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XapakTepucTuka 10noMizkHux Mopgorun-cnenu@iannx Mopgosioriunnx
iHIUKATOPIB reoMeTpii KOJIHHOTO CYIJ1I00a MPU 0CTE0APTPHUTI

JIwooB Knanmuiok
Mennanwnii neatp «Angels Clinic», M. Binauis, Ykpaina
Address for correspondence:

Liubov Kylymniuk

ortho.vnmu@gmail.com

Anomauia: Ocmeoapmpum KONHHO20 cyen06a € 2n00aIbHOI MeOUKO-COYIAIbHOIO NPOOILEMOIO.
Mema oxapaxmepuzysamu O0ONOMIdCHI MOpGhON02iuHi IHOUKAMOpU 2eoMempii KONIHHO20 cy2n00a
npu ocmeoapmpumi 3 ypaxy8aHHAM MOpGOmuny, U3HAUEHO20 3a 81ACHOIO KIACMEPHOIO CUCTEMOIO.
IIpoananizosano pesynomamu penmeenozpagiunozco oocmedcenna 100 eunaokie deceHepamueHo-
oUCMpo@PiuH020 3aXBOPIOBAHHS KONIHHO20 CYaloba 3 NEePeBaANCHUM VDPANCEHHAM MedidlbHO20
8i00iny cyenoba 70 nayienmis (26 (37,14 %) uonosixie ma 44 (62,86 %) owcinox). Cepeowniil ik —
63,56£8,10 pokie. Oyinky OeceHepamu@HuUX 3MiH BUKOHYBAIU, BUKOPUCMOBYIOUU CMAHOAPMHI
penmeeHoepamu KOAHHUX CY2lo0i8, BUKOHAHI 8 NPAMIll NpoeKyii npu ONnOpHOM) HABAHMAN’CEHHI
HudcHix kinyieox. Ceped penmeenocpagiunux xpumepiie oyiniosanu: MLSR (Medial-Lateral
Joint Space Ratio), fICN (Femoral Intercondylar Notch Index), tICN (Tibial Intercondylar Notch
Index), TIA (Tibial Intercondylar Angle), FIA (Femoral Intercondylar Angle) ma FTA (Femorotibial
Angle). Bionoeiono 0o enacnoi kiacmepHoi cucmemu ceped obcmediceHux cghopmosano 4 epynu.
Mopgomun I ecmanoeneno 'y 21 (21,00 %) nayienma, mopgpomun Il —y 38 (38,00 %), mopgpomun
Il -y 29 (29,00 %), mopgpomun IV —y 12 (12,00 %). Cmamucmuunuii ananiz yugposux oanux
BUKOHYBANU 3 SUKOPUCMAHHAM NPOSpamMHO20 3acoby Statistica 13. Bipozcionicms Oe3nomunkosoeo
npoeno3y suznauanu npu p<0,05. Cepeoniii nokaznux inoexcy MLSR y obcmedcenux 3 mopgpomunom
I xoninnoeo cyenoba cmanosue 0,19+0,12, 3 moppomunom II — 0,34+0,24, 3 mopgpomunom Il —
0,44%0,32, 3 mopgpomunom IV — 0,67+1,06 (p=0,0008). Cepeone 3nauenns noxasnuka fICN y oci6
3 mopghomunom I cmarnosuno 0,10+0,02, 3 mopgpomunom II — 0,11+0,03, 3 moppomunamu Il —
0,13+0,04, IV — 0,13+0,03 (p=0,007). Cepeone 3uauenus indexcy tICN y nayienmis 3 mopgomunom
I cmanosuno 0,07+0,04, 3 mopgomunom II — 0,06£0,02, 3 mopgomunom III — 0,07+0,03, 3
mopghomunom 1V — 0,07+0,02 (p=0,17). Cepeone 3nauenns kyma TIA y ocib 3 moppomunom I —
163,90+5,00°, 3 mopghomunom I1— 160,21+4,19°, 3 mopghomunom 111 — 161,33+4,33°, 3 mopgpomunom
1V —163,50+2,28° (p=0,04). Cepeoniti noxazuux xkyma FIA y ocio 3 moppomunom I — 201,57+2,27°,
3 mopgpomunom I — 204,37+4,13°, 3 mopgpomunom Il — 203,79+5,05° 3 mopgomunom IV —
204,75+5,26° (p=0,03). 3b6invuienns eapycnoi degpopmayii y obcmedxiceHux acoyiiosano 3 Oinbiu
BUPAICEHUMU BHYMPIUUHBLOCY210008UMU NOPYULEHHAMU 6HACTIOOK NEPesaHmaddCceHHs MedialbHO20
8i00iny cyenoba (t==+0,28, p=0,00004), a maxoic 38yHCeHHAM MINHCEUPOCMKOBOI BUPIZKU CIESHOBOT
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KIiCmKU ma 8UUM PUSUKOM NOUKOONCEHHAM nepedHboi cxpewenoi 36 ’szxu (t=+0,21, p=0,002).
3minu xymie TIA ma FTA y obcmexcenux 3 mopgomunamu I, Il ma IV 3ymoeneni nepesaxcho
8apYCHUM BIOXUIEHHAM OCI HUNCHbOI KIHYI6KU, HAMOMIcmb Y 0cib 3 mopghomunom I — pytiHyeanuam
XpAWO0B0I ma KiCmKo80i MKAHUHU MeOIaNbHUX BUPOCIIKIB BEIUKO2OMIIKOBOI MaA CMecHOB0I KiCMOK
8i0nosioHo. Ompumani Oaui NiOKpecooms OOYLIbHICMb 8PAXYBAHHS THOUBIOYATbHUX AHAMOMO-
MOPEONO2IUHUX XapaKmepucmuk 0 OLbl MOYHOI OYIHKU PUBUKIE MA NPOSHO3VEAHHS nepedicy

ocmeoapmpumy KONIHHO20 cyenoba.

Ki1rouoBi ciioBa: anaToMis, BEIMKOTOMIJIKOBA KiCTKA, ieopMallii HUKHIX KIHIIBOK, MOp(OMeTpis,

CTETHOBA KiCTKa, CYTJIOOH.

Beryn

OcTeoapTpuT KOJIIIHHOTO CYII100a € OHI€I0 3
HallakTyanpHIIINX MPOOJIeM MEAUKO-COLiaIbHO-
r0O XapakTepy Ta HaHOUTBII MOMIUPEHOO MPUYH-
HOIO 1HBaJIITHOCT1 Y IN100aJIbHOMY MacIuTaoi.

B ymoBax cyuacHocti 500-595 mnH mroneit
y CBITI CTpaXJarOTh HAa OCTEOAPTPHT, IO CTa-
HoBUTh 7,0-7,6 % HaceneHHs mianet [1, 2, 3].
[IpenMeToM MiJBUIIIEHOTO IHTEPECY € OCTeoap-
TPUT KOJIHHOTO CyIJ100a, KMl CTAHOBUTH IMPH-
6113HO 83 % 3aranbHOTO TATraps JereHepaTuBHO-
IUCTpo(iYHUX 3aXBOPIOBaHb Cyr00iB [1, 4]. [lo
2040 poky IpOrHO3yHTh 3POCTaHHS 3aXBOPIO-
BaHOCTI Ha 50 %, 10 MiAKPECITIOE HEOOX1THICTh
MONAJIBIINX JTOCTIHKeHB mpoosemu [1].

[laTorenes JnereHepaTuBHO-AUCTPOPIUHUX
3aXBOPIOBaHb CYIIOOIB 3aJIUIMIAETHCS 1O KiHIIA
HeBiioMuM. OCHOBHI ()aKTOpPH PHU3HKY OCTEO-
apTPUTY BKIIIOYAIOTH CTAPiHHS, OKUPIHHSA, TPaB-
MU, TeHEeTUKY Ta OloMexaHiuHi 3MiHH [4, 5, 6].
Bce uacTinie 3aXBOprOBaHHS pO3IIISIIAIOTH HE SIK
OJTHOPIAHHIA TIATOJIOTIYHUHN CTaH, a SIK CHHIIPOM
13 pi3HUMHU (PEHOTUIIOBHMH BapiaHTAMU TaKUMH,
SIK MEXaHIYHUM, 3amaJbHui, METaOOMYHUI Ta
I [4, 7]. OCKUIBKH OCTEOApPTPHUT KOJIHHOTO
cyroba XapakTepU3yEThCS 0OaraTroOBUMIpHUMU
CTPYKTYpHUMH, OloMeXaHIYHUMH 1 (QyHKIIIO-
HaJJbHUMH 3MIHaMH, IO TMOTIPIIYIOTH SIKICTh
JKUTT MMAIIEHTIB, 3p0OCTAa€ HEOOX1THICTh PO3PO0-
K¢ OUTBII TOYHUX J1IaTHOCTUYHUX 1 JTIKYBaJTbHUX
MiIXOiB. BimpIIicTh CydacHUX cTparerii Ji-
KyBaHHS CIIPSIMOBaHI Ha KOPEKIil0 CUMITOMIB,
0e3 ypaxyBaHHS 1HAWBIAYaTbHUX BiIMIHHOCTEH
Mopdororii cyrioda Ta GioMexaHI9YHHUX 0COOIH-
Bocteil. [Ipore koHuenT ¢eHorumizauii ocreo-
apTpUTY 3 1IeHTU]IKALIEIO MIArPYT MAll€EHTIB 3
PI3HOIO MTPOTHO30BAHOIO MPOTPECIEI0 3aXBOPIO-

BaHHS, BIIMIHHOCTSMHU BTpaTH Xpslla, BUCOTU
HIUIMHU Ta KJIIHIYHUX pe3ysibTaTiB HaOyBae Bce
O1TBIIIOT aKTYyaTbHOCTI.

Ponp anatomo-mopdonorigaux (HaxkTopiB y
MPOTHO3yBaHHI Mepediry roHapTpo3y, a TaKOXK
KJIIHIYHOTO PEe3yJbTaTy JIIKYBaHHs IiITBEpKe-
Ha pe3yJbTaTaMu psity nociikess [1, 8]. V mo-
cmimkerHi Van Oevelen et al. [ 1] mponemoncTpo-
BaHO 3B’A30K r€OMETpPii aHATOMIYHUX CETMEHTIB
HIDKHBOI KIiHIIIBKM 3 BapiaOeNbHICTIO MOAemeH
pyHHYBaHHS Xpsllla y Mall€HTIB 13 paHHIM Oc-
TE0APTPUTOM KOJIIHHOTO cyrola. JloBeneHo, mio
PiBEHB 33JI0BOJICHOCTI MAII€EHTIB OPTOTIEAMYHUM
PEKOHCTPYKTUBHUM BTPY4YaHHSIM, 30KpeMa €H-
JIOMPOTE3YBAaHHAM KOJIHHOIO Cyr100a, 3HaYHOO
MIpOIO 3aJI€KUTh B1Jl KOPEKTHOTO OalaHCyBaHHS
KICTKOBUX TMOBEPXOHbB, 3B’A3KOBOTO amapary Ta
MTOJIOKEHHS OC1 HIDKHBOI KiHITIBKH [1, 8].

TakuM 4UHOM, JOCIHIKEHHS aHATOMO-MOP-
(oNOTiYHUX XapaKTEPUCTHK KOJIHHOTO Cyriooa
3 ypaxyBaHHSAM OCOOJIMBOCTEH mepediry ocreo-
apTPUTy € BKpall aKTyaJlbHUM Ta HEOOXITHUM
JUISL OMTUMI3AIll OPTONEANYHUX TEXHIK Ta Mij-
BUILICHHS SKOCTI JKUTTS TAIlI€HTIB y BiIJIaJI€HO-
My MicsionepaniiHoMy mepioii.

Mera

OxapakTepu3yBaTu JAOMOMIXKHI Mopdooriy-
Hi IHMKATOPU TeOMETpii KOJIHHOTO cyrioba npu
OCTEOAPTPHTI 3 ypaxyBaHHAM MOP(OTHUILY, BU-
3HAUEHOTO 32 BIACHOIO KIIACTEPHOIO CHCTEMOIO.

Marepiaau i Metoaun

[IpoananizoBaHO pe3yNIbTaTH PEHTTEHOTPA-
¢diunoro ob6ctexxenns 100 BumankiB aereHe-
PaTUBHO-AUCTPO(MIYHOIO 3aXBOPIOBaHHA KO-
JIHHOTO cymio0a 3 HEepeBaXHUM YpaKeHHSIM
MeniaabHOro Bifaiay cymioba 70 maiieHTiB,
AKi mepeOyBaJli Ha CTalllOHAPHOMY JIIKyBaHHI
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B TpaBMmarojoriunomy BimminenHi KHIT «Bin-
HUIIbKa MIChKa KJIIHIYHA JIIKaApHS IIBHJKOI Me-
augHOi momomoru» 3a mepiog 2017-2025 po-
kiB. Cepenniii Bik — 63,56%8,10 pokiB. o
rpynu BkimodeHo 26 (37,14 %) vonosikiB Ta 44
(62,86 %) xinku. O3HAKH OJHOCTOPOHHBOTO
JIeTeHEePaTUBHO-IUCTPO(IYHOTO YpaKEHHS KO-
JiHHOTO cynto6a BcraHoBieHO y 40 (57,14 %)
nanieHTis, y 30 (42,86 %) obcTexxeHux 3adik-
COBaHO JBOCTOPOHHIHM XapaKTep 3aXBOPIOBAHHSI.

JIst OIIHKHM JIETeHEpAaTUBHUX 3MiH BHUKO-
PUCTOBYBAJIM CTAaHAPTHI PEHTI€HOTpaMH KOJIiH-
HUX CyI7100iB, BUKOHAHI B MpsAMiil mpoeKii npu
OIOPHOMY HAaBaHTAXKEHHI HIKHIX KiHIIIBOK.

Cepen pentreHorpaiqyHux KpuUTEpiiB OIi-
HIOBAJIH:

MLSR (Medial-Lateral Joint Space Ratio) —
CHIBBIAHOIIEHHS BUCOT MeIiaNbHOI Cyriio00BOi
LIIJTMHU KOJITHHOTO Ccyrio0a A0 jarepajibHoi, BU-
MIpPSHUX B HEHTPAJbHUX TOYKAX MIX MIKBHPO-
CTKOBUM TIJBUIIEHHSAM Ta KPAa€M BIAMOBIIHOTO
BHUPOCTKA BEIMKOTOMIJIKOBOT KICTKH.

fICN (Femoral Intercondylar Notch Index) —
CHIBBIAHOIIEHHS MIUPUHU MIXBUPOCTKOBOI BH-
pi3KM, BUMIPSIHOT y 11 HAaHIIMPIIii 4acTUHI, 10
3araJibHOi MIKBUPOCTKOBOI IIMPHHHU, BHU3Haue-
HOI SIK BiZICTaHb MK BHYTPIIIHIM Kpaem Mmenia-
JBHOTO Ta 30BHIIIHIM KPa€M JIaTepPaIbHOTO BU-
POCTKIB CTETHOBOI KICTKH.

tICN (Tibial Intercondylar Notch Index) —
CIIBBiHOIICHHS IIIUPUHHA M1KTOPOUKOBO1 SIMKH,
BUMIPSHOI y i HAaHMpIIiA YacTHHI, 10 3arajib-
HOI MDKBHPOCTKOBOI IIMPHHHM, BHU3HAYCHOI SK
BIJICTAaHb MK BHYTPILIHIM KPaeM MeIiajJbHOIO
Ta 30BHILIHIM KPaeM JIaTepajbHOTO BUPOCTKIB
BEITMKOTOM1JIKOBOT KiCTKH.

TIA (Tibial Intercondylar Angle) — xyT, yTBO-
PEHHIA MIX JIIHISIMHU, TOTUYHUMH 10 MeIiaIbHO-
r0 Ta JIATEePAIBHOTO IIIATO BEIMKOTOMIJIKOBOL
KICTKH, SIK1 IEPETUHAIOTHCS B IEHTPaJIbHIN TOY-
111 MDKTOPOMKOBOT SIMKH.

FIA (Femoral Intercondylar Angle) — xyT,
YTBOPEHHUH MK JIHISIMH, JOTUYHUMHU 10 MEi-
QJIBHOTO Ta JIATePaJIbHOTO BUPOCTKIB CTETHOBOI
KICTKH, SIK1 IEPETUHAIOTHCA B LIEHTPAJIbHIN TOU-
11l MI>KBUPOCTKOBOI BUPi3KH.

FTA (Femorotibial Angle) — KyT MiX aHaTO-
MIYHUMH OCSIMH CTETHOBOT Ta BEITMKOTOMIJIKOBOT
KicTOK [9].

ISSN 2786-6661
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BianoBigHo 10 BiacHOi KJIACTEPHOI CHC-
temu [10] cepen obOcTexkeHHMX CGHOPMOBAHO
4 rpynu, aki BignoBimanu 4 mMopdoioriyHUM
BapiaHTaM KOJIIHHOTO Cyro0a Ipu JereHepa-
TUBHO-TUCTPO(IYHUX 3aXBOpIOBaHHIX. Mopdo-
tun I Bcranoneno y 21 (21,00 %) narienra
rpynu, mopdotun Il —y 38 (38,00 %) xBopux,
vy 29 (29,00 %) oOcTexenux 3adikcoBaHO MOP-
dotun I, me y 12 (12,00 %) oci6 — mopdo-
tan V.

CratucTuyHuil aHami3 JaHUX BHUKOHYBa-
JM 3 BHUKOPHUCTAHHSM IPOTPAMHOTO 3aco0y
Statistica 13. KuUibKiCHI IOKa3HUKH HaBEIEHO
y BUIVISIAI CEPEeIHBOTO 3HAUEHHS + CTaHAapTHE
BigxuieHnHs (M £ SD), kareropiaibHi — y ¢op-
MaTi abCONIOTHOT KUTBKOCTI CHOCTEPEXEHb (n)
Ta BIAMOBIAHOIO BIJCOTKOBOI'O CIIIBBIJHOIIEH-
Hs (%). Ilpu nopiBHAHHI 3MIHHUX HE3aJEKHUX
rpyl BHKOPHUCTOBYBAIHM HEMapaMEeTPUIHUN CTa-
TUCTHYHHIA KpuTepiid Kpackena-Yomica, GpyHK-
[MIOHAJIBHUA 3B’ SI30K MK O3HAKaMU OILIHIOBAIN
3a JIOTIOMOTOI0 KoedillieHTa PaHTOBOI KOpEJIs-
uii t-Kenmana. BiporigHicTs 06€3MOMHUIKOBOTO
MpOTHO3y BU3Hauyanu npu p<0,05.

PesyabTaru

VY o0cTexeHNX XBOPUX CepenHii MOKa3HUK
kyta FTA cranoBuB 177,09+5,57°. V mnamien-
TiB 3 MopdoTunom | cepenHe 3HaueHHS KyTa
FTA ckmamano 169,76+1,48°, mo BIAIOBIIANIO
BapyCHOMY BIJXWJICHHIO OCl HIKHBOI KIHIIIB-
ku. BapycHe BinxwmiieHHs oci 3apikcoBaHO U Y
xBopux 3 Mopdortunom II, cepenHiii Moka3HUK
kyta FTA sxux cranoBuB 175,58+1,32°. ¥V 00-
cTexeHux xBopux 3 mopdorumnom III cepenniii
noka3Huk kyta FTA ckimaga 180,14+1,49° Ta
BIJIMIOBIIaB HEUTpPATbHOMY TOJIOKEHHIO OC1
HIDKHBOI KiHIIBKH. Y 0ci0 3 Mopdorunom IV
CepeHE 3HAYEHHS JOCIIKYBaHOTO KyTa CKJia-
nano 187,33+3,75°, o BiAMOBIATO BAILI'YCHO-
My BiaxwieHHIo oci. [Ipu nopiBHSHHI cepeaHix
3HaueHb kyTa FTA y cpopmoBaHux rpymax Jo-
BEJICHO X CTAaTUCTUYHO 3HAYYIy BiAMIHHICTbH
(p<0,0001).

AHami3yroun  JIONOMDKHI  Mopdosoriv-
Hi IHIUKAaTOpU TeoMeTpii KOJiHHOTrO cyrioba
OpU OCTEOAPTPUTI BCTAHOBIEHO, IO CEpel-
Hill moka3zHuk inaekcy MLSR y obcrexenux
cranoBuB 0,38+0,44. HaiiBumi mOKa3HUKH 1H-
JIEKCY criocTepiranu y ocio 3 mopdorumnom IV —
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Tadomuus 1. XapakTepucTuka JONOMIKHUX KPUTEPIiB OLIHKH JETEHEPATUBHO-AUCTPODIIHOTO

ypaXXeHHsI KOJIIHHOTO Cyrio0a

» BapianTu mopdoTumiB KoJIiHHOIO cyr;ioéa
Kpurepii p
I (n=21) II (n=38) III (n=29) IV (n=12)
MLSR 0,19+0,12 0,34+0,24 0,44+0,32 0,67+1,06 0,0008*
fICN 0,10+0,02 0,11+0,03 0,13+0,04 0,13+0,03 0,007*
tICN 0,07+0,04 0,06+0,02 0,07+0,03 0,07+0,02 0,17
TIA 163,90+5,00° 160,21+4,19° 161,33+4,33° 163,50+2,28° 0,04*
FIA 201,57+2,27° 204,37+4,13° 203,79+5,05° 204,75+5,26° 0,03*

*[Ipumimia. J10BeZIeHO CTaTUCTHYHO 3HAYYIIy BiJIMiHHICTh MOKa3HUKIB pu p<0,05.

0,67+1,06, y oci6 3 mopdoTtumnom 111 —0,44+0,32,
0,34+0,24 —y oci6 3 mopdotumnom I, HaliHnxk4i
3HaueHHs 1HJEKCYy 3a(ikcoBaHO y ocid 3 Mop-
¢dotunom kominHoro cymoba I — 0,19+0,12,
BiJIMIHHICTh MOKa3HUKIB CTATUCTUYHO 3HAYYIIIA
(p=0,0008) (Tabm. 1). Mix Mmoka3HUKaMH 1HJICK-
cy MLSR Ta 3HauenHsimMu kyta FTA BcTaHOB-
JIEHO NPSAMUNA CIAOKUN KOpESALINHUN 3B’ 30K
(==+0,28, p=0,00004), 1m0 CBITIUTH MPO HUXKUI
3HAYEHHS 1HACKCY Ta BIAMOBIIHO O1IBII BUpaXKe-
Hi BHYTPIIIHBOCYTJI000BI MOPYIICHHS Y MAaIli€H-
TiB 31 30UIBLICHHSIM BapyCHOTO BiAXUJICHHS OCI
HIDKHBOI KIHI[IBKH.

Cepenne 3HauenHs nokasznuka fICN y o6cte-
»keHnX ctaHoBuIo 0,12+0,03. Buiiri 3HaYeHHS 1H-
JIEKCY CIIOCTEPITalld y MAIi€HTIB 3 MOP(HOTHITAMH
III ta IV — 0,13+0,04 Ta 0,13+0,03 BiamoBigHoO.
VY nauienTiB 3 mopdotumnom Il cepenniit mokas-
HUK 1HAEKCY ckmanas 0,11+£0,03, 0,10+0,02 —y
oci6 3 mopdotunom I. [Ipu nopiBHSHHI 3HaYEHB
igexcy fICN y chopmMoBaHHX Tpymnax JOBEACHO
CTaTUCTUYHO 3HAYYILly BIAMIHHICTh MOKa3HH-
kiB (p=0,007). Mix noka3zuukamu fICN Ta 3Ha-
yeHHs MU KyTa FTA noBeneHo mpsiMuii ciaOkwuii
KopesiiiamiA 3B'130K (t=10,21, p=0,002), 1m0
CBIAYUTH MPO 3BYKEHHS MIXXBUPOCTKOBOI SIMKH
CTETHOBOI KICTKHM Yy TALi€HTIB 31 30UIbIICHHSIM
BapyCHOTO BIAXUJICHHS OC1 HUKHBOT KIHITIBKH.

Ominroroun ingexkc tICN, BcTaHOBIIEHO, IO
HWOro cepefHiii MOKAa3HWK Yy TMAIli€HTIB OCIHi-
JokyBaHoi rpynu ckiangas 0,07+0,03. Cepenne
3HAYEHHS 1HAEKCY y 00CTexeHuX 3 MOp(hoTH-
nom I cranosmio 0,07+0,04, y oci6 3 mopdo-
tunom Il — 0,06+0,02, y namienrtis 3 mopdo-
tuniom III — 0,07+0,03, 0,07+£0,02 — y xBOpHX
3 mMopdotumom IV, BIAMIHHICTH CTAaTHCTUYIHO

He3Hauyma (p=0,17). JlocToBipHUIT KOpEIAIIiii-
HUHN 3B’S30K MK TNokazHuKamu iHjekcy tICN
Ta 3HaueHHsAMHU KyTa FTA BiacytHiil (1=+0,08,
p=0,27).

Cepenne 3nayenHs kyra TIA y oOcrexeHnx
cranoBuiao 161,71+4,45°. HaiiBuii 3HaYeHHS
kyTa 3adikcoBano y oci6 3 mopdorunom [ —
163,9045,00°, HaitHmK4i — y nanieHTiB 3 Mopdo-
tunom I — 160,21+4,19°. Cepenniii moxas-
HuK TIA y oci6 3 mopdorunom III cranoBuB
161,33+4,33°,163,50+2,28° — y xBopux 3 Mopdo-
tunioM [V, BIAMIHHICTh pe3yJbTaTiB CTATUCTHYHO
sHauyma (p=0,04) (puc. 1 a). [Ipote, Mixk mokas-
Hukamu KyTiB TIA Ta FTA nocroBipHuii Kopens-
wiitHuii 38’130k BiacyTHiH (1=+0,03, p=0,60).

Amnanizyroun nokasHuku kyta FIA, iioro ce-
pEIHE 3HAYCHHS Y XBOPHUX JOCIIIKYBaHOI TPYIH
cknanano 203,66+4,36°. YV marmienriB 3 mopgo-
tunoM Il cepenniit mokasuuk kyra FIA cTaHOBUB
204,37+4,13°, y xBopux 3 Mopdorurnom III —
203,79+£5,05°, y oOctexenux 3  Mopdo-
taroM IV — 204,75+5,26°, HalfHIOKY1 3HAUCHHS
JIOCJTIKYBaHOTO KyTa 3a()iKCOBaHO y 0Ci0 3 MOp-
dotunom I — 201,57£2,27°, BIAMIHHICTH TTOKa3-
HUKIB cTaTucTHYHO 3HavymIa (p=0,03) (puc. 1 6).

OoroBopenns

3 METO0 KOMITJIEKCHOI OLIIHKHU JleTeHepaTuB-
HO-AUCTPO(IYHUX 3MiH KOJTIHHOTO CyIi106a mpo-
aHaJI130BaHO POJIb JOMOMIXHHUX MOP(HOIOTIUHUX
KpPHUTEPIiB y BU3HAUCHHI 0COOIMBOCTEH mepediry
OCTE0apTPUTY 3 YpaxyBaHHIM 1HIWBITYaTbHOTO
MopoTuiy cyroba.

Amnanmizyroun mokazHuku iHAekcy MLSR,
BCTAHOBJIEHO MOTO HAWHWK4Yl 3HAYEHHS y Ma-
mieHTiB 3 Mmopdorumnom I (0,19+0,12), mo cia-
YUTh MPO BUPAXKEHE 3BYKCHHSI MEA1albHOI IIIi-
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Puc. 1. Jliarpama po3maxy 3HaueHb KyTiB a) TIA, 6) FIA 3 ypaxyBanHsM MOp¢OTHITY KOJIHHOTO Cyrinoda
NIpY I€TeHEePaTUBHO-AUCTPO(PIUHIX 3aXBOPIOBAHHIX

JUHY Ta, BIAMOBITHO, OLTBI 3HAYYIIE YPaKCHHS
MeiaabHOTO Bijainy cyrioba. Hatomicts, Haii-
BUIIII TOKa3HUKH 1HAEKCY CIIOCTepiraau y mari-
enriB 3 mopporumnom IV (0,67+1,06), mo o0y-
MOBJICHO MCHIITUM CTYIICHEM HAaBaHTAXCHHS Ha
MeianbHul BT cyriioba. OkpiM TOro, J0Be-
JICHO TIPSIMUMA CITAOKUIN KOPENAINHUN 3B’ 30K
MDXK 3HadeHHsIMU iHIekcy MLSR ta kytom FTA
(t=10,28; p=0,00004), 0 A0JATKOBO IiATBEP-
JUKY€ BUIIUN PU3UK BHYTPIITHHOCYTIIO00BUX Jie-
¢dopmariiii 3 IepeBaXKHUM YPAKEHHAM MeJliab-
HOTO KOMITAPTMEHTY MpH 301IbIIEHH] BapyCHOTO
BIIXWIEHHS OCl HIDKHBOI KIHITIBKH.
BceranoBineHi 1aHi y3rofKyroTbes 3 pe3ylib-
tatamu nociipkenHs Graichen et al. [8], ski
aHasizytoun pesynbraru oocrexenns 1000 ma-
IIEHTIB 3 OCTEOAPTPUTOM KOJIHHOTO CyIJI00a,
OIIHIOBAJIM BIUIUB CTYNEHS BapycHOI aedop-
Malii Ha 3MiHY BHCOTH CYIVIOOOBOi UIUIMHH.
«CraHmapTHe» BapyCHE KOJIHO JOCIIIHUKH
BH3HAYaJIM 332 HASBHOCTI HACTYITHUX KpHTEpi-
iB: jarepaipHa CynoOOBa IIIMHA, BU3HAYEHA
B TMOJIOKEHHI PO3TMHAHHS, OibIa 32 MeIialb-
Hy; JlaTepalibHa CyrJioO0OBa IIiIMHA, BU3HAUYCHA
B IMMOJIOKCHHI 3THHAHHS, OLIbIIa 32 MeIianbHYy;
BHCOTa CyIIOOOBOi HIUTMHHU B TIOJIOXKEHHI 3TH-
HaHHs OUIbIIIa 32 BUCOTY, BUSHAYCHY IIPH PO3TH-
HaHHI. 3TiTHO pe3yJIbTaTIB aHaATI3y yci 3 KpuTe-
pii BapyCHOTO KOJIIHHOTO CyTiI00a BCTAHOBIICHO
y 444 13 680 (65 %) mamienTiB. JlocmiTHUKY BiJI-
3HAYMJIM, [0 BHCOTA JIAT€PaJbHOI Cyri1000BOi
utiuHu (4,1 Mm) Oyima 3HaYyIO OUTBIIOO, HIXK
MenianbHOi (0,6 MM) y 657 (97 %) mnaiiieHTiB,

a TaKoXX JOBEJIM CTATUCTHYHO 3HAYYIIUNA CUJIb-
HUN KOPETSIIHHUN 3B’SI30K MK IMMOKa3HUKOM
BiJIHOIICHHSI CyTJIOOOBHX BUCOT Ta BEIMYUHOIO
BapycHoi nedopmariii (r*=0,62). ABropu mparri
BCTAHOBUJIM BUCOKY MDKIHJUBIJyaJIbHy Bapia-
OeJIbHICTh MapaMeTpiB CyrIOOOBUX HIUIMH MpU
OCTEOApPTPUTI KOIIHHOTO Cyriioba 3 BapyCHOIO
nedopmariiero.

VY nocnimkenni Nelson et al. [4], misxom 6i-
KJIaCTEepHU3aIlii JaHUX BEITMKOI KOTOPTH MAIli€HTIB
3 OCTEOAPTPUTOM KOJIIHHOTO Cyriioda imeHTudi-
KOBAaHO WIICTh ()EHOTHUIIIB, BIAMIHHHMX 32 CHUMII-
TOMAaTHKOIO Ta CTPYKTYPHUM HPOTPECYBAHHSIM,
30KpeMa CTYIEHEM 3BY>KEHHS MeMiallbHOI CyT-
n06oBoi miimmHU. JloCTHiTHUKaMH TIpeIcTaBie-
HO naHi 3330 ocib (cepemniit Bik — 61 pik) Ta
6461 BumagkiB ocTEOapTPUTy. ABTOpaMH IMparii
BHU3HAUCHO Oikyactepu 3 kpanum (Ne 1), moxio-
HAM (Ne 2, 3, 6) 1 ripmum (Ne 4, 5) mporHo3oM,
MOPIBHSHO 13 3araJlbHOI0 KOTOPTOH0. Y OiKiacTte-
pax Ne 4 1 5 BCTaHOBJICHO IHTEHCUBHE TIPOTpecy-
BaHHS 3aXBOPIOBAHHS 3 BUPAXCHUM 3MEHIIICH-
HSM BHCOTH MeEJialbHOI CYyIIOOOBOI MILTHHH,
npubnu3Ho Ha 20 %. Ha BinMmiHy Bix 1poro, B
Oikmactepi No 1 10oBefeHO 3MEHIICHHS BUCOTHU
menianpHOl miimuHu 10 10 %, a Takok MeHIry
YaCTKy BHUIIAJKIB MPOTPECyBaHHS 3aXBOPIOBAH-
HsI T MEHIITY IHTEHCUBHICTh 0OJILOBOTO CHHJIPO-
My. SIK BIIMITHIIN TOCIITHUKH, TTOMIOHUN TT11X1/1
10 crparvdikallii MamieHTiB € TePCIeKTUBHUM
JUisi OLBII TOYHOTO TMPOTHO3YBAaHHS Iepediry
3aXBOPIOBaHHS Ta BU3HAUEHHS MMOKa3aHb J0 Op-
TOMEUYHOTO BTPYUYaHHS.
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Ouinroroun 3HavdeHHs iHaekcy fICN, y Bu-
3HAYCHUX MOP(OTHITAX JOBEICHO WOTO 3HAUYIII
BIZIMIHHOCTI: BHIIIl 3HAYCHHS CIIOCTEPITaIH y Ta-
uienTiB 3 Mmopdotunamu III Ta IV (0,13+0,04 ta
0,13+0,03 BiAMOBIAHO), HAMHMKYI — Y TIAI[IEHTIB
3 mopdorurom I (0,10+0,02). Oxpim TOTO,
301TbIICHHS BapyCHOTO BIAXWJICHHS OCI HUX-
HBOT KIHIIIBKH acOIIHOBAHO 31 3HMKEHHSM K-
PUHHM MIXKBHPOCTKOBOI BUPI3KH CTEIHOBOI KiCT-
ku (1=+0,21; p=0,002), mo BKka3zye 3MEHIIEHHS
MPOCTOPY IS MEPETHBOT CXPEILIEHO1 3B’ I3KU Ta
BHIIWNA PU3HK 11 YIIKOIKEHHS.

OtpumaHni pe3ylnbTaTH y3TOKYIOThCS 3 Bi-
JOMUMH JIITEpaTypHUMH JAaHUMHU IIOAO 3B’ s3-
Ky MDK 3BY)XCHHSIM MIXBHUPOCTKOBOI HIUIMHU
Ta BUILIUM PU3UKOM PO3BUTKY HECTAOUIBHOCTI
B KOJIIHHOMY CYIJI001 Ta MOIIKO/HKCHHS Tepe-
HbOT CXpemHIeHoi 3B’S3KH. 30Kpema Yy JIOCIHi-
mxeHHi Barnum et al. [11] BcTaHoBieHO, 110
301UBIIIEHHS KyTa O Ta HasBHICTb BY3bKOT MIX-
BUPOCTKOBOi BHUPI3KM CTETHOBOi KICTKH THILY
A € He3anexKHUMH (PaKTopaMu pU3HMKY OE3KOH-
TaKTHOTO YIIKO/DKCHHSI MEPEAHBOI CXperieHol
3B s13KU. KyT o0 BUMipIOBaJIn SIK KyT, YTBOPCHHIA
MDK IOB3JIOBXHBOIO BICCIO CTETHOBOI KICTKH 1
JIHI€0, ToTU4YHOIO 10 jiHii baromentans. Tun
BHUPI3KM CTETHOBOI KICTKM OIIIHIOBAaJM HA aK-
ClaJIbHUX 300paKEHHAX Ta XapaKTePU3YBAIH SIK
A, U a6o W-npodinb. JlocHiTHUKA BCTaHOBH-
7Y, 110 y JKIHOK TpaBMa IepelIHbOi CXpetieHol
3B’SI3KM JIOCTOBIPHO TIOB’si3aHa 31 301IbIICH-
HSM TOKa3HHKIB KyTa o (BIJHOIIEHHS IIAHCIB
(OR)=1,82; p=0,001), Haxmiry IIaTO BEIUKO-
rominkoBoi kictku (OR=1,25; p=0,022) ta TOB-
IIUHU TePeIHBO-MEIiaTbHOTO BUCTYIy Mi>KBH-
POCTKOBOI BUPi3KU cTerHoBO1 KicTku (OR=3,36;
p=0,027). Oxpim TOro, 30UTBIICHHS KyTa O
Oys0 HaWOLIBII 3HAYYIIUM MPEIUKTOPOM IIO-
LIKO/PKEHHS MEePeIHbOI CXPEIIeHOI 3B S3KHU 1 Y
yosogikiB (OR=2,19; p=0,010). ABropu nparii
BII3HAYWJIM TIPOCTOTY BHMIPIOBAaHHS KyTa O Ta
JOIIIBHICTh HOTO 3aCTOCYBaHHS SIK CKPUHIHTO-
BOTO IHCTPYMEHTY Y KIIIHIYHIN TTPAKTHIII.

3nauymioi BiaMiHHOCTI iHAEkcy tICN wmix
MopdoTtunamu He noseneHo (p=0,17), mo cBia-
YUTHh MPO BITHOCHY CTaOUIBHICTH JOCHIIKYyBa-
HUX TapaMeTpiB BEITMKOTOMIJIKOBOI KICTKH He-
3aJIeKHO Bij cTyrneHs aedopmarii abo nepediry
JIET€HEPATUBHOIO Tpoliecy. BiacyTHICTh 3Hauy-

ISSN 2786-6661
eISSN 2786-667X

IIOTO KOPENAIIHHOTO 3B’ 513Ky MK 3HAYEHHSIMU
tICN ta FTA (1=+0,08; p=0,27) nomatkoBo mij-
TBEPIDKY€ HOTO MEHIITY KJIIHIYHY Yy TJIUBICTb.

Amnanizyroun 3Miau kyta TIA y chopmoBanmx
rpymnax, BapTo BiIMITHUTH TEHJEHIIIIO JIO MOCTY-
MOBOTO 3HIKEHHS 3HAYEHb KyTa 31 301IbIIEHHM
BapyCHOTO BIAXWUJICHHS OCI HWKHBOI KiHIIIB-
K1 y obcrexxenux 3 mopgporunamu 1V, III ta II
(163,50+2,28°, 161,33+4,33° Ta 160,21+4,19°
BIJIMOBITHO) Ta 30UIBIIEHHS MOKAa3HUKA Yy 0Ci0
3 mopgotumom I (163,904+5,00°). 30imbIICHAS
3HaueHb KyTa TIA y namienris 3 Mmopporunom I,
OYEBUIHO, OOYMOBJIEHO PYWHYBaHHSM XpSILO-
BOi Ta KICTKOBOI TKaHWHHM OIMOPHOTO BHUPOCTKA
BEJIMKOTOMUIKOBOI KICTKM Ha J0Jjayy 110 Bapyc-
HOTO BiIXWJIEHHS OCl HUKHBOI KIHI[IBKH.

3minn nokasHuka kyta FIA y oOctexenux
NoJiOHI 0 TUX, SKI CIIOCTEPIradvl y BEJIUKO-
rominikoBii KicTii. CyTTeBe 3HMIKEHHS IOKa3-
Huka kyta FIA y oGctexxennx 3 Mmopdoruriom [
BKa3ye Ha pyWHYBaHHS XpSIIOBOI Ta KiCTKOBOI
TKaHWHU OIIOPHOTO BUPOCTKA CTETHOBOI KIiCT-
ku. TakuMm 9rHOM, y mari€eHTiB 3 MopdoTtumom |
CTPYKTYpPHi 3MiHU OMOPHOTO BHUPOCTKA CTETHO-
BOI KICTKH aHAJIOTiUHI 4O THX, SIKI BUHUKAIOTH
y BETTUKOTOMUIKOBIH, IO CBIAYUTH MPO CUCTEM-
HE 3aJIy4eHHS 000X KOMIIOHEHTIB MEIialbHOTO
KOMIAapTMEHTY Cyriio0a B AaTOJIOTYHUHN POIIeC.

OtpuMaHi pe3ylbTaTH y3TOKYIOThCS 3 Ja-
HUMHU BIJIOMHX JIOCIIJDKCHB, MIiATBEPIKYIOUN
3HAYCHHS 1HJMBIIYaJIbHOTO TMIAXOAY B OIIHIII
Mopdororii kKoJiHHOTO cymioba. OcobauBOCTI
reoMeTpii KOJIHHOTO cyrio0a CyTTEBO Bapiro-
I0Th MK 1HIWBIIyyMamHu Ta MarOTh TOTEHIIIH-
HUH BIUIMB SIK Ha PO3MOLIT HAaBaHTAXEHHS, TaK
1 Ha cTaH 3B’A3KOBOTO amapary. MopdoTumn-
cnenrdiyHa OILIHKA 1HAEKCIB € MePCIEeKTUBHUM
HANpPSMOM JUIS YTOYHEHHS KIIHIYHOI JiarHoC-
TUKH, MPOTHO3YBAaHHS PHU3UKY MPOTPECYBAHHS
0CTE0apTPUTY KOJIHHOTO CyI7100a Ta (hopMyBaH-
HS 1HIUBiAyaJli30BaHUX CTPATErii JiKyBaHHS.

BucHoBku

Takum yuHOM, 10BEICHO 3HAYYIIly BapiaTUB-
HICTb TIOMTOMDKHUX MOP(}OIOTIYHUX THANKATOPIB
reoMeTpii KOJIIHHOTO CyIio0a Py 0CTE0apTPHUTI
3 ypaxyBaHHSAM MOpP(OTHUITY, BH3HAYEHOTO 3a
BJIACHOIO KJIACTEpHOIO cucteMoro. J[lerenepa-
TUBHO-AUCTPOQIYHI 3MIHUA KOJIHHOTO Ccyriio0a y
obctexxenux 3 mopdotunamu 11, 111 ta IV 3ymoB-
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JIeHI TIepeBaXHO BapyCHUM BigxwmieHHsSM oci  Konsenrii Pagu €Bpornu npo mpasa JTrOnuHA Ta
HIKHBOI KIHITIBKH, HATOMICTh y 0Ci0 3 Mopdo-  Oiomeaununy (4 kBiTHA 1997 poKy), YNHHHX Ha-
tunoM | — mepeBakHO pyHHYBaHHSM XPAIIOBOI  IIOHAJIBHUX €TUYHUX CTAaHAAPTIB YKpaiHH 1 3a-
Ta KICTKOBOI TKAHUHHM ONOPHUX BUPOCTKIB CTer-  TBepakeHO KomiteTom 3 Gioetuku MenudHOro
HOBOI Ta BEJIMKOTOMUIKOBOI KiCTKH. 301nbpmieHHss  1eHTpy «Angels Clinicy», m. Binnuns (Ilporto-
BapycHoi nedopmaitii y odcrexennx acomidoBa-  koi Ne 5 Bix 17.07.2025 p.). Yei yuacHuku Oynu
HO 3 OLIbII BUPAKEHUMH BHYTPIIIHBOCYIIO00O-  TMOiIH(OPMOBaHI MIONO YYacTi y JOCIHiIKEHHI,
BUMHU TIOPYIICHHSIMH BHACIIJOK TIE€pEeBaHTa- IO 3aCBIMYCHO NMHUCHMOBHMHU iH(POPMOBAHHUMHU
JKEHHSI MeI1abHOTO BTy cymio0a, a Takok  3romamu. [[s 3a0e3mnedeHHs KOH)1ICHIIHHOCTI
3BY’)KEHHSIM MDKBUPOCTKOBOi BHUPI3KM CTETHO-  IEPCOHAJbHI JlaHI OOCTEXKEHHUX XBOpUX Oyiu
BOi KICTKM Ta BUIIUM PHU3UKOM IOIIKO/DKEHHS  3HEOCOOJeHI.

MEePEeIHbOI CXPEUIEHOT 3B’ I3KH. Buxopucranns T

OtpumaHi JaHi CBiYaTh MPO IOIIILHICTH [Tixn yac migrotoBku 1poro pykomucy IHI-
BUKOPUCTAHHS MOP(OJOTIYHUX 1HAMKATOPIB  IHCTPYMEHTH HE BUKOPUCTOBYBAJIMCH.
reoMeTpii KOIHHOTO cyrio0a AJsl OLIHKH pU3H- BHecoxk aBTOpiB
Ky MpOrpecyBaHHsl OCTEOApTPUTY Ta IJIaHYBaH- Author Contributions (CRediT taxonomy)
HS 1HIWBIIyali30BaHUX MiIXOIB 10 JIKyBaHHS. 1. Conceptualization: Liubov Kylymniuk

Bxmtouennss mopgotunyBanHs 'y kommiekcHy — (ORCID: 0000-0003-0170-8708);

OLIIHKY MaIll€HTIB 3 OCTEOAPTPUTOM CHPUSTUME . Methodology: Liubov Kylymniuk;

OULTBIII TOYHINM cTpaTUdIKaIlii PU3UKIB 1 BIOCKO- . Software: Liubov Kylymniuk;

HaJICHHIO OPTOIEIUYHUX BTPYYaHHS 3 JOTPH- . Validation: Liubov Kylymniuk;

MaHHSIM TIPUHIIMITIB TIEPCOHATI3AIli. . Formal Analysis: Liubov Kylymniuk;
®dinaHCcyBaHHA . Investigation: Liubov Kylymniuk;
JlaHe JOCHIJUKeHHS HE OTPUMAJIO 30BHIlI- . Resources: Liubov Kylymniuk;

HBOTO (hiHAHCYBAHHSI. . Data Curation: Liubov Kylymniuk;
Kounduiixr inTepecis Writing — Original Draft Preparation:
ABTOpKa Jnekiapye BiacyTHiCTh KoHQikTy  Liubov Kylymniuk;

NI o NNV NN

1HTEpECiB. 10. Writing — Review & Editing: Liubov
3rona Ha myOaikauiro Kylymniuk;

JlocnipkeHHsT BUKOHYBallM 3 JOTPUMAaHHIM 11. Visualization: Liubov Kylymniuk;
€TUYHUX TMPHUHIUIIB [ eIbCIHKCHKOI JeKapartii 12. Supervision: Liubov Kylymniuk;
BceciTHRO1 MeanuHOiI acorianii — ETnani mpun- 13. Project Administration: Liubov Kylym-
LUIU MEIUYHUX AOCTIIKEHb 32 y4acTio Joau-  niuk;

Hu (Cpomuii mepernsapn, »koBTeHb 2013 poky), 14. Funding Acquisition: Liubov Kylymniuk.
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Characteristics of Auxiliary Morphotype-Specific Morphological Indicators
of Knee Joint Geometry in Osteoarthritis
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Abstract: Knee osteoarthritis represents a significant global medical and social challenge.
Objective: To characterize auxiliary morphological indicators of knee joint geometry in osteoarthritis,
with consideration of morphotypes identified using a proprietary clustering system. Radiographic data
from 100 cases of medial knee degenerative-dystrophic disease were analyzed. The study included
70 patients (26 (37.14 %) men and 44 (62.86 %) women) with a mean age of 63.56%8.10 years.
Degenerative changes were assessed on standard weight-bearing anteroposterior radiographs of the
knees. The following radiographic parameters were evaluated: MLSR (Medial-Lateral Joint Space
Ratio), fICN (Femoral Intercondylar Notch Index), tICN (Tibial Intercondylar Notch Index), TIA
(Tibial Intercondylar Angle), FIA (Femoral Intercondylar Angle), and FTA (Femorotibial Angle).
According to the clustering system, four morphotype groups were identified: morphotype lin 21 patients
(21.00 %), morphotype Il — 38 (38.00 %), morphotype Il — 29 (29.00 %), and morphotype 1V — 12
(12.00 %). Statistical analysis was conducted using Statistica 13, with significance set at p<0.05.
The average MLSR index for morphotype I was 0.19+0.12, for morphotype Il — 0.34+0.24, for
morphotype Il — 0.44+0.32, and for morphotype IV — 0.67+1.06 (p=0.0008). The mean fICN value
was 0.10+£0.02 in morphotype I, 0.11+£0.03 in morphotype II, 0.13+0.04 in morphotype III, and
0.13+0.03 in morphotype 1V (p=0.007). The mean tICN was 0.07%0.04 in morphotype I, 0.06+0.02 in
morphotype II, 0.07+0.03 in morphotype III, and 0.07+0.02 in morphotype 1V (p=0.17). TIA values
were 163.90+5.00° for morphotype I, 160.21+4.19° for morphotype II, 161.33+4.33° for morphotype
III, and 163.50+£2.28° for morphotype IV (p=0.04). FIA values were 201.57+2.27° in morphotype I,
204.37+4.13° in morphotype II, 203.79£5.05° in morphotype IlI, and 204.75+5.26° in morphotype
1V (p=0.03). An increase in varus deformity was associated with more pronounced intra-articular
alterations due to medial compartment overload (=+0.28, p=0.00004), as well as narrowing of the
femoral intercondylar notch and a higher risk of anterior cruciate ligament injury (t=+0.21, p=0.002).
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Changes in TIA and FTA observed in morphotypes 11, I1I, and IV were primarily due to varus alignment
of the limb axis, while in morphotype I, they were mainly attributed to degradation of the cartilage
and subchondral bone of the femoral and tibial condyles. These findings emphasize the importance of
considering individual anatomic and morphologic characteristics for a more accurate assessment of
risks and prediction of knee osteoarthritis progression.

Keywords: Anatomy, Tibia, Osteoarthritis, Femurv, Joints, Lower Extremity Deformities,
Morphometrics.
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Comparative effects of liraglutide and dapaglifiozin on lipid profile
and cardiovascular risk in patients with metabolic
dysfunction-associated steatotic liver disease and type 2 diabetes:
a 6-month randomized study

Artem Akimov, Volodymyr Cherniavskyi

Bogomolets National Medical University, Kyiv, Ukraine
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Artem Akimov

E-mail: koganasyn@gmail.com

Abstract: Metabolic dysfunction-associated steatotic liver disease frequently coexists with
type 2 diabetes mellitus, resulting in increased cardiometabolic risk. Pharmacologic agents such as
glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors may improve
lipid metabolism and cardiovascular outcomes, but comparative data remain limited. To evaluate
and compare the magnitude of change (delta values) in lipid profile parameters and cardiovascular
risk scores, assessed using five validated stratification tools, in patients with vetabolic dysfunction-
associated steatotic liver disease and type 2 diabetes mellitus following 6-month treatment with
liraglutide or dapagliflozin. Materials and This 6-month prospective, randomized study included
72 patients with metabolic dysfunction-associated steatotic liver disease and type 2 diabetes mellitus
allocated to three groups: control (lifestyle intervention, n=23), dapagliflozin (10 mg daily; n=26),
or liraglutide (up to 1.8 mg daily; n=23). Lipid profiles and cardiovascular risk were assessed at
baseline and after treatment using five validated tools (Globorisk, Framingham Risk Score, ASCVD
Risk Calculator, PROCAM, WHO CVD chart). Intergroup comparisons were based on changes
from baseline. All groups showed significant within-group improvements in lipid parameters, with
reductions in total cholesterol, low-density lipoproteins, and triglycerides and increases in high-
density lipoproteins (p<0.001). The liraglutide group demonstrated greater improvements in total
cholesterol, low-density lipoproteins, and high-density lipoproteins compared to control and
dapagliflozin (p<0.01). Cardiovascular risk scores declined significantly within each group. Between-
group comparisons revealed significant differences for the Framingham score (favoring liraglutide
over control) and the PROCAM score (favoring both pharmacologic treatments over control). No
consistent differences were observed between liraglutide and dapagliflozin across other risk models.
Both liraglutide and dapagliflozin improved lipid profiles and reduced cardiovascular risk in patients
with metabolic dysfunction-associated steatotic liver disease and type 2 diabetes mellitus. Although no
statistically significant superiority of liraglutide over dapagliflozin was confirmed for cardiovascular
risk scores, a consistent trend toward greater lipid improvement was noted. Further studies with larger
samples and longer follow-up are needed to clarify these findings.

Keywords: Liver Diseases, Cardiovascular Risk, Liraglutide, Dapaglifiozin, Type 2 Diabetes
Mellitus, Metabolic Dysfunction-Associated Steatotic Liver Disease.
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Introduction

Metabolic dysfunction-associated steatotic
liver disease (MASLD) is increasingly recog-
nized as a major hepatic manifestation of systemic
metabolic dysfunction [1]. Among its strongest
associations is with type 2 diabetes mellitus
(T2DM), a condition present in more than 55%
of patients with MASLD and known to accelerate
both hepatic and cardiovascular complications
[2-3]. The coexistence of MASLD and T2DM has
been associated with greater severity of steatosis,
higher fibrosis progression rates, and increased
risk of cardiovascular events [4].

Dyslipidemia plays a central role in the
pathophysiology of MASLD, especially in
patients with T2DM, in whom characteristic alte-
rations include elevated triglycerides, decreased
high-density lipoprotein cholesterol (HDL-C),
and increased levels of small dense low-density
lipoproteins (LDL-C) [5]. These changes not
only promote hepatic fat accumulation but
also represent key drivers of atherosclerotic
cardiovascular disease (ASCVD) [6].

Recent guidelines underscore that cardio-
vascular disease, not liver-related complications,
remains the leading cause of mortality in patients
with MASLD, especially when accompanied by
T2DM. This dual metabolic burden requires an
integrated approach to risk reduction, including
aggressive managementoflipid abnormalities and
careful assessment of individual cardiovascular

risk [7].
Multiple validated tools are available
to estimate 10-year cardiovascular risk,

such as the ASCVD Risk Calculator (ACC/
AHA), Framingham Risk Score, Prospective
Cardiovascular Miinster (PROCAM) Score,
WHO cardiovascular risk charts, and Globorisk
[8-12]. While these instruments are widely
used, they typically do not account for hepatic
steatosis or fibrosis, which may influence
cardiovascular outcomes [5]. Consequently,
dynamic assessment of changes (delta values) in
these scores during therapy may offer additional
insight into treatment effectiveness.

In recent years, several antidiabetic agents
have gained attention for their hepatometabolic
effects beyond glucose control. Glucagon-
like peptide-1 receptor agonists (GLP-1 RAs)
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and sodium-glucose cotransporter-2 (SGLT2)
inhibitors are widely used in the management
of T2DM and have demonstrated benefits in
reducing liver fat content, improving liver
enzymes, lipid parameters and potentially
lowering cardiovascular risk [13—14].

Liraglutide, a GLP-1 RA, reduces hepatic
steatosis  primarily through weight loss,
improvement in insulin sensitivity, and anti-
inflammatory effects. Additionally, it has been
shown to enhance reverse cholesterol transport
and increase HDL-C levels, contributing to
improved lipid homeostasis [13].

Dapagliflozin, an SGLT2 inhibitor, exerts
its effect by promoting glucosuria, improving
glycemic control, and inducing mild caloric loss.
In MASLD, its mechanisms include reduction
of hepatic fat infiltration, improvement of
mitochondrial function, and downregulation of
lipogenesis via suppression of liver X receptor
alpha (LXRa)-mediated pathways [15]. These
complementary mechanisms suggest both agents
may be effective in ameliorating the hepatic
and cardiovascular burden in this high-risk
population.

However, head-to-head comparisons of
these agents in MASLD patients with T2DM are
limited, particularly in terms of direct evaluation
of the magnitude of change in lipid profile
components and cardiovascular risk scores
during treatment [16].

Aim

To evaluate and compare the magnitude of
change (delta values) in lipid profile parameters
and cardiovascular risk scores, assessed using
five validated stratification tools, in patients
with MASLD and type 2 diabetes mellitus
following 6-month treatment with liraglutide or
dapagliflozin.

Materials and Methods

This study was conducted as part of a
dissertation project at the clinical base of
the Department of Internal Medicine Nel,
Bogomolets National Medical University (Kyiv,
Ukraine).

All procedures adhered to ethical standards
set forth in the Declaration of Helsinki, the
Council of Europe Convention on Human
Rights and Biomedicine, and national legislation
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of Ukraine. All participants provided written
informed consent prior to enrollment.

Patients. Eligible participants were adults
aged 26 to 67 years with previously confirmed
diagnoses of both metabolic dysfunction-
associated steatotic liver disease (MASLD) and
type 2 diabetes mellitus, as defined by the 2023
MASLD criteria [17].

Key exclusion criteria included any history of
cardiovascular events, liver cirrhosis, alcoholic
liver disease, viral hepatitis, malignancies,
hematologic disorders, pregnancy, or lactation.

Study Design. This was a prospective,
randomized, parallel-group study employing
a two-stage stratification approach. A total
of 72 patients met the inclusion criteria were
enrolled and randomly assigned into two main
groups. The control group (n=23) received
standard lifestyle modification therapy, which
included adherence to a Mediterranean diet
and at least 150 minutes of moderate-intensity
aerobic activity per week.

The remaining 49 patients were allocated to
the pharmacologic intervention group, which
combined the same lifestyle recommendations
with antidiabetic drug therapy. In the second
phase of stratification, this group was subdivided
into two treatment arms:

— Group A (n=26) received dapagliflozin at

a fixed daily dose of 10 mg for 6 months.
— Group IB (n = 23) received liraglutide,
initiated at 0.6 mg once daily and titra-
ted weekly up to 1.8 mg, maintained
throughout the 6-month period.

Randomization was performed using a
computer-generated sequence and stratified by
age to ensure balance across study arms and
subgroups.

Study Visits. At baseline, each patient
underwent a comprehensive clinical evaluation,
including history-taking, physical examination,
liver steatometry (Soneus P7, UltraSign,
Ukraine), and laboratory testing (lipid profile,
alanine aminotransferase [ALT], aspartate
aminotransferase [AST]). All assessments were
repeated after the 6-month intervention period to
evaluate treatment effects.

Cardiovascular Risk Assessment. Cardio-
vascular risk was evaluated at baseline and
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after 6 months using five validated scoring
tools: the ASCVD Risk Calculator (ACC/
AHA), Framingham Risk Score, Prospective
Cardiovascular Miinster (PROCAM) Score,
WHO CVD Risk Charts, and Globorisk [8-12].
These models were selected for their relevance
to populations with metabolic dysfunction, as
they incorporate type 2 diabetes mellitus and/or
lipid profile indicators.

Statistical Analysis. Statistical analyses
were performed using IBM SPSS Statistics
software (version 29.0). Data distribution was
assessed using the Shapiro—Wilk test. Normally
distributed variables were expressed as mean =+
standard deviation (SD), while non-normally
distributed data were reported as median and
interquartile range [Median (Q1-Q3)].

Comparisons between two groups were made
using the independent samples t-test (for normal
distribution) or the Wilcoxon rank-sum test (for
non-normal distribution). Differences among three
groups were analyzed using one-way ANOVA
or the Kruskal-Wallis test, as appropriate. Post
hoc pairwise comparisons were adjusted using
the Bonferroni correction. Categorical variables
were compared using the chi-squared (y?) test.
Statistical significance was set at p < 0.05.

Results

Table 1 summarizes the baseline demographic,
clinical, and biochemical characteristics of the
study population. Participants were divided into
three groups: control (n = 23), dapagliflozin
group (Group IA, n = 26), and liraglutide group
(Group IB, n = 23). Baseline comparability
across groups supports the validity of subsequent
intergroup comparisons.

Significant improvements in lipid profile
parameters were observed in all three groups
after 6 months of treatment. Total cholesterol,
LDL cholesterol, and triglyceride Ilevels
decreased significantly, while HDL cholesterol
levels increased (p < 0.001 for all within-group
comparisons). Summary data are presented in
Table 2.

Similarly, all five cardiovascular risk
assessment tools demonstrated statistically
significant reductions in each group following
the intervention (p < 0.05 for all within-group
comparisons).
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Table 1. Baseline characteristics of study participants. X+SD or Me [25%;75%]

Indicators Conglro=l 2g3r)0up %‘10:1; 61;4 (i;O:g ;)B osfl ﬁlililf?::llsz,

Age, years 46.9£9.5 46.9+£9.3 46.5+9.5 p=10.99

Men 15 (65 %) 19 (73 %) 17 (74 %)
Sex p=0.31

Women 8 (35 %) 7 (27 %) 6 (26 %)
Severity of S1 5(21.7 %) 5(19.2 %) 3 (13 %)
steatosis S2 10 (43.5 %) 8 (30.8 %) 11 (47.8 %) p=0.70
distribution S3 8 (34.8 %) 13 (50 %) 9 (39.2 %)
Smoking (yes, %) 7 (30.4 %) 7 (26.9 %) 6 (26 %) p=0.94
Medication use (yes, %) * 3 (13 %) 4 (15.4 %) 2 (8.7 %) p=0.78
Arterial hypertension (yes, %) 5(21.7 %) 7 (26.9 %) 4(17.4 %) p=0.72
Other comorbidities (yes, %) ** 2 (8.7 %) 5(19.2 %) 2 (8.7%) p=0.43
Systolic blood pressure (mmHg) 131.8 £14.3 133.9+16.5 135.2+15.2 p=0.78
Body mass index (kg/m2) 31.9+3.0 32.5+29 341+39 p=0.08
ALT (IU/L) 31[18; 38] 32.5[25;43] 33 [25; 40] p=0.52
AST (IU/L) 27 [23; 41] 28 [24; 35] 27 [21; 38] p=0.85
Total cholesterol (mmol/L) 57£1.0 59+£09 57+£09 p=0.77
LDL-C (mmol/L) 34+0.8 33+0.8 3.5+0.7 p=0.84
HDL-C (mmol/L) 1.1[1.1; 1.4] 1.3[1.1; 1.4] 1.1 [1.0; 1.3] p=0.42
Triglycerides (mmol/L) 2.111.9; 2.8] 2.3[1.9;2.8] 2.211.9;2.9] p=0.93
Globorisk (10-year risk, %) 27.9[16.7;33.9]| 30.5[21.4;44.6]| 20.8[15.7;40.2] p=0.22
Framingham (10-year risk, %) 15.119.2;21.5]| 17.7[13.5;32.5]| 15.2[10.1; 30.3] p=0.62
ég(;/e AHA ﬁ%fj)v b 89[42:11.7]| 11.2[78,202]| 7.9(38,17.71| p=0.30
PROCAM (10-year risk, points) 394+94 443+99 412+11.2 p=0.30
WHO CVD (10-year risk, %) 16 [13; 17] 19 [14; 27.5] 16 [10; 26] p=0.34

Note: * —medication use includes levothyroxine, sertraline or antihypertensive therapy (perindopril, enalapril +
hydrochlorothiazide or valsartan); ** — other comorbidities include autoimmune thyroiditis, hypothyroidism,

depressive disorder.

Changes in lipid profile parameters and
cardiovascular risk scores across the three study
groups over the 6-month treatment period are
presented in Table 3. All groups demonstrated
reductions in total cholesterol, LDL-C, and
triglycerides, along with an increase in HDL-C.
The liraglutide group showed significantly
greater changes in total cholesterol (p < 0.01 vs.
control), LDL-C (p < 0.01 vs. both groups), and
HDL-C (p < 0.01 vs. both groups). Triglyceride
reductions were also more substantial in both

intervention groups compared to the control
group (p < 0.01), with no significant difference
between Group IA and Group IB (p > 0.05).
Regarding cardiovascular risk scores, all
five tools demonstrated numerical reductions in
each group. Statistically significant intergroup
differences were observed for the Framingham
and PROCAM scores. For the Framingham
score, a greater reduction was observed in the
liraglutide group compared to the control group
(p = 0.04). In the PROCAM score, both the
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Table 2. Intra-group changes in lipid profile and cardiovascular risk (five scales) before
and after 6-month therapy in MASLD patients. X£SD or Me [25%;75%].

°o <
Control group (n = 23) Group IA (n = 26) Group IB (n = 23) § 2
<5}
Indicators & é Y
= o
Before After Before After Before After %” o
(=}
Total pl <0.001
cholesterol 57+1.0 51+0.8 59+09 51+0.8 57+09 4.7+0.8| p2<0.001
(mmol/L) p3 <0.001
LDL-C pl <0.001
(mmol/L) 34+0.8 3.0+£0.7 33+0.8 29+0.7 3.5+0.7 2.7£0.6| p2<0.001
p3 <0.001
HDL-C 1.1 1.2 1.3 1.4 1.1 1.4 gé z 888}
(mmol/L) [1.1; 1.4] [1.1; 1.4] [1.1; 1.4] [1.2; 1.5] [1.0; 1.3] [1.2; 1.5] p3 <0.001
Triglycerides 2.1 1.87 23 1.8 2.2 1.6 g; Z 888}
(mmol/L) [1.9:2.8)| [172:2.38])  [1.9;28]| [15:22]| [1.9:29]| [13:2.1]] 750y
815";‘;2:1‘ 27.9 22.1 30.5 21.9 20.8 14.8 gé j 8‘88}
risk. %) [16.7;33.9]| [13.2; 27.6]| [21.4; 44.6]| [18.4;37.2]| [15.7; 40.2]| [10.5; 28.6] p3 <0.001
(Flrgf‘;‘;grham 15.1 11.9 17.7 14.9 15.2 12.7 gé ) 8'88}
risk. %) [9.2;21.5]| [7.3;16.6]| [13.5;32.5]| [9.7;25.4]| [10.1;30.3]| [5.9;20.4] p3<0.001
ACC/AHA
ASCVD 8.9 6.5 11.2 6.4 7.9 41| IO
(10-year [4.2;11.7]| [3.1;9.1]| [7.8;20.2]| [5.5;15.2]] [3.8;17.7]| [2.2;11.1] p '
. p3 <0.001
risk, %)
PROCAM pl <0.001
(10-year 394+94| 348+9.7| 443+£99| 364+£90| 41.2+11.2| 349+9.6| p2<0.001
risk, points) p3 <0.001
ggf;)engD 16 15 19 16 16 13 g; - 8'88;
risk. %) [13;17]|  [11;16]] [14;27.5]1| [13;24]|  [10;26] [3: 18] 73 <0001

Note: pl - statistical significance of the difference between the control group and Group IA, p2 - statistical
significance of the difference between the control group and Group IB, p3 - statistical significance of the
difference between Group IA and Group IB.

evaluated for changes in lipid profile parameters
and cardiovascular risk using five validated
stratification tools (Globorisk, Framingham Risk
Score, ASCVD Risk Calculator, PROCAM,
and WHO CVD risk chart) [8-12]. The analysis
focused on the magnitude of change (delta
values) to assess the comparative effectiveness
of liraglutide and dapagliflozin, alongside
standardized lifestyle intervention.

dapagliflozin group (p = 0.02) and the liraglutide
group (p = 0.04) showed significantly greater
reductions versus control. No statistically
significant differences were found between the
intervention groups for any of the cardiovascular
risk tools (p > 0.05).

Discussion

In this 6-month prospective study, patients
with MASLD and type 2 diabetes mellitus were
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Table 3. Intergroup comparison of changes (A) in lipid profile and cardiovascular risk scores after
6 months of treatment (X = SD or Me [25%; 75%]).

. Control group Group IA Group IB Significance
Indicators (n=23) (n = 26) (n=23) of difference, p
pl <0.05
Total cholesterol -0.54 [-0.65; -0.44] | -0.74 [-0.88;-0.65] | -0.97 [-1.21;-0.85]|  p2 <0.01
(mmol/L)
p3 <0.01
LDL.C pl >0.05
-0.42 [-0.48; -0.32] | -0.44 [-0.48; -0.35] | -0.77 [-0.83;-0.66]|  p2<0.01
(mmol/L)
p3<0.01
] pl <0.01
(}i?nfol(fm 0.05 [0.03; 0.05] 0.13[0.1; 0.14] 0.23[0.2;0.26]| p2<0.01
p3<0.01
Triglycerides ) ] ) pl<0.01
-0.28 [-0.31;-0.22] | -0.53 [-0.61; -0.44] | -0.65[-0.89;-0.59]| p2<0.01
(mmol/L)
p3 > 0.05
Globorisk _
(10year risk, %) -0.52 + 1.46 -0.64+2.87 0.67+456| p=035
. pl =0.52
f{gmgffi %) -3.59+1.78 476 +3.43 -6.28+4.58|  p2=0.04
y » /0 p3 =034
ACC/AHA ASCVD , , , _
(10-year risk. %) 2.34[-2.93;-1.17] | -3.76 [-5.42; -1.82] | -2.66 [-5.68;-1.41]| p=0.27
pl =0.02
f&?iﬁ\ﬁsk oints) 4.67+2.83 787 +4.4 7.62+3.58| p2=0.04
y P p3=0.97
WHO CVD . , . _
(10-year risk, %) 2[-3;-1] 3 [4; -1] 307521 p=0.06

Note: p — statistical significance of the overall difference between the three groups; pl — significance between
control and Group IA; p2 — between control and Group IB; p3 — between Group IA and Group IB.

Within-group analysis demonstrated sig-
nificant improvements in all lipid profile
components across the three study groups,
confirming the metabolic benefit of both
pharmacological and non-pharmacological
approaches [18]. Notably, the liraglutide group
showed the most pronounced improvements in
total cholesterol, LDL-C, and HDL-C levels
compared to the control and dapaglifiozin
groups [19]. These findings are consistent with
previously reported data on the lipid-modulating
effects of GLP-1 receptor agonists, which are
thought to enhance reverse cholesterol transport,
reduce hepatic lipogenesis, and improve insulin
sensitivity [14].

Triglyceride levels also decreased signi-
ficantly in all groups, with both pharmacologic

interventions outperforming lifestyle modifi-
cation alone. Although liraglutide demonstrated
numerically greater triglyceride reduction
compared to dapaglifiozin, the difference did not
reach statistical significance [20].
Cardiovascular risk, as assessed by all five
tools, declined significantly within each group.
Intergroup comparisons revealed that the
liraglutide group achieved a greater reduction in
Framingham risk score compared to the control
group, while both active treatment groups
demonstrated significantly greater reductions
in PROCAM scores. No statistically significant
differences were observed between the two
pharmacologicagentsacrosstheotherriskmodels,
which may reflect the overall effectiveness of
both drugs in addressing cardiometabolic risk,
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as well as the inherent limitations of standard
cardiovascular risk calculators in detecting
subtle therapeutic differences, particularly in
populations with existing metabolic disease [21].

Although liraglutide did not demonstrate
statistically ~ significant  superiority  over
dapagliflozin in the change of lipid parameters
and cardiovascular risk scores, a numerical
trend toward a greater effect was observed. This
trend can be explained by the limited duration
of treatment and the small sample size. This
observation warrants further investigation in
larger, longer-term studies.

Conclusions

This 6-month prospective study demonstrated
that both liraglutide and dapagliflozin
significantly improved lipid profiles and reduced
cardiovascular risk in patients with MASLD and
type 2 diabetes mellitus. Total cholesterol, LDL
cholesterol, and triglyceride levels decreased,
while HDL cholesterol increased in all study
groups.

Intergroup comparisons based on changes
from baseline (delta values) revealed more
pronounced improvements in total cholesterol,
LDL-C,and HDL-Clevels in the liraglutide group
compared to both the control and dapaglifiozin
groups, suggesting a potential advantage of
GLP-1 receptor agonists in modulating lipid
metabolism.

Cardiovascular risk, assessed using five
validated  stratification  tools, decreased
significantly within each group. Statistically
significant intergroup differences were observed
for the Framingham score, favoring liraglutide
over control, and for the PROCAM score,
favoring both pharmacological treatments over
lifestyle modification alone, with no consistent
difference between liraglutide and dapagliflozin.

The observation that only the PROCAM
score demonstrated statistically significant
intergroup differences for both pharmacological
treatments, while the Framingham score detected
a significant difference only for liraglutide versus
control, suggests that these models may be more
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sensitive to capturing between-group treatment
effects in this specific patient population.
However, this hypothesis requires confirmation
in larger studies.
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IopiBHAJBLHNH BIVIMB JipariayTuay Ta ganariigio3uny
Ha JimigHuii npodiib i cepueBo-CyIMHHUNA PU3HK
y NAIi€EHTIB 3 CTEATOTUYHOI0 XBOPOOOI0 MEYiHKH, ACOUiHOBAHOI0
3 MeTa00JIYHOI0 NNCPYHKIIIE€I0, TA HYKPOBUM iadeToM 2 THILY:
paHjoMi30oBaHe 6-MicsiuHEe TOCTiIKEeHHS
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Anomauyin: Cmeamomuuna xeopooa neuinku, acoyitlo8ana 3 MemaooniyHow OUc@hyHKYIE, 4acmo
NOEOHYEMBCS 3 YYKPOBUM Oiabemom 2 muny, wo npuzeooums 00 nio8ULeHHs KapoioMemaboniiuHo2o
pusuxy. Papmaxonociuni 3acobu, maxi K a2oOHiCmMu peyenmopie 2noKacoHon00ioHo20 nenmuoy-1
ma iHeibimopu Hampit3aNeNHCHO20 KOMPAHCNOpMepPa 20K03U-2, MOJICYMb NOKPAULYS8amu TinioOHutl
00MiH i cepyeso-cyOunHI HACTIOKU, OOHAK NOPIGHANbHI 0aHi 3anumaromscs oomedxcenumu. Oyinumu
ma NOpiGHAMU GeIUYUHY 3MiH (Oelbmu) NOKA3HUKIE NINiOH020 Npoghinto ma cepyeso-cyOUHHO2O0
PU3SUKY, DO3PAX0BAHO20 34 N SIMbMA GANIO0BAHUMU WIKALAMY, ) NAYIEHMIE I3 CMeamomuyHo0
X80p0o0OOI0 NewiHKU, acoyitiosanoo 3 MemaboniuHow Ouc@yHkyier, i yykposum diabemom 2 muny
nicas 6-MicsauHo20 NIKY8aAHHA Nipa2iymuoom abo oanaznignozunom. Lle 6-micaune npocnekmusene
PAHOOMI308aHe OOCHIOJNCEHHS BKIIOYAN0 72 NayicHmie i3 CmeamomuiHo X60poOoi0 NediHKu,
acoyitioganor 3 MemaboniuHow ouc@ynkyicro, i yykposum diabemom 2 muny, po3snooileHux Ha mpu
epynu. KOHmponb (moougikayis cnocooy scumms; n=23), oanaenigpnosun (10 me/006y;, n=26) abo
nipaznymud (0o 1,8 me/006y; n=23). Jlinionuii npoghine ma cepyeso-cyOuHHUl pU3UK OYiHIOBAIU HA
noYamKy ma nicis AiKyeauns 3a n’amoma eaniooganumu wikanamu (Globorisk, Framingham Risk
Score, ASCVD Risk Calculator, PROCAM, WHO CVD chart). Misxcepynosi nopisHanusa npogoounu
3a 3MiHamMu 6i0 BUXIOHO20 piGHs. Y 6cCix epynax 6iOMiYeHO OO0CMOGIPHI BHYMPIUHbOCPYNOSI
NOKpawjeHHs NiniOHUX NOKA3ZHUKIB. 3HUMNCEHHS PIBHI6 3a2dllbHO20 X0AeCMmepuHy, NiNonpomeinie
HU3bKOI WiIbHOCMI ma mpuaniyepudis i nioguwyenHs ainonpomeinie sucokoi winbnocmi (p<0.001).
I'pyna nipaznymudy npooemoncmpyeana Oiibli 8UPAXCEHT NOKPAUWEHHS 3A2aAlbHO20 X0NeCMeEPUH),
JAINONPOMEIHi8 HU3LKOI WIIbHOCMI Ma JIINONPOMEIHI8 BUCOKOI WINbHOCMI NOPIBHAHO 3 KOHMPONbHOIO
epynoio ma epynoio oanaenignosuny (p<0.01). Ilokasnuku cepyeso-cyourHH020 pu3uKy 00CHOSIiPHO
SHUBUNUCS 8 KOJICHIU 2pyni. Midcepynosi nopieHsaHHs NoKa3aiu 3Hayyuyi 8i0MIHHOCMI OJisl WKAIU
Framingham (na xopucme nipacnymudy nopisusano 3 xowmponem) ma wkaiu PROCAM (na
Kopucms 000X (apmaxono2iunux 6mpyuanb NOPIGHAHO 3 KOHMPOLeM). Y3200ceHux 6iOMiHHOCMEl
MIDIC TIpAzymuoom i 0anaznipno3uHoM 3a iHWUMU MOOEIAMU PU3UKY He eusasieHo. Jlipaznymuo i
oanaznighno3un NOKpawyomo AiniOHULl nPohiibL ma 3HUNCYIOMb CepYeBo-CYOUHHUL PUUK Y NAYIEHMIE
i3 CMmeamomuyHow X60p00O0I0 NEYIHKU, ACOYILlOBAHOI0 3 MemAaboNiuHOW OUCPHYHKYIEID, | YYKPOBUM
diabemom 2 muny. Xoua cmamucmuyHo 3HA4YWoi nepesazu aipa2iymudy HAO 0ananighio3unom
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OO0 NOKA3HUKIB CePYe80-CYOUHHO2O PUSUKY He BCIAHOBIEHO, CHOCMEePIeaacs CMIUKa meHOeHYis
00 OinbW BUPANCEHO20 NOKPAWeHHs AinioHo2o npogino. Heobxioni nodanvuii 0ocniodicenus 3
OLNBLUION0 BUOIPKOIO MA MPUBATIUUM CROCMEPENHCEHHAM OJIA YMOUYHEHHS YUX pe3yIbmamis.

KurouoBi ciioBa: crearornyHa XBopoOa MEUiHKH, acOIiioBaHA 3 METaOOIIYHO TUCHYHKITIETO,
CEpLIEBO-CYIMHHUIN PU3HK, JIIPAnTyTU]l, ananti(ao3uH, yKpoBUi a1abetT 2 TuIry.
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Abstract: Primary open-angle glaucoma is increasingly recognized as a multifactorial
neurodegenerative disease in which the progression of optic nerve damage is driven not only by
elevated intraocular pressure but also by disturbances in vascular regulation, metabolic imbalance,
oxidative stress, and glutamate-mediated excitotoxicity. These mechanisms create the need to identify
circulating biomarkers capable of reflecting early and ongoing injury of retinal ganglion cells.
The HSP70 is considered an indicator of cellular stress and a potential mediator of endogenous
neuroprotection, while the NR2B subunit of the glutamate receptor, encoded by the GRIN2B gene, is
involved in excitotoxic neuronal damage. The present study investigated the plasma concentrations of
these two markers in individuals with primary open-angle glaucoma and healthy participants, as well
as their dynamics after a short course of neuroprotective therapy consisting of reduced glutathione
and citicoline. The findings demonstrated a significantly higher level of HSP70 in patients compared
with healthy individuals, supporting its role as a marker of oxidative and stress-related neuronal
injury. In contrast, the GRIN2B marker did not differ significantly between groups before treatment,
although a tendency toward higher values in patients was observed. After ten days of combined therapy,
neither marker showed a statistically significant group-level change, which may reflect substantial
inter-individual variability, insufficient treatment duration, or the need for larger sample sizes to
detect subtle neurobiological effects. Despite the lack of a significant difference in baseline values,
the GRIN2B marker exhibited a strong prognostic ability in identifying individuals who demonstrated
a favorable biochemical response to treatment, suggesting potential utility in patient stratification
and monitoring early therapeutic effects. HSP70 demonstrated limited predictive value over the
short therapeutic interval, which may reflect the complexity of its regulation and the need for longer
observation windows. Overall, the results indicate that these circulating proteins may complement
existing clinical tools for assessing disease mechanisms in primary open-angle glaucoma. HSP70
may serve as an indicator of oxidative stress and retinal ganglion cell injury, while the GRIN2B
marker may hold promise as an early indicator of treatment response. Further research is required to
determine their stability over time, relevance in different disease stages, and suitability for integration
into clinical decision-making.

Key words: Apoptosis, Glaucoma, Glutamate Receptor, HSP70 Heat-Shock Proteins, Oxidative
Stress, Nerve Neuroprotection, Degeneration.
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Introduction

Glaucoma is one of the leading causes of
irreversible blindness, with primary open-angle
glaucoma (POAG) being its most common form
in older adults. Although elevated intraocular
pressure remains a key factor, current evidence
indicates that the progression of glaucomatous
neuropathy is also driven by vascular, metabolic,
oxidative, and excitotoxic mechanisms [1, 2].
This has increased interest in systemic biomarkers
of neurodegeneration for assessing the condition
of retinal ganglion cells and the effectiveness of
neuroprotection.

In recent years, compelling evidence has
accumulated regarding the role of oxidative stress
in the pathogenesis of glaucoma. Meta-analyses
and systematic reviews have demonstrated an
imbalance between pro-oxidant and antioxidant
systems in glaucoma patients—characterized by
elevated oxidative markers and reduced activity
of antioxidant enzymes and reduced glutathione
(3, 4].

Heat shock proteins, particularly HSP70,
are considered universal molecular chaperones
that are induced in response to various forms
of cellular stress (ischemia, oxidative injury,
inflammation). They may reflect both the degree
of tissue damage and the activation of endogenous
neuroprotective mechanisms. A recent literature
review demonstrated that HSP70 expression
increases in ocular tissues across a broad
spectrum of pathologies, including glaucoma,
and that most experimental studies show
protective effects of HSP70 on the retina and optic
nerve [5]. In experimental ischemia—reperfusion
models, pharmacological induction of HSP70
is accompanied by reduced apoptosis of retinal
ganglion cells and decreased glial activation,
confirming its key role in neuroprotection [6].
Several reports have shown that alterations in
HSP70 expression in blood and aqueous humor
are associated with the risk of POAG development
and progression, although these findings remain
fragmented and require confirmation in larger
cohort studies [7]. Therefore, HSP70 may serve
as a circulating marker of stress-induced damage
to the visual pathway in glaucoma; however, its
clinical relevance in POAG remains insufficiently
defined.
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In parallel with oxidative stress, glutamate-
mediated excitotoxicity via NMDA receptor
activation plays a crucial role in retinal ganglion
cell death. The NR2B subunit of this receptor
is encoded by the GRIN2B gene and is critical
for calcium-dependent signaling that triggers
apoptosisandneurodegeneration[8]. Duringacute
ischemic injury of neural tissues, degradation
fragments of NR2 (the so-called NR2 peptide),
as well as autoantibodies to NR2A/NR2B, can
be detected in the blood and are considered
specific biomarkers of excitotoxic neuronal
injury. Contemporary reviews on biomarkers of
stroke and transient ischemic attacks identify the
NR2 peptide and NR2A/NR2B autoantibodies
as among the most promising markers of acute
ischemic brain damage, demonstrating high
sensitivity and specificity [9].

Despite the clear pathophysiological parallels
between glaucomatous optic neuropathy and
other chronic neurodegenerative or ischemic
CNS disorders, systemic markers of NMDA-
receptor-related excitotoxicity (NR2/GRIN2B)
remain virtually unexplored in POAG patients.
Existing studies largely focus on genetic
variants of GRIN2B and their role in psychiatric
and cognitive disorders rather than on the
measurement of circulating proteins or their
fragments as indicators of glutamate-mediated
neuronal damage [10]. Data on circulating
GRIN2B/NR2 levels in glaucoma patients, their
association with clinical characteristics of the
disease, and their dynamics during treatment are
currently lacking, creating a substantial gap in
current knowledge.

A distinct direction in modern glaucoma
research is the development of effective
neuroprotective strategies aimed at preserving
retinal ganglion cells, independently of intrao-
cular pressure. Citicoline, a precursor of phosp-
hatidylcholine and acetylcholine, is considered
one of the key neuroprotective agents. Recent
randomized trials have shown that oral
citicoline (as part of combination regimens)
improves pattern electroretinogram parameters
in patients with open-angle glaucoma with
well-controlled IOP [11]. Additionally, recent
studies on oxidative stress in POAG highlight
reduced levels of reduced glutathione, providing
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a rationale for the use of glutathione-containing
agents as components of antioxidant therapy [4].

Thus, on the one hand, the search for reliable
circulating biomarkers reflecting oxidative stress
(HSP70) and glutamate-mediated excitotoxicity
(GRIN2B/NR2) in POAG patients remains
highly relevant; on the other hand, evaluating
their dynamics during combined neuroprotective
therapy with citicoline and glutathione represents
an important research objective.

Aim

To investigate the levels of HSP70 and
GRIN2B in patients with POAG and to evaluate
the dynamics of changes in these biomarkers
following a course of reduced glutathione and
citicoline.

Materials and methods

The study included 47 individuals aged 50 to
77 years, comprising 22 women and 25 men. The
control group (group 1) consisted of 9 healthy
participants with no ophthalmic or systemic
pathology. The main group (group 2) included
38 patients with POAG and compensated
intraocular pressure on standard hypotensive
therapy, without concomitant neurological
diseases or other conditions that could
potentially affect metabolic or neurodegenerative
biomarkers. Exclusion criteria for both groups
included the use of medications capable of
modulating oxidative stress or neuroprotective
mechanisms (excluding ocular hypotensive
therapy and the study-assigned treatment).
Among the main group, 15 patients received
pharmacological therapy for 10 days, including
reduced glutathione at a dose of 250 mg/day and
citicoline at a dose of 500 mg/day. All procedures
complied with the Declaration of Helsinki, and
the study received approval from the local ethics
committee. All participants voluntarily signed
informed consent.

Venous blood samples were collected
from all participants in the morning, after an
overnight fast, under standard conditions. The
control group and POAG patients underwent
baseline sampling at the beginning of the study.
The second sampling was performed after
10 days only in the 15 patients who received
pharmacological therapy. Peripheral blood was
centrifuged according to standard protocols,
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and the resulting plasma was stored at —80 °C
until analysis. Biomarker concentrations were
determined using enzyme-linked immunosorbent
assay (ELISA) with certified commercial
kits. The markers measured included HSP70
(Heat Shock Protein 70) and Human GRIN2B
(glutamate receptor, NR2B subunit). Results
were expressed in ng/mL. All laboratory
procedures were performed in accordance with
Good Laboratory Practice (GLP).

Statistical analysis was conducted using
Statistica 10.0 (Statsoft, USA). Descriptive
statistics were presented as mean + standard
deviation (M = SD). An independent samples
t-test was used to compare the control group
and POAG patients before treatment, while the
paired t-test was used to evaluate changes after
therapy. Diagnostic informativeness of HSP70
and GRIN2B was assessed through intergroup
comparisons. Clinical significance of changes
was evaluated using Cohen’s d. Relationships
between pre- and post-treatment values were
analyzed using linear regression with calculation
of B and R2 The prognostic capability of the
markers was assessed using ROC analysis, with
calculation of AUC and optimal threshold based
on Youden’s index (sensitivity, specificity).
A p-value < 0.05 was considered statistically
significant.

Results

To assess the diagnostic informativeness of
the HSP70 and GRIN2B markers, their levels
were compared between the patient group before
treatment and healthy individuals (Fig. 1).

The mean GRIN2B level in patients before
treatment was 1.95 ng/mL, whereas in the
control group it was 1.48 ng/mL. Although
patients demonstrated a tendency toward
higher GRIN2B values, the difference was not
statistically significant (p = 0.483). In contrast
to GRIN2B, HSP70 showed clearly pronounced
differences. The mean HSP70 level in patients
before treatment was 12.35 ng/mL, which
significantly exceeded the control group value
of 5.08 ng/mL, with a statistically significant
difference (p = 0.032).

A total of 15 paired measurements of heat
shock protein (HSP70) levels before and after
treatment were analyzed. In most cases, post-
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Fig. 1. Levels of HSP70 and GRIN2B in control
group and patients with POAG

treatment HSP70 levels exceeded baseline values.
The mean difference was 4.72 + 16.74; however,
no statistically significant changes were detected
(p = 0.29). Cohen’s d indicated a small effect
size (d = 0.28), suggesting high inter-individual
variability in treatment response. Linear
regression demonstrated a weak and statistically
non-significant association between baseline and
post-treatment HSP70 levels (B = 0.41; p=0.13;
R?=0.17), indicating limited prognostic value of
this marker (Fig. 2).

The GRIN2B marker demonstrated a
different pattern. In a subset of patients, GRIN2B
decreased after treatment, which was interpreted
as a positive therapeutic response. The mean
difference was —0.02 + 1.09, and Cohen’s d was

close to zero (d = —0.02), indicating an overall
absence of a group-level effect.

Linear regression analysis for GRIN2B
before and after treatment showed a weak and
statistically non-significant association (§ = 0.05;
R?=0.01), indicating that baseline levels did not
predict post-treatment values (Fig. 2).

In the initial analysis, treatment effectiveness
was evaluated based on an increase in HSP70
after therapy. The AUC was only 0.20, indicating
no prognostic ability of HSP70 (Fig. 3). Even
when using a >20% increase in HSP70 as the
response criterion, diagnostic accuracy remained
low.

After defining a positive response as a
decrease in GRIN2B following treatment, ROC
analysis demonstrated a substantial improvement
in the prognostic ability of this marker. The
AUC reached 0.812, indicating good diagnostic
accuracy (Fig. 3).

Using Youden’s index, the optimal pre-
treatment GRIN2B cutoff was determined as
1.88. This threshold provided a sensitivity of 0.71
and a specificity of 1.00, making it a promising
cutoff for patient stratification.

Discussion

In light of current evidence confirming the
multifactorial nature of POAG — highlighting
not only intraocular pressure but also
vascular, metabolic, oxidative, and excitotoxic
mechanisms — the search for -circulating
biomarkers capable of reflecting retinal
ganglion cell neurodegeneration remains highly
relevant. In particular, increased expression of

Fig. 2. Linear regression for (A) HSP70 and (B) GRIN2B before and after treatment
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Fig 3. ROC analysis for (A) HSP70 and (B) GRIN2B.

HSP70 and the involvement of GRIN2B gene
in the pathogenesis of neuronal injury provide
a rational basis for our investigation. Notably,
oxidative stress has been shown to play a key
role in glaucomatous neuropathy through
mitochondrial dysfunction and activation of
reactive oxygen species [12, 13]. Additionally,
NMDA -receptor activation and glutamate excess
induce calcium-dependent retinal ganglion cell
death [14].

In our study, we found a significant
elevation of plasma HSP70 levels in POAG
patients compared with healthy controls
(12.35+9.02 ng/mL vs. 5.08+3.23 ng/mL;
p = 0.032). This is consistent with evidence of
enhanced cellular stress-response activation
in glaucoma and a possible upregulation of
endogenous neuroprotection via HSP70 [15].
Thus, HSP70 may serve as a potential marker of
oxidative/stress-related injury within the visual
pathway. However, our attempt to evaluate
HSP70 dynamics after 10 days of treatment
(glutathione + citicoline) revealed only a slight,
statistically insignificant increase (p=10.29;
d=0.28) and a weak prognostic association
(B=0.41; R* = 0.17). This indicates high inter-
individual variability in treatment response and
limited short-term prognostic value of HSP70.

Regarding the NR2/GRIN2B marker,
although a tendency toward elevation before
treatment was observed (1.95 + 2.13 ng/mL
in patients vs. 1.48 + 0.35 ng/mL in controls;

p = 0.483), the difference did not reach statistical
significance. Following treatment, the mean
change was minimal (—0.02 = 1.09; d = —0.02),
with no correlation between baseline and post-
treatment levels (B = 0.05; R>=0.01). However,
a noteworthy finding emerged from the ROC
analysis: AUC = 0.812, and the optimal cutoff
of 1.88 ng/mL provided a sensitivity of 0.71
and a specificity of 1.00. This suggests that
plasma NR2/GRIN2B may serve as a marker
of therapeutic response or patient stratification,
despite the absence of a statistically significant
group shift. Given the limited number of studies
assessing circulating NR2/GRIN2B biomarkers
in glaucoma, our findings address an important
knowledge gap.

When comparing our results with existing
literature, it should be noted that most
studies focus on oxidative stress while few
investigate circulating protein biomarkers of
neurodegeneration in glaucoma. For example, a
recent review emphasized oxidative stress as a
central mechanism of glaucomatous neuropathy
and apotential therapeutic target[16]. Meanwhile,
the role of NMDA-mediated excitotoxicity in
glaucoma is discussed mainly in experimental
models, and clinical data on NR2B protein
or its autoantibodies remain fragmented. Our
findings support the concept that NR2/GRIN2B
may be a relevant biomarker — although larger
studies with longer therapeutic interventions and
inclusion of clinical endpoints are required.
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From a practical perspective, the results larger sample sizes to detect meaningful effects.
obtained have several implications. First,elevated = The results obtained highlight the potential of
HSP70 in POAG reinforces the rationale for = HSP70 as a diagnostic indicator and GRIN2B as
incorporating antioxidant and neuroprotective a marker of therapeutic response, emphasizing
strategies alongside intraocular pressure control.  the need for further studies to clarify their clinical
Second, NR2/GRIN2B may serve as a tool for  significance in the management of glaucomatous
patient stratification or monitoring treatment neuropathy.

response to neuroprotective agents, though its Financing
clinical use requires further validation. At the This study did not receive external funding.
same time, the short 10-day treatment period Conflict of interest
did not allow for conclusive HSP70 changes, The authors declare that there is no conflict
indicating the need for longer observation and of interest and no financial interest in the
larger samples. preparation of this article.

In summary, our study demonstrates that Consent to publication
HSP70 and NR2/GRIN2B hold potential as All authors have read and approved the final

circulating biomarkers in POAG: HSP70 as version of the manuscript. All authors have
an indicator of stress-related neuroinjury, and agreed to publish this manuscript. Al tools were
NR2/GRIN2B as a possible marker of therapeutic ~ not used in preparing this manuscript.

response. However, further research involving Ethical Considerations
larger cohorts and longer treatment durations is Ethical approval Ne9 from 09.11.2020
necessary before their implementation in clinical Author Contributions (CRediT taxonomy)
practice. Conceptualization: Nedilka Taras (ORCID:

Conclusions 0009-0003-9185-561X);

In patients with primary open-angle Methodology: Lutsenko Nina (ORCID:
glaucoma, a significantly elevated level of 0000-0001-9433-7568);
HSP70 was detected compared with healthy Software: Nedilka Taras;
individuals, confirming its role as a marker of Validation: Lutsenko Nina;
oxidative stress and neuronal injury. In contrast, Formal analysis: Nedilka Taras;
GRIN2B/NR2 did not demonstrate statistically Investigation: Nedilka Taras;
significant intergroup differences but showed Resources: Nedilka Taras;
good prognostic capability in the ROC analysis Data curation: Nedilka Taras;
for identifying patients who may potentially Writing — original draft: Nedilka Taras;
respond to neuroprotective therapy. The short 10- Writing — review & editing: Lutsenko Nina;
day course of glutathione and citicoline treatment Visualization: Nedilka Taras;
did not produce significant changes in the levels Supervision: Lutsenko Nina;
of the studied biomarkers, which may indicate Project administration: Lutsenko Nina;
the need for a longer therapeutic intervention or Funding acquisition: Nedilka Taras.
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JiarHoCcTUYHMIA Ta MPOrHOCTUYHUN MoTeHiaa uupkyaowdunx HSP70
Ta GRIN2B npu nepBuHHIi BiIKPUTOKYTOBiH I1ayKoMi
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PAHHE ma NomouHe ypadiceHHs eanenioznux kaimuw cimxieku. HSP70 esadicaiomsv inouxamopom
KIIMUHHO20 cmpecy ma NOMEeHYIUHUM MediamopoM eHOO2EHHO20 HEeUpONnpOMeKYiliHO20 3axXucmy,
mooi sk cyboounuys peyenmopa enymamanmy NR2B, koooeana zemom GRIN2ZB, 6epe yuacmuv
8 eKCAUmMOMOKCUUHOMY YUIKOONCEHHI HeUpoHie. Y ybomy 00CniodcenHi 0Y10 NPOAHANIZ08AHO
KOHYeHmpayii yux 080X Mapkepis y niasmi Kposi 8 ocib 3 NepeUHHOI GIOKPUMOKYMOBOIO 21AYKOMOIO
ma y 300pOo8UX YUACHUKIB, A MAKONC IXHIO OUHAMIKY RICIA KOPOMKO20 KYPCY HeuponpomexKmugHoi
mepanii, wWo BKIUALA BIOHOGIEHUU 2Tymamion i yumuxonin. Ompumani pe3yibmamu noKa3aiu
sHauHo euwuti pieeno HSP70 y nayicumie nopieHsaHo 3i 300pogumu ocoboamu, wo niomeepoicye
1020 ponb AK MapKepa OKCUOAMUBHO20 MA CMPec-acoyilio8aH020 HEUPOHAILHO2O YVUIKOONCEHHSL.
Ha siominy 6i0 yvoco, pisenv mapxkepa GRIN2B 0ocmosipno He 8iOpi3HAGCA Midc epynamu 00
JUKYBAHHSA, X0UA CNOCMEPIeanacs meHoeHyis 00 suwux 3Havensv y nayienmis. Ilicin decimudeHno2o
KOMOIHO8AH020 NIKVBAHHS JHCOOEH i3 MapKepié He NPOOeMOHCMPY8A8 CMAMUCMUYHO 3HAYYUWOT
3MIHU HA 2PYN0BOMY DIBHI, WO MOdce 8i000padcamu 3HAYHY MINHCIHOUBIOVAIbHY 8apiabenbHicCmb,
Hedocmamuioo mpusaiicme mepanii abo nompedy y 30i1bueHH] 8UOIPKU 0N BUABTIEHH MOHKUX
Hetipobionociynux egpexmis. Hezsadicarouu na 6iocymuicmes cymmesoi pisHuyi y GUXIOHUX 3HAYEHHSX,
mapxep GRIN2B npodemoncmpysag 8UcoKy npocHOCMUYHY 30aMHICMb w000 i0enmugikayii ocio,
KT NOKA3AMU CNpUAMauU8y OiOXIMIYHY 8i0N06i0b HA NIKY8AHHS, WO CEIOYUMb NPO 1020 NOMEHYIUHY
Kopucms 051 cmpamughikayii nayicHmie i MOHIMOPUH2Y paHuix mepanesmuynux egpexmis. HSP70
npOOeMOHCMPY8A8 O0OMENCEHY NPOSHOCMUYHY YIHHICMb ) KOPOMKUL Mepanesmudnuti iHmepeal,
wo Mmooice Oymu 3yMOBNIEHO CKAAOHICMIO U020 pe2ynayii ma HeoOXIOHICMI0 mpueaniuo2o nepiooy
cnocmepedicenHs. 3az2anom pe3yibmamu c8iouams, Wo Yyi YUpK)YIdl OLIKU MOXCYymMb 00N08HI08AMU
HAS8HI KJLIHIYHT IHCMPYMeHmMU 015 OYIHKU MEXAHIZMIB PO36UMKY NePBUHHOI 8I0KPUMOKY MO0 21AYKOMU.
HSP70 mooice cnyeyeamu inOuKamopom OKCUOAMUBHO20 CMpecy ma YUIKOONCEHHS 2AH2NI03HUX KIIMUH
cimkiexu, mooi ax mapkep GRIN2B mooice mamu nepcnekmugy siKk pamHiu iHOUKamop 8i0nogioi Ha
qikysanns. Ilooanvui 0ocnioxcents HeoOXIOHI Ol 6U3HAYEHHS IX PIBHI6 8 OUHAMIYI, 3HAYEHHS HA
PI3HUX CIAOIAX 3AX680PIOBAHHS MA MONCIUBOCMI IHMe2payii y npoyec KAiHIYHO020 NPULIHAMMSL PileHb.

KurouoBi cioBa: Amnonro3, Imaykoma, Penenrtop I[myramary, [lerenepamis, HSP70 binku
TEIUI0BOTO 10Ky, Heiponpotexkiisi, OxkcunaTuBHUi cTpec.
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Abstract: In type 2 diabetes mellitus, a connection has been established between markers of
inflammation, endogenous intoxication and the functional activity of pancreatic p-cells. A significant
increase in endogenous intoxication due to the inflammatory process in the pancreatic tissue impairing
its functions, including excretory. The aim was to assess the severity of endogenous intoxication in the
presence of comorbidity of type 2 diabetes mellitus and excretory pancreatic insufficiency, to verify the
feasibility of enhancing conventional treatment with the drug phenibut and acupressure techniques. 45
people with a combination of type 2 diabetes mellitus and excretory pancreatic insufficiency underwent
several assessments of the severity of endogenous intoxication. Levels of medium-mass molecules with
maximum absorption at wavelengths of 254 nm and 280 nm, and the sorption capacity of erythrocytes
were determined. The study group was divided into subgroups according to the treatment method:
standardized therapy, additional inclusion of phenibut, and strengthening the drug complex with
acupressure courses. The violation of the processes of maintaining homeostasis and the increase in
endogenous intoxication in the studied group is indicated by a significant excess of the control values
of the indicators by 1.7-2.1 times. A decrease in endogenous intoxication indicators (on average by
9.14 %) was detected during standardized therapy. However, in the sixth month, a significant repeated
increase in the above indicators was observed. Additional use of phenibut had a more significant effect
on the manifestations of endogenous intoxication by an average of 27.70 %. The positive dynamics
were still evident when repeating the laboratory test after six months. The combination of conventional
treatment, use of phenibut and undergoing a course of acupressure during the first month caused the
most pronounced correction of endogenous intoxication — on average by 42.44 %. No significant
dynamics of endogenous intoxication parameters were observed during the sixth month of the study,
which indicates the stability of the changes achieved during the first stage of treatment. The only
exception was the sorption capacity of erythrocytes, which showed signs of normalization. A significant
increase in endogenous intoxication due to the accumulation of metabolic products was found in the
combination of type 2 diabetes mellitus with excretory pancreatic insufficiency. Additional use of the
drug phenibut and acupressure courses led to a decrease in endogenous intoxication, which was more
pronounced and persistent than in the subgroup with exclusively conventional treatment.

Keywords: Acupressure, Diabetes Mellitus, Dyspepsia, Phenibut, Pancreatic Insufficiency,
Medium-Weight Molecules, Sorption Capacity Of Erythrocytes.
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Introduction

Endogenous intoxication (EI) occurs as a
result of an imbalance between the synthesis
and excretion of metabolic products. In addition,
deterioration of gas exchange, microcirculation,
activation of the coagulation and kallikrein-
kinin systems, accumulation of reactive oxygen
species and stress molecules also develops [1].
The vast majority of metabolic products are
medium-mass molecules (MMM) — from 300
to 5000 daltons. These include products of
fibrinogen hydrolysis, globulins, hormone
catabolism, phagocytosis inhibitors, etc. These
protein compounds in increased concentrations
have a toxic effect on the body [2]. EI can be
especially pronounced in those pathological
conditions whose pathogenesis is characterized
by metabolic disorders. Examples of these are
hyperglycemia caused by insulin resistance and
excretory insufficiency of the pancreas, which
worsens the trophic status [3, 4].

A relationship between inflammatory
markers, EI, and functional activity of pancreatic
B-cells has been established in type 2 diabetes
mellitus (DM). This further reduces glycemic
control in the presence of insulin resistance [2,
5]. Excretory pancreatic insufficiency (EPI) is
most often a consequence of chronic fibrotic
inflammation of the pancreas [6]. It causes
dyspepsia due to maldigestion (impaired
digestion) and malabsorption (impaired absor-
ption due to the development of secondary
enteritis), which leads to a general destabilizing
effect on the body [7, 8].

The higher probability of endotoxicosis can
complicate the management of patients with a
combination of type 2 DM and EPI, creating the
need to take into account additional laboratory
indicators to understand the current state of the
body in conditions of comorbidity, the selection
of optimal treatment and rehabilitation regimens.
The drug phenibut and the reflexotherapy
technique of acupressure were chosen as auxiliary
correction tools. Phenibut has antihypoxic
properties, contributes to the normalization of
metabolism and improvement of blood flow,
primarily in brain tissue [9]. The acupressure
technique was chosen of the non-drug methods.
It is a stimulation of biologically active points,
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combines the therapeutic effects of massage and
reflexotherapy [10].
Aim
The aim was to assess the severity of
endogenous intoxication in the presence of
comorbidity of type 2 diabetes mellitus and
excretory pancreatic insufficiency, to verify the
feasibility of enhancing conventional treatment
with the drug phenibut and acupressure
techniques.
Materials and methods
The study was carried out on the basis of
the Center for Primary Health Care of Ternopil
and the polyclinic of the Ternopil Municipal
City Hospital No. 2 Patients were informed
about the study and provided written consent in
accordance with the World Medical Association
Declaration of Helsinki «Ethical Principles for
Medical Research Involving Human Subjects»
(2013, principles No. 25-27, 31), the Council
of Europe Convention on Human Rights and
Biomedicine, as well as in accordance with
the legislation of Ukraine (Protocol No. 82 of
the Bioethics Commission of I. Horbachevsky
Ternopil National Medical University of the
Ministry of Health of Ukraine of September 03,
2025). Comorbidity of type 2 DM and EPI was
a criterion for inclusion in the study group.
Exclusion criteria: type 1 DM, previous surgical
interventions on the abdominal organs, malignant
neoplasms of the pancreas, the presence of
other clinically significant concomitant diseases
in the phase of exacerbation or unstable
remission. Examination, treatment courses and
rehabilitation were conducted by 45 people with
a combined course of type 2 DM with EPI. The
study group was randomly divided into three
equal subgroups of 15 people:
— use of standardized therapy (ST) according
to current protocols;
— ST enhancement by taking phenibut (STP)
1 tablet (250 mg) twice a day (morning
and afternoon) for 10 days with subsequent
transition to half the dose for the next
4 days;
— strengthening of drug treatment with
a course of acupressure (STPA) of
14 sessions using the braking method,
massage was performed at points along the
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paravertebral lines and areas related to the
pancreas.

A second course of phenibut for patients
in the second subgroup and a second course of
phenibut and acupressure for patients in the third
were carried out after 6 months. The results were
compared with a control group consisting of 10
healthy individuals.

The EI characteristic was represented by
medium-mass molecules with an absorption
maximum at a wavelength of 254 nm (MMMI,
containing aromatic amino acids, indicating the
activation of catabolic processes) and 280 nm
(MMM2, containing nucleotides, indicating
the content of nitrogenous metabolic products),
sorption capacity of erythrocytes (SCoE). MMM
were determined in blood plasma according to
a modification of the method of N. Gabrielyan
and co-authors [2, 11]. SCoE was determined
according to the method of A. Togoibayev and
co-authors [12].

Statistical analysis of the research results was
performed using an Intel Core 13-8100 personal
computer, MicrosoftOffice 2016 and IBM SPSS
Statistics 26 licensed software packages. It
included calculation of the arithmetic mean and
its error (M £+ m), parametric (Student's t test) and
nonparametric methods (if the data distribution
differs from the "normal"): Mann-Whitney U
test, Wilcoxon W test. The risk of error of less
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than 5.0 % (p<0.05) was considered a reliability
criterion.

Results

A significant (p<0.001) excess of the
control values of MMMI1 (1.7 times), MMM2
(1.8 times), SCoE (2.1 times) indicates a violation
of the processes of maintaining homeostasis and
increased EI in the combination of type 2 DM
and EPI (Fig. 1).

A decrease in the concentration of MMMI1
(by 8.76 %), MMM2 (by 6.78 %) and SCoE (by
11.87 %) by an average of 9.14 % was detected
in the ST subgroup 1 month after the start of
treatment (Table 1). However, at the sixth month,
a significant re-growth of the above indicators
was observed, which ceased to be statistically
different from their own values before the start of
treatment. This indicates a short-term decrease
in EI when using conventional treatment, which
may subsequently worsen the controllability
of hyperglycemia and exocrine insufficiency,
requiring the search and inclusion of additional
means of correcting the patient's condition.

The combination of ST with the use of
phenibut had a more significant effect on the
manifestations of EI (Table 2). The decrease in
MMMI1 by 23.77 %, MMM2 by 24.72 %, SCoE
by 34.60 % (on average by 27.70 %) during
the first month of treatment was significantly
different from the results of ST subgroup. When

Figure 1 — El indicators
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Table 1. Dynamics of EI parameters in patients with a combination of type 2 DM
and EPI in the ST subgroup

EI parameter

Research group

MMM1 MMM2 SCoE
Control (n=10) 333.154£5.65 148.20+1.78 27.48+0.81
ST, pre-treatment (n=15) 574.80+12.61 * 259.60+10.88 * 60.27+1.78 *

ST, 1st month. (n=15) 524.47+15.28 *#

242.00+£9.84 *# 53.12+1.62 *#

566.44+22.44 " ##

ST, 6st month. (n=15)

261.53+12.56 *## 57.90+1.40 *#

Note 1. " — significant difference compared to control (p<0.05).
Note 2. % —significant difference compared to pre-treatment value (p<0.05).
Note 3. # — significant difference compared to post first stage of treatment value (p<0.05).

Table 2. Dynamics of EI parameters in patients with a combination of type 2 DM
and EPI in the STP subgroup

EI parameter

Research group

MMM1 MMM2 SCoE
Control (n=10) 333.15+£5.65 148.20+1.78 27.48+0.81
STP, pre-treatment (n=15) 567.40+12.62 * 268.87+10.76 * 60.43+1.55 "

STP, 1st month. (n=15) 432.53+£17.33 *#"

202.40+8.50 *#" 39.52+1.46 " #"

STP, 6st month. (n=15) 381.87+23.49 ###"

166.81+11.35 ###" 33.5241.43 *##7

Note 1. " — significant difference compared to control (p<0.05).

Note 2. * — significant difference compared to pre-treatment value (p<0.05).

Note 3. # — significant difference compared to post first stage of treatment value (p<0.05).
Note 4. " — significant difference compared to subgroup ST (p<0.05).

repeating the laboratory study after halfa year, the
preservation of positive dynamics was revealed,
which was combined with its slowdown: MMM 1
decreased by 11.71 %; MMM2 — by 17.59 %;
SCoE — 15.18 %. The indicators of medium-
molecular peptides ceased to differ from the
control, indicating normalization.

The combination of conventional treatment,
the use of phenibut and the course of
acupressure during the first month caused the
most pronounced correction of EI (Table 3).
The decrease in MMMI1 by 38.17 %, MMM?2
by 45.58 % and SCoE by 43.57 % (on
average by 42.44 %) significantly exceeded
the corresponding values of the ST and STP
subgroups. Normalization of the levels of
medium-molecular peptides was also noted,
which indicates the possibility of faster
achievement of their target concentrations

with the combined use of drug and non-drug
therapeutic methods. At the 6-th month of the
study, no significant dynamics of EI parameters
were observed, which means the stability of
the changes achieved during the first stage of
treatment. The only exception was the SCoE
indicator, which showed signs of normalization.

Discussion

Experiments on laboratory animals confirmed
the increase in EI by the levels of MMMI1 and
MMM2 in experimental diabetes mellitus [13].
According to a 2022 publication, the addition
of insulin resistance to the course of chronic
pancreatitis in patients caused an increase in
MMMI (by 29.57 %), MMM2 (by 35.39 %),
SCoE (by 19.22 %). This indicates a significant
imbalance between the synthesis and excretion
of metabolic products due to worsening glycemic
control. Analysis of data from 112 patients
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Table 3. Dynamics of EI parameters in patients with a combination of type 2 DM
and EPI in the STPA subgroup

EI parameter

Research group

MMM1 MMM2 SCoE
Control (n=10) 333.15+5.65 148.20+1.78 27.48+0.81
STPA ,pre-treatment (n=15) 556.87+14.02 * 272.20+8.35 " 54.70+2.30 *
STPA, 1st month. (n=15) 344.33£9.38 #" " 148.13£7.13 #"™" 30.87£1.09 *#°™

335.20+12.46 %"

STPA, 6st month. (n=15)

147.41+8.01 #* 30.28+1.57 #"

Note 1. " — significant difference compared to control (p<0.05).

Note 2. # — significant difference compared to pre-treatment value (p<0.05).

Note 3.7 — significant difference compared to post first stage of treatment value (p<0.05).
Note 4. " — significant difference compared to subgroup ST (p<0.05).

Note 5."" — significant difference compared to subgroup STP (p<0.05).

revealed a direct correlation between SCoE
and glycated hemoglobin (r=0.552; p<0.05)
and an inverse relationship between SCoE and
fecal a-elastase (r=0.517; p<0.05). The above
confirms the existence of mutually aggravating
effects of EI, hyperglycemia, and EPI [1].

One of the potential mechanisms of influence
of the means considered in our study, namely the
nootropic drug phenibut and the reflexotherapy
technique (acupressure), may be the relationship
of EI with the autonomic nervous system and
psychoemotional state. Thus, in a 2021 study,
direct correlations of the Kalf-Kalif leukocyte
intoxication index with autonomic dysfunction,
personal anxiety, and neuroticism were found in
patients with pancreatic lesions [14]. Phenibut
affects the nervous system by interacting with
y-aminobutyric acid receptors, and acupressure
creates a focus of prolonged impulses due to
local treatment of biologically active points on
the skin. Although the Kalf-Kalif index was not
determined in our study, its direct correlation
with MMMI1 (r=0.533; p<0.05) and MMM2
(r=0.515; p<0.05) was found in a 2021 study [2].

Several studies have confirmed the beneficial
effect of correction of EI indicators by infusion
therapy, which led to an improvement in the
course of DM and EPI comorbidity [11, 15].
However, the assessment of effective outpatient
treatment methods, which was carried out in
our work, is no less important. The prospect of
our further studies is to increase the sample size

in order to obtain a more complete statistical
picture and eliminate possible calculation errors.

Conclusions

A significant increase in EI was found due
to the accumulation of metabolic products when
combining type 2 DM with EPI. Additional use
of phenibut, as well as strengthening of combined
drug therapy with acupressure courses, caused a
decrease in medium molecular weight proteins
and SCoE, which was more pronounced and
stable than in the subgroup with exclusively
conventional treatment. The inclusion of
reflexology led to the achievement of target
values of EI indicators more quickly.
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Anomayia. Ilpu yykposomy Oiabemi 2-20 mumy 6CMAHOBLEHUU 38 30K MIJNC MapKepamu
3aNnaneHtsl, eH002eHHOI THmMoKcuKayii ma QyHKYIOHANbHOIO AKMUBHICIIO [-KAIMUH NiOULTYHKOBOI.
Cymmese nocunenHs inmoKcukayii 6HACIi00K 3anaibHO20 NPoyecy y MKAHUHI NIOUWTYHKOBOI 3a1103U
noeiputye ii pynxyii, y momy dic uucii — ekckpemopny. Memorw 00cniodiceHHs € OYIHKA 8UPAAHCEHOCTI
€HO02eHHOI THMOKcuxayii npu KomopOioHoCmi yyKkposoeo Oiabemy 2-20 muny i eKCKpemopHoi
NAHKpeamuiHoi HeOOCMAmMHOCMI, NepesipKa OOYLIbHOCMI NOCUTLEHHS 3a2albHONPULHAMO20 JIIKYBAHHSL
3a 00NOMO2010 MEOUKAMEHMO3H020 npenapamy @eHioymy ma memoouxu axynpecypu. 45 ocio i3
NOEOHAHHAM UYYKPOB02o diabemy 2-20 muny ma eKCKpemopHOI NamKpeamudHoi HeooCmamuocmi
KLIbKapazoeo npoxoousiu OYiHKY BUPAXCEHOCMI eHO02eHHOT IHmoKcukayii. Busnauanucs pieni Monexy
CepeoHboi Macu 3 MAKCUMYMOM NOSTUHAHHA HA 008xcuHi xeuni 254 um ma 280 um, copbyiunoi
30amuocmi epumpoyumis. [lociiona epyna 6yna nodiiena Ha nioepynu 32i0H0 MemoOuKu JiKy8aHHsL:
CManOapmu308ana mepanisi, 000aAmMKose KIOYeHHs. Y Hel (heHiOymy 1l NOCUNIeHHs MeOUKAMEHMO3HO20
KomMnexcy Kypcamu akynpecypu. IIpo nopywenns npoyecie niompumku 2omMeocmasy ma nOCUNeHHs
€HO02eHHOI IHMOKCUKAYIL Y 00CAI0NCYBAHIN 2pYNi 20860pumMb 00CMOBIPHE NePesULYy eHHsL KOHMPOTbHUX
3Hauenb nokasuuxie y 1.7-2.1 pasu. Ilpu euxopucmauHi cmanoapmu3o08aHoi mepanii 6UAENEHO
3HUdICEHHA napamempis inmokcukayii (v cepeonvomy na 9.14 %). Oomax na wocmomy micayi
cnocmepieascs O0OCMOBIPHULL NOBMOPHULL picm  HABEOeHUX NOKA3HUKIE. Jlooamkoee 6iCUBAHMSA
Genibymy OinbuL icMOmMHO 8NIUHYILO HA NPOSABU eHO02eHHOT IHmoKcuxayii y cepedonvomy Ha 27.70 %.
IIpu nosmopenni 1a60pamopHo2o 00CHIONHCeHHs Yepe3 Ni8 POKY BUABLEHO 30epedcenHs NO3UMUBHOL
ounamixu. Iloconannsa 3a2anbHONPUUHAMO20 NIKYBAHHS, BICUBAHHI (DeHiOYmYy ma NPOXOOHCEeHHs.
KYPCY aKynpecypu npomsa2om nepuio2o Micsays 6UKIUKATLO HAUOLIbUW GUPAdICEH) KOPEKYil0 eHO02EeHHOT
iHmoxkcukayii — y cepeonvomy Ha 42.44 %. Ha wiocmomy micayi 0ocniodrcenHs 00CmogipHoi OUHAMIKU
00CIOHCYBAHUX NAPAMEMPIB HE CHOCMEPI2AOCh, WO O3HAYAE CIMILIKICMb O0CASHYMUX ) X00T NePuLo20
emany JiKy8aHHsA 3MiH. Bunamok cmanoeus minvKu nokasHuK copoyitiHoi 30amHocmi epumpoyumia,
SAKULL NPOs6IAE 03HAKU Hopmanizayii. Buseneno icmommue nocunienHs eHO02eHHOI IHMOKcuxkayii 3a
PAXYHOK HAKONUYEHHs NPOOYKmMie Memabonizmy npu nOEOHAHHI YyKkpogozo diabemy 2-20 muny i3
eKCKpemopHOI0 NAHKpeamuuHo Heoocmamuicmio. J{ooamkose 6x#cusanus npenapamy genioymy
ma npoxo0dceHHs: KYPCi8 aKynpecypu npusgoouiu 00 3HUNCEHHs eHO02eHHOI IHmoKcukayii, wo 0yno
OiNbW BUPAdCEHUM Ul CIMIUKUM, HIXHC Y Ni02PYNI i3 GUKIIOUHO 3A2ANbHONPUIHAMUM JIKY8AHHAM.

KurouoBi ciioBa: akymnpecypa, IyKpoBHii 1iabeT, AUCTIENCisl, MOJIEKYIIH CepeIHbOI MacH, PeHiOyT,
copOuiifHa 3MaTHICTh €PUTPOLIUTIB. Copyright: © 2025 by the authors:
licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/).

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

41


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
mailto:medvid_ii%40meta.ua?subject=
http://creativecommons.org/licenses/by/4.0/

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 4 (158), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

YIK: 616.85-06:616.89-008.441.1]-07-08:355.097.2
https://doi.org/10.32345/USMYJ.4(158).2025.42-50

Received: July 01, 2025
Accepted: October 12, 2025

Dynamics of non-specific quality of life in volunteers with neurotic
and stress-related mental disorders before and after a corrective-
therapeutic program

Bohdan Sumariuk, Olha Yurtsenyuk

Bukovinian State Medical University, Chernivtsi, Ukraine
Address for correspondence:

Bohdan Sumariuk

E-mail: sumariuk.bohdan.fpol9@bsmu.edu.ua

Abstract: This article presents the results of a study on the dynamics of non-specific quality of
life in volunteers with neurotic and stress-related mental disorders before and after completion of
a corrective-therapeutic program. The study included 288 volunteers aged 18 to 60 years (mean
age 27.10 = 8.36), who were divided into three groups: an experimental group (40 participants), a
control group (42 participants), and a reference group (206 participants). The experimental group
underwent a program that combined pharmacological treatment with a low-intensity psychological
intervention, Problem Management Plus. The control group received standard treatment, while
the reference group consisted of volunteers without signs of mental disorders. Quality of life was
assessed using the Medical Outcomes Study Short Form 36-Item (SF-36). At baseline, quality of life
indicators in volunteers with mental disorders were significantly lower across all scales compared to
the reference group. In particular, on the Physical Functioning scale, mean values were 89.1 £ 6.6
in the experimental group and 89.3 £ 6.7 in the control group, both lower than 95.5 + 6.5 in the
reference group. Three months after the program, the score in the experimental group increased to
98.7 + 2.7, exceeding the reference level (p = 0.003), while the control group reached 94.6 +4.5. On
the Role-Physical scale, scores in the experimental group improved from 71.4 = 13.7 to 92.3 + 6.6,
surpassing the reference group (p < 0.001), whereas the control group showed a less pronounced
increase to 78.8 £ 12.6. Marked improvements were also observed in psychological domains. The
Role-Emotional score in the experimental group increased from 39.4 + 13.8 to 79.3 + 8.0, exceeding
the reference level (72.4 = 17.7; p < 0.001), while remaining lower in the control group. Vitality
increased from 33.6 £ 10.1 to 64.1 £ 5.8 in the experimental group, higher than the reference group
(58.1 £ 11.6; p < 0.001), whereas the control group achieved only 45.8 + 8.3. On the Mental Health
scale, the experimental group improved from 40.4 £ 8.9 to 70.0 = 7.3, reaching a level comparable
to the reference group (65.6 = 13.6; p = 0.053), while the control group remained significantly lower
(47.5 = 10.6; p < 0.001). Similar positive dynamics in the experimental group were observed on other
scales: Social Functioning increased to 88.5 = 7.2, surpassing the reference group (77.5 + 18.1;
p < 0.001); Bodily Pain reached 100 £ 0.0, higher than the control group (93.1 +9.2; p < 0.001); and
General Health increased to 73.1 8.3, comparable to the reference group (70.0+ 15.0; p = 0.220). In
the control group, quality of life indicators also improved, but the changes were less pronounced, and
even after three months, most scales remained lower than those of the reference group. The obtained
results demonstrate the effectiveness of combining pharmacological treatment with the Problem
Management Plus psychological intervention in improving the non-specific quality of life of volunteers
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exposed to stress factors during wartime. The application of the comprehensive program contributed
not only to the normalization of quality of life but also to exceeding the levels of healthy respondents in
several domains. Further research should focus on evaluating the long-term effects of this intervention
and the potential for its broad implementation within psychosocial support systems for volunteers.

Keywords: Adjustment Disorders, Anxiety Disorders, Depressive Disorder, Mental Health,
Psychiatry, Quality of Life, Trauma and Stressor Related Disorders, Volunteers, Stress, Psychological,
Stress Disorders, Post-Traumatic, Psychoeducation.

Introduction Among the most common negative psycho-

During the period of russia’s full-scale emotional states reported by respondents were:
invasion of Ukraine, the number of people anxiety and tension (58%), sleep disturbances
exposed to traumatic events has increased, (50%), exhaustion (49%), low mood (49%),
leading to the development of neurotic and emotional instability (45%), and irritability or
stress-related disorders. According to estimates  anger (44%) [2].
by the World Health Organization (WHO), one One of the main groups affected by trauma-
in five individuals (22%) who have experienced tization consists of individuals who directly
war or another armed conflict within the past 10 provide assistance to those in need volunteers.
years is at risk of developing depression, anxiety =~ The impact of psychotraumatic factors, physical
disorder, post-traumatic stress disorder, or other  strain, and changes in living and working

mental disorders [1]. conditions significantly affect the quality of life
A sociological survey conducted within the  of individuals engaged in volunteer activities [3].
framework of the nationwide mental health Despite the relevance of this issue, the

program “How Are You?”, initiated by First problem of non-specific quality of life among
Lady Olena Zelenska and carried out by the volunteers in Ukraine during wartime remains
4Service company, revealed a gradual decline insufficiently studied. Therefore, the present
in satisfaction with one’s own mental health. study aims to assess the non-specific quality of
The study, which took place from December 12, life in volunteers with neurotic and stress-related
2024, to January 4, 2025, found that only 21%  mental disorders during the russia-Ukraine war.

of respondents reported being satisfied with Aim
their mental state, whereas 44% indicated To investigate the dynamics of non-specific
dissatisfaction [2]. quality of life in volunteers with neurotic and

With regard to the emotional sphere, high stress-related mental disorders before and after
levels of fatigue, tension, fear, and irritability  participation in a corrective-therapeutic program.

continue to be observed among Ukrainians. Materials and methods
The main sources of stress remain the full- Group formation
scale war with russia (78% in the fourth wave The study included 288 volunteers engaged

of the survey) and financial difficulties (52%). in humanitarian aid during the russia—Ukraine
At the same time, the proportion of individuals  war. The sample comprised individuals aged 18
concerned about the socio-political situation in  to 60 years with varying levels of experience in
the country has significantly increased from 29%  volunteer activity. The dynamics of non-specific
in the first wave to 47% in the fourth [2]. quality of life in volunteers with neurotic and

The greatest war-related concerns are  stress-related mental disorders were analyzed
associated with the safety of loved ones (74% in  before and after participation in a corrective-
the fourth wave) and the risk to life or potential  therapeutic program.

for injury (54%). In addition, 39% of respondents Three study groups were formed.:
expressed worry about losing their source of e Experimental group (EG): volunteers with
income [2]. neurotic and stress-related mental disorders
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who underwent the corrective-therapeutic
program developed by the authors (n =40).

e Control group (CG): volunteers with
similar mental disorders who received
standard treatment (n = 42).

® Reference group (RG): volunteers without
signs of neurotic or stress-related mental
disorders (n = 206).

Inclusion criteria:

® engagement in volunteer activities;

e ability to provide informed consent;

e age between 18 and 60 years.

Exclusion criteria:

e established diagnosis of a mental disorder
or substance use disorder according to
ICD-10 prior to participation in the study;

e status of active-duty or demobilized
military personnel;

e organic brain lesions;

e participation in any other research studies
at the time of recruitment.

Methods

For qualitative data, absolute values (n) and
relative frequencies (%) were used. Quantitative
data with a normal distribution were described
using the mean (M) and standard deviation (SD).
In cases of non-normal distribution, the median
(Me) and interquartile range (IQR) were applied.
Normality was assessed using the Shapiro—Wilk
test. Two-tailed tests were used for statistical
hypothesis testing, and results were considered
statistically significant at p < 0.05.

To assess non-specific quality of life, the
MOS SF-36 (Medical Outcomes Study Short
Form 36-Item) was employed a standardized
self-report instrument developed to measure
different aspects of quality of life in medical
research and clinical practice. The questionnaire
was originally designed in the United States
in the 1980s based on the large-scale Medical
Outcomes Study and has since gained wide
international recognition [4].

The SF-36 consists of 36 items covering the
following domains:
physical functioning;
role limitations due to physical health;
bodily pain;
general health;
vitality;
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e mental health;

¢ social functioning;

e role limitations due to emotional prob-
lems [4].

Each scale is transformed into a score ranging
from 0 to 100, where 0 indicates maximum loss
of function and 100 represents full functional
capacity. Lower scores reflect poorer quality
of life, whereas higher values indicate better
functioning [5].

Results

A total of 288 respondents were assessed,
with a mean age of 27.10 + 8.36 years.

The experimental group (EG) participated in
a corrective-therapeutic program that included
pharmacological treatment combined with a low-
intensity psychological intervention, Problem
Management Plus. As a result, the quality of life
of respondents in the EG, control group (CG), and
reference group (RG) was analyzed before and
after the program. Outcomes were evaluated using
the scales of the MOS SF-36 (Medical Outcomes
Study Short Form 36-Item) questionnaire.

Physical Functioning (PF)

The PF scale assesses the extent to which
physical health limits daily activities (e.g.,
walking, climbing stairs, self-care).

® At baseline: mean PF scores in the EG and
CG(89.1 +6.6and 89.3 +6.7, respectively)
were significantly lower compared to the
RG (95.5 £ 6.5).

e /mmediately after completion of the
program: the PF score in the EG increased
to the level of the RG, reaching 96.3 +3.5.

e Three months after the program: the EG
demonstrated further improvement in PF,
which was significantly higher than in the
RG (98.7 £ 2.7; p=0.003).

e [n the CG: PF scores increased gradually.
Only three months after treatment did the
mean value (94.6 + 4.5) no longer differ
significantly from the RG (p = 0.426)
(Table 1).

Role-Physical (RP)

The RP scale evaluates the extent to which
physical problems limit the performance of work
and other daily roles.

® At baseline: no significant differences
were observed between groups (EG-—
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Table 1. Physical Functioning (PF) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 89,1£6,6 89,3+6,7 95,5+6,5 0,914 p<0,001 p<0,001
post-program 96,3+3,5 92,4+5,0 p<0,001 0,472 0,004
3 months after program 98,7+2,7 94,6+4,5 p<0,001 0,003 0,426
p-baseline—post-program p<0,001 p<0,001
p baseline-3 months p<0,001 p<0,001
p post—3 months p<0,001 p<0,001

71.4+13.7, CG -

75.5 £ 18.3).

753+ 14.4; RG-

e nthe EG: RPscoresincreased significantly

immediately after the program (p < 0.001)
and continued to rise three months later
(p<0.001), reaching an average of
92.3 +6.6.

e [n the CG: a significant improvement in
RP was recorded only three months after
treatment (p < 0.001); however, the mean
score (78.8 = 12.6) did not exceed the level
observed in the RG (Table 2).

e At baseline: mean BP scores in the EG

(89.1 £11.5) and CG (89.0 + 11.7) were
significantly higher than in the RG
(83.1 £17.8; p=0.042 and p = 0.040, res-
pectively).

In the EG and CG: significant increases in
BP scores were observed both immediately
after the program and three months later.
Three months after the program: the mean
BP score in the EG reached 100.0 + 0.0 and
was significantly higher (p <0.001) than in
the CG (93.1 +9.2) (Table 3).

Bodily Pain (BP)

The BP scale reflects the intensity of pain
and its impact on work capacity and daily

General Health (GH)
The GH scale reflects the subjective per-
ception of one’s own health and expectations

activities. regarding its changes.
Table 2. Role-Physical (RP) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 71,4137 | 75,3144 | 75,5+18,3 0,219 0,187 0,958
post-program 86,4+10,3 | 77,2+14,1 0,001 p<0,001 0,554
3 months after program 92,3+6,6 | 78,8+12,6 p<0,001 p<0,001 0,278
p-baseline—post-program p<0,001 0,199
p baseline—3 months p<0,001 0,018
p post—3 months p<0,001 p<0,001

Table 3. Bodily Pain (BP) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 89,1+11,5 89+11,7 | 83,1+£17,8 0,977 0,042 0,040
post-program 97,2+5,2 91,149.,3 p<0,001 p<0,001 0,005
3 months after program 100,0+0 93,14£9,2 p<0,001 p<0,001 p<0,001
p-baseline—post-program p<0,001 0,278
p baseline—3 months p<0,001 0,056
p post—3 months 0,003 0,049
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® At baseline: mean GH scores in the EG
(43.3 £ 13.4) and CG (48.1 £ 16.2) were
significantly lower compared to the RG
(70.0 £ 15.0; p < 0.001).

e [ nthe EG and CG: significant increases in
GH scores were observed both immediately
after the program and three months later.

e Three months after the program: the mean
GH score in the EG reached 73.1 + 8.3 and
did not differ significantly from the RG
(p = 0.220). In contrast, the mean score in
the CG (56.1 £ 13.2) remained significantly
lower than in the RG (p < 0.001) (Table 4).

Vitality (VT)

The VT scale reflects levels of energy, vigor,

and fatigue.

e At baseline: mean VT scores in the EG
(33.6 £ 10.1) and CG (35.1 £ 11.6) were
significantly lower compared to the RG
(58.1 £11.6; p<0.001).

® [n the EG and CG: significant increases in
VT scores were observed both immediately
after the program and three months later.

® Three months after the program: the mean
VT score in the EG reached 64.1 £5.8
and was significantly higher than in the
RG (p <0.001). In contrast, the mean VT
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score in the CG (45.8 £ 8.3) remained
significantly lower than in the RG
(p <0.001) (Table 5).

Social Functioning (SF)

The SF scale reflects the extent to which
physical or mental problems limit social contacts
and communication.

® At baseline: mean SF scores in the EG
(55.0 £ 16.5) and CG (54.2 £ 15.3) we-
re significantly lower than in the RG
(77.5+18.1; p<0.001).

e [nthe EG: a significant increase in SF was
observed immediately after the program
(p <0.001), reaching values comparable
to the RG (p = 0.589). Three months later,
the mean SF score rose to 88.5 + 7.2 and
was significantly higher than in the RG
(p <0.001).

e [n the CG: mean SF values increased gradu-
ally — 58.9 + 15.0 immediately after the
program (p = 0.031) and 63.4 £ 14.1 three
months later (p < 0.001). However, they did
not reach the level of the RG (Table 6).

Role-Emotional (RE)

The RE scale assesses the impact of
emotional problems (e.g., stress, depression) on
the performance of daily roles.

Table 4. General Health (GH) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 43,3+13,4 | 48,1+16,2 | 70,0+15,0 0,150 p<0,001 p<0,001
post-program 61,1£8,4 | 51,9+13,8 p<0,001 p<0,001 p<0,001
3 months after program 73,1£8,3 | 56,1+13,2 p<0,001 0,220 p<0,001
p-baseline—post-program p<0,001 0,031
p baseline—3 months p<0,001 p<0,001
p post—3 months p<0,001 p<0,001

Table 5. Vitality (VT) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
baseline 33,6+£10,1 | 35,1+11,6 | 58,1+11,6 0,535 p<0,001 p<0,001
post-program 53,0+8,8 | 40,2+10,5 p<0,001 0,008 p<0,001
3 months after program 64,1+5,8 45,8+8.3 p<0,001 0,002 p<0,001
p-baseline—post-program | p<0,001 0,002
p baseline-3 months p<0,001 p<0,001
p post—3 months p<0,001 p<0,001
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Table 6. Social Functioning (SF) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 55,0£16,5 | 54,2+15,3 | 77,5£18,1 0,816 p<0,001 p<0,001
post-program 75,9+11,3 | 58,9+15,0 p<0,001 0,589 p<0,001
3 months after program 88,5+£7,2 | 63,4+14,1 p<0,001 p<0,001 p<0,001
p-baseline—post-program p<0,001 0,031
p baseline-3 months p<0,001 p<0,001
p post—3 months p<0,001 p<0,001
® At baseline: mean RE scores in the EG Mental Health (MH)
(39.4 £ 13.8) and CG (42.1 £ 16.7) we- The MH scale reflects the level of

re significantly lower than in the RG
(72.4 £ 17.7; p < 0.001).

e [n the EG: a significant increase in RE
scores was observed immediately after
the program (p < 0.001), reaching levels
comparable to the RG (p = 0.293). Three
months later, the mean RE score rose to
79.3 £ 8.0 and was significantly higher
than in the RG (p < 0.001).

e /n the CG: significant improvements
in RE were recorded both immediately
after the program and three months later
(p <0.001), but the scores did not reach
the level of the RG (Table 7).

psychological well-being, including anxiety,
depressive symptoms, and emotional stability.

e At baseline: mean MH scores in the EG
(40.4 + 8.9) and CG (38.7 + 10.6) were
significantly lower compared to the RG
(65.6 £ 13.6; p <0.001).

e /n the EG and CG: significant increases
in MH scores were observed both
immediately after the program and three
months later.

® Three months after the program: the mean
MH score in the EG reached 70.0 + 7.3 and
did not differ significantly from the RG
(p = 0.053). In contrast, the mean score in

Table 7. Role-Emotional (RE) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 39,4+13,8 | 42,1+16,7 | 72,4£17,7 0,436 p<0,001 p<0,001
post-program 69,449,2 | 51,6+£15,2 p<0,001 0,293 p<0,001
3 months after program 79,3£8,0 | 56,7+12,0 p<0,001 0,019 p<0,001
p-baseline—post-program p<0,001 p<0,001
p baseline-3 months p<0,001 p<0,001
p post—3 months p<0,001 p<0,001

Table 8. Mental Health (MH) scale results.

EGn=40 | CGn=42 | RGn=206 | p EG-CG | p EG-RG | p CG-RG
Baseline 40,4+8,9 | 38,7£10,6 | 65,6+13,6 0,444 p<0,001 p<0,001
post-program 60,9+7,1 | 44,2+10,9 p<0,001 0,033 p<0,001
3 months after program 70,0+£7,3 | 47,5£10,6 p<0,001 0,053 p<0,001
p-baseline—post-program p<0,001 p<0,001
p baseline-3 months p<0,001 p<0,001
p post—3 months p<0,001 p<0,001
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the CG (47.5+10.6) remained significantly
lower than in the RG (p < 0.001) (Table 8).

Discussion

The obtained results indicate an increased
vulnerability of volunteers to the development of
stress-related mental disorders, which significantly
affects their quality of life. This is largely due to
the specific nature of volunteer activities, which
are accompanied by intense workloads and
prolonged exposure to psychotraumatic factors.

One of the key issues is the insufficient
system of psychological support for volunteers,
which complicates their adaptation and increases
the risk of developing neurotic and stress-related
disorders.

Our study demonstrated the feasibility of
applying the scalable psychological intervention
Problem Management Plus in combination with
pharmacological treatment to improve non-
specific quality of life among volunteers with
neurotic and stress-related disorders during the
period of full-scale invasion.

At the same time, this topic requires further
comprehensive investigation to clarify the
effectiveness of the proposed intervention in
addressing stress-related mental disorders,
as well as to develop a sustainable support
system aimed at preserving the mental health of
volunteers in the long term.

Conclusions

The study of the dynamics of non-specific
quality of life in volunteers with neurotic and
stress-related mental disorders before and after
participation in a corrective-therapeutic program
revealed significant improvements across all
scales of the Medical Outcomes Study Short
Form 36-Item (SF-36):

¢ Physical Functioning (PF): in the EG,
scores reached the RG level immediately
after the program and exceeded it three
months later; in the CG, the RG level was
achieved only after three months.
Role-Physical (RP): in the EG, scores
were significantly higher than those of the
RG both immediately after the program
and three months later; in the CG, scores
remained at the RG level.

Role-Emotional (RE): in the EG, scores
reached the RG level after the program
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and exceeded it three months later; in the
CQG, scores did not reach the RG level even
after three months.

Vitality (VT): in the EG, significant
improvements were observed, and scores
exceeded the RG level after three months;
in the CG, increases were significant but
did not reach the RG level.

Mental Health (MH): in the EG, scores
increased significantly and reached the RG
level after three months; in the CG, growth
was insufficient, and RG levels were not
achieved.

Social Functioning (SF): in the EG, scores
equaled those of the RG after the program
and exceeded them after three months;
in the CG, scores increased but remained
below the RG.

Bodily Pain (BP): significant increases
were recorded in both groups, although
scores in the EG were significantly higher
than in the CG.

General Health (GH): in the EG, scores
reached the RG level after three months; in
the CG, increases were noted, but values
remained significantly lower than those of
the RG.

Thus, the results indicate substantial
improvement in quality of life among volun-
teers with neurotic and stress-related disor-
ders following the implementation of the
psychocorrective  program. Further comp-
rehensive studies are warranted to explore
the potential of the scalable psychological
intervention Problem Management Plus, in
combination with pharmacological treatment, to
enhance mental well-being and quality of life of
volunteers in wartime conditions.
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Anomauia: YV cmammi npeocmasnieno pe3yiomamu OO0CHIONCEHHS OUHAMIKU Hecneyu@iuHoi
AKOCMI HCUMMSL Y 80TOHMEPIE 3 HEBPOMUYHUMU MA CIMPEC-acOYitioBAHUMU NCUXTUHUMU PO3TA0AMU
00 ma nicis NPOXOONCEHHS KOPEeKYIUHO-TIKYBAIbHOI npocpamu. Y O00CHiONCeHHI 831U YYACHb
288 sononmepis eikom 6i0 18 0o 60 pokis (cepeoniu six 27,10 £ 8,36), axi 6yiu posnodineni na
mpu epynu: excnepumenmainvry (40 ocib), xonmponvty (42 ocobu) ma pepepenmuy (206 oci6).
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Excnepumenmanvna epyna npoxoouna npocpamy, wjo 6KI0OYANA MeOUKAMEHMO3He NIKY8AHHI Mmda
NCUXONI02TYHY THMEPBEHYII0 HUZLKOI IHMEHCUBHOCMI « Ynpasninua npooniemamu +», KOHMpOIbHA 2pYna
ompumy8ana cmaHoapmue JiKy8aHHA, A peepeHmHa 2pyna cKiaoanacs 3 80J0OHmMepi8 6e3 03HAK
NCUXTYHUX p0o31a0ie. [ oyinku euxopucmosysascsonumysanviux Medical Outcomes Study Short Form
36-Item. Ha nouamkogomy emani nokasHuKu AKOCMi dcumms )y 6010HMepi6 3 NCUXIYHUMU PO3TAOAMU
OVIU OOCMOBIPHO HUIICUUMU 34 8CIMA WIKALAMU NOPIGHAHO 3 pedhepenmuoro epynoio. 3okpema, 3a
wixanow Physical Functioning cepeoni 3nauenns cmanosunu 89,1 £ 6,6 y excnepumenmanvHtiti epyni
ma 89,3 £ 6,7 y koumponwvHitl, wo 06yno Hudicye Hixc 95,5 £ 6,5 y pechepenmniti epyni. Yepez mpu
Micayi niciist NPOSPamu y eKCnepuMenmanvHii 2pyni nokazHux spic 0o 98,7 + 2,7 i nepesuwyug pisetsb
pegepenmnoi epynu (p = 0,003), mooi ax y konmponvHiti epyni 6in cknag 94,6 = 4,5. 3a wkanorw Role-
Physical y excnepumenmanwvhiti epyni noxasnuku 3pocau 3 71,4 = 13,7 0o 92,3 + 6,6, nepesuwusuiu
pisensv peghpepenmuoi epynu (p < 0,001), y moii uac ax y KOHmMpoawbHili 2pyni nioguujerts 6yn0 meHu
supasicenum i cknano 78,8 £ 12,6. 3nauni sminu 6i0oynucs i y ncuxonociunux oomenax. Iokasnuk Role-
Emotional 3pic 6 excnepumenmanwuii epyni 3 39,4 = 13,8 0o 79,3 + 8,0, nepesuwusuiu pegpepenmmuii
pisens (72,4 £ 17,7; p < 0,001), mooi sx y KOHMpOnbHill epyni 6iH 3arumiascs Hudxcuum. Ilokasnuxu
Vitality 36inewunucs 3 33,6 £ 10,1 0o 64,1 £ 5,8 y excnepumenmanvuiti epyni, wo 0yio euuje Hixc
58,1+ 11,6 y peghepenmuiii epyni (p < 0,001), mooi sk y KoumponvHil 2pyni cepeoHe 3HAUeHHsl CKAAL0
auwe 45,8 £8,3. 3a wkanorw Mental Health y excnepumenmanwiii epyni cepeoniti 6an 3pic 3 40,4 £ 8,9
0o 70,0 = 7,3 i He 6iopizuascs 6i0 peghepenmuoi epynu (65,6 + 13,6, p = 0,053), y moti uac ax y
KOHMPONbHIU 2pyni 6iH 3anuuascs 3uauno nuxcuum (47,5 £ 10,6, p < 0,001). Ilooibna nozumuena
OUHAMIKA 8 eKCNepUMeHmMAabHill epyni cnocmepieanacs i 3a inwumu wxaramu. Social Functioning
3pic 00 88,5 + 7,2, nepesuwusuiu pisenv peghepenmnuoi epynu (77,5 £ 18,1; p < 0,001), Bodily Pain
oocsae 100,0 + 0,0, wo 6yno euwe mixe y konmponvniu epyni (93,1 + 9,2; p < 0,001), a General
Health 3pic oo 73,1 + 8,3, wo eionosioano pieuro pepepenmnoi epynu (70,0 £ 15,0; p = 0,220). V
KOHMPONbHIU 2pyni 3pOCMAHHS NOKAZHUKI8 MAKOXC 8i00Y6aN0Cs, ale BOHO 0)10 MEeHUL BUPANCEHUM, |
Hagims uepes mpu Micsyi OLIbUWICb WKAT 3ATUUATIUC HUNCUUMU 30 NOKASHUKU pedhepeHmHOT 2pyni.
Ompumani pe3yromamu 3aceiouyioms egheKmusHicms NOEOHAHHA MEOUKAMEHMO3HO20 JIIKYBAHHSA 3
NCUXONLOCTYHOI IHMePBeHYIEI0 « Ynpaesninusa npooremamu +» 05t NHOKpaujeHHs: Hecneyugiunoi skocmi
AHCUMMSL BOIOHMEDIB, AKI 3A3HAIU BNIUBY CMPECOsUX (hakmopie y nepioo itinu. Bcmanoeneno, wo
3aCMOCY8AHHS KOMNILEKCHOT NPO2PAMU CRPUANO He uule HOPMANi3ayii, a ti nepesuLyeH IO DIBHs IKOCMI
ACUMMSL 300POBUX PECNOHOEeHmMI8 ) HU3Yi 0omenis. Ilodansbuui 00caioNceHHs Maiomb Oymu CnpIMOB8aHi
Ha OYIHKY 00820MPUBAIUX eghexmie 0anoi inmepeeHyii ma MOMCIUBICIY iT WUUPOKO2O 3ACMOCYBAHHS Y
cucmemi NCUXOCOYIANbHOT OONOMO2U BOTOHMEPAM.

Kuarwuosi cioBa: TpuBoxHi po3many; [enpecusuuii posnax; [leuxiune 3qopos’s; Ilcuxiarpis;
[Icuxoocsita; SAxicts xutts; [lcuxonoriunuit crtpec; [locrrpaBmaruyni ctpecosi posnanu (ITTCP);
Poznaau, moB’s3aH1 3 TpaBMOIO Ta ctpecom; BononTtepu.
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Abstract: The aim is to study the impact of COVID-19 on the state of heart and vascular remodeling
in patients with coronary heart disease and arterial hypertension. During 2024-2025, 50 people (30
men and 20 women aged 64,2+3,1 years) with coronary heart disease and arterial hypertension
were examined one month after treatment for coronavirus disease. In the examined patients after the
transferred coronavirus disease on the background of existing hypertension and ischemic heart disease,
52,0 % had left ventricular hypertrophy and changes in the circadian rhythm of blood pressure, in
46,0 % — thickening of the intima-media complex. Among all patients with LV hypertrophy, concentric
remodeling (in 23,1 %) and hypertrophy (in 34,6 %), as well as eccentric hypertrophy (in 42,3 %
of cases) were found. Such diurnal BP profiles among individuals with concentric remodeling and
hypertrophy, as well as with eccentric hypertrophy, as non-dipper were found in 50,0, 33,3 and 36,4 %,
night-peaker —in 16,7, 11,2 and 18,2 %, dipper —in 33,3, 55,5 and 45,4 % of the examined. An increase
in the thickness of the intima-media complex in eccentric and concentric hypertrophy and in individuals
with concentric remodeling was observed in 36,3, 22,2 and 50,0 % of cases. Ultrasound examinations
of the heart and blood vessels, their ability to qualitatively and quickly assess the morpho-functional
state, the nature of hemodynamics, the risk of possible complications should be used in the diagnosis
and treatment of persons with a history of coronavirus disease at the stage of primary medical care.

Keywords: Coronavirusdisease, Prognosis, Pandemics, Hypertension, COVID-19, Cardiovascular
disease, Echocardiography, Heart ventricles, Heart failure, Cardiovascular complications,

Introduction from being fully understood [4, 5], but the role

The coronavirus pandemic has led to a  of dysregulation of the immune inflammatory
significant increase in morbidity and mortality = response is undeniable [6]. Elderly patients with
due to cardiovascular diseases (CVD) [1]. The cardiovascular diseases are of particular concern
manifestations of coronavirus disease, startingin  in CVD, given the risk of decompensation,
2019, have been almost constantly changing, but  especially in cases of severe or prolonged disease
respiratory symptoms, pneumonia, thrombotic  [1, 7]. The prevalence of coronavirus disease in
complications, acute cardiovascular pathology individuals with existing coronary heart disease
and myopericarditis are almost always presentto ~ (CHD) and arterial hypertension is significantly
varying degrees [2, 3]. The pathophysiological increasing [7], which is due to SARS-CoV-2
mechanisms associated with cardiovascular induction of an inflammatory response and
damage in coronavirus disease are still far  progression of vascular dysfunction [6].
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The pathophysiological basis for the forma-
tion of myocardial ischemia is erosion of
atherosclerotic plaque, thrombus formation,
coronary artery spasm and decreased blood flow
in them [7]. Activation of plasma homeostasis
occurs against the background of increased
platelet homeostasis with endothelial damage,
which increases as CHD progresses. As Krasnova
A. notes, signs of blood hypercoagulability
appear: an increase in fibrinogen levels and blood
clotting factors, a decrease in activated partial
thromboplastic time, a decrease in the ability to
anticoagulate and fibrinolysis [7].

Impaired quality of life, especially physical
functioning, is one of the typical consequences
of a previous coronavirus disease [8]. Minor
structural and functional heart disorders that do
not manifest as worsening heart failure always
remain unnoticed in patients after COVID-19,
but can lead to an exacerbation of the long-term
course of this disease. According to Gonchar O,
Ashcheulova T, 2023, in patients with coronary
artery disease without hypertension after
a previous coronavirus disease, concentric
remodeling of the left ventricle is often found,
with predominant diastolic dysfunction and
a slight decrease in longitudinal systolic
function [9]. It has been established that the
comorbidity of coronary artery disease and
COVID-19, ventricular dilatation and worsening
hemodynamics, led to an increase in QT interval
variability in patients [10]. Therefore, the
question of the impact of COVID-19 on the
course of chronic coronary artery disease is still
far from being finally clarified.

Aim

To assess the impact of COVID-19 on the
characteristics of cardiovascular remodeling in
patients with chronic ischemic heart disease and
arterial hypertension.

Materials and methods

During 2024-2025 years, 50 people with
coronary heart disease and arterial hypertension
were examined in outpatient settings one month
after treatment for COVID-19. In accordance
with the recommendations of the World Health
Organization [11], the order of the Ministry of
Health of Ukraine dated April 2, 2020 No. 762
“Protocol for providing medical care for the

ISSN 2786-6661
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treatment of coronavirus disease (COVID-19)”
[12], the clinical guideline “Clinical management
of patients with COVID-19” [13], the order
of the Ministry of Health of Ukraine dated
April 20, 2021 No. 771 “On approval of the
Protocol for providing rehabilitation care to
patients with coronavirus disease (COVID-19)
and convalescents” [14], a clinical diagnosis
of COVID-19 was established and confirmed
by detecting SARS-CoV-2 RNA in clinical
laboratories earlier [15].

The inclusion criteria for the study were:
patients with coronary artery disease and
hypertension aged 45-65 years, who had
laboratory-confirmed COVID-19 1 month ago
and consulted a family doctor for outpatient
care, who agreed to participate in the study [16].
Exclusion criteria: no confirmed COVID-19
disease, age > 65 years, disagreement with
participation in the study.

The results of the study were obtained by
the author during the research work of the
Department of Family Medicine of Shupyk
National University of Health of Ukraine on
the topic «Development and Justification of
Programs For the Prevention and Treatment of
Patients With Comorbid Pathology of Organs
and Systems» (state registration number 0122U-
002416; term: 2022-2026 years). The study
protocol was drawn up in accordance with the
Declaration of Helsinki [17] and agreed with
the Ethics Committee of Shupyk National
University of Health of Ukraine (Protokol
Ne 3/3 22.03.2024). Examination and treatment
of patients were carried out in accordance with
the “Protocol for providing medical care for the
treatment of coronavirus disease (COVID-19)”
[18].

In outpatient settings, 50 people with chronic
coronary artery disease and arterial hypertension
(30 men and 20 women) aged 64,24+3,16 years
were examined. All patients were examined in
accordance with the order of the Ministry of
Health of Ukraine dated 20.04.2021 No. 771
“Protocol for providing rehabilitation care to
patients with coronavirus disease (COVID-19)
and convalescents [ 14]. Structural and functional
changes in the myocardium and features of
autonomic regulation of heart rate were assessed
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using Doppler echocardiography [19], daily
blood pressure monitoring [20, 21]; features
of vascular remodeling — using ultrasound
examination of the brachiocephalic arteries [22].

To evaluate the results of the study, methods
of primary statistical and correlation analysis
were used [23]. The author used ChatGPT
(OpenAl, San Francisco, CA, USA) for language
editing of the English text. The author reviewed
and verified all Al-generated content to ensure
accuracy and integrity.

Results
Against the background of existing
hypertension, ischemic heart disease and

previous coronavirus disease, 52,0 % of the
examined patients were diagnosed with left
ventricular hypertrophy. Among all individuals
with LV hypertrophy, eccentric hypertrophy was
observed in 42,3 %, concentric hypertrophy in
34,6 %, and concentric remodeling in 23,1 % of
the examined (Fig. 1a and 1b).

52,0%-
with LVH

48,0%-
without LVH

Fig. 1a. Prevalence of left ventricular hypertrophy
in people who had coronavirus disease

52,0%-
with LVH

48,0%-
without LV]

Fig. 1b. Prevalence of different types of remodeling
of left ventricular in people who had coronavirus
disease
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Our results are comparable with the data of
Gonchar O, Ashcheulova T, 2023, which showed
that concentric left ventricular remodeling was
detected in 59,0 % of the examined patients
with CVD, including 49,0 % of patients without
hypertension, diastolic dysfunction was detected
in 35,0 and 25,0 % of the examined patients,
respectively; a moderate increase in absolute and
relative wall thickness, worsening of diastolic
parameters and global longitudinal deformation
were observed [9]. The diameter of the aortic root
in patients tended to increase with concentric
LV remodeling by 4,0 % and with eccentric
hypertrophy by 1,6 %, while with concentric
hypertrophy it significantly increased by 6,0 %
(p<0,05) (Table 1).

The size of the left atrium in the examined
patients increased with concentric hypertrophy
by 15,0 % (p<0,001) and eccentric hypertrophy
by 11,1 % (p<0,001), while with concentric
remodeling it had only a tendency to increase
by 2,2 %. The left atrial index in patients
increased with eccentric hypertrophy by 9,2 %
(p<0,001) and concentric hypertrophy by
13,2 % (p<0,001), with concentric remodeling —
only by 1,1 % (p>0.05). The left atrial area
in these individuals increased most with
concentric hypertrophy by 14,5 % and eccentric
hypertrophy by 14,3 % (p<0,05) and decreased
with concentric remodeling by 9,4 % (p>0,05).
In individuals who had undergone coronavirus
disease, the left atrial area index significantly
increased with eccentric hypertrophy by 19,6 %
(p<0,01) and had a tendency to increase with
concentric hypertrophy by 9,9 % and decrease
with concentric remodeling by 10,0 % (p>0,05)
(Table 1).

In the patients we examined, the LV
end-diastolic  size significantly increased
with eccentric hypertrophy by 11,0 % and
concentric hypertrophy by 9,4 % (p<0,001)
and with concentric remodeling — decreased
by 6,5% (p<0,05). The index of LV end-
diastolic size in these patients increased with
eccentric hypertrophy by 4,7 % and concentric
hypertrophy by 5,2 % (p<0,05) and decreased
by 9,9 % (p<0,01) with concentric remodeling.
LV end-systolic size in patients increased with
eccentric hypertrophy by 15,8 % (p<0,001) and
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Table 1. Character of the structural and functional state of the heart
in the examined patients 1 month after COVID-19

Types of left ventricular geometry in patients
Indicators normal hypertrophy concentric concentric
geometry eccentric remodeling hypertrophy
Aortic root diameter 2,97+0,05 3,05+0,09 3,10+0,10 3,16+0,08*
Left atrial size 3,11+0,05 3,48+0,12%*** 3,18+0,12 3,59+0,08***
Left atrial index 1,57+0,01 1,72+0,05%** 1,63+0,08 1,82+0,04***
Left atrial area 14,54+0,62 16,63+1,05 13,12+0,94 16,66+0,52*
Left atrial area index 7,59+0,24 9,12+0,47** 6,87+0,53 8,34+0,25
LV end-diastolic size 4,58+0,04 5,09+0,11%** 4,24+0,16* 5,0+0,08***
LV end-diastolic size index 2,43+0,03 2,54+0,07 | 2,15+0,06%** 2,54+0,02*
LV end-systolic size 2,84+0,06 3,23+0,16%** 2,74+0,15 3,124+0,07***
LV end-diastolic volume 97,36+2,70 122,504+5,38%** | 83,31+7,47* 114,32+3,56%**
LV end-diastolic volume index 50,80+1,04 62,14+2,70%** | 41,95+3,52%* 57,27+1,64%*
LV end-systolic volume 31,79+1,50 42,1543,04%* 30,23+3,49 40,3242,15%*
LV ejection fraction 68,78+0,86 65,12+1,89* 67,40+1,60 65,05+0,90*
ifl\ilcﬁﬁzt;ﬂor wall myocardial 0,92+0,01 1,04+0,02%** | 0,98:£0,01%%* 1,25+0,03 %%
&le‘;‘téﬁﬁgﬁ?evseiﬁécﬁe posterior | 3840,03 0,45+0,07 | 0,47+0,02%%* 0,51:£0,02%**
Interventricular septal thickness 1,06+0,5 1,27+0,30%** 1,19+0,03 1,45+0,03***
LV myocardial mass 187,12+7,80 | 276,71+16,78*** | 187,94+15,65 | 307,78+13,24***
Myocardial mass index 95,83+3,54 136,07+5,58%** 94,54+7,0 155,40+6,51 ***
Right atrial area 12,35+0,42 14,31+0,64* 10,57+0,98 13,76+0,42
Right atrial area index 6,60+0,21 7,51+0,25%* 5,38+0,42* 6,84+0,27

Note: * —p<0.05, ** — p<0.01, *** — p<0.001

concentric hypertrophy by 11,1 % (p<0,001) and
decreased by 14,5 % (p>0,05) with concentric
remodeling. The LV end-diastolic volume in the
examined patients increased with hypertrophy
(eccentric — by 25,8% and concentric — by
17,4 % (p<0,001) and decreased by 14,4 %
(p<0,05) with concentric remodeling. The LV
end-diastolic volume index in patients increased
with eccentric hypertrophy by 22,2 % (p<0,001)
and concentric hypertrophy by 12,5 % (p<0,01)
and decreased with concentric remodeling by
17,4 % (p<0,01). The LV end-systolic volume
in patients after coronavirus disease increased
with hypertrophy (eccentric — by 32,6 % and
concentric — by 26,9 % (p<0,01) and decreased

with concentric remodeling by 4,9 % (p>0,05).
LV ejection fraction in such individuals
decreased with eccentric hypertrophy by 5,3 %
(p<0,05) and concentric hypertrophy by 5,4 %
(p<0,05) and with concentric remodeling by
2,5 % (Table 1).

A number of researchers found that patients
with chronic CHD, even without coronavirus
disease, were characterized by pronounced LV
remodeling (increased end-diastolic volume) and
decreased systolic function (decreased ejection
fraction and increased end-systolic volume) [24].

The thickness of the LV posterior wall in
patients after coronavirus disease increased with
eccentric hypertrophy by 14,3 % (p<0,001) and
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concentric hypertrophy by 32,6% (p<0,001), and
with concentric remodeling by 9,9 % (p<0,001).
The relative thickness of the posterior wall
of the left ventricle in patients increased with
concentric remodeling by 18,5 % (p<0,001), with
hypertrophy (eccentric) by 3,2 % and concentric
by 25,8 % (p<0,001). The thickness of the
interventricular septum in patients increased with
eccentric hypertrophy by 22,5 % (p<0,001) and
concentric hypertrophy by 10,5 % (p<0,001) and
with concentric remodeling by 9,7 %. The mass
of the left ventricle in such individuals increased
with hypertrophy (concentric) by 64,4 % and
eccentric by 47,9 % (p<0,001), and had only a
tendency with concentric remodeling by 0,4 %.
The myocardial mass index in patients increased
with eccentric hypertrophy by 43,7 % (p<0,001)
and concentric hypertrophy by 62,0 % (p<0,001)
and decreased with concentric remodeling by
1,2 %. The thickness of the LV posterior wall in
patients after coronavirus disease increased with
eccentric hypertrophy by 14,3 % (p<0,001) and
concentric hypertrophy by 32,6 % (p<0,001), and
with concentric remodeling by 9,9 % (p<0,001).
The relative thickness of the posterior wall
of the left ventricle in patients increased with
concentric remodeling by 18,5 % (p<0,001), with
hypertrophy (eccentric) by 3,2 % and concentric
by 25,8 % (p<0,001). The thickness of the
interventricular septum in patients increased with
eccentric hypertrophy by 22.5% (p<0.001) and
concentric hypertrophy by 10,5 % (p<0,001) and
with concentric remodeling by 9,7 %. The mass of
the left ventricle in such individuals increased with
hypertrophy (concentric) by 64,4 % and eccentric
by 47,9 % (p<0,001), and had only a tendency with
concentric remodeling by 0,4 %. The myocardial
mass index in patients increased with eccentric
hypertrophy by 43,7 % (p<0,001) and concentric
hypertrophy by 62,0 % (p<0,001) and decreased
with concentric remodeling by 1,2 %.

The area of the right atrium in people after
coronavirus disease increased with eccentric
hypertrophy by 16,2 % (p<0,05) and concentric
hypertrophy by 10,8 % and decreased by 14,2 %
(p>0,05) with concentric remodeling. In these
patients, the right atrial area index increased with
hypertrophy (eccentric hypertrophy by 16,2 %
(p<0,05) and concentric hypertrophy by 5.4 %
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(p>0,05)) and decreased by 18,0 % (p<0,01)
with concentric remodeling (Table 1).

The presence of hypertrophy (eccentric and
concentric), as well as concentric remodeling
in people with Covid-19 on the background of
existing hypertension and ischemic heart disease
led to significant features of the daily blood
pressure profile (Table 2).

Among individuals without LV hypertrophy,
the over-dipper daily blood pressure profile
occurred in 8,3 %, night-peaker in 12,5 %, non-
dipper in 25,0 %, and dipper in 54,2 % of the
examined individuals; however, the presence of
any type of hypertrophy led to an increase in the
prevalence of night-peaker to 15,4 % and non-
dipper to 30,8 % (Fig. 2a and 2b).

Non-dipper daily blood pressure profiles
were diagnosed in 36,4; 33,3 and 50,0 %, night-
peaker — in 18,2; 11,2 and 16,7 %, dipper — in
45.,4; 55,5 and 33,3 % of those examined with
hypertrophy (eccentric and concentric) and in
patients with concentric remodeling.

8,3%-
over-dipper
25 % -
non-dipper

54,2% -
dipper

12,5% -
night- peaker
Fig. 2a. Prevalence of daily blood pressure profiles
in individuals without LV hypertrophy who have
undergone coronavirus disease

53,8%-
dipper

30,8% -non -dipper

15,4%-
night-peaker
Fig. 2b. Prevalence of daily blood pressure profiles
in individuals with LV hypertrophy who have
undergone coronavirus disease
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Table 2. Features of the daily blood pressure monitoring
in patients after suffering from coronavirus disease

Indicators daily blood pressure

Types of left ventricular geometry
in patients after coronavirus disease

of DBP per day

monitoring normal hypertrophy concentric concentric
geometry eccentric remodeling hypertrophy

izrsitr?;ihzl‘c’l‘;g pressure 121,1542,21 | 130,78+4,31% | 131,54+3,36%** |  137,57+4,89*
?Jffﬁ;liﬁfh‘;‘;d pressure 78,17+1,37 83,74+2,11| 89,20+3,31%* |  87,55+2,56**
?i?ggf;‘:ﬁ:y“me index SBP 112943,58 | 21,3147,56 11,7846,13 | 42,56+8,35%+*
Daytime DBP hypertension index 12,46+3,79 24,53+5,62 23,124+9,54 37,16+8,21%*
Daytime SBP variability 12,05+0,54 13,04=+1,11 14,03+0,64 13,40+0,32
Daytime BP variability 9,69+0,35 11,646+1,21 11,56+0,85 10,08+0,43
Systolic blood pressure at night 114,68+1,79 122,19+£5,52 120,48+3,76 | 131,29+6,17**
Diastolic blood pressure at night 70,48+2,05 72,05+2,34 76,894+2,72 79,1443,52%*
I;Sg;“{ggifm Hypertension 11,3743,54 23,34+8,15 21,84+9,24 | 45,84+10,62%**
E;?‘i‘ﬁimp hypertension 14,1343,75|  27,8547.64| 25064926 |  39,35+9,67%*
Nocturnal blood pressure variability 9,79+0,72 10,53+0,84 9,78+1,14 10,85+1,21
Variability of DBP at night 7,81+0,62 7,52+0,48 8,72+1,04 9,08+0,76
Minimum SBP per day 90,80+2,35 93,56+4,34 96,16+4,23 95,18+5,60
Average SBP per day 119,79+1,67 | 128,83+4,25* 129,48+3,34* | 136,86+4,59***
Maximum SBP per day 153,9243,24 | 167,31+£5,36% | 174,09+£7,11%* | 177,56+5,38%**
Minimum daily blood pressure 53,18+1,59 53,24+3,18 53,07+3,51 52,84+3,23
Average DBP per day 77,10+1,34 81,07+2,11 86,75+3,09%* |  86,36+2,81***
Maximum DBP per day 102,61+1,54 | 113,10+4,04** | 115,04+4,38** | 119,82+4,24%**
xgsns‘f;r‘é“;:r"g;ige blood 67,23+1,18 69,53+3,24 67,45+4,73 75,61+4,03
Average blood pressure per day 91,37+1,75 97,07£3,29 | 101,26+3,46** 99,53+4,58*
Maximum average blood 116,5742,14 | 124,29+4,43 129,75+5,14 125,1945,34
pressure per day

Minimum pulse pressure per day 22,42+1,39 23,74+1,95 20,52+1,47 23,07+3,82
Average pulse pressure per day 42,52+1,37 44,94+3,68 41,58+1,17 48,71+4,10%*
Maximum pulse pressure per day 69,41+2,58 73,61+£6,19 80,67+6,84 89,47+8,02%*
Minimum heart rate 56,52+1,76 56,25+2,68 54,26+2,38 54,18+3,24
Average heart rate 73,78+1,35 72,45+2,78 73,09+2,78 72,54+3,36
Maximum heart rate 119,06+358, 116,81+6,24 120,94+5,17 116,37+8.41
Hypertension area index SBP per day 0,47+0,18 0,23+560, 0,34+0,15 0,31+0,28
Hypertension area index 27,4242,54 18,65+3,27 24,84+4,37 17,58+3,08*

Note: * —p<0.05, ** —p<0.01, *** — p<0.001
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Daytime systolic (SBP) and diastolic (DBP)
blood pressure in the examined subjects increased
with eccentric hypertrophy by 8,0 (p<0,05) and
5,9 % (p>0,05) and concentric hypertrophy by
13,6 (p<0,001) and 11,9 % (p<0,01), and with
concentric remodeling by 8,5 % (p<0,001) and
13,9 % (p<0,01). In the examined patients with
hypertrophy (eccentric — by 88,2 and 93,2 %
(p>0,05) and concentric — by 2,7 (p<0,001)
and 1,9 (p<0,001) times, with concentric
remodeling — by 0,2 and 82,0 %, the daily
indices of hypertension time of SBP and DBP
increased. There were tendencies to increase the
daily variability of SBP (Var SBPd) and DBP
(Var DBPA) in patients after coronavirus disease
with concentric (hypertrophy — by 20,8 and
22,1 % and remodeling — by 12,5 and 3,9 %),
with eccentric hypertrophy — by 8,9 and 19,1 %.

Certain features of nocturnal systolic and
diastolic blood pressure were characteristic of our
subjects. They were characterized by a probable
increase in nocturnal systolic and diastolic blood
pressure during hypertrophy (concentric — by
14,5 % (p<0,01) and 11,1 % (p<0,05) and a
tendency to increase during eccentric — by
6,2 % and 1,6 %), as well as during concentric
remodeling — by 5,1 % and 8,6 %. The time
indices of hypertension, systolic and diastolic
blood pressure at night, increased with concentric
hypertrophy by 2,9 (p<0,001) and 1,7 (p<0,01)
times, while with eccentric hypertrophy by 99,7
and 97,5% (p>0,05) and concentric remodeling
by 88,6 and 77,6% (p>0,05). In such patients,
nocturnal variability of SBP (VarSBPn) and
DBP (VarDBPn) changed in different directions
(with eccentric hypertrophy, VarSBPn decreased
by 3,3% (p>0,05) and VarDBPn increased by
6,6 % (p>0,05); with concentric hypertrophy,
they increased by 10,1 and 16,5 % (p>0,05),
with remodeling — by 0,7 and 12,0 % (p>0,05).
VarSBPd and (VarSBPn) were within normal
limits in 76,6 and 70,0 % of the examined; while
VarDBPd - only in 20,0 %, and VarDBPn - 6,6 %.

Daily systolic blood pressure (minimum (min
SBP), average (serum SBP) and maximum (max
SBP) in the examined patients increased with
eccentric hypertrophy — by 4,9; 7,5 (p<0,05) and
8,6 % (p<0,05), with concentric hypertrophy — by
4,9; 14,3 (p<0,001) and 15,3 % (p<0,001), with
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concentric remodeling — by 5,9; 8,1 (p<0,05)
and 13,1% (p<0,01). Minimum, average and
maximum diastolic blood pressure (DBP
per day) in patients increased with eccentric
hypertrophy — by 0,3 and 5,1 % and 10,2 %
(p<0,01) and changed in different directions
with concentric hypertrophy and concentric
remodeling. With concentric hypertrophy and
remodeling, the minimum DBP per day decreased
by 0,2 and 0,1 % and the average DBP per day
increased by 12,1 (p<0,001) and 12,6 % (p<0,01)
and the maximum DBP per day increased by
16,9 % (p<0,001) and 12,1 % (p<0,01). The
daily minimum, average and maximum mean
arterial pressure in patients after the coronavirus
disease increased with eccentric hypertrophy by
2,9; 5,7 and 6,6 %, with concentric hypertrophy
by 11,8; 8,2 (p<0,05) and 7,9 %, with concentric
remodeling by 0,9; 10,7 (p<0,01) and 11,2 %.
The minimum, average and maximum pulse
blood pressure (BP per day) in such individuals
increased with eccentric hypertrophy by 4,2;
5,8 and 5,9 % and with concentric hypertrophy
by 3,8; 15,8 (p<0,05) and 29,1 % (p<0,01).
With concentric remodeling, the minimum and
average BP per day decreased by 6,8 and 1,1 %
and the maximum BP per day increased by
15,8 %, but these changes were not significant.
The differences in heart rate per day were not
significant, so we did not analyze them in detail.
The daily indices of hypertension area of systolic
and diastolic blood pressure in patients decreased
with eccentric hypertrophy by 52,5 and 32,0 %
and with concentric hypertrophy by 32,6 and
35,7% (p<0,05), while with 25,1 and 9,3% -
with concentric remodeling (p>0,05).

Patients a month after the coronavirus
disease in the presence of eccentric and
concentric hypertrophy, concentric remodeling
were characterized by certain features of the
morpho-functional state of the vessels, which are
presented in Table 3. An increase in the intimate
media complex (IMC) was observed in 46,0 %
of the examined, however, there were certain
differences in different types of LV remodeling:
with concentric remodeling — in 50,0 % of
the examined, with eccentric — in 36,3% and
concentric hypertrophy — in 22,2 % (Fig. 3a and
3b).
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46,0 %-
IMC>0,09 mm

54,0 %-
IMC<0,09 mm

Fig. 3a. Prevalence of morphological changes
functional state of blood vessels in people, who have
had coronavirus disease

120
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Bl IMC>0,09 mm IMC<0,09 mm

Fig. 3b. Prevalence of morphological changes
functional state of blood vessels in people
with various types of cardiac remodeling, who have
had coronavirus disease

In the examined subjects with normal and
increased IMC, the non-dipper daily BP profile
was found in 29,4 and 35,0 %, in 11,7 and 20,0 %
of cases — night-peaker, in 52,9 and 40,0 % —
dipper, in 5,2 and 5,0 % — over-dipper.

With all types of LV remodeling, the
diameters of the right common carotid arteries
(RCCA) increased in patients (with concentric
hypertrophy — by 12,4% (p<0,001), with
eccentric hypertrophy — by 3,3 % and with
concentric remodeling — by 0,7 % (p>0,05);
resistance indices of the RCCA (with concentric
hypertrophy — by 5,0 %, with eccentric
hypertrophy — by 0,9 %, and decreased with
concentric remodeling — by 3,5 % (p>0,05).
With concentric hypertrophy — by 10,1 %, with
eccentric hypertrophy — by 1,5% and with
concentric remodeling — by 3,5 % had a tendency
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to decrease the maximum blood flow velocities
in the RCCA (Table 3).

There was a tendency to increase the
diameters of the left common carotid arteries
(LCCA) of patients with eccentric hypertrophy
and concentric remodeling by 3,5 %, and by
2,5% — with concentric hypertrophy. The
maximum blood flow velocities and resistance
indices on the left common carotid arteries in the
examined patients decreased significantly only
with concentric hypertrophy — by 14,7 (p<0,001)
and 2,6 % (p>0,05) and had a tendency with
concentric remodeling — by 5,6 and 2,9 %
and eccentric hypertrophy — by 5,9 and 3,4 %
(p>0,05).

In individuals after coronavirus disease, the
diameters of the right internal carotid arteries
increased with eccentric hypertrophy by 4,1 %
and concentric hypertrophy by 8,8 % (p<0,05)
and with concentric remodeling by 5,5 %, but
this was only a trend. The maximum blood
flow velocities in the right internal carotid
arteries in the examined patients decreased with
eccentric hypertrophy by 7,7 %, with concentric
hypertrophy by 4,4 % and remodeling by
2,0 %, but these differences were not significant
(Table 3).

In the examined patients with concentric
hypertrophy — by 1,5 % and with concentric
remodeling — by 0,3 %, the diameters of the
left internal carotid arteries tended to increase,
and with eccentric hypertrophy — to decrease by
0,7 %. The maximum blood flow velocity and
resistance indices in the left internal carotid
arteries decreased in patients after coronavirus
disease with eccentric hypertrophy — by 10,5
(p<0,05) and 4,3 % (p>0,05) and concentric
hypertrophy — by 5,5 and 0,5 % (both p>0,05),
and with concentric remodeling they increased
by 1,1 and 0,9 % (both p>0,05).

The diameters of the right vertebral arteries
in the examined individuals did not change
with eccentric hypertrophy and increased with
concentric hypertrophy — by 0,5 % and with
concentric remodeling — by 5,8 %. At the same
time, the maximum blood flow velocities and
resistance indices in the right vertebral arteries
in these patients decreased with eccentric
hypertrophy — by 12,4 (p<0,05) and 1,5 %, with
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Table 3. Structural and functional state of extracranial arteries in patients after coronavirus disease

Types of left ventricular geometry in patients after
Structural and functional state of coronavirus disease
extracranial vessels normal | hypertrophy | concentric concentric

geometry eccentric remodeling | hypertrophy
Diameter of the RCCA 0,71+0,01 0,73+0,03 0,71£0,02 | 0,80+0,02%**
Maximum blood flow velocity of the RCCA | 87,60+2,38 86,15+2,09 | 84,45+4,12 78,77+3,24
RCCA resistance index 0,72+0,11 0,73+0,12 0,70+0,11 0,76+0,08
Diameter of the LCCA 0,70+0,11 0,72+0,20 0,72+0,12 0,72+0,14
Maximum blood flow velocity of the LCCA | 90,68+2,15 85,32+2,46 85,75+4,34 | 77,41+3,15%*
LCCA resistance index 0,74+0,11 0,71+0,11 0,72+0,11 0,72+0,02
Diameter of the RICA 0,50+0,11 0,52+0,12 0,53+0,12 0,55+0,02*
Maximum blood flow velocity of the RICA | 74,28+1,34 68,45+2,26 72,64+2,75 70,79+4,65
RICA resistance index 0,72+0,11 0,73+0,12 0,73+0,02 0,67+0,11
Diameter of the LICA 0,53+0,01 0,51+0,11 0,52+0,02 0,52+0,12
Maximum blood flow velocity of the LICA | 75,23+1,35 | 67,93+£2,16* 76,18+2,52 71,17+3,44
LICA resistance index 0,73+0,11 0,70+0,12 0,74+0,04 0,73+0,13
Diameter of the RVA 0,35+0,11 0,36+0,11 0,38+0,12 0,36+0,12
Maximum blood flow velocity of the RVA 46,45+1,02 | 40,80+2,12* 44,85+3,15 37,62+2,45%
RVA resistance index 0,72+0,11 0,71+0,12 0,69+0,01 0,71+0,12
Diameter of the LVA 0,35+0,11 0,36+0,11 0,34+0,12 0,36+0,01
Maximum blood flow velocity of the LVA 46,64+1,38 39,28+2,16 | 42,050+3,19 38,54+2,18
LVA resistance index 0,73+0,11 0,71+0,01 0,72+0,12 0,70+0,02
Intimate media complex 0,09+0,003 | 0,085+0,004 | 0,093+0,022 | 0,098+0,016

Note: * — p<0.05, ** — p<0.01, *** — p<0.001
concentric hypertrophy — by 19,9 (p<0,05) and Discussion

1,3 % and with concentric remodeling — by 3,7 %.
The diameters of the left vertebral arteries
in patients increased with eccentric hypertrophy
by 2,5 % and concentric hypertrophy by 3.9 %
and decreased with concentric remodeling by
2,6 %. At the same time, the maximum blood
flow velocities and resistance indices in the
left vertebral arteries decreased with eccentric
hypertrophy by 15,7 and 2,4 %, concentric
hypertrophy by 17,3 and 3,2 % and with
concentric remodeling by 9,0 and 1,5 %, but
these changes were not statistically significant.
In patients after coronavirus disease, the
intimate media complex (IMC) increased
with concentric hypertrophy by 10,0 % and
remodeling by 1,0 % and decreased with
eccentric hypertrophy by 5,5 % (p>0,05).

Coronavirus disease is one of the greatest
challenges for healthcare systems worldwide
[1, 25]. Previous studies have shown that
coronavirus disease can cause cardiovascular
complications, such as acute coronary syndrome
and myocardial infarction, myocarditis and
Takotsubo cardiomyopathy, various rhythm
and conduction disorders, thromboembolism
(PE), and heart failure [25, 26, 27]. Although
the prevalence of complications in COVID-19
is not known in detail, it has been shown that
the presence of cardiovascular disease in the
anamnesis is associated with a more severe
course of infection [28]. Wu et al., 2019 showed a
significant increase in mortality from COVID-19
in patients with existing CVD, which was 10,5 %
versus 2,3 % [29].
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As Mahmoud-Elsayed HM et al., 2020
indicated, in patients with coronavirus disease,
LV sgystolic function was hyperdynamic or
normal in 89,0 %, while RV dilation was present
in 41,0 %, and RV dysfunction was present
in 27,0% of those examined. RV systolic
dysfunction is associated with PE, with elevated
D-dimer and C-reactive protein levels in 20,0 %
of cases [30].

Dweck MR et al., 2020 showed that more
than half of patients with COVID-19 had
cardiovascular abnormalities, most commonly
left wventricular, although some individuals
had myocardial infarction, myocarditis, and
Takotsubo cardiomyopathy. Right ventricular
(RV) abnormalities were more common in severe
COVID-19 and were likely associated with
severe pneumonia and PE [31]. While Szekely
Y et al., 2020 emphasized that the most common
abnormality in patients with COVID-19 was RV
dilatation and/or dysfunction, followed by LV
diastolic dysfunction. LV contractility [ejection
fraction (EF)] remained normal in 90,0 % of the
examined [32]. In patients with severe conditions,
further deterioration of RV parameters was
visualized, which could be associated with
increased pulmonary resistance [26]. The study
by Szekely Y. and Topilsky Y,2022 showed a
significant decrease in both systolic and diastolic
LV function; even subclinical changes in LV
function are associated with a worse prognosis
in other heart diseases [32].

As emphasized by Manuylov S, Mykhay-
lovska N, 2024, in people with coronary artery
disease after a previous coronavirus disease,
significant changes in cardiac remodeling
indicators, an increase in the severity of LV
hypertrophy, LV diastolic dysfunction and end-
systolic pressure, and a decrease in LV ejection
fraction were found, in contrast to people
without Covid-19. The authors indicated that
a previous coronavirus disease in people with
coronary artery disease is associated with the
risk of dilatation and hypertrophy of the LV
myocardium, its diastolic dysfunction [33].

Our study showed that against the background
of coronary artery disease, arterial hypertension
and a previous coronavirus disease, 52,0 %
of patients had left ventricular hypertrophy;
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eccentric and concentric hypertrophy were
observed in 22,0 and 18, 0%, respectively. In
patients with LV hypertrophy, the DBPP dipper
was found in 53,8 %, non-dipper — in 30,8 %,
night-peaker — in 15,4 % of cases. In individuals
with eccentric and concentric LV hypertrophy,
the diurnal BP profile dipper was most often
found — in 45,4; 55,5 % of the examined. The
intima-media complex >0,09 mm was found
in eccentric and hypertrophy and concentric
remodeling — in 36,3 and 50,0 %. Among
individuals with thickened ICM, the DBPP
dipper was diagnosed in 40,0 %, non-dipper — in
35,0 %, night-peaker — in 20,0 %, over-dipper —
in 5,0 % of cases.

Szekely Y. and Topilsky Y, 2022 emphasize
that the availability of echocardiographic
examination and ultrasound examination of
vessels, their ability to qualitatively and quickly
assess the morpho-functional state of the heart
and vessels, the nature of hemodynamics, and
the risk of possible complications are significant
advantages and must be used in the treatment of
people with previous coronavirus disease [34].

Conclusions

Against the background of existing
hypertension, ischemic heart disease, and
previous coronavirus disease, 52,0 % of patients
had left ventricular hypertrophy, 46,0 % had
changes in vascular remodeling, and 52,0 % had
disturbances in the circadian rhythm of blood
pressure (night-peaker — 15,4 % and non-dipper —
up to 30,8 %). Among all individuals with LV
hypertrophy, eccentric was observed in 42,3 %,
concentric — 34,6 %, concentric remodeling —
23,1 % of the examined. The non-dipper daily BP
profile was diagnosed in 36,4; 33,3 and 50,0 %,
night-peaker —in 18,2; 11,2 and 16,7 %, dipper —
in 45,4; 55,5 and 33,3 %; thickening of the
intima-media complex —in 36,3; 22,2 and 50,0 %
of the examined with eccentric and concentric
hypertrophy and with concentric remodeling. In
patients with coronary artery disease with arterial
hypertension, a month after the transferred
coronavirus disease, diverse changes in the
intima-media complex were observed (decrease
in eccentric hypertrophy by 5,5 % and increase in
concentric hypertrophy by 10,0 % and concentric
remodeling by 1,0 %). In patients with thickened
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ICM, the non-dipper daily blood pressure profile
was found in 35,0 %, night-peaker in 20,0 %,
dipper in 40,0 %, and over-dipper in 5,0 % of the
examined. Ultrasound examinations, their ability
to qualitatively and quickly assess the morpho-
functional state of the heart and vessels, the
nature of hemodynamics, and the risk of possible
complications should be used in the diagnosis and
treatment of persons with transferred coronavirus
disease at the stage of primary medical care.

Perspectives of subsequent scientific

research

Further research will be aimed at developing
an algorithm for the diagnosis and treatment
of coagulopathy in people who have had
coronavirus disease.

The results of the study were obtained by
the authors during the research work of the
Department of Family Medicine of Shupyk
National University of Health of Ukraine on
the topic «Development and Justification of
Programs For the Prevention and Treatment of
Patients With Comorbid Pathology of Organs
and Systems» (state registration number 0122U-
002416; term: 2022-2026 years).
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Oco0MBOCTI peMOJCJIIOBAHHSA CepPUs TA CYAMH Y XBOPHX,
1[0 NePeHec M KOPOHAPOBIPYCHY XBOPOOY

Oubra BosHiok

HamnionanbHuit yHiBepcuTeT 0XopoHH 370poB’st Ykpainu imeni [1.J1. lllynuka, m. Kui, Ykpaina
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Olga Vozniuk
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Anomauia: Mema — susuumu eéniue COVID-19 na cman pemooeniosants cepys ma cyouH y
nayienmis 3 uWeMiyHol X80poOOI cepys ma apmepianvHorw 2inepmensieio. [Ipomseom 2024-
2025 pokie 6yno oocmexnceno 50 ocio (30 wonosixis i 20 scinox y siyi 64,24+3,16 poku) 3 iuwemiunoro
X80po0OOI cepysi ma apmepiaibHOI 2inepmeHsier uepe3 Micayb Nics MiKy8aHHs KOPOHAPOBIPYCHOL
xgopobu. Y obcmedixcenux xeopux niclis nepeHeceHoi KoOpoHapoeipycHOi X6opobu Ha mili iCHYIOUUX
einepmensii ma iuwemiynoi xeopoou cepys no 52,0 % sycmpiuanuce cinepmpo@is 1i6020 WIYHOUKA
ma 3MIHU YUPKAOHO20 PUMMY apmepianbHo2o mucky, 6 46,0 % — nomoguenns Komniexcy iHmima-
media. Cepeo ecix nayienmis 3 cinepmpodghieto JILLI 3ycmpivanuce KOHYeHmMpUuyHi pemooento8anHs
(v 23,1 %) ma cinepmpodpis (v 34,6 %), a maxoosic excyenmpuuna cinepmpoghis (v 42,3 % eunaoxis).
Taxi 006086i npoghini AT ceped 0cib 3 KOHYEHMPUYHUMU PEMOOETIOBAHHAM I 2inepmpoghiero, a maxoic
3 ekcyenmpuuHroto 2inepmpodieto, sik non-dipper 3ycmpivanucay 50,0, 33,3 ma 36,4%, night-peaker —
v 16,7, 11,2ma 18,2%, dipper—y 33,3, 55,5 ma 45,4% obcmesrcenux. 3pocmanus mosuunu KOMnieKcy
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iHmuma- media npu eKCyeHmpudHil i KOHYeHmMpUu4Hi cinepmpoghiax ma y ocio 3 KOHYEeHMPUUHUM
pemoodeniosannsam cnocmepieanocs y 36,3, 22,2 i 50,0 % eunaoxis. Ilpu ii 30invuenni mosujunu
KIM y nayienmie cymmeeo 3pocmanu nowupenicmo dipper — y 40,0 %, non-dipper — y 35,0 %,
mooi Ak night-peaker ma over-dipper 3ycmpiuanuce y 20,0 i 5,0 % obcmedscenux. Ynompazeykosi
00CHiJCeHHSL cepysl | CYOuH, iX 30amHiCmb SIKICHO U WBUOKO OYIHUmMu mMoppo- yHkyionanvHuil
CMaw, xapakmep 2eMOOUHAMIKU, PUSUK MOJICTUBUX YCKIAOHEHb MAOMb BUKOPUCMOBYBAMUCL NPU
diaeHocmuyi ma JaiKy8aHHi 0CiO 3 NepeHeceHor KOPOHAPOBIPYCHOI X80POOOID HA emani NepeuHHoi
MeOUuuHOoi 0onomozu.

Kurouosi ciioBa: KoponasipycHa xBopo0Oa, CeprieBo-CynnHHI 3aXBoproBaHHs, Exokapaiorpadis,
[nynouku cepiist, CepiieBa HemocTaTHICTh, CeplieBO-CyAMHHI YCKIIaIHEHHS, IIPOTHO3
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Features of Regional Antibiotic Resistance in Pharyngeal Infections
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Abstract: Antibiotic resistance (ABR) is a global public health issue. The World Health Organization
(WHO) predicts that by 2050, ABR could lead to 10 million deaths annually if no countermeasures
are taken (WHO, 2019). The rise in multidrug-resistant (MDR) bacteria and fungi complicates
treatment strategies, particularly in healthcare facilities where nosocomial infections are prevalent,
according to various studies. To analyze the results of bacteriological examination of throat swabs
with antibiograms in pharyngeal diseases and, based on the data analysis, develop recommendations
for empirical antibiotic therapy. From 2024 to 2025, 255 throat swabs were collected and cultured at
the Brovary Multidisciplinary Clinical Hospital to determine the bacteriological composition of the
pharyngeal mucosa and antibiotic resistance. Isolates were identified using standard microbiological
methods, such as culturing on nutrient media and biochemical tests. Antibiotic susceptibility was
assessed using the minimum inhibitory concentration (MIC) method or the Kirby-Bauer disk diffusion
method. Testing was conducted on a panel of antibiotics. Results were interpreted according to
standards such as those of the Clinical and Laboratory Standards Institute (CLSI) to classify strains
as susceptible, intermediate, or resistant. A multilevel statistical methodology was employed for
comprehensive analysis of microbiological data and antibiotic resistance profiles. Data analysis was
performed using Python 3.9 and specialized libraries for scientific data processing (NumPy, SciPy,
Pandas, and scikit-learn, data visualization was conducted using Matplotlib and Seaborn). Antifungal
drugs—clotrimazole (100%) and ketoconazole (90.0%)—demonstrated the highest efficacy in treating
fungal infections. Ceftazidime, vancomycin, benzylpenicillin, and clindamycin showed low efficacy
(less than 50%), which may indicate high microbial resistance to these drugs. Amikacin, ceftriaxone,
and cefepime were the most effective antibiotics for f-hemolytic streptococcus in terms of susceptibility.
Staphylococcus aureus exhibited complete susceptibility to levofloxacin, ofloxacin, and meropenem.
The study highlights the severity of the antibiotic resistance problem and the need for rational use of
antimicrobial agents in clinical practice.

Keywords: Antibiotic Resistance, Antibiotics, Bacteria, Pharynx, Fungi, Pharyngeal Diseases,
Tonsillitis, Oral Cavity, Pharyngitis.
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Introduction

Antibiotic resistance (ABR) is a global public
health challenge. The World Health Organization
(WHO) projects that by 2050, ABR could cause
10 million deaths annually if no countermeasures
are implemented (WHO, 2019). The rise in
multidrug-resistant (MDR) bacteria and fungi
complicates treatment strategies, particularly in
healthcare settings where nosocomial infections
are more prevalent.

The clinical consequences of ABR are
significant, as high resistance to commonly used
antibiotics, such as amoxicillin-clavulanate
and clarithromycin, limits treatment options,
especially forbacterial infections caused by gram-
positive bacteria. Regarding the distribution of
bacteria by epidemiology, the most common
gram-positive bacterium 1s Staphylococcus
aureus. For instance, Jones et al. (2018) found
that 30-50% of S. aureus isolates in European
healthcare facilities were methicillin-resistant
(MRSA), with high resistance to clarithromycin
(60%) and clindamycin (40%) [6]. Meanwhile,
the most frequent gram-negative pathogens
include Enterobacter spp. Additionally, gram-
negative bacteria such as Pseudomonas aeru-
ginosa and Enterobacter spp. pose further
challenges due to their acquired resistance
mechanisms. P. aeruginosa is known for resis-
tance to carbapenems and aminoglycosides [5].
Citrobacter spp. exhibit multidrug resistance
to cephalosporins and amoxicillin-clavulanate
[3]. Fungal pathogens, particularly Candida
albicans, also show increasing resistance to
azoles [5]. A global study by Pfaller et al. (2020)
revealed that 10-15% of C. albicans isolates had
acquired resistance to fluconazole, with higher
resistance observed in immunocompromised
patients [5].

Limiting the use of broad-spectrum antibiotics
andregularly monitoring susceptibility are critical
measures to combat antibiotic resistance. The
WHO Global Action Plan on ABR emphasizes
infection monitoring and control [1].

Materials and Methods

The study was approved by the Bioethics
Committee of the Bogomolets National Medical
University (protocol Nel87 23.09.2024) and
complies with the requirements of the Helsinki

ISSN 2786-6661
eISSN 2786-667X

Declaration. Since the study is retrospective,
obtaining informed consent from patients was
not required.

From 2024 to 2025, a study was conducted at
the Brovary Multidisciplinary Clinical Hospital,
where 255 throat swabs were collected and
cultured to assess antibiotic resistance. The
study investigated regional antibiotic resistance
patterns in patients with pharyngeal infections
from otolaryngology and infectious disease
departments.

Isolates were identified using standard
microbiological methods, including cultivationon
nutrient media and biochemical tests. Antibiotic
susceptibility was evaluated using the minimum
inhibitory concentration (MIC) method or the
Kirby-Bauer disk diffusion method. Testing was
performed on a panel of antibiotics, and results
were interpreted according to standards such as
those of the Clinical and Laboratory Standards
Institute (CLSI) to classify strains as susceptible,
intermediate, or resistant.

A multilevel statistical methodology was
employed for comprehensive analysis of
microbiological data and antibiotic resistance
profiles. Data analysis was conducted using
Python 3.9 with specialized libraries for scientific
data processing (NumPy, SciPy, Pandas, scikit-
learn), and data visualization was performed
using Matplotlib and Seaborn.

Microbiological data were analyzed using
standard measures of central tendency (mean,
median) and variability (standard deviation,
range of minimum and maximum values).
Categorical variables were evaluated using
absolute frequencies and relative proportions
(percentages). The distribution of microorganisms
and colony-forming unit (CFU) levels were
presented as absolute counts and percentages of
the total sample.

Antibiotic resistance was assessed based
on standard classifications (susceptible (S),
intermediate (I), and resistant (R) strains).
Percentages of susceptibility and resistance
were calculated for each antibiotic. The
multiple antibiotic resistance (MAR) index
was calculated as the ratio of the number of
antibiotics to which resistance was detected to
the total number of antibiotics tested. Cross-
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resistance was evaluated using Spearman's
rank correlation coefficient (p) with statistical
significance determined by p-values. Antibiotic
pairs with a correlation coefficient p > 0.7 and
p < 0.05 were considered to have significant
cross-resistance.

For comparing resistance profiles between
different microorganisms, the chi-square (y?)
test was used for categorical variables with large
sample sizes, and Fisher’s exact test was applied
for small samples. Differences were considered
statistically significant at p < 0.05. The rela-
tionship between CFU levels and antibiotic
resistance was analyzed using Spearman’s rank
correlation coefficient.

The dynamics of antibiotic resistance were
analyzed using time-series analysis methods.
Trends were assessed via linear regression,
calculating the slope, coefficient of determination
(R?*), and statistical significance (p-value).
Future resistance levels were predicted using
linear extrapolation with the construction of 95%
confidence intervals.

To identify subgroups of strains with similar
resistance profiles, k-means clustering was
applied with prior data standardization. The
optimal number of clusters was determined using
the "elbow method" by analyzing the within-
cluster sum of squares. For bacterial isolates
with sufficient data (n > 20), dendrograms of
antibiogram similarity were constructed using
hierarchical agglomerative clustering with
Euclidean distance metrics.

The effectiveness of antibiotics for empirical
therapy was evaluated based on the percentage
of susceptible strains with 95% confidence
intervals. Antibiotic combinations were analyzed
using a methodology that calculated combined
effectiveness, considering the probability
of susceptibility to at least one of the paired
antibiotics.

Various visualization methods were emp-
loyed to present results: bar charts (for frequency
comparisons), heatmaps (for resistance
matrices), line graphs (for trend analysis), box-
plot diagrams (for distribution comparisons),
correlation matrices, and dendrograms (for
cluster analysis).

Artificial intelligence was not used.
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Results and Discussion

A total of 255 individuals were examined,
comprising 156 males (61.1%) and 99 females
(38.9%), with a mean age of 37 years.

Among all isolated strains, Streptococcus
(gram-positive) was the most frequently
encountered (72.1%), while Pseudomonas
aeruginosa was the least common (0.4%). Can-
dida albicans (12.1%) and Staphylococcus
aureus (7.3%) were also relatively frequent. The
complete distribution is presented in Figure 1.

The highest number of multidrug-resistant
strains was observed in Citrobacter, which
may be explained by its frequent presence in
healthcare facilities and its association with
nosocomial infections. Additionally, hemolytic
Staphylococcus (30%) and Escherichia coli
(16.7%) exhibited high levels of multidrug-
resistant strains, necessitating attention in the
treatment of these infections. The frequency of
multidrug-resistant strains among the isolated
isolates is presented in Figure 2.

Regarding the trends in the temporal
distribution of microorganisms, hemolytic
streptococcus exhibits significant fluctuations
with two peaks (September 2024 and March
2025), followed by a sharp decline to a
minimum value (2%) by the end of the period.
Candida albicans shows one pronounced peak
in September 2024 (15%), after which its share
remains low (1-4%) with minor fluctuations.
Staphylococcus aureus displays a relatively
stable distribution (1-2%) with one notable peak
in November 2024 (9%). The data are presented
in Figure 3.

The highest level of multiple antibiotic
resistance (MAR) is observed in Citrobacter
(0.70), indicating a serious resistance issue.
Moderately high resistance levels are seen
in  Pseudomonas aeruginosa (0.38) and
Staphylococcus haemolyticus (0.27). An average
resistance level is demonstrated by Enterobacter
(0.23) and Streptococcus (gram-positive) (0.20).
Low resistance levels are observed in Klebsiella
spp. (0.12) and Staphylococcus aureus (0.10).
Citrobacter and Pseudomonas aeruginosa are
the most problematic due to their high levels of
multiple resistance. The data can be reviewed in
Figure 4.
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Figure 1. Distribution of Microorganisms

Figure 2. Percentage of Multidrug-Resistant Strains by Microorganism
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Figure 3. Trends in the Distribution of Major Microorganisms

Figure 4. Average MAR Index by Microorganism
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Overall, only a small proportion of bacteria
(less than 10%) have an MAR index > 0.5. This
means thatapproximately 90% of microorganisms
predominantly exhibit monoresistance to a
specific antibiotic. The final distribution of the
MAR index can be reviewed in Figure 5.

Regarding fungi, the average MAR index is
0.32, which is higher than the average MAR index
for bacteria (0.20), as shown in Figure 5. This

ISSN 2786-6661
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suggests that fungi are more resistant than bacteria
and require mandatory susceptibility testing for
antifungal drugs for each fungal isolate. It is
also important to implement resistance control
measures and restrict the use of antifungal agents
unless necessary. The data on the MAR index for
fungi are illustrated in Figure 6.

In addition to evaluating the aforementioned
parameters, a correlation heatmap of antibiotic

Figure 5. Distribution of MAR Index for Bacteria

Figure 6. Distribution of MAR Index for Fungi
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resistance was constructed. The highest positive
correlation is observed between fluconazole and
ketoconazole (1.00), indicating that resistance to
one of these antifungal agents is accompanied
by resistance to the other. Surprisingly, strong
correlational links were found between antibiotics
within the same groups, such as levofloxacin
and ofloxacin (0.77). Strong correlations were
also observed between ofloxacin and linezolid
(1.00), imipenem and clarithromycin (1.00), and
imipenem and ceftriaxone (1.00).

The highest negative correlation was found
between azithromycin and vancomycin (-0.35),
meaning that microorganisms resistant to
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azithromycin were sensitive to vancomycin,
and vice versa. A similar trend was noted with
imipenem and vancomycin (-0.69), and imipenem
and ampicillin (-0.43).

This correlation heatmap helps to understand
which antibiotics share similar resistance profiles,
which can be useful for selecting alternative drugs
in the treatment of bacterial and fungal infections.

Based on the collected data, clotrimazole
(100%) and ketoconazole (90.0%) demonstrated
high effectiveness for the empirical treatment of
fungal pharyngeal infections (Figure 8). Similarly,
broad-spectrum antibiotics such as amikacin,
ceftriaxone, and cefepime also showed high

Figure 7. Correlation of Resistance Between Antibiotics
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Figure 8. Effectiveness of Antibiotics for Empirical Therapy

effectiveness (over 90%). In contrast, ceftazidime,
vancomycin, and clindamycin exhibited low
effectiveness (less than 50%), which may indicate
high resistance of microorganisms to these drugs.

It should be noted that for certain antibiotics,
the number of tests was relatively low—fewer
than 20 tests—which may affect the reported
level of antibiotic resistance.

A detailed analysis of antibiotic resistance
revealed that amikacin is the most effective

antibiotic for Streptococcus (gram-positive) in
terms of susceptibility (100%), though the small
number of tests (8) suggests the need for further
studies to confirm this finding. Meanwhile,
ceftriaxone (98.5%, 131 tests) and cefepime
(94.7%, 171 tests) also exhibit high effectiveness
in treating pharyngeal bacterial infections caused
by B-hemolytic streptococcus, with their results
being more reliable due to the larger number of
tests. The data are presented in Figure 9.

Figure 9. Most Effective Antibiotics for B-Hemolytic Streptococcus
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Three antibiotics (levofloxacin, meropenem,
and ofloxacin) were found to have complete
susceptibility for Staphylococcus aureus, with
two belonging to the fluoroquinolone group. This
is likely due to the similarity in the structural
properties of these antibiotics. The data are
presented in Figure 10.

Based on the statistical calculations
conducted, clotrimazole was found to be
the most effective antifungal agent with an
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effectiveness of 100% (30 tests), making it the
best choice for empirical therapy. Ketoconazole
(90.0%) is also highly effective and can serve
as an alternative to clotrimazole. Fluconazole
(76.7%) and voriconazole (73.3%) exhibit
moderate effectiveness. Nystatin (53.3%) is the
least effective, and its use may be limited in our
context.

It is noted that an equal number of tests were
conducted for all antifungal agents.

Figure 10. Most Effective Antibiotics for Staphylococcus aureus

Figure 11. Recommended Antibiotics for the Fungi Group
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Upon group analysis, it was found that
ampicillin exhibits the highest susceptibility
(73.8%) and the lowest resistance (20%), whereas
amoxicillin shows the lowest susceptibility
(16.7%) and the highest resistance (78%) within
the penicillin group. The data are presented in
Figure 12.

Analysis of the macrolide group revealed that
clarithromycin has higher susceptibility (76.1%)
and lower resistance (14%), while azithromycin
shows slightly lower susceptibility (69.6%) and
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higher resistance (25%). The data are presented
in Figure 13.

An interesting finding is that levofloxacin
exhibits the highest susceptibility among the
studied drugs, whereas ofloxacin is the least
effective in terms of the percentage of susceptible
strains across various bacteria. The data are
illustrated in Figure 14.

Among the cephalosporin group, ceftriaxone
is the most effective. Ceftazidime, however, has
the lowest effectiveness due to a high level of

Figure 12. Effectiveness of Penicillin Group Antibiotics

Figure 13. Effectiveness of Macrolide Group Antibiotics
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Figure 14. Effectiveness of Fluoroquinolone Group Antibiotics

resistance. The final distribution can be reviewed
in Figure 15.

Regarding the carbapenem group, mero-
penem demonstrates significantly higher effec-
tiveness compared to imipenem. Imipenem has
a substantial level of resistance, which may limit
its clinical applicability in some cases. The data
are presented in Figure 16.

Regarding the azole group of antifungal
agents, clotrimazole (100%) and ketoconazole
(90%) exhibit the highest susceptibility, while
itraconazole (13.3%) shows the lowest, making
its use in clinical practice questionable. A detailed
analysis is presented in the diagram (Figure 17).

After evaluating all baseline parameters, a
linear regression model was developed to predict

Figure 15. Effectiveness of Cephalosporin Group Antibiotics
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Figure 16. Effectiveness of Carbapenem Group Antibiotics

Figure 17. Effectiveness of Antifungal Agents

antibiotic resistance over time. Accordingly, the
highest increase in resistance is forecasted for
ampicillin (30.1%), which may indicate a rapid
development of microbial resistance to this
drug. In contrast, cefepime and clarithromycin
show a predicted decrease in resistance levels,
making them potentially more stable for future
use (Figure 18).

Discussion

The study conducted at the Brovary
Multidisciplinary Clinical Hospital between
2024 and 2025 highlights regional features
of antibiotic resistance (ABR) in pharyngeal
infections in the Kyiv region. Analysis of
255 throat swabs revealed a predominance of
gram-positive bacteria, particularly Streptoco-
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Figure 18. Current and Predicted Resistance Levels

ccus (gram-positive) (72.1%), which aligns
with international data on the dominance
of streptococci as the primary pathogens in
pharyngitis and tonsillitis [8]. The low frequency
of Pseudomonas aeruginosa (0.4%) reflects its
greater prevalence in nosocomial settings, as
noted by Bassetti et al. (2019), where gram-
negative bacteria are more commonly associated
with infections in intensive care units [1].

The seasonal dynamics identified in the
study indicate peaks in activity for Streptococcus
(gram-positive) in July (33%), Candida albi-
cans in June (15%), and Staphylococcus
aureus in August and November (9% and 8%,
respectively). These fluctuations may be linked
to climatic factors, including high temperatures
and humidity during the summer, which promote
microbial growth, as emphasized by Berkow and
Lockhart (2017) for fungal infections [3]. The
reduced activity of microorganisms in winter
(December, 2%) may reflect lower circulation
of pharyngeal infections during the cold season,
warranting further investigation to develop
seasonally adapted prevention strategies.

The high multiple antibiotic resistance
(MAR) index in Citrobacter (0.70) confirms
its status as a problematic pathogen, as noted
by Gao et al. (2019), which highlights its
multidrug resistance to cephalosporins and
amoxicillin-clavulanate [7]. Moderate resistance
in Pseudomonas aeruginosa (MAR 0.38) and

Staphylococcus haemolyticus (MAR 0.27) points
to challenges in treating infections caused by
these microorganisms, especially in settings with
limited access to broad-spectrum antibiotics [1].
The higher MAR index for fungi (0.32) compared
to bacteria (0.20) is consistent with global trends
of increasing resistance to azoles, particularly
fluconazole, as confirmed by Castanheira et al.
(2017) [5].

The effectiveness of antibiotics for empirical
therapy varies by pathogen. For Streptococcus
(gram-positive), amikacin (100%), ceftriaxone
(98.5%), and cefepime (94.7%) showed
high susceptibility, making them optimal for
treating streptococcal infections. The complete
susceptibility of Staphylococcus aureus to
levofloxacin, meropenem, and ofloxacin (100%)
aligns with findings by Diekema et al. (2019),
which note the effectiveness of fluoroquinolones
and carbapenems [6]. For fungal infections,
clotrimazole (100%) and ketoconazole (90%)
proved mosteffective, while the low susceptibility
to nystatin (53.3%) and itraconazole (13.3%)
suggests limited applicability, consistent with
the rising resistance to azoles [5].

Correlation analysis revealed a high
positive correlation between fluconazole and
ketoconazole (1.00), imipenem and meropenem
(0.69), levofloxacin and ciprofloxacin (0.44),
levofloxacin and ofloxacin (0.77), ofloxacin and
linezolid (1.00), imipenem and clarithromycin
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(1.00), and imipenem and ceftriaxone (1.00). A
negative correlation between azithromycin and
vancomycin (-0.35) supports the potential use
of vancomycin as an alternative when resistance
to azithromycin is present. High resistance to
clarithromycin (54.3% in Streptococcus (gram+),
66.7% in S. aureus) and amoxicillin-clavulanate
(83.3% in Enterobacter) underscores the need
to limit their use, as recommended by ESCMID
guidelines [8] and WHO [1].

Limitations of the study include the small
number of tests for some antibiotics (e.g.,
amikacin for Streptococcus (gram+)) and
the monocentric nature of the investigation.
Therefore, further multicenter studies with larger
samples are necessary to validate the findings.

Conclusions

The study revealed that Streptococcus
(gram-positive) is the most common pathogen
causing  pharyngeal infections (72.1%),
while Pseudomonas aeruginosa was the least
frequent (0.4%), indicating the dominance of
gram-positive bacteria in community-acquired
pharyngeal infections in the region.

A clear seasonal dependency in the spread
of microorganisms was identified: the peak
activity of Streptococcus (gram-positive) occurs
in July (33%), Candida albicans in June (15%),
and Staphylococcus aureus in August and
November (9% and 8%, respectively). The
lowest activity of all microorganisms is observed
in winter (December, 2%), highlighting the need
for seasonally adapted prevention and treatment
strategies.

The highest multiple antibiotic resistance
(MAR) index was demonstrated by Citrobac-
ter  (0.70), followed by Pseudomonas
aeruginosa (0.38) and Staphylococcus haemo-
Iyticus (0.27). The average MAR index for
fungi (0.32) exceeds that for bacteria (0.20),
indicating a higher resistance level among fungal
pathogens, primarily to azoles.

Streptococcus (gram-positive) showed high
susceptibility to amikacin (100%, 8 tests),
ceftriaxone (98.5%, 131 tests), and cefepime
(94.7%, 171 tests), making them optimal for
empirical therapy, though the data for amikacin
require further confirmation due to study
limitations.
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For Staphylococcus aureus, the most effective
antibiotics were levofloxacin, meropenem, and
ofloxacin (100% susceptibility).

Clotrimazole (100%) and ketoconazole
(90%) emerged as the most effective antifungal
agents. Nystatin (53.3%) and itraconazole
(13.3%) have limited effectiveness due to high
resistance.

Ahigh positive correlation was found between
fluconazole and ketoconazole (1.00), imipenem
and meropenem (0.69), and levofloxacin and
ciprofloxacin (0.44), reflecting shared resistance
mechanisms. A negative correlation between
azithromycin and vancomycin (-0.35) suggests
the potential effectiveness of vancomycin as an
alternative when resistance to azithromycin is
present.

High resistance to clarithromycin (54.3%
in Streptococcus (gram+), 66.7% in S. aureus),
amoxicillin-clavulanate (83.3% in Enterobacter),
and fluconazole (46.7% in Candida albicans)
indicates the need to restrict their use in empirical
therapy.

The highest increase in resistance is forecasted
for ampicillin (30.1%), pointing to the need
for enhanced control over its use. In contrast,
cefepime and clarithromycin show a predicted
decrease in resistance, which may reflect the
effectiveness of local antibiotic therapy protocols.
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Anomayin: Anmubiomuxopezucmeumuicmo (ABP) € 2n106aibHo0 npobiemoro 01 HaceleHHs.
Bcecsimmus opeanizayis oxoponu30opos’si (BOO3) npoernosye, wo 0o 2050 poxy ABP moorce cnpununumu
10 minvtionie cmepmeti wopiuno, AKWO He xcumu 3axo0ie npomudii (WHO, 2019). 3pocmanus
Kinbkocmi mynomupesucmenmuux (MP) 6axmepitl i epubOKie ycKi1a0HIoe cmpame?ii iiky8aHHs, 0COONUBO
8 JNIKY8ANIbHO-NPODINIbHUX 3aKIA0AX, 8 AKUX 30 PIZHUMU OAHUMU, NOWUPEH] HO30KOMIANbHI IHMeKYil.
Ipoananizysamu pezynomamu Oakmepiono2iuHo20 00CIIOHCEHHA MA3KIB i3 318) 3 AHMUOIOMUKOSPAMOTO
NpU 3aX60PIOBAHHAX 2IOMKU MA HA OCHOBI OAHUX AHANI3Y PO3POOUMU peKoMeHOayii O eMnIpUudHOL
anmubiomuxkomepanii. Ha 6as3i KHII «bposapcvka 6acamonpoghinena xininiyna nikapusay 3 2024
no 2025 poxu 6yno nposedeno 255 maskie i3 3i6y 3 nocieom OJisi GU3HAYEHHS OAKMEPION02iUHO20
CKAAOY CIU3080i 0OONOHKU 2N0MKU Mma anmubiomukopesucmeHmuocmi. [3onamu ioenmugixyeanu
3a 00NOMO2010 CMAHOAPMHUX MIKPOOIONO2TUHUX MemOodi8, MAKUX AK KYIbMUBYBAHHS HA NOMCUSHUX
cepedoguugax i Gioximiuni mecmu. /s oyinku cmitikocmi 00 aHmMuOiomuKie 6UKOPUCIOB8YBATU MEMOO
BU3HAYEHHS MIHIMAaNbHOI iHeibyIouoi konyenmpayii (MIC) abo ouckooughysitinuii memoo (memoo
Kipbi-bayepa). Tecmysanns nposoounu na nauveni anmubiomuxie. Pezynomamu inmepnpemysanu 3a
cmanoapmamu, maxumu sik CLSI (Clinical and Laboratory Standards Institute), wo6 xnacugixyeamu
wmamu K Yymaugi, NoMipHo 4ymauei abo cmiuki. /[ KOMNIEeKCHO20 AHANI3Y MIKpOOiono2iuHux
oanux ma npo@inie  aHMUOIOMUKOPEZUCMEHMHOCMI — BUKOPUCMOBYBANLACL — bazamopisHesa
CMamucmudna Memooonoisi. Ananiz 30UCHI08A6CA 3 BUKOPUCMAHHAM MOBU NPOSPAMYEAHHS
Python 3.9 ma cneyianizoeanux 6ioniomex ons Haykogoi 0opooxu oanux (NumPy, SciPy, Pandas ma
scikit-learn, 6izyanizayis oanux nposoounacs 3acooamu Matplotlib ma Seaborn.). IIlpomuepubrosi
npenapamu - kiompumaszon (100%) ma kemoxonazon (90.0%) - noxkazanu Havieuwy eghexkmusHicmo
0151 NiKy8anus epubkosux ingexyii. [lepmazuoum, eanxomiyut, OeH3unneHiyulin ma KiiHOAMIYuH
nokaszanu Hu3bKy egpekmuenicmo (menue 50%), wo moduce ceiouumu npo GUCOKY pe3UCmeHmHICmb
MIKpOOpeaHizmie 00 yux npenapamis. Amikayuw, yepmpiakcon ma yegenim € HatieghekmuHiuumu
anmubiomukamu 0nsa B-eemonimuunoco cmpenmokoky 3 mouku 30py wymaugocmi. Staphylococcus
aureus Mac NOGHy Yymaugicms 00 1e80(IOKCAYUHY, oprokcayury ma meponenemy. Jlocnioxcenns
NIOKPeCioe ceplio3Hicms NpooiemMy aHmubiomuKope3uCmeHmHOCmi ma HeoOXioHicmb PayioHAILHO2O
BUKOPUCMAHHS AHMUMIKDOOHUX Npenapamis y KIHIYHIU npakmuyi.

KurouoBi cioBa: aHTHOIOTHKOPE3UCTEHTHICTh, AHTHOIOTHUKH, OakTepii, IOTKa, T'pHOKH,
3aXBOPIOBaHHS INIOTKH, TOH3WIIIT, POTOBA OPOXKHUHA, (DapUHTIT
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Abstract: Antenatal fetal death is one of the most severe obstetric condition, which has a
significant impact on both somatic health and the psycho-emotional state of the woman. Recently,
the data appeared that highlight the role of vitamin-mineral balance in the antenatal fetal death
etiopathogenesis due to the influence on the angiogenesis and on the formation of placental blood
flow processes. Therefore, studying the vitamin-mineral compounds levels in women with a history
of antenatal fetal death is particularly relevant and prompted the formation of our study purpose:
to determine the features of the folic acid, vitamins B, D, ferritin, homocysteine concentrations in
women with antenatal fetal death in anamnesis at the stage of pre-pregnancy preparation. Materials
and methods of the study — a prospective examination of 82 patients was conducted, of which
49 women (main group) with antenatal fetal death in anamnesis and 33 women (control group) with
no late reproductive losses in anamnesis. In all patients, the levels of folic acid, vitamins B, Bs, B>,
25-hydroxyvitamin D, ferritin, Mg?*, Se’* and homocysteine in the blood serum were determined. The
concentration of vitamins D, Bi, Bs, Biz, folic acid, ferritin and homocysteine was determined using
enzyme-linked immunosorbent assay (Monobind (USA)). The determination of Mg>* concentration
was carried out using the colorimetric method (Roche Diagnostics, Switzerland). Selenium was
determined using atomic absorption spectrophotometry (PerkinElmer, USA). According to the results
obtained, the women in the main group had statistically significant differences in compared with
the control group women: lower concentration of folic acid by 28.2%, vitamin Bs by 24.3%, Biz by
23.7%, Vitamin D was 18.4 £ 1.1 ng/ml, which is 15.6% less than in the control group and 38.7%
less than the lower limit of reference values. The concentration of Mg®>* was recorded as 1.4 times
lower, as well as Se’* 1.2 times in the main group. Alterations in the vitamin and mineral profile can
contribute to the activation of oxidative stress, endothelial dysfunction and, as a result, placental
insufficiency, which are currently considered one of the key pathogenetic links of antenatal fetal
death. The obtained results emphasize the feasibility of the vitamin and mineral compounds levels
determination in the pre-pregnancy preparation of women with a burdened obstetric history, which
will allow the formation of individual strategies to prevent pregnancy complications and repeated
perinatal losses.
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Antenatal Fetal Death.

Introduction

Antenatal fetal death (AFD) is one of the
most severe complications of pregnancy, which
is recorded in 2-4 cases per 1000 births in a high
level developed countries and in 10-20 cases per
1000 births in a low level developed ones [1].
The highest proportion of antenatal fetal deaths
occurs between 32 and 36 weeks of gestation. In
2021, the global rate of preterm births beyond
22 weeks was 23.0 per 1000 births, equivalent
to over 3 million cases per year, of which 77%
occurred in South Asia and Africa [2, 3]. In
Ukraine, the incidence of AFD ranges from
4 to 8 cases per 1000 live births [4, 5]. In the
last 5 years, there has been a gradual decrease
in perinatal losses, but the rates of AFD remain
stably high.

The etiopathogenesis of stillbirth s
multifactorial and includes factors such as
infectious, chromosomal abnormalities, obstetric
complications, thrombophilia, immune and
endocrine disorders about 30% of stillbirths
remain unexplained [6]. At the current stage
of research, special attention is paid to the role
of endothelial dysfunction in the pathogenesis
of AFD, which can serve as a marker and a
factor in gestational complications. It has been
established that the state of the endothelium
significantly depends on the balance of vitamin
and mineral compounds, which play a key role in
the processes of angiogenesis, blood clotting and
the formation of placental blood flow [7].

During pregnancy, the need for micronutrients
increases by 20-50%, while the nutritional
security of women of reproductive age often
remains insufficient. In 70-80% of pregnant
women, a combination of deficiencies of three
or more vitamins and minerals is recorded, in
particular folate, vitamins of group B, D, iron,
zinc, iodine, magnesium and selenium [8, 9].
Nutrient deficiencies are associated with an
increased risk of preeclampsia, fetal growth
restriction, congenital malformations, preterm
birth, and stillbirth [10]. It is also known that
reproductive loss in anamnesis significantly

increases the risks of repeated obstetric
complications in subsequent pregnancies,
including perinatal mortality, preterm birth, and
fetal growth restriction [11].

Currently, the role of folate during pregnancy
is well understood, with the main focus being on
preventing neural tube defects, congenital heart
defects, and fetal growth retardation [12, 13].
In case of impaired folate metabolism, the need
for folates and cofactors folate metabolism
(vitamins B2, Bs, Bi2) increases significantly,
the processes of DNA repair, cell proliferation
and vascular remodeling are inhibited, which is
especially critical in the conditions of placenta
formation [14-16]. Decreased activity of folate
enzymes metabolism disrupts the transformation
of homocysteine into methionine and reduces
the production of S- adenosylmethionine — a
universal donor of methyl groups necessary for
DNA methylation and epigenetic regulation of
embryonic and placental development [17].

Vitamin D also plays an important role in the
proper functioning of the maternal-placental-
fetal system. 25(OH)D deficiency is associated
with an increased risk of placental dysfunction,
preeclampsia, fetal growth retardation, and AFD
[18]. Combined deficiency of folate, vitamin D,
and iron, a cofactor for vitamin D activation, is
found in some pregnant women, especially those
with low socioeconomic status [19, 20].

The use of multivitamin complexes with
prophylactic dosage increases the effectiveness
of eliminating deficiencies of folate, vitamin D,
iron and other nutrients during the preconception
stage, which has been demonstrated in many
studies and confirmed by a decrease in the
frequency of preterm birth, low birth weight of
the newborn and a reduced risk of AFD [21-23].

Thus, assessment of vitamin and mineral
status in women with AFD in anamnesis is of
significant importance in the pre-pregnancy
period. Insufficiency of vital trace elements and
vitamins may be a hidden factor in disorders
of placentation, uteroplacental blood flow and
intrauterine development of the fetus. Detection
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and timely correction of micronutrient disorders
in the pre-pregnancy period opens up the
possibility of personalized prevention, reducing
the risk of adverse reproductive outcomes and
improving perinatal outcomes [24, 25].

Aim

To determine the concentrations of vitamin
and mineral compounds, namely B vitamins, folic
acid, vitamin D, ferritin, magnesium, selenium,
and homocysteine, in women with antenatal fetal
death in anamnesis on the pre-pregnancy stage.

Materials and methods

A prospective examination of 82 women who
admitted in the pre-pregnancy period to plan
their next pregnancy was conducted. The main
group included women with AFD in anamnesis
(n=49), the control group consisted of patients
with no late reproductive losses in anamnesis
(n=33). The examination was conducted on the
basis of the outpatient department of obstetrics
and gynecological observation of the Maternity
and Childhood Center of the Municipal Non-
Profit Enterprise «Kyiv City Clinical Hospital
Ne5» in the period between 2022 and 2024 years.
Patients of both groups were representatively
compared by age and level of social security.

Inclusion criteria: childbirth in anamnesis,
voluntary consent to participate in this study.

Exclusion criteria: oncological condition;
severe somatic or mental illnesses; infectious
diseases in the acute stage; taking medications
that affect vitamin metabolism or hormonal
levels; refusal to participate at any stage of the
study.

All patients were tested for the concentration
of B vitamins, namely: thiamine (B:), pyridoxine
(Bs), cyanocobalamin (B12), folic acid, vitamin D
(25(OH)D), ferritin, magnesium (Mg?*), selenium
(Se?*), and homocysteine in their blood serum.

Venous blood was collected on an empty
stomach, from the cubital vein into two test tubes.
To determine the level of vitamins D, Bi, Be,
Bi2, folic acid, ferritin, Se*" and homocysteine,
gel — free tubes were used. To determine Mg?*, a
tube with lithium heparin was used. After blood
collection, the centrifuged serum was stored
at -20 °C until analysis. The concentration of
vitamins D, Bi, Bs, Bi2, folic acid, ferritin, and
homocysteine was determined by enzyme-linked
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immunosorbentassay (ELISA) using commercial
kits according to the manufacturer's protocols
(Monobind (USA)). Mg?>* concentration was
determined by the colorimetric method (Roche
Diagnostics, Switzerland). Se** was determined
using atomic absorption spectrophotometry
(PerkinElmer, USA).

Statistica 10 software (StatSoft, USA) was
used on a personal computer with Microsoft
Excel 2019 software using parametric and
nonparametric analysis methods. Quantitative
variables were presented as mean values (M)
with the corresponding standard error (m).
Student's t-test was used to assess the statistical
significance of intergroup differences. Fisher's
exact test was used to compare categorical
variables. A statistically significant difference
was considered a difference at p<0.05.

The study was conducted in accordance with
the principles of the Declaration of Helsinki. The
research protocol was approved by the Bioethics
Committee of the Bogomolets National Medical
University (protocol No. 181 dated 01/29/2024).

Results

The average age of patients in the main
group was 29.6+2.3 years; in the control group —
30.242.4 years (p>0.05). All patients of both
examined groups lived in the Kyiv region.
The somatic anamnesis in the main group was
burdened by condition of the cardiovascular
system (19 (38.8%) women), thyroid gland
(13 (26.5%) women); metabolic syndrome (7
(14.3%) patients); diseases of the gastrointestinal
tract and hepatobiliary system (13 (26.5%)
women) urinary tract infection (13 (26.5%)
women). In the control group, pathology of the
cardiovascular system was noted in 8 (24.2%)
women; thyroid gland — in 6 (18.1%) patients,
diseases of the urinary system — in 6 (18.1%).

Among gynecological pathologies,
inflammatory diseases of the urogenital tract
prevailed (main group — 19 (38.8%); control
group — 11 (33.3%) women); uterine leiomyoma
(main group — 11 (22.4%); control group —
4 (12.1%) women, p<0.05); menstrual cycle
disorders, manifested by dysmenorrhea (main
group — 15 (30.6%); control group — 8 (24.2%)
women), irregular menstrual cycle (main group —
4 (8.2%); control group — 2 (6.1%) women).
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Analyzing the concentration of folic acid
in the studied groups, as a key microelement
for ensuring women's health and preventing
perinatal pathology, it was found that the
concentration of folic acid was found to be
1.5 times lower in patients of the main group,
compared with the results in the control group
(p<0.05) (Table 1).

Table 1. The content of markers of folate
metabolism in women of the examined groups

(Mzm)
Survey groups
[ et Main Control
group group
(n=49) (n=33)
Homocysteine (umol/L) | 16.7+1, 2* 8.7+0.7
Folic acid (ng /ml) 8.9+0.6 * | 12.4+0.7

Note: * - statistically significant differences compared
to the control group (p<0.05)

It is worth noting that one of the activators
of oxidative stress and endothelial dysfunction
is a high level of homocysteine, which is one
of the markers of impaired folate metabolism.
The average value of homocysteine in patients
of the main group was significantly increased
and exceeded the values of the control group
by 1.6 times (p<0.05). In particular, a third of
patients of the main group (17 (34.7%) women)
had significant hyperhomocysteinemia in com-
bination with a decrease in serum folic acid.

The results obtained regarding the violation
of folate metabolism necessitated the assessment
of the levels of B vitamins (Bi, Bs, and Bi»),
which participate in the biosynthesis of amino
acids, purine, and pyramidine bases (Table 2).

According to the data obtained, patients in
the main group had a significant decrease in
vitamin B¢ levels by 24.2% compared to the
control group, as well as a decrease in vitamin
B> concentration by 23.7% (p<0.05), which
coincided with anamnestic data on pathology
of the gastrointestinal tract and hepatobiliary
system in 26.5% of women in the main group.

The average value of vitamin B, in both
study groups was within the reference values
(70-180 ng/ml) and the difference in the average
value of thiamine between the study groups was
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Table 2. Concentration of B vitamins in women
of the examined groups (M+m)

Survey groups
T e Main Control
group group
(n=49) (n=33)
Pyridoxine (Bs) (ng/ml) | 56.8+4.6* 74.9+5.3
Thiamine (B1) (ng/ml) 106.3+ 8.4 | 112.5£9.7
Cyanocobalamin (Bi2)
(pg/ml) 147.4+6.7* | 193.2+10.3

Note: * - statistically significant differences compared
to the control group (p<0.05)

5.5% (p>0.05). However, vitamin B, deficiency
was detected in the main group, 14 (28.6%)
women were found to have a deficiency state in
relation to this micronutrient.

Given the significant percentage of women
with chronic pathology of the gastrointestinal
tract and hepatobiliary system in the main group
(26.5%), the level of ferritin was determined — a
cofactor of cytochrome P.so enzymes, which is
involved in the conversion of vitamin D to the
biologically active form of calcitriol. In women
of the main group, the average ferritin level was
14.6+1.1 ng/ml, which is 1.8 times lower than in
the control group (26.3+£1.6 ng/ml, p<0.05).

Analyzing the results of the study of
the content of cofactors with pronounced
antioxidant and anti-inflammatory properties
(25(0OH)D, Mg?*, Se?"), a significant difference
was established between the studied groups
(Table 3).

Table 3. Concentration of cofactors with
antioxidant properties in women of the
examined groups (M+m)

Survey groups
Indicator Main group Control
(n=49) E
(n=33)

Vitamin D (25(OH)D),
ng/ml 18.4+1.1 *| 21.8+1.3
Magnesium (Mg?"),
mmol/l 0.69+0.06* | 0.97+0.08
Selenium (Se?"), pg/l 79.1£5.9| 97.34+7.2

Note: * - statistically significant differences compared
to the control group (p<0.05)
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The average value of the concentration
of 25(OH)D in women of the main group
was 18.4+1.1 ng/ml, which is 15.6% lower
than the similar indicator in the control group
(21.8£1.6 ng/ml; p<0.05) and 38.7% lower
than the lower limit of the reference value (30—
70 ng/ml). In particular, vitamin D deficiency
(<20 ng/ml) was detected in 67.3% of women
of the main group versus 24.2% in the control
group. A similar situation was found in the study
of Mg?" in the examined groups, where the
concentration of Mg?" was 1.4 times lower in
the main group compared to the control group
(p<0.05). Clinically, we associated the high
frequency of violation of menstrual function
(30.6%) in the main group with this deficiency
condition.

Selenium, as the main antioxidant
micronutrient, deserved no less attention,
where in both examined groups it was within
the reference value (70-150 pg/l). However,
the concentration of Se?' in the main group
was lower by 18.7% compared to the control
group. This was clinically confirmed by the high
incidence of thyroid disease (26.5%) in women
of the main group.

Thus, the obtained results of the study of
vitamin and mineral compounds demonstrate
significant changes in micronutrient status in
women with a history of antenatal fetal death
and indicate a pathogenetically combined
mechanism of the occurrence of deficient states,
and also justify the feasibility of including an
assessment of vitamin and mineral metabolism
in the pre-pregnancy examination of women
with a burdened obstetric history.

Discussion.

The results of the study indicate significant
deviations in the concentrations of vitamin and
mineral compounds in women with a history
of ADP in the pre-pregnancy stage, which is
consistent with the results of recent studies. In
particular, reduced levels of folic acid, vitamin
Be, Biz2 and vitamin D in reproductive losses are
consistent with the results obtained in the works of
Lindqvist PG (2025), which indicated a correlation
between folate and B vitamin deficiency,
hyperhomocysteinemia and an increased risk
of thrombotic complications. At the same time,
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Petersen JM et.al. (2023) emphasize that the best
period for correcting deficiency states, in order to
prevent perinatal pathology, is the pre-pregnancy
period. A systematic review showed an association
between low selenium levels and pregnancy
loss, preeclampsia and premature birth. In the
studies of Dahlen CR (2022), lower Se?* values
were found in the group with pregnancy losses
compared to controls. The results obtained
confirm the hypothesis of the study and also
have practical significance for the formation of
pregravid preparation algorithms. The limitation
of our study at this stage is a relatively small
sample and the lack of dynamic monitoring
of the course of pregnancy after correction of
deficiencies, which requires further research.

Conclusions

1. The study found that women with
antenatal fetal death in anamnesis have
significantly lower vitamin and mineral
metabolism indicators, in particular, a 1.5-
fold lower level of folic acid compared to
women without a history of late reproductive
losses, which coincides with an increased
level of average homocysteine concentration
(16.7£1.2 pmol/l versus 8.7+0.7 umol/l, p<0.05)
and indicates high alertness to oxidative stress
and, as a prognostic factor, to the development
of endothelial dysfunction and prompts the
mandatory correction of deficient states during
the preconception stage.

2. The concentration of vitamins Bs, Bz,
25(OH)D was recorded in a significantly lower
concentration in the main group, namely:
vitamin Bs was reduced by 24.2%; vitamin B, —
by 23.7%; 25(OH)D — by 15.6% compared to
the control group and by 38.7% compared to the
lower limit of reference values (p<0.05).

3. The results of the analysis of the content
of micronutrients with pronounced antioxidant
and anti-inflammatory effects showed a reduced
amount of Mg?* by 1.4 times and Se?* by 1,2 times
compared to the value in the control group,
which coincided with the clinical manifestations,
namely thyroid pathology — 26.5%; metabolic
syndrome — 14.3%.
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aHmeHamanvHoi 3acubeni nio0a WISAXOM 6NAUsy HA npoyecu aueioceHe3y ma hopmysanHs
niayenmaprno2o Kpogomoxy. Tomy, 0ocniodxicenHs pigHs 8IMAMIHHO-MIHEPAIbHUX CNOIYK Y HCIHOK 13
AHMEHAMAIbHOI 3a2UbeNI0 N100d 8 aHaMHe3l HaA0YI0 0COONUBOT aKMYANIbHOCII MA CNOHYKALO0 00
Gopmysanna memu HAULIO20 OOCTIONHCEHHA: BUSHAYUMU 0COOIUBOCMI KOHYenmpayii ¢honiesoi kuciomu,
gimaminie epynu B, D, ¢hepumuny comoyucmeiny y H#CIHOK i3 AHMEHAMANbHOW 3a2Ubenio niodda 6
anamuesi Ha emani npecpagioapHoi niocomosxku. Mamepianu ma memoou 00CIi0HCEHHS — NPOBEOEHO
npocnekmugene oocmedgicents 82 nayicHmok, 3 akux 49 sxcinox (ocHoema epyna) 3 aHmeHamaibHO
3a2ubenito n1ooa 8 anamtesi ma 33 HCiHKU (KOHMPOIbHA 2PYNA), V AKUX 8I0CYMHI NI3HI penpoOYKMUGHI
empamu 6 anamuesi. Y 6cix nayienmox 8uzHaueHo pieeHv Qoniceoi kuciomu, gimaminié B, Bs, B,
25-eiopokcusimaminy D, hepumuny, Mg?*, Se’* ma comoyucmeiny 6 cuposamuyi kpoei. Konyenmpayiio
simaminie D, Bi, Bs, Biz, poniesoi kuciomu, ghepumuny, ma 2omoyucmeiny usHauaiu 3a 00NomMo2oi
imyHopepmenmnozo awnanizy (Monobind (CILIA)). BusnauenHs KoHyeHmpayii MacHilo Nno8OOUIU
3a 00nomMo2oio Konomempuunozo memoody (Roche Diagnostics, Illseiiyapisn). Cenen susnauanu 3a
oonomoeor amomuoadbcooyitinoi cnexkmpogomomempii (PerkinElmer, CILLIA). 32iono ompumarnux
pe3yibmamisa, y JCIHOK OCHOBHOI 2pYnU 8UABIEHO CIMAMUCIUYHO OOCHOBIPHO HUNCUY KOHYeHmMpayii
goniesoi’ kucnomu 6 1,5 pazie , eimaminy Bs na 24,3%, Biz na 23,7% 6iOHOCHO KOHMPOIbHOT
epynu. Bimamin D cmanosus 18,4+1,1 ne/mn, wo na 15,6% menwe Hixe 8 KOHMPOAbHIl epyni ma
Ha 38,7% 6iOHOCHO HUdCHbOI Medxci pepepenmuux 3nauens. Konyenmpayia Mg** sapeecmpoeana
Hudicuoio 6 1,4 paszie, a makooic Se’* na 18,7% 6 ocnosniti epyni. Ilopywenns nokazHukie 6imamiHHo-
MIHEPAbHO20 NPOQINIO MONCYMb CAPUAMU AKMUBAYI] OKCUOAMUBHO20 CMpecy, eHOOMEeNidaNbHOI
oucghynkyii ma, AK HACTIOOK, NIAYEHMPAHOI HeOOCMAMHOCMI, AKi HAPa3si po32nsA0aAlOMbCsl K OOHI
3 KII0Y08UX NAMOSEHEMUYHUX JIAHOK aHmeHamanvHoi 3azubeni niooa. Ompumani pe3yibmamu
niOKpecaoms OOYIIbHICMb B8KIIIOYEHHST GU3HAYEHHS DIBHIE GIMAMIHHO-MIHEPANIbHUX CHONYK 00
CMPYKMypu npezpagioaproi nio2omosKu JHCIHOK 13 0OMANCEHUM aKYUEPCOKUM AHAMHE30M, U0
003601uMb  chopmysamu  iHOUBIOyanbHi cmpamezii npoginaxmuxku YCKIaOHeHb B8a2imHOCmI ma
NOBMOPHUX NEPUHAMATLHUX GMPANI.

KuouoBi ciioBa. AnTeHaranpHa 3arudens mioja, Bitamin I, Bitaminu rpynu B, romonucTeiy,
YCKJIQJHEHHS BariTHOCTI, GepuUTHH, QoJlieBa KKCIIOTA.

Copyright: © 2025 by the authors;
licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/).

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

88


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
http://creativecommons.org/licenses/by/4.0/

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 4 (158), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

YIK 616-092:612.4:616-009:616.1
https://doi.org/10.32345/USMYJ.4(158).2025.89-98

Received: July 03, 2025
Accepted: October 11, 2025

Laboratory Markers of Chronic and Acute Stress: Diagnostic Value
and Clinical Implications (Part 2: Neuroendocrine, Immunological
and Metabolic Biomarkers of Chronic Stress
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Abstract: Chronic stress (CS) is a powerful factor that silently, but persistently undermines human
health by dysregulating the hypothalamic-pituitary-adrenal (HPA) axis and autonomic nervous system
(ANS). Its manifestation goes far beyond emotional experiences, shaping profound physiological
changes that affect the endocrine, immune and metabolic systems. Modern biomarkers allow us both to
visualize these changes and measure their intensity, making them quantifiable and clinically relevant.
A comprehensive literature review was conducted, encompassing 76 English-language sources
identified through PubMed, Scopus, Web of Science and Google Scholar. The analysis focused on
the interplay between the hypothalamic—pituitary-adrenal (HPA) axis, the autonomic nervous system
(ANS), and stress-related conditions (CS). The search strategy targeted peer-reviewed publications

from 2020 to 2025 using the following keywords: “cardiovascular system*, “acute stress*, “chronic
stress “, “cortisol”, “epinephrine”, “norepinephrine®, “dehydroepiandrosterone*, “dopamine*,
“aldosterone”, “tumor necrosis factor alpha*“, “interleukin-1, “interleukin-6“, “C-reactive

protein*, “cholesterol”, “albumin‘ and “glycosylated hemoglobin*“. Inclusion criteria comprised
original research articles, systematic and narrative reviews, meta-analyses and clinical guidelines,
while non-peer-reviewed sources and non-English publications were generally excluded. The article
summarizes key laboratory markers of stress, from classical hormones (cortisol, epinephrine,
ACTH) to immune and metabolic indicators (cytokines, C-reactive protein, oxidative stress markers),
with particular attention to hair cortisol as an innovative tool for long-term stress assessment.
Stress-related biomarkers provide an integrated view of CS pathophysiology, demonstrating how
neuroendocrine, immune and metabolic dysregulation drives hypertension, cardiovascular events,
insulin resistance, systemic inflammation and neuropsychiatric disturbances. Early detection and
management of CS are essential to prevent cumulative damage that can progress to obesity, metabolic
syndrome, atherosclerosis, neurodegeneration and increased morbidity and mortality.

Key words: Cortisol, Oxidative Stress, Immune System, Endocrinology, Biomarkers, Chronic
Stress.

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

&9


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
mailto:shkvarok%40nmu.ua?subject=
https://meshb.nlm.nih.gov/record/ui?ui=D006854
https://meshb.nlm.nih.gov/record/ui?ui=D018384
https://meshb.nlm.nih.gov/record/ui?ui=D007107
https://meshb.nlm.nih.gov/record/ui?ui=D004704
https://meshb.nlm.nih.gov/record/ui?ui=D015415

UKkrainian Scientific Medical Youth Journal

Issue 4 (158), 2025

Creative Commons «Attribution» 4.0

Introduction

Stress is an unavoidable part of life that in
small doses enhances focus and adaptation, but
when prolonged, becomes harmful, destabilizing
core regulatory systems and raising the risk
of cardiovascular, endocrine, psychiatric
and autoimmune disorders. Elevated cortisol
levels promote the generation of reactive
oxygen species (ROS) [1], which can induce
damage to DNA, RNA and proteins, thereby
accelerating cellular aging and predisposing to
age-related pathologies [2]. Oxidative stress,
further amplified by sustained catecholamine
activity, contributes to vascular inflammation
and facilitates the progression of atherosclerosis
[3,4]. Additionally, chronic stress (CS) induces
neurobiological alterations that may underlie
anxiety and depression [5], disrupts reproductive
function [6] and plays a role in the pathogenesis
of autoimmune and inflammatory disorders [7,
8]. The diagnosis of CS requires a multifaceted
approach that integrates neuroendocrine,
immunological and metabolic biomarkers. Hair
cortisol is especially promising, as it provides
a long-term record of stress exposure while
remaining non-invasive and practical. Such
comprehensive biomarker analysis enhances
diagnostic accuracy, supports individualized
prevention and therapy, and reframes stress as
a measurable process that can be effectively
managed.

Materials and methods

A comprehensive literature search was
conducted using PubMed, Scopus, Web of
Science and Google Scholar to gather relevant
articles for this manuscript. The keywords
“cardiovascular  system®, ‘“acute  stress®,
“chronic stress”, “cortisol®, “epinephrine®,
“norepinephrine,  “dehydroepiandrosterone®,
“dopamine*, ‘“aldosterone®, “tumor necrosis
factor alpha“, “interleukin-1%, “interleukin-6%,
“C-reactive protein®, “cholesterol”, “albumin®
and “glycosylated hemoglobin®“ were utilized.
The search was restricted to peer-reviewed
articles published between 2020 and 2025.
However, older articles were also considered and
included when deemed relevant to the topic. The
inclusion criteria encompassed original research
studies, systematic and narrative reviews,

ISSN 2786-6661
eISSN 2786-667X

meta-analyses, and clinical guidelines, while
non-peer-reviewed articles and publications
in languages other than English were mainly
excluded. Articles were initially screened based
on their titles and abstracts, and those meeting
the inclusion criteria were further assessed
through a full-text review to ensure relevance to
the manuscript’s objectives.
Laboratory Markers of Stress: Overview
The identification of specific biomarkers is
crucial for assessing stress levels, understanding
individual susceptibility and developing targeted
therapeutic  interventions.  Biomarker-based
diagnostics offer objective and quantifiable
insights into stress-related pathophysiological
changes, allowing for early detection of
maladaptive responses and guiding clinical
decision-making.  Stress  biomarkers are
classified into three primary categories based
on their physiological roles: neuroendocrine
markers, immunological markers, and metabolic
markers [9] (Table 1). These categories
correspond to key physiological systems that
mediate the stress response, including the HPA
axis, the ANS and immune/metabolic pathways.
Neuroendocrine ~ biomarkers  primarily
reflect the activation of the HPA axis and the
sympathetic nervous system, which are central
to the physiological response to stress [10, 11].
Cortisol 1is the primary glucocorticoid
hormone released by the adrenal cortex in
response to ACTH stimulation [12, 13, 14].
This hormone regulates glucose metabolism,
immune function and blood pressure. CS leads
to a dysregulated cortisol secretion, manifesting
as either hypercortisolemia or hypocortisolemia
[15, 16]. Cortisol is the main stress hormone
that takes a vital role in the regulation of
various physiological processes, including
metabolism, immune response, and blood
pressure [17, 18]. Its concentration serves as a
reliable biomarker for assessing both acute and
CS [19]. In clinical diagnostics acute stress is
typically evaluated through cortisol levels in
saliva or blood, as these fluids reflect immediate
hormonal responses triggered by the activation
of the HPA axis [20]. Cortisol levels can be
measured in saliva, blood serum, sweat, urine
and hair [21]. The measurement of free cortisol
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Table 1. Laboratory markers of CS

Units of Method for Time 0 f Number
Name Sample . material . References
measurement | detection . of samplings
collection
Neuroendocrine markers (the main ones)
Cortisol Hair pg/mg ELISA®, Anytime | Single 10, 11, 12
LC-MSPMSc sample
RIAd
Saliva ng/mL ELISA, Anytime | Single 11, 13
LFIA® sample
Serum pg/dL CLIAf, Morning | Single 14,15
RIA (7:00- sample
9:00)
Sweat ug/L; uM ELISA, FET¢ | Anytime | Single 16, 17
sample
Urine ng/24h LC-MS/MS 24-hour Single 18
collection |sample
Dehydroepia Serum pg/dL ELISA, Morning | Single 19
ndrosterone sulfate LC-MS/MS (7:00- sample
(DHEA-S) 9:00)
Saliva pg/mL ELISA Morning | Single 20
sample
Urine ug/24h LC-MS/MS 24-hour Single 21
collection |sample
Hair pg/mg RIA Anytime | Single 12
sample
Cortisol/DHEA-S | Saliva Ratio ELISA Morning | Single 12,20
sample
Epinephrine Plasma pg/mL HPLCh, Morning | Single 22,23
(adrenalin) LC-MS/MS (fasting) sample
Urine ng/24h HPLC, 24-hour Single 24,25, 26
LC-MS/MS collection | sample
Norepinephrine Plasma pg/mL HPLC, Morning | Single 27,23
(norepinephrine) LC-MS/MS (fasting) sample
Urine ug/24h HPLC, 24-hour Single 24,25, 26
LC-MS/MS collection | sample
Dopamine Plasma pg/mL HPLC, Morning | Single 22,28
LC-MS/MS (fasting) sample
Urine ug/24h HPLC, 24-hour Single 24,29
LC-MS/MS collection |sample
Cerebro- | pg/mL HPLC, Lumbar Single 30
spinal fluid LC-MS/MS | puncture | sample
Aldosterone Serum ng/dL RIA, CLIA Morning | Single 31,32
(upright sample
position)
Plasma ng/dL RIA, CLIA Morning | Single 33
(upright sample
position)
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Units of Method for Time 0 f Number
Name Sample . material ; References
measurement | detection . of samplings
collection

Urine ug/24h LC-MS/MS 24-hour Single 34

collection | sample
Immunological biomarkers (additional ones)

TNF-a Serum pg/mL ELISA Morning | Single 35
(fasting) sample

IL-1 Serum pg/mL ELISA Morning | Single 36
(fasting) sample

IL-6 Serum pg/mL ELISA Morning Single 36
(fasting) sample

CRP Serum mg/L Immuno- Morning Single 36
turbidimetry | (fasting) sample

ILG-1 Serum ng/mL ELISA Morning | Single 35
(fasting) sample

Metabolic biomarkers (additional ones)

Cholesterol Serum mg/dL Enzymatic Morning | Single 36
colorimetric | (fasting) sample

Albumin Serum g/dL Bromocresol | Morning | Single 36
Green (fasting) sample

Glycosylated Serum % ELISA, Anytime Single 36
hemoglobin (mmol/mol) |HPLC sample

Legend of the table: *The enzyme-linked immunosorbent assay; PLiquid chromatography-mass spectrometry;
°Mass spectrometry; YRadioimmunoassay; ¢Lateral flow immunoassay; fChemiluminescent Immunoassay;
gAptamer-field-effect transistor; "High-performance liquid chromatography.

in response to awakening should be considered a
potential biomarker of CS, and salivary cortisol
is a suitable medium for this purpose [22, 23].
Utilizing salivary cortisol as a stress biomarker
enhances the reliability and informativeness of
cortisol assessments obtained through saliva
samples [24, 25, 26, 27, 28]. Previous studies
have demonstrated that salivary cortisol levels
are elevated in individuals experiencing
CS compared to those without such stress
exposure [29]. However, in cases where cortisol
is assessed through saliva, serum, or urine, these
methods face limitations due to the significant
diurnal fluctuations in cortisol levels, making it
difficult to rely on a single measurement [30].
Hair cortisol serves as a retrospective indicator
of cumulative HPA axis activity over previous
months, similar to how hemoglobin Alc reflects
average glucose levels over the past three
months. The purpose of this review is to explore
hair cortisol as an innovative and practical

biomarker for assessing long-term cortisol
exposure linked to CS in older adults. Measuring
cortisol in hair enhances our understanding of
aging by providing a more accurate marker for
CS both as a contributor to disease progression
and as a means of evaluating the success of
stress-reduction strategies [31]. Conversely,
CS assessment is more accurately achieved
through hair cortisol analysis. Given that human
hair grows at approximately one centimeter
per month, segmented hair samples allow for
retrospective evaluation of cortisol exposure
over extended periods [32]. Among biological
matrices, saliva and blood are primarily used to
measure short-term cortisol fluctuations, while
hair provides insight into long-term hormonal
accumulation [33]. Hair cortisol measurement
offers several distinct advantages: it allows
for long-term stress monitoring, involves a
non-invasive sample collection process, and
ensures sample stability over time, facilitating
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both storage and transportation. The use of hair
cortisol as a diagnostic tool holds considerable
promise inmedical practice. It enables continuous
stress monitoring, supports the prevention and
management of stress-related disorders, and
provides a means to evaluate the effectiveness of
therapeutic interventions [33, 34]. Furthermore,
it contributes to psychosocial research by linking
physiological stress markers to psychological
and social variables. Thus, cortisol remains a
critical biomarker for stress evaluation, and
its measurement in hair presents significant
opportunities for advancing the diagnosis and
treatment of stress-associated conditions in
clinical settings [34]. As a key regulator of
cortisol secretion, ACTH levels provide insights
into upstream HPA axis function. Elevated
ACTH with normal or low cortisol levels
suggests adrenal insufficiency, while suppressed
ACTH with high cortisol may indicate HPA axis
hyperactivity [34]. It is confirmed that under
prolonged exposuretostressors, thelevel of ACTH
significantly increases alongside epinephrine

and corticosterone, while monoaminergic
transmitters  (5-hydroxytryptamine  (5-HT),
dopamine, norepinephrine) simultaneously

decrease [35]. There is a documented asso-
ciation between plasma ACTH levels and the
severity of suicidal ideation in patients with
major depressive disorder who are resistant
to antidepressant therapy, as well as with the
overall severity of depression. This finding
highlights the potential role of ACTH in
understanding the consequences of stress and
mental disorders [36]. Because of its connection
with the level of cortisol and possible relation to
development of mental problems, ACTH stays
an important marker of CS too.
Dehydroepiandrosterone sulfate (DHEA-S)
is a steroid hormone synthesized in the zona
reticularis of the adrenal cortex in response to
ACTH, and it plays an immunomodulatory
role that counteracts the effects of cortisol. It
contributes significantly to tissue regeneration
and protective functions that support overall
health. Both elevated and reduced DHEA-S
levels are often linked to wvarious health
conditions and clinical outcomes. DHEA-S is
most commonly assessed in saliva, urine, and
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blood serum, though studies have also explored
its measurement in hair samples [36]. In CS
DHEA-S levels progressively decline despite
cortisol fluctuations, and although its reliable
assessment requires frequent time-specific
sampling, the cortisol/DHEA-S ratio remains
a valuable indicator of the HPA axis imbalance
and prolonged stress-related neurodegeneration
risk [36]. Prolonged activation of stress pathways
can contribute to immunosuppression or chronic
inflammation. That is why the importance of
immunological markers is present.

Epinephrine and norepinephrine mediate
the sympathetic nervous system’s response
to stress [27]. CS induces adaptive changes in
hormonal regulation, where responsiveness to
epinephrine decreases due to habituation, yet
overall levels may remain elevated because of
slower metabolism [38]. Although epinephrine
reliably rises under stress, its diagnostic
value is limited by non-specificity, as it also
increases during general arousal and mental
activity. Nevertheless, catecholamines remain
important for understanding how prolonged
stress contributes to oxidative damage, cellular
senescence and long-term health risks [38]. Acute
or short-term stress can alter dopamine levels
and midbrain dopaminergic neuronal activity.
These changes typically enhance reward-related
neural circuits, such as improving the learning
of cue-reward associations. Such stress episodes
do not usually lead to depressive behavior. In
contrast, chronic and repeated stress exposure
has been consistently shown, especially in
animal studies, to induce behaviors resembling
depression. Established models for studying
CS include chronic restraint stress, chronic
social defeat stress, and chronic unpredictable
mild stress. Acute stress appears to temporarily
heighten sensitivity to rewards, facilitating the
engagement of reward-related neural networks.
However, prolonged exposure to CS dampens
this sensitivity, which may lead to anhedonia —
a core symptom of depression, marked by
diminished pleasure and motivation. Prolonged,
uncontrollable, and unpredictable stressors
exert an inhibitory effect on dopamine release,
contributing to the neurochemical foundation of
stress-induced mood disorders [39].
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A key acute-phase protein and marker of
systemic inflammation. Having been traditionally
utilizedasamarkerofinfectionand cardiovascular
events, there is now growing evidence that CRP
plays important roles in inflammatory processes
and host responses to infection including the
complement pathway, apoptosis, phagocytosis,
nitric oxide (NO) release, and the production of
cytokines, particularly interleukin-6 and tumor
necrosis factor-a [40]. CS is associated with
persistently elevated CRP levels, which correlate
with an increased risk of cardiovascular disease
and metabolic syndrome [41].

CS profoundly alters immune regulation
by elevating pro-inflammatory cytokines such
as IL-6, TNF-a and IL-1B [42], while simul-
taneously suppressing anti-inflammatory media-
tors like IL-10 and TGF-f, thereby promoting
neuroinflammation, mood  disorders and
autoimmune susceptibility [42]. In parallel, CS
disrupts lymphocyte homeostasis, as reflected by
a decreased CD4+/CD8+ ratio and diminished
natural killer (NK) cell activity, which together
weaken immune surveillance and heighten vulne-
rability to infections and chronic disease [42].
Stress also influences metabolic homeostasis
through alterations in glucose metabolism, lipid
profiles and oxidative stress regulation. Acute
stress induces transient hyperglycemia due to
increased hepatic gluconeogenesis and insulin
resistance. CS contributes to persistent insulin
resistance, predisposing individuals to type 2
diabetes mellitus [43]. Dysregulation of lipid
metabolism caused by stress is characterized by
increased levels of triglycerides and decreased
levels of high-density lipoprotein cholesterol,
which contribute to the development of fatty
plaques in the blood vessels and elevate the risk
of cardiovascular disease [44]. CS also promotes
oxidative damage by increasing the production of
highly reactive molecules that can damage cells.
Elevated levels of malondialdehyde indicate
lipid peroxidation, while decreased levels of
superoxide dismutase and glutathione reflect a
weakened antioxidant defense system, leading to
increased cellular damage [45].

Conclusions

CS disrupts neuroendocrine, immune and
metabolic regulation, thereby increasing the
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risk of cardiovascular and systemic diseases.
Laboratory biomarkers, including cortisol,
DHEA, catecholamines, cytokines and oxidative
stress indicators, are essential for translating the
physiological burden of stress into measurable
parameters. Hair cortisol provides a particularly
valuable long-term marker, complementing
conventional biofluids in both research and
clinical practice. The integration of diverse
biomarkers enhances early diagnosis, supports
individualized interventions and strengthens
strategies for the prevention and management of
stress-related disorders.
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XPOHIYHOI0 CTPECY Y KOHTEKCTI HOro BIVIMBY HA CEPLUEBO-CYIMHHY CUCTEMY)
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a U BUMIpIO8amMU iIXHI0 IHMEHCUBHICMb, POOIAYU IX KINbKICHO OYIHIOBAHUMU MA KAITHIYHO 3HAYYUUMU.
byno 30iticneno tpynmosnuil oenso aimepamypu, wo oxonus 76 aneiomMo8Hux oicepel, 8i0iOpaHux
v 6azax oanux PubMed, Scopus, Web of Science ma Google Scholar. Ananiz 6yé 30cepedscenuii na
63aemo0ii I'TH oci, AHC ma XC. Cmpameeis nowyxy exarouana peyensosani nyonikayii 3a 2020-
2025 poku 3 maxkumu KIOYOBUMU CAOBAMU. «CEPYEBO-CYOUHHA CUCNEMA», «20CMPULl Cmpecy,
«XPOHIYHULL cmpecy, «KOPMU30LY, «eniHe)puny, «HOpeniHeppuny, «0e2iopoeniaHopocmepomy,
«ooghaminy,  «arbOOCMepony,  «akmop  HeKpo3y — NYXAUHU — anbhay,  «iHmepneuxin-1y,
«inmepnetikin-6», «C-peakmugnuii OiNOK», «XONeCmepuH», «arbOYMiHy Ma «2NKO3UTbOBAHUL
2cemo2nobiny. Kpumepii exirouenns oxonnroganu OpuinaibHi HAYKO8i cmammi, cucmeMamudti ma
HApamueHi 0210U, MemaaHanizu i KIHIYHI HACMAHO8U, MOOi K HepeyeH308aHi mamepiaiu ma
nyonikayii iHUUMU MOB8AMU, OKPIM AHIINCLKOL, 3a2aloM GUKIIOYAIUCA. Y cmammi noOaHo 021510
OCHOBHUX 1aDOPAMOPHUX MAPKeEPI8 cmpecy: 810 KIACUYHUX 20PMOHIB8, MAKUX K KOPMU30I, AOPEHAIH
ma aopenoxopmuxomponnuti 20pmon (AKTI), 00 imyHHux i memadboniuHux NOKA3HUKIB, BKAI0UAIOYU
yumoxinu, C-peakxmuenutl 6inoK i mapkepu okcuoamuerozo cmpecy. Ocobnusy yeazy npuoiieHo
BU3HAYEHHIO PIBHS KOPMU3OIY ) 80JIOCCI SIK IHHOBAYIUHOMY Memody 00820CMPOKOBOI OYIHKU cmpecy,
W0 BIOKpUBace nepcnekmusu 0Jis 600CKOHAIEHHS pAHHbOI 0IA2HOCMUKU, NPODINAKMUYHUX cImpamezitl,
mepanesmui4Ho20 MOHIMOPUHSY MA NEPCOHANI308aAHUX MeOuuHux empyyans. Ouyinka cmpec-
acoyitiosanux diomapxepie oae smocy 6cebiuno 3pozymimu namogizionozito XC, oemoncmpyouu,
SAK NOPYUWIEHHsL pe2ylayii HeUpoeHOOKPUHHOI, IMYHHOI ma MemaooniuHoi cucmem CHpUsie po36umky
2inepmensii, cepyeso-cyOUHHUX NOOil, IHCYIIHOPE3UCMEHMHOCMI, CUCMEMHO20 3andleHHs mda
Heliponcuxiampuunux nopyueHs. Biomaxk paune susaenenns ma konmponv XC maomo supiuianvHe
3HAYEHHsl, OCKIIbKU CBOEYACHT 8MPYUAHHS MOXCYMb 3aNodiemu 1020 KyMYIAMUSBHUM HACTIOKAM, K
iHaKuwie npu3800ams 00 ONCUPIHHA, MemMAaOONIUHO20 CUHOPOMY, AMepoCKiepo3y, HelpooeceHepayii
ma cymmeso2o 3pOCmanHs 3aX60Pr08AHOCMI 1 CMEPMHOCHIL.

KuarouoBi cioBa. XpoHiIuHUI CTpec, KOPTHU30J, OKCHUAATUBHUN CTpec, IMyHHa CHCTEMa,
€HIOKPUHOJIOT s
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Abstract: The article is devoted to the study of the use of magnetic resonance imaging technology
(MR]) in the diagnosis of rectal cancer, which is an important stage in modern cancer. The purpose
of the article is to carry out a systematic review of scientific sources that highlight the effectiveness
of MRI in determining the stage of the tumor process, evaluation of lesions of lymph nodes and
accuracy in planning treatment approaches, in particular surgery. The task is to analyze the accuracy
of modern MRI methods for the diagnosis of rectal cancer and to consider technological solutions to
improve MRI in the diagnosis of rectal cancer. A comprehensive analysis of publications in databases
such as Google Scholar, PubMed, Scopus and IEEE XPlore was conducted on the basis of scientific
research. The data revealed is systematized to highlight key technical and clinical aspects that
require further development. The main attention is paid to the methods of contrast enhancement and
diffusion-weighted MRI, which showed a high level of sensitivity (90-95%) and specificity (85-90%)
in the detection of tumor invasion and metastases into lymph nodes. The advantages of methods that
allow to accurately evaluate the blood supply to the tumor and the invasiveness of the process are
considered, which is especially important for choosing the appropriate treatment tactics. Analysis of
scientific works indicates that 1) MRI, due to high accuracy and safety, plays a key role in determining
the localization and stage of the tumor process and is an indispensable method of diagnosis of rectal
cancer, which provides accurate visualization Treatment and reduces the risk of relapse; 2) Modern
MRI methods show high accuracy in the diagnosis of rectal cancer. In particular, highly separated
MRI and dynamic contrast MRI have high sensitivity (90-95%) and accuracy (90%), which makes
them effective for preoperative stages and tumor invasion. MRI with diffusion-weighted images
also has high sensitivity and is useful for evaluating the response to therapy, which is important for
monitoring the progress of the disease; 3) methods of contrast enhancement and advanced analysis of
images significantly increase the accuracy of diagnosis, especially when predicting the effectiveness
of neoadjuvant therapy, 4) there is a need to further improve MRI methods to reduce the frequency
of false positive results in the early stages, which will improve the quality of treatment and increase
the life expectancy of patients. 5) The development of artificial intelligence and the use of combined
methods of diagnosis, in particular with other visualization technologies, will significantly increase
the accuracy and availability of MRI in cancer diagnosis.

Keywords: Magnetic resonance imaging, Rectal cancer, Diagnosis, Oncology, General surgery,
surgical practice.
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Introduction

Modern trends in the diagnosis of cancer
show significant technological progress made
through the development of magnetic resonance
imaging (MRI), which has become an integral
part of clinical practice in oncology [1]. In
particular, in the work [9] it is noted that MRI
plays a special role in the assessment of rectal
cancer, providing accurate visualization of the
tumor and adjacent anatomical structures. The
above mentioned results are the results of the
studies that have conducted the above researchers
according to which in the diagnosis of rectal
cancer, the accuracy of MRI in the assessment
of the tumor stage and the involvement of
lymph nodes usually ranges from 70-95%,
depending on the experience of the radiologist
and used techniques. Similar results are also
obtained in research [8], according to which
MRI accuracy in determining the T3 and T4
tumor stage can reach about 85-95%, and to
detect metastases in lymph nodes — 70-85%. The
above level of accuracy makes MRI a key tool
for making therapeutic solutions and planning
surgical tactics. According to [4], MRI allows
you to evaluate the tumor stage, which is key
to determining the optimal treatment strategy,
especially when planning surgery. In accordance
with [5] the use of MRI, as the main method in the
initial diagnosis and monitoring of the response
to therapy allows to reduce the risk of relapse
and increase patient survival. The work [1] states
that the development of image methods and
their adaptation to the needs of oncology made
an MRI gold standard for local stage of rectal
cancer. According to [12] Consideration of MRI
capabilities and restrictions in the diagnosis of
rectal cancer is extremely important for clinical
practice. Therefore, from the surveyed research
work it follows that the diagnosis of rectal
cancer emphasizes the urgent need for accurate
information to make therapeutic decisions,
which in turn emphasizes the relevance of the
search for the latest ways in improving MRI
technologies used in cancer diagnosis rectum.

Aim

The purpose of the article is to carry out a
systematic review of scientific sources that
highlight the effectiveness of MRI in determining

ISSN 2786-6661
eISSN 2786-667X

the stage of the tumor process, evaluation of
lesions of lymph nodes and accuracy in planning
treatment approaches, in particular surgery.

The way to achieve the goal: The task is to
analyze the accuracy of modern MRI methods
for the diagnosis of rectal cancer and to consider
technological solutions to improve MRI in the
diagnosis of rectal cancer.

Materials and methods

A comprehensive analysis of publications
in databases such as Google Scholar, PubMed,
Scopus and IEEE XPlore was conducted on the
basis of scientific research. The data revealed
is systematized to highlight key technical and
clinical aspects that require further development.

Review and discussion

According to [9] magnetic resonance
imaging (MRI) is a leading technology in the
diagnosis and stage of rectal cancer due to its
ability to provide detailed images of tissues,
which greatly facilitates the determination of
the degree of tumor spread and damage to the
surrounding structures. Within the framework
of consideration of the questions raised in this
article, it is important to note that analyzing the
main aspects of MRI technologies in the context
of diagnosis of rectum cancer, it is advisable to
emphasize the importance of a multidisciplinary
approach in diagnosis and treatment. In the
study [14] describes a multidisciplinary
approach to the treatment of rectal cancer,
which includes the use of MRI as a central
method for evaluating tumor spread before the
treatment begins. This approach allows you to
better develop individualized treatment plans for
patients aimed at maximizing the preservation
of healthy tissues and optimizing the results of
treatment for Watch-and-Wait treatment and
the role of MRI in monitoring. In accordance
with [2] during the precision evaluation of the
spread of the MRI tumor allows you to evaluate
the tumor's localization, its size, the involvement
of surrounding tissues, as well as the presence
of metastases, which is especially important for
cancer, because accurate assessment makes it
possible to choose the most appropriate treatment
tactics In particular, determine the feasibility of
surgery or the use of other methods of therapy.
The work [3] also noted that MRI is an important
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tool for monitoring the effectiveness of treatment,
in particular when using neoadjuvant therapy.
In addition, the author's team of this work is
noted that dynamic monitoring of tissue changes
allows doctors to evaluate how successfully
the treatment reduces tumor formations. The
work [15] describes in detail the strategy "Watch-
and-Wait" for rectal cancer, which involves
the absence of immediate surgery in cases
of complete clinical response to neoadjuvant
therapy. According to the above work, MRI helps
to evaluate the presence or absence of a residual
tumor after treatment, which allows oncologists
and surgeons to make informed decisions on
further steps. In work [12], it is stated that high-
separated MRI (HR-MRI) is extremely accurate
for preoperative staging of rectum cancer,
allowing radiologists specializing in abdominal
and oncological visualization to determine the
depth mesorectal fascia (an important factor for
surgery planning). The study described in the
work [5] found that dynamic contrast-induced
MRI (DCE-MRI) can be used by radiologists
and medical visualization specialists to identify
key prognostic factors in patients with patients
with patients primary rectal cancer. DCE-MRI
provides extended tumor visualization and
allows you to evaluate the degree of blood flow
in it, which is important for prognosis and further
treatment. In the work [13] clearly demonstrated
the prospects of radio mines in predicting the
effectiveness of therapy and survival of patients
with colorectal cancer (this technology includes
the selection and analysis of a large number of
parameters that are not visible to the human
eye, but may be significant medicinal results).
It should also be noted that [9] focus on the
importance of MRI to evaluate the effectiveness
of neoadjuvant therapy, which is often performed
before surgery. According to the views of the
above researchers, the use of MRI allows you to
control the size of the tumor after therapy and
to determine the residual tumor, which helps to
evaluate the full clinical response. Instead, in
the work [8] emphasizes the need for accurate
local stage of rectal cancer by means of MRI
to determine the presence of local invasion and
metastases in lymph nodes. According to the
above work, the MRI allows you to determine
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the anatomical features that are critical for the
choice of the appropriate method of treatment.

Table 1 shows the results of the analysis of
the accuracy of modern MRI methods for the
diagnosis of rectal cancer.

The results of the analysis given in Table 1.
show that modern MRI methods demonstrate
high accuracy in the diagnosis of rectal cancer.

Instead, the analysis showed that the use of
radio masters and functional methods of MRI
allows to improve the accuracy of prediction of
treatment results and the prediction of relapses,
which is important for individualization of
therapy. However, in accordance with [10] for
modern MRI methods, which are used in the
diagnosis of rectal cancer there are a number of
problems (hereinafter consider in more detail
these problems). It is also advisable to note that
one of the characteristic problems for the MRI
method with contrast is its low specificity, which
can lead to false positive results, especially when
tumors are detected in the early stages, when
pathological changes are not yet sufficiently
expressed in the images. The above problem can
also be observed in other MRI methods, such as:

— diffusion-weight mRI (DWI): tumors in
rectangular lid cancer can be poorly distinguished
from other tissues in the early stages, which leads
to the risk of false positive results, in particular
because water diffusion in tissues may be similar
in some inflammatory processes or benign
processes or benign processes neoplasms [3];

— MRI-collateral tomography: since the met-
hod is focused on the assessment of anatomy and
structural changes, there may be difficulties with
accurate determination of the tumor boundaries
in the early stages, which sometimes leads to
incorrect diagnosis, or errors in determining the
localization of the tumor [6];

— MRI perfusion: it can be problematic due to
limited specificity in the differentiation between
tumor and inflammatory processes in the early
stages, which sometimes leads to false results
due to similar perfusion patterns [12].

As we can see in all of the above methods,
the problem of low specificity is associated with
difficulties in the recognition of early changes,
or differentiation between different types of
tissues or pathologies, which occurs when
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Table 1. The results of the analysis of the accuracy of modern MRI methods
for diagnosis of rectal cancer

ml\e/[tllg d Application Sensitivity | Specificity | Precision Notes
Preoperative stage of rectal Particularly accurate
cancer. Assessment of o o o to determine the
HR-MRI the depth of invasion and 90-95% | 85-90% 90% | involvement of the
mesorectal fascia. mesorectal fascia.
Evaluation of blood flow High sensitivity in
DCE-MRI | ™ the tumor to predict . 85-92% 80-88% 85% predlcthg a tumor
metastases and prognosis of progression and
the disease. efficacy of therapy.
Determination of tumor :}Jli:ef:sl fggsisigstsli:i
DWI evaluation and reaction to 80-90% 75-85% 80% . P 1erapy
. in the postoperative
neoadjuvant therapy. .
period.
vy |t of e Usd o e
- using Sus, 85-95% | 80-90% 87% | number of images to
radio clinical response to therapy, .
. . predict results.
early diagnosis of recurrence.
MRI with Analysis of tumor structure, It is used for better
functional differentiation of malignant 88-94% 85-92% 91% differentiation of types
analysis and benign formations. of tumors and tissues.
MRI after Residual tumor evaluation Used to determine
neoadjuvant | and response to treatment 90-96% 80-85% 90% a complete clinical
therapy after chemotherapy. response to therapy.

changes are not pronounced or clearly defined
on the images. In practice, the problem of low
specificity in MRI can be partially corrected or
reduced by several methodological and technical
approaches, namely:

— Improving the contrast and resolution of
the image: the use of the latest technologies,
such as high-resolution MRI and improving
contrast (eg, the use of new contrast agents), can
improve tumors visualization in the early stages
and reduce the number of false positive results
[7];

— The use of combined diagnostic methods:
the use of MRI in combination with other
methods, such as CT, ultrasound, or RET-MRI,
can increase the accuracy of diagnosis [11]. In
turn, it is advisable to note that according to [15]
above the specified approach allows doctors to
get a more complete picture of the nature of the
formation and reduce the risk of false positive
results;

— use of artificial intelligence and machine
training: introduction of artificial intelligence
algorithms for MRI image processing can
help automatically detect and classify tumors
with high accuracy, reducing the likelihood of
erroneous results, especially in the early stages;

— Improvement of image processing algo-
rithms: the use of advanced MRI algorithms,
such as diffusion-weight mRI (DWI) or MRI
perfusion, can help determine the borders of
tumors and avoid errors;

— involvement of experienced specialists:
advanced training of doctors, use of additional
training programs and professional consultations
with other medical specialists allows to improve
the interpretation of MRI results and reduce the
likelihood of erroneous diagnoses;

— Extended use of diffusion-weight methods:
it is advisable to use methods that evaluate the
structure of tissues, not just their abnormal
changes, for more accurate assessment in the
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early stages of tumor development. For example,
a diffusion-weight mRI can be improved for
better detection of early cell mixes that may not
be noticeable in standard contrast.

It should also be noted that the above
approaches can reduce false positive results,
improve the accuracy of diagnosis and increase
the effectiveness of MRI in early detection of
rectal cancer. According to [4] when applying
diffusion-weight mRI (DWI) quite often in
practice there is a problem that is reduced to the
fact that this method may be less effective for
detecting small tumors, or to determine the exact
limit of neoplasm, which sometimes leads to
errors in determining the stage of cancer. In the
general case, the above problem associated with
less efficiency of diffusion-weight mRI (DWI)
to detect small tumors or accurate assessment of
the boundaries of the neoplasm can be solved by
several approaches, namely:

— Applying the DWI combination with other
methods of visualization: PET scan (PET) or
computed tomography (CT) can be used together
with DWI for more accurate detection of small
tumors or their boundaries. PET allows to
evaluate the metabolic activity of the tissues, and
CT scans in more detail the image of the tissue
structure, which can help in the more accurate
localization of the tumor;

— the use of functional and parametric maps:
the use of parametric maps (for example, ADC
cards — the diffusion coefficient) may allow
to better evaluate the diffusion properties of
tissues and, thus, to determine the boundaries
of neoplasm even in late stages or in small
tumors;

— Improvement of image resolution: high
quality and highly separated DWI methods, for
example, using a larger number of diffusion
directions, or reduced sections thickness, can
help to detect small tumors and their boundaries
accurately.

— Use of machine learning and artificial
intelligence algorithms (AI): Al algorithms, in
particular deep training, can be used to analyze
DWI images and automatically identify tumor
boundaries. Such technologies can improve the
accuracy of detection of even very small tumors
and increase the efficiency of cancer;
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— joint use with histological studies: in some
cases it is important to combine DWI results with
histological or molecular analyzes to determine
the exact nature and boundaries of the neoplasm,;

— Clinical adjustment and interpretation:
qualified doctors who have experience in
interpreting DWlresults can adjust the boundaries
of tumors by comparing the data obtained with
other clinical features and indicators.

As we can see, the combination of the
above approaches can significantly increase
the efficiency of the DWI method in oncology,
in particular to accurately detect small tumors
and determine their stage. According to [14], for
the use of MRI-collapse method, this method
is a high-cost problem and requires special
equipment that makes it less accessible in remote
or insufficiently equipped medical institutions.
The following innovative approaches can be
used to improve the availability and efficiency of
diagnosis of rectal cancer using MRI-collapse:

— Integration with less expensive diagnostic
methods: a combination of MRI with markers
in the blood or fecal tests for blood for primary
screening. This will allow the preliminary
selection of patients with suspected rectal cancer,
which reduces the load on the MRI examination
and improves the efficiency of use of expensive
equipment;

— Development of mobile or compact MRI
devices that can be used to diagnose rectal cancer
in regions where there is no access to stationary
medical institutions. Mobile devices can be
equipped with specific programs for colorectal
diagnostics, which reduces the cost and time for
examination.

— Use of machine learning algorithms (Al)
for automatic processing of MRI images in
order to detect tumors and determine their stage.
This can significantly reduce the time spent on
the interpretation of images and increase the
accuracy of diagnosis, especially in remote or
low-income medical institutions;

— introduction of TV to ensure access to
MRI analysis of rectal cancer in remote regions,
which allows doctors from large medical centers
to remotely analyze images and make accurate
diagnoses that reduces the need for qualified
specialists in each medical institution [4];
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— IRT integration with other screening
methods: the use of hybrid methods such as MRI
with CT, ultrasound, or colonoscopy for a more
detailed study of anatomy and stage of rectum
cancer. Combined methods allow to increase the
accuracy of diagnosis with less use of expensive
MRI [13];

— introduction of modular systems that
allow you to adapt MRI devices for specialized
examinations, in particular for diagnosis of
rectum cancer. This will reduce the total cost of
equipment and increase the availability of these
services for medical institutions [5];

— development of short scan protocols that
allow to reduce the time for MRI examination
and image processing. This approach will reduce
the cost of procedures and increase the number
of patients who can be examined per day [10];

— the use of machine learning to predict
the development of the disease based on MRI
results. This will allow doctors to better plan
the tactics for the treatment of rectal cancer and
improve the personalized approach to therapy,
as well as reduce the cost of long -term patient
monitoring.

To improve MRI perfusion in the diagnosis
of rectal cancer, following improvements:

— optimization of protocols for the specificity
of the organ: development of MRI perfusion
protocols, adapted specifically for the diagnosis
ofrectal cancer, taking into account its anatomical
features, will help to obtain more detailed images
for more accurate determination of tumor size,
invasion and involvement of adjacent tissues;

— Improving contrast agents for hyper-
sensitivity: the introduction of contrast agents,
which are especially effective for rectum tissues,
can increase the sensitivity and specificity of
perfusion MRI. This will allow the doctors to
determine the degree of blood supply to the tumor
more clearly, which is important for assessing
the aggression and stage of cancer;

— artificial intelligence algorithms for detec-
tion and classification: the use of deep learning
algorithms for automated Image analysis of
MRI perfusion can help identify early tumor
signs, determine local invasion and metastasis,
which will increase the accuracy of diagnosis.
These algorithms can be tuned to identify

ISSN 2786-6661
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specific markers of rectal cancer, simplifying the
interpretation of results;

Integration with other methods of
visualization: the use of MRI perfusion together
with PET-CT or conventional MRI with high
resolution (HR-MRI) can provide a multifaceted
approach to tumor evaluation. This will allow to
evaluate both functional and anatomical aspects
of the tumor, which will contribute to a more
accurate stage of treatment;

— Expanding availability through broad-
casting systems: to overcome the scarcity of
qualified specialists, remote access to images
interpretation through television and radiology
can allow doctors from smaller medical
institutions to consult with specialists of large
oncological centers, which will increase the
accuracy of diagnosis and provide more patients
with qualitative patients.

Marking steps can contribute to a more
accurate and accessible diagnosis of rectum
cancer by MRI perfusion, which is important for
early detection and effective treatment planning.
Similar approaches can be offered by improving
MRI (FMRI).

Conclusions

Analysis of scientific works indicates that
1) MRI, due to high accuracy and safety, plays a
keyrolein determining the localization and stage of
the tumor process and is an indispensable method
of diagnosis of rectal cancer, which provides
accurate visualization Treatment and reduces the
risk of relapse; 2) Modern MRI methods show
high accuracy in the diagnosis of rectal cancer.
In particular, highly separated MRI and dynamic
contrast MRI have high sensitivity (90-95%) and
accuracy (90%), which makes them effective for
preoperative stages and tumor invasion. MRI
with diffusion-weighted images also has high
sensitivity and is useful for evaluating the response
to therapy, which is important for monitoring the
progress of the disease; 3) methods of contrast
enhancement and advanced analysis of images
significantly increase the accuracy of diagnosis,
especially when predicting the effectiveness of
neoadjuvant therapy; 4) there is a need to further
improve MRI methods to reduce the frequency of
false positive results in the early stages, which will
improve the quality of treatment and increase the
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life expectancy of patients. 5) The development reviewed and approved by the Ethics Committee
of artificial intelligence and the use of combined  of P. L. Shupyk National Healthcare University
methods of diagnosis, in particular with other  of Ukraine (Protocol No. 3, 07 February 2017).
visualization technologies, will significantly  All participants provided informed voluntary
increase the accuracy and availability of MRI in  consent for participation.
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TexHosorii MarHiTHo-pe3oHancHoi Tomorpadgii (MPT) y niarnocTuni paky
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Anomauyia: Cmammsa npuceauena OOCHIONCEHHIO BUKOPUCMAHHS MEXHONO02i MacHimHO-
pesonancnoi momoepagii (MPT) y Odiaecnocmuyi paxy npsamoi KUWKU, WO € aAXCTUSUM emanom
Y cydacHiti oHKonociuHiu npaxmuyi. Mema cmammi — 300UCHUMU CUCMEMHUL 0271510 HAYKOBUX
ooicepen, wo suceimaoroms egpexmuenicmo MPT y eusnauenni cmadii’ nyxaunno2o npoyecy, oyinyi
VpadiceHHs TiMpamudnux 8y31ie ma 3a0e3neyenHi moYHOCmi npu NIAHYS8AHHI JIKY8ANIbHUX Ni0X00I8,
30Kpema XipypeiuHux eémpydauv. Bucysaemvcsa 3a60anHA  npogecmiu auaniz MOYHOCHMI CYYACHUX
memooie MPT onsa Oiacnhocmuku paxy NpaMoi KUWKU ma po3naHymu MeXHON02IYHI pilueHHs
ona noninuenuss MPT npu Oiaenocmuyi paxy npamoi kuwku. Ha ocnosi yzaecanvhenHs HAyKosux
oocrniodcensb Oy10 nposedeHo KOMHUIAEeKCHUll ananis nybrikayiu y makux 6azax oaunux, sk Google
Scholar, PubMed, Scopus ma IEEE Xplore. Busaeneni oani cucmemamu3zo8ano OJisi 6UOKDEMIEHHS.
KIIOYOBUX MEXHIYHUX | KTTHIYHUX ACneKmis, uwjo nompebyioms nooaivuio2o po3sumky. OcHogHy yeacy
NPUOIIEHO MemoOam KOHMPACMHO20 NiOculeHHs ma ougysiino-36axcenoco MPT, axi nokazanu
gucokutl pisenv yymausocmi (90-95%) ma cneyugpivnocmi (85-90%) y susenenni ingasii nyxaunu ma
Memacmasig y aimgamuyni 8yziu. Pozenanymo nepesazu memodis, wo 003601110ms 30iUCHIO8AMU
MOYHY OYIHKY KPOBONOCMAYAHHS NYXIUHU MA IHEA3UBHOCMI Npoyecy, wo 0COOIUBO 8AXHCIUBO O/A
8UOOPY BIONOBIOHOI makmuku 1iKyeanHs. Ananiz Haykosux npayv ceiouums npo me, wo 1) MPT,
3a60KU BUCOKILL MOYHOCMI ma be3neyi, 8idiepac K408y poib ¥ BUSHAYEHHI IoKai3ayii ma cmaoii
NYXJAUHHO20 NPOYeCy ma € He3AMIHHUM MemOoOOM 0Ia2HOCMUKU paKy NPAMOI KUWKU, KUl 3a0e3neyye
MOYHy GI3yanizayilo NYXAUHHO20 NPOYecy, CHPUAE BUOOPY ONMUMATLHUX MemOoOi6 NIKYEaAHHA mda
SHUIICYE PU3UK peyuousis;2) cyuacni memoou MPT oemoncmpyoms 6uUcoKy mouHicms y oiacHocmuyi
paxy npamoi xkuwku. 30kpema, sucokoposditbna MPT ma ounamiuna koumpacm-inoykosana MPT
maromu 8ucoki noxasnuku yymaugocmi (90-95%) i mounocmi (90%), wo pobums ix epexmusHumu
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0151 nepedonepayitinoco cmaodito8anus ma oyinku ineasii nyxaunu. MPT 3 oudhysitino-3easxicenumu
300pANCEHHAMU MAKONHC MAE BUCOKY YYMIUBICMb | KOPUCHA Ol OYIHKU 8ION0GIOI HaA mepaniio, o
8ACIUBO 051 MOHIMOPUHZY NPO2PeCy 3aX60PI0GAHHA; 3) Memoou KOHMPACMHO20 NIOCUNEHHA ma
PO3UWUPEHO20 aHANI3Y 300paxdceHb 3HAYHO NIOBUWYIOMb MOYHICMb OIA2HOCMUKU, O0COONUBO NpuU
NPOCHO3YBAHHI eghekmusHocmi Heoao 10eanmuoi mepanii; 4) icHye HeoOXIOHICMb )y NOOANLULOMY
800CKOHAIeHHT Memoouk npogedents MPT 015 3meHueHHs yacmomu XuOHONO3UMUBHUX Pe3)Ibmamie
HA PaHHIX cmMaoisax, wo 3abe3neuums NOKPAWeHHs AKOCMI NiKY8aHHs ma 30L1bUUeHHs MPUBAIOCmi
orcumms nayienmis. 5) Po3gumok wmyuHo2o iHmenekmy ma UKOPUCMAaHHs KOMOIHOBAHUX MemoOig
OlazHOCMUKU, 30KpeMa 3 THWMUMU BI3VANI3AYIUHUMU MEXHON02IAMU, 00380IUMb 3HAYHO NIOGULUMU
moyHicms i docmynnicmo MPT 6 onkonozciuniti diacnocmuyi.

Ku1r04oBi ci10Ba: MarHiTHO-pe30HaHCHA TOMOTpadisi, pak MpsAMO1 KMIIKH, J1arHOCTUKA, OHKOJIOT 15,
3arajibHa Xipyprisi, Xipypridyia npakTuka.
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Abstract: Laparoscopic cholecystectomy is widely recognized as the gold standard for surgical
treatment of gallstone disease. Despite its high efficacy and low rate of early complications after
surgery, some patients still experience abdominal symptoms after surgery. The results of some
studies show that approximately 25% of patients experience abdominal complaints requiring medical
assessment one month after surgery. Active postoperative follow-up is considered to play a key role
in improving patients' quality of life and identifying symptoms that remain after surgery for various
reasons. With the growth of digitalization in health care, telemedicine technologies are opening up
new opportunities to improve the effectiveness of postoperative monitoring. However, telemedicine
services also face a number of challenges, including technical limitations, unequal access to digital
technologies, the need to adapt clinical protocols, and the potential threat to patient data security.
The present prospective study was conducted between 2024 and 2025 at two medical institutions in
Ukraine. The study comprised 70 patients who underwent laparoscopic cholecystectomy for gallstone
disease. The age of participants ranged from 24 to 67 years, with a mean age of 44.3 = 10.8 years.
Exclusion criteria included performing open instead of laparoscopic cholecystectomy, complicated
intraoperative course, severe comorbidities (decompensated diabetes mellitus, malignancies, advanced
heart failure), psychiatric disorders, lack of internet access, or refusal to participate in telemedicine
follow-up. The patients were divided into two groups: the main group received postoperative support
using telemedicine, while the control group received traditional outpatient care. Patients in the main
group were at liberty to seek face-to-face outpatient care at any time. Quality of life was assessed
using validated Ukrainian versions of the EQ-5D-5L and SF-36 questionnaires 1, 6, and 12 months
after surgery. The results showed positive changes in quality of life for the entire group during the
vear after the intervention. The average EQ-5D-5L index increased from 0.90 to 0.95 over 11 months,
and the physical and psycho-emotional components of the SF-36 increased from 70.3 to 82.6 and
from 73.0 to 85.0, respectively. It is worth noting that at no stage of the observation were there any
statistically significant differences between the main and control groups in terms of quality of life as
assessed by the above-mentioned questionnaires. This finding indicates that telemedicine tools may
be as effective as traditional postoperative supervision in terms of quality of life. The introduction
of telemedicine into postoperative care is safe, effective and patient-centered, especially in cases
where in-person consultations are not possible or require additional financial or time costs. The study
suggests that telemedicine could be a valuable option of postoperative management for patients who
have undergone laparoscopic cholecystectomy, highlighting its potential for wider integration into
routine postoperative management.
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Introduction

Gallstone disease (GSD) is one of the most
common disorders of the liver and bile ducts and
affects 10-20% of adults in developed countries.
Observations have shown that GSD is more
common as people get older, and its prevalence is
twice as high among women. This discrepancy is
primarily attributed to hormonal factors, including
estrogen levels, pregnancy, and the utilisation of
hormonal contraceptives [1]. There are some other
risk factors to consider, which include obesity, a
sedentary lifestyle, and genetic predisposition.

Symptomatic gallstone disease can have a
significant impact on patients' quality of life,
often resulting in chronic pain, dyspepsia, and
the potential for acute complications. Most
medical researchers agree that laparoscopic
cholecystectomy (LC) is the best option for
treating cholelithiasis because it is safe, effective,
relatively low-risk and patients make a quick
recovery.

In Ukraine the number of cholecystectomies
performed each year has increased over the past
decade reaching a record high of 160.5 operations
for every 100,000 people in 2023. Concurrently,
the mortality rate showed stability, maintaining a
consistent range of 0.21-0.25% [3].

Despite the LC proving successful in most
cases, some patients experience ongoing or new
abdominal symptoms in the postoperative period.
The most prevalent complaints encompass
intermittent abdominal pain, dyspeptic syndrome,
bloating, and disturbances in bowel movements.

According to international studies, up to
13% of patients report symptoms six months
after surgery, although an organic cause can be
identified in less than 1% of cases [4]. Based on
our preliminary findings [3], approximately 25%
of patients experience intermittent abdominal
complaints one month after surgery, requiring
medical attention.

The pathogenesis of postoperative abdominal
disorders in patients after LC is multifactorial.
Symptoms can originate by both biliary and non-
biliary factors. One of the common causes is

dysfunction of the sphincter of Oddi, which can
lead to intermittent or persistent pain, elevated
liver enzymes, bile duct dilatation, or even
recurrent pancreatitis [5].

Postoperative management of patients
involves a multifaceted approach, encompassing
meticulous  monitoring of the patient's
condition, expeditious identification of any
potential complications, and the judicious
implementation of both pharmacological and
non-pharmacological  interventions  when
deemed necessary. In the context of the ongoing
digitalisation of healthcare and the imperative to
optimise resource utilisation, there has been an
increasing use of telemedicine technologies in
clinical practice. The use of teleconsultations has
the potential to reduce the number of in-person
visits, save time for both patients and healthcare
providers, and ensure timely access to medical
care. [6-8]

Telemedicine presents several challenges,
including technical limitations, unequal access
to digital technologies, the need to adapt
clinical protocols, a potential increase in overall
healthcare expenditures due to overutilisation of
medical services, and additional risks to patient
safety [9]. However, when these technologies are
implemented in the appropriate manner, there is
a possibility that they may not compromise the
quality of life of patients in the postoperative
period [10].

Aim

The aim of this study is to assess the impact
of using telemedicine tools on patient’s quality
of life in the postoperative management after LC.

Materials and Methods

The prospective study was conducted during
2024-2025 at two healthcare institutions:
St. Paraskeva Medical Center (Lviv) and the
University Clinic of Bogomolets National
Medical University (Kyiv). The study included
70 patients who had LC for GSD. The inclusion
criteria were patient age between 18 and
75 years; LC performed no more than 4 weeks
prior to enrollment; confirmed diagnosis of
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GSD as the primary condition; signed informed
consent to participate in the study; and access
to a mobile phone or computer suitable
for remote monitoring. Exclusion criteria:
complicated surgical course (conversion to
laparotomy or extended surgical intervention);
early postoperative complications; confirmed
malignant neoplasm of any localization; severe
decompensated comorbid conditions (cardiac,
renal, or hepatic failure); pregnancy or lactation;
refusal to participate in the study; or inability to
comply with the study protocol (lack of access to
digital communication tools or limited ability to
use them).

Patients were divided into two groups. The
main group received postoperative care using
telemedicine tools, including asynchronous
remote  questionnaires,  teleconsultations,
and video consultations (n = 35). The control
group received standard outpatient follow-up
without the use of telemedicine tools (n = 35).
Patients were allocated to the main and control
groups using stratified randomization to ensure
balanced distribution between the two study
sites (Lviv and Kyiv). Within each stratum, a
computer-generated randomization sequence
(Microsoft Excel, RAND function) was used to
assign participants in a fixed 1:1 ratio. Allocation
was implemented immediately after confirming
eligibility and obtaining informed consent.

The EQ-5D-5L and SF-36 questionnaires,
validated in Ukrainian, were used to assess
quality of life. The wvalidated forms were
uploaded using Google Forms and distributed
by email. Assessments were carried out 1, 6,
and 12 months after surgery. Participants in the
main group completed the questionnaires online
via Google Forms, while patients in the control
group completed paper-based versions during
in-person visits to their physician. A visual
analogue scale (VAS) ranging from 0 to 10 was
used to evaluate overall patient satisfaction with
medical care. Patients were asked to respond
to the question: “How satisfied are you with
postoperative care and the treatment process?”
where 0 indicated complete dissatisfaction and
10 indicated maximum satisfaction.

The sample was characterized through the
utilization of descriptive statistical methods,
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encompassing the calculation of mean
values, standard deviations, frequencies, and
percentages. The t-test for independent samples
was utilized to compare the indicators between
independent groups (main and control). In order
to assess changes in quality of life over time (1, 6
and 12 months) within the same group, a paired
t-test was used, as well as an analysis of variation
with repeated measures (Repeated Measures
ANOVA) to identify the dynamics of changes at
three time points. Post-hoc pairwise comparisons
following Repeated Measures ANOVA were
performed using the Bonferroni correction to
adjust for multiple comparisons. Effect sizes
were calculated using Cohen’s d for t-tests and
partial eta-squared (n*p) for Repeated Measures
ANOVA. The analysis of the obtained results
was performed using the statistical software
packages MedStat v.5.2 and EZR version 4.1.2.
The study materials were reviewed and approved
by the Commission on Bioethical Expertise and
Research Ethics of the Bogomolets National
Medical University (Protocol Ne 195 dated
May 26, 2025). The study was conducted in full
accordance with the ethical principles outlined
in the Declaration of Helsinki (2013 revision).
Personal data were anonymized and handled
confidentially.

Results

Among the participants of the study, 45
(64.3%) were women and 25 (35.7%) were men,
which is consistent with epidemiological data
indicating a higher prevalence of GSD in women.
The main group included 21 women and 14 men,
while the control group consisted of 23 women
and 12 men. There was no statistically significant
difference in sex distribution between the groups

(p = 0.805).
The mean age of participants was
49.3 +13.1 years, ranging from 23 to

74 years. The mean age in the main group was
48.8 £ 13.2 years, and in the control group,
49.1 £12.7 years. There was no statistically
significant difference in age between the main and
control groups (p = 0.919). Table 1 and figure 1
show the mean EQ-5D-5L quality of life scores
1, 6, and 12 months after cholecystectomy in both
groups. Despite a slight tendency toward higher
scores in the main group, the difference between
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Table 1. Mean EQ-5D-5L quality-of-life scores (utility index) at 1, 6, and 12 months
after laparoscopic cholecystectomy in the main and control groups

Grou 1 month mean + SD (utility 6 months mean = SD 12 months mean + SD
P index) (utility index) (utility index)

Main 0.91 +0.05 0.94 +0.04 0.96 +£0.03

Control 0.89 +£0.06 0.92 +£0.05 0.94 +0.04
0,98 None of the differences between the main and
0.96 control groups reached statistical significance

(p > 0.05).

0,94 Among the total sample (n="70), a statistically
0.92 significant improvement in quality of life was
observed between 1 and 12 months after LC.
0.9 Both groups showed an improvement in physical
0.88 and psychoemotional components of quality of
life, as measured by the SF-36 questionnaire,
0.86 over the one-year period after the intervention
0.84 (p <0.001), which is consistent with the natural
Main group Control group course of recovery after cholecystectomy.
21 month 26 months 12 months A statistically significant difference was

Figure 1. Mean quality of life scores according to
the EpQ-5D-5L questionnaire (utility index) at 1, 6,
and 12 months after laparoscopic cholecystectomy.

the groups was not statistically significant at any

time point (p > 0.05).

Table 2 shows the mean scores of the
physical (PCS) and mental (MCS) components
according to the SF-36 questionnaire in the
main and control groups 1, 6, and 12 months

after LC.

Table 2. Mean SF-36 physical (PCS)
and mental (MCS) component scores (points)
at 1, 6, and 12 months after LC

Time after HEL B
Group T Mealf + SD Mealf + SD
(points) (points)
Main 1 month 72+9 74+£8
6 months 807 83+ 6
12 months 83+6 86+t 5
Control |1 month 70+ 10 72+£9
6 months 78 £ 38 81+£7
12 months 82+7 84 +6

also observed according to the EQ-5D-5L
questionnaire between 1 and 12 months after
surgery (p<0.001). These findings are presented
in Table 3, Figure 2, and Figure 3.

The distribution of satisfaction values on the
visual analogue scale (VAS) was found to be non-
normal (p< 0.00001, according to the Shapiro-
Wilk test). The mean level of satisfaction in the

Table 3. Statistically significant changes in
quality-of-life indicators according to the
SF-36 (points) and EQ-5D-5L questionnaires
(utility index) between 1 and 12 months
after laparoscopic cholecystectomy
in the total sample

Mean £ SD p
EQ-5D-5L
1 month 0.90 + 0.06
p<0.001
12 months 0.95+0.03
SF-36 Physical Health
1 month 70.3+4.7
p<0.001
12 months 82.6 £3.7
SF-36 Mental Health
1 month 73.0+4.3
p<0.001
12 months 85.0+£3.7
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Figure 2. Mean quality of life scores
according to the SF-36 questionnaire (points)
in the total sample 1 and 12 months after
laparoscopic cholecystectomy in the total sample
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Figure 3. Mean quality of life scores according
to the EQ-5D-5L questionnaire (utility index) 1
and 12 months after laparoscopic cholecystectomy
in the total sample

total sample is Me (QI-QIII) 8.0 (8.0 - 9.0). The
main group is characterised Me (QI-QIII) 9.0
(8.0 - 9.5) while the control group exhibits an
average score of Me (QI-QIII) 8.0 (8.0 - 9.0).
The data show a slight tendency for a higher
median in the main group, but these differences
are not statistically significant (p = 0.49).

Discussion

Since its introduction in the early 1990s, LC
has gradually become the preferred method for
gallbladder removal, largely due to the many
advancements in medical technology that have
taken place over the years. In the current medical
practice, LC is considered the standard of care
for a range of conditions, including symptomatic
cholelithiasis, chronic cholecystitis, and even

ISSN 2786-6661
eISSN 2786-667X

complications like gallstone pancreatitis. LC
has been adopted in a number of high-income
countries, where it appears to offer a number
of advantages, including shorter hospital stays,
faster recovery, and reduced overall healthcare
costs. Its safety profile is well-established, with
a reported mortality rate as low as 0.22%—0.4%,
which further supports its role as a first-line
surgical intervention. [11]

The findings of this study demonstrate that
the use of telemedicine in the postoperative
management of patients after LC provides
outcomes that are comparable to those achieved
through conventional outpatient follow-up. Both
groups demonstrated statistically significant
improvements in EQ-5D-5L and SF-36 scores
over the 12-month period following surgery,
which appears to be consistent with the natural
course of postoperative recovery.

These results are consistent with previous
research indicating a gradual enhancement
of health-related quality of life after surgical
treatment of gallstone disease. According
to a meta-analysis by Deborah et al. (2022),
postoperative EQ-5D utility scores typically
approach 0.93, which aligns well with the values
observed in this study and supports the external
validity of our findings. [12]

Our study did not reveal clinically meaningful
differences between telemedicine-based and
traditional follow-up formats. This finding
indicates that telemedicine support may serve as
a viable alternative to conventional postoperative
monitoring, aligning with current trends in the
digitalisation of healthcare [6, 13].

According to recent studies, postoperative
care incorporating telemedicine technologies
offers several potential advantages, including a
reduction in the number of in-person visits [7, §],
time and resource savings for both patients and
healthcare providers [14], and high levels of
patient satisfaction while maintaining clinical
effectiveness [13, 15]. The aforementioned
benefits of telemedicine-based approaches
suggest their potential as a promising strategy
in the postoperative management of patients
with gallstone disease. The findings of this study
demonstrate the high level of quality of life, which
is consistent with the results reported by Taha
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OuiHka IKOCTI KUTTS NAMIEHTIB MiCJIf JTANAPOCKOMIYHOI X0JIeIUCTEKTOMIl

Tersina Crapoay0, Bosonumup boromas

Kadenpa BHyTpimHIX XBOPOO CTOMATOJIOTIYHOTO (haKyJIBTETY,
Hamionansuuii Mequuauit yaisepcutet iMmeHi O. O. boromonsiy, Kuie, Ykpaina
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Anomauyia: nanapockoniuna Xoneyucmekmomis WUPOKO BUSHAHA 3010MUM CMAHOAPMOM
XIipypeiuno2o NiKY8anHs HcO8UHOKAM aHOI x6opodu. Hezsaswcarouu na ucoky epekmuenicms onepayii
ma HU3bKUL PiBeHb PAHHIX YCKAAOHEHb, 32I0HO 3 pe3YIbmamamu. HOnepeoHix 00Cai0HceHb, NPUOIUZHO
25% nayicnmis 6i0uyearomv aOOOMIHANLHI CKAp2U, WO BUMALAIOMb MEOUUHO20 O0OCMENCEeHHs.
yepesz micays nicas onepayii. Akmuene nicisionepayiiine CnOCMepPeNCeHHs 86aHCAEMbCS KIIOYOBUM
Gaxmopom y noninuerti AKocmi HCumms NayieHmie ma 8UsGNeHHI CUMNMOMIB, WO 3ATUULAIOMbCS
nicisn onepayii 3 pisHUX NPUYUH. 3 PO3GUMKOM YUDPOBI3ayii 6 eany3i OXOPOHU 300p08'sE mexHOoN02ii
menemeOuyUHY BIOKPUBAIOMb HOBI MOJMCIUBOC 011 NIOBUWEHHS eheKMUBHOCTI NiICAAONePaAYIUHO20
cnocmepexcents. OQOHax nociyeu menemMeOuyuHUu maxko#C CMUKAIOMbC 3 HU3KOW BUKIUKIE,
ceped SAKUX MEeXHIYHI O0OMeXNCeHHs, HepigHULl O0CMYn 00 YUPPOBUX MeXHON02iU, HeoOXIOHICmb
aoanmayii KIHIYHUX NPOMOKONIE ma nomenyiliHa 3acpo3a Oesneyi Oanux nayichmie. [lawne
npocneKkmusHe O0Cai0NCeHHs NPOBOOUIOCs 8 nepiod 3 2024 no 2025 pik y 060X MeOUUHUX 3AK1A0AX
Yipainu. ¥V oocniosxcenni opanu yuacme 70 nayicnmis, skum 010 npoeedeHo 1anapoCKONiyHy
XONeyucmekmomilo 3 Npueooy HCOGYHOKAM'aHOI xeopodbu. Bix yuacnuxie konuseascs 6i0 24 0o
67 pokie, cepeonili gik — 44.3 £ 10.8 poxy. Kpumepiamu suxnrouenHs 6yau: npoeedeHHs 8i0KpUmoi
Xoneyucmekmomii 3amicmes 1anapoCcKoniunoi, YCKIAOHeHUll nepebie onepayii, mMsAXCKi CynymHi
3aX680pPI6AHHS (0EKOMNEHCOBAHUL YYKPOSUlL Oiabem, 3105KICHI HOB0YMEOPEHH S, BUPAdICEHA cepyesa
HEOOCMAamHiCmy), NCUXIYHI po31adu, 8i0cymHicms docmyny 0o Inmepuemy abo 6iomosa 8i0 yuacmi y
menemeouyHomy cnocmepedcenni. Ilayicumis 6y10 po3nodineHo Ha 08i epynu: 0OCHOBHA OMPUMYBALA
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nicasonepayiinuil Cynpogio i3z UKOPUCAHHAM meleMeOUyUHU, a KOHMPOIbHA - MAld Mpaouyiline
ambynamopue cnocmepedcenus. 3a nompedu nayieHmu OCHOBHOI epynu Mo2iu 8 0yOb-AKUll Yac
36EPHYMUC 3 OYHOIO AMOYIAMOPHOK 00NOMO20i0. AKicmb dcumms YYACHUKIE OO0CHIONCEHHS.
OYIHIBANLACA 3 OONOMO20I0 8ANIO0BAHUX VKPAIHCbKUX 6epciti onumyeanvhuxie EQ-5D-5L ma SF-36
yepes 1, 6 ma 12 micayis nicia onepayii. Pezynomamu noxazanu no3sumueHi 3MiHU 8 IKOCMI dHcumms
3aeanvHoi 8UbIpKU npomsazom poky nicis empydanns. Cepeonii inoexc EQ-5D-5L 3pic 3 0.90 0o 0.95
3a 11 micayis, a ¢hizuunuti ma ncuxoemoyivinuii komnowenmu SF-36 3pocau 3 70.3 00 82.6 ma 3 73.0 0o
85.0 sionosiono. Bapmo 3aznauumu, wjo Ha H#coOHOMY emani cnocmepexcenHst He 6)10 CMamucmu4Ho
SHAUYWUX BIOMIHHOCMEL MIJC OCHOBHOI0 MA KOHMPOIbHOIO 2PYNAMU 3a AKICIIO HCUMMSL, OYIHEHOHO
3a donomo2o1o suwesasHadenux ankem. Lleti 6ucHOB0OK c8iouums npo me, Wo 3acobu menemeouyuHu
MOACYMb OYyMU HACMITLKU JHC eqheKMUBHUMU, K | MPAOUYIHUL NICAAONepayiuHUll Ha21a0, 3 MOYKU
30py AKOCMI Hcummsl. 3a2a10M 86AAHCAEMBCS, U0 BNPOBAOIHCEHHS MelleMeOUYUHU 8 NICAAONePayiuHUL
00271510 € Oe3neyHuM, eqheKmuHUM i OPIEHMOBAHUM HA NAYIEHMA, 0COOIUBO 8 MUX BUNAOKAX, KOIU
OUHI KOHCYIbMAyii HeMOXCIUBI abo 6uUMazaoms 000AMKOBUX (DIHAHCOBUX AOO YACOBUX BUMPAM.
IIposedene 0ocnioxcennss NOKA3ye, wWo meiremeouyuHa moxce ymu ehexmusHow albmepHamuso
nicisonepayiiHomy 6e0eHHI0 NAYiEHMIE Nicisa 1anapoCKONiYHoi Xoneyucmekmomii, niOKpecironyu ii
nomenyian 015 OLbW WUPOKOT iHmezpayii @ pyMmuHHy KAiHIYHY NPAKMUK).

KurouoBi cioBa: Jlucranuiiina koHcynbrauis; KoBuyHokam siHa xBopoOa; Jlamapockomiyna
xoneructekromist; Ilicnsoneparniitnuit nornsin; Pesynsratu nikyBanHs; TenmemenuiinHa; SIKicTh
JKHUTTA.

Copyright: © 2025 by the authors;
licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/).

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

115


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#
http://creativecommons.org/licenses/by/4.0/

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 4 (158), 2025 eISSN 2786-667X

Creative Commons «Attribution» 4.0

UDC 616.12-008.46-005.4-036.1:616.379-008.64-056.25]:616-008.9:577.115
https://doi.org/10.32345/USMYJ.4(158).2025.116-126

Received: September 02, 2025
Accepted: November 22, 2025

The role of galectin-3 in lipid metabolism disorders in patients with chronic
heart failure of ischemic origin and concomitant metabolic pathology

Kateryna Borovyk

Kharkiv National Medical University, Kharkiv, Ukraine
Address for correspondence:

Kateryna Borovyk

E-mail: km.borovyk@knmu.edu.ua

Abstract: Chronic heart failure of ischaemic origin remains a leading cause of morbidity and
mortality, and its course is significantly aggravated by concomitant metabolic pathology (type 2
diabetes mellitus and obesity). The role of galectin-3 in the mechanisms of direct participation in
lipid metabolism disorders in this vulnerable cohort of patients remains insufficiently studied, which
Justifies the relevance of the study. The aim of the work was to study the role of galectin-3 as a potential
diagnostic and prognostic marker of lipid metabolism disorders in patients with chronic heart failure
of ischemic origin against the background of concomitant metabolic pathology. The study examined
225 patients with chronic heart failure with coronary artery disease, who were divided into four
groups based on the presence of a combined course of diabetes mellitus and obesity (n=75), type
2 diabetes mellitus (n=50), obesity (n=50), isolated course of coronary artery disease (n=50), and
30 practically healthy individuals who were included in the control group. A biochemical study of
lipid metabolism indicators was carried out, including total cholesterol, triglycerides, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, very low-density lipoprotein cholesterol
and atherogenic index, as well as determination of serum galectin-3 levels by enzyme-linked
immunosorbent assay. The results showed that the concentration of galectin-3 in the blood serum
significantly increases in proportion to the degree of metabolic burden, reaching the highest values in
patients with a combination of chronic heart failure, type 2 diabetes mellitus, and obesity, which was
more than twice as high compared to patients without concomitant metabolic pathology (p<0.05).
In the same group, the most pronounced deterioration of the lipid profile was found: low-density
lipoprotein cholesterol increased by 99.2% compared to the group without metabolic pathology, and
the atherogenic coefficient increased by 300.9% (p<0.001). At the same time, a significant decrease
in antiatherogenic high-density lipoprotein cholesterol was recorded. Correlation analysis confirmed
that serum galectin-3 has close links with dyslipidemic processes, and the strength of the correlation
depends on the comorbid status. The strongest direct correlations with proatherogenic fractions, such
as triglycerides and low-density lipoprotein cholesterol, were found in patients with comorbid obesity.
These associations indicate that galectin-3 is actively involved in the mechanisms of dyslipidaemia
and reflects a triglyceride-dependent aspect of the disorders, closely related to insulin resistance
and chronic inflammation. The study also showed that even in patients without comorbid metabolic
pathology, a statistically significant association of galectin-3 with total cholesterol and triglycerides
persists, which emphasises its role as a marker of fundamental inflammation and fibrosis, independent
of external metabolic factors. Thus, the results obtained expand the understanding of the role of
galectin-3 as a key mediator integrating inflammatory, fibrotic, and dyslipidemic processes, providing
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a strong rationale for including galectin-3 in cardiometabolic risk stratification strategies and the
search for new therapeutic targets in patients with chronic heart failure.

Keywords: Heart failure, Coronary Disease, Lipid metabolism, Galectin-3, Obesity, Diabetes

Mellitus Type 2, Coronary Artery Disease.

Introduction

Chronic heart failure (CHF) caused by
coronary artery disease (CAD) has remained one
ofthe leading causes of morbidity, hospitalisation
and mortality worldwide for many decades,
despite significant advances in treatment. The
importance of the problem increases many times
over in the context of comorbidity, namely when
CHF is combined with metabolic pathology, in
particular type 2 diabetes mellitus (T2DM) and
obesity [1]. This concomitant pathology not only
complicates the clinical course and worsens
the prognosis of CHF, but also significantly
modifies its pathogenesis, largely due to lipid
metabolism disorders and the development of
dyslipidaemia [2].

In recent years, researchers have focused
their attention on galectin-3, a multifunctional
B-galactoside-binding lectin that is a key mediator
of inflammation and fibrosis [3]. Galectin-3
is expressed by activated macrophages and
fibroblasts and plays a critical role in the
processes of adverse remodelling, myocardial
fibrosis and the progression of CHF, regardless
of its ejection fraction [4]. Recent studies show
that galectin-3 is not only a marker of myocardial
damage, but also has the ability to actively
influence metabolic dysregulation [3, 5].

Despite significant evidence of the asso-
ciation of galectin-3 with overall metabolic risk
and cardiac fibrosis, the mechanisms of its direct
involvement in lipid metabolism disorders in
an extremely vulnerable cohort of patients —
those with ischaemic CHF and concomitant
metabolic pathology —remain poorly understood.
Understanding this interaction is crucial, as
dyslipidaemia is a powerful modified risk
factor that exacerbates atherogenesis and the
progression of CAD, and galectin-3 may act as a
common link connecting inflammatory, fibrotic
and metabolic disorders.

Aim

The aim of this study is to investigate the
role of galectin-3 as a potential diagnostic and
prognostic marker of lipid metabolism disorders
in patients with chronic heart failure of ischaemic
origin against the background of concomitant
metabolic pathology.

Materials and methods

According to the study design, 225 patients
undergoing inpatient treatment in the cardiology
department of Kharkiv City Hospital No. 27 were
divided into groups as follows: Group 1 included
patients with CHF against the background of CAD
with concomitant T2DM and obesity (n=75),
Group 2 included patients with ischaemic CHF
with T2DM (n=50), Group 3 included patients
with CHF against the background of CAD with
concomitant obesity (n=50), the comparison
group (Group 4) consisted of patients with CHF
and CAD without comorbid metabolic pathology
(n=50). The control group included 30 practically
healthy individuals. The groups of examinees
were comparable in terms of age (63.44+2.06;
64.47+1.88; 60.59+2.43 and 63.27+1.72 years,
respectively) and gender.

The diagnosis of CAD was verified in
accordance with current international and
national clinical protocols: the standards of the
European Society of Cardiology (ESC) and
the Unified Clinical Protocol of the Ministry
of Health of Ukraine "Stable Ischemic Heart
Disease" (Order No. 2857 of 23 December
2021). The presence of CHF was determined
according to the classification of the Working
Group on Heart Failure of the Association of
Cardiologists of Ukraine, and its functional class
was assessed according to the NYHA (New
York Heart Association) criteria. T2DM was
diagnosed based on the Unified Clinical Protocol
of the Ministry of Health of Ukraine "Diabetes
mellitus" (Order No. 1300 of 24 July 2024). To
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diagnose abdominal obesity, anthropometric
indicators of waist and hip circumference and
body mass index (BMI) were determined using
the following formula:

BMI=m/h?,

where

BMI — body mass index (kg/m?);

m — body weight (kg);

h — height (m).

The inclusion criteria were age over 18
years, CAD with signs of CHF with or without
excess body weight, grade 1-3 obesity, type 2
diabetes mellitus, and voluntary written consent
to participate in the study.

Exclusion criteria were based on the
need to minimise the influence of extraneous
factors on the assessment of biomarkers and
cardiometabolic status. Pregnant women were
not included in the study, nor were patients
with acute infectious and autoimmune diseases,
diffuse connective tissue diseases, oncological
diseases, diseases of the pituitary gland and
hypothalamus, chronic renal failure with a GFR
of less than 35 ml/min/1.73 m?, symptomatic
hypertension, acute coronary syndrome and
acute cerebrovascular accident within the last
6 months, exacerbation of chronic or acute
inflammatory diseases; patients with a history
of alcohol abuse or mental illness; patients who
were likely to violate the study protocol and
individuals who are not citizens of Ukraine.

Biochemical testing included determination
of total cholesterol (TC) and high-density
lipoprotein cholesterol (HDL-C) levels, which
were performed using the peroxidase method
with the Cholesterol Liquicolor reagent kit
from Human (Germany) in heparin-stabilised
blood serum. Triglyceride (TG) levels were
determined by an enzymatic colorimetric
method using the Triglycerides 105 GPO
reagent kit from Human (Germany). The
atherogenicity coefficient (AC) was calculated
using the Klimov A.M. formula:

AC = (TC — HDL-C)/HDL-C
The level of very low-density lipoprotein

cholesterol (VLDL-C) was calculated using the
following formula:
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VLDL-C =TG/2.2 x 0.45, (mmol/L)

Low-density lipoprotein cholesterol (LDL-C)
levels were determined using the Friedwald
formula:

LDL-C = TC — (VLDL-C + HDL-C), (mmol/L)

The level of galectin-3 in blood serum was
determined by immunoenzymatic method.
For quantitative measurement, a commercial
Human Galectin-3 ELISA Kit (eBioscience,
Austria) was used. The study was conducted on a
Labline—90 immunoenzymatic analyser (Austria
Lab Technologies, Austria) at the biochemical
department of the Central Research Laboratory
of Kharkiv National Medical University.

Statistical analysis was performed using
parametric statistics methods with the use of
Microsoft Excel 2010 software. The normality of
the distribution of quantitative data was checked
using the Kolmogorov—Smirnov criterion. If
normal distribution was confirmed, the data
were presented as M+m (mean + standard error
of the mean). The comparison of mean values
was performed using Fisher's criterion (F).
Spearman's rank correlation coefficient (r) was
used to assess the correlation between samples.
The difference was considered statistically
significant at p<0.05.

The study was approved by the Ethics and
Bioethics Committee of the Kharkiv National
Medical University (protocol Ne2, dated
12.10.2022). All procedures were performed in
accordance with the written informed consent of
the participants. The study fully complies with the
international standards of bioethics established in
the Helsinki Declaration («Ethical Principles for
Medical Research Involving Human Subjects»)
and the Universal Declaration on Bioethics and
Human Rights (UNESCO).

Results. Analysis of lipid metabolism
indicators and galectin-3 levels in patients in the
study groups revealed significant differences that
correlate with the deterioration of the metabolic
status of patients. The data obtained, illustrating
the dynamics of metabolic parameters and serum
galectin-3 levels, are presented in Table 1.

While analysing lipid metabolism indicators,
we found a significant increase in TC (by
19.1%; 18.3%; 21.2% and 72.3%) and TG (by

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

118


https://mmj.nmuofficial.com/index.php/journal
https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X#

UKkrainian Scientific Medical Youth Journal

Issue 4 (158), 2025

Creative Commons «Attribution» 4.0

ISSN 2786-6661
eISSN 2786-667X

Table 1. Analysis of lipid metabolism indicators and serum galectin-3 levels in patients
in the study groups

Patients with CHF
Parameter, CAD without
Units CﬁDoEe];izt]; M| CAD + T2DM | CAD + obesity | metabolic | Control group
(casurcent . (n=50) (n=50) pathology (n=30)
(n=75) _
(n=50)
1 2 3 4 5

TC, mmol/l 6.41+0.08 5.38+0.07 5.42+0.11 5.29+0.09 3.72+0.11
P, <0.05 P13 <0.05 P14 <0.05 P15 <0.05
P,3>0.05

4 >0).

P24 >0.05 P54 =005
P,5 <0.05 P35 <0.05 P45 <0.05

TG, mmol/l 2.84+0.07 1.81+0.08 1.91+£0.09 1.444+0.05 1.31+0.03
P12 <0.05 P15 <0.05 P14 <0.05 P15 <0.01
P»3>0.05
P».4<0.05 P34<0.05
P25 <0.05 P35 <0.05 P45<0.05

HDL-C, mmol/l 1.15+0.03 1.77+0.04 1.744+0.03 2.47+0.07 2.86+0.05
P12 <0.05 P13 <0.05 P14 <0.05 Pi5<0.01
P35 >0.05
P».4 <0.05 P34 <0.05
P,5<0.05 P35 <0.05 P45 <0.05

LDL-C, mmol/l 4.68+0.05 2.74+0.04 2.94+0.06 2.35+0.04 0.82+0.03
P12 <0.05 P13 <0.05 P14 <0.05 P15 <0.01
P»>3>0.05
P,.4<0.05 P34 <0.05
P25 <0.05 P35 <0.05 P..5<0.05

VLDL-C, mmol/l 0.58+0,05 0.37+£0.04 0.39+0.03 0.30+0.04 0.16+0.04
P12 <0.05 P13 <0.05 P14 <0.05 P15 <0.01
P».3>0.05

4 <0).

P».4<0.05 P34<0.05
P25 <0.05 P35 <0.05 P45 <0.05

AC 4.57+0.04 2.04+0.05 2.15+£0.07 1.14+0.06 0.51+0.04
P12 <0.05 P13 <0.05 P14 <0.001 P15 <0.001
P23 >0.05
Py <0.05 P34 <0.05
P25 <0.05 P35 <0.05 P45 <0.05

Galectin-3, ng/ml 29.66+1.37 27.14+1.63 20.22+1.87 14.54+1.48 10.07+1.02
P>, >0.05 P13 <0.05 P14 <0.05 P15 <0.01
P,3<0.05
P, <0.05 P34 <0.05
P,5<0.01 P35 <0.05 P45 <0.05
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56.9%; 48.7%; 97.2% and 116.8%), LDL-C (by
70.8%; 59.2%; 99.2% and 407.7%), VLDL-C
(by 56.8%; 58.7%; 93.3% and 262.5%), AC
(by 124.0%; 112.6%; 300.9% and 796.1%), as
well as a decrease in HDL-C (by 35.0%; 33.9%;
53.4% and 59.8%) in patients with CHF against
a background of CAD combined with T2DM
and obesity, compared with patients with CAD
and T2DM, CAD and obesity, CAD without
concomitant metabolic pathology (p<0.05)
and with individuals from the control group
(p<0.001), respectively.

It should be noted that no lipid profile
parameters showed significant changes between
patients with CAD and concomitant T2DM
and patients with CAD and obesity (p>0.05).
These results can be explained by common
mechanisms of insulin resistance (IR) in both
obese patients and patients with T2DM which
is a key mechanism of dyslipidaemia. Systemic
inflammation also has a significant impact,
affecting lipid metabolism and contributing to
the progression of atherosclerosis.

Among patients with CAD and concomitant
T2DM, there was a significant increase in LDL
levels by 30.9% compared to the control group
(p<0.05). Compared to the comparison group
(with isolated CAD) and the control group, the
indicators changed as follows: there was an
increase in TG concentrations by 20.4% and
27.6%, LDL-C by 50.7% and 70.1%, VLDL-C
by 18.9% and 56.8%, AC by 44.1% and 75%,
and a decrease in HDL-C by 28.3% and 38.1%,
respectively (p<0.05).

Patients with CHF against the background
of CAD with concomitant obesity also showed
a significant increase in TG levels by 24.6% and
31.4%, LDL-C by 54.1% and 72.1%, VLDL-C
by 23.1% and 59%, AC by 54.4% and 76.3%,
as well as a decrease in HDL-C concentration
by 29.6% and 39.2% compared to patients with
isolated CAD and healthy volunteers from the
control group, respectively (p<0.05).

Serum  galectin-3  showed  significant
differences in the form of concentration increase
in the main study group (group 1) by 8.5%,
31.8%, and 51% compared to groups 2, 3, and
4, respectively (p<0.05) and by 66.1% compared
to the control group (p<0.01). Such changes in
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this indicator are likely due to the fact that in
patients with obesity and T2DM, chronic low-
level inflammation is a key pathogenetic factor.
It should also be noted that this lectin is actively
involved in the processes of fibrogenesis,
stimulating the activation of fibroblasts and
enhancing collagen synthesis. In patients with
concomitant T2DM and obesity, this profibrotic
effect is further enhanced by the accumulation of
advanced glycation end products, which have a
direct damaging effect on cardiac and vascular
structures.

A correlation analysis was performed to
establish the presence and nature of relationships
between serum galectin-3 levels and lipid
metabolism indicators.

Table 2. Relationships between galectin-3
levels and lipid metabolism indicators
in patients with chronic heart failure against
a background of coronary artery disease with
concomitant obesity and type 2 diabetes
mellitus (rei=0.34)

Parameter, units r p
TC, mmol/l 0.42 <0.05
TG, mmol/l 0.51 <0.05
HDL-C, mmol/l -0.35 <0.05
LDL-C, mmol/L 0.56 <0.05
VLDL-C, mmol/l 0.59 <0.05
AC 0.22 >0.05

Thus, in a group of patients with CAD
against the background of concomitant T2DM
and obesity, moderate direct correlations were
found between galectin-3 concentration and
TC level (r=0.42; p<0.05), LDL-C (1=0.56;
p<0.05), VLDL-C (r=0.59; p<0.05) TG (r=0.51;
p<0.05) and an inverse relationship with HDL-C
(r= -0.35; p<0.05), indicating an increase in
atherogenic fractions of the lipid profile in
response to galectinemia, along with a decrease
in antiatherogenic components of the lipid
profile. The correlation with the atherogenicity
coefficient was not statistically significant
(r=0.22; p>0.05). The data are presented in
Table 2. These results confirm that galectin-3 not
only reflects fibrotic changes but is also actively
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involved in the mechanisms of dyslipidaemia,
making it a key biomarker of cardiometabolic
risk in this cohort of patients.

The results of the correlation analysis
presented in Table 3 allowed us to identify
statistically and clinically significant associations
between galectin-3 levels and key indicators of
lipid metabolism in patients with CAD against
the background of T2DM.

Table 3. Correlations between galectin-3 levels
and lipid metabolism indicators in patients with
chronic heart failure against a background of
coronary artery disease with concomitant type 2
diabetes mellitus (r:=0.34)

Parameter, units r p
TC, mmol/l 0.42 <0.05
TG, mmol/l 0.61 <0.05
HDL-C, mmol/l -0.19 >0.05
LDL-C, mmol/L 0.30 >(0.05
VLDL-C, mmol/l 0.26 >0.05
AC 0.31 >0.05
In this group of patients, statistically
significant direct correlations were found

between serum galectin-3 concentration and
two main proatherogenic indicators. A strong
direct correlation (r=0.61; p<0.05) with TG
levels was established, emphasising the close
relationship between the fibrosis biomarker
and TG metabolism disorders characteristic of
insulin resistance and T2DM. A moderate direct
correlation (r=0.42; p<0.05) with TC was also
determined, indicating the clinical significance
of the association of serum galectin-3 with
total lipidemia. For the remaining indicators,
the correlations were statistically insignificant
(p>0.05). Therefore, the data obtained suggest that
in the context of metabolic pathology galectin-3
primarily reflects the TG-dependent aspect of
dyslipidaemia, which is closely associated with
chronic inflammation and insulin resistance.

In the group of patients with CHF against the
background of CAD with concomitant obesity,
strong statistically significant associations were
found between serum galectin-3 levels and TG
(r=0.76; p<0.05), LDL-C (r=0.69; p<0.05) and
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Table 4. Correlations between galectin-3 levels
and lipid metabolism indicators in patients
with chronic heart failure against a background
of coronary artery disease with concomitant
obesity (rai=0.34)

Parameter r p
TC, mmol/l 0.46 <0.05
TG, mmol/l 0.76 <0.05
HDL-C, mmol/Il -0.28 >0.05
LDL-C, mmol/L 0.69 <0.05
VLDL-C, mmol/l 0.27 >0.05
AC 0.26 >0.05

a moderate direct correlation with TC (r=0.46;
p<0.05). At the same time, HDL-C (r=-0.28;
p>0.05), VLDL-C (r=0.27; p>0.05) and AC
(r=0.26; p>0.05) had weak correlations that did
not reach statistical significance. In this cohort
of patients, the presence of strong and moderate
associations with key proatherogenic cholesterol
fractions emphasises that serum galectin-3 is a
powerful biomarker that integrates inflammatory,
fibrotic and dyslipidaemic processes characteristic
of the comorbidity of heart failure and obesity,
signalling a high cardiometabolic risk.

The results of the correlation analysis
demonstrate that even in the absence of
concomitant metabolic  pathology, serum
galectin-3 levels in patients with heart failure of
ischemic origin maintain statistically significant
associations with major proatherogenic fractions
(Table 5).

Table 5. Correlations between galectin-3 levels
and lipid metabolism indicators in patients with
chronic heart failure against a background of
coronary artery disease without concomitant
metabolic pathology (ri=0.34)

Parameter, units r p
TC, mmol/l 0.38 <0.05
TG, mmol/l 043 <0.05
HDL-C, mmol/l -0.28 >0.05
LDL-C, mmol/L 0.26 >(0.05
VLDL-C, mmol/l 0.27 >0.05
AC 0.32 >0.05
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A weak direct correlation was established
with TG levels (1=0.43; p<0.05) and TC
(r=0.38; p<0.05). The results obtained prove
that serum galectin-3 is closely associated
with TG metabolism disorders regardless of
the presence of obesity or T2DM and indicate
a significant relationship between the studied
indicator and general lipid dysregulation in this
group of patients. The remaining indicators did
not show statistically significant correlations
(p>0.05). The results indicate that in a group
of patients with CAD without concomitant
metabolic pathology, serum galectin-3 likely
acts as a marker of fundamental inflammation
and fibrosis, which partially overlaps with basic
dyslipidaemia, but is not as closely associated
with specific proatherogenic fractions as in
groups with pronounced metabolic disorders.

Discussion

The study, aimed at investigating the
relationship between serum galectin-3 and lipid
metabolism parameters in patients with CHF
against the background of CAD with concomitant
metabolic pathology, confirmed the hypothesis
about the integrative role of this biomarker in
the cardiometabolic continuum. Our results
demonstrate that the concentration of serum
galectin-3 increases significantly in proportion
to the degree of metabolic burden, which is
consistent with most current studies. In their
study on mouse models, Du XJ et al. found that
galectin-3 has a direct effect on the transcription
of genes associated with lipid metabolism and
influences its disruption at the cellular level [7].
Taking into account the study by Du XIJ et al.
is fundamental, and lipidomics, which allows
detecting profound changes at the cellular level,
prevailed among the research methods, while
our clinical indicators are an integral assessment
of systemic lipid metabolism, it should be noted
that the pathophysiological mechanisms of
galectin-3 in fibrogenesis and lipid metabolism
are universal.

In turn, Storman M etal. considered galectin-3
as a biomarker, particularly in the presence
of other established factors such as age, body
weight, and abdominal obesity. This confirms
our concept that this lectin is an integrative
marker of comorbidity of CHF and obesity [8].
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Lin D et al. in their work associate an increase
in serum galectin-3 with the presence or risk of
T2DM, which is a key link in the cardiometabolic
continuum, and also prove that lipids and
galectin-3 should be assessed together for better
prediction of metabolic risk, which once again
confirms the importance of galectin-3 not only
as a marker of fibrosis, but also as an integrative
biomarker that plays a key role in the early
stages of cardiometabolic dysfunction, including
the development of T2DM [9]. This further
substantiates its significance as a prognostic
marker for assessing the risk of dyslipidaemia
in patients with CHF burdened by metabolic
pathology.

Some researchers like Schmitt et al. [10]
and Lorenzo-Almorés A et al. [11] argue that
higher serum galectin-3 levels are associated
with a higher prevalence of prediabetes, T2DM,
and other cardiovascular risk factors and
comorbidities. The authors also believe that
this lectin is cross-linked with impaired systolic
and diastolic function in patients with T2DM
and reduced systolic function in prediabetes,
and is prospectively associated with systolic
dysfunction and cardiovascular and all-cause
mortality in T2DM. This is fully consistent with
our results and confirms the role of galectin-3 as a
link between metabolic disorders and myocardial
damage. The study by Schmitt et al. also states
that N-terminal pro B-type natriuretic peptide
(NT-proBNP) was superior to galectin-3 for
assessing reduced systolic and diastolic function
and had higher prognostic value for mortality. At
the same time, galectin-3 was not associated with
cardiac function in patients with euglycaemia.
This proves that serum galectin-3 is activated
specifically by metabolic dysfunction and is
a marker of metabolically dependent fibrosis
in a cohort of patients with cardiometabolic
pathology, and not just hydrodynamic stress,
which is measured by NT-proBNP.

At the same time, a study by Ianos RD et al.
showed that measuring galectin-3 concentrations
in patients with CHF with preserved and
moderately reduced ejection fraction can provide
a deeper understanding of the severity of heart
failure, especially in patients with T2DM, which
fully coincides with our statements [12]. Jiang J et
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al also considered galectin-3 was an independent
predictor of heart failure with preserved ejection
fraction [13].

Khadeja Bi et al. also reveals galectin-3
as a marker for the diagnosis of CHF (at 8
ng/ml, sensitivity 92%, specificity 71%), which
also confirms our hypothesis of using serum
galectin-3 in CHF risk stratification [2].

The clinical correlations we found between
high serum galectin-3 levels and proatherogenic
lipid fractions in patients with comorbid T2DM
and obesity have also been confirmed in
experimental studies. The researches established
the role of galectin-3 as an important regulatory
factor in myocardial remodelling induced by
disturbances in glucose-lipid metabolism [14,
15]. The authors demonstrated that galectin-3
activity promotes fibrosis, apoptosis, and
cardiomyocyte hypertrophy by inhibiting the
activity of the Akt signalling pathway, thus acting
as a key molecular link that converts systemic
metabolic disorders into direct myocardial
damage and remodelling.

Thus, the study is fully consistent with
the results of current scientific advances and
provides important clinical confirmation of
the fundamental mechanisms identified in
experimental and cohort studies in recent years.

Our study expands the current understanding
of the role of galectin-3 from a simple marker of
fibrosis to a key link integrating inflammation,
dyslipidaemia, and CHF progression in T2DM
and obesity. The data obtained provide a strong
rationale for including galectin-3 in strategies for
stratifying cardiometabolic risk.

Conclusions

1. The study confirmed the integrative
role of galectin-3 as a potential diagnostic and
prognostic marker of lipid metabolism disorders
in patients with chronic heart failure of ischaemic
origin against the background of concomitant
metabolic pathology. The established links
between serum galectin-3 and proatherogenic
lipid fractions indicate that this biomarker is a
key link connecting inflammatory, fibrotic, and
metabolic disorders.

2. Patients with chronic heart failure and
comorbid metabolic disorders such as type 2
diabetes mellitus and obesity show a significant
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deterioration in their lipid profile, manifested
by an increase in proatherogenic fractions —
total cholesterol (by 21.2%), triglycerides (by
97.2%) and low-density lipoprotein cholesterol
(by 99.2%) and a decrease in antiatherogenic
high-density lipoprotein cholesterol (by 53.4%),
as well as the highest concentrations of serum
galectin-3 (29.66£1.37 ng/ml vs. 14.54+1.48 ng/
ml) were recorded in patients with metabolic
syndrome with a combination of chronic heart
failure, type 2 diabetes mellitus and obesity,
compared to patients without metabolic
pathology. This confirms that galectin-3 not
only reflects fibrosis induced by heart failure,
but is also actively activated by metabolic
dysfunction and acts as a key link connecting
chronic low-level inflammation, dyslipidaemia
and fibrogenesis processes.

3. Correlation analysis confirmed that serum
galectin-3 is an integrating biomarker closely
associated with dyslipidaemic processes, with
the strength of this association depending on
the degree of metabolic burden. In patients with
chronic heart failure of ischaemic origin against
a background of concomitant obesity, galectin-3
showed the strongest direct correlations with
proatherogenic fractions, namely triglycerides
(r=0.76; p<0.05) and low-density lipoprotein
cholesterol (r=0.69; p<0.05). In the group with
a combination of type 2 diabetes mellitus and
obesity, moderate direct correlations were also
found with low-density lipoprotein cholesterol
(r=0.56; p<0.05) and triglycerides (r=0.51;
p<0.05), as well as an inverse correlation
with antiatherogenic high-density lipoprotein
cholesterol (r=-0.35; p<0.05). At the same time,
even in the absence of metabolic pathology, a
weaker but statistically significant correlation
between galectin-3 and total cholesterol (r=0.38;
p<0.05) and triglycerides (r=0.43; p<0.05)
persists. Thus, serum galectin-3 acts as a key
mediator linking inflammatory and profibrotic
processes with metabolic dysfunction, while
particularly sensitively reflecting the triglyceride-
dependent aspect of dyslipidaemia, which is a
direct consequence of insulin resistance.

Prospects for further research. Currently,
it is extremely important to conduct long-term
prospective studies to assess the extent to which
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PoJib rasiekTHy-3 y NnopylieHHsX JiliIHOro 00MiHy Y XBOPHX
3 XPOHIYHOIO CEPLEBOI0 HEAOCTATHICTIO ilIEMIYHOI0 Ta CYIIyTHHOIO
MeTa00/1iYHOI0 IATOJIOTI€I0

Karepuna bopoBux

XapKiBChbKUI HalllOHAJTBHUNA METUYHUHN YHIBEpCUTET, XapKiB, YKpaina
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Anomauyia. Xpouiuna cepyesa HeOOCHMAMHICMb [UEMIUHO20 2eHe3) 3AIUUAEMbC NPOBIOHOIO
NPUYUHOIO 3AX80PIOBAHOCI MA CMEPMHOCMI, NPU YboM) ii nepedie 3HaYHO OOMANCYEMbCS CYNYMHBOIO
MemaboniyHow namonozieo (yykposum oiabemom 2 muny ma odxcupinuam). Ponv eanexmumy-3 y
MexaHizmax 6e3nocepeoHboi yuacmi 8 NOPYUEeHHAX 1iNIOH020 0OMIHY 8 Yill 8pA3IUBIL KO2OPMi NAYIEHMIE
3aMUAEMbCA HEOOCMAMHBLO BUBUEHOI0, WO OOIPYHMOBYE AKMYANbHICMb 00CHiONHcenHs. Memoro
pobomu OYn0 8usueHHsa poni eareKmuHy-3 K NOMeHYIUH020 OiaeHOCMUYHO20 MA NPOSHOCMUYHO2O0
Mapkepa nopyuieHv NinioHo2o o0OMIHy Yy nayieHmie i3 XPOHIUHOW cepyeoro HedOoCMamHiCmio
iwemiyHo2o 2ene3y Ha mii Cynymuwvoi memaooniynoi namonoaii. ¥ 0ocnioxcenni 6yno obcmedsiceHo
225 xeopux na xpoHiuny cepyesy neoocmamuicms npu IXC, axux 6y10 po3nooineno Ha Yomupu epynu,
BUX00AYU 3 HAABHOCMI NOEOHAHO20 nepebicy yykposoco diabemy ma oxcupinus (n=75), yykpoeozo
diabemy 2 muny (n=50), oxcupinns (n=50), izonboeanoeo nepedicy IXC (n=50) ma 30 npakxmuuno
300p08UX 0Ci0, AKI Y8itiuiiu 00 KOHMPOabHOI 2pynu. [Ipo8odunocs bioximiune 00CAI0NHCEHHS NOKAZHUKIB
JINIOH020 OOMIHY, BKIIOUAIOYU 3A2ATbHULL XOeCMePUuH, mpueniyepuou, Xoiecmepun Hinonpomeinia
BUCOKOI WIIbHOCMI, XONeCmepuH JINONpPOmeinié HU3bKoi WIIbHOCMI, XOlecCmepuH Jinonpomeinia
oyoice HU3LKOI WinbHOCMi ma Koepiyicum amepo2eHHOCMI, a MAKONC GUSHAYEHHS CUPOBAMKOBO20
pisHa eanekmuHy-3 imyHopepmenmuum memooom. Ompumani pesyivmamu npPoOeMOHCMPY8ATU,
Wo KoHyenmpayis 2anrekmuny-3 y cupoeamyi Kpogi 00CmMo8ipHO 3p0CmaAc NPOnopyitiHo 00 cmynenus
MemaboniyHo20 00MANCEHHS, 00CA2AI0YU HAUBUWUX 3HAYEHb Y X8OPUX 3 NOEOHAHHAM XPOHIUHOL
cepyesoi Hedocmamuocmi, Yykpogozo diabemy 2 muny ma OX*CUPIHHA, Wo OVI0 Oinblu HidC YO8idi
BUWUM NOPIGHSHO 3 nayieHmamu 6e3 cynymuvoi memadoniunoi namonocii (p<0,05). ¥V yiti xce epyni
BUABIEHO HALOINbW BUpaAdCeHe NO2IpUEeHHS TINI0H020 NPOQhint0: Xonecmeput J1inonpomeinie Hu3bKoi
winenocmi 36ineuwueca na 99,2 % nopisuano 3 epynoro 6e3 memaboniunoi namonoeii, a koegiyicum
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amepozcennocmi 36inbwueca na 300,9 % (p<0,001). Oonouacro 3aghikcogaHo 3HauHe 3HUNCEHHS
AHMUAMeEpPO2eHHO20 XOoleCmepuHry Jinonpomeinie 6ucokoi winvHocmi. Kopenayitunuti ananiz
niomeepous, wo cupo8amro8uil 2aiekmun-3 Mae micHi 36's3Ku 3 OuciinioeMivHUMU npoyecami,
NpUYOMY CULA KOperayii 3anexrcums 6io komopoionoco cmamycy. Hatibinow nomyocni npsami kopensayii
3 npoamepoceHHUMU YPaKyiamu, makumu K mpueiiyepuou i xoiecmepun 1inonpomeinie Hu3bKoi
wineHocmi, 6y1U 6CMAHOBIEH Y X80PUX i3 CYNYMHIM oxcupinHam. L]i 36"a3xu exasyromos, wo eanekmun-3
AKMUBHO 3ANY4eHUll 00 MexaHizmie oucninioemii i 6i00Opadicae mpueniyepuo-3aiedcHull acneKm
nopyuienb, miCHO NOB'A3aHUL 3 IHCYIIHOPE3UCMEHMHICIIO MA XPOHIUHUM 3andaieHHAM. []0CTi0HCeHHs.
MaKodic NOKA3an0, Wo HAGIMb y NAyicHmie 6e3 cynymuvoi mMemaboniunoi namonozii 30epicacmuvcs
CMAMUCMUYHO 3HAYYWULL 38'A30K 2anekmuny-3 i3 3a2a1bHUM XONeCMEePUHOM I mpu2iiyepuoamu, uo
nIOKpecuoe 1020 poib AK Mapkepa QyHOAMEeHMAIbHO20 3anaieHHs ma Qibpo3y, He3aneHCHO20 8i0
306HIWHIX MemaboniuHux gpakmopis. Takum YuHoM, OMPUMAHI pe3yTbmamu po3UUPIOIOMb PO3YMIHHSL
porni eanekmuny-3 K KI0408020 Mediamopa, wjo iHmezpye 3ananvhi, Qiopomuuni ma ouciinioemiuni
npoyecu, Ha0a4u 8azome 00IPYHMYBAHHS /1A 6KIIOYEHHS 2aleKmuny-3 y cmpamezii cmpamugixayii
KapOoiomemaoboniuHo20 pu3uKy ma noutyKy HO8UX mepanesmuyHux MiieHell y nayicHmie iz XpoHiuHOO
cepyesoro HedoCmamHicmio.

KirouoBi cioBa: ranexkTuH-3, AUCTIMiAEMis, iIeMiyHa XBopoOa ceplis, OXHPIHHS, XpOHIYHA
ceplieBa HeZOCTaTHICTh, LIYKPOBUil 1iabeT 2 THIty.

Copyright: © 2025 by the authors;
licensee USMYJ, Kyiv, Ukraine.
This article is an open access
article distributed under the terms
and conditions of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/).
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Abstract: The need for new therapeutic approaches to the treatment of arterial hypertension is
due to its increasing prevalence and high mortality rate, which prompts the search for new methods
of therapy. Recent scientific data indicate the important role of gut microbiome imbalance, which
can lead to disruption of the gut barrier and the development of chronic low-intensity systemic
inflammation. This inflammation is a key mechanism in the pathogenesis of arterial hypertension and
causes endothelial dysfunction, as evidenced by higher levels of pro-inflammatory cytokines. This
highlights new therapeutic perspectives for the correction of gut dysbiosis as a therapeutic strategy
with the potential to improve disease control. The aim of this prospective study was to evaluate the
effect of dietary probiotic supplementation on blood pressure, systemic inflammation and endothelial
function in patients with arterial hypertension through correction of gut dysbiosis. The study involved
fifty-five patients who were randomized into two groups: the main group (30 people), which, in addition
to standard antihypertensive therapy, received a probiotic that included Saccharomyces boulardii and
Lactobacillus, and a comparison group (25 people) receiving only standard therapy. The duration
of observation was 3 months. All participants underwent a comprehensive clinical examination with
analysis of systolic and diastolic blood pressure, levels of interleukin-6 and interleukin-10, assessment
of endothelium-dependent vasodilation of the brachial artery, as well as analysis of the composition
of the gut microbiome. The study found that before the intervention, the groups were comparable in
terms of basic clinical and demographic indicators, with the exception of a significant difference in the
proportion of patients with reduced Roseburia content inulinivorans and Faecalibacterium prausnitzii,
which limited the direct comparison of the dynamics of these taxa. After 3 months of observation,
patients in the main group achieved a significant decrease in systolic and diastolic blood pressure, as
well as the level of pro-inflammatory cytokine interleukin-6, while in the comparison group the levels
of inflammatory markers did not change significantly. Microbiome analysis showed that the probiotic
supplementation effectively corrected gut dysbiosis, as evidenced by a significant decrease in the ratio
of Firmicutes to Bacteroidetes, a decrease in the proportion of Firmicutes, and an increase in the
proportion of Bacteroidetes and Lactobacillus. At the same time, comparative analysis did not reveal
a statistically significant difference in endothelial function indicators between the groups. The results
obtained confirm that dietary probiotic supplementation is an effective adjunct method for correcting
gut dysbiosis, which helps improve blood pressure control and reduce systemic inflammation in patients
with arterial hypertension, which is important for improving the prognosis of the disease.
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Introduction

Arterial hypertension (AH) is defined as
a persistent elevation of office systolic blood
pressure (SBP) > 140 mmHg and/or diastolic
blood pressure (DBP) > 90 mmHg, with diagnosis
confirmed by repeated measurements, except in
cases of grade 3 hypertension (SBP > 180 mmHg
and/or DBP > 110 mmHg), where diagnosis may
be established at the first visit. Essential arterial
hypertension (AH) is a major global health
problem and represents the leading risk factor for
cardiovascular diseases, carrying a substantial
economic burden. Epidemiological data indicate
that AH is associated with high prevalence,
significant disability, elevated mortality, and
low awareness, particularly in low- and middle-
income countries. According to the World Health
Organization, approximately 1.28 billion adults
worldwide aged 30—79 years have hypertension,
two-thirds of whom live in low- and middle-
income countries, and about 46% are unaware of
their condition. In the United States, high blood
pressure was a primary or contributing cause in
over 660,000 deaths in 2023, with nearly one-
fifth of COVID-19-related deaths occurring
in individuals with a history of hypertension.
Only 22.5% of adults with hypertension achieve
adequate blood pressure control. In Ukraine,
34.8% of adults aged 18-69 years had elevated
blood pressure in 2019, with a significant
proportion unaware of their diagnosis or not
receiving treatment [1-4].

The urgency of developing new therapeutic
approaches for AH is driven by its growing
prevalence and high mortality, prompting the
search for innovative treatment strategies.
Disturbances in the gut microbiome (GM)
can contribute to systemic inflammation - a
key mechanism in the development of AH -
and promote endothelial dysfunction [1-3].
This is supported by evidence of elevated
pro-inflammatory cytokines in patients with
microbiome imbalance [4-5].

Gut dysbiosis triggers molecular pathways
leading to increased gut permeability, allowing

microbialcomponentssuchaslipopolysaccharides
(LPS) to enter the bloodstream and activate
chronic inflammation, which may contribute
to blood pressure elevation [1-2]. Systemic
inflammation further plays a central role in
endothelial dysfunction, impairing vascular
tone regulation and promoting cardiovascular
disorders, including hypertension [2-5].

Recent studies emphasize that the gut
microbiota modulates metabolic pathways
directly involved in blood pressure regulation.
Thus, dysbiosis may represent a critical factor
disrupting homeostasis through both microbial
and systemic mechanisms, correlating with
microbiome alterations in patients with AH [6-
8]. These findings highlight new prospects for
targeting gut dysbiosis as a therapeutic approach
[9-15].

Aim

To assess the impact of dietary probiotic
supplementation on blood pressure, systemic
inflammation, and endothelial function in patients
with arterial hypertension through correction of
gut dysbiosis.

Materials and methods

The study was conducted on the basis of the
therapeutic department of the Clinical Hospital
No. 18 of Kyiv, which is the clinical base of the
Department of Internal Medicine No. 1 of the
0.0. Bogomolets National Medical University.
This work was a prospective study. A clinical
examination was conducted, data analysis of
previous medical documentation of patients
with arterial hypertension and their selection
according to the inclusion and exclusion criteria
was carried out.

The study involved and examined 100 people
aged 40-75 years who provided informed
consent to participate. 55 patients with arterial
hypertension (the main group) were under
observation, who underwent outpatient and/or
inpatient treatment and further observation during
2022-2025. The patients included in the study
were divided into two randomized groups: the
main (group 1, n=30) and the comparison group
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(group 2, n=25). Randomization provided for the
distribution of patients taking into account age,
gender, severity and duration of hypertension, as
well as the presence of comorbidities.

Inclusion criteria were: men and women
aged 40-75 years with stage IlI, grade 1 or
2 essential arterial hypertension, patients not
previously treated with antihypertensive therapy,
and for women of reproductive age—a negative
pregnancy test and signed informed consent.

Exclusion criteria included: stage I11 essential
hypertension, chronic kidney disease stages I11—
V (eGFR <60 mL/min/1.73 m?2), endocrine
disorders, office systolic BP <115 mmHg or
diastolic BP <55 mmHg, atrial fibrillation or
flutter, second- to third-degree AV block on
ECG, NYHA class I1I-1V chronic heart failure,
active inflammatory processes (CRP >10 mg/L),
history of acute or chronic coronary syndrome,
alcoholism, drug addiction, mental disorders,
infectious diseases, oncological or hematological
diseases, active gastrointestinal or liver diseases,
inflammatory bowel diseases (Crohn’s disease,
ulcerative colitis), IBS, renal artery stenosis,
sarcoidosis, urolithiasis, tuberculosis, pregnancy,
and lactation.

The study was performed in compliance
with bioethical standards in accordance with
the Declaration of Helsinki (Helsinki, 2013)
and other regulatory documents, which was
confirmed by the local bioethics commission
(protocol No. 167 dated 11/21/2022).

At the screening visit, all patients with
arterial hypertension underwent correction of
antihypertensive therapy: patients received an
ACE inhibitor(perindopril arginine 5-10 mg) in
combination with a calcium channel antagonist
(amlodipine 5-10 mg per day).

Fifty-five patients who met the inclusion
criteria were selected. According to the assigned
treatment, patients were divided into two
subgroups using the envelope method:

The main group(group 1, n=30) received
combined antihypertensive therapy and was
additionally prescribed dietary supplementation.
Probiotic (Saccharomyces boulardii - 2.5x10°
CFU, Lactobacillus acidophilus - 2.5x10° CFU,
Lactobacillus rhamnosus - 1x10° CFU, inulin -
25 mg) ata dose of 2 capsules per day for 3 months

ISSN 2786-6661
elSSN 2786-667X

(commercial name - Bazhana®, Sopharma).
Patients in the comparison group (group 2, n=25)
received only basic antihypertensive therapy
without probiotics.

The effectiveness of treatment was assessed
after 3 months of observation.

All patients in the main group and the
comparison group were analyzed for the
content of the main types of gut microbiome:
Bacteroides, Firmicutes; the proportion of
patients with a reduced content of Lactobacillus
was determined. spp,(<1077), Bifidobacterium
spp,(<1079), Prevotella spp.(<107M11),
Acinetobacter spp.,(<1076), Roseburia
inulinivorans(<10.10), Faecalibacterium
prausnitzii,(<10"8), F/B ratio was estimated.
Material for analysis of the main group was
collected before the start of antihypertensive
therapy to avoid drug effects on the gut
microbiome.

The collection and storage of the material was
carried out in accordance with the instructions
developed by the Diagen laboratory.

Real-time polymerase chain reaction was
performed in the Diagen laboratory using a

thermal cycler. Rotor-Gene 6000 (Qiagen,
Germany).
Endothelial function was assessed by

brachial artery ultrasound with assessment
of endothelium-dependent (flow-dependent)
vasodilation. Brachial artery diameter was
measured at rest and after 5-minute occlusion
of blood flow using a sphygmomanometer
cuff inflated to 250 mm Hg. The percentage
increase in artery diameter from baseline was
calculated.

Statistical processing of the results was carried
out using the EZR software package version
2.8 (Saitama Medical Center, Jichi Medical
University, Japan), which is the graphical user
interface for the R software package (The R
Foundation for Statistics Computing, Austria).

Wilcoxon’s W test was used to compare
quantitative data within groups, and Fisher’s
exact test (with Yates’ correction) was used for
categorical variables. Normality of distribution
was assessed using the Shapiro-Wilk test.
Normally distributed data are presented as
mean + standard deviation; non-normally
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distributed data as median and interquartile
range.

For repeated measurements over time, two-
way repeated measures ANOVA was applied,
followed by Bonferroni-corrected post hoc
comparisons where appropriate. Effect sizes
were calculated using Cohen’s d for parametric
tests and r for non-parametric comparisons.

Results

Table 1 shows the comparative assessment of

ISSN 2786-6661
elSSN 2786-667X

The groups were comparable in terms of
demographic and clinical parameters. Age
distribution and gender ratio did not differ
significantly between groups. Baseline systolic
and diastolic blood pressure, levels of IL-6 and
IL-10, and endothelial function (FMD) were also
similar.

Most microbiome indicators did not differ
significantly at baseline, including the F/B ratio
and the proportions of Firmicutes, Bacteroides,

the observation groups before the intervention. Lactobacillus, Bifidobacterium, Prevotella,
Baseline characteristics Acinetobacter and Akkermansia.
Table 1. Comparative evaluation of observation groups before intervention.
Indicator group 1(n=30) group 2(n=25) p

Gender [n(%)]man 15(50) 13(52) | p=0.905
Age, mean £ SD 50.77£7.45 51.68+6.82 | p=0.640
Systolic blood pressure, mm Hg. 154 [ 145-158] 155 [ 150-159 ]| p=0.263
Diastolic blood pressure, mm Hg. 93 [90-95] 95[93-96 ]| p=0.086.
Interleukin-6, pg /ml 1.9940.3323 1.99240.2666 | p=0.976
Interleukin-10, pg /ml 3.785+1.519 3.779£1.626| p=0.992
Flow-mediated dilation (FMD) of the

brachial artery before and after limb 6[5-8] 8[6-10]| p=0.068.
ischemia, %

F/B ratio 6.22+2.752 6.248+1.939 | p=0.968.
Firmicutes spp, % 70[63-74] 70[62-74]| p=0.839.

Bacteroides spp, %

10.75[8.6-15.1]

109 [8.9-13.5]| p=0.919.

Proportion of patients with reduced
Lactobacillus content spp,(<10°7), %

53.3 [4.9-71.3]

72.0[52.1-88.2]| p=0.255.

Proportion of patients with reduced
Bifidobacterium content spp,
(<10M9), %

56.7 [95% CI 38.1-74.3]

56.0 [95% Cl 35.6-75.4] | p=0.827.

Proportion of patients with reduced
Prevotella levels spp.(<10711), %

60.0 [95% Cl141.4-77.2 ]

44.0 [95% Cl 24.6-64.4] | p=0.367.

Proportion of patients with reduced
Acinetobacter levels spp.,(<1076), %

23.3 [95% C19.7-40.6]

16.0 [95% Cl 4.1-33.6] | p=0.735.

Proportion of patients with
reduced Roseburia content
inulinivorans,(<10°10), %

56.7 [95% CI 38.1-74.3]

92.0 [95% CI 77.6-99.4] | p=0.007.

Proportion of patients with
reduced Faecalibacterium content
prausnitzii,(<10"8),%

53.3 [95% C1 34.9-71.3]

96.0 [95% CI 84.3-100.0] | p<0.001.

Proportion of patients with
reduced Akkermansia content
muciniphila,(<10*11), %

76.7 [95% CI 59.4-90.3]

80.0 [95% CI 61.4-93.5] | p=0.976.
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However, two taxa showed significant
between-group differences: Roseburia
inulinivorans and Faecalibacterium prausnitzii,
both of which were more frequently reduced

ISSN 2786-6661
elSSN 2786-667X

interpretation of subsequent changes in these
taxa.

Table 2 shows a comparative assessment of
the two groups at the beginning and end of the
observation.

in group 2. This baseline imbalance limits the

Table 2. Comparative assessment of patient groups at the beginning and end of observation

. group 1(n=30) group 2(n=25)
Indicat
ndicator To Aftor p To After p
Systolic blood pressure, 154 123 155 131
mm Hg. [145-158]|  [120-128] | P<C00L | [150.159]| [129-135]| P<0-001
Diastolic blood pressure, 93 81 95 84
mm Hg, [90-05]  [78-83] P<O901|  [93.057| [83-867| P<000!
Interleukin-6, pg /ml 1915 1815| _ 1.96 206 _
[1.75-2.23]| [1.69-1.99]| P00 | 178018]| [196-2.157| P~0-200
Interleukin-10, pg /ml 3.785+£1.519| 3.632+1.535| p<0.001 | 3.78 £1.63| 4.16+1.44| p=0.266
Flow-mediated dilation
(FMD) of the brachial i i 8 11
artery before and after limb 6[58] 10[9-12] p<0.001 [6-10] [9-12] p<0.001
ischemia, %
F/B ratio, % 6.22+2.75| 2.3[1.8-2.8]| p<0.001 | 6.248+1.94| 6.18+ 1.89 | p=0.041
Firmicutes spp, % 70[63-74] 55 [47-59] | p<0.001 | 67.92 £ 8.69| 67.08+8.27 | p=0.044
Bacteroides spp, % 10.75 22 10.9 11
(861517  [20-271/P<C001 | 1891357 [9-13.27| P0-838
Proportion of patients with 53.3 13.3 72.0 68.0
reduced Lactobacillus [95% CI [95% CI | p=0.034 [95% CI [95% CI | p=0.066
content spp,(<1017), % 4.9-71.3] 3.5-28.3] 52.1-88.2]| 47.8-85.2]
Proportion of patients with 56.7 36.7 56.0 52.0
reduced Bifidobacterium [95% CI [95% CI | p=0.839 [95% CI [95% CI | p=0.839
content spp,(<10°9), % 38.1-743]| 20.0-55.2] 35.6-75.4]| 31.8-71.9]
Proportion of patients with 60.0 56.7 44.0 40.0
reduced Prevotella levels [ 95% CI [ 95% CI | p=0.458 [95% CI [ 95% CI | p=0.541
spp.(<10711), % 414 -77.2] 38.1-74.3] 24.6-64.4]| 21.2 - 60.5]
Proportion of patients with 23.3 20.0 16.0 12.0
reduced Acinetobacter [95% CI [95% CI | p=0.003 [95% CI [95% CI | p<0.001
levels spp.,(<1076), % 9.7-40.6] 7.5-36.7] 41-336]| 2.2-28.2]
Proportion of patients with
: 56.7 60.0 92.0 92.0
{ﬁﬂﬁf‘?\‘foi‘f‘se*)“”a content [95% ClI [95% Cl | p=0458 |  [95% CI|  [95% CI | p<0.001
(<10%10), % 38.1-74.3]| 41.4-77.2] 77.6-99.4]| 77.6-99.4]
educed Faccatbactoium 533 567 %0| 960
content prausnitzii [95% CI [95% CI | p=0.720 [95% CI [95% CI | p<0.001
(<10°8), % 34.9-71.3] 38.1-74.3] 84.3-100.0] | 84.3-100.0]
Proportion of
patiznts with reduced 76.7 76.7 80.0 80.0
: [95% CI [95% CI | p=0.006 [95% CI [95% CI | p=0.005
Akkermansia content 59.4-90.3 614-935 614-935
muciniphila,(<10°11),% 59.4-903] | 594-90.3] 4-935]| 614-935]
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Dynamics within groups

Group 1 (with intervention)

Patients receiving the intervention showed
significant reductions in both SBP and DBP.

Levels of IL-6 and IL-10 also decreased
significantly.
The intervention resulted in marked

shifts in the microbiome: F/B ratio decreased
significantly, driven by a reduction in Firmicutes
and an increase in Bacteroides; the proportion of
patients with Lactobacillus deficiency decreased
substantially.

Changes in Bifidobacterium, Prevotella,
Roseburia, Faecalibacterium, and Akkermansia
were not statistically significant.

Group 2 (no intervention)

Although SBP and DBP also decreased
significantly, inflammatory markers IL-6 and IL-
10 remained unchanged.

Microbiome changes were  minimal.
Statistically significant shifts in the F/B ratio

ISSN 2786-6661
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and Firmicutes proportion were negligible in
magnitude. Bacteroides levels remained stable.

No significant changes were observed
in the proportions of patients with reduced
Lactobacillus, Bifidobacterium, Prevotella,
Roseburia, Faecalibacterium, or Akkermansia.

Table 3 shows comparative data between
groups at the end of observation.

Between-group comparison at the end of
follow-up

At the end of observation, blood pressure
values remained significantly lower in group 1
compared with group 2, for both systolic and
diastolic parameters (p<0.001 for both).

Group 1 also demonstrated a significantly
lower IL-6 level (p<0.001), whereas IL-10 did
not differ between groups.

Endothelial function, assessed by flow-
mediated dilation (FMD), showed no significant
differences between groups.

Marked distinctions were observed in the gut

Table 3. Comparative data of patient groups at the end of observation

Indicator group 1(n=30) group 2(n=25) p
Systolic blood pressure, mm Hg. 123 [120-128] 131 [129-135]| p<0.001
Diastolic blood pressure, mm Hg. 81 [ 78-83] 84 [83-86]| p<0.001
Interleukin-6, pg /ml 1.815[1.69-1.99 ] 2.06 [1.96-2.15]| p<0.001
Interleukin-10, pg /ml 3.632+1.535 4.162+1.442 | p=0.196
Flow-mediated dilation (FMD) of the
brachial artery before and after limb 10 [9-12] 11[9-12]| p=0.255
ischemia, %
F/B ratio 2.3[1.8-2.8] 6.2[5.6-7]| <0.001
Firmicutes spp, % 53.03+7.289 67.0848.271| p<0.001
Bacteroides spp, % 22 [20-27] 11[9-13.2]| p<0.001
Proportion of patients with reduced
Lactobacillus content spp, (<10°7), % 13.3 [95% C13.5-28.3]| 68.0 [95% CI1 47.8-85.2] | p<0.001
Proportion of patients with reduced 0 ) 0 i _
Bifidobacterium content spp,(<10°9), % 36.7 [95% CI1 20.0-55.2] | 52.0 [95% CI 31.8-71.8]| p=0.388
Proportion of patients with reduced } ) _
Prevotella levels spp.(<10°11), % 68.0 [95% CI1 47.8-85.2] | 40.0 [95% CI21.2 -60.5]| p=0.341
Proportion of patients with reduced _
Acinetobacter levels spp.,(<10°6), % 20.0 [95% CI 7.5-36.7] 12.0 [95% C1 2.2-28.2] | p=0.662
Proportion of patients with
reduced Akkermansia content 76.7 [95% C159.4-90.3]| 80.0 [95% CI 61.4-93.5]| p=0.976
muciniphila,(<10*11), %
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microbiome profile. Group 1 had a substantially
lower F/B ratio and a lower relative abundance of
Firmicutes, while the proportion of Bacteroides
was significantly higher compared with group 2
(all p<0.001).

Among individual taxa, reduced
Lactobacillus levels were considerably more
common in group 2 than in group 1. Differences
in the prevalence of reduced Bifidobacterium,
Prevotella, Acinetobacter, and Akkermansia
levels did not reach statistical significance.

Discussion

Summary of findings

The results of our study demonstrate that
additional probiotic therapy combined with
standard antihypertensive treatment significantly
reduced systolic and diastolic blood pressure and
decreased systemic inflammation. These effects
were accompanied by normalization of the
Firmicutes/Bacteroidetes ratio and an increase
in Bacteroides spp. No significant changes
were observed in endothelial function over the
3-month follow-up.

Interpretation and implications

The results support the role of gut microbiota
in the pathophysiology of arterial hypertension
via modulation of inflammation and metabolic
pathways. The lack of endothelial improvement
may reflect the short intervention period, as
vascular remodeling often requires longer
exposure. Baseline imbalance in Roseburia
inulinivorans and Faecalibacterium prausnitzii
limits interpretation of changes in these taxa.

Overall, the findings reinforce evidence
that probiotic supplementation can enhance
antihypertensive therapy, are consistent with data
presented in previous publications, and highlight
the gut microbiome as a potential therapeutic
target [13-15].

The observed decrease in blood pressure
aligns with prior clinical trials showing that
probiotic supplementation can enhance the
efficacy of standard antihypertensive therapy.
The reduction in IL-6 and partial normalization
of IL-10 levels are consistent with previous
reports  demonstrating anti-inflammatory
effects of probiotics in patients with metabolic
or cardiovascular disorders. Changes in the
gut microbiome composition, including the

ISSN 2786-6661
elSSN 2786-667X

Firmicutes/Bacteroidetes ratio and Bacteroides
spp., also reflect patterns reported in earlier
studies linking dysbiosis with hypertension [16-
18]. Further studies with larger samples and
longer follow-up are needed to confirm long-
term vascular effects.

Conclusions
Dietaryprobioticsupplementationeffectively
corrected gut dysbiosis supplementation in
patients with AH in combination with standard
antihypertensive therapy contributes to a more
effective reduction in blood pressure. After
3 months of observation in the main group
(group 1), a significant decrease in systolic
(p<0.001) and diastolic (p<0.001) blood
pressure was achieved, as well as a significant
decrease in the level of proinflammatory
cytokine IL-6 (p=0.014) compared to the
comparison group (group 2), where no such

changes were observed.

Probiotic ~ supplementation  effectively
corrected intestinal dysbiosis in patients in the
main group. This is confirmed by a statistically
significant decrease in the Firmicutes/
Bacteroidetes ratio (p<0.001), a decrease in
the proportion of Firmicutes (p<0.001) and an
increase in the proportion of Bacteroides spp.
(p<0.001). In addition, a significant decrease in
the number of patients with reduced Lactobacillus
content was noted. spp. (p=0.034).

The results obtained confirm a direct
relationship between the state of the gut
microbiome and the level of systemic
inflammation in patients with AH. Probiotic
supplementation can be considered as an
effective adjunct to correct gut dysbiosis, which
contributes to improved blood pressure control
and reduced inflammation, which is important
for improving the prognosis of the disease.
At the same time, no significant difference

in endothelial function indicators between
the groups was found at the end of the study
(p = 0.255).

Financing

This study did not receive external funding.

Conflict of interests

The author declares the absence of a conflict
of interest.

Al Disclosure

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

133


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661

Issue 4 (158), 2025 eISSN 2786-667X
Creative Commons «Attribution» 4.0

No Al tools were used in the preparation of Validation: Vladyslav Tovstyha, Vadym
this manuscript Shypulin;
Consent to publication Formal Analysis: Vladyslav  Tovstyha,
The authors received consent to publish this ~ Vadym Shypulin;
work from all patients. All authors have read and Investigation: Vladyslav Tovstyha;
approved the final version of the manuscript. Resources: Vladyslav Tovstyha, Vadym
Ethical approval Shypulin;
The research protocol received approval Data Curation: Vladyslav Tovstyha;
from institutional Bioethics Committee (protocol Writing — Original Draft Preparation:
Nel67, dated 11.21.2022) Vladyslav Tovstyha;
Author Contributions (CRediT taxonomy) Writing — Review & Editing: Vadym
Conceptualization: Vadym Shypulin  Shypulin;
(ORCID: 0000-0002-6780-130X); Visualization: Vladyslav Tovstyha;
Methodology: Vladyslav Tovstyha, (ORCID: Supervision: Vadym Shypulin;
0009-0005-4680-1625), Vadym Shypulin Project Administration: Vadym Shypulin;
Software: Vladyslav Tovstyha; Funding Acquisition: Vladyslav Tovstyha.
LITERATURE

1. GuoY,LiX,WangZ, YuB. Gut microbiota dysbhiosis in human hypertension: a systematic review of observational
studies. Front Cardiovascular Med. 2021;8:650227.

2. KimS, Goel R, Kumar A, et al. Imbalance of gut microbiome and intestinal epithelial barrier dysfunction in
patients with high blood pressure. Clin Sci(Lond). 2018;132(6):701-18.

3. Maiuolo J, Carresi C, Gliozzi M, et al. The contribution of gut microbiota and endothelial dysfunction in the
development of arterial hypertension in animal models and in humans. Int J Mol. Sci. 2022;23(7):3698.

4. Patrick DM, Van Beusecum JP, Kirabo A. The role of inflammation in hypertension : novel concepts. Curr
Opinion Physiol. 2021;19:92-8.

5. Sawvoia C, Schiffrin EL. Inflammation in hypertension. Curr Opinion Nephrol Hypertens. 2006;15(2):152-8.

6. Yan Q, Gu Y, Li X, et al. Alterations of the gut microbiome in hypertension. Front Cell Infect Microbiol.
2020;10:381.

7. Lau K, Srivatsav V, Rizwan A, et al. Bridging the gap between gut microbial dysbiosis and cardiovascular
diseases. Nutrients. 2021;13(7):2360.

8. Robles-Vera I, Toral M, Romero M, et al. Antihypertensive effects of probiotics. Curr Hypertension Rep.
2020;22(10):79.

9. Saxami G, Kerezoudi EN, Eliopoulos C, et al. The gut organ axis within the human body : gut dysbiosis and the
role of prebiotics Life(Basel). 2023;13(10):2023.

10. Campbell C, Kandalgaonkar MR, Golonka RM, et al. Crosstalk between gut microbiota and host immunity :
impact on inflammation and immunotherapy. Biomedicines. 2023;11(2):294.

11. Mehaffey E, Majid DSA. Tumor necrosis factor-a, kidney function, and hypertension. Am J Physiol. Renal
Physiol. 2017;313(4):F1005-8.

12. Elijovich F, Laffer CL, Sahinoz M, et al. The gut microbiome, inflammation, and salt-sensitive hypertension.
Curr Hypertension Rep. 2020;22(5):35.

13. LiJ, Zhao F, Wang Y, et al. Gut microbiota dysbiosis contributes to the development of hypertension. Microbiome.
2017;5(1):14.

14. Verhaar BJH, Prodan A, Nieuwdorp M, Muller M. Gut microbiota in hypertension and atherosclerosis: a review.
Nutrients. 2020;12(10):2982.

15. Grylls A, Seidler K, Neil J. Link between microbiota and hypertension : focus on LPS/TLR4 pathway in
endothelial dysfunction and vascular inflammation, and therapeutic implication of probiotics. Biomed Pharmacother.
2021 May;137:111334. doi:10.1016/j.biopha.2021.111334.

16. Di Vincenzo F, Del Gaudio A, Petito V, Lopetuso LR, Scaldaferri F. Gut microbiota, intestinal permeability,
and systemic inflammation: a narrative review. Intern Emerg Med. 2024 Mar;19(2):275-293. doi: 10.1007/s11739-023-
03374-w. Epub 2023 Jul 28. PMID: 37505311; PMCID: PMC10954893.

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)
http://mmj.nmuofficial.com

134


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal
https://orcid.org/0000-0002-6780-130X
https://orcid.org/0009-0005-4680-1625

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 4 (158), 2025 elSSN 2786-667X

Creative Commons «Attribution» 4.0

17. Yang T, Santisteban MM, Rodriguez V, Li E, Ahmari N, Carvajal JM, Zadeh M, Gong M, Qi Y, Zubcevic J,
Sahay B, Pepine CJ, Raizada MK, Mohamadzadeh M. Gut dysbiosis is linked to hypertension. Hypertension. 2015
Jun;65(6):1331-40. doi: 10.1161/HYPERTENSIONAHA.115.05315. Epub 2015 Apr 13. PMID: 25870193; PMCID:
PMC4433416.

18. LiJ, Zhao F, Wang Y, Chen J, Tao J, Tian G, Wu S, Liu W, Cui Q, Geng B, Zhang W, Weldon R, Auguste K,
Yang L, Liu X, Chen L, Yang X, Zhu B, Cai J. Gut microbiota dysbiosis contributes to the development of hypertension.
Microbiome. 2017 Feb 1;5(1):14. doi: 10.1186/s40168-016-0222-x. PMID: 28143587; PMCID: PMC5286796.

BrnuiuB npo0ioTH4YHOI cylJieMeHTallil Ha apTepialbHUM THCK,
CHCTEMHE 3alaJICHHA Ta eHA0TeialbHy QYHKIII0 Y NANIEHTIB
3 eCEHUiAJILHOI0 aPTePiaJIbHOI0 TinepTeH3iero

Baanucaas Toserura, Bagum llunyain

kadenpa BHyTpiHbOI MeauuuHU Nel, HarioHanbHUM METUYHUN YHIBEPCUTET
iMen1. O.0. boromornbis, M. Kui, Ykpaina.

Address for correspondence:
Vladyslav Tovstyha

E-mail: vlad.tovstyga@gmail.com

Anomauin: AxmyanvHicme NOULYKY HOBUX NIOX00i8 00 NIKYSAHHA eCeHYIalbHOI apmepiaibHol
einepmensii 0OyMoenena ii 3pocmaidoi NOWUPEHICMIO MA BUCOKUM PIBHeM CMEPMHOCMI, WO
CNOHYKAE 00 NOWLYKY HOBUX Memodie mepanii. OcmanHi HAYKOGI OAHI 8KA3YIOMb HA BANCTIUBY POIb
oUCOANAHCY KUUKOBO20 MIKpOOIOMY, AKULL MOdHCe NPU3BOOUMU 00 NOPYULEHHS KUUKOB020 Oap'epy
ma po36UmKy XpOHIYHO20 HU3bKOTHMEHCUBHO20 CUCTMEMHO20 3ananents. Lle 3ananenns € Kaouosum
MEXAHI3MOM Y namoezenesi apmepianibHOi 2inepmensii ma UKIUKAE eHOOMeNIANbHY OUCHYHKYTIO, o
niomeepoOHCYEMbC BUWUMU DIBHAMU NPO3ANATbHUX YUMOKIHIG. L]ell 83aeM038 30K BIOKpUBAE HOBI
nepcnekmueu 01 KOpeKkyii KUUKo8o2o oucoiosy Kk mepanesmuyHoi cmpameeii, wo Mae nomeHyian
0J1s1 NONINUEHHST KOHMPOJIIO HAO 3aXB0PIOBAHHAM. Memoto 0anH020 NpocneKmusHo20 00CHIONCEHHS
Oy10 oYiHumMU 6NAUE IEMUYHOI CynieMeHmayii npoOIOMUKOM HA NOKA3HUKU ApmepiaibHO20 MUCK),
CUCMEMHO20 3aNaieHHs Mma eHOOmenianbHoi PyHKYIl Y nayienmis 3 eceHyiaibHO apmepiaibHOK
2inepmensicio yepe3 Kopexkyio KUWK08020 0ucoiozy. Y 00CHiONCeHHI 831U Y4acmv N smoecsim
n'smo nayienmis, sKi Oyau parooOMi308aui HaA 08I epynu: ocHogHy epyny (30 ocib), aka 000amKkoeo
00 CMaHOapmHOI anmueinepmeH3U6HoOI mepanii Ompumyeaia npooiOMUYHUL KOMIIEKC, WO BKI0UAE
Saccharomyces boulardii ma Lactobacillus, ma epyny nopienanns (25 ocit), wo ompumysana
auwe cmanoapmuy mepanito. Tpueanicms cnocmepedicents cmanoguna 3 micayi. Ycim yyacnuxkam
NPOBOOUNIOCS KOMNJIEKCHE KIIHIYHe O0OCMEeMNCeHHS 3 AHANI30M CUCMONIYH020 Mad 0iacmONi4HO20
apmepianbHo20 MUCKY, PieHi6 iHmepaeuKiny-6 ma inmepaetikiny-10, oyinkoo enoomeniu-3a1eHcHol
sazoounamayii nie4o6oi apmepii, @ MaKo’c aHali30M CKIA0Y KUUKO08020 MIKpobiomy. [locnioxcenns
8CMAHOBUNIO, WO 00 NOYAMKY GMPYUAHHS 2pYnu OYauU 3IiCMAGHI 34 OCHOGHUMU KIIHIYHUMU MA
oemocpa@iuHuMy NOKAZHUKAMU, 34 BUHAIMKOM 00CMOGIPHOT pI3HUYL Y Yacmyi nayicHmis 3i 3HUNCEHUM
emicmom Roseburia inulinivorans ma Faecalibacterium prausnitzii, wo obMmedcyeano npsime
NOPIGHAHHA OUHAMIKU Yyux makconie. Ilican 3 micayie cnocmepedcents y nayicHmie 0CHOBHOL epynu
00CACHYMO 3HAUY U020 ZHUNCEHHS CUCMONIYHO20 | 0iaCMONIYHO20 apmepiaibHO20 MUCKY, d MAKOHC
PIBHA NPO3aNAIbHO20 YUMOKIHY IHMeEPAetKiHy-6, mooi K y epyni nopieHAHHs PI6HI 3aNalIbHUX MAPKeEPIE
CYMMEBO He 3MIHUMUCA. AHaNi3 MIKpoOioMy noxkaszas, wo npooiomuyHa cyniemenmayis egreKmugHo
CKOpU2YBANA KUWKOBUL OUCOio3, w0 NIOMEEPONCYEMbC 3HAUHUM 3HUINCEHHIM CNIBBIOHOULeHHS
Firmicutes ma Bacteroidetes, smenwennsim wacmixu Firmicutes ma spocmannsm uacmxu Bacteroidetes
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i Lactobacillus. Boonouac, nopieusanbHuti ananiz He 6UA6UE CMAMUCMUYHO 3HAYYWOL PIZHUYT V
NOKA3HUKAX enoomenianvHoi Qyuxyii misxc epynamu. Ompumani pezyromamu niomeepotcyioms,
wWo OiEMUYHA CYniemMeHmayis NPoOIOMUKOM € ePeKMUSHUM OONOMINCHUM MemoOoM OJil KOpeKyil
KUWKOB020 OUCOIio3y, W0 CApUSE NONNUEHHIO KOHMPOIIO ApmepianbH020 MUCKY MA 3HUNCEHHIO
CUCMEMHO20 3aNaleHHA Yy NAYIEHMIE 3 eCeHYIaIbHOI0 apmepianbHOI0 2INePMeH3I€l0, WO € 6adCIUEUM
0J1 NOKpAWeHHs NPocHO3Y nepebdicy 3aX80PIOBAHHS.
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Abstract: Community-acquired pneumonia in children is a common infectious disease associated
with a risk of severe complications. Optimisation of antimicrobial therapy is a key task, particularly
with the involvement of a clinical pharmacist. The aim of this study was to evaluate the effectiveness
of a multidisciplinary team, with a focus on the role of the clinical pharmacist in rationalising
antimicrobial therapy for paediatric community-acquired pneumonia. A retrospective analysis of
90 cases of community-acquired pneumonia treatment in children was conducted at a clinic where a
multidisciplinary team operates within the infection control unit. The analysis included the frequency
of antibiotic prescriptions (considering the AWaRe classification), duration of therapy, and routes
of administration of antimicrobials. Statistical analysis was performed using the y? and t-test. The
most frequently prescribed agents were cefotaxime (55.1%) and macrolides (24.4%). In the older age
group, antibiotic combinations were more commonly used, which was associated with a significantly
higher days of treatment burden (p<0.005). Reserve group antibiotics were not used. In 36.7% of
cases, antibiotics were administered orally. The involvement of a multidisciplinary team, particularly
a clinical pharmacist, contributes to improving the quality of antimicrobial therapy, minimising the
unjustified use of broad-spectrum antibiotics, and ensuring adherence to the AWaRe principles and
WHO recommendations.

Keywords: Community-Acquired Pneumonia, Antimicrobial Stewardship, Pharmacists, Humans,
Child.

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)
http://mmj.nmuofficial.com

137


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal
mailto:vladyslav.rafalskyi@gmail.com
https://meshb.nlm.nih.gov/record/ui?ui=D000098968
https://meshb.nlm.nih.gov/record/ui?ui=D000073602
https://meshb.nlm.nih.gov/record/ui?ui=D010595
https://meshb.nlm.nih.gov/record/ui?ui=D006801
https://meshb.nlm.nih.gov/record/ui?ui=D002648

Ukrainian Scientific Medical Youth Journal
Issue 4 (158), 2025
Creative Commons «Attribution» 4.0

Introduction

The incidence of community-acquired
pneumonia (CAP) remains high [1]. In children,
CAP is one of the leading causes of mortality [2,3],
particularly in those under 5 years of age [4],
accounting for 20% of deaths in this group [5].
Approximately 14.5% of children with CAP
require admission to the intensive care unit [6].

The most common pathogens of CAP in
children are viruses; therefore, not every patient
with non-severe CAP without risk factors
requires antibiotic treatment. In such cases, a
“watchful waiting” approach without antibiotics
is recommended. This strategy helps to reduce
adverse effects, treatment costs, and the spread
of antimicrobial resistance [1]. However, a
considerable proportion of pediatric CAP
cases have a bacterial etiology, or bacterial
superinfection may develop, in which case
antibiotic therapy remains the cornerstone of
etiological treatment.

It is well established that S. pneumoniae, the
leading causative agent of CAP [7], is also the
major contributor to years of life lost associated
with or driven by antimicrobial resistance [8].
Therefore, timely and adequate antibacterial
therapy in children with CAP is of utmost
importance. On the other hand, aggressive
antibiotic therapy may cause adverse reactions
and carries the risk of promoting antimicrobial
resistance.

To optimise antimicrobial therapy in
healthcare facilities, infection control units are
established, within which multidisciplinary teams
operate. According to the Order of the Ministry
of Health of Ukraine No. 1614 dated August 2,
2021, these teams must include a clinical
pharmacist, who serves as the coordinator of
the antimicrobial stewardship program [9]. The
role of the clinical pharmacist in antimicrobial
management has been widely discussed [10,11].
Pharmacist recommendations have been shown
to reduce the duration of antimicrobial therapy
for pneumonia [12—14]. Pharmacist involvement
has also contributed to reducing the use of broad-
spectrum antimicrobials [15]. Antimicrobial
stewardship in the management of children
with CAP includes educational programs,
monitoring and reporting of antibiotic use and
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resistance, periodic audits with feedback, and
pre-authorization procedures [16].

Aim

The aim of the research was to assess the
impact of a multidisciplinary team (paediat-
ricians, paediatric infectious disease specialists,
and clinical pharmacists) on optimising
antimicrobial therapy for paediatric community-
acquired pneumonia.

Materials and Methods

The study was conducted at the Non-
Commercial Enterprise “Kyiv City Children’s
Clinical Hospital No. 2,” where in 2022 an
infection control unit was established and local
treatment protocols for infectious diseases
were developed, including a local protocol
for the management of community-acquired
pneumonia in accordance with the clinical
guideline “Community-acquired pneumonia in
children” [17], WHO recommendations [18],
and the national standard of care “Rational use
of antibacterial and antifungal medicines for
therapeutic and prophylactic purposes” [19].

A retrospective analysis was conducted on
the use of antimicrobial agents in children with
CAP who received inpatient treatment between
January 1, 2025, and March 31, 2025. In total,
90 children (46 girls and 44 boys) aged 7 months
to 17 years (mean age 8.36 + 5.15 years) were
treated for community-acquired pneumonia.
Among them, 33 children were under 5 years of
age (18 girls and 15 boys), and 57 were older
than 5 years (28 girls and 29 boys).

Table 1. Demographic characteristics of the
study population by age and sex

Age of .
children Girls Boys Overall
<5 years 18 15 33
>5 years 28 29 57
Total 46 44 90

Statistical analysis was performed using
Microsoft Excel 365. Quantitative variables
were described using the mean (M) and standard
deviation (SD). The ¥? (chi-square) test was
used to compare frequencies, and the Student’s

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

138


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal

Ukrainian Scientific Medical Youth Journal

Issue 4 (158), 2025

Creative Commons «Attribution» 4.0

ISSN 2786-6661
eISSN 2786-667X

t-test was applied to assess the significance of
differences between mean values. Differences
were considered statistically significant at
p < 0.05. To evaluate antimicrobial burden, the
days of therapy (DOT) metric was used.

Results

In total, 127 antimicrobial prescriptions
were made for 90 patients. Most frequently
(Fig. 1), children were empirically prescribed
the third-generation intravenous cephalosporin
cefotaxime (55.1%), often in combination with
oral macrolides, clarithromycin (16.5%) or
azithromycin (7.9%). Aminopenicillins, mostly
in combination with [-lactamase inhibitors,
were used less frequently (ampicillin/sulbactam
in 7.9%, amoxicillin/clavulanate in 5.5%, and
amoxicillin in 3.9%). Only three children (2.4%)
older than 8 years received doxycycline, and one
infant (0.8%) received cefpodoxime.

Combination therapy (two antimicrobial
agents, mostly cefotaxime with clarithromycin,
azithromycin, or doxycycline) was observed in
27 patients (47.4%) in the older age group and
5 patients (15.1%) in the younger age group,
with the difference being statistically significant
(p <0.005). Consequently, antimicrobial burden,
measured as days of therapy (DOT), was signifi-
cantly higher in older children (10.44 £ 4.56 days
vs. 8.03 £ 3.23 days; p < 0.005).

According to the data presented in Table 2,
younger children more frequently received
ampicillin/sulbactam (19.5% vs. 2.3%; p < 0.05),

55,1

mm Cefotaxime

Ampicillin/sulbactam
mm Amoxicillin/clavulanate
mm Doxycycline

mm Clarithromycin
Azithromycin

== Amoxicillin

mm Cefpodoxime

Figure 1. Proportion of antimicrobial agents
prescribed to children with community-acquired
pneumonia

whereas older children were significantly more
often prescribed cefotaxime (61.6% vs. 41.5%;
p < 0.05). Azithromycin and doxycycline were
prescribed exclusively to older children.

Table 3 shows the features of the use of
antimicrobial agents according to the AWaRe
classification. No drugs from the Reserve group
were used at all.

In older children, Watch group antibiotics
were predominantly used (90.7%), whereas in
younger children, Access group antibiotics (both
protected and unprotected aminopenicillins)
were used in 41.5% of cases, with the difference
being statistically significant (p < 0.001).

Table 2. Use of antimicrobial agents in children of different age groups

Age of children
Antimicrobial agent <5 years >5 years Overall
Abs. % Abs. % Abs. %
Amoxicillin 4 9.8 1 1.2 5 3.9
Amoxicillin/clavulanate 5 12.2 2 2.3 7 55
Ampicillin/sulbactam 8 19.5* 2 2.3 10 79
Doxycycline 0 0.0 3 35 3 2.4
Azithromycin 0 0.0 10 116 10 79
Clarithromycin 6 14.6 15 175 21 16.5
Cefotaxime 17 415 53 61.6* 70 55.1
Cefpodoxime 1 24 0 0.0 1 0.8
Total 41 100.0 86 100.0 127 100.0

An asterisk (*) indicates a significant difference (p<0.05)
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Table 3. Use of antimicrobial agents in children of different age groups according to the AWaRe
classification

Groups of antimicrobial Age of children
agents according to AWaRe <5 years >5 years Overall
classification Abs. % Abs. % Abs. %
Access group 17 41.5* 8 9.3 25 19.7
Watch group 24 58.5 78 90.7* 102 80.3
Reserve group 0 0.0 0 0.0 0 0.0
Total 41 100.0 86 100.0 127 100.0

An asterisk (*) indicates a significant difference (p<0.05)

Table 4. Route of administration of antimicrobial agents in children of different age groups

. . Age of children
Route of administration of <5 vears S5 vears Overall
antimicrobial agents = Y y
Abs. % Abs, % Abs. %
Parenteral 163 61.5 381 64.0 544 63.3
Oral 102 38.5 214 36.0 316 36.7
Total 265 100.0 595 100.0 860 100.0

No significant differences were observed
in the route of administration of antimicrobial
agents between age groups. In two-thirds of
cases, drugs were administered intravenously,
while in the remaining cases they were given
orally.

The duration of antimicrobial therapy for
community-acquired pneumonia in older patients
was on average 6.89 + 1.74 days, and in younger
patients 6.58 + 1.57 days.

Thus, the presence of a multidisciplinary
team in the clinic contributed to the fact that,
according to our 3-month retrospective audit,
Reserve group antimicrobials were not used in
the treatment of children with CAP.

Beta-lactam antibiotics of third-generation
cephalosporins, protected and unprotected
aminopenicillins were predominantly used,
consistent with the main causative pathogen
(S. pneumoniae). In cases with suspected
atypical pneumonia (mainly in older children),
macrolides (clarithromycin or azithromycin)
or the tetracycline antibiotic doxycycline were
prescribed in combination with beta-lactams.

Discussion

The results of other researchers indicate that
mycoplasma pneumonia is detected in 7.4% of

children with CAP, more frequently in older
children with a mean age of 8.8 years [20].
It should be noted that macrolide resistance
of Mycoplasma remains high. However,
M. pneumoniae still demonstrates good in vitro
susceptibility to second-line antibiotics such as
tetracyclines, which makes them an effective
treatment option for patients with initial treatment
failure when macrolides are used [21].

The low consumption of Access group anti-
biotics in Ukraine is a widespread problem [22].
The activities of a multidisciplinary team help
overcome barriers in physicians’ acceptance of
pharmacists’ recommendations for optimising
antimicrobial therapy, particularly in minimising
the use of Reserve group antibiotics [23].

The success of therapy in children with
community-acquired pneumonia, along with
the minimal antimicrobial burden that reduces
the risks of adverse drug reactions, drug-
drug interactions, and the development of
antibiotic resistance, was largely ensured by
the activities of the multidisciplinary team. In
particular, the clinical pharmacist was involved
in the development of local protocols, the pre-
authorization procedure, and the monitoring of
antimicrobial prescriptions. According to other
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researchers, pharmacist-initiated interventions
contributed to reducing antimicrobial use
and preventing adverse drug reactions, with a
relatively high level of physician acceptance
[24]. The pharmacist participates in antibiotic
selection and proposes dosing regimens for
paediatric pneumonia [25,26]. Other studies
indicate that clinicians generally respond
positively to pharmacists’ recommendations
for CAP treatment, especially regarding the
switch from intravenous to oral antibiotic
administration, while being less receptive to
restrictions on antibiotic use [27]. Evidence also
shows that caregivers of children with pneumonia
accept pharmacists’ recommendations for
optimising antimicrobial therapy [10]. Prolonged
antimicrobial treatment remains a common
practice [28]. This retrospective analysis has
several limitations, namely a relatively small
sample size and the absence of an assessment of
the effectiveness of such antimicrobial stewar-
dship interventions, specifically, a prospective
audit with feedback. Future research should
focus on evaluating the impact of prospective
pharmaceutical consultations on the duration
of antimicrobial therapy, the number of days of
antibiotic use, and related outcomes.

Conclusions

The analysis of medical records conducted
within this retrospective study demonstrated
the effectiveness of a multidisciplinary
team, including a clinical pharmacist, in the
management of children with community-
acquired pneumonia. All patients received
antimicrobial therapy in accordance with current
standards; reserve group antibiotics were not
used; therapy was not associated with dose-
dependent adverse effects; the average duration
of antimicrobial treatment was approximately
7 days; and in one-third of cases, antibiotics were
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administered orally. These findings highlight
the important role of the clinical pharmacist in
rationalising antibiotic therapy and improving
the quality of medical care for children with
CAP.
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! Acniipant, Hamionaneauit Mennunuii yaisepcuret imeni O.0. boromounbiis, M. Kuis, Ykpaina

2Kniniunuit papmanest, HKIT «KuiBcbka Micbka quTsyua KiiHidHA JikapHs Ne2y,
M. KuiB, Ykpaina

Address for correspondence:
Vladyslav Rafalskyi
E-mail: vladyslav.rafalskyi@gmail.com

Anomauisn: He20CnimanbHa NHEBMOHISL Y Oimell € NOUUPEeHUM [HPEeKYIUHUM 3aX80PIOBAHHIM
i3 pusuKomM po36UMKY MANCKUX YCKIAOHeHb. Onmumizayii aumumikpoOHOI mepanii € K10408um
3A60aHHAM, 30KpemMa I3 3a1y4eHHAM KAIHIuHo20 apmayesma. Memoio ybo2o OocniodxcenHs Oyio
oyiHumu eghekmusHicmo p060mu Myﬂbmu()ucuunﬂmapﬂoi' KOMAHOU, 30Kpema yuacmeo KNIHIYHO2O
Gapmayesma, y payionanizayii aHmumikpo6Hoi mepanii He2ocnimanvbHoi nHeéMowii y Oimeu. Y
oocnioxcenHi nposedeno pempocnekmusHuil ananiz 90 unaokis nikysauHsa He2ocnimanbHOi NHeeMOHIT
V Oimell y KIiHiyi, 8 AKill YYHKYIOHYE MYTbMUOUCYUNTITHAPHA KOMAHOA HA OA3i 8I00iNeHHs IHeKYIlIHO20
KOHMpOar0. AHAni3yeanu 4yacmomy npusHaiyetb aHmubiomuxis, 6 m.u. i3 ypaxy8anHam kiacugixayii
AWaRe, mpueanicmv mepanii, uLisaxu 66e0eHHs AHMUMIKpOOHUX npenapamis. Cmamucmuyry o6pooKy
301liCHeHO 3 UKOpUCmMaHHAM y? ma t-kpumepiro. Haliuacmiwe npusnayanuco yeghomaxcum (55,1%)
ma makponiou (24,4%). V cmapwiil sixosiii epyni uacmiwie 3acmocosyeanu KomMOiHayii anmubiomuxis,
Wo CynpoBooA*CcYy8aloCL 00CMOBIPHO BUWUM HABAHMANCEHHAM KinbKocmi Ouie mepanii (p<0,005).
Ilpenapamu epynu pesepsy ne suxopucmosgysanucs. ¥ 36,7% sunaoxie anmubiomuxu npusHa4aiucy
nepopanvbHo. Yuacme MyaemuoucyuniiHapHoi KOManou, 30Kpema KIiHiuHo20 apmayeema, cnpusie
niOBUWEHHIO AKOCMI aHMUMIKPOOHOI mepanii, MiHIMI3ayii HeoOIPYHMOBAHO2O BUKOPUCMAHHS
AHMUOIOMUKIE WUPOKO20 CheKmMpa, OO MPUMAHHIO

npunyunie AWaRe ma pexomenoayiii BOO3. Copyright: © 2025 by the authors;
@ ® licensee USMYJ, Kyiv, Ukraine.
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Kuiniyauii BUIIaZ0K TY0OepKYJIb03HOI0 MEHIHI0OeHIe(PATiTy Y AUTHHH

Ipnna Cepsakosa, Jlrogamuia IanaTna

Hanionansuuit Mequununii ynisepeuteT iMeH1 O.0O. boromounsus, M. Kuis, Ykpaina
Address for correspondence:

Iryna Seriakova
E-mail: ikovaliukh@ukr.net

Anomauia: TybepKyn1bo3HUTI MEHIHOeHYepanim 3amuuacmscs akmyalbHO0 MeOUKO-COYIANbHOIO
npobIeMolo uepe3 8UCOKY CMepmMHICmb, CKIAOHICMb Oid2HOCMUKU, MA 3POCMAHHA YUCIA 8UNAOKIE
ceped Odimeu. Mema Oocniddcenns: Iliosuwumu 06i3HAHICMb MA HACMOPONCEHICIMb MEOUUHUX
NPAYi6HUKI8 U000 MOICIUBOCII BUHUKHEHHS MYOepKyIb03H020 MeHiHeoeHyegpanimy y Odimell Ha
OCHOBI OeMOHCmMpayii KniniuHo2o eunaoxy. Mamepianu i memoou. Mu nposenu emnipuune, onucose
00CIONCEHHS KNTHIYHO20 8UNAOKY 3AX80PIOBAHHS HA MYDOEPKYIbO3HUL MeHIHe0eHyedanimy y OumuHu
1,5 poxie 6 nepioo npoxoodaicenns cmayionapnoe2o aikysanus 6 Kuiscokitl MicoKiti Oumsayitl KAiHi4Hil
inghexyivuniv nikapui (KHII « KMJIKI/I») micma Kuesa. /[ocniodicenns GUKOHAHO 8I0NOBIOHO 00
npunyunis I envcincwvkoi oexnapayii. [lpomokon 0ocniodicens yxeaneHo 6i0emuidHo KOMICIEN TIKapHi
(npomoxoa Ne3 6io 24.09.2025p). Pezyremamu ma ix obeoeopenns: Jumuna 1,5 poxis, naditiuinia 0o
cmayionapy Ha 7-ui 0eHb X60poou 3i ckapeamu Ha niosuwenns memnepamypu 0o 38,5°C, 8 ’sanicmeo,
nyoomy. Ilpu oensoi oumunu pyouux BLK 6ye eiocymuin. Ha 3-ii 0enb cmayioHapHo2o aiKy8aHHs
cmau 3 HecamusHoto OuHamikor. Cnocmepizanuco TUXOMAHKA, BUPAdXCEHA 8 Slicmb, NOBMOPHA
onosoma. Jlumuna He X00umo, He cuOUmMsb, 0OMediceHi pyKu 6 aisux Kinyiekax. Ha penmeenozpami
OI'K susesneno nieo6iuny nuesmoniro. Cman Oumunu 8 OUHAMIYI NO2IPULY8ABCs. 3a OaHuMu 02150y,
aOOpamopHUxX ma IHCMpPYMEHMANbHUX 00cmedceHb 0iacHOCMOBAHO MeHiHeoeHyedhanim, HaAOPAK
20JI06H020 MO3KY, KOMY, CYOOMHUL CUHOPOM, NI0OIUHUL 2eminapes3, 0800iuHe ypadicents necens. Ha
MPT esuseneni o3naku enyeghanimy 6 6a3anbHuUX A0PaAx, KOJIHI MO30IUCIO20 MINA MaA MeOdialbHUX
8i00inax npaeoi ckponesoi doni. Memooom IIJIP (monexynsipno-cenemuunum mecmom GeneXpert
MTB/RIF ) 3 zixeéopy eudineni Mycobacterium tuberculosis GeneXpert MTB + RIF — . Bcmanosaeno
OiacHo3: mybepKyibo3 Hep8oeoi cucmemu, meHineoenyeganim. O6 €KMuHULl CMan nNpu HA0OXO0O0HCEeHH
00 BAIT sxpaii msaxckuii 3a paxyHoxk He8pOJIOCIYHOI CUMNMOMAMUKU HA QOHI cneyudiunoco
ypasicenns L{HC, npos6ie HAOpsAKY 20J106H020 MO3KY, IHMOKCUKAYIUHO20 CUHOPOMY. 3acanbHull cman
oumunu cmpimko nocipuysaecs. llapes xuwkienuxa, amypis 6e3 6i0nogioi Ha Oiypemuxu, aHemis
ma mpomboyumonetis, 0eKOMNeHCO8aHUl MemaboniuHull ayudos- xopezyemscs, [B3-cunopom.
Csioomicms - koma |1l cm. 3a wixanoro FOUR = 06. Jughyzna m’sa306a cinomouis, apeghnexcis. 3inuyi
poswupeni D=S, ¢pomopearyis siocymus. Temnepamypa mina 35,6° C. Bupaoiceni nepugepuuni
naopsiku. AT 711130 mm.pm.cm. YCC 94y0/xs. Tonu cepys npuenyweni. He 36adicaiouu na npogedene
JIKYBAHHSA, BUNAOOK 3a8epuiuscs emanvHo. Buchosxu. Hacmopoowcenicms wo0o modicausocmi
BUHUKHEHHS MYDEepKYIb03H020 MeHIHeoeHyeghanimy y dimell Ma€e 8axciuse 3HA4eHHA 8 OiacHOCMUYi
iH(heKkyTliHUX X80POO.

Kiro4oBi ciioBa: TyOepKyIbO3HUN MEHIHTOeHIIe(aliT, A1arHOCTHKA, JIITH.
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Beryn

TyGepkynbo3 (Th) 3anumaerbcs onHieo 3
TOJIOBHUX 1H(MEKIIHHUX MPoOJIeM OXOPOHH 3/10-
poB’st y cBiTi. 3a manumu BcecBiTHROI oprai-
3amii oxoponu 31a0poB’s (BOO3), y 2022 pomi
Outbme 10 MiNBHOHIB JFOAEH 3axBOpiLM Ha
aKTUBHUN TyOepKysib03, IO BIAMOBIJAE PiB-
HIO 3aXBOPIOBaHOCTI 0Jm3bko 133 BHUMankiB Ha
100 000 maceneHHsSI 3 OCOOJIMBOIO KOHIICHTpA-
uiero BUMaakiB y perioHax IliBmenHo-CxinHoi
A3ii, Appuku Ta TuxookeaHCchbKOro periony [1-
3]. Kpim Toro, Ha3BUYalHO MOIIMPEHOIO € Jia-
TeHTHa 1H(}EKIlis, 32 JaHUMHU JITepaTypu, pee-
CTpy€eThes 0JM3bKO y 1/4 HaceneHHs CBITY [4].

B Ykpaini Ty0epKyJib03 TaKOX € HaraJbHOIO
MEIMYHOI0 Ta COLIAJIbHOIO Mpobiemoro. 3a aa-
HUMH MiHICTepCTBa OXOPOHHM 30pPOB'ss YKpaiHu
(MO3) 2023 pomi 3apeectpoBano 19 851 Bumna-
JIOK aKTHBHOT'O TYOEpKYJIb03y, 3 HUX 639 cepen
niteir 1o 14 pokiB ta 196 cepen mimmiTkiB 15—
17 poxis [5].

B aunamini piBeHb 3axBoproBaHocTi Ha Th
3HMU3UBCS MOPIBHSAHO 3 MONEPEIHIMU POKAMH —
Harnpukiaz, 3a nepioa 3 2018 mo 2022 poku —
aje BOJHOYAC CIOCTEPIraloThCcs M TPUBOXKHI
teraenuii: y 2021 poui cepen aiteit no 14 pokis
3a(hikCOBAHO 3pOCTAHHS 3aXBOPIOBAHOCTI HA MPHU-
65u3HO 25,4 % y nopiBHsHHI 3 2020 pokom [6].

Tb MoXxe MpOSBIASTHCS HE JIMIIE Y BHIJISII
MIEPBUHHOTO JIETEHEBOI0 ypPa)KeHHs, ajie TaKoxX
BHUKJIMKA€ YMCIECHHI NT03aJIeT€HEB1 YCKIIATHEHHS.
Cepen HaWOUIBII 3HAYYHIMX -AUCEMIHOBAHUMH
TyOepKyJb03 (Hanpukian, mimapauil Th), ypa-
KEHHS KICTOK, CYrjio0iB, HUPOK, JIiM(paTHIHUX
BY3JiB, MO3KYy, IepuKapia, CTaTeBUX OpraHiB
TOIIO, 3aJEKHO Bia Jokam3amii iHdekii, 1o
MO’Ke NPU3BECTU JI0 XPOHIYHUX 3alajieHb, PyHK-
[IOHAJILHUX TOPYIIeHb, iHBamiau3amii [7,8].
MoxIuBUIl pPO3BUTOK JIIKApChKOi CTIHKOCTI
(MynbTHPE3UCTEHTHUX, MOJIPE3UCTEHTHUX (op-
MH), 10 3HAYHO YCKJIQIHIOE JIIKyBaHHS Ta TOTip-
1rye nporuos [9].

TyGepKyab03HUI MEHIHTIT (4acTo 3 3ally-
yeHHsIM eHIedanity abo MmeHiHroeHuedai-
Ty) — OJiHa 3 HalBayKYMX (POpM 103a1ereHeBOoro
TyOepKyib03y, 0co0IMBO y AiTeil. Bona xapakre-
pHU3y ThCs 1H(IKYBaHHSAM MO3KOBUX OOOJOHOK
MIKOOAKTEpi€0 3 PO3BUTKOM CEPO3HOI0 MEHIH-
TiTy Ta ypa>KeHHSIM OCHOBH T'OJIOBHOI'O MO3KY.

ISSN 2786-6661
elSSN 2786-667X

3a gaHMMH JIiTEpaTypH, HAWBUIMKA pH-
3UK PO3BUTKY TYOEpKYJbO3HOI'O MEHIHTITY Yy
nitelt Bikom 10 4 pokiB. B 2019 pori 61m3bK0
24 000 niteit BikoM 10 15 pokiB y CBITI 3aXBO-
piin Ha TyOepKyJIbO3HUN MEHIHTIT, 3 HUX OUIb-
mricte — AiTa Mononmie 5 poki [10]. Cmept-
HICTH cepen niTel cTaHOBUTH OmM3bko 19 %, a
cepell THMX, XTO BHKUB HEBPOJIOTTUYHI HACIIIKU
po3BUBarOTHCS y 01 Hik 50 % Bumnaakis [11].

Mera

[TigBumuTH 00I3HAHICTH Ta HACTOPOXKEHICTh
MEIWYHHUX TMPAIliBHUKIB MO0 MOXJIMBOCTI BU-
HUKHEHHS TYOEpKYJIbO3HOI'0 MEHIHTOoeHedalti-
Ty y JiTell Ha OCHOBI IEMOHCTpALlli KJIIHIYHOTO
BHIIAJIKY.

Marepianu i MmeToau

Mu mnpoBenu emmipuyHe, OMHCOBE JOCHi-
JOKCHHS KJTIHIYHOTO BUIIAJIKY 3aXBOPIOBAHHS Ha
TyOepKyJIb03HUI MeHIHroeHIehatiTy Yy JUTUHU
1,5 pokiB B mepios NPOXOJKEHHS CTalllOHapHO-
ro JikyBaHHs B KUiBChKil MICBKIH IUTSAYIN KiTi-
HiuHid iHGekmiHik mikapHi (KHIT « KMIKIJI»)
micta Kuesa. J1oCIiIKeHHS BHKOHAHO BiIITOBI-
HO 10 npuHnuMiB ['enbcincpkoi aexnaparii. [1po-
TOKOJI JTOCHIJIKEHHSI YXBaJIEHO 010€THUYHOI0 KO-
Miciero JikapHi (mpotokon Ne3 Bix 24.09.2025p).
batbkamu Oyna HajmaHa iHpOpMOBaHa 3roja.

Onuc BUNAAKY

Hutuna 1,5 pokiB, HaAIWIIIA 10 CTAIiOHAPY
Ha 7-i 1eHb XBOPOOH 31 CKapraMu Ha IiABHIICH-
Ha TemnepaTtypu a0 38,5°C, B’suTiCTh, HYAOTY.

3 aHaMHe3y >KHUTTS BiJIOMO, IO JIUTHHA BiJ
8 BariTHOCTI, 8 IOJIOTiB, Bara Mpu HapoJKEHH1
2xr. 31 ciiB 0aThKIB, B IOJIOTOBOMY OyJIUHKY OT-
pumadna merenns bBLDK, npore npu ormsiai nu-
tuHu pyounk BIDK OyB BimcyTHil. XBopina Ha
I'PBI, 6ponxitu. [IpoxuBae 3 GaTbKaMH Ta iH-
MMM JIITBMH B ITiIBAJIBHOMY TTPUMIIIICHHI.

3i ci1iB 6aTHKIB 3aXBOpiia, KO BIIEPIIE MMij-
BUILIJIACh TEMIIEpATypa Tija, eMi30AUYHO BUHU -
Kajo OsoBaHHA. JluTHHa Oysa OrjsHyTa JiKa-
pem EMJI, ctan OyB OIliHEHH SIK TPOpi3yBaHH
3y0iB, IPU3HAYEHO CUMIITOMATHYHE JTIKYBaHHS.
UYepes 4 aHi CIOCTEpIirajioch 3HMKCHHS PyXO-
BOi aKTHMBHOCTI, JUTHHA HE CTaBaja Ha HDKKH,
nepecraia CUAITH Ta BTpaTWia paHimie HalyTi
HAaBUYKH, BIIMIYaJI0Ch 3HWKEHHS TOHYCY B KiH-
niBkax. Ha 7-if nenp xBopoOu rocmitanizoBaHa
B AUTAYY JiKapHiO M. KueBa B cTraHi cepeaHbol
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TsokKocTl. [liarno3 npu HagxomxenHi I'PBI, aue-
TOHEMIYHHUH CHHAPOM.

Ha 3-i1 neHp cTanioHapHOro JiKyBaHHS CTaH
3 HEraTUBHOIO JUHaMikoro. CrocTepiranuck Jjau-
XOMaHKa, BHpa)keHa B’sUTiCTh, TOBTOpPHA OJItO-
BoTa. /I[uTHHA HE XOIHUThH, HE CUIUTH, OOMEKEHI
PYKH B JiBUX KiHIIBKaX. byna npoBenena peHT-
rerorpacis opraniB rpyanoi kiitku (OI'K). Pe-
3yJbTaT HABEJACHUN Ha PUCYHKY 1.

Pucynok 1. KiiHiuauii BUniagiox.
Penrrenorpama OI'K y mutuan 1,5 pokiB

B 3agnbo-mepenniii mpoekuii BiAMI4arOTh-
csi okycu 1HQUIBTpalii B MpoeKiii BepXiBKU
Ta HaBKOJIO KOpeHs JiBoi jereHi (puc.l). Jlere-
HEBUH MaJIOHOK MOMipHO mocuieHuit. Kopeni
YaCTKOBO MEPEKPHTI TiHHIO cepenocTinag. Kon-
Typu cepus, aiadpparmu 4itki. CHHYCH BiJb-
Hi. 3axmoueHHs: JliBoOiuHa mHeBMoOHiA. PeH-
TEH-KOHTPOJIb TICIIsl aHTHOAKTEpiaabHOI Teparii.
[Ipu BiACYTHOCT1 TMHAMIKH - 1000 CTEKEHHS IS
BHUKJIFOYEHHS CHEU(IYHOTO IPOIIECY.

Jutnna Oyna oriasiHyTa HEBPOJIOroM, Crielia-
JICT BiI3HAYMB O3HAKH JIIBOOIYHOTrO reminapesy
3 3araJIbHOI0 CUMITTOMATHKOIO, 110 TIOTpedye -
(epeHnLialii 3 roCTPUM NOPYILIEHHSIM MO3KOBOI'O
KpoB0OOIry, mepebirom HelpoiHdekii. Peko-
MeHa0BaHo nmpoBectd MPT ronoBHoro Mo3ky ta
KOHCYJIbTAIlisl HEHpoxipypra.

Toro x aus nposeneno MPT. 3a pe3ynbTa-
TOM € O3HaKd eHledaniTy B Oa3albHUX SApaX,
KOJIIHI MO3OJIMCTOrO Tila, MEAIAIbHUX Biamigax
MpaBoi CKPOHEBOI JIOJI, ITiJT MUTAHHIM JIJITHKH
rocTpoi imemii; O3HaKW JIOKaJbHOI'O JICITOME-
HIHTITY, BEHTPUKYJIOAIATALLIS.

Hefipoxipypr npuIyCTHB HasSBHICTh CHIIC-
¢anity Ta IpU3HAYMB JTIOMOANBHY MYyHKIIO. 3a
pe3yJbTaTaMH JOCIIJDKEHHS CIIMHHOMO3KOBOI
pinuau (CMP): uto3 156 B 1 MK, mepeBakHO
3a paxyHOK HeWTpodinis, 6iok 0,35 r/m. 3akiro-
YeHHS: Y JUTHHH Ma€ Micie HelpoiHpekiis -
MEHIHTOCHIIe(aJIiT.

BpaxoByroun ananiz CMP, mpoBenena Kopek-
i aHTHOaKTepianpkHOi Tepamii, NpU3HaYCHHUH
e TpiakcoH Ta BAHKOMILIMH, TPOTHUBIpYCHA Te-
paris alMKIOBIpOM O OTPHUMAHHS PE3yJIbTaTiB
BIPYCOJIOTTYHOT' O TOCJIIIPKEHHS.

B nunamini croctepexeHHS CTaH IUTHHU
3 HETaTHBHOIO JUHAMIKOIO, MPOJOBXKYE JIMXO-
MaHUTH, HE pearye Ha O, Morisia He (ik-
CY€, BIAMIYA€THCS KOCOOKICTh, MOCMHKYBaHHS
JIBUMM KiHIIBKAMM, ITO3UTHBHI MeEHIHIeaabHI
CHUMIITOMH, CIIOCTEpIraloThCs TOHIUHI CYIOM-
gl Hamamu. 3a lllkanorw xom ['masro 11 Oa-
niB. IloBTopHa mromOanbHa MYHKLIS-IIUTO3
176 x 10x6/1 (N-58%,L-42%),6in0x -0,63r/1,
1ykop 2,06 MMOJIB/1.

OTtpuMaHi HEraTUBHI pe3yJIbTaTH BipycCOJO-
riugoro gociuimkeaas CMP na HSV 1%, CMV,
EBV, eaTepoBipycu. AIIMKIOBIp BiIMIHEHO.

UYepes ABa AHI MPOBEACHHUI KOHCUIIIYM, Bpa-
XOBYIOYH COIiaJIbHUI CTaTyC POJAWHU, mepedir
KiiHigHOTO Tporecy 3 Ooky LIHC Tta nerens
(xoma Ict, TOHIUHI Cy1OMH, BiICYTHICTh J1IOCTO-
BipHUX naHuxX 3a BIK y nuTuHU, MOMINTBHO
MPOBECTH CIMEIHY TIarHOCTHKY Ha 30yIHHKa
TyOepKyIb03y. 3aKiItoueHHs KOHcuimiymy: Heii-
poindexkmis. Meninroenuedanit. HaOpsik ro-
noBHoro Mmo3ky. Koma Icr. Cynomuuii cunapom.
JliBoOiuHMii reminapes. JIBoOiUHE ypaskeHHS Jie-
T'CHb.

3a pe3yJIbTaToM JIOMOAIbHOI MyHKILIi: JIIKBOP
Mpo30puii, yacTuMu Kpamsimu. Merogom TTJIP
(MonekynsipHo-reHeTHYHUM TecToM GeneXpert
MTB/RIF 3 nikBopy BumiseHa Mycobacterium
tuberculosis GeneXpert MTB + RIF —.

BcranoBnenuii miarno3: TyOepkynbo3 Hep-
BoBoi cuctemu. Meninroennedamit (G05.0).
Habpsik ronosnoro mo3ky. Koma | ct. Cynomuuit
curypoM. JliBoOiuHMil reminapes. [IBoOiuHe
ypakeHHsI JIET€Hb.

Jns mojanpIioro JKyBaHHS JUTHHA Oyia
nepeseneHa B BAIT KHITI "KMIKIJI” y Bkpaii
TSHDKKOMY CTaHi 31 ckapramu, 31 ciiB 0aTbKiB, Ha
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MOPYIICHHS CBIJOMOCTI, MIBUILCHHS TEMIIepa-
TYpH TiJla Ta CYJJOMH.

OO0’eKTMBHUM CTaH TpPU HAAXOJKEHHI 10
BAIT: 3aranpHuii cran BKpail TSKKUW 3a pa-
XYHOK HEBPOJOTIYHOI CHMITOMATUKHA Ha (DoHi
cnenudivnoro ypaxenus I[HC, mposBiB Ha-
OpsIKy TOJIOBHOTO MO3KYy, IHTOKCHKAIIHHOTO
cuapomy. Caimomicts - koma 1 cr. 3a HIKT
(E2V3M4) = 96. ITonoxeHHsI MacuBHE, pearye
Ha 0onboBi moxapasHuku. /ludysHa m’s30Ba Ti-
MOTOHIA. MeHiHTea bHI CHMITOMH BHPAXECHI.
JutuHa ¢eOpuibHO JMXOMaHUTh. OOIMyYYs
cumerpuuHe. 3iHuI 3BYxeHi D=S, ¢oropeax-
uis 30epexxeHa. CyqoM Ha MOMEHT OTJISiAy He-
Mae. ['omyeTbesa yepe3 Ha30raCTpaJIbHUN 30HI.
T 38,0 C. luxanns camocriiine, Y1 34 yna/xs,
SpO:2 99%. AycKyInbTaTHBHO: JUXAHHS MPOBO-
TUTHCS Y BC1 BIIJIUIM JIET€HB, ACMIO OciadiieHe
371iBa B HUXKHIX Ta CEPEAHIX BIIIINaX, XpUIHU
He BuciyxoBytoTecs. YCC 170/ xB , ToHU cep-
11 putMiuni. AT 128/76 mm.pr.ct. 'emarocmuie-
HoMmerajis (meuinka +2,5 cM, cenesinka +1cwm).
JlimdoaneHomnaris.

Koncynpramis gutsdyoro Heposora: CraH
BKpall Ba)XKHH 3a PaxyHOK 3arajibHOMO3KOBOI
cumnromatukd. YMH: odi npu Haxuiii rojioBU
B KpalHIX BiIBEJICHHSX, M0 BUKJIMKAHO CHMII-
TOMOM ““JIAJIBKOBUX O4Yel’(BIAXUJIEHHS OKa B
MPOTHJIEKHOMY HAaIlpsMKY Yy BIJAINOBIAL HA IO-
BOPOTH TOJIOBM). 31HMLI - Miapia3, GoTopeak-
i BIICYTHS, POTIBKOBUN pediiekc BiACyTHIN
3 000x cropiH. [lepuocTanpHi Ta CyXOXKHIJIKOBI
pednexcu BiacytHi. UepeBHi, MmigOmOBHI Bix-
CYTHI - apedekcis. M'a30Buil TOHYC - BUpaxKe-
Ha M's30Ba rinotoHis. [lIkipa xonoqHa Ha 1OTHK.
Temnepatypa Ttina 35,9°C; [diaruos: Koma Il ct.
TyGepkynbo3Huit MeHiHroenmedamit. MHOXUH-
Hi BOTHHMILIEBI YPaKCHHS KOPU Ta IiJAKIPKOBHX
CcTpykTyp 000X remicep. HalOpsk royioBHOTO
M03Ky. CyZJOMHUN CUHAPOM.

Ha 3-it nenn nepedyBanns y BAIT He3axka-
I0YM Ha aJICKBaTHY Teparilo, CTaH MPOrPECUBHO
MOTIpIIYBaBCs 3a PAaxXyHOK HATOJIOTIYHOI He-
BPOJIOTIYHOI CUMIITOMAaTUKH Ha ()OHI MHOXKHUH -
HUX BOTHUIICBUX YPaXXCHb YPaKCHHS KOPH Ta
MIIKIPKOBUX CTPYKTYp 000x remicep Tybep-
KYJIBO3HOI €TIOJIOTii, Mi3HilIe 3a PaXyHOK IpH-
€IHAHHS Ta TPOTPECYBAHHS CHUHIPOMY IOJiOp-
raHHOT HEJTOCTaTHOCTI.
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3arajgbHUN CTaH TUTUHU KPUTUYHUH, 3 HEra-
TUBHOIO JuHaMikow. [lape3 KUIIKIBHUKA, aHY-
pist 6€3 BiAMOBI/II HA IIyPETHKH, AaHEMIS Ta TPOM-
OOIMTOIEHIS, TEKOMIIEHCOBAHNH MeTa0oIuHMI
anuao3- koperyetbes, JIB3-cunnmpom. Caimo-
MicTh - koMma Il cT. 3a mkanoro FOUR = 06. /{u-
¢y3Ha M’sA30Ba TINOTOHIsA, apediexcis. 3iHULI
posmmpeni D = S, poropeakuis BiacyTHs. Tem-
nepatypa tina 35,6° C. Bupaxeni nepudepu-
Hi HaOpsiku. AT 71/30 mm.pt.ct. UCC 94 yn/ xB.
ToHuU ceplis MPUTITYIICHI.

O 23:00 acucromis, po3noyaTi peaHiMaIii-
HI 3axoau, B 23:45 3adikcoBaHO O10JIOTIYHY
CMEpPTb.

JlikyBaHHS BKIIOYAJIO TPOBEIACHHS OKCUTE-
norepamii, [1IBJI, menukameHTO3HY cenaiio,
aHTHOIOTHKOTEpaIio, MPOTUTPHUOKOB1 3acolu,
TIIFOKOKOPTHKOCTEPOiId, CHUMIIATOMIMETHYHY,
MIPOTUCYJIOMHY, IMyHOKOpEryo4y (IMyHOrjio0y-
JIH JIFOJIMHU HOPMAJIbHUH ), OPIEHTOBAHY 1H)Y3iii-
HY, 3aMiCHY, CHTYallIliHy Ta IIOCHHAPOMHY TEpalTii.
CreuudivHe JIiKyBaHHS TPOBOUIOCH BiAMOBI -
HO 1o Haka3z MO3 Vkpainu Big 19.01.2023 p.
Nel02 «IIpo 3aTBep/pKEHHST CTaHIAPTIB MEIUY-
Hoi nonomoru «Tydepkynbo3» [12].

Jiarno3 3aKI04YHUN KJIiHIYHAIN:

OcnoBHuii: Al7.0 - TyGepKynb03HUI MEHIH-
roennedamir. Ycknagaenus:Cencuc. Centud-
Huit mok. CITOH: JIH III ct; HK I cT; roctpa
HUpPKOBa HenocTaTHicTh; JIB3 — cunnpowm; Ila-
pe3 kumikiBHuKa; koma Il cT; Habpsik roIoBHOTO
MO03Ky. CynomMHuil cuHapoMm. AHemis. Tpom6o-
LUTOTEHIS.

JliarHo3 maroJioroaHaTOMIiYHUIA:

[Tontepenniii: TyOepKyIb03HUNA MEHIHTOCHIIE-
¢asniT. MHOKMHHE BOTHULIEBE YPaXKEHHS KOPU Ta
MIJKOPKOBUX CTPYKTYp 000X remicep rosioBHO-
ro MO3KY. Y CKJaJHeHHsI ocHOBHOro: HaOpsik- Ha-
OyxaHHS TOJIOBHOTO MO3KY. ActuT. ['impoTopaxc.
[Nape3 kumkiBHuKa. [memis HupkoBoi kopu. [Ipu-
yyHa cMmepTi: [loniopranHa He1OCTaTHICTh, ypa-
YKEHHS TAKIPKOBUX CTPYKTYP F'OJIOBHOTO MO3KY,
TyOepKyIbO3HUI MEHIHTOeHIIE(DaIiT.

OO0roBopenns

PoGota mpucBsiueHa 1eMOHCTpallii JeTaabHO-
r'0 KJIIHIYHOT'O BUITAJKY TYOSpPKYIL03HOTO MEHIH-
roeHredanirty y mutaau 1,5 pokis, 110 BKazye Ha
TSOKKICTh PaHHBOI JIIATHOCTHKHU Ta MiJKPECIIIOE
notpely B MyJIbTUIUCIUILUIIHAPHOMY MiAXOI].
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Hama po6ora cmiBBiIHOCHUTBCS 3 IOCIHi-
mkenusm Colosimo M rta cmiBasropis (2022),
SKi TPEACTAaBWIIN JICTAIIBHUN BHUIAJIOK TyOep-
KYJIbO3HOTO MEHIHTITY y AMTHHHU 2 POKiB, SKa
He mana BIK Ta npoxuBana B He3a10BUITLHUX
€KOHOMIYHHX Ta comianbHuX ymoBax [13]. Kii-
HiYHa KapTHHA Ta Pe3yJibTaTH J1Aa0OpaTOPHUX
00CTeXEHb OMUCAHOTO HAMU TaIlieHTa 37e011b-
IIOr0 KOPENIOBAIM 3 pe3yabTaTaMU OMHCaHOTO
BHUMAJKY 1TaJ1iICbKUMH BUEHUMH, X04Ya OMHCaHA
aBTOpaMH JIUTHUHA HE Maja YKOIHUX JIETr€HEBHX
posiBiB. BikiiageHa nocTaHOBKa OCTATOYHOT O
JiarHo3y OyJia BUPIIIAJIbHOIO B 000X KJIIHIYHUX
BUIIA/IKAX, Y 3B A3KY 3 UMM HEBIJKJIAJHUN TTOYa-
TOK JIIKyBaHHS HE JIaB IO3UTHBHUX PE3yJIbTATIB.
Sharifi, G Ta cniBaBTopu (2024) npeacraBuin
BUITAJIOK YCIIIITHOTO JIIKYBaHHS TYOEpKYJIbO3HO-
ro MeHiHTiTy y 11-MicsuHOro namienra. JlutiuHa
OyJa rocritanaizoBaHa 3 MPUBOY MPOrPECyrOYOl
CJTa0KOCTI KIHI[IBOK Ta BTPATH PaHiIIe 3700yTHX
pyxoBUX HaBUYOK. [TorepeHb0 MalieHTy JTiarao-
CTyBaJI rigporeda’tiro yepe3 MOKIMBHIA TOCTPHIA
OakrepianpbHuii MeHiHTIT Ha KT 1a MPT. [1pm i-
3UKaJIbHOMY OTJIsI/II CIIOCTEPIranocs BUITMHAHHS
TIM'YKa, pUTiAHICT M 131B 1M1, mapanid VI napu
YeperHruX HEPBIB Ta CIACTHYHHI KBaapumapes.
Amnani3z cnmHHOMO3K0BO1 pigunu Ta [TJIP migTBep-
I TyOepKyTh03HUN MEHIHTIT. Uepes 5-6 nHiB
MICIISl TOYAaTKy MPUHOMY MPOTHTYOEPKYILO3HUX
npenapati Oyino BiJ3HAUCHO 3HMKCHHS TeMIIe-
patypu, a yepes rigpouedanito 0yao BCTaHOBJIE-
HO BEHTPUKYJIONIEpUTOHeanbHUi wIyHT. [locTy-
IIOBO TOHYC TyJIy0a Ta KIHLIIBOK, a TAKOX pPyXOBa
(GyHKLIS Ta eMolliiiHa peakiis nokpammincs. B
15-MicssuHOMY Billi Micisl MPOBEAECHUX MaHITYJIs-
L1/ TAI[IEHT MOKE XOUTH 0€3 CTOPOHHBOI J0T10-
MOTH, a Tigponedais Ipu KOHTPOIbLHUX JTOCITi-
JDKEHHSIX He criocTepiraetsest [14].

[Ti3Hs AiarHOCTHKA MOKE MTPU3BECTH JI0 TyKE
CepHO3HUX HACTIKIB, BKIIIOYAIOYH IT1IBUIICHUN
PU3UK CMEpPTi, HEBPOJIOTIUHI YCKJIAJHEHHS a0o
JIOBTOCTPOKOB1 Hachinku. KiroduoBuM kommo-
HEHTOM B IOKpallleHH1 cTtany naiieHTiB 3 Th €
CBOEYACHU TOYATOK CITEIU(PIYHOTO JIIKyBaHHS,
MPOTe 1€ MOTPeOye MiABUIICHHS 00i13HAHOCTI Ta
MPUCKOPCHHS TIPU3HAYCHHS Ta BHKOHAHHS Jlia-
THOCTHYHUX METOJIIB, 0COOJIMBO B pailOHaX 3 BU-
COKOFO TIOIIMPEHICTIO 3aXBOPIOBAHHS Ta y TaIli-
€HTIB 3 IT1I03PIJIOI0 KIIHIYHOO KapTHHOIO [15].
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BucHoBku

HacropoxeHicTh 1110710 MOKJIMBOCTI BUHUK-
HEHHS TYOEpPKYJIbO3HOI'0 MEHIHTOCHIIC(aTiTy
Ma€ Ba)KJIMBE 3HAYCHHS B JIIarHOCTHIN IH(EK-
nifHuX XxBOpoO y niteil. JluHamiduHe crocre-
PEKEHHS, MYJbTHANCIUIUTIHADHUN MIiAXIT Ta
3aCTOCYBAHHSI IIUPOKOTO CIIEKTPY JabopaTOpHO-
IHCTpYMEHTAJbHUX Ta JIKYyBJIBHUX 3ac00iB
MO)Ke OyTH KOPUCHUM B CBO€YACHOMY HaJaHHI
JIOTIOMOTH T2 YHUKHEHHI1 JIarHOCTUYHUX TTOMH -
JIOK.

dinaHcyBaHHS

Jlane AOCHIIKEHHSI HE OTPUMAJIO 30BHIII-
HBOT'O (pIHAHCYBaHHS.

Konduikr inTepecin

ABTOpH 3aCBITUYIOTh BIJICYTHICTb KOH(IIKTY
IHTEpECIB.

3roaa Ha myO0Jiikauio

bateku Hagamu 3rogy Ha BUKOPUCTAHHS pe-
3yJIbTaTIiB OOCTEXKEHHS Ta myOJikamito. Bei aB-
TOPH 03HAHIOMIIEH] 3 TEKCTOM PYKOIHCY Ta HaJia-
JIM 3roJly Ha HOro myOuIiKariio.

Buxopucranns III:

ITix yac migroroBku mporo pykonucy III-iH-
CTPYMCHTHU HC BUKOPUCTOBYBAJIUCH.
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Clinical case of tuberculous meningoencephalitis in a child

Iryna Seriakova, Liudmyla Palatna
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Abstract: Tuberculous meningoencephalitis remains an urgent medical and social problem due
to high mortality, dificulty in diagnosis, and an increase in the number of cases among children. Aim
of the study was to increase awareness and alertness of medical workers regarding the possibility
of tuberculous meningoencephalitis in children based on the demonstration of a clinical case.
Materials and methods. We conducted an empirical, descriptive study of a clinical case of tuberculous
meningoencephalitis in a 1.5-year-old child during inpatient treatment at the Kyiv City Children's
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Clinical Infectious Diseases Hospital. The study was performed in accordance with the principles of
the Declaration of Helsinki. The study protocol was approved by the hospital's bioethical committee
(protocol Ne3 dated 24.09.2025). Results and their discussion: A 1.5-year-old child was admitted
to the hospital on the 7th day of illness with complaints of fever up to 38.5°C, lethargy, and nausea.
When examining the child, the BCG scar was absent. On the 3rd day of inpatient treatment, the
condition showed negative dynamics. Fever, severe lethargy, repeated vomiting were observed. The
child does not walk, does not sit, and the hands in the left limbs are limited. Left-sided pneumonia was
detected on the X-ray. The child’s condition deteriorated in dynamics. According to the examination,
laboratory and instrumental examinations, meningoencephalitis, cerebral edema, coma, convulsive
syndrome, left-sided hemiparesis, bilateral lung damage were diagnosed. MRI revealed signs of
encephalitis in the basal nuclei, the knee of the corpus callosum and the medial parts of the right
temporal lobe. Mycobacterium tuberculosis (G+R-) was isolated from the cerebrospinal fluid by
PCR, and a diagnosis of nervous system tuberculosis and meningoencephalitis was established. The
objective condition upon admission to the intensive care unit is extremely severe due to neurological
symptoms on the background of specific CNS damage, manifestations of cerebral edema, intoxication
syndrome. The child's general condition rapidly deteriorated. Intestinal paresis, anuria without
response to diuretics, anemia and thrombocytopenia, decompensated metabolic acidosis - corrected,
DIC syndrome. Consciousness - coma of the Il1 degree. On the FOUR scale = 0Ob. Diffuse muscular
hypotension, areflexia. Pupils are dilated D = S, no photoreaction. Body temperature 35,6° C.
Severe peripheral edema. Blood pressure 71/30 mm Hg. Heart rate 94 beats / min. Heart sounds
are muffied. Despite the treatment, the case ended fatally. Conclusions. Vigilance regarding the
possibility of tuberculous meningoencephalitis in children is important in the diagnosis of infectious
diseases.

Keywords: Children, Tuberculous Meningoencephalitis, Tuberculosis, BCG, Pneumonia,
Diagnostics.
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I'irieHiyHa oniHKa PU3UKY IS JTIOAUHHU IPU BXKUBAHHI 0BOYIB
KOHTAMIHOBAHMX (DYHTIIMAAMH HA OCHOBI 1M eHOKOHA30TY
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Anomauisn: OOHUM i3 KIIOYOBUX HANPAMKIE NIOBUWEHHS 8PONCALIHOCI CLILCHKO20CHOOAP COKUX
KYAbMYp € GUKOPUCMAHHS XIMIYHUX 3AC00I8 3aXucmy pociuH, 30kpema necmuyudis. Bpaxoeyiouu
3POCMAHHL IX 3ACMOCYBAHHS Uepe3 THMEHCUBHI MEeXHON02IT BUPOWYBAHHS, QOCTIONCEHHS CIMIUKOCMI
necmuyudis y CilbCbK020Cno0apCbKux Kyibmypax MAae eeuxe 3HaveHus: 05 30epedtceHHs AKoOCmi ma
besnexu npooykyii. Hekonmponivogane 8UKOPUCMAHHA NeCMUyudis, Modice He2amueHoO GNnIUSamu
Ha 300p08's, 30Kkpema npu ix 3acmocy8amHi 0as. 00pOOKU CilbCbKO2OCNOOAPCLKOL NPOOYKYIL.
Memorw nawoi pobomu Oyna 2cicieHiuHa OYIHKA pU3uKy O JHOOUHU NPU CHONCUBAHHI 080YIS,
KOHMAMIHOBAHUX DYHRIYUOOM HA OCHOBI OugheHoKoHa3ony. Mamepiaiu ma memoou 00CHiOHCeHHs
BKIIOYANU BUHAYEHHS BMICIY CHOJYKU XIMIYHO20 KIACY MPUA30ié — OUPEHOKOHAZ0Y 8 080YEBUX
KYyIbmypax (momamax, o02ipKax, MOPKEi, KApmonii, Kanycmi) 6 pIi3HUX IPYHMOB0 -KIIMAMUYHUX
30Hax Yxpainu. Oyineno cmiukicmos @QyHeiyudy 6 pIi3HUX 080UeBUX KVIbMYpax, pPO3PAxX08aHO
NOKA3HUKU 1020 nepiody HaniepyunyeaHHs (ts) ma maidce NOBHO20 pPYUHY8AHHA (Tos). Oyinka
Hebe3neuHocmi necmuyudié 30IUCHIOBANACA 3d THMeSPANTbHUM NOKA3ZHUKOM HeOe3neuHocmi npu
BIHCUBAHHI KOHMAMIHOBAHUX NeCMUYUOAMU NPOOYKMIB, KIACUDIKOBAHUM 3a HOMUPMA KIACAMU 8I0
Manonebe3neuHux 00 Hao3eu4atiHo Hebesneunux. Cmamucmuuna 0OpooKa pe3yibmamis npoeooULaCs
3 euxopucmannam npoepamuux naxkemie MedStat v.5.2 (Copyright © 2003-2019), Microsoft® Excel®
oz Microsoft 365 MSO (sepcisn 2305, 36ipka 16.0.16501.20074) ma Python 3.11. s dugheroxonazony
8 00CNIONCYBAHUX CLILCLKO2OCNOOAPCHLKUX KYAbMYypax 6 3acaivhomy ckaaoag 9,51+0,67 doou.
Heobxiono 3aznauumu, wo tso 6y6 docmosipno Hatimenwum ¢ kapmonnai 5,9+0,55 0i6 (95% /1
4,5-7,31), nopiensno i3 inwumu osouesumu Kynomypamu. TIOpiHAHHS OMPUMAHUX pe3yIbmamis
3 iMmepamypHuMyu OaGHUMU 3 THWUX KPAiH NOKA3Al0, WO Nnepioou Hanigposnady OugeHoKoHasony
8 080UEBUX KYIbMYPAX € CRIBCMAGHUMU | 3HAX00AMbCA 8 donycmumux inmepeanax. Pospaxoeani
napamempu cmiukocmi (tso) 0anu 3mozy eioHecmu oughenoxonason do Il knacy mebesneunocmi 6
yeix docaioxcysanux kyavmypax (ACanlliH 8.8.1.002-98). Ilpu oyinyi inmeepaibHoe0 nNOKA3HUKA
Hebesneunocmi npu excusanni npooykmie (IIIHBII) oughernoxonazony na opeawizm moOuHu 0y10
BCMAHOBNICHO, WO NPU BICUBAHHT KOHMAMIHOBAHOI CLIbCLKO2OCNO0APChbKOI NPOOYKYIi 00CII0NCY 8aAHUIL
@yHeiyuo nanescas do 3 kuacy mebesneunocmi. Ompumani pe3yrbmamu nOSUHHI OymMu 6paxo8ari
npu po32ensaii MONCIUBOCIE POULUPEHHS BUKOPUCMAHHS (DYH2IYUOI8 HA OCHOBI OUPEeHOKOHA30.TY 0I5
3abe3neuents Oe3nexu TOOUHU MA eQheKMUBHOCMI 3ACMOCYBAHHS HA PI3SHUX POCIUHAX.

Kir040Bi cj10Ba: CiJIbChKOroCIolapChKi KyIbTypH, 3a0pyiHEHHS HaBKOJIUIIIHBOI'O CEPEeIOBUINA,
3aJIMIIKH MECTULUIB, MECTHIUIN, CaHITapHI 00CTE)KEHHS, HAlIBPyHHYBaHHS.
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Beryn

OnHUM 13 KJIFOYOBHMX HAIMPSMKIB TiIBUIICH -
HSI BPOXKAWHOCTI CiJIbCHKOTOCIOAAPCHKUX KYJIb-
TYp, @ TaKOX 30epeKeHHS SIKOCTI Ta KUTbKOCTI
MPOAYKIii € BUKOPUCTAHHS XIMIYHUX 3aCO0iB
3aXUCTy POCIHH. 3aCTOCYBaHHS TECTHIUIIB
IIOPOKY 3HAYHO 3POCTAE Yepe3 aKTHBHE BIIPOBa-
JDKCHHS IHTCHCUBHHMX TEXHOJIOT1H BUPOIIyBaHHS
cuibcbKorocnonapebkux Kyastyp [1,2]. Ilompu
MEBHI HEIOJIKHA, LIeH METOH 3aJIMIIaTHMETHCS
HaNOIBII TiEBUM IHCTPYMEHTOM 151 30€pexKeH-
HS BPOXAal0 CUIbCHKOT'OCIOAAPCHKUX KYIBTYP
4yepe3 CBOK BHCOKY €()EeKTHBHICTh, CKOHOMIUHY
BUTIAHICTL [3]. OCKIIBKM MECTULIHAH € 010J10-
rYHO AKTHBHUMH PEYOBHHAMH, X HETIPABUIIbHE
BHKOPHCTAHHS MOXK€ MaTH IIKiIJIMBUH BILIUB HA
3I0pOB'sl, OCOOIMBO TMpPH iX 3aCTOCYBaHHI ISt
3aXHUCTYy ClIbCHKOTOCIOAAPCHKOI MPOAYKIIii, SKa
B)KMBAETHCS B CHPOMY BHTJISIII 1 MOXKE OYTH KOH-
TaMiHOBaHa nectuuuaamu [4].

Mera

['irieHiyHa OIIHKA PU3HMKY JJIS JIFOJAWHH MIPH
B)KMBaHHI OBOYiB KOHTAaMIHOBAaHHMX (PyHTillH]ia-
MH Ha OCHOBI1 TU()EHOKOHA30ITY.

Marepianu Ta MeTOAU TOCTiIKEHHS

Hocnimkeno mectumuaai popmyssii (Lu-
neni Tom, Ckop, IIporektr ®ynryc, Cepkaiic
[Tmoc, Ckop, Kiep) Ha OCHOBI COMyKH XiMid-
HOTO KJjiacy TpuasoniB (audeHoxonazom). Ilig
9ac MOJIbOBUX JOCII/DKCHb Y PI3HUX I'PYHTOBO-
KIIIMaTUYHHUX 30HaX YKpaiHH BU3HAYIIN pPeajlb-
HUN BMICT JOCIIJKYBaHOT CIIOJIYKH B OBOYEBUX
KyJIbTypax (ToMaTax, Oripkax, MOpPKBI, KapTOILi,
kamycri). [TapameTpu CTIHKOCTI TOCTIKYBaHUX
(GYHTIIHUIIB Y CLIIbCHKOTOCIOAPCHKUX KYJBTY-
pax 3a I'pYHTOBO-KJIIMAaTHYHUX yMOB YKpaiHu
Oy/y BU3HA4YEH1 HAa OCHOBI aHaNI3y pe3yJbTaTiB
OTPHMAaHHX B HATYPHHUX EKCIEPUMEHTAX JAHUX,
MIPOBEJCHUX y PI3HUX palioHax KpaiHu. B xoxi
JOCIIPKEHHS BiOupany mpoOu TJIoiB OBoYe-
BHUX KyJbTYyp TMOYMHAIOYM 3 JHS IICIS OCTaH-
HbOI 00pOOKHM Ta 3 (DIKCOBAHWMH IHTEpPBAJIAMHU,
3-7 pa3iB MpOTATOM BETETAllIHHOTO CE30HY 10
MOMEHTY 30upanHs Bpoxaro. s mopiBHSIHHS
TaKOXX BIAOMpaIM KOHTPOJIBHI MPOOH 10 ToYaT-
Ky 00pOOKH KYJIBTYp, B IKHX JOCIIHKYBaHI JIif0-
4l pe4oBUHU He Oynu BusiBiieHi [5]. BusHaueHHs
BMiCTy AH(EHOKOHA30lly B TJIOAaX OBOYEBHX
KyJIbTYp MPOBOAMIN MeToAaM oQiliiHO 3aTBep-
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JDKEHUMH METOJIUKAaMU 13 3aCTOCYBaHHSIM Tra-
3opinuHHOi xpomarorpadii (I'PX) Ne785-2007,
Nel1195-2012, Ne1536-2018, Ne1654-2020.

3riIHO 3 OTPUMAHUMH pe3yibTaTaMHu, Oyiu
pPO3paxoBaHi MOKA3HUKH CTIMKOCTI AH(EeHOKOHA-
301y (Tepion HamiBpyHHYBaHHS (Tso) Ta Maike
MOBHOTO pyHHYBaHHSA (Tes)) B BHUILE Iepepaxo-
BAaHMX OBOUYEBUX KyJbTypax. OTprMaHI 1aHl Ma-
TEMAaTHYHOTO MOJICITIOBAHHS JO3BOJIIIN CIIPOT -
HO3YBaTU MEPCUCTEHTICTh AU(PEHOKOHA30Ily B
OBOYEBUX KYJbTYpax.

Hns knacudikamii pedoBuH 3a CTaOiIbHI-
cTI0 y pocnuHax Oyno BukopucraHo [{CanlliH
8.8.1.002-98 (epxxcranmapt (1998)). 3riguHo 3
1i€ero Knacudikalliero, pe4oOBUHU MOAUIIIOTHCS HA
4 xyacy B 3aJIGKHOCTI BiJI 1X cTaO1IbHOCTI B pOC-
nuHax: 1 — BuCoKOCTIHKI (Ts0 OimbInie 30 1i6), 2 —
cTitiki (ts0 Big 15 mo 30 1i6), 3 — moMipHO CTilKi
(ts0 Bim 5 10 14 n1i6), 4 — mMano CTiiKi (Tso MEHIIe
5 n1i6). Pe3ynabTaTi BIacCHUX JOCIHITKEHb OyJn
OLIIHEH1 3T1AHO 3 Ii€I0 KJacu(ikalieo JJis BU-
3HaY€HHS CTa0LIbHOCTI MECTULIUAIB Y POCIIHHAX.

J1JIst OLIIHKY PU3HMKY HECTPUSTIMBOTO BILIH -
BY Iu()EHOKOHA30y Ha 370POB’S JIOJAUHU MIPH
CIIO)KMBAaHHI OBOYEBOI MPOAYKIii Oyna BHKO-

pHCTaHa METOAMKA, 10 BPAaXOBYE TOMYCTHMY
no6osy nosy (A1), mepion HamiBpyiiHyBaHHS
(Ts0) B pOCIHMHAX Ta CEPEIHBOI000BE CIIOXKH-
BaHHA MpoaykTy [6]. IHTerpamsHuii MoKasHUK
HeOE3MeYHOCTI MPU BXKUBAHHI KOHTAMIHOBaHUX
nectuuuaamu nponyktis (IITHBIT) ominroeTsest
3a mkaior: 4 kiac (Manonedesneyni) — 3-5 Oa-

7B, 3 kiac (momipHo HeOe3neuHi) — 6-8 Oaris,
2 knac (nebe3neuni) — 9-11 Gamis, 1 knac (Haz-
3BUYaHO HeOe3neuHi) — Ooinbine 11 Gais [7,8] .

CratuctuuHa oOpoOka pe3yibTaTiB  Oyia
BHKOHAHa 3a jonomororo nakety MedStat v.5.2
(Copyright © 2003-2019), Microsoft® Excel®
st Microsoft 365 MSO (Bepcis 2305, 36ipka

16.0.16501.20074) Ta Python 3.11. V Python
BUKOpHcTOBYBanmu Oibmiorekun Numpy, Pandas,
Statsmodels.api, scikit_posthocs, scipy.stats, a
TaKOX BeO-IHTEpaKTUBHE O0YHCIIIOBAIbHE cepe-
nosuiie Jupyter Notebook 7.0.8. HopmambHicTh
PO3IOALTY B JOCIII)KYBaHUX TPYIIax OLIHIOBAIN
3a gonmomoroto tecty lllamipo-Binka. O6podky
JaHUX OyJI0 37IHCHEHO 3a JOIMTOMOT 00 METO/IIB
BapialliifHOl CTATUCTUKHU 3 PO3PAXYHKOM Ceperl-
HBOTO apu(PMETHYHOTrO 3HAYEHHS, IHUCIIEPCii,
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CEpeAHHOr0 KBaJAPATUYHOTO BIAXHIJICHHS Ta IO-
XuOKHU. Y BCIX rpymnax Oyja0 BCTaHOBJICHO HOp-
MajbHUK po3nonin gaHux (p>0,05), Tomy s
MOpIBHSHHS O0yJI0 BUKOpHUCTaHO kputepiit CT’1o-
JCHTA.

Pesyabrarn

Pe3ynbratu, oTpuMaHi B X0/li HATYPHUX J[0-
CITiJKeHHsT Ta0iuii 1 Ta BUKOPHCTAHHS METOIY
MaTEMaTHYHOT'O MOJEIIOBAHHS JJO3BOJIUIIH PO3-
paxyBaTH HapaMeTpy CTIMKOCTI JOCIIKYBAaHUX
CIIOJIYK y BETETYIOUMX CLIBCHKOTOCIIOAPCHKHUX
KyJIbTypax (tso). Ilpu po3paxyHKy cepeaHboro
nepioay HamiBpo3naay AudeHOKOHA301y B JI0-
CIIJDKYBAHUX ClIbCHKOTOCIIOAAPCHKUX KYJIBTY-
pax OyJi0 BCTAaHOBJIEHO L€l MOKa3HUK B JOCIHi-
JDKYBAaHUX OBOUEBUX KYJbTypax (B 3arajJbHOMY)
Ha piBui 9,51+0,67 noou (95% /I 8,13-10,89),
[IpoTe HEOOXITHO 3a3HAYMUTH, L0 Tso OyB JO-
CTOBIpHO HaliMeHIMM B Kaprormm 5,9+0,55 ni6
(95% I 4,5-7,31) mopiBHSHO i3 IHIIMMHU OBO-
4eBUMH KyJbTypamu (Tabmuug 2, puc 1). Mix
IHIIMMHU KOMOITHAIISIMUA KYJIBTYp, AaHOT BiAMIiH-
HocTi He Oyio BusieieHo (p=0,056-0,508 3a kpu-
tepieM CT’roieHTa).

JI1s1 KOMIUTEKCHOT OIIIHKK TOTEHIIHOT He-
0e3neKu BIUIMBY JIH(EHOKOHA30JIy Ha OpraHizM
JIOAVHU TIPU CIOKMBAaHHI 3a0pyJHEHUX Clib-
CbKOTOCIOAAPCHKUX MPOAYKTIB (TOMAaTH, OTip-
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KW, MOPKBA, KapTOILIsA, KalycTa) 3a MIKAJIOK 3
YOTUPHOX PIBHIB MU aHaNi3yBajM IOKa3HUKU
noryctumoi nooosoi no3u (JJ1/1), cepennboao-
0O0BOro CHOKMBAHHS MPOJYKTY Ta MEpioay Ha-
miBpo3nany (ts) B pocnuHax (tadm. 3) [2].

OuineHi 3Ha4YeHHs (B 0anax) cymyBad st
BU3HAUEHHS 3arajbHOr0 pIBHS HEOE3NeKHu Mpu
HNOTPAIUITHHI B OpraHi3M JIOJAWHU AUQEHOKO-
Ha30J1y 3 XapuyoBHMH NPOJyKTaMu. Byio BcTa-
HOBJICHO, IO 3a CTIWKICTIO AU(EHOKOHA30J Y
CUIBCBKOTOCTIOIAPCHKHUX KYJIbTYpax (TOMarax,
Oripkax, MOpPKBIi, KapTOILJIl, KalycTi) BIAMIOBiA-
Ho no JICaulliH 8.8.1.002-98 BimHeceno mo
Il xnmacy HeOe3meuHOCTI (MOMIPHO CTIMKHIA).
[Ipu ormiHII IHTErpaJIbHOTO MOKa3HUKA HeOe3-
ne4yHocTl npu BxkuBaHHI npoayktis (IITHBIT)
TU(PEHOKOHA30Jly HAa OpraHi3M JIOAUHU OYJIo0
BCTAQHOBJICHO, 1110 TIPH BXKMBaHHI KOHTAaMIHOBA-
HOI CUIBCBKOTOCIOAAPCHKOI MPOIYKITii JOCHTi-
JOKyBaHUW (YHTIIHMA HalexaB 10 3 Kjacy He-
0e3MeYHOCTi.

OO0roBopeHHs

OtpumaHi pe3ynbTaTd MOBEAIHKU IU(DEHO-
KOHA30JIy B OBOYEBUX KYJbTypax MOPIBHIIN 3
pe3yJbTaTaMH, OTPUMAHMMHU B IHIIMX KpaiHax
cBiTy [9-14]. Ta Oyno BCTaHOBIEHO, IO PO3-
paxoBaHI HaMH 3HA4YEHHS IEPiO/iB HaIIBPYi-
HyBaHHs, a came nmiamazoHu 95% moBipuoro

Tabanus 1. [Toxka3Huku nerpaganii 1u(peHOKOHA301y B OBOYEBUX KYJIbTYypax

IMoka3nuky MBUAKOCTI pyiHanii M+m ST
KyJIbTypa IIpenapar . R?
*Ts50, J00A | Tso, J00A Tos, 1002 Tos, 1002 PIBHSIHHH
Hupem Ton 10,56+2,2 45,92+9,85 y = 0,0339¢0085¢ | 0,98
romaru | CKOP 1022+184 | 10 794087 | 44444802 | 45 9443 87 | ¥ =2,1218e019% | 0,96
borexct 11,56+0,42 50,46+1,84 y = 0,1576e09x | 0,04
YHTYC
OTIpKH Humem Ton 8,13+0,66 | 8,13+0,66 | 35,36+2,88 | 35,36+2,88 | y = 0,0812¢0.%87x | 0,89
unen Ton 16,06+1,18 69,8545,15 y =1,6162e0078 | 0,94
MOpPKBa - 12,21+1,88 53,1248,1
Cepxkanic [Imoc | 8,37+1,22 36,3945,31 y =2,1218¢0192x | 0,96
kaproria | Cxop 7,11+151| 7,111,551 | 30,89+0,91 | 30,89+0,91 | y = 0,1081e0.9%x | 0,97
Cepkanic [lmoc | 4,70+0,07 50,46+1,84 y =2,1218¢0192x | 0,96
Kamycra - 6,76+0,92 29,42+4,03
Kiep 8,83+0,17 38,41+0,76 y =2,1218e0192x | 0,96

Ipumimku: t Tabmayne cranoBuTh 2,2 ipu p=0,05 i df=3; M — cepenne apudmMeTnyHe 3HaYCHHS; M — NOXHUOKa
CEPEeIHBOr0 apu(METHYHOTO; Ts0 — MEPiO HAMBpPO3Maay; Tos — Mepiox po3nany 95 % BHXITHOI KiIBKOCTI
PEYOBHHH; PO3XOJKEHHS HE JIOCTOBIPHO; * — PO3XOKEHHS HE JTIOCTOBIpHI 32 KpuTepieM CThioJieHTa (t) IpH

p>0,05; R? — KoediuieHT aerepMinarii.
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Ta6auus 2. [TopiBHAHHS MOBEIIHKY TU()EHOKOHA30J1y B OBOYEBUX KYJIbTypax
(He3anexxHi BUOIPKH, IBOCTOPOHHS KPUTHYHA 00J1aCTh)

HocaigkyBani kyasTypu | OBoueBi | Tomaru ‘ Oripku ‘ MopxBa ‘ Kapronas ‘ Kamycra
Iepion nanmiBpo3nanxy T50
Kanycra 0,340 0,056 0,365 0,133 0,002* —
Kaproms <0,001* 0,001* 0,045** 0,018* —
MopkBa 0,115 0,461 0,188 -
Oripxe b 0508 | 0,128 -
Tomaru 0,320 -
OBoueBi —
JIOCTOBIpHICTH PO3XOIKEHD ()

BcraHoBieHO CTaTUCTMYHO AOCTOBIPHY BIAMIHHICTE MiX CEepelHIM 3HAUYCHHSIM Iepiofy HamiBpo3mazry
M (EHOKOHA30ITy B JIOCHIKyBaHUX 0BOYEBHX KyJbTypax (ANOVA-Bemya: F-cratucruka=7,378 (Ferie=3,730);

p=0,007)

IHpumimku: «*» — BCTaHOBJICHO AOCTOBIpHY BiIMiHHICTH 3a KpuTepieM CT’rofieHTa; «**» — npu BUKOHAHHI
noct-xok tecTiB (I'ameca-Xoyemna ta Tamxane) nepio HamiBpo3naay MUGEeHOKOHA30Y B OripKax JOCTOBIPHO
HE BIAMIHHHMH Bix TOro, mo crocrepiraBcs B kapromt (p=0,214-0,233, BimnoBimHo), Ha el ¢akt Oye
3BEPHYTO OCOOJIMBY yBary B MaHOYTHIX JOCIIKCHHSIX.

&

T

Jloba

OBouesi

il

Tomaru

-

X
I
Oripkn Mopksa
Kynbtypu

——]

Kapronms

Kamycra

Puc. 1. Posnonin nepiony HamiBpyiHHYBaHHS (Ts0) 13 IOCIIKYBAaHUX KYJIBTYD

Tadauus 3. OmiHKY PU3UKY HECHPUSTIIMBOTO BIUMBY AM(EHOKOHA30.Ty Ha 310POB’ S JIIOAMHU
IIpU CIIO’KMBAHHI OBOYEBOI MPOAYKIIT, BUPOLIEHOI IPU iX 3aCTOCYBaHHI

Kynerypa Ceggﬁl;;;:;?x;;:ﬁﬂ;ﬂ - gzg;imax’ UL, mrfier 3Hanell:gIBHmac
TOMATH 68,5/ 1 6an 10,79+0,87 / 3 6am 0,002 7 Ganis 3
OTipKH 68,5/ 1 Gan 8,13+0,66 / 3 Gamm 7 GainiB 3
MOpKBa 24,7 | 1 6an 12,21+1,88 / 3 6am 7 GaiB 3
KapTOIIs 260,3 / 3 bam 7,11+1,51 /2 6am 3 6aim 8 OauiB 3
Kamycra 76,7 /1 6an 6,76+0,92 / 2 6axm 6 OaiB 3
Bcroro 498,7 / 7 Gamis 9,51+067 /3 6arm | 0,002/ 3 6am 13 6anis 1

Tpumimru: 1. JJJ — nonyctuma nodosa no3a, mr/kr; 2. IITHBII — inTerpanbHuii moka3HUK HEOS3MEUHOCTI
[IpH BXKMBaHHI MPOAYKTIB; Tso — IEPio HaiBpO3MaLy
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IHTEpBaly MPAKTHYHO HE BIJIPI3HIIOTHCS BiJ dinaHcyBaHHs

mirepatypuux (95% /11 8,77-12,82; 5,28-10,99; diHaHCOBOI MIATPUMKH Bij AEp>KaBHOI, TpoO-
7,38-17,05; 4,5-7,31; 8,08-9,59 ni6 mist TomaTiB,  Majachkoi a00 KOMEpIIiHHOT opraHi3allii s crat-
OTIpKiB, MOPKBH, KapTOILII Ta KamyCTH, BIAMO- TS HE OTpUMAa.

BiJIHO). 32 TaHUMHU JITEpaTypH Tso NU(HEHOKOHA- Kounduikr inTepecis

301y ckiangae B: tomarax — 7,0-9,9 nobwu, orip- ABTOpU 3asBISIOTH MPO BIACYTHICTH MOTEH-
kax — 3,15-9,62 noou, mopksi — 7,8-10,5 mobu, HIHHUX Ta SBHUX KOH(IIKTIB IHTEPECIB, OB’ -
kamycti — 2,09-7,8 110, 1o cmiBmajae i3 Halllu-  3aHUX 3 PYKOITHUCOM.

MU pe3yJbTaTaMu (IIpH MOPIBHAHHI MaKcUMaJb- 3roaa Ha my0Jikaniro

HUX Ta MiHIMaJIbHUX 3HA4€Hb LMX Jiana3oHiB Bci aBTOpu 03HallOMIIEH] 3 TEKCTOM PYKOIIU-
He OyJI0 BUSBJIEHO CTATUCTUYHOI BIAMIHHOCTI:  Cy Ta HaJajM 3ro[y Ha HOro myoJsiKarlito.
p=0,286-0,556 (Tect Manna-VYirtHi)). Buxopucranus LI

BucHoBkn ITig gac miaroroBku 1poro pykomnucy I1I-iH-

1. BcraHoBieHo, mo AM(PEHOKOHA30J Bif-  CTPYMEHTH HE BUKOPHCTOBYBAJIHCS.

HOCHTBCS 10 TIOMIPHO CTIHKHX 3ac00iB y Cijb- Author Contributions (CRediT taxonomy)
cekorocnogapeskux pociunax (I xkmac vHeGes- Conceptualization:  Pavlo  Stavnichenko
MEYHOCTI), 1110 Bu3Hayae ioro epexktuHicTh ;i1 (ORCID:0000-0002-0358-9303);

BUKOPHCTAHHS Ha PI3HUX KYJIbTypax. Methodology:  Nataliia Merezhkina

2. 3rigHo 3 iHTerpajpHuM nokasHukom He-  (ORCID:0000-0003-4197-2896)
0€3MMeYHOCTI IPH CIIOKMBAHHI KOHTAMIHOBAHUX Validation: Pavlo Stavnichenko, Nataliia
npoaykris (ITTHBIT), nudenokonaszon nanexuts  Merezhkina ;

10 3 Kkiacy HeOe3nedyHocTi (moMipHO Hebe3mey - Formal Analysis: Pavlo Stavnichenko;
H1), IT[0 MOB'SI3aHO 3 HOr'0 BITHOCHO HU3BKOIO J10- Investigation: Pavlo Stavnichenko, Nataliia
ITyCTUMOIO JTOOOBOIO /103010 Ta MIMPOKHM criek-  Merezhkina ;
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Hygienic risk assessment for humans from consuming vegetables contaminated
with difenoconazole-based fungicides
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Abstract: One of the key directions for increasing agricultural crop yields is the use of chemical
plant protection products, particularly pesticides. Considering the growing use of these products
due to intensive cultivation technologies, the study of pesticide persistence in agricultural crops is
of great importance for maintaining product quality and safety. Uncontrolled use of these substances
may negatively affect human health, especially when employed for treating agricultural products.
The aim of our study was to carry out a hygienic risk assessment for humans consuming vegetables
contaminated with a difenoconazole-based fungicide. Materials and methods of the study included
determining the content of the triazole-class compound, difenoconazole, in vegetable crops (tomatoes,
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cucumbers, carrots, potatoes, cabbage) in various soil and climatic zones of Ukraine. The persistence
of the fungicide in different vegetable crops was evaluated, and the values of its half-life period (zs0) and
near-total degradation period (zss) were calculated. The assessment of pesticide hazards was carried
out using an integral hazard index in consumption of pesticide-contaminated products, classified into
four categories ranging from low hazardous to extremely hazardous. Statistical processing of the results
was performed using the software packages MedStat v.5.2 (Copyright © 2003-2019), Microsoft®
Excel® for Microsoft 365 MSO (version 2305, build 16.0.16501.20074), and Python 3.11. The half-
life (zs0) of difenoconazole in the studied agricultural crops was 9.51+0.67 days on average. It should
be noted that the zs0 was significantly the shortest in potatoes, with a value of 5.9+0.55 days (95% CI
4.5-7.31), compared to other vegetable crops. A comparison of the obtained results with published
data from other countries showed that the half-life periods of difenoconazole in vegetable crops are
comparable and fall within acceptable intervals. The calculated stability parameters (ts) allowed
difenoconazole to be classified as belonging to Hazard Class I11 in all the studied crops (SSanN&R
8.8.1.002-98). When assessing the integral hazard index in consumption of pesticide-contaminated
products (IHIPC) of difenoconazole on human health, it was found that when consuming contaminated
agricultural products, the studied fungicide belonged to hazard class 111. The obtained results should
be taken into account when considering the possibility of expanding the use of difenoconazole-based
fungicides to ensure human safety and the effectiveness of application on various plants.

Keywords: Agricultural Crops, Environmental Pollution, Half-life, Pesticide Residues, Pesticides,
Sanitary Surveys.
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In the prevention of chronic gastrointestinal diseases in children
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Abstract. Chronic gastrointestinal diseases in children represent a significant medical and social
issue characterized by long-lasting conditions, periodic flare-ups, and a substantial decline in the
quality of life. These conditions not only impact physical health but also interfere with educational
performance, physical activity, and emotional well-being, ultimately affecting the child’s overall
development. The management and outcome of these diseases heavily rely on the involvement of
parents, including their ability to seek timely medical care, ensure adherence to prescribed diets
and pharmacological treatments, maintain health records, and organize psychological support
for their child. In this context, the role of parental medical activity is of crucial importance in
preventing complications, managing symptoms, and improving the child’s overall quality of life. The
purpose of this study was to evaluate the level of medical involvement among parents of children
with chronic gastrointestinal disorders, identify factors influencing this involvement, and assess its
significance in the prevention, treatment, and enhancement of the child’s quality of life. To achieve
this, a cross-sectional survey was conducted involving 80 children aged 6 to 17 years, all registered
with a dispensary for chronic gastrointestinal conditions, including gastritis, peptic ulcer disease,
and irritable bowel syndrome. The survey included 47 questions divided into seven thematic areas:
socio-demographic information, the course of the disease, awareness and interaction with healthcare
services, prevention, psycho-emotional status, social support, and school or kindergarten adaptation.
The responses were evaluated using a 1-3 point scale, with the total score used to categorize parental
medical activity levels as low, moderate, good, above average, or high. The results indicated
that 10% of parents had low activity levels, 22.5% demonstrated moderate involvement, 36.2%
showed good activity, 21.3% had above-average activity, and 10% exhibited high engagement. In
total, 67.5% of parents displayed a suficient level of medical activity, while 32.5% showed low or
moderate involvement. The areas where parents excelled included adherence to medical prescriptions
(72.5%) and informing educational institutions about the child’s condition (65%). However, the
most concerning aspects were the regular maintenance of medical records, which only 22.5% of
parents managed effectively, and participation in psychological or social programs, which was less
than 15%. These findings suggest that the psychosocial component of care remains undervalued by
many families. Additionally, parental activity varied significantly depending on the educational and
socio-economic status of the family. The study concluded that parental involvement in medical care
plays a vital role in the prevention and treatment of chronic gastrointestinal diseases in children.
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This involvement directly affects the child’s health outcomes, psychosocial development, and overall
quality of life. Future initiatives should focus on enhancing parental awareness, improving family
education on medical and psychosocial care, and increasing support for families with lower socio-
economic status to ensure equitable and effective management of chronic gastrointestinal conditions
in children.

Keywords: Child; Chronic Disease; Family Support; Gastrointestinal Tract; Quality of Life.

Introduction Materials and methods
Chronic gastrointestinal (GI) diseases in To assess the level of medical activity of
children are one of the important medical and  parents of children with chronic gastrointestinal
social problems that have a significant impacton  diseases, a sample of 80 children aged 6 to
the physical, emotional, and social well-being of 17 years was formed, who were registered at a
children [1,2,3]. They are often accompanied by  specialised outpatient clinic with diagnoses of
a prolonged course and periodic exacerbations,  chronic gastrointestinal diseases, such as gastritis,
which significantly reduce the quality of life  peptic ulcer disease, irritable bowel syndrome.
and can lead to the development of secondary  All diagnoses were made on the basis of clinical
disorders, such as growth disorders, decreased data, laboratory test results, and instrumental
physical activity, and psychological disorders. examination methods, which confirmed the
Chronic pain, abdominal discomfort, or other  presence of chronic gastrointestinal diseases
manifestations of the disease create increased in accordance with international standards and
anxiety and emotional tension, contributingtothe  recommendations. Diagnoses were verified by
development of psychological disorders suchas  reviewing patient medical records, consulting
depression or adjustment disorders [4,5,6,7,8,9].  with gastroenterologists, and additional con-
One of the main factors determining the  firmation of the diagnosis using modern
effectiveness of treatment and prevention of  diagnostic techniques (endoscopy, ultrasound,
complications of such diseases is the level of blood tests for inflammation markers, testing
parental involvement in the medical care of for Helicobacter pylori, etc.). All patients had
the child [10,11,12]. Parents play a key role in  officially confirmed diagnoses recorded in their
timely visits to medical institutions, adherence  medical records at the time of the study.
to diet, following medical recommendations, The main tool for data collection was a
keeping health diaries, and organising psycho- questionnaire consisting of 47 questions, which
emotional support [13,14]. Their activity affects ~ Wwere divided into 7 main sections:

not only the treatment process but also the 1. Socio-demographic  data - questions
psychological state of the child, which, in turn, concerning  parents’ education, their
can influence the course of the disease and its professional activities and socio-economic
prognosis. Insufficient parental involvement in status.
these aspects can lead to delays in diagnosis, 2.Course of the disease - questions
inadequate treatment, increased frequency of concerning the duration of the disease,
disease exacerbations, and reduced adherence to frequency of exacerbations, and changes
therapy [15,16,17]. in treatment approach.
Aim 3.Parental awareness and interaction
To assess the level of medical activity of with medicine - assessment of parents'
parents of children with chronic gastrointestinal knowledge of the disease, their attitude to
diseases, to study the factors influencing this medical consultations and treatment.
level, and to determine its significance for the 4. Prevention - questions about adherence to
prevention, treatment, and improvement of the diet, regularity of medical examinations,
quality of life of children. and physical activity of children.
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5. Psycho-emotional state - assessment of
the child's level of anxiety and stress,
as well as the parents' reaction to these
symptoms.

6. Social support and participation - parents'
participation in charitable and social
programmes, their interaction with other
parents.

7. School/kindergarten adaptation - questions
regarding teachers' awareness of the child's
condition and the availability of individual
learning conditions.

Each question in the questionnaire had
three possible answers, which were rated on a
scale of 1 to 3 points. According to this scale: 1
point - low activity/unsatisfactory condition; 2
points - average activity/conditional condition;
3 points - high activity/satisfactory condition.
The overall result was calculated using the
formula: Overall result = (N1 x 1) + (N2 x 2) +
(N3 x 3), where N1, N2, and N3 are the number
of answers that received 1, 2, and 3 points,
respectively. The level of medical activity
of parents was determined depending on the
points received, where: 47-65 points - low level
of activity; 66-84 points - moderate level; 85-
103 points - good level; 104-122 points - above
average level; 123-141 points - high level of
activity.

Statistica and Microsoft Excel software were
used to process the data obtained. Variational
statistical analysis was used to assess the level
of medical activity of parents, using percentage
distributions and descriptive statistics (mean
values + standard deviation). The level of
statistical significance was determined according
to the standard criterion p<0.05.

Results

The study assessed the level of medical
activity of parents of children with chronic
gastrointestinal tract (GIT) diseases. Overall,
among the 80 parents surveyed, the distribution
by level of activity was as follows:

— Allow level of activity (47-65 points) was

recorded in 8 (10%) parents.

— Moderate activity (66-84 points) was
demonstrated by 18 (22.5%) parents.

— Good activity (85-103 points) was
demonstrated by 29 (36.2%) parents.

ISSN 2786-6661
elSSN 2786-667X

— Above-average activity levels (104-122
points) were observed in 17 (21.3%)
parents.

— High activity levels (123-141 points) were
found in 8 (10%) parents.

About 67.5% of parents showed a high or
good level of involvement in the treatment and
care of their children, which indicates their
significant activity in medical support. However,
32.5% of parents demonstrated a low and
moderate level of activity, indicating a need to
improve the participation of these families in the
treatment and prevention process.

According to the results, there are several
key problem areas that require attention.
Medical record keeping: only 22.5% of parents
regularly monitored their child's well-being,
nutrition, and other aspects of health. This may
indicate insufficient attention to the importance
of this tool in managing chronic diseases,
although keeping medical records is critical
for timely therapy adjustments. Participation in
psychological or social programmes, as less than
15% of parents participated in such programmes
or sought psycho-emotional support for their
child. This highlights a lack of attention to the
psychosocial aspects of treatment, which is an
important component of comprehensive care for
children with chronic gastrointestinal diseases.

The best results were observed in areas
such as adherence to medical prescriptions, as
72.5% of parents reported that they followed all
recommendations from medical professionals,
indicating a high level of responsibility and
awareness of the importance of medication
control for their child's condition. 65% of
parents regularly inform educational institutions
about their child's chronic disease, which is
an important aspect in ensuring appropriate
conditions for children's education and social
adaptation.

The results of the study show significant
variability in the level of medical activity
of parents, determined by both positive and
negative aspects of their involvement. At the
same time, the high level of compliance with
medical recommendations and informing school
staff indicates that most parents understand
the importance of medical control and support
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at various levels. However, given the existing
problems in other aspects of care, it is necessary
to develop support programmes aimed at
increasing parents' awareness and involvement
in the medical process, in particular through
involvement in medical record-keeping and
psycho-emotional support programmes.
The level of parental medical activity is a key
factor determining the effectiveness of treatment
and prevention of chronic gastrointestinal tract
(GIT) diseases in children. More than two-
thirds of the parents surveyed demonstrate a
sufficient or high level of activity, indicating
an adequate understanding of the importance
of medical care and monitoring of their child's
condition. However, a significant proportion of
parents (32.5%) have a low or moderate level
of involvement, indicating a need for further
measuresto increase the activity of these families.
One of the most problematic aspects is the
maintenance of medical records. Only 22.5% of
parents reported that they regularly keep health
diaries and other important records, which is a
prerequisite for effective monitoring of their
child's condition. Keeping medical records is
an important tool for the timely detection of
changes in health status and the adjustment of
therapeutic measures. This indicator shows that
parents aren't really motivated or aware of how
important this is. So, we need to roll out extra
educational programmes for parents to make
them more aware of how important it is to keep
medical records.
Psycho-emotional support for children
is another important area where there is a
significant gap between the high level of
parental involvement in physical treatment and
insufficient attention to the child's psychological
state. Less than 15% of parents participated in
psychological or social programmes, which may
indicate an underestimation of the importance
of psycho-emotional support in the context of
chronic diseases. Given that such diseases can
be accompanied by stress, anxiety, and social
isolation, the role of psycho-emotional support
cannot be underestimated. Children with chronic
diseases often face emotional difficulties, which
can worsen their overall well-being and even
lead to the development of depression or other
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mental disorders. In this regard, it is important
to raise parents' awareness of the need to provide
psychological support to their children and to
encourage families to participate in relevant
programmes.

The highest results were recorded in areas such
as compliance with medical recommendations
(72.5% of parents comply with all medical
prescriptions) and informing teachers about the
child's condition (65% of parents). This indicates
a high level of awareness among parents of the
need for medication control and the importance
of interacting with educational institutions to
ensure favourable conditions for the child. A
high level of awareness among teachers about
the child's condition allows for an individual
approach to learning, which in turn contributes
to better socialisation and adaptation of children
to the school environment. However, even
these aspects require further attention, as not
all parents are fully prepared to openly discuss
medical issues with teachers, which may be
due to various social, psychological, or cultural
barriers.

Nevertheless, despite the significant number
of highly active parents, the problem of social
isolation of some families remains. About 32.5%
of parents do not participate in charitable or
social programmes, which may indicate a lack
of support from the community or medical
institutions. This points to the need to develop
a support system that includes both medical
and social components. Psychosocial support
for families, in particular through the creation
of support groups or online resources, could
significantly improve the situation and reduce
the level of social isolation.

Attention should also be paid to the problem
of heterogeneity in the level of activity among
parents. Factors that may influence this level
include education, social status, access to
medical resources, and information. Parents with
higher levels of education and better access to
medical information tend to be more medically
active, confirming the importance of providing
access to medical knowledge and support to all
segments of the population. This factor is key
to developing programmes aimed at increasing
medical awareness in different social groups.
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The study results highlight the importance of
a comprehensive approach to the treatment and
prevention of chronic gastrointestinal diseases
in children, where parental involvement is a
key component. To achieve the best results, it is
necessary not only to improve medical support
but also to focus on psychological and social
support for children and their families. Given
the results obtained, it is important to continue
developing educational programmes for parents
that will increase their involvement in the
treatment of children, as well as to implement
initiatives to improve access to information
and medical resources for all segments of the
population.

Conclusions

1. Parental medical activity is a key factor
in the prevention and treatment of chronic
gastrointestinal diseases in children, particularly
in the context of COVID-19.

2. A high level of parental activity promotes
compliance with medical prescriptions and better
social functioning of children, while a lack of
attention to medical record keeping and psycho-
emotional support can worsen the course of the
disease.

3.To improve the effectiveness of treatment, it
is important to develop educational programmes
for parents, particularly regarding medical record
keeping and participation in psychological
support programmes.

4. Increasing the level of parental involvement
in medical care has a direct impact on the child's
quality of life and the effectiveness of treatment,
SO it is necessary to strengthen information
support for families with low socioeconomic
status.
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Posb i oniHka Meau4HOI JisJIbHOCTI 0aTHKIB y npogiakTuui
XPOHIYHUX 32XBOPIOBAHDb HIJIYHKOBO-KHIIIKOBOI0 TPAKTY Yy AiTel
Boponuosa Tamapa, Kooniarox Karepuna, Ilerpenko Anacracisa, Myapuk
Yasna, /[zxusak Bosogumup
TepHOMILCHKUN HAIlIOHATBHUN METUIHIH YHIBEpCUTET iMeHi [Bana SkoBruya ['opbaueBchKOro
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Anomauin. XpoHiuni 3ax80pI06AHHA WLIYHKOBO-KUUKOB020 MPAKmMy y Oimeli € 3HAYHOIO
MeOUYHOI MA COYIATbHOI NPODIEMOTO, WO XaAPAKMePU3YEMbCL MPUBATUM NepedicoM, nepioOUdHUMU
3A20CMPEHHIMU MA ICMOMHUM NO2IpuleHHaM axocmi xcumms. LI 3axeoprosanHsi He MIiabKU
BNAUBAIOMb HA (i3uyHe 300p08's, ale Ul 3a6adicaromb HABUAHHIO, (PI3UUHILT AKMUBHOCTT MA eMOYIUHOMY
Onazononyyuio, wo 6 KiHYeBoMy NIOCYMKY NO3HAYAEMbCSA HA 3A2ANbHOMY DO36UMKY OUMUHU.
Jlikyeanns ma pe3yiomamu yux 3axe0pro6aHb 3HAYHOIO MIPOIO 3aNexcams 8i0 3anyyeHHs O ambKis,
30Kpema 8i0 iXHbOI 30aMHOCII C80EUACHO 36ePMAMUCS 3d MEOUUHOK 00NOMO2010, 3abe3neyysamu
OOMPUMAHHA NPUSHAYEHUX OIEM | PapMAKONOITUHUX MEMOOI8 NIKYBAHHS, 6eCmuU MeOUYHI 3anucu ma
0p2aniz08y8amu NCUX01021UHy NIOMPUMKY OJis CBOET OumuHU. Y ybomy KoHmexkcmi poib 6amvKieCbKoi
MeOUYHOI aKMUGHOCMI MAE BUPIWATbHE 3HAYEHHS O/ 3ano0ieanHs YCKIAOHEHb, JIKY8aAHHS.
CUMNMOMIE ma NONINUIeHHA 3A2albHOI AKocmi cumms oumunu. Memoto ybo2o 00CaiOHCeHHs
0y10 oyinumu pigenb MeOUYHOI aKMuUeHOCmi 6amvKig Oimetl i3 XPOHIYHUMU WTYHKOBO-KUUKOBUMU
PpOo31adamu, UIHAYUMU BaAKmopu, wo éNIUEAI0Mb HA Y0 AKMUBHICMb, MA OYIHUMU i 3HAYeHHs 015
npoghinakmuxu, NiKy8aHHs ma NONINuIeHHs AKOCmi dcumms oumunu. /i yvboeo 6yno npogedeHo
nepexpecue onumyeanus 80 dimeti gikom 6i0 6 0o 17 pokie, axi Oyu 3apeecmposani 6 amobyramopii
3 NPUBOOY XPOHIUHUX ULTYHKOBO-KUULKOBUX 3AXB0PI0BAHDb, GKIIOUAIOYU 2ACPUN, BUPA3KOBY X80POOY
ma cCuHOpoM noopasneHo2o Kuuieunuxa. OnumyeanHs 6Ka04ano 47 numaus, po30ilenux Ha cim
memamuyHux oonacmetl: coyianbHo-oemocpagiuna inghopmayis, nepedie 3ax80p108AHHSA, 0OIZHAHICIY
ma 63aemMo0ia 3 MeOUUYHUMU CAYHcOamu, Npoginakmuxa, NCUXoemOoyitiHuii CMmaH, coyiarbHa
niompumxka ma aoanmayiss 8 wKoui abo oumsayomy caoky. Bionosioi oyinrosanucs 3a 1-3-6anvhoro
WKA010, a 3a2aibHull Oan BUKOPUCIOBYBABCL 015 KNACUDIKaYii pisHa MeOUdHOT akmueHocmi OamoKie
SAK HU3LKULL, NOMIDHULL, XOPOWUl, ulye cepednbo2o abo sucoxui. Pezynemamu nokazanu, wo 10%
OamvKie nPoOOeMOHCMPYSAIU HU3LKULL pieeHb akmusHocmi, 22,5% — nomipny 3anyuenicmo, 36,2% —
0006py akmusnicms, 21,3% — axmuenicms suwe cepednvoeo, a 10% — sucokuii pisensb 3a1yueHocmi.
3acanom 67,5% bamoekie npodemoncmpysanu 0ocmamHitl pisenb meouuroi akmuenocmi, a 32,5% —
HU3bKY abo nomipny 3anyuenicmo. Ceped obnacmet, 8 AKUX 6amMbKu NPOOEMOHCMPYBAIU BUCOKI
pezyabmamu, Oyau OOMPUMAHHA MeOUudHUX npusnavenv (72,5%) ma inpopmyeanus HaguarbHUX
3aknadis npo cman oumunu (65%). Oonak natlbineuw mypoyouuMu acnekmamu Oy peyiapHe 6e0eHHs
MeOUYHUX 3anucie, 3 AKuM eghekmusno cnpaesiamucs mue 22,5% 6amokis, ma yuacmo y NCUX0I0TUHUX
abo coyianvHux npozpamax, axa cmavosuna menuie 15%. Li pesynomamu ceiouams npo me, ujo
NCUXOCOYIAbHUL KOMNOHEHM 0027150) 3aIUUAEMbC HeQ0oYiHeHum bazamoma cim'amu. Kpivm moeo,
AKMUGHICMb 6AMbKIE 3HAUHO 8APIIBANACS 3ANEHCHO 8I0 OCBIMHLO2O MA COYIATLHO -eKOHOMIUHO20
cmamycy cim'i. 'V 0ocniosxcenni 3p001eHo 8UCHOBOK, W0 y4acmv O0AmMbKIi8 y MeOUdYHoOMYy 0021501
gidiepae 8axcaugy pov y npoghinakmuyi ma aAiKy8aHHI XPOHIYHUX 3AX60PI0EAHb ULTYHKOBO-KUULKOBO20
mpaxmy y dimetl. L{a yuacmo 6e3nocepeoHbo 6nau6ac Ha Cman 300p08's OUmuHU, it NCUXOCOYIATbHUL
PO36UMOK Ma 3a2aibHy AKicmov scumms. Maiubymui iHiyiamueu noeuHHi OymMu CnpimMo8aHi Ha
niosuwents 00i3HaHoCcmi 6AMvKi6, NOANUWEHHsT 0CEImuU CIM'T 3 numanb MeOuyHoi ma ncuxocoyiaibHol
0onomoeu, a maKoic 30bUeHHs NIOMPUMKU CIMell 3 HUNCUUM COYIANbHO -eKOHOMIUHUM CIAmMycom
071 3a6e3neuents cnpagediuso2o ma ephekmusHo20 NiKy8aHHs XPOHIYHUX 3AX80PIOBAHb ULTYHKOBO -
KUWKOB020 mpakmy y Oimell.
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Abstract: In the discipline of orthodontics, a person's face structure can be ascertained through
the specific characteristics and anatomical correlations of the palate depth, width, and airway
dimensions, which aid in the identification of malocclusions. A greater awareness of the relationship
between upper airway structure and sleep disordered breathing, as well as the relationship between
this condition and craniofacial morphology in general, has led to a gradual increase in interest in
upper and lower airway dimensions over the past few decades. The study comprised 30 participants,
with a mean age of 17.5 years. Skeletal classes I, 11, and 111 were assigned to the participants based
on their ANB (A point, nasion, B point) angle (N = 10). The study models were used to calculate
the palatal height, palatal breadth, and palatal height index using Korkhaus analysis. McNamara
Airway Analysis was used to measure the upper and lower pharyngeal airway dimensions based on
the lateral cephalogram. The ANOVA test was used to calculate the findings. For the palatal index
and airway dimensions, there was a statistically significant difference observed in all three groups
of malocclusions (class I, Il, and I1I). The subjects with skeletal class Il malocclusion showed the
highest mean palatal index values (P=0.03). For the upper airway, class | had the greatest mean
value (P=0.041), while class 11l had the highest mean value (P=0.026) for the lower airway. It was
concluded that subjects with the class Il skeletal pattern have a high palate and reduced upper and
lower airways when compared with class | and class 111 skeletal patterns, which showed larger upper
and lower airways, respectively.

Keywords: Orthodontics, Diagnosis, Malocclusion, Orthodontic appliances, Dental Arch.
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Introduction

In the discipline of orthodontics, a person's
face structure can be ascertained through
the specific characteristics and anatomical
correlations of the palate depth, width, and
airway dimensions, which aid in the identification
of malocclusions. Since sleep-disordered
breathing has been linked to upper airway shape
[1] and has been linked to general craniofacial
morphology, interest in upper and lower airway
dimensions has gradually grown over the past
few decades. The palate has been the subject of
numerous research, some of which traced the
palate's transverse, median, and sagittal shapes
at various developmental stages in dental casts
to look into changes in the palate's growth
[2]. Certain conditions, such as Treacher-
Collin syndrome, Apert's syndrome, Turner's
syndrome, etc., might have a high or narrow
palate [3]. The development of craniofacial form
and occlusal patterns depends on a number of
factors. The effects of upper airway obstruction
on dental development and craniofacial growth
require a thorough examination. Clinical trials
have linked mouth breathing to the development
of skeletal and dental abnormalities [4, 5]. In
orthodontics, changes to the upper airway must
always be evaluated clinically before starting
therapy, in addition to using cone beam computed
tomography (CBCT) or lateral cephalograms.
Since cephalometry converts three-dimensional
traits into two-dimensional ones, the information
it provides is scant.

However, because CBCT creates projections
on many planes and shows dimensional
structures in 3D, it offers a wealth of diagnostic
information that enables us to measure the
volume of different structures. Breathing
becomes even more difficult when there is
obstruction of the upper airways, which can
also result in malocclusion, jaw deformity,
and craniofacial abnormalities. Furthermore,
research has demonstrated that aberrant
craniofacial development can result in a lifetime
of health issues, including chronic mouth
breathing, sleep apnea, respiratory impairment,
airway obstruction, and sleep disorders [6]. In
the craniofacial hierarchy, the craniofacial form
and function may be ranked highest. Therefore,

ISSN 2786-6661
elSSN 2786-667X

it is important to carefully regulate the shape and
function of the craniofacial region, especially in
the early phases of growth and development,
using orthodontic and orthopedic therapy. First
developed by Korkhaus [4], the palatal height
index is derived from the combination of palatal
width and palatal depth. The McNamara airway
analysis is used to determine the upper and lower
pharyngeal airway measures [7]. There appears
to be variation in the shape of palatal vaults in
each skeletal pattern, thus further research is
necessary to thoroughly investigate airway and
palatal morphology for improved treatment-
plan formulation. There is also a connection
between craniofacial development and airway
development.

Thus, in class I, IlI, and 1l skeletal
morphologies, our study's goal is to link palatal
index index with pharyngeal airway.

Materials and methods

The Department of Orthodontics and
Propaedeutics of Orthopaedic Dentistry at
Bogomolets National Medical Universityin Kyiv,
Ukraine, conducted the research of this study.
Thirty individuals were randomly chosen from
among the patients who came to the department
for orthodontic treatment in order to get lateral
cephalograms and dental plaster models. Using
the G*Power program 3.1.9.2 (Erdfelder, Faul,
& Buchner, Germany), the sample size was
determined. The ANB (A point, nasion, B point)
angle and wits appraisal were used to categorize
the participants into three groups, Class I, 11, and
I11, according to the type of sagittal relationship.
Patients with class | skeletal bases and ANB
values between 0° and 2° made up Group I.
Patients in Group Il included those with class
Il skeletal bases and ANB levels higher than 2°.
Finally, group Ill patients had class 11l skeletal
bases with ANB lesser than 0°. The individuals'
eyes were reflected in a mirror five feet in front
of them, and their teeth were in centric occlusion
with the Frankfort horizontal plane parallel to
the ground, as this was the normal head posture
used to acquire the lateral cephalograms. To
keep the head from spinning during exposure,
ear rods and nasal support were used to stabilize
the position. Using a 2H pencil, all cephalogram
tracings were completed by hand on clear acetate
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sheets. For each patient, the McNamara airway
analysis was used to record the upper and lower
airway dimensions [7].

From a point on the back of the soft palate
outline to the nearest point on the posterior
pharyngeal wall, the upper pharyngeal breadth
is measured. Because the region just next to the
posterior nasal aperture is crucial for assessing
upper respiratory patency, this measurement is
performed on the anterior half of the soft palate
outline. A two-dimensional depiction of a
three-dimensional structure is the nasopharynx
head film outline (Figure 1). The location on
the posterior pharyngeal wall closest to the
junction of the inferior border of the mandible
and the posterior border of the tongue is
where the lower pharyngeal width is measured
(Figure 1) [8].

Alginate impression material (Hydrogum 5,
Zhermack) was used to create the impressions
required to make the study models, which
are built of Type 3 Gypsum. Using a divider
and scale, each subject's palatal index was
independently determined on the study models
for the Korkhaus analysis. The width measured
the separation at the cervical line between the
maxillary first permanent molars. The height was
the shortest path between the plane defined by
the other reference points and the midline where
the hard and soft palates converge [4].

The palatal height Index was calculated using
the following formula (Figure 2): Palatal height
index = palatal height/palatal width x 100.

and lower airway (B) on a lateral cephalogram

Figure 2: Study model showing palatal height
and width

Statistical analysis:

IBM SPSS software for Windows, version 21
was used for data analysis. The palatal index,
lower airway, and upper airway differences
between the three classes were ascertained
using the ANOVA test. The standard deviation
and mean of the palatal index, upper airway,
and lower airway in classes I, Il, and Il were
calculated using descriptive statistics.

Results

Tables 1-3 display the descriptive data and
an ANOVA test comparison of the palatal index
with the upper and lower airways. The palatal
index mean and standard deviations for each
of the three classes are shown in Table 1, along
with the findings of the ANOVA test, which
indicates that there is a statistically significant
difference in the palatal index between the three
classes, with class Il having the highest mean
value (47.20). Table 2 indicates that class | had
the highest mean upper airway (11.90) out of the
three classes. The ANOVA test's p-value of 0.04
suggests that there is a statistically significant
difference between the three groups. According
to Table 3, class Il had the greatest mean lower
airway (12.90), and there was a statistically
significant difference in lower airway across the
three classes (p-value = 0.026).

Discussion

Environmental influences, eating habits, and
ethnicity have all been found to affect palate
dimensions. Each race or racial group has a
unique cranium and facial structure. Individuals
from other nations and cultures may also vary
from one another in terms of their characteristics
and facial features [8]. The palate morphology is
a crucial sign of the anatomical structure that can
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Table 1: The Anova-test for palatal index

Class N Mean Standard deviation F-value P-value
Class | 10 43.720 1.726
0.03*
Class Il 10 47.200 5.788
1.777
Class Il 10 43.040 6.065
Table 2: The Anova-test for upper airway
Class N Mean Standard deviation F-value P-value
Class | 10 11.90 3.315
0.041*
Class Il 10 11.80 2.486
0.174
Class Il 10 11.10 2.751
Table 3: The Anova-test for lower airway
Class N Mean Standard deviation F-value P-value
Class | 10 10.20 2.860
Class Il 10 10.00 2.789 2.562 0.026*
Class Il 10 12.90 3.843

alter the skeletal pattern because the craniofacial
complex also comprises the face [9]. For this
reason, knowledge of the morphometrics of the
hard palate is clearly useful in several dental
specialties, such as orthognathic surgery and
orthodontics [10,11]. Our study attempted to
correlate palatal depth with pharyngeal airway in
class I, 11, and Il malocclusions because airway
and craniofacial development are associated.
The ANOVA test was used in this investigation
to compute and compare the mean and standard
deviations of the palatal index for each of the
three classes. According to the results, there is a
statistically significant difference in the palatal
index across the three classes, with class II
having the highest mean value. This implies
that the palatal index was greater in individuals
with class Il malocclusion than in ordinary
participants. This may be due to the fact that
class 11 malocclusion has a broad range of arch-
form aberrations and a varied etiology, which
may include thumb sucking habits. High palatal
vaults are primarily caused by thumb sucking
[12]. Research by Linder A [13], Gwynne-

Evans [14], and Klein [15] revealed this. They
discovered that those who mouth breathe, had
adenoid hypertrophy, or habitually sucked their
thumbs had higher palatal heights. In those
cases, a class Il malocclusion was also evident.
According to our study, there was a statistically
significant difference between the three classes,
with the mean upper airway being the highest
in class | patients out of all three. According to
Balter's theory [16], class Il malocclusions are
caused by the tongue being positioned backward.
An blockage of the respiratory function in the
pharynx region causes incorrect deglutition
and mouth breathing. Thus, when compared
to other malocclusions, the mean value of the
class I malocclusion was larger. This was in line
with a research that Jain et al. [17] did. Similar
findings were found in another study by Flores-
Blancas et al. [18]: nasopharyngeal linear
anteroposterior widths are wider in brachyfacial
individuals with class | malocclusion than in
mesofacial and dolichofacial individuals. In
this study, class Il patients had the highest
mean lower airway, and there was a statistically
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significant difference in lower airway between
the three classes. This implies that compared
to skeletal class I and Il samples, all lower
pharyngeal airway features showed significantly
greater values in skeletal class 111 malocclusion
samples. This may indicate a forward tongue
position, which is linked to skeletal class Il
malocclusion. These discoveries corroborate the
findings of McNamara [7], who suggested that
an increase in the lower pharyngeal airway size
more than 15 mm indicates a forward-placed
tongue. This was as similar as a study done by
Jain et al. [18] who also found the same results.
These results indicate a close link between the
pharynx and dentofacial structures, and suggest
that the pharyngeal structures and dentofacial
pattern will interact. This stimulates interest
in orthodontics. Therefore, it is important
to recognize the clinical significance of the
pharyngeal airway, particularly in adolescents
whose maxillary and mandibular growth and
development are critical. This information
is also necessary for the diagnosis of the
developing class 111 malocclusion brought on by
the tongue's forward orientation. The tongue's
forward position may be caused by visceral
interferences, such as an enlarged tongue,
expanded lymphoid tissue, or respiratory
embarrassment. Another scenario is that small
upper and lower pharyngeal airways can aid in the
early detection of class Il malocclusion and the
more effective use of growth modification tools
to address the malocclusion. In order to detect
and prevent the emergence of malocclusion at
the proper time, a qualified physician may be
able to use this information to test patients for
probable respiratory disorders at an early stage
and to initiate suitable medication at the relevant
time [19]. Cephalometric films were found by
Malkoc et al. to be extremely dependable and
repeatable for pharyngeal airway dimension
estimation [20]. Since the study was carried
out on a general population, these conclusions
can be extended to different populations. Even
said, one potential drawback of the current study
could be its smaller sample size. In order to link
the pharyngeal airway with the palate depth in
all skeletal configurations with greater sample
sizes, more research is necessary.
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Conclusion

When comparing class Il malocclusion
participants to class | and class Ill subjects,
the palatal index of the latter group showed the
greatest mean value. Class I malocclusions had
the highest mean value for the upper airway when
compared to class Il and class 111 malocclusions.
Furthermore, class Il malocclusions had the
highest mean value for the lower airway when
compared to class I and class Il malocclusions.
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Ouinka kopeJsinii MisK IVIOTKOBUMM JUXAJIbHAMM HIJIAXAMU
Ta MiJIHEOIHHUM iHIEKCOM MPH Pi3HUX MOJEJISX POCTY CKeJIeTa

IBan Faymko?, Terpo @Jic?

! AcripanT Kadeapu OpTOIOHTII Ta MPOMEIEBTUKH OPTOIEIHIHOI cToMarosorii HamioHamsHOr o
MEIUYHOI0 YHIBEpCUTETY iMeH1 boromonbis.

2 JJokTOp MEIUYHHUX HaYK, Tpodecop Kadeapu OpTOAOHTIT Ta MPOTIEICBTUKH OPTONCIHYHOT
cromaroiorii HanioHaJbHOr0 METUYHOTO YHIBEpCUTETY iMeH1 boromomnbIis.
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Anomauia: B opmoooumii cmpykmypy 001uyus 1100UHU MOMHCHA USHAYUMU 3a CReYU@iuHUMU
XapaxmepucmuKamy ma aHamoMidHUMU KOPeaayiamu eIuOUHU, WUPUHU ma po3mipie nioneOinHs, wo
0onomazac y 8UsBleHHi anomaii npuxycy. binow enuboke yceioomnenus 36'a3Ky Midc CmpyKmypor
BEPXHIX OUXALHUX ULTIAXIE8 MA NOPYUEHHAMU OUXAHHSA NIO YAC CHY, A MAKONC 38 'SI3KY MIJC YUM CINAHOM
ma KpauiogayianbHowo mMopghonozielo 3a2aiom npuseeno 00 NOCMYNo8020 3POCMAHHA IHmepecy
00 DO3MIpPI8 8EPXHIX MA HUNCHIX OUXATbHUX WLIAXI8 NPOMALOM OCMAHHIX KIIbKOX Oecamunims.y
oocnidicenni gzsanu yyacmov 30 yuacnuxis, cepeodniil ik skux cmanosus 17,5 poxie. Yuacnuxam 6yau
npusnayeni ckenemi kiacu |, 1l ma Wl na ocnosi ixuvoco kyma ANB (mouka A, nazion, mouxa B) (N = 10).
Mooeni 0ocnidxcenHs BUKOPUCTNOBYBANUCS OJisL PO3PAXYHKY 8UCOMU NIOHEDIHHS, WUPUHU NIOHeOIHHSA
ma iHoeKcy aucomu nioHebinHa 3a donomozoro ananizy Koprxayca. /[ns 6umiprosanus posmipie 6epxHix
Ma HUNACHIX 2NIOMKOBUX OUXATLHUX WIAXIE HA OCHOGI 1amepabHOil yepanoecpamu eUKOPUCmos8y8ascs
ananiz ouxanvuux wasaxie Maxnamapu. /[ po3paxyHKy pe3yivmamieé UKOPUCMOBY8ABC Mecm
ANOVA. Il]o00 nionebinHo20 iHOeKCYy ma po3mipie OUXANIbHUX WIAXI8, CNOCMepPieanacs CMamucmudHoO
3Hauywa pisHuys y 6cix mpwvox epynax anomaniv npuxycy (knac |, W ma ). ¥V cy6'exmie 3i ckenemmnum
anomanicio |l knacy cnocmepicanucs naiieuwi cepeoni snavenns nionedinnoco indexcy (P=0,03). /s
8epxHix ouxanbHux uinsxie kiac | mas natibinoue cepeone snauenns (P=0,041), mooi sk knac lll mas
natisuuge cepeone snavenns (P=0,026) ons nuscnix ouxanonux wisixis. Byno 3po6ieno ucHO80K, o
cy6'exmu 31 ckenemuum munom Il knacy maromo ucoxe niOHeOIHHA Ma 3MEHUEHT BEPXHI MA HUICHI
OUxXanbHi wsIxXu nopieHaHo 3i ckenemuumu munamu kaacy | ma knacy W, axi noxasanu 6ineui éepxmi
Ma HUNACHI OUXANLHI WIAXU BIONOBIOHO.

Kuo4uoBi c;10Ba: opTOA0HTIS, A1arHO3, MATOJIOT 1Sl IPUKYCY, OPTOJOHTHYHI arapaTH, 3yOHa ayra.
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Abstract: Informed consent is a legal and ethical cornerstone of dental care, yet its effectiveness
depends not only on content but also on clarity of communication. While existing research extensively
covers the ethical and legal aspects, less attention has been given to the linguistic strategies that
shape patient comprehension. This study examines the use of code glosses, i.e. in-text clarifications of
technical terms, in 50 informed consent forms (ICFs) used in U.S. dental practices. Using Hyland’s
metadiscourse model and the Text Inspector tool, glosses were identified, categorized, and analyzed
across different sections of the forms. Results show that Explanation glosses dominate (45.9%), with
Implication and Exemplification glosses each at 19.7%. Most glosses appear in Procedure (30%) and
Diagnosis (28%) sections, while fewer are found in Risk (22%) and Consent statements (10%). These
findings highlight areas where patients may receive insuficient support to understand complex or
abstract information, particularly when it comes to making truly informed choices. Glosses improve
readability by unpacking specialized language and reducing cognitive load, especially under conditions
of stress or limited health literacy. Despite their benefits, certain gloss types, such as analogies or
conditionally phrased advisories, remain underused, possibly due to legal caution or a preference for
standardized phrasing. The study underscores that code glosses are essential communicative tools, not
mere stylistic additions. Greater integration of patient-friendly language and multimodal strategies is
recommended to strengthen informed consent practices and promote clearer, more equitable healthcare
communication.

Keywords: Dental Care, Health Communication, Informed Consent, Patient-Centered Care,
Patient Education, Terminology.

Introduction thcare more broadly, informed consent is not

Informed consent is a cornerstone of ethical only an ethical obligation but also a legal
and legal dental practice, ensuring that patients  requirement. It protects patient autonomy,
make voluntary and informed decisions about  promotes transparency in the patient-provider
their treatment. The concept of informed consent  relationship, and serves as a safeguard against
involves a process where patients voluntarily  potential legal disputes. The failure to obtain
agree to treatment after being informed about  proper informed consent may lead to legal
its advantages, risks, alternatives, and potential  liability for negligence or battery, even if the
consequences. In dentistry, as well as in heal-  clinical outcome is successful. Moreover,
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informed consent functions as both a procedural
and communicative act, requiring not just the
presentation of information, but its meaningful
exchange and patient comprehension.

Informed consent has been a subject of
extensive research across multiple disciplines,
including medicine [1 — 3], law [4 — 6], nursing
[7 — 9], bioethics [10 — 12], sociology [13 —
15], and psychology [16 — 18]. By 2003, over
4,000 empirical studies had been published on
the topic, reflecting its critical role in modern
healthcare ethics and communication [10].
However, despite this extensive literature,
there remains a significant gap in exploring the
discursive and linguistic dimensions of consent
forms as communicative instruments. Recent
studies have highlighted the challenges posed
by complex language in consent documents,
which can hinder participant comprehension and
undermine the consent process [3; 9; 10]. For
instance, a 2017 computational linguistic analysis
revealed that many consent form templates
use language exceeding the recommended
reading level, potentially impeding participant
understanding [19]. Other research emphasizes
the need for clearer language and more inclusive
communication strategies to ensure truly
informed consent [20; 21; 22]. Kazembe D. M.
et al. identified long and complex consent forms
as major barriers to participant understanding,
recommending efforts to simplify language, use
demonstrations, and allow repeated explanations
to improve comprehension [20]. Santel F. at
al emphasized that technical language and
ambiguity in consent forms negatively impact
participant understanding and compliance [21].
Goldshmitt M. et al reviewed digitalization
of informed consent, highlighting Al-driven
chatbots and large language models like
ChatGPT to simplify consent materials, provide
personalized explanations, and improve patient
comprehension and engagement [23]. These
findings as well as extensive existing literature
underscore the importance of addressing
linguistic and cultural barriers to enhance
the effectiveness of informed consent as a

communicative act. _
Building on these concerns, evidence

from dental settings further illustrates how
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inadequate communication can compromise the
consent process [24; 25]. A substantial number
of dental practices fail to provide sufficient
verbal explanations alongside written forms,
heightening the risk of misunderstanding or
misinterpretation. The use of specialized medical
terminology, for example, prosthodontics or
periodontitis, can be particularly problematic
for individuals without a healthcare background
[26]. This challenge is further intensified by
systemic constraints: clinicians’ time with
patients is increasingly restricted by regulatory
requirements, documentation and billing
tasks, administrative responsibilities, and
broader market pressures, all of which reduce
opportunities to deliver thorough explanations
as mentioned by Bala S. and co-authors [27].
Whether informed consent forms are presented
on paper or through digital platforms, patients
often face comparable challenges in navigating
lengthy and complex text. Online formats may
improve accessibility and standardization, but
they do not automatically resolve issues of
readability, jargon, or cognitive overload [28;
29]. Indeed, electronic forms may even
introduce new barriers, such as limited digital
literacy, distractions from multitasking, or
difficulties in engaging with static text on
screens [30]. Conversely, some studies suggest
that interactive digital consent systems, those
incorporating visuals, videos, or adaptive
explanations, can enhance comprehension and
recall when compared with traditional written
documents [31]. Nevertheless, the core difficulty
remains: patients must still struggle through
highly technical content, often at moments of

heightened anxiety, regardless of the medium.
Compounding  this  issue, emotional

factors often affect patients’ ability to process
complex information. High levels of anxiety
or distress can impair cognitive functioning,
leading patients to feel overwhelmed or
disengaged [32]. These emotional states not
only reduce information retention but can
also distort patients’ perceptions of risks and
benefits, ultimately impairing their capacity
for informed decision-making [22; 33, 34].
Individuals experiencing anxiety often struggle
to fully comprehend and retain the information
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provided by healthcare professionals, which
further complicates their ability to process
essential medical details [35]. Thus, beyond
linguistic complexity, both emotional and
contextual factors play a critical role in shaping
the efficacy of informed consent, particularly in
high-stress clinical environments.

In response to these challenges, researchers
and practitioners have turned to linguistic
strategies aimed at enhancing clarity and
supporting informed decision-making. One such
strategy is the use of code glosses — brief, in-text
explanations that clarify technical or specialized
terms [36]. Recognized in discourse analysis
as one of key elements of metadiscourse, code
glosses serve both textual and interpersonal
functions [37; 38]. They help readers navigate
dense medical language by providing definitions,
reformulations, or illustrative examples, thereby
making unfamiliar content more accessible. In
the context of informed consent forms, code
glosses can significantly improve comprehension
and promote patient autonomy by reducing
the cognitive load associated with complex
terminology.

Within  medical and dental discourse,
particularly in legally binding documents such
as consent forms, code glosses function as
textual signposts, guiding the reader’s attention
to essential terms while fostering clarity and
transparency. In their recent studies, Hyland
K. and co-authers emphasize their dual role in
enhancing understanding and fulfilling ethical
obligations regarding patient information
disclosure [39 — 41]. By incorporating glosses,
healthcare providers can better accommodate
patients with diverse levels of health literacy,
ensuring that critical procedural information,
risks, and alternatives are comprehensible.
Furthermore, the use of code glosses has
been linked to reduced cognitive overload,
which is especially important in emotionally
charged settings such as hospitals [19; 42].
Contemporary linguistic research also advocates
for multimodal glossing, combining textual
explanations with visual aids or analogies to
support comprehension, particularly for low-
literacy or multilingual populations [43 — 45].
This evolving approach positions code glosses
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not as superficial clarifications, but as essential
communicative tools that enhance equity,
inclusion, and ethical patient care.

Aim

The purpose of this study is to examine the
integration and distribution of code glosses in
dentistry informed consent forms (ICFs), with
a particular focus on their role in enhancing
textual clarity, reducing miscommunication, and
promoting patient autonomy. Grounded in both
practical and academic concerns, this research
emphasizes the alignment of gloss usage with
patient-centered care principles, as well as
legal and ethical standards of transparency.
Specifically, the study aims to analyze how code
glosses are employed across various sections of
informed consent documents, categorize them by
linguistic and functional types, and evaluate their
effectiveness in supporting patient understanding
of medical and procedural terminology. The
research also seeks to identify usage patterns
across different dental specialties, contributing
to the development of more accessible, ethically
sound, and communicatively effective consent
practices in dental care.

Materials and methods

This study adopts adescriptiveandexploratory
approach, aiming to examine metadiscourse
features as they naturally occur in written
texts. The identification and categorization
of metadiscourse elements, particularly code
glosses, is grounded in Hyland’s metadiscourse
model [36].

The data set comprises a corpus of 50 original
ICFs for dental treatment and procedures used
within the U.S. healthcare system by providers
authorized to deliver oral and dental services.
The forms were retrieved using the Google
search engine, with documents sourced from
reputable platforms including Open Dental
Software, the American Dental Association
(ADA) dental records reference, and Delta
Dental Incorporation.

To analyze metadiscourse markers, the
texts were processed using Text Inspector, a
professional web-based linguistic analysis tool.
This platform identifies fourteen categories of
metadiscourse markers based on the classification
system developed by Bax S. et al [46, which
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expand upon Hyland’s original taxonomy [36].
The results of the metadiscourse analysis,
generated by Text Inspector, were visually
represented in bar charts (Fig. 1), enabling
quantitative insights into distribution patterns.

Within each ICF, code glosses were
identified and systematically categorized. Their
percentage distribution was calculated to detect
usage patterns across different sections of the
forms. Furthermore, the glosses were assessed
in terms of clarity, relevance, and accessibility,
particularly in linguistically dense sections
such as Procedure descriptions and Risk
disclosures. This multi-level analysis provided a
comprehensive understanding of the role glosses
play in enhancing patient comprehension within
this type of medical documentation.

Results and Discussion

The analysis of a corpus comprising 50
randomly selected dentistry ICFs revealed
coverage across a broad spectrum of dental
procedures. Surgical and anesthesia-related
interventions accounted for the largest proportion
(40%), followed by orthopedic and orthodontic
treatments (25%); therapeutic procedures (20%)
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and cosmetic dentistry (15%) were found to
represent the smaller shares.

Each ICF was systematically analyzed for
the presence of code glosses, metadiscursive
devices that clarify or elaborate on specialized
terminology and procedural details. These
markers were categorized into five functional
types, based on K. Hyland’s taxonomy [36] and
recent discourse-analytic frameworks:

1. Explanation (e.g., ‘that is’, ‘in other
words’): defines or rephrases technical dental
terms (e.g., ‘apicoectomy, that is, surgical
removal of a root tip of the tooth’).

2. Implication (e.g., ‘this  means’,
‘therefore’). emphasizes outcomes or significance
(e.g., ‘Local anesthesia will be used, this means
you may feel pressure but no pain’).

3. Specification (e.g., ‘specifically’, ‘par-
ticularly’): narrows general instructions to
precise situations (e.g., ‘Avoid hard foods,
specifically nuts or raw vegetables’).

4. Exemplification (e.g., ‘for example’,
‘such as’): offers tangible examples (e.g., ‘Risks
include bleeding, such as prolonged oozing from
the extraction site’).
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5. Others: encompasses less conventional
or hybrid glosses, including analogies and
metaphors, which often serve to make abstract
concepts more relatable (e.g., ‘The implant fuses
with the bone like a natural tooth root’).

Applying Hyland’s classification sheds
light on how code glosses bridge technical and
patient-friendly language, reinforcing ethical and
legal standards for comprehensibility in ICFs.
Words such as that is, for example, this means,
specifically, etc. function as metadiscursive
signaling expressions that precede explanations,
clarifications, or elaborations. Rather than
contributing directly to the propositional content,
they guide readers through the text by indicating
how to interpret the surrounding information.
Operating at both the textual and interpersonal
levels, these pragmatic markers, typically
categorized as adverbial phrases, enhance
cohesion, support reader comprehension, and
facilitate logical flow within informed consent
forms.

The above functional categorization can
offer a nuanced understanding of how glossing
strategies support patient comprehension and
contribute to more transparent and ethically
responsible communication in dental consent
practices. The distribution of gloss types across
the analyzed corpus further emphasizes this
communicative role.

The distribution of gloss types across
the analyzed corpus highlights their distinct
communicative functions (Fig. 2).

M Explanation
Implication

W Specification
Exemplification

W Other

Fig. 2. Distribution of Code Gloss Types by
Communicative Function in Dental Informed
Consent Forms
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Explanation glosses were by far the most
prevalent, comprising 45.9% of all cases and
signaling a strong emphasis on the direct
clarification of dental terminology, e. g.:

Osteomyelitis (a_bone infection) may begin.
[59]

A crown, bridge, veneer (cosmetic cover),
natural crown, a dental restoration or my natural
tooth may break or crack because of the root
canal treatment. [60]

Local anesthesia (injection) with oral
premedication (pills before treatment). Informed
consent and permission form — extractions. [61]

Implication and Exemplification glosses
each accounted for 19.7%, approximately half
the frequency of Explanations, underscoring
their importance in contextualizing procedures
and illustrating potential outcomes to aid
interpretation. Within dental informed consent
forms, implications serve as interpretive bridges
between medical facts and patient understanding.
They translate clinical risks into what these may
mean for a patient’s oral health, treatment, or
daily life, thereby guiding readers toward clear
conclusions, for example:

There is a high risk of damage to the
restoration which may mean loss of porcelain or
fracture. [62]

This may

require transferring it to
,  Wwhere there isn’t
enough bone support (usually for placing dental
implants). [63]

Failure to have a permanent restoration
placed within 6 weeks following root canal
treatment may result in leakage of the temporary
restoration and reinfection of the root canals
(requiring retreatment of the root canal) or
fracture of the tooth (often requiring extraction).
[60]

Exemplification glosses stand out because
they anchor abstract, technical, or vague risks
into familiar, concrete experiences. Unlike
explanation glosses, which rephrase or define
a term, specification glosses, which narrow
general statements to precise situations, or
implication glosses, which stress consequences,
exemplification relies on vivid, patient-friendly
examples that reduce abstraction and aid recall.
In the context of medical settings, where patients
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are often confronted with dense medical or
legal terminology, exemplification serves as
a quite appropriate strategy for scaffolding
comprehension [47 — 48]. For example:

Materials such as biodentine can help where
nerve near nerve exposure is found (IC for Root
Canal Treatment). [60]

Very sticky food, including some types of gum,
sticky candies such as caramels, some licorices,
very hard substances, etc., can cause loosening
or dislodgment of the sealant. [64]

By offering concrete illustrations, clinicians
make technical concepts tangible and relatable
[36, 49].

Exemplification also aligns with findings in
health communication research, which shows
that patients process and retain information
more effectively when it is presented through
specific, everyday examples rather than abstract
generalities [50 — 51]. For instance, the U.S.
National Institutes of Health (NIH, 2017)
recommends that risk communication should
“include concrete examples that illustrate
how a risk might be experienced in real life”,
as this improves patient understanding and
decision-making [52]. Similarly, Spence P.
et al demonstrate that the use of exemplars in
medical risk communication enhances not
only comprehension but also trust, as patients
perceive the information as more transparent
and accessible [53]. Informed consent in
dentistry often involves discussing abstract
risks such as ‘possible complications’, ‘failure
of treatment’, or ‘post-operative discomfort’.
Without exemplification, such terms may remain
too vague for patients to grasp their practical
implications. However, by embedding glosses
like ‘post-operative discomfort, such as swelling
or tenderness when chewing’, practitioners
bridge the cognitive gap between professional
terminology and patient experience. This
strategy reduces uncertainty, mitigates anxiety,
and supports ethical principles of autonomy
by ensuring patients can make genuinely
informed choices [54 — 55]. Taken together,
Exemplification glosses are not merely stylistic
devices but evidence-based communicative
tools that make complex medical information
concrete, memorable, and actionable for
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patients, thereby enhancing the quality of
informed consent.

Specification glosses were less frequent,
comprising 9.84% of the total. While still
valuable, their more limited use may reflect
the nature of informed consent documents,
which often prioritize general explanations
over situational details. Because these texts are
typically designed for broad applicability across
patients and scenarios, there may be fewer
opportunities, or less perceived necessity, for
narrowing general instructions to specific cases.
For example:

Even though in the majority of the cases
(whitening, bleaching, bonding and veneering
teeth) there is usually no appreciable sensitivity,
this type of treatment may cause teeth to become
sensitive. [59]

I understand that the process of fabricating
and fitting removable prosthetic appliances
(partial dentures and/or complete artificial
dentures) includes risks and possible failures.
[65]

Other glosses, including analogies, hybrid
glosses, or conditionally phrased advisories,
comprised only 4.92% of the total. Here are
some examples:

Hybrid gloss: Crowns and bridges are not as
strong as natural teeth and extra care is needed
to avoid undue trauma to them such as wearing
mouth-guards during sports. [65]

Analogue: Occasionally, the canals are
calcified or blocked, preventing sealing of the
root end. Similarly, instruments tips occasionally
break of f within the canal preventing sealing of
the root end. [60]

Conditionally phrased advisories: If you do
not follow post-operative instructions, healing
may be delayed. [59]

The analogies include concrete comparison
(e. g. crowns vs natural teeth) to help patients
understand limitations in familiar terms; the
advisories, often use modal verbs lie may, might,
could, or conditional phrases like if, in case,
depending on to indicate conditionality and tend
to blend description of what could happen with
what might make those risks more likely (pre-
disposing factors, patient behavior, etc.). The
advisories typically point out potential risks,
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side effects, or procedural outcomes without
overpromising or creating legal liability and
emphasize the role of patient compliance in
recovery outcomes: they are a cautious way to
clarify uncertainties while still informing the
patient.

The relatively low frequency of these residual
glosses may be attributed to the inherently
cautious and standardized nature of medical-
legal documents like ICFs. While such glosses
can be rhetorically powerful and helpful in
making abstract concepts more relatable (e.g.,
comparing an implant to a natural tooth root),
they may also introduce ambiguity or unintended
interpretations.

As a result, healthcare professionals
and legal advisors may limit their use to
avoid miscommunication or legal liability.
Furthermore, the use of figurative or non-literal
language is less common in technical writing,
which often prioritizes precision, neutrality,
and clarity over creativity or personalization.
Consequently, these glosses tend to appear only
in cases where a more accessible or empathetic
explanation is considered essential to patient
understanding.

In addition to functional classification, each
gloss was mapped to the specific section of the
consent form in which it appeared, including
Description of the procedure/treatment,
Diagnosis or condition information, Risks and
potential complications, and Voluntary consent
statements. The percentage distribution of gloss
types was calculated to identify dominant patterns
and potential areas of linguistic complexity or
patient misunderstanding. The analysis revealed
that the highest proportion of glosses (30%)
appeared in the section describing the procedure
or treatment, followed closely by 28% in the
section providing diagnosis or information
about the condition requiring treatment. Glosses
related to possible risks and complications
accounted for 22%, while only 10% were found
in the patient’s voluntary consent section. These
findings suggest that the most conceptually and
linguistically dense sections, particularly those
explaining procedures and diagnoses, may
benefit from enhanced clarity and additional
support to facilitate patient comprehension.
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The observed distribution indicates prioritized
a focused effort to ensure terminological clarity
and enhance patient understanding in consent
form sections that involve greater conceptual
or procedural complexity. The predominance of
explanation glosses reflects purposeful linguistic
adjustments aimed at supporting informed
decision-making in high-stakes dental contexts,
where miscommunication may compromise
patient autonomy or adherence. These results
point to the need for targeted improvements in
patient-healthcare provider communication,
including practitioner training in the consistent
and effective use of metadiscursive clarification
strategies.

Gloss usage within informed consent
documents demonstrates a clear strategy to
improve comprehension and reduce ambiguity.
The frequent inclusion of explanation glosses
shows an intent to make technical dental
language more accessible by rephrasing or
unpacking key terms. This is especially critical
in sections detailing procedures and diagnoses,
where accurate understanding is essential.
The comparable presence of implication and
exemplification glosses further enhances
interpretability by providing contextual cues and
concrete examples that aid patient processing of
complex information.

The lower frequency of specification and
other glosses may indicate areas where consent
form designers rely less on nuanced clarification,
potentially because the content is more
straightforward, or due to space constraints.
However, these underused gloss types could
offer additional support, particularly for patients
with lower health literacy levels.

From a clinical communication perspective,
the strategic placement of glosses within
complex sections of the form points to an
awareness, whether conscious or intuitive, of
where patients are most likely to struggle. These
findings align with existing research highlighting
the importance of clarity and plain language in
legal and medical documentation [30, 56 — 58].

However, the overall effectiveness of glosses
also depends on their clarity, tone, and relevance.
A gloss that is too technical or too vague may
do little to aid comprehension. This reinforces
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the need for patient-centered design principles,
where consent forms are co-developed or tested
with actual patients, ensuring that linguistic
strategies such as glossing serve their intended
purpose: enhancing understanding, not merely
expanding content.

Limitations

While this study provides valuable insights
into the role of code glosses in enhancing
the readability and communicative clarity
of dental ICFs, several limitations should be
acknowledged. First, the sample size was limited
to a specific set of consent forms from dental
clinics and academic institutions, which may
not fully represent the diversity of ICFs used
across regions, specializations, or healthcare
systems. The generalizability of the findings
may therefore be constrained by institutional
or cultural variations in document design and
language use.

Second, the study focused exclusively on
the linguistic features of the written consent
forms and did not include patient feedback or
comprehension assessments. As a result, while
the functional categorization of glosses provides
a useful framework for assessing potential
clarity, it does not offer conclusive evidence
about their effectiveness in practice. Moreover,
individual differences in health literacy, language
proficiency, and prior dental knowledge may
significantly mediate how patients interpret and
benefit from these clarifying strategies.

Third, the study did not assess visual or
multimodal elements that may accompany or
support textual content in ICFs such as diagrams,
icons, or formatting features, which can also play
a critical role in shaping understanding.

Future research should aim to address these
limitations by incorporating mixed-methods
approaches, combining textual analysis with
patient surveys, interviews, or comprehension
testing. Investigating how different patient
groups (e.g., varying in literacy level, language
background, or age) interpret glosses would
offer critical insights into tailoring consent
materials for inclusivity and equity. Exploring
the integration of digital or multimedia consent
formats (e.g., interactive forms with embedded
glosses, audio explanations, or visuals) presents
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a promising avenue for future innovation in
consent communication.
Conclusion.  This study shows that
code glosses are vital for enhancing patient
comprehension and  safeguarding ethical
principles of autonomy and informed decision-
making. Nearly half (45.9%) of glosses served
to explain technical terms, underscoring the
central role of definitional clarity in dental
communication. Their frequent use in procedure
(30%) and diagnostic (28%) descriptions
highlights clinicians’ awareness of patient needs
in complex areas, while their relative absence in
risk and consent sections raises concern about
patients’ ability to make fully informed choices.
Clear and patient-centered communication
is fundamental to ethically robust informed
consent. For Ukrainian healthcare, where
rebuilding trust and ensuring transparency
are especially important in the context of war-
related stress and ongoing reform, strengthening
informed consent practices is a pressing priority.
Improving how risks, benefits, and patient rights
are communicated can help ensure that consent is
not only a formality but a genuine expression of
understanding and autonomy. Expanding these
practices, supported by patient feedback and
cross-cultural analysis, will contribute to more
ethically sound and legally resilient healthcare
delivery.
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IHosicHIOBaJIBHI cTpareril y npoueci orpuMaHHs iHGopMoBaHoi 3roau
B CTOMATOJIOTIYHIN NMPaKTUIL

Amnacracist [Tucapenko’, Bikropist Kocrenko?

! Crynentka, [TonraBcbkuil AepkaBHUI MeIMYHUH yHIBepcuTeT, M. [TonTaBa, Ykpaina

2 JloueHT, Kadenpa iHO3eMHUX MOB 3 JIATHHCHKOK MOBOKO Ta MEAMYHOKO TEPMIHOJIOTIEO,
[TonTaBchbkuii AepkaBHUN METUYHUN yHIBepcuTeT, M. [lontaBa, Ykpaina
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Anomauia: Ycniwme ompumanHs iHGOPMOBAHOT 3200U HA NIKYBAHHA 3ANEHCUMb He Juule
8i0 3micmy OOKyMeHma, a U 8i0 4imkocmi, 0OCMYNHOCMI ma epexmueHocmi KOMYHIKayii mixc
qikapem i nayienmom. Ilonpu 3Hauny ysazy 00 emuyHux i npagosux acnekmie inghopmosaHoi 3200u,
JUHBICIMUYHI YUHHUKU, WO GNIIUBAIOMb HA PO3VMIHHS NAYIEHMAMU HAOAHOI IHGhopMayii, 3aruuaromscs
Hedocmammubo eusyeHumu. Memoio 0ocniodxcenns € ananiz 6UKOPUCMAHHSA 6HYMPIUHbOMEKCMOBUX
P03 'ACHEHb CKIAOHUX MeOUYyHUX mepminie (code glosses) y chopmynapax inghopmosanoi 32eoou, wo
3acmocogyiomuvcs y cmomamonoziunux xkninikax CLIA. 'V eubipxy ysitiwnu 50 ookymenmis. Ananiz
30ilicHeHo Ha 0cHO8I Modeni memaoduckypcy Kena I'atinenoa iz sukopucmannsam incmpymenmy Text
Inspector ons ioenmugpikayii ma knacugixayii munie po3 icHeHb | 6U3HAYEHHS iX PYHKYIOHATbHO2O0
HABAHMANCEHHS 8 PIZHUX CMPYKMYPHUX po30inax mekcmig. Pesynomamu nokasanu, wo Haubinbul
nowupeHumu € po3 scrhennsi muny noscuenns (explanation), wo ckradaroms 45,9%, mooi sk exaszisxka
na nacaioxu (implication) ma npuxknao (exemplification) cmanosnsimo no 19,7% roowcen. birvuwicmo
po3’sicheHb 3agikcosano y posdinax « Onuc npoyedypu» (30%) ma «iacnosz» (28%), piowe — y
posoinax « Pusuxu, noe sizani 3 npoyedyporoy (22%) ma «obposinena 3eooa» (10%). Li dani ceéiouams
PO HepPiBHOMIPHICMb NiH28ICMUYHOI NIOMPUMKU 8 MEKCMAax iHGYOPMOBaAHOI 3200U, W0 NOMEHYIUHO
YVCKIIAOHIOE PO3YMIHHAOJIA NAYIEHMIE 3 HU3LKUM DIGHeMMeOUdHoiepamomuocmi. Buympiwmvomekcmogi
P03 ACHEHHs 8i01eparomy 8ANHCIUBY PONb V 3HUNCEHHT KOSHIMUBHO20 HABAHMAICEHHS MaA 3a0e3nedenHi
0ocmynHocmiingopmayii,0co0.1u800a58pasUeuUxepynHaceieHus. Hamomicmooesakimunupos ‘screns,
30Kpema aHanoeii abo ymoeHi (hopmyn08aHHs, SUKOPUCTOBYIOMbCA 8KPAll PIOKO, IMOGIDHO uepe3
FOPUOUYHI YU CIUAICMUYHL 0OmedicenHs. JlocniodceHHs niomeepoiCye, wo Ninesic muuni cmpamezii,
CNPAMOBAHI HA PO3 SICHEHHsT Cneyianizo8anoi iHgopmayii, € He OpYeOPAOHUMU CIUTICMUYHUMU
3acobamu, a KIo4o8uMY ereMeHmamy nayicHm-opicHmosanoi komynixayii. Pekomendyemocs wupuie
8NP0OBADIHCYBAMU 3PO3YMILY, A0ANMOB8aHy 00 hompeb nayieHma Moey, a MmakKoHc MYyIbMUMOOANbHI
iHcmpymeHmu 0151 Ni08UWeHHs eheKMUBHOCMI IHPOPMOBAHOI 3200U.

KuiouoBi cjioBa: ctomMaTonoriyHa J0moMora, KOMYHIKaIlis B OXOPOH1 310pOB’si, iHPOpMOBaHa
3rojia, Mali€HT-OPIEHTOBAHA JJOMOMOTa, HABYaHHS MAIlI€HTIB, TEPMIHOJIOT1S.
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Abstract: One of the central problems of modern dentistry is the analysis of the impact of juvenile
idiopathic arthritis (JIA) - the most widespread heterogeneous rheumatic disease in pediatrics on a
child's dental health. The prevalence of JIA in Ukraine is 0,37 cases per 1000 children under 17 years
of age with a tendency to increase. JIA is a collective term that combines various forms of arthritis
of unknown etiology, which debut in children under 16 and lasts for more than 6 weeks. The central
idea in JIA management is that treatment, timeliness, and adequacy determine the disease's prognosis
and the child's further development. The primary principles in the treatment of JIA manifestations
remain the principles of basic therapy of the disease, necessarily with the use of disease-modifying
antirheumatic drugs. Taking into account the negative dynamics of the incidence of JIA and scientific
data about the impact of the disease on the condition of hard dental tissues, conducting research in
this area is of particular scientific interest to us. This study aims to determine the prevalence and
intensity of the carious process in adolescents suffering from JIA, taking into account the subtypes of
rheumatological disease and the possible negative impact of basic drug therapy. As part of the study,
a dental examination of 80 adolescent children suffering from JIA was conducted. The control group
consisted of 20 healthy adolescents. By the study design, the study participants were divided primarily
by the presence of JIA; the second division was based on the presence of a specific subtype of JIA in the
study participants: groups with polyarticular rheumatoid factor positive (RF+) (n=29), oligoarticular
(n=24), enthesitis-associated (n=12), polyarticular RF- (n=10), undifferentiated (n=5) variants of
JIA and a control group (n=20). Another division of the study participants took place according to
the basic medical support: groups of patients taking methotrexate at a dose of less than or equal to
15 mg (n=43) and greater than 15 mg (n=18), a group of patients receiving adalimumab (n=20)
and a control group (n=20). An examination of the oral cavity, recording of the dental formula and
determination of the prevalence and intensity of the carious process in the studied groups depending
on the presence of JIA, basic medical support and subtype of the disease were performed. Statistical
analysis of the data was performed using the STATISTICA 10.0 program. It was noted that patients
with JIA have a 1,6-fold higher intensity of dental caries compared to children without JIA (p=0,004).
Analysis of the structure of the DMF+df index allows us to state that patients with JIA have carious
lesions of permanent teeth on average 2 times more often compared to the control group (p= 0,004).
Analysis of the effect of basic drug therapy on the caries intensity in general and separately on each
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structural component of the DMF+df index showed that patients taking methotrexate at a dose of less
than or equal to 15 mg have an average caries intensity of 1,25 times higher compared to patients who
take adalimumab, and a 2-fold higher intensity of the carious process compared to children without
general somatic pathology (p = 0,0096 and p = 0,0008, respectively). The study also showed that
patients taking methotrexate at a dose of less than or equal to 15 mg have an average of 3 times higher
frequency of carious lesions of permanent teeth (p = 0,0016). The analysis of the influence of the JIA
subtype on the intensity of the carious process showed that patients with RF-negative polyarticular
and oligoarticular variants of JIA have, on average, twice the intensity of caries compared to the
control group (p = 0,0032 and p = 0,0065, respectively). In contrast, the JIA subtype does not affect
the structure of caries incidence in adolescents.

Keywords: Adolescent, Dental Caries, Prevalence, Arthritis, Juvenile.

Introduction Pylypyuk O.Yu. in her PhD thesis states that

Juvenile idiopathic arthritis (JIA) is “arthritis  children with JIA have 2-3 times higher intensity
of unknown etiology that begins before the age  of caries compared with healthy individuals. She
of 16 and lasts at least 6 weeks and other known  also notes that patients with JIA demonstrate a
conditions are excluded” [1,2]. According to tendency to the prevalence of decompensated
official statistics, the prevalence of JIA in Ukraine  forms of caries in the structure of dental
is 0,37 cases per 1000 people and there isa fairly  morbidity as opposed to compensated ones in the
pronounced tendency for its increase [3]. control group [11].

According to scientific research, JIA is Similar results were obtained by Welbury, R.
considered the main rheumatological disease of et al. Thus, they emphasized the increase in the
childhood that leads to short-term and long-term  frequency of caries in all age groups of children
disability [4]. The central place in the problem  with JIA compared to children in the control
of JIA is occupied by the issue of treatment, the  group [12].

timeliness and adequacy of which determines Savioli, C. et al., studying this problem in

the prognosis of the disease and, probably, the  Brazil, also noted a difference in the DMF index

further life of the child [5]. in children with JIA, that correlates with the
The main goal of JIA treatment is to achieve  tendencies cited above [13].

clinical remission [6]. The main goal of treatment At the same time, Gil E. et al., analyzing the

is to control the activity of JIA [7]. Until thetime  prevalence of caries in children with JIA living
goal isachieved, drug therapy should be changed  in Norway, compared to the control group, did
at least every 3 months [6]. not find any differences in the prevalence of this

The primary treatment for JIA manifestations  dental disease. At the same time, they did not
today remains the principles of basic therapy of  reject the hypothesis of the presence of potential
the disease, which include disease-modifying  correlations between the indicators characterizing
antirheumatic drugs [8]. JIA and the activity of caries [14]. Taking into

The main dilemma of JIA treatment is that, on  account the negative dynamics of the incidence
the one hand, the lack of drug support for patients  of JIA, the lack and certain controversy of data
with this disease leads to impaired growth and in the literature on the impact of the disease on
development of the child's body (Garner AJ et  the condition of hard dental tissues (Walton A.G.
al.) [9], and on the other hand, the use of disease- et al.) [15], conducting research in this area is of
modifying antirheumatic drugs, as the authors  particular scientific interest to us.
indicate, can cause serious side effects [10]. Aim

Analysis of the results of scientific studies To determine the prevalence and intensity
related to the investigation of caries in patients  of caries in adolescents with JIA, taking into
with JIA showed rather ambiguous results. Thus,  account the subtypes of the rheumatological
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disease and the possible negative impact of basic
drug therapy.

Materials and methods

The study, which was conducted at the
Department of Cardiorheumatology of the State
Institution “Institute of Child and Adolescent
Health Care, AMS of Ukraine", involved 80
children aged 10 to 17 years with a diagnosis
of JIA, verified by a pediatric rheumatologist.
Patients received treatment according to the
guidelines of medical care for children in the
specialty "Pediatric Cardiorheumatology". The
control group consisted of 20 adolescents aged 10
to 17 years without concomitant general somatic
pathology. Before being involved in the study,
informed consents were signed by the participants
and their parents or caregivers. The research
protocol was developed in accordance with
The Declaration of Helsinki (2013) principles
and was approved by the Ethics and Bioethics
Commission of Kharkiv National Medical
University on October 12, 2022 (protocol Ne 2).
All participants in the experiment underwent a
basic dental examination and a dental formula
record. To determine the intensity of the carious
process during the period of alternating occlusion,
the index DMF+df, permanent- DMF (where
d- decayed temporary tooth, f- filled temporary
tooth, D- carious lesion of a permanent tooth,
F- filled permanent tooth, M- missed permanent
tooth) was used. Prevalence of caries in children
with JIA and the control group was calculated
as the percentage of people with carious, filled
and extracted teeth from the total number of

respondents in the group.
According to the study design, the

distribution of participants occurred three times.
Firstly, patients were divided according to the
presence (n = 80) or absence (n = 20) of JIA.
Within the next division, 4 groups were created
according to the basic therapy of JIA: patients
with JIA receiving methotrexate (MTX) at a
dosage of less than or equal to 15 mg (n = 43),
patients with JIA receiving MTX at a dosage
of more than 15 mg (n = 18), patients with JIA
receiving MTX and adalimumab (n = 19) and
the control group (n = 20). The third distribution
was based on the presence of a certain subtype
of JIA in the patient: patients with polyarthritis

ISSN 2786-6661
elSSN 2786-667X

rheumatoid factor positive (RF+) (n 29),
polyarthritis RF- (n = 10), enthesitis-related
(n=12), undifferentiated (n =5), oligoarthritis
(n =24) variants of JIA and the control group
(n=20). In each of the distributions, the groups
were comparable in age and sex.

Statistical analysis was performed using
the STATISTICA 10.0 program. Shapiro-Wilk
normality test (W test) was used to analyze
the distribution of quantitative characteristics
in each group. For samples with non-normal
distribution, the values of the median (Me), upper
and lower quartiles Me (Lg; Uq) were indicated.
Taking into account a non-normal distribution
of data, the Mann-Whitney U-test (UMV) was
used to test the significance of the differences
in the mean values of independent groups in
the case of pairwise comparisons, and with
three or more comparisons, the Kruskal-Wallis
H-test with posterior comparisons by UMV was
used. To assess the statistical significance of the
differences in relative indicators Pearson's chi-
square test was used taking into account the
fact that when the expected phenomenon took
a value from 5 to 9, the Yates correction was
used. When comparing relative indicators, the
Fisher exact test was used. A p<0,05 value was
considered statistically significant; for multiple
comparisons of quantitative characteristics, the
Holm-Bonferroni and Benjamini-Hochberg
methods were used.

Results

Analyzing the prevalence of caries in this
study, we found that in the group of children
with JIA out of 80 adolescents, only 6 people
did not have signs of carious lesions of the teeth
(92,5%), and in the control group, among the 20
examined, only two did not have carious disease
(90%). Thus, both groups demonstrate quite
similar indicators, which may be interpreted as
a high prevalence of caries. The Fisher exact
test (p = 0,659) indicates the impossibility
of rejecting the null hypothesis, i.e., there is
no statistically significant difference in the
prevalence of caries between the JIA and control
groups in this study.

Having analyzed the intensity of the caries
process in the group of children with JIA,
we found that the median value is 4,0 with an
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interquartile range from 2,0 to 6,0. The intensity
of caries in the control group was 2,5 (1,0;4,0),
respectively. Further analysis of the data set
using UMV showed a statistically significant
difference in the data obtained (p = 0,004), and
therefore we can state that patients with JIA in
this study had an average of 1,6 times higher
intensity of the carious process compared to
children without somatic pathology (Table 1).
Analysis of the structure of the intensity of the
carious process in the above groups did not
reveal statistically significant differences in the
components “d”, “f’, “F”, and “M”, however, the
intensity of carious lesions of permanent teeth
was 2 times higher in the group of adolescents
with JIA compared to those somatically healthy
with p = 0,004 (Table 2). In general, we see that
adolescents of both groups have carious lesions
and dental fillings mainly in permanent teeth,
and therefore it is necessary to carry out effective
prevention of diseases of the hard tissues of
permanent teeth.

As a next step, the impact of basic JIAtherapy
on the intensity of the caries was assessed.
Kruskal-Wallis test was performed (H (3,
N = 100) = 14,45, p = 0,002) to indicate the
presence of significant differences between the
compared groups. Then pairwise comparisons
were made between groups using a posterior

Table 1. Prevalence and intensity of
the carious process in children with JIA
and the control group

FEUZIL Controls
with JIA (n=20) p
(n=80) -
Prevalence 0 . -
of caries 92,5% 90 % p= 0,659
Intensity 4,0 25 ~
of caries (2,0:6,0)| (1,0:4,0)| P UMV=0,004
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UMV with a level of statistical significance
adjusted according to the Holm-Bonferroni
method. It was found that patients receiving MT X
at a dosage of less than or equal to 15 mg had a
1,25-fold higher intensity of the carious process
compared to patients receiving adalimumab,
and a 2-fold higher intensity of the carious
process compared to the control group, and the
above differences are statistically significant
(Table 3). The analysis of the structure of the
DMF+df index depending on the type of basic
medication did not reveal statistically significant
differences in the components “d”, “f’, “F”,
“M”, however, the Kruskal-Wallis test (H (3,
N=100)= 13,51, p= 0,004) showed the presence
of significant differences in the component of
carious lesions of permanent teeth. A series of
posterior pairwise comparisons with the level of
statistical significance adjusted according to the
Holm-Bonferroni method allows us to conclude
that in this study, patients receiving MTX at a
dosage of less than or equal to 15 mg were three
times more likely than children in the control
group to have carious lesions of permanent teeth
(p=0,0016) (Table 4).

As the next step, the analysis of the influence
of JIA subtypes on the intensity of caries was
performed. The Kruskal-Wallis test showed the
result H (5, N=100) = 11,03, p = 0,049, which
indicates the presence of significant differences
in the compared groups. A series of pairwise
posterior comparisons using UMV with the level
of statistical significance adjusted according to
the Benjamini-Hochberg method allows us to
state that patients with RF-negative polyarticular
and oligoarticular variants of JIA have on average
twice the intensity of the caries process compared
to that in healthy children of the control group
(Table 5). The analysis of the DMF+df index
did not reveal statistically significant differences
between the groups, which allows us to conclude

Table 2. Structure of caries intensity in adolescents with JIA and controls

d f D F M
Patients with JIA (n=80) 0 (0;0) 0 (0;0) 2(1;4) 0 (0;2) 0 (0;0)
Controls (n=20) 0 (0;0) 0 (0;0) 1(0;1) 0(0;2) 0 (0;0)
p umv 0,42 0,96 0,004 0,66 0,80
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Table 3. Intensity of the carious process in JIA patients dependent on medication

JIA patients, JIA patients, taking | JIA patients, taking Controls
taking MTX <15 MTX >15 mg MTX+adalimumab (n=20)
mg (n=43) (n=18) (n=19) .
Caries intensity 5,0 (3,0;8,0) 4,0 (2,0;6,0) 4,0 (2,0;5,0) 2,5(1,0;4,0)

PMTX <15mg-MTX>15mg = 0,198; pMTX <15mg - adatimuman = 0,0096*;

PMTX <15mg - controls = 0,0008*, PMTX >15mg — adalimumab = 0,256,

PMTX>15mg - controls = 0,049, adalimumab — controls — 0,243

* — statistically significant p value corrected using Holm-Bonferroni method

Table 4. Structure of caries intensity in adolescents with JIA dependent on medication

d f D F M
JIA patients, taking : : . : )
MTX <15 mg (n=43) 0 (0:0) 0 (0;0) 3(1;5) 1(0;2) 0 (0;0)
JIA patients, taking ) . i ] )
MTX >15 mg (n=18) 0(00) 0 (0:0) 2(1;4) 1(0;2) 0 (0,0)
JIA patients, taking
MT X+adalimumab 0(0;1) 0 (0;0) 1(0;3) 0 (0;1) 0 (0;0)
(n=19)
Controls (n=20) 0 (0;0) 0 (0;0) 1(0;1) 0 (0;2) 0 (0;0)
H (3, N=100) | H (3, N=100) | H (3, N=100) | H (3, N=100) | H (3, N=100)
Kruskal-Wallis test =217, =0,58, =13551, =177, =1,68,
p=0,54 p=0,89 p= 0,004 p=0,62 p= 0,64
PMTX <15mg - MTX >15mg = 0,50; PMTX <15mg - adalimumab = 0,025;
PMTX <15mg - controls = 0,0016*, pMTX >15mg — adalimumab = 0,118,
PMTX>15mg - controls = 0,126, Padalimumab — controls = 0,204
*— statistically significant p value corrected using Holm-Bonferroni method
Table 5. Intensity of the carious process in JIA patients dependent on disease subtype
JIA JIA
.. . JIA JIA JIA
polyarthnitis | polyarthritis enthesitis-related | undifferentiated | oligoarthritis Corltrols
RF+ RF- (n=12) (n=5) (n=24) (n=20)
(n=29) (n=10)
Caries ) ] ] ) ) 25
intensity 4,0 (2,0;6,0) | 5,0 (4,0;5,0) 5,0 (3,0;7,5) 5,0 (4,0;5,0) 5,0 (3,0;6,5) (1,0:4.0)

Proly RF+ -poly RF- = 0,26, Proly RF+ — enth-rel = 0,31, Proly RF+ —undif = 0,44,

Proly RF+—oligo = 0,24; Proly RF+ - controls = 0,16; Proly RF-—enth-rel = 0,59;

Proly RF- undif = 0,95; Proly RF-—oligo = 0,60; Proly RF- - controls = 0,0032*;

Penth-rel - undif = 0,95; Penth-rel - oligo = 0,76; Penth-rel - controls = 0,02,

Pundif - oligo = 1 ,0; undif — controls = 0,08; Poligo - controls = 0,0065*

*— statistically significant p value corrected using Benjamini-Hochberg method

that the JIA subtype has no influence on the
structure of caries intensity in adolescents in this
research (Table 6).

The results obtained in this research correlate
with those reported by Gil E. et al. [14], and

we also did not find a statistically significant
difference in the prevalence of caries between
children with JIA and those without comorbidity.
Also, our analysis allows us to distinguish the
disease subtype and its basic medical support
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Table 6. Structure of caries intensity in adolescents with JIA dependent on disease subtype

d f D F M
JIA polyarthritis RF+ (n=29) 0 (0;0) 0(@©;0)|] 2,0(1,0;4,0) 1,0 (0;1,0) 0 (0;0)
JIA polyarthritis RF- (n=10) 0 (0;0) 0(0;0)| 3,0(2,0;4,0) 0(0;1,0) 0 (0;0)
JIA enthesitis-related (n=12) 0 (0;0,5) 0 (0;0,5) 2,0 (0;5,0) 2,0 (0;2,0) 0 (0;0)
JIA undifferentiated (n=5) 0 (0;0) 0(0;0)| 1,0(1,0;2,0) 3,0 (0;3,0) 0 (0;0)
JIA oligoarthritis (n=24) 0(0;1,5) 0 (0;0,5) 2,5 (0;3,0) 0(0;1,0) 0 (0;0)
Controls (n=20) 0 (0;0) 0 (0;0) 1(0;1) 0 (0;2) 0 (0;0)
H (5, N=100) | H (5, N=100) | H (5, N=100) | H (5, N=100) | H (5, N=100)
Kruskal- Wallis test =10,23, = 3,57, =10,72, = 6,39, = 2,6,
p=0,07 p=10,61 p=0,06 p=0,27 p=0,75

as specific factors that influence the course of
caries. Also, our results correlate with those
obtained by a Ukrainian researcher [11] in the
context of the presence of differences in the
intensity of caries between the studied groups,
which in our opinion, can serve as a basis for the
development and implementation of a rational
program for the prevention of dental diseases in
adolescents with JIA.

We believe that further large-scale multicenter
clinical studies aimed at studying the impact of
juvenile idiopathic arthritis on the condition of
dental hard tissues are warranted. Such studies,
in particular, using a larger sample of patients
and standardized assessment methods, will allow
us to more objectively confirm our conclusions
and expand our scientific understanding of
the relationship between systemic rheumatic
diseases and dental health.

Conclusions

The data obtained during the study indicate
that the basic therapy and the subtype of JIA
have an impact on the caries intensity and the
structure of the DMF+df index in the caries of
permanent teeth component.

We see further prospects for the study in
conducting multicenter prospective studies that
will be concerned with the search for correlations
between JIA-specific disease factors and caries
disease, which will contribute to increasing
the effectiveness of prevention programs and
providing high-quality dental care to this group
of patients.
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NIJTITKOBOI 0 BIKY, IKi XBOPIIOTH HA IOBECHIILHUM i1iONaTHYHMUI apTPUT

JOmutpo Komapos?, Harauist CaBeiibeBa’

! AcnipanT kadeapu cromaronorii HaB4aasHO-HayKOBOIO iHCTHTYTY I CIISAUIUIOMHOI OCBITH,
XapKiBChbKHI HAIIOHAJILHUA MEUYHUHN YHIBEPCUTET, M. XapKiB, YKpaiHa

2TIpodecop kadeapu cromarosorii HapuanpHO-HAYKOBOTO IHCTUTYTY ITiCITUIUIOMHOT OCBITH,
XapKiBCbKHI HalllOHAJIbHUN METUYHUI YHIBEpCUTET, M. XapKiB, YKpaiHa

Address for correspondence:

Dmytro Komarov

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)
http://mmj.nmuofficial.com

190


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661

Issue 4 (158), 2025 eISSN 2786-667X
Creative Commons «Attribution» 4.0

E-mail: dr.dmytrokomarov@gmail.com

Anomauin: 0OHI€E 3 YEeHMPATbHUX NPOOIEeM CYYACHOI CIMOMAMON02I] € GUBYEHHS BNIUBY HA
CMoMamonociune 300p08°si OUMUHU 108eHiIbHO20 [0ionamuunozo apmpumy (FOIA) — naiibinbw
NOWUPEHO20 2eMepO2eHH020 XPOHIYHO20 PeBMAMUYHO20 3aX680piosants y nediampii. Ilowupenicmo
IOIA 6 Vkpaini cmanosums 0,37 eunaoku na 1000 dimeii gikom 0o 17 pokieé 3 meHOeHyiclo 00
spocmanns. FOIA — 30ipne nonamms, wjo 06 '€OHye pi3Hi popmu apmpumis Hegi0oMOoi emionoeii, aKi
oebdromytoms y dimeti 0o 16 pokis i mpusaioms nonad 6 mudcuis. Llenmpanvne micye y npobremi
IOIA 3aiimaroms numanns 1iky8amHs, 8i0 C60E€UYACHOCMI MA AOEKBAMHOCTI K020 3ANeHCUMb NPOCHO3
3axX60pHO6aHHA I, HanesHe, nodanvbiua 00 oumunu. Ilepeunnum y nikysauni npossie FOIA 3anuuaromocs
npuHyunu 6a3uUcHoi mepanii 3axX60PHOBAHHS. HEOOMIHHO 13 3ACMOCYBAHHAM X80POOOMOOUPDIKYIOUUX
npomupesMamudHux npenapamis. 36asxcarodu Ha He2amusHy OUHAMIKY 3axeopiosanocmi Ha FOIA ma
0bmanb OaHux 6 limepamypi wWooo 6NIU8y 3aX60PIEAHHS HA CIAH MEEPOUX MKAHUH 3Y0i8, NDOBEOeHH s
00CNIOHCEHb 8 YbOMY HANPAMKY NPeOCMAsIAe 01 HAC 0CoOauUl Haykosuu inmepec. Memoto oanozo
00CNI0NCEHHS € BUBHAUEHHANOUUPEHOCTIMATHMEHCUBHOCIKAPIO3ZHO2ONPOYeCyB0IMelnionimKko8020
6iKy, sKi xeopitomwv na FOIA 3 ypaxysannsam cybmunie peemamono2iuHo20 3axX60PHOAHHSL A MONCTIUBO2O
He2amu8HO20 GNIUBY MEOUKAMEHMO3HOI 6a30601 mepanii. B pamkax 6uKoHaHHs 00CTIONCEHHS NPOBeOeHe
cmomamonoziune oocmedncerns 80 dimeti nionimkoseoeo 6ixy, axi xeopitoms na FOIA. I’ pyna konmponio
cknadanace 3 20 comamuuno 300posux nidaimKie. 32i0H0 3 OU3AUHOM OOCHIONCEeHHsL 0YI0 NPOBEOEHO
PO3NO0LN YHACHUKIB OOCTIONCEeHHs 8 neputy wepey 3a Hasenicmio y nux FOIA; Opyeuil po3nodin 6azyseascs
HA HASBHOCMI Y YHACHUKIB Q0CTIONCeH s nesHoco cyomuny FOIA: epynu nayienmis 3 nOaiapmuKyIspHUM
NO3UMUBHUM 3a peemamoioHum gaxmopom (P@+) (n=29), ornicoapmikynapuummn=24), enmezum-
acoyitosanum (n=12), noriapmuxyasipuum P®- (m=10), neoughepenyitiosanum (n=>5), eapianmamu
FOIA ma epyna koumponio (n=20). Ille 00un po3nodin yuacnukis 00ciioxcens 6i00yecs i0no8ioHo
00 6a306020 MeOUKAMEHMO3HO20 CYNPOBOOY: 2PYNU NAYIEHMIB, AKI NPULLMAIOMb MemompeKcam y
003y8anHi MeHute yu pisnomy 15 me (n=43) ma oinvwomy 3a 15 me (n=18), epyna nayicumis, sika
npxooums J1ikyeauus aoanrimymabom (n=20), ma xoumponvna epyna (n=20); bByio nposedeno:
0271510 pOMOBOI NOPOAHCHUHU, 3aNUC 3VOHOI hopMyau, GU3HAYUEHHS NOKA3ZHUKIE NOWUPEeHOCmi ma
IHMEeHCUBHOCMI KAPIO3HO20 Npoyecy 68 00CIIONHCYBAHUX ePYNAX 8 3anedcHocmi 6i0 HaseHocmi FOIA,
0a308020 MeOUKAMEHMO3HO20 CYNposody ma cyomuny 3axeoproéanus. Cmamucmuina oOpooOKa
macugy ompumanux oanux npogedera 3 suxopucmantam npoepamu STATISTICA 10.0. Busnaueno, wo
nayienmu 3 FOIA maroms y 1,6 pasie euwyy inmencuenicmes Kapio3Ho2o npoyecy 6 NOpisHAHHI 3 OimbMu
oes FOIA (p= 0,004). Ananiz cmpyxkmypu inoexcy KIIB+kn 003607156 cmeepoicysamu, wo nayicHmu
3 FOIA maroms kapiosHi ypasicenHs nocmitiHux 3y0i8 8 cepeOHboMy 6 2 pasu uacmiuie 6 NOPIGHAHHI
3 konmpoavhoto epynoio (P=0,004). Ananiz enausy 6a3060i meoukamenmosnoi mepanii Ha NOKA3HUK
IHMEeHCUBHOCMI Kapiecy ma OKpemMo HA KOXCeH CMpYKmYpHUtl komnonenm inoexcy KIIB~+xn nokasas, wo
nayicHmu, sIKi OmpuMyloms Memompexcam y 003y6anHi MeHuie 4u pienomy 15 me marome inmerncusHicmo
Kapiecy 6 cepedonvomy 6 1, 25 paszie euwyy 6 nopieHaHHI i3 nayieHmamit, AKi Ompumyroms aoarimymao, i
v 2 pazu 6inbuLy iHMeHCUSHICMb Kapio3Ho20 Npoyecy 8 NOPIGHSIHHI 3 OimbMu Oe3 3a2a1bHOCOMAMUYHOT
namoanoeii (p=0,0096 ma p=0,0008 6ionosiono). B 0ocrioxicenHi makoxic npooemMoHcmpoB8aro, wo
nayicHmu, sIKi OmpumMyoms Memompexcam y 003y8anHi MeHuie Yy pigHomy 15 me, marome 8 cepeoHbomy
8 3 pasu 6inbuly Yacmomy KapiosHo2o ypasxcenus nocmiunux 3yoie (p=0,0016). I[Iposedenuii ananiz
enaugy cyomuny FOIA Ha nokazHuK iHmeHcusHOCMi Kapio3HO20 npoyecy nokazas, wo nayicumu 3 P®-
He2amusHUM NOJIAPMUKYIAPHUM Ma oNicoapmuKkyiapHum eapianmamu FOIA maroms 6 cepeonvomy y
06a pasu OibuLy iHmeHcusHicms Kapiecy 6 nopiensnni 3 2pynoio kommpoaio (p=0,0032 ma p=0,0065
8i0n06ioHo), 8 moti dce uac cyomun FOIA scoonum
YUHOM He 8NJIUBAE HA CIMPYKMYPY 3aX60PI0BAHOCHIE @ ® Copyright: © 2025 by the authors;
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Abstract: In orthodontic treatment, TADs have mostly been utilized for anchorage when patient
compliance is lacking. Various failure rates have been reported in modern orthodontic literature.
An accurate assessment of the TADs stability rate and potential risk factors for the mechanically-
retained TADs was the aim of our research. Up to December 2017, MEDLINE, Scopus, and the
Cochrane Library were used for electronic database searches. Reference lists were examined and
further searching for ongoing and unpublished data was done. Hand searches of pertinent journals
and grey literature were also conducted. We gathered English-language published prospective cohort
studies (PCSs) and randomised controlled trials (RCTs) that detailed the failure rate of miniscrews,
which are less than 2 mm in diameter, when used as an orthodontic anchoring. In this study, data
extraction, risk of bias evaluation, and blind and duplicate study selection were done. Using the
random-effects model, failure rates and pertinent risk variables for miniscrews were determined,
along with the accompanying 95 percent confidence intervals (Cls). The 12 and Chi? tests were used
to evaluate the heterogeneity among the studies. The Newcastle-Ottawa Scale and the Cochrane
Risk of Bias were used to determine the risk of bias. The robustness of the meta-analysis results
was tested by using subgroup and sensitivity analyses. This study comprised 30 prospective clinical
trials as well as 16 randomized clinical trials. Because there was insuficient statistical data to
calculate the impact sizes, five studies were excluded from the meta-analysis. In a random-effect
model, 3250 miniscrews approximately amongst 41 trials were combined. Miniscrews showed an
overall failure rate of 13.5% (95% CI 11.5%-15.9%). Analysis of division groups revealed that
smoking and the kind of gingivae had statistically significant effects on the rate of miniscrew failure,
while the diameter, length, and design of the miniscrews, patient age, and place of insertion had
non-significant effects. Conclusion: TADs have an acceptably low failure rate. Because of the high
degree of heterogeneity and imbalanced groups in the included research, care should be taken when
interpreting the results. To validate the results of this review, significant sample sizes from high-
quality randomized clinical trials are needed.

Keywords: Orthodontic Anchorage Procedures, Orthodontic Tooth Movement, Malocclusion,
Orthodontic Appliances, Orthodontic Preventive, Orthodontic, Interseptive.
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Introduction

Orthodontists utilize orthodontic skeletal
anchoring devices for a variety of therapeutic
purposes. These consist of anchoring rein-
forcement, incisor and molar intrusion, molar
protraction, molar distalization, and cross
bite correction [1-7]. The modern form of
orthodontic skeleton anchoring devices gained
popularity with Konami's 1997 publication
[8]. In general, orthodontic skeletal anchorage
devices fall into two categories: osteo-integrated
implants such as mid-palatal implants [9] and on-
plants [10], as well as mechanically maintained
devices including: titanium mini-plates [11,12],
zygomatic wires, and mini-screws [13, 14].
Because miniscrews are biocompatible, easy to
assemble and remove, affordable, and able to
withstand orthodontic stresses, their usage in
orthodontic therapy has expanded [15, 16]. A
significant amount of research has been done
on mechanically held miniscrews; from a small
number of publications in the 1980s to over
5000 papers by the end of 2017, there was a great
deal of interest in skeletal anchorage. Regretfully,
very few published clinical trials make up the
great majority of these publications, which
are biomedical science trials and clinical case
studies. In order to be successful, orthodontic
force should ideally keep miniscrews immobile.
Because the stability of the miniscrews rely on the
Threads are manually linked into the bone tissues
rather than osseointegration, they may be able to
withstand orthodontic loads, which has become
a concern. Miniscrews' success is influenced by
a number of factors, some of which are linked
to the patient, some of which are related to the
design, and clinical elements. Because of the
difference in buccal plate thickness, adolescents
have a higher failure rate than adults, which is
correlated with age [17]. Other patient-related
factors that lower the survival probability
of mini-screws include smoking and poor
dental hygiene [18-20]. Additional patient-
related characteristics include the mucosa type
(keratinized versus non-keratinized) and the
place of insertion. Miniscrews have generally
been shown to have a fair success rate when
put through Kkeratinized gingivae and in the
maxillary area [17, 19, 21]. When it comes to
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miniscrew design parameters, it has already been
established that miniscrews with a diameter of
1.1 to 1.6 mm provide the highest success rate
[22]. Additionally, miniscrews longer than 5 to
8 mm are more stable than shorter ones [19, 22].
Asepsis and sterilization, loading process [23],
implantation torque [24, 25], insertion angle
[26], and the clinician's experience have all been
linked factors connected to clinicians that could
have a major impact on miniscrew survival rate.
The usefulness of various skeletal anchorage
devices for anchorage provision in comparison
to traditional techniques has been examined in
recent reviews [7, 27, 28]. Nevertheless, the
results of these assessments did not address
mechanically held miniscrews, the most often
utilized skeletal anchorage device. The aim of
this study was to perform a systematic review
and meta-analysis of controlled and non-
controlled prospective clinical trials in order
to update our understanding of miniscrews
in orthodontic clinical practice, particularly
with regard to their stability and associated
risk factors. This is because of specific clinical
parameters determination that impact clinical
success has become increasingly important in
nowadays practice.

Methods

No specific grant from a public, private,
or nonprofit organization was given for this
review. The Cochrane Guidelines for Systematic
Reviews [30] and the preferred reporting items
for systematic review and meta-analysis [29]
were followed in the planning and reporting of
this systematic review.

Inclusion criteria

The PICO format was used to define the
primary research question (Table 1). English-
language publications of prospective cohort
studies (PCSs) and randomized clinical trials
(RCTs) involving humans until December
2017 were included in this systematic review.
Regarding the commencement date, there was
no constraint in the search method. Comparators
were not required because the objective of this
research was to compile failure rates of the
miniscrews. This study excludes case reports,
case series, reviews, investigations on miniscrews
in vitro, animal studies, and miniscrews having
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Table 1. PICO format.

Population
orthodontic appliance.

Participants receiving orthodontic treatment who need miniscrews (less than 2 mm) being
inserted and are not limited in terms of the patients' presenting age, gender, or type of

Intervention and comparators Any kind of orthodontic procedure that required miniscrew insertion

Outcome

The primary result was the early loss of the miniscrews within the specified study time, as
evidenced by movement, infection, inflammation, or other reasons.Confounders and risk
factors linked to miniscrew failure were secondary outcomes.

a diameter larger than 2 mm. Two inquiries for
more information were made to the author in
cases where the study design was not obvious.
The study was disregarded if the author did not
respond.

Search strategy

Free text terms and a regulated lexicon were
applied to the distribution of completed, ongoing,
and unfinished research. If necessary, the original
search was followed to update the vocabulary
and identify all the research that would be taken
into consideration for this evaluation. Up until
December 1st, 2017, those databases were
searched: the Cochrane Library of Systematic
Reviews, PubMed, and Access MEDLINE.
Until December 2017, additional bibliographic
databases, such as Google Scholar, were also
looked for unreported and continuing data. These
databases included the clinical trial registration,
PhD theses, doctoral theses and the ISRCTN
register, and grey literature in Europe. Up to
December 2017, a manual search of pertinent
orthodontic journals was also conducted. In
order to find any more pertinent literature and, if
available, to add restricted vocabulary and open
access text terms, references of the included
papers and any pertinent systematic reviews
related to the subject were examined. The two
review authors' agreement was evaluated using
the Cohen kappa statistic.

Data collection and selection of studies

Software for handling endnote citations
was used for remowing duplicate researches.
After reviewing the names and abstracts of the
papers, the most pertinent ones were found.
Two reviewers evaluated the potential papers'
full texts (K.K. and P.B.) to determine their
eligibility. Only products that came with an
open access text in English were decided to

be included due to the possible challenges
associated with translating several articles into
the English language. To prevent bias in the
search methodology, this exclusion criterion
was, however, used after the initial search and
a third reviewer (Z.Z.) resolved any potential
conflicts between the two reviewers (K.K., P.B.)
as they used a modified data extraction form that
Papadopoulos and his associates developed [7]
to capture research characteristics and results
blindly and independently. For every study, the
following details were provided: the study's
year of publication, its setting, its design, the
number and varieties of miniscrews utilized, the
success criteria, the failure rate, and the methods
employed to deal with failures.

Assessment of risk bias

A method created by the Cochrane group
was used to assess the bias risk of RCTs [30].
The following criteria were used to assess each
included study for bias: creating randomised
sequences; hiding allocations; masking outcome
analysts; providing insufficient outcome data;
selectively reporting; and other possible causes
of bias. Every randomized controlled trial (RCT)
was allocated a total risk of bias, which can be
categorized as low, high, or unclear depending on
whether more than one critical domain exhibited
high, low, or unclear risk. The Newcastle—
Ottawa Scale (NOS) was used to evaluate PCSs
for bias risk [31]. The research in the following
three areas is evaluated by the NOS: 1. choice;
2. equivalent; 3. result. If there was a conflict
between both writers, a mutually agreed upon
decision was reached through conversation. Once
more, the potential disputes resolved by a third
reviewer were evaluated using the Cohen kappa
statistic to gauge the level of agreement between
the two review writers. The pooled estimate,
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subgroup, and divided studies were planned in
advance and predetermined (a priori), as were
the length, diameter, age group, jaw, study
type (cohort or RCT), and size of the sample
(100 TADs and more) were used to investigate
miniscrews impact. Additionally, we intended
to investigate the impact on the pooled estimate
of self-drilling miniscrews, non-self-drilling
miniscrews, and miniscrew designs that need a
pilot hole to be pre-drilled before insertion. It
was intended to employ subgroup analysis in at
least five different studies.

Assessment of publication bias

The asymmetry of the funnel plot was visually
examined in order to evaluate publication bias.

Additionally, two statistical techniques—Egger's
method [35] and Begg/Mazumdar's method
[34]—were applied to generate significance tests
in order to identify publication bias.

Results

Study characteristics: combining electronic
and manual searches yielded 8636 hits. Following
the exclusion of duplicate research, 7915 papers
were found to have not met the inclusion criteria
based on the abstract and title (Figure 1). After
the whole texts of the high-quality studies were
obtained, rest of them were disqualified. This
was due to the fact that they were not pertinent
to the review issue or were laboratory studies,
retrospective studies, or systematic reviews.

—
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Figure 1. Flow diagram of data collection
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46 studies that satisfied the primary inclusion
criteria were included in the final sample. There
were 30 PCSs [24, 32-45] and 16 RCTs [36-39]
among the included studies. There was one split
mouth trial conducted with PCSs.

The lack of statistical data required to
calculate the effect sizes five studies were
almost excluded from the meta-analysis: three
PCSs and two RCTs [27, 36, 37, 38, 41]. They
were, nevertheless, taken into account when
evaluating the studies' quality. When further
information was required, the authors were
approached twice via email; if no response was
obtained, the work was withdrawn. Table 2 lists
key features of the 46 featured research projects,
which together comprised 3466 miniscrews.
Regarding the study environment, 36 (78%)
of the research were solely based in academic
environments, whilst the remaining 10 studies
were conducted in private, hospital, mixed, or
unidentified environments. The average number
of miniscrews used per research was about 77,
and the number of miniscrews used per subject
typically ranged from 1 to 4. The locations of
miniscrews that were inserted varied significantly,
as did the miniscrew manufacturers employed in
the included investigations. The miniscrews that
were inserted had a diameter of 1.2 to 2 mm and
a length of 5 to 15 mm. As shown, the recorded
miniscrew failure rate varied from 0 to 40,8%.

Risk of bias of included studies

Nine of the included RCTS' trials were deemed
to have an adequate random sequence generation
domain, whereas the other trials were deemed to
have a high possibillity of bias or an uncertain
risk (Table 3). Only five trials were rated as
having a low possibility of bias in the allocation
concealment domain; the remaining studies were
rated as having a high risk of bias or an unknown
risk of bias. Because orthodontic treatment is a
medical procedure, it was not possible to blind
participants or staff in the trials that were included.
Though blinding of assessors was feasible and
done so in six trials, blinding was either not done
or the reporting was insufficient in the ten other
investigations. In the trials that were included,
there were no dropouts. As a result, the low risk
of bias assessment was applied to all included
trials. In three experiments, the selective bias
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domain was found to have a minimal risk of bias.
The residual research was deemed to possess an
ambiguous risk of bias due to the absence of
information provided to facilitate assessment.
Only four trials (out of 39) had a summary rating
of minimal risk of bias. After evaluating each
of the six domains, it was determined that the
remaining trials had an overall high risk of bias
[40-51].

According to the NOS [14, 22-36], the great
majority of prospective cohort studies were
medium quality in terms of quality evaluation
(Table 4). One study [80] was deemed to have
low quality, whereas three studies [17-29] were
deemed to have high quality.

Overall miniscrews failure rate

(primary outcomes)

The main finding of this review, the
miniscrew failure rate, was recorded in 41
out of 46 trials. A random-effect model was
constructed by pooling the retrieved data from
3250 miniscrews. According to Figure 2, the
combined failure rate was 13.5% (95% CI 11.5-
15.9, P =0.001, 12=57.1%).Thirty investigations
yielded data on 1391 miniscrews, of which less
than 100 miniscrews were included in each study
and combined in a random-effect model. The
miniscrew failure rate of 12.5% (95% CI 9.7—
16.1, P < 0.001, 12 = 60.23%) was comparable
to the effect size summary point estimates
from all the investigations. Data from the
11 experiments where each research comprised
more than 100 miniscrews were then evaluated
in a random-effect model, the total number
of miniscrews inserted was 1893. Miniscrew
failure rates were 14.3% (95% CI 11.5-17.7,
P=10.027, 12 = 71.5%). In studies including over
100 miniscrew placements, the rate also did
not substantially differ from the main analysis's
estimations of the effect size.

Assessment of the miniscrew

failure risk factors (secondary outcomes)

Studies have documented the diameter
and length of miniscrews more than any other
characteristic, with the exception of placement
(maxilla or mandible). We looked into the soft
tissue type, diameter, length, age, place of
insertion, and smoking status. Planned subgroup
analysis was utilized to evaluate factors associated
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Table 2. Features of the included articles

Author

Design Setting No.of No.of Type of miniscrews Dimensions Successcriteria ~ Failurerate  Handling of
patients miniscrews (%) failure
Total Patient Diameter Length (mm)
(perjaw) (mm)
Aboul-Ela et al. (40) RCT  University 13 26 2(2) AbsoAnchor (Dentos, Daegu, Korea) 13 8 Stability 7.7 Repositioned
Al-Sibaie and Hajeer (38) RCT  University 30 56 2(2) Dewimed®, Tuttlingen, Germany 1.6 7 Stability 5% Replaced
Alves et al. (52) PCS  University 15 41 2-3(2-3)  (INP, Sio Paulo, Brazil) 14/2 6/8 Not recorded 14.6 Replaced
Apel et al. (53) PCS University 25 76 2-4(2) Tomas-pin (Dentaurum, [springen, 1.6 8 Stability/Infection 10.5 Excluded
Germany)
Basha et al. (41) RCT  University 14 14 2(2) Stainless steel 13 8 Stability 28.6 Replaced
Bayatand Bauss (54) PCS  Private 88 110 1-4(1-2) LOMAS (Mondeal Medical Systems, 2 7/9/11  Stability/Infection 18.2 Not recorded
Tuttlingen,Germany)
Bechtold et al. (42) RCT  University 30 76 1-2(1-2) Orlus 18107, Ortholution 1.8 7 Not recorded 13.4% Replaced
Berens et al. (61) PCS Private 85 239 1-3(1-2) AbsoAnchor (Dentos, Daegu, Korea)/ 1.4/1.8/2 Notrecorded Stability 15.1 Rescrewed/
Dual-Top (Jeil Medical, Seoul, Korea) excluded
Blaya et al. (66) PCS University/ 30 30 1Mm Sin Implant System (Sdo Paulo, Brazil) 1.2 10 Stability 0 Not recorded
private
Chaddad et al. (43) RCT Not 10 32 2-4(2) C-Implant (Implantium.Seou, Korea) /Dual-  1.4-2 6-10 Stability/infec- 125 Not recorded
recorded Top (Jeil Medical, Seoul, Korea) tion/treatment
completion
Cheng et al. (65) PCs University 44 a2 Notrecorded Leibinger (Freiburg, Germany)/Mondeal 2 5-15 Stability/infec- 8.7 Not recorded
(Tuttlingen, Germany) tion/treatment
completion
Davoody et al. (77) PCS University 25 26 2(2) NR 1.8-2 8-9 Not recorded 16% Replaced
El-Beialy ef al. (64) PCS University 12 40 Not recorded AbsoAncher (Dentos, Daegu, Korea) 1.2 8 Stability 17.5 Excluded
Falkensammeretal. (37) RCT  University 26 Not Not recorded Dual Top G2 8x6mm, JeilMedical 1.6 8 Not recorded NR Not recorded
recorded Corporation. Seoul, Korea)
Garfinkle ef al. (44) PCS University 13 82 4+8(4 Osteomed (Addison, Tex) 1.6 6 Stability /treatment 19.5 Not recorded
completion
Gelgor et al. (63) PCS  University 25 25 1m IMF Stryker (Leibinger, Germany) 18 14 Stability 0 Not recorded
Gupta et al. (55) PCS  University 20 40 2(2) Custome made (Denticon, Mumbai) 14 8 Stability 225 Not recorded
Hedayati ¢t al. (62) PCS  University 10 27 3(1-2) Orthognathic screws 2 9/11 Stability 185 Repositioned
Herman et al. (71) PCS  Not 16 49 1-2(1-2)  Ortho Implant (IMTEC, Ardmore, Okla), 1.8 6/8/10 Stability 408 New/
recorded Sendax MDI Excluded
Iwai et al. (70) PCS University 80 142 2(2) Orthodontic anchor screws (ISA, BIODENT, 1.6 8 Stability/mobility/  8.5%-5.6% Not recorded
Tokyo, Japan) contacted root
Khanna et al. (56) PCS University 25 100 Not recorded S.K. Surgical Pvt. Ltd. 1.3 9 Not recorded Not recorded Notrecorded
Kim et al. (57) PCS  University 25 50 2() C-Implant (Implantium. Seoul, Korea) 18 85 Stability 4 Replaced
Lehnen et al. (45) RCT Not 25 60 2(2) Tomas-pin (Dentaurum, Ispringen, 1.6 8 Not recorded 117 Excluded
recorded Germany)
Liuet al. (46) RCT Not 34 68 2(2) (Cibei, Ningbo, China) 1.2 8 Stability 118 Replaced
recorded
Luzi ef al. (69) PCS University 98 140 Notrecorded Aarhus Mini-Implants (Medicon, Germany) 1.5/2 9.6/11.6 Stability/treatment 15.7 Excluded
completion
Maet al. (47) RCT  University 60 4(2) AbsoAnchor (Dentos, Daegu, Korea) /Dual- 1.8 5/6 Not recorded Notrecorded Not recorded
Top (Jeil Medical, Seoul, Korea)
Miyazawa et al. (68) PCS University 18 44 Notrecorded (Jeil Medical, Seoul, Korea) 16 8 Treatment 9.1 Not recorded
completion
Motoyoshi et al. (24) PCS  University 41 124 1-4(1-2) ISA orthodontic implants (BIODENT, 1.6 8 Stability 145 Not recorded
Tokyo, Japan)
Motoyoshi et al. (76) PCs University 57 169 1-4(1-2) (BIODENT, Tokyo, Japan) 1.6 8 Stability/treatment 14.8 Not recorded
completion
Motoyoshi et al. (74) PCS University 32 87 Not recorded ISA orthodontic implants (BIODENT, 16 8 Stability/treatment 12.6 Not recorded
Tokyo, Japan) completion
Motoyoshi et al. (67) PCS University 52 148 Not recorded ISA orthodontic implants (BIODENT, 1.6 8 Stability 9.5 Excluded
Tokyo, Japan)
Motoyoshi et al. (75) PCS  University 65 209 1-4(1-2) ISA orthodontic implants (BIODENT, 16 8 Stability/treatment 11.5 Not recorded
Tokyo, Japan) completion
Polat-Ozsoy et al. (80) PCS University 11 22 2(2) AbsoAnchor (Dentos, Daegu, Korea) 12 6 Stability/Infection 13.6 Replaced
Sandler et al. (36) RCT Hospital 71 B3 2(2) American Orthodontics 1.6 8 Not recorded 2.8% Not recorded
Saret al. (58) PCS University 28 28 2(2) Stryker, Leibinger, Germany 2 8 Not recorded Notrecorded Notrecorded
Sarul et al. (73) Split  University 27 54 2(2) OrthoEasy Pin Not 6/8 Mobility/stability 26% Not recorded
mouth (Forestadent, Phorzheim, Germany) recorded
PCS
Sharma et al. (39) RCT  University 46 30 2(2) Denticon 12 8 Stability 3% Replaced
Son et al. (78) PCS University 70 140 2(2) (ISA self-drill type anchor screw; Biodent, 1.6 8 Mobility/stability 4% Not recorded
Tokyo, Japan)
Thiruvenkatacharietal. PCS  University 10 18 1-2(1-2) Titanium microimplant 13 8 Stability 0 Not recorded
(72)
Tiirkoz et al. (48) RCT  University 62 112 1-2 (1-2) AbsoAnchor (Dentos, Daegu, Korea) 14 7 Stability 223 Not recorded
Yoo et al. (60) PCS University 132 227 Notrecorded Biomaterial Korea 15 7 Stability /problems 19.5 Not recorded
in loading
Upadhyay et al. (49) RCT  University 33 72 4(2) Modified Ti fixation screws 13 8 Stability 6.9 Replaced
Upadhyay et al. (51) PCS  University 30 30 2(2) Modified Ti fixation screws 13 8 Stability 10 Replaced
Upadhyay et al. (59) PCS University 40 46 2(2) Ti mini-implants 1.3 8 Not recorded 43 Replaced
Upadhyay et al. (79) PCS University 34 28 2(2) Ti mini-implants 13 8 Not recorded Not recorded Not recorded
Wiechmann ef al. (50) RCT Not 49 133 AbsoAnchor (Dentos, Daegu, Korea) /dual- 1.2/1.6 5/10 Stability/treatment 23.3 Not recorded
recorded Top (Jeil Medical, Seoul, Korea) completion/
infection

with miniscrew failure whenever feasible. The
impact of the study design on the estimation
of the mini-screw failure rate was evaluated.

For the sensitivity analysis, 14 RCTs totaling
876 miniscrews were combined into a single
random-effect model and 13.1 percent (95%
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Table 3. Risk of bias assessment of the included RCTs.

> g
§ |gs8| 8 2Bz £ 32 | £ | own
Author > gﬁ g < g g g 2 g EE 3 %_ 5 risk of
7 £§g <t Bgd 28 38 | g | o
Aboul-Ela et al. (40) RCT | Yes Unclear | No Yes Unclear No High risk
Al-Sibaie and Hajeer (38) | RCT | Yes Yes Yes Yes Yes Yes Low risk
Basha et al. (41) CCT |No No No Yes Unclear Yes High risk
Bechtold et al. (42) RCT | Yes Unclear | No Yes Unclear No High risk
Chaddad et al. (43) CCT |No No No Yes Unclear No High risk
Falkensammer et al. (37) RCT | Yes Yes Yes Yes Unclear Yes Low risk
Garfinkle et al. (44) RCT | Unclear |Unclear | No Yes Unclear No High risk
Lehnen et al. (45) RCT Unclear | Unclear | Yes Yes Unclear Yes High risk
Liu et al. (46) RCT | Yes Unclear | No Yes Unclear No High risk
Ma et al. (47) RCT | Yes Unclear | Yes Yes Unclear No High risk
Sandler et al. (36) RCT | Yes Yes Yes Yes Yes No Low risk
Sharma et al. (39) RCT | Yes Yes Yes Yes Yes Yes Low risk
Tirkoz et al. (48) RCT | Unclear |Unclear | No Yes Unclear No High risk
Upadhyay et al. (51) CCT |No No No Yes Unclear Yes High risk
Upadhyay et al. (49) RCT | Yes Yes Unclear | Yes Unclear Yes Unclear
Wiechmann et al. (50) RCT | Unclear | Unclear | No Yes Unclear Yes High risk

confidence interval 9.7-18, Q = 31.5, P < 0.001,
1> = 55.6%) of them failed. Remarkably, this
closely resembled the pooled failure rate of
27 PCSs, including 2374 miniscrews, which was
13.5% (95% CI1 11.1-16.4, Q = 76.54, P < 0.001,
1> = 67.34%). The impact of miniscrew length
and design on miniscrew failure rate estimation
was also evaluated. To evaluate the impact of
miniscrew length on failure rate, a cut-off 8 mm in
length was employed. For miniscrews measuring
8 mm or more, the failure rate was 12.2% (95%
Cl 6.7-21.4, Q = 15.2, DF = 5, P <0.001,
12 = 67.2%) for long miniscrews and 12.7% (95%
Cl 10.5-15.4, Q = 47.26, P < 0.001, DF = 26,
12 = 44.9%) for short miniscrews. In the non-
self-drill miniscrews group, the miniscrew failure
rate was 14.9% (95% CI 10.4-20.8, Q =20.7,

DF = 8, P<0.001, 12 =88.9%). This was not
significantly different from the estimated effect
in the self-drill miniscrews group (14.2%, 95%
Cl15.6-31.8,Q=51.57,P<0.001, I = 71.41%).
There was one article [44], which comprised
110 miniscrews, that examined the relationship
between smoking and miniscrew failure rates.
A total of 73 miniscrews were assigned to
nonsmokers, 18 to light smokers (<10 cigarettes
per day), while the remaining screws were
assigned to heavy smokers (>10 cigarettes per
day). The corresponding failure rates were 9.5,
11%, and 57.8%. Additionally, a study [43]
examined the impact of gingiva type at the
place of implantation. There were thirty-two
miniscrews in the trial; 11 of them were were put
in tissue that was keratinized. and did not fail,
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Table 4. Risk of bias assessment of articles according to Newcastle—Ottawa Scale (NOS).

Selection

Comparability Outcome

Demonstration that out-
come of interest was not

Ascertainment of
exposure

Representativeness Selection of non-

Study of exposed cohort  exposed cohort

Alves et al. (52)

Apel et al. (53)
Bayat and Bauss (54)
Berens et al. (61)
Blaya et al. (66)
Cheng et al. (65)
Davoody et al. (77)
El-Beialy et al. (64)
Gelgor et al. (63)
Gupta et al. (55)
Hedayati et al. (62)
Herman et al. (71)
Iwai et al. (70)
Khanna et al. (56)
Kim &t al. (57)

Luzi ef al. (69)
Miyazawa ¢t al. (68)
Motoyoshi et al. (67)
Motoyoshi et al. (76)
Motoyoshi et al. (74)
Motoyoshi et al. (75)
Motoyoshi et al. (24)
Polat-Ozsoy et al. (80)
Saret al. (58)
Sarulet al. (73)

Son et al. (78)
Thiruvenkatachari et al. (72)
Yoo et al. (60)
Upadhyay et al. (59)
Upadhyay &t al. (79)

- R S e e e e - e e e -
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the remaining 11 miniscrews, 4 out of 21 mi-
niscrews (19%), were placed in that was not
keratinized and failed.

Discussion

Thirty prospective cohort studies and sixteen
randomised clinical trials using miniscrews to
enhance orthodontic anchoring were included
in this systematic review. Most of the included
trials were deemed to have a high potential for
bias. Randomization and allocation concealment
procedures were either documented insufficiently
or not at all in the majority of these trials. Most
prospective cohort studies had a medium level
of quality. This is explained by the fact that the
majority of the cohort studies that were included
lacked a comparison group, which resulted in a
lower NOS score. The meta-analysis determined
that the miniscrew failure rate was 13.5% (95%
Cl 11.5-15.9). Sensitivity analysis revealed a
nearly identical 14.3% combined failure rate of
mini-screws to the total estimated effect after
removing small studies, suggesting sufficient
robustness of the findings. This result was rather
different from the failure rate that Papageorgiou
et al. [7] had previously reported, which was
135% (95% Cl 11.5-15.8). One possible
explanation for the slight variation between the

present at the start of
the study

NOS Overall

score assessment

Comparability of Assessment
the cohorts

Adequacy
of follow-up

Was follow-up
of outcome long enough?

Medium
Medium
Medium
Medium
Medium
Medium
High

Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Medium
Low

Medium
Medium
High

Medium
Medium
Medium

High

I - N e e i Sl e e e e e e e i e -
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H OrROFRFO0OO00O0O0000000000000O0ROOOROO
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two estimates is that we included a few more
studies in our meta-analysis [18, 22, 24, 25, 29,
37, 38, 44]. Second, we eliminated studies that
had been included in the earlier meta-analysis
[10], studies having an ambiguous design, and
studies written in a language other than English.
Subgroup analyses were used to evaluate factors
associated with miniscrew failure. The results of
this meta-analysis suggested that, in comparison
to miniscrews with diameters of 1.4-1.6 mm
(13.6%, 95% CI 10.3-17.1) and 1.7-2 mm
(14.4%, 95% CIl 8.8-23.5), those with a
diameter of less than 1.3 mm had a lower failure
rate (10.7%, 95% CI 7.6-15). Nonetheless, there
were 450 small-diameter included miniscrews,
1586 medium-diameter included miniscrews,
and 391 large-diameter included miniscrews.
The findings' degree of conclusiveness
might have been impacted by the variability
and differences in sample sizes among the
miniscrews that were included. Papageorgiou
et al. [7] discovered that miniscrews with small
and large diameters had similar failure rates:
10.9 percent (95% CI 7.7-15.3) and 14.3 percent
(95% CI 7.4-25.8), respectively. Nonetheless,
they discovered that the failure rate of medium-
diameter mini-screws was 12.7% (95% CI
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Statistics for each study

Event rate and 95% Cl

Study name

Event Lower Upper
rate limit limit
0.077 (Abou-Bla et al., 2011) 0.018 0.261
0.018 (Al-Sibaie and Hajeer, 2014) 0.003 0.116
0.146 (Alves et al., 2011) 0.067 0.200
0.105 (Apel et al., 2009) 0.054 0.197
0.286 (Basha et al., 2010) 0111 0.561
0.182 (Bayat and Bauss, 2010) 0.120 0.265
0.132 (Bechold et al., 2013) 0.072 0.228
0.151 (Berens et al., 2006) 0.111 0.202
0.016 (Blaya et al., 2010) 0.001 0.211
0.125 (Chaddad et al., 2008) 0.048 0.289
0.087 (Cheng et al., 2004) 0.044 0.164
0.192 (Davoody et al., 2013) 0.082 0.387
0.175 (El-Beialy et al., 2009) 0.086 0.324
0.195 (Garfinkle et al., 2008) 0123 0.295
0.019 (Gelgér et a., 2004) 0.001 0.244
0.225 (Gupta et al., 2012) 0.121 0.379
0.185 (Hedayati et al., 2007) 0.079 0.375
0.408 (Herman el al., 2006) 0.281 0.549
0.07 (Iwai et al., 2015) 0.039 0.127
0.040 (Kim et al., 2010) 0.010 0.146
0.117 (Lehnen et al., 2011) 0.057 0.225
0.118 (Liu et al., 200%b) 0.060 0.218
0.157 (Luzi et al., 2007) 0.106 0.227
0.091 (Myazawa et al., 2010) 0.035 0.218
0.145 (Motoyoshi et al., 2006) 0.093 0.219
0.148 (Motoyoshi et al., 2007a) 0.102 0.210
0.126 (Mbtoyoshi et al., 2007b) 0.071 0.214
0.095 (Motoyoshi et al., 2009) 0.057 0.153
0.115 (Mbtoyoshi et al., 2010) 0.078 0.166
0.136 (Polat-Ozsoy et al., 2009) 0.045 0.348
0.011 (Sander et al., 2014) 0.001 0.154
0.259 (Sarul et al., 2015) 0.160 0.391
0.033 (Shama et al., 2012) 0.005 0.202
0.043 (Son et al., 2014) 0.019 0.002
0.026 (Thiruvenkatachari et al., 2006) 0.002 0.310
0.223 (Turkéz et d., 2011) 0.1%6 0.310
0.069 (Upadhyay et al., 2008a) 0.029 0.15%
0.100 (Upachyay et al., 2008b) 0.033 0.268
0.043 (Upadhyay et al., 2009) 0.011 0.158
0.233 (Wiechmann et al., 2007) 0.169 0.312
0.194 (Yoo et d., 2014) 0.147 0.250
0.135 0.115 0.159

p-Value

0.001
0.000
0.000
0.000
0.121
0.000
0.000
0.000
0.004
0.000
0.000
0.004
0.000
0.000
0.006
0.001
0.003
0.201
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.002
0.001
0.001
0.000
0.012
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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Figure 2. Forest plot of overall miniscrews failure rate (random-effect model)

8.1-19.3). After doing two retrospective tests,
Lim and his colleagues discovered that the
miniscrew diameter had no discernible impact
on the miniscrew's success [41, 45]. Moreover,
there was very little roughly 0.8% difference
between the large and medium size diameters.
This was demonstrated in previous studies that
diameter greater than 1.6 mm seems to give
no substantial benefit as wide mini-screws are
associated with increased risk of root contact
than narrow miniscrews [22]. The miniscrews
in this meta-analysis were subdivided into short

(<8 mm) and long (>8 mm) group. Most of the
studies used short miniscrews. Previous research
has shown that a diameter of more than 1.6 mm
appears to offer no discernible advantage since
wide miniscrews are linked to a higher risk
of root contact than narrow miniscrews [22].
In this meta-analysis, the miniscrews were
separated into two groups: short (<8 mm) and
long (>8 mm). Short miniscrews were used in
the majority of the investigations. The short
miniscrew failure rate was 12.7 percent (95% CI
10.5-15.4), which is marginally higher than the
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long miniscrew failure rate of 8.3 percent (95%
ClI 3.1-20.2). Theoretically, longer miniscrews
should have a lower failure rate since they
provide better mechanical retention in the bone
than shorter miniscrews, albeit the physician
will decide whether or not this difference is
clinically relevant. According to Lim et al. [32],
miniscrews that were 6 mm or shorter had a
greater failure rate (25%) than miniscrews that
were longer than 6 mm (<12%). This results is
not definitive and should be regarded cautiously
because it may be the result of the significant
heterogeneities in the subgroup analysis.
Furthermore, in this review an arbitrary cut-off
point of 8 mm was adopted to assess the effect
of length of miniscrew on the failure rate; hence,
the possibilities of the overlap of the findings
on either side of the cut-off point is high, i.e.
those miniscrews with 7.9 mm or less will be
included in the short group.

Our analysis of a limited number of included
trials revealed that the design of the miniscrews
had no bearing on the failure rate. Self-drilling
miniscrews had a failure rate of 14.2% (95%
Cl 5.6-31.8) while non-self-drilling miniscrews
had a failure rate of 14.9% (95% CI 10.4-20.8).
Papageorgiou et al. [7] found a similar result for
the self-drilling group (7.7%, 95% CI 4.8-12.0)
but a much lower percentage (17.7%, 95% CI
5.1-44.9) for the non-self-drilling miniscrews.
The reason for this disagreement could be that we
extracted miniscrew design data from nine trials
as opposed to the three studies in Papageorgiou
and team review [7]. This could have affected the
failure rate estimation. Furthermore, this might
be the result of the substantial heterogeneities
in the subgroup analysis; as such, this results is
inconclusive and needs to be read cautiously. In
an interesting finding, Chen et al. [17] in their
retrospective investigation discovered that,
although not statistically significant, the failure
rate of self-drilling miniscrews was greater
(33%) than that of non-self-drilling (10%) [13].
Due to the probable difference in buccal plate
thickness, adolescents have a higher failure rate
than adults when it comes to age, which is a
patient-related factor [17]. The majority of the
studies included in this evaluation included both
adult patients (over 18) and younger patients

ISSN 2786-6661
elSSN 2786-667X

(<18). Compared to the failure rate published by
Papageorgiou et al. [7], who observed that the
failure rate in patients younger than 20 years
was 12.6 (95% CI 6.4-23.3), the miniscrew
failure rate for young patients was 8.6% (95%
Cl 4.7-15.1). The discrepancy between both
estimations was not significant and could be
the result of the change in the included studies
between those two meta-analyses. In a similar
vein, our analysis showed that the failure rate of
miniscrews inserted into adults was 11.2% (95%
Cl 6.6-28.7), but Papageorgiou and colleagues
review reported a failure rate of 15.5% (95% CI
11.2-21.0) [7]. On the other hand, retrospective
research [12, 34] revealed that older patients had
a greater failure rate, most likely as a result of
poor periodontal health and smoking. Moreover,
since more miniscrews were implanted in
younger participants than in adults, these results
might just be the result of a smaller sample size.
According to our research, miniscrews

inserted into the maxilla had a failure rate of
11.0 percent (95% CI 8.8-13.7), but miniscrews

inserted into the mandible had a failure rate of
16.5 percent (95% CI 11.6-22.7). The mandible
has a higher failure rate than the maxilla, which
could be attributed to factors such as its narrower
vestibule, less cortical bone surrounding the
mini-screws, and higher bone density [34]. When
interpreting the data, it is crucial to take into
account the considerable level of heterogeneities
in the subgroup analysis. In our analysis, we
only found data from one study [24] about the
impact of smoking on the failure rate of mini-
screws. It seems that smoking negatively affects
the stabillity of miniscrews even though the
evidence for this claim is extremely scant. Only
one study [43] looked into the kind of mucosa
insertion and how it related to the miniscrews
failure rate. Eleven miniscrews inserted into
the keratinized tissue did not fail, according to
Chadad et al.

Financing

This research received no external funding.

Conflict of Interest

The Author declare no conflict of interest

Consent to publication

The Author gives her
publication

permission  for

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

201


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661

Issue 4 (158), 2025 eISSN 2786-667X
Creative Commons «Attribution» 4.0

Author Contributions (CRediT taxonomy) Writing— Original Draft Preparation: Liudmyla
Conceptualization: Liudmyla Hryva  Hryva;
(ORCID: 0009-0001-2487-8657); Writing — Review & Editing: Liudmyla Hryva;
Methodology: Liudmyla Hryva,; Critical Review: Liudmyla Hryva;
Data Collection: Liudmyla Hryva; Visualization: Liudmyla Hryva,;
Formal Analysis / Statistical Analysis: Supervision: Liudmyla Hryva;
Liudmyla Hryva; Project Administration: Liudmyla Hryva;
Investigation: Liudmyla Hryva,; Final Approval of the Manuscript: Liudmyla
Hryva.
REFERENCES

1. Papadopoulos, M.A. and Tarawneh, F. (2007) The use of miniscrew implants for temporary skeletal anchorage in
orthodontics: a comprehensive review. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontics,
103, e6-15.

2. Kyung, S.H., Hong, S.G. and Park, Y.C. (2003) Distalization of maxillary molars with a midpalatal miniscrew.
Journal of Clinical Orthodontics, 37, 22—-26.

3. Park, Y.C., Lee, S.Y., Kim, D.H. and Jee, S.H. (2003) Intrusion of posterior teeth using mini-screw implants.
American Journal of Orthodontics and Dentofacial Orthopedics, 123, 690-694.

4, Schétzle, M., Mannchen, R., Zwahlen, M. and Lang, N.P. (2009) Survival and failure rates of orthodontic temporary
anchorage devices: a systematic review. Clinical Oral Implants Research, 20, 1351-1359.

5. Dalessandri, D., Salgarello, S., Dalessandri, M., Lazzaroni, E., Piancino, M., Paganelli, C., Maiorana, C. and
Santoro, F. (2014) Determinants for success rates of temporary anchorage devices in orthodontics: a metaanalysis (n >
50). European Journal of Orthodontics, 36, 303-313.

6. Rodriguez, J.C., Suarez, F., Chan, H.L., Padial-Molina, M. and Wang, H.L. (2014) Implants for orthodontic
anchorage: success rates and reasons of failures. Implant Dentistry, 23, 155-161.

7. Papageorgiou, S.N., Zogakis, I.P. and Papadopoulos, M.A. (2012) Failure rates and associated risk factors of
orthodontic miniscrew implants: a meta-analysis. American Journal of Orthodontics and Dentofacial Orthopedics, 142,
577-595.e7.

8. Kanomi, R. (1997) Mini-implant for orthodontic anchorage. Journal of Clinical Orthodontics, 31, 763-767.

9. Wehrbein, H., Merz, B.R. and Diedrich, P. (1999) Palatal bone support for orthodontic implant anchorage—a clinical
and radiological study. European Journal of Orthodontics, 21, 65-70.

10. Block, M.S. and Hoffman, D.R. (1995) A new device for absolute anchorage for orthodontics. American Journal
of Orthodontics and Dentofacial Orthopedics, 107, 251-258.

11. Lai, E.H,, Yao, C.C., Chang, J.Z., Chen, I. and Chen, Y.J. (2008) Threedimensional dental model analysis of
treatment outcomes for protrusive maxillary dentition: comparison of headgear, miniscrew, and miniplate skeletal
anchorage. American Journal of Orthodontics and Dentofacial Orthopedics, 134, 636—645.

12. De Clerck, H.J., Cornelis, M.A., Cevidanes, L.H., Heymann, G.C. and Tulloch, C.J. (2009) Orthopedic traction
of the maxilla with miniplates: a new perspective for treatment of midface deficiency. Journal of Oral and Maxillofacial
Surgery, 67, 2123-2129.

13. Kuroda, S., Sugawara, Y., Deguchi, T., Kyung, H.M. and TakanoYamamoto, T. (2007) Clinical use of miniscrew
implants as orthodontic anchorage: success rates and postoperative discomfort. American Journal of Orthodontics and
Dentofacial Orthopedics, 131, 9-15.

14. Cope, J.B. (2005) Temporary anchorage devices in orthodontics: a paradigm shift. Paper presented at Seminars
in Orthodontics.

15. Cousley, R.R. and Sandler, P.J. (2015) Advances in orthodontic anchorage with the use of mini-implant techniques.
British Dental Journal, 218, E4.

16. Prabhu, J. and Cousley, R.R. (2006) Current products and practice: bone anchorage devices in orthodontics.
Journal of Orthodontics, 33, 288-307.

17. Chen, Y .J., Chang, H.H., Huang, C.Y., Hung, H.C., Lai, E.H. and Yao, C.C. (2007) A retrospective analysis of
the failure rate of three different orthodontic skeletal anchorage systems. Clinical Oral Implants Research, 18, 768—775.

18. Kravitz, N.D. and Kusnoto, B. (2007) Risks and complications of orthodontic miniscrews. American Journal of
Orthodontics and Dentofacial Orthopedics, 131, S43-S51.

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)
http://mmj.nmuofficial.com

202


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal
https://orcid.org/0009-0001-2487-8657

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661

Issue 4 (158), 2025 eISSN 2786-667X
Creative Commons «Attribution» 4.0

19. Miyawaki, S., Koyama, I., Inoue, M., Mishima, K., Sugahara, T. and Takano-Yamamoto, T. (2003) Factors
associated with the stability of titanium screws placed in the posterior region for orthodontic anchorage. American Journal
of Orthodontics and Dentofacial Orthopedics, 124, 373-378.

20. Melsen, B. (2005) Mini-implants: Where are we? Journal of Clinical Orthodontics, 39, 539-47; quiz 531.

21. Park, H.S., Lee, S.K. and Kwon, O.W. (2005) Group distal movement of teeth using microscrew implant
anchorage. The Angle Orthodontist, 75, 602—6009.

22. Park, H.S., Jeong, S.H. and Kwon, O.W. (2006) Factors affecting the clinical success of screw implants used as
orthodontic anchorage. American Journal of Orthodontics and Dentofacial Orthopedics, 130, 18-25.

23. Chen, Y., Kyung, H.M., Zhao, W.T. and Yu, W.J. (2009) Critical factors for the success of orthodontic mini-
implants: a systematic review. American Journal of Orthodontics and Dentofacial Orthopedics, 135, 284-291.

24. Motoyoshi, M., Hirabayashi, M., Uemura, M. and Shimizu, N. (2006) Recommended placement torque when
tightening an orthodontic miniimplant. Clinical Oral Implants Research, 17, 109-114.

25. Estelita, S., Janson, G., Chiqueto, K. and Garib, D. (2012) Mini-implant insertion based on tooth crown references:
a guide-free technique. International Journal of Oral and Maxillofacial Surgery, 41, 128-135.

26. Wilmes, B., Su, Y.Y. and Drescher, D. (2008) Insertion angle impact on primary stability of orthodontic mini-
implants. The Angle Orthodontist, 78, 1065-1070.

27. Khan MI, Neela PK, Unnisa N, Jaiswal AK, Ahmed N, Purkayastha A. Dentoskeletal effects of Twin Block
appliance in patients with Class Il malocclusion. Med Pharm Rep. 2022 Apr;95(2):191-196. doi: 10.15386/mpr-1989.
Epub 2022 Apr

28. De Ridder L, Aleksieva A, Willems G, Declerck D, Cadenas de Llano-Pérula M. Prevalence of Orthodontic
Malocclusions in Healthy Children and Adolescents: A Systematic Review. Int J Environ Res Public Health. 2022 Jun
17;19(12):7446. doi: 10.3390/ijerph19127446.

29. Ghodasra R, Brizuela M. Orthodontics, Malocclusion. 2023 Apr 23. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2025 Jan—.

30. Higgins, J.P. and Green, S. (2011) Cochrane Handbook for Systematic Reviews of Interventions, Vol. 4. John
Wiley & Sons.

31. Wells, G., Wells, G.A., Shea, B., O’Connell, D., Peterson, J., Welch, V. and Losos, M., et al. (2011) The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses. Ottawa, Ontario: The Ottawa
Health Research Institute.

32. Shinde S, Sethi S, Vasa D, Bhosale V, Patil K, Jadhav M. Comparative cephalometric evaluation of tongue
position in subjects with skeletal class Il division 1 and division 2 malocclusion. J Orthod Sci. 2023 Apr 28;12:28. doi:
10.4103/jos.jos_94 22.

33. Higgins, J.P., Thompson, S.G., Deeks, J.J. and Altman, D.G. (2003) Measuring inconsistency in meta-analyses.
BMJ (Clinical Research ed.),327, 557-560.

34. Begg, C.B. and Mazumdar, M. (1994) Operating characteristics of a rank correlation test for publication bias.
Biometrics, ;1088-1101

35. Egger, M., Smith, G. D., Schneider, M., Minder, C. (1997). Bias in metaanalysis detected by a simple, graphical
test. Bmj, 315, 629-634.

36. Narmada IB, Martalia C, Ramadhani SDN. Non-extraction Treatment of Class Il Division 2 Malocclusion with
Cover Bite: A Case Report. Acta Med Philipp. 2023 Apr 28;57(4):81-88. doi: 10.47895/amp.vi0.4309.

37. Falkensammer, F., Arnhart, C., Krall, C., Schaden, W., Freudenthaler, J. and Bantleon, H.P. (2014) Impact of
extracorporeal shock wave therapy (ESWT) on orthodontic tooth movement-a randomized clinical trial. Clinical Oral
Investigations, 18, 2187-2192.

38. Pandey R, Kamble R. Comparative evaluation and co-relation in variation of curve of Spee and curve of Wilson
in Class Il div. 1, Class Il div. 2, and Class 11 as against Class I malocclusion in central India population-an in vitro study.
F1000Res. 2024 Jul 10;12:493. doi: 10.12688/f1000research.133330.2.

39. Zhao Z, Zheng L, Huang X, Li C, Liu J, Hu Y. Effects of mouth breathing on facial skeletal development in
children: a systematic review and meta-analysis. BMC Oral Health. 2021 Mar 10;21(1):108. doi: 10.1186/s12903-021-
01458-7.

40. Pithon MM. Therapeutic approach in Class | malocclusion with impacted maxillary canines. Dental Press J
Orthod. 2022 May 23;27(2):e22bbo2. doi: 10.1590/2177-6709.27.2.e22bbo2.

41, SunJ, ZhuH, Lu C, Zhao J, Nie X, Yang Z, He D. Temporomandibular joint disc repositioning and occlusal splint
for adolescents with skeletal class 11 malocclusion: a single-center, randomized, open-label trial. BMC Oral Health. 2023
Sep 27;23(1):694. doi: 10.1186/s12903-023-03402-3.

42. Zhao H, Sun R, Cao S, Han J. Treatment of Class Il Malocclusion With Orthodontic Microimplant Anchorage. Int
Dent J. 2024 Jun;74(3):536-542. doi: 10.1016/j.identj.2023.11.008. Epub 2023 Dec 6.

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)
http://mmj.nmuofficial.com

203


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661
Issue 4 (158), 2025 elSSN 2786-667X

Creative Commons «Attribution» 4.0

43. Kabalan RM, Tayyar RK, Khattab TZ, Hajeer MY. Characteristics and Dynamics of Smile in Patients With
Skeletal Class 1l Malocclusion Versus Class | Malocclusion Using Still Digital Video Captures: A Three-Group, Cross-
Sectional, Comparative Study. Cureus. 2022 Oct 26;14(10):e30704. doi: 10.7759/cureus.30704.

CTalisIbHICTHL BUKOPHMCTAHHS TUMYACOBUX AHKOP a;KHUX MPHUCTPOIB
y Cy4YaCHiil OPTOAOHTII: CHCTEMATUYHUMN OTJISAX

JIrogmuna I'puBa

Kacgenpa opTomoHTii Ta HpOmeeBTHKH OPTONEANYHOI CTOMATONOT ],
Harnionansauit MeanuHuit yHiBepcuteT iMeHi boromonbiis, Kuis, Ykpaina.
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E-mail: ludmilagriva2919@gmail.com

Anomauian: opmooonmuunomy nikyeanui TADs 6 ocnognomy sukopucmosyromscs 0s Qikcayii,
KOIU NAyicHm He OOMPUMYEMbC peKOMeHOayil nikaps. Y cyyacHii opmoOoHmuuHit iimepamypi
HABOOSAMbCA PI3HI NOKA3HUKU Hegoay. Memoto Hawio2o 0ociodxcents 6yaa mouHa oyiHka cmabiibHOCmi
TADs ma nomenyiiinux ¢haxmopie puzuxy 01 mexaniuno gixcosanux TADs. /o epyous 2017 poky
0Jis1 NOWLYKY 8 elleKmpoHHux 6azax oamux euxopucmosysanruci MEDLINE, Scopus ma Cochrane
Library. Byno nepesipeno cnucku nimepamypu ma npoeederHo 000amKosuti NOULYK NOMOYHUX |
Heonyonikosanux oanux. Takooc 6yi0 nposedeHo pyuHuil NOULYK Y 8IONOBIOHUX HCYPHANAX MA CIpill
nimepamypi. Mu 3i6panu onyoaiko8aui aHe1illcbKOW MOBOIO NPOCNEKMUBHI KO2OPMHI O0CAIONCEHHS.
(IIK/]) ma panoomizoeani koHmpoavbogari oocniodxcenns (PK/), é akux demanvHo onucano uacmoniy
Hegoayu MiHie8UHMIG OiaMempom MeHue 2 MM NpU GUKOPUCIMAHHI iX SIK OpMOOOHMUYHUX aHKepis. ¥V
ULOMY 00CTIONCEHHI OYI0 NPOBEOEHO BUNYUEHHS OAHUX, OYIHKY PUSUKY YNepeO*CeHOCME ma Clinul
i oybniorouutl 6i0oip docniodxcenb. 3a 00nomo2010 Mooeni 8Unaoko8ux eghexmie 0yI0 GU3HAYEHO
yacmomy 6i0M08 i 6I0NOGIOHI 3MIHHI PU3UKY OJisl MIHI-26UHMIB, A makodc cynymui 95-6i0comkogi
oosipui inmepeanu ([1). /[na oyinku 2emepozennocmi docniodicens 6yno euxopucmano mecmu 12 i Chi?,
Jna eusnauenns pusuxy ynepeoscenocmi 0yno eukopucmano wkany Hotokacna-Ommasu ma wxany
Koxkpana. Haoitinicms pesynbmamie memaananizy 0Oyna nepesipena 3a 00noMo200 aHaiizy nioepyn
ma ananizy yymaueocmi. Lle oocnioscenns oxonnrosano 30 npocnekmusHUX KIIHIYHUX GUNPOOYBAHD, A
maxkooic 16 panoomizosanux kiiHiuHux eunpooysams. OCKilbKu CMAmMUCmMu4HUX OaHUX 015 PO3PAXYHKY
PO3MIpY 6naugy 0yi0 HedOCmamuvo, n'sims 00CIIONHCEHL DYII0 BUKIIOUEHO 3 Memaananisy. Y mooerni
sUnaoxosux eghekmie 6yno 06'eonano npubausno 3250 mini-eeunmie 3 41 eunpobysanns. Mini-eeunmu
nokasanu sazanvHuil pigens eiomosu 13,5% (95% /71 11,5%—15,9%). Ananiz epyn nodiny nokasas, wo
KYPIHHS Ma MUn sices Mai CmamucmuyHo 3HA4ywull 6naue Ha pieHb GIOMOGU MIHI-28UHMIE, MOOI
AK olamemp, 008IHCUHA MA KOHCMPYKYISL MIHI-26UHMIB, 6K NAYIEHMI6 ma Micye 68e0eHHs He Malu
sHauywoeo eénausy. Bucnosox: TAJ] marome npuiinamuo Hu3bKuil pieeHv 8iomosu. Yepes sucoxuii
CMYNinb 2emepoceHHOCmi ma He30ANAHCOBAHICMb 2PYN Y BKIIOYEHUX OO0CHIONCeHHAX, Cli0 Oymu
obepedxcHuMu npu inmepnpemayii pe3yiomamis. [l niomeepodcenHs pe3yibmamis yboco 02110y
HeoOXIOHI 3HAUHI pO3MIPU UOIPKU 3 BUCOKOSAKICHUX PAHOOMIZ08AHUX KAIHIYHUX OOCTIONCEHD.

KuarouoBgi ciioBa: OprogoHTHYHI AHKOpaXHi Copyright: © 2025 by the authors;
ITpouenypu; OpTONOHTHYHE NEepeMilleHHs 3y0iB; ‘@ ® \ licensee USMYJ, Kyiv, Ukraine.
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Penakuiiina koJieris
YKpaiHCbKOr0 HAYKOBO-MEIUYHOr 0 MOJIOAiKHOrO0 :)KypHaixy (Y HMMIK)
BHCJIOBJIIO€ MOASKY BCiM 3a1ydeHuM wieHaM ToBapucTBa MoJ1011X BYEHHX,
acnipanriB Ta cneniajgictiB (TMBAC) HMY imeni O.0O. boromosibus
3a BUKOHAHHS pelakliiiHoI nepeBipku pykonuciB y 2025 poui

TI'onoBa TMBAC
Ipuna KocTiok — k. ¢apm. H., ToleHTKa Kadeapu opraHizaiii Ta eKoHOMikH ¢apmariii, Hamio-
HanbHUN MennuHuil yHiBepcuteT iMeH1 O. O. boromounsn, M. Kuis, Ykpaina.

Xipypriunuii Bingia
Hiana Kipuk — ['osoBa xipypriunoro Bigainy, gikapka-intepH, KHIT «kKMKJI ILIM/», m. Kuis,
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Poman Pomanenko — Xipypris rosioeu 1a mmi (JIOP, odraneMororis, menenHo-miesa), 3/10-
oysau PhD, Hamionaneauii Meauunuii yHiBepcuteT iMeHi O. O. boromonbiist, M. Kuis, Ykpaina.

TepaneBTuuHmMil Bixaia

Tapac Py:xxancbkuii — ['osioBa TepaneBTHUHOr0O BTy, 3aBiyBady PEHTI €HOJOTIYHOIO BiAJII-
nenns, KKJI 3T Ne2 ¢inii «11O3» AT «Ykp3anizauus», M. Kuis, Ykpaina.

Amnacracisa llIkBapok-JlicoBenko — KapaionynsmoHonoriyauii HanpsiM, 3100yBau PhD, acuc-
TEHTKa Kadenpu 3arajabHOI MPAKTHKU (CiMeiHOT MeauIuHn ), HalioHaapHUi MEIMYHUE YHIBED -
cuteT iMeHi O. O. boromonbis, M. Kuis, Ykpaina.

(1H1I1 HanpsIMU 1BOT 0 OJIOKY — 6€3 nmepcoHai)

HexiarpuuHmii Biais
Ouabra ImutpumuH — ['onoBa neaiarpuunoro Bigauty, PhD, acuctentka kadenpu neniatpii
MICTSANIUIOMHOT ocBiTH, Harionanpauii Meguuauii yHiBepcuter imeni O. O. boromosmbis,
M. KuiB, Ykpaina.
Ipuna CepsikoBa — 3aranbpHa Ta KiiHiuHA nemiatpis, PhD, acucrenTka xadenpu ITuTsSuux iH-
dexuiitnux xBopoO, Hamionaneauii Mmeauunuii yHiBepcuteT iMeHi O. O. boromonbis, M. Kuis,
VYkpaiHa.
(1H1I1 HanPsAMU 1BOT0 OJIOKY — 6€3 mepcoHatiii)

Cromarosoriyauii Bigaia
Poman ITanuBoaa — I'osioBa cTOMaTOJIONYHOTO BiALTY, K. MEJ. H., JOLEHT Kadeapu IeaenHo-
JIMIIEBOI XIpYprii Ta CydyaCHUX CTOMATOJIOITYHUX TeXHOJOri, HarioHanpHuii MequYHui yHIBEp-
cutet imeHi O. O. boromonsiis, M. Kuis, Ykpaina.

Bekip OcmanoB — Xipypriuna ta oproneandna cromarosnoris, PhD, acucrenT kadeapu menemnHo-

JUIEBOT XIpyprii Ta CydaCHUX CTOMATOJIOTIYHUX TEXHOJIOT1H, HamioHalsHUil MEAMYHHUE yHIBEp-
cuteT iMeHi O. O. boromonsiis, M. Kuis, Ykpaina.

dapManeBTUHYHUIA BT
Haranis Caxnanbka — ['osioBa dapmareBtruunoro Bigainay, PhD, acucrentka kadenpu oprasi-
3ariii Ta ekoHoMiku (apmarnii, Harfionaneauii Mmeguuauii yaiBepcuteT iMeHi O. O. boromoubiis,
M. KuiB, Ykpaina.
(1H11 HanpsAMU 1HOT0 OJIOKY — 6€3 mepcoHatiii)

MeanKo-ncuxXoJIoriYHui BiIia

Awnapiii Cypa —I'ooBa MeIMKO-TICHXOJIOTIYHOT O BiIiTy, 3100yBay PhD, acucrent kadenpu me-
JUYHOI TICUXOJIOT1], ICHXOCOMAaTUYHOI MEIUIIMHU Ta rcuxoreparii, HamonansHui MeaumaHuit
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(1HIIII HAMTPSMHU 1IBOTO OJIOKY — O€3 IIepCoHalTii)
Meauko-06iooriynui Bigmia
Anpapii Anuunmu — ['onoBa MeTuK0-010J0T1YHOTO BigALTY, Kadeapa OnucoBOi Ta KIHIYHOT aHa-
toMmii, Hantionaneuuit Mmenuaauii yaiBepcuter imeHi O. O. boromonsirs, M. Kuis, YkpaiHa.
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Medical-Psychological Department
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