management of advanced thyroid
cancer, and further research is needed to refine predictive
biomarkers and develop more selective and effective anti-an-
giogenic treatment strategies. VEGF, together with other
markers, such as hypoxia inducible factor 1 subunit alpha
(HIF-1a) [27], matrix metalloproteinase-2 (MMP-2) [28],
transforming growth factor beta 1 (TGF-1p) [29], proliferat-
ing cell nuclear antigen (PCNA) [30, 31], zonula occludens-1
(Z0O-1), zinc finger E-box binding homeobox 1 (ZEB-1)
[32, 33] can be the basis for predicting the aggressiveness of
thyroid tumors and the occurrence of metastases.

Conclusions

VEGEF-C levels in benign thyroid neoplasms did not dif-
fer from those in conditionally normal tissue. There was a
small difference between CN tissue and PTC tissues with-
out Mts. In PTC tissues with metastases and in Mts itself
VEGF-C concentrations were significantly elevated com-
pared to PTC tissues without Mts that may have the prog-
nostic value.

Our findings reveal significant differences in VEGF-C
concentrations between PTC tumor tissues with and without
Mts, which may be useful for predicting metastatic potential
of tumor. The level of VEGF in plasma and PBMC can be-
come the basis for PTC diagnosis in the preoperative period.

VEGF-C is considered as potential prognostic marker
and possible therapeutic target in papillary thyroid carci-
noma.

Limitations

There are several limitations in this study.

1. It was a single-center research, and therefore, the
obtained findings need to be confirmed in large-scale
multi-center studies.

2. The limited number of patients in the whole sample
and subgroups of patients may have a significant impact on
the levels of studied parameters.
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AY «HCTUTYT @HAOKPUHOAOTTT TQ 0BOMIHY peyqoBuH iMeHi B.I1. KomicaperHka HAMH YikpaiHmny», m. Kuis, YkpQiHa

PoAb GAKTOPQ POCTY CYAMHHOTO eHAOTeAIo C B MeTACTA3YBOHHI
npu NAMIASPHOMY POAKY LLUTOMOAIOHOT 30A03MU

Peswome. Axmyaavnicms. Cruictema dhaktopa pocTy CyIMHHOIO
ennoterniio (VEGF) Bkmouae xinbka miranaiB: VEGF-A, VEGF-B,
VEGEF-C, VEGF-D ra ix peuentopu: VEGFR-1, VEGFR-2 i

VEGFR-3. VEGF-A nepesaxHo curHaiizye yepe3 VEGFR-2,

crpusioun mpoJidepalii, Mirpaiii Ta BIXKMBaHHIO €HIOTETialb-
Hux kJ1iTuH. VEGF-C ta VEGF-D 0c00111BO BaxJIMBI IS JIiM-
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danriorenesy uepe3 VEGFR-3, 1110 Mae Beiquke 3HaUeHHS 151
MeTacTa3yBaHHS y JiM(baTUYHUX By3JIaX IIPU paKky IIATOIIOLIOHO1
3a103u. Mema: niopiBHsaHHSI BMicTy VEGF-C y 3pa3kax yMOBHO
HopMasibHOI (YH) TKaHMHM HIUTONOAIOHOI 321031, (hOTIKYISIPHOL
aleHOMM, 3004, MaIiISIpHOT KapIIMHOMM LIUMTOIOAIOHOT 3271031
(ITKII3), metacTaziB (MTc), a TakoX y Tu1a3Mi KpoBi it MOHO-
HyKJIeapHMX KiniTuHax nepudepudHoi kposi (MHKIIK) mawieHTiB
i3 [1K1L3. Mamepiaiau ma memoou. IliciasionepalliiiHi 3pa3ku TKa-
HMH, IJ1a3MU KPOBi Ta KJIITUH Oy OTpUMaHi B XipypriuHOMY Bill-
ninenHi kiiHiku IEOP. Kinekicte VEGF Bu3Hauanu 3a qomomo-
ro10 HabopiB i iMyHO(epMeHTHOTO aHalizy. Pesytsmamu. PiBHi
VEGF y 106posikicCHUX HOBOYTBOPEHHSIX He Billpi3HSIMCS Bij
takux B YH Tkanuni. Criocrepiranacs BiporigHa pizHuus Mixk YH
TKaHuHoIo Ta TKannHamu TTKII3 6e3 metacTasiB. PiBenb VEGF
y tkannHax [TKIII3 i3 meTactazamu OyB mpuOIU3HO y 2,5 pa3a BU-
M, Hixk B YH tkanuHi. Bucokuit ymict VEGF-C criocrepiraBcst
B TkaHuHi 3 MTc. Konuentpauist VEGF y tkanuni [TKI3 i3 MTtc

repeBuIyBaia Taky B TkaHuHi [TKII[3 6e3 MmeTacTasiB OiibIie HixX
y 2 pa3u. Y mra3Mi ta, ocobmmuo, MHKIIK mamienris i3 ITKII3
ymict VEGF OyB 3HauHO BUIIMIT 32 KOHTPOJIbHI 3HAYEHHSI, ajie
He CIlocTepirajocsl BiaMiHHOCTel MiX 3pa3kaMu 3 MTc Ta 6e3
Hux. Bucnoexu. Pisni VEGF-C y 100posiKicCHUX HOBOYTBOPEHHSIX
IIUTOINOAIOHOI 3aJI031 HE BiIpi3HsIMC Bif Takux B YH TKaHUHI.
V tkanuHax [TKIII3 i3 meTactazamu koHueHTpaiii VEGF-C oyau
3HAYHO TifABUIlIeHI mopiBHsHO 3 YH TkanuHoo Ta IKII3 6e3
MeTacTtasiB. Harmri pe3ysibrat moroMoriiv BUSIBUTH 3HAYHI BiTMiH-
HocTi B piBHIX VEGF Mix Tkanunamu [1KIII3 i3 MTc Ta 6e3 HuX,
110 MOXe OyTU KOPUCHUM ISl IPOTHO3YBAaHHSI METACTaTUYHOTO
noteHuiany nyxiuHu. Pisens VEGF y niazmi ta MHKIIK moxe
craru ocHoBoto st niarHoctuku [TKI3 y nepenonepartiiitHomy
repiomi.

KimouoBi ciioBa: daxrop pocty cynunHoro ennorernito C; nari-
JISIpHA KaplMHOMA HIUMTONOAIOHOT 3271031 ; MeTacTa3u; 100pOsIKiCHi
HOBOYTBOPEHHST
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KapayeHues lO.1., lorkanosa I.B., Ayéosuk B.M., Awypos E.M., fepacumeHko A.B.
AY «IHCTUTYT MooBAEM eHAOKPUHHOI MAToAOrii iMeHi B.S1. AaHmunescbkoro HAMH Ykpainm», m. XapkiB, YkpaiHa

OCcO6AMBOCTI NEePEeKNCHOro OKUCHEHHS AiniAiB
Y XBOPUX HO ABTOIMYHHUN TUPEOITAUT
30 YMOB BOEHHOrIO Yacy

Pe3tome. AktyanbHicTs. OkcuaaTMeHUi CTPeC Bifirpae BupiLLabHy posib Y MaToreHesi aBToiMyHHOro TUpeoiguTy
(AIT) i MOXe LLje BirnbLLe MOCUTBATUCS XPOHIYHUM NCUXOeMOLIVIHM CTPECOM, 0COB/IMBO B YMOBax BOEHHOIO 4Yacy.
Merta: B1B4YMTY OCOBSINBOCTI NMEPEKNCHOIO OKUCHEHHS JTIMIGIB Y XBOPUX HA aBTOIMYHHWI TUPeOoianT 3 PIBHUM piBHEM
CUTYaTUBHOI TPUBOXHOCTI B yMOBax BOEHHOro Yacy. Martepiann Ta merogu. Y focnimxeHHi B3sinm y4acTs 81 nayieHT
3 AlIT ta 22 300poBi 0061 KOHTPOITLHOI rpynn. [avieHTy 6y po3aineHi Ha rpynu 3 MOMIPHOK Ta BUCOKOK CUTYyaTuB-
HOIO TPMBOXHICTIO BiAnoBiaHo Ao Lukam Spielberger State-Trait Anxiety Inventory (STAI). By BuMipsiHi KOHLeHTpawii
MEPBUHHMX (aUMIITigPONepOKCHam) Ta BTOPUHHMX (MarIOHOBWI diasibAerin) MapKepis NepeKNCHOro OKUCHEHHS inigis,
a TaKoX aKTUBHICTb KJTKOHOBUX aHTUOKCUAAHTHMX (hbepMeHTiB: cynepokcuaamemyTasm (CO/L), rnyTaTtioHnepokcygasu,
Katanaau B rnaasmi Ta epuTpounTax, KCaHTUHOKCuaasu 1a cymapHux BigHosneHux SH-rpyn. Pesyneratu. OTpu-
MaHi faHi BKa3yTb Ha KOMGIHOBaHWV BIIMB aBTOIMYHHOIO 3anasnaeHHs Ta ¢hakTopiB, NoB’si3aHUX 3i CTPecoM, Ha
rpoLecv OKUCHEHHS BiflbHUX paaukanis. Y nauieHTis 3 AIT HaBiTb B eyTupeoigHoMy cTaHi 6yro npo[EeMOHCTPOBAHO
CUCTEMHWV oKeuaaTuUBHMY aucbanaHc. [TopiBHAHO 3 KOHTPOIIbHO rpyrioko B ycix rpynax AlT crioctepiranvcsi 3Ha4Ho
nigBuLLeHi piBHi sik nepsuHHUX (y 1,8 pa3a), Tak i BTopuHHMX (y 1,2 pasa) MapkepiB NnepeknMCcHOro OKUCHeHHs Ninigis,
He3arnexHo Bif piBHS TPMBOXHOCTI. B 060x rpynax AlT crioctepiranocs 3HvmkeHHs1 aktusHocti COL y 1,3 pasa, Togi
AK MPUrHIYEHHS1 71y TaTIOHNepoKcuaasu 6yrio OiflbLL BUPaXeHUM y NaLieHTIB 3 BUCOKOKO CUTYaTUBHOK TPUBOXHICTIO
(v 1,9 pasa), Lo CBIR4YNTL PO BUCHAXKEHHS] OCHOBHUX (DEPMEHTATUBHUX KOMIOHEHTIB aHTMOKCUAAHTHOI cuctemm
3axucty. 36inbLLUEHHS aKTUBHOCTI KcaHTUHOKeuaasu B 1,3 pasa, Lo crioctepiraetsbcsi rpu AlT, Moxe ABfsSiTU COO0K0
KOMIeHCcaTopHy peakuito Ha 3HWxXeHy aktusHicTe CO/. Kpim Toro, akTuBHICTb KaTanasu 6yra 3Ha4qyHo rigBuLLleHa
B nnaami (y 1,63 pasa B rpyni 3 MOMipHUM PiBHEM TPUBOXHOCTI Ta B 2,1 pasa B rpyri 3 BUCOKUM PIBHEM TPUBOXHO-
cTi) Ta B eputpoymtax (y 1,3 paza B 060x rpynax AlT), L0 MOXHa iHTEPNPETYBaTU SIK KOMIEHCATOPHUV MEXaHi3M
AeTokeukauii nepekucy BogHo. HeamiHHI piBHi BigHosreHux SH-rpyn npu AlT ceigyaTb rpo 36epexeHHs TiorioBoro
aHTUOKCMAaHTHoro pe3epsy. BucHoBku. AlT nos’a3aHnii i3 CUCTEMHUM OKCUZATUBHUM [UCOanaHcoM, To4i sIK
CUXOEMOL|iVIHI (haKToOpU, SIK-OT BUCOKA CUTYaTUBHA TPUBOXHICTb, L€ OifbLLE MOCUIIIOIOTL MPUMHIYEHHS 71y TaTiOH-
rnepokcugasun. Lii peaynbtati nigkpecsiiorTb BaXX/IMBICTb KOMIJIEKCHOI cTpaTterii BEAeHHS NayieHTIB, fKa iHTerpye
ricuxotepariito 3 BTPY4aHHAMM, CIIPSIMOBaHUMM Ha MIZTPUMKY MeXaHi3MiB aHTUOKCU[AHTHOro 3axucTy.

Kno4oBi cnoBa: asToiMyHHUI TUPEOiguT; OKCUZATUBHWUI CTPEC, CUTYaTUBHA TPUBOXHICTb, MEPEeKUCHe OKMC-
HEHHS NinigiB; BOEHHWV CTaH

Bctyn

OKHMCHIOBaJIbHUI CTPEC € TSXKKUM CTAaHOM OpraHi3zmy

MOM OKHMCHOTO CTPECY B JIiTepaTypi 4aCTO BUCTYIAE TEPMiH
«OKCUIATUBHUI cTpec». CyThb MATOJOTIYHOTO MeXaHi3My

JIIOAWHU, Y pe3yabTaTi SIKOTO BiZOYBa€ThCS ITATOJIOTIYHE
HaAKOTIMYEHHSI BUTBHUX pauKaJliB, 1110 3aIyCKalOTh MeXa-
Hi3MM KJIITUHHOTO MOoIKomKeHHs [1]. BiH Bu3HavyaeThcs
SIK TIOPYIIEHHSI TTPOOKCUIAHTHO-aHTMOKCHUIAHTHOTO Oa-
JIAaHCY Ha KOPUCTh OKMCHIOBAYiB i € CTUMYJIOM PO3BUTKY
TSDKKUX MATOJOTIYHMX MOpPYIIeHb B opraHidMi. CUHOHI-

TIOJISITa€ y BUBUIbHEHHI BITbHUX paavKaliB BHACTIIOK PO3-
naay KUPHUX KUCIIOT, TaK 3BaHE NEPEKUCHE OKMCHEHHS
nimigis (TTOJT) [2].

Jlo ocHOBHMX (haKTOpPiB PO3BUTKY OKCUIATUBHOI'O
CTpecy BiIHOCSATb HasIBHICTh XPOHIYHMX BOTHUII iH(EKIIii,
CAJKOBY CXWJIBHICTh Ta XpOHIiUHi cTpecH |3].
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IlepexucHe OKMCHEHHS JIMiAIB 3aJIydeHO IO €TioJIOTii
0araThOX €HIOKPUHHUX 3aXBOPIOBaHb [4—6], a cyyacHi gaHi
CBITYaTh PO BAXKIIUBY POJIb OKCUIATUBHOTO CTPECY Y PO3BUT-
Ky aBTOIMYHHUX THUpeomnartiii. [Tepenbdavaerbes, 110 CUHTE3
TUPEOITHUX TOPMOHIB 3aJIEXKUTD Bill KOHIIEHTPALLil TePeKUCy
BOJIHIO, sIKa Yepe3 BUCOKY TOKCUYHICTb TOBMHHA TIepeOyBaTh
y CYBOPpIiii BiIMOBIAHOCTI O aKTUBHOCTI aHTMOKCUJAHTHUX
cucTeM. Y HOpMi 6araTo 0i0XiMiYHO HECIIPUSTIUBUX IIPOLIe-
CiB TepeObiraroTh Ha aliKadbHill MEMOpaHi TUPEOLUTIB, 110
JTO3BOJISIE OOMEXKUTH iI0 BUTbHUX paAvKaIliB i yHUKHYTHU JIe-
CTpyKil KiThHU. OIHAK TTPY TIATOJIOTIYHKMX CTaHaX BinOyBa-
€ThCS MOPYLIEHHS (PEPMEHTATUBHUX CUCTEM, iX KOMITOHEHTH
CTal0Th aHOMAaJIbHO aKTMBOBAHMMM Y IIMTOILIA3Mi, a 1ie, y
CBOIO Yepry, MPU3BOAUTDH 10 (DYHKILIOHATBHUX Ta MOPGOJIO-
riyHuX nopyiieHsb [6—8]. JlaHi KIiHIYHUX Ta eKCIIepUMEH -
TaJbHUX JOCJIIKEHD YiTKO BKa3ylOTh Ha Te, 1110 OaJlaHC MixX
OKMCHIOBaYaMM Ta aHTHOKCUAAHTAMU 3MIllIeHUI Y OiK OKHC-
Horo edeKTy y MalieHTiB 3 aBTOiIMyHHUM Tupeoinutom (AIT),
1110 TI03BOJISIE TIPUITYCTUTH, 1110 OKUCHIOBAJIBHUI CTPEC MOXKe
OyTU KJIIOYOBOIO ITOHI€I0 Y TTaTo(i3ioorii 3aXBopIoBaHHS,
He3aJiexkHo Bifl (pyHKii 1mmronoaioHoi 3ano3u (L13). Tomy
OKHCHIOBAJIbHUI CTpec OyB 3alIpPONOHOBAHUM SIK OUH i3
(hakTOpiB MaToreHe3y aBTOIMyHHHMX 3axBopioBaHb 113 [6—10].

IHomi BmaeThcst BHECTU KOPEKTUBU A0 MOPYIIEHOro 0a-
JIAHCY TIpO- Ta aHTMOKCUIAHTHOI CUCTEMM, OIHAK Y HUBII
BUMAIKiB HABITh Ha TJIi 3aMiCHOI Teparii Ta KOMIIeHcallil
rimotupeo3y npu AIT nopmanizawii [1OJI He BinOyBa€eThcs.
IIpyrurHM aucbamaHCy B CUCTEMI ITPOOKCUIAHTU — aHTH-
OKCHUIAHTHU IIPU MaHi(peCTHOMY TilOTUPEO3i A0 KiHIIST He
BCTAHOBJICHI, ajie Ha MOro BUPaXXEHICTh MOXYTb BIUIMBATH
TSIKKiCTh TOPMOHAJIBHUX 3PYILEHb Ta CYIYTHI MOPYILIEHHS
JimigHoro npodimo [6]. OnHak € OKpeMi cydacHi TOCTimKeH-
HS, Y IKUX HE BUSIBJICHO 3MiH y apaMeTpax OKCUIATUBHOTO
CcTpecy IIpy aBTOIMYHHUX 3axBopioBanHsax I3 [11, 12].

[Tonpu yncaeHHI OCTiIKEHHS, SIKi TOKa3yIoTh, 1110 He-
KOHTPOJIbOBaHE Ta HanMipHe BUpoOaeHHs mpoaykTiB [1OJI
il Yac OKMCHIOBAJIIBHOTO CTPECY € OCHOBHOIO TTPUYNHOIO
pi3HUX YCKJIaaHEHb 3aXBOPIOBaHb, MEXaHi3MM, 3a I0II0-
MOTOIO SIKMX MPOIYKTU TIEPEKUCHOTO OKMCHEHHSI JIiTTi/iB
PEryaiol0Th OKMCHIOBaJIbHI, iMYHHI Ta 3amajibHi peaxilii,
3JIMIIAIOTHCS HEe3’ SICOBAaHUMM.

OnHak He MOXKHA 3a0yBaTH, 1110 i CTpec 0e3MmocepeTHbO
MOXe BUKJIMKATH i MOTEHIIiI0BaTA PO3BUTOK aBTOIMYHHUX
3axBopioBaHb L13. Llum nmutaHHSIM OY/I0 IIPUCBSIYEHO Be-
JIUKY KUTBKICTh AochimkeHb [13—19].

Maitke yoTrpupiuHa IIMpoKoMacinTabHa 30poiiHa po-
ciiicbKa arpecist Moxe 0yTH (DaKTOPOM XPOHIUHOTO CTpecy Ta
iHiIIiTOBaT! OKCUIATUBHUIL CTPEC SIK Y 3MOPOBUX JIIOALH, TaK
iy xBopux Ha AIT. Tomy po3yMiHHS poJii pi3HUX TTPOIYKTiB

I1OJ1 y matorenesi AI'T, oco61mB0o Ha TJIi XpOHIYHOTO CTPECy,
00YMOBJIEHOTO BOEHHOIO arpeci€lo, BaXJIMBe IS PO3POOKU
HaKpaIMx TepareBTUIHUX CTpaTeriii. Aje 11100 OLiHUTH CTY-
TMiHb BIUTMBY XPOHIYHOTO CTPECY Ha pO3BUTOK OKCHIATHBHOTO
ctpecy ripu AIT, aktyanbHUM OyJ10 MpoaHali3yBaTH 1igi rapa-
METP Y XBOPHX 3 Pi3HUMU PiBHSIMM CUTYaTUBHOI TPUBOXKHOCTI.

Merta nociimKeHHs: BABYUTH OCOOJIMBOCTI MEPEKUCHOTO
OKMCHEHHSI JIITiIiB y XBOPUX Ha aBTOIMYHHUI TUPEOIOUT 3
Pi3HUM piBHEM CUTYaTMBHOI TPMBOXHOCTI B YMOBaX BOEH-
HOTO Yacy.

MarTtepiaau Ta meToamn

[Ticns mouarky mmpokoMaciTabHoi 30poitHOi arpecii
(2022—2025 pp.) B kainiui Y «ITTEIT im. B.S1. Tlanunes-
cekoro HAMH Vkpainu» obcrexxenuit 81 xBopuii Ha AIT
Bikom 22—82 poku (52,54 = 1,32) 3 XapkoBa Ta XapKiB-
cbKoi obnacri. 1le yactuHa Ykpainu, sika HapaxkaeTbCs Ha
BOEHHY arpecito 10aHsI, Malixe YoTupu poku. [amienram
MPOBEACHO OLIIHKY CUTYaTHBHOI TPUBOXKXHOCTI 3a IIKaJIOIO0
Cmin6eprepa (STAI) [20, 21].

CutyaTBHA TPUBOXHICTh BU3HAYasacs 3a (hopMyJI0io:

CT=(3,4,6,709 12 13, 14,17, 18) —
— (1,258 10,11, 15, 16, 19, 20) + 50.

XBopuX MONiJIEHO Ha ABi rpynu: rpyna | — cepenHiit
piBeHb TpuBoxHocTi (CT CP, 31—45 6anis, n = 36); rpy-
ma 2 — BUCOKUiA piBeHb TpuBoxHOCTI (CT BP, > 45 Gaxnis,
n =45). KonTpoabHy rpyny (rpymny 3) craHoBwIu 22 ocoou
0e3 CyITyTHIiX 3aXBOPIOBaHb.

[ToTiM y 1uX rpynax mpoBOAMUBCS aHai3 iIHTEHCUBHOCTI
npoueciB I1OJI. 3a craHmapTHUMM MeTOIaMU OLIiHIOBaIU
KOHIIEHTpallilo MajioHoBoro mianpaeriny (MJIA), cymap-
HuX BimHoBIeHux SH-rpym, amwrinponepexkucis (AI'TI), a
TaKOX aKTUBHICTh (DePMEHTIB aHTUOKCUIAHTHOI CUCTEMU:
eputpouuTapHoi cynepokcumaucmyTasu (COJL), rayraTi-
onnepokcunasu (GPx1), karamasu mna3mu kposi (I1-Kar)
i karanasu B eputpouutax (E-Kar) ta kcaHTMHOKCHIa31
(KO) [22—26]. YmicT 3aranbHuX JilTigiB BU3HAYAIN 3a J10-
IMOMOT00 HabopiB peakTuBiB pipmu «Dericit-IliarHOCTH-
ka» (M. JlHinpo, YkpaiHa). ¥ mauieHTiB 3 MEeTOIO aHaJli3y
THPEOIMHOTO CTAaTyCy IIPOBOIMIIM BU3HAYEHHS PiBHIB Billb-
Horo Tupokcuny (T4B), BinbHOTO TpuiioaTupoHiny (T3B),
tupeoTrponHoro ropMmony (TTI) Ta aHTUTII KO TMPEOinHOI
nepokcunasu (AT-TTIO) y cupoBatili KpoBi METOJIOM iMy-
HO(MEepPMEHTHOIO aHai3y. Y MOCiIKeHHs OyIu BKIIOYEHI
xBopi Ha AIT 3 KoMITIeHCOBaHUM €yTUPEOITHUM CTAHOM, Pi-
BEHb KOPTU30JTy Y LIMX rpymnax OyB eKBiBaJIeHTHUM, XBOPi He
BimpisHsmcs 3a BikoM. CepenHe Ta CTaHIAPTHE BiIXUJICHHS
(M £ SD) ycix napameTpiB HaBeneHo B TabJ. 1.

Ta6nunys 1. lNMoka3HUKK gocnigxyBaHUX rpyn

Moka3HuK AIT,CT CP, n = 36 AIT, CT BP, n =45 t P
TTr, MkOg/mn 1,770 £ 1,102 2,39 +1,47 -1,802 P =0,076
T4, nMmonb/n 19,69 + 4,57 19,52 + 6,51 0,111 P =0,911
T3B, NIMonb/N 4,366 + 1,176 4,078 + 1,189 0,937 P =0,352
AT-TMNO, MO/mn 202,46 + 282,48 263,51 + 266,83 -0,858 P =0,394
KopTtunaon, Mkr/an 350,64 + 149,63 352,99 + 162,86 -0,057 P =0,954
BiK, poku 52,13 + 13,07 54,35 + 10,66 —-0,765 P =0,446
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Vci ctatucTnaHi po3paxyHKHU 3po0JIeHi i3 3acTocyBaH-
HsIM Tiporpamu Statistica 6.0 (Copyright® StatSoft, Inc.,
1984—2001, serial number 31415926535897). CraTuctuuna
iMOBipHiCTb OTPUMaHMX Pe3yJIbTaTiB BU3HAYAIACS 3a JIOTIO-
MOTOIO TTapaMeTPUYHOrO KPUTEPiI0 TUCIIEPCIlTHOTO aHaIi3y
t (CrproneHTa). st onrcy BUOipOK 3aCTOCOBYBAIN CEPETHE
Ta cranaaptHe BinxuieHHs (M + SD). BinmiHHOCTI BBaXa-
JIMCS CTAaTUCTAYHO 3Hauyumu 3a P < 0,05.

PesyAbTaTH

Bynu oniHeHi BiAMiHHOCTI CUTYaTMBHOI TPUBOXHOCTI
CepeaHbOro Ta BUCOKOro piBHS y xBopux Ha AIT nmopiBHsIHO
3 KOHTPOJILHOIO TPYIIOI0 Ha TJIi BOEHHUX Ai# (Tad. 2).

TopiBHstbHMIT aHami3 mapametpiB CT nmokasaB 3Ha4-
Hi BIIMIHHOCTI MIX TOCIiIXyBaHUMHU TpyIIaMU XBOPUX 3
AIT i Bucokuii piBeHb CT y KoHTpoOJbHil rpymi. Lle nae
HaM MOXJIMBICTh olliHUTH cTyniHb [10JI 3anexxHo Bin piBHS
cTpecy Ta HasiBHOCTI uu BincyTHocTi AIT.

AmnaJi3 inteHcuBHOCTI mpoueciB I1OJI oniHoBanIM 3a
KOHIICHTPALII€I0 allWJITiAPOIIepPEeKUCIB Ta MAaJJOHOBOTO Ii-
aJIbaeriny.

AI'Tl — e nepBunHi Mapkepu I10JI, BoHu yTBOpIO-
IOTHCSI HA pAaHHBOMY €Talli B3a€EMOii JiMiTHUX paguKaiB
3 KMCHEM. [X HaKONMYeHHS BiZoOpakae MmovyaTokK i iH-
TEHCHUBHICTh OKMCHIOBAJIbHOTO CTPECY, 111€ 10 YTBOPEHHS
KiHIIEBUX TOKCUYHUX MpoayKTiB (MIA, nieHOBUX ajbae-
rigiB). KinbKicTh rimporepekuciB IoKa3ye, HAaCKiJIbKI aK-
TUBHO /i€ JAaHLIOTOBA peaKilisi MEPEeKUCHOrO OKUCHEHHS
MeMOpaHHUX JIiMidiB, i BAKOPUCTOBYETHCS SIK IYTIUBULA
TECT 3 METOIO OIIiIHKHM TMOIIKOIXKEHHSI KJIITHHHUX MeMOpaH
[27—-29].

Anai3 napamerpiB AI'Tl He BUSIBUB 3HAYHMX BiIMiH-
HocTell Mix rpynamu xBopux Ha AIT 3 BUCOKOIO Ta HU3b-
KOIO CUTYaTUBHOIO TPUBOXHicTIO. BogHouac oTpumaHo
3HayHe niasuiueHHs AI'TI mpu AIT B 060X rpynax rnopis-
HSIHO 3 KOHTPOJIEM, Y cepeIHboMY B 1,8 pa3a y KOXKHiil rpymi
(Tabs1. 3), 110 CBIMYUTH PO BUCOKY iIHTEHCUBHICTh OKMCHIO-

BasibHOTO cTpecy npu AlT, a Takox Ipo Te, 110 aHTUOKCH -
IaHTHI (pepMEHTHU He CIpPaBJISIIOTHCS 3 X HEUTpasizalli€ro.
Takum ynHoM, Bucoka KoHueHTpauis ATl Binobpaxae
3HAYHUI 1McOaTIaHC MiX TPOOKCUIAHTHUMU Ta aHTUOKCU -
NAHTHUMMU MPOLIECaMU.

MJA — ue xinuesuit mpoaykt [10JI, MapKep oKucHIO-
BaJIbHOTO TOIIKOXXEHHS JiMifiB KJIITUHHUX MeMOpaH,
SIKUI € KIIIHIKO-JJab0paTOPHUM MapKepOM OKCUIATUBHOTO
CTpecy i BAKOPHUCTOBYETHCS JIJISI TIPOTHO3Y Ta KOHTPOJTIO JIi-
KyBaHHSI IIIIPOKOTO CIIEKTpa 3aXBOpIOBaHb, 30kpeMa it AIT
[7—10]. Ananiz MJIA TakoX He BUSIBUB 3HAYHMX BiIMiH-
HocTel Mik rpynamu xBopux Ha AlT 3 BUCOKOIO Ta HU3b-
KOIO CUTYaTMBHOIO TPUBOXHICTIO. OIHAK B 000X TpyIax 3
AIT piBeHr MJIA OyB BiporinHo MiaBUIIEHUH (Y cCepeTHbO-
My B 1,2 pa3a) mopiBHSHO 3 KOHTPOJIBLHOIO IpyIIoio (Tab. 4).
Lle minTBepaKy€E, IO CTYMiHb CUTYaTUBHOI TPMBOXKHOCTI HE
BILUIMBA€E Ha iHTeHcuBHicTh npoueciB I10JI. 3HauHe minBu-
IIEHHS TTIepBUHHUX i BropuHHUX MapKepiB [10JI 3anexano
siie Big HassBHOCTI AlIT.

AHaJti3 aKTUBHOCTI aHTUOKCUIAHTHOI CUCTEMHU OpTaHi3-
My y xBopux Ha AIT 3 pisHUMU piBHSIMU CUTYaTUBHOI TPU-
BOXXHOCTI B yMOBax BOEHHOTO yacy HaBeneHo y Tadi. 5—10.

CynepoKCHIIMCMYTa3u BBAXKAIOTHCS KIIIOYOBUMHU (pak-
TOpaMM KJIITUHHOTI'O 3aXMCTY Bill CYyIIepOKCHUIY, CTAHOBJISIYN
TIepIy JIiHi0 3aXUCTY JIJIs1 3aro0iraHHsI OKMCHIOBAJTbHOMY
MOIIKOMXKEHHIO, i € HAUMOTYXHIIIUM aHTUOKCUIAHTOM
B xiituHi. COJI Katamizye nucMyTailifo CyrepoKCUIHOIO
aHioHy no nepekucy BoaHwo (H,0,), sikuii naji nepetso-
proetbest Ha Bony (H,O) i monekynsipuuit kucens (O,) 10-
MOMIXXHUMU (PepMEeHTaMU TJYyTaTiOHIIEPOKCHIA3010 i Ka-
Taja3010. YTBOPEHUI MePeKUC BOIHIO 30aTeH MOLIKOIUTH
cynepokcunucmyTasy (ii Mmojiekynn), Tomy COJl 3aBXau
(yHKIIIOHYE pa3oM 3 KaTajia3010. 3ajexkHOo Bil MikpoeJe-
MeHTa B aKTUBHOMY LIEHTpi BuminsaioTh Fe-, Zn-Cu- ta
Mn-3anexny COJl. Fe-3anexna COJl GiJIbIIOI0 Mipoio
TpencTaBieHa B eputpounTax, Zn-Cu-3ajgexHa — y [UTO-
wia3mi, a Mn-3ajexxHa — y mitoxoHapisx [30].

Tabnuuysi 2. CuTyaTnBHa TPUBOXXHICTb y AOCAIAXYBaHUX rpynax, 6anm

Mpyna n M = SD t P
AIT, CT CP 36 38,59 + 3,14 -10,51 P,,=0,000
AIT, CT BP 45 56,880 + 9,468 1,199 P,,=0,234
KonTpons, CT BP 22 53,780 + 11,261 7,27 P, , = 0,000

Tabnnys 3. KoHuyeHTpavis AITI, Hmonb/mr, y xBopux Ha AlT 3aneXHo Bifj piBHSI TPUBOXXHOCTI MOPIBHAHO

3 KOHTPOJIbHOIO rPYIolo

Ipyna n M = SD t P
AIT, CT CP 36 2,630 = 1,671 0,0003 P,,=0,9997
AlIT, CT BP 45 2,630+ 1,178 45134 P, ,=0,0000
KoHTporsb 22 1,470 + 0,353 3,2053 P, ,=0,0023

Tabnuys 4. KoHyentpauisa MAA, HMosns/Mn, y BOCNIAXYBaHUX rpynax

Ipyna n M = SD t P
AIT, CT CP 36 240,73 + 41,00 -0,3149 P,,=0,7536
AIT, CT BP 45 243,73 £ 42,22 3,7365 P,, = 0,0004
KoHTposnb 22 202,95 + 43,77 3,3005 P, ,=0,0017
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BusiBneHo, 1110 3HaUHe 3HUKEHHSI aKTUBHOCTI €pUTPO-
mutapHoi COJI (y cepenrbomy B 1,3 paza) npu AIT He 3a-
JIeXKaJI0 Bill BUPAXKEHOCTI CUTYaTUBHOI TPUBOXHOCTI, a OYJI0
obymoBieHo aunie HasBHicTIO AIT (Tabu. 5). 3HUXEeHHS
aktuBHOCcTi CO/l o3Hauae, 1110 CyNepOKCUIHI paguKaaiu
HAKOMUYYIOThCS, OCKUJIBKM BOHU TipIlie 3HEITKOIXKYIOThHCSI.
Lle Moxe BKa3yBaTH Ha BUCHAXX€HHSI AHTMOKCUJIAHTHUX
pe3epBiB, MPUTHIYEHHS CUHTE3Y (hePMEHTY, MOLIKOIKEHHS
KJIITUH 200 MiTOXOHAPilA, XpOHIYHMI 3aMTaIbHUM TTpoLIeC.

YV nopmansHomy craHi KO mpeacraBiaeHa y KJIIiTUHI y
dopwmi gerigporeHasu ta mpuckoproe NAD'-3a1exxHe oKuc-
HEHHS$ MOJIEKYJl KCAHTUHY 3 YTBOPEHHSIM CEUY0BO1 KUCIOTH.
Y crpykTypi KoXHOI cyooamHuiii mojiekyin KO mokari-
30BaHO KiJlbKa KOaKTOPHUX KiacTepiB: 1 MoJibaeHOBuUMA
LEeHTp, 2 3aji30-cipyaHi Ta 2 (IaBiHOBI LIEHTPU. Y MOJIiO-
JIIEH-1LEeHTPi 30iCHIOETHCS BiITHOBHA HamiBpeakllisl KaTa-
JIITUYHOTO IUKJITY, Y XOMi IKOI KCAHTUH TPaHC(hOPMYETHCS
B CEYOBY KHUCJIOTY, Y (bJIaBiHOBOMY LIECHTPi MOJIEKYJISIPHUIA
KHUCEHb MEePETBOPIOETHCS HA MEPOKCUJT BOAHIO abo cyre-
POKCHI-iOH 3aJIEXKHO BiI piBHS BiTHOBJIEHHS (DepMEHTY
[31, 32].

IIpu anamizi aktuBHOCTI KO MU oTpruMany 3HaYHe Mim-
BMILIEHHS LIbOTO MapameTpa (y cepearHbomy y 1,3 pasa) B 060X
rpynax 3 AI'T mopiBHSIHO 3 KOHTPOJIBLHOIO TPyMoi0. | 3HOBY He
OyJ10 BUSIBJICHO 3HAUHOTO BIUIMBY Pi3HOTO PiBHSI CUTYaTUBHOI
TPUBOKHOCTI Ha 11eii mapaMeTp y rpymax 3 AIT (ta6:m. 6).

V mopuHM po3pi3HSIOTH 8 (POPM INIyTaTiOHIIEpOKCHIA3,
5 3 IKHX € CeJIEH3aJIeXKHUMU (CeJIeH BXOAUTh 10 CKIIany
aKkTUBHOTO 1IeHTpyY). [myTaTionnepokcunasa 1 (GPx1) —
HaioinbI ommpeHa gopma dhepmenTty. [Ipu nediunTi
CeJIeHYy 3HMXKYEThCS akKTUBHICT, GPx1, 1110 mpu3BOAUTH 10

HaKOTIMYEeHHS TIePEKUCIB, TiIBUIIIEHOTO OKMCHOTO CTPECy,
MOILIKOMXKEHHST KJIITUH. Tomy nediuuT cejeHy posrisiaa-
€TbC K (akTOp pU3HUKY rimotupeosy [33]. PedepentHi
3HaveHHs It GPx1:9,6—82,9 On/r Hb.

V Hauomy AOC/iIKEHHI BUSIBIEHO, 1110 BUCOKUI pi-
BEHb CUTYaTUBHOI TPMBOXKHOCTI y mmanieHTiB 3 AI'T 3Haunmo
3HMXKYBaB aKTUBHICTb GPX B epuTpoLTax MOPiBHSIHO SIK 3
KoHTpoJieM (B 1,9 pasa), Tak i 3 rpyroro i3 cepenHiM piBHEM
CUTYaTMBHOI TpMBOXHOCTI (B 1,5 pa3za) (taba. 7). Lle moxe
CBITYWTH TIPO YYTIUBICTh AaHTUOKCUIAHTHOI CUCTEMHU OO0
rcuxoemoliiiHoro crpecy. Hespaxkarouu Ha Te, 1110 MOKa3-
Huku aktuBHOCTI GPx y manienTiB 3 AIT Ta pi3HUM piBHEM
CUTYaTUBHOI TPUBOXKHOCTI 3aJIMIIAIIMCS B MeXKax peepeHc-
HUX 3Ha4Y€Hb, BUSIBJIEH]I CTATUCTUYHO BipOTiAHi BiIMiHHOCTI
BKa3ylOTh Ha MPUXOBaHY HANIPYXeHiCTh aHTUOKCUIAHTHOT
CHUCTEMU.

AHaJi3 maHuX JiTepaTypu CBiIUUTH PO T, 110 aKTUB-
HICTb KaTaja3u — OJMH i3 3HAYYIIMX MTOKa3HUKIB aKTHUB-
HOCTi aHTMOKCUJAHTHOI cucTteMu. Lle ocHOBHa JlaHKa 3aXu-
CTy OpraHi3My Biz niepekucy BogaHio. Karanasa nmprckopioe
PpO3KJIaJaHHs NMEPOKCUAY BOAHIO 1O MOJIEKYJT BOAU Ta MO-
JIEKYJIIPHOTO KUCHIO B 90 MinbsipaiB pasiB [34].

BusiBieHe HaMM 3HaYHE IMiABUILIEHHS aKTUBHOCTI KaTa-
Ja3u B 11a3Mi KpoBi y rpymi AlT i3 cepennim piBHem CT y
1,63 ta 3 Bucokum piBHeM CT y 2,1 pa3a, a TaKOX KaTajia3u
B €epUTPOLIUTAX Y cepenHboMy Yy 1,3 paza B 000X rpymnax 3
AIT MoXHa OLIHUATH SIK KOMITEHCAaTOPHE, IJIs yTUJIi3allii
H,0, (ta6x. 8§, 9).

CywmapHi BimHoBIeHiI SH-rpynu HajmexaTh 10 CKIamy
HedepMEeHTaTUBHOTO aHTUOKCUJIAHTHOTO 3aXUCTy. BoHM
OepyTh yyacTh y HelTpasizallii BUIbHUX paauKaiB, Bil-

Tabnuys 5. AKTUBHICTb epUTPOLNTaPHOI CYyrepoKCUaANCMYTasun, yM.Of4.aKT/M

Mpyna n M = SD t P
AIT, CT CP 36 35,660 + 12,861 0,3542 P,,=0,7241
AIT, CT BP 45 34,70 = 10,92 -3,94823 P, ,=0,0002
KoHTponb 22 45,240 + 8,736 -3,0408 P, ,=0,0036

Tabnuuys 6. AkTuBHicTb KO, HMonb/XB/Mn

Ipyna n M = SD t P
AIT, CT CP 36 3,510 + 0,817 t,_, = 0,834 P, =0,4064
AIT, CT BP 45 3,360 + 0,738 t,, = 4,421 P, =0,00004
KoHTporsb 22 2,620 + 0,358 t,, =4,769 P, , =0,00002

Tabnuysi 7. AKTuBHIcTb rnytatioHnepokcugasu (GPx1) B eputpouuntax, Oa/r Hb

Ipyna n M = SD t P
AIT, CT CP 36 41,43 + 8,29 5,075 P,_, = 0,000025
AIT, CT BP 45 28,54 + 4,24 5,633 P, =0,000003
KoHTponb 22 52,72+ 15,05 2,720 P,,=0,009874

Tabnuys 8. AKTUBHICTb KaTana3su y nna3mi, MKMOJIb/(XBeMr 6irka)

Ipyna n M = SD T P
AIT, CT CP 36 111,69 + 27,56 -1,388 P,,=0,169
AIT, CT BP 45 120,98 + 29,88 6,546 P,_, = 0,000000
KoHTposnb 22 78,03 = 9,92 5,477 P, , = 0,000001
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Tabnuys 9. AKTUBHICTb KaTasia3u B epUTPOLIUTaX, MKMOJIb/(XBeMr 6inka)

Mpyna n M = SD t P
AIT, CT CP 36 355,52 + 73,76 t,,=-0,616 P,,=0,539
AIT, CT BP 45 365,56 + 67,99 t,, = 4,670 P,, =0,00002
KoHTposb 22 288,81 + 51,59 t,, =3,665 P, , =0,0006

Ta6bnuuys 10. KoHueHTpaLisi cymapHux BigHoBrneHnx SH-rpyn, HMonb/mr

Mpyna n M = SD t P
AIT CT CP 36 17,140 + 1,802 1,1813 P,,=0,2411
AIT CT BP 45 16,550 + 2,373 -0,6536 P,,=0,5156
KoHTponb 22 16,950 + 2,159 0,3634 P,,=0,7177

HOBJIEHHI OKMCHEHMX MOJIEKYJ Ta MiATPUMII KJIITUHHOTO
penokc-romMeocTasy. Y OOCTiIKeHHSX iX KOHIIEHTPaIlilo
BUKOPHUCTOBYIOTb SIK MapKep CTaHy aHTHUOKCUIAHTHOI CUC-
Temu. BinbHi SH-rpynu € pe3aepBHUM aHTMOKCUIAHTHUM
nynom [35]. BusBrenuit HaMu He3MiHEHWI PiBeHb BiTHOB-
nenux SH-TpyI BinoGpaxae 30epexXeHHs pe3epBy TioJ0BOT
AHTMOKCUIAHTHOI CUCTEMMU. 3arajioM CIIOCTEePIra€TbCs po3-
BUTOK aKTHBHOTO, aJIc YaCTKOBO KOMITEHCOBaHOTO OKCUIIa-
TUBHOTO CTpecy.

O6roBopeHHs

VY npoBeneHomy mociimkeHHi y mauieHTiB 3 AIT Bu-
SIBJICHO BiporimHe minBuieHHst MmapkepiB I[TOJI — koH-
HeHTpaluii auuiarigponepekucis Ta MJIA. Ane cTyniHb
CUTYyaTUBHOI TPMBOXXHOCTI HE BIJINBAaB Ha iIHTEHCUBHICTh
npoteciB [TOJI. 3HauHe nmigBUILIIEHHS IEPBUHHUX Ta BTO-
puHHuX MapkepiB [TOJI 3anexano auiie Bil HAsSBHOCTI
AIT. OTpuMaHi AaHi y3roIXyrTbhCsl 3 pe3yjabTaTaMU Cy-
YaCHUX JIOCIIIXKEHb, 110 IEMOHCTPYIOTh aKTUBALLiIO PO~
neciB ITOJI npu AIT, i ue cnpuiiMaeTbcs IK BaxKJIUBUI
MaTOTeHETUYHUI MEXaHi3M MPOTrpecyBaHHS aBTOIMYHHOTO
zananenss 113 [10, 36, 37].

3uxkeHHs aktuBHocTi CO/l, BUsiBIeHe B 000X TpymHax
natieHTiB 3 AIT, a Takoxk OiIbIIT BUpaKeHe TIPUTHIUeH-
Hsl aKTUBHOCTI IJyTaTiOHNEPOKCUAA3M y MiArpyMi 3 BU-
COKHMM piBHEM CHTYaTHMBHOI TPUBOXKHOCTI BimoOpaxkaioTh
BUCHAXEHHSI KJIIOUOBUX (hDepPMEHTATUBHUX JJAHOK aHTH-
OKCHMIAHTHOTO 3axucTy. He3paxaiouu Ha Te, 110 OTpUMaHi
3HadeHHs1 G Px 3aymmanucst B Mexxax peepeHCHUX iHTep-
BaJliB, BUSIBJEHI BiIMiHHOCTiI BKa3ylOTb Ha HaIlpy>KEHHS
AHTMOKCUIAHTHOI CUCTeMU Ta (hOPMYBaHHSI CYOKJTiIHIYHOTO
CTaHy okcuaatTuBHoro crpecy. IloaiOHi 3MiHM Y3romxy-
IOThCS 3 TAaHUMM JITEPAaTypU 1100 3HUKEHHS aKTUBHOC-
Ti GPx Ta piBHS ceneHy y nauieHTiB 3 AIT Ta ix 3B 3Ky
3 ricuxoJiorivHumu crpecopamu [38, 39]. Takum yuHOM,
HaBiTh y MeXax pedepeHcHOoro niarna3oHy nokasHuku GPx
MOXYTb BimoOpakaTu BUCHaXK€HHS afallTUBHUX pe3epBiB
AHTUOKCUJAHTHOI CUCTeMHU, 110 Ma€ 3HAYEHHSI IJIT PO3Y-
MiHHg natoreHe3y AIT Ta oLiHKM poJIi MCUXOEeMOLIIHHUX
(axTopiB y 1ioro nepeoiry.

Bimomo, 1o cTpecacouiifioBaHi TOpMOHAaJIbHi Ta Me-
IiaTOPHI 3pYILIEHHS CYNPOBOMXYIOTHCS MiIBUILIEHHIM
MPOMYKIIil aKTUBHUX (hOPM KUCHIO Ta OCIAbJICHHSIM TJTy-
TaTioH3ajexXHUX MexaHi3MmiB [10]. TakuM 4yMHOM, BILIUB
BUCOKOTO PiBHSI CUTYaTMBHOI TPMBOXHOCTI Ha aKTUBHICTh

GPx, BusiBieHuit y Haliriii po6oTi, MOXHa PO3IJISIATH SIK
MPOSIB 1OMATKOBOI BPa3IMBOCTI IIyTaTiOHOBOI CUCTEMU 10
IICUXOEMOIIiiTHOTO CTpecy.

3asHaueHe nigBuieHHs npu AIT akTUBHOCTI KaTajaa3u
B IIa3Mi KPOBi Ta epUTPOLIMTAX MOXKE BimoOpaxkaTu KOM-
MeHCAaTOPHY peakllilo Ha HAKOMMYEeHHS MePEKUCY BOJIHIO
Ta cynepokcua-aHiony. [lomiOHi pe3ynbTaTyi HABOOSITHCS B
poboTax, 1110 BKa3ylTh Ha IBOSIKY POJIb KaTaja3u: 3 OJHOTO
0OKY sIK eJIeMeHTa aHTUOKCHIIAHTHOI O 6ap’epa, 3 iHIIIOTO —
K MapKepa CUCTEMHOT'0 OKMCHIOBaJIbHOTO cTpecy |10, 40].

KcanTuHokcunasza € 6araTocyooauHUIYHUM (hepMEHTOM
3 MOJIIOIEHOBUM 1IEHTPOM, IBOMA 3aJ1i30-CipuaHMMU KJ1ac-
Tepamu i piaBiHaneHiHAMHYKIeoTunHUM (FAD) neHTpom.
Tomi ssx MomiOaeHOBMI LIEHTP Oepe YyJ4acTh Y KaTaTiTUIHOMY
MepeTBOPEHHI KCAHTUHY Ha CEUOBY KUCJIOTY, (hJIaBiHOBUIA
1eHTp € ocHoBHUM mxkepenoM ADK ta H,0,. V pasi 3ana-
sieHHst akTuBHICTH KO 3pocTae, i dh1aBiHOBUIA LIEHTP CTae
ronoBHuM reHepatopom ADK i H,0, [41—44]. Po6ota Eric
E. Kelley 3i cniBaBropamu nosena, o H,0, € nominytounm
(70—95 %) peakTUBHMM MPOIYKTOM, SIKHIl TPOIYKYETHCS
KCAaHTUHOKCHIa3010 32 HAassBHOCTI 3alaJbHUX IPOIIECiB B
opraHi3Mmi [45]. Y Hamomy nmociimkeHHi y xsopux 3 AIT
OyJ10 BiZ3HAYEHO OJHOYACHE MinBUIleHHs aKTuBHOCTI KO
npubau3Ho B 1,3 paza ta 3HuxeHHs aktuBHocTi CO/ly 1,3
pa3za. MoxHa npunyctutu, 1o npu AlT 3HauHe miaBu-
IIEHHS aKTUBHOCTI KCAHTUHOKCHUIAa31 € KOMITEHCAaTOPHOIO
peaxuiero Ha 3HmKeHHsT CO/I.

Oco0IMBHi1 iIHTEPEC CTAHOBIISITH IaHi IIPO CyMapHi Bil-
HoBJIeHI SH-rpynu, KOHIIEHTpallisl SKUX y HAlllOMY J10-
CIIIXEeHHI He BiApi3Hsaacs Bil KOHTPOJbHUX 3HAUEHb.
Binomo, 1110 TioJIOBi CIMOJIyKK, BKJIIOYHO 3 TIYTAaTiOHOM i
6inkoBuMu SH-rpynamu, BUKOHYIOTH (DYHKIIiIO «pe3epBHO-
ro 0ydepa» aHTMOKCUIAHTHOL CUCTEMH. Y JIiTepaTypi € Cy-
MepeYnBi T1aHi: YaCTUHA aBTOPiB CBIMYUTH PO 3HKEHHST
piBHs TiomiB pu AlT, 110 cIpUiMA€EThCS SIK BUCHAXKEHHS
AHTMOKCUIAHTHOTO Pe3epBY, TOMI SIK iHII JOCTiIKEHHS
HE BUSIBJISIIOTb CTATUCTUYHO 3HAYMMUX BiAMIHHOCTEN Bif
KOHTPOJIbHUX TTOKAa3HUKIB, OCOOJMBO Y MAIIEHTIB B €yTU-
peoinHomy ctaHi [10, 35, 46].

Hami pesynbprati 103BOJISIOTH IPUITYCTUTH, IO TTPH
AIT B yMoBax eyTupeo3y Ta MOMipHOTO OKMCHOTO aucba-
JIaHCy cymapHuii mya SH-Tpyrr 36epiraetbcs, 3ade3neuyoyn
MEeBHUI KoMIieHcaTopHUuil oteHuian. [1pu ubomy dep-
MEHTaTUBHA JJaHKA aHTMOKCUAAHTHOTO 3aXUCTy (30Kpe-
Ma, GPx ta COJl) neMoHCTpye O3HAKM BUCHAXKEHHS, 110
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Y3TOJIKYETBCS 3 YSIBJIEHHSIM TPO OUIbII BUCOKY UYTJIUBICTh
(depMEeHTATUBHUX CUCTEM JO MCUXOEMOLIMHUX HaBaHTAa-
KeHb. BIIMB cUTyaTUBHOI TPUBOXKHOCTI, 110 3HAYHO Bil-
OouBaeTbcsl Ha akTuBHOCTI GPX, ane He Ha piBHI SH-rpym,
TaKOX MiATBEPIXKYE, 10 TiOJOBUIA MMy € OLIbII «iHepIiii-
HUM» MapKepoM, 110 BimoOpaxkae 3arajJibHUi pe3epB aH-
TMOKCUIAHTHOTO 3aXUCTy, Tofi sik GPx pearye miBuaiie
Ha XpoHiuHMi cTpec. Takum unHOM, 3HMKeHHsI CO/l 00-
MEXXY€E IBUAKICTh €H3UMATUUYHOI AUCMYTallil CyNepOKCH-
Iy, 11O CIIPUSIE 10ro HaKomu4YeHHIo Ta mocuiaeHHo [1OJI.
IMapanenbHe minBunieHHs1 Katanasu ([1-Kar, E-Kar), 1o
CIIOCTEPIra€ThbCsl B HAILIOMY OOCJiMIXKEeHHI, i 30epexkeHHsI
cyMapHux SH-rpyn BigOMBaloTh KOMIIEHCATOPHY MOOJTi-
3allil0 BTOPUHHUX aHTUOKCUIAHTHHUX JIAHOK, CIIPSIMOBaHY
Ha posuieruieHHs H,O,. TakuM unHom, noenHanHs « T KO /
1CO/1 / *KAT / 36epexeni SH-rpynu» BimoOpaxkae nepe-
PO3IMOi HaBaHTaXKEeHHSI MiXK JJTaHKaMW aHTHUOKCUIAHTHOI
cuctemu: KO 3anumaerbest aktuBHUM kepesnom H,0,,
CO/l obmexeHa, a KaTanasa i SH-1ys1 BUCTYIIaloTh pe3epB-
HUMM MeXaHi3MaMM 3aXUCTY.

BriiuB BoeHHOTO Yacy sk hakTopa TpUBaIoro XpoHiu-
HOTO CTpecy 3acJiyroBy€ Ha ocobyiuBy yBary. HasiBHicTb
BUPaXXEHOI TPUBOXHOCTI B 00cTexXeHMX XBopux Ha AIT
acollioBajgacs 3 NIMOIIMM AUCcOaJTaHCOM TJIyTaTioOH3aIeX-
HOI JJaHKU aHTUOKCUIAHTHOro 3axucty. Lli pesynbratu
Y3TOJIKYIOThCS 3 JTAHUMM PO B3aEMO3B’SI30K XPOHIYHOTO
MCUXOEMOLIHOTO cTpecy 3 mocuiieHHsIM npoueciB [10JI ta
MPUTHIYEHHSIM aHTUOKCUIAHTHUX cucteM [14—17, 38, 39].

Taxum ynHOM, Hallli pe3yJbTaTh 1eMOHCTPYIOTh MOE -
HaHU1 e(eKT aBTOIMYHHOTO 3allaJIeHHSI Ta CTPECOPHOTO
BIUIMBY Ha IIPOLIECH BUIbHOPAAUKAIbHOTO OKUCHEeHHS. [1im-
TBEP/KEHO HAsIBHICTh CUCTEMHOTO OKCUAATUBHOTO JAUC-
OanaHcy y xBopux Ha AIT HaBiTh B eyTUPEOITHOMY CTaHi.
Bupaxene 3HmkenHs aktuBHocTi GPx 3a yMoB BuCOKOiL
CUTYaTUBHOI TPUBOXKHOCTI y moeaHaHHi 3 AIT cBimunuth mpo
KJTIOUOBY POJIb IICUXOEMOLIMHUX (paKTOPiB Y (hopMyBaHHi
AHTUMOKCUAAHTHOI HeaocTaTHOCTI. Lle minkpectoe no1iab-
HiCTh KOMILJIEKCHOTO IMiIXOMy IO BEASHHS MaIli€HTIB, 1110
BKJIIOUAE HE JINIIIe KOPEKIIit0 aBTOIMyHHOTO TIpOlIecy, a i
MCUXOTepareBTUYHY MiATPUMKY, a TAKOX, 32 HEOOXiTHOCTI,
BUKOPWCTAHHSI HYTPUILIEBTUYHUX 3aCO0iB, CIIPSIMOBAHUX Ha
BiTHOBJIEHHSI TJTyTaTiOH3AJIEXXHUX MEXaHi3MiB.

BucHoBKMU

V naiieHTiB 3 aBTOIMyHHUM TUPEOITUTOM HaBiTh B €y-
TUPEOITHOMY CTaHi HasIBHUM CUCTEMHUI OKCUAATUBHUI
nucOanaaHc, 10 MPOSIBISIETHCS BipOTiAHUM ITiABUILEHHSIM
piBus iepBuHHMX (AI'TT) Ta Bropuanaux (M/JA) nmponyKTiB
MEepeKMCHOro OKMCHEHHS JIiITi/IiB.

3HUKEHHSI aKTUMBHOCTI CYNEepOKCHUIAINCMYTA3u Y
1,3 pa3a B 060x rpymnax AlT Bkazye Ha MoOpylIeHHSs Tep-
101 JJaHKY (pepMEHTaTUBHOTO aHTUOKCUIAHTHOTO 3aXUCTY,
110 CTBOPIOE TTEPEIYMOBH IIJIsl HAKOTTMUEHHS CYTIepOKCHI-
aHiOHY.

Binbmr BupaxxeHe mpurHideHHsI aKTUBHOCTI TIIyTaTiOH-
nepokcunasu (GPx-1) y rpyri nauieHTiB 3 BACOKUM piBHEM
CUTYaTUBHOI TPUBOXHOCTI (3HMKeHHs y 1,9 pa3a) cBia-
YUTH MPO 3HAYHUI BIUIMB TICUXOEMOLIHUX (haKTOpiB Ha
AHTUOKCUIAHTHY CUCTEMY Ta BUCHAKEHHS il KITIOYOBUX
MeXaHi3MiB.

BusiBiieHe MinBUIIEHHST aKTMBHOCTI KCAHTUHOKCHIA-
3u (y 1,3 pa3a) Moxe po3riisiiaTUCs sIK KOMIIEHCATOpHA
peaxitis Ha 3HmkeHHs1 CO/l, ane BomHodac 1ieil (hepMeHT
€ I0JATKOBUM JIKEPEJIOM aKTUBHUX (POPM KHCHIO, 1110 T10-
IIMOJII0E OKCUIATUBHUIM CTpec.

IMinBuinenns akrupHocti [1-Kat y 1,63 pa3a B naiieH-
TiB 3 cepeAHiM piBHEM TPUBOXHOCTI Ta y 2,1 pa3a B rpyiii 3
BUCOKUM pPiBHEM, a TAKOX 3pOCTaHHs akTUBHOCTI E-Kary
cepenHboMY Y 1,3 pa3a B 000X IpyITax MOXKHA TPAKTYBaTH SIK
KOMIIEHCATOPHUI MexaHi3M [uts yTuiizaitii Hamuiuky H,O,.

He3smiHeHi MOKa3HUKM CyMapHUX BiJHOBJIEHUX
SH-rpyn y xBopux Ha AIT cBimuaTh mpo 30epekeHHs pe-
3¢pBY TiOJ0BOI aHTUOKCUIAHTHOI CUCTEMHU HaBIiTh 32 YMOB
OKCHUAATUBHOTO CTpECy.

Takum 9yMHOM, IICUXOEMOIiiHI (pakTOpHU, 30KpemMa
BUCOKHUI1 piBEHb CUTYaTUBHOI TPUBOXHOCTI, MMOCUIIOIOThH
okcunatuBHUi qucoananc pu AIT, roroBHUM YMHOM Ye-
pe3 nipurHiyeHHst GPx-1, 110 migkpeciitoe HeOOXinHICTh
KOMILIEKCHOTO MiAXOAy 10 BeAeHHs TaKUX Malli€HTIB i3
BKJTIOUEHHSIM TICUXOTeParieBTUYHOI MATPUMKH Ta 3aXOJIiB
1I0JI0 KOPEKIIil aHTUOKCUIIAHTHOTO CTaTycCy.

KoudaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHQJIIKTY iHTepeciB Ta BlacHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi TIPU MiATOTOBII JAHOI CTATTI.

Buecok aBTopiB. Kapauenuen FO.I. — octaToune 3a-
TBepIKeHHs cTaTTi; JlyboBuk B.M. — KoHuermlisg poootu
Ta AW3aiiH, aHalli3 TaHUX, KpUTUYHUI orisan; [onkano-
Ba I.B. — aHami3 gaHux, BiANOBIZAJbHICTh 32 CTATUYHUN
aHaJli3, HanucaHHs cTaTTi; AmypoB E.M. — BUKOHaHHS
OioximMiyHMX mochimkeHb; ['epacumenko JI.B. — 36ip naHux.
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Features of lipid peroxidation in patients with autoimmune thyroiditis
under wartime conditions

Abstract. Background. Oxidative stress plays a crucial role in the
pathogenesis of autoimmune thyroiditis (AIT) and may be further
intensified by chronic psycho-emotional stress, particularly under
wartime conditions. Aim of the study was to investigate the fea-
tures of lipid peroxidation in patients with autoimmune thyroiditis
with different levels of situational anxiety in wartime conditions.
Materials and methods. The study included 81 patients with AIT
and 22 healthy controls. Patients were stratified into groups with
moderate and high situational anxiety according to the State-Trait
Anxiety Inventory. Concentrations of primary (acyl hydroperoxides)
and secondary (malondialdehyde) lipid peroxidation markers were
measured, along with activity of key antioxidant enzymes: superoxide
dismutase (SOD), glutathione peroxidase, catalase in plasma and
erythrocytes, xanthine oxidase, and total reduced SH-groups. Results.
The findings indicate a combined impact of autoimmune inflam-
mation and stress-related factors on free radical oxidation processes.
A systemic oxidative imbalance was detected in AIT patients even in
the euthyroid state. Compared to controls, all AIT groups exhibited
significantly elevated levels of both primary (1.8-fold) and secon-
dary (1.2-fold) lipid peroxidation markers, irrespective of anxiety

level. A 1.3-fold reduction in SOD activity was observed in both
AIT groups, while suppression of glutathione peroxidase was more
pronounced in patients with high situational anxiety (1.9-fold), indi-
cating depletion of essential enzymatic components of the antioxidant
defense system. The 1.3-fold increase in xanthine oxidase activity
observed in AIT may represent a compensatory response to decreased
SOD activity. In addition, catalase activity was markedly elevated
in plasma (1.63-fold in the moderate anxiety group and 2.1-fold in
the high anxiety group) and in erythrocytes (1.3-fold in both AIT
groups), which can be interpreted as a compensatory mechanism for
hydrogen peroxide detoxification. The unchanged levels of reduced
SH-groups in AIT suggest preservation of the thiol-based antioxi-
dant reserve. Conclusions. AlIT is associated with systemic oxidative
imbalance, while psycho-emotional factors such as high situational
anxiety further exacerbate glutathione peroxidase suppression. These
findings emphasize the importance of a comprehensive patient man-
agement that integrates psychotherapy with interventions aimed at
supporting antioxidant defense mechanisms.

Keywords: autoimmune thyroiditis; oxidative stress; situational
anxiety; lipid peroxidation; martial law
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The emerging predictive value of irisin and chemerin
as infegrated biochemical and hormonal biomarkers
in breast tumor progression

Abstract. Background. The progressive development of breast tumor is considered a multifaceted effect of
metabolic, hormonal, and inflammatory mechanisms, which makes irisin and chemerin predictive biomarkers of the
severity and the dynamics of cancer growth as a complex biochemical-hormonal interaction. The purpose of this
study was to establish the predictive and diagnostic usefulness of the circulating irisin and chemerin as integrated
biochemical-hormonal biomarkers in breast cancer, and to identify their relationships with tumor stage, metabolic
status and hormonal dysregulation of breast tumor progression. Materials and methods. A case-control study
was conducted between March and December 2025 to assess the predictive value of irisin and chemerin in breast
tumor progression. It included 180 women (120 breast cancer patients and 60 healthy controls). Diagnosis and
staging were confirmed clinically, radiologically, and histopathologically. Fasting blood samples were collected,
processed, and stored at —20 °C. Serum irisin and chemerin levels were measured using enzyme-linked immu-
nosorbent assay, alongside routine biochemical and hormonal assessments. Results. The results indicated that
the groups matched as there was a similar age and menopausal status. Prevalence of breast cancer was much
higher in terms of body mass index and family history. The level of irisin was lower, and the content of chemerin,
estradiol, insulin, and HOMA-IR increased, which testifies to metabolic-hormonal disbalance. Irisin reduced, and
chemerin grew with the advance stage of tumor. Both biomarkers themselves were predictors of breast cancer risk
independently and also showed high diagnostic accuracy, especially when used together, which shows that they
are complementary in terms of their role in breast tumor progression and metabolic disturbances. Conclusions.
Metabolic and hormonal imbalance such as reduced irisin and increased levels of chemerin are associated with
the progression of breast cancer. The disrupted energy metabolism and inflammation, as seen through their op-
posing biological functions, justifies their use in combination as predictive biomarkers of tumor progression that
are mechanistically intertwined to each other.

Keywords: hormonal biomarkers; metabolic dysregulation; breast cancer; irisin; chemerin; tumor progression

Infroduction
Breast cancer is one of the most common cancers in

aggressiveness still remains among the high-priority research
questions [1, 2]. There is mounting evidence that breast can-

women all over the world and it has been a significant con-
tributor to cancer morbidity and mortality. Although major
breakthroughs in this case have been made in terms of early
detection, molecular classification, and targeted therapies,
breast cancer development is extremely heterogeneous and
depends on a complex of genetic, hormonal, metabolic, and
inflammatory interaction. As a result, the determination
of the credible biochemical and hormonal biomarkers that
could indicate the progression of the tumor and its biological

cer cannot be considered as a localized neoplastic disease,
but also as a systemic metabolic disorder. A change in energy
homeostasis, insulin resistance, adiposity and persistent low-
grade inflammation are emerging as contributors to tumor
initiation, growth, and metastasis [3].

Adipose tissue has been known as a passive energy reser-
voir and currently, it has turned out to be an active endocrine
organ secreting a variety of adipokines and myokines that can
control tumor behavior. These bioactive molecules affect
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the proliferation of cells, angiogenesis, immune control and
hormone production, and thus define the tumor microenvi-
ronment and the biology of the systemic cancer [4]. One of
such molecules is irisin which has been demonstrated as a
metabolically active myokine/adipomyokine that is involved
in energy expenditure, glucose metabolism, and anti-inflam-
matory signaling. Irisin is mostly secreted by skeletal muscle
during physical exercise and has been demonstrated to in-
duce browning of white adipose tissue, insulin sensitivity, as
well as reduce oxidative stress [5]. The recent experimental
and clinical evidence indicate that irisin can have anti-proli-
ferative and pro-apoptotic effects in different types of cancer
models, such as breast cancer. In metabolismic disorders and
malignancies, lowered circulating concentration of irisin
has also been reported, which leads to the supposition that
irisin deficiency could represent dysregulation in metabolism
that promotes the growth of tumors [6, 7]. On the other
hand, chemerin is an adipokine produced mainly by the
adipose tissue and liver, and has been shown to promote the
recruitment of immune cells, inflammation, angiogenesis,
and adipogenesis [8].

Chemerin has the ability to regulate the innate and adap-
tive immune responses by interacting with certain receptors
that are found on immune and endothelial cells. Chemoin-
flamminary and situational effects of chemerin have been ob-
served in cancer biology [9]. Although other studies indicate
that chemerin increases anti-tumor immunity by attracting
cytotoxic immune cells, other studies indicate that increased
levels of chemerin in circulation correlate with inflammation
caused by obesity, tumor aggressiveness and unfavorable
clinical outcomes. Up to now, elevated levels of chemerin in
breast cancer have been associated with high levels of disease
progression, proliferative rates, and poor metabolic rates
[10]. Notably, irisin and chemerin are opposite (but not in-
dependent) biologically related pathways in the metabo-
lic inflammatory axis [11]. Mostly, irisin is implicated with
metabolic protection and anti-inflammatory activity, and
chemerin is often associated with pro-inflammatory and im-
mune-modulatory. The ratio of these two biomarkers might
thus give a better representation of the metabolic reprogram-
ming of tumors compared to either of the two biomarkers.
Such an interdisciplinary approach is especially applicable
to breast cancer, where hormonal control, the production of
adipose-derived estrogen, and insulin signaling interconnect
with each other to determine the course of the disease [12,
13]. The conventional prognostic factors in breast cancer
such as the hormone receptor, HER 2 as well as proliferative
indices are indispensable, yet do not encompass the overall
metabolic and inflammatory changes that the tumor under-
goes during evolution [14].

Thus, the increased attention nowadays is given to the
discovery of circulating biomarkers that may supplement
the available diagnostic instruments, enhance risk-tiering,
and, perhaps, help design tailored treatment approaches.
The promising such an integrated biomarker approach are
irisin and chemerin, which are readily available in peripheral
blood, and can be incorporated into major biological path-
ways [15]. Based on such considerations, any study on the
predictive value of irisin and chemerin combined in breast
cancer progression can yield new understanding on the meta-

bolic-hormonal processes of tumor regulation [16]. Know-
ledge of the relationship between these biomarkers and stage
of disease, metabolic status as well as proliferative activity
may aid in the design of non-invasive devices that will help
in the early diagnosis, prognostic evaluation, and follow up
of breast cancer progression [17].

It follows that the current study purposed at assessing
the levels of circulating irisin and chemerin in cancerous
women with breast tumors and healthy participants and their
relevance to clinical, metabolic, and tumor-related variables.

The proposed study will help elucidate the role of the de-
scribed biomarkers in the progression of breast tumors within
the context of the unification of biochemical and hormonal
tools and to determine how these biomarkers could be used
as predictive indicators in clinical practice.

Materials and methods

The case-control study was done in the period of March
10, 2025, to December 10, 2025, to compare the predictive
power of irisin and chemerin as biochemical-hormonal bio-
markers in the progression of breast tumor. A total of 180
women (120 patients with breast tumors and 60 presumed
healthy females) were used as study population. The pa-
tients were recruited at the special oncology and surgical
units, whereas the controls were chosen at the routine health
screening clinics around the same time. Breast tumors diag-
nosis was determined on clinical examination, radiological
imaging (mammography and/or breast ultrasound), and was
confirmed histopathologically after biopsy or surgical exci-
sion. The staging of tumours was done based on conventional
clinical and pathological standards. The patient group was
included using inclusion criteria based on female patients
having a confirmed diagnosis of breast tumor and who was
not undergoing chemotherapy and radiotherapy.

The exclusion criteria covered pregnancy, lactation, any
other malignancy, autoimmune or chronic inflammatory
conditions, moderate or severe renal or hepatic dysfunction
and use of medications that were known to affect metabolic
or inflammatory biomarkers. Healthy controls had not ex-
perienced any history of breast disease, malignancy, chronic
metabolic diseases or inflammatory diseases. All the partici-
pants were taken to the laboratory under aseptic conditions
in venous blood samples (5 mL) after an overnight fasting
period. Blood was measured into plain serum tubes, left to
clot in room temperature, and then centrifuged at 3000 rpm
and 10 minutes to get serum. The aliquoted serum samples
were kept at —20 °C until analysis. Irisin and chemerin serum
levels were assessed through the help of the commercially
available enzyme-linked immunosorbent assay (ELISA) Kits,
as per the manufacturers. Laboratory tests, standard auto-
mated tests were also performed on additional biochemical
and hormonal parameters as necessary.

Statistical analysis. Analysis of quantitative data was done
through the SPSS software 26. Continuous variables have
been tested on the basis of normality and have been given
in terms of mean standard deviation, whereas categorical
variables have been in the form of frequencies and percent.
Independent samples t-test on normally distributed vari-
ables and Mann-Whitney U test on non-normally distributed
variables were used to perform comparisons between breast
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tumor patients and healthy controls. Pearson or Spearman
coefficients of correlation were used to assess associations be-
tween irisin, chemerin and clinical/biochemical parameters,
as appropriate. Multivariate logistic regression test was done
with the aim of determining independent predictors of risk
of breast tumor. The use of receiver operating characteristic
(ROC) curve analysis to evaluate the diagnostic capabilities
of irisin and chemerin was used. The P value of 0.05 was
regarded as statistically significant.

The study had been ethically approved by the institu-
tional ethics committee and informed consent given by all
participants to take part in the study as a written consent. The
principles of the Declaration of Helsinki were followed when
conducting the study protocol.

Results
Sociodemographic and clinical characteristics
of breast cancer patients and healthy controls
The comparison showed that there is no statistically
significant difference in the mean age of the breast cancer
patients and healthy controls and the menopausal status
(P > 0.05) or group matching is appropriate. Conversely,
the body mass index was significantly greater in breast can-
cer participants than in controls (P = 0.001) indicating that
there might be a relationship between obesity and risk of
breast cancer. The positive family history of breast cancer was
also highly prevalent in patients as compared to the controls
(P =0.041), which underscores its contributory nature in the
development of the disease. Most patients were diagnosed
with high-stage tumors (II—III), which is a manifestation
of the clinical cost of illness at its onset and gives a valuable

background to the relevance of irisin and chemerin as pre-
dictors of tumor progression, as shown in Table 1.

Comparison of biochemical, hormonall,
and metabolic biomarkers between breast
cancer patients and healthy controls

In Table 2, the level of irisin which was in circulation was
significantly lower in breast cancer patients than in healthy
controls (P < 0.001) though the amount of chemerin was
significantly higher in patients (P < 0.001). Simultaneously,
the levels of estradiol and insulin were higher in the patients
compared to the controls (P < 0.001 in both cases) and the
level of HOMA-IR increased significantly, which also means
that patients were more insulin-resistant. All these results
indicate a disordered biochemical-hormonal and metabolic
phenotype in breast cancer and substantiate the new predic-
tive value of irisin and chemerin as combined biomarkers of
tumor progression and metabolic disruption.

Association of irisin and chemerin levels
with breast cancer tumor stage

Irisin levels in serum showed significant progressive re-
duction with the increase in tumor stage with the highest
level seen in stage I and lowest level in stage 11l patients
(P <0.001). The chemerin levels, conversely, rose significant-
ly with the tumor stage with the levels rising stepwise between
stage I and III (P < 0.001). This conflicting stage-specific
trend shows the possibilities of irisin as protective or anti-tu-
mor metabolic biomarker, and high levels of chemerin seem
to correlate with tumor growth and inflammatory-metabolic
activity in breast cancer as shown in Table 3.

Table 1. Comparison of demographic factors, anthropometric indices,
and disease-related characteristics between study groups

Variable Breast (cna:c1ezro|§atients Heal:t;y:&)r;trols P value
Age (years) 51.8+9.6 50.3 + 8.9 0.318
BMI (kg/m?) 30.9+47 276 +3.9 < 0.001
Menopausal status (postmenopausal), n (%) 72 (60.0) 33 (55.0) 0.541
Family history of breast cancer, n (%) 41 (34.2) 12 (20.0) 0.041
Tumor stage (lI-ll), n (%) 88 (73.3) - -

Table 2. Serum levels of irisin, chemerin, estradiol, insulin, and insulin resistance index (HOMA-IR)

in the study groups, mean = SD

Biomarker Patients Controls P value
Irisin (ng/mL) 3.18 £ 0.74 5.02 + 0.88 < 0.001
Chemerin (ng/mL) 296.5 + 54.3 182.7 +41.9 < 0.001
Estradiol (pg/mL) 86.4 +21.7 64.9 + 18.2 < 0.001
Insulin (plU/mL) 16.8 5.4 11.2+3.8 < 0.001
HOMA-IR 3.92 +1.21 2.11 £ 0.74 < 0.001

Table 3. Stage-dependent variation of circulating irisin and chemerin concentrations among

breast cancer patients

Parameter Stage | (n = 32) Stage Il (n = 54) Stage lll (n = 34) P value
Irisin (ng/mL) 412 +0.69 3.05 +0.62 2.41 £0.58 < 0.001
Chemerin (ng/mL) 241.6 £ 38.7 297.9+425 341.8 +49.1 < 0.001
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Correlation analysis between irisin,
chemerin, and clinical-metabolic parameters
in breast cancer patients

In Table 4, the correlation analysis indicated a strong
negative correlation between the level of irisin and the body
mass index and the stage of tumor (P < 0.001), which implies
that low irisin levels correlate with obesity and high seve-
rity of the tumor. On the other hand, chemerin positively
correlated with the BMI, tumor stage, and estradiol levels,
indicating that inflammatory-metabolic activation is asso-
ciated with hormonal dysregulation and the development of
breast cancer (P < 0.001). It is worth noting that the negative
relationship between irisin and chemerin was actually strong,
which confirmed the negative connotation between the two
biological molecules and their collective predictive power as
one unified biomarker in breast tumor development.

Multivariate logistic regression analysis
of factors associated with breast cancer risk

One of the studies (the multivariate logistic regression
analysis) established irisin and chemerin as independent risk
factors of breast cancer. A 1 ng/mL reduction in the irisin
level was linked to a greater than two-fold rise in the odds of
breast cancer (adjusted OR =2.14, P <0.001), and a 50 ng/mL
rise in the level of chemerin was linked to significant increase
in the risk of breast cancer by a factor of about 2.7 (adjusted
OR =2.71, P <0.001). Moreover, increased BMI and estradiol
were also important risk factors of the disease, highlighting the
joint effects of metabolic, hormonal and adipokines deregula-
tion in breast tumor development and progression.

Diagnostic performance of irisin and chemerin
for discriminating breast cancer patients
from healthy controls

The ROC curves analysis showed a good diagnostic rate
of both irisin and chemerin in the separation between pa-
tients with breast cancer and healthy controls. Irisin had
a high area under curve (AUC = 0.912) with 0.32 ng/mL
cut-off giving sensitivity of 85.0 % and specificity of 82.0 %
and specificity. Chemerin displayed even more discrimina-
tive power (AUC = (0.941) with a threshold of > 245 ng/mL
with a sensitivity of 88.3 and specificity of 84.7. It is worth
noting that irisin-chemerin model gave better diagnostics

Table 4. Pearson correlation coefficients illustrating
associations between adipokines, tumor stage, body
mass index, and hormonal profile

Variables _ P value

Irisin vs BMI -0.48 < 0.001
Irisin vs tumor stage —-0.62 < 0.001
Chemerin vs BMI 0.51 < 0.001
Chemerin vs tumor stage 0.67 < 0.001
Chemerin vs estradiol 0.43 < 0.001
Irisin vs chemerin —-0.59 < 0.001

Sensitivity

= |risin: AUC = 0.912
~—_Chemerin: AUC = 0.941
0.2
= |risin + Chemerin: AUC = 0.972
------ Reference Line (AUC = 0.5)
0.0 {4 e |
0.0 0.2 0.4 0.6 0.6 0.8 1.0 1.0

1 - Specificity

Figure 1. ROC curve analysis of irisin, chemerin, and
their combined model for breast cancer discrimination

(AUC = 0.972), sensitivity and specificity were over 90, and
the combination of irisin and chemerin demonstrated strong
complementary and predictive advantages of these two com-
bined biomarkers in breast cancer diagnosis and prognosis as
shown in Table 6.

Discussion

It is becoming evident that breast cancer is systemic disease
and that genetic and hormonal, metabolic and inflammatory
changes play a role in its development. In the given work, the
comparison of the circulating levels of irisin and chemerin in
breast cancer patients and healthy controls observed supports

Table 5. Adjusted odds ratios for irisin, chemerin, body mass index, and estradiol after controlling
for potential confounders

Irisin (per 1 ng/mL decrease)
Chemerin (per 50 ng/mL increase)
BMI

Estradiol

2.14 1.48-3.09 < 0.001
2.71 1.82—4.03 < 0.001
1.09 1.03-1.15 0.002
1.04 1.01-1.07 0.009

Table 6. ROC curve analysis of individual and combined biomarker models

Irisin 0.912 < 3.9 ng/mL
Chemerin 0.941 = 245 ng/mL
Irisin + chemerin 0.972 -

85.0 82.0 < 0.001
88.3 84.7 < 0.001
91.7 90.0 < 0.001
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the significance of adipokine-associated pathways in tumor
development. The increased body mass index of patients in
favor of prior results associating adiposity with risk of breast
cancer with chronic low-grade inflammation, insulin resis-
tance, and adipose tissue-produced estrogen [18, 19].

The important conclusion of this study is that the levels of
serum irisin decreased greatly in breast cancer patients, and it
is observed that with increasing stages of tumor growth, the
levels declined gradually. It has been suggested that irisin, a
myokine that is mostly used in energy expenditure and meta-
bolic control, has an anti-inflammatory and anti-proliferative
effect. The lower levels of irisin can hence indicate a sign of
failure in the maintenance of metabolic homeostasis and a
loss of protective signaling in cancer patients [20]. A number
of clinical studies have found a reduction in the levels of
irisin in the circulation in breast cancer relative to healthy
people, which does support its possible as a tumor suppres-
sive biological marker [21]. Irisin has been demonstrated to
alter cell growth, apoptosis and oxidative stress pathways, in
a mechanistic manner, implying that its degradation may be
contributing to tumor growth and progression [22].

Chemerin levels on the other hand were significantly
higher in cancer patients of the breast and rose with tumor
stage and proliferative index. Chemerin is an adipokine that
is implicated in the immune cell recruitment, angiogenesis,
and inflammatory signaling, which are among the essential
elements of the tumor microenvironment. High circulation
of chemerin has been observed in a number of malignancies
such as breast cancer and has been linked to aggressive tumor
behaviour and poor clinicopathologic characteristics [23].
The fact that chemerin is positively correlated with BMI in
this study also confirms the idea that tumor-promoting con-
ditions are promoted by adipose-driven inflammation [24].

Nevertheless, the contribution of chemerin to cancer is
controversial and rather complicated. Although our results
are consistent with those that indicate that chemerin plays
a pro-tumorigenic role, other studies have also reported an-
ti-tumor effects as a result of increased immune surveillance,
specifically, through natural killer cells and cytotoxic T-cells
recruitment [25, 26]. Such inconsistencies can be attributed
to variance in study design, cancer stage, molecular subtype
and whether chemerin is measured in the system or in tumor
tissue. Systemic, circulation of chemerin is likely to be indi-
cative of systemic inflammatory status and metabolic status
as well, but local chemerin expression in the tumor microen-
vironment might have localized, context-specific effects [27].

The negative correlation that was observed between iri-
sin and chemerin also contributes to the idea of a metabo-
lic-inflammatory imbalance in breast cancer [28]. Reduced
levels of irisin coupled with increased levels of chemerin
can indicate a change in an environment of metabolic pro-
tection signaling to a pro-inflammatory, tumor-promoting
environment. This dual pattern of biomarkers represents a
more detailed picture of disease biology than either of the
two markers alone and the reason as to why the combination
of both biomarkers performed better in terms of diagnostic
performance [21].

Notably, using multivariate regression analysis, irisin and
chemerin were found to be independently related to the risk
of breast cancer even after taking into consideration con-

founding factors. This indicates that they are predictive be-
yond the conventional risk factors e.g. BMI, and that under-
lines their possible use as integrated biochemical-hormonal
biomarkers [29]. Moreover, the analysis of ROC curves
showed that both markers have excellent discriminative ca-
pacity especially when combined and as such, the markers
are relevant in early detection of the disease and stratification
of the disease [30].

The disparities between our results and some of the past
reports can be explained by the heterogeneity of the popu-
lation, menopausal status, subtype of tumor, metabolic
background, and variability in the method of measuring the
biomarker. It is important to note that irisin quantification
is still a problem because of assay-related inconsistencies,
which might be one of the reasons why the corresponding
results differ in different studies [31]. Chemokine signaling,
likewise, is also dependent on the expression of receptors
and immune context, which is seldom standardized among
clinical studies [32].

Conclusions

This study demonstrates that breast cancer progression
is closely linked to metabolic and hormonal dysregulation,
as evidenced by decreased circulating irisin and increased
chemerin levels. Irisin reduction may reflect impaired energy
homeostasis and loss of its anti-proliferative effects, whereas
elevated chemerin likely promotes tumor growth through
inflammatory and insulin-resistance pathways. Their strong
associations with tumor stage, obesity, and estradiol high-
light a biologically integrated mechanism, supporting the
combined irisin-chemerin panel as a robust predictive and
diagnostic biomarker model in breast cancer.
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MPOrHOCTUYHA LiHHICTb iPU3NHY TA XeMEPUHY SK iIHTErPOBAHMX GIOXiIMIYHMX
i FOPMOHAABHUX GioOMApPKepPIB NPOrpPeCcyBAHHS MYXAMHU MOAOYHOI 3AAO3U

Pesiome. Axmyaasnicms. Po3BUTOK TyXJIMHU MOJIOYHOI 3aJ1031
BinOyBa€eThCS BHACTIIIOK OaraTorpaHHOro BILUIMBY METaOOTiUHUX,
TOPMOHAJIbHUX 1 3alaJIbHUX MEXaHi3MiB, 1110 pOOUTH ipU3UH Ta
XEMEpPUH BaroMMMHU OioMapKepaMu TSKKOCTI i IMHAMIKU paKy
B TIpolIeci CKIaaHOI 0i0XiMiUHOI Ta TOPMOHAIBHOI B3a€EMO/III.
Mema: BCTAaHOBUTU TIPOTHOCTUYHE i iarHOCTUYHE 3HAYEHHS
PiBHIB ipU3MHY I XeMepHHY B KPOBi SIK iHTerpOBaHUX OioXiMiu-
HMX Ta TOPMOHAJIbHUX OioMapKepiB MpU paky MOJOYHOI 3aJ103H,
a TaKOX BM3HAYUTH iX 3B’SI30K 31 CTAMIi€I0 ITyXJIMHHU, METa0O0Iiu-
HUM CTaTyCOM i TOPMOHAJILHOIO TMCPETYJISIIIEI0 TPOrpecyBaHHs
nyxJauHu. Mamepiaau ma memoodu. J10CIiXKEHHSI TUITY «BUIIa-
JIOK — KOHTPOJIb» MPOBEAECHO 3 6epesHst 10 rpynHs 2025 poky st
OI[IHKY MMPOTHOCTUYHOI IIIHHOCTI ipU3MHY Ta XeMEPUHY B PO3BUTKY
MYXJIMHUA MOJIOYHOI 3a7103U. ¥ HbOMY B3sUiu y4yacTb 180 KiHOK
(120 manieHTOK i3 pakKOM MOJIOYHOI 3a1031 Ta 60 310pOBUX OCiO
KOHTPOJIbHOT Tpynu). JliarHo3 i cTajist 3aXxBoproBaHHs Oyju Tif-
TBEPIKEHi KJIIIHIYHO, pamiojoTiYHO I TiCTOMATOJMOTiYHO. 3pa3Ku
KpOBi Hartiie Oy/iu 3i0paHi, 00pobJIeHi Ta 30epiraJucs Mmpu TeM-
nepatypi —20 °C. PiBHi ipu3uHy Ta XeMepHHY B CUPOBATIIi KPOBi
BUMIpPIOBAJIN 32 TOTIOMOTOI0 iMyHO(EPMEHTHOTO aHaTi3y IMOPSI i3
PYTMHHUMU OGiOXiMiYHUMU i1 TOPMOHAIBHUMHM JOCTiIKEHHSIMU.

Pezyavmamu. TlompeHicTh paKy MOJIOYHOI 31031 OyJia BipOTiTHO
BMIIIOIO 3aJIEXKHO Bill TOKA3HUKIB iHAEKCY MacH Tijla Ta pOAMHHOTO
aHaMHe3y. PiBeHb ipu3nHy OyB HMKUMM, a MIOKa3HUKU XeMepU-
Hy, ecTpafiofy, iHcyiny i innekcy HOMA-IR 30inburyBanucs,
IO CBIMYUTH PO METAOOJIYHNI Ta TOPMOHAJIBLHUI AucOaiaHC.
VMicT ipu3nHy 3HMXKXYBaBCS, @ XeMEPUHY — 3POCTaB IMPU IMPO-
rpecyBaHHi mmyxjmHu. O6uaBa 6ioMapKepr MOXHA PO3IISAaTh
SIK TIPETMKTOPU PU3UKY PAKy MOJIOYHOI 3271031 HE3AIEKHO OIUH
Bim ogHOro. TakoxX IpoIeMOHCTPOBAHO iX BUCOKY HiaTHOCTUIHY
TOYHICTh, 0COOIMBO MPHU CIIILHOMY BUKOPUCTaHHI. YCTaHOBJIEHO,
1[0 BOHM JIOTIOBHIOIOTb OIMH OHOTO 3 TOYKU 30pY POJIi B IIporpe-
CYBaHHi IMyXJINHU MOJIOYHOI 321034 i MeTabOJIIUHUX MOPYLIEHHSIX.
Bucnoexu. MetaboniuH1ii Ta TOPMOHAJIBHUI TUCOaIaHC, 3HIDKE-
HUI piBeHb ipU3UHY i MiABUILIEHUI — XeMEePUHY OB’ s13aHi 3 Mpo-
rpecyBaHHSIM paky MOJIOYHOI 3a103u. [TopylieHuii eHepreTuaHui
OOMiH Ta 3amaJieHHsI, 10 TIPOSIBJISTIOTHCS Yepe3 TIPOTIIIEXHi 0610510~
riuHi (byHKIIIi, OOIPYHTOBYIOTH iX BUKOPUCTAHHS B KOMOiHAILIi1 SIK
MPOTHOCTUYHUX OioMapKepiB PO3BUTKY MyXJIUHU.

Ki1040Bi ci1oBa: ropMoHanbHi 6ioMapkepy; MeTaboJIiuHa JUCpe-
TYJISILIIST; paK MOJIOYHOI 31031, ipU3WH; XeMEepYH; TIPOTPECYBaHHS
MyXJIMHU
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Laser vaporization as a debridement method
for diabetic foot ulcers:
clinical effectiveness assessed
by transcutaneous oximetry

Abstract. Background. Diabetes mellitus is a major global health problem, and diabetic foot ulcers (DFU) re-
present one of its most serious chronic complications. DFUs are associated with impaired tissue repair, ischemia,
neuropathy, and a high risk of infection, often leading to prolonged non-healing wounds and lower limb amputations.
Effective management requires comprehensive therapy, including wound debridement; however, conventional
methods may lack selectivity and cause additional tissue trauma. In recent years, laser technologies have been
introduced into wound care. While CO, and erbium-doped yttrium aluminum garnet lasers are well studied, diode
lasers remain insufficiently investigated in ischemic DFU. The aim of this study was to assess the efficacy and
safety of diode laser-assisted vaporization as an adjunctive local debridement method in the treatment of ischemic
diabetic foot ulcers and to evaluate its effects on tissue perfusion and wound healing. Materials and methods.
The study involved 120 patients with ischemic DFUs. The main group (n = 80) received standard therapy com-
bined with laser vaporization using a 1470 nm diode laser, while the control group (n = 40) received standard
treatment alone. All patients underwent Doppler ultrasound, ankle-brachial index assessment, and transcutaneous
oxygen tension (TcpO,) measurement at baseline and after a 21-day treatment course. Laser parameters were
individualized according to wound depth, location, and ischemia severity. Statistical analysis was performed using
standard software, with significance set at p < 0.05. Results. Before treatment, patients in both groups exhibited
ulcerative defects associated with moderate to severe ischemia. After therapy, accelerated reparative processes,
active granulation tissue formation, and epithelialization were observed in 80 % of patients in the main group. The
mean TcpO, level increased from 30.8 + 3.0 mmHg to 37.2 + 3.0 mmHg in the main group, whereas in the control
group, only from 31.2 + 2.0 mmHg to 32.7 = 1.0 mmHg. The mean increase in ATcpO, was 6.4 versus 1.5 mmHg,
respectively (p < 0.001). Improved tissue oxygenation was accompanied by restoration of microcirculation, shortened
wound healing time, and reduced duration of hospitalization. Conclusions. Diode laser-assisted vaporization is an
effective and safe adjunctive method of local debridement in ischemic DFUs. Its use in combination with standard
therapy significantly improves tissue perfusion, accelerates wound healing, and enhances clinical outcomes. Further
multicenter randomized studies are needed to confirm these results and optimize treatment protocols.
Keywords: diabetic foot syndrome; ischemia; transcutaneous oximetry; microcirculation; chronic arterial insuffi-
ciency; diabetic foot ulcer; laser vaporization

Introduction

Diabetes mellitus (DM) represents one of the most se-
rious global public health challenges, with a steadily increa-
sing prevalence worldwide [1, 2]. According to international
epidemiological studies, hundreds of millions of people are
affected by diabetes, and the lifetime risk of developing a
diabetic foot ulcer (DFU) reaches approximately 25 % [1, 3].

DFU are among the most severe chronic complications of
diabetes, significantly impairing patients’ quality of life, re-
ducing functional capacity, and imposing a substantial eco-
nomic burden on healthcare systems |2, 4].

DFU are characterized by impaired tissue repair, chronic
inflammation, micro- and macroangiopathy, peripheral neu-
ropathy, and a high risk of infectious complications [3, 5].
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The combination of ischemia, sensory disturbances, and
metabolic imbalance leads to the development of chronic
non-healing wounds that are difficult to manage [2, 5]. Ac-
cording to the literature, approximately one in six patients
with DFUs will require lower limb amputation during their
lifetime, which is associated with high mortality rates, reach-
ing up to 77 % within five years after surgery [4, 6].

Effective management of DFUs is based on a compre-
hensive approach that includes optimal glycemic control,
correction of peripheral circulation disorders, appropriate
antimicrobial therapy, off-loading of the affected limb, and
timely wound debridement [1, 7]. Removal of necrotic tissue,
fibrin, and microbial biofilms represents a key step in wound
bed preparation and promotes healing [7, 8]. Conventional
debridement methods, including surgical, mechanical, en-
zymatic, and ultrasonic techniques, do not always provide
sufficient selectivity and may be associated with additional
trauma to viable tissues |7, §].

Over recent decades, laser and light-based technologies
have been increasingly introduced into the management of
chronic wounds [9, 10]. In clinical practice, various types of
medical lasers are used, differing in wavelength, power, and
emission frequency, which determine their biological effects
on tissues [9, 11]. These include CO, and erbium-doped
yttrium aluminum garnet lasers (Er:YAG), mainly applied
for tissue ablation and vaporization, Neodymium-doped
Yttrium Aluminum Garnet (Nd:YAG) lasers with deeper
tissue penetration and vascular effects, as well as diode lasers
combining thermal and coagulative properties [10, 11].

In addition to surgical lasers, photobiomodulation
techniques are applied in DFU management, including
light-emitting diode (LED) therapy, low-level laser therapy
(LLLT), and photodynamic therapy [9, 12]. These methods
are primarily aimed at stimulating tissue repair, reducing
inflammation, and controlling microbial burden; however,
they do not provide adequate removal of necrotic tissue and
cannot replace surgical debridement [9, 12].

CO, and Er:YAG lasers are currently the most extensively
studied devices in the treatment of chronic wounds, owing
to their controlled ablative properties and relative safety pro-
file [10, 11]. Nd:YAG lasers are mainly used for vascular
and deep tissue applications, which limits their usefulness
in superficial ulcers [11]. Light-based therapies are generally
employed as adjunctive tools to enhance wound healing fol-
lowing adequate wound sanitation [9, 12].

Despite their widespread use in general surgery and den-
tistry, diode lasers remain among the least investigated mo-
dalities in the treatment of diabetic foot ulcers [9, 10]. For a
long time, their application was restricted due to pronounced
thermal and potentially destructive effects on tissues, par-
ticularly under ischemic conditions [10, 13]. Consequently,
diode lasers have rarely been used for ischemic ulcers because
of concerns regarding tissue damage and delayed wound
healing [10, 13].

However, recent technological advances, optimization
of irradiation parameters, and accumulation of clinical ex-
perience have enabled more controlled and selective tissue
interactions [9, 10]. When applied using appropriate settings,
diode lasers may provide precise debridement, effective co-
agulation of small vessels, reduction of exudation, partial

antibacterial effects, and minimization of mechanical trau-
ma, thereby promoting the formation of a stable wound bed
[9, 13].

Particular interest is focused on the application of diode
lasers in ischemic diabetic foot ulcers, where conventional
debridement techniques are often associated with a high risk
of complications [5, 6]. With adequate assessment of regio-
nal perfusion and individualized parameter selection, laser
debridement may improve microcirculation and stimulate
reparative processes [9, 13].

The aim of the study was to assess the efficacy and safety
of diode laser-assisted vaporization as an adjunctive local
debridement technique for diabetic foot ulcers, especially
of ischemic origin, and to investigate its potential beneficial
effects as part of comprehensive treatment.

Materials and methods

The study was conducted at the Center for Purulent-Sep-
tic Complications of the Surgical Department 1 of the Cher-
nivtsi Emergency Hospital, which serves as a clinical base
of the Department of Surgery 2, Bukovinian State Medical
University. A total of 120 patients with diabetic foot ulcers
and wounds associated with lower limb ischemia were en-
rolled in the study. The main group consisted of 80 patients
with moderate to severe ischemic diabetic foot syndrome
and subcompensated type 2 diabetes mellitus. The control
group included 40 patients who received standard compre-
hensive treatment without laser vaporization. In the main
group, females predominated (52 patients), while 28 patients
were male. The mean age was 60.4 £ 5.3 years. According to
angiographic findings, reconstructive vascular interventions
were technically unfeasible in all patients due to severe and
diffuse arterial lesions of the lower extremities.

The diagnosis was established in accordance with the re-
commendations of the International Working Group on the
Diabetic Foot and the Infectious Diseases Society of America
(IWGDEF/IDSA). Disease severity was assessed using the
WIfI (Wound, Ischemia, foot Infection) and SINBAD clas-
sification systems. The degree of ischemia was evaluated by
measuring the ankle-brachial index (ABI), toe systolic pres-
sure, and transcutaneous oxygen tension (TcpQO,), which was
assessed using the PeriFlux System 5000 (Perimed®, Sweden).
According to international vascular guidelines, TcpO, values
have significant clinical relevance for evaluating ischemia
severity, determining the need for revascularization, predic-
ting wound healing potential, assessing treatment response,
selecting the appropriate level of amputation, and forecasting
postoperative wound healing. All patients received standard
comprehensive therapy, including optimization of glycemic
control, antibacterial treatment, correction of microcircula-
tory disorders, off-loading of the affected limb, local wound
care, and surgical debridement. In the main group, laser
vaporization was additionally applied as an adjunctive me-
thod for local debridement. A diode laser system (LIKA-Sur-
geon), a universal surgical laser coagulator with a wavelength
of 1470 nm, was used for wound treatment. The selection of
the 1470 nm wavelength was based on its high absorption by
water and hemoglobin, providing a combination of ablative
and coagulative effects with a controlled depth of thermal
penetration. Laser vaporization was performed to selectively
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remove necrotic tissue, fibrin, and microbial biofilms while
minimizing trauma to viable structures. Irradiation parame-
ters (power and operating mode) were individually adjusted
according to wound location, defect depth, and ischemia se-
verity. Treatment efficacy was evaluated considering patients’
age and sex, degree of ischemia, wound size and localization,
and changes in transcutaneous oximetry parameters before
and after laser vaporization.

TepO, measurements were obtained under standardized
resting conditions prior to treatment and after completion
of the laser therapy course. The collected data were used
to assess changes in local tissue oxygenation and microcir-
culation. Statistical analysis was performed using Statistica
and Microsoft Excel software. Mean values and standard
deviations were calculated. Comparative analysis of pre- and
post-treatment parameters was conducted using parametric
or nonparametric tests, depending on data distribution. Dif-
ferences were considered statistically significant at p < 0.05.

Results

All patients enrolled in the study underwent comprehen-
sive baseline clinical and instrumental evaluation, including
Doppler ultrasound examination of the lower limb vessels,
measurement of the ABI, and assessment of TcpO,. To ob-
tain a detailed evaluation of microcirculatory status, TcpO,
measurements were additionally performed circumferentially
around the ulcerative or wound defect, allowing objective
assessment of local tissue oxygenation in the affected area.

According to the selected treatment strategy, patients
were divided into two groups. The main group consisted of
80 patients who received standard comprehensive therapy
combined with laser vaporization as an adjunctive method of
local debridement. The comparison group included 40 pa-
tients who received standard therapy alone without laser
vaporization. Both groups were comparable in terms of age,
sex, wound localization and area, as well as the severity of
lower limb ischemia. Baseline instrumental findings in both
groups indicated the presence of moderate to severe ische-
mia, as confirmed by reduced ABI values, impaired main
and collateral blood flow on Doppler ultrasound, and low
periwound TcpO, levels.

Measurements were performed at baseline and after com-
pletion of a 21-day course of comprehensive therapy. During
this period, patients in the main group additionally under-
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Figure 1. Changes in periwound TcpO, (mmHg)
before and after treatment in the study groups

went laser vaporization under predefined operating parame-
ters, taking into account wound location, lesion depth, and
ischemia severity. After completion of treatment, patients in
the main group demonstrated pronounced improvement in
the clinical course of wound healing. Accelerated reparative
processes were observed in 80 % of cases and were mani-
fested by a reduction in wound area and depth, decreased
exudation, active formation of mature granulation tissue,
and development of marginal epithelialization. In several
cases, formation of a well-structured wound bed suitable for
spontaneous epithelialization was observed.

Objective confirmation of tissue recovery in the main
group was provided by a significant increase in transcutane-
ous oximetry values. Before treatment, the mean periwound
TcpO, was 30.8 = 3.0 mmHg, corresponding to moderate
impairment of tissue perfusion. After completion of the-
rapy including laser vaporization, this value increased to
37.2 £ 3.0 mmHg, indicating substantial improvement in
local blood flow and tissue oxygenation.

In the comparison group, which received standard com-
prehensive therapy without laser vaporization, improvement
in transcutaneous oximetry parameters was considerably less
pronounced. At baseline, the mean periwound TcpO, was
31.2 + 2.0 mmHg and increased only to 32.7 £ 1.0 mmHg
after treatment, reflecting minimal enhancement of local
tissue oxygenation and persistence of ischemic changes.

Comparative analysis demonstrated that patients in the
main group exhibited significantly better local perfusion,
more intensive granulation tissue growth, and shorter wound
closure times. These improvements, in turn, contributed to
reduced duration of hospitalization in surgical wards com-
pared with the comparison group.

The increase in TcpO, levels in the main group was ac-
companied by a reduction in the ischemic zone surrounding
the wound, improvement in tissue trophism, restoration of
microcirculatory networks, and attenuation of chronic in-
flammatory manifestations. These changes created favorable
conditions for the formation of a stable wound microenviron-
ment and spontaneous defect closure.

Correlation analysis revealed a direct relationship be-
tween baseline ischemia severity and treatment efficacy.
Patients with moderate ischemia demonstrated more pro-
nounced and rapid therapeutic responses, whereas those
with severe ischemia showed slower positive dynamics and
required longer follow-up.

The obtained results indicate that combining standard
therapy with laser vaporization provides more effective res-
toration of tissue perfusion, accelerates granulation tissue
formation, and promotes faster healing of diabetic foot ulcers
and wounds compared with standard treatment alone.

Thus, diode laser-assisted vaporization as an adjunc-
tive method of local debridement represents a justified and
pathogenetically grounded component of comprehensive
management of diabetic foot syndrome, particularly in ische-
mic forms of the disease.

Discussion

The obtained results demonstrate a high clinical effec-
tiveness of laser vaporization as an adjunctive method of local
debridement in the comprehensive management of ischemic
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diabetic foot syndrome. The combination of standard therapy
with the use of a diode laser resulted in a significant improve-
ment in tissue perfusion parameters, activation of reparative
processes, and accelerated healing of wound defects.

An important aspect of the study was the use of trans-
cutaneous oximetry as an objective method for assessing
local tissue oxygenation. The analysis of TcpO, dynamics
revealed a substantially greater increase in tissue oxygenation
in the main group. The mean TcpO, level increased from
30.8 £ 3.0 mmHg to 37.2 £ 3.0 mmHg after the treatment
course, indicating improved microcirculation and restoration
of perfusion properties in the affected tissues.

Particularly noteworthy is the analysis of the increase in
transcutaneous oxygen tension (ATcpQO,). The mean ATcpO,
following laser vaporization reached 6.4 mmHg, reflecting
a clinically meaningful enhancement of local perfusion. In
contrast, the control group demonstrated only a minimal in-
crease of 1.5 mmHg. The between-group difference was sta-
tistically significant (p < 0.001). Such a pronounced increase
in tissue oxygenation in the main group may be considered
an objective marker of the effectiveness of the proposed the-
rapeutic approach.

Unlike the main group, patients who received standard
therapy alone exhibited only limited improvement in trans-
cutaneous oxygenation parameters. The minimal increase
in TcpO, suggests restricted potential of conventional treat-
ment methods to restore microcirculation under ischemic
conditions. This finding supports the need for implementing
additional local therapeutic modalities in the management of
diabetic foot wounds.

The improvement in tissue oxygenation observed in the
main group was accompanied by more intensive granulation
tissue formation, reduced exudation, and active marginal
epithelialization. These findings indicate a positive effect
of laser vaporization on the formation of a stable and viable
wound bed, which is essential for effective healing. The pre-
sent results are consistent with current evidence suggesting
that laser-based interventions may enhance local blood flow,
reduce microbial load, and stimulate cellular proliferation.

A noteworthy observation was the correlation between
the severity of ischemia and treatment effectiveness. Patients
with moderate ischemia demonstrated a more pronounced
and faster therapeutic response, whereas in cases of severe
ischemia, positive dynamics developed more gradually. This
emphasizes the importance of an individualized treatment
strategy based on the assessment of regional blood flow.

The probable mechanism underlying the beneficial ef-
fects of laser vaporization involves selective removal of ne-
crotic tissue with minimal trauma to viable structures, local
coagulation of small vessels, reduction of exudation, and
partial antibacterial action. Controlled thermal exposure may
also stimulate angiogenesis and improve metabolic processes
within tissues, which is particularly important in the context
of chronic ischemia.

The observed reduction in wound closure time and shor-
ter hospital stays in the main group have important clinical
and socioeconomic implications. Decreased hospitalization
duration lowers the risk of nosocomial complications, op-
timizes healthcare resource utilization, and contributes to
improved patient quality of life.

Increase in TcpO, After Treatment (J1TcpO,), p < 0.001
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Figure 2. Comparison of changes in transcutaneous
oxygen tension (ATepO,) between the study groups

Nevertheless, several limitations should be acknow-
ledged, including the relatively small sample size, the absence
of randomization, and the limited follow-up period. Further
multicenter randomized controlled trials with long-term out-
come assessment are required to more precisely define the
role of laser vaporization within treatment algorithms for
diabetic foot syndrome.

Conclusions

The use of diode laser-assisted vaporization as an adjunc-
tive method of local debridement represents an effective and
safe component of comprehensive management of ischemic
diabetic foot syndrome. The combination of standard therapy
with laser vaporization resulted in a significant improvement
in tissue perfusion and oxygenation, as evidenced by a statis-
tically significant increase in TcpO, values (from 30.8 £ 3.0
to 37.2 + 3.0 mmHg). The mean increase in transcutane-
ous oxygen tension (ATcpQ,) in the main group reached
6.4 mmHg, which was significantly higher than that observed
in the control group (1.5 mmHg; p < 0.001), indicating a
marked improvement in local microcirculation.

Enhanced tissue oxygenation was accompanied by more
intensive granulation tissue formation, reduced exudation,
accelerated epithelialization, and shorter wound closure time.
In patients receiving standard therapy alone, improvement in
TcpO, parameters was minimal, confirming the limited ef-
fectiveness of conventional treatment under ischemic condi-
tions without additional local interventions. The therapeutic
efficacy of laser vaporization was found to depend on the
severity of ischemia, with the most pronounced benefits ob-
served in patients with moderate circulatory impairment.

The probable mechanisms underlying the beneficial ef-
fects of laser vaporization include selective removal of ne-
crotic tissue, reduction of bacterial burden, stimulation of
angiogenesis, and optimization of metabolic processes within
affected tissues. Furthermore, the application of laser vapor-
ization contributed to shorter hospitalization periods, reduced
complication rates, and improved patient quality of life, high-
lighting its important clinical and socioeconomic value.

Despite the favorable outcomes, further multicenter ran-
domized studies with long-term follow-up are required to
clarify the role of laser vaporization within contemporary
treatment algorithms for diabetic foot syndrome. Overall, the
results of this study confirm the clinical relevance and patho-
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genetic rationale for using diode laser-assisted vaporization
as an adjunctive method of local debridement in patients with
ischemic diabetic foot ulcers and wounds.

Future research perspectives. Further studies on the appli-
cation of laser vaporization in diabetic foot syndrome should
focus on multicenter randomized trials involving larger patient
cohorts and longer follow-up periods. This will improve the
level of evidence and help to clarify the role of diode lasers
in contemporary treatment algorithms. Optimization of laser
irradiation parameters according to wound depth, ischemia
severity, and individual patient characteristics represents a
promising research direction. In addition, further investigation
of the effects of laser vaporization on angiogenesis and tissue
regeneration processes is warranted. Assessment of long-term
treatment outcomes, including recurrence rates, amputation
frequency, and quality-of-life indicators, remains essential.
Moreover, studies evaluating combined therapeutic approach-
es and conducting pharmacoeconomic analyses may support
broader clinical implementation of this method.

Ethical norms and informed consent. This study was con-
ducted in accordance with the principles outlined in the
Declaration of Helsinki. Prior to study initiation, all par-
ticipants received comprehensive information regarding
the study objectives, methods, potential risks, and expected
benefits. Participation was voluntary and based on informed
consent; all respondents signed a written informed consent
form before data collection. Participants had the right to
withdraw from the study at any time without providing any
explanation. In cases involving minors or individuals with
limited legal capacity, informed consent was obtained from
their legally authorized representatives. In accordance with
confidentiality requirements, all data were collected anony-
mously and processed in compliance with applicable data
protection legislation, including the General Data Protection
Regulation, to ensure the protection of personal information.
All data were used exclusively for the purposes of this study
and were analyzed in an aggregated form.

Al use statement. Artificial intelligence tools were not
used for text generation, data analysis, or image creation in
this study. All content was prepared by the authors, who take
full responsibility for its accuracy, originality, and compli-
ance with ethical standards.
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BYKOBUHCHKA AEPIKABHUM MEANYHN YHIBEPCUTET, M. YepHiBLyj, YKpaiHO

AdaszepHa Banopu3saLis IK METOA A€OPUAMEHTY BUPA3OK AiIQGETUYHOT CTONU:
KAIHIYHO e PEKTUBHICTb 30 ACGHUMMU TPAHCKYTOHHOT OKCUMETPIT

Pestome. Axmyaavnicme. Llykposuii 1iabeT € OqHI€IO 3 TPOBITHUX
I00AJTLHUX TTPOOJIEM OXOPOHHU 30POB’ S, a BUPA3KU AiaOe TUIHOIL
crormu (BC) Hanexarb 10 MOro HANTSKIMX XPOHIYHUX YCKIaI-
HeHb. BJIC xapakTepu3yloThes MOPYIIEHHSIM MPOLIECiB pernapa-
11ii, ilemiero, Heiponarti€lo Ta BUCOKUM PU3MKOM iH(MEKIiHHUX
YCKJIaHEHb, 1110 YaCTO MPU3BOIUTDH 10 TPUBAIUX HE3arOMHUX
paH i ammyTaliii HUXKHiX KiHIiBoK. EdekTruBHe NTiKyBaHHS MO-
Tpedye KOMIUIEKCHOTO MiAXOIy, 30KpeMa CBOEYACHOTO AeOpuI-
MEHTY paHU’, OJHAK TPAIUIliliHi METOAN HE 3aBXIN € TOCTATHBHO
CEJIEKTUBHUMHU Ta MOXYTh CIIPUYMHSITU TOAaTKOBY TpaBMaTH-
3allifo TKaHUH. OCTaHHIMU POKaMU B JIiIKYBaHHSI XpPOHIYHMX paH
aKTUBHO BITPOBA/KYIOTHCS Ja3epHi TexHoJorii. BomHouac mioaHi
Jla3epy 3TUIIAIOTHCS HEMOCTATHHO JTOCIIIKEHUMU TTPH iIlIEMiTHIX
dopmax BAC. Mema: ouinutu eheKTUBHICTS i Oe3MeKy 1azepHoi
Barnopu3allii 3 BAKOPUCTAHHSIM [1i0OTHOTO Jia3epa sIK a/i’ toBAHTHOTO
METOJy JIOKQJIbHOTO 1eOpUAMEHTY MpH illleMiYHUX BUpa3Kax Jia-
OETUYHOI CTOMM Ta BU3HAYUTH ii BIUIUB Ha TKAHUHHY Tiepdy3ito
i ipotiecu 3aroeHHs. Mamepiaau ma memoou. Y NOCTiTXEHHS
BKiItoYeHo 120 oci6 3 imeMiuHuMuU Bupaskamu ctonu. OCHOBHa
rpyna (n = 80) oTpuMyBajia CTaHAApPTHY Teparlito B MOEIHAHHI 3
BaIopu3alli€lo Ti0OMHUM JIa3epoM i3 TOBXKWHOIO xBUJi 1470 HM,
rpyrma nopiBHSHHS (n = 40) — juIIe cTaHAApTHE JIIKYBaHHS. Y ciM
nalieHTaM OpPOBOAWIN Joruieporpadilo cyauH, BU3HAYSHHS Ki-
CTOYKOBO-TIJIEYOBOTO iHAEKCY Ta BUMiPIOBAaHHS TPAaHCKYTaHHOL

Harpyru kucHio (TcpO,) 1o nikyBaHHs Ta micist 21-1eHHOTO Kyp-
cy teparii. CTaTUCTUYHY 00pOOKY BUKOHYBAJIH 3a JTOTIOMOTOIO0
CTaHJIAPTHOTO TTPOTPAMHOTO 3a0e3MeUeHHs; PiBeHb CTATUCTUY-
HOI 3HAUyIIOCTi BcTaHOBIOBaM TIpu p < 0,05. Pesyabmamu. J1o
MOYaTKy JIiKyBaHHSI B MALIEHTIB 000X TPYI BUSIBJICHO BUPA3KOBI
nedexktr Ha GoHi moMipHOI ab0 TsKKoi imemii. [Ticas Teparmii
B OCHOBHi# Tpymi y 80 % BuNaakiB BiI3Haue€HO MPUCKOPEHHS
pernapaTuBHUX MPOLIECiB, aKTUBHE (JOPMYBaHHSI IpaHyJIsLii Ta
enitenizaitito. Cepentiit pisenb TcpO, 3pic i3 30,8 £ 3,0 MM pr.CT.
1o 37,2 £ 3,0 MM PT.CT., TOAi K y TPYITi MOPiBHSIHHSA — JIUIIE 3
31,2 £ 2,0 mMm pt.cT. 10 32,7 £ 1,0 MM pt.cT. CepenHiii mpupict
ATcpO, craHoBuB 6,4 ipotrt 1,5 MM pT.cT. BixmosiaHo (p < 0,001).
[MoninueHHst oKcureHallii CyrpoBOIKYBaI0oCs BiTHOBJISHHSIM Mi-
KPOLMPKYJISLIii, CKOPOUEHHSIM TEPMiHiB 3aTOEHHS Ta 3MECHIIICH -
HSIM TPUBAJIOCTi TocmiTaizalii. Bucnoexu. JlazepHa Bamopu3sallist
3 BUKOPUCTAHHSIM [[iI0OTHOTO Jia3epa € e(eKTUBHUM i O€3MeYHUM
aJl’lOBaHTHUM METOIOM JIOKJIbHOTO 1e0PUAMEHTY NIPH illIeMidYHUX
B/ C. i moemHaHH 3i cCTAHIAPTHOIO TePaITi€Io CIIPHUSIE BipOTiTHO-
My TOJIMIIEeHHIO TKAHMHHOI Mepdy3ii, MPUCKOPEHHIO 3arOEHHS i
ONTUMI3allii KIIIHIYHUX PE3YJIbTATiB.

KirouoBi cj1oBa: cunapom niabeTUUHOI CTOIN; iLIeMisT; TpaHC-
KyTaHHaA OKCHUMETPisl; MiKpOLIMPKYJISIIis; XpOHIYHA apTepiaabHa
HEeIOCTaTHICTh; BUpa3Ka JAiabeTUYHOI CTOMU; Jla3epHa Ballopu-
3allis
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Biochemical and metabolic alterations
in liver function associated with thyroid dysfunction:

a comparative clinical study

Abstract. Background. Thyroid hormones are essential regulators of systemic metabolic homeostasis, particularly
lipid metabolism and hepatic function. Thyroid dysfunction, including hyperthyroidism and hypothyroidism, is commonly
associated with biochemical and metabolic disturbances that may increase the risk of liver dysfunction and dyslipidemia.
Despite the clinical relevance of these alterations, their patterns and extent remain insufficiently characterized, especially
in populations with a high prevalence of thyroid disorders. The purpose was to evaluate biochemical and metabolic
alterations in liver function and lipid profile associated with thyroid dysfunction and to compare these changes among
hyperthyroid, hypothyroid, and healthy individuals. Materials and methods. A case-control study was conducted on 120
participants divided into two groups: hyperthyroid patients (n = 60), hypothyroid patients (n = 60); also, there was a group
of apparently healthy controls (n = 30). Thyroid function was assessed by measuring serum levels of thyroid-stimulating
hormone, triiodothyronine, and thyroxine. Liver function was evaluated using alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT). Lipid profile parameters,
including total cholesterol, triglycerides, low- and high-density lipoprotein, were also analyzed. Statistical analysis was
performed with a significance threshold of P < 0.05. Results. Distinct thyroid hormone profiles were observed among the
study groups. Hyperthyroid patients showed significantly elevated ALP, ALT, and GGT levels compared to hypothyroid
and control groups (P < 0.05), indicating increased hepatic involvement. AST levels were higher in hyperthyroidism but
without statistical significance. In contrast, hypothyroid patients exhibited significantly increased total cholesterol and tri-
glyceride levels, reflecting impaired lipid metabolism. Conclusions. Thyroid dysfunction is associated with significant bio-
chemical and metabolic alterations affecting liver enzymes and lipid homeostasis. Routine monitoring of hepatic and lipid
parameters in patients with thyroid disorders is recommended to reduce the risk of metabolic and hepatic complications.
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Introduction

The liver and thyroid have a close relationship. The liver
plays a crucial role in the transport, metabolism, storage, and
excretion of thyroid hormones, and it is also an important
site for hormone activity. Liver disease can impact thyroid
function and alter thyroid function tests across the entire
hypothalamic-pituitary-peripheral axis [1].

Given that thyroid disorders are more common than ex-
pected in certain liver diseases, it is important to be aware
of the limitations of thyroid function tests in these cases [2].
Additionally, drugs used to manage hyperthyroidism can cause
liver damage due to hypersensitivity, though they have also
been used to treat alcoholic hepatitis. These connections high-
light the need for further research in both basic and clinical
settings [3]. The liver plays a very important role in thyroid
hormone metabolism, as it is the primary organ responsible

for the peripheral conversion of tetraiodothyronine (T4) to
triiodothyronine (T3) through the action of type 1 deiodinase
[4]. Type I deiodinase is the primary enzyme in the liver, re-
sponsible for about A large percentage of the extrathyroidal
production of T3. It catalyzes both 5’- and 5-deiodination of
T4 to T3. Additionally, the liver plays a key role in the con-
jugation and excretion of thyroid hormones, as well as in the
synthesis of thyroid-binding globulin [4]. T4 and T3 regulate
the basal metabolic rate of all cells, including hepatocytes, thus
influencing hepatic function. The liver metabolizes thyroid
hormones and helps regulate their systemic endocrine effects,
so thyroid disorders can impact liver function, while liver di-
sease can alter thyroid hormone metabolism [5].
Additionally, various systemic diseases can affect both
the thyroid and liver simultaneously, there are clinical and
laboratory associations between thyroid and liver diseases.
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Patients with chronic liver disease may have thyroiditis, hy-
perthyroidism, or hypothyroidism [6]. Patients with subacute
thyroiditis or hyperthyroidism may have abnormalities in
liver function tests, which return to normal as the thyroid
condition improves [7]. The liver and thyroid hormones work
together at various levels to maintain homeostasis, the liver
needs sufficient thyroid hormones to perform its metabolic
functions effectively, and any deficiency or excess of these
hormones can result in liver dysfunction [1]. Thyroid hor-
mones influence the activity of almost every cell in the body.
Their normal function leads to an increase in basal metabolic
rate, supports neural maturation, and regulates the growth of
long bones in conjunction with growth hormone.

Thyroid hormones enhance the body’s sensitivity to ca-
techolamines. They also play a role in regulating the meta-
bolism of proteins, fats, carbohydrates, and vitamins. The
production of thyroid hormones is influenced by various
physiological and pathological factors [8].

The purpose was to evaluate the impact of thyroid dis-
orders, including hyperthyroidism and hypothyroidism, on
liver function and metabolic parameters.

Materials and methods

This study is a hospital-based retrospective, conducted
from 1 December 2024 to 30 April 2025 at Al-Ramadi Teach-
ing Hospital, Anbar, Iraq. Patient records were rediagnosed
before analysis, and the research proposal reviewed by Hos-
pital institutional review board. The study included 120 pa-
tients diagnosed with thyroid dysfunction of 25 to 59 years
of age, and 30 healthy people as a control group of 25 to
55 years of age. The patients were divided into two groups,
the first group consisted of 60 patients diagnosed with hy-
perthyroidism and the other group consisted of 60 people
diagnosed with hypothyroidism. Each participant’s informed
consent in writing was acquired before their clinical records
could be used in this research. A lifestyle questionnaire was
used to gather personal information, and an 8-hour fasting
day was scheduled in order to conduct the follow-up blood
tests and assess the condition of the fatty liver.

A lifestyle questionnaire was used to gather all demo-
graphic information. Current body height, weight, waist cir-
cumference, and body mass index (BMI) were measured.
Following a thyroid malfunction diagnosis, the patient’s
lifestyle was assessed using the questionnaire, including con-
sumption of sweetened soft drinks (yes/no), exercise condi-
tion (yes/no). The personal and family histories of hyperten-
sion, diabetes, and hyperlipidemia were also reviewed.

Fasting for 8 hours was required for the blood test. Thy-
roid hormones (T3, T4) and thyroid stimulating hormone
(TSH) were measured to confirm whether patients have thy-
roid disease. Serum aspartate aminotransferase (AST), ala-

nine aminotransferase (ALT), triglyceride, total cholesterol,
low-density lipoprotein (LDL), high-density lipoprotein
(HDL), sugar and glycated hemoglobin (HbAlc).
Statistical analysis. The results were statistically ana-
lyzed to find significant differences at the probability level
(P < 0.05) between the study groups. Minitab-16 was used
to show the effect of some independent factors and to find
the mean and standard deviation. The t-test was also used
to find the differences and their type, in addition to using
the ANOVA analysis to conduct some other statistical tests.

Results
Demographic characteristics
and thyroid hormone profiles of the study groups

A total of 120 patients newly diagnosed with thyroid
dysfunction, 60 people were diagnosed with hyperthyroi-
dism and 60 were diagnosed with hypothyroidism, and
30 healthy people as control were included in this re-
search. The mean age of study groups was 40 * 12 years
in hyperthyroidism, 45 + 7 years in hypothyroidism and
42 * 6 years in control group (Table 1). BMI was clearly
affected, it increased insignificantly (P < 0.05) in hypothy-
roid group (25.35 % 2.31 kg/m?) in contrast to control group
(21.90 * 3.35 kg/m?) while decreased in hyperthyroid group
(22.40 £+ 2.91 kg/m?) (Table 1).

The TSH hormone concentration decreased in hyper-
thyroid patients (mean = SD) (3.15 £+ 0.97 1U/1), while it
increased in hypothyroid patients (5.65 + 1.30 IU/I) at a
significance level (P < 0.05) compared to the control group
(3.97 £ 0.45 1U/1).

As for the T3 hormone, the concentration in the hyper-
thyroid group was 199.532 £ 7.870 ng/dl, which showed a
significant increase (P < 0.05), while the concentration in
hypothyroid patients was 65.16 & 8.70 ng/dl, compared to the
control group (112.87 £ 11.23 ng/dl). The T4 hormone con-
centration in hyperthyroid patients was 14.30 = 2.31 ng/dl,
showing a significant increase (P < 0.05), while in the hy-
pothyroid group, it was 3.20 + 1.44 ng/dl, compared to the
control group (8.21 & 2.34 ng/dl) (Table 1).

Comparison of liver function markers, lipid profile,
and glycemic parameters among control,
hypothyroid, and hyperthyroid participants

In this study, liver enzymes (ALP, ALT, AST and
GGT) were found to be significantly higher (P < 0.05) in
hyperthyroid group (119.6 + 5.5, 49.31 &+ 3.60, 39.9 + 4.5
and 77.5 £ 13.2 1U/1, respectively), than in hypothy-
roidism (57.88 + 5.20, 39.228 + 3.870, 22.76 *+ 1.10 and
30.31 * 3.85 IU/I, respectively), while in control group,
the mean average of these enzymes were 20.46 £ 4.76,
16.04 £ 1.90, 20.82 & 4.65 and 28.08 & 2.39 [U/I (Table 2).

Table 1. Demographic characteristics and thyroid hormone values among study groups

Parameters Hyperthyroidism Hypothyroidism Control
Age, years 40 + 12 45 +7 42 + 6
BMI, kg/m?2 22.40 £ 2.91 25.35 + 2.31 21.90 + 3.35
TSH, 1U/I 1.15+0.97 15.65 + 1.30 3.97 £ 0.45
T3, ng/dl 230.532 + 8.700 65.16 + 7.87 101.87 + 15.23
T4, ng/dl 21.30 + 2.31 3.20+1.44 8.21 +2.34
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Table 2. Research parameters in study groups

Parameters Hyperthyroidism Hypothyroidism Control
ALP, IU/L 119.6 +5.5 57.88 + 5.20 20.46 + 4.76
ALT, IU/L 49.31 + 3.60 39.228 + 3.870 16.04 + 1.90
AST, IU/L 39.9+4.5 22.76 + 1.10 20.82 + 4.65
GGT, IU/L 77.5+13.2 30.31 + 3.85 28.08 + 2.39
Albumin, mg/dl 4.57 +2.86 4.34 +1.91 5.43 +1.20
Bilirubin, mg/dl 2.23 +0.38 1.24 +0.13 0.98 + 0.12
LDL, mg/dl 2.99 +0.43 3.02 + 0.58 217 +0.11
HDL, mg/dI 1.321 + 0.310 1.52 + 0.43 1.98 £ 0.23
Triglyceride, mg/dl 1.416 + 0.610 1.97 £ 0.90 1.51+£1.20
Cholesterol, mg/dl 4.959 + 1.167 5.58 +0.75 4.75 +1.20
Glucose, ng/dl 95+ 5 85+12 94 +10
HbA1c, % 5.32 + 0.64 13.10 + 1.26 6.40 + 0.95

The average levels of lipid profile were not significant-
ly changed (P < 0.05) among study groups. LDL mean
average increased non-significantly in hyper- and hypo-
thyroidism (2.99 + 0.43 and 3.02 + 0.58 mg/dl, respec-
tively), in contrast to control group (2.17 £ 0.11). While
the mean value of HDL decreased in thyroid dysfunc-
tion patients (1.321 = 0.310 mg/dl) in hyperthyroidism
(1.52 £+ 0.43 mg/dl) in hypothyroidism, in contrast to con-
trol group (1.98 £ 0.23 mg/dl). Triglyceride level mean ave-
rage decreased insignificantly (P < 0.05) in hyperthyroi-
dism (1.416 + 0.610 mg/dl) but increased non-significantly
(P <0.05) in hypothyroidism (1.97 = 0.90 mg/dl) in contrast
to control group (1.51 £ 1.20 mg/dl). The same applies to
cholesterol, it has been decreased insignificantly in hyper-
thyroidism (4.959 + 1.167 mg/dl) and increased in hypo-
thyroidism non-significantly (P < 0.05) (5.58 £ 0.75 mg/dl)
in contrast to control group (4.75 £ 1.20 mg/dl) (Table 2).
HbAlc in thyroid dysfunction patients found to be signifi-
cantly changed (P < 0.05), it has been decreased in hyperthy-
roidism (5.32 £ 0.64 %) while increased in hypothyroidism
(13.10 = 1.26 %), than the control group (6.40 = 0.95 %).
Levels of serum glucose haven’t changed significantly between
groups: 95 * 5 ng/dl in hyperthyroidism, 85 + 12 ng/dl in hy-
pothyroidism and 94 + 10 ng/dl in control group (Table 2).

Discussion

There is a close relationship between the liver and the thy-
roid gland dysfunction in either can affect the other. Hypo-
thyroidism can lead to liver problems such as fat accumulation
and non-alcoholic fatty liver disease, conversely, liver disease
can cause hypothyroidism [9]. So, any changes occurred in
the normal range of T3 or T4 that may influence prompt ac-
tion is taken, certain health effects can be prevented.

In our study, we noted that liver enzymes and lipids are
clearly affected in patients with thyroid diseases. Both groups
liver enzymes, lipids also HbAlc and sugar were extremely
affected. We investigated the reasons of these differences
and found higher rate of liver enzymes in hyperthyroidism
group. We also looked at body weight, personal lifestyle, and
prospective medication interventions while examining the
potential causes of fatty liver.

In hyperthyroidism, previous studies have found a signifi-
cant increased levels of liver enzymes, in which elevated thy-
roid hormones levels (T3 and T4) cause rapid metabolism,

which can impact liver enzymes such as ALT, AST, ALP and
bilirubin, causing increased liver activity and potential liver
damage over time.

Conversely, hypothyroidism can cause a drop in thyroid
hormone levels, resulting in reduced liver enzyme activity
and slower metabolism. Liver function tests may produce
unexpected results, such as high cholesterol and bilirubin
levels and decreased liver enzyme activity like AST and ALT.

The serum levels of liver enzymes abnormalities noticed
in hypothyroidism may be related to impaired lipid meta-
bolism, fatty liver, or hypothyroidism myopathy [10].

In the liver, the thyroid hormone T4 is converted into the
free, active hormone T3 to perform its functions, therefore,
if the liver is affected for any reason, it impacts the thyroid’s
function, causing a slight decrease similar to other chronic
diseases. This may be beneficial in reducing the metabolic
rate and the consumption of exhausted cells in patients with
cirrhosis of the liver, regardless of the causes; this is a natural
adaptation of the body. In severe acute liver failure, there is a
disruption in the proteins associated with the hormone, but
the levels remain almost normal [6].

In the context of non-alcoholic fatty liver disease
(NAFLD), research suggests a correlation between liver
health, thyroid function, and body mass index. The develop-
ment and progression of non-alcoholic fatty liver disease can
be influenced by thyroid dysfunction, which includes both
hypo- and hyperthyroidism and obesity, which is frequently
identified by a high BMI [11]. The study participant lack of
activity causes their body fat percentage to rise. Therefore,
in our study, fatty liver was more likely to be caused by body
weight or lifestyle. As is well known, maintaining a healthy
weight and engaging in regular exercise are the best ways to
treat fatty liver; but in the groups of thyroid patients, this
type of lifestyle modification did not appear to be effective.

Thyroid issues also had a significant impact, according
to the multivariable thyroid disorders proportional hazard
regression model adjusted for the aforementioned factors.
Our study revealed that not only did “newly developed” fatty
liver rises, but also “improved” fatty liver was prevented, and
it additionally raised risk of “worsened” fatty liver. TSH and
T3 levels were positively correlated with the risk of hepatic
steatosis as determined by fat liver index score in a study of
patients with morbid obesity, additionally, they demonstrated
that greater levels of total bilirubin were associated with lower
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levels of FT3 and higher levels of FT4 [12]. Liu et al demon-
strated that the risk of NAFLD in thyroid adults was positively
connected with both FT3 and TSH levels, which is consistent
with our findings [13]. Additionally, E.H. van der Bergh et al.
demonstrated that NAFLD patients had lower fT4 and greater
fT3; no variations were noted with regard to TSH [14].

In patients with autoimmune hepatitis or autoimmune
cholangitis, there is an association with autoimmune thyroid
disease [15]. The effects of liver medications, especially inter-
feron, may lead to temporary or permanent dysfunction, or to
hyperthyroidism and hypothyroidism [5]. Severe, untreated
hypothyroidism may affect the liver either directly or through
heart muscle weakness. Severe hyperthyroidism leads to ele-
vated liver function tests in a percentage of patients due to
an increased metabolic rate and reduced oxygen supply to
liver cells [16]. In rare cases, the effect can be very severe.
Medications that treat hyperthyroidism, particularly pro-
pylthiouracil, can sometimes affect liver function, this effect
is dose-related and usually diminishes after discontinuation
of treatment. Other conditions that can affect both the liver
diseases and thyroid gland, most notably cordarone, tumors,
iron overload and various endocrine disorders [17].

The thyroid gland and liver have a complicated relation-
ship in both health and illness. Thyroid hormones activation,
transport, and metabolism are all physiologically dependent
on the liver. On the other hand, hepatocytes activity and
hepatic metabolism are impacted by thyroid hormones [9].

In our study, we found that thyroid dysfunctions non-sig-
nificantly affect lipid profile in all study groups, and constant
with previous research. Hepatic steatosis, impaired lipid me-
tabolism, or hypothyroidism-induced myopathy could all be
linked to the abnormalities in serum liver enzymes seen in
hypothyroidism [18]. Ascites and hyperammonemia are two
biochemical and clinical signs of severe hypothyroidism that
can resemble those of liver failure. Due to oxidative stress,
cholestasis, or increased osteoblastic activity, liver function
tests are often abnormal in hyperthyroidism as well [19].

Numerous metabolism systems in the body are known
to be impacted by thyroid problems, and the impact on the
liver function is particularly noteworthy. The hormones T3,
T4 and TSH, which are produced by the thyroid gland, are
essential for controlling metabolism, including liver function
[14]. Significant alterations in liver enzyme levels, bilirubin
concentration and general liver function can be caused by
athyroid hormones imbalance. Both hyperthyroidism and
hypothyroidism can affect liver function tests, in which thy-
roid hormones affect liver enzyme activity, protein synthesis
and detoxification processes.

NAFLD is acknowledged as the most frequent cause of
abnormal liver function test in the general population [20]. We
were unable to ascertain what proportion of abnormal liver en-
zymes might have been found in NAFLD. In routine follow-up
investigations for thyroid disorders, abdominal ultrasonog-
raphy is necessary to detect early liver metastasis; therefore,
we wanted to establish a reference about the rate of abnormal
liver function under the relevant abdominal ultrasonography
identified fatty liver. In our investigation, we found that the
severity of fatty liver was correlated with an increase in the
resulting prevalence of abnormal liver enzymes. For instance,
patients may have a chance of having abnormal liver function

tests if they have a significant fatty liver syndrome clinically, this
means that once a patient develops fatty liver, doctors may be
aware of the likelihood of abnormal liver enzymes.

Numerous studies have examined the effect of thyroid
issues on fatty liver, but few have examined the effect on the
underlying fatty liver condition and have not taken individual
medical circumstances into account. Three distinct factors
were utilized to evaluate the impact of thyroid problems in
our investigation, which included patients with varied de-
grees of fatty liver. To further understand the impact of the
condition, we additionally corrected for individual lifestyle
choices and body weight. Clinical doctors might use the
favorable correlations between fatty liver and abnormal liver
abnormalities as appoint of comparison.

Based on the aforementioned, we can say that thyroid
dysfunction raises the chance of developing NAFLD by
either causing a fatty liver to develop more or by exacer-
bating an existing fatty liver condition or even delaying its
recovery. The intensity of fatty higher frequencies of aberrant
liver function tests is linked to the liver. Regular abdominal
ultrasonography examinations are essential during the fol-
low-up period, not only to identify fatty liver changes but
also to detect liver nodules. After the fatty liver disease has
worsened, it is crucial to perform additional testing on liver
function and other metabolic problems.

Finally, the thyroid and liver interact in a complicated
way. On the other hand, abnormalities in liver function tests
can result from thyroid disease, including hypothyroidism
and hyperthyroidism, which can resort by returning thyroid
function to normal. Similarly, liver dysfunction is a rare side
effect of treating thyroid dysfunction, especially with anti-
thyroid medication for hyperthyroidism. However, changes
in thyroid function brought on by liver problems may or may
not require treatment. Therefore, for a proper and accurate
assessment of these patients, extensive collaboration between
gastro enterologist and endocrinologist is advised.

Conclusions

There is a close relationship between thyroid diseases
and abnormal liver function. Whereas changes in thyroid
hormone levels directly affect liver enzymes, lipid profile,
proteins, and blood glucose levels in patients. This, in turn,
negatively impacts metabolism.
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BioxiMmiyHi TO MeTAOOAIYHI 3MiHU PYHKLiT NeYiHKU, NOB’A3C0HI 3 AUCPYHKLIEIO LLUTOMOAIOHOT 30A03K:
NOPIBHAAbHE KAIHIYHE AOCAIAXKEHHS

Pestome. Axmyaavnicms. TopMoHY IUTONONIOHOT 3a1031 € BaX-
JIMBUMU PETYISTOPAMU CUCTEMHOTO METa00JIiuHOTO rOMeocTa-
3y, 30KpeMa JIiliHoro ooMiHy Ta dhyHKUii neyinku. JuchyHkuis
IIUTOIOMIOHOI 321031, BKIIIOYAIOUH TillepTUPEO3 i TiIlTOTUPEO3,
3a3BUYail oB’si3aHa 3 01OXiMIYHUMU I METaOOTIYHUMU MOPY-
LIEHHSIMU, SIKi MOXYTb 30LTBIIMTY PU3UK AUCHYHKLIT MediHKK1
Ta quciimnigemii. He3Baxkaloun Ha KJTiHIiYHY 3HAYYINICTh WX 3MiH,
iX MmaToreHe3 i CTyIiHb BUPAXXEHOCTI 3aIMILIAI0ThCS HEIOCTAaTHHO
BUBUYEHUMHU, OCOOJIMBO B MOMYJISILISIX i3 BUCOKOIO MOIIMPEHICTIO
3aXBOPIOBaHb IIUTOIIONIOHOI 3a103U. Mema: OLiHUTY OiOXiMiUHI
1 MeTaboMiuHI 3MiHM (DYHKIIT MeYiHKM Ta JinigHoro mpodiio,
MOB’s13aHi 3 TMCMYHKIE MUTOMOMIOHOI 3aJ1031, i TIOPIBHSITH iX
y MALi€HTIB i3 TITepTUPEO30M, TIOTUPEO30M Ta 3MOPOBUX JIIOIACIH.
Mamepiaau ma memoodu. Byso poBeIeHO NOCIIKEHHSI TUITY «BU-
MagoK — KOHTPOJIb» 3a yyacTio 120 ocib, po3iieHrX Ha IBi TpyIIn:
MalieHTH 3 rinepTupeo3oM (n = 60), XBopi 3 rinmotupeo3om (n = 60).
KonTpoabHy rpymy ctaHoBuIn 30 MpakTUYHO 3[I0POBUX JIOAEH.
DyHKILiIO HMTONOMIOHOI 3271031 BU3HAYAIIM ILIISIXOM BUMipIOBaHHSI
CHPOBATKOBUX KOHIIEHTPAIliil TUPEOTPOITHOTO TOPMOHY, TPUHOITH -
POHiHY 1 TupokcuHy. CTaH MeYiHKU OLiHIOBAJIU 33 TOKa3HUKaAMU
anaHiHamiHoTpaHcdepasu (AJIT), acnapraTamiHoTpaHchepasu

(ACT), nyxHoi docdarazu (JID) i ramma-riayraminrpanchepa-
3u (I'TT). Takox aHali3yBajau MapaMeTpu JilliAHOTo mpodiiio,
BKJIFOYAIOYHM 3aTaIbHUI XOJIECTEPUH, TPUIIIILIEPUIH, JIITOMPOTEIHN
HU3bKOI Ta BUCOKOI IIIJIBHOCTI. CTATUCTUYHUIA aHAaJTi3 TIPOBOIVIIN
3 noporoM 3Hauymocti P < 0,05. Pezytsmamu. Y 1ocninKyBaHUX
rpyrnax BUSIBJICHO pi3Hi Mpodisli FOPMOHIB ILMTOMOIIOHOT 3aJI03H.
V nmaui€eHTiB i3 TilepTUPe030M CIIOCTEPIrajancs BiporigHO IiaBU-
mieHi piBHi JI®, AJIT i ITT nopiBHSIHO 3 0cO0aMu 3 TIITOTUPEO30M
Ta KOHTpoJibHOW rpynoto (P < 0,05), mo cBigyuTh npo Oijibiie
ypaxkeHHs niedinku. [Toxkasuuku ACT Oyy BUIIIUMHU TIPU TillEPTH-
peo3si, aje 6e3 CTaTUCTUYHOI 3HAYyIIoCTi. HaBmaku, y maiieHTiB i3
TiMOTUPEO30M BipOTiTHO 3POCTAIM PiBHIi 3araJiIbHOTO XOJECTEPUHY
1 TPUTITILIEpUIIB, 10 BimoOpakae MOPYIIEHHS JIMiIHOTO 0OMiHY.
Bucnosku. JIncyHKIIisT IIMTONMOMIOHOI 371031 CYITPOBOIKYETHCS
3HAYHUMU Oi0XiMIYHUMU i1 METAOOJIYHUMM 3MiHAMM, SIKi BILTUBA-
I0Th Ha (PepPMEHTH MTEUiHKH Ta JIITIZHUI ToMeocTa3. JIJis 3HIKeHHST
PU3UKY METa0OIIYHMX i MEUiHKOBUX YCKJIaIHEHb y TIALIiEHTIB i3 3a-
XBOPIOBAHHSIMHU IIUTOMNOAIOHOT 3aJ103U PEKOMEHYEThCS PYTUHHU
MOHITOPUHT TTEYiHKOBHUX Ta JIITiAHUX ITapaMeTpiB.

KimouoBi ciioBa: nucyHKIA IUTONMOAIOHOT 3a1031; TiNepTH-
peo3; TinoTrupeo3; hepMeHTH NEYiHKY; JITTHUM TTPoGhiTh
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" BYKOBUHCBLKN ASOXKABHU MEANYHUU YHIBEDCUTET, M. YepHiBLi, YKpQiHa
2 AHIT «/\bBIBCbK HALIIOHQABHM MEANYHN YHIBEPCUTET iMEHI AQHUAQ [QAMLIbKOrO», M. /AbBIB, YKpQIiHQ

KomMmnAeKkCHA ouiHKa 60OAbOBOro CUHAPOMY
Y NALIEHTIB 3 OXXUPIHHAM TA XPOHIYHMM NPOCTATUTOM
HQO TAi CUHAPOMY XPOHIYHOro TA30BOro 60AI0

Peslome. AkTyanbHicTb. XpOoHid4HUL MPOCTaTUT/CUHAPOM XPOHIYHOro TazoBoro 6oso (XI/CXTE) xapakTepu-
3YETLCSI FrETEPOreHHICTIO KITIHIYHUX MPOSIBIB Ta CKIAAHICTIO NaTtoreHes3y, 30Kpema y4acTtio nepugepuyHHnX i LeH-
TpasibHUX MexaHiamis 60s1t0. HevipornatniHui KOMMOHEHT 60/1b0BOr0 CUHAPOMY Py LUbOMY CTaHi 3a/MLLIAETLCS
HepocTaTHbo BuBYeHUM. MeTa: oLiH1TY 0cO6/IMBOCTI 60/1bOBOr0 CUHAPOMY y NaLjieHTIB i3 OxupiHHaM, XIT/CXTh 3
ypaxyBaHHSIM HEAPONaTU4HOro KOMIOHEHTA Vi BUSHaYUTU MOro 3B’A30K I3 KITIHIYHUMU MOKa3HUKaMK 3axXBOPHOBaHHS.
Matepianu ta metogun. O6CTEXEHO NALiEHTIB i3 BCTAHOBIEHUM LiarHO30M OxupiHHS, XI/CXTB. IHTeHcuBHICTb
i cTpyKTypa 6omo ouyiHoBanmucs 3a wkanamu NIH-CPSI, BALL, DN4 ta SF-MPQ. lNpoBeaeHo nopisHsMbHWMIA Ta
KOpenauiviHnii aHasi3 NoKasHUKIB 3a/1€XXKHO Bifj HASIBHOCTI HEViPONaTnYHOro KOMIOHEHTA Ta CTYNEHs TSXKKOCTI cuMn-
TomiB. Pe3ynbtatu. [igBuLyeHmii iHgeKC Macu Tina acouitoBaBcs 3 6inbLu BUupaxeHumu cumntomamm XI/CXTE
Ta BUpaxKeHicTro 60s1t0. HeriponatuyHnii KOMIOHEHT 6010 BUSIB/IIBCS Y 3HAYHOI YacTKU NavLieHTIB He3a/1eXHo Bif
3arasnbHoi BupaxeHocTti cumntomis 3a NIH-CPSI. Y nauienTis i3 DN4 2 4 crioctepiranacs BuLLa iHTEHCUBHICTb 60710
Ta NepeBaxaHHs XapakTEPHUX CEHCOPHUX [ECKPUITOPIB (TArHYYMI, NeKyYni, KoIro4mi 6irb, Big4YyTTS BaXKOCTI).
BcraHoBrieHo TicHy kopensuito Mix nokasHukamm DN4 Ta ceHcopHoto cknagosoto SF-MPQ. BucHoBku. Hevipona-
TUYHM KOMITOHEHT Bigirpae 3Ha4Hy posib y KNiHidHiVi CTPYKTYpi 605160B0ro cuHapomy rpu XIM/CXTH Ta He 3aBxaun
KOPEJIIoE i3 3arasibHOK TSXKKICTIO cuMTomiB. KomnekcHe 3actocyBarHs wkan DN4 i SF-MPQ possonse 6irnbLu
TOYHO ¢heHOoTuIyBaTn bifib Ta MOXe 6y Ty KOPUCHUM AJ151 IHAMBIAYani3alii TepaneBTUYHOI TaKTUKU.

Knio4oBi cnoBa: oxupiHHs; XpOHI4HWE MPOCTATUT; CUHAPOM XPOHIHYHOIrO Ta30BOr0 6OST0; HENPONaTUHHMK KOM-
[MOHEHT 60J10; XPOHIYHWV 6irlb

Bctyn

XPpOHIUHMIA TPOCTATUT,/CUHAPOM XPOHIYHOTO Ta30BOTO
oouto (XI1/CXTB) € onHieto 3 ipobiieM, i3 IKOI HIOIHS
CTUKAIOTHCS KIHIIUCTU. 3a TaHUMM Pi3HUX eMigeMiosio-
TIYHUX TOCHTINKEHb, MPOCTATUT € TIOMIUPEHUM 3aXBOPIO-
BaHHSIM, 1110 ypaxkae Bix 2 1o 10 % 4vonoBikis [1], OinbirocTi
3 sikux aiarHoctytoth came XI1/CXTbh a He rocTpuii un
XpOHIYHMI OaKTepiliHuii TpocTaTuT [2].

Ilompu BinmcyTHICTh BipOTimHUX eTIiIeMioIOTITHIX TaHIX
mono nomupeHocti XI1/CXTh B YkpaiHi, MoXHa MpuITy-
CTUTH, 10 115 MpobJieMa € moIMpeHuM |3], HempueEMHUM
CTaHOM Cepell YOJIOBIKiB Pi3HOTO BiKY, 11O MOTiPIIYE SIKiCTh
JKUTTS1, IOB’sI3aHY 3i 3M0POB’SIM, i Ma€ 3HAUHUI €eKOHOMiu-
HUi1 BIUuB [4, 5].

bBinb € OCHOBHMM Ta HAUMOIIMUPEHILLIMM CUMIITOMOM Y
TMALIEHTIB i3 XPOHIYHUM MTPOCTATUTOM,/CUHAPOMOM XPOHiU-
HOTro Ta3oBoro 6oito. BiH cnocTepiraeTbesl y nepeBaxKHoi
OiNIBLIOCTI MALIEHTIB [6], CYTTEBO 3HMKYIOUHM SIKICTh IXHBOTO
KUATTSI Ta MEPEIIKOMKAYM MOBCIKIEHHOMY (DYHKITIOHY-
BaHHIO [7]. SIK IpoaeMOHCTpyBalIu Hallli IOTepeaHi 10-
ciimxeHHs [8, 9], 6inb 3a3BUYail Ma€ TpUBAJIMiL XapakTep,
JIOKaJIi3y€eThCsl B AUISIHIL Ta3a, MPOMEXUHU, MOIIIOHKH,
MIPSIMOT KUIIIKK 200 TIOTepeKOBOI 30HU, YACTO IMOETHYETHCS
i3 CEYOBMMM Ta CEKCYaTbHUMU PO3JIadaMu.

3anasibHi TIpoliecH, 1110 Bia0YBalOThCs B MPOCTATi, CTa-
I0Th TIPUYMHOIO PO3BUTKY HOLIMLIETITUBHOIO OOJIIO, SIKWIA
BUHUKAE Yy BiANOBiAb HA XiMiUHi UM TEPMiuHi MOAPA3ZHUKMU i
CHUTHaJIi3ye Ipo momKomkeHH [10]. 3amaneHHs nepeami-
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XYpOBOI 3aJI03H, III0 XapaKTePU3YETHCS iIHPITBTPaLIi€Io JTiM-
GoLuTiB i MakpodariB HaBKOJIO 3aJI03UCTUX €JIEMEHTIB, €
OIHMM 3 KJIFOYOBUX YMHHUKIB Y IIPOrpeCyBaHHI CUMIITOMIiB
XIT/CXTBb [11]. ¥ nauienti 3 XI1/CXTb Oynu BusBieHi
MiABUILIEHI KOHIIEHTpAIlii HU3KM Mpo3anaJbHUX IUTOKiIHIB
y criepMmi Ta cekpeTi nepenmixyponoi 3ano3u [11, 12]. do
HUX HajexaTb (pakKTop HEKPO3y MyXJIUMHU O, iIHTepJAEUKiH
(LJI) 1B, 1JI-6, 1JI-8 Ta emitenialbHUil HEUTPODIiTOAKTH~
Bytounii pakTop-78 (EH®-78). He3Baxkarouu Ha Bimomy
POJIb TIpO3alaJbHUX IUTOKIHIB Y HOLIMLIETILi1 (CIIPUITHSTTI
00J110) B iHIIMX CUCTeMaX OpraHi3My, TpsiMa KOpeJIsiiist
MiX X piBHSIMU Ta iHTeHcUBHicTIO 60utto Tipu XI1/CXTH He
3aBXau crioctepiraerbes [13]. Hanpukian, nocmimkeHHs
nokasanu, 1o piBHi [JI-18, IJI-8 ta EH®-78 He 3aBxau
KOpeoIoTh i3 cumritomaMi | 13]. Binbire Toro, koHeHTpa-
i1 IIUTOKiHiB MOXYTb 3MiHIOBATHCS Pa30M i3 CUMIITOMaMM
Ta 3HMXKYBATUCS ITiCJIsI aHTUOIOTUKOTepamnii, He3alexKHO
BiZ 3MiHM CUMIITOMIB 4 3aIlaJbHOIO CTATyCy, IIIO MOXe
OyTU MOB’13aHO 3 MPSIMUM BIUTMBOM aHTHUOIOTHUKIB Ha PiBHi
LUTOKIiHIB, He3aJIexKHO Bil iX aHTMOaKTepiaabHOI mii [13].
Lle BukyIMKae neBHi CyMHiBYM 1010 NIPSIMOI acoLialil Mix
PiBHSIMU TpO3anajbHUX LIUTOKIHIB Ta Mpoliecamu, 1110 BU-
KJIMKAIOTh Ta30BUI O1JTb.

3BaxkarouM Ha TpuBajuii epeodir XI1, iMyHHa BiaIoBiAb,
1110 BUHUKAE BHACJTIZIOK B3aEMO/Ii1 IMTOKIHIB 1 iHIITMX HEl-
poMeniaTopiB 00110 3 HEPBOBOIO CUCTEMOIO, MOXKE ITPU3BO-
IUTHU 10 (eHOMEHY CEHCUTHU3Aallil, IKII MOXe BimOyBaTHCS
SIK 'y TIepuepUIHUX, TaK i B IEHTPAJIbHUX BiflijlaX HEPBO-
Boi cuctemu [10]. B ocHOBI 11boro ¢heHOMEHY JIeXKUTh TPU-
BaJla aKTUBallisl HOLIMLIENTUBHUX CTPYKTYP, 110 BUKIMKAE
3HUKEHHS IMOpOry 30yIJUBOCTI Ta BAHUKHEHHS 00110 03
BinmoBigHoro noapasHuka. Lle yacro Beae 10 #Oro XpoHi-
3allii, HaBiTh 3a BiACYTHOCTI IOCTiiHOIO MPOBOKYIOUYOI'O
yrHHUKA. OmnrcaHi BUIIE SIBUIA BiTirpaoTh 3HAYHY pOJIb
Y PO3BUTKY HEMpPOMaTUYHOTO 0OJIIO, 110 1e OiJIbIIe MOrip-
mye craH namieHTa. CyKyIHICTbh IIPOILECiB HeHTPaJIbHOI
CEeHCUTH3AlIil, po3jamiB (PYHKIiIOHYBaHHS HOLIULIETITUBHOT
Ta AaHTUHOLMLIENITUBHOI CUCTEMU AOCIIIHUKU OMUCYIOTh
SIK «TUCYHKITIOHAIBHU OiTb», 1110 MOXe JIeKaTH B OCHOBI
BuHukHeHHs CXThb [10, 14].

Xponiunuii 6inb ipu XI1/CXTDB posrasimaerses sk
CKJIaIHUI MYJbTU(AKTOPHUI CTaH, Y IKOMY JIOKaJIbHE 3a-
MaJieHHsI HE MOXe MOBHICTIO MOSICHUTYU aHi BUHUKHEHHS,
aHi TSEKKicTh cuMmnToMiB. [TokaszaHo [15], 1o ricrosoriv-
He 3aMajieHHsI IPOCTaTh He acoliloeThes 3 nmosiBoro XI1/
CXTBb y 6e3cMMNTOMHUX YOJIOBIKiB, TPOTE MOXe Mo (Di-
KyBaTu Iepebir 3aXBOpIoBaHHS Ta CIIPUSITU ITPpOrpecyBaH-
HIO CUMIITOMIB Y TIAIIi€HTIB i3 BXXe c(h)OpMOBAHUM CHUHIIPO-
MOM, 110 CTaBUTh ITiJi CYMHIB BUKJIFOUHO HOLIMLIETITUBHY
Momenb 0oyito. HaTomicTh 3pocTae yBara 10 CUCTEMHUX
YUHHMKIB, 30KpeMa MeTaboJIiYHUX Ta HEMPOSHIOKPUH-
HUX MEeXaHi3MiB, SKi MOXYTb BIUIMBAaTU HAa iHTEHCUBHICTh
i IKiCHI XapakTepuCcTUKU O00JbOBOTO cUHIApoMmy. JlaHi
KJIIHIYHUX TOCTIIKEeHb Y Mali€HTiB i3 pi3HUMU hopMa-
MU XPOHIYHOI'0 0OJII0 CBiTYaTh, 110 MiABUIICHUN iHIEKC
MAacH Tijla Ta OKMUPiHHS aCOLIIOIOTHCS 3 OLTbII BUPaKEHUM
00JIbOBMM CUHAPOMOM, a TAKOX i3 BUIIIMM PiBHEM IICUXO-
eMOIIiTHOTO TUCTPECY, He3aJIeXKHO BiJl JIoKajizalii 6010
[16, 17]. Taki ciocTepexXeHHS TO3BOJISIOTH PO3TISIAaTH
OXMpPIHHS Ta IMOB’s3aHi 3 HUM HEePOeHIOKPUHHI MOPY-

LIeHHS K MOTeHUIiHI Moanu@iKaTopy LeHTPaIbHOI CeH-
CUTH3Allil Ta HEUPOTTATUYHOTO KOMITOHEHTA 00J110. Y 11b0-
MY KOHTEKCTi KOMIUIEKCHA OIliHKa 00JIbOBOTO CUHAPOMY
i3 3aCTOCYBaHHSM BaJIiIOBAaHUX iHCTPYMEHTIB, 3MaTHUX
BUSIBJISITU HelipomaTUyHi Ta aeKTUBHI XapaKTepUCTUKU
60110, HaOyBa€ 0COOJIMBOrO 3HAUYEHHS [T KPAIIOro poO-
3yMmiHHs natoreHedy XI1/CXTB Ta oOrpyHTyBaHHS mep-
COHAJII30BaHUX MiAXOMiB 10 JiKyBaHHSI.

Merta: 31iliCHUTH KOMIUIEKCHY KiJIbKiCHY Ta SIKiCHY
OLIIHKY 00JIbOBOr0 CUHIAPOMY Y IMAIIEHTIB i3 XpOHIYHUM
MMPOCTAaTUTOM/CUHAPOMOM XPOHIUHOTO Ta30BOrO 0OJIIO,
MpoaHajizyBaTu pojb MeTabOJiYHMX YNHHUKIB Y MOMIYJISI-
1Iii #10ro iHTEHCUBHOCTI Ta c(hOpMYBaTU AECKPUIITOPHUIA
npodiab HeMPONaTMYHOTO KOMITOHEHTA 00JTIO.

Martepiaau Ta metoaun

JlocmimkeHHsI MaJlo OOHOLIEHTPOBUIi, oOcepBalliii-
HU, TTOTIepeYHunii nu3aiiH. st ToCSIrTHeHHSI METH 3TiTHO
3 KpUTEPisSIMU BKIIIOUEHHsI (TpUBalIiCTh 3aXBOPIOBAHHS
He MeHIIe HixX 3 Micsui, BignoBigHicTh Kpurepism XI1/
CXTDb [9], BiacyTHicTh yporeHiTasbHOi iHdeK1il) Oyy0
c(opMOBaHO OCHOBHY TI'PYIY YYaCHUKIB JOCJiIXKEHHS.
KpurepissMu BUKIIOUEHHS OyJIv piBeHb MPOCTAT-CIICLIM -
(biyHOrO aHTUTEHY MOHAM 4 HI/MJI, HAIBHICTb XpPOHIUHO-
ro 6akTepiaJbHOTO MPOCTATUTY, TIEPEHECEH] OnepaTUBHi
BTpPYYaHHS Ha IepeaMixXypoBiil 3a103i, iHIIi YpoJOTiuHi
3aXBOPIOBAHHSI HMXXHIX CEYOBUX ILISIXiB (30KpeMa, ce-
yoKaM’siHa XBOpo0a, CTPUKTYpa YpeTpHu), a TaKOX TSKKi
CYITYTHI BpOMIXKEHi 41 HaOyTi 3aXBOpPIOBaHHS Ta 0OJbOBi
CUHIIPOMU iHIIIOTO TeHEe3Y.

Y4yacHUKIB OCHOBHOI Ipynu OyJi0 pO3AiJIEHO Ha TpU
MiArpyIu, 3aJIe3KHO Bifl cymapHoro Oasa 3a mkanoro NIH-
CPSI: 3 nerkumu (JIC, < 14 6aniB), nomipuumu (I1C, 15-29
6aniB) Ta Tsokkumu (TC, > 30 6aniB) cuMOTOMaMM.

OcHosHa rpyna (OI') Bkimouasa 128 4oJ10BiKiB BiKOM Bill
18 mo 40 poxiB, cepenHiii Bik craHoBUB 29,6 + 6,8 poky. ¥
MiArpyIy 3 JIESTKUMUW CUMITTOMaMU YBIiMIIIO 16 4OJIOBIKiB,
CepemHiii BiK sIkux ctaHoBuB 31,3 = 7,1 poKy, 3 TOMipHUMU
cuMnToMaMu — 76 TMallieHTIiB, cepenHiii Bik 28,8 + 6,4, Ta
y TPYIY 3 TSKKUMU CUMITTOMAMHU YBiMIIIO 36 MalieHTiB,
cepenniit Bik 30,8 = 7,3 poky.

OLiHKY BUPaXK€HOCTi CUMIITOMIB TTPOBOIVIIM 3a JAOTO-
MOTOIO iHAEKCY CUMITOMIB XpOHiYHOTO IIpocTaTtuty Ha-
ioHabHOTO iHCTUTYTY oXopoHU 310poB’st (NIH Chronic
Prostatitis Symptom Index, NIH-CPSI) — ctannaptuzo-
BAHOTO ¥ BajliJoBAaHOTO OMUTYBaJbHUKA, PO3POOJEHOTO
HauionanbHuM iHcTuTyTOM 0XO0poHU 310p0oB’st CLLIA 3 me-
TOIO 00’€KTUBHOI KiJIbKiCHOI XapaKTePUCTUKN KIIIHIYHUX
MPOSIBIB XPOHIUHOTO MTPOCTATUTY/CUHAPOMY XPOHIYHOTO
Ta30BOTO 0OJIIO.

KinbKicHy ol1IliHKY 601b0BOTO CUHIPOMY B MAalliEHTIB
MPOBOJIMIN 3 BUKOPUCTAHHSIM Bi3yaJbHOI aHAJIOTOBO] 1IKa-
sm (BAI) ta onutyBanbHuka Douleur Neuropathique 4
(DN4).

BAIII € mommpeHM iHCTPYMEHTOM UIST CYy0’ €KTUB-
HOI OLIiIHKM iHTeHCUBHOCTI 60J110. [lalieHTy mponoHyBaau
BKa3aTu piBeHb 00JII0 Ha IIKadi moBxuHow 10 cm, ne 0
0O3Hayae BiACYTHicTh 6010, a 10 — HaWCUIbHIIINIA OiNlb,
SIKWI TiUTBKYU MOXHA ysaBUTH. JIist nudepeHIianii Helipo-
MaTUYHOTO KOMITOHEHTa OOJII0 Y TAlliEHTIB 3aCTOCOBYBAJIU

Tom 22, N2 3, 2026

www.mif-ua.com, https://iej-journal.com 49



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

ormutyBaabHUK DN4, aganToBaHMiI yKpaiHCHKOIO MOBOIO.
Lleit iHCTpYMEHT € KJIiHiYHO BaJliTOBAaHUM CITIOCOOOM OILliH-
KM HeliponatuaHoro 6o:mio [18], mo Bkirodae 10 mmo3uiiid,
po3nomiieHux Ha Tpu 0j10ku. KoxXHa IMo3uTrBHA BilMoBigh
oliHIo€eThes B 1 6an. IlincymkoBuit 6an > 4 Bka3ye Ha BUCO-
Ky HMOBipHICTh HEIipOTIaTUYHOTO OOJTIO.

AKicHy OLIiHKY GO0JIbOBOro0 CUMHAPOMY TMPOBOIMIN
3 BUKOPUCTAHHSIM KOPOTKOi (hOpMHU OTUTYBaJIbHUKA
Mak-Tinna (Short-Form McGill Pain Questionnaire, SF-
MPQ), sxuii 103BoJIsIE BCEOIUHO TOCIIIUTH CYy0 €EKTUBHI
XapakTepUCTUKU 000, ONMUTYBaJbHUK CKIIATAETHCS 3
15 neckpunTopiB, NOAiIEHUX Ha ABI MiAIIKAIN: CEHCOPHY
(11 mynxTiB, MakcumyM 33 6a1u) Ta apeKTUBHY (4 ITyHK-
T, MakcuMyM 12 6aniB). KoxeH 1ecKpUnTOp OLiHIOETHCS
namieHToM 3a 4-6anpHolo mKano: 0 — BigcyTHil, 1 —
cJlabKuii, 2 — MoMipHU#, 3 — cuIbHUMIA. 3arajbHa cymMa
0aJtiB 3a mKajorw ctaHoBUTH Bin 0 mo 45. SF-MPQ 3a6e3-
MeYye SIKiCHY OLIIHKY 00JII0, TO3BOJISIIOYN aHaJIi3yBaTH SIK
iHTEHCHUBHICTb, TaK i eMolliliHe 3a0apBJIeHHS 00JLOBUX
BiI4yTTiB.

CTaTucTUUHY 00POOKY MaHUX MPOBEAEHO 3 BUKO-
puctanusaM nporpamu GraphPad Prism 10 (GraphPad
Software, CILIA). HakonmmyeHHSs Ta MepBUHHE CTPYKTYpY-
BaHHS JaHUX 3AifcHIOBaNIOCH Y Tabmuisix Microsoft Excel
2023. KisibKicHi MOKa3HUKH TTepeBipsUIM HA HOPMaJIbHICTh
po3nominy 3a nornomoroto Tecty llamipo — Binka. ¥ pasi
HOPMAaJIbHOTO PO3IOIiTY IaHi MOJaBAIM SIK CEPETHE 3Ha-
yeHHs T+ craHaapTHe BiaxuiaeHHst (M * SD), npu Bigxu-
JICHHI — $IK MediaHy Ta MiXKKBapTWIbHUI iHTepBal [Me
(Q1; Q3)]. nst mopiBHAHHS MOKAa3HUKIB MiX KiJlbKOMa
He3aJIeXXHUMU TpyNaMU 3aCTOCOBYBaIN OJHOMDAKTOPHUI
nucnepciitnuil ananiz (ANOVA) 3 post hoc Tectom Thloki
a6o Tect Kpackena — BoJstica 3 MHOXXMHHUMMU ITOPiB-
HSTHHSIMU 3a MeTonoM JlaHHa — 3ajiexkHO Bil Xapakrepy
po3smnoiny. JIist TOpiBHSIHHSI YaCTOTHUX XapaKTepPUCTUK
(BiZICOTKOBMX IMOKA3HMKIB) MiX He3aJeXHUMU I'pylaMu
BUKopucToBYBain Kputepiii x? (IlipcoHa), 1o 103BoJisi-
JIO OLIIHUTHU CTaTUCTUYHY 3HAUYIIICTh BiAMiHHOCTEH Y
pO3Moiii KaTeropiaJibHUX 3MiHHUX. s aHamizy 3B’s13-
Ky MiX MOKa3HMKaMU MPOBOAMIM KOPEISIUiiHUN aHami3
i3 po3paxyHKoM KoedinieHrta I[lipcona (mjss HOpMaIbHO
posnoaisieHux gaHux) abo CriipMeHa (1J11 HEHOPMaJbHO
pPO3MOMiIEHNUX).

PesyAbTaTH

Cepenniit innekc macu tina (IMT) y mauieHTiB i3
pizaumu popmamu nepediry XI1/CXTH cratuctuy-
Ho BiporigHo BigpizuaBcsa (ANOVA, F(2,125) = 27,55;
p < 0,0001). Taxk, y rpymi 3 nerkumu cumnromamu IMT

craHoBuB 25,79 *+ 4,01, noMipHUMHN CUMIOTOMaMU —
24,84 + 1,63, a 'y rpymi 3 TIXKUMUA CUMIITOMAMHA —
28,09 + 2,05 xr/m% Tlomanplnuii aHai3 TPOJEMOHCTPY-
BaB, 1m0 IMT mnarienris i3 TC BiporinHo nepeBuIllyBaB
BinmoBinHi moka3Huku y rpynax i3 I1C (p < 0,0001) ta
JIC (p = 0,0017). Bogrnouac pizauusg mix rpymamu I1C i
JIC 6yna craructuyHo He3Hauyiow (p = 0,2455). OuiH-
Ka KopeJisiliii mokasasna, 110 iHIeKC Macu Tija cTaTuc-
TUYHO 3HAYYIIle aCOLiI0BABCS 3 BUPAXKEHICTIO CUMIITOMIB
XI1/CXThb: Bumii 3nayeHHst IMT kopentoBanu 3 0ib-
UM cymapHuM 6aiom 3a mkanoro NIH-CPSI (r = 0,72;
p < 0,0001), cuabHi MO3UTUBHI 3B’I3KM BCTAaHOBJEHO
TakoX i3 mokazHukamu 6oiio (BAIL, DN4, SF-MPQ);
r=0,72—-0,93; p < 0,0001).

V 3aranbHiii Bubipui Meniana rmokasnuka 3a BAILI cTa-
HoBmiIa 5,00 [3,0—7,0], mo BimmoBigae MoMipHOMY piBHIO
IHTEHCUBHOCTI O0omio. 3HaueHHs BapitoBanu Big 0 mo 10
6aniB. 3rimHo 3 aHamizoM, 31,2 % mauieHTiB MOBiTOMU-
JIM TIPO JIerKuii 6ib (< 3 6anu), 39,8 % — npo momipHuUi
(4—6 6aniB), a 28,9 % — mnpo cwIbHUI 6ib (> 7 GajiB).
Takuii po3nonais MiATBEpIKYE BUCOKY YAaCTOTY KJIiHIYHO
3Hauy1ioro 6010 y nauieHTiB i3 XI1/CXTDb HaBith Ha eTari
rnepBuHHOTO obctexkeHHs. Y miarpyni JIC meniana 3a BAILI
cranoBuia 4,00 [3,00—6,75], wo BKa3ye Ha Gijb cepel-
HbOI iHTeHcHuBHOCTI. Cepea MX maunieHTiB 43,8 % Manu
JIeTKuii 6ib (< 3 6amm), 31,2 % — nomipHuii (4—6 6aiB),
a 25,0 % — cunbHMit (> 7 6aiiB). Y rpyIi 3 TOMipHUMHA
cumnTomMamMu MeniaHa 3a BAIL rakox cranosuia 4,00
[3,00—5,75], 1o BKa3ye Ha mepeBakaHHSI 0010 CepeaHbOl
iHTeHcUBHOCTI. Y 1iit Koropti 39,5 % malieHTiB Bin3HAYMIN
Jlerkuii 6inb, 48,7 % — nomipuwuii i uie 11,8 % — cuib-
Huii. Haitbinbi BupaxeHi MoKa3HUKM CIIOCTEPIraJiuCh y
MaLi€HTIB i3 TSDKKUMM cUMIIToMaMu: MeniaHa 3a BAILL y
it minrpyni cranosuia 8,00 [6,00—9,00], a 66,7 % nati-
€HTIB MOBIAOMUJIN MPO CUJIbHUI Oi1b. YacTKa nmauieHTiB 3
MoMipHUM GoJieM y 1iii rpymi craHoBuaa 25,0 %, toni sk
JIerKuit 6ifb croctepiraBcst nuie y 8,3 % Bunanakis. Pe-
3yJbTaTU HaBeIeHo y Tab. 1.

OCKiTbKM pO3MOMAiJ MaHUX HE BiAIMOBiIaB HOpMasb-
HOMY, JIUISI IOPiBHSIHHS iHTEHCUBHOCTI 00110 MiX MiArpy-
mamMmu O0yJio 3acTocoBaHo Kputepiit Kpackema — Bosrica.
OTpuMaHO CTAaTUCTUYHO 3HauyIny pisHuiio: H = 33,66,
df =2, p <0,0001. Post hoc anani3 3a meTogoM JlaHHa 110-
KasaB, 1110 piBeHb 0outto B rpyrti TC BiporinHo BUILIMIA TTO-
piBHsiHO 3 rpynamu I1C (p < 0,0001) ta JIC (p = 0,0002).
Pizauusa mix rpynamu JIC i [1C Oyna HeBiporigHoto,
OTpMMaHi JaHi CBiI4aTh MPO TiCHUI 3B 30K MiX TIXKi-
CTIO KJIiHIYHMX IIPOSIBIiB Ta Cy0’€KTMBHOIO OLIIHKOIO 00-
JIbOBOTO CUHIIPOMY.

Ta6nmys 1. CTpykTypa ouiHkm 6osmo 3rigHo 3 BALl y rpynax

OuiHka 3rigHo 3 BALU
fpyna Me [Q1; Q3] JNerkwn (< 3), n (%) MomipHui (4-6), n (%) | CwunbHUK (2 7), n (%)
or 5,0 [3,0; 7,00] 40 (31,2) 51 (39,8) 37 (28,9)
Jic 4,0 [3,0; 6,75] 7 (43,8) 5(31,2) 4 (25,0)
nc 4,0 [3,0; 5,75] 30 (39,5) 37 (48,7) 9 (11,8)
TC 8,0 [6,0; 9,00] 3(8,3) 9 (25,0) 24 (66,7)
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Pesynbratil mpoBeneHoro KopessiiiiHOTo aHai3y 3a-
CBITYMJIM, 110 iHTeHCUBHICTh 6omio 3a BAILl mae TicHuit
OpsIMUI 3B’S130K i3 Cy0’€EKTUBHOIO OLIIHKOIO 00JILOBOIO
cunapomy 3a mkairamu NIH-CPSI, DN4 ta SF-MPQ
(r=0,67-0,77; p < 0,0001).

VY zaranbHiit BubGipui nauientis 3 XI1/CXTb meniana
OLIIHKM 3TiIHO 3 onuTyBaJibHUKOM DN4 ctaHoBuia 3,0
[1,0—4,0] 6ama. VY miarpyii mami€HTiB 3 JETKUMU CUMII-
ToMaMM MeniaHa Oyna 2,5 [0,25—5,5] 6ana, 3 moMipHUMU
cumnroMamu — 2,0 [1,0—3,0] 6ana, Tomi SIK y TpyMi 3 TSK-
kuMu cumnitomamu — 3,0 [3,0—5,0] 6ama. Ouinka Helipo-
MaTUYHOTO KOMITOHEeHTa 00ito 3a 1mikanoo DN4 Bussuia
CTAaTUCTUYHO 3HAYYIIi BIIMiHHOCTI MiX I'pyITaMM MaIli€eH-
TiB, cTpaTU(hiKOBAaHUMU 3a CTYMIEHEM TSIKKOCTi CUMITO-
miB BimnosigHo 1o NIH-CPSI (p < 0,0001, H = 25,98).
Post hoc anani3 3a kputepieM JlaHHa minTBepaIuB Biporin-
Hi po30iXKHOCTI MixK TpylaMy 3 TOMipHUMU Ta TSLKKUMU
cumnTomami (p < 0,0001), Tomi IK MiX TpyramMu 3 JIerKu-
MU Ta TsLKKkuMu (p = 0,13), a TaKOX JIETKMMHU Ta TOMip-
HUMU cumntomamu (p > 0,99) craTUCTUYHO 3HAYYLIUX
BiAMiHHOCTel He BUsBJIEHO. [IluTOMa yacTKa malieHTiB
i3 DN4 > 4 cranosuna: 37,5 % (n = 6) y rpymi 3 JIerku-
mu cumntomamu, 20,3 % (n = 15) y rpyni 3 moMipHUMM
cumnromamu 1a 44,4 % (n = 16) — y IpyIi 3 TSOKKUMU
cumnromaMu. OTpuMaHi pe3yJibTaTh CBiluaTh MpPO reTepo-
TeHHMIA PO3MO/iJI HEPOIIaTUYHOTO KOMIIOHEHTA 3aJ1eXKHO
Bin Tskkocti cumntomiB y naiieHTiB 3 XI1/CXTb. dani
BimoOpaxeHi Ha puc. 1.

IlamieHTiB OCHOBHOI Tpymnu OyJjio cTpaThdikoBaHO Ha
NIBi MiATPYNU BiAMOBIIHO M0 HAsIBHOCTI HEUPOTTATUYHOTO
KoMMoHeHTa 6outto 3a kputepieM DN4: miarpyma 3 DN4 < 4
(n = 80) ta minrpyna 3 DN4 > 4 (n = 48). O1iHka iHTeH-
cuBHOCTi 6010 3a BAILl mpoaemMoHcTpyBajia BiporiiHo
BUIIi ITOKA3HUKM Y ITAIli€HTIB i3 HassBHUM HellpomaTmd-
HUM KoMnoHeHToM (p < 0,0001). Tak, y ninrpyni 3 DN4
> 4 meniana 3a BAIII cranosuna 7,0 (Q1—-Q3: 6,0—8,25),
Toni gK y nmauieHTiB 3 DN4 <4 — 4,0 [2,75—5,0]. Cepenne
3HaueHHs 3a BAIIl y maiieHTiB 3 HelipornaTu4HUM OoJieM
cranoBuio 7,10 mportu 3,75 y miarpyri 6e3 HEHPOImaTHYHOTO
KOMITOHEHTA.

Byno mpoBeneHo aHani3 Kopeasaiiii MiX OIiHKOIO
HelipormaTUyHOTOo 600 3a mKajgoo DN4 Ta iHImmuMn
KIiHIYHUMU ¥ MCUXOEMOLIMHUMHU iHAMKATOpaAMU y
Malli€HTiB OCHOBHOI rpynu. Pe3ynbTatil TOCTigKeHHS
BUSIBUJIM CTATUCTUYHO 3HAYYIILY MTOMipHY TTO3UTUBHY
Kopensaniio Mixk DN4 Ta inTeHcuBHicTIO 60110 32 BAILL
(r=0,6618; p < 0,0001), 110 CBiAYUTH MPO TEHIEHIIIO
IO MigBUINeHHS oliHKK 32 DN4 3i 30iIbIIIeHHAM Cy0’ €K-
TUBHOI iHTEHCUBHOCTI O6oito. HailBuiny kopessiito
BcTaHOBIeHO MiX DN4 Ta moka3HUKaMHu 3a CEHCOp-
HOO Tiamkanow onutyBaibHuka SF-MPQ (r = 0,85;
p < 0,0001), a Takox i3 3aranpbHumM 6anrom SF-MPQ
(r=10,84; p < 0,0001), mro minTBepIXy€E TicHY acollia-
110 MixK HEApOMMaTUYHUM KOMIIOHEHTOM 00JII0 Ta HoTro
CEHCOPHUMMU XapaKTepUCTUKAMU (MeUiHHS, OHIMiHHS,
MOKOJIOBAHHS TOIIO).

VY nanienTiB i3 XIT/CXTB B OTI' cepeaniii 3araabHuit
6an 3a mkanoro SF-MPQ cranoBus 13,56 + 5,59; ceHcopHa
ckrmamoBa — 11,44 £5,29; adextuBHa — 2,23 £ 0,64. Ctpa-
TrdiKaLisa BUOIpKY BilIIOBIIHO 10 BUPAXKEHOCTi CUMIITOMIB
3a NIH-CPSI 3acBiqumia BUpaXxeHi MiXIpyIoBi BiiMiHHO-
cti. Tak, y rpymi 3 TSOKKMMU CUMIITOMaMU 3arabHUN Oan
oyB HaiiBuuM — 18,31 * 4,79 nopiBHsiHO 3 13,88 * 8,55
y Hali€HTiB 3 Jerkumu T1a 11,25 + 3,38 — 3 momipHUMU
cumrniromamu. CeHcOpHa MiflIKaaa TaKoX BUSIBUJIACh
HariBuiolo B rpyni TC (15,97 + 4,48) nopiBHsiHo 3 JIC
(11,81 = 8,09) ta I1C (9,21 % 3,17). AdekTrBHa CKI1aT0Ba
MaJla MEHIIy BapiaOebHiCTh, OHAK JEMOHCTpYBaJIa Ioai0-
Hy auHaMiky: 2,58 = 0,50 y mingrpyni TC, 2,06 = 0,77 — JIC
ta2,09 £0,61 —IIC.

CraTucTUYHUM aHadi3 3arajabHoro 6ana 3a SF-MPQ
MMiATBEpINB HasIBHICTh BipOTiMHUX MIiXTPYIOBUX BiIMiH-
Hocreit (H = 39,19; p < 0,0001; df = 3), mo Bka3sye Ha re-
TEPOTEHHICTh BUPAXKEHOCTi OOJTLOBOTO CUHIPOMY 3aJIeXK-
HO Bifl TSKKOCTI KJIiHiUHMX TiposiBiB. [Toganbiiuit post hoc
aHaJji3 BUSIBUB, 110 nauieHTu 3 TC mManu BiporiZHO BUIIL
MOKa3HUKM 3arajbHoro 6ana nmopisHsiHo 3 [1C (p < 0,0001)
ta JIC (p = 0,0058). TakoxX BCTaHOBJIEHO CTAaTUCTUYHO
3HAYYIIly Pi3HUIIO MiXX OCHOBHOIO TPYIIOI0 Ta MiATPYIOI0
IC (p = 0,0438) i TC (p < 0,0001). BonHouac mix OI ta
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PucyHok 1. OuiHka HeliponaTuYHOro KOMIoHeHTa 6ot 3rigHo 3 DN4 y nigrpynax
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nigrpynoio JIC, a takox mixx minrpynamu JIC i I1C Bipo-
rimHuX BigMiHHOCTE# He BusiBjieHO (p > 0,9999). Po3znomin
OTPUMAaHUX pe3yJIbTaTiB aHKETYBaHHSI MALIIEHTIB 3a ILIKAJI0I0

SF-MPQ HaBeneHo Ha puc 2.

3 MeTOI0 MOJAJIbIIIOT0 aHai3y SIKICHUX XapaKTePUCTUK

00JIbOBOTO CHMHAPOMY MAIli€EHTIB OCHOBHOI Irpynu 0yJo
cTpatiiKoBaHO Ha JIBi MiATPYNU 3aJIEXKHO BiJ HASIBHOCTI
HEHpOIaTUIHOTO KOMIIOHEeHTa 00110 3a mKanon DN4:
3 DN4 < 4 (n = 80) Ta DN4 > 4 (n = 48). [TopiBHsJIb-
HUI aHaJli3 iHTEHCUBHOCTI OKPEeMUX AECKPUIITOPiB 0010
3a mkajsow SF-MPQ no3BosiMB OLIHUTH BiAMiHHOCTI y
CEHCOPHUX Ta apeKTUBHUX XapaKTepUCTHUKaX OO0 Mix
3a3HaYeHUMMU ITiarpynamu. JlaHi HaBegeHO B Tabj. 2 Ta
Ha puc. 3.

OTpuMaHi pe3yJbTaTh CBiMYaTh MPO 3arajibHy TeHIECH-
Li}0 10 BUIIOI iIHTEHCUBHOCTI BCiX AECKPUIITOPIB 00JIIO B
nigrpymi 3 DN4 > 4. CtaTucTUYHO 3HA4yIlli BiIMiHHOCTI
MiX IpyramMy BCTAHOBJICHO JUISI TAKUX JECKPUTITOPIB: «KO-
mounii» (p = 0,004), «nexyunii» (p = 0,043), «TIrHY4Ynii»
(p <0,001) Ta «BimayTTs BakKocTi» (p < 0,001).
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PucyHok 2. Po3nogin 6anis 3a SF-MPQ y rpynax

30KpeMa, Talli€EHTH 3 HEHPOMaTUYHUM KOMITOHEHTOM
YacTillle MOBIAOMJISLIA MTPO iHTEHCUBHILINI O1JTb TATHYYOTO
xapakrepy (2,66 £ 0,61) mopiBHSIHO 3 MalLlieHTaMK 63 HbOTO
(1,91 £ 0,97). AnanoriuHa KapTHHa criocTepiraaacs i om0
BimuyTTs BaxkkocTi (2,17 = 0,91 nipotu 0,93 + 1,06 Bigmno-
BinHO). CTaTUCTUYHO 3HAYYIIi MiXTPYITOBi BiIMiHHOCTI
BCTAHOBJICHO JIJISI NECKPUIITOPIB «KOJIOUMIA», «IEKYyIUil»,
«TSITHYYUI» Ta «BimIyTTs BaxkKocCTi» (p < 0,05).
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PucyHok 3. IHTeHcuBHicTb gecKkpunropis 6osto (SF-MPQ) y rpynax 3 DN4 < 4 ta DN4 2 4

lpumitka: paHi nogaHo sk M £ SD.

Tabnuys 2. IHTeHcuBHicTb AeckpunrTopis 6onto (SF-MPQ) 3anexHo Big DN4-ctatycy y nauieHtie 3 XI/CXTB

HdeckpunTtop 60710 DN4 < 4 (M = SD) DN4 2 4 (M = SD) —

Takuia, Lo nynbeye 0,80 = 1,00 1,61 +£1,18 0,072
Takui, Lo NPOCTPINoe 0,47 + 0,84 1,41 +1,10 0,068
Kontounii 0,76 + 1,02 1,72 + 0,95 0,004
Piskunii 0,66 + 0,95 1,39 £ 0,96 0,080
Takui, Lo 3BOAUTL CY[OMOIO 0,77 = 1,00 1,42 + 1,21 0,095
Takui, LWo rpuse 1,05+ 1,18 1,67 £ 1,05 0,087
Meky4unn 1,01 + 1,01 1,66 + 1,12 0,043*
TarHy4mmn 1,91 £ 0,97 2,66 + 0,61 < 0,001*
BiguyTTa TAXKOCTI 0,93 + 1,06 2,17 = 0,91 < 0,001*
BonicHicTe npu goTuKy 2,01 = 0,71 2,26 = 0,76 0,315
Takuia, L0 po3puBae 0,99 = 1,05 1,60 = 1,02 0,059

lMpumiTka: * — ctaTUCTUYHY 3Ha4yLUicTb OLliHeHO 3a fAornomoror Kputepito MaHHa — BitHi, p < 0,05 BBaXkaeTbcsi

BiporigHum.

52

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

Tom 22, N2 3, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

O6roBopeHHs

OnucaHo, 1110 HaJMipHa Bara Ta OXXWPiHHS aCOLII0I0Th-
¢Sl 3 BUIIIMM PU3MKOM PO3BUTKY XpOHiuHOTO OoJito [19], a
TaKOX IMOTipIIYIOTh MTepebir 3aXBOPIOBaHb MPOCTATH, 30Kpe-
Mma paky nipoctatu Ta XIT/CXTB [16, 20]. Kpim Toro, Haz-
MipHa Bara HeraTUBHO BIUIMBAE Ha YOJIOBiUy (hepTUIIbHICTbD,
3yMOBJIIOIOUM TTOPYILIEHHS IKOCTi CIIEpMU, KOHAEHCcallil
XpoMaTuHy, nigsuineHHsa ¢pparmenranii JJHK, amonrosy
Ta eMireHeTUYHUX 3MiH, 11O MTOTeHLIMHO MOXYTh Tepeaa-
BaTUCS ITOTOMCTBY [21]. ¥V HaloMy gocCiimKeHHi BUSBIe-
HO acoliallilo MiIBUIIEHOTO iHAEKCY MacH TiJla 3 TSDKUUM
kJiHiuHuM 1iepebirom XIT/CXTH Ta Ginbll BUpakeHUMU
MOKa3HMKaMU 60JbOBOTO CUHIPOMY. X04a BITYM3HSIHI AaHi
o0 npsimoro BBy IMT Ha nepe6ir XIT/CXTb € oome-
JKEHUMM, OTPUMaHI pe3yIbTaTu 3arajJoM Y3TOMIXKYIOThCs 3i
CBITOBUM JIOCBiJIOM 3 IIbOTO TIUTAHHS.

HesBaxaroun Ha 3HaUYHY KiJIbKiCTb OJOCIiIKEHb, IPU-
cBsgueHux XI1/CXTDB, HeliponaTUUHUIT KOMITIOHEHT 0O-
JIbOBOTO CUHJIPOMY 3JIMIIAETHCS HEJOCTATHHO BUBYEHUM
Yy MeXaX KIIHIYHUX JOCIIKEHb i3 3aCTOCYBaHHSIM BaJli-
MOBAaHUX IHCTPYMEHTIB OLIIHKM HEHPOMATUYHOTO OO0JIIO0.
BinburicTs pobiT 30cepemkeHa Ha 3allaIbHUX MeXaHi3Max,
nepudepuyHUX YNHHUKAX a00 (peHOTUITYBaHHI 3a MYJIb-
TuaoMeHHUMU mMoaensimu, 3okpemMa UPOINT, 6e3 giTkoi
KIUJIBKiCHOI OLIIHKM HEMPOIMaTUIHUX XapaKTePUCTUK OOJTIO.
HaHi nocliakeHb XpOHiYHOIO Ta30BOro 0OJII0, 30KpeMa y
JKIHOYIM TTOMYJIsIii, IMiATBePIKYIOTh Y4acTh LHEHTPaIbHUX
MeXaHi3MiB y ¢hopMyBaHHi 60JIbOBOTO CUHAPOMY: Y 3HAY-
HOI YaCTUHU TAlLliEHTIB BUSBISIIOTHCS O3HAKU 1IEHTPAIbHOT
CEHCUTU3ALlI], 1110 aCOLIIOI0ThCS 3 OiIbILIOK iHTEHCUBHICTIO
00110 Ta BUPAXKEHUMHU IICUXOEMOLIIHHIMU TIposiBamu [22].
Y 11bOMy KOHTEKCTi BUKopuctaHHs mkaiu DN4 y Hatiomy
TOCJiIKEHHI T03BOJIMJIO CUCTEMHO ineHTUdiKyBaTH Hell-
POTIaTUYHUI KOMITOHEHT Ta C(hOPMYBATH IECKPUTITOPHUI
npodinb 600 ripu XI1/CXTBH.

V nonepenHix JOCTIMKEHHSX i3 3aCTOCYBaHHSIM KiJlb-
KiCHOTO ceHCOpHOro TecTyBaHHs y naiieHTiB i3 XI1/CXTb
MPOJEMOHCTPOBAHO O3HAKU reHepalli30BaHOI TilepuyTian-
BOCTi Ta 3HMXXEHHST 00JIbOBOTO TIOPOTY, IO CBIMYUTH TIPO
y4acTh LIEHTPaJbHUX MeXaHi3MiB y (hopMyBaHHi 60110 [23].
V HamroMy DOCTiIKeHHI 1Ii MeXaHi3MM BimoOpakaloThCsI Ha
KJIiIHIYHOMY DPiBHi yepe3 MiaBUIIEeHY iHTEeHCUBHICTb CeH-
COpPHUX AeCKpUNTOPiB 3a mKajiaow SF-MPQ ta BusiBieHHs
HeliponatTuyHoTo KoMrnoHeHTa 3a DN4. Takum uuHOM,
Cy0’€KTUBHUI CEHCOPHUIA TTPOdiab OOII0 Y3rOIKy€ETHCS 3
MaHUMU 00’€KTUBHOI OLIIHKY 00JIbOBOI TiMepUYyTIMBOCTI.

KoHuenitiss HeliporeHHoi Ta HEHTPaabHOT MOMYJISLLT
6outo ipu XI1/CXTbB akTMBHO OOTOBOPIOETHCS B Cydac-
Hiii Jmitepatypi [24, 25]. [TinkpecioeTbes, 10 nepude-
pUYHE 3arajeHHsI MOXe BUCTYMATU TPUTEPOM, TOMi K
ninTpruMaHHs OO0 TTOB’sI3aHe 3 MeXaHi3MaMM LIEHTpaslb-
Hoi ceHcuTur3aii. [lonepeaHi nociiakeHHs CBiq4aTh, 1110
HasIBHICTb HEMPOTIATUYHOTO OOJIIO aCOLIIOETHCS 3 OLIBIIT
BUPAXEHUM OOJIbOBUM CUHIPOMOM, 3HUXEHHIM SKOCTI
SKUTTSI Ta MEHILOI0 e(heKTUBHICTIO CTAHIAPTHUX Teparie-
BTUYHMX MiJIXOJiB, OPIEHTOBAHUX MEPEBaKHO HA HOLIM-
LENTUBHI MexaHi3Mu [24]. Y HamoMy gociimkeHHi y ma-
uieHTiB i3 DN4 > 4 cniocTepiranacst Builla iHTeHCUBHICTh
00J110 Ta MepeBaXkaHHS XapaKTePHUX CEHCOPHUX AECKPUTI-
TopiB. BogHouac yacTka ocib i3 KJIiHiYHO 3HAYYIINM Heli-

pOMaTUYHUM KOMITOHEHTOM OOJII0 He Bilpi3HsIacs Mix
MiATpynamMu 3 pi3HUM CTyIIEHEM TSKKOCTi CUMIITOMIB 3a
NIH-CPSI. Lle Moxe cBimuuTH Ipo Te, 110 HelpoImaTud-
HUI KOMIOHEHT nputamaHHuil nauieHtam i3 XI1/CXTb
He3aJIeXKHO Bill 3arajibHOI BUPaXXEHOCTi CUMITOMIB, 1110
OOTPYHTOBYE AOUITBHICTb HOr0 BpaxyBaHHSI TIiJl yac jia-
THOCTUKM Ta MJIAaHYBaHHS JIIKyBaHHS.

Takum yrHOM, pe3yabTaTH MOCTIIKEHHS TO3BOIUIN
OKPECTUTH AECKPUNTOPHUUN MpodiJib MALLIEHTIB i3 HEHPO-
MaTUYHUM KOoMITOHeHTOM 60oJ1to pu XI1/CXTB. st oci6
i3 DN4 > 4 xapaktepHuM OyJ10 MepeBaXkaHHSI TITHYYOTO,
MEeKYy40ro, KOJI04oro 000 Ta BiT4yTTs BaxKKOCTI, SIKi Ipo-
NIEMOHCTPYBaJU CTAaTUCTUYHO 3HAYYIIO BUII MTOKa3HU-
KH{ TIOPiBHSIHO 3 MallieHTaMM 0e3 03HaK HeWMpOonaTUYHOIO
koMnoHeHTa. MopMyBaHHSI TAKOTO KJIiHIYHOTO Mpodisiio
CTBOPIOE IATPYHTS TS OiIbII TOYHOI qrdepeHIiallii THITiB
6omo nipu XI1/CXTH Ta inguBinyanizauii aHaaIreTM4HOI
Teparii 3 ypaxyBaHHSIM HEHpOMaTUYHUX MeXaHi3MiB.

Cepen 00MexXXeHb TOCTiIKEHHS CJIiJ BiA3HAYUTU OTHO-
LIEHTPOBUII TIOTIEPEYHMI1 IN3aiiH Ta BUKOPUCTAHHS Tepe-
Ba)XHO KJIIHIYHUX iIHCTPYMEHTIB OLLiIHKY 6€3 iIHCTpyMEHTAJIb-
HOI1 Bepu@iKallii IeHTpaIbHOI CEHCUTH3Allii, III0 0OMEXKYy€E
MOXJIMBICTh BCTAHOBJICHHSI TIPUYMHHO-HACIiIKOBUX 3B 13-
KiB i OLIIHKM TMHAMiK1 MMOKA3HUKIB y Yaci.

BucHOBKMK

VY nauienTi i3 XI1/CXTDb BUSIBIEHO CTATUCTUYHO 3HA-
Yylly acollialilo MiX MiABUIIEHUM iHIEKCOM MacH Tiia
Ta BUpaxeHicTio 601p0BOro cuHapomy. Helipornatuunumit
KOMITOHEHT 00110 3a 1Kanoo DN4 BUSIBIISIETbCS y 3HAYHOT
YaCTKM MAlli€HTIB He3aJeXXHO Bil 3arajibHOI BUPaXKEHOCTI
cumnToMiB 3a NIH-CPSI. HasiBHicTb HelipornmaTU4HOTO
koMmrioHeHTa (DN4 > 4) acolioeThCS 3 BUILIOIO iHTEHCHUB-
HICTI0 00JTI0 Ta TepeBakaHHSIM BUIIIEOTTMCAHUX CEHCOPHUX
NECKPUNTOPIB (TATHYYMIA, IEKYYUil, KOJTIOUMii Oisib, BiTUyT-
TS BaxKocTi). KoMmIiekcHa o1iHKa XpOHIiYHOTO 00JIbOBOTO
cuHApoMy i3 3actocyBaHHsIM DN4 ta SF-MPQ nosBossie
OisIbILI TOYHO (DEHOTUITYBATH OOJILOBUI cCMHIAPOM Iipu XI1/
CXTBb ta MoxXe cCripusiT¥ iHAMBIAyati3allii TeparneBTUYHOL
TaKTUKU.

IlepcnekTuBM moaadbIIMX AOCTIIKeHb. [lepcnekTuB-
HUMMU € TIPOCHEKTUBHI JOCTiIKEHHS 3 OLIIHKOIO TMHAMIKI
HelponaTMYHOro KOMIIOHEHTa 00110 Ha (POHi ITepcoHa-
JIi30BaHUX TE€PaneBTUYHUX ITiIXOiB Ta i3 3aCTOCYBaHHSIM
IHCTpyMEHTaJIbHUX METO/iB Bepudikallii acrekTiB 60Jb0-
BOTO CUHIIPOMY.

KonduikT inTepeciB. ABTOpU 3as1BJSIIOTH PO BiICYTHICTh
KOHQJIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpY MiATOTOBII JAHOI CTATTI.

Cnuncok Aiteparypu

1. Cui F, Zhang Y, Liu Z, Man C, Gong D, Zhou Y, Fan Y. As-
sociation between overweight and obesity determined by body mass
index and overall survival in patients with metastatic prostate cancer:
a meta-analysis. Int J Obes (Lond). 2025 Nov;49(11):2131-2139. doi:
10.1038/541366-025-01883-6. Epub 2025 Aug 15. PMID: 40817130.

2. Trecarten S, Liss MA, Hamilton-Reeves J, DiGiovanni J. Obe-
sity, dietary interventions and microbiome alterations in the develop-

Tom 22, N2 3, 2026

www.mif-ua.com, https://iej-journal.com 53



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

ment and progression of prostate cancer. Front Immunol. 2025 Jan
7,15:1448116. doi: 10.3389/fimmu.2024. 1448116. PMID: 39840030;
PMCID: PMC11747771.

3. Zhang R, Sutcliffe S, Giovannucci E, Willett WC, Platz EA,
Rosner BA, et al. Lifestyle and Risk of Chronic Prostatitis/Chro-
nic Pelvic Pain Syndrome in a Cohort of United States Male Health
Professionals. J Urol. 2015 Nov;194(5):1295-300. doi: 10.1016/j.
Juro.2015.05.100. Epub 2015 Jun 10. PMID: 26070893; PMCID:
PMC4666310.

4. Parikesit D, Mochtar CA, Umbas R, Hamid AR. The impact of
obesity towards prostate diseases. Prostate Int. 2016 Mar;4(1): 1-6. doi:
10.1016/).prnil.2015.08.001. Epub 2015 Nov 24. PMID: 27014656,
PMCID: PMC4789344.

5. Chen X, Hu C, Peng Y, Lu J, Yang NQ, Chen L, et al. Asso-
ciation of diet and lifestyle with chronic prostatitis/chronic pelvic pain
syndrome and pain severity: a case-control study. Prostate Cancer
Prostatic Dis. 2016 Mar;19(1):92-9. doi: 10.1038/pcan.2015.57. Epub
2015 Dec 15. PMID: 26666410.

6. Nickel JC, Shoskes DA. Phenotypic approach to the manage-
ment of the chronic prostatitis/chronic pelvic pain syndrome. BJU Int.
2010;106(9):1252-1263. doi: 10.1111/j.1464-410X.2010.09701.x.

7. Tripp DA, Nickel JC, Shoskes D, Koljuskov A. A 2-year fol-
low-up of quality of life, pain, and psychosocial factors in patients
with chronic prostatitis/chronic pelvic pain syndrome and their spous-
es. World J Urol. 2013;31(4):733-739. doi: 10.1007/s00345-013-
1067-6.

8. Kulyk SS, Fedoruk OS, Kulyk AR. Correlation between para-
clinical parameters and clinical manifestations of chronic prostatitis /
chronic pelvic pain syndrome. Current problems of modern medi-
cine: Bulletin of the Ukrainian Medical Stomatological Academy.
2025;25(4):52-58. doi: 10.31718/2077-1096.25.52 (in Ukrainian).

9. Kulyk SS, Fedoruk OS, Kulyk AR. Assessment of psycho-emo-
tional disorders and quality of life in patients with chronic prosta-
titis/chronic pelvic pain syndrome. Bukovinian Medical Bulletin.
2025;29(4 (116)):47-53. doi: 10.24061/2413-0737.29.4.116.2025.8
(in Ukrainian).

10. Pontari MA, Ruggieri MR. Mechanisms in prostatitis/chronic
pelvic pain syndrome. The Journal of Urology. 2004, 172(3):839-845.
https://doi.org/10.1097/01.ju.0000136002. 76898.04.

11. Mehik A, Leskinen MJ, Hellstrom P. Mechanisms of pain
in chronic pelvic pain syndrome: influence of prostatic inflammation.
World Journal of Urology. 2003;21(2):90-94. doi: 10.1007/500345-
003-0334-3.

12. MagriV, Boltri M, Cai T, et al. Multidisciplinary approach to
prostatitis. Arch Ital Urol Androl. 2019;90(4):227-248. doi: 10.4081/
aiua.2018.4.227.

13. Wang J, Zhang B, Jiao Y, Xu Z, Qian B, Wang Q. Involve-
ment of prostatic interstitial cells of Cajal in inflammatory cyto-
kines-elicited catecholamines production: Implications for the patho-

Information about authors

physiology of chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS). Biochemical and Biophysical Research Communications.
2018;503(2):420-427. doi: 10.1016/j.bbrc.2018.04.050.

14. Bennett M1, Smith BH, Torrance N, Lee AJ. Can pain can
be more or less neuropathic ? Comparison of symptom assessment tools
with ratings of certainty by clinicians. Pain. 2006;122(3):289-294. doi:
10.1016/j.pain.2006.02.002.

15. Zaza MM, Salem TAM, Hassanin ISF, Soliman MHA. Effect
of body mass index on prostate volume and prostate-specific antigen in
men over 50: A cross-sectional study. Urologia. 2023;90(2):224-229.
doi: 10.1177/03915603231163349.

16. Yue L, Ge Y, Wang T, Ge M, Zhang C, Zhang W. The cor-
relation between body mass index and prostatic-related parameters in
men 40 years or older in Zhengzhou. Aging Male. 2020;23(5):483-488.
doi: 10.1080/13685538.2018. 1530754.

17. Chen J, Zhang H, Niu D, et al. The risk factors related to
the severity of pain in patients with Chronic Prostatitis/Chronic Pelvic
Pain Syndrome. BMC Urol. 2020;20:154. doi: 10.1186/s12894-020-
00729-9.

18. Romanenko VI. Validation of the national version of the DN4
questionnaire for determining the neuropathic component of pain in
patients with chronic lumbosacral pain syndromes. Ukrainian Neuro-
logical Journal. 2016,(3):40-45. (in Ukrainian).

19. Qian M, Shi Y, Yu M. The association between obesity and
chronic pain among community-dwelling older adults: a systema-
tic review and meta-analysis. Geriatr Nurs. 2021;42(1):8-15. doi:
10.1016/j.gerinurse.2020.10.017.

20. Wilson RL, Taaffe DR, Newton RU, Hart NH, Lyons-Wall P,
Galvao DA. Obesity and prostate cancer: A narrative review. Crit
Rev Oncol Hematol. 2022;169:103543. doi: 10.1016/j.critre-
vonc.2021.103543.

21. Leisegang K, Sengupta P, Agarwal A, Henkel R. Obesi-
ty and male infertility: Mechanisms and management. Andrologia.
2021;53(1):e13617. doi: 10.1111/and.13617.

22. Gharaei H, Gholampoor N. The Role of Interventional Pain
Management Strategies for Neuropathic Pelvic Pain in Endometriosis.
Pain Physician. 2023;26(5): E487-E495.

23. Hedelin H. The chronic prostatitis/chronic pelvic pain syn-
drome and pain catastrophizing: a vicious combination. Scand J Urol
Nephrol. 2012;46(4):273-278. doi: 10.3109/00365599.2012.669403.

24. Carey ET, As-Sanie S. New developments in the phar-
macotherapy of neuropathic chronic pelvic pain. Future Sci OA.
2016,2(4):FSO148. doi: 10.4155/fs0a-2016-0048.

25. Gish B, Langford B, Sobey C, et al. Neuromodulation for the
management of chronic pelvic pain syndromes: A systematic review.
Pain Pract. 2024,24(2):321-340. doi: 10.1111/papr.13295.

Otpumaro/Received 11.11.2025
PeveHaoBaHo/Revised 02.02.2026
TMpwiiHsiTo fo apyky/Accepted 23.02.2026 M

Sofiia Kulyk, Urologist, Sexologist, PhD-student, Department of General Surgery and Urology, Bukovinian State Medical University, Chernivtsi, Ukraine; e-mail: s0fi0207@gmail.com; phone:

+380 (63) 674-55-29; https://orcid.org/0009-0008-9278-2949

Oleksandr Fedoruk, MD, DSc, PhD, Urologist, Professor, Department of General Surgery and Urology, Bukovinian State Medical University, Chernivtsi, Ukraine; e-mail: doc100@i.ua; phone:

+380 (50) 374-27-44; https://orcid.org/0000-0001-8816-3418

Andrii Kulyk, PhD in Medicine, Neurologist, Assistant, Department of Neuropathology and Neurosurgery, Postgraduate Education Faculty, Danylo Halytsky Lviv National Medical University, Lviv, Ukraine;
e-mail: andriy_kulyk@ukr.net; phone: 4-380 (63) 950-11-64; https://orcid.org/0000-0002-0421-1628

Oleksandr Paienok, Academician of NUHEA, MD, DSc, PhD, Professor, Associate Professor, Department of Obstetrics, Gynecology and Reproductive Medicine, Danylo Halytsky Lviv National Medical
University, Lviv, Ukraine; e-mail: alex.payenok@gmail.com; phone: +380 (67) 744-92-92; https://orcid.org/0000-0002-8517-7424

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

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

Tom 22, N2 3, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

S.S. Kulyk', O.S. Fedoruk’, A.R. Kulyk?, O.S. Paienok?
" Bukovinian State Medical University, Chernivtsi, Ukraine

2 Danylo Halytsky Lviv National Medical University, Lviv, Ukraine

Comprehensive assessment of pain syndrome in patients
with obesity and chronic prostatitis on the background
of chronic pelvic pain syndrome

Abstract. Background. Chronic prostatitis/chronic pelvic pain
syndrome (CP/CPPS) is characterized by heterogeneous clinical
manifestations and a complex pathophysiology involving both pe-
ripheral and central pain mechanisms. A neuropathic component
of pain syndrome in this condition remains poorly understood.
Aim of the study was to evaluate the characteristics of pain syn-
drome in patients with obesity, CP/CPPS with particular attention
to a neuropathic component and to determine its association with
clinical parameters of the disecase. Materials and methods. Patients
diagnosed with obesity, CP/CPPS were examined. Pain structure
and severity were assessed using the National Institutes of Health
chronic prostatitis symptom index (NIH-CPSI), visual analogue
scale, Douleur Neuropathique 4 questionnaire (DN4), and the
Short-Form McGill Pain Questionnaire (SF-MPQ). Comparative
and correlation analyses were performed according to the pres-
ence of a neuropathic component and the severity of symptoms.

Results. Increased body mass index was associated with greater
pain intensity. A neuropathic component of pain was identified
in a substantial proportion of patients, irrespective of the overall
symptom severity assessed by the NIH-CPSI. Patients with the
DN4 > 4 demonstrated higher pain intensity and a predominance
of specific sensory descriptors, including aching, burning, stab-
bing sensations, and a feeling of heaviness. A strong correlation
was observed between the DN4 scores and the sensory dimension
of the SF-MPQ. Conclusions. A neuropathic component plays an
important role in the clinical structure of pain in CP/CPPS and
does not consistently parallel overall symptom severity. Combined
use of the DN4 and SF-MPQ allows for a more detailed charac-
terization of the pain phenotype and may support individualized
therapeutic decision-making.

Keywords: obesity; chronic prostatitis; chronic pelvic pain syn-
drome; neuropathic pain component; chronic pain
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T Aep>KaBHQ HQYKOBA YCTAHOBQ «LleHTPD IHHOBALIMIHNX MEANYHNX TEXHOAOTI HAH YikpaiHu», M. Kui, YkpaiHa
2 [IBH3 «KniBCbKi MEAMYHWA YHIBEDCUTET», M. KiiB, YKpQiHO

OUiHKQO BNAUBY OKpeMux moaAndikoOBaHMUX
$AKTOPIB PUINKY HO CTAH KOTHITUBHUX QYHKLLIN
TA piBeHb OAIrOMepiB AMIAOTAY 6eTd B AiKBOPI
Y NAUIEHTIB 3 METAGOAIYHUM CUHAPOMOM

Pe3stome. AkTyanbHicTb. MeTabosiyHmMii CUHAPOM acoLitOETbCS 3 MIABULLEHUM PU3UKOM KOrHITUBHMX MOpY-
LUeHb | geMeHUyii. XpoHi4Ha rinepriikemis, riikemidyHa BapiabesibHiCTb Ta IHCYNIHOPE3UCTEHTHICTb CrIPUSOTH
Hevipo3anasieHHI, HAKOMUYEeHHIO aMirnoigHoro B-6irka Ta rnopyLUeHHO KOrHITUBHUX (OYHKLUIV, OfQHaK Tpaauli-
HWY NoKa3HWK rnikosaHoro remornobiHy (HbA1c) He Binobpaxae KonvsaHHS riikemii Ta enizogu rinorrnikemii.
Merta: ouiHnTy BrAvB rnikemiyHoi BapiabenibHOCTi Ha piBeHb oniromepis B-aminoigy (AB), cTaH KOrHITUBHUX
QYHKUIVI Ta NOPYLLUEHHS CHY y NavyieHTiB i3 MeTabonidyHum cuHgpomom. MaTtepianu Ta meToaun. Y [OC/iKEHHS
Bksto4eHo 100 nayieHTiB i3 meTaboniyHum cuHapomom (50 4onoBikis i 50 XiHOK) BikoM 18—79 pokis (cepeaHiv
BiKk 55,27 + 1,26 poky), i3 cepeaHim IMT 33,34 + 0,62 kr/M°. [TpoBeAeHO KliHiYHe Ta aHTporoMeTpuyHe obcCTe-
XKEHHS1, po3LunpeHe nabopaTtopHe AOCTIAXEHHSI KPOBI 3 OLiHKOIO BYr/1eBOAHOIO i fifMigHOro o6MmiHy, hyHKUii
MeYiHKN Ta HUPOK, 3anasbHuX MapKepis i ropMoHasibHoro rnpoginto. [nikemiyHy BapiabesibHiCTb OuiHOBanu 3a
AaHnmMn 6e3repepBHOro MOHITOPUHIY ITIIOKO3U 3 po3paxyHKOM rokasHuka Time in Range. BusHa4anu piBHi oni-
romepis B-aminoigy B crimHHOMOS3KOBIV pigmHi Ta cniBsigHoLLueHHs1 AB42/AB40. KorHituBHI ¢byHKUIT Ta Moka3HuKm
CHY OUiHIOBanu i3 3aCTOCYBaHHSIM CTaH[apTU30BaHNX HEMPOMNCUXOIOrYHUX TECTIB | BanifjoBaHUX ONUTYBaslbHU-
KiB. Pe3ynbratu. KOrHitTuBHI NopyLUeHHs y nayieHTiB 3 MeTabosliYyHUM CUHAPOMOM BUsIBIIeHO y 48,0 % Bunagkis
3a wkasnow MoCA, 3 nepeBaxHUM ypaxeHHsam nam’aTti (19,0-37,0 %), BukoHaB4nx QyHkUivi (go 42,0 %) Ta
LUBUAKOCTI 06pobku iHghopmauii (70,0-88,0 %). SHUXeHHs nam’siTi B y4aCHUKIB [JOCTIAXEHHS 60 BiporigHo
acouyivioaHe 3 BuLLMMU piBHAMU C-peakTuBHoOro 6inka, riikemii Hatwe (PIH) Ta HbA1c, ToAi ik nopyLueHHs
BUKOHaBYUX QOYHKLiYi — 3 PIBHAAMUW rOHaA0TPOMNHUX rOPMOHIB. KpiM TOro, nopyLUeHHs1 CHy CynpoBOAXYBamcs
BHWKEHHAM LUBUAKOCTI 06p06KM iHGhopmavii. BogHouac y 3arasnbHivi KoropTi nayieHTiB 3 MeTabosiyHuM CUHAPO-
MOM r1OpYLLEHHS1 aMifioiJHOro 0OMiHy XapakTepu3yBasiochb 3HKEHHAM pisHs AB1-42 y 35,0 % Ta natosnori4yHum
cniBeBigHoLueHHsIM AB42/AB40 y 8,0 % Bunaakis; 3a HAIBHOCTI UYKPOBOro giabety 2-ro Tuny 4Yactora Ymx 3MmiH
3pocTana fo 44,6 ta 12,5 % BianosigHo. 3HuxeHHs1 piBHA AB1-42 acouitoBanocsi 3 NopyLLUEHHSIMU CHY, NiaBy-
LLYEeHHSIM PIBHIB NME4YiHKOBUX (hEPMEHTIB Ta KOPTMU30J1y, ToLI K BULLi nokasHuku ®CI i JII Bignosiganv BuLmM
piBHAM oniromepiB AB. IMikemidyHa BapiabesibHICTb Ta enidoau rinornikemii acouitoBanncs 3i 3HUKEHHSIM PIBHS
AB1-42 i cniBBigHoLeHH: AB42/AB40. BUCHOBKMW. Y nayieHTiB 3 MeTabosniYHnM CUHLPOMOM BUSBIIEHO BUCOKY
MOLUMPEHICTb JIErKUX KOrHITUBHUX MOPYLLEHb. [TopyLueHHs1 nam’ siTi acoyitoBanincs 3 NokasHUKamu 3anasieHHs1
Ta riKeMi4HOro KOHTPOJIO, TOAI K 3MIHV MOKa3HWKIB orliromepiB AL — 3 MOPYLLUEHHAMY CHY, (OYHKLIOHaIbHOIro
CTaHy rneyviHK1 Ta ropMOHasIbHOro 6asnaaHcy.

Knio4oBi cnoBa: metaboniyHuii cuHAPOM; KOrHITUBHI MOPYLLIEHHS; B-aMinoi; LyKpoBuii giabet 2-ro tumy; no-
PYLUEHHSI CHY
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Bctyn

Meta6oniunuii cunapom (MC) acolitoeTbest 3 TIorip-
IIEHHSIM KOTHITMBHMX (DYHKIIIM i MiABUIIEHHSIM PU3UKY
PO3BUTKY BCiX BUMiB AemMeHlii [ 1, 2]. OcHoBHUMM (hakTOpa-
MU PU3UKY KOTHITUBHMX PO3JIajiiB Ta IeMEeHIIii € HeMonudi-
KOBaHi (hakTOpu pU3MKY, TaKi SIK BiK Ta TeHETUYHA CXUJTb-
HicTb [3], BogHOYAC 3HAYeHHST MoAUdiKoBaHUX (haKTOPiB
PU3UKY € BaXJIMBUM, OCKUJIbKM BUSIBJIEHHS Ta BIUIMB Ha
OCTaHHI Ja€ NMpo@iaKTUYHI Ta TeparneBTUYHI MOXJIMBOCTI
11100 TIPOTPECYBaHHS KOTHITUBHOTO 3HIXKeHHs. Cepen Mo-
nudikoBaHUX (PaKTOPIB pU3MKY — HU3bKUI PiBEHb OCBITH,
MOPYIIEHHS CIyXy, TpaBMa I'OJIOBU, apTepiajibHa TinepTeH-
3is (ADN), oxupinns, mykposuii miadet (LI/1), rimormikemist,
HU3BKUI piBeHb (Pi3MUHOT aKTUBHOCTI, ATIpeCisi, coliab-
Ha i30JIs11isl, 37T0BXUBAaHHS aJIKOTOJIEM, TIOTIOHOMATiHHS,
MPOXXMBAaHHS Ha TEPUTOPISIX i3 3a0pyTHEHUM TTOBITPSIM [4].
BinpuricTs 3 HaBeneHUX CyIMHHUX (DaKTOPiB PU3MKY BXO-
INUTh 10 cKiraxy MC.

11 € onHuM 3i ckinagHukiB MC 3 BiporinHUM BILIM-
BOM Ha 4aCTOTY BUHUKHEHHSI KOTHITUBHUX MOPYIIEHb Ta
nemeH1ii [5—8]. KornituBHa nuchynxkiis npu LJI € oa-
HUM i3 yCKJIaaHeHb TinepriikeMii [6]. Came ToMy BaXJIMBO
OLIiHIOBATU MOKA3HUKMW MOTOYHOTO PiBHS IIiKeMil 3 OIJisi-
Iy Ha iXHili BIUIMB HA PO3BUTOK KOTHITUBHOI TUCPYHK-
1ii. Jlo Takux MOKa3HUKIiB, KPiM IJIIKOBAaHOTO TeMOTJIO0i-
Hy (HbAlc), Hanexuth cydacHuii nokasHuk TIR/YTIJ
(Time In Range — 4ac mepeOyBaHHS B Hiama3oHi), SKAA
BUMIipIOE BiZICOTOK 4Yacy, MPOBEICHUI B LIJIbOBOMY Hiama-
30Hi TJTI0KO03M (3a3Buyait 3,9—10,0 MMoJIb/IT), TTIOKa3yI0un
CTabUIBHICTD PiBHS LIYKPY, 3aM100irarouu rino-/rinepriike-
Mil i pu3uMKaM yCKJIagHeHb, 0COOIMBO MPU BUKOPUCTAHHI
cucTeM Oe3repepBHOro MoHiTopuHTY. Bimomo, o HbAlc
OyB MOB’SI3aHUM 3 BUILOIO YacTOTOO AemMeHIii mpu LIJI,
TOMi SIK TTOTaHWH TJIKeMIiYHUI KOHTPOJIb OyB OB’ I3aHMI
3 TipIIMMM KOTHITUBHUMMU Hacliakamu [7, 9]. TTokazHuK
HbAlc He Mmoxe HamaTu iH(pOpMAIIilO IIPO TIMOTIiKEMiIO Ta
KOJIMBAaHHSI TJIiKeMii, TOi SIK T0OOBI MOKa3HUKM TIIiKeMil
a00 IIikeMiuyHa BapiaOebHICTh MOXYTh MaTU 3HAYEHHSI TSI
KOTHITUBHOI tucdyHKIIil [8]. OXMpiHHS TaKOX € (haKTOPOM
PU3UKY 3HVXXEHHSI KOTHITUBHUX 31i0HOCTel [10], omHak
MaJIo BimoMo IIpo BIUIMB Imoka3Huka TIR Ta po3BuToK Kor-
HITUBHUX PO3JIa/iB Y TAKUX MAlli€HTIB.

V cyuacHux mKepesax JliTepaTypy omrcaHo 6araTodak-
TOPHY POJIb IHCYJIiHY B MO3KY, 30KpeMa B MeTa00J1i3Mi Heli-
POHIB i IJ1il, peryJisiii [JIF0KO3U Ta KOTHITUBHUX IIpoliecax.
IncyninopesucteHTHicTh (IP), 1110 BUBHAYa€eTHCS SIK 3HU-
JKeHa YYTJIMBICTb 10 Mii iHCYJIiHY, ITOCAiZOBHO BBaXKAETHCS
BaXJIMBUM (haKTOPOM PU3BUKY PO3BUTKY HelpojereHepaiiii
Ta KOTHITUBHUX TTopyiueHsb [11]. [Tonan 80 % malieHTiB 3
XBOpo0OoI0 Anbiireiimepa (XA) MaloTh IyKpOBUii 1iabeT 2-T0
tuny (L1J12) abo aHoManbHUIT piBeHb IIIOKO3W B CUPOBATIL
KPOBI, 1110 CBiTYUTh PO MMOBipHEe MepeKpUBaHHS NaTOTeH-
Hux mexaHi3MmiB IP Tta XA. IP nocuitoe Heitpo3amnaneHHs,
110 CMpUSIE SIK BiIKIaAEHHIO aMijioifHoro (3-0inka, TaK i
aHoMaJlbHOMY (pocOpMIIIOBAaHHIO Tay-0ijKa. SIK iHCymiH,
TaK i amiioigHM# (3-6110K MeTaboJ1i3yI0ThCs iHCYJIIHOPO3-
LIETUTIOBAILHUM (pepMeHTOM. [ledheKT Iboro (pepMeHTy €
OCHOBOIO TSI cuJIbHOTO 3B 513Ky MixX LIZI2 i XA [12]. Po3-
YIHHI ojliroMepu OeTa-aMijoiny (A) € Helipo- Ta CMHANTO-
TOKCMYHUMM arperataMu A3, sIKi 0epyTh y4acTh y 3aIIyCKy

rmaroJorii AP, moB’s13aHoi 3 XA, i yTBOPIOIOTBCS B pe3yJIbTaTi
MOCJiIOBHOTO PO3LIETJIeHHS TPaHCMEMOPAHHOTO MoTe-
penHuka aminoimHoro 6inka [13]. Bce Oinble mocmimkeHb
BKa3ye Ha Te, 1110 HeIOCTaTHI MeXaHi3MU OUYMIIICHHS TTepe-
LIKOIXKAIOTh PO3Iany ojiiroMepiB AP i CIPUSIIOTh HAKOIK -
YeHHIO BUAIB AP y Hepo3unHHMX Ostmkax [13—17]. Kpim
TOTr0, YTBOPEHHSI TOKCMYHUX oJliroMepiB Ta ¢idpui AR y
CIMMHHOMO3KOBI pimuHi (CMP) 11oB’s13y10Th 31 3HIZKEHHSIM
cniBBinHomeHHs1 AR42/AB40 Ta 36iiblIeHHSIM HaBaHTAa-
KEHHST aMiJIOITHUMU OJISIIIIKAMU, BUMipSTHOTO 3a JOIIOMO-
rO0 MO3UTPOHHO-eMiciliHOT ToMorpadii [18, 19]. OnHuMm
3 BAXJIMBUX MEXaHi3MiB OUUILIEHHS MO3KY BiJl TOKCUYHUX
ostliromepiB Ta ¢Giopwst AP € MoBHOLIHHE (DYHKIIIOHYBaHHS
raimMbaTruHoi cuctemu [20], 4151 LILOTO OTHUM i3 BAXIUBUX
aCIeKTiB € TIOBHOIIHHUI COH.

MeTtoio Ha11oi poOoTH 0yJI0O BUBYEHHS BIIJIUBY KO-
BaHHJI IIiKeMii Ha piBeHb ojliroMepiB Af3, CTaH KOTHITUBHUX
(byHKIIi}1 Ta MOPYIIEHHST CHY y MAlli€EHTIB 3 METaOOTIYHUM
CUHIPOMOM.

Marepiaau Ta metoaun

V mocaimxenns 6yno BkiodeHo 100 mamienTis 3 MC, a
came 50 yosioBikiB Ta 50 KiHOK.

KpurepisiMu BKIIOUEHHS y JOCTIIKEHHsI Oy/Iu: BiK 18—
79 pokiB, BiZICYTHICTh Ha MOMEHT BKJIFOUCHHSI Y JOCIi/IKEH -
Hs nemeHlii, XA, iHCynbTy; HasgBHicTb MC, a came HasiB-
HICTh TPHOX Ta OiIbIIIE METAOOTITHNX MOPYIIEHD, TAKUX SIK
OXMPIHHA, nuciininemist, Al Ta mnopyuieHHs TOJepaHTHOCTI
IO BYIJIEBOMiB; BMiHHS YATATU YKPAiHCHKOIO MOBOIO Ta IIilI-
nucaHHs1 iHOPMOBAHOI 3ro/IM Ha YYacTh y TOCIiIKEHHI.

CepenHiit Bik maimieHTiB cranoBuB 55,27 £ 1,26 poky,
IMT — 33,34 £ 0,62 kr/m%. Cepenn 006CTeXXEeHUX TAlli€HTIB
B anamue3i mamu L2 56,0 % ocio, AI' — 79,0 % obcrexe-
HuX, HaaMmipHy Bary — 21,0 %, oxupiaua — 70 %, mucti-
migemio — 72,0 %. CraruHoreparito orpumysaiu 32,0 %,
rinoteH3uBHY Teparito — 51 %. 3a mokasaukom IMT otpu-
MaJIu TaKuii po3noait: oxupinus I ct. manu 24,0 %, oxu-
pinns II ct. — 33,0 %, oxwupinns 11T cr. — 13,0 % ocib.

[TauieHtam Oys10 TPOBEEHO JIAOOPATOPHE OOCTEKEHHS
TSl BU3HAUEHHS! KJTIHIYHO 3HaYylIMX 3MiH, 110 MOTJIA BIUIU-
BaTU Ha IXHIiM KOTHITUBHUI CTaH. Y poOOTi BUKOHYBAJIN
J1abopaTOpHi TOCTIIKEHHS Ta BU3HAUMIN KOHLIEHTpaLLilo:
donikynoctumymoouoro ropmony (MOCI), moreiHizyo-
yoro ropMmoHny (JIT'), koptusony, iHcyliHy, BiTaminy D,
BiTaMiHy B,,, mporectepoHy, ecTpanioyny Ta 3arajibHOro
TECTOCTEPOHY; ITIOKO3HU, aaHiHaMiHoTpaHchepasu (AJIT),
acriapraramiHotpaHcdepasu (ACT), ramma-riiyraMiHTpaH-
crientunasu (I'TT), myxmoi docdartaszu, aMmizazu, CCYOBUHH,
KpeaTHHiHy, CE40BO1 KMCJIOTH, 3araJIbHOTO OiJIKa, aTb0yMi-
Hy, C-peakTUBHOTIO 0iIKa, XOJIeCTepUHY, TPUIIIILIEPUIiB, XO-
JIECTEPUHY JIMOMPOTETHiB HU3bKOI IIUTBHOCTI, XOJIECTEPUHY
JIIMOIPOTEIHiB BUCOKOI IIJIBHOCTI, amiaky, HbAlc.

VY nocnigKeHHi MU BUKOPUCTAIM CUCTEMY Oe3IepepB-
HOTO MOHITOPUHTY TJ1I0K03u iPro™?2 kommnahii Medtronic
3 MOXJIMBICTIO MAaKCUMaJIbHO TOYHOTO CIIOCTEPEKEHHS 3a
3MiHAMU PiBHSI TJIIOKO3U MPOTSTOM JHSI, aBTOMATUYHOTO
30epekeHHs] OTPUMAaHMX 3HAYeHb B MaM’SITi IPUCTPOIO,
repeaavi Ha KOMIT'I0Tep JiKapst 1JIsl TTOIaIbIIOrO OILiHIO-
BaHHS Ta HajaHHS pekoMmeHpaaliii. Cucrema iPro™2 nae
3MOTY BUSIBIISITU €ITi30QM TilepIilikeMil, TimorIikeMii, iHIi
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MpOoOJIeMHi 30HU, SIKi HEMOXKJIMBO BUSIBUTH 3a JIOTTOMOTOIO
3a00py KpoBi 3 majblisg abo TectyBaHHst HbAlc. [Inst nmpo-
BEIeHHSI MOHITOPMHTY CEHCOP BBOAMBCS MiAIIKipHO, 1100
BU3HAYATH PiBEHb ITIOKO3M 288 pa3iB Ha 10Oy KOXHI 5 XB.

CTymiHb OXUPiHHS, XUPOBY Macy Tijia, BiICOTOK XXUPY B
OpraHi3aMi, MeTaboJIiYHU BiK, piBEHb BiClIepaTbHOTO OXH-
pinHs, IMT, a Takox piBeHb 0a3aJIbHOTO METab01i3MYy OlLi-
HIOBAJIU 3a TOTIOMOTOI0 CErMEHTapHOTO aHaJli3aTopa CKIIamy
tisla Tanita MC-780 (Tanita Corp., Tokio, AnoHist), 1o
Mpallo€ Ha OCHOBI TEXHOJIOTI 0i0eIeKTPUYHOTO iMITeIaHCY
(BIA, Bioelectrical Impedance Analysis).

Mu npoBoauIM KibKiCHEe BU3HAYEHHS PiBHIB OJIiro-
MepiB AP y JIiKBOpi 3 BUKOPUCTAHHSIM TECTOBUX CUCTEM
Lumipulse G B-aminoin 1—40 Ta Lumipulse G B-amino-
in 1—42. IloemgHaHHS HIKYMX KOHIEHTpALil [3-aMiIoimy
1—42 (abo cniBBinHOLIEHHS P-aMinoiny 1—42 Ta 3-amino-
imy 1—40) i miaBUILeHUX KOHILIEHTpAIlili 3araJlbHOro Tay Ta
pTau y CMP BBaxa€eTbcsi MaTOJOTIYHOK KOHCTEJISIIEID
6iomapkepiB y CMP, 1o niarHoctruHo BKazye Ha XA. Hop-
MaJTbHUMHU BBaXKalOThCS TaKi MOKA3HUKHU: CITiBBITHOIIEHHS
B-aminoimy 1—42/1—40 — xoediuient monan 0,062 ox.,
KOHIIeHTpallis B-aminoiny 1—42 — nmonHan 599 nir/mut.

HocninkeHHs cTaHy KOTHITUBHUX (DYHKIIii1 IPOBOIM-
JIOCh 3paHKy A0 12-1 ropvHM 3a JOIMOMOTOI0 TaKUX Heli-
porncuxoJjiorivunux tectiB: Trail Making Test (TMT), mo
CKJIaa€eThCsl 3 ABOX YACTUH Ta MPOBOAUTHCS I OLIHKU
BUKOHaBUMX yHKuiil; Digit Spane (udpoBuii psim), 110
O3BOJISIE BU3HAYUTHU MOKJIMBOCTiI BepOaibHOI po60ovoi
nam’sti; Stroop Color Test mist BUMipioBaHHSI CEJIEKTUB-
HOT yBaru, KOTHITUBHOI THYYKOCTI i IIIBUAKOCTi 0OpOOKMU
iH(opMmallii, 1110 BUKOPUCTOBYETHC SIK iHCTPYMEHT B OIliH-
11i BUKOHaBYMX (PyHKILiii; TecTy BbpikcToHa, 1110 103BOJISIE
oliHUTU BUKOHaBYi (yHKii; The Rey Auditory Verbal
Learning Test (RAVLT) (TecTt Ha 3amam’saToBYBaHHS 15

CJIiB), IKWIA BUKOPUCTOBYETHCS IJIST OLIHKY (DYHKIIi ITamM’sI-
Ti; MOHpealbChKOI IIKaJIU OLIHKA KOTHITUBHUX (PYHK-
it — MoCA (Montreal Cognitive Assessment), 1110 103-
BOJISIE OLIIHUTH TaKi KOTHITUBHI TOMEHHU, SIK KOPOTKOYacHa
maMm’aTh (3amam’sITOBYBaHHS CJIiB), yBara, KOHIIEHTpallist
i poboua mam’aTh (apudMeTHKa, 3BOPOTHUI paxXyHOK),
BUKOHABUYi (DYHKIIiT (abcTparyBaHHsI, KOHIEITYyalli3allist),
MOBJICHHSI, 30POBO-IIPOCTOPOBI HABUYKM, OPi€HTALIis y Yaci
Ta TIPOCTOPi, TA BUKOPUCTOBYETHCS JUTSI BUSIBJICHHSI JIETKUX
KOTHITUBHUX PO3JIaMiB.

CratucTuuHy 00pOoOKY pe3yJIbTaTiB JOCIiIKEHHS TTPO-
BOAMJIM 3a gomnomorolo nporpamu SPSS, Bepcia 23 mis
Windows. O0po0OKy HelmapaMeTpUIHMX JTaHNX BUKOHYBa-
JIM i3 3acTOCyBaHHSIM KpuTepito Ditepa aist MOpiBHSIHHS
IIBOX BUOIPOK i BUSIBJIEHHST YaCTOTU BUITAAKIB IIPOBiIHOL
o3Haku. 7151 HermapaMeTpUUYHOTO PO3IMOITY CTATUCTUYHY
3HAYYIIiCTh BIIMiHHOCTEM MiX IBOMAa HE3aJIeXKHUMU IPy-
IaMu OLIiHIOBaJIM 3a KpuTepieM MaHHa — YiTHi, TpboMa Ta
oinbire — 3a MmetongoMm Kpyckana — Yostica, BinMiHHICTh
BBaxkaJiach BipOTiIHOIO IIpU piBHi 3HAUYyIOCTi p < 0,05. s
MOPiBHSIHHS JAHUX MiX rpyriaMy BUKOPUCTOBYBaJIM T-test
ta aiHiitny momens (UNIANOVA). Vi Tectu, oKpiMm TecTy
BpikcToHa, nepeBOaUINCH 3a CeliaIbHUMU TaOJUISIMU
y TIepLIEHTUJIi, 3 ypaxyBaHHSAM BiKy Ta piBHS OCBiTH. s
BM3HAYEHHSI B3aEMO3B’SI3KY MiX MTOKa3HUKAMU BUKOPUCTO-
BYBaJIM aHaJIi3 JIiHIHOI perpecii Ta mogaHi naHi y BUIJISIIL
HecTaHgapTU3oBaHoro koediuienra (B) i 95% mnosipuoro
intepBaiy wist B (95% J11) 3 rmonpaBKolo Ha CTaTh, BiK Ta
piBeHb OCBiTH. Pi3zHUIIS BBaXaslach CTATUCTUYHO 3HAYYILIOIO
3a ymoBHu p < 0,05.

PesyAbTaTH
V 1ab1. 1 HaBeneHa XxapaKTepyuCcTUKa OOCTeKEeHUX Talli-
€HTIB 3 METaA0OIIYHUM CUHIPOMOM.

Tabnmys 1. Xapaktepuctuka o6cTexxeHux nauieHris (n = 100)

Moka3Huk CepepHe 3HayeHHs | CtanpaptHa noxubka N::::f;:::e Mas':fa"q'gzﬂ;"e
1 2 3 4 5

IMT, Kr/m? 33,34 0,62 17,50 47,10
3aranbHuil xup, % 34,87 0,83 14,50 52,60
BicuepanbHui xup, % 13,20 0,62 3,00 29,00
[MTH, mmonb/n 8,08 0,34 4,74 22,96
HOMA, op. 6,16 0,58 0,20 34,90
IHcyniH, MKMO/mn 17,62 1,35 0,60 72,10
HbA1c, % 7,01 0,21 4,84 14,96
ANT, Op/n 31,29 2,48 5,70 201,6
ACT, Oa/n 28,09 1,50 11,10 94,90
ITT, on. 37,94 3,05 8,60 170,80
3aranbHuii XxonecTepuH, MMONb/N 1,98 0,15 0,58 11,21

JIMHLL, mmonb/n 3,26 0,11 0,80 6,31

JINBLL, mmonb/n 1,45 0,45 0,29 3,14

Tr, Mmonb/n 5,14 0,14 1,10 8,34

AMmOHI, MMOnB/N 40,57 1,22 23,00 82,00
N, mOn/n 18,55 1,88 2,10 89,60
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3akiH4yeHHs1 Tabn. 1

1 2 3 4 5
®Crl, mOa/n 26,80 3,41 1,77 181,98
Ectpagion, Hmonb/n 50,43 4,47 10,00 309,00
lMporecTepoH, HMONbL/N 1,01 0,26 0,10 18,00
TecToCTepOH, HI/MA 2,01 0,20 0,10 8,99
BitamiH D, Hr/mn 29,64 1,02 8,34 70,62
Bitamiu B,,, nr/mn 671,59 42,97 21,96 2000,00
CPbB, mr/n 6,85 1,35 0,20 89,60
KopTu3on KpoBi, MKr/an 12,05 0,44 0,69 29,87
KopTuson y o6oBii ceyi, MKr/an 322,71 17,34 32,50 1027,40
LWK®, mn/xe/1,73 m? 83,62 1,96 33,72 124,00

Mpumitkn: NMH — rnroko3a nna3mu Hatwe; HOMA — Homeostasis Model Assessment.
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PucyHok 1. CTaH KOrHiTUBHUX ¢hYHKLINA Yy nayieHTiB 3 MeTabosliYHUM CUHBPOMOM
3a faHUMU HeNPOIrICUXOJIOriYHOro TecTyBaHHs, %

V pesynbTaTi aHai3y TECTiB, 1110 OLIiHIOBAIU CTaH KOT-
HITUBHUX QYHKIIi! OOCTEKEHUX MALIIEHTIB 3 META0OIIYHUM
CUHIPOMOM, 3a faHuMu 1kanu MoCA y 48,0 % oci6 Bu-
SIBJIEHO 3HMKEHHsI KOTHITUBHUX (PpyHKUi (22,04 £ 0,56).
BimnosinHo mo moka3nukiB Tecty RAVLT Ha 3amam’gTo-
ByBaHHs 15 ciiB, yacTuHa 1 (KOpOTKOTpMBaia MaM’siTh),
BUSIBJIEHO BigxujeHHs Bim Hopmu y 19,0 % obGcTexeHux; 3a
TECTYBaHHSIM YaCTUHU 2, siKa MOKAa3y€e CTaH JOBFOTPUBAION
nam’gTi, BusiBieHo nopyueHHs y 37,0 % nauieHris. 3a na-
HuME TecTy BpikcToHa, y 42,0 % TallieHTiB CrTocTepiraim-
cs1 mopyieHHs mam’aTi (puc. 1). [lopyleHHsT IMBUAKOCTI
00po0Oku iHpopMallii 3a nanumu tecty TMT, yactuau A
ta B BinmosigHo, BusBsieHo y 88,0 ta 70,0 % obcrexeHnX
nauieHTiB. 3a nanumu tectiB TMT ratio, Stroop ratio, Bu-
KOHaBYi 31i0HOCTI Oynu rmopyieHi y 19,0 ta 3,0 % xBopux
BIAMOBITHO.

ITpu npoBeneHHi AeTaJbHOrO aHaJli3y BIUIMBY Pi3HUX
J1a0opaTOPHUX MOKA3HUKIB Ha 3HMKEHHST KOTHITUBHUX
31i0HOCTEl BUSIBJIEHO TaKi (DaKTOpU pU3UKY: HAa 3HUXKECH-
HSI IaM’SITi B 0Ci0 3 MeTabOJIIYHUM CUHAPOMOM BipOTiTHO
BruiMBaB piBeHb C-peakTuBHOrO 6inKa (CPB), riikoBaHoro

reMorj00iHy Ta riikeMii Hartie (Ta6j. 2). Cepen dakTopiB
BipOTiIHOTO BIUIMBY Ha BUKOHABYi 3Mi0HOCTI Oyiu piBHI
DCT T1a JIT (taba. 3). Mu He BUSBUIU (aKTOPiB Bipori-
HOTIO BIUIMBY Ha CTaH IIBUAKOCTI 00poOKM iH(hopmalii y
TAIIEHTIB 3 MeTa0OJIIYHUM CHHIPOMOM.

Tabnuysi 2. B3aeMO3B’130K MiXK MOPYLUEHHSAM nam’siti
Ta piBHem CPB, rnikemii HaTwje, HbA1c

Moka3suuk B (95% Al
CPB, mr/n -0,015 (-0,028/-0,002), p = 0,021
PTH, Mmmonb/n -0,061 (-0,113/-0,010), p = 0,021
HbA1c, % -0,098 (-0,179/-0,017), p = 0,018

Tabnuys 3. B3aeMO3B’130K MiXK MOPYLLUEHHAM
BUKOHaBYMX 34i6HocTel Ta piBHem ®CI, JIIr

lMNoka3Huk B (95% Al)
®Cl, mOg/n 0,006 (0,003/0,010), p = 0,000
nr, mOg/n 0,011 (0,005/0,017), p = 0,001
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Ta6bnuys 4. PiBHi AB y CTMHHOMO3KOBIV PiAnHi y naLlieHTiB 3 MeTabosliYHUM CUHAPOMOM

TR nal(llile:quoza)mc naui(ei:lluﬁig)unz rlauie(r:lT: gi? a2
AB1-40, nr/mn 11 021,27 + 384,98 10 772,00 + 517,56 11 338,52 + 579,02
Ap1-42, nr/mn 967,49 + 37,47 943,55 + 52,45 997,95 + 53,20
CnisgigHoweHHs AB1-40/AB1-42 (koediuieHT), oA, 0,087 + 0,003 0,087 + 0,002 0,088 + 0,001

Cepen ycix obcrexxenux mnauieHTiB 3 MC y 8,0 % cno-

Tabnuuys 5. B3aemMo3B’s130K MiX piBHEM

crepirasiocst 3HUXXEHHSI criBBinHOMIEeHHsT AB42/AB40, v
35 % XBOPMX BUSIBJICHO 3HVIKEHHSI piBHS AB1—42, 1110 BKa-
3y€ Ha MiIBUIIleHe YTBOPEHHSI TOKCUYHUX OJIiITOMEpiB Ta
¢i6pua AR y CHMHHOMO3KOBIH pilMHi y Malli€HTIB 3 Me-
TabOJMIYHMM CHUHIAPOMOM. 3arajbHi JaHi momo piBHSI Af
noaaHi B TabJ1. 4.

Cepen namnieHTiB i3 LIJ12 3HM>KeHHS CITiBBiTHOIIEHHS
APB42/AB40 BusiBneHo y 12,5 % o6cTekeHUX, a 3HUKEH-
Hs1 piBHS AB1—42 — y 44,6 % xBopux. 3HWXEHHS PiBHS
AB1—42 y ciMHHOMO3KOBI#1 pigyHi BKa3ye Ha ITigBUIICHE
HAKOMUYEHHS iX Y aMiIOiqHUX OJIsIIIKaX TOJJOBHOTO MO3-
Ky. OTXe, BUIIA KiIbKICTh MALliEHTIB 31 3HKEHUM pPiBHEM
AB1—42 cepen oci6 i3 LII minTBepmaKye Oiblll arpecUBHUI
MOXJIMBMIA BIUTUMB HassBHOCTI L1J12 Ha po3BUTOK KOTHITUB-
HUX TTOPYIIEHb Y OOCTEXKEHUX HAMU XBOPUX.

Mu npoBenu O1iHKY Ta BUSHAYMUIM MOXKJIMBI (DaKTO-
pu BIUIMBY Ha piBeHb A} y o0cTexXeHux namieHTiB 3 MC.
Ilo3utTuBHUMU (paKTOpaMy PU3UKY IIOIO0 MiIABUILIEHHS
koediuieHTa criBBinHomeHHs AR 1—40/AB1—42 6ynu pis-
Hi JIT Ta ACT (ta6a. 5), HeTaTUBHUMU — TPUBAJIICTh CHY
i TpuBaiicTh 3acuHaHHA (puc. 2, 3). BusBieHo Biporin-
Huit HeratuBHUiA BrutuB nokasHukiB AJIT, ACT, I'TT Ta
KOPTHU30Jly Y 1000Biit cevi (Taba. 6) Ha piBeHb AP1—42.
Busnaueno neratuBuwmii BruB piBHS AJIT, I'T'T ta mo3u-
TuBHUH BB nokazHukiB @CI Ha piBenb AB1—40. OTxe,

cniBBigHoLWweHHsA AB1-40/AB1-42 ta piBHem JII, ACT,
TPUBAaJiCTIO CHY Ta TPUBanNicTIO 3aCUHAHHSA

Moka3Huk B (95% Al
nr, mOg/n 0,001 (-0,028/-0,002), p = 0,021
ACT, Oa/n 0,000 (0,000/0,000), p = 0,012

TpuBanicTb CHy, XB

-0,002 (-0,004/-0,000), p = 0,018

TpuBanicTb 3aCUHaHHA, XB

0,000 (0,000/0,000), p = 0,028

Tabnuys 6. B3aeMo3B’130K MiX NOKa3HUKOM
AB1-42 ta AJIT, ACT, I'T'T i piBHem KopTusosny

y Ao6oBin cedi

oka3Huk B (95% [l)
AT, On/n -3,318 (-6,267/-0,369), p = 0,012
ACT, Og/n -5,674 (-10,527/-0,821), p = 0,028

[TT, on.

-3,920 (-6,240/-1,590), p = 0,022

Koptuson y fo60Bii cevi,

MKI/an

0,548 (0,967/0,129), p = 0,011

Tabnuus 7. B3aemMo3B’s130K MiX MOKa3HUKOM

APB1-40 ta piBvem ®@CI, AJIT, ITT

MOPYIIEHHS CHY, MeYiHKOBUX JIAOOPAaTOPHUX MOKA3HUKIB TMoKa3HuK B (95% [1I)
Ta MiIBUIIEHUN PiBeHb KOPTU30JIY OyJIM BUSBIEHI SIK HE-
raTUBHI OPeaUKTOPM BIUIMBY Ha MOKA3HUKU OJiroMepiB ®CT, mOg/n 23,230 (1,119/45,350), p = 0,040
AB. Bognovac HopMainbHi 3HaueHHs JIT, Q)CF BUSABIINCA ANT, Op/n —33,545 (~63,862/-3,228), p = 0,030
MO3UTUBHUMU MPEIUKTOPAMU BIJIMBY Ha PiBHi ojliroMepiB
AB (Tabu. 6, 7). ITT, on. -31,370 (-55,800/-6,939), p = 0,012
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PucyHok 2. Bzaemo3B’ 130K koedpiljieHTa
AB1-40/AB1-42 3 TpuBanictio cHy

PucyHok 3. Baaemo3B’s130k KoedqpillieHTa
APB1-40/AB1-42 3 TpuBanicTio 3acUHaHHSs1
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TakoxX MM yTOYHWIN HasIBHICTh B3aEMO3B’SI3KY MixX
BapiaTUBHICTIO TJikeMmii y mauieHtiB 3 LI/12, yacom B 1ii-
JIbOBOMY [ialla30Hi, 4aCOM HIXKYe 3a IIJIbOBUI Iiala3oH
Ta 4acoM BUIIIE 3a LJIbOBUI Jiala3oH i MOKa3HUKaMU
ojiiroMmepiB AR (Ta6a. 8). BusiBieHo 3B’130K MiX piBHEM
AB1—42 ta BapiatuBHicTio riikemii (B (95% 1) = 22,983
(2,67/43,28)), p = 0,028; Mix koedimientom AR1—40/
AP1—42 Ta yacoMm B miama3oHi HIKYE 3a HOpMAaJIbHi 3Ha-
yeHHs (B (95% 1) = —0,003 (—0,004/—0,002)), p = 0,000
(Taba. 8).

Otxe, BapiaTUBHICTh INIiKeMii Ta TilOIJIiKeMii € Hera-
TUBHUMU (haKTOpaMu PU3UKY y NalieHTiB 51K 3 LIJI, Tak i 3
MC 110710 BITJIMBY Ha PiBeHb OJIiITOMEPiB, a came 3HUKEHHS
AB1—42 B CHMHHOMO3KOBII piIuHI Ta 3HUXKEHHS Koedi-
mienta AB1—40/ApB1—42, 1m0 CBiTYUTDH PO MiABUILEHHS
HAKOTIMYEHHS OJIiIrOMEPiB B TOJJOBHOMY MO3KY 3 HaKOIMU-
YEeHHSIM OCTaHHIX B aMiJIOITHUX OJISIIKAX, 110 MIPU3BEAe 10
MPOrpecyBaHHSI KOTHITUBHUX MOPYIIEHb B MOAATBIIOMY.
IIpu ouiHLi BIUIMBY TPUBAJOCTi CHY Ha CTaH KOTHITUB-
HUX (GYHKIIIN OyJIO BUSBICHO BipOTimHMIT B3aEMO3B’SI30K
nuiire Mixx rmokasHukamu Stroop Color Test, 1110 oLliHIOBa-
JIM MIBUAKICTH 00pOOKM, Ta ITOKa3HMKAMU TPUBAJIOCTI CHY
(B (95% A1) = —2,394 (—4,321/-0,468)), p = 0,015.

BpaxoByouu naHi 1060BOro MOHITOPUHTY PiBHS TJTiKe-
Mmii, nauieHTiB 3 MC po3sriofijieHo Ha Irpynu 3aJiexKHO Bif
HasIBHOCTI rinmoraikemii. [Ipu 1iboMy y nauieHTiB 3 ¢ikco-
BaHMUMM TiITOTJIIKEeMISIMU CIIOCTEpirajaacs MEeHIIIa TPUBAICTh
CHY Ta JioBllIe 3acuHaHHs (Tab:1. 9). BogHouac Mix rpynamu
MAali€HTIB 3 TIMOTIiKeMi€lo Ta 0e3 Hei He BUSIBIIEHO BipoOrim-
HOI pi3HUIIi 33 TTOKa3HMKAMU KOTHITUBHUX (DYHKITIMA.

O6roBopeHHs

Mu BusiIBUIM HeraTuBHUI BriuB MC Ha cTaH Kor-
HITUBHUX QYHKIIN Yy 00CTeXXeHUX MAalli€HTiB, 30KpeMa
MOTipIIEHHS CTOCYBAUCS AOMEHIB MaM’sITi, IIBUIKOCTI
00po0OKM iH(popMallii Ta BUKOHABYMX (HYHKIIiN. Y MaliiKe

MOJIOBUHU TAIi€EHTIB 3 META0OTIYHUM CUHIPOMOM CIIO-
cTepiraaucs MposiBU JErKMX KOTHITUBHUX PO3JadiB Bil-
MOBiTHO 10 MoKa3HMKIB mKanu MoCA. OTpumaHi HamMu
pe3yJbTaTH y3rOKYIOThCS 3 JAHUMMU iHIINX JTOCHTIIKEHb
[1, 5]. 3okpema, S.D. Qiu Ta cniBaBT. [1] BusgBmIn, 1110
MC BiporimHO MOB’sI3aHUI i3 MiABUIICHUM PU3UKOM
PO3BUTKY AE€MEHIIii Ta KOTHITUBHUX MOPYIIEHb, MIPUYO-
MY KOXeH KOMITOHEHT MOXe O0yTu MmoaudikoBaHUM (dak-
TopoM. M. Xue Ta cmiBaBT. [5] moka3zanau, 110 HasIBHICTh
LIJI, HaBiTh mpemiabeTy, Ta 3MiHM 0iOXiMiYHMX MTOKA3HU-
KiB, TIOB’sI3aHUX 3 AiabeToMm, rependavyanu MmiaIBUILIEHHS
YacTOTU KOTHITUBHMX MOPYILIEHb i nfeMeHIlii. 30KpeMa,
piBEHb TJII0OKO3M B IUIa3Mi HaTIle MaB HeJiHIHHUHT 3B’S-
30K 3 KOTHITUBHUMM MOPYIIEHHSIMU; MiABUILIEHUIA DiBEHb
[JIIOKO3M Yepe3 2 TOAWHMU Micsis HaBaHTaxkeHHs1, HbAlc,
HU3bKMI i BUCOKWI piBEHb iHCYJIiHY B IJIa3Mi HaTIIE Oyau
OB’ s13aHi 3 MiABUIIEHUM PU3UKOM PO3BUTKY AeMeHIlii. L1i
pe3yJIbTaTh Y3TOMXKYIOThCS 3 OTPUMaHUMU HaMU JTaHUMU
1moao HeratuBHoro BBy HbAlc ta PI'H Ha 3HM>XKeHHSs
mam’sTi y oci6o 3 MC.

Y cucrtemMaTUYHOMY OIJISIAL JIiTepaTypu Ta MeTaaHali3i
KJIiHIYHUX OOCTimKeHb [21, 22| BUBYaIOCsSI MUTAHHS TPU-
BaJIOCTi CHY $SIK (haKTopa, 1110 BIUIMBA€E Ha piBeHb AP. 30-
KpeMa, IOCIiIKeHHs MPOAEeMOHCTPYBaIN, 110 XPOHIUYHE
00OMeXeHHSI CHY a0o0 1030aBJIEeHHS MOBiUIBHOI a3y CHY
MOX€ 3MIHUTU JOOOBI KOJIMBAaHHS PiBHIB AP y CHUHHO-
MO3KOBIili pimuHi [23—25], IO y3rOIKyEThCS 3 HAILIMMU
pe3yJbTaTaMU: TMTOPYLIEHHSI CHY BUSIBUIMCS HETATUBHUMU
MIPeaIUKTOPaMU BIJIMBY Ha MOKAa3HUKU OJiroMepiB AP y
obcrexxeHux nauieHTiB 3 MC. ¥V nociimKeHHsIX MoTepeTHix
POKiB BUSIBJIEHO, 1110 3MEHILIEHHS TPUBAJIOCTi CHY TaKOX
MOe TIOTipIIUTHA KOHCOJiallito maM’sITi JIIOAUHU, YacT-
KOBO 4epe3 3MEHILEHHsI CUHTe3y OiIKiB, HEOOXiTHUX IJIs
MiITPUMKM CUHATITUYHOI IJIACTUYHOCTI [26—29], Toi IK y
HaIIOMY JOCJTi/KEHHI BUSIBJIEHO BipOTiTHUI B3aEMO3B’SI30K
Jmiie Mixx mokasHukamu Stroop Color Test, 1110 omiHoBaIu

Ta6nunys 8. B3aeMO3B’s1I30K MiX piBHEM OJliroMepiB Ta NoKa3HUKamu riikemii
3a nokasHukom perpecii B (95% [l)

TMokasHuk AB1-40 Ap1-42 AB1-40/Ap1-42
TIR 1,321 (-40,283/42,925), p = 0,949 -0,462 (-4,976/4,051), p = 0,83 0,000 (0,000/0,000), p = 0,73
TAR 2,467 (-38,361/43,294), p = 0,90 1,14 (-3,279/5,560), p = 0,60 0,000 (0,000/0,000), p = 0,49
TBR -45,640 (-190,030/98,751), p=0,52 | -8,802 (-24,315/6,711), p=0,25 0,001 (-0,001/0,000), p = 0,18

BapiatusHicTb rmikemii | 260,579 (95,491/425,668), p = 0,03

18,319 (4,215/32,42), p = 0,012

0,000 (0,000/0,001), p = 0,32

Mpumitkn: TIR — yac B yinboBomy giana3oHi; TAR — 4ac Buwje 3a yinboBui gianasoH; TBR — 4ac Hmk4e 3a

UinboBuii giana3oH.

Tabnuys 9. lNopiBHANbHA XapaKTepUCTUKa CTaHy KOrHiTUBHUX QDYHKUi, TPUBAJIOCTi CHY y nauieHTiB
3 MeTabosliYHUM CUHAPOMOM 3aJIeXKHO Bif HasiBHOCTI rinorsikemii

TereETT nauieHTu(ge: sr:i;;ornixemﬁ' I1auit:mm(lal Lil:o_,r)nixemiem D
Mam’aTb -0,039 0,025 0,220
LLBnakicTb 06po6KK iHpopmaLi 0,040 -0,151 0,330
BukoHaBui 3ai6HOCTI -0,005 0,008 0,930
TpuBanicTb CHy, roauH 6,8 6,0 0,041
TpmBanicTb 3aCUHaHHA, XBUNH 22,15 38,82 0,001
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IIBUOKICTh 00pOOKM iH(opMallii, Ta MoKa3HUKaMM TPUBa-
JIOCTi cCHy. ¥ MeTaaHasi3i, mposeneHomy L. Wu Ta criiBaB-
Topamu [30], DOCTIAHUKY MIPUITYCKAIOTh, IO MiX TpHUBa-
JIICTIO CHY Ta KOTHITUBHUMU posnagamMu icHye U-romibHa
3aj1eXkHicThb. [1opiBHSIHO 3 KOHTPOJIBHOIO Ipymolo (7—8 ro-
IWH Ha 100Y), 0cO0M 3 KOPOTKOIO 200 JOBIOIO TPUBAIIICTIO
CHY MaJIi BUILMI PU3UK PO3BUTKY KOTHITUBHUX PO3JIaliB,
Takux K XA a6o gemeHuis [30]. Ik KopoTKa TpUBaIiCTh
CcHy (< 7 roOMH Ha Hiu), TaK i rMmoraHa cy0’€KTUBHA SIKiCTb
CHY MalOTh BaXKJIMBe 3HAUEHHSI 11 KOTHITUBHUX (DYHKITii
[31] abo crpykryp i pyHKIIi MO3KY [32, 33]. OgHak y wiit
rajy3i HeoOXiTHi JOAATKOBI JOCiIXKEHHS 3 BUKOPUCTAaHHSIM
OiTbIIMX BUOIPOK, MPOCIIEKTUBHOTO OM3aliHy Ta My0JliKa-
111 BeJIMYMHU KOPEJSLiiA HYJIbOBUX PE3YJIbTaTiB, 1110 MOXE
MPOJINTH CBITJIO Ha CIIPaBXHiil B3a€MO3B’ 130K MiX TpUBa-
JlicTio cHY Ta AB.

Mu BcTaHOBMIIM, 1110 BapiaTUBHICTh INIiKeMil Ta TiIo-
Iikewmii OyJia HeraTUBHUM (DaKTOPOM PU3UKY Yy TAIIEHTIB
gk 3 IJI, Tak i 3 MC om0 BIUIMBY Ha piBeHb OJlirOMe-
piB, a came 3HMKeHHSI Af31—42 B CHUHHOMO3KOBII pimu-
Hi Ta 3HMKeHHS KoedillieHTa criBBinHOmeHHs AB1—40/
AP1—42. OrpuMaHi HaMU pe3yJAbTaTU y3TOIXYIOTHCS 3
JTaHUMM JIiTepaTypu 1I0A0 POJIi TiNmomIiKeMil y BAHUKHEHHI
XA, 30Kpema B orJIsifi Jitepatypu [34] 3a3HaueHO MeXaHi3-
MU, SIKi MiCTSATbh €HIOTeliaIbHy IUC(YHKIIiI0, TPOMOO03 Ta
MOILIKOMXEHHSI HEMPOHIB, 1110 CIIPUUYMHSIIOTH Tinepdoc-
dopuIoBaHHS Tay-0ijIKa Ta HAKOTTMYEeHHS A3 y HelipoHax
TOJIOBHOTO MO3KY.

Takoxx cydacHi maHi JiTepaTypu BKa3yloTh Ha Te, IO
npu LI/12 yacToTa neMeHIii 36ibinyeThest Ha 25,4 % y ma-
LI€HTIB 3 rinorjikemieio B aHamHe3i [35]. YacTora i TsK-
KiCTh TIMOTJIIKEMIYHUX €I1i30/1iB Oe3IocepeIHbO OB’ sI3aHi
3 MiIBUILEHUM PU3UKOM KOTHITUBHUX MOPYIIEHb, OCO-
011BO y JiTHIX moneit. Lli gaHi minKpecIoloTh BaX/INBICTh
aIeKBaTHOTO KOHTPOJIIO TJIOKO3M Y TAIlli€EHTIB 3 1iabeToOM
IIJII MiHIMi3allil TimorTiKeMiuyHMX eITi30/iB i, IK HaCiIoK,
3aro0iraHHsI pO3BUTKY JAEMEHIIii, 0COOJMBO B OCI0 3 CYITyT-
HiMM 3aXBOPIOBaHHSIMU a00 paHHIMU O3HAKaMU 3HUKEHHS
KOTHITUBHUX (yHKIII [35].

BucHoBKkMU

Y 48 % 3 obcTexenux Hamu 100 mawieHTiB 3 MeTabo-
JIIYHUM CUHIPOMOM IiarHOCTOBAHO JIETKWUI KOTHITUBHUI
posnan 3a naHumu mkaau MoCA. HeratuBHumu akropa-
MU PU3MKY 11010 BIUTMBY Ha 3HWXKEHHSI ITaM’sITi OyIu piBHi
CPBb, rikoBanoro remornio6iny, a rakox PI'H.

BusiBiieHi HamMM 3HMXKEHHS CliBBigHOIIECHHS AB42/
AP40 y 8,0 % obGcTexxeHUX TMAlliEHTIB, 3HUXEHHS PiB-
HsT AB1—42 y 35 % BKa3yoThb Ha MiIBUIIEHE YTBOPEHHS
TOKCUYHUX OJIiromMepiB Ta ¢idpua A y CIMHHOMO3KOBIi
PiIVHI Y Malli€eHTIB 3 METAOOTIYHUM CUHIPOMOM.

IlopylieHHsT cHy, 3MiHU MEeYiHKOBUX JIaOOpaTOPHUX
MOKAa3HMKIB Ta MiJIBUILIEHUI PiBEHb KOPTU30JIy OYJIM Hera-
TUBHUMM MIPEIMKTOPaMU BIUIMBY Ha MOKA3HUKU OJTiTOMEPiB
Ap. Bonnouac HopMaibHi piBHi JIT' Ta ®CI BussBrincs
MO3UTUBHUMM TIPEIMKTOPAMU 11100 PiBHIB oJliromMepiB Af.

3a gaHuMu 10O00BOr0 MOHITOPUHTY TIJIiKeMii, Hu3bKa
BapiaTUBHICTb MO3UTUBHO BIUIMBAE Ha PiBeHb OJIiIrOMEpiB
APB1—40 ta AB1—42, ajie He Ma€e CYTTEBOIO BIUIMBY Ha iX
CTiBBiTHOILIIEHHSI.

[NamienTn 3 MeTabOIIYHUM CUHAPOMOM, Y SIKUX (PiK-
cyBajlach TiMOIJIiKeMisl, MaJIM MEHIIY TPUBAJIICTh CHY Ta
MOPYILIEHHS Yacy 3aCUHAHHSI.

KonduikT inTepeciB. ABTOpU 3asBISIIOTH ITPO BiICYTHICTh
KOHMIIKTY iHTepeciB.

Indopmania npo dinancysanna. KoHkypcHa po6oTta 3a
JIep>KaBHi KOIITH.

Buecok aBTopiB. 2KepnroBa H.M. — KoHuenis ta qu-
3aiiH pociimkeHHs; Komyak O.0. — HanmuMcaHHs Ta peaary-
BaHHs TeKcTy cTaTTi; TomypoB [.M. — penaryBaHHSI TEKCTY
crarTi; [lepexpecrenko O.B. — aHai3 oTpMaHUX pe3yib-
tatiB; ['puneBnu K.O., Crenypa O.A., Opnuk O.C. — 30u-
paHHsI Ta 00poOKa MaTepiaJiB.
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Assessment of the impact of individual modified risk factors on cognitive function
and amyloid beta oligomer levels in cerebrospinal fluid in patients
with metabolic syndrome

Abstract. Background. Metabolic syndrome is associated with an
increased risk of cognitive impairment and dementia. Chronic hy-
perglycemia, glycemic variability, and insulin resistance contribute
to neuroinflammation, accumulation of amyloid-f3 (Af) protein,
and cognitive dysfunction; however, the traditional marker HbAlc
does not reflect glycemic fluctuations or episodes of hypoglycemia.
The purpose of the study was to assess the impact of glycemic
variability on AP oligomer levels, cognitive function, and sleep
disturbances in patients with metabolic syndrome. Materials and
methods. The study included 100 patients with metabolic syndrome
(50 men and 50 women) aged 18—79 (mean of 55.27 & 1.26) years
with a mean body mass index of 33.34 £ 0.62 kg/m?. All partic-
ipants underwent clinical and anthropometric examination, as
well as extended laboratory blood testing with evaluation of car-
bohydrate and lipid levels, hepatic and renal function, inflamma-
tory and hormonal parameters. Glycemic variability was assessed
using the Time in range index. Levels of amyloid-3 oligomers in
cerebrospinal fluid were determined, as well as AB42/AB40 ratio.
Cognitive function and sleep parameters were evaluated using
standardized neuropsychological tests and validated question-
naires. Results. The study detected cognitive impairment in 48.0 %
of patients with metabolic syndrome according to the Montreal
Cognitive Assessment, with predominant involvement of memory

(19.0-37.0 %), executive functions (up to 42.0 %), and informa-
tion processing speed (70.0—88.0 %). Higher levels of C-reactive
protein, fasting plasma glucose, and HbAlc¢ correlated with memo-
ry decline, whereas gonadotropic hormone levels correlated with
executive dysfunction. Sleep disturbances contributed to reduced
information processing speed. The study revealed disturbances of
amyloid metabolism in the overall cohort of patients with meta-
bolic syndrome, including reduced AB1—42 levels in 35.0 % and a
pathological AB42/AB40 ratio in 8.0 % of cases; in type 2 diabetes
mellitus, the prevalence of these changes increased to 44.6 and
12.5 %, respectively. Lower AB1—42 levels correlated with sleep
disturbances, increased liver enzyme activity, and cortisol levels,
whereas higher follicle-stimulating and luteinizing hormones cor-
responded to higher AP oligomer levels. Glycemic variability and
hypoglycemic episodes were associated with reduced AB1—42 le-
vels and a lower AB42/AB40 ratio. Conclusions. The study demon-
strated a high prevalence of mild cognitive impairment in patients
with metabolic syndrome. Memory impairment was associated
with markers of inflammation and glycemic control, whereas al-
terations in AP oligomer profiles were linked to sleep disturbances,
liver function parameters, and hormonal balance.

Keywords: metabolic syndrome; cognitive impairment; 3-amyloid;
type 2 diabetes mellitus; sleep disturbances
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Correlation between serum vitamin D, calcium,
and site-specific bone mineral density

Abstract. Background. Bone mineral density (BMD) measurement by dual-energy X-ray absorptiometry (DEXA) is
an internationally accepted standard-of-care screening tool used to assess fragility-fracture risk. Society guidelines
have recommended which populations may benefit from DEXA screening and the use of the fracture risk assess-
ment tool to guide decisions regarding pharmacologic treatment for osteoporosis. Vitamin D and calcium are key
controllers of bone health in that these vitamins affect BMD in various skeletal locations. The purpose of the study
was to examine the relationship between the serum concentration of these nutrients and site-specific measurements
of BMD using DEXA with an emphasis on sex-specific variation. Materials and methods. The study was performed
in six months at the hospitals in Mosul, Iraq and on 150 participants (76 men, 74 women) of the age 31-91 years.
Patients who had some chronic conditions were not included. The bone density was measured by DEXA over the
hip, spine, and whole body. This took a scan of 5 to 10 minutes and patient data got captured. The outcomes are
fat percentage and bone density that were interpreted by means of T-score, Z-score, and BMD to determine the
severity of osteoporosis. Results. The research showed no age significant difference between both sexes but indi-
cated sex differences in the affected bone parts. More males were lumbar involved compared to females who were
hip involved. Males were more bone-mass, bone-area, BMD, and improved T-/Z-score. Females had higher vitamin
D, but males had higher calcium. In males, bone density and vitamin D/calcium levels varied by region. In females,
whole-body bone mineral content was highest, and lumbar spine had greatest bone loss. No significant regional
differences in vitamin D or calcium were observed in females. Conclusions. The study showed higher bone mass
and density in males, likely due to greater muscle mass and androgenic hormone effects, while females had lower
values, especially in the spine, explained by postmenopausal estrogen deficiency, increasing osteoporosis risk.
Keywords: vitamin D; calcium; bone mineral density; dual-energy X-ray absorptiometry

Introduction

Bone health is a crucial aspect of human health and plays
an essential role in structural support, locomotion, and mi-
neral homeostasis. Bone mineral density (BMD) is the most
important and widely used clinical tool for assessing bone in-
tegrity and predicting the risk of fracture among the multiple
determinants of bone integrity [1]. Currently, the most pre-
cise, reproducible and non-invasive method of BMD assess-
ment is dual-energy X-ray absorptiometry (DEXA), which
prides itself on being the gold standard in the assessment.
DEXA offers site-specific assessment and unique informa-
tion with respect to the skeletal status of clinically important
sites, such as the lumbar spine, hip, and total body. Know-
ledge of factors influencing BMD, especially site-specific
testing, is important in the early recognition and prevention
of metabolic bone diseases, including osteoporosis [2, 3].

Calcium and vitamin D are two important but direct
bone metabolism, and mineralization nutrients. Calcium is
the main mineral found in bone representing nearly 99 % of
the body’s calcium storage. Calcium-rich diets are essential
for preserving bone mass and structural integrity. Vitamin D,
in contrast, leads to effective calcium absorption in the gas-
trointestinal tract and also assists in calcium and phosphate
homeostasis [4].

Osteoclastogenesis is highly dependent on the availability
of calcium and vitamin D; hence deficiency in either nutrient
will interfere with bone remodeling and there will be reduced
BMD along with increased fracture risk. A large number
of studies have confirmed the synergistic effects of serum
calcium and vitamin D levels on indices of bone density [5].
Nonetheless, although the influence of these nutrients on
BMD is clear, their relationships are not consistent among
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populations and can depend on a multitude of factors such
as age, ethnicity, and lifestyle, and especially, sex differen-
ces. Physiological and hormonal differences between men
and women play an important role in bone metabolism [6].
Deficiency of estrogens in menopause women such as that,
boosts the ossification circuit, whilst testosterone in men has
an anabolic protective effect on the bone tissue.

Since it is different, then it is crucial that the sex-specific
analysis is done to isolate the subtle relationships between
vitamin D and calcium and BMD [7]. These complexities
are more properly addressed in some recent research. Fur-
ther, it was established that the relationship was only true
among women and even more true after menopause as they
exhibit greater sensitivity between serum vitamin D increases
and calcium with corresponding regional BMD reductions
measured by type tonometer using DEXA technology [8].
Perhaps due to skeletal maturation being more protracted in
men than in women, and due to hormonal influence, the loss
of BMD, and the sensitivity of such serum markers, may be
less pronounced in men [9].

Nevertheless, mixed findings have also been obtained;
in some reports, there has been a weak or no gender-re-
lated disparity among these parameters highlighting the
fact that further in-depth studies are justified [10]. Besides
this, the synthesising capacity of vitamin D depending on
geographical location/culture can also do so, depending
on insufficient exposure to the sun (this can be more ap-
propriately linked to women, as opposed to men, especially
in specific areas) or cultural beliefs [11]. In addition, sex
is also related to diet and the level of physical activity, the
commonality of vitamin D and calcium supplement, which
could also alter the influence of body weight on the bone
health outcomes. These variables highlight the importance
of the contextual and demographic variables in the interpre-
tation of bone health indices [12, 13]. Due to these issues,
this paper will undertake the following research question:
How the level of serum vitamin D and calcium is related to
site-specific BMD measured by DEXA, and iron, in terms
of sex differences. To give more illumination as to how
these critical biochemical indicators interrelate with skele-
tal health amongst men and women, the study categorizes
information by anatomy and gender [14, 15].

The purpose of the study was to examine the relation-
ship between the serum concentration of these nutrients and
site-specific measurements of BMD using DEXA with an
emphasis on sex specific variation.

Materials and methods

The research was performed within the osteoporosis
screening unit of a few hospitals such as Al-Salam hospital,
Ibn Sina hospital and outpatient clinics at Mosul in Iraq.
The study lasted for six months, beginning on October 1,
2024, and ending on March 1, 2024. The study included
150 patients of both sexes (76 males and 74 females) with
ages ranging from 31 to 91 years. Some patients with hypo-
thyroidism, cancer, diabetes, and rheumatoid arthritis were
excluded from the study. An imaging test is performed to
assess the condition of the hip bones, the entire body, and
the spine. The examination mechanism involves the patient
lying inside the device. The examination duration ranges

between 5—10 minutes. After that, the patient’s data and
information are entered, including height, age, weight, dis-
eases, and gender. The examination area is then determined
and a certain amount of radiation is directed to examine
the part to be examined to determine the percentage of
osteoporosis. The examination result is then displayed in
detail to determine the percentage of osteoporosis. We can
also determine the percentage of fat in the human body and
bone density, which will be interpreted using three readings:
(TSCORE-ZSCORE-BMD), (TSCORE) T-score, which
are standard scores that compare an individual’s (BMD)
to the average maximum bone mass of a healthy young
population.

Statistical analysis was used to analyze quantitative data,
and provides methods for data description, simple inference
for continuous and categorical data. The procedure involves
the collection of data leading to test of the relationship be-
tween two statistical data sets. In this study all data are pre-
sented as frequency and percentage. We used SPSS (version
26) and the dependent t-test (two-tailed) and independent
t-test (two-tailed) for variables that had a normally distri-
buted distribution. For variables that did not have a normally
distributed distribution, we used the Mann-Whitney U test,
the Wilcoxon test, and the chi-square test. P < 0.05 was seen
as statistically significant.

The study was approved by the human ethics committee
of Department of Surgery, Ninevah medical college Univer-
sity. Everyone who took part in the study was told about it
and asked to sign a consent form. The patient was also gua-
ranteed that his information would be kept private.

Results
Comparison of demographic
and regional distribution characteristics
between male and female patients

The results showed that the mean age of males was
59.82 £ 15.84 years, while that of females was 59.76  13.96
years, with no statistically significant difference between the
two groups (P = 0.97). Regarding the distribution of affected
areas, significant differences were found between males and
females (P < 0.001), with lumbar spine (AP) involvement
being more common among males (47.4 %) compared to
20.3 % among females, while hip joint involvement was more
prevalent among females (59.5 %) compared to 17.1 % among
males. Total body involvement occurred in 35.5 % of males
and 20.3 % of females.

Comparison of bone mineral parameters
between male and female patients

The results of the study revealed that there exists a signifi-
cant difference between males and females in all bone density
and mass parameters (P < 0.001). It was found that the mean
BMC of males was 145.01 g and that of females was 85.19 g,
and the mean bone area (area) of males was 141.95 cm? and
that of females was 89.10 cm?. The average BMD among the
male population was 1.06 g/cm? and it was more than the
average of the female population that was 0.99 g/cm?* Con-
cerning the standard scores, males had an average Z-score
of —1.30, whereas the females had an average of —2.68, and
males had an average T-score of —1.32, whereas females had
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an average of —2.76, which revealed that the lower bone
density of females as compared to males prevailed in all the
parameters studied.

Comparison of vitamin D and caicium levels
between male and female patients

The finding revealed that males and females had a sig-
nificant variation in serum vitamin D and calcium levels
(P <0.001). The average levels of vitamin D in females were
15.77 £ 6.54 ng/ml, which was more than the average levels
of the vitamin in males which were 11.82 * 6.99 ng/ml. Con-
versely, the average calcium levels of men were much higher
and were 14.33 + 7.87 mg/dl as opposed to 7.20 + 1.36 mg/dl
in women, which means that there are evident gender varia-
tions in mineral balance and vitamin content.

Bone mineral measurements in male patients
according to skeletal region

The result of the bone density and mass analysis of
males revealed a notable variation of the analyzed regions.
The lumbar spine (AP spine) recording was 140.69 g and
1.08 g/cm? bone mass and BMD with a mean Z-score of
—0.99. The highest bone mass mean was measured at the
hip joints and was 211.69 g and 231.99 cm®. Nonetheless, the
median mineral density was reduced at 0.95 g/cm? and the

Z-score was —1.96 which shows more bone density weakness
than the spine. The average bone mass of the entire body was
118.66 g and the mean mineral density is 1.09 g/cm? and Z =
—1.38. Such outcomes demonstrate the existence of statisti-
cally significant differences between the various bone parts in
men, and a relative advantage of bone density at the lumbar
spine than the hip joints and to the entire body.

Vitamin D and calcium levels in male patients
according to skeletal regions

The findings indicated that there is also a great varia-
tion in the level of vitamin D and calcium among the vari-
ous regions of the bones among males (P < 0.001). Hip re-
gion registered the highest mean of vitamin D which was
15.84 £ 5.66 ng/ml and the whole body region with a mean of
15.22 £ 9.01 ng/ml was next and the highest level was in the
lumbar spine (AP) region with a mean of 7.81 + 1.44 ng/ml.
Regarding the calcium concentration, the lumbar spine had
18.35 £ 7.52 mg/dl as the highest mean with the lowest mean
of 7.67 =+ 1.94 mg/dl in the hip region and a whole body
mean of 12.16 £ 7.17 mg/dl. These findings are an indica-
tion of a significant difference in bone region coverage of
vitamin D and calcium levels, which can be evidence of a
disparity in bone metabolism or mechanical loading by the
various regions.

Table 1. Analysis of age and affected skeletal regions based on gender

Parameters Males (n = 76) Females (n = 74) P-value
Age (years), mean + SD 59.82 + 15.84 59.76 + 13.96 0.97*Ns
AP spine 36 (47.4) 15 (20.3)
Region, n (%) Hip joints 13 (17.1) 44 (59.5) < 0.001**
Whole body 27 (35.5) 15 (20.3)
Notes: * — t-test; ** — chi-square test; NS — non-significant.
Table 2. Analysis of BMC, BMD, and related scores by gender
Group BMC (g) Area (cm?) BMD (g/cm?) Z-score T-score
N 76 76 76 76 76
Mean 145.01 141.95 1.06 -1.30 -1.32
Males Median 118.02 113.08 1.02 -1.35 -1.40
Min. 13.47 11.82 0.87 -3.1 -3.1
Max. 358.03 404.04 1.81 0.3 0.2
N 74 74 74 74 74
Mean 85.19 89.10 0.99 —2.68 —2.76
Females Median 32.11 32.56 0.99 -2.90 -3.00
Min. 10.88 11.96 0.66 -3.7 -3.9
Max. 358.83 404.84 1.24 -1.6 -1.6
P-value* < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Note: * — Mann-Whitney U test.
Table 3. Serum concentrations of vitamin D and calcium by gender, mean + SD
Parameters Males (n = 76) Females (n = 74) P-value
Vitamin D (ng/ml) 11.82 + 6.99 15.77 £ 6.54 < 0.001
Calcium (mg/dl) 14.33 + 7.87 7.20 +1.36 < 0.001
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Table 4. Comparison of BMC, area, BMD, and standard scores in AP spine, hip joints,
and whole body among males

Group BMC (g) Area (cm?) BMD (g/cm?) Z-score T-score
N 36 36 36 36 36
Mean 140.69 131.09 1.08 —-0.99 -1.03
AP spine Median 118.72 113.15 1.02 -1.00 -1.00
Min. 101.00 100.10 0.94 -1.6 -1.8
Max. 236.20 230.30 1.81 0.3 -0.3
N 13 13 13 13 13
Mean 211.69 231.99 0.95 -1.96 -2.09
Hip joints Median 225.71 259.32 0.93 -1.80 -1.80
Min. 14.33 15.26 0.87 -3.1 -3.1
Max. 358.03 404.04 1.17 -1.6 -1.6
N 27 27 27 27 27
Mean 118.66 113.07 1.09 -1.38 -1.35
Whole body | Median 112.20 109.54 1.03 -1.60 -1.50
Min. 13.47 11.82 0.92 -2.3 -2.3
Max. 358.03 345.70 1.69 -0.4 0.2
P-value <0.01 <0.01 < 0.01 < 0.001 < 0.001

Table 5. Comparison of serum vitamin D and calcium concentrations in AP spine, hip joints,
and whole body in males, mean = SD

Parameters AP region Hip region Whole body P-value
Vitamin D (ng/ml) 7.81£1.44 15.84 + 5.66 15.22 + 9.01 < 0.001
Calcium (mg/dl) 18.35 + 7.52 7.67 +1.94 12.16 £ 7.17 < 0.001

Bone density and related parameters in female
patients according to skeletal regions

The findings revealed that there was a variation between
the values of bone density between the various regions of
the body amongst females though not all the variations were
found to be statistically significant (P > 0.05). The mean
bone mass content (BMC) and area were the highest in the
whole body region; 142.46 g and 152.79 cm?, respectively,
whereas the hip area was the least 71.89 cm?, and the mean
BMC was 69.95 g. The lumbar spine (AP) had the highest
bone mineral density (1.05 g/cm?), followed by the whole
body area (0.96 g/cm?) and the hip area (0.98 g/cm?). In
terms of Z-scores and T-scores, the lowest values were ob-
served in the lumbar spine region of —3.15 and —3.16, re-
spectively, which implies that the bone density of the area
was highly depleted on the basis of reference standards. The
results indicate bone density distributions differences in fe-
males according to bone region and this may need specific
approaches to examine and manage osteoporosis.

Vitamin D and calcium levels in female patients
according to skeletal regions

Results of the study on females did not exhibit any sta-
tistically significant difference in the level of vitamin D and
calcium in the different bone regions (P > 0.05). The maxi-
mum and minimum vitamin D level was found in the whole
body region with a mean of 17.21 ng/ml and lumbar spine

region with a mean of 17.38 ng/ml respectively and this was
also the case with the calcium level, with the highest value
recorded in the lumbar spine region of 6.70 mg/dl and the
lowest value recorded in the hip region of 7.32 mg/dl. These
findings indicate a relative equilibrium of vitamin D and
calcium concentration in the bone areas of females, with no
notable variations with respect to clinical implications.

Discussion

Findings indicated males had significantly higher bone
mineral content, bone area (141.95 cm?), and BMD 1.06 g/cm?
than females (bone area: 89.10 cm* BMD: 0.99 g/cm?), all
P <0.001. Also, females were much lower in the scores of Z 80
and T 80, which represented more osteopenic and osteoporot-
ic females. These were the findings that were consistent with
previous research [16], which touched on the variance between
males and females and remarked that males appear with more
bone mineral content and density due to the size of their bones
and their greater peak bone mass.

The reduced values in males were observed to be, com-
parative, with the results of [17], who observed that this was
as a result of changes in hormones, mainly the loss of estro-
gen in menopause contributing to an increase in bone re-
sorption. The discrepancies may also be due to other lifestyle
factors, a reduction in physical activity, and the possible lack
of nutrients in certain geographic regions that are observed
to exist in females [18].
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Unlike our results [19], found no significant gender dif-
ferences in BMD despite the young adults and this they at-
tribute to the better vitamin D supplementation and physical
activity among their females which indicate that lifestyle
interventions can be used to participate in mitigating bone
loss. The biological theory which explains the differences
that are seen is based on the fact that males present a greater
mechanical loading and a greater muscle mass compared to
the females which trigger the bones to form via the mecha-
notransduction pathway [20]. In females, reduced estrogen
accelerates osteoclast activity, resulting in reduced function
of the osteoblast and, in turn, decreased bone density [21].

Despite this, males had significantly higher calcium
levels (14.33 £ 7.87 mg/dl vs. 7.20 = 1.36 mg/dl) than fe-
males (P < 0.001) while females have significantly higher
levels of serum vitamin D (15.77 £+ 6.54 ng/ml) than males
(11.82 £ 6.99 ng/ml). In females, the high vitamin D cor-
roborates the results obtained by [22], who observed higher
vitamin D levels among females which could be a result of
higher vitamin D supplement intake or sun exposure beha-
viors. Conversely, a study conducted by [23], included higher
vitamin D in males, which is explained due to views spent
outside [24].

This higher calcium in males would seem paradoxical
but may be explained by either less mineralization, dietary
calcium intake or the rate of bone turnover. According to
[25], men appreciate more calcium-containing foods, which
may explain our results. In addition, in females, especially

in post-menopausal women, greater bone turnover could
cause lower serum calcium by greater deposit of calcium into
bone if occurred during periods of bone formation [26, 27].
Significant differences were detected between skeletal sites
in males, with the highest BMD recorded in the AP spine
(1.08 g/cm?) as compared to hip (0.95 g/cm?) and whole
body (1.09 g/cm?), P < 0.01. These results confirm earlier
findings by [28], discovered regional differences in bone
density, with the spine usually having higher BMD due to its
trabecular-rich structure, which is more sensitive to mecha-
nical loading and is hormonally regulated [29].

Conversely, this implies lower BMD in aging top pop-
ulations, which contrasts with our finding that the hip is
cortical bone dominant with respect to [30], on the age-de-
pendent cortical bone thinning. This was very much in con-
cert with ours, which showed hip BMD lower than either
spine or whole body [31, 32]. It can also represent varying
bone remodelling rates depending on each body part (high
turnover (i.e. spine) more vulnerable to system changes).
The analysis shows that there is a significant difference in
terms of vitamin D and calcium level in different bony com-
partments of males with the vitamin D highest concen-
tration in the hip compartment (15.84 £+ 5.66 ng/ml) and
the calcium highest concentration in the AP compartment
(18.35 = 7.52 mg/dl) (P < 0.001). Local bone remodeling
activity can be the reason of this regional dichotomy [33,
34]. Adds more by stating that regions of increased mechan-
ical activity exhibit an increase in metabolic activity thus

Table 6. Comparison of BMC, area, BMD, Z-score, and T-score in AP spine, hip joints, and whole body in females

Group BMC (g) Area (cm?) BMD (g/cm?) Z-score T-score
N 15 15 15 15 15
Mean 72.66 75.87 1.05 -3.15 -3.16
AP region Median 32.57 32.66 1.08 -3.20 -3.20
Min. 14.27 12.62 0.66 -3.6 -3.6
Max. 226.71 260.12 1.24 27 2.6
N 44 44 44 44 44
Mean 69.95 71.89 0.98 -2.40 -2.50
Hip region Median 31.61 31.76 0.99 -1.90 -2.60
Min. 10.88 11.96 0.76 -3.7 -3.8
Max. 358.83 365.13 1.17 -1.6 -1.6
N 15 15 15 15 15
Mean 142.46 152.79 0.96 -3.01 -3.12
Whole body | Median 60.20 60.02 0.97 -3.00 -3.10
Min. 11.96 12.76 0.76 -3.7 -3.9
Max. 358.83 404.84 1.12 2.4 -2.5
P-value 0.07"s 0.058" 0.09Ns <0.01 < 0.01

Table 7. Comparison of serum vitamin D and calcium concentrations across AP spine, hip joints,
and whole body in females, mean + SD

Parameters AP region Hip region Whole body P-value
Vitamin D (ng/ml) 17.38 £+ 6.77 14.74 + 6.54 17.21 £ 6.11 0.25"
Calcium (mg/dl) 6.70 + 1.33 7.32+£1.17 7.34 +1.81 0.28"s
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causing a regional variation in the utilization of calcium and
vitamin D metabolism [35]. Adding support to this, a study
carried out by Heaney et al. It was found by [36] that vita-
min D receptors are more activated in weight-bearing bones
such as the hip, which may explain the increased vitamin D
in this area. On the other hand, the higher calcium in the
AP compartment may suggest enhanced bone formation
activity within the vertebrae [37]. Females showed no nota-
ble variation among skeletal sites for BMC, area, or BMD
(P >0.05), in contrast to the males. However, despite higher
values of BMC and area in the whole body, those were not
statistically significant. This observation is not consistent
with studies such as that of [38], who found significant re-
gional variations in postmenopausal women with the hip
demonstrating the most bone loss. Nonetheless, our results
are in agreement with [39], who posited that in some popu-
lations, such as those with low vitamin D and poor nutrition,
uniform bone loss patterns may be observed since these
factors affect all skeletal sites homogenously [40]. The lack
of significant regional variation may be explained by uni-
formly reduced estrogen levels post-menopause, leading to
systemic bone resorption without regional preference [41].
In females, there were no degrees of difference in vitamin D
and calcium background scans across the imaging parts of
the skeleton (2 areas) (P > 0.05). AP spine vitamin D le-
vels were relatively consistent (17.38 & 6.77 ng/ml) with hip
(14.74 + 6.54 ng/ml) and whole body (17.21 £ 6.11 ng/ml).
This consistency aligns with the observations of [42], who
showed there were few regional differences in vitamin D and
calcium amongst postmenopausal women, overall there are
low levels even in vitamin D deficient people. However, this
is in contrast to results by [43], showing higher concentra-
tions of vitamin D in other regions (hip), which could be
attributed to greater perfusion and metabolic activity. One
possible explanation for our uniform findings is the wide-
spread deficiency or insufficiency of vitamin D and calcium
across the female participants, leading to consistently low
values irrespective of skeletal site. Furthermore, inadequate
sun exposure and dietary intake, as noted in this population,
may contribute to these findings [44].

Conclusions

The researchers came up with the conclusion that males
are found to possess more bone mass and bone density than
women because they have hormonal differences, greater
body size, and more muscle mass, which stimulate bone
formation. Women were more vulnerable to osteoporosis
particularly in the lumbar spine which could be attributed to
reduced estrogen levels after menopause. Variation in vitamin
D and calcium in the region is indicative of a difference in
bone metabolism and mechanical loading.
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KopeAsuist Mi>k CUpOBATKOBUMM PiBHSIMM BiTAMIiHY D i KaAbLijlo
TA MiHEPAABHOIO LLABHICTIO KICTKOBOT TKAIHUHU

Pesiome. Axmyaavnicms. BumipioBanHsl MiHEPaIbHOI 1LUILHOCTI
kictkoBoi TKaHuHu (MILLIKT) 3a nomomoroio 1BOXeHEpPreTUIHOIL
peHTreHiBcbkoi abcopoiiomerpii (DEXA) € MixkHapoaHO BU3HA-
HUM CTaHIAPTHUM iHCTPYMEHTOM JUIS OLLiIHKW PU3UKY ITePEJIOMIB,
OB’ I3aHMX 13 KPUXKICTIO KicTOK. PekoMeHa1lii ToBapucTB BKa3y-
I0Th, IKMM TPyIMaM HaceJeHHsI MOXe OYyTH KOPUCHUI CKPUHIHT 3a
noromororo DEXA Ta BUKOpUCTaHHST iHCTPYMEHTY OLLIHKU PU3UKY
nepesioMiB (FRAX) anst npuitHarTs piteHs nono papmakosioriy-
HOTO JIIKYBaHHS 0cTeornopo3y. Bitamin D Ta Kabliiii € KITIOYOBUMU
MapKepaMmu 3I0pOB’sl KiCTOK, OCKiibKM BrutnBaioTh Ha MIIIKT y
pi3HMX AisTHKaX ckeneta. Mema: BUBUUTY 3B’ SI30K MixK KOHLEH-
Tpattieio BitamiHy D i Kasibliito B cupoBaTiii KpoBi it TOKa3HUKaMU
MiHepaIbHOI IIITLHOCTI KiCTKOBOI TKAHWHU 3a noroMororo DEXA
3 aKILIEHTOM Ha cTaTh obcTexeHux. Mamepiaiu ma ou. J1o-
CJIIIPKEHHST TIPOBOIMIOCS MPOTSITOM IIECTU MICSLiB Y JiKapHsX
M. Mocyi, Ipak, 3a yyactio 150 oci6 (76 4os0BiKiB, 74 XiHKHM)
BikoM Bizx 31 1o 91 poky. [NauieHTH 3 TeIKUMU XPOHIYHUMHU 3aXBO-
PIOBaHHSIMM He OyJIM BKJIIOUeHi. MiHepaibHa IIiJIbHICTh KiCTKOBOI
TKaHWHU BUMiproBaiacs 3a gonomoroo DEXA Ha piBHi cTerHa,

xpebTa Ta Bchoro Tijla. CKaHyBaHHS TpuBajo Big 5 mo 10 xBu-
JIVH 3 PEECTPALli€I0 BCiX MOKAa3HUKIB. BiIcOTOK XXMpOBOi TKAHUHU
ta nani MILIKT inTepnpetyBanu 3a nornomoroo T-noka3Huka,
Z-T0Ka3HUKa Ui BU3HAYEHHST CTYTEHSI TSIKKOCTI OCTEOTIOPO3Y.
Pezyavmamu. J1ocninkeHHsT He BUSBIIIO CYTTEBOI Pi3HUII MiX XKiH-
KaMU i 4OJIOBIKaMM 3a BiKOM, ajie BKa3ajlo Ha CTaTeBi BiAMiHHOCTI
B ypaXXeHHi MEeBHUX KiCTOK. Y YOJIOBIKiB BiI3Hayaniocs Oijbllie
ypaXkeHHs TTOTIepeKOBOTO BilIiTy XpeOTa, T SIK Y KiHOK — CTer-
HoBoro. YosoBiku Manu kpaii mapamerpr MIIKT ta mokazHuk
T-/Z-mkanu. Y xiHok 3achikcoBaHO BUIIMI piBeHb BiTaMiHy D, a
B YOJIOBiKiB — KaJbllito. Bucrosku. J1oCniaKeHHs TOKa3a10 BUIILY
MiHepaJibHY HIIbHICTb KICTKOBOT TKAHMHM B YOJIOBIKiB, IMOBIpPHO,
yepe3 OLIbIITy M’SI30BY Macy Ta BIUIMB aHIPOTEHHUX TOPMOHIB, TOMI
SIK Y KiHOK 11i 3HaY€HHSs OyJI1 HUXYi, 0COOJIMBO Ha PiBHi XpeoOTa,
1O MOSICHIOETHCS 1e(illUTOM eCTPOreHiB B TOCTMEHOIay3aIbHOMY
repiofii 3i 301IbIIICHHSIM PU3UKY PO3BUTKY OCTEOIIOPO3Y.
KiouoBi ciioBa: siramin D; Kaibliii; MiHepaibHa IIBHICTD
KiCTKOBO1 TKAHMHM; IBOXEHEPTeTUYHA PEHTIeHiBChKa aOCOPOIIio-
MeTpist
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OXUPIHHS B PeAAbHIN KAIHIYHIN NPAKTULL:
AECSTUPIYHUN PETPOCNEKTUBHUN OHAAI3 CTYMNEeHS,
BiKY, CTATIi TO MAPLUPYTIB NALIEHTIB

Pe3tome. AkTyanbHicTb. OXUPIHHS € OAHIEIO 3 MPOBIAHMX MEANKO-COLiaribHUX MPOBG/IEeM CyHacHOCTI, MOLLUMPEHICTb
SIKOI HEBMWHHO 3pOCTae y BCbOMY CBITi. HagmmiukoBa maca Tina 1a OXXVUPIHHS acoLitotoTbCSA 3 MiABULLEHUM PUSUKOM
cepLeBo-CYANHHNX, eHAOKPUHHNUX Ta METabOoJTiYHUX 3aXBOPIOBAHb, 3HVXKEHHSIM SKOCTI XUTTS Ta 3Ha4YHUMU EKOHO-
Mi4HUMM BTpaTamu. B YKpaiHi enigemionoridHi AaHi Wo[o OXUPIHHA OOMEXeHi, a pe3ysibTati peasibHoi KiliHiYHOT
rpakTuku BuBYeHi HegoctatHbo. MeTa: onvicatv enigemionoridyHnvi npoginb NayieHTIB i3 HaQIMLLIKOBOIO Macoro Tina
Ta OXUPIHHAM Yy peasbHivi KiiHiuHii npakTtyyi 3a 2016-2025 poku, OLiHUTY BIKOBO-CTaTEBI BIAMIHHOCTI po3noginy
CTyneHiB iHaekcy macu Tina (IMT) Ta npoaHaniaysatv MapLLpy T HanpasfeHHs NayieHTIB Ao Jikapis-creyianicTis.
Martepiann Ta metoau. [1poBELEHO PETPOCMEKTUBHE OBHOLEHTPOBE CIIOCTEPEXHE AOCTIMKEHHS 3 aHanizom 8760
EJIEKTPOHHUX MeANYHUX KapT nayieHTiB BikoM Big 5 4o 83 pokiB, ki nepebysanv Ha fikyBaHHI y nepiog 2016—2025
pokis. OuiHtoBanmm gemorpacgbidHi nokasHuku, 3Haq4eHHs1 IMT, kaTeropii OXUpPIHHS Ta HanpsMKW HanpaseHHs 4O
cnieyianictie. CTaTuCTUHHWY aHasi3 BUKOHYBa/IM 3 BUKOPUCTAHHSIM OMMCOBUX Ta MOPIBHAIbHUX METoAIB. Pe3yrb-
TaTun. [lepeBaxkHy 4acTKy nayieHTiB cTaHoBUIM 0cobu Bikom 18—45 pokiB (55,0 %). XKiHku fomMiHyBanu y 3arasibHiv
BUbGIpyi (67,9 %), TOAI SIK y HOMOBIKIB BiHOCHO HacTiLLe CriocTepiranncs TSXKi ¢hopMu OXnpiHHS. KpariHi gpopmm
OXUPIHHS (IMT 2 40 kr/M?) BusiBrieHo y 15,3 % nauieHTis, npm LbOMYy iX HYacTka BiporigHo 3pocTasa npoTsarom nepiogy
CriocTepexeHHs. HavvacTile nayieHTvn Hanpassamcs 4o eHgokpuHosora (56,1 %), Lo acouitoBanocsi 3 BULMMMN
kateropismu IMT. BucHoBku. OTpuMaHi pe3ynbTatil CBig4aTh po 3Ha4YHy MOLLMPEHICTb OXUPIHHSA cepes oci6 npa-
Le3farHoro BiKy Ta 3pOCTaHHS YacTKU TSXXKKUX GhOPM y peasibHIivi KIiHiYHIV npakTuyi. Lle nigkpectoe HeobXigHICcTb
PaHHbLOIro BUSIBIIEHHS, MYJIbTUAUCLMITITIHAPHOrO MigxoAy Ta nofasblumX JOCTIXEHb OXUPIHHSA B YKpaiHi.
Knrou4oBi cnoBa: oxupiHHs,; HagnviukoBa maca Tina, iHgeKc macu Tina; peasibHa KiiHiyHa npakTvka; enigemio-
JIOris1; TSDKKE OXWPIHHS; MapLLpy TV NaLieHTIB

Bctyn

OXXUPiHHS € OHIEI0 3 HAWAKTYaIbHIIIIMX TJI00aTbHUX
npob6jem oxopoHu 310poB’ss XXI cromxittsa. Y 2022 poui
noHazn 1 MiIbSIpA JTtOAei Y CBITI KMJIM 3 OXKUPIHHAM (iH-
nekc Macu Tima > 30 kr/M?) — mpuGIM3HO KOXEH BOCh-
muit mopocauii [1]. [TommpeHiCTh OXKMPIHHS Y JOPOCIUX
3pocia 6ibire HiX yaBivi 3 1990 poky, a y miteir 0iib-
e Hix y yotupu pas3u [1]. Taki npamaTuaHi TeHAeHIIi1
CTIIOHYKaJIM €KCIEepTiB 0XapaKTepu3yBaTU OXMPIHHS K
riao0albHy emnifeMilo abo HaBiTh MaHAEMilO 3a CBOIMU
macmrabamu [2].

Binomo, 110 emimemist OXXUpiHHS € CIIpaBIi BCECBITHIM
SIBUIIIEM, SIK€ BUXOIMTh 32 MEXi COLiaIbHO-€KOHOMIYHUX
Ta reorpadiyHux KopaoHis |3, 4]. Koauch oxupiHHS aco-
LiT0BaJIOCS MepeBaXkHO 3 3aMOXKHUMU CYCITiUTBCTBAMMU, a
Ternep MPUCKOPEHO MOIIMPIOETCS KpaiHAMU 3 HU3bKUM Ta
cepemHiM piBHeM goxony [5, 6]. JociimkeHHs BKa3ylOTh,
SIKIITO TETIEPIillIHI TeHIEHIIIT 30epexXyThest, To 10 2035 poky
TOHAJI IMOJIOBUHA HacCeJIeHHs CBITY MaTUMe HaJIMIIKO-
By Macy Tina (HanMT) a6o oxupinHs [7]. Taki nporHosu
BKa3yIOTh Ha pi3Ke 3pOCTaHHS 3aXBOPIOBaHb Ta CMepTeENd,
acolifOBaHUX 3 OKMPIHHSM, Y HAROIVKYI NEeCSITUTITTS.
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Ilomo emimeMioIOriYHMX JaHWX IO YKpaiHi, Ha Xallb,
MU MaeMmo e aaHi Ha 2019 pik 3a pe3yabTaTamu A0CTi-
mxeHHs STEPS. Li maHi po3millieHo Ha BCiX BiZKPpUTHUX
pecypcax. [lo mpukitany, Global Obesity Observatory i cami
MaloTh JaHi, HaBeaeHi Ha puc. 1.

3 puc. 1 BumHo, mo 24,8 % nopocyioro HaceJaeHHsT YKpa-
THM MaJIu OXKUPiHHS, XiHKM OiJIbIlIE, Hi>K YOJIOBIKU.

IIprmunHM BOrO TII00ATHEHOIO 3pOCTAHHS OXUPIiHHS
€ 0araToakTOpHUMU Ta CKIagHUMU. [1o CyTi, OXKUpiHHSA
PO3BUBAETLCS Yepe3 XPOHIUYHMI A1cOaTaHC MixK CTIOKMBaH-
HSIM Ta BUTpaTamu eHeprii [9, 10], ocKiIbKM pallioH y BChO-
MY CBiTi 3MiCTUBCSI B 0iK BUCOKOKAJIOPIMHUX, 0OPOOIeHUX
MPOIYKTiB Ta HAIOIB, a piBeHb (Di3MYHOI aKTUBHOCTI 3HU-
3UBCS Yepes3 ypOaHizalilo, cuassuy poooty toino. CyyacHe
CepeIoBUIIIE SIK Y MiCbKHX, TaK i B CLTBCHKUX paifloHax 4acTo
Ccrpusie NepeifaHHIo Ta Oe3MisTbHOCTI — «OXUPOTEHHE»
cepenoBUIIe, 110 XapaKTePU3YETLCS JIETKOIO TOCTYITHICTIO
HEAOPOTUX, €HePreTUYHO IIIJIbHUX MPOAYKTIB Ta oOMe-
KEHUMM MOXJIMBOCTSIMM I (pizmyHux Bropas [11, 12].
JlocmimKkeHHs TTOKa3yloTh, 110 TeHeTUYHI, €HOOKPUHHI Ta
MeTabosiuHi (PaKTOPU MOIYTIOIOTh CXWIbHICTb JIIOAUHU 10
30iTbIIeHHS MacH Tina [13, 14].

OxpiM GiosoriyHux (GakTopiB Ta (HaKTOPiB CIIOCOOY
JKUTTSI, COLiaIbHO-€KOHOMIYHI Ta IICUXOCOLialIbHi IeTep-
MiHaHTH CYTTEBO CIIPUSIIOTH erinemMii oxkupiHHs. Y Gara-
ThOX CYCIIiJILCTBAX iCHY€E N00Ope 3aI0KyMEHTOBaHa 3BOPOT-
Ha 3aJIeXXHICTb MiXX COIIiaJIbHO-€eKOHOMIYHUM CTaTyCOM Ta
OXVPIHHSIM: TPOMaau 3 HKYMM PiBHEM I0XOIy a00 OCBIiTU
YacTO MalOTh BUILI IMTOKA3HUKU OXUpiHHA [15]. O0Mmexe-
Hi pecypcu MOXYTbh 0OMEXYyBaTHu JTOCTYII 10 3A0POBOI iXKi
(HampuKJIam, CBiXXKUX MPOAYKTIB) Ta 0€3MEYHUX MiCLlb IS
Gbi3nyHUX BIpaB, TOMI SIK JeIIeBi yIbTpaoOpoOeHi Mmpo-
NYKTU Ta COJIOJKI HAIoi CTal0OTb OCHOBHUMM MPOAYKTa-
MM Xap4yyBaHHST B IOMOTOCIIOIAPCTBAaX 3 HU3BKUM PiBHEM
noxony. binbiie Toro, XpoHiYHMIA CTpec Ta HECTTPUSTIUBI
COlliaJIbHI YMOBM MOXYTh CIIPUSITA HE3MOPOBIil XapuoBiii
nosexinwi [16, 17]. Txa 4acTo BUKOPUCTOBYETHCS SK Me-
XaHi3M IMOJ0JaHHs CTpecy ad0 eMOIIHOIO IUCTPeECy, 110
MPU3BOINTH IO «€MOIIIITHOTO TIepeinaHHsI». Yci i (hakTopu
€ aKTyaJbHUMMU ISl YKpaiHu ocTaHHiMU pokamu. [lanme-
mist COVID-19, nmoBHOMacITabHe pociiicbke BiliCbKOBE
BTOPTHEHHsI Oe3MepeyHo BIUIMHYJIM Ha MeTaOOIiuHUIA CTaH
YKpaiHIIiB.

%

50
40
30
20
10

0_

Yonosiku KiHKn

Lopocni

B OXMpiHHA HapmipHa maca Tina |

PucyHok 1. Enigemionorisi oXXUpiHHSI B YKpaiHi.
Pesynbratu gocnigxeHHsa STEPS, 2019 pik [8]

3apa3 MM MaEMO IPOOJIeMy 3 eIiaeMiOIOTIYHUMU 10~
CIIKeHHSIMU OXXKUpPiHHS B YKpaiHi. HegoctaTHs niarHoc-
TMKa, HEBUACHO BCTAHOBJICHUI MiarHO3, HU3bKUI PiBEHb
3BEPHEHHSI TMAIliEHTIB 1O MEIUYHY JOTIOMOTY, CKJIaIHOIII
B HaJlaHHI MEIMYHOI TOMTOMOTH TOLIO CTAIOTh IEPENOHOI0 Y
BCTaHOBJICHHI JiarHO3y Ta OTPUMaHHI MEIUIHOIL TOTIOMOTH
nauieHTamu, siki xxuByTb 3 HanMT a6o oxxupiHHsM.

Yepes Opak maHMX Ta JOCTIIKEHb Ha 110 TeMY B YKpaiHi
MeTOI0 HAIIIOTO AOCiMIKEeHHsT OyJ10: OMrcaT eIigeMioo-
riYHUM Mpod ik Nali€HTIB i3 HAIIMIIKOBOIO MAacoIO Tijia Ta
OXMPIHHAM Y pealbHiil KTiHiuHil mpakTui 3a 2016—2025
POKH, OLIiIHUTU BiKOBO-CTaTeBi BiAMiHHOCTI pO3IOIiTY CTy-
neHiB ingekcy macu tiza (IMT) Ta npoaHasizyBaTty Mapii-
PYTU HampaBJeHHs MaLli€HTIB 10 JiKapiB-CrelialicTiB.

Martepiaau Ta metoaun

3rimHO 3 AM3aiiHOM Iie¢ OYyJI0 PETPOCIIEKTUBHE OJIHO-
LIEHTPOBE CIIOCTEPEXHE NOCiIKeHHs. MaTtepiaaoM 10cti-
JKeHHST Oy MeIMYHI KapTy IMalli€HTiB, SIKi nepedyBaiu
Ha jikyBaHHI y TOB «Memnnunuit mim «Odrex» y mepion
305.01.2016 mo 24.10.2025.

V nocnigxeHHs 6yj0 BKIIIOYEeHO 8760 eIeKTPOHHUX
MEeIMYHUX KapT MaLi€HTIB BikoM Bif 5 1o 83 pokiB. Kpure-
pisiMM BKJIIOUEHHSI OyJIM: 3roja Ha 00poOKyY NepCOHATIbHUX
NIAaHUX, HAasIBHICTh TMiATBepIKeHoro aiarHosy HanMT a6o
OXMPiHHS BiAMOBIAHO 10 HacTaHOBU «OXUPiHHS Yy A0POC-
Jmx» [18] ta «Oxupinns y aiteii» [19], nepBuHHE 3BEpHEH-
Hs a0 rocriTtatizallisi B Mexax BU3HAYEHOTO nepiony (st
YHUKHEHHSI OyOIIOBaHHS MAlli€HTIB).

KpurtepisiMmu BUKITIOUEHHST OYyJIU: BiICYTHICTh ab0 He-
IMOBHOTA aHTPOMOMETPUUYHUX AAHUX, 30KpeMa Mokas-
HUKIiB MacH Tijla Ta/ab0 3pOCTy, 1110 YHEMOXKJIMBIIOBAIO
KOpPEKTHUI pO3paxyHOK iHAEKCY MacH Tijla, HEMMOBHi abo
TIOIIKOXKEHI MEIMYHI 3aICH, SIKi He MICTHIN KITI04OBOI
KJiHiYHOI iHhopMallii, HeoOXinHOT Is1 AOCSITHEHHST METU
IOCIiMKEeHHsI, IIOBTOPHI TOCIIiTali3allil OQHOIO 1 TOro K
MaiieHTa y Mexax J0CJiIKyBaHOTO Tepioay (y TaKUX BU-
najkax A0 aHali3y BKJIIOYaIu JIMILE Meplile 3BepHEHHsI),
BariTHICTh a00 Mepio JaKTallii Ha MOMEHT TOCITiTalTi3aril
(y 3B’513Ky 3 (bi3i0JIONiYHUMU 3MiHAMU MacH TiJjia).

V nporueci gocmimKeHHS 3 MEIMIHOI JOKYMEHTALIi1 OyII0
BimiOpaHoO Ta mpoaHaJli3oBaHO KJIiHiYHi, JJabopaTOpHi Ta
IHCTpyMEeHTAJIbHi IIOKAa3HUKH, SIKi Oy[Ie BUCBITJIEHO B HAILIMX
HACTYIMHUX myoOJtikanisix. Takox oliHoBaIu nemorpadivni
XapaKTepUCTUKU TALIIEHTIB (BiK, CTaTh), 0COOJIMBOCTI JIiKy-
BaHHS Ta Pe3yJIbTaTH Mepediry 3aXBOPIOBaHHS.

CratucTuuHy 00pOOKY pPe3y/ibTaTiB MIPOBOANIN 3 BUKO-
PUCTaHHSM METO[IiB OIMCOBOI Ta MOPIBHSJIBHOI CTATUCTH -
ku. KiabKicHi maHi MoJaHo y BUIJISIII CEPeIHbOTO 3HAUYEH -
Hs Ta cTa”HmapTHoro BigxuieHHs (M £ SD) abo menianu
Ta MIXKKBapTWJILHOTO iHTepBaJy 3aJIeXKHO BiJl XapaKTepy
posnoniny. BzaemMo3B’s13K1 MixX MOKa3HMKaMM OILliHIOBa-
JIX 3a JIONIOMOTOI0 KOopeJsiiiiiHoro aHamizy. CTaTUCTUYHO
3HAUYIIMMU BBaXKaJIM BiIMiHHOCTI TIPY PiBHI 3HAYYIIOCTI
p < 0,05. Anaii3 gaHUX 3MilICHIOBAIM 3 BUKOPUCTAHHSIM
nporpaMHoro 3a6esneueHHs Microsoft Excel 2022.

JlocnmiakeHHST TTIPOBOAMIIOCS 3 TOTPUMAHHSIM €TUIHUX
HOPM OiOMEIMYHUX JOCiIKEHb Ta TPUHLIMITIB ['enbCciH-
ChKOI IeKJiapallii. Yci gaHi nmaiieHTiB OyJIM AerepcoHatizo-
BaHi Ta BUKOPUCTaHi BUKJIIOUHO B HAYKOBUX IIiJISIX.
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PesyAbTatH

VY peTpocrneKTUBHMI aHaji3 6yj10 BKIoYeHo 8760 ma-
LIEHTIB, SIKi mepeOyBaIn Ha JIiIKyBaHHi a00 CITOCTepeXeHHi
y KJTiHili B mepion 3 5 ciunst 2016 poky 1o 24 skoBTHs 2025
poky. Bik maiieHTiB KoJuBaBcs Bix 5 10 83 pokiB, 1110
CBIIUMTH TIPO OXOTIJIEHHSI SIK JUTSIYO1, TaK i 1OPOCIIO1 10~
nynsii. 3arajJbHa BUOipKa XapaKTepu3yBaiacs 3HaYHOKO
YUCEJIBHICTIO, 110 3a0e3MeYnI0 MOXKIUBICTh JeTATHLHOTO
aHaJizy aemMorpadiyHuX Ta aHTPOIMMOMETPUYHUX MOKa3-
HUKIB.

3a nu3aiitHOM JOCIIDKeHHSI MU HE MaJlid BIKOBUX OOMe-
JKEeHb 111010 BKJIIOUEHHS IMalliEHTIB B HHOI'0; BiKOBa Xapak-
TepUCTUKA TAIiEHTIB HaBeneHa y TaoJ. 1.

Ax BugHO 3 TabJ. 1, GiABIIICTh MALliEHTIB yBillILIA ¥
BiKOBY Kareropito 18—45 pokis, a came 55,0 %, HaliMeHI11Ie
YBIMIIIO y BiKOBY IpyITy MaIli€EHTIB CTAapeyoro BiKy 3a KJa-
cudikaniero BOO3 (0,8 %).

Kopensauiitnuii ananiz CriipmeHa mokasaB cjia0-
KU MO3UTUBHUI 3B’S130K MiX BiKOM Ta 3HaueHHsIM IMT
(p = 0,125, p < 0,001). e cBigunTh MPO TEHAECHIIIO 1O
nomipHoro 3poctaHHs IMT 3 BikoM, omHaK cuia KOpesi-
1ii OyJia HEBUCOKOIO, 1110 BKAa3y€ Ha 3HAYHY iHIUBiAyaIbHY
BapiabebHICTh MOKA3HUKIB.

bararo gocnimkeHb MPUCBSYEHO CTAaTeBill BiIMiHHOCTI
y nauieHTiB 3 HanMT a6o oxupinHsim. Ham Takox OyJo
LiKaBo Lie migpaxyBatu (TabJ. 2).
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PucyHok 2. BigHocHu¥ po3nogin kareropivi IMT
3a cTaTTio (cxeMaTU4HO)
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PucyHok 3. Po3nopgin nauieHTiB 3a kateropismu
iHpekcy macu Tina (n = 8760)
lpumiTka: Ha pUCyHKY nofaHo HaaIULLIKOBY Macy Tina
Ta oXupiHHs I-lll cTtyneHiB; kpaviHi gpopmn OXUPIHHA
(cynep- Ta cynep-cynepoxwupiHHsi) He BKJIIOYEHO 3 Me-
TOIO MOJiNLWEeHHS Bi3yanbHOI iHTeprpeTauii gaHux.

Ta6bnuys 1. BikoBa xapaKTepucTuka nayieHTis
i3 HagNULLIKOBOIO Macoro Tina Ta OXUpIHHAM (n = 8760)

T T

[o 18 pokis 636 7,3
18—45 pokis 4818 55,0
45-60 pokiB 2341 26,7
60—75 pokis 852 9,7
75-90 pokiB 73 0,8

lMpumitka: BiK nayieHTiB KonuBaBcs Bif 5 Ao 83 pokiB.

Ta6nnys 2. CtaTteBa xapaKTepucTuKa nayieHTiB
i3 HagIMLLKOBOIO Macolo Tina Ta OXUpiHHAM (n = 8760)

I N

KiHKK 5944 67,9
Yonosiku 2816 32,1
Pasom 8760 100

Tabu1. 2 neMOHCTpYE, IO Y 3arajibHiil BUOIpIIi MaIlieH-
TiB CIlOCTepirajiocst rnepeBaxaHHs XXKiHOK — 5944 ocobu
(67,9 %), nopisuaHo 3 2816 yonosikamu (32,1 %). Cnis-
BiITHOIIIEHHS XXiHOK Ta YOJIOBIKiB CTAHOBUJIO ITPUOJIM3HO
2,1 : 1. 3a3HaueHa 0COOIMBICTb CTATEBOI CTPYKTYPU 3yMO-
BUJIA IOLJIBHICTh TIPOBEICHHS TOAANIBIIIOTO CTaTEBO-CITe-
HudivyHOTO aHaNi3y MOKA3HUKIB iHIAEKCY Macu Tija Ta
MapIIPYTiB HaIlpaBJICHHS MTalli€HTIB.

AHaJi3 acoiailii Mixk KaTeropisiMu iHIAEKCYy Macu Tijia
Ta CTATTIO BUSIBUB CTaTUCTUYHO 3HAUYIIUIA, aje ClIaOKuit
3B’s130K. 3a pesynbratamu Kputepito x> [TipcoHa 6yio BcTa-
HOBJIEHO BipOTiIHY BiIMiHHICTb Y po3noniii kareropiii IMT
MixX yosioBikamu Ta xkiHkamu (x> = 31,55, p < 0,001) (puc. 2).

Cua acouianii 3a koeditieHtom Cramér’s V cTaHOBU-
sia 0,079, mo cBimuuth npo cinadbkuii edext. [1pu ubomy y
YOJIOBIiKiB BiTHOCHO YacTillle 3yCcTpivyaaucs BUILi KaTeropii
IMT, Tomi I y >XiHOK cITocTepiranacs Oijblia abCcooTHA
KiJIbKiCTh 3BEpHEHb 0 MEIUYHOTO 3aKJIay.

K Oys10 BKazaHO y NOCIiIKEHHi, yCiM TalieHTaM 0yJ10
Bu3HaueHo IMT, a st muTsa90i moIyJIsiii, OKpiM BU3HA-
yeHHs1 IMT, Gy/10 mpoBeAeHO OLIiHKY 3TiIHO 3 ePLIEHTUIIb-
HUMU TabauusimMu (puc. 3).

SIK BUIHO 3 puC. 3, y CTPYKTYPi OXKUPiHHS TIepeBaXkaln
Mali€HTU 3 OXUPIHHAM | cTymeHs, Tomi K 4yacTKa ocid 3
oxupinusam [I—I1I cryneniB 6yna meHoto. s moin-
LIEHHS Bi3yaJlbHOTO CIIPUNHSATTS JAHUX HA PUCYHKY HeE
HaBeIeHO KpaliHi (popMU OXMPiHHS, BOOHOYAC Y BUOIpIIi
Oyso ineHTHdiKoBaHO 781 malieHTa i3 CynepoXUpiHHSIM Ta
562 maiieHTH i3 Cyrep-CyrnepoXupiHHAM, 110 TTIKPECITIOE
3HAYHY MPEACTABICHICTh TSKKUX (DOPM OKUPIHHS Y TOCTi-
IKyBaHill KOTOPTi.

TakyuM YMHOM, KOXXEH IIIOCTUH MALliEHT 3 HASSBHUMM J1a-
HuMM IMT maB KpaliHio opMy OXXKMPiHHS, 110 MiAKPECTI0E
KITiHIYHY 3HAYYIIICTh i€l MiATPYNHU y CTPYKTYPi 3aXBOPIO-
BaHoCTi. HeoOXximHO BiAMITUTH, 1110 YaCTKa TaKUX MAIiEHTIB
3 KOXKHUM POKOM 3pocTa€. s OLiHKM YaCOBUX 3MiH 0yJ10
MpOaHali30BaHO YaCTKY MAIEHTIB i3 TSKKUMU (hopMaMu
oxupinaga (IMT > 40 kr/m?) y pi3Hi poKM CITOCTEPEKEHHS
(puc. 4).
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Kopemsuiitanmii anamiz CriipMeHa MixK pOKOM 3BepHEHHS
Ta YaCTKOIO TSKKMX (DOPM OXXKUPIHHS BUSIBUB JIyKe CUITBHUI
MMO3UTUBHMUIA 3B’130K (p = 0,976, p < 0,001). Lle cBimunth
Mpo CTifiKy TEHACHIIil0 10 3pOCTaHHS YAaCTKU Talli€HTiB
i3 TSDKKMMM Ta KpaiiHiMU (hopMaMU OXUPIHHS TPOTSTOM
nepiony 2016—2025 poxiB.

ChOrofiHi B MEMUYHUX KOJaxX WIYTh CyIepeuku mpo Te,
YMii BJIaCHE AiarHO3 «OXHUPiHHSI». ToOTO SKMIA JTiKap Io-
BUHEH HOro BCTaHOBUTHU. Ha Hally 1ymMKy, He BaXKJIMBO,
XTO BCTAaHOBUB [iarHO3, BaXJIMBO, 1100 Malli€HT 3HaB IIPO
Te, mo HanMT abo oXupiHHS — 1Ie 3aXBOPIOBaHHS, a He
XapaKTepUCTHUKA 30BHIIIIHbOTO BUTJSAY JonuHU. Hamu
OyJI0 TpoaHali30BaHO, M0 SIKKUX (haxiBIlliB yacTilie nepe-
HampaB/Is/Iv NALiEHTIB 3 TiarHO30M «OXUPiHHsI» (puc. 5).

Ha puc. 5 moka3sano, 1110 nepeBaxHa OiIbIIICTh TTalli-
€HTiB OyJla HampaBjieHa HAa KOHCYJIbTAllil0 10 €HIOKPU-
Hosora — 4912 oci6 (56,1 %). 3HauHoO pijlle namieHTH
CKEPOBYBAJIMCS IO iHIIIMX CIIeLialicTiB: 10 Xipypra — 235
ocib (2,7 %), no TeparneBta — 193 oco6u (2,2 %), no me-
niatpa — 50 oci6 (0,6 %) Ta no rinekojora — 44 ocobu
(0,5 %).

AHaJti3 B3a€MO3B’SI3Ky MixX HaIIpaBICHHSIM 10 €HIOKPH -
HoJtora Ta kareropissmu IMT nponemMoHCTpyBaB CTaTUCTUY-
HO 3Hauymy acotiartito (x> = 14,51, p = 0,013). [MaienTn
3 BumuMu Kateropissimu IMT gacTime ckepoByBajucst Ha
KOHCYJbTallil0 10 eHAOKPUHOJIOra MOPIiBHSIHO 3 Malli€H-
TaMM 3 HaJMIpHOIO MAcoIo TiJla a00 HIDKIYUMU CTYTIEHSIMU
oxupiHHsA. OnHOMAKTOPHUIT aHATi3 BUSIBUB CTATUCTUYHO
3HAYYIIi BIIMiIHHOCTI Y YaCTOTi HampaBjeHb 0 €HIOKPH-
HOJIOTa 3aJIeXXHO BiJ BiKy Ta ctaTi mauieHTiB (2, p < 0,05).

O6roBopeHHs

OTpuMaHi pe3yJbTaTi CBiT4YaTh, 1110 Y pealibHill KJTiHi4-
Hili mpaktuii HagMT Ta oXupiHHs BpaxkaloTh IIepeBaskHO
0cCi0 Mpane31aTHOro BiKy, 1110 Y3TOKYETHCS 3 CyYHaCHUMU
100abHUMU TeHAEHUIIMU. 3a TaHUMU OaraTbox IMormy-
JISIIIAHUX Ta KJIHIYHAX JOCTiIKE€Hb OCTAaHHIX POKiB, MiK
MOIIMPEHOCTI OXKUPiHHS 3MIIIlYEThCS Y BiKoBi rpymnu 30—50
POKIiB, 1110 aCOIIIOETHCS 3i 3pOCTAHHSAM META0OIYHUX Ta
CeplUeBO-CYIMHHUX PU3UKIB Y BIIHOCHO MOJIOJOMY Billi
[20—22]. Bucoka gacTka maii€eHTiB BikoM 18—45 pokiB y
Hallliii KOropTi MiaKpeca0€ 3HAYHMUM MOTeHLIMHUI colli-
aJIbHO-€KOHOMIYHMI TATrap OXUPIiHHS IJI1 CUCTEMU OXO-
POHU 3M0POB’sT YKpaiHu.

BusBneHne nmepeBaxkaHHS >KiHOK Cepell Malli€eHTiB y3-
TOIIKYETBCS 3 pe3yJibTaTaMU €BPOIEMCHKUX Ta MiBHIYHO-
aMepUKaHChKUX JOCTIIKEHb, Y SIKMX XKiHKM YacTillle 3Bep-
TalOThCS 10 MeAUYHY gornoMory 3 npuBonxy HagMT a6o
oxupiHHs [23—25]. BonHovac BiZTHOCHO OijibllIa YacTKa
TSDKKUX (POPM OXUPIHHS cepell YOJIOBIKiB MiATBEPIKYE
NaHi, 1110 YOJIOBIKH, SIK TIPaBUJIO, TTi3HIllIe 3BEPTAIOTHCS T10
MEIUYHY TOMTOMOTY Ta MalOTh BUILi MOKa3HUKMU Bicliepasib-
HOTO OXUPiHHS 1 KapaioMeTaboIiyHOro pusnky [26—28].
Cnabka, aje cTaTUCTMYHO 3HauyIla acolliallis Mix cTaTTio
Ta Kareropigmu IMT y HamoMy mocimimkeHHi BimoOpaxkae
CKJIaIHY B3aEMO/Iit0 Gi0IOTiUHMX i MOBEIiHKOBUX (haKTOPiB.

Ha ocobnuBy yBary 3aciyroBye 3HauHa yacTKa Iailli-
€HTIB i3 TSDKKUMU Ta KpailHiMKM (popMaMu OXUPIiHHS, siKa
JNEMOHCTpYBasa CTiiike 3poctaHHs rpotsarom 2016—2025
pokiB. [ToniOHI TeHOeHIIii onKrcaHi B MiXKHAapOIHUX KO-
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PucyHok 4. IuHamika YacTkuy nayieHTiB
3 TSDKKUMUN ¢hopMammn oXunpiHHS, 2016-2025 pokun
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PucyHok 5. CTpykTypa HanpaB/ieHb nayieHTIiB
Ao nikapiB-cneyianictiB (BigcoToOK Bif 3aranbHoi
KinbKocTi nayieHTiB, n = 8760)
lpumiTKa: Ha PUCYHKY HaBE[EHO BIifHOCHY 4acTKy
KOHcynbTaLivi y pisHux cnewianicTis.

TOPTHUX JOCTIIXKEHHSIX, Y SKUX caMe MOPOigHEe OKUPiHHS
3pOCTa€ HAUIIBUIIIMMU TEMITAMU TIOPiBHSIHO 3 JIETILIMMU
(hopmamu [22, 29, 30]. Lle mae BaxJIMBi KJIiHIYHI HACTIIKH,
ocKimbku caMe manieHTn 3 IMT > 40 kr/m? XapaKTepu3y-
I0ThCSI BUILIOIO YACTOTOIO CYITyTHIX 3aXBOPIOBaHb, MOTPEOOI0
B MYJIBTUIMCUUTUTIHAPHOMY TTi/IXO/Ii Ta 3HAYHUMU BUTpaTa-
MM Ha JIiIKyBaHHS.

3 orsimy Ha OTpUMaHi JaHi, HAa HAIly TyMKY, € JOLiJIb-
HUM TIOCUJIEHHSI paHHboTO BUsiBIeHHsT HanMT a6o oxu-
PiHHS, 30KpemMa cepel 0¢id MOJIOI0ro Mpale3aaTHOrO BiKy,
a TaKOX BITPOBAIIKEHHSI CTAaHAAPTU30BAaHUX MapIIPYTiB Ma-
LIIEHTIB i3 YiITKUM MYJbTUAMCLUTIUTIHADHUM MiaxonoM. Mu
TUIAHYEMO CTIPSIMYyBaTH MOMAIbIII TOCTIIKEHHST HA aHAJTi3
CYMYTHIX MeTabOoJIiYHUX MOPYIIeHb, e(PEKTUBHOCTI Pi3HUX
cTpaTeriii JIikyBaHHS Ta JOBFOCTPOKOBUX KJIiHIYHUX HACITiMI -
KiB OXKMPiHHS B YKPaiHCHKIiil MOTMYJISIIIii.

BucHoBKkMU

Y peTpocneKTUBHE OMHOLIEHTPOBE AOCHIIKEHHS OYJI0
BKII0YeHO 8760 mawieHTiB BikoM Big 5 1o 83 pokis, mmpu
1IbOMY TIepeBaXKHY YacCTKy CTAaHOBUJIM OCOOM mpale3aaT-
Horo Biky 18—45 poxkiB (55,0 %). Y 3aranbHiit BUOip1li crio-
cTepirayiocst TiepeBaXXaHHsI XiHOK (67,9 %) Ham 9osioBika-
mu (32,1 %), 3i ciBBigHOIIEHHAM 2,1 : 1, 1110 3yMOBUJIO
NOLJIBHICTD CTaTeBO-CIEM(iYHOrO aHaJi3y TTOKa3HUKIB
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OXMPiHHA. Bylo BUSIBIEHO CTaTUCTUYHO 3HAUYyILy, ajie
cJ1a0Ky acolliallilo MixX CTaTTIO Ta KaTeropisiMy iHIEKCY
macu tina (x> = 31,55, p < 0,001; Cramér’s V= 0,079), npu
1IbOMY Y YOJIOBIKiB BiTHOCHO YacTillle CITOCTEPIiranucs TSK-
Ki kareropii IMT, a y xkiHOK — OijibllIa aOCOTIOTHA Kilb-
KiCTb 3BepHEHb.

Tsxki hopmu oxxupiHHs Oynu BussieHi y 1343 na-
LIE€HTIB, O cTaHoBUIO 15,3 % Bin yciei Bubipku, To6TO
NpUOJM3HO KOXHUM mocTrii nmauieHT. [Ipotsirom nepiony
2016—2025 pokiB BigzHayanocs CTiilKe 3pOCTaHHS YACTKU
TsKKUX (hopm oxupinasa (IMT > 40 kr/m?), 1110 miaTBep-
JIKEHO Y€ CUJIbHUM TMO3UTUBHUM 3B’SI3KOM MiXX POKOM
3BEpPHEHHS Ta YaCTKOIO TSIKKOTO OXHMpiHHS (Spearman
0=0,976, p <0,001).

KondurikT inTepeciB. ABTOpU 3asiBJISIIOT PO BiZICYTHICTh
KOHIIIKTY iHTepeciB Ta Bl1acHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi ITpY MiATOTOBI JAHOI CTATTi.

Indopmanist npo dpinancysanns. JlocaimkeHHs He OTpU-
MYBAJIO >KOIHOI (hiHAHCOBOI IMiITPUMKU 3 OOKY Iep>KaBHUX,
KOMEPLiHHUX a00 TPOMaIChKUX OpraHi3auiii Ta 6yJ0 BUKO-
HaHe 3a BJIACHOIO iHIL[iaTUBOIO i KOIIITOM PECYpCiB aBTOPIB.

Buecok aBtopis. Hermopana B.I'. — 30upanHs matepi-
aJly, HallMCaHHS TeKCTy, aHalli3 OTpMMaHMUX JaHux; Be-
ymako B.1., l'aBpuuenko JI.I'. — KOHIIENIIisT TOCITiIKEHHSI;
Jlarona J1.0. — nuzaiiH nociimKeHHs, 00podKa MaTepiaiy,
odopMIleHHS imocTpaiiii; PycakoB B.B. — 30upannsa ma-
Tepially, aHaJli3 OTpMMaHUX JaHUX.
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Obesity in real-world clinical practice:
a ten-year retrospective analysis of grades, age, gender, and patient pathways

Abstract. Background. Obesity is one of the leading public health
challenges now, with a steadily increasing prevalence worldwide.
Excess body weight and obesity are associated with a higher risk of
cardiovascular, endocrine, and metabolic diseases, reduced quality
of life, and substantial economic burden. In Ukraine, epidemio-
logical data on obesity are limited, and evidence derived from re-
al-world clinical practice remains insufficient. Aim of the study was
to describe the epidemiological profile of patients with overweight
and obesity in real-world clinical practice during 2016—2025, to
assess age- and sex-related differences in body mass index (BMI)
categories, and to analyze patient referral pathways to medical spe-
cialists. Materials and methods. A retrospective, single-center ob-
servational study was conducted using data from 8,760 electronic
medical records of patients aged 5 to 83 years who received medical
care between 2016 and 2025. Demographic characteristics, BMI,
obesity categories, and patterns of referral to specialists were ana-

lyzed. Descriptive and comparative statistical methods were applied.
Results. Most patients were of working age (18—45 years), accoun-
ting for 55.0 % of the study population. Women predominated in
the overall cohort (67.9 %), while men more frequently exhibited
severe obesity. Extreme forms of obesity (BMI > 40 kg/m?) were
identified in 15.3 % of patients, with a significant increase in their
proportion over the observation period. Referral to an endocrinolo-
gist was the most common pathway (56.1 %) and was significantly
associated with higher BMI categories. Conclusions. The findings
demonstrate a high prevalence of obesity among individuals of
working age and an increase in severe obesity in real-world clinical
practice. These results highlight the need for early detection, multi-
disciplinary management strategies, and further research on obesity
in the Ukrainian population.

Keywords: obesity; overweight; body mass index; real-world clinical
practice; epidemiology; severe obesity; patient referral pathways
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FOPMOHOABHI OCHOBU NATOAOrMYHOro nepeobiry
nepLuoro TPUMeCTPY BArTHOCTI Y XIHOK
3 0A€HOMIO30M

Pe3tome. AkTyanbHicTb. AJEHOMIO30M HA3MBaKOTh BHYTPILLHIVI €HOOMETPIo3 MAaTKu, rpu SSKOMY eHAOMEeTDi-
allbHi 3a51034 | CTpOMa M6 OKO | XaOTUHHO IHQINIbTPYOTE MIOMETPIN. AGEHOMIO3 € MOLLUMPEHNM 3aXBOPIOBAHHAM
3 HefoCTaTHbO BUBYEHMM NaTtoreHe3oM 1a natogpisiosnorieto, 4actora sikoro csrae Big 10 go 57 %. ®aktopamu
PU3NKY BBaXaroTb M0JI0rn, HasiBHICTb B aHaMHe3i npouenyp Avnarayii, Klopetaxy Ta iHLLUMX ornepawivi Ha matui,
AKI MOXYTb 11OPYLLYBaTN eHAOMETpIasIbHO-MIOMETPAasIbHWV IHTepgelic Ta cripyuaTy iHBasii, imnnaHTawii, B6yosy-
BaHHIO Ta Y TBOPEHHIO EHAOMETPIasibHNX KOJIOHIV y CTIHLi MIOMETPIsi, 36irbLLIYIOYM PO3BUTOK afeHomiody. Nepebir
BariTHOCTI y XIHOK 3 afeHoMio30M € He3'ssicoBaHuM. MeTta po6oTu: focnignt 3MiHU ropMOHaIbHOro 6asaaHcy
nif Yac BaritHOCTi y XIHOK 3 8[€HOMIO30M Ta iX Br/IMB Ha CeKTP YCKIa[HEHb MEPLLOro TPUMECTPY BariTHOCTI.
Matepianu Ta metoaun. [ig crioctepexxeHHsaM nepebysanv 117 BaritHux XiHoK. [o 1-i rpynv yBiviLumm 27 XIiHOK
3 afjeHOMIO30M, BariTHICTb Yy HUX Beslack 3rigHO 3 YHHUMWU HOPMAaTUBHUMM [JOKYMeHTamu, 4o 2-i — 40 XIHOK,
AIKI OTpUMAanu 3anporoHoBaHe Hamu JliKyBaHHS1 a4eHOMIo3y Ta MPOVILLIIV nperpasifgapHy rigrotoBKy, KOHTPOSIbHY
rpyny ctaHoBuv 50 BariTHUX 340pOBUX XIHOK. BaritHymM rnpoBoanan ropMoHasibHi 06CTEXEHHS: BUBHAYEHHS ec-
Tpagiosny, ecTpiosny, NporecTepoHy, CEKCCTEPOIA3B A3YHHOro o6y iHy, MPOoIakTuHy, KOPTU30/1y Ta KaTexonamiHiB.
CratnctndHa o6pobKka OTpUMaHUX JaHuX rMpoBoAMIacs 3a [OrnoMOro CTaHgapTHOro naketa nporpam Statistica
for Windows 13.0. Pe3ynbtatun. Y XiHok 1-i rpynv piBHi ecTpagiony, nporectepoHy, CeKCcCcTepoinss’a3yo4oro
rno6yniHy (p < 0,05) v ectpiony (p < 0,01) 6yrm 3Ha4YHO SHUXKEHUMM MOPIBHSIHO 3i 340POBUMM BariTHUMM, Y XKIHOK
2-i rpynu BMICT X ropMOHIB He Bifpi3HSBCS Bif KOHTPOsIbHOI rpyrv (p > 0,05). Y XIHOK 3 aAeHOMIO30M BUSB-
JIEHO MiABULLEHWUV BMICT CTPECOBUX MOPMOHIB BifJHOCHO KOHTPOJIbHOI rpynn: y 1-v rpyni ye nponaktuH (p < 0,01)
i kopTn3aon (p < 0,05), y 2-4 rpyni ye koptnaosn (p < 0,05). Y xiHok 1-i rpynuv piBHI agpeHarsiHy Ta HopaapeHarsiHy
€ NiABULLEHUMM MOPIBHSHO 3 MOKa3HUKaMu KOHTPOsIbHOI (p < 0,01) Ta 2-i (p < 0,05) rpynn. BmicT gogaminy € Basidi
HWKYMM 38 10Ka3HUK KOHTPOsbHOI (p < 0,01) Ta B 1,9 pasa 3a nokasHuk 2-i (p < 0,05) rpynu. OTxe, BariTHICTb Ha
T/1i ageHomio3y nepebirae 3a yMoB 6iOXiMIYHO MiATBEPLAXXEHOIro CTPECOBOIro roMeocTasy, Lo pa3oM 3 rOpMOHaslb-
HUMM r1OPYLLIEHHSIMU OTPUMAIIO KIiHIYHY peasnidayito y BUITISAl HU3KKU YCKIIa[HEHb nepeodiry nepLuoro TpumecTpy
BariTHOCTI. BaritHicTb y XIHOK 3 aAeHOMIO30M, 5IKi He OTPUMYBaJIY NMperpasigapHoOI NigroToBKu, CyrnpoOBOLKYETbCS
HeBUHOLLYYBaHHAM Mavixe y 90 % BunagKis, YO BipOrigHO HYacTiLue nopiBHAHO 3 XiHkamu 2-i rpynv (p < 0,01), a Ta-
KOX y 4 paau YacTilue, HXX Y XIHOK i3 naTosnorieto niayeHtadii. BucHoBku. XiHOK 3 ageHoMIO30M criig BigHOCUTH
[0 rpynuv BUCOKOIO akyLLEepPCbKOro puanky. Y XIiHOK 3 afeHOMIO30M y rnepLUIOMY TPUMECTPI BariTHOCTI BUSIB/IEHO
3HUXKEHHSI BMICTY €CTPOreHiB i nporectepoHy (p < 0,05), nigBuLLEeHWi BMICT CTPECOBMX FOPMOHIB MPOonaKTUHy
(p < 0,01) i kopTuzony (p < 0,05). BusasneHa kopensayis MiXX BMICTOM CTPECOBUX FOPMOHIB y cupoBartLi KpoBi
BariTHUX 3 afeHoMiO30M Ta HEBUHOLLIYBaHHAM: aapeHarniHy (r = +71, p < 0,01), gogamiry (r = -0,63, p < 0,05),
koptugony (r = +0,57, p < 0,05). [NpoBeaeHHs nperpasigapHOi NigrotToBKN y XIHOK 3 84€HOMIO30M 3HA4YHO 3MEHLLIYE
4acToTy HEBMHOLLYBAaHHS BaritTHOCTI Ta NaTtosiorito naaweHtauii.

Knroy4oBi cnoBa: saritHicTb, ageHomios; ropMOHU,; HEBUHOLLYYBAHHS BaritTHOCTI; natosoris nnayeHTawii
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ANeHOMi030M Ha3MBalOTh BHYTPILIHIN eHAOMETPio3
MaTKH, IIPU SIKOMY €HIOMETpiajIbHi 3aJ1031 i CTpoMa TJIn-
0O0KO i XaOTUYHO iHDIABTPYIOTh MiOMETpiil. AeHOMiO3 €
MOUIMPEHUM 3aXBOPIOBAHHSIM 3 HEIOCTaTHHO BUBYEHUM
MaTOreHe30M Ta MnaTogizionorieto, yacToTa SIKOTO CSITae
Bin 10 1o 57 %. ®akTopamMy pU3MKY BBaXKarOTh MOJIOTH,
HasBHICTh B aHaAMHE3i IpoLeAyp AUIaTallii, KIopeTaxy Ta
IHIIMX omepaliil Ha MaTILi, sIKi MOXXYTb IMTOPYIIIYBAaTH €HI0-
MeTpiaJlbHO-MiOMeTpaIbHMI iHTepdelic Ta CIIPUITH iHBa3ii,
iMIuIaHTallil, BOyTOBYBaHHIO Ta YTBOPEHHIO €HIIOMETpialib-
HUX KOJIOHI y CTiHLII MioMeTpisi, 301/IbIIYI0YM PO3BUTOK
ameHomio3sy [1].

HesanepeyHoto Ha CbOTOTHI € TOPMOHAJIBHA TEOPisl PO3-
BUTKY amieHoMio3y [2]. OKpiM eCcTpOreHiB Ta IpOTeCTEPOHY,
y natoisiosorii aneHoMio3y 6epe y4yacTb i OKCUTOLIMH,
SIKUI MOKe BUKJIMKATU MEPUCTAIBTUKY MAaTKH, 1110 OMOCe-
PENKOBYEThCS iOTO penerntopom [2]. ¥ miomerpii mpomyk-
11is1 OKCUTOLIMHY Ta HOT0 pelLenTopa peryjtoeThCsl pelern-
TOpoM ecTporeHy o. IToBimomiisiiiocs, 1o mpu aneHOMio3i
BiIOYBa€eTHCS HaAMipHA €KCITpecis pelenTopa OKCUTOLIM -
HY B MiOMeTpii, III0 CYyIPOBOMIXKYETHCS TillepaKTUBHICTIO
MaTKHM, i OyJI0 BUSIBJIIEHO, 1110 BOHA KOPETIOE 3 TSDKKICTIO
nucmenopei [3]. TneprnepucranbTKa/nucrepucTaibTUKa
MaTKU MOXe OyTH pe3yJbTaTOM apXiMeTpaJibHOTO Timnep-
ectporeHi3my. IlokazaHo, 1110 iCHY€E pa3ioya CXOXKiCTh MixX
TilIepecTPOreHi3MOM IIpY aIeHOMIiO3i Ta POJIITIO eCTPOTCHY
B 3arO€HHI paH [4], 1110 BinOyBa€eThC il Yyac MEHCTpYyallil.
MeHcTpyallist 1K TpaBMa TKAHUH MOXeE Te€X aKTUBYBaTU
rinoTtajiamo-rinogizapHo-HaJHUPKOBY BiCh, BUKJIINKAIOUYU
BUBIJIbHEHHSI KaTeX0JaMiHiB, 0COOJIMBO aIpeHasiHy/HO-
panpeHaniny. Lle Tex iHIyKye BUBiIIbHEHHS POCTATJIaH M-
HiB (PGE,). Pazom 1ii nBa haktopu (katexonaminu i PGE,)
MHOTipIIYIOTh KIIITUHHUM IMYHITeT, CIIPUSIOYN BIKBAaHHIO
3MIlIEHUX Ta PO3CIsSTHUX KJIITWH, SIKi TOLIIMPIOKOTHCS 3a MEXi
eHgomeTpis [1].

3ramaHi BUIIle TODMOHU € OCHOBHUMU Y naTodiziosorii
BariTHOCTI, 3 OIVISIAY Ha 1€ LiKaBUM € aHaJli3 mepeoiry Ba-
TITHOCTI y XiHOK 3 aIeHOMi030M. X04a iCHYIOTbh pOOOTH, SIKi
MOKa3yIoTh, 1110 BaTiTHICTh y >KiHOK 3 aleHOMiO030M MOB’sI-
3aHa 3 HeCHPUSITIIMBUMM HaCJIigKaMM, KJIiHiYHiI (paKTopH,
MOB’s13aHi 3 BUCOKMM PU3UKOM aKyIIepChbKUX YCKIIaJIHEHb,
IOCI 3aJIMIIAI0TECA He3po3yMmituMu [5—7]. CydyacHi 3HaHHS
PO aIecHOMi03 SIK (haKTOp PU3UKY PO3BUTKY TTepepUBaHHS
BariTHOCTI Iy>Ke OOMEXKEeHi.

Merta po6oTH: TOCTITUTH 3MiHU TOPMOHATTBHOTO OaIaH-
Cy TIiJl Yac BariTHOCTI y )KiHOK 3 aIeHOMiO30M Ta iX BILJIUB Ha
CIEKTP YCKJIAOHEHb MEPIIOro TPUMECTPY BariTHOCTI.

MarTtepiaau Ta meToamn

ITin crioctepexxeHHsIM 3Haxoaua0Ch 117 BariTHUX Xi-
Hok. Jlo 1-1 rpynu yBiiiiiy 27 XiHOK 3 aileHOMio30M, Ba-
TiTHICTb Y HUX BeJIach 3TiTHO 3 YNUHHUMM HOPMATUBHUMM
MOKyMeHTaMM, 10 2-1 — 40 XiHOK, sIKi OTpuMaju 3amnpo-
IMOHOBAaHE HAMMU JIiIKyBaHHS aIeHOMIiO3y Ta MPOMIILIN TIpe-
rpaBinapHy miarorosky. KoHTposbHy rpyrty craHoBuim S0
310POBHUX BariTHUX >KiHOK.

Busnauenns ecrpaniony (E,), ectpiony (E;), mporecre-
pony (Ilr), cekccrepoin3s’szytouoro riaoodyniny (CC3I),
nposaktuHy (ITpxr) Ta KOPTU30JIy TTPOBOIMIIOCH IIIJISIXOM
eJieKTpoxeMintoMiHeclieHTHoro imyHoaHannizy ECLIA ta
iMyHO(DepMEHTHUM METOIOM 3 BUKOPUCTAHHSIM CTaHIAPT-
HUX HabopiB pipmu Immunotech. BusHaueHHs1 KarexoJa-
MiHiB: agpeHaniny, HopanpeHaniny (HA), nodbaminy (JA)
IIPOBOIMIM METOIOM BUCOKOE(EeKTUBHOI PiTMHHOI XpoMa-
torpadgii (Agilent Technologies, USA).

CraTucTnyHa 00poOKa OTPUMAHUX TaHUX TIPOBOIMIACS
3a JI0OMIOMOTOI0 CTaHAAPTHOTO MakKeTa Mporpam Statistica
for Windows 13.0. JlocaimkeHHs IpoBeaeHe B paMKax Ha-
yKoBo-aociigHoi pobotu KHIT «JIbBiBChbKMiT HallioHaIb-
HUI MeauyHUit yHiBepcuteT iMeHi Jlanuna [anuibkoro»
(Ne 0117U001080). docnimkeHHs TPOBOAMIN BiITOBITHO
o npuHuunis l'enbeincebKoi nexnapauii, Konsenuii Paqu
€BpoIu mpo Ipasa JIOIUHY i 0iOMeINIIMHY, BilIIOBITHIX
3aKOHIB YKpaiHU, CyYaCHUX 0i0ETUMHUX HOPM 111010 Oe3Iie-
KU JUTSI 3M0POB’ S MalliEHTOK 3 OTPUMAaHHSIM iH(OpMOBaHOI
3roJy Ta TOTPUMAHHSIM KOH(DiAEeHIIHOCTI 0COOMCTHUX i
MEIUYHUX JaHUX.

PesyAbTaTU

[IpoBeneHi ropMoHaIbHI 00CTEXKEHHS y BariTHUX XiHOK
rnmojaxi y taoa. 1.

IIpoBeneHi mociimkeHHs moKa3aau, 110 y XKiHOK 1-1
rpynu [, E,, ITr, CC3T (p < 0,05) i E;(p < 0,01) 6ynu
3HAYHO 3HMXKEHUMM ITOPIiBHSIHO 3i 3IOPOBUMMU BariTHUMU,
Y XKiHOK 2-i TPyl BMIiCT LIMX TOPMOHIB He BiIpi3HSIBCS Bif
KOHTpOJIbHOI rpynu (p > 0,05). [1poTe y xXiHOK 3 afeHOMiO-
30M BUSIBJICHO MiIBUILIEHUI BMiCT CTPECOBUX TOPMOHIB Bill-
HOCHO KOHTPOJIbHOI rpynu: y 1-it rpymi e Ipxa (p < 0,01)
i koptuzoa (p < 0,05), y 2-i1 rpymi e koptusos (p < 0,05).

Ta6nunuys 1. FlopMoHanibHa xapaKTepucTUKa o6CTeXyBaHUX XIHOK y rnepLuoMy TpuMecTpi BaritHocTi, M = m

pynu xiHOK
MNMokasHuk
1-wa (n = 27) 2-ra (n = 40) KoHTponbHa (n = 50)
Mpn, Hr/MN 48,78 + 5,36™, p < 0,01 28,30 = 2,31*, p < 0,05 23,70 £ 2,70
M, Hmone/n 4,67 £ 0,47**, p < 0,05 7,07 £0,78*, p < 0,05 7,61 +1.22
E,, HMonb/n 2,13 £ 0,68"*, p < 0,05 4,03 £ 0,52*, p < 0,05 4,00 £ 0,34
E,, HMonb/n 1,09 + 0,03**, p < 0,01 1,23 + 0,33*, p < 0,05 1,32 + 0,07
Mr, HMonb/n 43,37 +5,97**, p < 0,05 67,07 + 9,61, p < 0,05 66,33 + 7,23
CCa3r, Hmonb/n 200,91 + 38,17**, p < 0,05 302,50 + 33,22 303,11 + 49,80
KopTuzon, HMonb/n 288,90 + 28,03**, p < 0,05 | 266,07 + 18,33"*, p < 0,05 221,00 + 10,83

TMpumiTkn: * — BiporigHicTb Pi3HULi NOKa3HUKIB MOPIBHAIHO 3 1-t0 rpynoto; ** — BiporigHICTb Pi3HUL NOKa3HUKIB
MOPIBHSIHO 3 KOHTPOJIbHO rpynoto; [1J1 — nnayeHTapHUi 1aKTOreH.

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

Tom 22, N2 3, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

HeouikyBaHMMM BUSBWINCH Pe3yJIbTaTU BU3HAUECHHSI
BMICTy KaTeXOJaMiHiB y CUMPOBAaTIli KPOBi 00CTEXYBaHUX
BariTHUX (TabJ. 2).

VY xiHok 1-1 tpynu BMicT anpeHastiHy Ta HA € minBuiieHnm
MOPiBHSIHO 3 MOKa3HUKaMU KOHTpoJibHOI (p < 0,01) Ta 2-1
(p < 0,05) rpynu. OnHak BMicT JIA € ynBivi HXKYMM 3a TI0-
Ka3HMKU KOHTpoJIbHOI (p < 0,01) Ta B 1,9 paza — 2-i (p < 0,05)
rpymu. OTXe, MOXHA TOBOPUTH, 1110 BaTiTHICTh HA TJIi aleHO-
Mio3y nepebirae 3a yMoB 6i0XiMiYHO MiATBEPIKEHOIO CTPECO-
BOTO rOMEOCTa3y, 1110 pa30M 3 TOPMOHAJTbHUMU MOPYLIEHHSIMU
OTpHMMAJIO KJTiHIYHY peaJti3allilo y BUIJIsIIi HU3K! YCKJIaTHEeHb
nepeoiry rmepiioro TPMMECTpy BariTHOCTI (TabJ1. 3).

OtpuMaHi pe3ynbTaTH ITOKa3aJId, 110 BariTHICTh XKiHOK
3 aIECHOMiI030M, SIKi HE OTPUMYBaJIU MperpaBifapHoOi Mmiaro-
TOBKHU, CYITPOBOIKYETHCSI HEBUHOIIIYBaHHSIM Maiike y 90 %
BuIankiB. BariTHi 2-1 rpynu, siki oTpuMyBajiu ajeKBaTHE
JIIKyBaHHSI, 3a3HaJId 3HAYHO MeHIIe yckiaaHeHb (p < 0,01)
(puc. 1).

I1in yac nmpoBeneHHs1 DOCTIIKEHHSI MU BUSIBUINA KOpe-
JISIIIAHY 3aJIEXKHICTh MixK BMICTOM CTPECOBUX TOPMOHIB Y
CUpPOBATLi KPOBi BariTHUX 3 HEBMHOIIYBAaHHSIM: afpeHaliHy

(r=+71,p<0,01), IA (r = —0,63, p < 0,05), KopTH30ITYy
(r=+0,57, p < 0,05). Mu He BUSIBUJIM 3aJI€KHOCTI MixX
BMicToM HA Ta yacToTOI0 YCKIagHEeHb BariTHOCTI (puc. 2).

O6roeopeHHs

3a JTaHMMU HalIMX CIIOCTePeXeHb, BariTHICTh TTO3UTUB-
HO BIUIMBA€ Ha CUMIITOMU afeHOMiO3y. AIeHOMIOTUYHA
TKaHWHA MMOKAa3Y€E CIPUSATAMBY peakilito Ha [1r, nemoHcTpy-
I0YM CEKPEeTOPHY TpaHchopMallito. AJjle MporecTareHu Ta-
KOX ITiABUIIYIOTh aKTUBHICTh apOMaTa3u SIK B eKTOIIIYHOMY
E€HIOMETpii, TaK i B aeHOMIOTUYHUX TKAHUHAX, TUM Ca-
MMM CIIPUSIIOYM OI0CMHTE3y €CTPOTeHIB Y aleHOMiOTUYHUX
BOTHMIIAX. TakKe IMOJIMIIeHHs CIPUYUHEHE BiJICYTHICTIO
OBYJISILIII, IIIO MPUTHIYYE KPOBOTEUY 3 aIeHOMiOTUYHOI TKa-
HUWHHU, a TAKOX YUCIICHHUMHU MeTa0O0JiYHUMU, TOPMOHATTb-
HUMHM, iIMYHOJOTIYHMMHU Ta aHTIOTEHHUMU 3MiHaMU, SIKi
moB’s13aHi 3 BaritHicTO [8]. [IpoTe BIIMB ameHOMio3y Ha
BaTiTHICTb € HETaTUBHUM, 1110 3yMOBJIEHO MOPYIIEHHSIMU
€HIOKPUHHOI CUCTEMHU Ta iIMyHHOI BilIIIOBiJli OpraHizmy
KiHKM Ha MiCLIEeBOMY Ta CUCTEMHOMY PiBHSIX, BiTOYBa€ThCS
KpOBOTEYa 3 aIcCHOMIOTUYHOI TKAHUHU, MOJIEKYJISIPHI Ta
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| B KoHTponbHa rpyna 1-warpyna M 2-rarpyna |

PucyHok 1. Hactora ycknagHeH» y BariTHux
06CTEXYBaHUX TPy

PucyHok 2. [luHamika BMicTy kaTexonamiHis
y BariTHUX XXiHOK

Tabnuys 2. Bmict katexonamiHiB y cupoBartLi KpoBi 06CcTexXyBaHUX XiHOK, M £ m

pynu xiHOK

Moka3Huk
1-wa (n = 27) 2-ra (n = 40) KoHTponbHa (n = 50)
ApnpeHarniH, Hr/n 70,30 + 6,07**, p < 0,01 40,90 +4,91*, p < 0,05 38,17 + 4,19
HA, Hr/n 427,10 £ 2,98**, p < 0,01 | 235,30 + 6,00%, p < 0,05 233,25 + 3,99
DA, Hr/n 36,45 + 0,83", p < 0,01 68,97 + 0,99*, p < 0,05** 79,78 + 1,26

TMpumitkn: * — BiporigHicTe Pi3HULi NOKa3HUKIB NOPIBHSIHO 3 1-10 rpynoto; ** — BiporigHiCTb Pi3HULI NOKa3HUKIB
MOPIBHSIHO 3 KOHTPOJILHOO IPYIoH0.

Ta6bnuysi 3. OcobnunsocTi nepeb6iry | TpumecTpy BaritTHOCTi B 06CTeXYBaHUX XiHOK, abc.4. (%)

pynu xiHOK

XapaktepucTuKa ycknagHeHb

KoHTponbHa (n = 50) 1-wa (n = 27) 2-ra (n = 40)
3arpogsa abopTty - 18 (66,7) 3(7,5)
CamoBinbHun abopt - 4 (14,8) 1(2,5)
MpunuHeHHa po3BUTKY eM6pioHa - 3(11,1) _
PaHHin rectos 2 (4,0) _ _
MaTonoria nnaueHTauii - 4 (14,8) 1(2,5)
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(GYHKIIIITHI aHOMaJIil eKTOIIYHOTO eHIOMETPisl, aHOMaJIbHa
rUIalleHTallisl Ta pydHHYBaHHS aJeHOMIOTUYHOI TKAHUHU
yepe3 3MiHM TOPMOHAJILHOTO CEpefoBUIIA, TPUTAMaHHI
BaTiTHOCTI [8], 1110 moKa3aim pe3yabTaTy HaIloro JOCHTi-
mxeHHs. CeKpeTopHi 3MiHM, 30KpeMa Jaerpaaallis 1apis
Yy BOTHUIIIAX aJeHOMiO3y, TIepeBaXkHO CIIOCTEPIraloThes
i/ yac BariTHOCTI Ta JIiKyBaHHSI €K30r€HHUMU IIporecra-
reHamu, orocepenkoBaHMMU yepe3 peuentopu E, Ta I1r.
Brimus I1r B HeBariTHiil MaTIli CrTOCTEPiraeThes MPUOIU3HO
y 30—50 % BorHuIIl aAeHOMiO3y. ABTOPH BiI3HAYaIM Iere-
Hepallilo ITiJ Yac BariTHOCTI, 0COOJIMBO Y TJIMOOKIX BOTHU-
111ax, TOMi SIK JereHepallis BiIcyTHs ab0 € MiHiMaJIbHOIO ¥
BOTHMIIIAX MO0 IM3Y 0a3aJIbHOTO 111apy MeXi eHIIOMeTpis Ta
MiomeTpis [9, 10].

VIpomoBxK MEeHCTpyaJIbHOTO LIMKJTY B HOpMi BimOyBa-
I0ThCSI CKOPOUEHHSI MAaTKU, 1110 HA3UBAIOTbCS XBUISIMU €H-
IIOMETPpis, SIKi 3a4iIatoTh TIIbKU CyOeHIOMEeTpiaIbHUI I1ap
MioMeTpis. Y XiHOK 3 alecHOMiO30M CKOPOUYEHHSI MaTKU €
YacTilIMMU, ITMPIIMMHU Ta MarOTh OibIMii ToHyc [11, 12],
1110 TIOSICHIOE BEJIMKY YaCTOTY HEBUHOIIYBAHHS BariTHOCTI
Y XKiHOK 3 aJIeCHOMiO30M, 1110 MOKAa3aJu Pe3yJIbTaTh HallnX
JOCITIIKEeHb.

OTpuMaHi HaMU J1aHi y3roJKYIOTbCs 3 pe3yJibTaTaMu
A.L. Zippl et al. (2025), 1110 aneHOMi03 OB’ sI3aHUI 3 HIK-
YOI0 IUIALIEHTAIII€I0 Ta BULIUM PU3UKOM BUKUIHIB [13].
Hamni nocnimkeHHsT TaKoX IoKa3ald BUCOKY YacTOTY Ma-
TOJIOTIi TUTAIIEHTALIi1 Y )KiHOK 3 aJIeHOMiO30M, IIIO 30ira€ThCs
3 HeIllOAaBHO onKvcaHuMU Buragkamu [14]. JocaimkeHHs
3BUYHOTO HEBUHOIIYBaHHS Ta HEBAAJIOI iMILUIaHTALil TTO-
Kazaju, 10 NOMyJISIil iIMyHHUX KJIITUH €HIOMETpis Bi-
IirparTh KJIIOYOBY pOJb ITill Yac iMIUIaHTAallil Ta paHHbOI
BariTHocTi [15]. BueHi nmoBimomuin, 1110 y XiHOK 3 aJigHO-
MiO30M CITOCTepiraeThCs IMOJIMIIEeHHST pe3yJbTaTiB BariT-
HOCTI TICJISI 3aCTOCYBaHHS JOTIOMIKHUX PEMPOITYKTUBHUX
texHooriit (JIPT) Ta monepenHbOro JikyBaHHsI arOHicTaMu
FOHAIOTPOMNiH-PUITI3UHT-TOPMOHY. VIMOBIpHO, Lieil eeKT
YaCTKOBO 3yMOBJICHUIi BIUTMBOM Ha CYOTIOMYJIsIIii MOHOLIM-
TiB. TakoX y Malli€eHTOK 3 aleHOMiO30M BUSIBJIEHO BUCOKY
MONIUPEHICTh MiABUILEHOTO PiBHS KJIITUH HAaTypaJbHUX
Kinepis [13].

Ilomanplre criocTepesKeHHS 3a IepebiroM BariTHOCTI
Y XXKiHOK, XBOPUX Ha aJeHOMi03, € HEOOXiTHUM, OCKUIbKU
aBTOPM BKa3YIOTh Ha BUCOKY YaCTOTY ITOPYILICHHS nepdy3ii
mianeHTH [ 16], pu3nK nepemyacHUX MOJIOTIB, OITePaTUBHO-
ro PO3pOIKEeHHsI, HEOHaTaabHOI rocmitaiizaitii [17]. docmi-
TKEeHHSsI, TIPOBEIcHE B YHIBEpCUTETChKil JikapHi CTpacOyp-
ra, mokasajo, 110 y KiHOK 3 aleHOMiO30M ITiJl Yac BariTHOCTI
OyJia IIBUIEHA KiJTbKiCTh OIIEPAaTUBHOIO PO3POIKEHHS,
CHHJIIPOMY 3aTPUMKM POCTY TIJI0/1a, TIPEeKIaMIICii, CITOHTaH-
HOTO BUKHUOHS Ta IiCJISIIION0roBUX KpoBoted [18]. Perpo-
CMEKTUBHE JIOCIIIKEHHsI, TPOBEeHe B LIEHTPi TPETUHHOT
nepruHaTaIbHOI JOIIOMOTH, BKJIIOYaIo 88 BariTHUX XKiHOK 3
a7IeHOMi030M Ta OJHOTUIIAHOIO BaTiTHICTIO. ABTOPU TOKa-
314, 1110 y NMALIEHTOK 3 TU(Y3HUM aI€HOMIO30M YacToTa
HeBUHOIIIyBaHHs BariTHOCTI y 11 TpumecTpi csarana 16,7 %,
nepeayacHOro PO3pUBY TIOJOBUX 000JIOHOK — 19,4 %,
npeexkyamricii — 25,0 %. Y nochimkeHHi oKa3aHo, 110 Jac-
TOTA YCKJIQJIHEHb BariTHOCTI 3aJIEXKUTh BiJl CTYIEHSI Ta JIoKa-
Jizaiii aneHoMiosy [19]. Cutyaitist yCKJIaqHIOETBCS TUM, 1110
JKiHKM 3 aeHOMiO30M YacTO MalOTh Oe3IUTIAHICTh, CTAapIIIi 3a

BiKOM, BariTHiIOTh 3a moromororo JAPT, i i dakropu cami
1o cobi MOXYTb HapaXaTu MallieHTOK Ha BUCOKUI PU3UK
aKyIIEePChKUX YCKIaIHEHb.

Binomo, 1110 1ipy eHmoMeTpioMi Ta aneHOMio3i TopyIIry-
€ThCS PO3BUTOK SIMLIEKJIITUH Ta eMOpioHiB. [ Ge3rutia-
HUX, siKi ToTpeOytoTh JAPT, HeoOXinHe rornepenHe JTiKyBaH-
Hs [20, 21]. YacToTa eyIaioiiHUX BUKUAHIB 30LIbIITYETHCS
IIpY afeHOMi03i [22]. ABTOpU BIIepIle IIPOAeMOHCTPYBaIN,
110 aJIEHOMi03 MOB’SI3aHU 3 MiABUIEHUM PU3UKOM BUKH/I -
H$I He3aJIeXHO Bif BiKy MaTepi Ta iHmekcy macu Tina. Cepen
MpoaHaizoBaHUX (haKTOPiB 3BUMHOTO HEBUHOIIYBaHHS
BariTHOCTI mepiie Miclle BiIBOAUTHCS aaeHoMiosy [23].

JlocaimkeHHST IToKa3aJiu, 110 IMalliEHTOK 3 aaeHOMio-
30M CJIiJl pO3MJISIIATH SIK )KiHOK BUCOKOTO aKyIlIepChbKOro
pusuky. P. Vercellini et al. (2023) Bka3yioThb, 110 Y XiHOK 3
aJIeHOMiO30M Ta €HJOMETPiO30M CITOCTEPIiranocs 3HUKEH-
HSI YaCTOTU HAaCTaHHS BariTHOCTI Ta XMBOHAPOJXKEHHS,
a TaKOX 30iJbIIEHHS] YaCTOTU BUKUIHIB, TIPUUOMY TipIiri
MOKa3HUKM OYJIM y MalliEHTOK 3 aI€HOMiO30M, HiX 3 €HIIO-
MeTpio30M. ABTOPU OTMCAJIU TaKe YCKJIaTHEHHSI, SIK CTIOH-
TaHHUI reMONEPUTOHEYM Mill Yac BariTHOCTI, Ta BKa3alu,
110 aAeHOMiO03 TTOB’SI3aHUI 3 XipypriYHUMM YCKIaTHEHHSIMM
ITiJ] yac KecapeBoro po3TuHy [24].

HemonaBHili MeTaaHali3 BIUIMBY aIeHOMiO3y Ha perpo-
JIYKTWBHI pe3yIbTaTy BUSIBUB 43 % 3HUKEHHS BiTHOLIEHHS
IIAHCIB 7151 KJIiHIYHOI BariTHOCTI Ta TpUpPa30Be 30iIbIIEHHSI
PU3UKY BUKUIIHS Y XKiHOK 3 aJIeHOMi030M TTOPiBHSIHO 3 KOH-
TPOJILHOIO IPYIOI0. AICHOMIO3 TICHO MOB’SI3aHUI 3 TIpe-
€KJIaMIICi€10, MaJIOIO Barolo IS TeCTalliiiHOTO BiKy, ITepe/-
YaCHUMM TojioraMu. Jlesiki criocTepeskeHHsI CBimJaTh Mpo
Te, 1110 MMOBIPHICTh KJIiHIYHOI BariTHOCTI y BUMNaaKaX IJIv-
060KOTrOo iH(MIIBTPYIOUOTO aIEHOMIO3Y Ta EHIOMETPiO3y CTa-
HOBUTB 0J113bKO 11,8 % [25]. AHasti3 mokasas, 110 y 3KiHOK 3
aIeHOMiO30M CITOCTEPIraIiCsT HIDKYI ITOKA3HUKY KITiHITHOT
BariTHOCTI Ta ii TPUBAJIOCTI MOPiBHAHO 3i 3I0POBUMM XiH-
Kamu. BogHouac piBeHb BUKUIHIB OyB BUIIMM, a Pe3yib-
tatu 3actocyBaHHs JIPT — ripmiumu. ABTOpY BKasyloTh,
1110 XipypTriuHe JiKyBaHHS 30iIblIy€e IIaHCU TPUPOIHOIO
3a4artTs, a JiKyBaHHS TOHAJI0TPOITiH-PUJTI3MHT-TOPMOHAMU
He nosinmye pedyabratu JAPT [26]. TIpoTe € 3HUXKEHHS
piBHS XuBoHapomkeHH mmicis I PT y XiHoK 3 ameHOMio30M
[27]. KopucTb TpuBaaoro JikyBaHHsI TOHAIOTPOITiH-pUTi-
3UHT-TOPMOHAMM Y XKiHOK 3 aI€HOMiO30M, SIKi IIPOXOISTh
JTiKyBaHHS 3a mortoMoroo JIPT, € HeBu3HaYeHOIO Ha OCHOBI
HasIBHUX PETPOCIEKTUBHUX NOCTimkeHb. YacToTa iMmiaH-
Tallii Ta KJIiHIYHOT BariTHOCTI OyJia BUIIOIO ITiC/Isl TPUBAJIOTO
3HVDKEHHST PeryJisiiiii y il momyssiii, xoya CTaTUCTUIHO
3HAYYIIOI Pi3HUIII B YaCTOTi JKUBOHAPOIKEHD Ta BUKUIHIB
He Oyito [28].

AneHoMio3 MOXe 3MiHIOBaTH I1Iap MiOMETpisl Ta BIUIMBA-
TH Ha Hioro (yHKILil, 0cCOOJUBO Ha MEePUCTATBTUKY MaTKH,
BU3HAYAlOUU HECTIPUSTIUBI PENPOAYKTUBHI pe3yabTaTh
[29]. Hesiki aBTOpU BBaXKaroTh, 110 CyOEHIOMETpiaTbHUIA
11ap MiOMETpisl Bilirpa€e MeBHY poJib Y PENPOAYKTUBHOMY
pe3ynbTari, 0epydu y4acTb Y TPaHCIIOPTYBaHHI CriepMaTo-
30i/iB, 2 TAKOX Y TPAHCIIOPTYBaHHi Ta iMITJIaHTallii 06J1acTo-
muctu [30].

HaBeneni Buiie pakTy JriTepaTypHUX JIKepeJT Ta Blac-
HUX AOCJiIXeHb OOTPYHTOBYIOTh OTPUMAaHi pe3yjabTaTu
repe0iry BariTHOCTI y XKiHOK 3 aJleHOMi030M, sIKi MaHi(dec-
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TYIOTb BX€ Y IIEPIIIOMY TPUMECTPi BariTHOCTI, IpoTe podoTa
noTpedye MPOJOBXKEHHS ISl 3’ sICyBaHHSI OCOOJIMBOCTEM
IPYTOro Ta TPeThOro TPUMECTPIB, ITOJIOTIB i CTaHy HOBO-
HapoIKeHNX. AKYIIePChbKi YCKIagHEeHHS ITPU BaTiTHOCTI
y >KiHOK 3 aJleHOMiO30M € MaJIOBUBUEHOIO rajly3310, TOMY 3
OIJIsIly Ha 3pOCTaHHSI YaCTOTH 11i€i MaToJIOTil Ta ITOMOJIO -
IIaHHS aJeHOMi03Y MOJANbIIII JOCTIIKEHHS € HEOOXiTHUMU
IJIST PO3pOOKY KOMITIEKCY IIperpaBifapHoi IiATOTOBKH IIi€l
KOTOPTH MalliEHTOK.

BMCHOBKM

ZKiHOK 3 aIeHOMi030M CJTiJl BBaXKaTH TaKMMMU, 1110 MalOTh
BUCOKMH aKylIEpChbKUI PUBHK, i IX CJTiJl CKEpOBYBaTH 10
LIEHTPiB TPETUHHOI MEIMYHOI JOITOMOTH, [I€ iX MOXKHa 0e3-
MEYHO CIIOCTEPiraTy BIIPOIOBX BariTHOCTI 10 MoJIOTiB. PaH-
HE BUSIBJICHHSI aIeHOMi03Y 3a JOMOMOTIOI0 BizyatizaliiitHuX
METO/IiB 00CTEeXEeHHSI 10 Ta/abo IiJ Yyac paHHIiX TepMiHiB
BaTiTHOCTI MOXe JOITOMOITH y JiarHOCTHIII afeHOMiO3y Y
BaTiTHUX XiHOK i TO3BOJUTU CTpaTU(iKallilo Py BUCOKOTO
PU3UKY aKylIepChKUX YCKIIAAHEHb. Y XIiHOK 3 aIeHOMiO-
30M Yy MepLIOMY TPUMECTPi BariTHOCTI BUSIBJIEHO 3HVKEHHS
BMICTy €CTpOTeHiB i mporectepony (p < 0,05), miaBuieHMA
BMicT ctpecoBux ropmoHis: Ilpxa (p < 0,01) i Koptuzony
(p < 0,05). BusiBneHa kopeJsiis Mi>k BMiCTOM CTPECOBUX
TOPMOHIB y CUPOBAaTIIi KPOBi BariTHUX 3 alecHOMiO30M Ta
HeBUHOIYBaHHSAM: aapeHatiny (r = +71, p < 0,01), A
(r=-0,63, p <0,05), koptusony (r=+0,57, p < 0,05). I1po-
BEIeHHSI MMperpaBiTapHoi MiATOTOBKH Y XiHOK 3 aleHOMio-
30M 3HAYHO 3MEHIIIYE YACTOTYy HEBUHOIITYBaHHS BaTiTHOCTI
Ta MaTOJIOTiIO TJTalleHTallii.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOT PO BiZICYTHICTb
KOHQJIIKTY iHTepeciB i BjacHO1 (piHaHCOBOI 3alliKaBJI€HOCTI
MIPU IiATOTOBIIi TaHOI CTAaTTi.

Indopmauis npo dinancyBannd. JlocnikeHHs BUKOHaHE
B pamkax HAP JIHII «JIbBiBCchbKMii HALTiOHABHUI MO~
HUM yHiBepcuteT iMeHi Janmna [anuibkoro» «Ymocko-
HaJIeHHs MPpOoQiIaKTUKU iHTpaHATAIbHOIO ITOIIKOMXKEHHSI
TUT0/1Ia TPV aHOMAJTiSIX CKOPOTJIMBOI isITTbHOCTI MaTKM» (HO-
Mep nepxpeecrtpatii 0122U000166).

Buecok aBtopiB. CemeHnHa I'.b. — KoHLenis i iu3aitH
TMOCJiIXKEeHHS, 30ip JaHUX, aHaIi3 Ta iIHTepIIpeTallisl TaHuX,
HaIMCAaHHS CTaTTi, OCTaTOYHE 3aTBEPIKEHHS CcTaTTi; MaH-
n3iii .M. — 30ip maHuX, pemaryBaHHsSI CTaTTi, OCTaTOYHE
3arBepakeHHs cTaTTi; Jopomenko-Kpasunk M.B., Ko-
putko O.0. — 306ip JaHUX, OCTATOUYHE 3aTBEPIKEHHSI CTaTTi;
Yrpun O.M. — aHaJti3 Ta iHTepIpeTallist JaHUX, OCTaTOYHE
3aTBEPIKEHHS CTaTTi.
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Hormonal basis of the pathological course of the first trimester
of pregnancy in women with adenomyosis

Abstract. Background. Adenomyosis is internal endometriosis of
the uterus, in which endometrial glands and stroma deeply and
chaotically infiltrate the myometrium. Adenomyosis is a common
disease with poorly understood pathogenesis and pathophysio-
logy, its incidence ranges from 10 to 57 %. Risk factors include
childbirth, a history of dilation, curettage, and other uterine sur-

geries that can disrupt the endometrial-myometrial interface and
promote invasion, implantation, embedding, and formation of
endometrial colonies in the myometrial wall, increasing the deve-
lopment of adenomyosis. The course of pregnancy in women with
adenomyosis is unclear. The purpose was to investigate changes in
hormonal balance during pregnancy in patients with adenomyosis
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and their impact on the spectrum of complications in the first
trimester of pregnancy. Materials and methods. One hundred and
seventeen pregnant women were under observation. The first group
included 27 patients with adenomyosis, whose pregnancy was
followed up in accordance with current regulatory documents, the
second group consisted of 40 women who received the adenomy-
osis treatment we proposed and underwent pre-pregnancy train-
ing, and the control group included 50 healthy pregnant women.
Participants underwent hormonal examinations: determination
of estradiol, estriol, progesterone, sex hormone-binding globulin,
prolactin, cortisol, and catecholamines. Statistical processing of
the obtained data was carried out using the standard Statistica
for Windows 13.0 software package. Results. In group I, the con-
tent of estradiol, progesterone, sex hormone-binding globulin
(p < 0.05) and estriol (p < 0.01) was significantly reduced com-
pared to healthy pregnant women. In group II, the level of these
hormones did not differ from that of the control group (p > 0.05).
Women with adenomyosis showed an increased content of stress
hormones compared to the control group: in group I, it was pro-
lactin (p < 0.01) and cortisol (p < 0.05), in group I1, it was cortisol
(p < 0.05). In group I, the level of adrenaline and noradrenaline
is higher than that of the control group (p < 0.01) and group II

(p < 0.05). The dopamine content is halved compared to the con-
trols (p < 0.01) and 1.9 times lower than in group II (p < 0.05).
Therefore, pregnancy with adenomyosis occurs under conditions
of biochemically confirmed stress homeostasis, which, togeth-
er with hormonal disorders, manifests clinically in the form of
complications during the first trimester of pregnancy. Pregnancy
in women with adenomyosis who did not have pre-pregnancy
training is accompanied by miscarriage in almost 90 % of cas-
es, unlike women in group II (p < 0.01), and 4 times more often
than in patients with placentation pathology. Conclusions. Patients
with adenomyosis should be considered at high obstetric risk. In
women with adenomyosis, a decrease in estrogen and progester-
one (p < 0.05), an increase in stress hormones such as prolactin
(p <0.01) and cortisol (p < 0.05) was detected in the first trimester
of pregnancy. A correlation was found between the content of stress
hormones in the blood serum of pregnant women with adenomy-
osis and miscarriage: adrenaline (r = +71, p < 0.01), dopamine
(r=-0.63, p<0.05), cortisol (r=+0.57, p < 0.05). Pre-pregnancy
training in women with adenomyosis significantly reduces the
incidence of miscarriage and placentation pathology.

Keywords: pregnancy; adenomyosis; hormones; miscarriage; pla-
centation pathology
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The impact of infertility on serum heat shock protein 70,
adropin and orexin levels in women:
a case-control study

Abstract. Background. Infertility is a major reproductive health issue affecting millions of women worldwide.
Recent studies have highlighted the potential roles of metabolic and neuroendocrine peptides, including heat
shock protein 70 (HSP70), adropin and orexin, in reproductive physiology. This study purposed to evaluate serum
levels of HSP70, adropin and orexin in infertile women compared to fertile controls. Materials and methods. This
case-control research, which involved 60 women with primary infertility, was carried out in Baghdad, Iraq. Control
group included 30 age-matched healthy fertile women. The age of participants ranged from 20 to 45 years. Diag-
nosis of infertility was confirmed through hormonal profiling (follicle-stimulating and luteinizing hormone) and ultra-
sonography. An enzyme-linked immunosorbent assay was used to detect the levels of serum HSP70, adropin and
orexin. Mean hormone content in each group were compared using statistical analysis. Results. When compared
to the control group of fertile women, there was a significant increase (P < 0.05) in follicle-stimulating hormone and
prolactin levels and no significant difference (P > 0.05) in luteinizing hormone. The difference in follicle-stimulating
hormone content between body mass index groups was significant (P > 0.05), and no significant difference was
found in age groups. The results showed that adropin levels in the primary infertility group decreased significantly
(P < 0.05), with significant increase in HSP70 and orexin when compared to control group. There was a positive
correlation between luteinizing and follicle-stimulating hormone and prolactin, prolactin and follicle-stimulating
hormone, thyroid-stimulating hormone and prolactin, while strong negative correlation was found between adropin
and thyroid-stimulating hormone. Conclusions. Lower levels of adropin and orexin in infertile women may reflect
impaired metabolic and neuroendocrine pathways contributing to infertility. These biomarkers could serve as po-
tential indicators for reproductive dysfunction.

Keywords: neuroendocrine peptides; thyroid-stimulating hormone; prolactin; infertility; reproductive health; adro-
pin; orexin

Introduction on new forms. Despite the fact that couples have always

The inability to conceive after at least a year of consistent,
unprotected sexual activity is known as infertility. About 10
to 15 % of couples globally experience it, and there are a
number of reasons why, including hormonal imbalances,
ovulatory dysfunction, anatomical abnormalities, and meta-
bolic disturbances. The interplay between metabolic and
neuroendocrine systems is essential for maintaining normal
reproductive function [1]. Since the beginning of time, infer-
tility has plagued people, but in the present day, it has taken

had challenges with conception and delivery, infertility has
become much more common in recent generations, denying
millions of people the opportunity to experience parenting.
Infertility is now at the forefront of public health conver-
sations due to this expanding problem, underscoring the
pressing need for more awareness, investigation, and efficient
management [2]. Follicles are drawn from the pool of dor-
mant follicles and activated during a woman’s reproductive
life. Follicle-stimulating hormone (FSH) and luteinizing
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hormone (LH), two gonadotropins released by the anterior
pituitary gland, tightly control follicle formation. Because it
promotes follicular maturation, luteinizing hormone has a
significant impact on follicle growth [3, 4].

Prolactin (PROL), FSH, and thyroid-stimulating hor-
mone (TSH) rank among the hormonal modulators of re-
productive function, particularly in maintaining the hypo-
thalamic-pituitary-ovarian axis and consequential normal
ovulation [5]. Furthermore, while ample research exists to
highlight the consequences of thyroid dysfunction in females,
the impact of thyroid dysfunction and the certainty of such
outcomes on male reproductive function are less clear. Some
sources indicate that thyroid hormone disorders can im-
pact sexual dysfunction that is potentially reversible with
normalization of thyroid hormones [6]. Thyroid hormones
(THs) also participate in the educational physiology of the
male, particularly ejaculation and mediating testicular func-
tion through nuclear receptors. However, evidence is limited
regarding the association of thyroid dysfunction and male
infertility. Furthermore, there is no consensus related to thy-
roid function and male or female fertility [7, 8].

Additionally, heat shock protein 70, or HSP70, is a
chaperone that plays a significant role in protecting cells
from oxidative and inflammatory injury which can possibly
be a risk for ovarian dysfunction and infertility. Research-
ing the correlation between these biomarkers will provide a
better understanding of the pathological mechanisms behind
female infertility. The healthy eye has overexpressed HSPs,
also recognized as chaperone proteins (chaperones). Fur-
thermore, HSPs are resistant to apoptosis pathways and in-
flammation. The literature also highlights the role of HSP70
proteins in regulating cell signaling and modulating the im-
mune response along with chronic disease (e.g., diabetes,
obesity, insulin resistance) [9, 10]. The anti-inflammatory
properties of HSPs (heat shock proteins) are not well under-
stood, but it is likely that they decrease the levels of inflam-
matory mediators, evidenced by their ability to interfere with
TNF-a release, by binding to NFxB (a transcription factor
for many pro-inflammatory genes) and the inhibitor IxB
[11]. HSP expression is regulated by the transcription factor
heat shock factor 1 (HSF1). In the chaperone model, HSF1
is normally held in an inactive complex with HSP90, HSP40
and HSP70 in unstressed cells. In times of cellular stress,
when the need for high levels of HSP is necessary, HSF1
is released from the complex and migrates to the nucleus.
Once relocated, active, homotrimeric, hyperphosphorylated
HSF1 binds to HSEs (heat shock elements) in the promoters
of HSP genes allowing for transcriptional activation of HSP
expression [12].

Adropin is a peptide hormone that affects insulin sensi-
tivity, lipid metabolism, and energy homeostasis. The liver,
brain, and endothelial tissues are where it is most commonly
expressed. Emerging evidence suggests that adropin may
also influence reproductive processes through its regulatory
effects on gonadotropin release and ovarian physiology [13].
The circulating levels of adropin appear to be modulated by
basic demographic characteristics, including gender, age, and
BMI. Observational evidence frequently links low adropin
levels to conditions like obesity, metabolic syndrome, and
type 2 diabetes, implying the protein is involved in insulin

resistance. Experiments in diabetic animal models demon-
strate the therapeutic potential of adropin, as its treatment
enhanced insulin sensitivity and glycemic control. Inconsis-
tent data on adropin levels in type 2 diabetic patients muddle
the picture despite this strong evidence. These differences
show that the physiological function of adropin in diabetes
is probably more complex than previously thought [14, 15].

Orexin, also known as hypocretin, is a neuropeptide pro-
duced in the hypothalamus that regulates appetite, sleep-
wake cycles, and energy metabolism. Recent data have linked
orexin signaling to reproductive hormone modulation and
gonadal activity [16]. In 1998, two independent research
teams identified a pair of neuropeptides for the first time.
Because these peptides are expressed in dorsolateral hypo-
thalamic neurons and have structural similarities to incretin
peptides, they were originally named hypocretins. The term
orexins (OXs), derived from the Greek word orexis meaning
“appetite”, was later adopted, as intracerebroventricular in-
jection of these peptides was found to stimulate food intake
in a dose-dependent manner. Both peptides originate from a
common precursor molecule known as prepro-orexin (pre-
pro-0X), which is enzymatically cleaved to yield the active
forms, orexin-A and orexin-B (OX-A and OX-B). Among
these, OX-A selectively binds to orexin receptor type 1
(OX1R), whereas both OX-A and OX-B interact with orexin
receptor type 2 (OX2R) [17, 18].

The purpose of the study is given the physiological overlap
between energy balance and fertility, alterations in adropin
and orexin levels may play a role in the pathogenesis of infer-
tility. However, limited data are available on these parameters
in women with primary infertility. This study aims to evaluate
serum HSP70, adropin and orexin concentrations in infer-
tile women compared with fertile women control group in
Baghdad, Iraq.

Materials and methods

This case-control study was conducted in Baghdad, Iraq,
between November 2024 to March 2025. A total of 90 women
were enrolled, including 60 patients diagnosed with prima-
ry infertility and 30 age-matched healthy fertile women as
controls. Participants were aged between 20 and 41 years.
The diagnosis of infertility was confirmed by a gynecologist
based on clinical history, hormonal assessment (prolactin,
FSH and LH), and ultrasonography by s specialized doctors.
The assay combines a final fluorescence detection step (en-
zyme-linked fluorescence assay, or ELFA) with the one-step
sandwich enzyme immunoassay method. Every stage of the
assay was automatically completed by the Vidas device.

Women with secondary infertility, metabolic disorders,
endocrine diseases, or systemic illnesses were excluded
from control group. Before analysis, the serum was isola-
ted and kept at —20 °C. Serum HSP70, adropin and ore-
xin concentrations were determined in accordance with the
manufacturer’s instructions using commercially available
enzyme-linked immunosorbent assay (ELISA) kits.

Statistical analysis was performed using XLSTAT standard
software. Data were expressed as mean * standard deviation.
Independent t-tests were applied to compare the two groups
and ANOVA test between three groups, and a P value < 0.05
was considered statistically significant.
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Results
Comparison of serum gonadotropins (LH, FSH),
prolactin, and TSH levels between primary
infertile and fertile women

Levels of LH, FSH, prolactin and TSH of patients and
control groups levels in the serum were shown in Table 1. The
results showed that the levels in the primary infertility patient
group are significantly increased (P < 0.05) in FSH, PROL,
and, not significantly changed (P > 0.05) in LH and TSH levels.

Serum LH, FSH, prolactin, and TSH levels
according to age and BMI categories
in women with primary infertility

The results in Table 2 showed the levels in the primary
infertility women patient group are not significant difference
(P > 0.05) in all parameters levels between age and BMI
groups, except a decreased in B1 group comparing to B2 and
B3 groups in FSH level.

Comparison of serum HSP70, adropin,
and orexin levels between primary infertile
and fertile women

Levels of HSP70, adropin and orexin ng/ml of patients
and control groups levels in the serum were shown in Table 3.
The results showed the levels in the primary infertility patient
group are a significant decrease (P < 0.05) in adropin levels,
and significant increase in HSP70 and orexin levels when
compared to fertile women control group.

Serum HSP70, adropin, and orexin levels
according to age and BMI categories
in women with primary inferfility

The results in Table 4 showed the levels in the primary
infertility women patient group are a significant decrease
(P < 0.05), and a significant increase (P < 0.05) in orexin
levels and between age groups, and no significant difference
in BMI groups.

Table 1. Serum level of LH, FSH, PROL and TSH, mean = SD

Parameters Fertile women, n = 30 Primary infertility, n = 60 P value/t-test
LH (mIU/ml) 5.39 + 1.62 5.16 + 1.88 > 0.05
FSH (mIU/ml) 6.08 +1.45 6.74 +1.73 <0.05
PROL (ng/ml) 13.38 + 3.44 31.60 + 6.98 <0.05
TSH (1U/) 3.79 = 0.21 422 +0.34 > 0.05
Table 2. Serum level of LH, FSH, PROL and TSH according to age and BMI in primary infertility, mean = SD
Parameters LH FSH PROL TSH
A1 (20-30 years) 5.62 +1.77 6.72 +2.17 31.6+7.8 3.98 + 0.20
Age A2 (31-41 years) 5.31 £ 1.50 6.63 + 1.86 32.3+7.1 453+0.18
P value/t-test > 0.05 > 0.05 > 0.05 > 0.05
B1 (20-24.9) 5.45 +1.94 6.26 + 1.31 31.64 +7.07 4.44 +0.30
BMI B2 (25-29.9) 5.38 + 1.48 717 +1.91 30.79 + 4.98 419 +0.20
B3 (> 30) 5.18 + 1.58 7.20 +1.31 35.44 + 35.44 4.39 +0.32
P value/t-test > 0.05 <0.05 > 0.05 > 0.05

Table 3. Serum level of HSP70, adropin and orexin, mean = SD
Parameters Fertile women, n = 30 Primary infertility, n = 60 P value/t-test
HSP70 (ng/ml) 9.32 +2.35 19.43 + 3.34 < 0.05
Adropin (pg/ml) 121.01 £+ 9.86 47.76 £ 13.78 <0.05
Orexin (ng/ml) 21.10+5.44 60.49 + 12.61 <0.05

Table 4. Serum level of HSP70, adropin and orexin according to age and BMI in primary infertility, mean = SD

Parameters HSP70 Adropin Orexin
A1 (20-30 years) 19.3+ 3.5 61.24 + 11.05 45.60 £ 9.50
Age A2 (31-41 years) 19.8 £2.7 40.79 £ 10.52 73.28 £ 7.09
P value/t-test > 0.05 <0.05 <0.05
B1 (20-24.9) 19.28 £ 2.40 44.66 + 9.66 59.52 + 9.89
BMI B2 (25-29.9) 18.94 + 3.33 45.39 + 11.70 59.10 £ 11.14
B3 (> 30) 19.93 + 2.69 48.01 £ 14.97 59.20 + 10.36
P value/ANOVA test > 0.05 > 0.05 > 0.05
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Pearson correlation coefficient (r) between
hormonal and biomarker parameters
in women with primary infertility

In Table 5, the findings presented the correlation co-
efficient (r) between parameters. The findings indicated:
there was a positive correlation between LH and FSH, LH
and PROL, PROL and FSH, TSH and PROL, while strong
negative correlation between adropin and TSH.

Discussion

Elevated blood prolactin concentration, also known as
hyperprolactinemia, has, over the years, been established as
an important cause of female infertility. Lactogenic hormone,
also known as prolactin, is involved in the process of lactation
and other aspects of reproductive systems. Any deviation from
this range can lead to menstrual irregularities, anovulation,
and, consequently, infertility [19]. The regulatory connection
of PRL, FSH, and TSH in the hypothalamic-pituitary-go-
nadal (HPG) axis is complicated and interdependent. The
foremost regulator of FSH and LH secretion is gonadotro-
pin-releasing hormone (GnRH), which is produced and se-
creted by the hypothalamus while PRL and TSH are also
significant regulators within this axis [20]. Elevated PRL
levels influence FSH concentrations. A significant increase
in PRL inhibits GnRH secretion by acting on the hypotha-
lamus, which in turn reduces FSH and LH levels. This hor-
monal suppression may impair ovarian follicle development,
preventing maturation and ovulation, which contributes to
infertility in women with hyperprolactinemia [21].

The findings of the study were in agreement with the
work conducted by [22] which studied the induction of heat
shock protein synthesis and activity in the presence of vari-
ous stressors: increased temperature, hypoxia, inflammation,
infection, and oxidative stress, as well as nutrient deprivation.
Furthermore, the induction of HSP70 in the ovary, could be a
factor behind the lower fertility experienced by some women
with polycystic ovarian syndrome. According to A. Molvarec
et al. increased serum concentrations of extracellular HSP70
observed in preeclamptic women may reflect systemic inflam-
mation, oxidative stress, and hepatocellular damage. These
authors argue that elevated circulating HSP70 concentration
may be involved in the pathophysiology of PE and could also
be an important marker for the development of PE [23].

According to the research, oligomenorrhea was reported
in 23 % of hypothyroid patients (n = 171) as compared to 8 %
of controls (n = 214) (P < 0.05). Authors had demonstrated
severity of menstrual irregularity was associated with a greater
amount of serum TSH. We have documented irregular men-
strual cycles, primarily amenorrhea, in 31 % of hypothyroid

individuals [24, 25]. Serum FT3 and TSH concentrations
were also independently associated with adropin concen-
tration. Thyroid hormones have an important influence on
metabolism, particularly as elevations in these hormones are
known to substantially increase metabolism. Furthermore
adropin is recognized as a fat-burning hormone, contributing
to metabolic homeostasis, fatty acid metabolism efficiency
and glucose tolerance edit [26].

The present study revealed significantly lower serum
adropin and higher orexin levels (P < 0.05) in women with
primary infertility compared to healthy fertile controls. These
findings highlight the possible involvement of metabolic and
neuroendocrine factors in the pathophysiology of infertility.
These alterations may contribute to impaired fertility.

It is well known that adropin affects energy use, glucose
metabolism, and endothelial function. Its absence could lead
to hormonal imbalance and oxidative damage in the reproduc-
tive system. Reproductive health has recently been linked to
adropin, a peptide hormone that is involved in energy balance,
insulin sensitivity, and endothelial function. Subfertility-related
disorders like obesity, insulin resistance, and polycystic ova-
rian syndrome (PCOS) have been linked to decreased adropin
levels. Reduced uterine blood flow, impaired endothelial nitric
oxide generation, and disruption of follicular maturation or
endometrial receptivity are all consequences of lower adropin
concentrations. These factors are critical for a successful con-
ception and implantation. Consequently, reduced adropin in
infertile women may be a sign of or a cause of metabolic stress
that negatively impacts the HPG axis [27—29].

Numerous earlier researches have connected obesity,
metabolic syndrome, and PCOS, all of which are linked
to infertility, to changes in adropin levels. According to the
current findings, adropin alterations may be distinct indi-
cators of reproductive dysfunction in women with primary
infertility who do not always exhibit metabolic problems
[30—32]. Furthermore, the combined reduction of adropin
may indicate disrupted neuroendocrine communication be-
tween the hypothalamus and peripheral reproductive organs.
These interactions are critical for maintaining normal ovarian
function, menstrual regularity, and successful conception.
Several studies have shown that serum adropin levels de-
cline progressively with age in both men and women, but
the reduction appears more pronounced in females due to
hormonal and metabolic changes associated with aging. One
of the primary reasons for this decline is the decrease in
estrogen levels after menopause. Estrogen has been found to
positively regulate adropin expression, and its loss may lead
to reduced adropin synthesis in the liver and endothelial tis-
sues [33]. Additionally, oxidative stress, low-grade inflamma-

Table 5. Correlation coefficient (r) in primary infertility

LH FSH PROL TSH HSP70 Adropin Orexin
LH 1 0.46 0.41 0.24 0.33 0.34 0.36
FSH - 1 0.42 0.26 0.30 -0.22 0.35
PROL - - 1 0.44 0.21 -0.38 0.39
TSH - - - 1 0.10 -0.72 0.44
HSP70 - - - — 1 -0.23 0.51
Adropin - - - - - 1 0.36
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tion, and increased insulin resistance are linked to aging and
have a detrimental effect on adropin secretion and synthesis.
Elderly people have also been found to have mitochondri-
al malfunction and decreased activity of the ENHO gene,
which codes for adropin. These molecular changes affect
how energy is metabolized and lead to vascular dysfunction,
which is a prevalent condition in older women. Lower levels
of adropin may therefore be a reflection of both vascular and
metabolic aging processes, connecting this peptide to the
emergence of age-related conditions like metabolic syndrome
and cardiovascular disease [34, 35].

On the other hand, the hypothalamic neuropeptide ore-
xin (hypocretin) interacts with reproductive neuroendocrine
pathways in addition to regulating energy expenditure, hun-
ger, and wakefulness. Ovulatory dysfunction may result from
increased orexin levels that suppress the secretion of GnRH
or change the pulsatile release of FSH and LH. Furthermore,
stress and sleep disorders are linked to elevated orexin activi-
ty, and these factors can have a detrimental effect on fertility.
The reported increase in orexin in women experiencing pri-
mary infertility may therefore be a neuroendocrine response
to ongoing metabolic or psychological stress [36—38].

Conclusions

Women with primary infertility exhibit significant hor-
monal imbalances, characterized by elevated serum prolactin,
FSH, and TSH, compared to fertile controls. Additionally,
these women show decreased adropin and increased HSP70
levels, suggesting roles for these biomarkers in the pathophysi-
ology of primary infertility. According to this study, compared
to healthy, fertile women, women with primary infertility have
much lower serum adropin and higher levels of orexin. The
results imply that the etiology of infertility may involve disrup-
tions in these metabolic and neuroendocrine peptides. Eva-
luation of orexin and adropin may offer important diagnostic
information about the reproductive health of women.
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BnAus 6e3nAipAs HO piBeHb GiAKO TENAOBOrO WWOKY 70, aAponiHy
TA OPEKCUHY B CUPOBATLLi KPOBi XXiHOK:
AOCAIAXEHHS TUMY «BUNCOAOK — KOHTPOAb»

Pe3ome. Akmyaavnicms. Be3runinas 3anuinaetbesi CEpO3HOIO
MPoOJIEMOIO PEIPOAYKTUBHOTO 3I0POB S, sSIKa BIIMBAE HA MiJlb-
MOHM XiHOK Y BChOMY CBiTi. HelltomaBHi moCTiIKeHHS BUCBITIIVUIIA

MOTEHLIHY poJib MeTabOJiUHUX 1 HEMPOSHIOKPUHHUX MEITH -
NiB, BKJII04atouu 6iok Terutooro 1oky 70 (HSP70), anponin
Ta OPEKCHUH, Y PEIPOAYKTUBHIl (iziosorii. Mema: oLiHUTU piBHI
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HSP70, anporniHy Ta opeKCHHY B CMPOBaTILIi KPOBi Oe3IUTiAHUX Ta-
LiEHTOK MOPIBHSIHO 3 KOHTPOJILHOIO IPyNoi0 (hepTUIIBHUX XKiHOK.
Mamepiaau ma memoou. 1le nOCIiTXEeHHS TUITY «BUTAT0K — KOH-
TPOJIb», Y IKOMY B3sTM y4acTh 60 Malli€eHTOK i3 MEPBUHHUM 0e€3-
wigasiM, Oyiio nmposeaeHo B barmami (Ipak). Tpuasts 3mopoBrx
(bepTUIIBHUX XKiHOK aHAJIOTiYHOTO BiKY c(hOpMyBaIu KOHTPOJBHY
rpymy. Bik yuacHuis nepedysas B mexax Bin 20 1o 45 pokis. [iar-
HO3 0e31Iias O0yJ10 MiATBePIKEHO 3a TOIMOMOI0I0 BU3HAYEHHS
TOPMOHAJILHOTO Mpodito ((homiKyIOCTUMYITIOIYNI Ta JIIOTEIHI-
3YIOYMif TOPMOH) i YJIBTPA3BYKOBOTO JOCIiIKEHHS. s o1liHKmI
piBHiB HSP70, agpomiHy Ta OpeKCMHY B CMPOBATILIi KPOBi BUKO-
pUCTOBYBau iMyHOMepMeHTHUIT MeToa. CepeHiil BMiCT TOpMO-
HiB Y KOXHIili rpyIi MOPiBHIOBAIM 3a JOIIOMOTOI0 CTaTUCTUYHOTO
aHaii3y. Pesyabmamu. Ha BimMiHy Bifl KOHTPOJIBHOI Tpymnu dep-
TWIBHUX XiHOK criocTepiraiocs BiporigHe migsuiueHHs (P < 0,05)
PiBHiB (DOJIIKYJIOCTUMYITI0I0YOTO TOPMOHY I TPOJIAKTUHY, 0€3 CyT-
TeBOi pizHuLi (P > 0,05) y nokazHMKax JIOTETHI3yI0UOro TOpPMOHY.
PisHuis B KoHLeHTpalii (hoTiKyIOCTUMYTIOI0UOT0 TOPMOHY MixXK

rpyIraMu 3a iHIeKCoM MacH Tiyia 6yia BiporigHoto (P > 0,05), Tomi
SIK BIMMIHHOCTE 3a BiKOM He BUSIBJIEHO. Pe3yibraTil mokasanu, 1o
PpiBeHb apOIiHy B MALIIEHTOK i3 MEPBUHHUM OE3ILTiAASIM BipOTiTHO
sHmkyBaBes (P < 0,05). ITpu npomy Bin3Havaiocst BiporiaHe mi-
BuieHHs1 BMicty HSP70 Ta opekcuHy nopiBHSIHO 3 KOHTPOJIBHOIO
rpymoo GepTUibHUX KiHOK. CrocTepirajiacst To3UTUBHA KOpe-
JISILTiS MiX JTIOTETHI3yI0UUM Ta (POTiKYTOCTUMYIIOIOUMM TOPMO-
HOM i ITPOJIAKTMHOM, TPOJIAKTUHOM Ta (hOJiKYJIOCTUMYIIOI0UUM
TOPMOHOM, TUPEOTPOITHUM TOPMOHOM i ITPOJTAKTUHOM, TOJi SIK
MiX aApOIiHOM Ta TUPEOTPOITHUM FOPMOHOM BUSIBIIEHO CUJIb-
HY HeTaTUBHY KopeJsiliio. Bucnoexu. Huk4i piBHI agpoItiHy i
OPEKCHHY B O€3IUTiIMHUX XiHOK MOXYTb BiToOpakaTu MOpyLIEeHHS
METa0O0JIIYHUX Ta HEMPOEHIOKPUHHUX LIUISIXiB, 110 OOYMOBIIIOE
oesmripas. 1i 6iomapkepy MOXYTh CIIyTyBaTH IMOTCHUIHHUMM
IHIMKATOpaMy PenpOAyKTUBHOI TUCHYHKIII.

KirouoBi ¢j10Ba: HellpoeHIOKPUHHI MENTUIN; TUPEOTPOITHUIA
TOPMOH; MPOJIAKTUH; Oe3TUTIAIS; PENPOIYKTUBHE 30POB’SI; apO-
ITiH; OPEeKCUH
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[TOATQBCHKUN ACPIKABHUIN MEAMNYHWI YHIBEpCcUTET, M. [IOATABQ, YKpaiHaO

POAb rOPMOHOABHOT OKTUBHOCTI
LLUTOMNOAIOGHOT 30A03M Y PO3BUTKY i NPOrpeCyBaHHI
cepLeBO-CYAUHHOI NATOAOrIT
(OrAg A AiTepaTtypm)

Pe3tome. AktyanbHicTb. CepLeBo-cyanHHI 3aXBOPIOBaHHS € HAVGINbLL MOLLMPEHO0 NaTosIorieto, Lo NoripLuye
SKICTb Ta TPUBAsICTb XUTTA nayieHTiB. QYHKLIOHaIbHWV CTaH LYMTOMOAJIOHOI 3a5103u CripaBsisie 3Ha4YHU BrJINB
Ha fisifIbHICTb cepLeBO-CYANHHOI CUCTEMM, & 3aXBOPIOBHHS LUMTOMOAIOHOI 3851031 BU3HAYeHI IK (hakTopu pU3NKY
cepueBo-cyaMHHOI nartosnorii. ToMy 5K rinep-, Tak i rinoTMpeoa BrMBarTb Ha CEPLEBO-CYANHHY CUCTEMY Yepesd
YUCTIEHHI MexaHi3Mun, 00YMOBJIHOKYN (PYHKLIOHATTbHI | CTPYKTYPHI 3MIHU, MPOSIBOM SIKUX € PIBHOMAaHITHa raTosioris.
OcTaHHIiMy pokamn aKTUBHO BUBYAIOTbCSI CYOKIIIHIYHI MposiBu ANCYHKLIT LUMTOMORI6GHOI 3a1103K, Lo noTpebye
MpPOBEAEHHs y3araslbHEHHSI Ta BU3HA4YeHHs rojasnbLumx HanpsmMkis gocnigpxeHs. Meta: npoaHaniaysatv i y3a-
ranbHUTY faHi NitepatypHuX Jxepes 3a OCTaHHE AeCTUPIYYS, Y AKX BifOBPaXeHi 0cobnnBOCTI BIINBY FOPMOHIB
LUMTONORI6HOI 3a51031 Ha CepLeBO-CYANHHY CUCTEMY, Ta MPOBECTU OLIHKY pOsli FOPMOHasIbHOI aKTUBHOCTI LYNTO-
MoAI6HOI 3871031 y PO3BUTKY | MporpecyBaHHi cepyeBo-cyanHHOI natosorii. MaTtepiann ta metoau. [NoseneHo
aHarnia nirepatypHuUX 1 eNIeKTPOHHUX JXKepes iHghopmaLii LLO[0 BRANBY FOPMOHIB LMTOMOLIOHOI 3851031 Ha yHK-
LioHasIbHWY CTaH cepLeBo-CyANHHOI CUCTEMM Ta BUSHAYEHHS iX porii IK pU3UK-haKTopiB PO3BUTKY i NPorpecyBaHHs
KapgioBackynspHoi natosorii. [oLLyk niTepatypHuX gxepen iHghopmadii npoBe[eHo B eNeKTpoHHUX 6a3ax Google
3a nepiog 3 2016 o 2025 pik 3a KIIHO4YOBUMM CIIOBaAMU. «FOPMOHM LNTOMNOLZIOHOI 3a5103u», «[iNnepTUpeosd», «riro-
TUPEO3», «CEepPLEBO-CYAVNHHI 3aXBOPIOBAHHS», «iLLEMIYHA XBopoba cepLsi». Pe3ynbTaTtu. Pe3ynbtatv MpoBEAEHOro
aHarniay cBig4atb rpo 6aratorpaHHWi BrisinB TUPEOIHUX FOPMOHIB NPakTUYHO Ha BCi CK/1a[0Bi cepLEBO-CYANHHOIro
KOHTUHYYMY. [OpMOHasibHa ANCyHKLIA LMTONORZIOHOI 3a5103U MiABULLYE CepLEBO-CYANHHWI PUSUK, MINEPTUPEO3
MOXe 00YMOBJIIOBAaTU PO3BUTOK JIereHeBoI rinepTeHsii. [opMoHaibHWi gucbanaHc Moxe IHIYiroBaTy pO3BUTOK |
rporpecyBaHHs aTepoCK/Iepo3y, apTepiasibHoI rinepTeH3sii, MopyLLIeHb cepLeBoro pUTMy, a Takox 06yMoBIIioBaT1
PO3BUTOK i NporpecyBaHHs cepueBoi HegoctaTtHoCTi. OCTaHHIMU pokaMu aKTUBHO BUBYAKOTbCS CYOKIIIHIYHU
rinep- i rinotpeod. CBoeYacHe BUABIIEHHS i fiarHOCTMKa roOpMOHasIbHOro aucbasnaHcy LWMTOoNoRZIbHoI 3a5103u 1a
Mpu3HaYeHHs1 Tepariii, BUSHA4YeHOI MDKHapOAHUMY CTaHaapTaMu, Cripusie SMEeHLLIEHHIO KITIHIYHUX NposiBIB i nporpe-
cyBaHHS cepLieBo-CyanHHOI narosorii. BUcHoBKu. [NopyLueHHs1 oyHKUIT LyMTOMo[I6HOI 3a51031 06YMOBJIHOE CYTTEBI
cepLeBo-CyanNHHI MopYyLLUEHHS. TUpeOoiaHi ropMOHU 3LIVICHIOIOTb PI3HOMAaHITHI eqheKTn Ha cepLeBO-CyaNHHY cucTemy
y ¢bigionoridHux ymoBax, siki 0nocepenKoByOTLCS NepPEBAaXXHO BHYTPILLUHbOKITIITUHHUMMY peyentopamMu, a TakoX He-
FEHOMHUMMU LUNISIXaMK. Ha OCHOBI pO3YMIHHS KITITUHHUX MEeXaHi3MIB fii TUpeOigHMX ropMOHIB Ha CepLeBO-CyaNHHY
cUcTeMy MOXHA MOSICHUTU MEXaHI3M cepLeBOro BUKUAY, CKOPOT/IMBOCTI cepusi, apTepiasibHOro TUCKY, CYANHHOMO
oropy Ta ropyLUEHb PUTMY, LLIO BUHWKAIOTb BHACTIAOK ANCYHKUIT LymTonogioHoi 3anoan. CyHacHuii aHania i ycBi-
JOMJIeHHS1 aucbarnaHcy perynsaTopHUX CUCTeM, 06YMOBJIEHOIO rinep- i rinoTMpeo3oM, CTBOPIOE NepesyMoBU [J1s1
MOLLIYKY eheKTUBHUX MOJIEKYJT KOMITJIEKCHOIO BI/IMBY Ta eqheKTUBHOI Teparlii cepLeBo-CyaNHHUX 3aXBOPoBaHb,
IHIYivioBaHMX Ta 06YMOBJIEHUX FOPMOHAasIbHOK ANCYHKUIENO LYNTOMOAZIOHOI 3a51034.

Knrou4oBi cnoBa: orvisig; ropMoHu LMTonogi6Hoi 3a103u; rinepTypeos; rinotmpeos, cepLeBo-CyaNHHI 3axBo-
proBaHHs1
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AKTYQAbHICTb Npo6AEeMU

CepueBo-cynnHHi 3axBoproBaHHs (CC3), cTaHOBISIYN
Cepito3Hy IpobIeMy 11 OXOPOHHU 3I0POB’sI, COLiaIbHOIL Ta
€KOHOMIYHOI CUTYallii, € OMHI€I0 3 HANOLIBIIT MOITUPEHNX
MOPUYMH CMEPTI Y CBITi.

3 iHmoro 60Ky, 3aXBOPIOBaHHSI IIIUTOIOAIOHOI 3a/10-
31 TE€X € HAATO MOLIUPEHUMHU, YPAXKAIOTh 3arajoM MOHa
10 % mopociioro HaceJleHHSI, III0 POOUTH X OMHUMU 3 Hali-
MOIIMPEHIIINX EHTOKPUHHUX 3aXBOpIoBaHb Yy CBiTi [1]. 1
X0ua 3aXBOPIOBAHHS IIIUTOINONIOHOI 3aJ1031 3a3BUYAil JIETKO
BUSIBUTH Ta JIIKYBaTH, SIKILIO X CBOEYACHO HE iarHOCTY-
BaTU, BOHU MOXYTb MPU3BECTU 10 CEPHO3ZHUX KIIIHIUYHUX
HACJIiJKiB, OCKIJIbKY TUPEOIHI TOPMOHU OPTaHivHO OB’ sI-
3aHi 3 GYHKITIOHYBAaHHSM CEPLEBO-CYIMHHOI CUCTEMHU, a
HU3Ka HalBaXKIUBIIINX KIIHIYHUX IIPOSIBIB 3aXBOPIOBaHb
LIMTOMOAIOHOI 321031 € KJIAaCUYHUMU CePLEeBO-CYIMHHU-
MU CUMIITOMaMU. 3aXBOPIOBAHHS IIMTOMNOMIOHOI 321031
BU3HAYAIOTHCS K (DAaKTOPU PU3UKY CEPLEBO-CYTUHHUX
3aXBOPIOBaHb, TOMY JJAOOpaTOpHa OLliHKa PiBHSI TUPEOITHUX
TOPMOHIB € TPaAULIHOIO CKJIaIOBOIO IIePeTiKy Ja0opaTop-
HUX TOCTIIKEHb Y KApAIOJOTIYHUX KITiHIKaX.

T'opMoHu mmTONOAIOHOI 321031 CIIPABIISIOTH MOIYJTIOI0-
YUii BIUIMB Ha CEPLIEBO-CYIMHHY cUCTeMy. TpuiionTupoHiH
(T3), sk akTuBHA (hbopMa TOPMOHY IIUTOIOAIOHOI 321031,
TOJIOBHMM YMHOM BiITIIOBIa€ 3a 1eii e(PeKT SIK yepe3 rTeHOM-
Hi, TaK i yepe3 HereHoOMHi MexaHi3Mu. PerienTopy ropMoHiB
IIUTOMNONIOHOI 3aJT031 PO3TAIIOBaHI SIK Y MiOKapi, TakK i B
CyIMHaX, i 3MiHU iX KOHIEHTpallil BIUTMBAIOTh Ha (DyHKIIiIO0
CeplLeBO-CyInHHOI cucTeMu. ['imepTupeos abo rimoTupe-
03, K KJIIHIYHUH, TaK i CyOKJIiHIYHUI, 63 TTPOBEACHOTO
MPEBEHTUBHOTO TEPANIEBTUYHOTO JIIKyBaHHS MOXe CIIPUSITH
nporpecyBadHio CC3. 3rigHo 3 OCTAaHHIMHU TOCTIIKEHHIMU,
HAaBiTb CEPeIHI 3MiHM PiBHS TOPMOHIB IIMTONOAIOHO]I 3271031
3011b1IYI0TE cMepTHICTB Big CC3 3 20 no 80 %. 3axBoproBaH-
H$I IIIMTOMNOIIOHOI 3aJT03U BILUTMBAIOTh Ha CEPLIEBO-CYIUHHY
CHCTEMY Yepe3 YMCIICHHI MeXaHi3MU, 30KpeMa AUCIIITIAeMilo,
apTepiajibHy TiNepTeH3i0, CUCTOMIUHY Ta AiaCTOJIYHY AUC-
(yHKIIiI0 MioKapa, a TAKOX eHA0TeTialbHy AUC(HYHKIIIIO.

OcTaHHIMU poKaMM Bce OiJibllie yBaru NMpUIiISIEThCS
poJii CYOKITiHIYHMX AUCGYHKILN MUTOMOMIOHOT 3271031 Ta
X BIUTMBY Ha CEeplIeBO-CyIMHHY CUCTEMY, OCKIJIbKM HaBIiTh
HE3Ha4yHi 3MiHM PiBHSI TOPMOHIB IIIMTOMOMiIOHOI 3aJT031 MO-
KYTb BIUIMBATU Ha CEPLIEBO-CYAMHHY CUCTEMY, TIPU3BOISTIN
IO TIOPYIIEHb 11 (pyHKITioHYBaHHSI. TakoxX, KpiM JIiKyBaHHSI
KJIiHIYHUX 3aXBOPIOBaHb IIMTOIONIOHOI 321031, cydyacHa

Teparlis 30cepemKerHa Ha MOJIOIIINX MaIliEHTaX i3 CyOKIIi-
HiYHUM TiMOTUPEO30M Ta JIITHIX MalliEHTAX i3 CYOKJTIHIYHUM
rimeptupeo3oM [2].

MeTa q0CHiKeHHS: TTpOaHai3yBaTu i y3araJbHUTHU
NaHi JIiTepaTypHUX JIXKepes 3a OCTAHHE NeCITUPIYYS, Y SIKUX
BimoOpaXkeHi 0COOJIMBOCTI BIJIMBY TOPMOHIB IIUTOMOMIOHOT
3aJ1031 Ha CEPLIEBO-CYIMHHY CUCTEMY, Ta MPOBECTH OLIIHKY
pOJIi TOPMOHAJILHOI aKTUBHOCTI IIMTONOAIOHOI 321031 Y
PO3BUTKY i MpOrpecyBaHHi ceplLeBO-CYIMHHOI MaTOJIOTi1.

Martepiaau Ta meToAun

IloBeneHo aHami3 JiTepaTypHUX Ta €IEKTPOHHUX JIXKe-
peJt iHdopmallii 1010 BIJIMBY TOPMOHIB IIUTOTIOAIOHOT
3aJ1031 Ha (DYHKIIIOHAJIBHUI CTaH CepLIeBO-CYTUHHOI CHUC-
TeMU Ta BU3HAYECHHS iX POJIi IK pU3UK-(aKTOPiB pO3BUTKY
i TporpecyBaHHsI KapAioBacKyJISIpPHOI MaTOJIOTI1.

[Tomyk nmiTepaTypHMX IKepe iHhopMallii TpoBeIeHO B
enexkTpoHHMX 6a3ax Google 3a repion 3 2016 o 2025 pik 3a
KJIIOUOBUMMM CJIOBAMM: «TOPMOHM IIIUTOIOAIOHOI 3a71031»,
«TiIEePTUPED3», «TIIOTUPEO3», «CEPLIEBO-CYINHHI 3aXBOPIO-
BaHHSI», «illIeMiyHa XBOpoOa ceplis».

Pe3yAbTATU AOCAIAXKEHHS
TA IX OGroBOpPEeHHs

JlocmimkeHHs TICHUX B3a€EMO3B’SI3KiB MiXX IIUTOIIO-
NiOHOIO 3aJ103010 Ta CeplieM Ma€ CBOIO JOBTY iCTOpIlO, sIKa
OXOILTIOE BUBYCHHS OCOOJIMBOCTEM (Pi3i0IOriYHMX Ta Ma-
TodizionoriyHux MexaHi3miB. OCTaHHIMU pOKaMU JIO€]I-
HaJIMCS TOCTIIKEHHS MOJICKYJISIPHOI 0i0JIOTii Ta BUBYEHHST
MOJIEKYJIIPHUX MEXaHi3MiB, sIKi BUCBITJIMJIA HAA3BUYAHO
BaXKJIMBY B3a€EMO3aJIEXKHICTh, 110 iCHYE MiXK IBOMa CHUCTE-
MaMU B Tajiy3i KapIionpoTeKIlil, 1110 € HaA3BUYaliHO Bax-
JIMBOIO CKJIAAOBOIO Y JIIKyBaHHI TOCTPUX i XpOHIYHUX (popM
CEeplEBUX 3aXBOPIOBAHb.

Takox B ocTaHHi pOKM MPOBEACHO KiJIbKa NOCTiIKEeHb
IMPOrHOCTUYHOTIO BIUTMBY 3MiH (DYHKIIii IMMTOITOAIOHOI 3a/10-
3U, BKJIFOUHO 3 CYOKJTIHIYHUMU, TIPU CEPLIEBUX 3aXBOPIOBAH-
HSIX, 30KpeMa IpU CeplLIeBill HEAOCTaTHOCTI Ta TOCTPOMY iH-
(bapkri Miokapna, 3 ToKka3aMi HETaTUBHOTO TTPOTHOCTUYHOTO
BIUIMBY LIMX 3MiH i, OT>Ke, 3 MPOITO3UIIIEIO JIIKYBaTH 11i 3MiHU,
1100 3aITO0ITTH XKUTTEHEOES3MEYHNM CEPLIEBUM ITOmisM [ 3].

Ocobausocmi 6naugy 20pMoHie uwumonoodioHoi 3a103u Ha
cepuyeso-cyountny cucmemy. KiiHiuHI TIpOsSIBU BIUIUBY IUC-
(byHKIIIT TUPEOITHUX TOPMOHIB Ha CEepPILIEBO-CYANHHY CH-
cTeMy BigoOpaxkeHi B Ta0I. 1.

Ta6bnuys 1. Bnane gncehyHKUIT LMTOono[i6Hoi 3ano3m Ha cepyeBo-CyANHHY CUCTEMY

FinepTupeos: ABHUI a60 Cy6GKNiHIYHUIA

FinoTnpeo3s: ABHUIN abo CyOKiHIYHUI

YacTtoTa cepueBUX CKOPOYeHb 1

YacTtoTa cepueBuX CKOPO4EHb |

CkopoTtnueicTb Miokapga T

IHOTpoNi3Mm |

Cepueuii Bukmg 1

MepudbepnyHnii cyamHHmi onip 1

36inbLUEeHMI MYNbCOBUA TUCK

[LiacToniyHa rinepTeH3sia

BaszopgunaTtauis

CwuHycoBa 6pagukapgis

O6’em kposi 1

Punauk atepocknepogdy Ta gucninigemii 1

CepepHivi apTepianbHUn TUCK |

®di6punauis nepencepnpb, NereHeBa rinepTeHsis,
perypritauis aTpioOBEHTPUKYNSAPHOro KnanaHa

MepukapaouT, nepvikapgiansHUA BUNIT, TaMnoHaja cepus
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T'opMmoHM mmTONIOMIOHOI 3371031 3MiACHIOIOTH TIPSIMUIA
BIUIMB Ha PEryJIsililo cepleBO-CYAMHHOI reMOIMHaMiK1
Ta cepleBol (YHKIIil 32 JOIIOMOIOI0 SIK TeHOMHUX, TaK i
HEreHOMHMX MexaHi3miB [11]. BruiuB TMpeoigHux ropmo-
HiB Ha MioKap/l 3yMOBJIEHUI TOJIOBHUM YMHOM aKTMBHOIO
(hopMOI0 TOPMOHY HIUTOMOIOHOT 3371031 TPUHOATUPOHIHY,
SIKUI TIEpPEeTBOPIOETHCS 3 TeTpaiioaTupoHiny (T4) y nepude-
PUYHUX TKAaHUHAX. [OpMOHM IIUTOMOAIOHOI 321031 MaIOTh
MO3UTUBHUI iHOTPOITHUI e(eKT, 1110 BUHUKAE BHACIITOK
cito anbda-i30popM BaXKKMX JIAHIIOTIB MiO3WHY Ta ITiIBU-
LIYIOTh aKTUBHICTh Kabllili3anexxHux ATMa3Hux HacociB
EHJIIOTIJIa3MaTUYHOTO PETUKYIIYMY, i, SIK HACJIiIOK, MiOKap/I
CKOpPOYYEThC mmBualLe [3].

Kpim Toro, ropmoHu muTononioHoi 3aj1031, 30KpeMa
T3, cyTTeBO BIUIMBAIOTh Ha €IeKTPOdi3ioa0TiYHy aKTHB-
HIiCTb, TTOCIIIOIOUM CUCTOJIIYHY AEIMOosIpu3aliilo Ta mia-
CTOJIIYHY penojsgpu3salito. T3 TakoX 30iiICHIOE TPIMUiA
BILIMB Ha T€HM, 1110 PETYJIIOIOTh 0i0€eKTPUUHY aKTUBHICTh
Miokapmna [4].

TpaauuiliHo BBaxasnocs, 1110 psiMa KaTexoJaMiHepriy-
Ha CTUMYJISILIIS BiIMOBiNA€ 32 TO3UTUBHUI XPOHOTPOITHUIA
edexr. OnHaK HellloaBHO BCTAHOBJIEHO, 1110 caM T3 iHmy-
KY€ TiABUILEHHS perysiiii 6era-1-aapeHepriyHux perern-
TOPIB y MioIMTAaX, 110 MiABUIIYE YYTJIUBICTb KJIITUH IO il
KarexoJilaMiHiB [35].

Ha mepudepuuHoMy piBHI CyOIMHHUI €HIOTE-
JIifi Ta IIagKOM’SI30Bi KJIIITMHU €KCHpecyloTh anbda-1-
agpeHepriuHi peuentopu. CTUMYIIALIA LuX peuenTopiB T3
3HUXKYE MepuGepuuHril CyTMHHUI OTIip i, IK HACJiIOK,
IiaCTOMIYHMI apTepialbHUI TUCK [6].

Kpim toro, sik 3HuXeHHs niepdy3ii yepe3 3HUKEeHHS
JiaCTOJIIYHOTO apTepiaibHOTO TUCKY, TaK i nmpsima mist T3
aKTHBYIOTb PEHiH-aHTiOTEeH3UH-AJIbIOCTEPOHOBY CUCTEMY,
110 TTPU3BOAUTH 10 301IbIIEHHS 3aTPUMKU HATPit0 Ta 00’€EMy
LUPKYJI0I040i KpoBi [3].

TpboMma HaMOIIMPEHI UMM ETIONATOTeHETUYHUMU Ta
KJIiHIYHUMU BapiaHTaMU TillepTUpeo3y € TOKCUIHUN Au-
¢y3HUI1 300, TOKCUYHMI 6AaraToBy3/I0BUIT 300 Ta TOKCUYHA
aJieHoMa IMUTONOoAIOHOT 3a103U. [lallieHTH 3 TOKCUYHUM
0araToBY3JIOBUM 3000M OLJIBII CXUJIBHI 10 PO3BUTKY Cep-
LIEBO-CYIMHHMX YCKJIaIHEHb, 1110 TTOSICHIOETHCSI TUM, 110
TOKCUYHUI 0araToBY3JI0BUI 300 € 3aXBOPIOBAHHSIM JIiT-
HBOTO HaceJeHHd [7].

HeuonasHiit Meraanaini3z 113 393 nauieHTiB 3 rineptu-
pPE030M 3aCBiTUMB, IO IBHUI TilepTUPEO3 IMOB’I3aHUIA 3i
301TbIIEHHSIM PU3UKY CMEPTHOCTI Bill CEpLEBO-CYIUHHUX
3axBopioBaHb Ha 20 % [8]. KinbKa iHIIUX JOCTiKEeHb MOBi-
JIOMJISUTY TIPO MOIi0HI pe3yabTaTH 11010 BUILIMX ITOKA3HUKIB
rocrmirainizarii, mop’s3anux i3 CC3 ta CMepTHICTIO Y Ialli-
€HTiB 3 rineptupeo3oM |1, 8—10]. TopMoHU mKUTOMOAIOHOT
3aJI031 BILIMBAIOTh MPAKTUYHO Ha BCi CKJIaIOBi CEpLIEBO-CY-
MUHHOTO KOHTUHYYMY, IMTOYMHAIOUM 3 apTepialbHOI Tinep-
TeH3ii i 3aKiHYYI0UM CepILIEBOIO HEAOCTATHICTIO.

Cepuyeso-cydunnuii puzux. CUCTOJIIYHA TiMIEPTEH3is1 MOXe
crnoctepiratucs y 30 % mawieHTiB 3 rineptupeo3oM. Lle
MiIBUILEHHST CUCTOJIIYHOTO TUCKY MOXe OYTH Pe3yJIbTaTOM
KOMOiHOBaHOTO eheKTy 30iIbIIIeHHS TTepeIHaBaHTaKeHHSI
Ta CEepLIEBOIr0 BUKUIY, a TAKOX 3HUKEHHS apTepiaibHOI
MOIATIUBOCTI, TOOTO KOPCTKOCTI CYIMHHOI CTiHKM. Binbin

PaHHIMM TOCTIIKEHHSIMU TIEPEKOHIMBO TOBEIEHO, 1110 Ti-
neptpodist niBoro nutyHouka (IJILL) nos’si3aHa 3 rinepTu-
peo3oM, a reMOAMHaMIYHi 3MiHU IIPU TilepPTUPEO3i 3 YacoM
MPU3BOMASATD 10 30iJbIIEHHSI POOOTH Ta KOMITIEHCATOPHOT
rineprpodii cepirs. I'imepTupeo3 TaKoxX MOB’SI3aHUI 3 T10-
CUJIEHHSIM JiacTOJIIYHOI pejakcallii. ¥ KOpOTKOCTPOKOBIit
MEePCIeKTUBI TiNepTUPE03 MOXKe OYTU MOB’SI3aHUMA 3 MOJII-
LIeHHSIM OiacTojiiyHoi GyHKIIii. OmHaK y JOBIOCTPOKOBIA
MePCIeKTUBI XPOHIUHUI TUPEOTOKCUKO3 MOXKE CIIPUYMHU -
™ [JIL ta miactomiuny mucdynkiio. HemepeHocumictsb
(isnyHMX HaBaHTaXKeHb Ta 3aJMIIKA NTPU HaBaHTaXKEHHI
IIPU SBHOMY TilEePTUPE03i MOXKYTh OYyTH HACTiIKOM HEMOX-
JIMBOCTi MOJATBIIOTO 301IbIIIEHHS YaCTOTH CEPLIEBUX CKO-
poueHb Ta hpakiii BUKUIY i Yac Hi3UYHUX HABAHTaXEHb.
[NawieHTn 3 riepTPe030M TaKOX MOXYTh MaTH CJIa0KiCTh
CKeJIeTHUX Ta/ab0 IUXalbHUX M'sI3iB, 11O 11 OiJibllie 3HU-
KY€ 30aTHICTh A0 (Pi3MYHMX HABaHTaXXKeHb. Y MAIEHTIB i3
CYOKJIIHIYHUM TiMepTUPEO30M TeXK MOXe OyTH 3HMXKEeHA
TOJIEPAHTHICTh A0 (bi3UYHOIO HaBaHTaXKEHHSI.

Kpim Toro, y mami€eHTiB 3 TillepTUpe0o30M HasIBHUI
BUCOKMIA PU3UK PO3BUTKY CEPLEBUX apUTMiid, HalIIOIIK-
PeHIIIMMM 3 SIKMX € CUHYCOBa Taxikapmis, ¢piOpuIsiis Ta
TPiNOTiHHA nepeacepab. [opMOHU IUTONOAIOHOI 3a1031
CIPAaBJISIIOTh XPOHOTPOITHUIA BILJIMB Ha Ceplie, Peryoioun
TPAHCKPUIILIiIO TeHiB, MOB’I3aHUX 3 MeicMeiikepoM, a Ta-
KOX 30UIbIIIYIOUM aKTUBALLiI0 OeTa-aApeHepriyHol CUCTEMU
B KapaiomionuTtax. YuciaeHHi matodizionoriudi pakropu
MPU3BOASATH A0 HANLLIYHOYKOBUX apUTMill, BKIIIOYAIOYU
MMiABUILIEHU TUCK Yy JiBOMY Mepeacepai BHACIIIOK IUC-
(byHK1iT 1iBOrO NMUTYHOYKA, illIeMil0, CIPUYMHEHY 30iJ1b-
LIEHHSIM YaCTOTU CEePLIEBUX CKOPOYEHb, Ta MiIBULLIEHY €K-
TOTMIYHY aKTUBHICTb niepencepnp [11].

HeonHopa3oBo miaTBEpIKEHO HAsSIBHICTb TiICHOTO 3B’13-
Ky MiX Tireptupeo3oM Ta GiOpmIsiiero nepeacepnb, Ka
MOXe€ 301TbIIUTU PU3UK iHCYJIBTY 00 CEplLeBOl Hea0CTaT-
HOCTI. 3a pi3HUMHU TaHUMM, Y 5—25 % TallieHTiB 3 rinepTu-
Pe030M JiarHOCTYIOTh (hiOpUJISLIiO ITepeacepab MOPiBHSIHO
3 1—3 % y 3aranbHiii nomyssiii. Yacrora dibpuistiii mepen-
cepb pi3ko 3poctae micas 60 pokiB. MakTopaMy PU3HKY
Gibpunslii nepeacepib, MOB’SI3aHOI 3 TINEPTUPEO30OM, €
BiK, 9OJIOBiUa CTaTh, IIyKPOBUI1 miabeT, KJIalmaHHa XBOpoba
cepls, 3acTiliHa ceplieBa HEIOCTATHICTh Ta illleMiyHa XBO-
po0a cepus [12].

JlikyBaHHSI THPEOTOKCUKO3Y € HABaKJIMBIIIIMM KPOKOM
y JikyBaHHi iopusiii nepencepnb. I1puban3Ho y aBox
TPETUH MALIi€EHTIB 3 TIMePTUPEO30M CIIOHTAHHO BiTHOB-
JIIOETHCS HOPMAJIbHUI CUHYCOBUI PUTM MPOTSATOM 3—6
MiCSIIIB MiCsI mOCSATHeHHS eyTrupeosy [13]. ToMy KoHTpoJib
YaCTOTHU CEPLIEBUX CKOPOYEHD € MPiOPUTETOM CUMITTOMA-
TUYHOTO JIIKyBaHHSI, TOJi SIK KOHTPOJIb PUTMY 3a3BHUYail
MPU3HAYEHU U 71 MALliEHTIB 3 PE3UCTEHTHOIO ab0 TeMo-
IMHAMiYHO HecTaOiIbHOIO (iOpUIISILIiEI0 Mepencepab. Xoua
rirepTUpeo3 caM 1o coOi MOB’SI3aHMIl 3 BUILIUM PU3UKOM
MOpYIIEHb 3TOPTAaHHS KPOBi, TOKa3u TOTO, YA MA€E aHTU-
TpOMOOTHYHA Tepallis IS MALli€EHTIB 3 TiNepTUPEO30M i
GidbpusiLieto epeacepab 10AaTKOBY KOPUCTh, HE € YiT-
KMMM TOPIBHSHO 3 iHIIMMM HallieHTamMu 3 Giopusiieo
nepeacepab. TakoxX MoXe iCHyBaTU pU3UK KPOBOBUJIMBY.
TakuM yMHOM, aHTUKOATYJISIHTHA Tepallisl y Malli€HTiB 3
rimepTrpeo3oM Ta GiOpUIISIIEIO Iepenacepab MOBUHHA Ke-
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pyBatucs 6antamu CHA2 DS2-VASc ta HAS-BLED, saxiB
IHIIMX TALiEHTIB 3 pidpuistuiero nepeacepnb. HemonmapHiit
MeTaaHaJsi3 MokKasas, IO MepopaibHi aHTUKOATYJISTHTU 3HU-
KYIOTh PU3HK i1IEMiYHOTO iHCYJIBTY Ta CUCTEMHOI eMOOTil
B 0Ci0 3 TUPEOTOKCUYHOIO (piOpuMIIsLieto epeacepab, KOau
6an 3a mkanoo CHA2DS2-VASc cranoButh 1 abo Builie.
Byno nmokazaHo, 1110 npsiMi epopajibHi aHTUKOATYJISTHTA
MIPOSIBIISIIOTH TTOPIBHIHHY €(eKTUBHICTh 3 BaphapuHOM Y
npodiJaKTULL IIIEeMiYHOTO iHCYJIbTY/CUCTEMHOI eMOoTil,
MOTEeHIITHO 3HMXKYIOUM PU3UK CEPUO3HOI KpoBoTedi [14].
SIk 3ramyBajiocsi BUIlle, TOPMOHHU IIMTOIOMIOHOI 321031
30iJbIIYIOTh YaCTOTY CEPLIEBUX CKOPOYEHb Ta CKOPOTIM-
BiCTh MiOKap/ia yepe3 IMiABUIIeHUI CUHTE3 O1JIKiB BasKKOTO
MiO3MHOBOTO JIAHLIIOTA, a TAKOX MOCUJIEHY JIil0 KaTeXoJa-
MiHiB, 4epe3 110 TiepTUPe03 MOBSI3aHU 3i 30iIbIIeHHIM
CeplIeBOr0 BUKUJY Yepe3 3MiHU CEPIIEBOrO pUTMY Ta yiap-
HOTro 00’eMy.

LlikaBuM € TOIi (pakr, 1110, 32 TaHUMU exoKapaiorpadid-
HUX JOCIiIXeHb, HaAMipHA KiJIbKiCTb TUPEOITHUX TOPMO-
HiB y Ie0I0Ti 3aXBOPIOBAHHS HABITh MOJIIIIIYE CUCTOJIYHY
(YHKILiIO JIiBOTO HITyHOYKa [2].

OpHak Hamajli reMoOgMHAMIYHI 3MiHM, CIIPUYNHEHI TpU-
BaJIUM TilIEpTUPEO30M, MapagoKCcaabHO 3HUXYIOTh CKOPOT-
JIMBUIA pe3epB MioKapia, 110 MOTipIIye Moaajblile IMiaBu-
IeHHs (PpaKiiii cepiieBOro BUKUY Y BiIOBiIb Ha (hiznuHe
HaBaHTaxXeHHs [15]. Taki napameTpu, K dpaxilis BUKUILY
JIIBOTO NIUTYHOUKA, TJI00aJIbHE TTO30BXHE 1e(hOpMYyBaHHS
Ta I100AJIbHE OKPYXHE 1e(OpMYBaHHS, 3MiHIOIOThCS, KOJIU
rinmepTupeo3 30epira€Tbcsl. TOKCMYHMN BIUIUB HAITUIIKY
TUPEOINHUX TOPMOHIB TTOPYIIIYE MeTaboJIi3M MioKapaa ye-
pe3 3MiHM y BUPOOJIEHHI €Heprii KIIITHHAMU Ta CKOPOT/IMBIii
dynKiii miodiopun. KpiM Toro, BOHU cnipusitoTh po3cia-
OJIEHHIO IJIaJKUX M’SI3iB CYAWH Ta 3HUXKYIOTh CYAMHHMIA
OITip, 110 MPU3BOIUTH 10 3ACTOIO KPOBI.

Xoya Ha paHHIX CTaligX FiNepTUPEeO03y COCTEPIraeThCs
rinmepTpodis JiBOro MIIyHOUYKA Ta 30iIbIISHHS CEPLIEBOrO
BUKMWIY, Ha Mi3HIX CTalisIX Y KJIiHIYHIA KapTUHI epeBaxxae
IujaTtallis 000X IIJIYHOYKIB Ta 3acTiliHa ceplieBa Hea0-
CTaTHICTb.

T'opMoHM 1HIMTONOAIOHOI 321031 aKTUBYIOTh PeHiH-aH-
TIOTeH3UH-AJIbIOCTEPOHOBY CUCTEMY, Y PE3YJIbTATi UOTO Y
MaLliEHTIB 3 TiMEPTUPEO30M Ta CEPLEBOIO HENOCTATHICTIO
YaCcTO BUHMKAIOTH 3aCTill y MeviHIi Ta ieprudeprudHi HaOpsi-
KM, a TAKOX 3aCTiii y JIereHsIX 4yepe3 3aTpUMKY HaTpilo Ta pi-
qunu [16]. IcHye TicHMIA 3B’I30K MiXK TUPEOTOKCHKO30M Ta
KapioMionarieto, BUKJIMKAHOIO TaxikKapi€eto (Taxikapaio-
MioIaTi€o), Mpu SIKiii HEMOXJIMBO BUSIBUTH >KOIHOI iHIIIO1
OCHOBHOI IIPUYMHM CEPLIEBOI HEAOCTATHOCTI, 110 KBaJTii-
KYETBCS SIK THPEOTOKCUYHA KapIioMiomaTis.

TupeotokcuuHa Kapmiomionarisi — 1e crneuupiayHui
TEePMiH, 1110 O3HAYa€ 3aBeplIabHYy CTalil0 TUCHYHKIIIT JTi-
BOTO IIUTYHOUYKA, CIPUYMHEHY HAJUTMIIKOM TOPMOHIB 11~
TornoAioHo1 3ay103u. BoHa Bpaxae Maitke 1 % mnalieHTiB 3
TiMIepTUPEO30M i € MOTEHIIIIHO JeTaIbHOIO (hOPMOIO AUIa-
TalliifHOI KapaioMioIarii, SIKka MOXe IMPU3BECTH 0 Kapmio-
reHHoro oKy [17]. Kopekiiisi TMpeoTOKCUKO3y Bimirpae
BUpILIAJIbHY POJIb Y BiIHOBJIEHHI cepleBUX (yHKIIN Ta
JIIKyBaHHI CeplieBO-CyIMHHNX YCKIagHeHb. OmHaK BuOip
METOJy JIiKyBaHHSI HEIIPOCTUM, OCKiJIbKY KOXKEH 3 HUX Ma€
CBOI IepeBaru Ta HemoJliku. Tepalrist pamioakKTUBHUM 0~

IIOM, iMOBipHO, Ma€ IIKiIJIMBUI BIUIMB Ha MiOKapH Ta CyT-
TEBO 301IBIIYE CePlEBO-CYIMHHNI py3uK [18].

XipypriuHe JiKyBaHHS Hece pU3UK IIepiolepalliiH1IX Ta
iHTpaonepauiiHuX ycKaaaHeHb. TakuM YMHOM, MeIMKa-
MEHTO3HE JIiIKyBaHHSI aHTUTUPEOITHUMU TperapaTaMu ya-
CTO € KpallluM JJIsI TIALIIEHTIB 3 TiMePTUPEO30M Ta CepLIeBOIO
HenocTaTHicTio. OHaK MeIMKaMEHTO3Ha Teparlis BUMarae
yacy Ta Hece pU3uK peuranBy. CUMIITOMATUYHE JTiKyBaHHS
BKJIIOYA€E OeTa-aIpeHepriyny 0JoKamy 1jsl 3HUKEHHS Jac-
TOTU CEPLEBUX CKOPOUYEHb Ta JAIYPETUKHU [IJIs1 MOJIETTLIEHHS
3acTiitnux gsui [19].

TpanuuiiiHo BBaxKanocs, 1110 KapaioMionaTisl y mali€HTiB
3 TinepTupeo3oM 060poTHA. OIHAK Y KiJIbKOX JOCIiIKEHHSIX
3a3HAYA€ETHCS, 1110 BOHA MOXKe OYTH CTIMKOIO 3aJIeXKHO Bifl iH-
IUBiTyaIbHUX XapaKTepUCTHK ITalliEHTa, SIK-OT BiK, CyIyTHi
3aXBOPIOBAHHSI Ta MOMNEPEIHIN ceplieBU pe3epB.

Tinepmupeos ma necenesea apmepianvua einepmensis. I1o-
BiTOMJISIETBCS, 1110 JIET€HEBa apTepiajibHa TirepTeH3ist mo-
B’s13aHa 3 TiNepTUPEO30M IIiJl Yyac nepediry 3axBoproBaHHSI.
OpHakK TOYHMI MeXaHi3M Ille He TTOBHICTIO 3pO3yMIINIA,
i BiH Moxe O0yTu 6aratoakTopHUM. Buiiuii TUCK y JliBOMY
nepeacepmi, 110 BUHUKAE BHACTIZOK AUC(YHKIIII JTiBOro
LIIJTYHOUKA, MEPENaEThCs 10 JEreHeBUX BEH, 1110 aKTUBYE
OapopellenNTOpU Ta BUKJIMKAE CKOpOUYEHHs apTepion. 3i
30iIbILIEHHSIM TUCKY B JIETEHEBIii apTepii MpaBuil ITYHOUOK
3MYILIEHUU BUKUIATU KPOB 3 OUTBIINM OIOPOM JIETeHEeBOI
BacKyJsIpu3alii. SKIo cepeaHiit TUCK y JIETEHEBii apTepii
MiABUILYETHCS TTOHAM 25 MM PT.CT., LIel CTaH Ha3UBAETbCS
JIETEHEBOIO apTepiajJbHOIO TinepreH3ieio [20].

HenaBHi DoCiaKeHHS MMOKa3aiu, 1110 JiereHeBa apTe-
pianbHa rinepreHsis Bpaxae 35—47 % malieHTiB 3 rinep-
tupeo3oM. Lle o6opoTHUMIT cTaH, SIKUIl MOXHA e(heKTUBHO
JIIKYBaTH 3a YMOBU IIIATPUMKU eyTupeosy [21].

Cybkainiunuil einepmupeo3. CyOKJIiHIUHUI TinepTUpPeo3
BM3HAYAETHCS SIK HU3bKUIA piBEHb TUPEOTPOITHOTO TOPMOHY
(TTT) mpu HOpMaJIbHOMY PiBHI TOPMOHIB IIUTONOMIOHOL
31031 Ta Bpaxkae npubausHo 0,7—1,4 % 3araiabHOI 1O-
myssiuii [22]. CepueBo-CyaMHHI HACIIIKM CYOKIiHIYHOTO
rinepTupeo3y MoaiOHi 10 HACTIIKIB SIBHOTO TiMEPTUPEO3y 3
MEHILIOIO TSLKKICTIO Ta yacToTolo. HaliBaxmBilmm cepiie-
BO-CYOIVHHMM YCKJIATHEHHSIM CyOKJIiIHIYHOTO TillepTUPEO3y
€ (ibpusLig epeacepib.

HemonaBHiit MetaaHaii3 6732 mauieHTiB i3 CyOKIIiHIU-
HUM TiNepTUPEO30M IMOKa3aB MaiiKe BIBiUi BULIUI PU3MK
GibpusLii mepencepab y HUX MOPiBHSIHO 3 €yTUPEOiTHOIO0
KOHTpPOJIbHOIO rpynoto. Lllomo 3B 513Ky MiX CYOKITIHIYHUM
TirepTUPEe030M Ta CeplLEeBOI0 HETOCTaTHICTIO, MeTaaHaJli-
31 TTOBIZOMMJIU IIPO ITiABUINEHUI PU3UK CepleBOi HEeIO-
CTaTHOCTI Ta CepleBO-CYIMHHOI CMEPTHOCTI, OCOOJUBO
kosu piBeHb TTI mamae Huxkue Hix 0,1 MMO/n. 3 orns-
Iy Ha 1Ii BUCHOBKW YMHHI HACTAHOBU PEKOMEH/IYIOTb JIi-
KyBaHH$ CyOKJIiHIYHOTO TinmepTupeo3y, Koau piseHb TTT
< 0,1 MMO/n y mauieHTiB cTapiie 65 pokiB Ta/abo i3 cy-
MyTHIMM CEPLIEBO-CYTUHHUMMU 3aXBOPIOBAHHSIMMU [23, 24].

[Ticns BUSIBAEHHST IBHOTO TillePTUPEO3y MPU3HAYAETh-
cs BiIMOBiTHE JIIKYBaHHSI, OMHAK 3aJIEXKHO Bill 3araJibHOrO
CTaHy 3II0POB’S MalliEHTa CepLIEBO-CYINHHI e(PEeKTH MOXYTh
He TTOBHICTIO 3HMKHYTH HaBiTh ITiCJIsI HOpMaJti3allii mopyIie-
HUX MOKa3HMKIB (PYHKIIIOHAJILHOTO CTaHy IIMTOIOAiIOHOT
3aJ103M1.
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Tinomupeo3 sk npuuuna po3eumky i npoepecysants cepuye-
60-cyO0uHHoi namosoeii. I'inoTrupeo3 BU3HAYAETHCS SIK HU3b-
Kuii piBeHb BitbHOTO T3 Ta BiibHOrO T4, 1110 IPU3BOIUTH
no migsuieHoro piBHs TTT. [TommpeHicTh rinoTupeosy
y 3aranbHiit momysiii cranoButh 0,2—10 %. Cepleso-
CYIMHHI YCKJIaJHEHHSI, 1110 CITOCTEPIratoThCsl y MalliEHTIB
3 TiMoTUPE030M, B OCHOBHOMY TOB’SI3aHi 3 MiABUILIEHUM
PU3UKOM aTepOCKIIepo3y Ta (PyHKIIIOHATIBHUX CEPIIEBO-CY-
ITUHHUX nopyiineHb. KomrnekcHuii metaaHani3 1 898 314
0ci0 moKa3zas, 110 Malli€HTU 3 TiIMOTUPEO30M MAIOTh BUIIMIA
PU3BHK iteMigHoi XxBopoou cepiist (13 %), iHdapkTy Miokap-
na (15 %), apurmiii (96 %) ta 3araabHoOi cMepTHOCTI (25 %)
MOPIiBHSIHO 3 €yTUPEO3HMMMU NaLieHTaMu [25].

Tinomupeos ma amepockaepos. J1edilluT TOpMOHIB 11~
TOTOI0OHOI 3aJ1031 MOB’sI3aHU 3i 301IbIIIEHHSIM YaCTOTH Ta
TSDKKOCTI aTEpOCKIIEpO3y Yepe3 pi3Hi MeXaHi3MHU, BKII0Ya-
I0YM TilepJimineMito, eHaoTeaiaJbHy IUCOYHKIIiI0, 3MiHU
apTepialIbHOTO TUCKY, MOPYILIEHHS 3rOPTaHHST KPOBI Ta iH-
CYJIiHOpEe3UCTEeHTHICTh. Maiixke 90 % nallieHTiB 3 TinoTrpe-
030M TaKOX CTPaXXIalOTh Bix rinepJimigemii [25, 26].

Pi3Hi nociiakeHHS MOBiIOMJISUIH, 11O IIPU TilTOTUPEO3i
PiBEHb 3araJiIbHOTO XOJIECTEPUHY, XOJIECTEPUHY JITOMpPO-
TeiHiB HU3bKOI mibHOCTI (XC JITTHII) Ta Tpuriiuepuain
(TT) minBUIIY€ETHCS, TOMI SIK PiBEHD XOJ€CTEPUHY JIIMOIIPO-
TeIHiB BUCOKOI IIIJTbHOCTI 3HIKYEThCS [27].

l'inoTupeo3 BUKIMKAE TiMepainiaeMito IIISIXOM 30iJ1b-
LIEHHS] CUHTE3Y 3araJiIbHOTO X0JIeCTEPUHY, 3MEHILIEHHST eKC-
npecii neyinkoBux pertentopiB XC JITTHIII ta inrioyBaHHst
XO0JIeCTepUH-alb(a-MOHOOKCUTeHA3U, (DYHKIIIEIO SIKOI €
kyipernc XC JITTHIL. Il{oxo Bucoxoro piBust TT', rimotupe-
03 3HIXKYE aKTUBHICTb JIITOMNPOTEIHIIia3HU, sIKa BiAIlOBigae
3a nerpanauito TI'y nupkynoouux xinoMmikpoHax [15].

TlawieHTH 3 TiNOTUPEO30M TaKOX MalOTh PU3UK PO3BUT-
Ky TillepTeH3ii, 110 € OTHUM 3 OCHOBHMX (PAKTOPIB PU3UKY
aTepoCKJIEpO3y.

l'imoTupeos mopyurye po3ciaabieHHs INTagKUX M'SI3iB
CyIH, TIPUTHIUYyIO0uH 1ito okcuay azoty (NO), Ta BUKJIMKAE
eHAoTeliaIbHY AUCGYHKIIIIO, 1110, Y CBOIO Yepry, IpU3BO-
JATH JTO TABUILEHHS KOPCTKOCTI apTepiit [28].

3i 30ibIIEHHSIM TIepU(PEPUUHOTO CYIUHHOTO OTIOPY
IiaCTOJIIYHUI apTepiaJbHUI TUCK MiIBUIIYETHCS, a ITyJIb-
COBMIA TUCK 3HMXKYEThCSI TP TIMOTUPEO3i.

IlanieHTH 3 TIMOTUPEO30M CXMJIbHI 10 TpoMOOeMOO0-
JIIYHUX TTOMi, OCKiJIbKY MOPYIIEHHST 3rOPTaHHST KPOBIi,
SIK-OT IiaBUIeHUH piBeHb (hakTopa VII Ta ¢pibpuHOreHy,
3HIDKEHA aKTUBallisi aHTUTPOMOIHY Ta 3HM>KeHHS (iopu-
HOJi3y, MOB’sI3aHi 3 AedillMTOM rOPMOHIB IIUTONOAiIOHO1
3amo3u [28].

KpiMm TOrO, TaKOX MOBIZOMIISIOCS, IO IMiABUIIEHUN
piBeHb Jinomnporeiny (a), GpyKkTo3aMiHy, TOMOLIMCTEIHY
Ta C-peakKTUBHOTO OiJIKa TAKOX CIIPUSIE aTEPOCKIIEPO3Y Y
nauieHTiB 3 rimotupeo3om [29, 30].

Tinomupeos ma nopywenus pummy. 51K 3a3Ha4eHO BUIIIE,
TOPMOHMU IIIMTONOAIOHOI 321031 MalOTh 3HAYHWIA BIUTUB Ha
cuctemy neiicMeiikepa cepisi. Ko piBeHb TOPMOHIB I -
TOMOAIOHOI 3aJT031 HU3bKUIA, CITOCTEPIra€ThCs 3HMKEHHST
YaCTOTU CEPLIEBUX CKOPOUEHbD.

XapakTepHi 1aHi eJieKTpokapaiorpadii BKJIoYaloTh CU-
HYCOBY OpanuKapilo, HU3bKMIA BOJBTaX Ta MOJOBXKEHUMA
inTepBan QT y mamieHTiB 3 rimotupeo3oM [31].

OcTtaHHE POOUTH MALEHTIB 3 TIIOTUPEO30M CXUJTEHUMU
JI0 PO3BUTKY aTPiOBEHTPUKYISIPHUX OJIOKaa abo IUTyHOU-
KOBUX apUTMili, SIK-OT forsades de pointes.

l'inomupeoz ma cepyesa nedocmamuicmes. I'inoTrpeos
TaKOX MOXe BIUIMBATH Ha CKOPOTJIMBICTh CEpIIsl Ta IMO-
pyliyBaT po3ciiabiieHHs1 Miokapna. Ha paHHix cramisix
niacToJliyHa TMC(YHKIIiS JIiBOTO IIJTYHOUKA € OUIbII BUpa-
KEeHOI0, a CUCTOIIYHA (yHKIIisI 30epekeHa a0o MiHiMaJIbHO
nopyieHa. OnHaK Ha IMi3HIIIUX CTadisIX MOPYIIYIOThCS K
niacTolivHa, TaK i cUCToJIiYHA DYyHKIII. JK HAacTimoK, Moxe
BUHUKHYTHU CTaH HU3bKOT'O CEPLIEBOTr0 BUKUY 31 3HUKEH-
HSIM yIapHOTo 00’eéMy Ta YaCTOTU CEPLIEBUX CKOPOUEHb.

OpmHak 3aMicTh PO3BUTKY HOBOI ceplieBOI HEMOCTaTHOCTI
CTYMiHb ceplieBoi AMCchYHKIIT Oiiblie MOB’I3aHUi i3 3aro-
CTPEHHSIM Ta IOTipIIeHHSIM OCHOBHOTI'O 3aXBOpIOBaHH! [32].
KoropTtHe gociiaKeHHs 3a ydacTio 52 856 y4acHUKIB BiKOM
IMOHaM 25 POKiB BUSIBUJIO, 1110 TTIOPIBHSHO 3 €YyTUPEOiTHOIO
Ipynow 0codu 3 TiINOTUPEO30M MaJI 3HAYHO MiABUILIEHU
PpU3UK TOCIIiTaji3allii 3 IPUBOAY 3arOCTPEHHSI OCHOBHOI
cepLeBoi HeAoCTaTHOCTI (KoedilieHT pusnky: 1,86) [33].

Kpim Toro, cuHapom Hu3zbkoro T3, BUZHAUCHUI SIK
HU3bKU piBeHb T3 mpu HopmanbHOMY piBHI TTI Ta T4,
Bpaxkae 20—30 % mailieHTiB i3 cepleBOI0 HETOCTATHICTIO.
IToBimoMisieThCS, 1110 BiH MOB’SI3aHUI 3 TOTAHUM IIPOTHO-
30M Ta BUIIUM PU3UKOM CMEPTHOCTI Bijl yCiX MPUYUH Y
Mali€HTIB i3 CEPLEBOIO0 HEIOCTATHICTIO.

Takox TSZKKMI TiTOTHPEOo3 MOBI3aHui 3 baraTuM Ha
OiTOK MepuKapaiaibHUM BUIIOTOM, 1110 iHOAI MOXKe IIpU-
3BOJUTH JIO TAMITOHAIM ceplisd. Xouya OCHOBHUM MeXaHi3M
IO KiHIIST HE 3pO3yMiINiA, OyJIv 3alpOITOHOBAHI MiIBUILIEHA
IMPOHUKHICTh CYIUH Ta 3MEHIIIEHHS TiM(PaTUIHOTO BiITOKY
3 MepuKapaiabHOTO TTPOCTOPY.

Jlixysanns einomupeo3y. JIiKkyBaHHS SIBHOTO TiIIOTUPEO3Y
JIEBOTUPOKCHUHOM, SIK OYJI0 ITOKA3aHO, ITOJIIIIIYE TillepIiITi-
NeMilo, TilepTeH3ilo, AiacToaiuyHy AUChYHKILiI0 Ta Opaau-
Kap[io, TUM CaMUM YIOBIJIEHIOIOUM aTepOCKIEPOTUIHUIMA
nipoiiec. CKOPOTIUBICTb Ceplisi Ta yIapHUii 00’€M TaKOX MO-
2KYTb MOJIMIITUTUCS TTiCIs1 TiIKyBaHHS JIEBOTUPOKCHUHOM [31].

OnTuManbHe JIiKyBaHHS Ta PEryJIsSIpHUN MOHITOPUHT
TTI mawoTh BupilajbHe 3HAaYE€HHS IJIsI MiATPUMKU 0io-
xiMiuHoro eytupeosy. JocmimkeHHs koroptu 3 216 894
nauieHTiB y JlaHii mokasano, 110 He JIMIIe Mali€eHTH 3
HEIOCTaTHIM JIIKyBaHHSIM TillOTUPeOo3y, ajie i Mali€eHTH 3
HaJIMipHUM JIIKyBaHHSIM TilIOTUPEO3y MAIOTh PU3UK CEp-
1IeBO-CYIMHHUX 3axBopioBaHb [34]. [lauieHTam Moolie
50 pokiB 6e3 cepleBMX 3aXBOPIOBaHb MOXHa MpU3HAYaTH
1103y 1,6 MKT/KT JIEBOTUPOKCUHY OIWH pa3 Ha JeHb. OqHaK
Y JIITHIX MAL€HTIB 3 (haKTOpaMU pU3NKY CEPLIEBO-CYIMHHIX
3aXBOPIOBAaHb PEKOMEHIYETHCS MOYMHATU 3 HUXKYUX 103
i TIOBUILHO 30iJBIITYBAaTH IX HO LiJbOBOI, 1100 YHUKHYTU
PO3BUTKY MioKapiaJbHOI illleMii abo apuT™iii [24].

JlikyBaHHSI JIEBOTUPOKCHUHOM CJIill pPO3MOYMHATH 3 T0OOBOI
no3u Bin 0,25 1o 0,5 MKr/Kr y JiTHiX mauieHTiB. [Ticys ouinku
CepLIEeBO-CYIMHHOI TOJIEPAHTHOCTI OYaTKOBOI J03U Oilb-
IIICTh €KCITePTiB peKOMEHIYIOTh 30LIbIIyBaT 100OBY 103y Ha
12,5—25 MKT KOXHi 4—6 THXKHIB, JOKM aJeKBaTHE 3aMillleHHST
He Oy/e MmiATBepIKeHO NOBTOPHUM BuMiptoBaHHsaM TTT.

Cyokainiunuii einomupeo3. CyOKJIiHIYHUM TiMOTUPEO3
OIMCYEThCS K BUCOKMI piBeHb TTI mpu HopMaibHOMY
piBHi TOPMOHIB IIUTONOMIOHOI 3a5103U. TSKKiCTh CyOKJTi-
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HIYHOTO TilIOTUPeOo3y MOXHa IU(EepeHIIiI0OBAaTH 3aJIEXKHO
Bin piBHst TTT, mpu ubomy TTT > 10 MM O/ BBaxkaeTbest
TsKKOI0 opMmoro, Toni sk TTI 4—10 MMO/n Bu3Haua-
€Tbcs K Jiermia opma. [omupeHicTh cyOKITiHIYHOTO Ti-
MOTUPEO3Y OLIIHIOEThCS PUOIM3HO B 5—10 % y 3aranbHiit
MOMYJIALIT, TIepeBakHO cepell XiHOK. Xo4a Maitke 60 %
MAali€HTIB i3 CyOKJIIHIYHUM TilOTUPEO30M MOXKYTb TOCIITU
eyTUPeo3y MPOTSITOM 5 POKiB, Y 1—5 % maiieHTiB mopiaHO
MO€ PO3BUBATUCS SIBHUI TiMOTUpeo3. XapakTep cepiie-
BO-CYIMHHUX MOPYIIEHb MPU CYOKIiHIYHOMY TilOTHUPEeOo3i
aHaJIOTIYHUI XapaKTepy sIBHOTO TilOTUPEO03Y, 110 CBiTYUTh
Mpo Te, 110 OB JerkKuii Ae(illuT FOPMOHIB IIUTOMOMi0-
HOI 3aJ103U TaKOX MOXeE BIUJIMBATH Ha CEPLIeBO-CYINHHY
cucteMy. CeplieBO-CyIMHHI 3MiHU, SIK-OT €HJO0TeTiajlbHa
IUCGYHKIIISI, JKOPCTKICTh apTepiil, JiacTONYHMUIA apTepi-
QJIbHUM TUCK Ta TIiMepJiniaemisi, TAKOX MOXYTbh BUHUKATHU
y Mali€HTIB i3 CYOKJIiHIYHUM TilTIOTUPEO30M. K i mpu sIB-
HOMY TilOTUPEO3i, CyOKJIIHIYHUI TIMOTUPEO3 MOXe TIPU3Be-
CTHU $IK JI0 1iaCTOJIIYHOI, TaK i 1O CUCTOIIYHOI AUCHYHKIILI.
Meraanani3 14 gociigkeHb ITOKa3aB, IO CYOKITIHIYHUI
rinoTrupeo3 MilBUIILYE PU3UK CEePLIeBOi CMEPTi Ta/abo roc-
miTajizalii Ta CMEpTHOCTI Bill yCiX IMPUYMH y IAlli€HTIB i3
cepleBoIo HemocTaTHICTIO [26]. YucaeHH] gocaimKeHH
MOBITOMJISIIU TIPO 3B’130K MixXK CYOKJTiHIYHUM TilIOTUPE030M
Ta MiIBUIIEHUM PU3UKOM illIEeMiYHUX 3aXBOPIOBAHb CEPIIsT
Ta CepleBO-CyAMHHOI cMepTHOCTI [35]. ¥ HelllogaBHbOMY
MeTaaHai3i 35 mociimKeHb, 110 OXOMuUB 3arajoM 555 530
ocib, 0yJ10 IOKa3aHo, 1110 CYOKJIiHIYHU TilTOTUPEO3 MOB’SI-
3aHUIA 3 BULIIUM PU3UKOM CEPIIEBO-CYIMHHMX 3aXBOPIOBaHb
(33 %) ta cmepTHOCTI Bia ycix nmpuuuH (20 %). I1pore Taki
3B’I3KM He OyJIU BUSIBIIEHI IJIs1 yYaCHMKIB cTapiie 65 pokiB
[36]. Y KinbKOX i3 IUX TOCTiIKEHb TAKOX 3a3HAYAIOCS, 1110
MiABUILIEHUI PU3UK CepLEeBO-CYAMHHUX MOl 0COOIMBO
oueBuAHUM, Konu piBeHb TTI mepeBurye 10 MMO/n i,
110 1iKaBo, y Mosioaiux oci6 [31]. Yu Moxke cyOKIiHIuHMIT
TirnoTupeo3 CIIPUYMHUTU TIPUCKOPEHE CepLIeBO-CYyINHHE
MOIIKO/KEHHS Y MOJIOJIIIUX OCi0, € BaXJIMBUM ITUTAHHSIM,
sIKe yeKae Ha po3risin. JIikyBaHHS CyOKIIiHIYHOTO TilOTH-
peosy, konu piBeHb TTT mepeBuinye 10 MMO/n, peko-
MEHIYEThCSI YNHHUMU KePpiBHUMU NpuHIMNamMu. OnHak
JIIKYBaHHSI JIETIINX (DOPM J0CI 3aJTUIIAETHCS CYTIEPEUTUBUM.
PaHmoMizoBaHUX KJIiHIYHUX AOCTIIKE€Hb, 110 OLIiHIOIOTh
BIUIMB 3aMiCHOI Tepartii JeBoTupokcuHoMm (LT4) Ha cep-
eBO-CYOIWHHI pe3ynbTaT, Opakye. TuM He MeHII, KiJlbKa
oOcepBalliiHUX DOCHiAXKEeHb MoKa3anu, 1o Tepanis LT4
TOJIIMIIYE CEPLEBO-CYANMHHY (DYHKIIIIO Ta 3HUXKYE PUUK
CepleBOi CMEPTHOCTI, 0COOJIMBO Y MOJIOAUX Aopociux [37].

Kpim Toro, y mamieHTiB i3 CyOKIIiHIYHMM TilIOTUPEO30M
Teparig L T4 MoxKe IOJIIINATH TIeBHI TapaMeTpH TiacToIiu-
HOI (PYHKIIi1 IpOTSTOM Iepiony crioctepexkeHHs1. Hemonas-
Hilf MeTaaHaJIi3 TTOKa3aB, 10 CITiBBiIHOIIEHHS IIBUIKOCTI
E ta mBunkocti A i o6aabHOI MO3A0BXKHBOI AedopmMallii
3HAYHO morinmmiocs micis Teparmii LT4 [38]. Takum yun-
HOM, PEKOMEHIYEThCS, OO PillIEHHS MPO 3aCTOCYBAHHS
3aMiCHOI TOpMOHAJILHOI Tepalrii OyJIo iHIMBiAyaIi30BaHO y
MOJIOJIMX TAIIEHTIB 3 (paKTOpaMu cepleBO-CYyIMHHOTO PU-
31Ky 200 miacToMiuYHOI0 AuChYHKIIE€. ICHye pu3uK aTpO-
TEHHOTO TiNepTUpeo3y, sIKUii MOXe MPU3BECTH 10 ceplie-
BO-CYIMHHUX YCKJIaAHEHb, SIK-0T DiOpuiIsilisa nepeacepib
Ta PO3BUTOK CEPLIEBOI HEAOCTATHOCTI y JIIO/IEH MOXUJIOTO

Biky. ToMy 3amMicHa Tepalriss ropMOHAMU IMUTOIOAIOHOL
3aJI03U HE PEKOMEHIYEThCs, TOKMU piBeHb TTI He mimHi-
MeThcest Bule 10 MMO/a. Tin yac npusHayeHHs Tepaliii pe-
KOMEHIYEThcS KOHTpostoBaTH piBeHb TTT KoxXHi 6—12 Mi-
csuis [9]. st Hopmanizauii piHst TTT 3a3Buuaii notpioHi
HUXYi 1031 LT4 nopiBHSHO 3 IBHUM TilIOTUPEO30M.

BucHoBkMU

1. IMopyieHHs hyHKIIIT IIUTOMOAIOHOI 321031 OOYMOB-
JIIOE CYTTEBI CePLIeBO-CYINMHHI TOPYILICHHSI.

2. TupeoinHi TOPMOHU CIPABJISIIOTh Pi3HOMAaHITHI
e(eKTH Ha CepleBO-CYAUHHY CUCTeMY Yy (i3iooTiuHuX
YMOBaX, SIKi OMOCepeKOBYIOThCS TTePEeBaXXHO BHYTPIlll-
HBOKJIITUHHUMMU PEeLEeNnTOpaMu, a TAKOX HEreHOMHUMU
nurixamMmu. Ha ocHOBi po3yMiHHST KIIITUHHUX MeXaHi3MiB
nii TUpEeOIAHUX TOPMOHIB Ha CEPLIEBO-CYAMHHY CUCTEMY
MO>Ha MOSICHUTU MEXaHi3M CEpLEeBOT0 BUKUIY, CKOPOT-
JINBOCTI Cep1Isl, apTepiaIbHOTO TUCKY, CYIMHHOTO OIOpYy Ta
MOPYIIEHb PUTMY, 1110 BUHMKAIOTh BHACTIAOK NUCHYHKIIIT
LIMATOTOAIOHOT 3aJ103U.

3. CydyacHui1 aHaJIi3 1 yCBiIOMJIEHHS TUCOAIaHCY pery-
JIITOPHUX CHUCTEM, OOYMOBIICHOTIO Tillep- i TiIOTHUPE030M,
CTBOPIOE TIEPEAYMOBU JJISI TTOLIYKY €(DeKTUBHUX MOJIEKY
KOMILIEKCHOTO BILIMBY Ta e(DEKTUBHOI Tepallii ceplieBo-Cy-
NIMHHUX 3aXBOPIOBaHb, iHIil[iIHOBAHUX Ta OOYMOBJICHUX TOP-
MOHAJIbHOIO TUC(YHKIIEIO IMUTONOAIOHOI 3aJI031.

KondaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHQIIIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alliKaBJIeHO-
CTi TIPY MiATOTOBIL JAHOI CTATTi.

Indopmanis npo dinancyBanns. CTaTTs MiAroTOBIEHA B
pamMKax caMoiHaHCYyBaHHS.
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The role of thyroid hormonal activity in the development
and progression of cardiovascular pathology
(literature review)

Abstract. Background. Cardiovascular diseases are the most com-
mon pathology that reduces the quality and duration of life of pa-
tients. The functional state of the thyroid gland has a significant
impact on the activity of the cardiovascular system, and thyroid
diseases are identified as risk factors for cardiovascular pathology.
Therefore, both hyper- and hypothyroidism exert their influence on
the cardiovascular system through numerous mechanisms, causing
functional and structural changes, the manifestation of which is
a variety of diseases. In recent years, subclinical manifestations
of thyroid dysfunction have been actively studied, which requires
generalization and determination of further research directions.
Aim: to analyze and summarize data from literary sources over the
past decade on the features of the thyroid hormone influence on
the cardiovascular system and to assess the role of thyroid hormon-
al activity in the development and progression of cardiovascular
pathology. Materials and methods. An analysis was made of literary
and electronic sources on the thyroid hormone influence on the
functional state of the cardiovascular system and the determination
of their role as risk factors for the development and progression of
cardiovascular pathology. A search for literary sources was con-
ducted in Google electronic databases for the period from 2016
to 2025 using the keywords: thyroid hormones, hyperthyroidism,
hypothyroidism, cardiovascular diseases, ischemic heart disease.
Results. The results of the analysis indicate a multifaceted effect of
thyroid hormones on almost all components of the cardiovascular

continuum. Hormonal dysfunction of the thyroid gland increases
cardiovascular risk, hyperthyroidism can cause the development of
pulmonary hypertension. Hormonal imbalance can initiate the de-
velopment and progression of atherosclerosis, arterial hypertension,
heart arrhythmia, and also cause the development and progression
of heart failure. In recent years, subclinical hyper- and hypothy-
roidism have been actively studied. Timely detection and diagnosis
of thyroid hormone imbalance and the prescription of therapy de-
fined by international standards helps reduce clinical manifestations
and progression of cardiovascular pathology. Conclusions. Thyroid
dysfunction causes significant cardiovascular disorders. Thyroid
hormones exerts various effects on the cardiovascular system under
physiological conditions, which are mediated mainly by intracellular
receptors, as well as by non-genomic pathways. Based on the under-
standing of the cellular mechanisms of thyroid hormone action on
the cardiovascular system, it is possible to explain the mechanism
of cardiac output, heart contractility, blood pressure, vascular re-
sistance and rhythm disturbances that arise as a result of thyroid
dysfunction. Modern analysis and awareness of an imbalance of
regulatory systems caused by hyper- and hypothyroidism creates the
prerequisites for the search for effective molecules of comprehensive
action and effective therapy of cardiovascular diseases initiated and
caused by hormonal dysfunction of the thyroid gland.

Keywords: review; thyroid hormones; hyperthyroidism; hypothy-
roidism, cardiovascular diseases
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Abstract. Endocrine regulation of mineral metabolism largely depends on the interaction between the kidneys,
bone tissue, and parathyroid glands. One of the key regulators of this axis is the Klotho-fibroblast growth factor 23
(FGF23) system, which plays a central role in the control of phosphate and vitamin D homeostasis. The a-Klotho
protein, predominantly expressed in the renal tubules, functions as an essential co-receptor for FGF23, enabling its
binding to fibroblast growth factor receptors and activation of downstream signaling pathways in target cells. Disrup-
tion of this signaling system, particularly in chronic kidney disease, leads to disturbances in phosphate and calcium
metabolism, vascular calcification, renal fibrosis, and cardiovascular complications. In addition to its role in FGF23
signaling, soluble Klotho exhibits multiple systemic protective properties, including antioxidant, anti-inflammatory,
anti-fibrotic, and cytoprotective effects. A growing body of experimental and clinical evidence suggests that reduced
circulating and renal Klotho levels may serve as an early biomarker of kidney dysfunction and are associated with
adverse renal and cardiovascular outcomes. Conversely, restoration of Klotho levels — either through administration
of recombinant protein or therapeutic strategies aimed at enhancing endogenous expression — has demonstrated
promising renoprotective and cardioprotective effects in experimental models. Overall, the Klotho-FGF23 axis rep-
resents a crucial endocrine regulator of kidney disease progression and its systemic complications. Further studies
are required to better understand the molecular mechanisms underlying this pathway and to translate these findings
into novel diagnostic markers and targeted therapeutic strategies for kidney diseases.

Keywords: endocrine regulation Klotho-FGF23; chronic kidney disease; phosphate metabolism; vascular calci-
fication; renal fibrosis

Introduction

The endocrine regulation of mineral metabolism is cri-
tically dependent on the interaction between the kidney,
bone, and parathyroid glands. Among the key regulators of
this axis, the Klotho-fibroblast growth factor 23 (FGF23)
system has emerged as a central pathway controlling phos-
phate and vitamin D homeostasis. a-Klotho, predominant-
ly expressed in the renal tubules, functions as an essential
co-receptor for FGF23, enabling its binding to fibroblast
growth factor receptors and facilitating downstream signa-
ling in target tissues.

Over the past two decades, increasing evidence has
demonstrated that disruption of the Klotho-FGF23 endo-
crine network plays a critical role in the pathogenesis and

progression of kidney diseases. Declining renal Klotho ex-
pression and elevated circulating FGF23 levels are charac-
teristic features of chronic kidney disease (CKD) and are
closely associated with disturbances in mineral metabolism,
vascular calcification (VC), inflammation, and cardiovas-
cular complications. These alterations are not only markers
of renal dysfunction but also important predictors of adverse
clinical outcomes.

Klotho (Greek: KAwOa) is a mythological figure and one
of the Three Fates in ancient Greek mythology. She is known
as the Spinner, tasked with spinning the thread of human life.
Working alongside her sisters — Lachesis, who measures
the length of the thread, and Atropos, who cuts it — Klotho
played a decisive role in the destiny of gods and mortals alike.
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Klotho-protein was discovered in 1997 by Dr. Mako-
to Kuro-o and his research team, while they were studying
genes involved in aging in mice. First Klotho was recognized
as a putative anti-aging protein with significant therapeutic
potential [1].

The Klotho family comprises three subtypes: a-Klotho,
B-Klotho, and y-Klotho, among which a-Klotho is the most
extensively studied. a-Klotho exists in two major forms: a
membrane-bound form and a soluble circulating form.

The membrane-bound a-Klotho functions as an essen-
tial co-receptor for FGF23 in the kidney, thereby regulating
phosphate homeostasis and vitamin D metabolism. Through
this interaction, it plays a critical role in maintaining systemic
mineral balance [2].

In contrast, the soluble form of a-Klotho acts as a circula-
ting hormone with pleiotropic biological effects. These include
anti-inflammatory, antioxidative, tumor-suppressive, and pro-
teolytic regulatory activities, highlighting its broad cytoprotec-
tive and metabolic functions beyond mineral regulation [3].

Moreover, soluble Klotho levels also decrease in CKD,
which not only impairs FGF23-dependent phosphate regu-
lation but may also diminish the broad protective effects
of Klotho on inflammation, oxidative stress, and tissue
health. Combined alterations in both Klotho and FGF23
thus promote mineral dysregulation, accelerated aging-like
phenotypes, and elevated risk of renal and extra-renal com-
plications. Low serum Klotho levels were associated with an
increase in all-cause mortality by 21 % and cardiovascular
mortality by 76 % among patients with cardiovascular-kid-
ney-metabolic syndrome. Furthermore, serum Klotho levels
demonstrated excellent predictive efficacy for both the seve-
rity and mortality associated with this syndrome [4].

The role of Klotho-FGF23: key points

The Klotho-FGF23 endocrine axis is a key hormonal
network that regulates systemic phosphate and vitamin D
metabolism through coordinated bone-kidney signaling.
In this system, FGF23 is a hormone primarily produced by
osteocytes and osteoblasts in bone in response to elevated
phosphate and active vitamin D levels.

The kidney represents the principal source of circulating
Klotho and is the primary site of gene expression in humans.
Both the full-length transmembrane Klotho and the soluble
form function as essential co-receptors for FGF23. Klotho
forms a functional complex with FGFR1c, FGFR3c, and
FGFR4, enhancing the specificity and affinity of these fibro-
blast growth factor receptors for FGF23 in target tissues [5].

The physiological interaction between o-Klotho and fi-
broblast growth factor 23 (FGF23) represents a central regu-
latory mechanism in mineral metabolism, ensuring systemic
phosphate balance and appropriate levels of active vitamin D.
FGF23 is primarily secreted by osteocytes and osteoblasts
in response to increases in serum phosphate and 1,25-dihy-
droxyvitamin D (calcitriol). Its endocrine actions are critical-
ly dependent on the presence of a-Klotho, a transmembrane
protein highly expressed in the kidney, particularly in the
distal convoluted tubule [6].

Through this interaction, Klotho effectively converts ca-
nonical FGFRs into specialized receptors for FGF23. As a
result, Klotho plays a central role in the regulation of calci-

um, phosphate, and vitamin D metabolism. Renal proximal
tubular cells are primarily responsible for maintaining mine-
ral homeostasis, serving as the key effector site of FGF23-
Klotho signaling [7]. Circulating FGF23 acts on the kidney
by binding to FGF receptors in the presence of a-Klotho,
a transmembrane protein that serves as an essential co-re-
ceptor, thereby facilitating phosphaturia (increased urinary
phosphate excretion) and suppressing synthesis of 1,25-dihy-
droxyvitamin D (calcitriol) by inhibiting renal 1a-hydroxy-
lase activity [8]. Membrane-bound a-Klotho enhances the
affinity of FGF23 for its receptors in the proximal tubule,
making this interaction critical for phosphate homeosta-
sis and for restricting excessive vitamin D activity. Without
sufficient Klotho, FGF23 cannot properly activate down-
stream signaling, leading to disrupted phosphate handling
[9]. This interaction downregulates renal sodium-phosphate
cotransporters (NaPi-Ila/IIc), promoting phosphaturia, and
suppresses 1a-hydroxylase (CYP27B1), reducing calcitriol
synthesis and intestinal phosphate absorption (Fig. 1). Re-
cent work has refined our understanding of receptor speci-
ficity and downstream signaling motifs, further defining how
FGFR-Klotho complexes modulate renal tubular transporter
expression [8].

The biological importance of Klotho is highlighted by
experimental models in which genetic deletion of the Klotho
gene results in severe multiorgan dysfunction in rodents, pre-
senting phenotypes that resemble several human pathological
conditions. Systemic Klotho deficiency most commonly
occurs in acute kidney injury (AKI) and chronic kidney dis-
ease (CKD).

Over the past years, preclinical research has substantially
advanced our understanding of Klotho biology and has high-
lighted its potential diagnostic and therapeutic significance.

Nevertheless, important knowledge gaps remain regard-
ing the regulation of Klotho expression, its shedding and
metabolism, the identification of its target organs, and the
precise mechanisms underlying its biological actions. Trans-
lational and clinical studies have progressed more slowly;
however, accumulating evidence suggests that Klotho may
have promising clinical applications. These include its use
as a biomarker for the early detection of AKI and CKD, as
a predictor of disease progression and extra-renal complica-
tions, and potentially as a replacement therapy for systemic
Klotho deficiency. Further technological advances and large
prospective clinical studies are required to clarify the full
clinical impact of Klotho in nephrology [10].

Dysregulation of the Klotho-FGF23 axis is a hallmark
of chronic kidney disease. As kidney function declines,
a-Klotho expression in the kidney decreases, reducing its
availability as an FGF23 co-receptor and contributing to a
state of FGF23 resistance. Because phosphate retention in-
creases in CKD, FGF23 levels rise dramatically in an attempt
to maintain phosphate balance — but with reduced Klotho,
FGF23 signaling becomes less effective. This imbalance
leads to persistent phosphate and vitamin D disturbances that
contribute to mineral bone disorder, vascular calcification,
and adverse clinical outcomes [11].

In Klotho-deficient mice, resistance to FGF23 leads to
pathological calcification of soft tissues and blood vessels.
These vascular alterations may secondarily compromise re-
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nal blood supply, establishing a vicious cycle that further
aggravates renal injury and disease progression. This occurs
secondary to elevated circulating calcitriol levels, which in-
crease intestinal calcium absorption and reduce renal phos-
phate excretion, thereby disturbing mineral balance [12].

Vascular calcification is widely recognized as a hall-
mark of vascular aging. Accumulating evidence suggests that
Klotho deficiency contributes to the development of VC,
while restoration of Klotho expression may attenuate this
process. However, the precise molecular mechanisms under-
lying this protective effect remain incompletely understood.

Several studies suggest that autophagy is involved in the
Klotho-mediated regulation of VC. Clinical data demon-
strated a significant inverse correlation between serum
Klotho levels and aortic calcification, as assessed by the
Agatston score. Experimental findings further showed that
Klotho-deficient mice developed pronounced aortic calcifi-
cation, which was partially reversed following supplementa-
tion with exogenous Klotho protein [13].

Notably, autophagic activity was elevated in the aortas of
Klotho-deficient mice and appeared to exert a compensatory
protective effect against calcification. Additionally, Klotho
administration enhanced autophagy both in vivo (aortic tissue
of Klotho-deficient mice) and in vitro in calcifying mouse
vascular smooth muscle cells.

Collectively, these results suggest that Klotho deficiency
triggers a compensatory increase in autophagy as a protective
response to VC, while restoration of Klotho further aug-
ments autophagic activity to mitigate mineral deposition.
Importantly, vascular calcification not only disrupts vascular
homeostasis but also occurs in the renal vasculature, leading
to renal ischemia and progressive decline in kidney function.
These findings provide mechanistic insight into the role of
Klotho in vascular homeostasis and may inform future the-
rapeutic strategies targeting VC [13].

Among the others most common causes of kidney da-
mage is chronic hyperglycemia, a key pathogenic factor un-
derlying the development and progression of diabetic kidney
disease (DKD). Hyperglycemia is a central driver in the de-
velopment and progression of DKD, promoting excessive
reactive oxygen species (ROS) generation, disruption of
cellular homeostasis, and glomerular dysfunction. These al-
terations trigger oxidative stress, inflammation, fibrosis, and
apoptosis, ultimately leading to progressive renal injury. Oxi-
dative stress further contributes to oxidized LDL accumula-
tion and is associated with reduced Klotho expression [14].

Growing evidence indicates that Klotho plays a crucial
renoprotective role in DKD by modulating oxidative stress.
Reduced Klotho levels in DKD are linked to impaired cel-
lular longevity, mitochondrial dysfunction, and enhanced
inflammatory responses. Both in vitro and in vivo studies
demonstrate that Klotho supplementation decreases oxi-
dative stress markers such as ROS and malondialdehyde,
preserves mitochondrial integrity, and improves antioxidant
enzyme expression. Also Klotho may protect against podo-
cyte injury in idiopathic membranous nephropathy patients
by inhibiting the TRPC6/CatL pathway [15].

Mechanistically, Klotho regulates redox homeostasis
through activation of FoxO transcription factors (including
FoxO1 and FOXO3a), which enhance antioxidant defenses,

suppress intracellular ROS accumulation, and protect against
podocyte injury and filtration barrier damage. In experimen-
tal diabetic models, Klotho overexpression reduces DNA
damage, lowers hydrogen peroxide levels, and attenuates high
glucose-induced apoptosis [3].

Overall, current evidence supports a strong link between
oxidative stress and Klotho deficiency, which leads to ne-
phrosclerosis. Klotho exerts significant antioxidant and cy-
toprotective effects; however, its full spectrum of molecular
mechanisms remains incompletely defined, warranting fur-
ther investigation [16].

Activation of the Wnt/f3-catenin pathway is a key feature
in the development of kidney fibrosis. Chen et al. reported
that Klotho-derived peptide 6, which mimics the biological
activity of the Klotho protein, directly binds to endogenous
Wnt ligands and acts as an inhibitor of canonical Wnt/f3-ca-
tenin signaling. In diabetic kidney disease, this peptide was
shown to reduce glomerular injury and preserve renal func-
tion, suggesting its potential as a novel therapeutic agent. So,
Klotho-derived peptide 6 ameliorates diabetic kidney disease
by targeting Wnt/B-catenin signaling [17].

A progressive decline in both systemic and renal Klotho
levels has emerged as a novel hallmark of kidney disease
progression. Recent evidence identifies Klotho and FGF23
levels as a promising diagnostic biomarker and therapeutic
target in both diabetic and non-diabetic kidney diseases [18].
However, the molecular mechanisms governing Klotho regu-
lation and effective strategies to restore its circulating and
renal expression remain incompletely understood. Decreased
renal Klotho expression together with elevated circulating
FGF23 levels has been associated with renal tubular and
tubulointerstitial injury, suggesting that dysregulation of the
Klotho-FGF23 axis reflects early structural damage of the
kidney and contributes to the progression of chronic kidney
disease [19].

Tubular dysfunction is recognized as an independent risk
factor for the formation of kidney stones (KS). Supersatura-
tion is the primary driving force for crystal formation in the
kidneys. However, this process usually results only in crys-
talluria, as most crystals are excreted without consequences.
For kidney stones to develop, crystals must not only form but
also be retained within the kidney, which occurs relatively
rarely. Crystal retention is typically associated with patholo-
gical renal changes, including tissue injury and dysfunction.
Severe epithelial cell damage promotes crystal nucleation,
aggregation, and retention, whereas sublethal injury may
impair the production of crystallization inhibitors and create
localized areas of supersaturation in the renal interstitium.
This can contribute to interstitial crystal deposition and the
formation of Randall’s plaques [20].

a-Klotho and FGF23, novel proteins implicated in kid-
ney disease, diabetes, and their complications, may also
contribute to the pathophysiology of crystalluria and neph-
rolithiasis [21].

Conducted a nationally representative cross-sectional
analysis using data from diabetic adults aged 40—79 years
who participated in the National Health and Nutrition Exa-
mination Survey (NHANES) 2007—2016 cycles was revealed
in Multivariable logistic regression models the association
between serum Klotho concentrations and kidney stone
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prevalence. Higher serum Klotho concentrations were in-
dependently associated with a lower prevalence of kidney
stones in diabetic adults. Specifically, each one-unit increase
in In-transformed Klotho level was associated with a 28 %
reduction in the odds of kidney stone occurrence [22].

Fibroblast growth factor 23 (FGF23) and a-Klotho
are thought to play a role in urolithiasis, but their causal
relationships are not fully understood. Performing a Men-
delian randomization (MR) analysis using GWAS data to
assess whether circulating levels of FGF23 and a-Klotho
are causally associated with kidney stone risk has showed
that genetically predicted higher a-Klotho levels were sig-
nificantly associated with a lower risk of kidney and ureter
stones (OR =0.86, 95% CI: 0.81-0.92, P < 0.001). Reverse
MR analysis did not support causality in the opposite direc-
tion. In contrast, no causal association was found between
FGF23 levels and kidney or lower urinary tract stones. No
heterogeneity or pleiotropy was detected. These findings
suggest that elevated a-Klotho may have a protective effect
against kidney stone formation, while FGF23 does not
appear to play a causal role [23].

A considerable proportion of patients with calcium neph-
rolithiasis and normal parathyroid function exhibit renal
phosphate leakage. This condition is characterized by idio-
pathic hypophosphatemia and a reduced renal phosphate
threshold adjusted for glomerular filtration rate (TmPi/
GFR). Many of these patients show elevated or inappropri-
ately normal levels of FGF23, a key regulator of phosphate
homeostasis [24].

Despite the well-recognized pathological consequences
associated with dysregulation of the Klotho-FGF23 axis,
increasing evidence suggests that Klotho itself exerts multi-
ple protective biological functions. In particular, the soluble
form of a-Klotho has attracted significant attention due to its
endocrine and paracrine activities. Unlike membrane-bound
Klotho, which primarily acts as a co-receptor for FGF23 in
regulating phosphate and vitamin D metabolism, soluble
Klotho functions as a circulating hormone with pleiotropic
effects. It modulates several cellular pathways, including an-
ti-oxidative defense, anti-inflammatory signaling, and inhi-
bition of fibrosis and vascular calcification. These properties
highlight soluble Klotho as an important systemic regulator
with potential therapeutic relevance in kidney and metabolic
diseases.

Soluble Klotho circulates systemically and exerts hor-
mone-like effects independent of FGF23 signaling. These
include regulation of ion channels, inhibition of Wnt/[3-
catenin signaling, and modulation of oxidative stress and
inflammatory pathways. Emerging studies from 2022—2025
demonstrate that soluble Klotho interacts with cell surface
receptors and signaling networks to influence cellular resi-
lience and metabolic processes beyond classical phosphate
handling, bridging mineral metabolism with broader endo-
crine control [25].

Notably, physiological soluble Klotho has been impli-
cated in maintaining redox homeostasis and cellular adap-
tive responses, including modulation of insulin/IGF-1 and
mTOR pathways. Such functions position Klotho not only
as a mineral regulator but also as an integrative hormone
influencing aging and systemic metabolic health [26].

Preclinical evidence supporting
the therapeutic role
of recombinant Klotho

It is usually accepted that sKlotho levels are reduced
early in CKD and that lower levels of sKlotho might be
associated with the main chronic kidney disease-mineral
bone disorders, bone and cardiovascular diseases [27]. That
is why experimental MI studies in mice administration of
recombinant Klotho demonstrated reducing infarct size,
attenuated cardiac hypertrophy and fibrosis, and improved
cardiac function. Mechanistically, Klotho stabilized intra-
cellular calcium handling in cardiomyocytes by inhibiting
CaMKII activation and preventing RyR2 hyperphospho-
rylation, thereby reducing arrhythmogenic events. These
findings suggest that Klotho may serve both as a biomarker
of myocardial injury and a potential therapeutic target for
preventing adverse cardiac remodeling following myocardial
infarction [28].

Recombinant Klotho demonstrates anti-inflamma-
tory and renoprotective effects in lupus nephritis-related
cellular models. In glomerular mesangial cells (MES-13),
interferon-y (IFNvy) induces expression of the autoim-
mune-associated protein SAMHDI1 via activation of the
NF-«kB and JAK-STAT1 signaling pathways while simul-
taneously suppressing endogenous Klotho expression.
Administration of recombinant Klotho protein inhibits
IFNy-induced SAMHD1 upregulation by blocking NF-«xB
nuclear translocation, without affecting JAK-STAT1 sig-
naling. These findings suggest that recombinant Klotho
may attenuate inflammatory responses in lupus nephritis
by modulating IFNy-dependent signaling pathways and
suppressing autoimmune-related gene expression in renal
mesangial cells [29].

Numerous studies indicate that Klotho has protective
effects in these disorders. However, Klotho expression is
downregulated during the early stages of inflammation
and diabetic nephropathy due to the action of pro-in-
flammatory mediators, which may limit its protective
potential. Reduced urinary Klotho levels have therefore
been proposed as an early biomarker of renal involvement
in diabetes. Moreover, recombinant Klotho administra-
tion or strategies aimed at increasing Klotho expression
may represent promising diagnostic and immunothera-
peutic approaches for diabetic and nondiabetic nephro-
pathy [30].

Recombinant a-Klotho demonstrates protective effects
in sepsis-induced cardiorenal injury. In an experimental
mouse model of lipopolysaccharide (LPS)-induced sepsis,
systemic Klotho levels markedly decreased following inflam-
matory insult. Pretreatment with recombinant a-Klotho sig-
nificantly reduced biochemical markers of cardiac and renal
injury, including troponin, BNP, NGAL, and creatinine. In
addition, Klotho administration suppressed key pathologi-
cal mechanisms involved in septic organ damage, including
apoptosis, inflammation, and oxidative stress, while modu-
lating endoplasmic reticulum stress responses. These findings
suggest that a- Klotho may function as a protective regulator
of the cardiorenal axis during sepsis, highlighting its poten-
tial as a therapeutic target for preventing acute cardiorenal
syndrome [31].
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Figure 1. The a-Klotho-FGF23 endocrine axis in physiological mineral regulation. FGF23-a-Klotho axis maintains
tight control over phosphate homeostasis and vitamin D metabolism. When serum phosphate rises, osteocytic
FGF23 secretion increases, signaling via a-Klotho-fGFR complexes in the kidney to enhance phosphate excretion
and reduce calcitriol synthesis. Reduced calcitriol then feeds back to lower intestinal phosphate absorption. This
tightly regulated loop preserves phosphate balance and protects against ectopic mineral deposition

Recombinant a-Klotho has demonstrated significant pro-
tective effects in the progression from AKI to CKD and in
associated cardiovascular complications. Experimental stu-
dies show that early administration of recombinant a-Klotho
following ischemia-reperfusion-induced AKI prevents the
transition to CKD and protects against cardiac remodeling.
One important observation is that exogenous a-Klotho the-
rapy can restore endogenous Klotho expression, with effects
persisting even after treatment cessation. In CKD models,
delayed a-Klotho administration still improves renal func-
tion and attenuates cardiac structural changes, although not
completely reversing damage. Additionally, a-Klotho reduces
renal and cardiac fibrosis induced by high-phosphate condi-
tions, supporting its role in maintaining cardiorenal homeo-
stasis. These findings suggest that recombinant a-Klotho may
represent a promising preventive and therapeutic strategy for
AKI-to-CKD progression and uremic cardiomyopathy [32].

In addition, several experimental studies have demon-
strated that recombinant Klotho exerts protective effects in
acute pathological conditions. For example, in models of

hemorrhagic shock, Klotho administration attenuated lung
and kidney injury by reducing oxidative stress, apoptosis, and
inflammatory responses [33].

Conclusions

The Klotho-FGF23 endocrine axis plays a central role in
the regulation of mineral metabolism and kidney homeosta-
sis through the integration of bone-kidney signaling. Acting
as a co-receptor for FGF23, a-Klotho enables efficient regu-
lation of phosphate excretion and vitamin D metabolism in
the kidney, thereby maintaining systemic mineral balance.
Disruption of this pathway, particularly in chronic kidney
disease, contributes to disturbances in phosphate and cal-
cium homeostasis, vascular calcification, renal fibrosis, and
cardiovascular complications.

Beyond its role in FGF23 signaling, soluble Klotho
exerts multiple systemic protective effects, including an-
ti-oxidative, anti-inflammatory, anti-fibrotic, and cytopro-
tective actions. Growing experimental and clinical evidence
suggests that reduced circulating and renal Klotho levels
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represent an early biomarker of kidney dysfunction and are
associated with adverse renal and cardiovascular outcomes.
Conversely, restoration of Klotho levels, either through re-
combinant protein administration or therapeutic strategies
aimed at enhancing endogenous expression, has shown
promising renoprotective and cardioprotective effects in
experimental models.

Overall, the Klotho-FGF23 axis represents a critical
endocrine regulator of kidney disease progression and its
systemic complications. Further research is required to bet-
ter understand the molecular mechanisms underlying this
pathway and to translate these insights into novel diagnos-
tic markers and targeted therapeutic strategies for kidney
diseases.
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Klotho Ta FGF23:
€HAOKPUHHA peryAsLis pe3yAbTaTiB XBOPOOU HUPOK

Pe3tome. EnnokpuHHa peryJisiis MiHEpaabHOro 0OMiHy 3Hau-
HOIO MipOI0 3aJIEXXUTh Bill B3aEMOJil MiXK HUpKaMU, KiCTKOBOIO
TKaHMHOIO Ta MapaliuTonoaioHuMu 3ano3aMu. OTHUM i3 KJII0-
YOBUX peryJsiTopiB 1i€i oci € cucrema Klotho — dakrop pocty
diopoonacris 23 (FGF23), sixa Bimirpae nieHTpajibHy poJib Y KOH-
TpoJii TomeocTtady docoarty it Bitaminy D. binok a-Klotho, mo
MepeBaKHO eKCIPECYEThCSI B HUPKOBUX KaHAIBISIX, (DYHKIIIOHYE
sIK HeoOxinHuil kopeuenrtop maasgs FGF23, 3abe3neuyioun iioro
3B’A3yBaHHS 3 pelenropaMu ¢pakTopa pocty (hidpobaacTiB i ak-
TUBALLIIO TTOAAJTBIINX CUTHATBHUX IUISXiB y KITITUHAX-MillIEHSIX.
[MopyiueHHs 11i€i CUTHAJIbHOI CUCTEMM, OCOOJIMBO MIPU XPOHIUHI i
XBOpPOOi HUPOK, NMPU3BOAUTH 10 po3ianiB GochopHo-Kaibllie-
BOro OOMiHY, PO3BUTKY CYAUHHOI KaJblM(iKalii, HIPKOBOTO
Gi0po3y i ceplieBO-CyIMHHUX yeKiIaaHeHb. OKpiM y4acTi B CUT-
HanpHOMY Husixy FGF23, po3unnHa opma Klotho mae uncieH-
Hi CUCTEMHI 3aXMCHi BJJAaCTUBOCTI, BKJIIOYAI0OYM aHTUOKCUIAHTHY,
NpoTU3anajibHy, aHTU(PIOPOTUIHY Ta LIUTOIIPOTEKTOPHY HilO.
3pocTaroya KiJIbKiCThb €KCIIEPUMEHTAJbHMUX i KIITHIYHUX JTOCITi-

IKEHb CBIIUUTD, 110 3HUKEHHS PiBHIB IIUPKYJIIOIOYOTO Ta HUP-
koBoro Klotho moxke OyTu paHHiIM GioMapKepoOM MOPYIIECHHS
(YHKILIT HUPOK i aCOLII0ETHCS 3 HECTIPUSITIMBUMU HUPKOBUMM i
cepleBO-CYIMHHUMM Hactinkamu. HaToMicTh BiTHOBIEHHS PiB-
Hs1 Klotho, 30kpeMa HIIJIIX0M BBeIeHHSI peKOMOiHaHTHOTO Oika
abo0 3aCTOCYBaHHS TepaneBTUYHUX CTPATEriil, CIPSIMOBAaHUX Ha
MiIBUILIEHHS IOT0 €HAOTeHHOI eKCIpecii, AeMOHCTPYE Mepcrek-
TUBHI pEHO- Ta KapAioNMpoTeKTOPHi e(heKTHU B eKCIIepUMEHTab-
Hux moneinsx. Takum ynHoM, Bick Klotho — FGF23 € Baxm-
BUM E€HIIOKPUHHUM DETYJISITOPOM MPOTPECYBaHHS 3aXBOPIOBAHb
HUPOK Ta iX CUCTEMHMX YCKJIaaHeHb. [lomanplii 1ocaiIKeHHs
HEOOXiHI U1l IJIMOIIOrO PO3YMiHHSI MOJIEKYJISIPHUX MEXaHi3MiB
i€l CUTHAJIBHOI CUCTEMM i TPAHCIIALIT OTPUMAaHUX 3HaHb Y HOBI
NiarHOCTUYHI MapKepU ¥ TapreTHi TepaleBTUYHI MiAXOaUu Mpu
3aXBOPIOBAHHSIX HUPOK.

KiouoBi ciioBa: enmokpunna peryJsiiist Klotho — FGF23; xpo-
HiYHa XBopoba HUPOK; ¢ochaTHUIT 0OMiH; CyTMHHA KaIbIudika-
11is1; peHanbHU# hidpo3
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EHAOKPUHHI acnekTn ¢apmMakoTepanii
XPOHIYHOT cepLeBOi HeAOCTATHOCTI

Pe3tome. VY ctarTi BUCBITIIEHO eHOOKPMHHI acrnekTy ghapmakoTepartii XpoHi4HOI cepLeBoi He4OCTaTHOCTI Ta NoKa-
3aHo, YoMy MeTaboriidHa piBHoBara € HeObXigHOK YMOBOK €GOEKTUBHOIO JliKyBaHHS. KOMITIIEKC HEVpOryMopaibHUX
i FOPMOHasIbHVX 3PYLLIEHb MPU CEPLEBIVi HEAOCTaTHOCTI OXOM/TOE IHCYIHOPE3NCTEHTHICTb, ANCPErynALito PeHiH-aH-
rOTEH3UHOBOI CUCTEMU Ta CUCTEMM HATPINYPETUYHNX NENTULIB, aHOMaslbHy CUMMNAaTUYHY aKTUBHICTb, MOPYLLEHHS
TUPEOIJHOro CTaTycy Ta NPOSiBU rinoroHaanamy. 3a Umx yMoB rMepeHOCUMICTb | eQOeKTUBHICTL KapLioTPOMNHUX 3acobis
3arnexarb He JivLue Bif reMoavHamikv, a vi Bif BrsvBy Tepanii Ha riikeMidHui npoink, BOAHO-€/IEKTPOSIITHU 6a-
niaHc, HUPKOBY QOYHKUIIO Ta cucTemHe 3anasneHHs. OKpeMy yBary npuaineHo KiiHi4Hivi cutyauii noegHaHHs cepLeBoi
He[oCTaTHOCTI 3 L{yKPOBUM [iabeToM, KO BUGID [O3U, PEXUMY MPU3HAYEeHHS Ta TeMIly TUTPYBaHHS rpernaparis
rnoTpebye rnapanesibHoi OLiHKN PU3UKY rinepriikemii, a Takox IMOBIPHOCTI MporpecyBaHHs HUPKOBOI ANCYHKLI.
lMokasaHo, Lo HeviporymoparbHa 6710kaaa 34atHa He JmLUe MosinLLIyBaTy MPOrHo3, a ¥ Cripysitv 36epeXeHHI0 MeTa-
6osi4HOI piBHOBaru, To4i ik giypeTvndHa Tepariis 3 HeoCTaTHIM KOHTPOIEM BIfroBifi MOXe MPOBOKYBaTU KOJIMBAHHS
7iKkeMii Yepe3 rinoBosemito, aKTMBaLito CTPECOBUX MEXaHi3MIB | HeCTabirbHi piBHI Kasito. Po3risHyTo MeTabonidHi
Hacriifjkv 3acTocyBaHHs IHrOITOPIB aHrioTEH3UHNEPETBOPIOBASILHOrO (hepMeHTY Ta 6710KaTopis peLienTopis aHroTeH-
3UHY, KOMBIHOBAHOI O IHIGYBaHHs HEMPUI3uHy 3 6710Ka[00 PELeNTopIB aHrOTEH3UHY, aHTaroHICTIB MiHepasiokop-
TUKOIOHUX peLienTopiB, a TaKoX PoJib Kaninas adysasbHUX 3aco0iB y nigTPUMaHHI MOBHOLIIHHOI HeHporymopasbHoi
Tepanii 6e3 Hebe3rne4Hoi rinepkasiemii. BUCBITIIEHO micue Hr6ITopiB HATPIN3anexXHoro KoTpaHcriopTepa rioKo3u
2-ro Tvny sk Kaacy, Lo rnoegHye KapLionoriyHy 1a eHLOKPUHHY KOPUCTb | BOGHOYAC roTpebye KiliHIYHO BUBAXEHOI
TaKTVKN TUMYacoBOro MPUNMHEHHS1 B rOCTPUX CTaHax 3 OrfisiAy Ha pU3VK eyriikeMidHoro ketoaunposy. 3pobrieHo
aKUEeHT Ha TOMY, Lo IHTerpauis riikemMiyHuX Lineu y 3aranbHosikapcbKy TaKTUKY BEAEHHS CepLeBOi HE4OCTaTHOCTI €
060B’A3K0BOH0, OCKINIbKU Mavixe Oy b-sike BTPYYaHHS B HATPINype3, Kasiemito, nepugepuyHy nepgysito Ta HUpKoBui
KpOBOOGIIr Mae ropMoHasibHO OrocepenKkoBaHi Hacnigku. MNpakTuYHUM pe3yribTaToM Takoro nigxoAy € nepcoHarii-
30BaHe rnaHyBaHHS JliKyBaHHS 3 pPeryJsisipHUM MOHITOPUHIOM [TIHOKO3M, e5IeKTPOSIITIB, (OYHKLII HUPOK i TupeoigHoro
crartycy, Lo gae 3Mory peaniayBatu porHOCTUYHI repeBarv cy4acHoi Tepariii Ta 3MEHLLUTV 4acToTy AeKOMIeHcaLliv.
KnroyoBi cnoBa: xpoHiuHa cepLeBa HeqoCTaTHICTb; LyKPOBUIA [iabeT; riKeMidHWi npoinb, 4iypeTudHa Tepartis;
HeviporymoparsibHa aktnsayis; rinepkaniemis

XpoHiuHa cepiieBa HenoctaTHicTh (XCH) 3anuiaerbes
CTaHOM, Y SIKOMY (hapMaKoTepariisi TOBMHHA BUPIIIlyBaTH IBa
B3a€EMOITOB’si3aHi 3aBaaHHs. [lepiiie cTocyeThest 3SHUKEHHS
PU3UKY CMEPTi Ta MOBTOPHMX €Mi30/iB IeKOMIIeH callii ye-
pe3 BIUIMB Ha KJIIOUOBiI MeXaHi3Mu nporpecyBaHHs. [Ipyre
3aBIaHHs MOJIATaE B MiATpMMaHHiI MeTa001iuHOI CTabiJIbHOC-
Ti, aKe 3pUB BYIJIEBOAHOTO OOMiHY, TUpeOinHa TUC(hYHKIIIS,
nrcOaIaHC MiHepaJIOKOPTUKOITHOI PETyJISILIi Ta eJIeKTPOITiT-
Hi KOJIMBaHHSI 0e3MocepeHbO BU3HAYAIOTh IIEPEHOCHUMICTh
i pakTIHy e(peKTUBHICTD 3ac00iB papmakoreparrii XCH.

IMoennanust XCH i3 mykposum giadberom (LIJ1) HacTinbku
MOLIMPEHE, 110 Maiike KOXHE PillIeHHS 111010 103, PEXUMY
TPU3HAYCHHS i TEMITYy TUTPYBAHHSI YXBAIIOETHCS 3 OTJISILY
Ha PU3MK Tino- abo rinepriikeMii, MOXJIMBE ITPOTrpecyBaHHsI
HUPKOBOI HEJIOCTATHOCTI Ta TOPMOHAJILHO OIOCEPEIKOBaHY
peryJisiiio BUBEACHHS HATpito i pinunu [1, 2].

3pymenns npu XCH He 3BoasITbCsI 10 OAHOTO TOPMOHY
Yy OJHOTO EHIOKPUHHOTO opraHa. KomIuiekc 3MiH oxorl-
JIIO€ iHCYiHOPE3UCTEHTHICTh, IUCPETYJISLIiI0 PeHiH-aHTi-
oteH3uHoBoi cucreMu (PAC), 3MiHy cuMnaToaapeHaaoBoi
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CTUMYJISILII, qucOaraHc piBHS IepeacepaHOro HaTpiitype-
tuHoro nentuay (ITHIT), 3pylieHHsT TUpeoigHOTO cTaTyCy
Ta MPOSBU TiIOrOHAAU3MY, OCOOJIMBO B YOJIOBIKIiB CTapIIIMX
BikOBUX Tpyn. Ha Tu1i 1iux rnpoiieciB BAKOPUCTaHHSI KJIacUY-
HUX KapIioTPpOMHUX 3aC00iB CYIPOBOIXKYETHCSI TOAATKO-
BUMM MeTa0OJIIYHUMU Hacigkamu. BonHouac 3acobu, siki
¢dopMajbHO He COPSIMOBAHiI Ha TOPMOHAJbHUI MPOdIJb,
30aTHI iCTOTHO 1oro MoaudiKyBaTu 4epe3 eJIeKTPOJIiTHI
edeKTH, BIUIMB Ha nepudepudHy nepdysito, CUMIIaTUIHY
aKTUBHICTh i HUPKOBHUI KPOBOOOIT, a TAKOX Yepe3 Heodi-
KyBaHy B3a€EMO/Iit0, 1110 MOXE BIUIMHYTHU Ha e(peKTUBHICTh
aHTUIia0eTUYHUX a00 aHTUTPOMOOTUYHMX IIpenapaTiB.

CyuacHa crpareris jgikyBanHsg XCH gemaii meHie Ha-
rajsye MexaHiuHe JoJaBaHHS MpenapariB 3a CTaHIAPTU30-
BaHMUM criuckoM. HatoMicTh Tepariisi mepeTBOpPIOEThCST Ha
Y3rO/KeHHSI KiJIbKOX PiBHIB pU3UKY, Cepe/l SKUX BIUIMB Ha
rnikemiyHuit mpoginb (I'Tl) Hepinko cTae Bu3HAYaIbHUM.
[ToripiieHHsI KOHTPOJIIO MIiKeMii il yac TUTpyBaHHS Aiy-
PeTUKiB a00 mpueaHaHHs TiazuaHux aiypetukin (T1) Moxke
HiBeJIIOBAaTU OYiKyBaHY KJIiHiYHY KOPUCTD i CYIIPOBOIXKYBa-
TUCS TIOCWIEHHSIM aJIbOYMiHYpii Ta 3HU>KEHHSIM IIBUIKOCTI
KITy004K0oBOI (hinbTpaliii. BomHovac mpaBuiibHO MigiopaHa
HeliporyMopalibHa 6J10Ka/1a 31aTHa He JIMIe MOJinuIyBaTi
MPOTHO3, a 1 CIIpUsITU cTabimizallii rrikemii, 3MeHIIIeH-
HIO OTpeOu B iHTeHCcUiKallii mpoTuaiabeTUIHOI Tepartii
Ta 3HUXKEHHIO PU3UKY HOBUX METa0OJiYHUX YCKJIaAHEHb
[3-5].

IMepeo6ir XCH cynpoBomKy€eThCSI XpPOHIYHOIO aHOMaJTb-
HOIO HEMPOryMOpaIbHOIO aKTUBAalli€1o, y sKiit PAC ta cum-
naTUYHa HEpBOBa cUCTeMa MiATPUMYIOTh Nepdy3iiiHuit
TUCK i TIepepO3IOAiJl KPOBOTOKY LIiHOIO Ba30KOHCTPUKIII,
3aTPUMKHU HATPil0, pEMOJICIIOBAaHHS MioKap/a Ta Iporpecy-
BaHHSI HUPKOBOI nucyHKIIii. Taka akTuBallis cama o cooi
Ma€ eHIOKPUHHMII BUMIpP, OCKIJIBKM aJTbIOCTePOH i KATeX0-
JIaMiHU Ji0Th 5K TOPMOHaJIbHI MeiaTOpU: BOHU 3MiHIOIOTh
YYTJIUBICTb TKAHUH A0 iHCYJiHY, MOAMDIKYIOTH JIIIOJIi3,
CIIPUSIFOTh CapKOIEHil Ta MiATPUMYIOTh CUCTEMHE 3ara-
JeHHs. Y nauieHTiB i3 LI 11i MexaHi3MM HaIllapoOBYIOTHCS
Ha BXXe HasiBHY iHCYJIIHOPE3UCTEHTHICTh, a B Jitofeit 6e3 LIJ1
CTBOPIOIOTH MEPEyMOBU 10 TTOPYILIEHHS TOJEPAHTHOCTI
IIO TJIIOKO3U, OCOOJMBO TOMi, KOJIU 3acTOCOBYIOTH T/ a6o
BUHUKA€E MOTpebda B aKTUBHIl AiypeTUUHIil Teparrii.

TpamuuiiiHo HATPiMypeTUYHI NENTUAN TPAKTYIOTh SIK
MapKepu reMoaMHaMidHOTO aucbaliaHcy, IpoTe iX pojb
3Ha4yHO Mmupina. Perynsiis HaTtpiilype3y i BazoguiaTalii
MOETHYETHCS 3 BIUIMBOM Ha XKMPOBY TKaHWHY, 30KpeMa
yepe3 CTUMYJISLIIO JIiMOoi3y Ta 3MiHy MPOoQilio aaunoKi-
HiB. OTXe, Teparrid, ska nigcuimoe aito [THI1, morenuiiino
Mae MeTabonmiyHuit KoMrmoHeHT. CaMe TOMY ITiICUICHHS
HaTpillypeTUYHUX e(EeKTiB y CKJIadi iHTiOyBaHHS HEIIpu-
JII3UHY B 0aratboX KJIiHIYHUX CIIOCTEPEKEHHSIX acollitoBa-
Jocs 3i 3pymeHHsmu I'T1, xoua MexaHi3MU 3a/IMIIAI0THCS
06araroakTOpHUMMU i MOXYTb BKJIFOUATH 3MiHU YyTJIMBOCTI
1o iHCyJliHy, Moaudikalilo HaTpiype3y Ta MOJiMIIEeHHS
nepudepuuHoi nepdysii [6—8].

Tupeoinna mucdynxkuisg mpu XCH yacto Mae aBi mio-
wuHuU. [lepiia BKItoyae CUHAPOM HU3BKOTO TPUHOATUPO-
HiHY SK BigoOpaKeHHsI agarTallii 10 XpOHiYHOTO CTpecy Ta
CUCTEMHOTrO 3amajieHHs. [HIlla oXoIIloe crpaBXHi Bapi-
aHTU TiNOTUPEO3y a00 TUPEOTOKCUKO3Y, SIKi MOXYTh OyTH

SIK CYITyTHIMH, TaK i iHIyKOBaHMMM TepaIli€io, Imepeaycim
aMmiogapoHoM. TrpeoinHuii cTaTyc BIIMBAE HA 4YaCTOTY Cep-
LIEBUX CKOPOUYEHb, CYTMHHUI TOHYC, BOAHO-EJIEKTPOIITHUI
0ajaHC, a TaKOX Ha MOTpedy B TUTOKCHUHI, OCKIJTBKYU YyT-
JIMBICTb 10 CEPLEBUX IIiKO3UIIB Ta IX KJIipeHC 3MiHIOIOThCS
TIpY TTOPYHIEHHSIX (PYHKIIIT muTornoaioHoi 3amo3u [9, 10].
linmoronaausm, oco6auBo B 4oJoBikiB i3 XCH 3i 36epe-
KeHolo (pakuiero Bukuny (DB) iBoro 1IyHOUKa, HEPIAKO
CYIPOBO/IKYETHCSI TiPIIOI0 TOJIEPAHTHICTIO IO HABAHTAXKEH-
HI Ta OiJIBIIT BUPaXKeHUM MeTabomiyHuM aucbanancom. Ha-
KOITMYEHHS JaHUX PO acoliallii AedilmnTy TeCTOCTEpOHY
3 cumnroMamu XCH He o3Hauae aBTOMaTUYHOI MOTPEOU B
3aMiCHIl Teparlii, IIpoTe TUKTYE HEOOXiTHICTh YpaXyBaHHS
TOTO, 10 KJIiHIYHA BTOMa, CAPKOIIEHisl Ta iHCYJIiHOpe3nc-
TEHTHICTb MOXYTh MaTU TOPMOHAJIbHY CKJanoBy. Ha 1110
CKJIAIOBY HETPSIMO BIUIMBAIOTB SIK MpeTapaTy ISl JTiKyBaHHSI
XCH, Tax i 3acobu 11t KopeKllii Macu Tiia Ta riikemii [11].

Taxum yuHOM, riikeMiyHUi KOHTpoJib pu XCH He €
OKpPEMUM HiabeToN0oTiYHMM 3aBIaHHsIM. [HTerpailis riike-
MIYHMX 1IiJIei y 3arajIbHOJIIKapChKy IIPAKTUKY € 000B’ 13-
KOBOIO, TOMY 1110 e(peKTH Ha HaTpiii, Kaiiil, 00’eM LIUPKY-
JIIOI0YOi KPOBi, CYIMHHUI TOHYC i 3amajbHUii (DOH Maiike
3aBX/IM BiIOMBAIOTHCS HA TOPMOHAJBHUX PETYJISITOpax Ta
IePEeHOCUMOCTI JIiIKyBaHHSI.

Mertoto Haiioi pobotu OyJ10 y3araJbHEHHS Cy4acHUX
NAHUX 1100 €HIOKPUHHUX 3PYILIEHb, IKi CYyMPOBOIXKYIOTh
XCH, ¢popmyBaHHS IpaKTUYHO OPi€HTOBAHUX ITiIXOIIB 10
MOHITOPUHTY i KOpeKilii (hapMakoTepartii.

[HTiGiTOPM AaHTIOTEH3MHIIEPETBOPIOBAILHOTO (hepMEHTY
Ta 6JIOKATOPU PELIENTOPiB AHTIOTEH3WHY 3aIUIIAI0ThCS 6a-
30BUMM Mpenaparamu JikyBaHHs nipu XCH 3i 3HMXKeHOoI0
DB, ocKiNbKHM X BIUIMB HA TTPOTHO3 TaBHO BCTAHOBJIEHUI
y GyHAaMEHTAJIbHUX MTOCTIIKEHHSX i MiATBEPIKEHUI Y
KIIIHIYHUX HACTAaHOBAaX. 3 OIJISIAY HAa MEeTaOOIIHUI TIpO-
dinp 1i 3aco00M MalOTh BaXJIMBE 3HAUCHHSI, SIKE TIOJISITA€E
B MOCJIa0JIeHHI IIKiIJMBOTO BIUIMBY aHrioTeH3uHy Il ta
aJIbIOCTEPOHY HA iHCYJIHOBY YYTJIUBICTh, MiKPOLUPKYJISI-
11i1o Ta 3anajgeHHs. KiliHiyHO 11e MOKe MPOSIBISITUCS OiJIbII
crabinbHuM ['TI, 0cO6IMBO B MAIliEHTIB i3 MOYATKOBOIO iH-
CYJIIHOPE3UCTEHTHICTIO, X04a MPsSIMUIA 1IYKPO3HUXKYBaIb-
HUIA e(PeKT He € TOJIOBHOIO METOIO iX 3acTocyBaHH |1, 2].
CripaBxXHS$I TepaneBTUYHA MpobieMa BUHUKAE TOJi, KON
IHTEHCHUBHA JiypeTU4YHa Teparlisl IPU3BOAUTD IO TillOBOJIe-
Mil i TpepeHaJTbHOTO 3HUXXEHHST IIIBUIKOCTI KJTyOOYKOBOT
dinpTpaliii, micas yoro no3u iHrioitopiB PAC moBoauTthes
3MEHIITYBaTu a00 TUMYACOBO MPUMUHSTUA TIPUHOM. Y Ta-
kux cutyaiisx I'Tl yacto moripiyeTbcsl He Yepe3 BiaMiHy
Trpernapary siK TaKky, a Yepe3 TOPMOHAIBHO OTIOCEPEIKOBAHY
aKTUBAIIiI0 CTPECOBUX MEXaHi3MiB, 30UIbIIEHHST CeKpellil
KOHTPIHCYJIIPHUX TOPMOHIB Ta MOCUJIEHHSI CUCTEMHOTO
3ananeHHs. Jani popmyeThbest cTaH, 3a IKOro KOpoTkoyacHe
noripiieHHs GYHKIIiT HUPOK 3HMKYE e(heKTUBHICTb Tepallii,
TTiCJIst YOTO 3pOCTa€ PU3MK IMOBTOPHOI JeKOMIIEH allil i T1o-
Tpeba B IlIe BUIIMX A03aX AiypeTHKiB, 110 3HOBY MiIpUBa€e
MeTaboIIiuYHy CTaOUTbHICTS [3, 12].

CaMe TOMY B Cy4acHMX MiJXoIax KJIIOUYOBUM MOMEH-
TOM € TIJIaHYBaHHS Tepallii AiypeTUKaMu Tak, 1100 yCYHYTH
3acTiil 6e3 HagMipHOI TOPMOHAILHO-CTPECOBOI BiIITOBII.
IIpakTuka moxkasye, 1110 HalripiIi oOMiHHI 3JaMU BUHU-
KarTh HE TOJli, KOJW PiIMHY BUBOASITH aKTUBHO, a TOMI,
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KOJIM 11€ pOOJISAITh HEPIBHOMIPHO, TTPOBOKYIOUM KOJIMBAHHS
iHTEeHCHUBHOCTI nepudepruyHoi nepdysii, Kaito Ta PyHKIIiT
Hupok. [loegHaHHS MOMipHOI 103U METILOBOIO AiypeThKa
(TT[1) 3 ax’toBaHTaMu, SIK-OT alleTa3oJjiaMifl py ToCTpiit
NeKOMIIeHCallil, B OKpeMHUX CUTYaLIisIX JO3BOJISIE OTPUMATHU
OLIbII MependavyBaHe BUBEACHHS HATPilO i BOOU Ta 3MEH-
LIUTH aMIUTITy 1y OOMiHHMX KOJIMBaHb [13].

Kowmb6inarris iHribitopy HenpmIi3uHy 3 0JI0KagoIo pe-
LIETITOPiB aHTiOTEH3UHY, MpeJcTaBaeHa 3acodbamMu, 110
MICTSATb CaKyOITpWJI i BajicapTaH, Y Cy4aCHMX HaCTaHOBax
PO3IJISIIAETHCS SIK OJIUH i3 KIIFOUOBUX KOMOIHOBaHUX Tpe-
napartiB ipu XCH 3i 3Hmxenoro ®B. ¥ nalieHTiB i3 npo-
MixHOI0 ab0 36epexeHo0 DB pilleHHs Mpo iX mpU3Ha-
YEHHSI YacTillle MpuB’sI3ytoTh 10 ¢eHotuny, piBHst [THII,
CYIYTHIX CTaHiB i KJIiHiYHOTO T1epebiry. /11 MeTabomuyHoro
npodino BaxXJIMBUM € Te, 1o nocuneHHs aii [THIT He 06-
MEXYEThCS BIUIMBOM Ha HaTpiilype3 Ta apTepiaJIbHUM TUCK
(AT), a MOXe CynpOBOJIKYBAaTUCS 3MiHAMU TTepruhepUIHOI
nepdy3sii, KUPOBOi TKAHMHU Ta HEIPOTryMOpaabHOTo (POHY,
gKi BimuyTHi caMe B nawieHTiB i3 LIJI [1, 2, 6]. ¥V kiaiHiuHMX
MOCTIiIKeHHX y miarpynax i3 LI/ HeogHopa3oBo onucyBaiu
TeHneHuio no m’skioro ['Tl Ha i cakybiTpuiy/Bancap-
TaHy Ta piAIIoi NoTpedbu B ecKaallii [yKPO3HUXKYBaJIbHOI
Teparlii MOPiBHSIHO 3 iHIIMMU KOHTPOJIbHUMMU IpyIiaMu Ia-
wieHTiB. [IpakTUYHa 1iHA TAKOTO «3CYBY» TIOJISITAE B TOMY,
1110 Ha CTapTi Ta ITiJl Yac TUTPYBaHHS M031 B YaCTUHU Ta-
Li€HTIB MiABUIIYETHCSI MMOBIPHICTb TiMOMTIKEMIild, SIKIIIO
iHCYyJIiH 200 MOXifAHi CyIb(OHIICEYOBUHHU 3aJIMILIAIOTHCS B
He3MiHHUX 103ax. OTxe, 1 namieHTa 3 moegHaHHaM XCH
i LI/I 1te He «momaTkoBUit OOHYC», a CUTHAJ 10 OibII YBaX-
HOTO CAMOKOHTPOJIIO TJIIOKO3U Ta 3aBYACHO Y3TOJIKEHOTO
MJ1aHy KOPEeKIIii 103 TpoTHaiabe THUHUX 3aco0iB [6, 7, 12].

MexaHi3Mu, yepes siKi cakyOiTpu/BajcapTaH BILIM-
Ba€ Ha piBeHb IJIiKeMii, JIOIJIBHO TOSICHIOBATH HE OTHUM
dakTopom, a moenHaHHIM KiJibkox. [TincuneHHs ebekty
ITHII BrmuBae Ha agUIIOKiHOBUI ITPOMiNIb i eHOOTe iaabHy
IUC@YHKIIO, a TOJIMIIeHHsT CyIMHHOI BiIIIOBiAi HA piB-
Hi MIKpOLUPKYJISLil pOOUTh TKAHUHU OiTbII YyTIMBUMU
no iHcyminy. Crabinizalilisi reMoaMHaMiKU Ta 3MEHIIIEHHSI
CTPECOBOTO (POHY 3HIKYIOTh aKTUBHICTh KOHTPIHCYJISIPHUX
ropMoHiB. OKkpeme 3HaYCHHST MA€ YHUKHEHHSI TiITOKaTiEMIl,
1110 3MEHIITYE PU3UK MOPYIIEHHS CEKPellil iHCYJIiHY, a OTXe,
po6uts I'TI MeH1 1abinpHuM [6, 7]. Tomy B manienTa 3 XCH
i LIJT mepexin Ha cakyOiTpuJ1/BajicapTaH BapTO PO3IIISIIATH SIK
KPOK JIO KpalIoro MpOrHO3y, SIKUI MOXe CYTTPOBOIXKYBATUCS
CTIPUSATIUBIIIIMM METa0OTiUHUM (DOHOM. AJie 1Iei TTOTeHILial
peaizyeThCs JIMILE TOMi, KOJIX MU 3aBYaCHO IIJIaHYEMO MOHi-
TOPUHT IJTIOKO3M i KOPEKIIilo IPOTUIia0e THUHOTO JIIKyBaHHS,
a He pearyeMo nocTdakTyM Ha TiforiikeMito ado iHIIi Here-
pendadyBaHi KOJMBAaHHS PiBHS TIIOKO3M [§].

JlaBHO Bimomi BupaxkeHi MeTaboIiYHi HACITiKY i albao-
CTEpOHY, SIKU cripusie (idpo3y, 3anajaeHHIO, eHI0TeTiallb-
Hill TucyHKIIII Ta iHCYTiHOpe3ucTeHTHOCTI. ToMy Giokana
MiHEpaJTOKOPTUKOITHUX PELIENITOPIB € JIOTIYHOIO HE JIUIIIE 3
KapmiaJlbHOI, a I 3 eHIOKPUHHOI TOUKM 30py. CTepoinHi aH-
TaroHiCTH MiHEPaJIOKOPTUKOIMHUX perienTopiB (AMP) naBHO
BKJIIOUEHi 10 cTaHaaptiB JiikyBaHHs XCH 3i 3HmkeHo10 DB,
MPOTE iX 3aCTOCYBaHHST OOMEXY€E PU3UK TilepKaslieMii, 0CO-
011BO B mauieHTiB i3 L] Ta XpoHi4yHOIO XBOPOOOIO HUPOK.
IlosiBa HectepoimHoro AMP diHepeHOHY po3impuIia Ioje

ITOKa3iB, OCKUJIBKU BiH IPOIEMOHCTPYBAB KJIiHiYHY KOPUCTh
y mauienTiB i3 XCH i3 ®B He Hikve HiX 40 %, 3MeHIIyIO-
YM YacTOTY AEKOMIIEHCAIlii Ta CepleBO-CYAUMHHOI CMEPTI.
VY miaHi 0OMiHY peYOBUH BaXKJIMBO, 110 KOHTPOJIb aKTUB-
HOCTi aJIbIOCTePOHY MOXKe MOJIIIIYBaTu (PyHKIIIOHAIbHY
B3aEMOIiIO ceplisi, HUPOK i CyAWH, 3MEHIIYIOUM 3aTPUMKY
HaTpito. Y nauieHTiB i3 LI et miaxia moTeHLiiHO yIo-
BUIBHIOE IIPOrPeCcyBaHHS HUPKOBOI AMC(YHKIIII Ta 3MEHIIIYE
MoTpeOy y BUCOKUX JI03aX AiypeTHKiB [16].

PeanbHa mpakTuyHa mmpo0bjieMa Mojsira€ B aKTUBHOMY
3actocyBaHHi AMP 6e3 HeGe3neuHoi rinepkaiiemii. Bax-
JIMBO, 1110 IeAajli YacTillle 3aCTOCOBYIOTh KaJliii3B’sI3yBallb-
Hi npenapaTy sIK iHCTPYMEHT 30€peXXeHHST MOXJIMBOCTEM
HeliporyMopaibHO1 0710Kaau. BukoprcraHHs naTupomepy
y KJIIHIYHUX JOCTIIKEeHHX 3a yJacTio mamieHTiB i3 XCH 3i
3HukeHoo PB 103BoJIsII0 YacTillle yTpuMyBaTH 11iJIbOBI
no3u iHriditopis PAC ta AMP, 3MmeHIIyioun 4acToTy Ti-
nepkamiemii. CtabiibHa 6ji0Kama e(eKTiB albJOCTEPOHY
crpusie OiIbII nepeadauyBaHOMY BOIHO-€JIEKTPOJIITHOMY
OajlaHCy, a YHUKHEHHSI Pi3KMX KOJIMBAHb PiBHS KaJlilo BaxK-
JiiBe 1Sl MpodilakKTUKY TTiKeMiYHOi HeCTabiTbHOCTI, 0CO-
OJIMBO B IMAILliEHTIB, SIKi OTPUMYIOTH iHCYJIiH a00 TIepopaibHi
3ac00M 3 BUCOKMM PU3MKOM Trinoriikemii [17].

InridiTopu HatpilizajaeskHOro KoTpaHCIOpTepa TJII0-
ko3u 2-ro tuny (iH3KTT-2) € kiiacom nipenapariB, siKuii
HaliBUpakeHillle TeMOHCTPYE 30JIMKEHHsI Kapaioyaorii Ta
eHmoKpuHoJorii. Y mamieHTiB i3 XCH 11i 3aco0u 3MeHIITy-
I0Th PU3MK TOCHIiTalli3alliii Ta CepLeBO-CYyIMHHUX MOAIN
He3aliexkHo Bim HasgBHocTi LIJI, 1o migTBepmkeHo B A0-
CIIIIKEeHHIX eMNaraidhio3MHY i ganariaidao3uHy npu pi3-
HuX 3HaueHHsX DB. 3 norisgny eHIOKPUHHOTO Mpodino
BaXJIMBO, 1110 1Ii TIpernapaTy 3HUXYIOTh PiBeHb IIiKeMii y
nauieHTiB i3 LI 6e3 cTuMyIsLii cekpellii iHCyIiHy, cipu-
SIIOTh 3MEHIIIEHHIO MacH Tifia Ta AT, a TaKOX TPUCKOPIOIOTh
BUBEJICHHSI HATPilO Ta BOAM Yepe3 MeXaHi3MU OCMOTUYHO
3yMoOBJIeHOTO miypesy [18—20]. JocmimkeHHs IIpy TOCTpiit
ceplieBiii HEMOCTaTHOCTI MoKa3aju, 1110 eMIariti(ao3uH
30i/IbIIIYE BUAUICHHS TJII0OKO3H i3 Ceuero Ta MiIBUIILYE OCMO-
JISIPHICTB TIa3MU, TIpY LboMy (pakiiifiHa eKCcKpellis Ha-
TPil0 He 3aBXIU 3POCTAE MPOIOPIIHO, 110 MiAKPECTIOE
pPOJIb OCMOTUYHOTO MEXaHi3My SIK OHOTO 3 KJTIOUOBUX. Y
MpakTUYHOMY BUMipi 1ie o3Havae, mo iH3KTI-2 3naTHi
3a0e3rneyyBaT M SIKUil 00’ €MO3HIKYBAIbHUM e(eKT 0e3
pi3koi aktuBaii PAC [22].

Taka ocobOauBICTb MOXKe OYTH BUTIIHOIO 3 MO3UIIiI 00-
MiHY PEYOBMH, OCKIJIbKM HaAMipHE MOCUJIEHHSI aKTUBHOCTI
PAC noB’s13y10Th 3 iHCYTIHOPE3UCTEHTHICTIO Ta 3aIaJleHHSIM
[23]. BaxumBo, 110 HepOIIPOTEeKTOPHI e(heKTH Jamarii-
¢103MHY epeKOHIMBO TTOKa3aHi y MAIliEHTIB i3 XpOHIYHOIO
XBOPOOOIO HUPOK, 1110 MA€ TpsIMe 3HAYSHHS 17151 (DEHOTUITIB
XCH i3 cynyTHBOI0 HUPKOBOIO TUChYHKIIiEO [21].

V nauienTiB i3 LI/l BaxJinBo mam’sTaTy MpoO PU3UK
eYIIIIKEMIYHOTO KeTOalua03y MPU TPUBAJIOMY T'OJ0yBaH-
Hi, pi3KOMY 3MEHILIEHH] iHCYIiHYy, iH(peKIisIX, BXXMBaHHI
aJIKOTOJII0 200 TSXKKOMY TIOTipIIeHH] 3arajJlbHOrO CTaHy.
Came tomy interpattist iH3KTT -2 y Tepanito XCH mae cy-
MPOBOJIXKYBATUCS TUMUYACOBUM NPUTTMHEHHSIM MIPUHOMY
Trperapary Mpy rocTpyx CTaHax i paHHIM poO3ITi3HaBaHHSIM
CHUMIITOMIB KETOAIUI03Y, 1110 3HUXKYE PU3UKU. Y OUIbIIOCTI
TSDKKMX, ajie CTabiIbHUX TALEHTIB MepeBaru 1boro Kjiacy
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TTO3BOJISIIOTH 3MEHIIIYBaTH MOTPEOY Y BUCOKHUX J103aX Aiype-
TUKIB, MOJIIMIITYBaTU (DYHKIIII0O HUPOK Ta CIIPUSITU OibII
pisaomy I'TI [23].

Bbera-anpenoo6iokatopu (BAB) 3anumatoTbest 6a30BU-
MU npenaparamu uis JikyBanHs XCH 3i sHuxkeHoto @B.
ITpore metaboniunmii podins BAB HeonHopinHuii. He-
cenektuBHi BAD a6o BAD 6e3 BazoauaaTyBaJbHUX BJIaCTH-
BOCTEI1 MOXYTb aCOLIIOBATUCS 3 TIOTiPIIEHHSIM YYTJIMBOCTI
IO iHCYJIIHY i HebaxkaHMMM 3MiHaMU JIIiZHOTO Mpodiio,
0CO0JIMBO TIPY BUCOKMX 103ax Ta oxkupiHHi. Hatomicte BAB
i3 Ba30IMJIaTyBaJIbLHUMM BJIACTUBOCTSIMU, SIK-OT KapBeIu-
JIoJ1 200 HebiBOJIOJ, Y YACTUHM MALiEHTIB 1€MOHCTPYIOTh
OibII HEWTPabHUM a00 HABITH CIIPUSITIIMBUI BIUIMB Ha
I'TI. IMosicHeHHs 1bOTO (heHOMEHA MOB’A3YIOTh 3i 3MiHAMU
nepudepnaHoi nepdy3ii, BIUIMBOM Ha OKCHI a30Ty Ta 3a-
najabHi MexaHi3zmu [24].

OCHOBOIO CUMIITOMATUYHOIO KOHTPOJIIO 3aCTiMHUX
sy ipu XCH sammatorses T, Ix BrutiB Ha eHnokprH-
HUI mpodiib € 31e6iIbIIOro HeMPSIMUM, MPOTE KIiHIYHO
3HauymuM. [locrnenHs niypesy 3MiHIOE KOHIIEHTpallii Ha-
Tpito, KaJjlilo, MarHilo, BIULIMBAE HA 00’€M LIUPKYIIOHOYOT
kpoBi Ta aktuBye PAC. Taki 3pymieHHs 30aTHI TOTipIIy-
BaTU IJIIKEMiYHUI KOHTPOJIb Yepe3 AeKilbKa MeXaHi3MiB.
T'inokamiemist 3HMKY€E CeKpellilo iHCY/IiHy, a TirmoBoJeMis i
CTpecoBa BiJMOBIb IMiIBUIILYIOTh PiBEHb KOHTPIHCYISIPHUX
ropMoHiB. Y mauieHTiB i3 LIJI 11e HepinKo MposIBIASIETHCS
noTpedoI0 y TUMYACOBIl iHTeHCcupiKallii mpoTUaiade THIHOI
Teparii caMe Ha eTarnax akTUBHOTO YCYHEHHSI 3acTolo [3].
IlopiBHSIHHS TOopaceMiny i pypoceMiny sIK ABOX HAMOIBIIT
yxxuBaHux [1]] mae 3HaueHHST HacamIepes y TIOIIMHI Kepo-
BaHOCTI e(peKTy, a He K BUOip Mpernapaty nporHosy. [lompu
Te, 1110 TOpaceMily TpaauliitHO TPUMUCYBAIA TTOTeHLIHI
nepeBaru yepe3 ¢papMaKoOKiHETUKY Ta MOXJIMBI aHTUDi-
OpOTWYHI BIUINBU, JaHi PaHAOMi30BaHMUX HOCIIIKEHDb Y
rocritaiizoBaHux mnaiieHTiB i3 XCH He miarBepauau me-
peBaru TopaceMiny Han (pypoCeMimoM 100 CMEPTHOCTI.
[1poTe B KOHKPETHOTO TallieHTa BUOip MOXKe CIIMpaTHUCs Ha
0i0IOCTYITHICTh, CTA0UIBHICTh BilMOBIAi, IEPEHOCUMICTD i
3PYUHICTb pexkxumy rnpuitomy [15].

TiazumHi i Tia3unonoaioHi 1iypeTUKU 3aCTOCOBYIOTh TP
XCH sx pomatox mpu pe3ucteHTHOCTI 1o I1/] abo 3a Ha-
SIBHOCTI CYMyTHBOI apTepiaibHOi rinepreHsii. Ix BB Ha
MeTa0o0J1i3M € IPUHLMIIOBUM, OCKUIBKI BOHU aCOLIIOIOTh-
cs1 3 MiABUIIEHHSIM PU3UKY HOBUX BUTMAIKIB OiabeTy Ta 3
HEBEJIMKUM, ajle CTATUCTUYHO 3HAUYYyIIUM MiIBUILIEHHSIM
piBHS TikeMii. [HIUBiTyanbHMIT pU3KK 3aIEXKUTD Bifl 103U,
TPUBAJIOCTI, BUXiTHOI iHCYJIIHOPE3UCTEHTHOCTI Ta HasIBHOCTI
CyHIyTHBOI rinokamieMii 3, 5]. CygacHi cxemMu KOMOIHOBaHOI1
NiypeTHYHOI Tepallii MpU ToCTpiil AeKOMITeHcallil, HalmpuKIa
IomaBaHHS Tigpoxyopriazumy a0 I1/1, MoXXyTh HoJimniryBaTu
Niype3 i CHMIITOMU, ajie TIOTPeOYIOTh YiTKOI TAKTUKWA MOHi-
TOPHMHTY eJIeKTPOJITIB i ItikeMii [ 14]. AlieTazoaMif pu e-
komneHcatii XCH rnponeMoHCTpyBaB 3AaTHICTb TOCUITIOBATH
edext ]I i mpucKoprOBaTH JOCATHEHHSI €yBOJIEMIYHOTO
crany. [IpuBeprae yBary 1oro 30aTHICTh BIUIMBATU Ha TIPO-
ec peadbcopoOLii 6GikapOOHATIB i HATPilO B MPOKCUMAIbHUX
KaHaJIbIISIX Ta HA KMCIOTHO-OCHOBHUIA cTaH [13].

CTUMYJISITOp PO3UYMHHOI I'yaHUJIATIIMKIIa3U BEPULIUTY-
aT CTaB BaXJIMBUM JOIMOBHEHHSIM y nauieHTiB i3 XCH 3i
3HIKeHowo DB, sIKi HellIoJaBHO MePEeHECIH eTTi30/1 IeKOM-

neHcaii. Mloro MexaHi3M ITOB’s13aHMII i3 BiTHOBICHHAM
edexrruBHOCTI curHasy NO-po3urMHHA TyaHiJlaTHMK/Ia3a —
ul'M® Tta noinieHHsIM CYAMHHOI Biamosiai [25, 26].

AMionapoH 3auIIaeThCsl ePEKTUBHUM aHTUAPUTMiU-
HUM 3aCO00M IS KOHTPOJIIO IIUTYHOUYKOBUX apUTMili Ta
peuuauBiB Giopwsuii nepeacepab (PI1) y mamieHTiB i3
XCH. Moro 0co6muBiCTb MOJISTaE y BUCOKOMY BMICTi 0L,
TPUBAJIOMY TIE€PiOJli HAITIBBUBEACHHS Ta IIMPOKOMY CIEK-
Tpi B3aemomiii. TupeoinHa TUCHYHKIIST € OTHUM i3 Hali-
BaXKJIMBIIIMX MOOIYHUX e(eKTiB. BaxinBoio € B3aemomist
aMiolapoHy 3 aHTUKOAryJIssHTaMU Ta JUTOKCUHOM 4epes3
iHTiOyBaHHS TpaHCIIOPTePiB i hepMeHTHUX cucteM [10, 27].

JlnrokcuH 30epirae Hilly B JIiKyBaHHI nauieHTiB i3 XCH
ta @I1, a TaKOXK y YaCTUHU XBOPUX i3 30€peKECHUM CUHY-
COBUM PUTMOM, aJIe TSKKOIO CUCTOIIYHOIO TUCHYHKITIEIO.
[Tpodinb KOpUCTi Ta pU3NKY IUTOKCUHY CYTTEBO 3aJICXKUTh
Bin HassBHOCTI DI, HAIBHOCTI HUPKOBOI HEAOCTATHOCTI Ta
pexxuMy CymyTHbOI Tepartii [28, 29].

IIpodinakTyHa aHTUKOATYJSIHTHA Teparlis € KIo4o-
BOIO y nauieHTiB i3 PI1, TpomMbo3aMu, Micist XipyprivHUX
BTpy4YaHb Ha ceplli abo Mpu iHImuMX nmokaszaHHsax. [1pu mo-
ennanHi XCH i LIl owinuTy 6amaHc MiK TPOMOOTUIHUM
Ta reMopariyHUM PU3UKOM OCOOJIMBO CKJIATHO, OCKIJIbKA
niabeT MOCUJIIOE TPOMOOYTBOPEHHSI, @ HUPKOBA IUCHYHK-
11is1 Ta CymNyTHI MpernapaTy MiJBUIIYIOTh PU3UK KPOBOTEY
[30—32]. Ha okpeMy yBary 3aciyroBy€e MUTaHHS PO 3B’s-
30K aHTUKOATYJITHTHOI Teparlii 3 pu3ukKoM BUHUKHEHHS
niabety. Y nesikux MOpiBHSIHHSIX YaCTOTa HOBMX BUMAIKiB
1IJI 6y;na HMK9IOIO cepell TALiEHTIB, SIKi OTPUMYBAIM IPSIMi
repopajibHi aHTUKOATYJISTHTH, HiXX cepell TUX, KOMY MpU-
3Havanu BapdapuH [33]. HedpakiioHoBaHuii rermapuH Ta
HU3BKOMOJIEKYJISIpHI TeNapuHU HIMPOKO BUKOPUCTOBYIOTh
y ctauioHapi. I1o6iuHu#t edexT y BUTSIAL TinepKagieMii
OB’ SI3aHUI 13 IPUTHIYEHHSIM CUHTE3Y aJIbAOCTEPOHY [34].

AnTtutpomboiutapHa tepamnist (ATT) npu imeMiuHii
XBOpPOOi ceplis, ITic/Isl KOpOHAPHUX BTpyYaHb ab0 IpHU To-
CTPUX KOPOHAPHUX CUHAPOMAX YaCTO BKJIIOYAE alleTUICa-
JIUIMIOBY KMCJIOTY Ta iHriditopu P2Y12-peuentopis [35,
36]. Y mauienTiB i3 LIJI micist KOpOHApHOTO CTEHTYBAHHS
cTpareriss MOHOTeparlii iHrioiropom P2Y12-penientopis rmic-
JIsI MiHIMAJTbHO MOXJIMBOI TpuBaiocTi monsiitHoi ATT moxke
3MEHIIYBAaTU PU3UK KPOBOTEUi 0€3 iCTOTHOTO 30i/IbIIIEHHS
imemiuynux nomiii [37]. [lopiBHSIHHS TUKArpeJIopy Ta KJIOITi-
nmorpeito y mamieHTiB i3 LI/1 BKa3ye Ha MOTEHIIIAHO OiabIT
BUpaxkKeHY aHTUTPOMOOLIMTapHY Iil0 TUKArpeaopy, aje Ta-
KOX i Ha MiIBUILIEHHST PU3UKY IpiOHUX KpoBoTed [38, 39].

TpanuiiiiHo anraroHictu Kanbliito (AK) 3actocoBy-
IOTh IIPU apTepialibHiil TiMmepTeH3ii Ta CTeHOKapil, a Ipu
XCH 3i 3HmxeHow @B ix BUKopucTaHHsS OOMeXeHe yepe3
HeraTMBHUM iHOTpoImHUI edekT. BomHouac y mamieHTiB
i3 mpoMmixHot1o abo 36epexkeHoro @B AK BUKOpPHCTOBY-
I0Th yacTinie. JlaHi BeIMKUX NOMYJISILiMHUX JOCTIIKEHb i3
MIPOMiXHOI0 ab0 30epexeHo0 OB He MOKa3yloTh SIBHOTO
MOTipIIEeHHS TPOTrHO3y Mpu 3acTocyBaHHi AK, ocobiuBo
IUTiApOIipuIMHOBOTO psamy [40].

TpuBanuit yac MeThOpMiH BUKIIMKAB HACTOPOXKEHICTh
npu XCH gepe3 pu3uK JakTaTaluumo3y, ajie CydacHi peko-
MEH/Ial1lil He 3aIepeuyIoTh MOro 3aCTOCYBaHHS Y OiTbIIIOCTI
CTabUTbHMX MAlliEHTIB 32 YMOBM afeKBaTHOI (DYHKIIi1 HUPOK
Ta BiIICYTHOCTI TSIXKKOI TilmoKcii abo mepu@epnvaHoi Tiro-
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nepdysii. 3 ooy 00MiHY pe4OBUH MeT(HOPMIH 3HIKYE
iHCYJTIHOPE3UCTEHTHICTh i MOXXe OYyTU KOPUCHUM Y Malli€H-
TiB i3 HAIUTMIIIKOBOIO MACOIO TiJIa, 110 0COOJIMBO aKTyaJIbHO
npu XCH 3i 36epexkeHoro @B [41].

OXMPiHHS € OMHUM i3 KJII0UYOBUX (DAKTOPIB y MAaIliEHTIB
i3 XCH 3i 36epeskenoto ®B. TIpenapatu, 1110 BIIMBAIOTh
Ha iHKpEeTMHOBY CUCTEMY, HacaMIlepe/l arOHICTU PeLenTo-
piB rmokaroHomnoaionoro nmentumy-1 (apI'TTI-1), a Takox
MOABiIMHI arOHICTU iIHKPETUHY, PO3IIsAaloTh SIK 3acOo0u,
31aTHI 3MiHIOBaTU Macy Tijla, 3amajeHHs Ta MeTaOOIiYHIIA
npodinb [42, 43]. Pasom i3 TuM nani mono apl' TTI-1 npu
XCH 3i 3HmkeHowo OB € Oibl cynepeuMBUMU, i MeTa-
aHaJIi3M 3a y4acTIO TaKMX IMalli€EHTIB TEMOHCTPYBaIU CUT-
HaJI 1I0J0 MiIBUILEHHS PU3MKY rocITiTaji3alliii 3 MpuBOLY
IeKoMITeHcallii. MeTaaHalti3u paHIOMi30BaHUX JOCITiIKEeHb
y TIALliEHTIB i3 MPOMIiXXHOI0 a60 30epexxeHoro ®B cBimyaTh
npo 3MmeHIneHHs noxiit noripmenus XCH na i apI'TTI-1,
0CO0JIMBO Y XBOPUX i3 OXKUPiHHAM a0o0 miadetom [44, 45].

CyvacHuii migxin mo jgikyBaHHs1 XCH 3 mo3uuii mia-
TPUMKMU TOPMOHAJILHOTO OajlaHCy MOXHa OTNUCATU K
MparHeHHs 00 MJIaHOMIpHOIO JIiKyBaHHS 3 MiHiMi3alli€o
aMIUIITYIU KOJMBaHb (DYHKIIOHAJILHOIO cTaHy. PiBHUMi1
MiypeTUIHU Tpodisib, cTabiabHa HelporyMopaibHa 0J10-
Kaja 3 KOHTPOJEM KaJjlilo, aHTUKOATryJISIHTU 3a IoTpedu
0e3 3HauylIIMX B3aEMO/il Ta mpoaymaHe JiikyBaHHs LI/ 3
HU3bKUM PU3MKOM TilOITiKeMii CTBOPIOIOTh YMOBH, 3a SIKUX
€HJOKPUHHI 3pYILIEHHS TepecTaloTh OyTU HEKePOBAHUM
(akTopoM i MepeTBOPIOIOTHCS HA YACTUHY KOHTPOJIbOBAHOT
TepareBTUYHOI cTpaTerii [46, 47].

BucHOBKMU

EdexTusHictb hapmakotepanii XCH BusHavyaeTbcs He
JIAILIE BIJIMBOM Ha TEMOJVHAMIKY Ta PEMOJIETIOBAHHS Mi-
oKappa, a i 3IaTHICTIO IiATPUMYBaTH METa0O0IiYHy piBHO-
Bary. EnnokpunHi 3pymenHs npu XCH mMaioTh cucteMHUiA
XapakTep i OXOIUTIOIOTh iHCYTIHOPE3UCTEHTHICTh, HEIPOTy-
MOpaJIbHY aKTUBALlil0, 3MiHA aKTUBHOCTI HATPillypeTUIHUX
MEeNnTUAiB, MOPYUIEHHS TUPEOITHOTO CTAaTyCy Ta MPOSIBU
TinmoroHaau3My.

OntumanbHa dpapmakotepaniss XCH mae 0ytu ruiaHo-
MipHOIO, TIepeadadyyBaHOIO Ta OPiEHTOBAHOIO Ha MiHiMi-
3allil0 KOJMBaHb META0OJiYHUX i BOMHO-EJIEKTPOJITHUX
napaMeTpiB.

PanionanbHe BukopuctaHHs iHricitopiB PAC, AMP,
iH3KTT -2 ta koM0iHallii cakyOiTpuiTy 3 BajicapTaHOM MOXKe
CYMPOBOIKYBATUCS CIIPUSITIMBIIIINM META0OTIYHUM TJIOM,
OJIHAK TaKWii ePeKT peastizyeThCs JUILe 32 YMOB PETYJISIPHO-
0 MOHITOPMHTY Ta CBOEYACHOI KOPEKIIii ITpOTHAia0e THIHO1
Tepartii.

HiypeTndyHa Tepalrisi 6e3 HaJleXKHOTO TJIaHyBaHHS ITif-
BUIIYE PU3UK TiMOBOJIEMIl, TilmoKajaiemii, TOpMOHaIbHO
OIOCEPENKOBAHOTO MOTipIIEHHS IJIIKEMiYHOT0 KOHTPOJIIO
Ta IeKOMIIeHCallil.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOT MPO BiZICYTHICTb
KOH}IIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIEHO-
CTi ITpY MiATOTOBILI JaHOI CTATTi.
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Endocrine aspects of pharmacotherapy
for chronic heart failure

Abstract. This article addresses the endocrine dimensions of phar-
macotherapy in chronic heart failure and explains why metabolic
homeostasis is a prerequisite for effective treatment. The spectrum
of neurohumoral and hormonal disturbances in heart failure in-
cludes insulin resistance, dysregulation of the renin-angiotensin
system and the natriuretic peptide system, abnormal sympathetic
activation, thyroid dysfunction, and manifestations of hypogona-
dism. In this setting, the tolerability and effectiveness of cardiotropic
therapy depend not only on haemodynamic status but also on the
effects of treatment on the glycaemic profile, fluid and electrolyte
balance, renal function, and systemic inflammation. Particular at-
tention is paid to the clinical scenario of coexisting heart failure
and diabetes mellitus, in which the choice of dose, dosing regimen,
and titration pace requires concurrent appraisal of hyperglycaemia
risk as well as the likelihood of progressive renal dysfunction. We
highlight that neurohumoral blockade can improve prognosis while
also supporting metabolic stability, whereas diuretic therapy without
adequate response monitoring may precipitate glycaemic variability
through hypovolaemia, activation of stress pathways, and fluctua-
tions in serum potassium. The metabolic consequences of using

angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers are reviewed, as well as combined neprilysin inhibition
with angiotensin receptor blockade, mineralocorticoid receptor an-
tagonists, and the role of potassium-binding agents in maintaining
comprehensive neurohumoral therapy without clinically signifi-
cant hyperkalaemia. The place of sodium-glucose cotransporter 2
inhibitors is discussed as a drug class that confers both cardiologic
vascular and endocrine benefits, while requiring clinically judicious
temporary discontinuation during acute illness because of the risk
of euglycaemic ketoacidosis. Emphasis is placed on the need to
integrate glycaemic targets into the overall management strategy
for heart failure, as virtually any intervention affecting natriuresis,
serum potassium, peripheral perfusion, and renal blood flow has
hormonally mediated downstream effects. In practice, this approach
supports personalised treatment planning with regular monitoring
of glucose, electrolytes, renal function, and thyroid status, thereby
enabling the prognostic advantages of contemporary therapy to be
realised and reducing the frequency of decompensation episodes.
Keywords: chronic heart failure; diabetes mellitus; glycaemic pro-
file; diuretic therapy; neurohumoral activation; hyperkalaemia
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Impact of modern glucose-lowering therapies
on metabolic dysfunction-associated steatotic liver
disease in type 2 diabetes

Abstract. Background. Metabolic dysfunction-associated steatotic liver disease (MASLD) is the most com-
mon chronic liver disease coexisting with type 2 diabetes mellitus (T2DM) in 50-70 % of cases. Both conditions
share a common pathogenesis due to insulin resistance and are associated with an increased risk of cardio-
vascular mortality. Aim of the study was to assess the impact of modern hypoglycemic drugs on the course
of MASLD in patients with T2DM. Materials and methods. This narrative review aimed to analyse the impact
of modern glucose-lowering therapy on MASLD progression in patients with T2DM. The literature search was
performed in PubMed, Scopus, and Web of Science databases, covering the period 2018-2025, focusing on
the pathophysiological link between MASLD and T2DM and the impact of modern glucose-lowering therapies
on MASLD progression. Results. Lifestyle modification and weight loss remain the essential elements of
treatment. The highest efficacy has been demonstrated for glucagon-like peptide-1 receptor agonists (GLP-1
RAs) and sodium-dependent glucose cotransporter type 2 inhibitors (SGLT2-Is), which may promote metabolic
dysfunction-associated steatohepatitis regression, improve the cardiovascular profile and reduce transaminase
levels. Recent clinical data suggest potential synergistic benefits of this combination. Novel dual and triple in-
cretin-based agonists (tirzepatide, retatrutide, pemvidutide) show promising results in reducing steatosis and
improving metabolic parameters; however, further clinical trials are required to confirm their efficacy and safety.
Conclusions. Combined therapy with GLP-1 RAs and SGLT2-Is appears to provide clinically relevant benefits
for MASLD in patients with T2DM.

Keywords: metabolic dysfunction-associated steatotic liver disease; type 2 diabetes mellitus; glucagon-like pep-
tide-1 receptor agonists; sodium-dependent glucose cotransporter type 2 inhibitors; review

Introduction

Metabolic dysfunction-associated steatotic liver disease
(MASLD) is the most common chronic liver disease, af-
fecting approximately 38 % of adults, 7—14 % of children
and adolescents [1], and 50—70 % of individuals with type 2
diabetes mellitus (T2DM). The prevalence of MASLD in
adults is expected to rise to 55 % by 2040 [1]. MASLD is
defined as the accumulation of triglycerides in more than
5 % of the liver parenchyma in the presence of at least one
cardiometabolic risk factor [2]. MASLD and T2DM are
pathophysiologically overlapping conditions that share key
mechanisms — including insulin resistance, lipotoxicity,
and chronic low-grade inflammation. Therefore, the aim of

this narrative review is to summarise current evidence on the
impact of modern glucose-lowering medications on MASLD
in individuals with T2DM.

This narrative literature review analysed scientific pub-
lications and clinical trials that describe the pathophysio-
logical mechanisms underlying the relationship between
MASLD and T2DM. It also examined the impact of modern
glucose-lowering agents on MASLD management, including
glucagon-like peptide-1 receptor agonists (GLP-1 RAs),
sodium-glucose cotransporter type 2 inhibitors (SGLT2-1s),
pioglitazone, metformin, and novel dual or triple incre-
tin-based agonists such as tirzepatide, retatrutide, and pem-
vidutide. The literature search was performed using PubMed,
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Scopus, and Web of Science databases. The review included
publications from 2018 to 2025 that evaluated the efficacy of
current therapeutic strategies in patients with MASLD and
T2DM.

Definition and classification of MASLD

MASLD has replaced the outdated term “non-alcoholic
fatty liver disease” (NAFLD) and is now part of the new
consensus definition of steatotic liver disease (SLD) [2]. The
term MASLD encompasses several conditions, including:

— metabolic dysfunction-associated steatosis: isolated
hepatic steatosis;

— MASH (metabolic dysfunction-associated steatohe-
patitis): steatohepatitis associated with metabolic dysfunc-
tion, characterised by histological signs of hepatocellular
ballooning and lobular inflammation, which can progress to
fibrosis and cirrhosis [2].

In addition to MASLD, steatotic liver disease (SLD) also
includes [2]:

— MetALD: MASLD with moderate (increased) alcohol
consumption (20—50 g/day for women, 30—60 g/day for men);

— ALD: alcohol-related liver disease;

— steatotic liver disease of specific etiology: steatosis
caused by drugs, viral infections or monogenic diseases;

— cryptogenic SLD: steatosis of unknown origin.

Pathophysiological relationship between
MASLD and type 2 diabetes mellitus

MASLD is closely linked to type 2 diabetes mellitus
(T2DM), as both diseases are characterised by ectopic fat ac-
cumulation in the liver. The main pathophysiological mecha-
nism underlying this association is insulin resistance (IR),
which is a key factor in the development of both MASLD
and T2DM. Patients with coexisting MASLD and T2DM
have an increased risk of cardiovascular disease (CVD), in-
cluding myocardial infarction and stroke, compared to those
without hepatic involvement. As shown in Fig. 1, insulin re-
sistance integrates the metabolic disturbances that drive both
MASLD and T2DM, ultimately contributing to their shared
cardiovascular burden. A systematic review that included 11
studies with a total of 8346 patients demonstrated that the
presence of MASLD in patients with T2DM is associated
with a twofold increase in CVD risk compared to those with-
out MASLD [3]. The combination of MASLD, T2DM and
CVD causes a serious clinical challenge, as these patients
have significantly worse prognoses.

Changes in nomenclature

The term “nonalcoholic fatty liver disease” (NAFLD)
was traditionally used to describe a diagnosis based on the
principle of exclusion, i.e., it was established in the absence
of significant alcohol consumption and other chronic liver
diseases. The transition from NAFLD to MAFLD and, more
recently, to MASLD, along with the corresponding diagnos-
tic criteria, is summarised in Fig. 2 [4—6].

Lifestyle modification

Lifestyle modification remains the most effective ap-
proach to the treatment of MASLD and type 2 diabetes
mellitus (T2DM). According to the recommendations of
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Figure 1. Pathophysiological mechanisms linking
MASLD and T2DM. Insulin resistance promotes
adipose tissue dysfunction, ectopic fat accumulation
and chronic low-grade inflammation, contributing to
hepatic steatosis and increased cardiovascular risk

Notes: IL-6 — interleukin-6; TNF-a — tumour necrosis
factor-a.

the American Association for the Study of Liver Diseases
(AASLD), even a slight weight loss can have a positive im-
pact, particularly in patients with milder forms of the disease.
Losing 3—5 % of body weight helps to decrease steatosis,
while weight loss of more than 10 % is necessary to reduce
the severity of metabolic dysfunction-associated steatohepa-
titis (MASH) and reduce the degree of fibrosis [7].

Metformin

Metformin is a first-line treatment for T2DM. The
TONIC study, which included 173 patients with biopsy-pro-
ven NAFLD and persistently elevated alanine aminotransfe-
rase (ALT) levels, found no reduction in ALT or improve-
ment in liver histology with metformin compared with
placebo [8]. Recent meta-analyses have shown that met-
formin can partially improve liver function, reduce insulin
resistance (IR) and lower body mass index (BMI). However,
it does not significantly impact histological changes in the
liver in patients with NAFLD [9]. Therefore, current AASLD
guidelines do not recommend the use of metformin as a
specific treatment for MASH or MASLD in adult patients,
although they recognize its importance for patients with con-
comitant T2DM and metabolic syndrome [7].

Glucagon-like peptide-1 receptor
agonists

Glucagon-like peptide-1 receptor agonists, including
liraglutide, semaglutide and dulaglutide, mimic the action
of the incretin hormone GLP-1. The main mechanisms of
action of these drugs are stimulation of insulin secretion,
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Definition based on exclusion

Absence of secondary causes of liver fat
accumulation:

No significant alcohol consumption

(>30 g/day men, >20 g/day women)

No chronic viral hepatitis

No use of steatogenic medications

No hereditaryli bolic liver di:
No other secondary causes

1. Overweight or obesity
2. Type 2 diabetes mellitus;

risk factors:

S specific drug treatment

treatment
+ Prediabetes
- HOMA-IR 22.5

‘ Evidence of Hepatic Steatosis(by imaging techniques, histological techniques, or serum biomarkers)

21 of the following

3. Normal or lean weight in the presence of_>2 metabolic

+ Waist circumference >102/88 cm in Caucasian men or
women, (or >90/80 cm in Asian men or women)

- Blood pressure 2130/85 mmHg or specific drug treatment

- Plasma triglycerides 2150 mg/dL (21.70 mmol/L) or

+ Plasma HDL-cholesterol <40 mg/dL (<1.0 mmol/L) in men
and <50 mg/dL (<1.3 mmol/L) in women or specific drug

- High-sensitivity C-reactive protein 22 mg/L

_|_

21 cardiometabolic criteria:

1. BMI 225 kg/m? (223 kg/m? in Asians) or waist
circumference 294 cm in men, 280 cm in women;

2. Fasting serum glucose 25.6 mmol/l (100 mg/dL) or
2-hour post-load glucose levels 27.8 mmol/L or
HbA1c 25.7% (239 mmol/l), or type 2 diabetes;

3. Blood pressure 2 130/85 mmHg or specific
antihypertensive drug treatment;

4. Plasma triglycerides (TG) = 1.70 mmol/L (150
mgldL) or lipid-lowering therapy;

5. Plasma HDL-cholesterol < 1.0 mmol/L (40 mgl/dL)
in men or < 1.3 mmol/L (50 mg/dL) in women, or
lipid-lowering therapy.

Figure 2. Transition of diagnostic concepts from NAFLD to MAFLD and MASLD. The figure summarises the
evolution from NAFLD (an exclusion-based diagnosis) to MAFLD and subsequently MASLD, which are defined
using positive diagnostic criteria based on evidence of hepatic steatosis and cardiometabolic risk factors

Notes: HDL — high-density lipoprotein; HOMA-IR — homeostasis model assessment of insulin resistance; BMI —

body mass index; HbA1c — glycated haemoglobin.

inhibition of glucagon release, slowing gastric emptying and
increasing feelings of satiety. GLP-1 RAs have demonstrated
the ability to reduce MASH activity, which was confirmed
histologically (reduced inflammation and hepatocyte bal-
looning) [10]. Liraglutide is a long-acting GLP-1 RA and is
used to treat type 2 diabetes in doses up to 1.8 mg/day. The
drug has also been approved for the treatment of obesity at a
dose of 3 mg/day and has been studied in the largest number
of NAFLD trials among GLP-1 RAs [11]. In a meta-analy-
sis of six randomised controlled trials (RCTs) of the LEAD
(Liraglutide Effect and Action in Diabetes) programme,
it was found that 26 weeks of treatment with liraglutide
(1.8 mg/day) led to improvements in ALT levels and liver ste-
atosis in 4,442 patients with T2DM [11]. However, these ef-
fects were mainly due to weight loss and improved glycaemic
control, as statistical significance was lost after adjustment
for these factors [11]. At the same time, in an RCT where
NAFLD was defined as liver fat content greater than 5 % by
MRI, liraglutide (3 mg/day) reduced steatosis and hepato-
cellular ballooning after 26 weeks, but these effects were not
sustained after therapy discontinuation [12]. Instead, lifestyle
modification provided more sustained results, which empha-
sises the importance of maintaining physical activity for the
long-term control of liver steatosis. The studies evaluating
the effects of dulaglutide on liver function and metabolic pa-
rameters in patients with T2DM included 1499 participants
in AWARD-1, AWARD-5, AWARD-8 and AWARD-9 (du-
laglutide 1.5 mg). In the subgroup of patients with NAFLD/
NASH (ALT = upper limit of normal), dulaglutide led to a
greater reduction in ALT levels compared to placebo (—8.8 vs
—6.7 U/L) [13]. In addition, a Japanese retrospective study
showed that dulaglutide (0.75 mg once weekly) significantly

improved liver enzymes and liver stiffness, as assessed by
transient elastography, after 12 weeks of therapy in patients
with type 2 diabetes and biopsy-proven MASH [13]. GLP-1
receptor agonists have been shown to improve endothelial
function, as evidenced by enhanced vasodilation and re-
duced intima-media thickness, both of which contribute to
atherosclerosis control and increased plaque stability [14].
In the SUSTAIN trial, semaglutide significantly reduced the
incidence of cardiovascular events in patients with T2DM.
However, the mechanisms by which GLP-1 receptor agonists
exert cardioprotective effects are not yet fully understood.
These cardioprotective effects may be important for patients
with MASLD, who have higher cardiovascular morbidity
and mortality. In an additional analysis of a 104-week study
of cardiovascular events in patients with T2DM (semaglu-
tide 0.5 or 1.0 mg/week) and a 52-week weight loss study
(semaglutide 0.05—0.4 mg/day), it was found that semaglu-
tide significantly reduced ALT levels in patients with T2DM
[15]. In a study that examined the effect of semaglutide on
patients with MASH [15], treatment resulted in a signifi-
cantly higher proportion of patients with MASH regression
compared to placebo. However, the study did not find a
significant difference between the groups in terms of fibrosis
stage improvement [16]. The 2022 American Association of
Clinical Endocrinology (AACE) Clinical Practice Guide-
lines recommend GLP-1 receptor agonists (GLP-1 RAs)
for people with type 2 diabetes and biopsy-proven MASH
or those at high risk of MASH to reduce cardiovascular risk
[17]. Also, the 2023 AASLD guidelines recommend the use
of semaglutide in patients with MASH and T2DM or obesity,
due to its positive effects on the cardiovascular system and
improvement of comorbidities [7].
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Prospects for new incretin
and hormone agonists

Recent achievements in molecular engineering have
made it possible to create single molecules capable of acti-
vating several incretin and hormone receptors simultaneous-
ly. This approach opens new opportunities in the treatment
of type 2 diabetes mellitus (T2DM), obesity and MASLD.
Tirzepatide is a dual agonist of glucose-dependent insuli-
notropic polypeptide (GIP) and glucagon-like peptide-1
(GLP-1) receptors. Studies have shown that tirzepatide is
more effective than GLP-1 agonists in controlling glycae-
mia and reducing body weight [18]. In addition, the drug
has also demonstrated a positive effect on liver function. In
the SURPASS-3 trial, which included only patients with
T2DM, tirzepatide led to a significant reduction in liver
fat content (47 % relative fat reduction) and also reduced
visceral fat and subcutaneous abdominal fat compared to
insulin degludec [19]. In the SYNERGY-NASH study of
190 patients with NASH and stage 2—3 fibrosis, tirzepatide
therapy for 52 weeks showed a dose-dependent improve-
ment in histological parameters compared to placebo [20].
Regression of MASH without worsening of fibrosis was ob-
served in 44—62 % of patients in the tirzepatide treatment
groups, while in the placebo group this figure was 10 %.
Improvement of fibrosis by > 1 stage without worsening of
MASH was observed in 51—55 % of patients vs 30 % in the
placebo group [20]. Retatrutide is a triple agonist that si-
multaneously activates GIP, GLP-1 and glucagon receptors,
administered once weekly, and has shown promising results
in the treatment of obesity. A study involving patients with
NAFLD/MASLD found that all doses of retatrutide sig-
nificantly reduced liver fat compared to placebo [21]. In the
8- and 12-mg retatrutide groups, more than 85 % of patients
achieved regression of steatosis (LFC < 5 %) after 48 weeks
[21]. In a study involving patients with MASLD and liver
fat content > 10 %, the drug was administered at doses of
1, 4, 8 and 12 mg for 48 weeks. After 24 weeks, a significant
reduction in liver fat levels was observed in the retatrutide
groups, which was dose-dependent: 1 mg — 42.9 %, 4 mg —
57.0 %, 8 mg — 81.4 %, 12 mg — 82.4 % [21]. Pemvidutide is
a dual GLP-1 and glucagon receptor agonist. The results of a
study evaluating the effect of pemvidutide on liver fat levels in
patients with MASLD showed a significant dose-dependent
reduction in liver fat content: in the pemvidutide groups, this
parameter decreased by 46.6 % (1.2 mg), 68.5 % (1.8 mg) and
57.1 % (2.4 mg) [22]. In addition, 94.4 % of patients achieved
a > 30 % reduction in LFC, 72.2 % achieved a > 50 % re-
duction, and 55.6% of patients in the 1.8 mg group achieved
complete LFC normalisation (< 5 %) [22]. In addition to its
effects on liver fat, pemvidutide also contributed to a 4.3 %
reduction in body weight, a 13.8 IU/L reduction in alanine
aminotransferase (ALT), and a 75.9 ms decrease in corrected
T1 (cT1), an MRI-derived marker of hepatic inflammation.

SGLT2 inhibitors in the treatment of MASLD

Sodium-glucose cotransporter 2 inhibitors act by inhibi-
ting glucose reabsorption in the proximal renal tubule, there-
by reducing blood glucose levels and improving the metabolic
profile. SGLT2-Is have demonstrated a multifactorial effect
on the pathophysiological mechanisms of MASLD. One of

the key effects is an increase in insulin sensitivity, which leads
to reduced hepatic glucose production and lower circulating
free fatty acids. This is particularly important, as excess free
fatty acids contribute to fat accumulation in the liver and
inflammation. A meta-analysis and systematic review by Am-
jad et al. confirmed that SGLT2-Is, including ipragliflozin,
empagliflozin, dapagliflozin, canagliflozin, and luseogli-
flozin, significantly reduced ALT and AST levels in patients
with MASLD [23]. The EFFECT-II study (The Effects of
Omega-3 Carboxylic Acids and Dapagliflozin on Liver Fat
Content in Diabetic Patients) found that the combination
of dapagliflozin (10 mg/day) and omega-3 carboxylic acids
reduced liver fat content, as assessed by MRI-PDFF (mag-
netic resonance proton density fat fraction). The study also
found that dapagliflozin monotherapy reduced all studied
markers of hepatocellular injury in patients with T2DM and
NAFLD [24]. In another study, treatment with dapagliflozin
(5 mg/day) for 24 weeks improved liver enzymes, steatosis,
and fibrosis, as assessed by transient elastography (FibroS-
can) in 57 patients with T2DM and NAFLD [25]. In a ran-
domized controlled trial, canagliflozin therapy (300 mg/day)
for 24 weeks reduced liver enzymes and intrahepatic tri-
glycerides, as measured by proton magnetic resonance spec-
troscopy (MRS) in 37 patients with T2DM and NAFLD
[26]. In the Empagliflozin Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG
OUTCOME), empagliflozin was shown to reduce liver
enzymes in patients with T2DM [27]. In the E-LIFT (Ef-
fect of Empagliflozin on Liver Fat Content in Patients with
Type 2 Diabetes) study, involving 50 patients with T2D and
NAFLD, it was found that empagliflozin (10 mg/day) for
20 weeks significantly reduced liver enzymes and liver fat
content, as assessed by MRI-PDFF [28].

The combination therapy with GLP-1
receptor agonists and SGLT2 inhibitors

A new approach to pharmacotherapy in type 2 diabe-
tes mellitus (T2DM) involves the use of a combination of
GLP-1 receptor agonists and SGLT?2 inhibitors in patients
with T2DM, MASLD and significant cardiovascular risk.
Both classes of drugs play an important role in the treatment
of patients with T2DM and NASH, as GLP-1 RAs have a
greater impact on glycaemic control and weight loss, while
SGLT?2 inhibitors provide glucose control and reduce cardio-
vascular morbidity [29]. Due to their synergistic mechanisms
of action, the combination of these drugs provides a compre-
hensive treatment that includes control of hyperglycaemia,
body weight, fatty liver and cardiovascular risk.

DURATION-8

The DURATION-8 study was one of the first to exa-
mine the effectiveness of the combination of GLP-1 RA
(exenatide) and SGLT2 inhibitor (dapagliflozin) in pa-
tients with insufficient glycaemic control on metformin
therapy. Participants were randomised into three groups:
exenatide monotherapy, dapagliflozin monotherapy, and
combined use of both drugs. The study was completed at
week 104. The decrease in HbAlc from baseline was sig-
nificantly greater in the exenatide + dapagliflozin group
(—1.70 %) compared with exenatide (—1.29 %) and dapagli-
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flozin (—1.06 %) [30]. Clinically significant improvements
in FPG, 2-h PPG, body weight and SBP were also observed
in the combination therapy group. In addition, it was the
combination of drugs that demonstrated the greatest weight
loss (—3.55 kg), which was more than twice as significant as
the effects of each drug alone (—1.54 % for exenatide and
—2.22 % for dapagliflozin) [30].

AWARD-10

The AWARD-10 study investigated the efficacy of ad-
ding dulaglutide 1.5, 0.75 mg, or placebo to patients with
insufficiently controlled T2DM who were taking SGLT2
inhibitors. The results showed a better reduction in HbAlc
in the combination therapy group (dulaglutide 1.5 mg by
1.34 %, dulaglutide 0.75 mg by 1.21 % vs. 0.54 % with pla-
cebo) [31]. Moreover, patients in the combination group
lost more body weight (2.5 kg on average) than when
SGLT2-Is were used alone [31]. Body weight loss is a key
factor in decreasing fatty liver infiltration, which further
emphasises the benefits of combination therapy for patients
with T2DM and MASLD.

SUSTAIN-9

The SUSTAIN-9 study evaluated the addition of sema-
glutide in patients who did not achieve appropriate glycae-
mic control after > 90 days of SGLT2 therapy [32]. The
results showed that the addition of semaglutide led to a
significant improvement in glycaemic control, with a de-
crease in HbAlc: —1.5 % in the semaglutide group, and a
decrease in body weight: —4.7 kg in the semaglutide group
[32]. Although the study was not specifically designed to
evaluate MASLD, the results indicate a potential positive
effect on fatty liver infiltration, as both HbAlc reduction
and weight loss play a key role in the pathogenesis of this
disease. The latest clinical guidelines for the management
of patients with type 2 diabetes mellitus (T2DM) from the
American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD) emphasize
personalised treatment approaches, especially for patients
with cardiovascular and hepatic comorbidities [33]. Accord-
ing to the ADA 2025 Standards of Care, the management
of MASLD in individuals with T2DM should be individu-
alized, targeting lifestyle modification, weight reduction (if
indicated), optimal glycaemic control, and cardiovascular
risk reduction. GLP-1 receptor agonists, dual GIP/GLP-1
receptor agonists, and SGLT?2 inhibitors are highlighted as
preferred agents providing both hepatic and cardiometa-
bolic benefits [34].

Pioglitazone in the tfreatment of MASLD
Pioglitazone, a thiazolidinedione (TZD) derivative, is a
peroxisome proliferator-activated receptor (PPAR-y) ago-
nist used to treat T2DM and MASLD. The drug improves
insulin sensitivity, regulates glucose and lipid metabolism,
levels of free fatty acids in blood plasma and helps to con-
trol atherogenic dyslipidaemia. In addition, pioglitazone
increases adiponectin levels, which, together with a reduction
in visceral fat and improved insulin sensitivity, contributes
to the regression of steatohepatitis [35]. Pioglitazone can
cause a dose-dependent weight gain; in some patients, weight

gain may be due to fluid retention, which manifests as lower
extremity edema, so a thorough examination is necessary
before prescribing pioglitazone. Pioglitazone was the first
hypoglycaemic drug shown in RCTs to induce regression
of MASH. A meta-analysis evaluating the efficacy of pio-
glitazone treatment in patients with prediabetes or T2DM
and NAFLD confirmed a reduction in steatosis, inflam-
mation and hepatocellular ballooning [36]. However, the
improvement in fibrosis stage compared to placebo was not
statistically significant. Recent studies involving patients with
MASLD and T2DM have evaluated the efficacy of pioglita-
zone and SGLT?2 inhibitors [37]. The data obtained indicate
that in patients with MASLD and T2DM, SGLT?2 inhibitors
are generally more effective than pioglitazone in improving
liver fibrosis, lipid profile, and fatty liver infiltration [37].
A 5-year post-therapeutic follow-up study was conducted
among patients with MASLD and T2DM, who had been
previously randomized to receive either ipragliflozin or
pioglitazone [38]. Both medications significantly improved
serum aminotransferases, HbAlc, and fasting glucose levels
over 5 years. Ipragliflozin provided a sustained reduction in
body weight and visceral adipose tissue over 5 years, signifi-
cantly reduced fibrosis markers (serum ferritin and FIB-4
index), was well tolerated and had a higher 5-year continua-
tion rate compared to pioglitazone [38].

DPP-4 inhibitors

DPP-4 inhibitors block the enzyme that breaks down
incretin hormones, which leads to increased insulin secre-
tion, decreased glucagon release, and lower blood glucose
levels. In addition, DPP-4 inhibitors have been shown to
improve lipid profile, reduce inflammation, and promote
weight loss [39]. They also reduce the level of active gluca-
gon-like peptide-1 (GLP-1), which is known to be associated
with the development of NAFLD. The most commonly used
DPP-4 inhibitors include sitagliptin, linagliptin, vildagliptin,
saxagliptin, and alogliptin. Although DPP-4 inhibitors have
the potential to treat NAFLD, there is currently insufficient
evidence of their efficacy in clinical practice. The most stu-
died drug is sitagliptin, but its results remain controversial.
Vildagliptin has shown promising results, but research in this
area is limited. Other DPP-4 inhibitors also have potential,
but their effect on NAFLD has not been sufficiently con-
firmed in well-powered clinical trials.

Conclusions

The combination of GLP-1 RAs and SGLT2-Is appears
to be a promising therapeutic approach for patients with
MASLD and T2DM. The DURATION-8, AWARD-10 and
SUSTAIN-9 clinical trials have demonstrated additive bene-
fits in glycaemic control and body weight reduction, which
may contribute to improvements in liver-related parameters
and an improved cardiometabolic profile. Novel dual and
triple agonists, such as tirzepatide, retatrutide and pemvidu-
tide, have shown promising results in reducing hepatic fat
content, opening new therapeutic prospects for the treatment
of MASLD in patients with T2DM. Further large-scale and
long-term studies are needed to evaluate the effects of these
drugs on liver fibrosis regression, cardiovascular events, and
overall survival.
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AHIT «/\bBIBCbKW HALIOHOABHUA MEANYHNU YHIBEPCUTET iMeHi AQHWAQ [QAMLIbKOro», M. /AbBIB, YKpQiHO

BnAMB Cy4aCHUX LYKPO3HUXXYBOAbHUX NMpenaparie
Ha nepe6ir MeTa6oAIMHO ACOLIMOBAHOT CTEATOTUYHOT XBOPOGU NEYiHKMK
npuv LyKpoBomy Aiaéeri 2-ro tuny

Pestome. Axmyaavnicms. MeTtaboniuHo acolliiioBaHa cTeaToTHy-
Ha xBopob6a nevinku (MACXII) € HalinmomMpeHilmnuM XpoHiy-
HUM 3aXBOPIOBAHHSIM TEYiHKHU, 110 TTOETHYETHCS 3 IYKPOBUM
niabetoMm 2-ro Tuny (LA2) y 50—70 % BunankiB. ObuaBa cTaHu
MaloTh CHiJIbHI MaTOreHETUYHI MeXaHi3MU, HacaMIeped iHCYJTi-
HOPE3UCTEHTHICTh, i CYIPOBOIKYIOThCS IMTiIBUIIIEHUM PU3UKOM
CepIleBO-CyIMHHOI CMEPTHOCTI. Mema: OLiIHUTH BIUIUB CyJacHUX
LYKPO3HIKYBaJIbHMX ITperapaTiB Ha repeoir MACXII y naiieHTiB
i3 LI/12. Mamepiaau ma memoou. [1poBeieHO HaPaTUBHUIA OIJISII
JIiTepaTypy 3 METOIO y3arajJbHEHHsS JaHMX NP0 B3aEMO3B’I30K
MACXIT i /2 Ta BIuIMBY Cy4acHOI IyKPO3HMKYBaJIbHOI Teparrii
Ha nepedir MACXII. ITouryk my0ikaniii 3aificHIOBaiIM B 6a3ax aa-
Hux PubMed, Scopus ta Web of Science 3a nepion 2018—2025 pp. i3
BiZIOOPOM HAYKOBMX CcTaTel i KIIHIYHUX OCTIKeHb. Pe3yabmamu.
Monmupikamiss cmocoOy XKUTTS I 3HMKEHHSI MacH Tijla 3aJIuIla-
IOTbCSI OCHOBHUMU CKJIQJIOBUMMU JIiIKyBaHHS. ATOHICTHU peLiernTopa
IJIIOKaroHOMo1i0HOro nmenTuay-1 Ta iHridiTopu HaTpili3aaexXKHOTro
KOTpaHCIopTepa IJIIOKO3U 2-ro TUITY AeMOHCTPYIOTh HalOLIbII

BUpaxXeHuil BIIMB Ha nepebir MACXII, 110 nposiBISIEThCS 0~
JIHMIIEHHSIM KapAioMeTa0o1iyHOro npodiiio, 3HUKEHHSIM PiBHIB
TpaHcaMiHa3 i perpecieio MeTaboJIiYHO acoIilfOBaHOIO CTeaTore-
natuty. KoMmGiHOBaHe 3acToCcyBaHHSI IIUX KJIACIB MpernapariB MOXxe
MaTH CUHEPTiYHUI eeKT, 1110 MiATBEPIKYETbCS TAHUMU CYyYaCHUX
KJIIHIYHUX pociimkeHb. HoBi moaBiitHi Ta MoTpiliHi iHKPeTUHOBI
aroHicTu (TUp3enaTui, peTaTpyTuI, MEMBIIYTHI) IeMOHCTPYIOTh
MepPCIeKTUBHI pe3yabTaTH LIOI0 3MEHIIEHHS CTeaTo3y MeYiHKU
i MOJIMIIeHHsI METa0OJIiYHUX MTOKAa3HUKIB, OJHAK MOTPEOYIOTh
MOJAJIBIIOTO MiATBEPIKEHHS e(heKTUBHOCTI i1 Oe3neku. Bucrosku.
Kowmb6iHatis aroHictiB pelienTopa IJIF0KaroHOITOAIOHOTO TTeTITH-
ny-1 Ta iHribiTOpiB HATpiii3aJeKHOTO KOTpaHCIIOPTepa TII0KO3U
2-T0 TUIY MOXe MaTH KJIiHIYHO 3HAYYyILIi ITepeBary B Malli€HTIB i3
MACXIT i LLJ2.

KirouoBi ciioBa: meraGosiuHo acouiifoBaHa CTeaTOTUYHA XBO-
poba IMevyiHKu; IyKPOBU AiabeT 2-T0 TUIY; arOHICTH pelenTopa
[JIIOKaroHOMOAi0HOro MenTuay-1; iHriGiTopu HaTpiii3anexXHOro
KOTpaHCIopTepa IIIOKO3U 2-TO TUITY; OTJISI
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Epigenetic influence of long non-coding RNAs
on the development of metabolic-associated
steatohepatitis

Abstract. Background. Long non-coding RNAs (IncR) are characterized by a high degree of tissue-specific gene
expression, allowing certain combinations to be considered as diagnostic markers of metabolic-associated steato-
hepatitis (MASH). The purpose of this literature review is to present current data on the role of long non-coding RNAs
in the epigenetic influence on the development of metabolic-associated steatohepatitis, based on analysis of con-
temporary scientific literature. Materials and methods. An analysis of 76 literature sources from the past five years
was conducted using the databases MEDLINE, Embase, PreMedline In-Process & Other Non-Indexed Citations,
The Cochrane Systematic Reviews Database, DARE, NHS EED and HTA databases, Web of Knowledge Science
Citation Index, Web of Knowledge ISI Proceedings, CRD databases, and BIOSIS. Sources were selected using the
keywords: long non-coding steatogenic RNAs, epigenetic regulation, metabolically associated fatty liver disease,
metabolic dysfunction-associated steatotic liver disease, obesity. PROSPERO registration: CRD420250652980.
Literature analysis. Temporal analysis showed that periodic fluctuations in the expression of most IncR lead to
both inflammation development and production of pro-inflammatory cytokines. Inhibition of the transcription factor
NF-kB suppresses the expression activity of most pro-inflammatory IncR. Long non-coding RNAs participate in the
development of MASH primarily by activating pro-inflammatory signaling pathways, transcription factors (NF-kB,
AP-1), and inflammasomes. By regulating the expression levels of cytokines (IL-18, IL-6, TNF) and chemokines
(CCL2, CXCL1, CXCL5), IncR determine the recruitment of pro-inflammatory immune cells, local vascular response,
and, consequently, the degree of inflammatory reaction in liver tissue in metabolic dysfunction-associated steatotic
liver disease. Conclusions. Pro-inflammatory and anti-inflammatory IncR are epigenetic regulators of liver inflam-
mation that determine the development of MASH and may be considered potential targets for anti-inflammatory
pharmacotherapy in patients with MASH.

Keywords: children; obesity; metabolic-associated steatohepatitis; long non-coding RNASs; literature review

Introduction

The development of liver steatosis in metabolic dysfunc-
tion-associated steatotic liver disease (MASLD) at a certain
stage of pathogenesis leads to the initiation of an inflammatory
process, which determines the manifestation of steatohepatitis.
Metabolic-associated steatohepatitis (MASH) is a progressive
form of MASLD characterized by lobular liver inflammation.
From a diagnostic perspective, lobular liver inflammation in
MASLD patients is the main pathomorphological feature
marking the transition from simple steatosis to steatohepatitis
[1—5]. Metabolic-associated steatohepatitis carries a high risk

of various metabolic disturbances, liver cirrhosis, hepatocellu-
lar carcinoma, and adverse disease outcomes [6—9].
Currently, it has been demonstrated that various long
non-coding RNAs (IncR) are involved in regulating the pro-
liferation, differentiation, and activation of immune cells,
including monocytes, macrophages, dendritic cells, neutro-
phils, T-cells, and B-cells [10]. Long non-coding RNA are
considered important regulators of the inflammatory response,
exerting their effects by modulating the transcription levels of
pro- and anti-inflammatory genes, including during the de-
velopment of steatohepatitis [ 11—14]. The IncR transcriptome
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profile in liver structural cells, resident liver immune cells, and
recruited immune cells determines the likelihood of steatohe-
patitis development in MASLD [15—17].

Aim. To present current data on the role of long non-co-
ding RNAs in the epigenetic influence on the development
of metabolic-associated steatohepatitis based on analysis of
contemporary scientific literature.

Materials and methods

An analysis of 76 literature sources from the past five
years was conducted using the databases MEDLINE; Em-
base; PreMedline In-Process & Other Non-Indexed Cita-
tions; The Cochrane Systematic Reviews Database, DARE,
NHS EED and HTA databases; Web of Knowledge Science
Citation Index; Web of Knowledge ISI Proceedings; CRD
databases; BIOSIS. Sources were selected using the following
keywords: long non-coding RNAs, epigenetic regulation,
metabolically associated fatty liver disease, metabolic dys-
function-associated steatotic liver disease, obesity.

Registration in PROSPERO (National Institute for Health
and Care Research — NIHR) 1D652980, CRD420250652980.

Literature analysis: role of IncCRNAs in liver
inflammation development in MASLD

Numerous and diverse IncR are involved in the deve-
lopment of liver tissue inflammation in MASLD patients,
influencing pro- and anti-inflammatory molecular signaling
pathways (Table 1).

Next-generation deep sequencing results in minipigs in-
dicate that induction of steatohepatitis is accompanied by
differential expression of 89 IncR, whose primary molecular
targets are the genes Ppar, Fads2, Dgat2, Acaa2, Cyp2el,
Adh4, and Fos [20].

Pro-inflalnmatory INCRNAs

Gm9795. The long non-coding RNA Gm9795 is tran-
scribed from a pseudogene sequence of the lipid transfer
domain associated with StAR, located on chromosome 10.
Gm9795 expression is closely linked to MASH severity. The
Gm9795 transcript promotes the expression of pro-inflam-
matory cytokines such as tumor necrosis factor-a (TNF-a),
interleukins IL-1p, and IL-6 through activation of NF-«xB-
and JNK-associated signaling pathways. It has been shown
that Gm9795 activates the expression of endoplasmic reticu-
lum-to-nucleus signaling protein 1 (ERN1), a key molecule
in ER stress that activates both c-Jun NH2-terminal kinase
(JNK) and the transcription factor NF-kB, inducing inflam-
mation (Fig. 1) [21].

HOTAIR. 1t has been demonstrated that in HepG2 cells
treated with free fatty acids (FFA), the HOX transcript an-
tisense RNA (HOTAIR) is highly expressed. Knockout of
the HOTAIR gene leads to a decrease in the activity of in-
flammation induced by FFA. It is believed that the IncR
HOTAIR promotes the development of the inflammatory
process in the liver by recruiting the serine and arginine rich
splicing factor 1 (SRSF1), which contributes to the stabili-

Table 1. Long non-coding RNAs associated with MASH development [18, 19]

IncRNA Molecular target Signaling cascade and effect
Increased expression
NF-kB and ERK1 signaling pathway, induction
Gm9795 ERN1 of inflammation
HOTAIR SRSF1 NF-kB signaling pathway
HULC MAPK JNK signaling pathway, induction of inflammation
LeXis - Induction of inflammation
Inc18g22.2 BCL family proteins Hepatocyte apoptosis
linc00907 miR-942-5p TAOK1, induction of inflammation
IncTNF - NF-kB signaling pathway, induction of inflammation
mTOR/S6K1 signaling pathway, induction of
MALATH SAA3 inflammation
NEAT1 miR-129-5p, miR-506 NF-kB signaling pathway, regulation of inflammation
Reduced IL-1B and IL-18 activation via NLRP3
Platr4 NLRP3 inflammasome inhibition
RUNX1 TLR4, TLR%D'\II;E;S? ’IL’\_Ig-KBZ’ TNF, NF-kB signaling pathway, regulation of inflammation
JNK signaling pathway, induction of steatosis and
NONMMUTO010685 XBP1, ACLY inflammation
NONMMUT050689 RIPK1, ACLY Induction of steatosis, inflammation, and necroptosis
Decreased expression
FLRL2 ARNTL NF-kB signaling pathway
TLR4, TLR5, NF-kB1, NF-kB2, TNF, . . . . .
RUNX1 ADIP(;O, IL-6 K NF-kB signaling pathway, regulation of inflammation
SRD5A3-AS1 miR-1205 YAP1 signaling pathway
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zation of the carbohydrate-responsive element-binding pro-
tein (ChREBP) mRNA [21]. The ChREBP protein is the
main helix-loop-helix leucine zipper transcription factor,
which primarily mediates glucose homeostasis in the body.
ChREBP has also been shown to mediate the inflammatory
response by promoting the production of several proinflam-
matory cytokines (TNF-a, IL-1f, and IL-6) [22]. A. Chi-
ni et al. [24] provided compelling evidence that the IncR
HOTAIR plays a critical role in the activation of macro-
phages and their production of proinflammatory cytokines
during the innate immune response.

HULC. It has been shown that the development of MASH
in patients with MASLD is accompanied by increased ex-
pression of long non-coding RNA, the expression level of
which increases in hepatocellular carcinoma (homo sapiens
(human) hepatocellular carcinoma up-regulated long non-
coding RNA — HULC; 434 nt URS00026A1D8A_9606),
the gene of which is located in the p24.3 region of chromo-
some 6. It is believed that the expression of IncR HULC
induces the MAPK (mitogen-activated protein kinases)-as-
sociated signaling pathway (Fig. 2).

Inhibition of both HULC and p38/JNK kinases improves
histological liver status in experimental MASH, including
reduced steatosis, inflammation, and fibrosis [25].

HULC also induces CpG island methylation in the
miR-9 promoter via increased DNA methyltransferase 1
(DNMTT1) expression. Since miR-9 inhibits PPARA, re-
duced miR-9 leads to PPARa activation and lipid accumu-
lation in hepatocytes [26].

LeXis. A long noncoding RNA sequence, the expression of
which in the liver is induced by the liver X receptor (liver-ex-
pressed liver X receptor (LXR) induced sequence — LeXis) is
associated with cholesterol metabolism and the development
of hepatic steatosis in mice. The long noncoding RNA LeXis
represses the expression of genes involved in cholesterol bio-
synthesis by interacting with the ribonucleoprotein RALY,
which is a member of the heterogeneous nuclear ribonuc-
leoprotein (hnRNP) family, a large family of RNA-binding
proteins. The ribonucleoprotein RALY binds to specific co-
ding and noncoding RNAs, including mammalian translatio-
nal mRNAs. It has been shown that the IncR LeXis disrupts
the binding of the ribonucleoprotein RALY to the translated
mRNAs of cholesterologenic genes in mouse hepatocytes,
which inhibits translation activity [26, 27]. It is necessary to
emphasize the special influence of LeXis on the develop-
ment of inflammatory reactions in liver tissue in patients with
MASLD. Thus, in patients with MASH, the concentration
level of LeXis transcripts in the blood serum is significantly
higher than in patients with hepatic steatosis [28].

linc00907. Long intergenic non-protein coding RNA
1inc00907 (homo sapiens (human) long intergenic non-pro-
tein coding RNA 907; 1,865 nt URS000075B00D_9606)
functions as a competing endogenous RNA (ceRNA), which
sequesters miR-945 and leads to the amplification of its tar-
get gene TAO kinase 1 (TAOKI1). It has been demonstrated
that 1linc00907 expression is significantly increased in pa-
tients with MASH. Overexpression of linc00907 is accom-
panied by increased intracellular lipid accumulation and
the development of liver inflammation [29]. The serine/
threonine protein kinase TAOK1 increases lipopolysaccha-

T Gm9795

l Enhancement of TNF-a, IL-1f, IL-6 production

¥

l Inflammation |

{

Development of steatohepatitis

Figure 1. Role of Gm9795 in MASH development

Note: molecular models adapted from the Protein Data
Bank.

THULC

T FAT/CD36

! Y

Increased lipid
absorption

v v

Development of steatohepatitis

Enhancement of
IL-6 production

Inflammation

Figure 2. Role of HULC in MASH development

Notes: red arrows — activation; blue — inhibition. Mo-
lecular models adapted from the Protein Data Bank.
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ride-induced macrophage production of proinflammatory
cytokines, such as IL-6, IL-12p40, and TNF-a., by activa-
ting the mitogen-activated protein kinase MAPK1 [30]. At
the same time, TAOK1, by preventing the interaction of the
1L-17 receptor with the adaptor protein 1 (ACT 1 adaptor
protein — ACT1/TRAF31P2), suppresses the development
of IL-17-associated inflammation (Fig. 3) [31].

IncTNF. It has been demonstrated that the expression of
the IncTNF gene (IncR gene tumor necrosis factor-alpha;
RP11-91K9.1) is significantly increased in HepG?2 cells (a
human hepatocellular carcinoma cell line) after stimula-
tion with pro-inflammatory cytokines TNF-a, IL-1f. Thus,
when the TNF-a gene is stimulated in HepG?2 cells (a human
hepatocellular carcinoma cell line), the level of expression of
the intergenic IncR IncTNF increases by about 20 times. In
liver biopsies of patients with MASLD, the level of IncTNF
expression positively correlates with the degree of lobular
liver inflammation. The long non-coding RNA IncTNF ac-
tivates the transcription factor NF-xB. Once activated, the
transcription factor NF-kB induces the expression of a wide
range of genes involved in the regulation of proliferation,
differentiation, survival, as well as genes encoding proin-
flammatory cytokines, chemokines, and adhesion molecules.
Knockout of the InCTNF gene is accompanied by a decrease
in the activity of the transcription factor NF-kB and a de-
crease in the expression of the genes A20 and IxBa, which

T 1inc00907
.'————-_:-k
| miR-945 LIL17R
T TAOK1
)
T MAPK1 ‘

Decreased IL-17A
production

Increased expression of
IL-6, IL-12p40, TNF-a
Inflammation

{

Development of steatohepatitis

Figure 3. Role of linc00907 in MASH development

Notes: red arrows — activation; blue — inhibition.
TAOK1 model adapted from L. Yu et al. [33].

determine the effectiveness of the action of the NF-«B fac-
tor. It is suggested that IncT NF may be a new target for drug
control of liver inflammation in MASLD [34].

MALATI. Metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) is involved in the regulation of va-
rious pro-inflammatory pathways, such as NF-kB, PI3K/
AKT, MAPK, JAK/STAT [35]. Hyperglycemia and high
serum free fatty acid levels induce overexpression of the
MALAT1 transcript, which is a key partner for the polycomb
repressive complex 2 (PRC2), which inhibits the expression
of anti-inflammatory genes. The MALAT1 transcript binds
to enhancer of zeste polycomb homolog 2 (EZH2), which is
a catalytic subunit of the PRC2 repressive complex, which
leads to histone methylation of anti-inflammatory genes,
repression of their transcription, and transcription [36]. The
MALATT transcript activates the expression of serum amy-
loid antigen 3 (SAA3), which stimulates the production of
pro-inflammatory cytokines TNF-a and IL-6 by endothelial
cells, which can lead to the development of cardiovascular
disorders [37]. In HSC IncR MALAT1 induces the synthesis
of the chemokine CXCL5 (ENA-78), which recruits and
activates neutrophils to the lesion site (Fig. 4) [38].

Neutrophils recruited to the liver tissue determine the
development of MAS. In particular, activated neutrophils
produce activated oxygen-containing metabolites (AOMs),
which cause direct damage to hepatocytes. AOMs also recruit
and activate macrophages, which enhance inflammatory
effects in the liver tissue and contribute to the excitation
of HSCs, which induces the development of liver fibrosis.
Neutrophils release neutrophil proteins, such as lipocalin-
2-LCN2, myeloperoxidase (MPO), and neutrophil elastase
(NE), which contribute to the development of liver inflam-
mation [39, 40].

The long noncoding RNA MALATI1 inactivates
miR-206, which suppresses the expression of the aryl hy-
drocarbon receptor nuclear translocator (ARNT) gene. The
ARNT phosphoprotein can be part of the hypoxia-inducible
factor 1 (HIF1) complex and form a dimer with the aromatic
hydrocarbon receptor (aryl hydrocarbon receptor (AHR)),
facilitating the interaction of AHR with DNA [41].

Activation of the ARNT phosphoprotein is accompanied
by a significant decrease in the activity of PPARa receptors,
which have a pronounced anti-inflammatory effect, increas-
ing the expression of the inhibitory component IkBa, thereby
preventing the translocation of the p50/p65 transcription fac-
tor NF-kB into the nucleus [42, 43]. It has been shown that
in primary hepatocytes and human hepatoma cells, PPARa
receptor agonists suppress IL-1-induced expression of C-re-
active protein and IL-6 fibrinogen. A decrease in the activity
of PPARa receptors is associated with increased production
of pro-inflammatory cytokines [44, 45]. However, the effect
of IncR MALAT1 on ARNT probably does not cause a ge-
netically significant effect, since ARNT expression in liver
biopsies of patients with MAH is significantly lower than in
healthy people [41]. It has been demonstrated that decreased
ARNT activity is associated with the development of steato-
hepatitis, and AHR activation is associated with anti-inflam-
matory effects. Thus, C. Scott and colleagues [41] showed
that suppression of ARNT expression is accompanied by in-
creased expression levels of CXCL1 (GROa), monocyte che-
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Figure 4. Role of MALAT1 in MASH development

moattractant protein 1 (MCP1/CCL2), TNF-a and TGF-$1
mRNA, contributing to the transformation of hepatic ste-
atosis. It has been shown that increased activity of the AHR
signaling pathway causes activation of the transcription factor
Foxp3 in naive T cells, inducing their differentiation into
regulatory T cells, and in mice with a knockout of the Ahr
gene, portal fibrosis and liver inflammation develop already
at the age of three weeks [46].

HCG18. Aberrant expression of the human leu-
kocyte antigen complex group 18 (HCGI18; 6,820 nt
URS000075CE1F_9606) IncR is closely associated with
the clinicopathological characteristics of numerous diseases
and contributes to their progression. It has been shown that
HCGI18 may be involved in the development of steatosis,
liver inflammation, and insulin resistance [47].

The key molecular target of HCG18 is miR-197-3p,
which suppresses the production of the main proximal proin-
flammatory interleukin — IL-18. Thus, an increase in the
representation of HCG 18 causes a decrease in the miR-197-
3p pool, which leads to increased expression of the /L 1§ gene
[48]. It is known that in mice receiving HFD and people with
MASLD, the expression of the /L 18 gene, which is actively
involved in the development of MASH (Fig. 5) [49, 50].

NEATI. Nuclear enriched abundant transcript 1 (homo
sapiens (human) nuclear enriched abundant transcript 1 —
NEATI; 3,756 nt URS000075DAEC_9606), the expression
level of which increases in the case of the development of
MASH. It is known that the expression level of IncR NEAT1

is significantly increased in numerous inflammatory and
autoimmune diseases. The amount of IncR NEAT1 is directly
proportional to the concentration of pro-inflammatory cyto-
kines in the blood serum of patients. The NEAT transcript,
interacting with numerous miRs, regulates the activity of va-
rious pro-inflammatory signaling pathways (Table 2) [51, 52].

T HCG18

| miR-197-3p

Inflammation

v

Development of steatohepatitis

Figure 5. Role of HCG18 in MASH development
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In MASH, the IncR NEAT1, acting as a ceRNA, directly
interacts with and sequesters miR-129-5p and miR-506,
which are involved in the regulation of the inflammatory pro-
cess. It has been demonstrated that during the progression of
MASLD, there is an increase in the number of NEAT1 tran-
scripts and a proportional decrease in the level of miR-506,
one of the targets of which is the protein 3 of the zinc finger
family domain (GLI family zinc finger 3 — GLI3). Over-
expression of miR-506 suppresses the expression of GLI3,
and a decrease in the expression of miR-506 promotes the

activation of GLI3 [53]. It has been shown that macrophages
stimulated with lipopolysaccharide, in the absence of the
Gli3 factor, secrete significantly lower amounts of TNF-a
and CCL2 compared to wild-type macrophages. The Gli3
factor promotes the transmission of excitation from the
TLR3 and TLR4 receptors via the TRIF-IRF3 signaling
pathway [54]. GLI3 activation induces the production of
pro-inflammatory cytokines and chemokines by immuno-
cytes: TNF-a, IL-1p3, IL-6 and CCL2 [53]. Sequestration
of miR-129-5p by IncR NEAT 1 reduces the inhibitory effect

Table 2. Target miRNAs of NEAT1 transcript [51, 52]

Target miRNA Signaling pathway Pathway effect (secretion)

miR-9-5p SLC26A2
miR-17-5p TLR4
miR-21

miR-22-3p

miR-23a MDM2/SIRT6
miR-27a-3p TAB3
miR-30c-5p TCF7
miR-31-5p POU2F1
miR-124

miR-124

miR-124 NF-«xB
miR-125 MCEMP1
miR-125a-5p TRAF6/TAK1
miR-128

miR-129

miR-129-5p PEG3
miR-129-5p S0OCSs2
miR-139 PUMA
miR-144-3p

miR-146b TRAF6/NF-kB
miR-148b-3p ICAM-1
miR-181a GPD1L
miR-193a-3p SOX5
miR-193a-3p TLR4/NF-«kB
miR204-5p PI3SK-AKT
miR-211 PISK/AKT
miR-216b MAP2K6
miR-342-3p

miR-34c NLRP3
miR-370-3p IRAK2
miR-370-3p TSP-1
miR-377-3p

miR-377-3p ITGA6
miR-410-3p YY1
miR-506 GLI3
miR-590-3p

miR-944 TRIM37

IL-4, IL-6, IL-13
TNF-q, IL-18, IL-6
IL-4, IL-6, IL-10, IL-17
TNF-q, IL-1B, IL-6, IL-8
TNF-q, IL-1B, IL-6
TNF-q, IL-1B, IL-6
TNF-a, IL-1B, IL-6
TNF-q, IL-1B, IL-6
TNF-a, IL-1B, IL-6, IL-17
TNF-q, IL-13, IL-6, IL-17
TNF-q, IL-1B, IL-6
TNF-q, IL-13, IL-6
TNF-a, IL-13, IL-4, IL-6, IL-10
TNF-q, IL-1B, IL-6
IL-1B, IL-6
Activation of the NF-kB
TNF-a, IL-1B, IL-6
TNF-q, IL-1B, IL-6
TNF-a, IL-1B, IL-6
TNF-a, IL-1B, IL-6, IFN-y
TNF-q, IL-6, SICAM-1
TNF-q, IL-1B, IL-6, IL-8, COX-2
TNF-a, IL-1B, IL-6, IL-8
TNF-q, IL-1B, IL-6, IL-8
TNF-q, IL-7, IL-12a, IL-17a
TNF-a, IL-6, IL-10, CCL2
TNF-q, IL-6, IL-10
TNF-q, IL-1B, IL-6, COX-2
IL-1B
TNF-q, IL-13, IL-6, IL-8
TNF-q, IL-1B, IL-6, IL-8
TNF-a, IL-6, IFN-y
IL-1B
TNF-a
TNF-q, IL-1B, IL-6, CCL2
TNF-q, IL-1B, IL-6, IL-9
TNF-a, IL-1B, IL-6
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of miR-129-5p on the paternally expressed 3 (PEG3) gene,
which activates the transcription factor NF-kB, inducing
the development of the inflammatory process [55]. On the
other hand, sequestration of miR-129-5p leads to increased
expression of the suppressor of cytokine signaling 2 (SOCS2)
gene [56]. The suppressor protein SOCS?2 is one of the classic
negative regulators of cytokine signaling. Overexpression of
SOCS2 in macrophages suppresses inflammatory activity and
cell apoptosis by inhibiting the NF-xB-associated signaling
pathway and inflammasome formation, while knockout of
the SOCS2 gene in macrophages causes excessive activation
of the transcription factor NF-kB. The level of decrease in
SOCS?2 activity is highly correlated with the degree of liver
inflammation during the development of MASH (Fig. 6)
[57, 58].

In addition, IncR NEAT1 may act as a scaffold during the
assembly of NLRC3- and NLRP4-inflammasomes, thereby
promoting the recruitment, maturation, and stabilization of
caspase-1 in activated macrophages [59].

Thus, the effect of NEAT1 overexpression on the activity
of liver lobular inflammation depends on the level of miR-
129-5p and miR-506 generation.

RUNXI. Transcription factor 1, related to Runt (homo
sapiens (human) Runt-related transcription factor 1 —
RUNXI; 1,502 nt URS000075E3D1_9606) plays a sig-
nificant role in the development of liver inflammation in
MASLD by regulating the activity of TLR4, TLRS5, NF-xB,
JNK, TNF, CCL2 and others (Table 3, Fig. 7) [60].

The expression of IncR RUNXI1 is increased in the early
stages of MASLD and decreases as MASH progresses [60].

It has been demonstrated that in liver tissue in MASLD,
the main generators of IncR RUNX1 are hepatic endothelial
cells. The level of IncR RUNXI1 expression in these cells
correlates with the severity of MASH. RUNXI1 transcripts,
the generation of which is induced by hepatic steatosis, in-
crease the expression of adhesion and angiogenic molecules
(VEGFA, VEGFRI1, VEGFR?2) [61].

NONMMUTO010685, NONMMUT050689. The deve-
lopment of MASH is associated with an increase in the ex-
pression level of IncR NONMMUTO010685 (mus muscu-
lus long non-coding RNA NONMMUTO010685.2; 2,096
nt URS00009C54B5_10090), NONMMUTO050689 (mus
musculus long non-coding RNA NONMMUT050689.2; 623
nt URS00009BEDS89 10090), which inhibit the expression
of the X-box binding protein 1 (XBP1) and receptor-inter-
acting protein 1 kinase (RIPK1) genes, respectively [62]. At
the same time, data are presented indicating that the activity
of the XBP1 factor is significantly increased in liver tissues
of patients with MASH. Knockout of the Xbp I gene leads to
a decrease in lipid accumulation in mouse hepatocytes, and
drug inhibition of Xbp1 activity prevents the development of
steatohepatitis and fibrosis in experimental animals [63]. It
has also been shown that XBP1 contributes to the activation
of the oligomerization domain that binds nucleotides rich in

{ miR-506
g

TGLI3

v

T NEAT1

ol

J miR-506

7 production of TNF-a,
IL-1B, IL-6 and CCL2

Inflammation

v

7 production of pro-inflammatory cytokines
Inflammation

]

Development of steatohepatitis

Figure 6. Role of NEAT1 in MASH development
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Figure 7. Role of RUNX1 in MASH development

Table 3. Molecular targets of IncRNA RUNX1 involved in inflammation [60]

Genes activated by IncR RUNX1 Genes suppressed by IncR RUNX1 Genes regulated by IncR RUNX1

JNK, PKC-E, CEBPB, TNFB, IL18, ADIPOR1, ADIPOR2, SOCSS3, SIRT1,
IL6,IL17A, NOX1, NOX2 SPP1, TIMP1

TLR4, TLR5, NF-kB1
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leucine repeats and pyrin domain 3 (NLR family pyrin do-
main containing 3 — NLRP3) in steatohepatitis [64]. RIPK1
is known to be a determining component of the signaling
pathways of inflammation, apoptosis and necroptosis. The
interaction of RIPK1 with TGF-f-activated kinase 1 (TAK1)
leads to the activation of the transcription factor NF-kB and
the development of inflammation; RIPK1 interaction with
the Fas adaptor protein associated with the death domain
(FADD) induces cell apoptosis; and RIPK1 interaction with
RIPK3 induces cell necroptosis [65—67]. L. Tao and col-
leagues [68] demonstrated that RIPK1 is highly expressed
in human liver macrophages in MASH, and that its kinase
activity largely determines the development of steatohepatitis
in mice. Moreover, drug inhibition of RIPK1 kinase activity
prevents the development of steatohepatitis [69].

On the other hand, activation of the expression of IncR
NONMMUTO010685 and NONMMUT050689 increases the
activity of the enzyme ATP citrate lyase (ACLY), which, by
converting citrate to acetyl-CoA, promotes the progression
of MASH [70].

Anti-inflammatory INnCRNAs

Lnc18q22.2. The expression of the liver-specific long
noncoding RNA Inc18g22.2 (RP11-484N16.1), whose gene
is located on chromosome 18, is significantly increased in
patients with MASH, and the level of expression is directly
related to the degree of lobular liver inflammation. The long
noncoding RNA Inc18q22.2 is involved in mRNA transla-
tion, redox reactions, and the process of hepatocyte apop-
tosis. Knockdown of the Inc18g22.2 gene is accompanied
by a sharp decrease in the expression of antiapoptotic genes,
including genes of the BCL family proteins, which leads to

a decrease in cell viability or a lethal phenotype in liver cell
lines. The increased expression of Inc18q22.2 in the liver
in MASH is associated with genes involved in the negative
regulation of apoptosis, inhibiting apoptosis and necrosis of
hepatocytes. It is believed that the increased expression of
Inc18q22.2 is a component of a protective mechanism that
protects liver tissue by inhibiting hepatocyte apoptosis [71].
It has also been confirmed that Inc18g22.2 has a pronounced
oncogenic effect and plays a crucial role in enhancing the
proliferation and migration of hepatocellular carcinoma cells
[72].

Platr4. Mus musculus pluripotency-associated tran-
script 4 (Platr4; 2,168 nt URS000075A77E_10090) is highly
associated with the development of lobular inflammation in
MASLD patients. It has been shown that mice fed a methi-
onine-choline-deficient diet (MCD), which induces steato-
hepatitis, have an increased expression of the IncR Platr4,
which is associated with the functioning of the transcription
factor NF-kB. The activated transcription factor NF-xB
in MASH controls the expression of IncR Platr4, which in
turn suppresses its activity and inactivates the NLRP3 in-
flammasome, preventing NF-kB from binding to kB sites
on the promoters of target genes, including Nlrp3 and Asl.
The IncR Platr4 also has the ability to remove the NF-xB/
Rxra complex from the cell nucleus. Thus, overexpression of
Platr4 leads to inhibition of the activity of the transcription
factor NF-«xB and the NLRP3 inflammasome, which leads
to a decrease in the conversion of pro-1L-1f and pro-IL-18
to their active forms [73].

FLRL?2. The development of MASH is accompanied by a
decrease in the expression of long non-coding RNA 2 asso-
ciated with fatty liver (fatty liver-related IncR 2 — FLRL2).
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A decrease in the expression of IncR FLRL2 in MASLD
leads to the inhibition of the genes of the protein similar to
the nuclear translocator AHR (basic helix-loop-helix ARNT
like 1 — BMALTI) and sirtuin (sirtuin 1 — SIRT1). Insuf-
ficient expression of SIRT1 leads to activation of lipoge-
nic genes, transcription factor NF-«kB, release of cytokine
TNF-a and chemokine CCL2, development of ER-related
stress, decreased activity of peroxisome proliferator-activated
receptor gamma coactivator-1 alpha (PPARGCIA/PGC-
1a), PPARa receptors, serine/threonine AMP-activated
protein kinase (PRKA), nuclear receptor subfamily 1 group
H member 3/liver X receptor alpha (NR1H3/LXRa), and
expression of FGF-21 (Fig. 8) [74, 75].

SRD5A43-AS81. Antisense RNA transcript 1 of the ste-
roid 5 alpha-reductase 3 gene (IncR steroid 5 alpha-reduc-
tase 3 — SRD5A3-AS1), the expression of which is reduced
in the development of MASH, exerts its influence on the
innate immune system through miR-1205. Low expression
of IncR SRD5A3-AS1 is accompanied by an increase in the
number of functionally active miR-1205, which suppress the
expression of moesin-ezrin-radixin like (MERLIN) tumor
suppressor (NF2) and, as a result, contribute to a decrease
in the activity of large tumor suppressor kinase 1 (LATS1).
Low levels of LATS1 mediate the activation of yes-associated
protein 1 (YAP1), which leads to the production of IL-6,
supporting the inflammatory process in the liver tissue. YAP1
also induces the development of liver fibrosis by causing the
production of TGF-f1, a-actin of smooth muscle myocytes
(actin alpha 2, smooth muscle — ACTA2/a-SMA) (Fig. 9)
[76].

Conclusions

Inflammation of liver tissue is a key factor in the deve-
lopment of steatohepatitis in the progression of MASLD.
It has been established that IncRs play a significant role in
regulating the response of both the innate and adaptive im-
mune systems, leading to the initiation and development
of inflammation. Temporal analysis showed that periodic
patterns of fluctuations in the expression of most IncRs lead
to both the development of inflammation and the expression
of pro-inflammatory cytokines. Inhibition of the transcrip-
tion factor NF-«B suppresses the expression activity of most
pro-inflammatory IncRs. Long non-coding RNAs are in-
volved in the development of MASLD, mainly by providing
the activity of pro-inflammatory signaling pathways, trans-
cription factors (NF-kB, activator protein 1) and inflam-
masomes. Long noncoding RNAs, regulating the expression
level of cytokines (IL-1p3, IL-6, TNF-a) and chemokines
(CCL2, CXCLI1, CXCLY5), determine the recruitment of
proinflammatory immunocytes, local vascular response and,
as a consequence, the degree of inflammatory reaction of
liver tissue in MASLD. Long noncoding RNAs are charac-
terized by a high degree of tissue specificity of gene expres-
sion, which allows us to consider certain of their aggregates
as diagnostic markers of pathological processes localized in
specific organs and systems. Thus, proinflammatory and
anti-inflammatory IncRs are epigenetic regulators of liver
inflammation that determine the development of MASH and
can be considered as potential targets for anti-inflammatory
drug therapy of patients with MASH.
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Abarypos O.€., HikyaiHa A.O.
AHIMPOBCHKNT ASOXKQBHU MEANYHWI YHIBEPCUTET, M. AHINPO, YKpaiHa

EnireHeTMYHWMI BNAMB AOBIMX HeKoAytounx PHK
HO PO3BUTOK METABGOAIYHO ACOLIMOBOHOrO CTEATOrenaTuTy

Pesiome. Axmyaavnicme. Tosri nHexonyioui PHK (long non-coding
RNA — IncR) xapakTepu3yoThcsi BACOKUM CTYIIEHEM TKAaHUHOCTIe-
1M hITHOI eKCIpecii TeHiB, 1110 A03BOJISIE PO3IJISIATH TIEBHI iX Cy-
KYIHOCTI SIK DiarHOCTMYHI MapKepy MeTa0OJIiTHO acollilioBaHOTO
crearorenatuty (metabolic-associated steatohepatitis — MASH).
Memoro 11IbOTO OIJISIlY € HAaAaTU CYYacHi JaHi 11100 POJIi JOBIUX
Hekoayiounx PHK B enireHeTMuHOMY BIUIMBI HAa PO3BUTOK MeTa-
0OJIIYHO aCOIIifOBAHOTO CTEATOTENATUTY IIISIXOM aHaTi3y JaHUX
CcydacHOI HayKoBOI Jlitepatypu. Mamepiaiu ma memoou. I1po-
BeJeHO aHauti3 76 nitepatypHux mxepen 6a3 nannx MEDLINE,
Embase, PreMedline In-Process & Other Non-Indexed Citations,
The Cochrane Systematic Reviews Database, DARE, NHS EED Ta
HTA, Web of Knowledge Science Citation Index, Web of Knowledge
ISI Proceedings, CRD, BIOSIS 3a octaHHi n’sITb pOKiB, sIKi OyJn
BifliOpaHi 3a KJIIOYOBUMU CJIOBAMMU: JOBIi HEKOJYIOUi CTeaTOreHHi
PHK; emireHeTnuHa peryJisilis; MeTaOOIiYHO acoliiioBaHa XW-
poBa XxBopo0Oa IMeviHKK; cTeaTOTUYHa XBOpoOa MeyiHKU, acolli-
iioBaHa 3 MeTabosiuHo0 nucdyHKiliero; oxupinHs. PROSPERO
CRD420250652980. Anaaiz aimepamypu. TemrnopanibHUi aHai3

MoKa3sas, 1110 MepioanyHi (GJayKTyauii ekcrapecii 6inbinocti IncR
MPU3BOJATD 0 PO3BUTKY SIK 3amajieHHs, TaK i MPOAYKLii po3a-
NaJibHUX LUUTOKiHIB. [HriOyBaHHs akTopa TpaHckpuruii NF-kB
MIPUTHIYY€E aKTUBHICTh eKcIpecii OinbirocTi mpo3ananbHux IncR.
Josri Hekonytoui PHK 6epyTb yuacts y po3Butky MASH nepe-
BaXXKHO ILIJISIXOM aKTHBAIlil Mpo3anajbHUX CUTHAJIbHUX HUISXIB,
(akropis Tpanckpunuii (NF-kB, AP-1) ta indiaamacom. Josri
Hekonytoui PHK, perymoioun piBeHsb ekcripecii muTokiHiB (IL-1f3,
1L-6, TNF) Ta xemokiniB (CCL2, CXCLI1, CXCL5), Bu3Ha4aoTh
PEKPYTUHT Mpo3anaJbHUX IMYHOLIUTIB, MiCLIEBY CYIMHHY peakKlliio
i, IK HACJiIOK, CTYMiHb 3aMajibHOI peakllii TKAaHUHU TIeYiHKU MPU
CTEeaTOTUYHIll XBOPOOi TEeUiHKM, acOLioBaHill i3 MEeTabOIIYHOIO
nuchyHkiieto. Bucnosxu. I1po3ananbHi i1 mpoTusanaibHi IncR €
ernireHeTUYHMMU PerysiTopaMy 3arajJeHHsl TeUiHKK, 1110 BU3Ha-
4aloTb po3BUTOK MASH i MOXyTb po3riisiaTucs siK MOTeHUilHi
MillleHi TIpoTU3anajibHOi MeIMKAaMEHTO3HOI Tepallii XBOpHUX Ha
MASH.

KirouoBi ciioBa: niti; oxXupinHs; MeTaGoIigHO acoliiioBaHmii
crearorenartut; 1oBri Hekonytoui PHK; orsin siteparypu
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