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OPUTHAABHI AOCAIAXEHHSA

Bypsik O.I.

OcobnmBoCTi reMoAMHaMiku Ta MikpoLMpKynsiLii

y AiTen 3 peuanByoHnM BpoHXITOM
CoTtHikoBa-MenewkiHa XK.B.,
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PanmoHngai [., MaptuHeHko O.B., Bapci Jl.,
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BionoriyHMin 3BOPOTHUIA 3B’A30K
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PE3IOME

AkTyanbHicTb. PeunauBytounii GpoHXIT y AiTel acouiloeTbCa 3 pecnipaTtopHUMK
CMMMTOMaMN Ta 3HWKEHHAM yHKUii nereHb, WO MOXe BNAMBaTU Ha 3aranbHun
CTaH 3g0poB’si. femognHamiyHa HecTabinbHICTL 3a3BMYal CnocTepiraeTbcs y Aiten
3 peumamByounm 6poHxiTom. CepueBnin BUKUA, apTepianbHUN TUCK | YacToTa cepLeBux
CKOpPOYEHb € OCHOBHVMMW remMogvHaMiYHMMK napameTpaMu, Ha Ski BNnvBae XBopoba.
Enizogn GpoHXiTy 4acTo BUMKMNMKAOTb NPUCKOPEHe cepuebuTTst yepes crnpobu opra-
Hi3My KOMMEHCYBaTW 3HVDKEHE HAaCUYEeHHs! KMCHEM, WO MpU3BOAMTb A0 NiABULLEHOrO
HaBaHTaXEHHS Ha cepue Ta, MOXIUBO, CEPLEBOI HeAOCTAaTHOCTI y TSHXKMX BUMagKax.
B3aemo3B’A30k MiXX peuuamByrodMM BPOHXITOM i CTaHOM CepLeBO-CYAUHHOI CUCTEMMU
BMBYaBCH Y JOPOCNMX, ane AnsA nepiatpyuyHoi nonynsuii icHye nuwe obmexeHa Kinb-
KiCTb JOCNIOKEHb Ha Lil0 TEMY.

MeTa pob0oTn — BUBYEHHS OCOONMMBOCTEN apTepianbHOro TUCKY Ta MiKpOLMpKynsuil
y AiTel 3 peunamByro4M BPOHXITOM.

Marepianu Ta metoau. Bcboro B gocnigkeHHs Oyno BkmodeHo 60 aiten BikoM
Bia 7 no 12 pokis, Aki 6ynn po3nodineHi Ha ABi rpynu: ocHoHy rpyny 30 AiTen 3 peuu-
AVBYIOYMM BpOHXITOM i KOHTpomnbHy rpyny 3 30 3gopoBux Aiten. KpuTepismu Bkmto-
YeHHA B OCHOBHY rpyny Oynu MigTBEpAXXeHWI AiarHo3 peumavBYHYOro OpOHXITY
He MeHLWe TpbOX peuMAMBIB BNPOOOBX [ABOX POKIB Mochinb. Y AocnigXyBaHMX
OLiHIOBanNM KapAiopecnipaTopHi MOKa3HWKWU: apTepianbHUA TUCK, Y4acToTy MynbCy,
YacToTy AvxaHHs. [Ans BMBYEHHS MIKPOLMPKYNALIT OLiHIOBanNu CTaH Kaninspis Hirtbo-
BOro Noxa. MOHITOpVHI apTepianbHOro TUCKY NPOBOAMIN 3a AONOMOro 24-roguHHOIO
ambynaTopHOro MOHITOpyBaHHSA apTepianbHoro Tucky (OMAT).

Pe3ynbraTty Ta ix 06roBopeHHs. Y Aiten 3 peunavByounM BpoHXITOM cnocTepiranucs
AOCTOBIPHO BWLLi MOKa3HUKN apTepianbHOro TUCKY, 4acTOTM NyrbCy Ta YacTOTU ANXaHHS,
MOPIBHAHO 3i 300poBMMM AiTbMKU. KpiM TOro, B OCHOBHIl rpyni cnocTepiraBca 3Ha4HO
BULLMA [EHHWUIM | HIYHWMI apTepianbHUM TUCK, @ TakoX MiaBueHa BapiabenbHicTb
apTepianbHOro TUCKY, MOPIBHAHO 3 KOHTPOSbHO rpynoto. MopyLUeHHS MIKpOLMPKYNsuii
cnocTepiranucs y 6inbLiocTi Aiterr ocHoBHOI rpynu. OCHOBHMMK aHOManisMu Mikpo-
unpkynauii 6yny nigBuweHa 3BMBUCTICTb KaninspiB, 3HWKEHHA MiHIAHOI LWinbHOCTI
i HasiBHICTb ABULL, CNaJXXyBaHHS epUTPOLIMTIB.

BucHoBku. OTpumaHi HaMun faHi cBig4aTb NpPo Te, WO peLunanByouniA OpoHXIT y aiten
acoLlETECA 3 MOTNIPLUIEHHAM CTaHy CepLeBO-CYAMHHOI CUCTEMM Ta MOPYLUEHHAMMU
MiIKpOLMPKYNALii. PaHHE BUABNEHHSA Ta MOHITOPVHI LMX NapaMeTpiB MOXe AOMOMOrTU
nornepeanT! PO3BUTOK AOBrOCTPOKOBMX HACMiOKIB ANS CepLeBO-CyAMHHOI CUCTEMMU
y AiTel 3 peunamByro4MM BPOHXITOM.

remogvHamikn Ta MIKpOUMPKynaAUii y AiTed 3 peunamByounMMm  BpoHxiTom. BicHUK
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ABSTRACT

Background. Recurrent bronchitis in children is associated with respiratory symptoms
and reduced lung function, which may influence overall health. Hemodynamic instability
commonly observed in children with recurrent bronchitis. Cardiac output, blood
pressure and heart rate are the principal hemodynamic parameters which could be
affected. Bronchitis episodes often cause increased heart rates due to the body’s
attempt to compensate for the reduced oxygenation, leading to an elevated cardiac
workload and potentially heart failure in severe cases. Although the relationship
between recurrent bronchitis and cardiovascular health has been studied in adults,
but limited research exists on this topic in the pediatric population.

Purpose — to investigate the peculiarities of blood pressure and microcirculation
in children with recurrent bronchitis.

Materials and Methods. A total of 60 children aged 7 to 12 years were enrolled in
the study and divided into two groups: a main group of 30 children with recurrent
bronchitis and control group of 30 healthy children. Inclusion criteria for the main group
were a confirmed diagnosis of recurrent bronchitis for at least three times in two con-
secutive years. The cardiorespiratory parameters assessed included blood pressure,
pulse rate, and respiratory rate. Nail bed capillary state was also evaluated to assess
microcirculation. Monitoring of arterial pressure was performed using 24-hour ambu-
latory blood pressure monitoring device (ABPM).

Results. Children with recurrent bronchitis exhibited significantly higher blood pressure,
pulse rate and respiratory rate compared to healthy controls. Furthermore, the
main group demonstrated significantly higher daytime and nighttime blood pressure
and increased blood pressure variability compared to the control group. Microcirculation
disorders were observed in the majority of children in the main group. The main
abnormalities of microcirculation were increased capillary tortuosity, decreased linear
density and the presence of a sludge phenomenon.

Conclusions. Our findings suggest that recurrent bronchitis in children is associated
with cardiovascular health impairment and microcirculation disorders. Early detection
and monitoring of these parameters may help mitigate the long-term consequences
on cardiovascular health in children with recurrent bronchitis.

children with recurrent bronchitis.
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BCTYN

Peungusytoumn 6poHXiT —

nowuvpeHa npobnema
B MediaTpuyHii MpakTuli, SKa XapakTepusyeTbCs Mno-

INTRODUCTION

Recurrent bronchitis, a prevalent issue in pediatric
healthcare, characterized by repeated episodes of

BTOPHUMMK enidogamn 3ananeHHs OpoHXiB, IO Mpu3Bo-
OsTb 0o GaraTbox ycknagHeHb. KnioyoBuM akTopom,
O BMfMBaE Ha MNPOrpecyBaHHA Ta TSXKICTb nepebiry
LbOro 3axBOPIOBAHHSA, MOxe OyTu MOpYyLUEHHS remo-
OuHamikn Ta Mikpouupkynsuii. emoguHamiyHa HecTa-
BinbHICTb YacTo cnocTepiraeTbCa y Aite 3 peunaun-
Bytouum 6GponxiToMm. CepueBui BUKMA, apTepianbHui
Tnck (AT) i YyacToTa cepueBUX CKOPOYEHb € OCHOBHWMU
reMogvHamiYHUMM  napameTpamu, B  SKUX MOXYTb
BMHMKaTW nopylleHHs. Enizogn GpoHXiTy 4acto cnpu-
UMHATb  36iNbLUEHHST 4acTOTU CepueBUX CKOPOYEHb
BHacnigok KomneHcauil opraHi3MOM 3HUXEHOI okcure-
Hauii, Wo npv3BOAMTb A0 NiABULLEHOr0 HaBaHTaXXeHHS
Ha poboTy cepusa Ta NOTEHLIMHO A0 cepueBoi HegocTar-
HOCTi Y TSXKMX Bunagkax [1, 2].

3HauHi 3miHun AT, K rino-, Tak i apTepianbHOI rinepTeH-
3il, TAKOXX MOXYTb BUHWKATW Yepe3 CKnagHy B3aEMOLi0
MK CUCTEMHVMM 3ananeHHsiM, HeWporopMOHanbHO
aKTMBaLJED Ta CyAVMHHOI AucdyHkuieto. Lli 3MmiHn, sk
nokasaHo B pob6oti Hopkins SR (2020), moxyTb nocu-
nuTn nepebir 3axBOpOBaHHS, MOripLUYOYM ra30006MiH
Ta nepdysito TkaHuH [3]. Mikpoumpkynsauis, nig skoro
PO3YMIETLCA KPOBOTIK Yy HANAPIOHILLIMX KPOBOHOCHUX

bronchial inflammation leading to a multitude of compli-
cations. A key factor influencing the progression and
severity of this disease could be disruption in hemo-
dynamics and microcirculation. Hemodynamic instability
is commonly observed in children with recurrent bron-
chitis. Cardiac output, blood pressure (BP) and heart
rate (HR) are the principal hemodynamic parameters
that can be affected. Bronchitis episodes often cause
increased heart rates due to the body’s attempt to
compensate for the reduced oxygenation, leading to
an elevated cardiac workload and potentially heart failure
in severe cases [1, 2].

Significant alterations in blood pressure, both hypo-
and hypertension, may also occur due to the complex
interplay between systemic inflammation, neurohor-
monal activation, and vascular dysfunction. These altera-
tions, as shown by Hopkins SR (2020), might aggravate
the disease course by impairing gas exchange and
tissue perfusion [3]. Microcirculation, referring to the
blood flow in the smallest blood vessels, plays a critical
role in oxygen and nutrient delivery to tissues [4].
In children with recurrent bronchitis, microcirculation
can be dramatically disrupted.
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cyavHax, Bigirpae BupiwanbHy ponb Yy AocTaBsLi
KMCHIO Ta MOXWMBHUX PEYOBUMH OO0 TKaHuH [4]. Y Agiten
3 peuMamByrouMM  OpOHXITOM CTaH  MiKpoumpKynauiil
MOXe Pi3KO MopyLlyBaTUCS.

3ananbHi peakuii npyu OpOHXITI MOXYTb MPU3BECTU
00 MiABULLEHHS NMPOHWUKHOCTI CyAWH, WO B CBOK 4epry
npu3BOAMTL OO BWUTOKY PiOWHW B iHTepcTUUianbHUA
npocTip i, TakMm 4YMHOM, noripwye edeKTUBHY MiKpo-
umpkynsuito. Lle, y cBoto yepry, Moxe BUKIMKaTU NOTOB-
LLEeHHS CTiHKM OpoHXiB Ta 36inblieHHA npogykuii crivay,
wo we 6inbwecnpusaeobCcTpyKLUii AnxanbHUX LWNAXIB
Ta MOCWMIOE TSXKKICTb nepebiry 3axBoptoBaHHA  [5].
Kpim Toro, He MoXxHa irHopyBaTu pornb eHgoTenianbHOT
ONCOYHKLIT B MIKPOLMPKYNATOPHUX MOPYLUEHHSIX, NOB’s-
3aHMx 3 OpoHxiTom. EHpoTenianbHa AucdyHKuis npu
OPOHXIiTi, WO XapaKTepu3yeTbCA NOPYLLUEHHAM Ba3oauna-
Tauii, npo3ananbHOro ctaHy Ta NPoOTPOMOOTMYHUX Brac-
TMBOCTEN, MOXe MpU3BecTU Ao AucbanaHcy MicLeBoro
KPOBOTOKY Ta OKCUreHauii TKaHWH, CMpUSYM Takum
YMHOM MaTOreHeTUYHNUM NpPosiBaM 3aXBOPHOBaHHSA [6].

Po3ymiHHA ocobnuBocTel remoguHaMiku Ta MiKpo-
UMpKynsuii y Aiten 3 peunamBytouMMm OpoHXITOM Mae
BaXNMBE KIliHIYHE 3HaYeHHs Ta MOXe CrpsiIMOBYBaTw
KNiHILMCTIB  Ha oNnNTUMi3auilo cTpaTerii  nikyBaHHS,
BKIlOYalouM 3axoAn Ana  crabinisauii  remoguHamiku
Ta NokpaLLeHHs1 MiKpoLMpKynsLii.

MeTa po60Tu — BCTAHOBUTW y AiTEN LUKINBHOMO BiKY
3 peunamByodMM OpOHXITOM HasIBHICTb Ta XapakTep
3MiH apTepianbHOro TUCKYy Ta Mikpoumpkynsauii 3a
noKasHMKamu KaninsipHOro KPOBOTOKY HirTbOBOTO ioXa.

MATEPIAAU TA METOAU AOCAIAXEHHS

Y pocnigkeHHi B3sNN y4acTb LWICTAECAT AiTen BiKOM
Bio 7 po 12 pokis. [itn 6ynu posnoaineHi Ha ABi rpynu
6e3 BIKOBO-CTaTeBOI PIi3HULI MiXX HUMW: KOHTPONbHY
rpyny, wo cknaganacsa 3 30 300poBUX LiTeN, i OCHOBHY,
wo cknaganaca 3 30 giten 3 giarHo3oMm peunamnByroHOro
6poHxiTy. KpuTepiammn BKMIOYEHHS [0 OCHOBHOI rpynu
OyB nigTBEepmKeHWn pJiarHo3 OpoHXiTy Ha nigcrasi
HasiBHOCTI 3aXBOPIOBAHHSA i3 3ananeHHsM OpoHXxiB
i NPOAYKTUBHUM KalUreMm LLOHaNMeHLLEe Tpudi BNPOOOBX
[OBOX POKIB MOCMiNb, a TakoX LOKYMEHTanbHO MiaTBepa-
KEHWIN aHaMHe3 HasIBHOCTI 3ananeHHs 6poHxiB. Kputepii
BUKIIOYEHHA Ans obox rpyn nepenbayany HasiBHICTb
OyOb-sKMX BPOMKEHUX Bag cepus abo iHLWMX XPOHIYHUX
3axBOploBaHb, ki Mormu © BRAMBaTM Ha CepLeBo-
CYOUVHHI napameTpu abo MikpoLMPKynsLito.

Bci gitn, BKMOYEHi B OOCNIAXKEHHS MPOWLLIM KOMI-
NeKCHe OOCTEeXeHHs, B sIke BXOAMNM AeTanbHuin 306ip
aHaMHesy, isvkanbHe OOCTEeXeHHs Ta ouiHka napa-
MEeTpIiB CepLeBO-CYANHHOI CUCTEMMU Ta MIKPOLMPKYNALi.
B ocHoBHiIN rpyni BCi BUMipIOBaHHA NpoBOAUNN B nepioa
paHHLOro oAyXaHHa Ha 5-7-A AeHb 3a BiACYTHOCTI
iHTOKCMKaLiMHOrO CUHAPOMY Ta NPW HOpMaribHin Temne-
patypi Tina. ApTepianbHMn TUCK BMMIpioBanu 3a Aomno-
Moroto ocumnometpuyHoro npunagy (Omron HEM-7121,
Omron, £AnoHist) 3 MaHXeTow BiAMOBIAHOINO PO3MiIpy.
BumiptoBaHHA npoBoAMNKM B TUXIiM KiMHaTI nicns Toro,
K OUTMHA MNocuaina He MeHWe 5 XBUIWH, TpuMaroun
pyky Ha piBHi cepus. Tpu BUMIpIOBaHHA NpoOBOAWMU
3 {HTEepBanoM y 2 XBWMMHW i 3anvcyBanu cepefHe 3Ha-
YeHHs. YacToTy nynbCy OLUiHIOBanM LUASAXOM nanbnauii

Inflammatory responses in bronchitis can result
in increased vascular permeability, leading to fluid
leakages into the interstitial space and thus im-
pairing effective microcirculation. This in turn may en-
hance bronchial wall thickening and mucus production,
further obstructing the airway and exacerbating disease
severity [5]. Moreover, the role of endothelial dysfunction
in bronchitis-related microcirculatory disruption cannot
be overlooked. As characterized by impaired vasodila-
tion, pro-inflammatory state and pro-thrombotic proper-
ties, endothelial dysfunction in bronchitis can lead to
imbalances in local blood flow and tissue oxygenation,
thereby contributing to disease pathology [6].

Understanding the peculiarities of hemodynamics
and microcirculation in children with recurrent bronchitis
has profound clinical implications. It can guide clinicians
to optimize management strategies, incorporating
interventions to stabilize hemodynamics and improve
microcirculation.

Objective — to determine in school-aged children with
recurrent bronchitis the presence and nature of changes
in blood pressure and microcirculation blood flow
indicators based on the nailfold bed capillaroscopy.

MATERIALS AND METHODS

Sixty children, aged 7 to 12 years, were enrolled
in this study. The children were divided into two group-
swithout age-sex difference between them: a control
group consisting of 30 healthy children and a main group
comprising 30 children diagnosed with recurrent
bronchitis. Inclusion criteria for the main group were
a confirmed diagnosis of recurrent bronchitis, based
on the presence of disease with bronchial inflammation
and productive cough for at least three times in two
consecutive years, as well as a documented history
of bronchial inflammation. Exclusion criteria for both
groups included the presence of any congenital heart
disease or other chronic illnesses that could influence
cardiovascular parameters or microcirculation.

All participants underwent a comprehensive assess-
ment that included a detailed medical history, physical
examination, and evaluation of cardiovascular and
microcirculatory parameters. In main group all measure-
ments were done in period of early recovery on the
5-7-th day with absents of intoxication syndrome and
normal body temperature. Blood pressure was measured
using an oscillometric device (Omron HEM-7121, Omron,
Japan) with an appropriately sized cuff. Measurements
were taken in a quiet room after the child had been
seated for at least 5 minutes, with the arm at heart level.
Three measurements were taken with 2-minute intervals
and the mean value was recorded. Pulse rate was
assessed by palpating the radial artery for 30 seconds
and then multiplying by 2 to obtain the beats per
minute (bpm). This method has been shown to provide
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npomeHesol apTtepii Bnpogosx 30 cekyHAd, a MoTiM
MHOXUNW Ha 2 Ans OTPUMaHHSA yaapiB 3a XBUIUHY
(yn./xB.). Len metog 3abe3snevye HaginHe i TodHe
BMMIpIOBaHHS YacTOTW NynbCy y AiTen. Yactota AMxaHHA
BMMIiptOBanacsi LUMSIXOM CMOCTEPEXEHHSA 3a pyxamu
rPYAHO! KIITKM  OUTUHWM MPOTArOM OAHIET  XBUMUHW.
PeectpyBanacs kinbkicTb BOUXIB 3a XBUNUHY. Llen me-
TO4 LUMPOKO BUKOPUCTOBYETBCA B KIiHIYHMX YMOBax
i nokasaB cebe AK HaOiMHWIA cnocid OLiHKM 4YacToTu
anxaHHa y giten [7]. CTaH kaninapiB HirtbOBOro
noxa OLuiHOBanM 3a [JOMNOMOrok  Kaninsapockonii  —
HeiHBa3WBHOro MeToA4y, L0 [03BONSE BidyanisyBaTu
CTaH Mikpouupkynsuii. [Ona oTpumaHHsa 306paxeHHs
Kaningapis HIrTbOBOroO fioXa BUKOPUCTOBYBanu Lngposuii
kaninapockon (Optilia Instruments AB, Sollentuna,
LBeuis) 3i 36inbweHHsM x200. PeectpyBanu aHomanii
Kaninapie, Taki sk iX po3wupeHHss abo nigsueHa
3BUBUCTICTb, | 3@ BCTAHOBMEHVWMMW KPUTEPISIMU BU3Ha-
Yanu HasiBHICTb NopyLleHb Mikpoumpkynauii [8].

Ona oTpumaHHs 6inbw  OeTanbHUX  MOKa3HMKIB
apTepianbHOro TuUCKy B 000X rpynax MpoBoAMU
24-roguHHe ambynaToOpHe MOHITOpyBaHHs apTepianb-
Horo Tucky (OMAT) 3a pgonomorow ocuMIIOMeTpuy-
Horo npunagy (Spacelabs 90217, Spacelabs Health-
care, CLLIA). AMAT Hapgae LiHHY iHdopMaUiio Npo AeHHi
Ta HiYHi NOKa3HUKM apTepianbHOro TUCKY, @ TakoX Npo
BapiabenbHicTb aptepianbHoro Tucky [9]. Crtatmuctuu-
HWA aHani3a npoBoAWNM 3a [JOMOMOrOK  Mporpamu
The Statistical Lab (v.3, CeDiS, 2005, 6e3kowiTOBHE
nporpamHe 3abesaneyeHHsi). OnNMcoBy CTaTUCTUKY, HOp-
MarnbHiCTb po3noginy AaHuX OLUiHIOBanu 3a OMOMOro
Tecty UWanipo-Yinka [10]. Y Bunagkax, Konu A[aHi
He Oynu posnogineHi HopmanbHO, BWKOPUCTOBYBanu
HenapameTpuyHi Tectn, Taki sk U-kputepin MaHHa—
YitHi. Bci p-3HadeHHs 6ynu gBobGiyHumu, a p < 0,05
BBaXanocs CTaTUCTUYHO 3HAYYLLMM.

JocnigpXeHHs NpoBOAMMOCA 3 ypaxyBaHHAM MPUWH-
umnie lenbciHCcbKoi geknapauii BcecBiTHbOI MeanyHoi
acoujauii  «ETuYHi  npuHUMM  MegudHMX  gocnigXeHb
3a y4acTio noguHM B AKOCTI 00’ekTa [OCRImKEHHS».
Y BCix 0OCif, BKMHOYEHUX B OOCMIOKEHHS,0yNo oTpMMaHo
iHpopmoBaHy 3rogy Ha y4acTb (6aTbkiB giten abo
iX OnikyHiB), sika akueHTyBana yBary Ha BigCYTHOCTI
iHBa3iHUX yTpy4aHb. lpoTokon AocnigXeHHst obroso-
pPeHO Ta 3aTBEpMKeHO Ha 3acigaHHi Komicii 3 GioeTukn
ByKOBMHCBHKOrO [1€pXXaBHOTO MEOWUYHOIO YHIBEPCUTETY
MiHicTepcTBa OXOpOHM 340pOB’A  YKpaiHuW, pPilleHHSM
SIKOi BOHO Byno cxBarneHo.

PE3YABTATU TA iX OBrOBOPEHHS

[iTn 3 OCHOBHOI rpynu Manun cepegHi CUCTOMIYHUNIA
AT 124,3 £ 10,1 MM pT.CT., LLO 3HAYHO BULLE B MOPIBHSHHI
3 KOHTPOIBbHOO MPYMoto, B SKiV OiTM Manu cepeqHin cucTo-
niyHmnn AT 110,8 £ 9,6 mm pr.cT. (1(58) = 5,58, p < 0,001,
Cohen’sd = 1,44). Ha BigmiHy Big LbOro, cepefHin gia-
cToniyHmm AT ByB Ha TOMY X PiBHI, LLO i B OCHOBHIN rpyni
(69,5 + 6,8 MM PT.CT.) y MOPIBHSAHHI 3 KOHTPOIBHOO IPYMNOH0
(68,3 + 59 mm pt. cT.). BisdyanbHo BigmiHHOCTI y AT
MK OBOMa rpynamu npeacrtasneHi Ha puc. 1.

OcHoBHa rpyna npoAeMOoHCTpyBana 3Ha4HoO BULLy ce-
penHto YacToTy nynbey (88,2+7,3 ya./xB), HXX KOHTPONbHA —
(76,416,5 yn./xB; 1(58)=6,67, p < 0,001, Cohen’s d = 1,72).

reliable and accurate pulse rate measurements in
children. Respiratory rate was measured by observing
the child’s chest movements for one minute. The number
of breaths per minute was recorded. This method is
widely used in clinical settings and has been shown to be
a reliable way to assess respiratory rate in children [7].
The state of the capillaries of the nail bed was assessed
with capillaroscopy, a non-invasive method that allows
visualization of the microcirculation. A digital capillaro-
scope (Optilia Instruments AB, Sollentuna, Sweden)
with a x200 magnification was used to capture images
of the nailfold capillaries. Capillary abnormalities,
such as dilated or tortuous capillaries, were recorded,
and the presence of microcirculation disorders was
determined based on established criteria [8].

To obtain a more comprehensive understanding
of the blood pressure profiles in both groups, 24-hour
ambulatory blood pressure monitoring (ABPM) was
performed using a validated oscillometric device
(Spacelabs 90217, Spacelabs Healthcare, USA). ABPM
provides valuable information on daytime and nighttime
blood pressure patterns, as well as blood pressure
variability, which can offer additional insights into cardio-
vascular risk [9]. Statistical analysis was done using
The Statistical Lab (v.3, CeDiS, 2005, freeware). Descrip-
tive statistics, normality of the data distribution assessed
using the Shapiro-Wilk test [10]. In cases where data
were not normally distributed, non-parametric tests,
such as the Mann-Whitney U test, were used. All p-values
were two-tailed and p < 0.05 was considered statis-
tically significant.

The study was conducted in accordance with the
principles of the World Medical Association’s Declaration
of Helsinki «Ethical Principles for Medical Research
Involving Human Subjects». Informed consent to parti-
cipate was obtained from all thoseincluded in the study
(parents of children or their guardians), which empha-
sizes the absence of invasive interventions. The study
protocol was discussed and approved at a meeting
of the Biomedical Ethics Committee of Bukovinian State
Medical University of the Ministry of Health of Ukraine.

RESULTS AND DISCUSSION

Children in the main group had a mean systolic BP of
124.3 = 10.1 mmHg, significantly higher than the control
group, which had a mean systolic BP of 110.8 + 9.6 mmHg
(t(58) = 5.58, p < 0.001, Cohen’s d = 1.44). In contrast
to this, the mean diastolic BP was at the same level
that in the main group (69.5 + 6.8 mmHg) compared
to the control group (68.3 + 5.9 mmHg). Figure 1 pre-
sents a visual representation of the differences in BP
between the two groups.

The main group exhibited a significantly higher mean
pulse rate (88.2 + 7.3 bpm) than the control group
(76.416.5 bpm; t(58) = 6.67, p < 0.001, Cohen’'s d = 1.72).
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Puc. 1. MNMopiBHAHHS cucTomniyHoro Ta giactoniyHoro AT Mixk rpynamu
Fig. 1. Comparison of systolic and diastolic BP between groups

Oitn 3 peuunavByodMM OGPOHXITOM Manu cepegHio
YacToTy ONXaHHs 22,7 + 3,2 AnxanbHNUX PyXiB 32 XBUIMHY,
LLIO 3HAYHO NepeBuLLYBaro CepeaHi0 YacToTy AnXanbHNUX
PyXiB Y KOHTpOMbHi rpyni — 18,5 + 2,4 guxanbHux pyxisB
3a xBunuHy (1(58) = 6,25, p < 0,001, Cohen’sd = 1,61).

OuiHka cTaHy KkaninspiB HIrTbOBOrO oXa BusiBMIA
nopyLeHHsa mikpoumpkynsauii y 10 i3 30 giten (33,3%)
OCHOBHOI rpynu, ToAi §iK y AiTel KOHTPONbHOI rpynu
Takux nopylleHb He BusBneHo (x%(1, N = 60) = 19,5,
p < 0,001, Cramer’sV = 0,57). OCHOBH/MW BUSIBNEHNMU
BiOXMINEHHsIMM Oynu nigBuLleHa 3BMBUCTICTb Kaninspis
(7 piTen), 3HWXEHHs X niHiMHOT wWinbHocTi (7 aiTen)
i HasBHICTb cnagXX-cheHomeHy (6 giTen).

OTpvMaHi Hamy pesynbTaTv Y3rofpKylTbCa 3 none-
pepHiMm gocnipxkeHnamu (Kartal Oztirk G. Ta iH.), ski
B CBOil pobOTi MOBIAOMMAKTL MNPO 3MiHY CepLUEeBO-
CYAVMHHUX napamMeTpiB y AiTen i3 pecnipaTopHUMKU PO3-
napgawmw [11]. BigmiHHOCTI B apTepianbHOMY TUCKY, 4acTOTi
nynbCy Ta YacTOTi ANXaHHS MK OCHOBHOI Ta KOHTPOIb-
HOI rpynamu, siki HaMW HaBeAEHi, Y3rooXKylTbCs TakoX
3 pesyneratamu gocnigxeHHs El-Setouhy M. Ta iH. (2023),
SKi NOBiAOMMNANM NpPOo 36iNbLUEHHS XOPCTKOCTI apTepin
y AiTew 3 6poHxiTom B aHamHesi [12]. Kpim Toro, pesynsrati
HaWwuWx [OCNifpKeHb LWOAO MOpYLUeHb MiKpOLMPKynsAUil
Y3roAXylTbCA 3 IHWMMW JOCHILKEHHAMU Y NauieHTiB
3 aBTO3ananbHUMK 3aXBOPIOBAHHSAMMU, SKi AEMOHCTPYIOTh
nopyLUeHHS Mikpoumpkynauii [13].

3a pesynsratamu OMAT ocHOBHa rpyna npoaeMOHCT-
pyBana 3HayHO BWULLMW CepeaHi AEHHWA CUCTOMIYHWUA
AT (122,6 £ 9,8 MM pPT. CT.) B NOPIBHAHHI 3 KOHTPOMNBHO
rpynoto (109,3 + 8,6 mm pT. cT; t(58) = 5,75, p < 0,001,
Cohen’sd = 1,48). CepegHinn aeHHun giactoniyHum AT
B OCHOBHiN rpyni (69,2 + 6,5 MM pT. CT.) MpakTU4HO
He BIOpI3HABCA B MOPIBHAHHI 3 KOHTPOSMBHOK PYymno
(67,1 £ 5,7 mm pT. CT.). Y AiTen 3 peumauByrounm OpoH-
XiTOM crnocTepiranocs 3HayHe NiABULLEHHS CepenHbOoro
HiYyHOro cuctoniyHoro AT (112,3 + 9,2 mMm pT. CT)
B MOPIBHSIHHI 3 KOHTPOMbLHO rpynoto (99,1 £ 7,7 MM pT. CT.;
t(58) = 6,15, p < 0,001, Cohen’sd = 1,58). Ane, sk i B
nonepeaHix pesynsratax, cepefHin HiYHWUIA OiacTonivHUI

Children with recurrent bronchitis had a mean
respiratory rate of 22.7 + 3.2 breaths per minute, which
was significantly higher than the mean respiratory rate
of 18.5 £ 2.4 breaths per minute observed in the control
group (t(58) = 6.25, p < 0.001, Cohen’s d = 1.61).

Evaluation of the nail bed capillaries revealed micro-
circulation disorders in 10 out of 30 children (33,3%)
in the main group, while none of the children in the control
group exhibited such abnormalities (y2(1, N = 60) = 19.5,
p < 0.001, Cramer’s V = 0.57). The main abnormalities
we found were increased capillary tortuosity (7 children),
decreased linear density (7 children) and the presence
of a sludge phenomenon (6 children).

Our results are in line with previous research
(Kartal Oztirk G et al.) reporting altered cardiovascular
parameters in children with respiratory disorders [11].
The observed differences in blood pressure, pulse rate,
and respiratory rate between the main and control groups
are consistent with the findings of a study by El-Setouhy M
et al (2023), which reported increased arterial stiffness
in children with a history of bronchitis [12]. Similarly,
our findings on microcirculation disorders are in agree-
ment with previous research in autoinflammatory disease
patients demonstrating impaired microcirculation [13].

As a result of ABPM, the main group demonstrated
a significantly higher mean daytime systolic BP
(122.6 + 9.8 mmHg) compared to the control group
(109.3+8.6 mmHg;t(58)=5.75,p<0.001,Cohen’sd=1.48).
Otherwise, the mean daytime diastolic BP in the main
group (69.2 + 6.5 mmHg) was almost the same as in
the control group (67.1 = 5.7 mmHg). Children with
recurrent bronchitis exhibited a significantly elevated
mean nighttime systolic BP (112.3 £ 9.2 mmHg) compared
to the control group (99.1 £ 7.7 mmHg; t(58) = 6.15,
p < 0.001, Cohen’s d = 1.58). But, as in the previous
results the mean nighttime diastolic BP in the main group
(60.9 £ 6.1 mmHg) was on the samelevel as in the
control group (59.6 + 5.4 mmHg).

Increased BP variability has been associated with
higher cardiovascular risk [14, 15]. In our study, the main
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AT B ocHoBHil rpyni (60,9 £+ 6,1 Mm pT. cT.) 6yB Ha TOMY X
piBHi, K i B KOHTpONbHiIn rpyni (59,6 + 5,4 mm pT. CT.).

MigpBuweHa BapiabenbHicTe AT 4YacTo Bkasye Ha
BULUA PU3MK CepLeBO-CyAMHHUX posnagis [14, 15].
Y Hawomy JocnigKeHHi B OCHOBHIM rpyni 6yno gocto-
BipHO BuLLEe cTaHaapTHe BigxuneHHs (CB) 24-rognHHoro
cuctoniyHoro AT (11,7 £ 2,1 MM pT. CT.) B NOPIBHSIHHI
3 KOHTponbHoto (8,3 + 1,8 mm pT. cT.; 1(58) = 7,13, p < 0,001,
Cohen’sd = 1,83). CB 24-roguHHoro pgiactoniyHoro AT
TakoX 6yno BMLLMM B OCHOBHIl rpyni (7,4 + 1,6 MM pT. CT.),
HiXX y KOHTponbHiA (5,2 + 1,3 mm pT. cT; t(58) = 6,34,
p < 0,001, Cohen’sd = 1,63) (puc. 2).

group showed a significantly higher standard deviation
(SD) of 24-hour systolic BP (11.7 + 2.1 mmHg) compared
to the control group (8.3 + 1.8 mmHg; t(58) = 7.13,
p <0.001, Cohen’s d = 1.83). The SD of 24-hour diastolic
BP was also higher in the main group (7.4 + 1.6 mmHg)
than in the control group (5.2 + 1.3 mmHg; t(58) = 6.34,
p <0.001, Cohen’s d = 1.63).
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CB cucToniyHoro apTepianbsHOro TMCKY
OOcHoBHa rpyna / Main group

SD of diastolic blood pressure

CB giacToni4yHoro aptepiansHOro TUCKY

® KoHTponeHa rpyna / Control group

Puc. 2. lNMopiBHAHHSA 24-rogmHHOT BapiabenbHocTi AT (CTaHOapTHE BIOXWMEHHS) MK rpynamu
Fig. 2. Comparison of 24-hour BP variability (standard deviation) between groups

Pesynbratn Haworo [ocnigXeHHs MokasylTb, LWO
OiTV 3 peumamByounMM BPOHXITOM MaKTb 3HAYHO BULLMIA
apTepianbHUI TUCK, YacTOTy MyNbCy Ta YaCTOTYy AMXaHHS
MOPIBHAHO 3i 300POBMMM AiTbMW KOHTPOSbLHOI rpynu.
Lli BigmiHHOCTI cBigyaTb Npo Te, WO peuvaMBYUUIA
OpOHXIT MOXe BNNMBaTM Ha CTaH CepLeBO-CyANHHOI
cuctemu y giten. Kpim TOro, HasiBHICTb NOpPYLUEHb MiKpO-
umMpKynsauii y 6inbwocTi Aiten 3 peumanByrounMm GpoH-
XiTOM NigKPecnoe NOTEHUiMHI CUCTEMHI edekTn Lboro
3aXBOPIOBAHHS.

BusBneHi 3MiHM NOKa3HWKIB AiSANbHOCTI CcepLeBo-
CYAWHHOI cucTeMun y AiTen 3 peunamBytouMm GPOHXITOM
MOXYTb OyTn noB’A3aHi 3 Kinbkoma dakTopamu.
Hanpuknag, XpoHiyHe 3ananeHHs, O3Haka peuuavBylo-
yoro GpOHXITY, MOXNUBO MOB’A3aHe 3 eHOOoTenianbHOK
ANCAYHKLIE Ta 36inbLUEHHSAM >XOPCTKOCTI apTepin [16].
Kpim TOro, rinokcis, sika yacto cnocrtepiraeTecs B 0Ci6
3 peunavByo4MM i XPOHIYHMM OGpOHXITOM, MOXe Mnpu3-
BECTW A0 NereHesoi rinepTeHsii Ta 30inblUeHHs HaBaH-
TaxeHHsi Ha poboTty cepus [17]. Lli dpakTopm B noegHaHHI
3 MOPYLUEHHAM MIKpOLMPKYNALii, Lo CnocTepiraeTbes
B JiTe B HAwWOMy AOCHISKEHHI, MOXYTb CNpuaT nig-
BULLIEHOMY PU3WKY BUHWKHEHHS 3MiH 3 GOKy cepueBo-
CYAUHHOI CUCTEMW Y AiTen 3 peunanByodMM GPOHXITOM.

Lli pesynsratu nigkpecnioloTb HEOOXIOAHICTb peTernb-
HOr0 MOHITOPUHIY CTaHy CepLeBO-CYOMHHOI CucTemmn

Our findings indicate that children with recurrent
bronchitis have significantly higher blood pressure, pulse
rate, and respiratory rate compared to healthy controls.
These differences suggest that recurrent bronchitis
may have an impact on cardiovascular health in children.
Furthermore, the presence of microcirculation disorders
in a majority of children with recurrent bronchitis under-
scores the potential systemic effects of this condition.

The observed alterations in cardiovascular para-
meters in children with recurrent bronchitis may be
related to several factors. For instance, chronic inflamma-
tion, a hallmark of recurrent bronchitis, has been asso-
ciated with endothelial dysfunction and increased
arterial stiffness [16]. Additionally, hypoxia, which is often
present in individuals with recurrentand chronic bron-
chitis, can lead to pulmonary hypertension and increa-
sed cardiac workload [17]. These factors, combined
with the impaired microcirculation observed in our
study, may contribute to the increased cardiovascular
risk in children with recurrent bronchitis.

These findings highlight the need for close monitoring
of cardiovascular health in children with recurrent
bronchitis. Early detection and intervention may help
mitigate the long-term consequences of recurrent bron-
chitis on cardiovascular and microcirculation systems.
Interventions could include lifestyle modifications, such
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y OiTen 3 peunamByodMM OpoHXITOM. PaHHE BUSIBNEHHS
Ta Kopekuisi MOXyTb AOMOMOITM MOM’AKWWUTK BigaaneHi
Hacnigkm peumauBytodoro OpoHXiITY Ana  cepueso-
CYAMHHOI cucTeMn Ta Mikpoumpkynsuii. Kopekuis moxe
BKNoYaT Moamdikauito cnocoby XuUTTHA, Hanpuknag,
CMpUSAHHA  (PI3WYHIN aKTUMBHOCTI Ta 340POBOMY Xap-
YyBaHHIO, a TakoX papmMakornoriyHe nikyBaHHS, crps-
MOBaHE Ha 3MEHLLEHHS 3ananbHOro NpPoLecy Ta KOpek-
uito eHgoTeniansHoi ancdyHkuii [18, 19].

BUCHOBKHU

Y OOCRIgKEHHI MU BUABMAW, WO AiTM 3 peunan-
BYIOUMM OpOHXITOM [OEMOHCTPYOTb 3Ha4yHO BULLUIA
apTepianbHUI TUCK, YacTOTY NyNbCy Ta YacTOTy AUXaHHS,
NOPIBHAHO 3i 300POBUMW AiTbMU KOHTPOMbHOI rpynu.
Kpim TOro, pesynsratv Halloro AOCHIXKEHHS BUSBUNA
MOpyLUIEHHA  MiKpoumpkynsuii y  GinbiocTi  gitewn
3 peumanByrUNM OPOHXITOM.

3a pesynbratammu  Uinogob0BOr0  MOHITOPYBaHHS
apTepianbHOro TUCKY BWSIBMEHO MNiOBWLLEHHS OEHHOro
Ta HiyHoro AT, a Takox Moro nigBuLleHy BapiabenbHicTb
y Q4iTen i3 peunavBylouMM OpPOHXITOM B MOPIBHSAHHI
3i 3OPOBMMU AiTbMU IPYNU KOHTPOTIO.

OTpumaHi pesyneratu cBigyaThb,
Yni OpPOHXIT MOXEe MaTu CyTTEBUW BMMMB Ha CTaH
CepueBO-CyAMHHOI  CUCTEMW  Ta  MIKPOUMPKYNsLiio
y Aiten. BigMiHHOCTI B nMokasHuKax AisinbHOCTI cepLeBo-
CYOMHHOI cuUcTeMu Ta MIKpoOUMPKYnAauil  nigkpecnio-
I0Tb HEOOXiAHICTb PEeTenbHOro MOHITOPUHIY Ta PaHHbOT
KOpekuii y Aaiten 3 peunamByodMm OpoHXiTOM Ans
3MEHLLUEHHSA MOTEHUiMHOroBNAMBY BigdaneHux Hacnig-
KiB Ha CTaH cepLeBO-CyaANHHOT CUCTEMU.

BaxnMBMM € paHHE BUWSIBNEHHS MOpPyLlEHb Ta
MOHITOPUHI CTaHy CepLeBO-CYANHHOI cuctemn y aiten
3 peumauBytounm BpoHxiToM. Po3pobka uinecnpsimoBa-
HUX METOAMK AN MOKPaLLEHHS CTaHy cepLeBO-CYyOUHHOT
cucTeMu B Ui monynAuii Moxe 3anobirtu OoBrocTpo-
KOBMM YCKMaJHEHHAM i MOKpalMTU 3aranbHi pesynb-
TaTu NiKkyBaHHS.

WO peuuanByo-

CMUCOK BUKOPUCTAHOI AITEPATYPU

1. Ishak A., Everard M.L. Persistent and recurrent bacterial
bronchitis — a paradigm shift in our understanding of chronic
respiratory disease. Frontiers in pediatrics. 2017. Vol. 5. 19 p. DOI:
https://doi.org/10.3389/fped.2017.00019

2. Ben Othmen M., Nechytailo Yu. Some indicators of cardiovascular
system functions in children with acute obstructive bronchitis.
The European Journal of Biomedical and Life Sciences. 2021. Ne 4.
P. 8-11. DOI: https://doi.org/10.29013/ELBLS-21-4-8-11

3. Hopkins S.R. Ventilation/perfusion relationships and gas exchange:
measurement approaches. Comprehensive Physiology. 2020. Vol. 10,
Ne 3. P. 1155-1205. DOI: https://doi.org/10.1002/cphy.c180042

4. CraHiwescbka T.I, TopHa O.l, Konunosa T.B. PeakTuBHiCcTb
CMUCTEMMU MIKPOLIMPKYNALT KPOBi Y AiTel MONOALLIOrO LUKINbHOroBIKY
Ha TemnepaTypHuii dakTop. YKpaiHcbKuli XypHan MeOuUUHU,
bionoeii ma cropmy. 2021. Ne 6(34). C. 282-288. DOI:
https://doi.org/10.26693/jmbs06.06.282

5. Chan R., Duraikannu C., Thouseef M. J., Lipworth B. An asthma
phenotype comprisingbronchial wall thickening and mucus
plugging confers worse clinical outcomes. Annals of allergy,
asthma & immunology. 2023. Vol. 131, Ne 4. P. 521-522. DOI:
https://doi.org/10.1016/j.anai.2023.07.010

6. Roy TK. Secomb TW. Effects of impaired microvascular
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as promoting physical activity and a healthy diet, as well
as pharmacological treatments targeting inflammation
and endothelial dysfunction [18, 19].

CONCLUSIONS

In the study, we found that children with recurrent
bronchitis exhibit significantly higher blood pressure,
pulse rate and respiratory rate compared to healthy
controls. Furthermore, our results revealed micro-
circulation disorders in a majority of children with
recurrent bronchitis.

The round-the-clock monitoring of arterial pressure
demonstrated elevated daytime and nighttime blood
pressure, as well as increased blood pressurevari-
ability in children with recurrent bronchitis compared
to healthy controls.

These findings suggest that recurrent bronchitis
may have a substantial impact on cardiovascular health
and microcirculation in children. The observed diffe-
rences in cardiovascular parameters and microcircu-
lation highlight the need for close monitoring and early
intervention in children with recurrent bronchitis to
mitigate the potential long-term consequences on cardio-
vascular health.

There is the importance of early detection and moni-
toring of cardiovascular health in children with recurrent
bronchitis. Developing targeted interventions to improve
cardiovascular health in this population may help
prevent long-term complications and improve overall
health outcomes.
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Prospects for further research

It will be promising in further studies to re-evaluate hemody-
namics and microcirculation in children with recurrent bronchitis
in the remission period, to establish the nature and duration
of the detectedchanges during the exacerbation. Long-term
preservation of changescan be considered as a risk factor
for the formation in the futurecomorbid pathology.
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PE3IOME

AkTyanbHicTb. PedopMyBaHHA cuCTeMM LLKINbHOI OCBITW, iHTEHCUIKaLiA HaB4anb-
HOro mpoLiecy, BNpoOBafpKeHHs HOBUX (DOpM HaB4vaHHS, rrmobanbHa iHpopmaTusauis,
nocurieHa HeraTBHUMK 3MiHaMu cnocoby XUTTS NpPU3BOAUTL OO0 (POPMYBaHHS
LUKINbHOrO CTPecy Ta 3pOCTaHHIO 3aXBOPIOBAHOCTI cepen LUKOMSApiB, WO BUMaratMme
BNPOBaAXEHHS NPOinakTUYHMX MnporpaMm Ta BTPy4aHb, CMPSIMOBaHWX Ha PU3WKO-
BaHy AJ151 300POB’si MOBESIHKY.

Meta po60TH — BU3HA4YMTKM HaWbInNbLl 3HaYyLli eneMeHTU KOMMIEKCHOI npodinak-
TUYHOI NPOrpamMu 3axBOPIOBaHb, LLIO NMOB’'A3aHi 3i CNOCOOOM XMTTS LLKONSPIB B YMOBaX
AvdbepeHLiioBaHoro nigxogy Ao NPodinakTuK1 HeiHeKUIMHNX 3aXBOPOBaHb.
MaTtepianu Ta MeToam. Y focnigxeHHi B3anu yyacTtb 216 wkonsipis Bikom 12—14 pokis.
OujiHka cTaHy 300pOB’S NPOBOAMNACL 3a pesynsratamy NPoinakTUYHUX MEANYHUX
OrnsAiB, Ta OAaHMMM JiarHOCTUYHOT MeToauku «CKPUHIHT-OMUTYBaHHS LOAO CTaHy
3[0POB’S LLKONSPIBY».

Pe3synbraTty Ta ix o6roBopeHHs. HaBeaeHi AaHi Npo piBeHb NaToONoriyHoi ypaKeHoCTi
y4HiB 6a30Boi LKoni, sika cknagana 1683,5%o i3 BUCOKUM MOLUMPEHHAM €HAOKPUHHOI,
OnXanbHoi, cepueBO-CyAMHHOI naTtonorii, XxBopob oka Ta NpuMOaTKoOBOro anapary.
3a pesynbraTamu BMBYEHHS OpraHisauii pexuMy [HS yYHIB BCTaHOBMEHO BUCOKWN
BiICOTOK HEAOTPMMAaHHA HOPMAaTUBHOI TPUBANOCTi CHY, PErynspHOro BUKOHAHHS
npoueaypu 3arapTyBaHHS, PaHKOBOI MMHACTUKM, 3HKEHHS 06CAry pyxoBOi akTMBHOCTI,
0cobnMBO y BMXiOHI [Hi, BUCOKe BidyanbHe HaBaHTaXeHHs. 3a gonomoro Tabnuub
CMPSPKEHOCTI Ta KkpuTepito Xi-kBagpat 3a metogom MakHemapa 6yno ouiHeHo BnnvBe
NPUXWIBHOCTI 4O 3[0POBOr0 CMOCOBY XUTTA Ha CTaH 300POB’S LLUKONSPIB 3@ NEBHUMM
HO30MOoriYHUMKM rpynamn. Ha OCHOBI faHUX CKPUHIHI-AiarHOCTUKX NaTOMNOriYHUX CTaHiB
BM3Ha4yanu piBeHb Hebnaronomny4yys 300pOB’'A Ta PU3MK (POPMYBaHHS MaTOMOriYHOI
YPaXXeHOCTi, Skui obuncnoBanu 3a HopMmanizoBaHUM KoeqilieHTOM AeTepMiHalii.
BignoBigHo [0 rpynu naTtonoriyHMx CTaHiB gobupanu onTMManbHUA - KOMMIEKC
NepBUHHMX NPOMINAKTUYHNX 3aXOAIB LOAO BAOCKOHANEHHS PEXUMY OHS.

BucHoBKU. CKpUWHIHIOBI OGCTEXEHHSA CnpusloTb BU3HAYEHHIO OCHOBHMX (baKTopiB
pu3KKy, POPMYBaHHIO MPUYMHHO-HACNIOKOBUX 3B'A3KIB MiXK MEBHUMU BigMIHHOCTAMM
y cnocobi XWUTTA Ta MOPYLUEHHSMW Yy 300POB'i i MOXYTb PO3rMsaAatUcs SK AieBun
KOMMOHEHT KOMMMeKCcy npocdpinakTMyHux 3axopiB. Hanbinblw 3Havywmmu 3axogamu
o0 MPOodINaKkTUKN HeiHEKUIVHNX 3aXBOPOBaHb MOCTalTb TPUBANICTb HIYHOMO CHY,
3arapToBylOYi Mpoueaypu, TpMBaniCTb MPOTrynsiHOK, a Hanbinbl «4yTAMBOKO» A0 iX
BMIUBY € NATONOrisi HEPBOBOI, ANXanbHOI Ta CepLIeBO-CYANHHOT CUCTEM.

CortHikoBa-MenewwkiHa XK.B., 3aropogHesa O.B., MoHomapbosa J1.I. Anroputm BuGOpy enemeHTiB NpodinakTuyHoi
nporpamu B yMoBax OCBIiTHbOIO cepefoBwLLa. BicHUK XapKiecbko2o HauioHarnbsHo20 yHisepcumemy imeHi B.H. KapasiHa.
Cepia MeduyuHa. 2024. T. 32. Ne 2(49). C. 140-150. DOI: https://doi.org/10.26565/2313-6693-2024-49-02
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ABSTRACT

Background. Reforming of the school education system, intensification of the
educational process, introduction of new forms of education, global informatization,
intensified by negative lifestyle changes, leads to the formation of school stress and
an increase in morbidity among schoolchildren, which will require the implementation
of preventive programs and interventions aimed at health-risky behavior.

Purpose — to determine the most significant elements of a comprehensive preventive
program of diseases related to the lifestyle of schoolchildren in the conditions of
a differentiated approach to the prevention of non-infectious diseases.

Materials and Methods. There were 216 schoolchildren aged 12-14 who took part
in the study. The assessment of the state of health was carried out based on the
results of preventive medical examinations and the data of the diagnostic method
«Screening survey on the state of health of schoolchildren».

Results. The article provides data on the level of pathological lesion among elementary
school pupils, which has reached 1683.5%. with a high prevalence of endocrine,
respiratory, cardiovascular pathology, eye and accessory apparatus diseases.
According to the results of the study of the organization of the schoolchildrens’ daily
routine, a high percentage of non-compliance with the standard duration of sleep,
regular performance of the hardening procedures, morning gymnastics, a decrease in
the volume of motor activity, especially on weekends, high visual load was established.
Using conjugation tables and the Chi-square test according to McNemar’s method,
the impact of adherence to a healthy lifestyle on the health of schoolchildren according
to certain nosological groups was evaluated. Based on the data of screening diagnosis
of pathological conditions, the level of ill health and the risk of the formation of
a pathological lesion were determined, which was calculated according to the
normalized coefficient of determination. According to the group of pathological
conditions, the optimal set of primary preventive measures to improve the daily
regimen was selected.

Conclusions. Screening examinations contribute to the identification of the main risk
factors, the formation of cause-and-effect relationships between certain differences
in lifestyle and health disorders and can be considered as an effective component
of a complex of preventive measures. The most significant measures for the pre-
vention of non-infectious diseases are the duration of night sleep, hardening
procedures, the duration of walks, and the most «sensitive» to their influence is the
pathology of the nervous, respiratory and cardiovascular systems.

Sotnikova-Meleshkina ZhV, Zahorodnieva OV, Ponomaryova LI. Algorithm for the selection of elements of the
preventive program in the educational environment. The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2024;32(2(49)):140—150. DOI: https://doi.org/10.26565/2313-6693-2024-49-02

BCTYN

INTRODUCTION

PedopmyBaHHSA cuctemun LKinbHOi ocBitn y XXI cT.
6asyeTbCsl Ha iHTeHcKdiKaLil HaB4anbHOro npouecy, sika
noe’si3aHa i3 BNPOBaIKEHHSIM HOBMX (DOPM HaBYaHHS
Ta rnobanbHol iHopmaTusauieto, WO NpPU3BOAUTL
[0 hOpMYBaHHsI LLKINIBHOrO CTPECY, 3pOCTaHHS noLuunpe-
HoCTi MOpdOYHKLiOHaNbHUX BiAXUNEHb, FOCTPOI Ta Xpo-
HiYHOI coMaTM4HOI 3aXBOPIOBAHOCTI cepef AiTen cepea-
HbOro Ta CTapLloro LkinsHoro Biky [1-3]. Lis npobnema
MOCUIIOETLCH  HEraTUBHUMK 3MiHAMK CMOCcoby XUTTS,
WO BM3HAYAETbCSA 3HWKEHHAM akTUBHUX BWUAIB OpraHi-
3auii 0o3BiNMsA, HagMIPHUMM 3aXOMfEHHSIM iHTepaKTUB-
HUMK po3Baramu, KOMM'IOTEPHOK irPOBOK LiANBHICTIO,
HEKOHTPONbOBaHNM BUKOPUCTAHHSIM iHTEPHETY Ha Thi
NiABULLEHHS pPIiBHS PO3YyMOBOM0 HABaHTAXEHHSl, CKO-
pPOYEHHS1 TPWUBAmNoCTi HIYHOrO CHy Ta nepebyBaHHs
Ha CBDKOMY MOBITPi, HEBMUHHUM 3HWKEHHSIM PYXOBOIi
aKTUBHOCTI [4—6].

Hacnigkn 3axBoptoBaHb, WO MOB’si3aHi 3i cnocobom
XWUTTS, € BENUKUM TArapeMm K Ans OKPEMO! IOAMHW,
Tak i gna cycninbctBa B uinomy [1, 7]. CyyacHi gaHi
cBigYaTh, LIO BTPYYaHHsi, CMPSIMOBaHi Ha PU3MKOBaHy

The reform of the school education system in the
XXI century is based on intensifying the learning
process, which is associated with the introduction of new
teaching methods and global informatization. This leads
to the emergence of school-related stress and an incre-
ase in the prevalence of morphofunctional deviations,
acute and chronic somatic diseases among children
of middle and high school age [1-3]. This problem is
exacerbated by negative lifestyle changes charac-
terized by a decrease in active forms of leisure orga-
nization, excessive engagement in interactive enter-
tainment, computer gaming activities, uncontrolled
internet usage alongside increased mental workload,
reduced duration of sleep, and outdoor activities, as well
as continuous decrease in physical activity [4—6].

The consequences of lifestyle-related illnesses pose
a significant burden both on individuals and society as
a whole [1, 7]. Contemporary data indicate that inter-
ventions targeting health-risk behaviors (smoking,
alcohol consumption, sedentary lifestyle, and unhealthy
eating) can help individuals improve their lifestyle
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ONsi 300pOB’S MNOBeAiHKY (KYPiHHS,, BXWBaHHS  arnko-
ronto, ManopyxrnvBuiA cnocib XMTTs Ta He3D0POBE Xapuy-
BaHHS), MOXYTb [AOMOMOITM JOAAM MOKpawmMTK crnocib
XUTTA Ta 3anobirtv noB’sisaHNMM 3 HUM 3aXBOPHOBaH-
HsIM, BKIOYa4M LyKpOBWI AiabeT 2-ro Tuny, cepueso-
CYOWHHI 3aXBOPIOBaHHS Ta XPOHiYHE OOCTPYKTMBHE
3axBOpPOBaHHSA nereHsb [8].

CrtaBrneHHss [0 BracHOro 3740poB’s, opmyBaHHS
HaBMYOK pauioHaNbHOrO XapyyBaHHS Ta PEXUMY [AHS,
BigMOBa Bif LWKIANMBUX 3BMYOK MOCTAalOTb 3HAuy-
LWMMU BaxemnsiMu BMAMBY Ha CTaH 340pOB’st MOIoAOro
NOKoniHHA [4, 5, 9].

Y HasiBHiN 3apyOikHii niTepatypi € BigomocTi woao
BMPOBaMKEHHSI Pi3HMX NpodinakTMYHMX nporpamM Loado
npeBeHLiT HA3KN HeiHeKLINHNX 3axBoptoBaHb [6, 10, 11].
Taki nporpamu MOXyTb OOMOMOITA MOM’SIKLLMTA PO3BU-
TOK 3axBOptoBaHb, MOB’SI3aHMX 3i CMNOCOOOM KUTTS,
ane icHye cytteBa notpeba B nNpocyBaHHiI Ta BRNpoBaj-
KEHHI HayKoBO 0OrpyHTOBaHUX CTpaTerin  OXOpPOHU
300pOB’st Ta BTpyYaHb, SKi NonerwyoTb igeHTudikauito
Ta nikyBaHHS Ntoaen i3 BUCOKMM pu3nkom [7, 8].

Came TOMy MoCTae akTyarnbHOl npobnema noLuyky
He TiNbkn onTumarnbHOro 6anaHcy M OCBITHIM cepefo-
BMLLEM (YMOBM HaBYaHHS Y LIKOMi, OCBITHI nporpa-
MW, piBEHb PO3YMOBOINO HaBaHTaXEHHS) Ta BIKOBUMMU
ncuxodisionoriyHMMn i isMYHUMKM  0COBNMBOCTAMU,
a N yHiBepcanbHOro Ta AieBoro cnocoby 3b6epexeHHs
3[0POB’s1 LUKONSApIB.

HeapekBaTHe xapuyBaHHs, HU3bka @i3nyHa aKkTuB-
HICTb, CUOAYUA pEXMM Ta KypiHHA — MoaudikoBaHi
hakToOpK pU3NKy XPOHIYHMX 3aXBOPHOBaHb, AKi 4acTo po3-
BMBAIKOTLCHA Ha noyaTtky >XUTTS Yy nignitkosomy Biui [12].
HatomicTb, 6GaraTOKOMNOHEHTHI BTpyYaHHS OO 300po-
BOMO XapyyBaHHsA Ta «i3MYHOI aKTUBHOCTI CMPUSAIOTb
NOKpaLLEHHI0 Nam’aTi, KOTHITMBHMX MpoLeciB Ta 3arasb-
HOi akageMiyHoi ycniwHocti [13, 14]. Ue 6yne 3ano-
pykolo 30epexeHHs | 3MILUHEHHs 3[40poB’s  AiTew
Ta nignitkie, WO € OOHUM 3 HaMBaXKMUBILLWX 3aBAaHb
y ranysi rpomMazcbkoro 340poB’s Byab-siKoi KpaiHu.

MeTa po60Tu — BM3HAYMTU HaMBIinbL 3HaYyLLi ene-
MEHTM KOMMMEKCHOI NpodinakTUYHOI nporpamm 3axBo-
ptoBaHb, WO MOB’'si3aHi 3i CNocoboM XWUTTSA LUKOMspiB
B yMOBax AudepeHuinoBaHoro nigxogy Ao npodinak-
TUKN HEIHGEKLiIMHMX 3aXBOPHOBaHb.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Y pocnigXeHHi B3anu yvacTtb 216 y4HiB 3aknagis 3a-
ranbHOI Ta cepeaHboi OCBiTU BikoM 12—14 pokiB. [Ans ouiH-
KW CTaHy 300pOB’si LUKONSApPiB 6yno BUKOPUCTAHO pesyrb-
TatTn NpodiNakTUYHUX MEQUYHUX OrNAgiB, WO NpoBeaeHi
3a HasiBHIiCTIO iHopMoBaHOI 3roan GaTbkiB Ta 3rigHO
3 6ioeTUYHMMK Hopmamu [enbCUHCLKOT Aeknapadii (y pe-
pakuii 2013 p.) daxiBuamu [JepkaBHoi ycTaHOBU «IHCTU-
TYT OXOPOHW 340pOB’A AiTen Ta nigniTkiB HauioHanbHOT
akagemii Megu4Hux Hayk YkpaiHu». [ns BusiBNeHHsa na-
TOMOrYHMX CTaHiB BMKOPUCTOBYBanu LiarHOCTUYHY Me-
ToanKYy «CKPWHIHT-OMWTYBaHHA LWOAO CTaHy 340pOB’s
wkonapis» [15, 16] i3 noganbLMM po3paxyBaHHAM PiBHA
Hebnaronony44s 300poB’s Ta KoedilieHTa geTepMiHaLii.

CratuctnyHy o6pobKy AaHnX NpoBOAMIU 3@ AONOMO-
roto niueHsoBaHoro nakera SPSS Statistic v. 20 i3 Buko-
PUCTaHHAM MHOXWHHOIO KOPEensLiiHOro aHaniay, Kpu-
Tepito Xi-kBagpaTt 3a metogoM MakHemapa ta ®pigmaHa.

and prevent associated diseases, including type 2
diabetes, cardiovascular diseases, and chronic obstruc-
tive pulmonary disease [8].

Attitudes towards one’s own health, the formation of
skills in rational nutrition and daily routine, and the avoi-
dance of harmful habits are significant levers influencing
the health status of the younger generation [4, 5, 9].

Information on the implementation of various preven-
tive programs for the prevention of non-communicable
diseases can be found in the available foreign litera-
ture [6, 10, 11]. Such programs can help mitigate the
development of lifestyle-related diseases, but there is
a significant need for the promotion and implementation
of scientifically grounded health protection strategies
and interventions that facilitate the identification and
treatment of high-risk individuals [7, 8].

Therefore, the problem of finding not only the
optimal balance between the educational environment
(conditions of schooling, educational programs, level of
mental workload) and age-specific psychophysiological
and physical characteristics, but also a universal and
effective way to preserve the health of schoolchildren
becomes relevant.

Inadequate nutrition, low physical activity, sedentary
lifestyle, and smoking are modified risk factors for chronic
diseases, which often develop in early life during ado-
lescence [12]. Conversely, multi-component inter-
ventions for healthy eating and physical activity contri-
bute to improved memory, cognitive processes, and
overall academic performance [13, 14]. This will ensure
the preservation and strengthening of children’s and
adolescents’ health, which is one of the most important
tasks in the field of public health in any country.

Objective — to determine the most significant
elements of a comprehensive preventive program of
diseases related to the lifestyle of schoolchildren in the
conditions of a differentiated approach to the prevention
of non-infectious diseases.

MATERIALS AND METHODS

The study involved 216 students from general and
secondary education institutions aged 12-14 vyears.
Health status assessment was based on the results
of preventive medical examinations conducted with
informed consent from parents and in accordance
with the bioethical norms of the Helsinki Declaration
(2013 edition) by specialists from the State Institution
«Institute of Child and Adolescent Health of the Na-
tional Academy of Medical Sciences of Ukraine».
To identify pathological conditions, the diagnostic
method «Screening Survey on Students’ Health» [15, 16]
was used, followed by calculation of the level of health
adversity and the determination coefficient.

Statistical data processing was carried out using
the licensed package SPSS Statistic v. 20, utilizing
multiple correlation analysis, the Chi-square test accor-
ding to McNemar’s method, and Friedman’s test.
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PE3YABTATU TA IX OBFOBOPEHHS

PiBeHb naTonoriyHOi ypaxeHoCTi nocTtae OfgHUM
i3 ronoBHWX KpuTepiiB 340pOB’A AMTAYOI Nonynsuii.
Ha noyatky HaB4aHHsi y 6a30Bil LLKOMi 3aranbHa naTono-
riyHa ypaxeHicTb cknagana 1683,5%o 3 HaBULLMM piBHEM
3a xBopobaMu eHOOKpUHHOI cucTemmn (468,4 + 39,7%o),
opraHy 3opy Ta npugartkosoro anapaty (322,8 + 37,2%o),
cuctemn kposoobiry (310,1 + 36,8%0) Ta MOro AnxaHHs
(303,8 £ 36,6%0). AHani3 CTPyKTYpu 3aXBOPIOBAHOCTI YYHIB
cepeaHboro LWKiNbHOro Biky (puc. 1) BCTaHOBMB nepLue
paHroBe Mmicue B 060x cTaTeBuUxX rpynax ansi Xsopob eHao-
KPUHHOI cuctemn. [lpyre Ta TpeTe paHrosi Micus nocinu
natornorist aguxanbHoi cuctemu (361,4 + 51,9%o) i xBOopoGU
oka Ta woro npupatkosoro anapaty (313,3 * 51,4%o)
cepen xnonuis, a odpranbmonoridyHa (386,7 + 56,2%o)
Ta cepueso-cyauHHa natonorii (306,7 + 53,2%o) Bigno-
BigHO y aisyat. Cepea XxnonuiB yacrTiwe, y NOPIBHAHHI
3 fiBYatamu, peecTpyBanucb BuLla NOLUMPEHICTbL po3na-
4iB ncuxikm Ta nosefiHku (BignosigHo 168,7 + 39,9%o
i 40,0 £ 22,6%o0; p < 0,05), a cepeq aiB4aT — EHAOKPUHHOT
(520,7 + 57,7%0 npotn 421,7 £ 54,7%0 y xnonuis) Ta
odTanbmornoriyHoi natonorii (BignosigHo 386,7 + 56,2%o
i 265,1 + 52,7%o).

1,435
2,4 141

21,3

18,4

15,6
a) xnonui !/ boys

Exporpunsi 3axeoposadsn | Endocrine diseases

= PoanaaM ncHxied Ta nosegive / Mental, behavicural and
neurodevelopmental disorders

u Xpopobu mepacaol cucTemu ! Diseases of the nervous
system

B Xeopoby OKa Ta npuaaTkosoro anapary / Diseases of the
visual system

u Xpopobn cucTemu kpoecobiny § Diseases of the circulatory
system

RESULTS AND DISCUSSION

The level of pathological morbidity emerges as one
of the main criteria for the health of the pediatric popu-
lation. At the beginning of schooling in primary school,
the overall pathological morbidity rate was 1683,5%o, with
the highest level for diseases of the endocrine system
(468,4 + 39,7%o), visual and musculoskeletal apparatus
(322,8 + 37,2%0), circulatory system (310,1 + 36,8%o),
and respiratory system (303,8 + 36,6%o0). Analysis of the
morbidity structure of middle school students (Fig. 1)
established the first rank for diseases of the endocrine
system in both gender groups. Respiratory system patho-
logy (361,4 + 51,9%0) and diseases of the eye and appen-
dage apparatus (313,3 £ 51,4%0) ranked second and
third among boys, while ophthalmological (386,7 + 56,2%o)
and cardiovascular pathology (306,7 + 53,2%0) ranked a
ccordingly among girls. Boys showed a higher prevalence
of mental and behavioral disorders compared to girls
(168,7 £ 39,9%0 and 40,0 £ 22,6%., respectively; p <0,05),
while girls showed higher prevalence of endocrine
(520,7 £ 57,7%0 vs. 421,7 + 54,7%o. in boys) and ophthal-
mological pathology (386,7 + 56,2%o vs. 265,1 + 52,7%o).

2,408

14,4

2,4

18,4 438

b) piewara ! girls

u XBopobn guxanswol cuetTeni | Diseases of the respiratory

system

Xeopobn opradie TpaenedHa / Diseases of the digestive
system

Xeopobu wripy Ta nigws=iphol knitkoevsn [ Diseases of the
skin

B XB0pobK KICTEOBO-MAIREOT CHCTEMM | CNONYYHOT CHCTEMK |
Dissases of the musculoskelatal system or connective tissue

Puc. 1. CTpykTypa 3axBOpIOBaHOCTI YYHIB CEPEAHBOIO LUKINIbHOMO BiKy
Fig. 1. The structure of morbidity among secondary school students

3a pesynbratamMyM BMBYEHHS OpraHisauii  pexumy
[OHS1 YYHIB BCTAHOBEHO, WO 52,6 + 5,7% y4HiB gOTpUMYy-
BanMCcsi HOPMAaTMBHOI TPUBAmNocTi CHy, 6,3 = 2,7%
PErynsipHO  BMKOHYBanu nNpoueaypu  3arapTyBaHHS,
20,0 £ 4,5% — paHkoBy rimHacTuky, ane 60% wkonsapis
iX 30BCiM He BuKOHyBanun. Y 61,0 + 7,6% xnonuis
Ta 475 + 7,9% piByat BigMiyaBcs 06CAr pyxoBOi
aKTMBHOCTI noHag 6 roguMH Ha poby. «PyxoBi» Buam
3aHATb NepeBaXkanu y HaByarnbHi OHi, 30kpemMa BiaBiay-
BaHHA CMOPTUBHUX cekuin 51,9 + 5,6% Ta nporynsiHkm
Ha cBikoMmy noBiTpi — 48,1 + 5,6%. Cepen i3nyHO
MarnoakTUBHUX BUAIB AiSNIbHOCTI Y HaBYanbHi AHI nepe-
BaXkanu poaaTtkoBi HaByanbHi 3aHaTTa (33,3 + 5,2%),

According to the study of students’ daily routines, it
was found that 52,6 + 5,7% of students adhered to the
recommended duration of sleep, 6,3 + 2,7% regularly
engaged in tempering procedures, and 20,0 + 4,5%
performed morning exercises, but 60% of students
did not engage in them at all. 61,0 + 7,6% of boys and
47,5 + 7,9% of girls had a daily physical activity level
exceeding 6 hours. «Active» forms of activities predomi-
nated during school days, including participation in
sports sections by 51,9 + 5,6% and outdoor walks by
48,1 + 5,6%. Among the physically inactive activities
during school days, additional educational activities
predominated (33,3 + 5,2%), while reading and drawing
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a y BMXiOHI — uuTaHHA Ta manoBaHHs (44,3 + 5,6%).
Mpu ubomy cepen gis4at Oynu iCTOTHO BULLMMU BUTPATH
Yacy Ha HaBYaHHsi, YMTaHHs Ta pgonomory 6aTbkam
y nopiBHsaHHI 3 xnonusmu (p < 0,05). MpueepTae yBary
BMCOKE Bi3yalnbHe HaBaHTaXEHHS: He3anexHo Big OHA
TxHA noHag 30% y4yHiB BUTpayalTb CBIill BiNbHWUIA Yac
Ha nepernsg @iNbMIB - Ta po3BaXanbHUX MNporpam
i Taka X KinbKiCTb — Ha rpy 3a KOMM'loTepoM, WO BinbLu
nowmpeHo cepeq xnonuis (puc. 2). lMogibHi daktn
BM3HAYalOTbCs W iHWWMKM aBTopamMu Nig 4ac Jocnig-
YKEHHS opraHisadii 4o3Binns wkonspis [5, 17].

+

were predominant during weekends (44,3 5,6%).
Notably, girls spent significantly more time on studying,
reading, and helping parents compared to boys (p < 0,05).
High visual load was observed, with over 30% of stu-
dents spending their free time watching movies and
entertainment programs, and a similar percentage
playing computer games, which was more common
among boys (Fig. 2). Similar facts are noted by other
researchers during the study of students’ leisure
activities [5, 17].
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Pwuc. 2. Po3nogin BiNbHOro Yacy y4HiB CepeaHbOro LUKINIbHOro BiKy
Fig. 2. Distribution of students’ free time

3a ponomoroto Tabnuub CNPsXXEHOCTi Ta Kputepito
Xi-kBagpat 3a metogom MakHemapa ©Oyno ouiHeHO
BMNANB CXWUMbHOCTI 4O OCHOB 340POBOro Crnocoby XutTa
Ha CTaH 340pOB’A LIKONSAPIB 3@ MEBHMMM HO30MOriy-
HVMMW rpynamm.

OcTaHHi OUiHKKN CTaHy 300pOB’S LLKONSAPIB NOKa3yoTh,
wo meHwe 20% eBponencbkux AiTen i nignitkie Big-
noeigatoTe pekoMmeHaauism BOO3 wono ¢isnyHoi aktme-
HocTi [18—20]. Ha po3BuTOK NaToNoriYHOi CUMNTOMaTHKN
3 BoKky ncuxiku Ta noBediHkW, TpaBHOI, HEBPOMOriYHOI,
KapaiopecnipaTopHoOi cucTtemMn Ta opraHa 30py CYTTEBO
BNNMBanu skicTb Ta o6car isnyHOi akTMBHOCTI §K
MPOTArOM LUKINbHOrO OHS, Tak i y MO3alKinbHWN 4Yac
(p < 0,05-0,01). AkTmBHa dopma MnOBeAiHKM Mig 4ac
nepepeBn MK ypokamy MO3NTUBHO MNO3Ha4yanacd Ha
CTaHi 30pOBOro anaparty Ta CepLeBO-CyaNHHOI CUCTEMU.
| HaBnakwn, ManopyxnuMBMi BIAMNOYMHOK Mg Yac LKiMNb-
HOI MepepBM HeraTMBHO BMMMBAB Ha NCUXiKy Ta noBe-
AiHKY y4HiB (Tabn. 1). MNMpeBantoBaHHs came AUHaMIYHMX
nays MK 3aHATTAMW Hag NacUBHUM  BiAMNOYUHKOM
OOCTOBIPHO MOKpaLLy€e yHKUIOHaNbHUI CTaH OpraHiamy
Ta ONTMMIi3y€e Npaue3naTHIiCTb.

PaHkoBa riMHacTuka Ta cMCTEMATWMYHi 3arapToBy-
BaHHS iICTOTHO CKOpOYyBanu poO3rOBCIOMKEHICTb XBOPOO
HepBOBOI, TPaBHOI, kapaiopecnipaTopHOi, €HAOKPUHHOI
cuctem Ta natonorii opraHa 3opy (p < 0,01). Ui paHi

Using contingency tables and the Chi-square test
according to McNemar's method, the influence of
adherence to healthy lifestyle basics on the health
status of students regarding certain nosological groups
was assessed.

Recent estimates show that less than 20% of
European children and adolescents meet WHO recom-
mendations for physical activity [18—20]. The develop-
ment of pathological symptoms from the side of mental
and behavioral, digestive, neurological, cardiorespiratory
systems, and visual organ significantly depended on
the quality and volume of physical activity both during
the school day and in leisure time (p < 0,05-0,01).
Active behavior during breaks between classes posi-
tively affected the condition of the visual apparatus and
the cardiovascular system. Conversely, sedentary rest
during school breaks negatively affected the mental and
behavioral state of students (Table 1). Predominance
of dynamic breaks between classes over passive rest
significantly improved the functional state of the body
and optimized work capacity.

Morning exercises and systematic tempering proce-
dures significantly reduced the prevalence of nervous,
digestive, cardiorespiratory, endocrine system diseases,
and visual pathology (p < 0,01). These data indicate
the expediency of hygienic organization of the daily
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cBigyaTb NPO AOUiMbHICTb FirieHIYHOT opraHisauii pexumy
OHS | NigKpecnioTb BaXNUBICTb BNPOBaAXKEHHA Tririe-
HIYHMX NPOMINAKTUYHMX Ta 03A0POBYMX 3aXOAIB Y XKUTTI
KOXXHOI AUTMHM LWKiNbHOro Biky. OcobnuBeo Lie cTocyeTbcs
pPaHKOBMX 0340POBYMX NPOLEAYP, OCKINIbKM BOHWU MOKpa-
LWYIOTb NEPEKIYEeHHS yBarn OO HaBYaHHA Ta MpUCKO-
PIOIOTb 3POCTaHHS PiBHS Mpaue3naTHOCTi. AK BUCHOBOK,
iXHiW BNMMB HeobXxiAHO B3ATM OO yBarM i BU3HATM $IK
CYTTEBMWI eNEeMEHT 300poB’'si3bepiratoyoi NoBeiHKN YYHIB.

routine and emphasize the importance of implementing
hygienic preventive and health-improving measures
in the life of each school-age child. This particularly
applies to morning health procedures, as they improve
the focus on learning and accelerate the increase in
work capacity. Therefore, their impact should be taken
into account and recognized as a significant element
of students’ health-preserving behavior.

Ta6nuus 1. Bnnue pyxoBoi akTUBHOCTI Ha hOPMyBaHHS XPOHiYHOI naTonorii, y?
Table 1. The influence of motor activity on the formation of chronic pathology, 2

Moka3Huk pyxoBoi akTmBHocTi / Indicators of physical activity
" 3aHATTSA CMOPTOM | 3aHATTS CNOPTOM BWKOHAHHS
obcsr pyxoBoi - L ..
. y HaByanbHi gHi y BUXigHI OHi paHKoBOI
Knac xsopotu aKTUBHOCTI . . b
. . Engagement in Engagement in riMHaCTUKK
Class of diseases Level of physical s duri s duri Morni .
activity sports during sports during orning exercise
school days weekends routine
x p x p x p x p
XB0pOGi EHAOKPMHHOT CHCTEMM 21 | >005 | 013 [ >005 | 09 | >005 [ 072 | 0011
Endocrine diseases ’ ’ ’ ’ ’ ’ ’ ’
Poanagu ncuxikv Ta noBegiHku
Mental, behavioural 11,17 0,001 2,0* < 0,001 0,5* > 0,05 10,32 | < 0,001
and neurodevelopmental disorders
XBOPOGY HEpBOBOI CHCTEMM 497 | 0026 | 34 | >005| o5 | >005| 15 | 0023
Diseases of the nervous system
XBOpo6u oka Ta Noro NpmaaTKoBOro anaparty 1112 0.001 _ _ 403 0.045 1045 <0.001
Diseases of the visual system ’ ’ ’ ’ ’ ’
XB0poBu cucTemm kposooBiry 21,44 | 0,026 1,8 | >005 | 1297 | <0001 | 2376 | 0,026
Diseases of the circulatory system
XBOPOOY AUXanbHoi cucTemi 497 | 0026 | 432 | 0038 | 13 | >005 | 497 | 002
Diseases of the respiratory system
XBOPOBY OpraKis TpaBreHrs 25,04 | <0,001 - - - - 24,04 | <0,001
Diseases of the digestive system

lMpumimka: *BigHOCHUI PU3NK
Note: *relative risk

PesynstaTv AOCRIAKEHHS CBiAYMNW NpO CyTTEBUMI NO-
3UTUBHUI BNSVB Ha 340POB’S LLKOSISIPIB CUCTEMATUYHOTO
BMKOHaHHS paHKoOBOI riMHacTuku (y2 = 23,758; p < 0,001)
Ta npouenyp, Lo 3arapToBytoTb (x2 = 23,077; p < 0,001),
nepebyBaHHS Ha CBIXKOMY MOBITPi He MeHwe 1 roauHn
Ha oby (x? = 11,281; p = 0,001), cCKOPOUEHHSI EKPAHHOTO
yacy Ta aKTUBHI cnocoOu NPOBEAEHHS BifIbHOIO Yacy.

AHani3 poni cknagoBux HaBYanbHOI AiANbHOCTI y BU-
HWUKHEHHi Ta PO3BUTKY XPOHIYHOI naTonorii NPOAEeMOHCT-
pyBaB 3Ha4YeHHSA TPMBArocCTi MiAroTOBKM OOMALLHIX 3aB-
OaHb. AKWO AUTUHA Ha faHui BUA poboTn BUTpadae Ginb-
e 4yacy, HiX ue nepenbadyeHo HopmatuBamu, 30inbLuy-
Banacb WMOBIPHICTb PO3BUTKY po3nagiB NCcuxikn Ta
noseaiHku (2 = 12,89; p = 0,018), a TakoX 3axXBOPtOBaHb
3 Boky HepoBoi (x2 = 5,63; p = 0,018), cepueso-
cyamHHoi (x2 = 31,03; p = 0,007) cucTem, 30pOBOrO
aHaniszatopa (x2 = 17,93; p < 0,001). Akwo Ao HagMipHMX
HaBYanbHMX HaBaHTaXeHb [JoJaBanucs Mo3allKinbHi
3aHATTA (Hanpuknag, y Cekuisx, ryptkax, CTygisx ToLlo),
Lue NpOBOKyBano pO3BWUTOK natororii 3 GoKy cepueBo-
CYOVHHOI cMcTeMM Ta ncuxoemodiviHoi cepw (p < 0,001).

lonoBHUM aTpmMbyTOM iCHyBaHHSA Ta couianbHoi
KOMYHiKaUil cyyacHoro nignitka BUCTynae Bi3yarnbHe
OTOYEHHS, TOMY TEMi EKpaHHOro Yacy npucesyeHo barato
MiKHapOOHMX [OCMigXeHb, e HayKoBO OOI'pyHTOBaHO

The research results indicated a significant positive
impact on students’ health from the systematic practice
of morning exercises (x2 = 23,758; p < 0,001) and tem-
pering procedures (y? = 23,077; p < 0,001), spending
at least 1 hour outdoors per day (32 = 11,281; p = 0,001),
reducing screen time, and engaging in active leisure
activities.

Analysis of the role of components of educational
activities in the occurrence and development of chronic
pathology demonstrated the significance of the duration
of homework preparation. If a child spent more time
on this type of work than recommended norms, the
likelihood of developing mental and behavioral disor-
ders (2 = 12,89; p = 0,018), as well as disorders
of the nervous (32 = 5,63; p = 0,018), cardiovascular
(x? = 31,03; p = 0,007), and visual (x> = 17,93; p < 0,001)
systems increased. If excessive academic loads were
accompanied by extracurricular activities (e.g., in sec-
tions, clubs, studios, etc.), this provoked the develop
ment of cardiovascular system and psychoemotional
disorders (p < 0,001).

The main attribute of modern teenagers’ existence
and social communication is the visual environment,
so much international research has been dedicated to
the topic of screen time, scientifically substantiating the
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BMMB rafkeTiB Ha 300pPOB’S OPOCNNX i OiTen, a Takox
pO3rnsHYTO NpPOMiNakTUyHi 3axoau LWono 30epexeHHs
Ta 3MiLHEeHHs 300pOoB’a B enoxy undposisadii [21].

AHani3 opMyBaHHs Ta BTINEHHS Y LWOAEHHE XUTTA
PO3MNOPSAKY OHS Y LUKOMSIPiB BUSIBUB HAAMIpHUIA Yac nepe-
rnagy Tenenepenad i BUKOPUCTaHHSA KOMMT'IOTEPY M iHLLIMX
€MNeKTPOHHUX MPUCTPOIB, O 3yMOBOBANO BUHWUKHEHHS
AncdyHKUIN Ta xBopob NCuxikM i NMOBefiHKM, 30pOBOro
aHanisartopa, cepLeBO-CyQUHHOI Ta AnXanbHOI CUCTEM.

HenpaBunbHO opraHizoBaHuiA 0COBUCTUIA Yac, Bifb-
HWIA Big, HABYaHHSA Ta PO3BUBAOYMX 3aHSITb, AK Yy OyaHi,
Tak i y BUXigHI OHi, HeraTMBHO MO3Ha4YaBCs Ha 300pOB'I.
Tak, TpuBanun nepernag Tenesi3inHNMX nepegad NpoBo-
KyBaB pO3BUTOK 3axBOpHBaHb kapgiocuctemu (piBeHb
BiOHOCHOro pu3nky — 7,75), oka Ta WOro npuaaTkoBOro
anaparty (BignosigHo 7,33), HepBoBOi cuctemu (Bigno-
BioHO 4,0), 4OBri KOMM'IOTEPHI irpM — HENPOEHOOKPUHHOT
Ta cepueBo-CyanHHOI cucTem (BignosigHo 1,5-2,0).

Hawi gocnigykeHHst 4onoMOorin BCTAHOBUTU NOTYHUMN
3B’A30K MiX pU3MKaMy pO3BUTKY MaTOMOrYHWX CTaHiB
Ta 3axBOPIOBaHb PI3HUX OpraHiB i CUCTEM oOpraHiamy,
WO pocTe, i AKICTIO Yacy, NPOBEAEHOro LUKONsipamMu siK
y HaBYanbHW, Tak i y BiNbHWIA Yac. Tak, SKiCTb 3MIiCTy
TeneBisiiHMX nepedad Ta TpuBanicTb Bi3yanbHOro Ha-
BaHTaXXEHHS1 € (hakTopaMu PU3NKY PO3BUTKY BigXUNEHb
y YHKUiOHyBaHHi HEepBOBOi Ta 30pOBOI CUCTEM.
[lepeBaxHO CTaTUYHUI nepernsag TEeneBisinHUX nepe-
[ad xapakTepuayeTbCsl Manor AUHaMIYHICTIO Ta cnpuyn-
HSiE po3nagn cepLeBO-CyAMHHOI cuctemu. NpoBeaeHHs
TpUBaroro 4acy 3a eKkpaHoM — nepernsg Tenesis3opa,
rpa y Bigeoirpn abo BMKOPUCTAHHS KOMM'IOTEPA B iHLIMX
Lingax, Takux K couianbHi megia 4n cepiHr B IHTEpHETI,
CNpu1ANo 3aranbHOMY 36iMbLUEHHI0 Yacy CUOSHOTO PEXUMY.
OcTaHHi OUuiHKM nokasyTb, Wo MeHwe 20% eBponei-
CbKMX AiTen i nigniTkiB BignosigalTb pekomMeHaauism
BOO3 wopo oisnyHoi akTuBHocTi [18-21].

BinbLWicTb BiTYM3HAHMX Ta 3apybikHMX OOCNIoKEHb
y Uin ranysi BUABUIO MNpsIMY 3anexHiCTb MK CTpeco-
FEHHICTIO MoAibHMX 3aco6iB KOMyHiKaLid Ta pO3BUTKOM
ONCTPECOPHUX CTaHiB. Ha xanb, Ginblwictb cy4YacHux
Tenenepenay, KiHoinbMiB 1 iHTEpPHET-po3Bar MiCTUTb
KOHTEHT, L0 HECnpUATIMBO, a iHoAi ¥ pyMHIBHO, BNNUBae
Ha Wwe HecdopmoBaHy Ncuxiky wkonspa [5, 6, 21].

Ha nigctasi aHanisy cknagoBux pexumy aHs
3 ypaxyBaHHSIM MOro nopylleHb OyB BU3HAYEHWU KOpU-
rylodMii KOMMMEKC 3axo4iB 3 METOK MonepemKeHHs
pO3BMTKY MopyLleHb 3 GOKy 300poB’s, Skui 6asyeTbcs
Ha 6 mogynsax: «HiyHWIA coHy», «XapyvyBaHHA», «Di3nyHa
aKTUBHICTb», «[apTyBaHHsA», «BisyanbHe HaBaHTa-
XEHHs1», «BinbHUIM yac» (puc. 3).

MpocbinakTMyHa nporpama mae 6yTv nobynoBaHa
3a MNEBHVMMM NpUHUMMNAMW Ta CTPYKTYpok, a caMme:
BM3HAYEHHS MEeTU nporpamu, ii akTyanbHOCTi, hopMy-
BaHHS MPOEKTY 3 NoAanbLUOK cucTemaTtusalielo 3axoais
Bi4MOBIQHO [0 iXHbOI MNPIOPUTETHOCTI 3anexHo Big
nposigHoi natonorii. Ha HacTynHoMmy eTani okpecnio-
€TbCS1 KOMO BWKOHAaBLIB MPOEKTY 3 3amny4eHHsIM LUKONS-
piB, ixHix GaTbkiB Ta BUKNagadiB OCBITHLOrO 3aknagy.
Mo 3aBeplieHHi 3 ypaxyBaHHAM [aHWX 3BOPOTHOIO
3B’A3Ky NPOBOAMTLCS OLHIOBaHHA eeKTUBHOCTI BNpo-
BaPKEHHA NPpOoQinakTUYHOI Nporpamu.

Ha nigctaBi oTpumaHux pesynesratis 6yno cTBopeHo
anroput™m  opMyBaHHA  NPodiNakTUYHOI  nporpamu
WOAO MOonepemkeHHs  HeiH(EeKUInHMX 3axBoptoBaHb

impact of gadgets on the health of adults and children,
and considering preventive measures to preserve and
strengthen health in the era of digitization [21].

Analysis of the formation and implementation of the
daily routine in schoolchildren revealed excessive televi-
sion viewing and computer use, leading to the emergence
of dysfunctions and diseases of mental and behavioral,
visual, cardiovascular, and respiratory systems.

Improperly organized personal time, both during
weekdays and weekends, had a negative impact
on health. Thus, prolonged television viewing led to the
development of cardiovascular diseases (relative risk
level — 7,75), eye and appendage apparatus disorders
(7,33), nervous system disorders (4,0), and long com-
puter gaming to neuroendocrine and cardiovascular
system disorders (1,5-2,0).

Our research helped establish a logical connection
between the risks of developing pathological conditions
and diseases of various organs and systems in growing
children and the quality of time spent by students
both during school and leisure time. For example, the
quality of television content and the duration of visual
load are risk factors for deviations in the functioning of
the nervous and visual systems. Predominantly static
television viewing is characterized by low dynamism and
leads to cardiovascular disorders. Spending prolonged
periods in front of screens — watching television, playing
video games, or using computers for other purposes
such as social media or internet surfing — contributed
to an overall increase in sedentary behavior. Recent
estimates show that less than 20% of European children
and adolescents meet WHO recommendations for
physical activity [18—-21].

Most domestic and foreign studies in this field
have found a direct correlation between the stress-
fulness of such communication means and the deve-
lopment of distressful conditions. Unfortunately, most
modern TV shows, movies, and internet entertainment
contain content that negatively, and sometimes
destructively, affects the still-forming psyche of school-
children [5, 6, 21].

Based on the analysis of the components of the
daily routine, taking into account its violations, a correc-
tive complex of measures was developed to prevent
health disorders. It is based on six modules: «Night
sleep», «Nutrition», «Physical activity», «Tempering»,
«Visual load» and «Free time» (Fig. 3).

The preventive program should be structured
according to certain principles, namely: defining the
program’s purpose and relevance, forming a project
with subsequent prioritized systematization of measures
depending on the leading pathology. The next stage
involves delineating the circle of project performers,
engaging students, their parents, and educational
institution teachers. Upon completion, an evaluation
of the effectiveness of implementing the preventive
program is conducted, taking into account feedback data.

Based on the obtained results, an algorithm for
forming a preventive program to prevent non-infectious
diseases among schoolchildren was developed.
This methodology was based on the application of
supportive  screening diagnostics of pathological
conditions, determining the level of health distress
and the risk of pathological involvement calculated by
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cepen wkonspie. Lis metoguka 6asyBanacb Ha 3acTo-
CyBaHHi OMOPHOI CKPWHIHI-AiarHOCTUKN  NaTOMNOrivYHNX
CTaHiB i3 BM3HaAYeHHAM piBHS Hebnaronony4y4dsi 340poB’s
Ta pU3nKy POPMYBaHHSA NATOMOFMYHOI YpaXKeHOCTi, SAKUn
obuumcnoBanu 3a HopmanisoBaHUM KoeqilieHTOM aeTep-
MiHauii. BignoBigHO [0 rpynyu nNaTonoriYHMX CTaHiB,
WO nepeBaxarTb, Aobvpany onTUManbHWA KOMMIEKC
NEPBUHHMX NPOdINaKTUYHNX 3axodiB LOAO BAOCKOHa-
NEHHS PEXUMY OHS.

+ TpueanicTe HivHoro cHy / Duration
of nocturnal sleep

« Pernamentauin poGoTu 3a
KOMN'IOTEPOM T2 2 rajxetamu
Regulation of computer and gadget
usage

« [poeitprosannn / Ventilation

« PauioHaneHHWA pexum Qua [
Rational daily routine

Hivmmin o < —
« CaunnpoceirpoBorta/ Sanitation cow/ Night + MotuBauin / Mntwauoﬁ“‘i
and health education sleep + Perynapui nporynaukm |
+ Ypoxu zgopos's / { Regular walks
+ Health lessons ! * ApexeBaTHWA ogar f
s DaTbkiBcbKMA KOHTpONL / — HABAHTANEH- e Adequate clothing
Parental supervision m':u'sd“al Tempering TeMNepaTypHUi pexum
+« OBmexeHHA TpHBanocTi/ o Temperature regulation
Limiting screen time . Pﬂrynnpuer
» 3oposa rimuacTura f Vision Xaprry- NPOBITPHOBAHHA
e:-:;gises Hm-u-w m‘r Reqular vemilaﬁowr
utrition

« XapuyeBawHa B wronif
School meals
+ Pauion Ta pexmm / Diet and regimen
« Hae4anua npuHymnam
paWicHANLHOTD XapYyyBaHHa |
Teaching principles of balanced nutrition
« [irieva npuAomy i/ Hygiene
practices during meals
+ [MuTHuA pexomm [ Hydration regimen

the normalized coefficient of determination. Depending
on the predominant group of pathological conditions,
an optimal complex of primary preventive measures
to improve the daily routine was selected.

» Paukoea rimnacruka / Morning
exercises

+ [porynaunkn [ Walks

+ DizkyneTnayau / Physical activity
breaks

+ Yporu dizkyneTypu / Physical
educalion classes
« Cnopt/ Sporls

« Camoopranizauin / Selﬁ
organization
« Bubip rypTrie Ta cexuin /
Selection of clubs and sections
+ PauioHansHWA pexum [
Rational daily routine
* [padik nopaTkoBHX 3aHATL
Ta aqopy4vedt [ Schedule of
additional classes and errandy

Puc. 3. briok-cxema rpyn npodinakTu4HX 3axoais
Fig. 3. Block diagram of groups of preventive measures

3a ponomoroto Tecty PpiamaHa ANOVA 6yno Bu3Ha-
YeHO, WO HanbinblW 3HaYYLWMMK NPOMINAKTUYHUMU
3axogamu (ANOVA y2 = 150,09; p = 0,000001; koedi-
uieHT KoHkopgaudii = 0,66) noctaBanu TpuBanicTb Hiy-
HOrO CHY, 3arapToBytodi MpoLeaypuy Ta TpusanicTb nepedy-
BaHHA Ha CBIKOMY MOBITPi, @ HaWbINbL «4yTAMBOIO»
00 BMnuBY NpodpinakTUYHUX 3axXoAiB BM3Havanacb naro-
noris HepeoBoi (x> = 19,54; p < 0,0001); ouxanbHoi
(x> = 13,47; p = 0,001) Ta cepLeBO-CyAMHHOI cucTemu
(x2=19,88; p=0,007).

BUCHOBKHU

CKpUWHIHroBI OBCTEXEHHs1 gonoMaralTb BU3HAYUTU
OCHOBHi  bakTopn pu3nKy, ccopmyBaTM MPUYUHHO-
HacCnigKoBi 3B’A3KM MK MEBHUMW BigMIHHOCTSMMW y CMO-
cobi XUTTA Ta NOpyLeHHAMN Yy 380poB’i. BruaHaveHHs
YMHHWKIB pU3UKy 3 BOKy HepauioHanbHOro (hOpMyBaHHS
pexumy OHS Ta iX 3HaYMMICTb ONna (HOpMyBaHHS naTo-
NOriYHUX CTaHIB MOXe po3rnsagaTtucs sK OiEBUA KOMIMO-
HEHT KOMMIEKCY NpPOdiNakTMyHMX 3axopis. HanbinbL

Using the Friedman ANOVA test, it was deter-
mined that the most significant preventive measures
(ANOVA %2 = 150,09; p = 0,000001; concordance coeffi-
cient = 0,66) included the duration of nighttime sleep,
hardening procedures, and the duration of outdoor
activities. The most «sensitive» to the influence of
preventive measures were pathologies of the nervous
(x2=19,54; p<0,0001), respiratory (x?=13,47; p=0,001),
and cardiovascular systems (32 = 9,88; p = 0,007).

CONCLUSIONS

Screening examinations help identify the main risk
factors, establish causal relationships between specific
lifestyle differences, and health disorders. Determining
risk factors due to irrational daily routine formation
and their significance in the development of pathological
conditions can be considered an effective component
of the complex of preventive measures. The most signi-
ficant measures for preventing non-infectious diseases
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3HaYyLMMKN 3axo4amMu LWOAOo NpodinakTuku HeiHdeKuin-
HMUX 3axBOpKOBaHb MOCTaTb TPUBANICTb HIYHOMO CHY,
3arapToBylOMi  Mpouenypw, TpYBarnicTb  NPOrynsHOK,
a Hambinbl «4yTNMBOK» A0 iX BMMUBY € NaTomnoris
HEepBOBOI, ANXarnbHOI Ta cepLUeBo-CyANHHOT CUCTEM.

MepeBaramyn HaBeneHoro anroputmy BuGOpy ene-
MEHTIB NpodinakTUYHOI nporpamMmu € Moro 3po3yMinicTb,
3PYYHICTb, HAOYHICTb, EKOHOMIYHA edeKTUBHICTb. Bnpo-
Ba[P)KEHHS anroputMy Yy MpakTU4HY QAisnbHIiCTe [ono-
Moxe daxiBusamM y cdepi OXOpPOHM 3[0poB’s  AiTen
WKinbHoro Biky po3pobutn abo BOOCKOHaANUTK npodi-
NaKTUYHI Ta 0340pOBYI 3axoau.
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include the duration of nighttime sleep, hardening
procedures, the duration of outdoor activities, with the
most «sensitive» being pathologies of the nervous,
respiratory, and cardiovascular systems.

The advantages of the presented algorithm for
selecting elements of the preventive program are its
clarity, convenience, visuality, and economic efficiency.
Implementing the algorithm into practical activities
will help healthcare professionals in the field of child
health care to develop or improve preventive and health-
promoting measures.
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Prospects for further research

Questions about preventing illnesses among schoolchildren
are relevant, so continuation of work in this direction is planned.
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PE3IOME

AkTyanbHicTb. NuTaHHa pu3nkoBaHux dopm nosediHkn (PPI1) mawTb akTtyanbHe
3HayeHHsi. 3a Yac TpuBanoi couianbHOI CaMoi30NALii CTBOPUIMCS HOBi YMOBM ANs iX
BMBYEHHS. TOMY, SK Ti Y/ iHLWWi NPOSIBM aAVKTMBHOI NOBEAiHKMN MPoSBNsSiOTL cebe y pasi
TpUBaNoro 06MexeHHs1 Ha CTaH 300pPOB’A, € HOBUM HanpsMKOM LOCHifXEHHSs, 0cob-
NNBO cepef CTyAEeHTCbKOI Monogi. HeBupilleHiCTb nuTaHb WOAO NOsiBU Ta PO3MoB-
CIOKEHOCTI pM3nKoBaHuX hopm NoBeAiHKN cepen, CTYAEHTCbKOT MOnogi B 30BCiM HOBUX
coujanbHUX YMOBaX 3yMOBIIOE aKTyarbHiCTb AaHOi poboTu.

MeTa po60TU — BU3HAYEHHS PU3UKOBaHWX HOPM MOBEAIHKU CTYOEHTCbKOI MOSOAI,
Wwo ccdopmyBanucsa nig Yac TpuBanoi couianbHoi i3onsuii, Ta BCTAHOBUTK iX BMfvB
Ha CTaH 300pOB’st CTYAEHTCbKOI Monogi.

MaTtepianu Ta meToam. HasBHICTb pusnkoBaHUX (HOPM MOBEAIHKMN OLiHIOBANV LLNAXOM
aHOHIMHOro aHkeTyBaHHs 799 3n06yBauviB BMLLOT OCBITH 3a gonomoroto Google-forms.
AHKeTa, WO BUKOPWUCTOBYBamnacsl, po3pobrsanacst cniBpobiTHMKaMM yCTaHOBW, Ae
npoBOANIOCS AOCHiMAXEHHs. BusHayeHo 287 cTydeHTiB, AKi BIOMITUNM MOSIBY HU3KK
pU3MKOBaHUX (POPM MOBEAiHKM (HepauioHanbHe XxapyyBaHHS, THOTHOHOMAmMHHSA, BXW-
BaHHS ankoromnto, 6anayxicTb 40 HAaBYaHHS Ta 30BHILLHLOIO BMIMIAAY) Mig Yac Tpusanoil
couianbHOi camoizonsuii. OTpMMaHi gaHi CTaTUCTMYHO 0BpoBnANMCs LWNAXOM OTpuU-
MaHHS BiHOCHOI BenuymHu Ta it noxmnodkn (P £ m, %).

PesynbratM Ta ix obroBopeHHs. [loka3aHo, WO pu3vKoBaHi (OPMU MOBEAIHKM
B pe3ynbTaTi TpMBanoi caMoi3onsuii, BU3Ha4atTbCsl IK OAHOOCIOHO, TakK i B YNCMEHHMX
noegHaHHax. 50,53% onutaHux BiAMITWMM, WO Nig 4Yac KapaHTUHY Yy HUX 3'sIBUBCSA
OOMH 3 Pi3HOBMAIB pM3NKOBaHWX opm noBediHkn, a 49,47% — pekinbka. HambinbL
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AAS LUTYBAHHS:

JNletaro [B.,

YepHycbkun  B.T,

Yactumm Bynum BGaipyxicTe 40 30BHiLWHbOro BUrNsay (44,03%) Ta Ao HaB4YaHHs (36,57%).
KoxeH gecatuin cTygeHT BigMITMB, WO 3a Yac KapaHTWHY novaB nanutu abo BxuBaTtu
ankoronbHi Hanoi. Bnnabko 10% OnWMTaHWX 3a3Ha4uny, WO B iX pauioHi xapyyBaHHS
popascs dact-cyad. BusHayeHo, WO 3a HasiBHOCTI PU3MKOBAHUX OOPM MOBEAiHKU
Taki ckapru, sk ronosHui 6inb (p < 0,01), kapaianrii (p < 0,01), TpmBOXHIcTb (p < 0,01),
nopywieHHst 3opy (p < 0,01), rinoguHamis (p < 0,01), 36inblweHHs macu Tina (p < 0,01)
OOCTOBIPHO BM3Ha4yanucst YacTile, HiK B rpyni KOHTporto 6e3 puanKoBaHux
opM noBefiHkM. Takox rnokasaHo, Lo npu GinbLuidi koMGiHauii puankoBaHux copm
noBefiHKM — YacToTa cKapr, Lo BU3Ha4anucs, 4OCTOBIpHO 3pocTana.

BucHoBku. TpuBana camoi3onsuis npussBoguna A0 PO3BUTKY PU3MKOBAHUX HOpM
NoBeAiHKW, SKi Manu Mmicue y TpeTuHu onuTtaHnux. [ig 4Yac kapaHTuHy 3pocna
YyacToTa LWKIQNMBMX 3BUMYOK (ManiHHS, ankorofib) Ta BM3HAYanmcsl 03Haku couianbHoi
nesapanTauii (6angyxicTb [0 HaBYaHHSA Ta 30BHIWHLOTO BUIMSAY). Y MONOBUHU
OnNUTaHMX i3 pU3MKoBaHUMN hopMaMm NMOBELIHKM BU3HAYaNUCS iX YNCNEHHI KOMGiHaUT,
cepen AKMX KOXeH MaTun BUNagok npuxogmscs Ha POI1 i3 noegHaHHSM nopyLueHoro
XapuyyBaHHs, TIOTIOHONAMIHHS, BXMWBAHHS ankorono, 6anayXocTi [0 HaBYaHHs
Ta 30BHIWHbOrO BUMSAAY. Bu3HaveHi pusmkoBaHi OpMM MNOBEAIHKM BNNMBanu
Ha 4YacToTy Hu3kM ckapr (rinoguHamisi, 36iMblUeHHs Macu Tina, HEepBO3HICTb,
po3fpaToBaHicTb, 6inb Yy cepui, ronoBHUA 6Ginb, MOPYLIEHHS 30pY, TPUBOXHICTb),
YyacToTa SKUX 3pocTana i3 KombiHaLis MU pu3nkoBaHUX hOpM NOBELiHKM.

Boponaxcekun  M.J1., TonmadyoBa C.P, Hocoea O.M., Hikonbcbka O.C.,

Binononbcbka M.l. Xapaktepuctuka pusukoBaHuMx POpM MOBediHKM, CHOPMOBAHVX Ha Tri TpuBanoi couianbHoi

i3onauii Mg Yac KapaHTuHY,

Ta iX BNAMB Ha CTaH 300POB'A CTYAEHTCbKOI Mornofdi. BicHuk Xapkiecbko2o

HauioHanbHo20 yHieepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa. 2024. T. 32. Ne 2(49). C. 151-160. DOI:
https://doi.org/10.26565/2313-6693-2024-49-03
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ABSTRACT

Background. The issues of risky forms of behaviour have actual importance. During
the long period of self-isolation, new conditions were created to study the risky forms
of behaviour. Therefore, how different manifestations of addictive behaviour
showing themselves in the case of long-term restriction on the state of health, it is
a new direction of research, especially among student youth. Unresolved issues
regarding the emergence and spread of risky forms of behaviour among student
youth in completely new social conditions determine the relevance of this work.
Purpose — to determine the RFB of student youth, that were formed during
long-term social self-isolation, and to establish their impact on the state of health
of student youth.

Materials and Methods. The presence of the risky forms of behaviour was evaluated
by an anonymous survey of 799 higher education applicants using Google Forms.
The questionnaire used was developed by the staff of the institution where the
research was conducted. 287 students were identified who noted the appearance
of risky forms of behaviour (poor nutrition, smoking, alcohol consumption,
indifference to studies, and appearance) during long-term social self-isolation.
The obtained data were statistically processed by obtaining the relative value and
its error (P £ m, %).

Results. It is shown that the risky forms of behaviour as a result of long-term
self-isolation are determined both individually and in a series of combinations.
50.53% of the respondents noted that during the lockdown they had one of the types
of the risky forms of behaviour, and 49.47% - everal risky forms of behaviour.
The most common risky forms of behaviour were indifference to appearance (44.03%)
and apathy towards education (36.57%). Every tenth student stated that he started
smoking or drinking alcoholic beverages during the lockdown. About 10% of
respondents point out that junk food was added to their diet. It was detected that
under the risky forms of behaviour such complaints as headache (p < 0.01),
cardialgia (p < 0.01), anxiety (p < 0.01), impaired vision (p < 0.01), hypodynamia
(p < 0.01), weight gain (p < 0.01) was reliably determined more often than in the
control group without the risky forms of behaviour. It is also shown that with more
combinations of different risky forms of behaviour — the frequency of identified
complaints increased reliably.

Conclusions. Long-term self-isolation led to the development of risky forms
of behaviour, which occurred in a third of the respondents. During the lockdown,
the frequency of bad habits (smoking, alcohol) increased and signs of social
maladaptation (indifference to education and appearance) were identified. In half of the
respondents with the risky forms of behaviour, a large number of their combinations
were determined, among which every fifth case was the risky forms of behaviour
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from fast food,

smoking,
The risky forms of behaviour affected the frequency of several

alcohol, indifference to studies, and appearance.

complaints

(hypodynamia, weight gain, nervousness, irritability, heart pain, headache, impaired
vision, anxiety), the frequency of which increased with an increase in the number
of the risky forms of behaviour.
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BCTYN

Ha cborogHi nig pwusvkoBaHumu ¢opmamm nose-
AiHkn (PPIT) posymitoTb Taki BUAW AISNbHOCTI NIOAWHN,
AKI CMPUYMHIOITD YN MOXYTb CMPUYUMHUTK LWKoAY Ans i
300poB’s. Hacamnepeq, Le YMCNeHHI WKIANMBI 3BUYKN —
naniHHg, BXVWBaHHS ankoromnio YM HapKOTUYHMX 3acobis,
MEeBHI aCnekTn CekcyanbHOro XWTTS, irpoBa 3anexHiCTb.
Ha cyvacHomy etani o P®I moxyTb OyTu BigHeceHi
pi3Hi pakTopn, SAKi HaBiTb OMNOCEPEOKOBaHO MOXYTb
BNIMHYTU Ha comaTuyHe Ta/abo MeHTanbHe 340pOoB’A.
YucneHHi poboTn 3 faHoro nutaHHA 0cobnuBo cepen
LKonApiB  npoBogunuca nig  KepisHuuTBoMm [lepxas-
HOI  yCcTaHOBM  «IHCTUTYT rpPOMaACbKOro  340pPOB’A
im. O.M. MapseeBa HauioHanbHOT akagemii mMeanyHuX
Hayk YkpaiHn» Ta [lepxaBHoi yCTaHOBM «|HCTUTYT OXxo-
poHM 300pOB’A AiTen Ta nigniTkie HauioHanbHOI aka-
aemii MmegmuHmMx Hayk YkpaiHuy». 12 6epesHa 2020 p.
3anam’aTaeTbCa TUM, WO 6yno oronoweHo 3aranbHo-
HaLiOHanbHWUN KapaHTWH Y 3B’A3KY 3 LUMPOKUM Ta CTpiM-
KM pO3MOBCIOMKEHHSIM 3axBoptoBaHHS Ha Covid-19, wo
He 3anuLIMNo OCTOPOHb XOAHY KpaiHy cBiTy. KapaHTuH
3anpoBafKEHO CnoyaTKy Ha Tpu TWKHI, 3 NOCTYNOBMM
npogoexeHHam o 30 yepsHa 2023 p. [1, 3, 5].

Mepwwnmu, xT0 BigyyB Ha cobi pesynsrar BUMYLLEHOI
couianbHoi, Takoi HeobxigHoT Ans 36epexeHHs 300poB’s
Hauii, obmexeHocTi, ©6esnepeyHo, 6Oyna monogbp —
coujanbHO akTMBHa BepCTBa HaCeneHHs, sKa 3BuKna
XWUTU 3i WwBKMAKiCcTIo rirabanTiB iHopmauiiHoro npoc-
TOpY, MOMoAb, fka 3MmylleHa byna CTpIMKO CKOpOTUTU
putMm. Lle TOpKHYnocs ycboro — CnifikyBaHHs, 3maraHb,
HaBYaHHS — MOro nepeBaXKHa AMCTaHUINHICTb, MOOGinb-
HiCTb, Y TOMY 4ucni akagemiyHa, — OTPUMAHHS HOBWX
BpaXeHb Bi4 MaHApiBOK Towo. HAKWO Ha noyatky
KapaHTUHy ue Oyno odiKyBaHHS, MOXMMBO HaBiTb NeB-
HUA BIOMOYMHOK, TO 3 YacOM MUTaHHSA couianbHOI
obmexeHocTi Monogi crano npobnemoto, sika BUBYa-
€TbCs Pi3HOBIYHO B BaraTbox kpaiHax cBiTy [6—8].

MpoTarom KapaHTUHY Cckrnaganucsa neBHi  yMOBWU
HecTabinbHOI couianbHOi akTuBHOCTI. CnovaTky ToTanb-
HWUI KapaHTWH, NOTIM YacTKOBE PO3LUMPEHHS coLjianbHUX
KOPAOHIB, 3 MOYaTKOM HaBYanbHOIO POKY — perynspHa
3MiHa OpMW HaBYaHHSA, @ 3HAYUTb W PUTMY XWUTTSH
monogi. lNMopibHa cuTyauia Haragye KonvBanbHWUA pPyX,
SKWA He Chnpusie MeHTanbHOMY, comaTtu4Homy 6naro-
nony44to, OCO6MMBO SAKWO 3anycTunuca ymoBW Ans
couianbHoi Ae3aganTadii i3 HECMPOMOXHICTIO peani3oBy-
BaTW CBOI iHAOMBIQyanbHi BRacTMBOCTI. BkasaHi Bulle
npoLecy BUBYaANNCS i 40 KapaHTUHY B PO3pi3i AeBiaHTHOT
MOBEAiHKM i3 3a3HAYEHHAM TOro, WO BOHW (HOPMYHOTbCH,
y TOMy 4ucni, 3a ymOB i3onsuii Big otoveHHs [1, 2, 5].

INTRODUCTION

Today, risky forms of behavior (RFB) are understood
as such types of human activity that cause or may cause
harm to health. First of all, these are numerous bad
habits — smoking, drinking alcohol or drugs, certain
aspects of sexual life, and gaming addiction. Currently,
RFB can be attributed to various factors that can even
indirectly affect somatic and/or mental health. Numerous
works on this issue, especially among schoolchildren,
were conducted under the leadership of the State
Institution «Marzieiev Institute for Public Health (IPH) of
the National Academy of Medical Sciences of Ukraine»
and State Institution «Institute for Children and
Adolescents Health Care at the National Academy
of Medical Sciences of Ukraine». March 12, 2020,
will be remembered for the fact that a nationwide
quarantine was announced due to the wide and rapid
spread of COVID-19, which did not leave any country
of the world untouched. The quarantine was introduced
initially for three weeks, with a gradual extension
until June 30, 2023 [1, 3, 5].

Undoubtedly, the first to feel the result of forced
social restrictions, so necessary to preserve the health
of the nation, were the youth — a socially active segment
of the population who are used to living at the speed
of gigabytes of information space — the youth who were
forced to rapidly reduce the rhythm. This affected
everything — communication, competitions, studies —
his predominant remoteness, mobility, including acade-
mics, — gaining new experiences from travels, etc.
If at the beginning of the quarantine, it was waiting,
maybe even a certain rest, then over time the issue
of social limitation of youth is a problem that is
studied from different angles in numerous countries
of the world [6-8].

Certain conditions of unstable social activity were
created during the quarantine. First, a total quarantine,
then a partial expansion of social boundaries, with the
beginning of the school year — a regular change in the
form of education, which means the rhythm of young
people’s lives. Such a situation is reminiscent of
an oscillating movement that does not contribute
to mental and somatic well-being, especially if the
conditions for social maladaptation with the inability
to realize one’s individual properties have been set
in motion. The above-mentioned processes were studied
even before the quarantine [1, 2, 5] in terms of deviant
behavior, noting that they are formed, under conditions
of isolation from the environment. Quarantine restrictions
in themselves led to the isolation of the individual,
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KapaHTuHHI obmexeHHsi cami no cobi npusBenu ao
isonauii ingueiayyma, y Bunagkax nigospu Ha Covid-19 —
camoi3onsuii, y BUnagkax KOHTakTy 3 XBOPOO MIOAMHO —
BMMYLLIEHa camoi3onsuis. B H13Li pobiT onvcaHi neBHi emo-
LifHI po3naau, WO BUHMKanNW nig vyac kapaHtuHy [8—10],
e aKUEHTYETbCS yBara Ha TakuMx O3HakKax, sk Oernpecis,
TpuBOra, CTpax, NPUrHiYeHHs, HaBiTb CaMOTHICTb. 3a ymMoB
KapaHTWHY, YacTOro BMKIHOYHO OHMalH HaBYaHHS, BU3Ha-
yunacs uina Huska npobnem, noe’A3aHUX i3 HeobXia-
HICTIO MOCTIMHOrO CaMOKOHTPOMD, KWW MpUTaMaHHUN
Oinble onsa nogen cepedHbOro BiKy, HiX Ans monogi,
LLIOAEHHOK HanalUTOBaHICTIO Ha pobo4y aTtmocdepy, Lo
NPOSIBUNNCA 3MEHLUEeHHSAM KOHUeHTpauil ysaru, eni3o-
Aamn emouinHoi nabinbHocTi, camMoTHicTIo abo pedi-
LITOM CrifNIKyBaHHS, TPMBOXHICTIO 3@ BNacHe 300pOoB’si.

3aranbHoBIiAOMO, WO pu3nkoBaHi hopMuM noBegiHKK
MatoTb 30BHILLHIO Ta BHYTPILLHIO CNIPSIMOBaHICTb. 30BHiLLHI
03HaKW OECTPYKTUBHOI MOBELIHKM MPOSABATLCA YMUC-
HUM HaHECEHHSIM LUKOAM iHWWM FoasM, BaHOanismMom,
NOpYLUEHHAM HOPM couianbHOi NoBeAiHKW, OyniHrom,
3HYLLAHHAM 3 TBapWH, 3aCTOCYBaHHSIM HEHOPMaTWMBHOI
NeKcukn Towo. BHyTpiwHA BekTOpHiCTE PO Mmae
HanpsiMOK A0 camopyWHauii, gesiHTerpadii camoro cebe
i NposiBNsieTbCA NOsiBOKO abo MNporpecyBaHHAM  LUKia-
NMBMX 3BMYOK, po3ragamMm Xxap4yoBoi NOBEAIHKM, 3MiHaMM
30BHILLUHBOrO  BUMMAAY, IMNYNbCUBHOK — CEKCyalbHOK
noBeAdiHKow Towwo [5]. PaxiBuUi 3a3HavaloTb, WO OAHUMM
3 03HaKk POl € 3MiHM y 30BHIWUHLOMY BUIMSAI Pi3HOrO
CTYNeHs1 HanpaeneHocCTi, y TOMYy u4ucni HebaaHHs
CTEXUTWU 3a CBOIM 30BHILUHIM BUIMAO0M, HU3Ka MoBe-
AiHKOBUX po3nagis, WO NposBASIOTLCS M Y OCBITi, @ came
BiMOBa Big HaB4YaHHsS, BTpaTa iHTepecy OO HbOro,
a TaKoX MCUXONOrYHMMK O3HaKaMu, SICKpaBUM erneMeH-
TOM SIKMX € MigBueHa 30yanuBICTb, TPUBOXHICTb [5].
Came uenn Bektop P®I1 roctpo nposiBuB cebe 3a vac
TpuBanoi camoisonsdii. poTe, 3Ha4yHa YacTUHaA HayKo-
BMX POBIT LIbOro HanpPsIMKy TOPKaOTLCS LLUMPOKMNX BIKOBUX
rpyn i 6inbLUOK MipOK MatloTb OrMAL0BUIA XapakTep.

Meta po6GoTM — BU3HAYUTU pPU3MKOBaHi copmmu
noBefiHKM CTYAEHTCbKOI Momnofi, wWo cdopmMyBanucs
nig 4Yac TpuBanoi couianbHOi 305U Ta BCTAHOBUTK iX
BMMMB Ha CTaH 340POB’A CTYAEHTCLKOI MOMOAi.

MATEPIAAU TA METOAU AOCAIAXEHHSA

lMoTouHe pocnigXeHHA € NPOAOBXEHHAM HayKoBOI
pobotn kadempw negiatpii MeguyHoro dakyneTeTy
XapKiBCbKOro  HauioHanbHOro  yHiBepcutety  iMeHi
B.H. KapasiHa MiHicTepcTBa oCBiTK i Hayku YKkpaiHu, sike
cTocyBanocs 0cobnuBocTen opraHisauii AucTaHUinHOro
HaBYaHHSA B nepiog 3aranbHOHALiOHANbLHOro KapaH-
TUHY, CMpUYMHEHOro 3axBoptoBaHicTio Ha Covid-19 Ta
[epxaBHOi ycTaHOBM «IHCTUTYT OXOPOHU 300pOBLSA AiTel
Ta nignitkie HauioHanbHOI akagemii MeauyHux Hayk
YkpaiHn» [6]. OcobnmBOCTi CNPUAHATTA CTYOEHTCbKOK
Monogalo ymMoB KapaHTuHy, P®l1, wo cdopmysanucs
Ha LuboMy (POHi Ta iX BNMUB Ha CTaH 340POB’A, BUBYANUCA
3a A0ONOMOrOK OHNaWH aHKeTyBaHHSA (aHOHIMHO, [O6po-
BiNbHO) 4epes Google-chopmy i3 aHanisoMm enemeHTiB
OEeCTPYKTMBHOI MOBeAiHKK, SKi Nig Yac idonsuii nigcunu-
nMca Ha AYMKY Y4YacHuWKiB onuTyBaHHA, abo novanucs
3a yac KapaHTuHy. Ha MomMeHT npoBedeHHsi gocnia-
XEHHs B Mpoueci aHanisy AOCTYMNHUX niTepaTypHuX
[Kepen He BUSBIEHO BXEe HasBHMX CTaHOApPTU30BaHMX

in cases of suspicion of COVID-19 - self-isolation,
in cases of contact with a sick person — forced self-
isolation. A number of works describe certain emotional
disorders that occurred during quarantine [8—10], where
attention is focused on such signs as depression,
anxiety, fear, oppression, and even loneliness. Under the
conditions of quarantine, and frequent exclusively online
training, a whole series of problems were identified,
related to the need for constant self-control, which is more
common for middle-aged people than for young people,
the daily attitude to the work environment, manifested
by a decrease in concentration, episodes of emotional
lability, loneliness or lack of communication, anxiety
about one’s health.

It is common knowledge that risky behaviors have
external and internal orientation. External signs of
destructive behavior are manifested by intentional harm
to other people, vandalism, violation of norms of social
behavior, bullying, abuse of animals, use of profanity, etc.
The internal vectoriality of RFB has a direction to self-
destruction, and disintegration of oneself [5] and is
manifested by the appearance or progression of bad
habits, eating disorders, changes in appearance,
impulsive sexual behavior, etc. Experts note that one
of the signs of RFB are changes in the appearance
of various degrees of orientation, including reluctance
to monitor one’s appearance, a number of behavioral
disorders that are also manifested in education, namely
refusal to study, loss of interest in it, psychological signs,
the bright element of which is increased excitability,
anxiety [5]. It was this vector of the RFB that mani-
fested itself acutely during the long self-isolation.
However, a significant part of the scientific works in
this direction touch on broad age groups and are
mostly of a review nature.

Objective — to determine the risky forms of behavior
of student youth, formed during long-term social
isolation, and to establish their impact on the state
of health of student youth.

MATERIALS AND METHODS

The current study is a continuation of the scientific
work of the Department of Pediatrics of the Medical
Faculty of V.N. Karazin Kharkiv National University of
the Ministry of Education and Science of Ukraine, which
concerned the peculiarities of the organization of dis-
tance learning during the nationwide quarantine caused
by Covid-19 [6] and the State Institution «Institute for
Children and Adolescents Health Care of the National
Academy of Medical Sciences of Ukraine». Peculiarities
of student youth’s perception of quarantine conditions,
RFB, formed against this background and their impact
on health were studied using an online questionnaire
(anonymously, voluntarily) through a Google form with
an analysis of elements of destructive behavior that,
according to the participants, intensified during isolation
survey, or started during quarantine. At the time of
conducting the study, the analysis of available literary
sources did not reveal any existing standardized
questionnaires on the definition of RFB depending on
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ONUTYBamnbHWKIB LWOAO BU3Ha4YeHHs PO, 3anexHo
Bi IHTEHCUBHOCTI coujanbHOoi i3onsauii. ToMy aHKeTHi
3annTaHHS, WO NPOMOHyBanucs Anga peanisauii noctas-
neHoi MeTn, po3pobnsnuca asTopamu po6otn. o POI
BiOHOCUNW HepauioHanbHe XapyyBaHHS i3 BXWBAHHAM
«pacT-pyais», ankoronbHWX HaMoiB, TIOTIOHONANIHHS,
GarigyXiCTb O HaBYaHHS Ta 30BHILLHBOrO BUIMAAY.

OnnTyBaHHs1 MPOBOAMNN cepen, CTYAEHTIB 3 NepLuoro
no BWUMNYCKHUM KypCc XapKiBCbKOro HaLioHanbHOro
yHiBepcuTeTy iMeHi B.H. KapasiHa pi3Hux dakynereTiB
Ta cneuianbHocTeln. Cepen 799 onuTaHMX BM3HAYEHO
287 3po00yBadviB BMLLIOI OCBITW, SKi BigMiTUNKM nosBY
Oyab-akmx o3Hak P®I1 nig yac TpmMBanoro kapaHTUHHOMO
obmexeHHs. [ig BU3HaYeHHsIM CTaHy 300pOB’'st CTYAEHTIB
PO3yMinu OLHKY 4acTOTU HaWbinbll PO3MNOBCHIXKEHNX
cKapr, Takux sk rinogmMHamis, kapgianrii, ronoBHU Ginb,
TPUBOXHICTb, HEPBO3HICTb Ta pPO34paTOBaHICTb, MOrip-
WeHHs 30py. [na uboro 3Baxanu Ha pesynbraTy onuTy-
BaHHS TUX, XTO He MaB nosiBu abo nocuneHHs POl
3a yac kapaHTuHy (512 cTymeHTiB, rpyna KOHTPOIH).
Y pesynbraTti OOCRIMKEHHS BU3Ha4YanuM He TifbKu
nooguHoki P®I, a 1 ix komGiHauii, Taki AK TIOTIOHO-
naniHHs, ankorofbHi Hamoi, 6angyXicTb 0O HaBYaHHA
Ta 30BHiWHbOro Burnagy (K1); BxuBaHHa «dacT-dyny»
Ta THoTIOHONaniHHA (K2); 6angyxicTb 0O 30BHILLIHBOIO
BUIMSQY W HaB4YaHHSA Ta BxuBaHHA dact-yay (K3);
BXMBaHHA «dacT-dyay», ankorofibHUX HamnoiB, THOTIOHO-
naniHHg, GanayxicTb [0 HaBYaHHSA Ta 30BHILUHLOIO
Burnsgy (K4); TioTioHonaniHHg, 6anayxicTe 4O HaBY4aHHA
Ta 30BHiWHboro Burnsgy (K5).

OTtpumaHi gaHi o6pobnsanucsa y nporpami IBM SPSS
Statistics 22 i3 BM3HAYEeHHAM BiOHOCHOI BENUYUHN
Ta ii noxunbkn (P + m, %). JoCTOBIpHICTb OTpUMaHUx pe-
3ynbTaTiB aHanisyBanu 3a 4ONOMOrow KpuTepito diwepa.

PE3YABTATU TA IX OBFOBOPEHHS

OnutyBaHHss 799 cTygeHTiB nokasano, wo POl
BM3Hayanuca y 287 (35,92%) onuTtaHmx 3p00yBadiB
BULLOT OCBITU K NMOOAMHOKI, TaK i B YNCINEHHUX KOMGiHa-
uiax. Taki POI1, ak HagmipHe BXuBaHHS iXi, 0cobnmeo
dacTt-dyay, cepen 799 onutaHux Bigmitunm 9,09%,
TIOTIOHONAnNHHA — 7,76%, BXMUBaHHS ankorono — 6,88%,
GangyxicTb 0O 30BHiWHbOro Burnsagy — 23,65% Ta go
HaB4aHHsa — 18,15%. Cepeg Tux, XTO BigMITMB, LWO
3a 4ac KapaHTuHy 3'siBunucst abo nigcununucs POIT,
50,53% onuTaHWx 3a3Hauunu, Wo nig 4ac Tpusanoi
couianbHoOI i3onauil y HUX 3'ABMBCA OOWH 3 Pi3HOBUAIB
P®r, a 49,47% — pekinbka P®I1. CTOCOBHO HapkOTWu-
HMX 3acobiB — >xofaeH 3pobyBay He BiOMITUB MOsiBY
Takoro pisHosugy POI1.

Hanbinbw Yactumu y rpyni 30obyBadiB BMLLOT OCBITH
3 HasBHUMKU POl Gynu GanayxicTe [0 30BHILLIHBOIO
Burnagy (50,53%) Tta go HaeyaHHA (44,91%). KoxeH
OecsaTuiA CTyAEHT BiAMITMB, LU0 3a Yac KapaHTWHY no4as
nanutn abo 36inblumnack KinbKiCTb UMrapok Ha [oby
(21,40%), BxmBaTh ankoronbHi Hanoi (18,95%). brmabko
25,26% onutaHMx 3a3Havunu, WO B iX pauioHi xapdy-
BaHHA A404anocs BXMBaHHA dacT-dyais.

Ak 6yno 3asHayeHo, Malke MOMoBUHA CTYOEHTIB
rpynu i3 POl manm ix noegHaHi BapiaHt (tabn. 1).
Tak, KOXXeH YeTBepTUn CTyQeHT HaBoaMB y CBOIX Bigno-
Biosix KoMOiHaUjii0 MpakTU4YHO 3 ycix pisHoBuaiB PO —
NoeAHaHHA NaniHHA, BXMBaHHA ankoront, GanmagyxocTi

the intensity of social isolation. Therefore, the ques-
tionnaire questions proposed for the realization of the
set goal were developed by the authors of the work.
Irrational nutrition with consumption of «fast food»,
alcoholic beverages, smoking, indifference to studies,
and appearance was attributed to RFP.

The survey was conducted among students from
the first to final year of V.N. Karazin Kharkiv National
University of the Ministry of Education and Science
of Ukraine of various faculties and specialties. Among
the 799 respondents, 287 higher education graduates
were identified who noted the appearance of any
signs of RFB during the long-term quarantine restriction.
The definition of students’ health status was under-
stood as an assessment of the frequency of the most
common complaints, such as hypodynamia, cardiac
pain, headache, anxiety, nervousness and irritability,
and visual impairment. For this, we took into account
the results of the survey of those who did not have
the appearance or strengthening of RFB during the
quarantine (512 students, control group). As a result of
the study, not only individual RFBs were determined,
but also their combinations, such as smoking, alcoholic
beverages, indifference to studies and appearance (K1);
consumption of «fast food» and smoking (K2);
indifference to appearance and education and con-
sumption of fast food (K3); consumption of «fast food»,
alcoholic beverages, smoking, indifference to studies
and appearance (K4); smoking, indifference to education
and appearance (K5).

The obtained data were processed in the IBM SPSS
Statistics 22 program with a determination of the relative
value and its error (P £ m, %). The reliability of the
obtained results was analyzed using Fisher’s test.

RESULTS AND DISCUSSION

A survey of 799 students showed that RFB was
determined in 285 (35.92%) of the surveyed higher
education applicants both individually and in numerical
combinations. Among the 799 respondents, 9.09% noted
such RFB as excessive consumption of food, especially
fast food, smoking — 7.76%, alcohol consumption —
6.88%, indifference to appearance - 23.65%, and
education — 18.15%. Among those who noted that
RFB appeared or intensified during the quarantine,
50.53% of the respondents noted that during pro-
longed social isolation, they had one of the RFB varieties,
and 49.47% — had several RFB. With regard to narcotic
drugs, no acquirer noted the appearance of such
a type of RFB.

Indifference to appearance (50.53%) and to studies
(44.91%) were the most frequent in the group of higher
education seekers with existing RFB. Every tenth
student noted that during the quarantine they started
smoking or increased the number of cigarettes per
day (21.40%), and drank alcoholic beverages
(18.95%). About 25.26% of the respondents noted
that fast food was added to their diet.

As it was mentioned, almost half of the students
in the group with RFB had their combined options
(Table 1). Thus, every fourth student gave in their
answers a combination of almost all types of RFB —
a combination of smoking, drinking alcohol, and
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0O CBOrO 30BHIWHLOrO BUIMsAQy Ta HaeyaHnHA (K1),
Y KOXHOFO M’'SiTOr0 pecrnoHAeHTa Mana Micue Makcu-
marnbHa kombiHauis PO, wo pgocnigxysanucs (K4).

indifference to their appearance and studies (K1).
Every fifth respondent had the maximum combination
of RFB under investigation (K4).

Ta6nuus 1. Yactota KoMGiHaLill BUSIBNEHNUX PU3NKOBaHNUX hOPM NMOBEAIHKM CTYAEHTCLKOI Morogi
nia Yyac KapaHTUHHUX obmexeHb (% + m)
Table 1. Frequency of combinations of identified risky forms of behavior of student youth during quarantine restrictions (% + m)

No KombiHauis P®r1 Ycboro
- RFB combinations That’s all

TioTioHONanNHHS, ankoronbHi Hanoi, 6anayXicTb 4O HABYaHHS Ta 30BHILLUHBOIO BUMAAY

1. . . - . 27,46 £ 0,29
Smoking, alcoholic beverages, indifference to studies, and appearance

5 B)KI/IBaHHﬂ. «hacT-pyay» Ta TIOTIOHOMAnNIHHA 2536 + 0.34
Consumption of «fast food» and smoking
BarigyxicTb 40 30BHILLUHBOrO BUIMSIAY N HABYaHHS, Ta BXXUBaHHA dacT-dyay

3. . ) ) 21,83 £ 0,56
Indifference to appearance and education and consumption of fast food
BxwuBaHHs «dpacT-dyay», ankoronbHUX HanNoiB, TIOTFOHOMNAMIHHS, Ganay>KicTb 4O HaBYaHHS Ta 30BHILLHBOTO BUMSY

4. . . L . 19,73+ 0,45
Consumption of «fast food», alcoholic beverages, smoking, indifference to studies, and appearance
TioTioHOManiHHSA, 6anayXiCTb 4O HaBYaAHHS Ta 30BHILLHLOIO BUMMAAY

5. A . 1,40 £ 0,49
Smoking, indifference to studies, and appearance
IHWI Bapiauii

6. Other variations 4,22+0,63

To6TO, MpakTMYHO YBEPTb 3 YCIX ONUTaHWUX, LLO That is, almost a quarter of all interviewees with RFB

maTb PO®l, 3a uyac kapaHTuHy 3g06ynn manxe
MakCMManbHy HW3Ky pakTopiB — naniHHg, nopylueHe
XapyyBaHHS, BXMBaHHSA ankoromno, gakrtopu couianbHoi
pesapantauii y Burnagi 6angyxocTi 4O HaBYaHHS Ta
[0 CBOro 30BHILUHLOrO BUIMAAY, SIKi HaBiTb MO 3aBep-
LWEHHI KapaHTUHHMX OOMeXeHb, MaTUMyTb Hacnigku
B NOAANbLUOMY XUTTi Ta HaBYaHHI.

Ananisytoun Bnnue POr1, aki cchopmysanucs 3a 4ac
TPUBArNoro KapaHTMHHOrO OOMEXEHHS Ha CTaH 300pOoB’s
CTYOEHTCbKOI MOMOAi, BU3HAYEHO, O OOHOYACHO B LN
rpyni CTyAEeHTIB y Aekinbka pasiB yacTille BM3Ha4anucs
Taki coMaTM4Hi MOpyLeHHsA, K uedanrii, kapaianrii,
30inblUEHHA Macu Tina, rinoguMHamis, NoripeHHs 30pyY,
eMouiiHa HecTabinbHICTb (HEpPBO3HICTL Ta po3apaTo-
BaHiCTb) 1 HEMOTMBOBaHa TPUBOXHICTb (Tabn. 2).

acquired almost the maximum number of factors during
quarantine — smoking, impaired nutrition, alcohol
consumption, factors of social maladjustment in the
form of indifference to education and to one’s
appearance, which even after the end of quarantine
restrictions, will have consequences in later life
and education.

Analyzing the impact of RFB, which was formed
during the long-term quarantine restrictions, on the state
of health of student youth, it was determined that at
the same time, in this group of students, such somatic
changes were determined several times more often,
such as cephalalgia, cardiac pain, weight gain, hypody-
namia, visual impairment, emotional instability (nervous-
ness and irritability) and unmotivated anxiety (Table 2).

Tabnuus 2. YactoTa KniHiYHUX 03HaK 3aMexXHO Bif HAsABHOCTI pu3ukoBaHux hopm noBediHku (% + m)
Table 2. Frequency of clinical signs depending on the presence of risky behaviors (% + m)

Ipyna nopiBHsiHHA / Comparison groups
Ne OgsHaka / Sign KoHTporb PoM / RFB
Control Ycboro OpHa o3Haka POI | Kombinauis PO
That's all One sign of RFB | Combination RFB
1. | FonoBHui 6inb / Headache 15,23 +0,41* | 38,68 + 0,46 33,10 + 0,68 44,37 + 0,63
Binb y cepui / Heartache 2,73+ 0,44* | 12,20+ 0,55 5,52 + 0,81 19,01 £ 0,76°
36inbweHHA macy Tina / Weight gain 12,89 +0,41* | 29,27 + 0,50 22,76 £ 0,73 35,92 £+ 0,677
4. | 3HvKeHHs pyxoBol akTusHoCTI 33,40+0,36* | 55,75+ 0,39 | 48,28+ 0,60 63,38 + 0,51
Decreased motor activity
5. | MoripweHHs 3opy / Deterioration of vision 19,92 £ 0,40* | 40,77 £ 0,45 33,10 £ 0,68 48,59 £ 0,60
6. | Hepsoskicts Ta pospparosanicte 15,04 +0,41* | 48,08 +043 | 34,48+0,67 61,97 +0,52°
Nervousness and irritability
7. | HemotusoBaHa TpuBoxHicTb / Unmotivated anxiety | 25,59 + 0,38 | 33,80 + 0,48 28,28 £ 0,70 39,44 + 0,65
lMpumimku: Notes:

*

— p < 0,01 — BigmiHHOCTI Mix rpynoto i3 P®I1 ta rpynoto
KOHTPOTIO;

°~ p < 0,01 — BigmiHHOCTI y rpyni 3 ogHieto o3Hako PPl Ta ix
KoMGiHaLisgMu;

A~ p < 0,05 — BigMiHHOCTI y rpyni 3 ogHieto o3Hakoto PPI Ta ix
KoMGiHaLisMu.

*— p < 0,01 — differences between the group with RFB and the
control group;

°—p < 0,01 —differences in the group with one feature of RFB and
their combinations;

A~ p < 0,05 - differences in the group with one feature of RFB
and their combinations.
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BcTtaHoBneHo, WO Taki CUMMNTOMW €K Kapgianrii,
uedanrii, 36inblWeHHA Macu Tina, MOoripleHHs 30pY,
HEPBO3HICTb Ta pPO34paToOBaHICTb [OCTOBIPHO piglle
(p < 0,01) BusBNANMcA cepen, CTYAEHTIB rpynu KOHTPO-
no. Y rpyni cTygeHTcbkoi mMonogi i3 HasBHUMU POl
yacToTa BKasaHMX CUMMTOMIB 3pocTana i3 30inblueH-
HSIM KOMMOHEHT Yy kombBiHauisx PO (tabn. 3), ocobnmeo
ue crocysanocsa 6onto B cepui (p < 0,01), HepBo3HOCTI
Ta posgpatoBaHocTi (p<0,001), a Takox 36inbLUEHHSs
macw Tina (p < 0,05).

It was found that in the control group, such symptoms
as cardiac pain, cephalalgia, weight gain, vision impair-
ment, nervousness, and irritability were significantly less
common (p < 0.01) among students of the control group.
In the group of student youth with existing RFB, the
frequency of the indicated symptoms increased with
the increase of components in the RFB combinations
(Table 3), especially this concerned pain in the heart
(p < 0.01), nervousness and irritability (p < 0.001), as well
as weight gain bodies (p < 0.05).

Ta6nuusa 3. YactoTa kniHiYHMX NPOosiBiB 3anexHo Big komGiHauin PO (% + m)

Table 3. Frequency of clinical manifestations depending on RFB combinations (% + m)

KombiHauis P®r1/cumntom
Combination of
RFB/symptoms

linogmHamisn
Hypodynamia

TpUBOXHICTb
Anxiety

36inbLUeHHs
Macu Tina
Weight gain

MoripweHHsa
30py
Deterioration
of vision

HepBosHicTb,
po3apaToBaHiCTb
Nervousness,

Kapgianrii
Cardialgia

[onoBHun
Ginb
Headache

irritability

TtoTrOHONAMIHHS,
arnkororsbHi Hanoi,
6anayxicTb 40O HaBYaHHSA Ta
30BHiWHbLOro Burnsagy (K1)
Smoking, alcoholic
beverages, indifference to
studies, and appearance (K1)

61,76 £1,06 | 41,18+1,32

20,59+1,53*

44,12+1,28 67,65+0,98 14,71+1,58%| 35,29+1,38*

BxwuBaHHs «pacT-dyay»
Ta TioToHonaniHHs (K2)
Consumption of «fast food»
and smoking (K2)

55,66+2,22 | 22,22+2,94

33,33+2,72*

44,44+2,48 33,33£2,72*  |11,114£3,14*| 33,334£2,72*

Bangyxicte oo
30BHILUHLOIO BUMMSAAY

A HABYa@HHSI Ta BXXMBaHHS
«hact-cbyay» (K3)
Indifference to appearance
and learning and eating
fast food (K3)

71,74+0,78 | 43,48+1,11

30,43+1,23*

50,00+1,04 71,74x0,78 28,26+1,25 | 54,35+1,00

BxwuBaHHs «dacT-dyay»,
arnkoronbHUX Hamnoi.,
TIOTHOHOMATIHHSA,
BarigyxicTb 4O HaBYaHHA Ta
30BHiWHbLOrO BUmMsAAy (K4)
Consumption of «fast food»,
alcoholic beverages,
smoking, indifference to
studies and appearance (K4)

76,92+1,33 | 46,15+2,04

84,62+1,09

69,23+1,54 92,31x0,77 38,46+2,18 | 76,92+1,33

TioToHOManIHHS,
6angyxicTb O HaBYaHHA Ta
30BHiWHbOro Burnsagy (K5)
Smoking, indifference to
studies, and appearance (K5)

40,00+2,45 | 30,00+2,65

50,00+2,24*

50,00+2,24 40,00+2,45 10,00+3,00 | 30,00+2,65*

lMpumimku:

*p < 0,01 — LOCTOBIPHICTb Mi>k YacTOTOl 03HaK K4 3 iHLWMMK komBiHaLismu.

Notes:

* p < 0,01 - reliability between the frequency of signs K4 with other combinations

3 gaHux Tabn. 3 BMAHO, WO HanbinbL 4acTto coma-
TUYHI nposiBM Mana kombiHauis PO, wo mictuna
BXMBaHHA «dacT-dyay», ankorofibHUX HamnoiB, THOTIOHO-
naniHHs, 6GanayxicTb [0 HaBYaHHSA Ta 30BHILUHLOIO
BUINAAY, ska y 76,92% dopmyBanacsa Ha Thi 3HWKEHHS
PYXOBOi aKTUBHOCTI, 3pocTaHHA Macu Tina (84,62%)
i BiA3Ha4yanacs HW3KOK MPOsiBiB, WO BKa3ylTb Ha CTaH
MEHTanbLHOro 340pOB’A B nepiog Tpueanoi isondauii —
HEepBO3HICTb 1 po3gpaTtoBaHicTb (92,31%), HemoTMBOBaHa
TpuBora (46,15%), ronoBHuin 6inb (76,92%). Ha ubomy
doHi TpetuHa onuTtaHux (38,46%) TakoX BM3Ha4ana

From the data in the table. 3, it can be seen that the
most frequent somatic manifestations were the combi-
nation of RFB, which included the use of «fast food»,
alcoholic beverages, smoking, indifference to education
and appearance, which is 76.92% was formed against
the background of decreased motor activity, increased
body weight (84.62%) and was manifested by a number
of manifestations indicating the state of mental health
during the period of long-term isolation — nervousness
and irritability (92.31%), unmotivated anxiety (46.15%),
headache (76.92%). Against this background, a third of
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nosBy Kapgianrii. B Hu3ui poGiT, B sikMx nigkpecnio-
I0TbCsl Aesiki 0cobnMBOCTi opraHisauii pobodoro 4vacy
y Mpoueci AMCTaHUIMHOIO HaB4YaHHS, HaromnoLyeTbCs
Ha TOMY, LU0 3@ Yac KapaHTUHY 3Ha4HO 3piC Yac BUKOPUC-
TaHHSA ragXxeTiB, Lo MOXe Npu3BoauTK A0 cy6’eKTMBHOMO
BigYyTTS noripweHHsA 3opy (69,23%) siKk NposiBy «CUMHA-
pomMy KoMM'toTepHOro 3opy» [6]. AHania kombiHauin POI,
AKi HambinblW 4YacTo BW3HaAYanuMcsl cepen ONUTaHUX,
BCTaHOBMB, WO B KoMOiHauisx 1, 2, 3, MOPiBHSHO i3
KoMOiHaujelo 4, 3HaYHO 3HWXKYETbCA YacToTa Takoi
ckapru sik 36inbweHHs mMacu Tina. Tak, K1 He MmicTutb
NyHKTY LWOAO BXMBaHHA «dacT-dyay» i BOHa Mae
HaMHWKYMIA BiOCOTOK ckapru Ha 36inblueHHs macu Tina
(20,59%, p < 0,01). 3a BiACYTHICTIO BXMBAHHS aInKOrornto
Ta nNposiBiB MNOpPYLUEHHS eMOoLUiiHOI cdepn Yy BUMMNAI
GaiiyKocCTi A0 CBOro BUIMsiAQy Ta HaByaHHs (K2) cytteBo
3HMXKYBanacs 4actoTa Takux cKapr, SK TPUBOXHICTb
(22,22%, p<0,01), HepBO3HICTb Ta pPO34paTOBaHICTb
(33,33%, p < 0,01).

HeobxiaHO 3a3Ha4nNTK, L0 HE3BAXAOUN HA PO3YMiHHS
HasiBHUX npobnem, nuwe 6nm3bko 10% onuTaHMx
3BepTanncs 3a creLianizoBaHol OONOMOro, Yn xo4a 6
cninkyBanucs i3 cBOIM KypaTtopoMm Ha npeaMeT 3a3Hade-
HUX npobnem. lNpuuvHamy gaHoro dakty Gyna Bnes-
HEHICTb Yy BMACHWX cunax i 3HaHHsX, Ta irHOpyBaHHS
CYMNTOMIB 1 HE3HAHHSA TOrO PaKTy, Kyau MoXHa B yMOBaxX
i3onAuil 3BepHYTUCA 3i CBOIMM OCOBUCTUMU NMUTAHHAMN.

BUCHOBKHU

Takum 4MHOM, NpoBedeHe OOCHiAXEHHS OO03BOMUIO
3pobUTK Taki BUCHOBKM.

TpuBana camoisonsuis npu3Boguna [0 PO3BUTKY
P®rT, saxi manu micue y TpeTnHu onutanumx. Iig yac kapas-
TMHY 3pocna uvactoTa LKIANUBUX 3BUYOK (NarniHHs,
arnkoronb), Ta BU3Ha4YanMcst 03Haku coljianbHoi Ae3aaan-
Tauii (bangyxicTb 4O HaBYaHHA Ta 30BHILLHBOIO BUMMAAY).

Y nonoBuHu onutaHux i3 PPl Bu3Havanucsa noen-
HaHHs NposBiB (iX Pi3HUX KOMBIHALIN), cepea SKMX KOXeH
M'aTuii BUNagok 6y npeactasneHun kombiHauieto PPIT
i3 cpacT-dpygom, naniHHaMm, ankoronem, GanayxicTio o
HaBYaHHS Ta 30BHILLHLOrO BUMMSAAY.

P®I BnnmBanu Ha nosiBy Takux CKapr, sk rinoguHa-
Misi, 306inblUEeHHsT Macu Tina, HEpPBO3HICTb, pO34paToBa-
HicTb, 6inb B cepui, ronoBHWn Binb, NOPYLUEHHS 30pY,
TPUBOXHICTb, YacToTa SKMX 3poctana i3 36inbLieHHAMm
KinekocTi POr1.
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the respondents (38.46%) also determined the
appearance of cardiac pain. In a number of works,
that emphasize some features of the organization of
working time during distance learning, it is emphasized
that during the quarantine, the time of using gadgets
has increased significantly [6], which can lead to a sub-
jective feeling of visual impairment (69.23%) as a mani-
festation of «computer vision syndrome». Analyzing the
combinations of RFB, which were most often determined
among the respondents, it was established that in
combinations 1, 2, and 3, compared to combination 4,
the frequency of such a complaint as weight gain is signi-
ficantly reduced. Thus, K1 does not contain a point
about fast food consumption and it has the lowest percen-
tage of complaints about weight gain (20.59%, p<0.01).
Due to the absence of alcohol consumption and mani-
festations of a shift in the emotional sphere in the form
of indifference to one’s appearance and learning (K2),
the frequency of such complaints as anxiety (22.22%,
p < 0.01), nervousness, and irritability (33.33%, p < 0.01).

It should be noted that despite the understanding
of the existing problems, only about 10% of the res-
pondents sought specialized help, or at least commu-
nicated with their supervisor about the mentioned
problems. The reasons for this fact were confidence
in one’s own abilities and knowledge ignoring symp-
toms and ignorance of the fact that one can turn to
one’s personal questions in the minds of isolation.

CONCLUSIONS

Thus, the conducted research made it possible to
draw the following conclusions:

Prolonged self-isolation led to the development
of RFB, which occurred in a third of the respondents.
During the quarantine, the frequency of bad habits
(smoking, alcohol) increased and signs of social mala-
djustment (indifference to education and appearance)
were identified.

A combination of manifestations (their numerical
combinations) was determined in half of the respondents
with RFB, among which every fifth case was represented
by a combination of RFB with fast food, smoking, alcohol,
indifference to studies, and appearance.

RFBs influenced the appearance of complaints (hypo-
dynamia, weight gain, nervousness, irritability, heart pain,
headache, visual impairment, anxiety), the frequency of
which increased with an increase in the number of RFBs.
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NepcnekTUBM NOAAABLLLUUX AOCAIAXEHD

MpOOOBXKEHHS BMBYEHHSI  PO3MOBCIOOKEHOCTI  PU3NKOBAHMX
¢dopM MOBefiHKM, iX BMAMB Ha CTaH 300POB’'Sl CTYOEHTCbKOI
MONOZAi, € NEPCNEKTUBHNM Y Cy4aCHUX YMOBAX BOEHHOTO XUTTH
i3 MOXNMBMM BUSBMEHHAM HOBMX Ta MNPOBEOEHHSIM aHanisy
OVHAMIKM BXXe BU3HAYEHNX PU3MKOBAHMX (hOPM MOBEIHKU.
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Prospects for further research

Continuing the study of the prevalence of risky forms of
behavior, and their impact on the health of student youth is
promising in modern conditions of military life with the possible
identification of new and analysis of the dynamics of already
identified risky forms of behavior.
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PE3IOME

AkTyanbHicTb. XpoHi4HWMI GinNb € Ceprio3HO KniHiYHOW npobrnemoto. BiH moxe
OXOMnnoBaTh pi3HMX cyb’exTiB, 6e3 BiAMIHHOCTEN ANA OOPOCNUX YM NITHIX Niogen.
o6 nigkpecnuTy BNNMB 6ionoriYHOro 3BOPOTHOrO 3B’SI3KY Ha KOHTPOIb XPOHIYHOro
6onto, My NpoBenu CTaTUCTUYHWUIA aHani3, CrpsiMOBaHWA Ha [AOCNIOXEHHS KOPOTKO-
CTPOKOBOi edeKTMBHOCTI Ta MoAepaTopiB niKyBanbHOro BnnvBy 6GionoriyHoro
3BOPOTHOTO 3B’A3KY.

MeTta po60TK — po3pobuTn HOBITHI MeToam BapiabenbHOCTi cepuesoro putmy (BCP),
WO BigoOpaxaloTb CTaTUCTUYHO 3HaYyLUMA 3B’A30K MK BMAMBOM OionoriyHoro 3Bo-
POTHOrO 3B’AA3Ky Ha KOHTPOMb XPOHIYHOrO 6onto Ta nokasHnkamm BCP, Wwo okpecniooTb
3MiHYy BMAMBY CUMMATUYHOI | MapacMnaTu4Hoi cucTeM y perynsuii 6onto.

Marepianu Ta metoau. B pocnimkeHHs BBIALWNWM MiTHI NauieHTV CepenHboro BiKy
76,3 + 7,5 poku, ki cTpaxganu Bif, XPOHIYHOro 6o, NOB’A3AHOM0 3 XPOHIYHUM 3a-
XBOpIOBaHHAM ckeneta. CeaHcu 6GionoriyHoro 3BOPOTHOrO 3B’A3Ky (5 BAWXIB
Ha XBWIMHY) NPOBOAWM OBiYi HA AeHb No 5 xBuUNuH npotsaroM 15 gHie. [o nikyBaHHSA
Ta nicna 15-geHHOro nepiody BCi y4aCHUKM NPONMLLNM OLiHKY TshxkocTi 6onto. Kpim Toro,
KOXXEH Y4YacHMK MNpoMwoB 5-xBunuvHHuMiA 3anuc EKI pgo ta nicns nikyBaHHa ans
OUiHKM BapiabenbHOCTi cepueBoro putMmy. [ns aHanisy pesynbraTiB AOCHIKEHHS
MU MPOMOHYEMO HOBWUI MeTon aHanidy BCP, 3acHOBaHWIA Ha HaginHiN ouiHLi eHTponii
Ta anropuTMax HeuiTkoi norikv. HagiiHuiAi anropuTm OUiHKM eHTponii fae 3mory
obuMcnioBaT 3HAYEHHSI EHTPONIi 3 BWCOKOK TOYHICTIO 3 YacoBMX psfiB obMexeHoi
OOBXMWHW. ANrOpuUTM HEYITKOI NOrikM [03BONsie 06’'eqHyBaTV pi3Hi METPYKM (4acoBy
LinNsHKY, YacTOTHY AiNsHKY, HeMiHiHi meToaw) i Bci noka3Hukn BCP B ogHOMy nogaHHi.
PesynbratM Ta iXx O6GroBOpeHHsi. 3a [JOMOMOrOK 3arnponoHOBAHOIO METOAYy MU
OLiHIOEMO TepaneBTUYHMI edhekT BionoriyHoro 3BOPOTHOrO 3B’A3KY Ta POrib HEPBOBO-
BEreTaTyBHOI CepLIeBO-CyAMHHOI CUCTEMU Y BUHUKHEHHI XPOHi4YHOro 6orto.

BucHoBkW. Hawi nonepedHi pe3ynbraty NiAKPECHIOOTb CTATUCTUYHO  3Hauvylle
3HWKEHHA CTyneHs 6onto, BUMipsHoro 3a wkanot VAS, 6e3 CTaTUCTUYHO 3HavyLLoi
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AAS LUTYBAHHS:

BapiaLii HepBOBO-BereTaTMBHOI CepLeBO-CYyANHHOI MOAYNALIl 3a AONOMOrOK Kracuy-
HUX meTogiB aHanisy. OgHak, TiNbKM BUKOPUCTOBYKOYM HOBUIA MeTog aHanisy BCP,
3aCHOBaHWI Ha HafiNHIN OUiHLiI eHTpOoNii Ta anropuTMax HeEYiTKOi foriku, MM MOXEMO
BMSBUTW CTAaTUCTUYHO 3HauyLLi Bapiauii.

Pavimongi [., MapTtuHeHko O.B., Bapci J1., Mapuitto H., Mansposa J1.B. BionoriyHuin 3B0pOTHWI 3B’A30K Y NaUieHTIB

noxunoro BiKy 3 XpOHIYHUM Gonem:

HOBWI HeniHiMHWIA aHani3 BapiaGenbHOCTi cepueBoro putmy. BicHuk

Xapkiecbkoeo HauioHanbHo20 yHisepcumemy imeHi B.H. Kapasina. Cepis MeduyuHa. 2024. T. 32. Ne 2(49).
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ABSTRACT

Background. Chronic pain presents a substantial clinical challenge affecting
individuals across all age groups, regardless of whether they are adults or older adults.
To underscore the impact of biofeedback in managing chronic pain, we conducted
a statistical analysis to explore its short-term effectiveness and factors influencing
treatment outcomes.

Purpose — to develop the advanced heart rate variability (HRV) methods that reflect
a statistically significant relationship between the impact of biofeedback on chronic
pain control and HRV indicators that outline changes in the influence of the sympathetic
and parasympathetic systems in pain regulation.

Materials and Methods. Elderly patients with mean age 76.3 + 7.5 years suffering
from Chronic Pain associated with Chronic Skeletal lliness. Prior to treatment and
after a 15-day period, all participants underwent assessment of pain severity.
Additionally, each participant underwent a 5-minute EKG recording before and
after treatment to evaluate Heart Rate Variability (HRV). Neuro-vegetative cardio-
vascular modulation was assessed through EKG analysis of HRV before and after
treatment. Biofeedback sessions (5 breaths per minute) were conducted twice daily
for 5 minutes over the course of 15 days. For the purpose of this research data
analysis, we propose a novel Heart Rate Variability (HRV) methodology incorporating
robust entropy estimation and fuzzy logic algorithms. The robust entropy estimation
algorithm enables precise computation of entropy values from time series data
of limited length, while the fuzzy logic algorithm facilitates integration of various
HRV metrics (including time domain, frequency domain, and nonlinear methods)
into a unified framework.

Results. Through the utilization of this proposed methodology, we assess the
therapeutic efficacy of biofeedback and the involvement of the neuro-vegetative
cardiovascular system in chronic pain.

Conclusions. Our preliminary findings reveal a statistically significant reduction in
pain severity, as measured by the Visual Analog Scale (VAS), without a statistically
significant alteration in neuro-vegetative cardiovascular modulation using conventional
analysis techniques. However, the application of the new HRV methodology
incorporating robust entropy estimation and fuzzy logic algorithms enables the detection
of significant variations.

Raimondi D, Martynenko AV, Barsi L, Marchitto N, Maliarova LV. Biofeedback of elderly patients with chronic pain:

new nonlinear HRV analysis.

The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
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BCTYN

INTRODUCTION

Binb € yHiBepcanbHUM goceigoM, xoda anst 6aratbox
BiH NpuMxoauTb i MMHae 6e3 ocobnueBux 3puBiB. TM He
MEHLU, XPOHIYHWMA Binb MOXe Cepro3HO BMAUHYTU Ha
AKICTb XXUTTS Ta NepeLukopkaTh NOBCSKAEHHUM cnpa-
Bam i o6oB’sazkam. Jlroawn, siki cTpaxaaroTb Bif, XPOHIYHOIO
6onto, yacto HamaraiTbcsi 36epertm NpoayKTUBHICTb
Ta CTMKalTbCA BAOMA i Ha poboTi 3 TpyaHOLaMm, NoB’s-
3aHuMK 3 6onem, abo 3i 3HKEHHAM NPOAYKTUBHOCTI.

Binb € ogHiel 3 HaMNoOWMpPEHIWNX 1 HaNOOPOXINX
npobnem HauioHanbHOI CUCTEMW OXOPOHU 3[O0POB’S.
Akwo 6inb TpuBae nicna 3BuyariHoro nepebiry 3axso-
ptoBaHHS abo HOpPMarnbHOro Yacy 3aroeHHst TpaBMu, abo

Pain is a universal experience, though for many,
it comes and goes without much disruption. Yet, chronic
pain can profoundly impact quality of life and hinder
daily functioning. Individuals grappling with chronic pain
often struggle to maintain productivity, facing challen-
ges at home and in the workplace due to pain-related
absences or diminished performance.

Pain is one of the most prevalent and costly national
health problems. When it persists beyond the usual
course of a disease or normal healing time for an injury,
or when it is associated with a progressive disease
such as arthritis, pain may be termed chronic [1].
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KON BiH MOB’A3aHUN i3 NPOrpecyrYUM 3axXBOPHOBaAHHSM,
TaknMm sIk apTpuT, GiNb MOXHa HasBaTWM XPOHIYHUM [1].
AmMepuKkaHCcbka acouialisi XBOpUX Ha XPOHiYHMIA Binb
(ACPA) Bu3Ha4ae XpoHiYHWMI abo nocTiiHuiA Binb sk
«nocTinHMn abo peuunamytoumin  6inb, SkuiA  TpuBae
noHag 3-6 wmicsauiB, HiX 3BMYaHUI nepebir rocTporo
3aXBOPIOBaHHS abo TpaBMW, i SIKMIA HEraTMBHO BMMBAaE
Ha camonoyyTTss naumHn»  (2014). XpoHiyHui  Ginb
knacudikyeTbca 3a natodpisionorieto Ha OCHOBI (PyHKUiO-
HanbHUX 3MiH, AKi BUKNUKaTb Ginb. IcHye M'aTb TMniB
Oont: HOUMUENTMBHUIA, HEMponaTUYHUK, 3MiluaHui,
igionaTU4HUI | NCUXOreHHUN.

OcTaHHi gocnimkeHHs NigKpecnoTb pornb ANCEYHK-
Lin BeretatMBHOI HepBOBOi cuctemun (BHC) y BUHMKHEHHI
XPOHiYHOro 60mMt0, 0COBNMBO NPU 3aXBOPIOBAHHSAX OMOPHO-
pyxoBoro anapaty [2]. | cumnaTuyHa, i napacuMmnaTnyHa
CMUCTEMM BidirpaloTb KIYOBY ponb Yy perynsuii 6onto,
ane ix akTUBHICTb MOPYLUYETLCA MPU XPOHIYHMX GONbO-
BUX cTaHax. Llen gucbanaHc MOoXHa OUiHUTK 3a AOMOMO-
roto ouiHku BapiabenbHocTi cepueBoro putmy (BCP).

HocnigpxeHHs1 nokasyloTb, Wo 3HWkeHHs BCP kope-
noe 3 NigBULLEHNM Big4yTTAM G0N0 y NauieHTiB i3 xpo-
HiYHMM ©Gonem, WO BKa3ye Ha MOPYLIEHHS Henpo-
KapaianbHOl yHKLUiT. BionoriyHMn 3BOPOTHWUIA 3B’A30K
3 BCP e 6GaratoobiusitouMMm HemeamKkameHTO3HUM BTPY-
YaHHSAM, L0 BWKOPWUCTOBYE BarycHy aKTMBHICTb Ansi
nigppuwleHHs BCP  Ta noM'akweHHA wnaxis  6onto
B XpebTi. KniHiyHi gaHi ceigyaTth Npo noro eheKkTUBHICTb
y MOnerweHHi CMMNTOMIB po3nagiB, LU0 XapakTepuay-
oTbest ancperynsuieto BHC [3].

BionoriyHni 3BopoTHMIA 3B'130k BCP — Le Hedapma-
KomnoriyHe nikyBaHHsi, ke 3acTOCOBYETbCHA Ans noner-
LUEHHS XPOHiYHOro 6oMt LWNAXOM BNNMBY Ha achepeHTHyY
BarycHy akTVBHICTb, sika nos’s3aHa 3i 36inbweHHam BCP
Ta NpUrHideHHam wnaxie 6onto B xpebTi. PakTuyHo,
Jeski AOCniMKeHHs NpoAeMOHCTpyBann edeKTUBHICTb
GionoriyHoro 3BoOpoTHOro 3B’si3ky BCP y 36inblLueHHi
BCP Ta 3MeHLWeHHi cuMnTOMIB Pi3HMX po3nagis, Lo
xapakTtepusytoTbcsl abepauieto BHC [4].

Y KniHiYHOMY niKyBaHHi NCUXOCOMAaTUYHUX 3aXBOPHO-
BaHb AMXanbHUA GionoriyHMN 3BOPOTHUIN 3B’AI30K BUS-
BMBCSl NMPUOATHUM METOAOM KOHTPOSO LIEeHTpanbHUX
HepBOBUX npoLecis [5-7].

MpouecK, 3a gonomorow sKMX GionoridyHMin 3BOPOT-
HWI 38’30k BCP nokpallyye 300poB’'st Ta camonodyTTs,
we He 3posymini. MpunyckatTb, wWo 6GionoriyHuiAz 3BO-
poTHuI 38’130k BCP cTBOptoe cTtaH pe3oHaHcy mixx UCC,
4acTOTOK OMXaHHS Ta aKTMBHICTHO GapopeLenTopis, LU0
[03BONSE AOCArTU MakcumanbsHoi amnnityan BCP [8].

LWLo6 nigkpecnutn BnnNuB GionoriyHOro 3BOPOTHOMO
3B’A3Ky Ha KOHTPOSb XPOHiYHOro 60omt, My NpoBOANMO
CTaTUCTMYHUI aHani3, CNpAMOBaHMMA Ha [OCHILKEHHS
KOPOTKOCTPOKOBOI e(heKTUBHOCTI Ta MoAepaTopiB niky-
BaHHs GionoriyHoro 3BOPOTHOrO 3B’s13Ky. [peacTaBnsym
HoBy meTogonorito BCP, wo Bknovae HafiiHy OLiHKY
E€HTpONii Ta anropuTMN HEYITKOI FIOTiK1, MU Manu Ha MeTi
BCeOIYHO OUIHUTKM TepaneBTUYHI edekTn GionoriyHoro
3BOPOTHOrO 3B'AI3Ky Ta MOro B3aemMofildo 3 HepBOBO-
BEreTaTvBHOK CepLEeBO-CyAMHHOW cucTemMoto. [lone-
penHi pesynbTaTM BKasylTb Ha 3HAYHE 3MEHLUEHHSA
BMpaXXeHoCTi 6omno 3a JOMOMOrol Knacu4yHUX MeTopiB
aHanisy, xo4a 1 6e3 3Ha4HOi MoaynALil HeMpoBereTaTmB-
HOI cepLeBO-CyauHHOI AisnbHocTi. OgHak BUKOPUCTaHHSA
Hawoi iHHoBauinHoT MeToponorii BCP BusBnse 3HauyHi

The American Chronic Pain Association (ACPA) defines
chronic or persistent pain as «ongoing or recurrent
pain, lasting beyond the usual course of acute illness
or injury for more than 3 to 6 months, and which adver-
sely affects the individual's well-being» [2014]. Chronic
pain is classified by pathophysiology based on the
functional changes that cause pain. There are five
types of pain: nociceptive, neuropathic, mixed, idio-
pathic, and psychogenic.

Recent research highlights the role of autonomic
nervous system (ANS) dysfunctions in chronic pain,
particularly in musculoskeletal disorders [2]. Both the
sympathetic and parasympathetic systems play pivotal
roles in pain regulation, but their activity becomes
dysregulated in chronic pain states. This imbalance
can be gauged through heart rate variability (HRV)
assessment.

Studies reveal that decreased HRV correlates with
heightened pain perception in chronic pain patients,
indicating compromised neurocardiac function. HRV bio-
feedback emerges as a promising non-pharmacological
intervention, leveraging vagal activity to enhance HRV
and dampen spinal pain pathways. Clinical evidence
suggests its efficacy in alleviating symptoms of disorders
characterized by ANS dysregulation [3].

HRV biofeedback is a non-pharmacological treat-
ment that has applications in the amelioration of
chronic pain by influencing afferent vagal activity, which
is associated with increased HRV and inhibition of
pain pathways in the spinal column. In fact, some
research has demonstrated the effectiveness of
HRV biofeedback in increasing HRV and reducing
the symptoms of different disorders characterized
by ANS aberration [4].

In clinical treatment of psychosomatic diseases,
breathing-biofeedback has proven to be a suitable
method of controlling central nervous processes [5-7].

The processes by which HRV biofeedback improves
health and well-being are not yet understanding.
It is suggested that HRV biofeedback produces reso-
nance condition between HR, breathing rate and
baroreceptor activity allowing for maximized amplitudes
of the HRV [8].

In order to emphasize the effect of biofeedback
on the control of chronic pain, we perform a statistical
analysis aimed at investigating the short-term efficacy
and treatment moderators of biofeedback. Introducing
a novel HRV methodology incorporating robust entropy
estimation and fuzzy logic algorithms, we aimed to
comprehensively evaluate biofeedback’s therapeutic
effects and its interaction with the neuro-vegetative
cardiovascular system. Preliminary findings indicate
a notable reduction in pain severity using classical
analysis methods, albeit without significant modulation
of neuro-vegetative cardiovascular activity. However,
employing our innovative HRV methodology reveals
significant variations, highlighting its potential for deeper
insights into chronic pain management.
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Bapiauii, nigkpecntotoum i noTeHuian pana  GinbLw
rMMBOKOro Po3yMiHHSA NiKyBaHHSA XpOHIYHOro 6onto.

MeTa po6oTn — po3pobuTKM HOBITHI MeToau Bapia-
6enbHoCTI cepuesoro putmy (BCP), wo BigobpaxatoTb
CTaTUCTUYHO 3HaYyLIMIA 3B'SI30K MiX BnnnBom Gionoriy-
HOro 3BOPOTHOIO 3B’A3KY Ha KOHTPONb XPOHiYHOro 6onto
Ta nokasHukamu BCP, Lo okpecntooTb 3MiHy BNMBY CUM-
NaTWYHOT i NapacMMnaTUYHOi cucTeM y perynsuii 6onto.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Mwn 3anyunnu 12 nauieHTiB Bikom Big 66 0o 94 pokis
(cepepnHin Bik 76,3 £ 7,5 poku), siki CTpaXkaanu Bif, XpoHiy-
Horo 6050, MOB’I3aHOM0 3 XPOHIYHMM 3aXBOPHOBAHHAM
ckeneta. [lo nikyBaHHA Ta nicnsa 15-geHHoro nepiogy BCi
YyYaCHMKM MpOWLINM OUiHKY TsKkocTi 6onto. Kpim Toro,
KOXEH y4aCHMK npouwoB 5-xBUNuHHUM 3anuc EKI
0O Ta nicng nikyBaHHS [ANs OuiHku BapiabenbHOCTi
cepueBoro putmy. 3anuc EKI nposogunu 3a gonomo-
roro uudposoro EKM-anapara (XAI_MEDICA ECG,
HauioHanbHMn  aepokocMivyHui  yHiBepcuteT  «XAl»
MiHicTepcTBa ocBiTM i Hayku YkpaiHu, XapkiB, YkpaiHa)
BpaHUi B CTaHi cnokoto, nicna 20-xBunuHHOT aganTauii
B KIMHaTi 3i cTanot TeMmneparypoto.

Ananiz BCP Bknto4aB K NiHiMHI, Tak i HEniHinHI Me-
Toaun. Cepiio3HiCTb XPOHIYHOro 600 OLiHIOBaNM 3a 4omno-
MOro0 BidyarnbHoi aHanorosoi wkanu (VAS) y gianasoHi
Big 0 no 10, npnyomy BuLLi Banu BkasyBanu Ha GinbLuy
iHTeHcuBHICTE  Gomw.  HenpoBeretaTnBHy — cepueBo-
CYOMHHY MOAYMALUilo OUiHIOBanu 3a 4OMNOMOroK aHarnisy
EKI BCP po Ta nicnsa nikyBaHHs. CeaHcu GionoriyHoro
3BOPOTHOrO 3B’A3Ky (5 BOMXIB Ha XBUIUHY) NpPOBOAWMMU
OBidi Ha geHb No 5 xBunuH npotarom 15 gHis.

EHTponis cnekTpaAbHUX KOMMNOHeHT LF i HF

TA eHTPONIMHUI CUMNATO-BArAAbHUI

6aAaHc elLF/eHF

BignosigHo Ao [1], KOMMOHEHTU cnekTpa MOTY>XHOCTI,
WO 3HaxogsaTbcs B Aianas3oHi vactor 0,04-0,15 Ty
i 0,15-0,4 Ty, no3Ha4alTbCs AK HM3bKovacToTHi (LF)
i BucokoyacTtoTHi (HF) cknapgoBi cnekTpa NOTYXHOCTI
BignoBsiaHo. CumnartoBaransHUin 6anaHc 3as3Buyan Bupa-
XaeTbest K cniBBigHoweHHss LF/HF. Y ubomy pocnia-
XKEHHi MW NpeacTaBNsEMO PO3PaxyHOK 3HAYEHHS EHTPO-
nii (eLF) ans LF-KoMNOHEeHTIB cnekTpa MOTYyXHOCTi Ta
3HadeHHs1 eHTponii (eHF) ana HF-koMnoHeHTiB cnekTpa
NOTY>XHOCTi. 3ro4oM MU BM3HA4YaeMO HOBY Mipy cMMmnaTo-
BaranbHoro 6anaHcy Ha OCHOBI eHTponii, NpeacTaBneHol
cniBBigHoweHHsaM eLF/eHF. ®isionoriyHa iHTepnpeTauis
eLF/eHF ysromxyetbca 3 LF/HF, ockinbkn nigBuiieHa
aKTMBHICTb Yy Oyab-siKill rinui 4acToTHOI AinsHKM Bigno-
Bida€ BULUM PiBHAM eHTponil B UMX rinkax. Ane nepe-
Baroto HaLoOro HOBOrO EHTPOMNINHOro NoKa3HMKa CMMMaTo-
BaranbHoro 6anaHcy (eLF/eHF) € Te, wo BiH oemMoHCTpye
HafiNHICTL Yy pi3HUX disionoriyHnx ctaHax [9]. HasiTb
KONW 3BUYAMHMIA MOKa3HWK cuMnaToBaranbHoro 6a-
naHcy (LF/HF) He mae ceHcy.

Po6acTHui ouiHloBa4 eHTponii BCP

EdekTnBHOCTI eHTponiiHoro aHanisy Ha craHgapT-
HUX 5-XBUNMHHKMX 3anucax BapiabenbHOCTi cepueBoro
pUTMY NEPELUKOMKAE HeQOCTaTHA TOYHICTb iCHYHUUX
MeToziB, 0co6nMBo Npu poboTi 3 KOPOTKMMUK 3anucamu,
wo mictatb npunbnusHo 300-600 RR (iHTepeanie R-R).

Objective — to develop the advanced heart rate
variability (HRV) methods that reflect a statistically
significant relationship between the impact of biofeed-
back on chronic pain control and HRV indicators that
outline changes in the influence of the sympathetic
and parasympathetic systems in pain regulation.

MATERIALS AND METHODS

We recruited 12 patients aged between 66 and
94 years (mean age 76.3 = 7.5 years) suffering from
Chronic Pain associated with Chronic Skeletal lliness.
Prior to treatment and after a 15-day period, all partici-
pants underwent assessment of pain severity. Additio-
nally, each participant underwent a 5-minute EKG
recording before and after treatment to evaluate Heart
Rate Variability (HRV). ECG recordings were conducted
using a digital ECG device (XAI_MEDICA ECG, National
Aerospace University «KhAl» of the Ministry of Education
and Science of Ukraine, Kharkiv, Ukraine) under resting
conditions in the morning, following 20 minutes of
adaptation in a room with a constant temperature.

HRV analysis encompassed both linear and non-lin-
ear methods. Chronic Pain severity was assessed using
the Visual Analog Scale (VAS), ranging from 0 to 10, with
higher scores indicating greater pain intensity. Neuro-veg-
etative cardiovascular modulation was assessed through
EKG analysis of HRV before and after treatment. Biofeed-
back sessions (5 breaths per minute) were conducted
twice daily for 5 minutes over the course of 15 days.

Entropy of LF and HF power

spectrum components and entropy based

sympatho-vagal balance elLF/eHF
As per [1], power spectrum components falling
within the frequency ranges of 0.04-0.15 Hz and
0.15-0.4 Hz are designated as low-frequency (LF)
and high-frequency (HF) power spectrum components,
respectively. The sympatho-vagal balance is commonly
expressed as the ratio LF/HF. In this study, we intro-
duce the calculation of an entropy value (eLF) for
LF power spectrum components and an entropy
value (eHF) for HF power spectrum components.
Subsequently, we define a new measure of sympatho-
vagal balance based on entropy, represented by the
ratio eLF/eHF. The physiological interpretation of
eLF/eHF aligns with LF/HF, as increased activity in
either frequency-domain branch corresponds to higher
entropy levels in those branches. Nevertheless, our
novel measure of sympatho-vagal balance (eLF/eHF)
exhibits robustness across various physiological

conditions [9].

Robust Entropy Estimator for HRV
The effectiveness of entropy analysis on standard
5-minute Heart Rate Variability (HRV) recordings is
hindered by the inadequate accuracy of existing methods,
especially when dealing with short records containing
approximately 300-600 RRs (R-R intervals). Additio-
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Kpim TOro, cknagHicTb i HEO4HO3HAYHICTb, O BUHMUKAKOTb
y pesynerati BUOopy AonaTkoBUX NapameTpiB Ans npu-
6nusHoi eHTponii (ApEn), BuGipkoBoi eHTponii (SampEn),
6aratomacutabHoi eHtponii (MSE) Towo, we 6Ginbwe
3arocTptotoTb Npobnemy. OTxe, icHye HaranbHa notpeba
B po3pobui HagiiHoi chopMynu ons To4Horo o64mncneH-
HA eHTponii ans obmexeHux psgie RR-iHTepBanis, ski
3a3BuUYali CrnocTepiralTbCA B CTaHAAPTHOMY 5-XBUMWH-
Homy 3anuci BCP [10].

Micna nepernsgy BCTAHOBMEHUX BU3HAYeHb Mip
ancbanaHcy Ta piBHS nopsigky B [10] 6yno 3anponoHo-

BaHO y3aranbHeHy coOpMy HagiiHOro  ouiHoBava
eHTtponii (EnRE) ans BCP:

EnRE = In| -2y ¥V

NIK’Z i=1&j=

Y ubomy chopmyntoBaHHi MD npeacTtaesnse megiaHy
3Ha4YeHb RR, TOAI SIK Dij nosHayae BiacTaHb MK RR,
Ta RRJ.. KoegidieHTn A, I, m, k € OuiHOYHUMKU napameT-
pamu. Kputepii ons BU3Ha4YeHHs LUMX koedilieHTiB Taki:

1) 3abe3nevyeHHsT TOYHOrO HabnWKeHHs OO BiAOMMX
po3noAinis BMNALKOBOrO 3HaYeHHs B AianasoHax, SKi
306paxytoTb Mogeni RR ansa BapiabenbHOCTi cepue-
BOIO pUTMY;

2) HesanexHicTb Big [oBXuHM cepii (N) sk ana
BUXIQHOI Ccepii, Tak i ANsA BiACOPTOBAHOI cepii;

3) HesanexHicTb cepeaHbOro 3Ha4YeHHs BiO aauTMB-
HUX 3MiH.

HeuiTka Aorika

BCP 6asyeTbCs Ha BUMIpIOBaHHI 4acoBUX iHTepBa-
nie Mk R-nikamum (RR-iHTepBanamu) enekTpokapaio-
rpamn (EKI) i noGygoBoto puTMOrpaMyM Ha OCHOBI LIMX
iHTepBanis. NoganbLuMi aHania NPOBOANTLCS 3 BUKOPUC-
TaHHAM PI3HUX MaTemMaTU4yHUX MeTOoAiB, Kracudikosa-
HUX sk YacoBuin gomeH (TD), yactoTHun gomeH (FD)
i HeniHinHMA metog (NM). PisHOMaHiTHICTL MeTogiB
i nigxopis, WO BWKOPUCTOBYHOTbCA Ans aHanisy BCP,
BUHMKAE Yepes CKNagHICTb i HENIHINHICTL camoro seuLa,
a TaKoX LUMPOKUIA [Jianas3oH i3ioNoriyHNX peakLuin,
AKi OEeMOHCTPYIOTb OpraHiaMm sk 'y HOpMaribHOMY, TaK
i B NaTOnoriYHoOMy cTaHax.

M’siki 06UMCIIEHHST OXOMNIIOOTL Pi3HOMAHITHI anropuT-
MiYHi METOAW, OCHOBHWM MNPUKNAOOM HKUX € HediTka
norika (FL). FL oTpumaB LuMpoKke BM3HAHHA B MeOWYHIN
piarHocTuui sk dpyHOAMEHTANbHUI KOMMOHEHT KOMM'to-
TEPHOI AiarHOCTUKM.

PucyHok 1 inocTpye (PyHKUiIO HanexHOoCTi 3aranb-
Horo iHaekcy BCP. ToHsatTs «Hopma» Bignosigae
cepeaHboMy 3HayeHHo BCP, oTpumaHomy 3i ctaHgapT-
Hux 3anucie RR-iHTepBany. «AHOManNbHO HU3bKU» abo
«AHOManbHO BWCOKWUA» AaCOLIETLCA 3i 3HAYEHHAMU
iHOEKCy, WO BiOXMNAKTLCA Bi4 CepeaHbOro 3HaveH-
Ha (M) Ha napameTp 3c. Lle ctatuctuyHo BignoBigae
piBHIO goBipn 99,8% ansa knacudikauii 3Ha4eHHA napa-
MeTpa sik HeHopMarnbHOro. 3rogom opMyItoTLCS Npa-
BUna gedasumaikadii ons obuncneHHs nokasHumkie FL:

-1
2sign(Value—M)(M—Value)
3o

-1

FL Score =

nally, the complexity and ambiguity arising from the
selection of additional parameters for Approximate
Entropy (ApEn), Sample Entropy (SampEn), Multiscale
Entropy (MSE), etc., further exacerbate the issue. Hence,
there is a pressing need to develop a robust formula
for accurately computing entropy for the limited series
of RR-intervals typically observed in a standard
5-minute HRV record [10].

After reviewing established definitions of measures
of imbalance and level of order, a generalized form
for the Robust Entropy Estimator (EnRE) for HRV has
been proposed in [10]:

1
(IRR;—RR;||RR;~MD]) /*
2
(Dij)

In this formulation, MD represents the median of
the RR values, while D, denotes the distance between
RRi and RR/ The coefﬁments A, I, m, and k are esti-
mated parameters. The criteria for determining these
coefficients are as follows:

1) ensuring precise approximation to known distribu-
tions of a random value within ranges that depict models
of RRs for heart rate variability;

2) independence from the length of the series (N)
for both the original series and sorted series;

3) independence of the mean value from additive
changes.

Fuzzy Logic

HRYV relies on measuring the time intervals between
R-peaks (RR-intervals) of an electrocardiogram (ECG)
and constructing a rhythmogram based on these inter-
vals. Subsequent analysis is conducted using various
mathematical methods categorized as Time Domain (TD),
Frequency Domain (FD), and Nonlinear Method (NM).
The multitude of methods and approaches employed
for HRV analysis arises from the inherent complexity
and nonlinearity of the phenomenon itself, as well as the
wide range of physiological responses exhibited by
organisms, both in normal and pathological states.

Soft computing encompasses diverse algorithmic
methods, with fuzzy logic (FL) being a primary example.
FL has gained widespread acceptance in medical
diagnostics as a fundamental component of computer-
aided diagnosis.

Figure 1 illustrates the membership function of the
generic HRV index. The concept of «Norm» corresponds
to the mean HRV value derived from standard RR-inter-
val records. «Abnormal Low» or «Abnormal High» are
associated with index values deviating from the mean
value (M) by a parameter of 30. This statistically
corresponds to a confidence level of 99.8% in classi-
fying a parameter value as abnormal. Subsequently,
defuzzification rules are formulated to compute FL scores:

¥V Value < M — 3a

+1 M — 30 < Value <= M + 30.

V Value = M + 30
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Abnormal Low

A

MNormal Value (M)

Abnormal High
-1

FL Score

Puc.1. dyHkuis npuHanexHocTi ans iHgekcis BCP
Fig. 1. Membership function of HRV indices

[oTpumytounce BUKNageHux npasun gedasmdikadii,
po3paxoByTbCs NokasHuku FL ans Bcix nokasHukis BCP.
CepepHi nokasHuky FL ons KoXHOro nokasHuka, a Takox
3a BciMa nokasHukamu BCP BM3Ha4yaTMMyTb CTYNiHb HOP-
MarbHOCTI KOXKHOTO MoKasHWKa Ta 3aranbHuii ctaH BCP.
Ons BMKOHaHHA 3anpomnoHoBaHOro anroputmy 6yayTb
HeobxigHi Taki cneumdiyHi napameTpu, Sk cepefHi 3Ha-
yYeHHs (M) i ctanpapTHi BioxuneHHs (o) nokasHukis BCP.
Lli napameTtpu Bynu Bu3Ha4yeHi B HayKoBil niteparypi.

Mporpamun AAf AHAAI3y AQHUX

3anucaHi gaHi Oynu npoaHanizoBaHi 3a 4OMOMOIoH
nporpamHoro 3abesneyeHHs CARDIOLAB XAI-MEDICA
Ansi niHindoro aHanisy BCP Ta nporpamHoro 3abesne-
yeHHs KUBIOS-HRV pansi HeniHiiHoro aHanisy BCP,
BKMoyatoun rpadik MNyaHkape Ta DFA. [aHi npencras-
neHi gk cepegHe = SD. CTtaTMCTMYHMI aHani3 npoBo-
OvnM  3a  [O0MNOMOroK  MporpamHoro  3abesneyeHHs
SigmaStat 3.5 gns Windows. [ns ouiHkM edekTy niky-
BaHHA BMKOPWUCTOBYBanu napHi T-TeCTu AN KinbKICHUX
3MiHHMX 3i CTAaTUCTUYHO 3HauyLwicTio p < 0,05.

PE3YABTATU TA IX OBTOBOPEHHS

Hawi gaHi nigkpecniooTb, WO nikyBaHHA GionoriyHum
3BOPOTHMM 3B’A3KOM € e(EKTVBHUM METOAOM KOHTPO-
no XpoHiyHoro 6ont. He MoxHa cnocrtepiratv ctaTtuc-
TMYHO 3HauyLoi Bapiauii HempoBereTaTMBHOI CepLeBo-
CYAUHHOI Mopaynsauii npyu nopiBHAHHI nokasHukis BCP
Y YacoBil AiNAHLi, YaCTOTHIN AiNAHUI Ta HENIHINHOMY aHa-
nigi (HaBiTb AKWO 3’'ABMNAETLCA TEHAEHLISA 0O 3HMKEHHS
napacvMnaTtu4yHoOro TOHYCY), 3@ BUHATKOM 3arnporoHo-
BaHUX HOBMX MOKA3HWKIB €HTPOMii Ta iHTErpyw4mx 3Ha-
YeHb HeuiTKoI noriku (aunse. Tabnuuio 1 i puc. 2).

Lle ninoTHe pocnigXeHHs iNOCTPYe AOOUINbHICTb
i edekTmBHICTL GionoriyHoro 3BOpPOTHOrO 3B'sA3ky BCP
Onsa nonerweHHa BigvyTHoro 6ornto, cTpecy, HeraTMBHUX

Following the outlined defuzzification rules, FL sco-
res for all HRV indicators are computed. The average
FL scores for each metric, as well as across all HRV
indicators, will determine the degree of normalcy for
each metric and the overall HRV state. To execute the
proposed algorithm, specific parameters such as mean
values (M) and standard deviations (o) of HRV indicators
will be necessary. These parameters have been identi-
fied in scientific literature.

Data analysis software

The recorded data underwent analysis using the
CARDIOLAB XAI-MEDICA software for linear HRV
analysis and the KUBIOS-HRV software for non-linear
HRV analysis, including Poincaré plot and DFA. Data are
presented as mean * SD. Statistical analysis was
conducted using SigmaStat 3.5 software for Windows.
Paired T-tests for quantitative variables were employed
to evaluate the treatment effect, with statistical signi-
ficance set at p < 0.05.

RESULTS AND DISCUSSION

Our data underline that Biofeedback treatment
appears to be an effective method for the control of
Chronic Pain. No statistically significant variation of the
neuro-vegetative cardiovascular modulation can be
observed when comparing the HRV indices related to
the time domain, frequency domain and nonlinear ana-
lysis, even if a tendency towards a reduction in the
parasympathetic tone appears (see Table 1 and Figure 2).

This pilot research illustrates the feasibility and
efficacy of HRV Biofeedback in alleviating perceived
pain, stress, negative emotions, and physical activity
limitations in individuals coping with chronic physical
pain [3]. Understanding HRV is multifaceted, requiring
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emMouin i obmexeHb i3nyHOI aKkTMBHOCTI B 0cCib, sKi
CNpaBnslTbCS i3 XPOHIYHUM i3nyHMM Gonem [3]. Posy-
MiHHa BCP € GaratorpaHHuMm, BMMarae pisHOMaHITHUX
nigxoaie i metogonorin. Metpukn BCP KOpOTKO MOSICHIO-
I0TbCA TakMM YMHOM: «IHAEKCW B 4acoBil AOinsHUi Kinb-
KiCHO BM3Ha4atloTb BapiabenbHiCcTb iHTepBaniB M cep-
ueBuMuy ckopodeHHsimm (IBI), Wwo npeacraBnsoTs Yac Mixk
NocnigoBHUMKN  CEPLEBUMMU  CKOPOYEHHAMU. Bumipto-
BaHHA B YaACTOTHIN OiNsHUi OUIHIOTE PO3Moain MoTyX-
HOCTi B 4OTMpPbLOX fAiana3oHax YactoT» [12].

diverse approaches and methodologies. HRV metrics
are succinctly explained as follows: «Time-domain
indices quantify the variability in interbeat intervals (IBI),
representing the time between successive heartbeats.
Frequency-domain measurements assess the distribu-
tion of power across four frequency bands» [12].

Ta6nuusa 1. MNokasuukn BCP ans pisHux rpyn
Table 1. Interrelation (IR) of HRV for different HRV groups

HRV index Control Effect p-level
VAS SCALE 5.417 £3.85 3.0+3.43 0.050*
RR, ms 837.08 + 130.80 819.28 + 125.47 0.021*
NN50, ms 30.1+49.2 43.0 £ 68.5 0.16
pNN50, % 8.4+12.9 12.1+19.3 0.16
RMSSD 34.0+27.2 36.3+36.3 0.59
SDNN, ms 40.4 £19.0 51.6+32.4 0.07
LF, % 53.9+25.0 55.9 +25.6 0.69
HF, % 46.1+25.0 441+ 256 0.69
TOTAL, ms 1645.9 £ 1971.8 3120.9 + 3328. 0.07
LF/HF 2.00+1.8 39+57 0.11
SD1, ms 24.0+19.2 25.6 +25.6 0.58
SD2, ms 50.5+22.4 66.2+41.8 0.06
DFA (a1) 1.1+05 1.1+05 0.65
DFA (a2) 14+04 1.3+0.6 0.53
ApEn 1.134 £ 0.09 1.08 +0.14 0.123
SampEn 1.728 £ 0.28 1.576 + 0.41 0.063
ShanEN 2.829+0.34 2.921 £ 0.41 0.459
EnRE 1.739+0.42 2.441 +£0.33 0.001*
D2 1.910 £ 1.53 2.783 +1.32 0.002*
z 1.512+0.84 2.096 + 1.13 0.014*
FL (TD) 0.25+0.45 0.24 +0.45 0.007*
FL (FD) 0.01+£0.35 0.24 +0.44 0.13
FL (NL) 0.05+0.4 0.23+0.6 0.04*
FL 0.1+0.22 0.2+0.2 0.008*

lMpumimka: *p < 0.05.
Note: *p < 0.05

Total Fuzzy Logic scores
02

» before bicfeedback / go GionorMMon
IBOPOTHEOND 38'A
after biofeedback ! nicna GionorivHoro
IBOPOTHEOND 38 AINY

Fuzzy Logic scores for 3 domains

02
2
0.4 06
0.6 08
0.8 -1

K I before biofeedback / oo

after biofeedback / nicna

GICNOriYHOore 3B0POTHLOMD 38'A3KY  DIONOMYHOrNe 3IB0POTHLOMD 38'A3KY

B YacTOTHHA QoMed | frequency domain
YacoBMi aomeH [ time domain
o HeniHiAHKA MeToa / nonlinear mathod

Puc. 2. Moka3Hukn HediTkol norikv ans yacosoro (TD), yacTtoTHoro (FD) i HeniHiiHMX (NM) gomeHiB (3niBa)
Ta 3aranbHuUiA NOKa3HUK HeYiTKoi noriku (cnpa.a)
Fig. 2. Fuzzy logic scores for the time domain (TD), frequency domain (FD) and nonlinear (NM) analysis (left)
and total fuzzy logic scores (right)
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Y uboMy AochigjXeHHi MU BWKOPUCTOBYBanu pisHi
metoau ananisy BCP, Buginsioun Ti, wo 6asyorbea
Ha HaginHin eHTponii Ta HediTkin noriyi [10, 11]. Heni-
HiMHI iHOekcK BUMIpIOIOTL HenepenbavyBaHicTb i cknag-
HicTb psaais 1Bl [13]. AnropuTtm, npencTaBneHUn TyT,
€ y3aranbHeHot dopmoto ana EnRE [9], wo nonerwye
TOYHE OBYMCMEHHS eHTponii Ans 4acoBux psaie 3 ob6-
mexeHow posxuHoto (N = 300-600) y pizHOMaHITHMX
BMNAgKOBUX po3nodinax.

KntovoBi kputepii ona oTpyMaHHA napameTpiB y uin
y3aranbHeHin popMi BKNoYarTb:

1) TouHe HabnwxeHHs 0O BiZOMMX po3noAinis Bunaa-
KOBWX 3Ha4eHb, Lo cTocytoTbes BCP;

2) HesanexHictb ENRE Big N sk ana BuxigHoi, Tak
i ANs BioCoOpTOBaHOI Cepil;

3)HeuwyTnueicTb ENRE 00 aaNTUBHNX 3MiH cepeaHbOoro.

Bapti yBaru xapaktepucTuku pospobneHoro EnRE
Ta oro KoedilieHTiB OXONoTh:

1) HesanexHicTb B4 3MiH cepegHbOro psgy Ta
BenuynHu N anst 6a3oBoro Ta BiACOPTOBaAHOIO psay;

2) yytnueictb ENRE g0 CTPYKTYpHUX 3MiH, Takmx sk
COPTYBaHHS, LU0 BKa3ye Ha NiaBULLIEHHS NOPSAKY B psifax;

3) noTeHUiiHe nepeHanaromxeHHs koediuieHTa A
ans ontumisadii ENRE B mexax pisHOMaHITHUX gianaso-
HiB NapamMeTpiB BUNagKOBMX PO3MOAiNIB, MOXINBO, BUKO-
HaHe 3a JOMOMOro METoAY HaMMEHLUUX KBagparTiB.

EHTponis yacoeux psgie ENRE € cneuianizoBaHoto
CTiikolo POPMYNOE ANs YacoBWUX pAAiB, MPU3HAYEHOIO
Onst 0B4MCneHHs HeNiHIMHOT CTOXacTUYHOI Mipy Nopsiaky
abo Gesnagas, NMOWMPEHO B PI3HMX AOCHIOHULBKNX
sycunnsx [10]. TuM He MmeHLW, uinicHe po3yMiHHs BCP
notpebye TexHonorii, CXOXOi Ha HeuYiTKy noriky, Lo
[03BOMSE iHTerpyBaTy pisHOMaHITHI MeToan Ta nigxoau
B KOMMSEKCHY OLiHKY. Y Ui cTaTTi nogaHo TexXHOMOrito,
aHanoriyHy 0o HeYiTKOl Norikv, AeTanbHO AOCiAXyoun
HI0aHcK i 3acTocyBaHHs Ta iHTepnpeTauii. Moro Bnpo-
BaP)KEHHS, 30Kpema B MOPTATMBHI MeaudHi NpUCTpoi,
Ma€e BaXnNuBe 3HaYeHHs AN MOMEerweHHs LWBUAKOT
Ta MNpoOCTOi iHTepnpeTauii YMCAEHHUX BUMIPOBaAHMX
napamertpis [14].

lMepeBara acnekTy HediTKOi norikn nonsrae B i
34aTHOCTI acuMinNoBaTU PiBHOMAHITHI, 4acTO HETOYHO
BM3HAYeHi AaHi, oTpuMaHi B pe3ynsraTi CMOCTepeXeHHS
3a cuctemor, B YHichikoBaHy MaTematuyHy Mogenb,
MPOMOHYIOYM HEYITKY IOriYHY OLHKY CTaHy CUCTEMMW.
Y HaloMy KOHTEKCTi MW BM3HA4YaEMO CTYMiHb MPUXWMb-
HOCTi [0 HOPMarbHOrO CTaHy [Afsi KOXHOro OKPEMOro
nokasHuka BCP — TD, FD ta NM, — a Takox ans 3aranb-
Hoi BCP naujeHTa [10, 15].

BUCHOBKHU

BionoriyHMn 3BOPOTHUI 3B’A30K CTa€ XUTTE3AATHO
TEXHIKOIO ANna NiKyBaHHA XpoHidyHoro 6Gonto [16]. Hauwi
MoYaTKoBi pe3ynbTaTv NoKa3ylTb CTAaTUCTUYHO 3HavyLle
3MEHLLEHHS TSXKKOCTI 60110, K OLiHEHO MiXKHapOAHO CTaH-
[apTU30BaHO0 BidyanbHOK aHanorosoto Lwkanot (VAS),
6e3 noMmiTHUX 3MiH y HepBOBOBEreTaTuBHIA CepLeBo-
CYAVHHIN MOZynsALii 3a 4OMNOMOro TpaguLinHNX MeToais
aHanidy. OgHak BUKOPUCTaHHS HEeLlo4aBHO 3arnpOmnoHo-
BaHWX anropuTMiB AN CTIMKOI eHTPONIi Ta HEeYiTKOI NOoriku
[03BOMsie HaMm igeHTUdikyBaTM 3HadHi Bapiauii, Ha ki
BKa3yloTb 30iNblUeHi 3HAYeHHs iHAEKCIB HadiHOI eHTpo-
nii Ta HeYiTKOI norikn.

In this study, we employed various HRV analysis
methods, highlighting those based on Robust Entropy
and Fuzzy Logic [10, 11]. Non-linear indices gauge
the unpredictability and complexity of 1Bl series [13].
The algorithm introduced herein is a generalized form
for Robust Entropy Estimator [9], facilitating accurate
entropy computation for time series with limited lengths
(N = 300-600), across diverse random distributions.

Key criteria for deriving parameters in this generali-
zed form include:

1) precise approximation to known random value
distributions pertinent to HRV;

2) independence of EnRE from N for both original
and sorted series;

3) EnRE’s insensitivity to additive mean changes.

Noteworthy characteristics of the developed EnRE
and its coefficients encompass:

1) independence from mean series changes and
N magnitude for basic and sorted series;

2) EnRE’s sensitivity to structural alterations, such as
sorting, indicating increased order in series;

3) potential readjustment of coefficient A to opti-
mize EnRE within varied parameter ranges of random
distributions, feasibly accomplished via the least
squares method.

Time Series Entropy EnRE constitutes a specialized
robust formula for Time Series, intended for computing
a nonlinear stochastic measure of order or disorder,
prevalent in various research endeavors [10]. Never-
theless, a holistic comprehension of HRV necessitates
a technology akin to Fuzzy Logic, allowing for the
integration of diverse methods and approaches into
a comprehensive evaluation. This article presents
a technology analogous to Fuzzy Logic, thoroughly
exploring its application nuances and interpretations.
Its implementation, particularly in portable medical
devices, holds significance for facilitating rapid and
straightforward interpretation of numerous measured
parameters [14].

An advantageous aspect of Fuzzy Logic lies in its
capacity to assimilate various, often imprecisely defined
data obtained from system observation into a unified
mathematical model, offering a fuzzy logical assess-
ment of the system’s state. In our context, we define
the degree of adherence to a normal state for each
distinct HRV metric — TD, FD, and NM — as well as
for a patient’s overall HRV [10, 15].

CONCLUSIONS

Biofeedback emerges as a viable technique for
addressing chronic pain [16]. Our initial findings reveal
a statistically significant reduction in pain severity, as
assessed by the internationally standardized Visual Analog
Scale (VAS), without notable changes in neuro-vegetative
cardiovascular modulation through conventional analysis
methods. However, employing the newly proposed algo-
rithms for Robust Entropy and Fuzzy Logic allows us
to identify significant variations, indicated by increased
values of the Robust Entropy and Fuzzy Logic indices.

This study serves as an exploratory endeavor, and
further investigation is warranted to assess the efficacy
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Lis pobora € nepwvM [OCRIOHULBLKUM 3axo4oM,
i HeoOXigHe noganblle OOCHiAXEHHS Ans OUiHKM edek-
TMBHOCTI BionoriyHoro 3BopoTHoro 38’sisky BCP y noner-
LLUEHHi cumnTomiB Gonto cepen ocib i3 XpoHiYHMM Bonem.
BigHocHO HeBenukmin po3mip BUBIpkn obMexye nepekoH-
NMBICTb HALLMX BUCHOBKIB; TUM HE MEHLLI, BOHU MPOMOHYOTh
6araToobiustodi HanpsAMKK AN ManbyTHIX JocnioXeHb.
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MepcnekTUBU NOAAABLUMX AOCAIAXEHD

MopanbLi foCnimMKeHHA BBaXalTbCA AOLIMbHUMMU 32 paxyHOK
PO3LUMPEHHS OOCNIOHNLBKOT 6a3M NauieHTIB repiaTpUdHNX KIiHiK.

KoHdAIKT iHTEpecis

ABTOpPY pyKONuUcy CBIAOMO 3acBig4yoTb BiACYTHICTb (DAKTUYHOIO
abo nOTEHUiNHOro KOHNIKTY iHTEepeciB LWOAO pesynbraTiB
uiei pobotn 3 chapMauUeBTUYHUMU KOMMNAHISMK, BUPOGHUKaMu
GiomMeanyYHUX NPUCTPOIB, IHLUMMW OpraHisauisiMu, Yni NpoayKTy,
nocnyrv, diHaHcoBa niATpUMKa MOXYTb OyTu MOB’A3aHi
3 NpegMeToMm HagaHux martepianis.
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Prospects for further research

Further research is considered appropriate due to the expan-
sion of the research base of patients of geriatric clinics.
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PE3IOME

AktyanbHicTb. [lpobnema meTaboniyHux nopylleHb i, 3o0kpema, MeTaboniyHo
acouiioBaHa cTeatoTuyHa xBopobGa neuviHku (MACXI) € Ha cborogHi ofHielo 3 Haii-
Ginblw akTyanbHMX. XBopoba ycknagHeTbcst GaratbMa MeTaboniyHUMK 3axBopio-
BaHHSIMU, 30KPEMA OXMPIHHSIM, LYKpOBMM AiabeToM 2-ro Tuny Ta rinepTeHsieto.
Takox BigOyBalTbCsl 3MiHW B CepLi, HMpKax, HEpBOBIN cucTeMi. Taki ycknagHEHHs
MoB’si3yl0Tb | pO3rMaAdaTb sk MEYiHKOBUIA NpPOsIB MEeTaboniyHoro  cuHOpPOMY.
OCKinbkN MOPYLIYETLCS LIMICHICTb KNiTUH, OOUINBHUM € BiACTEXUTM MeXaHiamu,
wo ix cnpuunHsioTb. Ceped HWX € PO3BUTOK OKCMAATMBHOTO CTPEeCy, Lo BKIOYae
MOLUIKOMKEHHS1 ninigiB Ta 6GinkiB. [ns nikyBaHHS CTeaTOTMYHOI XBOPOOW MNeEYiHKM,
acouiioBaHoi 3 MeTabonivHoW ANCEHYHKLIED, BUKOPUCTOBYHOTh iIHO3UTOMNN.

Meta poGoTM — BU3HAYMTU OCOGNMBOCTI 3MiH BMICTY OKMUCHO-MOAMMIKOBAHUX
NpOoTEeiHIB Y romoreHaTax MeviHkM Ta cepus LWypiB pi3HOI CTaTi 3 ekcnepuMeHTanbHO
3MOZENbOBaHOK MeTaboniyHO acoLiioBaHOK CTEaTOTUYHOK XBOPOOOK  NedviHku
Ta gocnigntu BNNuB i300pM iHO3UTOMY Ha iX BMICT.

Marepianu Ta metoau. [ocnian BUKOHaHO Ha 216 wypax pi3HOi cTaTi. TBapuH po3-
noaineHo Ha 9 rpyn — KOHTPOnb, Mio-iHo3uTon, D-chiro-iHo3uton, MACXI1 2 micsui,
MACXIT 2 micaui + mio-iHo3uton, MACXIT 2 micsaui + D-chiro-iHoanton, MACXI1 4 mi-
caui, MACXI 4 micaudi + mio-iHosuton, MACXI1 4 micaui + D-chiro-iHo3uton. Y rpyni
MACXTT 2 tBapuHu BxuBanu 3amictb Bogn 20% po3vnH OpyKTO3N MPOTArOM 2 Mics-
uis. A gani npotdrom 2 MicsiuiB iM iHTparacTpanbHO BBOAMMU Mio-iHO3uTon (400 mr/kr)
abo D-chiro-iHosuton (30 mr/kr). Y rpyni MACXI 4 TBapuHU BXuBanu 3amMicTb BOAU
20% posunH dpykTo3n npoTsarom 4 micsauis. Yepes 2 micsaui Big novartky ekcnepu-
MEHTY NpOTAroM 2 MicsauiB iM iHTparacTpanbHO BBOAMNKU Mio-iHO3uTON (400 Mr/Kr)
abo D-chiro-iHosuton (30 mr/kr). MpoBogunu 3abip neviHkM Anst MopgonoriyHoro
OOCHNISKEHHS, y roMOreHarti NeviHkM Ta cepus BM3Ha4anu BMICT OKMCHO-moaudikoBa-
HUX npoteinis (OMIM,,,, OMI,, ).

Pe3synbraTi Ta iXx OOGroBOpeHHsA. Y nediHui Ta cepui LypiB, siki BXMBanNM npoTsrom
2 i 4 micsuiB dpykTo3y 3amicTb BOAW, 3pic BMICT OMI1. 3MiHM iX BMICTYy Yy nediHui
camuiB i camuup WypiB Hapoctanu Ginble npyu 4-mMicSSMHOMY BXWBaHHI (hpyKTO3W.
Y cepui camuiB npu JOBLUIOMY NUTTi dpykTosm 3pocnm OMI1,, ., a y camuub — OMI,, .
IHO3uTONM cnpuymHIoTL HapocTaHHa OMI1, Tomy iX He JouinbHO 3acTocoByBaTW
y 3gopoBux TBapuH. Mpu MACXI1 iHO3MTONM 3MEHLYOTh LWKIANMBMA BMANUB TpuBa-
10ro CnoXmBaHHSA OPYKTO3N Ha MEYiHKYy i cepue LypiB, NPUYOMY 3HaAYHIWWN edeKkT
6yB y TBapuH, SIKMM NPOAOBXYBanW AaBaTh ¢ppykTo3y. Tinbku Npu TpUBaNoOMy BXW-
BaHHi pykTO3n D-chiro-iHO3UTON, NOPIBHAHO 3 MiO-iIHO3UTONOM, MaB Kpalinin edekTt
oao 3meHLweHHa OMI,, .
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BucHoBKkM. Y neuviHUi Ta cepui wWwypis, ski BXuBanu npotarom 2 i 4 wmicsauis
20% po34nH bpyKTO3M, 3pOCTae BMICT OKUCHO-MOAMMIKOBAHMX MPOTEIHIB, WO Baro-
Mille npu TpuBanomy il CNOXUBaHHI TinNbKW y nedviHui TBapuH obox craten. Y cepui
camuiB Npu YOTMPUMICAYHOMY NUTTI ppykTOo3M 3pocTtatot OMI,., a y camuup —
OMI,,,. Mpu meTaboniyHo acouiioBaHiii CTeaToTUYHI XBOPOGI NeYiHkM iHO3M-
TOMW 3MEHLUYIOTh LWKIANUBUIA BNAUB TPUBANOrO CMOXMUBAHHSA (DPYKTO3U Ha MEediHKy
i cepue LwypiB, npuyomy BinbLue BupaxeHun edekT ByB y TBapuWH, SIKUM NPOJOBXY-
Banu gaeatu ppykTo3y.

Conenb O.B., Jleruyk O.0., fleHedinb O.B. Bnnve iHO31TONY Ha BMICT OKUCHO-MOANMIKOBAHMX MPOTEIHIB Y MeviHLui
Ta cepui LWypiB pi3HOi cTaTi i3 MeTaboniyHO acouiOBaHOK CTEaTOTUYHOK XBOPOOOK neviHku. BicHUK Xapkie-
CbK020 HaujoHanbHo20 yHigepcumemy imeHi B.H. Kapasina. Cepis Meduyura. 2024. T. 32. Ne 2(49). C. 172-184.
DOI: https://doi.org/10.26565/2313-6693-2024-49-05
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ABSTRACT

Background. The problem of metabolic disorders and, in particular, metabolically
associated steatotic hepatic disease (MASHD) is one of the most relevant today.
The disease is complicated by many metabolic diseases, including obesity, type
2 diabetes, and hypertension. There are also changes in the heart, kidneys, and
nervous system. Such complications are associated and considered as a hepatic
manifestation of metabolic syndrome. Since the integrity of the cells is violated, it is
advisable to follow the mechanisms that cause them. Among them is the develop-
ment of oxidative stress, which includes damage to lipids and proteins. Inositols
are used to treat steatotic liver disease associated with metabolic dysfunction.
Purpose — to determine features of changes in the content of oxidative modified
proteins in homogenates of the liver and heart of different sexes rats with experi-
mentally simulated metabolic associated steatotic liver disease and to investigate
the influence of inositol isoforms on their content.

Materials and Methods. Experiments were performed on 216 rats of different sexes.
The animals were divided into 9 groups — control, myo-inositol, D-chiro-inositol,
MASHD 2 months, MASHD 2 months + myo-inositol, MASHD 2 months + D-chiro-
inositol, MASHD 4 months, MASHD 4 months + myo-inositol, MASHD 4 months +
+D-chiro-inositol. In the MASHD group, 2 animals consumed a 20% fructose solution
instead of water for 2 months. And then for 2 months they were intragastrically injec-
ted with myo-inositol (400 mg/kg) or D-chiro-inositol (30 mg/kg). In the MASHD group,
4 animals consumed a 20% fructose solution instead of water for 4 months. 2 months
after the start of the experiment, they were intragastrically injected with myo-inositol
(400 mg/kg) or D-chiro-inositol (30 mg/kg). The liver was taken for morphological
examination, the content of oxidatively modified proteins (OMP. OMP,,,) was
determined in the homogenate of the liver and heart.

Results. The content of OMP increased in the liver and heart of rats that consumed
fructose instead of water for 2 and 4 months. Changes in their content in the liver
of male and female rats increased more with 4-month fructose consumption.
OMP,, increased in the heart of males after longer drinking of fructose, and OMP .,
in females. Inositols cause an increase in OMP, so it is not advisable to use them
in healthy animals. In MASHD, inositols reduce the harmful effects of long-term
fructose consumption on the liver and heart of rats, and the effect was more pronoun-
ced in animals that continued to receive fructose. Only with long-term use of
fructose, D-chiro-inositol, compared to myo-inositol, had a more pronounced effect
on reducing OMP,_ .

Conclusions. In the liver and heart of rats that consumed 20% fructose solution
for 2 and 4 months, the content of oxidative modified proteins increases, which is more
pronounced with longer consumption only in the liver of animals of both sexes.
In the heart of males, when drinking fructose for a long time, OMP,,  increases,
and in females — OMP,, . In metabolic associated steatotic liver disease, inositols
reduce the harmful effects of long-term fructose consumption on the liver and
heart of rats, and the effect was more pronounced in animals that continued to
receive fructose.

370°

Sopel OV, Levchuk OO, Denefil OV. The effect of inositol on the content of oxidative modified proteins in the liver and
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BCTYN

Mpobrnema meTaboniyHMX MOpyLIEHb Ha CbOroAHi
€ ofHielo 3 Hanbinblw akTyanbHWx. MeTaboniyHi 3axBo-
ptoBaHHS i, 30KpeMa, cTeaToTM4YHa XxBopoba neviHKkn
Ta cTeartorenaTuT, acouioBaHi 3 MeTaboniyHow Auc-
YHKUiE0, € 3arpo3nuBMMK ONA 300pOB’'SA Ta XKUTTA
noanHn. HesBaxkaloum Ha 3HaYHi [JOCAMHEHHs B [J0-
CnigpKeHHi X naTtoreHesy, 3anuaeTbCs MPIOPUTETHUM
noLuyk MeTogis nikyBaHHs [1, 2].

CrteaToTU4Ha xBopoba nedviHku, acoujiioBaHa 3 MeTa-
6onivyHO AMCHYHKLIED, XapakTepusyeTbCa CTeaTo3oM
nediHkM Ta OfHUM KapgiomeTaboniyHum akTopoM
pu3uky [3]. MowwmpeHicTb xBopobu 3pocra 3a OCTaHHi
30 pokiB maixe Ha 30%, i npogoBxye 36inbLyBaTmcs [4].
Y NeviHUi TakMx XBOPUX BUSBNAOTBCS 3MiHM, SKi
NnoB’si3aHi 3 MOLLUKOMKEHHAM renaTouuTiB, 3ananeHHsMm,
pisHoro cTyneHss ¢ibpo3om, LMPO30OM, MNEYIHKOBOIO
HeJOCTaTHICTIO | renaTouentonsapHO KapumMHoMoto [5].
Po3BUTOK XBOpOOWM 3yMOBMNEHUIA BPOOXKEHOK iMYHHO
cucTeMoOl Ta Aaucperynsdielo  meTtaboniamy ninigis,
aucninigemii, Wo Npu3BOAMTbL A0 KIITUHHOI AUCHYHKLIT,
3ananeHHs, NoriplweHHss BHYTPILHBOKNITUHHOI nepeaavi
curHanie, NOLUKOMXKEHHA Ta 3arnbeni knitmH [5, 6].
XBopoba  yCKMagHWETbCA  iHWMMKM  MeTaboniyHUMK
3aXBOPIOBAHHSIMMK, 30KPEMA OXWPIHHSM, LIYKPOBUM Jia-
6etom 2 Tuny Ta rinepteHsieto [7]. Takox BigbyBatTbCA
3MiHW B Cepui, HMpKax, HepBOBiN cucTteMi. Tomy Taki
YCKNagHEeHHs NOB’A3YI0Tb | PO3rnsaaloTb SK NeviHKOBUN
nposiB MeTaboniyHoro cuHapomy. Hessaxawum Ha 3Hay-
HWIA Nporpec y OOCNIOXEHHSsIX, NaToreHe3 camoi XBopobu
Ta il ycknagHeHb BCe Lie BYBYAETbCS.

Ockinbku, 3rigHO 3 [AOCMIIXEHHAMW, MOPYLUYETHCA
LiNiCHICTb KNITUH, OOLUINbHUM € BiOCTEXUTU MeXaHi3Mu,
Wo ix cnpuumHiooTb. Cepen HUX € PO3BUTOK OKCMAATUB-
HOro CTpecy, LO BKMOYaE MOLWKOAXKEHHA ninigiB Ta
GinkiB [8], siki € CKNagOBUMUN KITITUHHUX MeMOpaH.

Ons  nikyBaHHS CTeaTOTU4YHOI XBOPOOW MEYiHKM,
acouinoBaHoi 3 MeTaboniyHo ANCHYHKLIE, OCTaHHIM
YacoM BMKOPUCTOBYIOTb iHOo3uTOoNM [9]. Bigomo, wWo iHo-
31MTON Mae npoTu3anarnbHy i aHTUOKCUAAHTHY Jito, MOXe
3MeHLLYBaTW NPOSIBU OKCUAATMBHOIO CTPECY, LU0 PO3BU-
BaETbCA NPW HeankorosbHiN XXUPOBIN XBOPOOI nedviHku,
Xo4a B niTepaTypi HemMae OOHO3HAYHUX [AaHuX LWoAo
uboro [10-13]. Tomy faHe AOCRIMKEHHS € akTyanbHUM.

MeTa po60TK — BU3HAUYUTU OCOBNIMBOCTI 3MiH BMICTY
OKMCHO-MOAUMIKOBaHMX MPOTEIHIB Y roMoreHaTax nedin-
KM Ta cepus LWypiB Pi3HOI cTaTi 3 eKcrnepumeH-
TanbHO 3MOAenbOoBaHOK MeTabomniyHo acouinioBaHO
CTeaToOTU4YHOK XBOPOOOK MediHkM Ta JocniguTn BRANvB
i3opopM iHO3UTONY Ha X BMICT.

MATEPIAAU TA METOAU AOCAIAXEHHSA

HocnigxeHHst BUkoHaHo Ha 108 6inux Lwypax-camusix
i 108 camuusx niHii Bictap, skux yTpumyBanu B OgHOMY
NPUMILLLEHHI Ha CTaHAAPTHUX paLuioHi Ta pexuMmi BiBapito.
TeapwvH noginunu Ha 9 rpyn, No 24 Wypwu y KOXHIN.

LLlo6 BMKNUKaTK ekcnepuMeHTanbHUIA cTeaTorenaTos
TBapuHam 4-i, 5-1 i 6-1 rpyn 3amiCTb NUTTS NPOTAroM 2 Mi-
cAauis aaBanv 20% po34unH ppyKTo3m, arpynam 7-in, 8-, 9-i
il gaBanu 4 micaui [14]. Yepes 2 micsaui Big novaTky moge-

INTRODUCTION

The problem of metabolic disorders is one of the
most urgent today. Metabolic diseases and, in particular,
steatotic liver disease and steatohepatitis, associated
with metabolic dysfunction, are a threat to human
health and life. Despite significant achievements in the
study of their pathogenesis, the search for treatment
methods remains a priority [1, 2].

Steatotic liver disease associated with metabolic
dysfunction is characterized by hepatic steatosis and
one cardiometabolic risk factor [3]. The prevalence
of the disease has increased over the past 30 years
by almost 30%, and continues to increase [4]. In the liver
of such patients, changes associated with damage to
hepatocytes, inflammation, various degrees of fibrosis,
cirrhosis, liver failure and hepatocellular carcinoma are
detected [5]. The development of the disease is caused
by the innate immune system and dysregulation of
lipid metabolism, dyslipidemia, which leads to cellular
dysfunction, inflammation, disruption of intracellular
signaling, damage and cell death [5, 6]. The disease is
complicated by other metabolic diseases, including
obesity, type 2 diabetes and hypertension [7]. There are
also changes in the heart, kidneys, and nervous system.
Therefore, such complications are associated and con-
sidered as a hepatic manifestation of metabolic synd-
rome. Despite significant progress in research, the
pathogenesis of the disease itself and its complications
are still being studied.

Since, according to research, the integrity of cells is
violated, it is advisable to follow the mechanisms that
cause them. Among them is the development of oxidative
stress, which includes damage to lipids and proteins [8],
which are components of cell membranes.

Recently, inositols have been used to treat steatotic
liver disease associated with metabolic dysfunction [9].
It is known that inositol has an anti-inflammatory and
antioxidant effect [10], can reduce the manifestations
of oxidative stress that develops in non-alcoholic fatty
liver disease [11], although there are no unambiguous
data on this in the literature [12, 13]. Therefore, this
study is relevant.

Objective — to determine the features of changes
in the content of oxidatively modified proteins in homo-
genates of the liver and heart of rats of different sexes
with experimentally simulated metabolically associated
steatotic liver disease and to investigate the influence
of inositol isoforms on their content.

MATERIALS AND METHODS

The study performed on 108 white male and 108 fe-
male Wistar rats, which were kept in the same room on
a standard diet and vivarium regime. The animals divided
into 9 groups, each with 24 rats.

Experimental steatohepatosis was induced by giving
animals of groups 4, 5, and 6 a 20% fructose solution
instead of drinking for 2 months, and groups 7, 8, and 9
were given it for 4 months [14]. 2 months after the
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nioBaHHA MeTaboniyHo acolinoBaHoi cTeaToTUYHOI XBO-
pobu nedviHkM (eKcnepMMeHTanbHOro creatorenarosy)
ropynam 5-vi i 8- iHTparacTpanbHO BBOAWMW NPOTArOM
2 MicsiiB nopowok mio-iHo3uTony (dipma «Sandozy),
po3BeaeHuii y Bogi, 3 po3paxyHky 400 Mr/kr macv TBAapuHW,
arpynam 6-1i9-n—D-chiro-iHo31MTon 3 nepepaxyHKy Ha iHO-
3uton 30 mr/kr macu TBapuHu [15]. Po3BuTOK ekcrnepu-
MEHTaIbLHOro cTeaTorenatosy NiaTBepAMIN MopdOroriyHo.

beginning of the simulation of MASHD (experimental
steatohepatosis), groups 5 and 8 were intragastrically
injected for 2 months with myo-inositol powder (Sandoz)
diluted in water at the rate of 400 mg/kg of animal
weight, and groups 6 and 9 — D-chiro-inositol based
on inositol of 30 mg/kg of animal weight [15]. The deve-
lopment of experimental steatohepatosis was confir-
med morphologically.

Ta6nuus 1. Po3nogin ekcnepyMeHTanbHNX TBapuH, BUKOPUCTaHMX y Aocnigax
Table 1. Distribution of experimental animals used in experiments

Ne rpynu [pyna cnoctepexeHHs KinbkicTb TBapuH
Group Observation group Number of animals
KoHTponb IHTaKTHI 6ini LWypwn 12 camuis / males,
Control Intact white rats. 12 camuup / females

Mio-iHo3uTon

TBapWHW, SKMM 2 MiCSLi BBOAWMM iHTParacTpasnbHO Mio-iHO3UTON 3 PO3PaxyHKy
400 mr/kr Macv TBapuHM

Myo-inositol

Animals that were injected intragastrically with myo-inositol at the rate of
400 mg/kg of animal weight for 2 months.

12 camuis / males,
12 camuup / females

D-chiro-iHo3uTon

TBapWHW, AKUM NPOTArOM 2 MiCAILiB BBOAMNY iHTparacTpanbHo D-chiro-iHoauton
3 po3paxyHKy 30 Mr/kr Macv TBapuHu

D-chiro- inositol

Animals that were injected intragastrically with D-chiro-inositol at the rate of
30 mg/kg of animal weight for 2 months.

12 camuiB / males,
12 camuup / females

MACXI 2 micsaui

MACXT, sky mogentoBanu LUASXOM 3aMiHu Boau Anst nutts Ha 20% posuuH
dpykTO3Un. TpMBanicTb BXMBaHHA PPYKTO3N CTaHOBMNA 2 Micsui, a Aani wypu
nunu Bo4oNpoBiAHY Boay. TBapyH 6panu Ansa focniakeHHs Yepes 2 micaui

MASHD 2 monthes

MASHD, which was simulated by replacing drinking water with a 20% fructose
solution. The duration of fructose consumption was 2 months, and then the rats
drank tap water. Animals were taken for research after 2 months.

12 camuis / males,
12 camuup / females

MACXIT 4 micaui +
Mio-iHo3uTON

MACXI, siky mopentoBanu 2 micsiui. Yepes 2 micsiui 3 noyatky eKcnepumeHTy
TBapvHaM BBOAMWNW iHTparacTpanbHO Mio-iHo3uTon 3 pospaxyHky 400 mr/kr
Macu TBapuHU NpoTarom 2 micsuis (8o KiHus gocnigy)

MASHD 4 monthes +
Myo-inositol

MASHD, which was simulated for 2 months. After 2 months from the beginning
of the experiment, the animals were injected intragastrically with myo-inositol
at the rate of 400 mg/kg of animal weight for 2 months (until the end
of the experiment).

12 camuis / males,
12 camuub / females

MACXIT 4 micaui +
D-chiro-iHo3uTon

MACXIT, sky mogentoBanu 2 micsui. Yepes 2 micsui 3 novaTky eKCcnepuMmeHTy
TBapuMHaM BBOAMNM iHTparacTpanbHo D-chiro-iHo3uTon 3 po3paxyHky 30 mr/kr
Macu TBapuHU NPOTSroM 2 micsauis (4o KiHUs gocnigy)

MASHD 4 monthes +
D-chiro-inositol

MASHD, which was simulated for 2 months. After 2 months from the beginning
of the experiment, the animals were injected intragastrically with D-chiro-
inositol at the rate of 30 mg/kg of animal weight for 2 months (until the end
of the experiment).

12 camuis / males,
12 camuup / females

MACXI 4 micsaui

MACXIT, sxy mogentoBanu LUNSAXOM 3aMiHu Bogn Ans nutts Ha 20% po3ynH
dpykTO3Un. TpUBaANICTb BXMBAHHSA (DPYKTO3M CTaHOBUNA 4 micsaui

7 MASHD 4 monthes

MASHD, which was modeled by replacing drinking water with a 20% fructose
solution. The duration of fructose use was 4 months.

12 camuis / males,
12 camuup / females

MACXIT 4 micaui +
Mio-iHo3uTon

MACXI, sxy mopentoBanu 4 micaui. Yepes 2 micsui 3 noyatky eKCnepumeHTy
TBapvHaM BBOAMNW iHTparacTpanbHO Mio-iHo3uTon 3 po3paxyHky 400 mr/kr
Macv TBapyHU NpoTarom 2 micauis (40 KiHUs gocnigy)

MASHD 4 monthes +
Myo-inositol

MASHD, which was simulated for 4 months. After 2 months from the beginning
of the experiment, the animals were injected intragastrically with myo-inositol
at the rate of 400 mg/kg of animal weight for 2 months (until the end
of the experiment).

12 camuiB / males,
12 camuup / females

MACXIT 4 micsaui +
D-chiro-iHo3uTonN

MACXI, sky mopentoBanu 4 micsui. Yepes 2 micsiui 3 noyatky eKcnepumeHTy
TBapvHaM BBOAWMU iHTparacTpanbHo D-chiro-iHo3uTon 3 po3paxyHky 30 mr/kr
Macu TBapuHU NpoTarom 2 micsuiB (4o KiHus gocnigy)

MASHD 4 monthes +
D-chiro-inositol

MASHD, which was simulated for 4 months. After 2 months from the beginning
of the experiment, the animals were injected intragastrically with D-chiro-
inositol at the rate of 30 mg/kg of animal weight for 2 months (until the end
of the experiment).

12 camuis / males,
12 camuup / females

Yeboro / Total

216 wypis /rats
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EBTaHasiio LWypiB y BCiIX ekcrnepumeHTax MnpoBo-
OVNM  LUNSIXOM  TOTamnbHOTO KPOBOMYCKaHHA 3  cepus
nicns nonepegHbOro  TiOMEHTaNo-HATPIEBOrO  HapKO3y
(60 mr/kr~' Mmacu Tina TBapWHW BHYTPILLHBEOOYEPEBUHHO).

MpoBoagnnu MopdonoriyHo 3abip nediHkn i cepus,
3 qakux rotyBanu 10% romoreHatn, Oe BuU3Hayanu
BMICT  OKMCHO-MOAMiKkoBaHMx  mpoTeiHis  (OMI,,,
i oMn,, ) [16].

Yci ekcnepMMeHTU NpoBOAWMM Y NepLlidi NONOBUHI
OHA B cheuianbHO BiABeAEHOMY NPUMILLEHHI npu
Temnepatypi 18-22°C, BigHocHin BonorocTi 40-60%
i ocsiTneHocTi 250 nk. [ocnign BMKOHAHO 3 4OTPUMaH-
HsIM OCHOBHMX nonoxeHb GLP (1981 p.), npasun
NnpoBefeHHs1 PobIT 3 BMKOPUCTAHHSIM eKcrnepuMeHTarnb-
Hux TBapuH (2002 p.), Hopm KoHBeHuii Pagn €sponu
NpPO OXOPOHY XpebeTHMX TBApPWH, LLO BUKOPUCTOBYHOTLCA
Ons pocnigkeHb Ta iHWKUX HaykoBux winen (Ctpacbypr,
18.03.1986 p.), [Oupektuen €EEC Ne 609 Big
24.11.1986 p. i Haka3y MiHicTepcTBa OXOPOHU 300POB’A
Ykpainm Ne 281 Big 01.11.2000 p., 3akoHy YkpaiHu
«Mpo 3axuct TBapwH Big >XOPCTOKOTO MNOBOMKXEHHSA»
(14.03.2006 p.), eTUYHOro KoAeKcy YYeHoro YkpaiHu
(2009 p.), bioeTnyHOi ekcnepTUan JOKNIHIYHUX Ta IHLUNX
HayKoBUX [OCHi[KEHb, L0 BUKOPWUCTOBYHOTLCS Ha TBa-
puHax (KuiB, 2006 p.), PekomeHnpauii MixHapogHoro
Komitery PepakTtopieB MeguuHnx >Kyphanis (ICMJE),
OvpektuBn  €Bponevicekoro  Cowo3sy 2010/10/63E4.
Kowmicieto 3 GioeTukn TepHOMiNbCbKOro HalioHanbHOro
mMeaudHoro yHiBepcuteTy imeHi |.A. Topb6adeBcbkoro
MiHicTepcTBa oxopoHu 3a0poB’s Ykpainu (npotokon Ne 72
Bin 06 ciuHa 2024 p.) nopylleHb €TUYHMX HOpPM npwu
npoBefeHHi HayKoBO-A0CNIAHOT po6OTN He BUSIBNEHO.

OTpumaHi ekcnepuMmeHTanbHi gaHi cTaTUCTUYHO 06-
pobnsann Metogamu BapiauiiHoi ctatucTuku. CraTtuc-
TUYHY 06pOOKY LMdPOBMX OaHMX 3A4IACHIOBaNM 3a Aorno-
MOrol0 nporpamHoro 3abesnedeHHs nporpamu BioStat,
AnalystSoft Inc. (niueHsiHa Bepcis KoMM'tOTEpHOT Npor-
pamn BioStat, AnalystSoft Inc., Bepcia 6 (CLUA)).
Po3paxyHkn npoBoaunu 3a JOMOMOIo HernapameTpuy-
HUX MeToaiB — Kputepito Kpyckana—Yonica Ta Henapa-
MEeTpM4HOro BapiaHTy KpuTepito HblomeHa—Keninca,
BM3Havanu cepegHe apudmeTtnyHe (M), cTaHOapTHY
noxmbky cepeaHboro apudmeTnyHoro (o). BiamiHHicTb
MK cepefHiMM apuMETUHHUMK BEMNUYMHAMK BBaXanu
[OCTOBIpHOI NpW 3HaYeHHi p < 0,05.

PE3YABTATU TA iX OBrOBOPEHHS

Y camuiB 1-i rpynu, NopiBHAHO 3 camuusMu, BigMi-
yeHo Ginbuwi Ha 22,6% (p < 0,001) nokasHukm OMI1, -
iHa 9,7% (p < 0,01) — OMI,,, (Tabnnusa 2).

Mio-iHo3uTon y camuiB Npu3BiB 40 36inbLUEHHS BMiCTY
oMM, Ha 16,3% (p < 0,001), OMI,,, — Ha 31,5%
(p < 0,001), y camuub, BignosigHo, Ha 30,3% (p < 0,001)
i 9,7% (p < 0,01). Y camuiB, NOpiBHSAHO 3 camMuLAMWU,
Gynu Ginbwi Ha 15,2% (p < 0,001) OMT1,,, i Ha 25,3%
(p <0,001)—OMM,,,.

D-chiro-iHo3uTton y camuiB npu3BiB OO0 3pOCTaHHS
Ha 11,1% (p < 0,001) Bmicty OMI,,,. ¥ cammub OMIT
niasuwmnmucs Ha 7,8% (p < 0,01), a OMI,,; 3MeHLmn-
nvcsa Ha 13,7% (p < 0,001). Y camuis, BiZHOCHO caMuup,
6ynu pocTosipHo Ginbwi OMI,, Ha 15,8% (p < 0,001)
i OMI,,, — Ha 29,9% (p < 0,001). MopiBHAHO 3 NOKa3HK-

370

Euthanasia of rats in all experiments was performed
by total bleeding from the heart after previous thio-
pental-sodium anesthesia (60 mg/kg™ animal body
weight intraperitoneally).

Liver and heart were morphologically sampled, from
which 10% homogenates were prepared, where the
content of oxidative modified proteins (OMP,,, and
OMP,, ) was determined [16].

All experiments carried out in the first half of the
day in a specially designated room at a temperature
of 18-22°C, relative humidity of 40—60% and illumination
of 250 lux. The experiments carried out in compliance
with the basic provisions of GLP (1981), the rules for
conducting work using experimental animals (2002),
the norms of the Council of Europe Convention on the
protection of vertebrate animals used for research and
other scientific purposes (Strasbourg, 18.03.1986),
EEC Directive No 609 dated 24.11.1986 and order of the
Ministry of Health of Ukraine No 281 dated 01.11.2000,
the Law of Ukraine «The protection of animals from
cruelty» (14.03.2006), the code of ethics of a scientist
of Ukraine (2009), Bioethical examination of preclinical
and other scientific studies using animals (Kyiv, 2006),
Recommendations of the International Committee of
Medical Journal Editors (ICMJE), Directive of the Euro-
pean Union 2010/10/63e4. the Commission on bioethics
of the I. Horbachevsky Ternopil National Medical University
of the Ministry of Health of Ukraine (protocol No. 72
of January 6, 2024) did not reveal any violations of
ethical norms during the conduct of research work.

The obtained experimental data statistically proce-
ssed by methods of variational statistics. Statistical
processing of digital data was carried out using BioStat
software, AnalystSoft Inc. (licensed version of the BioStat
computer program, AnalystSoft Inc., version 6 (USA)).
Calculations performed using non-parametric methods —
the Kruskal-Wallis test and the non-parametric version
of the Newman—Keuls test, the arithmetic mean (m),
standard error of the arithmetic mean (o) was determined.
The difference between arithmetic mean values
considered reliable at a value of p < 0.05.

RESULTS AND DISCUSSION

In males of 1 group, compared to females, higher
values of OMP,,, by 22.6% (p < 0.001), OMP,,, —
by 9.7% (p < 0.01) were noted (table 2).

Myo-inositol in males led to an increase in the con-
tent of OMP,, by 16.3% (p < 0.001), OMP,,, — by 31.5%
(p < 0.001), in females, respectively, by 30.3% (p < 0.001)
and 9.7% (p < 0.01). Males, compared to females,
had 15.2% (p < 0.001) higher OMP, and 25.3%
(p < 0.001) higher OMP,, .

D-chiro-inositol in males led to an 11.1% (p < 0.001)
increase in OMP430 content. In females, OMP,,
increased by 7.8% (p < 0.01), and OMP,,, decreased
by 13.7% (p < 0.001). Compared to females, males
had significantly higher OMP,, by 15.8% (p < 0.001)
and OMP,,, by 29.9% (p < 0.001). Compared with the
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Kamu, OTpUMaHVMK MiCNA BBEAEHHA MiO-iHO3UTONMY,
y camuis BusBunMca MeHwumu OMI,. . Ha 14,8%
(p < 0,001) Ta OMI1,,, Ha 16,2% (p < 0,001), y camunup,
BignosigHo, Ha 17,3% (p < 0,001) i 21,4% (p < 0,001).

MogentoBaHHs MACXIT cnpuynMHUNO nNigBULLEHHS
OMI1. VY 4-i4 rpyni TBapwH, NOpiBHAHO 3 1-t0, y camuiB
OMI,,, nigeuwmnmecs y 4,6 pasu (p < 0,001), OMI,,, —
y 5,4 pa3u (p < 0,001), y camuup, BignosigHo, y 3,6 pasu
(p < 0,001) sk ans OMI1,.., TaK i ang OMI,, . ¥ camuis
BioHOCHO camuub 6ynu Ginbwi Ha 38,8% (p < 0,001)
OMI,,, i Ha 39,0% (p < 0,001) OMI, ..

indicators obtained after the introduction of myo-inositol,
in males, OMP,,, was lower by 14.8% (p < 0.001) and
OMP,,, by 16.2% (p < 0.001), in females, respectively,
by 17.3% (p < 0.001) and 21.4% (p < 0.001).

Modeling of MASHD caused an increase in OMP.
In the 4th group of animals, compared to the 1st, in the
males OMP,,  increased by 4.6 times (p < 0.001),
OMP,,, — by 5.4 times (p < 0.001), in females, respec-
tively, by 3.6 times (p < 0.001) for both OMP,,
and OMP,,.. Males compared to females had 38.8%

(p < 0.001) OMP,, and 39.0% (p < 0.001) OMP, .

Tabnuus 2. 3MiHN BMICTY OKMCHO-MOANMIKOBaHMX MPOTETHIB y rOMOreHaTi NeYviHkuM WypiB pi3HOI cTaTi i3 MmeTaboniyHo acouinoBaHoo

CTeaToOTMYHOI XBOPOBOOIO MEYiHKM Ta Mpu Koperyroyomy BnnvBei iHo3utony, mmons/r 6inka (M £ o, n = 12)
Table 2. Changes in the content of oxidative modified proteins in the liver homogenate of different sexes rats with metabolic
associated steatotic liver disease and under the corrective effect of inositol, mmol/g of protein (M £ g, n = 12)

I'pyna TBapuH / Group of animals

OKMCHO-MoaNikoBaHi MpoTeiHK
Oxidative modified proteins

owmrn,,, / OMP,, | omn,,, / OMP,
Camui / Males
. KoHTponb / Control 0,332 + 0,037 0,298 + 0,002
. Mio-iHoanTon / Myo-inositol 0,386 + 0,004 * 0,395 + 0,005 *
. D-chiro-iHosuton / D-chiro- inositol 0,329 £ 0,026 ** 0,331 £ 0,024 -**
. MACX 2 micaui / MASHD 2 monthes 1,628 + 0,044 - 1,601 + 0,047

. MACXI 2 micaui + Mio-iHoauTton / MASHD 2 monthes + Myo-inositol

0,755 + 0,005 **

0,768 + 0,009 **

. MACXI 2 micaui + D-chiro-iHoauton / MASHD 2 monthes + D-chiro- inositol

0,740 + 0,018 *#

0,747 + 0,024 -#

. MACXI 4 micsui / MASHD 4 monthes

1,929 + 0,021 -##

2,693 £ 0,032 "##

. MACXI 4 micaui + Mio-iHoauTton / MASHD 4 monthes + Myo-inositol

0,912 + 0,055 “#**

0,786 + 0,071 *#

Olo|N|JojJlO|lh|]WIN]| -~

. MACXI 4 micsiui + D-chiro-iHoauton / MASHD 4 monthes + D-chiro- inositol

0,725 + 0,003 -#**

0,746 + 0,007 -#

Camuui / Femals

. KoHTponb / Control

0,257 + 0,005 *

0,269 + 0,005 *

. Mio-iHo3uton / Myo-inositol

0,335+0,033 -~

0,295 + 0,004 -~

. D-chiro-iHo3uTon / D-chiro- inositol

0,277 £ 0,007 ~***

0,232 £ 0,023 ~***

. MACXI 2 micsui / MASHD 2 monthes

0,935 + 0,008 -*

0,977 + 0,005 ~*

. MACXI 2 micaui + Mio-iHoauTton / MASHD 2 monthes + Myo-inositol

0,712+ 0,017 -#*

0,604 + 0,028 “#*

. MACXI 2 micaui + D-chiro-iHoauton / MASHD 2 monthes + D-chiro- inositol

0,712 £ 0,017 «#

0,604 + 0,028 -#*

. MACXI 4 micaui / MASHD 4 monthes

1,518 £ 0,023 ~*##

1,588 + 0,036 ~*##

. MACXI 4 micaui + Mio-iHoauTton / MASHD 4 monthes + Myo-inositol

0,926 + 0,060 “#**

0,787 + 065 “#**

Olo|N|Jo|JlO|lh|]WIN]| -~

. MACXI 4 micsili + D-chiro-iHosuton / MASHD 4 monthes + D-chiro- inositol

0,776 % 0,002 “#*xksxx

0,734 +0,016 #***

lMpumimku:

* — CTATUCTUYHO BIiPOriaHi BIGMIHHOCTI i3 KOHTPONEM;

# — cTaTUCTNYHO BipOrigHi BiOMIHHOCTI 3 cTeaTorenatosy Bi4NOBiAHOMO TEPMIHY CMOXUBAHHS PYKTO3MK;
* — CTaTUCTUYHO BipOrifHi BiAMIHHOCTI BiAHOCHO camuiB BiANOBIHOI rpynu;

** — CcTAaTUCTUYHO BipOriAHi BigMiHHOCTI Mix rpynamm 2-3, 5-6, 5-8, 8-9;
*** _ cTaTUCTUYHO BIpOriAHi BiAMIHHOCTI Mixx rpynamu 6-9;

# # — cTaTUCTUYHO BipOrigHi BiAMIHHOCTI BiQHOCHO rpynu, sika BXuBana gpykTo3y 2 micsui.

Notes:

« — statistically probable differences with the control;

# — statistically probable differences from steatohepatosis of the corresponding period of fructose consumption;
* — statistically probable differences relative to males of the corresponding group;

** — statistically probable differences between groups 2-3, 5-6, 5-8, 8-9;
*** _ statistically significant differences between groups 6-9;

# # — statistically significant differences relative to the group that consumed fructose for 2 months.

Y 5-4 rpyni wypiB, NOPIBHAHO 3 4-t0, 6a4YMMO 3MEH-
weHHs OMI. Y camuis OMIM,, sHuaunuca Ha 50,6%
(p < 0,001), OMI,,, — Ha 52,0% (p < 0,001), y camuup,
BignoBiaHo, Ha 23,8% (p < 0,001) i Ha 38,2% (p < 0,001).
MopiBHAHO 3 KOHTpoNnem, y camuiB 3anuwanics Bu-

In the 5th group of rats, compared to the 4th, we see
a decrease in OMP. In males, OMP,, decreased by
50.6% (p < 0.001), OMP,,, — by 52.0% (p < 0.001),
in females, respectively, by 23.8% (p < 0.001) and by
38.2% (p < 0.001). Compared to the control, OMP,,
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wumu OMM,, — y 2,3 pasu (p < 0,001), OMM,,, -
y 2,6 pa3u (p < 0,001), y camuup, BignosigHo, y 2,8 pasu
(p <0,001)iy2,2pasu (p <0,001). Y camuiB, NOpPiBHAHO
3 camuuamm, Gynmn Ginbwi Ha 5,7% (p < 0,05) OMI1,.,
i Ha 21,3% (p < 0,001) — OMI,,.

Y 6- rpyni TBapuH, MOPIBHAHO 3 4-10, y camuiB
OMI,,, 3Huannuca Ha 51,6% (p < 0,001), OMM,,, —
Ha 53,3% (p < 0,001), y camuub, BignosigHo, Ha 23,8%
(p <0,001) i 38,2% (p < 0,001). MNopiBHAHO 3 KOHTPONEM
y caMmuiB 3anuwanncsa BULLUMU OMI'Im y 2,2 pasu
(p <0,001), OMI,,; —y 2,5 pasu (p < 0,001), y cammnup,
BignoBigHo, y 2,8 pa3u (p <0,001)iy 2,2 pa3un (p < 0,001).
Y camuiB, NOPIBHAHO 3 camuusmu, Oynu Tinbku GinbLui
Ha 19,1% (p < 0,001) sHadyeHHa OMI1,, . [MopiBHAHO
3 nokasHMKamu, OTpUMaHMMK TNicns BBEOEHHS Mio-
iHo3uTONYy, Y camuiB i caMuUpb He BUSIBNEHO CTaTUCTUYHO
[OCTOBIpHUX 3MiH OMIT.

Y camuiB 7-i rpynu, nopiBHAHO 3 1-i0, OMI'I370 nig-
Buwmnuca y 5,8 pasu (p < 0,001), OMIM,,, —y 9,0 pasis
(p <0,001), y camunup, BignosigHo, y 5,9 pasu (p < 0,001)
obuasa nokasHuWku. Y camuiB BigHOCHO camuub Oynu
oinbwi OMIM Ha 21,3% (p < 0,001) i OMI

Ha 41,0% (p <378,001). MopiBHSIHO 3 4-t0 rpynoto, y cgﬁl?uis
OMI1,,, BusBKUnmMCaA Ginbl BuWMMK Ha 26,2% (p < 0,001),
OMr,,, — Ha 68,2% (p < 0,001), a y camuup, BiANOBIAHO,
Ha 62,3% (p < 0,001) i Ha 62,5% (p < 0,001).

Y camuis 8-i rpynu, nopiBHAHO 3 7-t0, OMI'I370 3HK-
aummea Ha 52,7% (p < 0,001), OMIM,,, — Ha 70,8%
(p < 0,001), y camuupb — Ha 39,0% (p < 0,001) i Ha 50,4%
(p < 0,001), BignosigHo. Y camuiB 8-i rpynu, NOpiBHAHO
3 1-t0, OMI,,; 3pocnmn y 2,7 pasm (p < 0,001), OMM,,; —
y 2,6 pa3u (p < 0,001), y camuup, BignosigHo, y 3,6 pasu
(p <0,001)iy 2,6 pasu (p < 0,001). Y camuiB, NOpPiBHAHO
3 camuusiMK, AOCTOBIPHOT pi3HULi BMicTy OMI He Gyno.

[MopiBHAHO 3 4-t0 rpynoto TBapuH, y 8- rpyni y camuis
OMr1,,, 6ynm Ginbwmmu Ha 20,8% (p < 0,001), a'y camuub
OMI,,, Buasumucs suwmmmn Ha 30,1% (p < 0,001),
a OMIM,,; —Ha 30,3% (p < 0,001).

Y camuis 9-i rpynu, nopisHsiHo 3 7-t0, OMI370
3HM3UNMcaA Ha 62,4% (p < 0,001), OMI,,, — Ha 72,3%
(p < 0,001), y camuub, BignosigHo . Ha 48,9% (p < 0,001)
i Ha 53,8% (p < 0,001). ¥ camuiB 9-i rpynu, nopiBHsIHO
3 1-0, Bynmn Buwmmmn OMI,, —y 2,2 pasn (p < 0,001),
OMM,,, —y 2,5 pasu (p < 0,001), y camuub, BiANoBiaHO,
y 3,0 pa3u (p < 0,001) iy 2,7 pa3u (p < 0,001). Y cammup,
MOPIBHAHO 3 camusMK, OMI'I370 BUABUNUCA GinblUNMU
Ha 7,0% (p < 0,01). MopiBHAHO 3 rpynoto 8, y camuis
OMM,,, 6ynm meHwumn Ha 20,5% (p < 0,001),
ay camuupb — Ha 16,2% (p < 0,001).

[MopiBHAHO 3 TBapuHaMu 6-i rpynu, TiNbkW y camuub
Buasunuca Ginbwmmn OMIM,, Ha 9,0% (p < 0,001),
a OMIM,,, —Ha 21,5% (p < 0,001).

OTxe, MUTTA PO34nHY OPYKTO3M 3aMiCTb NUTHOI BOAU
npoTsarom 2 i 4 MicsiLiB CNPUYMHIOE PO3BUTOK KapOOHinb-
HOro cTpecy y nediHui TBapuH. HakonuueHHs OMTI1
3anexuTb Bif TPUBANOCTi BXUBaHHA OPyKTO3N Ta cTari.
Mio-iHo3uTon i D-chiro-iHo3uTon, ki BXuBanu sk 3 niky-
BaNnbHOW, TaK i 3 NPOMINakTUYHOK METOH, BUKIMKaNN
3MeHLleHHss npoaykTie OMI, ane BOHW He pocsiranv
PiBHA KOHTPONbHUX TBapuH. EdekTuBHIWNMM BUABMMIOCA
BXUWBaHHSA iHo3uToniB, ane 6inblwe D-chiro-iHo3uTony,
y camuup, SKi cnoxumeanu pykTosy 4 micsui.

Y cepui TBapuH 1-i rpynn, y camuiB, NOPIBHSHO
3 camuusamu, BigmiveHo Ginbwi Ha 29,1% (p < 0,001)

remained higher in males — by 2.3 times (p < 0.001),
OMP,,, — by 2.6 times (p<0.001), in females, respec-
tively, by 2.8 times (p < 0.001) and 2.2 times (p < 0.001).
Males, compared to females, had 5.7% (p < 0.05) higher
OMP,,, and 21.3% (p < 0.001) higher OMP,,.

In the 6th group of animals, compared to the 4th,
in males OMP,,, decreased by 51.6% (p < 0.001),
OMP,,, — by 53.3% (p < 0.001), in females, respectively,
by 23.8% (p < 0.001) and 38.2% (p < 0.001). Compared
to the control, OMP,,, remained higher in males by
2.2 times (p < 0.001), OMP,,, by 2.5 times (p < 0.001),
in females, respectively, by 2.8 times (p < 0.001) and
by 2.2 times (p < 0.001). Males, compared to females,
had only 19.1% (p < 0.001) higher values of OMP,, .
Compared with the indicators obtained after the intro-
duction of myo-inositol, no statistically significant chan-
ges in OMP found in males and females.

In males of group 7, compared to group 1, OMP,,
increased by 5.8 times (p < 0.001), OMP,,, — by 9.0 times
(p < 0.001), in females, respectively, by 5.9 times
(p < 0.001) both indicators. Compared to females, males
had higher OMP,,, by 21.3% (p < 0.001) and OMP,,,
by 41.0% (p < 0.001). Compared to group 4, in males
OMP,,, was higher by 26.2% (p < 0.001), OMP,,, -
by 68.2% (p < 0.001), and in females, respectively,
by 62.3% (p < 0.001) and by 62.5% (p < 0.001).

In males of group 8, compared to group 7, OMP,,
decreased by 52.7% (p < 0.001), OMP,,, — by 70.8%
(p < 0.001), in females — by 39.0% (p < 0.001) and
50.4% (p < 0.001), respectively. In males of group 8,
compared to group 1, OMP,, increased by 2.7 times
(p <0.001), OMP,, — by 2.6 times (p < 0.001), in females,
respectively, by 3.6 times (p < 0.001) and 2.6 times
(p < 0.001). There was no significant difference in the
content of OMP in males compared to females.

Compared to the 4th group of animals, in the
8th group OMP,., was higher in males by 20.8%
(p <0.001), and in females OMP,,, was higher by 30.1%
(p <0.001), and OMP,,, was higher by 30.3% (p < 0.001).

In males of group 9, compared to group 7, OMP,
decreased by 62.4% (p < 0.001), OMP,,, — by 72.3%
(p < 0.001), in females, respectively, by 48.9% (p < 0.001)
and by 53.8% (p < 0.001). In males of 9 groups, com-
pared to 1, OMP,,; was higher — by 2.2 times (p < 0.001),
OMP,,, — by 2.5 times (p < 0.001), in females, respecti-
vely, by 3.0 times (p < 0.001) and 2.7 times (p < 0.001).
In females, compared to males, OMP,,  were higher
by 7.0% (p < 0.01). Compared to group 8, OMP,,,
was lower by 20.5% (p < 0.001) in males, and by 16.2%
(p < 0.001) in females.

Compared to the animals of group 6, only females
showed higher OMP_,, by 9.0% (p < 0.001), and
OMP,,, by 21.5% (p < 0.001).

Therefore, drinking a fructose solution instead of
drinking water for 2 and 4 months causes the develop-
ment of carbonyl stress in the liver of animals.
The accumulation of OMP depends on the duration
of fructose consumption and gender. Myo-inositol and
D-chiro-inositol, which were used for both therapeutic
and prophylactic purposes, caused a decrease in OMP
products, but they did not reach the level of control
animals. The use of inositols, but more D-chiro-inositol,
was more effective in females who consumed fructose
for 4 months.
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nokasHuku OMI
(Tabnuus 3).

i Ha 4,8% (p < 0,05) — OMM,,

370’

In the heart of 1 group of animals, in males, compared
to females, 29.1% (p < 0.001) higher values of OMP,_,

and 4.8% (p < 0.05) - OMP,,, were noted (table 3).

Tabnuusa 3. 3MiHM BMiCTY OKMCHO-MOANIKOBAaHUX NPOTEIHIB y cepui LypiB pi3HOi cTaTi

i3 MeTabonivyHO acoLinoBaHOI CTEaTOTUYHOIO XBOPOOOID MEYiHKM NP KOpeKLii iHO3MTonoM, Mmonb/r 6inka (M £ g, n = 12)
Table 3. Changes in the content of oxidatively modified proteins in the heart homogenate of different sexes rats
with metabolic associated steatotic liver disease and under the corrective effect of inositol, mmol/g of protein (M + o, n=12)

Ipyna TBapuH / Group of animals

Oku1cHO-MoandikoBaHi MPOTEiHM
Oxidative modified proteins

oM.,/ OMP,_. | oM, ,, / OMP, ..
Cawmui / Males
. KoHTpons / Control 0,319 £ 0,010 0,251 £ 0,007
. Mio-iHoanTon / Myo-inositol 0,386 + 0,003 0,342 + 0,006 *
. D-chiro-iHosuTton / D-chiro- inositol 0,347 £ 0,023 ** 0,343 £ 0,028
. MACXN 2 micsdi / MASHD 2 monthes 1,456 + 0,021 * 1,471 £ 0,007 -

. MACXI 2 micaui + Mio-iHoauTton / MASHD 2 monthes + Myo-inositol

1,156 £ 0,021 *#

1,106 £ 0,045 *#

. MACX 2 micsidi + D-chiro-iHosuton / MASHD 2 monthes + D-chiro- inositol

1,146 + 0,029 #

1,109 + 0,029 “#

. MACXI1 4 wmicaui / MASHD 4 monthes

1,847 £ 0,026 "##

1,427 £ 0,148 -

. MACX 4 wmicsui + Mio-iHosauton / MASHD 4 monthes + Myo-inositol

0,750 + 0,026 “#**

1,133 £ 0,023 #

Olo|N|JojJlO|lh]|]WIN]| -~

. MACXI 4 micaui + D-chiro-iHoauton / MASHD 4 monthes + D-chiro- inositol

0,744 + 0,019 ~#***

1,141 0,018 *#

Camuui / Femals

. KoHTpons / Control

0,226 + 0,009 *

0,239 £ 0,007 *

. Mio-iHo3uton / Myo-inositol

0,272 £ 0,007 -*

0,280 + 0,009 ~*

. D-chiro-iHo3nTon / D-chiro- inositol

0,245 + 0,027 *

0,242 + 0,027 ***

. MACXI 2 micsui / MASHD 2 monthes

1,378 £ 0,009 *

1,357 £ 0,010 -~

MACXIT 2 micaui + Mio-iHoauton / MASHD 2 monthes + Myo-inositol

1,142 £ 0,065 *#

0,716 + 0,005 *#

MACXI 2 micaui + D-chiro-iHosuTon / MASHD 2 monthes + D-chiro- inositol

1,262 + 0,047 -#*x**

1,122 £ 0,041 -#**

MACXI1 4 micsaui / MASHD 4 monthes

1,403 + 0,023 ~*

1,632 £ 0,061 ~*##

. MACX 4 wmicsui + Mio-iHoauton / MASHD 4 monthes + Myo-inositol

0,771 + 0,002 -#**

1,132+ 0,018 *#

o|lo|~N]o|lalsr|w]|v]|=

. MACXI 4 micaui + D-chiro-iHoauton / MASHD 4 monthes + D-chiro- inositol

0,758 £ 0,011 “#***

1,156 + 0,035 *#

lMpumimku:
* — CTATUCTUYHO BipOriaHi BIgMIHHOCTI i3 KOHTPONEM;

# — cTaTUCTNYHO BipOTiAHI BiAMIHHOCTI 3 cTeaTorenatosy BiANOBIAHOMO TEPMIHY CMOXUBAHHSA PYKTO3K;
* — CTaTUCTMYHO BipOrigHi BiAMIHHOCTI BiAHOCHO caMUiB BignoBigHOI rpynu;
** — CTaTUCTMYHO BiporigHi BigMiHHOCTI Mixk rpynamu 2-3, 5-6, 5-8, 8-9;

*** _ CTAaTUCTUYHO BIpOTiAHi BiAMIHHOCTI Mix rpynamu 6-9;

# # — cTaTUCTMYHO BipOrifgHi BiAMIHHOCTI BiQHOCHO rpynu, sika BXuBana gpykTo3y 2 micaui

Notes.
« — statistically probable differences with the control;

# — statistically probable differences from steatohepatosis of the corresponding period of fructose consumption;
* — statistically probable differences relative to males of the corresponding group;

** — statistically probable differences between groups 2-3, 5-6, 5-8, 8-9;

*** _ statistically significant differences between groups 6-9;

# # — statistically significant differences relative to the group that consumed fructose for 2 months.

Mio-iHoauTon npu3BiB y caMmMuiB [0 3pOCTaHHS
OoMn,,, Ha 21,0% (p < 0,001), OMM,,, — Ha 36,2%
(p <0,001), y camuupb — Ha 20,3% (p < 0,001) i Ha 17,1%
(p < 0,001), BignosigHo. ¥ camuiB, NOPIBHAHO 3 camMu-
uamu, 6ynu Ginbwumu OMM,, Ha 29,5% (p < 0,001),
OMn,,, — Ha 18,1% (p < 0,001).

D-chiro-iHo3uTon npu3BiB y camuiB A0 NigBULLEHHS
Bmicty OMI1,,, Ha 8,8% (p < 0,01), OMI ., — Ha 36,6%
(p < 0,001). D-chiro-iHo3uTon He Buknukas 3miH OMI
y camuupb. Y camuiB, MOPIBHAHO 3 cCaMUUAMMU, BiAMIYEHO
Ginbwi Ha 29,4% (p < 0,001) OMM,, i Ha 29,4%
(p < 0,001) — OMI,,,. MopiBHAHO 3 NOKasHWKaMu, oTpu-
MaHVMMK MiCNsi BBEAEHHSA MIO-iHO3UTOMY, Y camuiB Oynu

Myo-inositol led to an increase in OMP370 in males
by 21.0% (p < 0.001), OMP,,, — by 36.2% (p < 0.001),
in females — by 20.3% (p < 0.001) and by 17,1%
(p < 0.001), respectively. In males, compared to fema-
les, OMP,, was greater by 29.5% (p < 0.001), OMP,,, —
by 18.1% (p < 0.001).

D-chiro-inositol led to an increase in the content
of OMP_,, by 8.8% (p < 0.01), OMP,,, — by 36.6%
(p < 0.001) in males. D-chiro-inositol did not cause
changes in OMP in females. In males, compared to
females, 29.4% (p < 0.001) OMP,, and 29.4%
(p < 0.001) higher OMP,,, were noted. Compared to
the indicators obtained after the introduction of myo-
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mMeHwnMn Ha 10,1% (p < 0,001) OMI,,, y camuub
Gynu meHwmmMK Ha 13,6% (p < 0,001) OMI,,..

MogentoBaHHs MACXI HaBiTb Yepe3 2 micaui nicns
NPUNMHEHHS CMOXMBaHHS (PPYKTO3U, CMPUYMHWMO nNig-
BuweHHs OMI. Y camuiB 4-i rpynu, nopiBHAHO 3 1-to,
OMrl,,, spocrm y 4,6 pasm (p < 0,001), OMMN,,, -
y 5,9 pa3u (p < 0,001); y camuup, BignosigHo, y 6,1 pasu
(p < 0,001) iy 5,7 pasu (p < 0,01). Y camuiB BigHOCHO
camuub, 6ynu Ginbwi Ha 5,4% (p < 0,01) 3Ha4veHHs
OMI,, iHa 7,7% (p < 0,01) — OMI,, .

Y camuiB 5-1 rpynu, NOPiBHAHO 3 4-10, MiO-iHO3UTONM, BU-
KIMKaB 3MeHLeHHs BMicTy OMI,. Ha 20,6% (p < 0,001),
OMI,,, —Ha 24,8% (p < 0,001). MopiBHAHO 3 1-t0 rpynoto,
sanuwanuca suwmmn OMIM, —y 3,6 pasn (p < 0,001),
OMM,,, — y 4,4 pasu (p < 0,001). ¥ camnub 5-i rpynu,
nopiBHAHO 3 4-t0, BMicT OMI1,. ., 3HuM3mBCA Ha 17,1%
(p < 0,001), OMM,,, — Ha 47,2% (p < 0,001). MNopisHAHO
3 KOHTpOnem y camuub Takox Oynu suwmmn OMI, -
y 5,0 pasis (p < 0,001), OMI1,,, —y 3,0 pasu (p < 0,001).
Y camuiB, MOPIBHAHO 3 caMuUsIMW, BiOMIYEHO TifbKK
GinbLwi Ha 35,3% (p < 0,001) OMI,,,.

Y camuiB 6-i rpynu, nOpiBHAHO 3 4-i0, OMI'I370
3Hu3unmea Ha 21,3% (p < 0,001), OMI,,, — Ha 24,6%
(p < 0,001). MopiBHaAHO 3 1-i rpynoto, OMI1,,  Takox
sanuwanuca suwwmMmn y 3,6 pasm (p < 0,001), OMM,,; —
y 4,4 pasu (p < 0,001). ¥ camumup Bmict OMI,,, nopis-
HsIHO 3 4-10 rpynot, 3meHwmscs Ha 8,4% (p < 0,01),
OMr,,, — Ha 17,3% (p < 0,001). MNMopiBHAHO 3 KOHTPONEM
y camuub Takox 6ynu 6Ginbwmmn OMI, —y 5,6 pasu
(p <0,001), OMIM,,, —y 4,7 pasmu (p < 0,001). ¥ camunup,
NoOpiBHSAHO 3 camusMu, BigMivyeHo Tinbkn Buwi Ha 10,1%
(p < 0,001) OMI,, . MopiBHAHO 3 MOKa3HWKaMK TBapPUH
5-1 rpynu, y camuiB 6-1 rpynn He BUSIBMEHO CTaTUCTUYHO
OOCTOBIpHUX 3MiH OOCnigXyBaHUX MOKa3HMWKIB, a y ca-
mMuub  Gynn  BUWWMKM  3HaveHHa OMI, . Ha 10,5%
(p <0,001), OMM,,, — Ha 56,7% (p < 0,001).

Y camuiB 7-i rpynu, nopiBHAHO 3 1-i0, OMI'I370 nig-
Buwmnuca y 5,8 pasn (p < 0,001), OMM,,, —y 5,7 pasu
(p < 0,001), y cammup OMIl,,, 3pocim y 6,2 pasa
(p < 0,001), OMI,,, —y 6,8 pasu (p < 0,001). ¥ camuis,
MOpiBHAHO 3 camuusiMu, Oynu  Binblwi  NOKa3HWKK
OMr,,, Ha 24,0% (p < 0,001), ane meHwi OMI1430 —
Ha 14,4% (p < 0,001).

MopiBHAHO 3 4-10 rpynoto, y camuiB 7-i rpynu

OMTI1,,, BusBuuca Ginbwumn Ha 26,8% (p < 0,001),
a'y camuub — OMI1,,, Ha 20,3% (p < 0,001).
Y 8- rpyni camuiB, MOPIBHAHO 3 7-10, OMI'I370

ameHwmnuca Ha 59,4% (p < 0,001), OMI,,, — Ha 25,9%
(p < 0,001). MNopiBHAHO 3 KOHTpOMEM 3anuianucs
Bwmmu OMIM,, — y 4,8 pasmu (p < 0,001), OMI,,, —
y 5,7 pa3u (p < 0,001). Y camuub 8-i rpynu, nopiBHsHO
3 7-0, OMIM,,, 3Husmnuca Ha 45,0% (p < 0,001),
OMr,,, — Ha 30,6% (p < 0,001). MNMopiBHAHO 3 KOHTPONEM
y caMuvub 3anuwianucs BULLMMU OMI'I370 —y 3,4 pasu
(p < 0,001), OMIM,,, —y 4,7 pasu (p < 0,001). ¥ camuis,
MOPIBHAHO 3 CcaMuuUsAMW, OOCTOBIPHOI pPi3HULi MOKas-
HWKIB HE BUSIBMEHO.

lMopiBHAHO 3 4-t0 rpynoto y camuis OMI,,  6ynu
MeHWwnMmn Ha 27,9% (p < 0,001), a y camuub — Ha 32,5%
(p < 0,001), ane OMI,,, y camuub Gynn GinblimMu
Ha 58,1% (p < 0,001).

Y camuiB 9-i rpynu, nopiBHAHO 3 7-t0, OMI'I370
aummea Ha 59,7% (p < 0,001), OMIM,,, — Ha 20,0%
(p < 0,001). MopiBHAHO 3 1-t0 rpynoto, 3anuanucs

3HU-

inositol, males had 10.1% (p < 0.001) lower OMP
females had 13.6% (p < 0.001) lower OMP,, .

The simulation of MASHD even 2 months after the
cessation of fructose consumption caused an increase
in OMP. In males of group 4, compared to group 1,
OMP,,, increased by 4.6 times (p < 0.001), OMP,,, —
by 5.9 times (p < 0.001); in females, respectively,
6.1 times (p < 0.001) and 5.7 times (p < 0.01). The values
of OMP,,, and OMP,,, were higher by 5.4% (p < 0.01)
and by 7.7% (p < 0.01) in males compared to females.

In males of group 5, compared to group 4, myo-
inositol caused a decrease in the content of OMP
by 20.6% (p < 0.001), OMP
Compared to group 1, OMP,, remained higher — 3.6 times
(p < 0.001), OMP,,, — 4.4 times (p < 0.001). In females
of group 5, compared to group 4, the content of OMP,_,
decreased by 17.1% (p < 0.001), OMP,,, — by 47.2%
(p < 0.001). Compared to the control, females also
had higher OMP,,, by 5.0 times (p < 0.001), OMP,,,
by 3.0 times (p < 0.001). In males, compared to females,
only 35.3% (p < 0.001) higher OMP,,, was noted.

In males of group 6, compared to group 4, OMP,
decreased by 21.3% (p < 0.001), OMP,,, — by 24.6%
(p < 0.001). Compared to group 1, OMP,, also
remained higher by 3.6 times (p < 0.001), OMP,,,
by 4.4 times (p < 0.001). In females, the content of
OMP,,,, compared to group 4, decreased by 8.4%
(p < 0.01), OMP,,, — by 17.3% (p < 0.001). Compared
to the control, females also had higher OMP,, — 5.6 times
(p < 0.001), OMP,,, — 4.7 times (p < 0.001). In females,
compared to males, only 10.1% (p < 0.001) higher
OMP,,, was noted. Compared with the indicators of
animals of group 5, in males of group 6 no statistically
significant changes in the studied indicators were found,
and in females, the values of OMP,,, were higher
by 10.5% (p < 0.001), OMP,,, — by 56.7% (p < 0.001).

In males of group 7, compared to group 1,
OMP._, increased by 5.8 times (p < 0.001), OMP

370
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w0 by 24.8% (p < 0.001).

by 5.7 times (p < 0.001), in females OMP,, iné?toea-
sed by 6.2 times (p < 0.001), OMP,,, — 6.8 times
(p < 0.001). Compared to females, males had higher
OMP,,, values by 24.0% (p < 0.001), but lower
OMP,,, values by 14.4% (p < 0.001).

Compared to group 4, in males of group 7 OMP,_,
was higher by 26.8% (p < 0.001), and in females,
OMP,,, was higher by 20.3% (p < 0.001).

In the 8th group of males, compared to the 7th,
OMP,,, decreased by 59.4% (p < 0.001), OMP,,, -
by 25.9% (p < 0.001). Compared to the control, OMP,,,
remained higher — 4.8 times (p < 0.001), OMP,,, -
5.7 times (p < 0.001). In females of group 8, compa-
red to group 7, OMP,,, decreased by 45.0% (p < 0.001),
OMP,,, — by 30.6% (p < 0.001). Compared to the
control, OMP_,, remained higher in females — 3.4 times
(p < 0.001), OMP,,, — 4.7 times (p < 0.001). In males,
compared to females, no significant difference in indi-
cators was found.

Compared to group 4, male OMP,, were lower
by 27.9% (p < 0.001) and females by 32.5% (p < 0.001),
but female OMP,,; were higher by 58.1% (p < 0.001).

In males of group 9, compared to group 7, OMP,,
decreased by 59.7% (p < 0.001), OMP,,, — by 20.0%
(p < 0.001). Compared to group 1, OMP,,, remained

0

higher — 2.3 times (p < 0.001), OMP,,, — 4.5 times
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Bwmmu OMIM,, — y 2,3 pasu (p < 0,001), OMI,,, —
y 4,5 pas3u (p < 0,001). Y camuub 9-i rpynu, nopiBHsHO
3 7-0, BiAMiYeHO 3HWKeHHa OMIl,.  Ha 46,0%
(p < 0,001), OMM,,, — Ha 29,2% (p < 0,001). MNopisHAHO
3 KOHTpOSieM, y camuub 3anuvwanucs suwmumm OMI, o
y 3,3 pa3u (p < 0,001), OMI1,,, —y 4,8 pasu (p < 0,001).
Y camuiB, NOpiBHSHO 3 camuusaMu, He Oyno pisHuUUi
y AocnigjKyBaHuWX MokasHukax. [lopiBHAHO 3 AaHumun
8-i rpynu, y camuiB i y camuub He BUSIBNEHO cTaTuc-
TMYHO gocToBipHMX 3MiH OMI1. lMopiBHSAHO 3 TBapMHaMK
6-i rpynn, y camuis OMI1,,, Gynu meHwumn Ha 35,1%
(p < 0,001), y cammup — Ha 39,9% (p < 0,001).

OTxe, MUTTS pO34MHY PpYyKTO3M 3aMmiCTb NUTHOI
BOAM NPOTArom 2 i 4 micsiliB CNPUYNHIOE PO3BUTOK Kap-
GoHinbHOro crpecy y cepui wypis. HakonuueHHs OMI]
3anexuTb Bif TPUBANOCTi BXUBaHHA OPyKTO3N Ta cTari.
Mio-iHo3uton i D-chiro-iHo3uTon, ki BXuBanu sk 3 niky-
BafbHOW, TaK i 3 NPOMINakTUYHO METOH, BUKINKaNN
3MeHLeHHss npoaykTie OMI, ane BOHW He pocsiranv
PiBHA KOHTPOMNbHUX TBapWH. EdekTuBHilMm Gyno Bxu-
BaHHS iHo3uTonMiB Npy MACXIT 3 npodinakTUYHOO METOL0.

®PpyKTO3a Ma€e 3HaYHUN MOLUKOAXYHOUNA edekT Ha
neyviHKy, O MOB’A3aHO 3 MEHLUMM EKCKYPCOM iHCYIiHY,
HeJOCTaTHbOK aKTMBALEd NiNoNpoTeiHninasn XupoBoi
TKaHWHW, MOPYLUEHHSAM KMipeHCY TpuauunriilepuHy.
Y nitepatypi € AaHi, WO YOMOoBIKN, HE3anexXHo Bif BiKy
Ta iHOeKcy Macu Tina, MaloTb 3Ha4YHUI NocTApaHaianbHUN
de novo ninoreHe3 neviHk1 Ta Ginbly YyTNUBI 4O CNOXW-
BaHHA (PYKTO3W, MOPIBHAHO 3 XiHKamu. Y pesynbrari,
HearnkorornbHa X1MpoBa XBopoba NedviHkK1 YacTile 3ycTpi-
YaETbCH Y YOMOBIKIB EBPOMENCHLKOI pacu. Ane y Uin xe
cTaTTi € pesynbraTtv, WO >KiHKA CIpUNHATAMBIWI OO0
CMOXWMBAHHS (PPYKTO3M 3 [TIOKO30K0, HIDK YOMOBIKK,
WO cynepeynTb BUCHOBKaM iHWWX asTopiB [17, 18].
Y Hawwmx gocnigax y camuiB BigOyBaeTbcs Oinblue Hako-
nuyeHHss OMI, wo Bkasdye Ha Baromiwle MoLLKoA-
KEHHS1 NEeYiHKM | cepusi NpU BXWBAaHHI [MIOKO3M NpoTS-
rom 2 i 4 micsauis.

IHO3UTONKM po3rnsgalnTb SK BTOPWHHI MeceHmxepu
iHCyniHy. BoOHM MaloTb  iHCYMiHO-MIMETUYHI  edbekTn,
wo poseneHo B ekcnepumeHTi [19]. OueBugHo, y Ao-
cnigXyBaHUX HaMu LIYpiB  BiAMIYAETbCA  PO3BUTOK
iHCYNIHOPE3UCTEHTHOCTI, TOMYy L0 iHO3UTONW 3HAYHO
3MeHLUYTb HakonmyeHHs OMNMM y nediHui i cepui Wwypis.

OvBHUM € TOM aKT, WO CUMbHIWKIN edeKT Big
BXXMBaAHHS iHO3UTOMIB MpPOSIBMSIETLCS MiCNsl YOTUPbLOX,
a He ABOMICSAYHOro MUTTS PO34MHy dpykTo3un. Moxnmeo,
BUSIBNEHI nopyLweHHs, 3ymoBneHi MACXI, npu npo-
[OOBXEHHI BXUBaHHSA (OPYKTO3n, € Binblummu, i came BOHU
KoperyTbcsl iHo3uTonom. OuyeBMAHO, crnocTepiraeTbcs
3aroCTPEHHsI MATOSIONYHOIO MpoLecy, a MPUNUHEHHS
BXUBaHHSA (PPYKTO3M 3ynuHsie noro. OctaHHe noTpebye
noAanbLUOro AOCHIAXKEHHS.

BUCHOBKH

Y nediHui Ta cepui LWypiB, SKi BXMBaNM MpoOTArom
2 i 4 wmicauie 20% po3ynMH PYKTO3N, 3pOCTaE BMICT
OKMCHO-MOANIKOBAHUX NPOTEiHIB. 3MiHU BMICTY OKUCHO-
MoamndpikoBaHMX MPOTEIHIB Y MeviHUi camuiB i camuupb
LypiB HapOCTaloTb i3 TPUBAMICTIO BXUBAHHA (DPYKTO3N.
Y cepui camuiB npu OOBLUOMY MNUTTI (PPYKTO3U 3pocCTa-
totb OMI,, ., a y camuup — OMI .

370’

(p < 0.001). In females of group 9, compared to group 7,
a decrease in OMP,,, by 46.0% (p < 0.001), OMP,,, —
by 29.2% (p < 0.001) was noted. Compared to the control,
females remained 3.3 times higher OMP,., (p < 0.001),
4.8 times higher OMP,,, (p < 0.001). Males, compared
to females, had no difference in the studied parameters.
Compared with the data of the 8th group, no statisti-
cally significant changes in OMP were found in males
and females. Compared with the animals of group 6,
OMP,,, in males were lower by 35.1% (p < 0.001),
in females by 39.9% (p < 0.001).

Therefore, drinking a fructose solution instead of
drinking water for 2 and 4 months causes the develop-
ment of carbonyl stress in the heart of rats. The accu-
mulation of OMP depends on the duration of fructose
consumption and sex of animals. Myo-inositol and
D-chiro-inositol, which were used for both therapeutic
and prophylactic purposes, caused a decrease in OMP
products, but they did not reach the level of control
animals. The use of inositols for the development
of MASLD with a preventive purpose turned out to be
more effective.

Fructose has a significant damaging effect on the
liver, which is associated with a smaller excursion of
insulin, insufficient activation of lipoprotein lipase of
adipose tissue, impaired clearance of triacylglycerol.
There is evidence in the literature that men, regardless
of age and body mass index, have greater postpran-
dial de novo hepatic lipogenesis and are more sensitive
to fructose intake than women. As a result, non-alcoholic
fatty liver disease is more common in men of european
race. But in the same article there are results that
women are more susceptible to consuming more fruc-
tose with glucose than men, which contradicts the
conclusions of other authors [17, 18]. In our experiments,
there is a greater accumulation of omp in males,
indicating more damage in both the liver and the heart
when consuming glucose for 2 and 4 months.

Inositols are considered as second messengers of
insulin. they have insulin-mimetic effects, which was
proven in the experiment [19]. Obviously, the develop-
ment of insulin resistance is noted in the rats studied
by us, because inositols significantly reduce the accu-
mulation of opm in the liver and heart of rats.

What is surprising is the fact that the greater effect
of using inositols is manifested when the fructose
solution is continued, not stopped. It is possible that
with MASHD, with continued use of fructose, greater
disturbances occur, which are precisely -corrected
by inositol. Obviously, there is an aggravation of the
pathological process, and when fructose consumption
is stopped, there is no such condition. The latter needs
further research.

CONCLUSIONS

The content of oxidative modified proteins increases
in the liver and heart of rats that consumed 20% fructose
solution for 2 and 4 months. Changes in the content
of oxidative modified proteins in the liver of male and
female rats increase with the duration of fructose con-
sumption. In the heart of males, when drinking fructose for
a long time, OMP, increases, and in females — OMP,, .
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[HO3MTONKM He AOoUiNbHO 3acTOCOBYBaTW Y 300POBMX
TBapWH, OCKINbKN BOHU CMPUYUHIONTb 30iNbLUEHHST OKUC-
Ho-MoaudpikoBaHMX npoTeiHiB. MNpun meTabonivyHo acouiiio-
BaHill CTEaTOTUYHIN XBOPOOi NEYiHKN IHO3UTONMM 3MEHLLY-
I0Tb LUKIAMMBWIA BNUB TPUBAMOIO CNOXUBAHHS (hPYKTO3N
Ha nediHKky i cepue LypiB, Npu4omy Binblue BUpaxeHWUiA
eheKT BigMi4eHO y TBapuH, SKMM NPOOOBXYBanu gasaTtu
dpykTo3y. TifNbkM Npu TpUBanNomy BXMBaHHI OPYKTO3N
D-chiro-iHo31TON, NOPIBHAHO 3 MIiO-iHO3UTONOM, Mae K
pawmn epekT Woa0 3MEHLLEHHS OMI'Im.
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PE3IOME

AxTyanbHicTb. BusHayeHHs BNNuMBY cuMnarto-agpeHanoBoi cucTeMu Ha Mopdo-
dyHKUIOHaNBHNI CTaH cepus NpU rocTPOMY KOPOHApPHOMY CUHAPOMI € aKTyarbHOM0
3ajavelo cborodeHHs. 3 iHWOoro 60Ky BaXKMMBUM 3aBAAHHAM € BMBYEHHS AUHAMIKM
3MiH (PYHKLiOHaNbHMX MNpOLECiB cepus nig BNIMBOM GiONOrivYHO-aKTUBHMX PEYOBUH,
SIK anbTepHaTUBHWX NpenapariB NikyBaHHA M’S130BOI TKAHWHWU cepus 3 METOK NPUCKO-
peHHs1 penapaTuBHOI pereHepadii Miokapaa nicns eniHedpPUHOBOIO YpaXeHHs.

Meta po6GOTM — BMBYEHHS [AMHaMIKM ynbTpacoHorpadiyHUX MOKasHWKIB cepus
B YMOBax TOCTPOro €KCNepMMEHTanbHOro YPaXeHHs Miokapda BEMUMKUMK [03amMu
agpeHaniHy nig BNAMBOM €KCTPaKTiB KPiOKOHCEPBOBaHUX hparMeHTiB cepLsi MOPOCAT.

Martepianu Ta Metogu. JocnigkeHHs Byno npoegeHo Ha 35 6esnopigHux Ginux
wypax, macoto 380-410, r Bikom 15 micauiB. TOKCUYHE ypaKeHHs Miokapaa Mopento-
BanyM LWNAXOM MNIOWKIPHOTO BBEAEHHS B  MIKIONATKOBY [AiNSHKY  eniHedpuHy
rigpotaptpaty y gosi 0,5 mr/100 r TBapuHu. EKCTpakTu cepusi mopocaT BBOAUNU
BHYTPILUHbOOYEPEBMHHO 3 pospaxyHky 50 mkr nentugis Ha 100 r macu TBapuHW.
CoHorpadiyHe JOCMigKeHHs cepus NPOBOAMNM Ha YNbTPasBYKOBOMY €XOTOMOCKOMI
«CoHomep 500» («Moni-Cnektp», YkpaiHa) B B- i M-pexumi 3 BUKOPUCTAHHAM TiHili-
Horo gatyumka 7,5L38 3 yactototo 7,5MIy,.

Pesynbtatv Ta iX OGroBopeHHsA. Y nepioa pO3ropHYTOro 3ananbHoro npouecy
(7-ma poba) BinbyBanocs MOpPYLUEHHSI CUCTOMIYHOI dpyHKUii Miokapga, nos’a3aHe
3 06’€EMHUM NepeHaBaHTaXXeHHSAM, Ha Lie CBiAYNO 3pOCTaHHSA KiHLEBOrO CUCTOMIYHOTO
ob’emy i, SIK HaCMigoK, 3HWXEHHS dpakuii BUKMAY B rpyni koHTpono Ha 16% Big
Hopmu. LllogeHHe BBeOeHHSI eKCTpakTy CrpaBnsno MNO3UTUBHUIA  IHOTPOMHWUIA

OpuwuriHanbHi 4oCnigpKeHHSs

185 Original research


https://doi.org/10.26565/2313-6693-2024-49-06
https://orcid.org/0000-0003-0085-296X
https://orcid.org/0000-0003-0085-296X
mailto:n.chizh@ukr.net
https://orcid.org/0000-0003-0090-2971
https://orcid.org/0000-0003-0090-2971
mailto:ibelochkina@ukr.net
https://orcid.org/0000-0002-1045-0756
https://orcid.org/0000-0002-1045-0756
mailto:globa.1978@gmail.com
https://orcid.org/0000-0003-2072-5861
https://orcid.org/0000-0003-2072-5861
mailto:isleta@ukr.net
https://orcid.org/0000-0002-7829-0058
https://orcid.org/0000-0002-7829-0058
mailto:irene.mikhailova@gmail.com
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0001-7924-4048
mailto:fedir.hladkykh@gmail.com
https://orcid.org/0000-0003-0085-296X
https://orcid.org/0000-0003-0085-296X
mailto:n.chizh@ukr.net
https://orcid.org/0000-0003-0090-2971
https://orcid.org/0000-0003-0090-2971
mailto:ibelochkina@ukr.net
http://V.Yu
https://orcid.org/0000-0002-1045-0756
https://orcid.org/0000-0002-1045-0756
mailto:globa.1978@gmail.com
https://orcid.org/0000-0003-2072-5861
https://orcid.org/0000-0003-2072-5861
mailto:isleta@ukr.net
https://orcid.org/0000-0002-7829-0058
https://orcid.org/0000-0002-7829-0058
mailto:irene.mikhailova@gmail.com
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0001-7924-4048
mailto:fedir.hladkykh@gmail.com
mailto:n.chizh@ukr.net

BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.
Cepist MegnumHa. 2024. T. 32. Ne 2(49). C. 185-197

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2024;32(2(49)):185-197

AAS UMTYBAHHS:

Ta XPOHOTPOMHUIA edekT, Npo WO Ha 7-My 0By CNoCTepexeHHs CBiAYMNO nepesu-
LEeHHS MOKa3HWKIB yAapHOro Ta XBWUMMHHOIO 06’eéMy BiQHOCHO TIPYNW KOHTPOIO
Ha 17,7 i 18,5% BignoBigHo. ®pakuis BUKMAY, SK KOMMMEKCHUIA MOKAa3HUK (OYHKLiO-
HarnbHOI CMPOMOXHOCTI cepus, y rpyni 3 BBEAEHHSAM eKkcTpakTy cknana 59,5%, wo
CTaTUCTUYHO JOCTOBIPHO NEePEBMLLYBArO BiAMOBIAHUIA NOKA3HWK HEMIKOBAHUX TBAPUH.
BBeneHHst ekcTpakTy cnpusino Ginblw MOBHOMY BiAHOBMEHHIO 06’ €MHO-LLBUAKICHUX
XapaKTepuUCTMK Ta MOKa3HWKIB CKOPOTNMBOI (PyHKLii Miokapda miBOro  LUnyHOYKa
Ha 28-my OobOy micns ypaxeHHs eniHedpuHOM, B MNepiof 3aBepLUeHHS aKTUBHOIO
3ananbHOro npouecy Ta aganTauii cepueBoro M'sisa 40 HOBUX YMOB reMOAMHaMIKu.
KiHUeBUA cucToniyHWMI Ta AiacToniuyHWMn 06’EMU, a TaKoX PO3PaxyHKOBI MOKa3HUKU
CUCTOMIYHOI (PyHKLii NIBOrO LWNyHOUKA — yOApHU Ta XBWUIMHHMI 06’eM, cbpakuis
BMKMOY — Ha 28-my J00y CTaTUCTUYHO BIipOrigHO He BiApi3HSANUCA Big BignoOBiOHMX
NOKA3HWKIB iIHTAKTHUX TBApWH.

BucHoBKkU. BcTaHoBNEHO, L0 BBEAEHHST E€KCTPAKTY Cepusi MOPOCAT YMHUTb NO3UTUB-
HWIA iHOTPOMHWIA | XPOHOTPOMNHUIA edekT Ha 7-my Aoby, i cnpusie Ginbll NOBHOMY
BiJHOBMEHHIO O00’€MHO-LUBUAOKICHUX XapaKTepuUCTUK Miokapga IiBOro  LUMyHOYKa
Ha 28-My 006y nicnsi ypaxeHHs eniHedpuHOM.

Uumx M.O., BenoukiHa |.B., Moba B.1O., Cneta I.B., Muxannosa |.MN., Magkux ®.B. YnerpasBykoBe AOCHIMKEHHS
cepus LWypiB MiCNs eKCNepUMEHTanbHOrO ypaXeHHs eniHeppuHOM Ta 3acTOCYBaHHSA KCEHOEKCTPaKTy cepus.
BicHuk Xapkigcbko020 HaujoHanbHo2o yHisepcumemy imeHi B.H. KapasiHa. Cepisi MeduyuHa. 2024. T. 32. Ne 2(49).
C. 185-197. DOI: https://doi.org/10.26565/2313-6693-2024-49-06
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ABSTRACT

Background. Determining the impact of the sympatho-adrenal system on the
morpho-functional state of the heart in acute coronary syndrome is a relevant task today.
On the other hand, an important objective is to study the dynamics of changes in the
heart’s functional processes under the influence of biologically active substances
as alternative treatments for heart muscle tissue, aiming to accelerate reparative
regeneration of the myocardium after epinephrine-induced damage.

Purpose — the study focuses on the dynamics of ultrasound indicators of the heart
under conditions of acute experimental myocardial damage induced by high doses
of adrenaline, influenced by extracts from cryopreserved heart fragments of piglets.
Materials and Methods. The study was conducted on 35 outbred white rats, weighing
380-410 g and aged 15 months. Toxic myocardial damage was modeled by
subcutaneously injecting epinephrine hydrotartrate in the interscapular region at
a dose of 0.5 mg/100 g of body weight. Piglet heart extracts were administered
intraperitoneally at a dose of 50 ug of peptides per 100 g of body weight. Sonographic
examination of the heart was performed using a «Sonomed 500» ultrasound
echotomoscope («Poly-Spectrum», Ukraine) in B- and M-modes with a linear
transducer 7.5L38 operating at a frequency of 7.5 MHz.

Results. During the period of a fully developed inflammatory process (day 7), there
was a disruption of systolic myocardial function associated with volume overload,
as evidenced by an increase in end-systolic volume and, consequently, a 16% decrease
in ejection fraction in the control group from the norm. Daily administration of the
extract had a positive inotropic and chronotropic effect, as indicated on day 7 by
a 17.7 and 18.5% increase in stroke volume and cardiac output, respectively, compared
to the control group. The ejection fraction, as a comprehensive indicator of the
heart’s functional capacity, was 59.5% in the group receiving the extract, which was
statistically significantly higher than the corresponding indicator in untreated animals.
The administration of the extract facilitated a more complete recovery of volume-speed
characteristics and indicators of left ventricular myocardial contractile function by
day 28 after epinephrine-induced damage, during the period of the resolution
of the active inflammatory process and adaptation of the heart muscle to new
hemodynamic conditions. The end-systolic and end-diastolic volumes, as well as
calculated indicators of left ventricular systolic function — stroke volume, cardiac
output, and ejection fraction — on day 28 did not statistically differ from the correspon-
ding indicators in intact animals.

Conclusions. It was established that the administration of piglet heart extract exerts
a positive inotropic and chronotropic effect on day 7 and promotes a more complete
recovery of the volume-speed characteristics of the left ventricular myocardium by
day 28 after epinephrine-induced damage.

Chyzh MO, Belochkina IV, Globa VYu, Sleta IV, Mikhailova IP, Hladkykh FV. Ultrasound examination of rat hearts after
experimental epinephrine-induced damage and the application of heart xenoextract. The Journal of V.N. Karazin Kharkiv
National University. Series Medicine. 2024;32(2(49)):185-197. DOI: https://doi.org/10.26565/2313-6693-2024-49-06
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BCTYN

Ha cborogHi cepueBO-CyOuHHI 3axBOpPHOBaHHA —
OCHOBHa MpuYMHa CMEPTHOCTI Y BCbOMY CBITi. KniHiko-
CTaTUCTUYHI  OOCNIAXEHHSA  LWOPIYHO  MiATBEPAXYOTb
OVHaMIiKy 3pOCTaHHsi i JOMiHYBaHHsSI cepLeBO-CyANHHMX
XBOpOb y CTpPyKTypi 3aranbHoi 3axBoptoBaHocTi. Cepen
3aXBOPIOBaHb CEPLIEBO-CYAMHHOI CUCTEMMW MPOBIAHY
ponb B MOKa3HWKY CMEpPTHOCTI Bidirpae ycKnagHEeHHS
iLemiyHOT XBOpOOU cepus — iHbapKT Miokapaa.

CyyacHuWn CTaH XuTTA, a came Woro OypxnvBuin
pUTM Ta MPUCKOPEHUN TeMn, a TaKoX MOBCSAKAEHHA
acheKkTMBHA HanpyXeHicTb i HeobxiaHicTb 6e3nepepBHOro
KOHTPOM Hag 30BHILHIMX nNposiBaMn CBOIX €MOLIn
Npu3BoAMTbL A0 MOSIBU CTPECY, i SK HACNIQOK, BUCHaXYE
3aXUCHi MOXIMBOCTI opraHiamy. Came CTpec € BaXMBuUM
MyCKOBUM MexaHi3MOM akTuBsauil cumnaTto-agpeHanoBol
CUCTEMM Ta PO3BUTKY iLIEMIYHUX Ta FiNOKCUYHUX 3MiH
Miokapgda, Ski noe’sizaHi GesnocepegHbo i3 Garatbma
edekTamm Katexonaminis [1].

KatexonamiHn € BaXnvMBuUMM HeMpOTpPaHCMiTEpamM,
wo 6GepyTb ydvacTb Yy perynsauii ¢yHKuUii cepueBo-
CyauHHOI cuctemu. [MigBULLEHHA piBHA KaTexonamiHis
B UMPKYMAUil KPOBi € CTaHOApTHOK peakLieto opraHiamy
B CMTyauil po3BWUTKY BUpaxeHOi BionoriyHoi HeraTuBHOI
peakuii. MNpu disionoriyHnx (NOMipHMX) KOHLIEHTpaLiax
agpeHaniHy, Wo Jdie Ha KapAiomMiouuTh LUMYHOYKIB
yepes P,-aipeHOpPeLienTopy, FOPMOH Hadae Mo3UTUBHY
iHOTPOMHY Ta XPOHOTPOMHY Ail0 B pe3ynbraTti akTusauii
Kackagy peakuin, Lo 3anyckalTbes B Xofi kKoHdopmauil
Gs MeMbGpaHHMX GinkiB. Ak Hacnigok, agpeHaniH 36inb-
WyE LWBWUAKICTE KPOBOTOKY, B pe3ynbraTti 36inbLuyeTbcs
JocTaBka y M'Si3V KUCHIO, @ TaKOX [IHOKO3W Ta iHLIMX
PEYOBUH, LLO CryxaTb mxepenamu eHeprii [2].

B 1ol e yac 0o KiHUs He 3'coBaHa posb KaTexo-
namiHiB 'y naTtoreHeTUYHOMY naHulory npouecis, ski
BinOyBalTbCACS Mpu po3BUTKY iHAAPKTY Miokapaa.
JocnigHykn NpuainsaoTe BENWKY yBary WoAo 3'CyBaHHA
Npobnem naTtoreHeTUYHUX MEXaHi3MiB BUHWKHEHHST BOT-
HULLEBMNX YypaXeHb cepusi, MOB'SI3aHMX 3 MNUTAHHAMU
dopmyBaHHsi TpombiB Ta pekaHanizauii KOpoHapHUX
CYOVH, @ BU3HAYEHHIO BMNIMBY CMMNAaToaZpeHanoBoi cuc-
TeMM Ha MOPMOMYHKLiOHANbHUI CTaH cepus NpuUCBS-
YEHO HeJoCTaTHBO NyobnikaLii.

AKTMBaUis cuMMnaToagpeHanoBoi CUCTEMUM Xapak-
Tepu3yeTbCa 30iMblUEHHSAM 3aranbHOr0 BMICTY KaTexo-
namiHiB Ta 3MiHOK CniBBIAHOLWIEHHS HopaapeHarniH/
agpeHaniH. 3a gaHumu KapHayx E.B., npu 36inbLueHHi
KOHLUEeHTpauii agpeHaniHy B TKaHMHax Miokapga Ao
(0,1-0,27 wmkr/r) po3BUBaKOTLCA BUPaXEHi KapaianbHi
NOPYLLEHHS 32 iLUEMIYHMM TUMOM, AKi HarnmsaHO peecTpy-
I0TbCA Ha ernekTpokapaiorpami y BUMmMsAai «ilwemidyHoro»
3y6ua T [2, 3].

EnektpokapgiorpadiyHi 3miHM MaloTb CBOE MOpO-
noriyHe niarpyHTTS. B Hawwmx nonepegHix AochigKeHHAX
npu mikpockonii cepus LypiB 6yno nokasaHo, Lo Yepes
roguHy nicns BBEOEHHS TOKCUYHMX [03 agpeHaniHy,
y Miokapgi BCiX Bigginis cepus BiA3HayaBCs Bupaxe-
HWIA cna3m apTepianbHux cyauH. Yepes poby cnasm
3MiHIOBaBCSA Napes3oM apTepianbHUX CyauH 3 PO3BUTKOM
BMPaXeHNX [OEeCTPYKTUBHUX 3MiH Yy Kapgiomiouutax Ta
NOSABOKO NEMKOLMTaPHOI iHINbTpaLil HaBkono apTepion.
AcenTuyHe 3ananeHHsa Miokapda, WO BMHUKaNo BHachi-

INTRODUCTION

Cardiovascular diseases are currently the leading
cause of mortality worldwide. Clinical and statistical
studies annually confirm the growing prevalence and
dominance of cardiovascular diseases within the
overall morbidity structure. Among cardiovascular
diseases, complications of ischemic heart disease,
particularly myocardial infarction, play a leading role
in mortality rates.

The modern pace of life, characterized by its
rapid rhythm and accelerated tempo, along with daily
affective tension and the necessity of continuous
emotional control, leads to stress. This, in turn, depletes
the body’s protective capabilities. Stress acts as a critical
trigger for activating the sympatho-adrenal system
and the development of ischemic and hypoxic changes
in the myocardium, which are directly associated with
many catecholamine effects [1].

Catecholamines are vital neurotransmitters involved
in regulating cardiovascular system functions, and
elevated levels of catecholamines in the bloodstream
are a standard physiological response to significant
biological stress. At physiological (moderate) concen-
trations of adrenaline acting on ventricular cardio-
myocytes through B,-adrenergic receptors, the hormone
exerts positive inotropic and chronotropic effects via
the activation of reaction cascades initiated by the
conformational changes of Gs membrane proteins.
Consequently, adrenaline increases blood flow velocity,
enhancing oxygen, glucose, and other nutrient delivery
to the muscles, thereby serving as energy sources [2].

The role of catecholamines in the pathogenic chain
of events during myocardial infarction development
remains insufficiently elucidated. Researchers focus
extensively on the pathogenesis of focal heart lesions,
particularly issues related to thrombus formation and
coronary vessel recanalization. However, there is
a scarcity of publications on the impact of the
sympatho-adrenal system on the morpho-functional
state of the heart.

Activation of the sympatho-adrenal system is characte-
rized by an increased overall catecholamine content and
altered norepinephrine/adrenaline ratio. According to [3],
elevated adrenaline concentrations in myocardial tissues
(0.1-0.27 pg/g) result in pronounced ischemic-type
cardiac disturbances, which are visibly recorded on
an electrocardiogram as an «ischemic» T wave [2, 3].

Electrocardiographic changes have a morphological
basis. In our previous studies, microscopic examination
of rat hearts demonstrated that one hour after admi-
nistering toxic doses of adrenaline, all myocardial
sections showed severe arterial spasm. After 24 hours,
this spasm was replaced by arterial paresis, leading
to significant destructive changes in cardiomyocytes
and leukocyte infiltration around the arterioles. Aseptic
myocardial inflammation, induced by high doses of
adrenaline, peaked on day 7 and concluded with the
formation of granulation tissue islands in perivascular
and intermuscular spaces by day 30 [4].

Following the morphological investigation of the
myocardium, assessing the functional state of the heart
during the peak inflammatory process and at the final
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[OOK BEMUKMX [03 afapeHaniHy, Habvpano Hawbinbw Bu-
pasHux 3MiH Ha 7-my 006y, a Ha 30-Ty goby 3akiHuyBa-
nocb POpMyBaHHAM OCTPIBLIB rpaHynsAUinHOI TKaHWHW
B nepiapTepianbHOMY Ta MiXXM’S30BUX NpocTopax [4].

Micna oTpumaHHA paHux MmopdhonoriyHoro gocnig-
XKEHHs1 Miokapaia BUHMKae noTpeba ouiHKM pyHKLioHanb-
HOro CTaHy cepLs B nepiod po3nany 3anasbHoro npoecy
B MioKapai Ta Ha 3aBepLuanbHOMY eTani Ogy»XKaHHS.

3 iHworo 60Ky BWMBYEHHsI AMHaMiKM 3MiH yHKLiO-
HanbHUX npoueciB cepus nig BAAMBOM GionoriyHo-
aKTUBHUX PEYOBUWH, K anskTepHaTUBHUX NpenaparTiB niky-
BaHHS M’SI30BOi TKaHWHW CEpLUSsi, 3 METOK MPUCKOPEHHS
penapaTuMBHOI pereHepadii Miokapaa nicnsa eniHedpuHo-
BOrO YPaXeHHS, € aKTyarnbHO 3a4a4€et0 CbOroAEHHS.

Cepen 6ionoriyHO-aKTUBHUX PEYOBUH MNEPCMNEKTUB-
HUM MOXe OyTW BMKOPUCTaHHSI MENTUOHMX KOMMIEKCIB
y CKnagi €eKkcTpakTiB KpiOKOHCEpBOBaHMX parMeHTiB
cepusi nopocat (Ecull). Paniwe 6yno nokasaHo, L0
cknag nenTuaHUX KOMMIEKCIB Y eKCTpakTax, OTpUMaHux
3 KpIiOKOHCEpBOBaHWX parMeHTiB OpraHiB CBUHEN
Ta MOPOCAT, € opraHocneumdivyHnUM, i Taki eKCTpakTu
CTUMYINIOKTL penapaTuBHy pereHepauilo npu  pisHUX
naTonoriyHmx ctaHax [5].

Y TBapuWH i3 KPiOHEKPO3OM cepusi MiCnsi BBEOEHHS
anbriHatHoro iMnnaHTaty, HacudeHoro ECull, y 30HYy
KpiogecTpykuii B GinbLU paHilHi TepmiHK (Ha 7-my O00y)
B MOPIBHSAHHI 3 KPIOHEKPO30M CepLs PO3BUBAETHLCS HOBO-
cTBOpeHa pybueBa TkaHWHa 3i 3piNMMKM KonareHoBMMMU
BOJIOKHAMM, KPOBOHOCHUMW CyAMHaMu Ta Kaninspamu,
CTiHKM SIKMUX YTBOPEHi CyUinbHUM Ge3nepepBHMM LLApOM
eHpoTenianbHNX KMiTuH, Wwo nepeabavae BiAHOBMEHHS
Tpodikv B ypaxeHin ainsHui miokapaa [6].

Meta po6oTM — BUBYEHHS [OUHaMikuM ynbTpa-
coHorpadiyHMX MOKa3HWKIB cepus B yMOBax TOCTPOro
€KCMeprMEHTANbHOrO ypaXKeHHs Miokapga BenuKMMu
Jo3aMu agpeHaniHy nig BNAMBOM EKCTPaKTIB KPiOKOH-
CcepBOBaHMX parMeHTiB cepLisi MOPOCST.

MATEPIAAU TA METOAU AOCAIAXEHHSA

HocnigxkeHHs ©yno npoBefeHo Ha 35 GesnopigHMx
Oinnx wypax, macowo 380-410 r, Bikom 15 wmicauis.
EkcnepvMeHTV npoBedeHi 3a pernameHToM, 3aTBepa-
XeHum KomiteTom 3 6ioetukn IHCTUTYTY npobnem
KpioGionorii i kpiomegumumHn HauioHanbHOi akagemii
Hayk YKpaiHu, sikuin Oyno po3pobrieHo BignoBiAHO A0
«3aranbHyUX MPUWHLMMIB E€KCMEPUMEHTIB Ha TBapuHax»,
cxanennx Il HauioHanbHUM KoHrpecom 3 GioeTuku
(Kvie, YkpaiHa, 2007) i y3romkeHux 3 MOMOXEHHAMMN
«EBPONEncbKOi KOHBEHLT 3 3aXUCTy XpebeTHUX TBApWH,
LLIO BMKOPUCTOBYIOTBCA B €KCMEPUMEHTarNbHUX Ta iHLWNX
HaykoBwmXx Linax» (Ctpacbypr, ®paHuisa, 1986).

ToKCMYHE ypaxXeHHs Miokapga MOAENoBanm LsXom
NiALWKIPHOrO BBEOEHHA B MDKIOMATKOBY AINAHKY eniHe-
dpvHy rigpotaptpaty («AgpeHaniH-OapHuus» [MpAT
«®apmauesTryHa dipma «dapHuusa») y gosi 0,5 mr/100 r
Macu TBapuHu [4].

Micna mopgentoBaHHA eniHEPUHOBOIO  YpaXkeHHs
cepusi ecnepumeHTanbHi TBapuHu Oynu po3nogineHi
Ha fABi rpynu no 14 TBapuH Yy KOXHiN. KOHTpOnbHYy
rpyny 1 (EniHedpwvH) cknanu wypu 3 ekcnepuMMeHTarnb-
HAM ypaXXeHHsIM Miokapaa ©0e3 nikyBaHHA. LWypwn i3
BBEAEHHAM €EKCTPaKTy KpPiOKOHCEPBOBaHMX (parmMeHTiB
cepus nopocsaT (ECulT) Ha Tni ekcnepumeHTanbHOro ypa-

recovery stage becomes necessary. Additionally,
studying the dynamics of functional heart processes
under the influence of biologically active substances
as alternative treatments for heart muscle tissue, aimed
at accelerating myocardial reparative regeneration
after epinephrine damage, is a pressing task today.

Among biologically active substances, peptide
complexes within extracts of cryopreserved piglet
heart fragments (PCHE) show promise. Previous
research has demonstrated that peptide complexes
in extracts from cryopreserved pig and piglet organs
are organ-specific and stimulate reparative regeneration
in various pathological conditions [5].

In animals with cryonecrosis of the heart, following
the administration of an alginate implant saturated
with PCHE into the cryodestruction zone, newly formed
scar tissue with mature collagen fibers, blood vessels,
and capillaries (whose walls consist of a continuous
endothelial cell layer) developed earlier (on day 7)
compared to heart cryonecrosis without treatment,
suggesting restored trophic support in the affected
myocardial area [6].

Objective — the study focuses on the dynamics of
ultrasound indicators of the heart under conditions
of acute experimental myocardial damage induced
by high doses of adrenaline, influenced by extracts
from cryopreserved heart fragments of piglets.

MATERIALS AND METHODS

The study was conducted on 35 outbred white rats
aged 15 months with a body weight of 380—-410 g.
The experiments were carried out according to the
regulations approved by the Bioethics Committee of the
Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine,
developed in accordance with the «General Principles
of Experiments on Animals,» endorsed by the Il Natio-
nal Bioethics Congress (Kyiv, Ukraine, 2007) and
harmonized with the provisions of the «European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes»
(Strasbourg, France, 1986).

Toxic myocardial injury was simulated by subcuta-
neous administration of epinephrine hydrochloride
(«Adrenaline-Darnitsa» JSC  «Pharmaceutical Firm
«Darnitsa») at a dose of 0.5 mg/100 g animal [4].

After modeling myocardial injury with epinephrine,
the experimental animals were divided into 2 groups
of 14 animals each. The control group (Epinephrine)
consisted of rats with experimental myocardial injury
without treatment. Rats with the addition of extracts
of cryopreserved fragments of pig heart (ESCp) on
the background of experimental myocardial injury
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XEHHs1 cepust yBinwnu y rpyny 2 (EniHedpun + ECull).
[pyny HOpMUK cknanu 7 iHTakTHUX LWypiB.

KpiokoHcepBoBaHi oparMeHTn cepus NOPOCAT OTpU-
MyBanu 3rigHo 3 metogukoto [5]. KoHueHTpauito nentuais
B EKCTpaKTax BM3Ha4anu cnekTpodoToMeTpUYHUM METO-
oM npu goBxuHi xsuni 280 HM. KiHueBa KOHUEHTpauis
nentuaie B ekctpakTti cknagana 0,1 mr/mn. Ekctpaktn
cepusi MOPOCAT  BBOAMNN  BHYTPILUHBOOYEPEBUHHO
3 po3paxyHky 50 mkr nentuais Ha 100 r macu TBapuHM.

PeecTpauito enektpokapaiorpam (EKI) 3givicHioBanu
B Tpbox ctaHgaptHux (1, II, Ill) i Tpbox gogaTkoBmx (avR,
avL, avF) BigBegeHHsIX Ha anapaTHO-MPOrpaMHOMy
komnnekci «[Moni-CnekTp 8/B» («Moni-Cnektp», YkpaiHa).

CoHorpacpiyHe pocnigkeHHs1 cepusi NpoBoauiM Ha
ynbTpa3BykoBOMy  exoTtomockoni  «CoHomen — 500»
(«Moni-CnekTp», Ykpaina) B B- i M-pexumax 3 Bukopuc-
TaHHAM RiHinHoro gartymka 7,5L38 3 yactototo 7,5MI L.
YnbTpa3BykoBEe CKaHyBaHHSA MPOBOAMNU B  MIOLLMHI,
nepneHanKynsapHin noBepxHi rpygHoi KniTkm 3 napa-
CTepHanbHOro AocTyny no Aoerin Bici cepus. lMpu go-
cnipkeHHi B M-moganbHOMYy  pexumi  BMMIptoBanu
CTPYKTYPWU MOPOXHUH cepus — AiaMeTpu Ta AucTaHLUii:
KiHLeBo-giacToniyHmin giametp JIW (KOO, mMm), KiHUeBO-
cucToniyHmn pgiametp JIW (KCO, MM), TOBLUMHY MiX-
LUNYHOYKOBOT neperopoaku B giactony (TMIMO), ToBwm-
Hy MiXXLLYHOYKOBOI neperopogku B cuctony (TMIMC, mm),
TOBLLUMHY 3a4HbOI CTIHKW NiBOro LWUyHOYKa B Aiactony
(T3CO, MM), TOBLUMHY 3a[HbOI CTiHKM NIBOrO LUNyHO4YKa
B cuctony (T3CC, mm) [7].

Micna BuMIpOBaHHA aHaTOMIYHUX CTPYKTYp B aBTo-
MaTU4YHOMY PEXUMI EXOTOMOCKOMN pO3paxyBaBaB OCHOBHI
NMoKas3HUKN 00’EMHO-LUBUAOKICHUX XapakTepUCTUK cepus
(kiHueBo-giacToniyHun o6’em (KOO, mn), KiHLEBO-CUCTO-
nivyHun o6’em (KCO, mn), yoapHuin o6’em (YO, mn), xBu-
nuHHWIA o6’em (XO, mn/xs), dppakuia suknagy (PB, %)) Ta
MOKa3HWKN ckopoTnmBoi dyHKUii miokapga JLW (BiocoTok
CUCTOMIYHOIO MOTOBLLEHHS MXKLLITYHOUYKOBOI NEeperopoaku
(CIMMLLMM, %), BiaCOTOK CUCTONIYHOIO NOTOBLUEHHS 3a4HbOT
cTiHkm J1W (CN3CLU, %), dpakuis ckopoyeHHs (PC, %),
BiiHOCHa ToBLMHa cTiHku J1LL (BTC), maca JILW (MJILL, r).

Lindposi aaHi HaBegeHi y Burnagi «M £ m» (M + SE),
ne M — cepegHe apudmetTuyHe 3HadeHHsi, m(SE) —
cTaHgapTHa noxmbka cepeaHboro apudMEeTUYHOro.
[Mpn HopmanbHOMY po3nodini He3anexHUX Benu4uH Bia-
MiHHOCTI Mi>X rpynamu Bu3Ha4yanu nonapHo 3a t-kputepiem
CrbtogeHTa. Npy HeHopManbHOMY pPO3MNoAini NPUHaNMHI
OfHIel 3 rpyn He3anexHux BenuYuH BIOMIHHOCTI MiX
HAMW BU3HaA4YanM 3a HenapameTpuUyHUM KpUTEpiEM
Kpackena—Bonnica, abo nonapHo 3a HenapamMeTpuyiHUM
paHrosum U-kputepieM MaHHa—YiTHi.

PE3YABTATU TA iX OBTOBOPEHHS

Ha nigcrasi ckpuHiHroBoro enekTpokapgiorpadiv-
HOro [OCriAXEeHHA Ha mogeni eniHedpuHOBOro ypa-
XEHHs1 cepus, My 06pann gBa CTPOKN CNOCTEPEXEHHS,
aki 6 Bigobpaxanu npouecu YHKLiIOHanNLHOrO HaBaH-
TaXEHHs1 cepus Ha Pi3HWUX CTafifx ypaKeHHs opraHa.
B roctpin ctagii nepebiry eniHedpUHOBOIO ypaKeHHS
cepus Y3-gocnigkeHHs npoBogunu Ha 7-my goby, konu
€XOMNOKa3HMKM BiaA3epKantoTb NpoLec NpUCToCyBaHHSA
cepueBoro M'asa A0 (PYHKUIOHaNbHOro HaBaHTaXEHHS,
i Ha 30-Ty o6y ekcnepMMeHTy — B CTPOK, KONW NaTomnoriy-
Hi 3MiHM cepLEeBOro M’'si3a MatoTb OCTaTOYHUI XapakTep.

formed Group 2 (Epinephrine + ESCp). The norm
group included 7 intact rats.

Cryopreserved pig heart fragments were obtained
according to method [5]. The concentration of peptides
in the extracts was determined by spectrophotometric
method at a wavelength of 280 nm. The final concent-
ration of peptides in the extract was 0.1 mg/ml. Heart
extracts were administered intraperitoneally at a dose
of 50 ug of peptides per 100 g of animal weight.

Electrocardiograms (ECG) were recorded in three
standard (I, I, Ill) and three additional (avR, avL, avF)
leads using the hardware-software complex «Poly-
Spectrum 8/B» («Poly-Spectrumy, Ukraine).

Echocardiographic examination of the heart was
performed using the «Sonomed 500» ultrasound echo-
tomograph («Poly-Spectrum», Ukraine) in B- and
M-modes with a linear probe 7.5L38 at a frequency of
7.5 MHz. Measurements in M-mode included the
following parameters of cardiac structures: left ventri-
cular end-diastolic diameter (LVEDD, mm), left ventri-
cular end-systolic diameter (LVESD, mm), interventricular
septum thickness in diastole (IVSd), interventricular
septum thickness in systole (IVSs, mm), posterior
wall thickness of the left ventricle in diastole (PWd, mm),
posterior wall thickness of the left ventricle in systole
(PWs, mm) [7].

After measuring the anatomical structures in auto-
matic mode, the echotomograph calculated the main
parameters of volumetric and velocity characteristics of
the heart (end-diastolic volume (EDV, ml), end-systolic
volume (ESV, ml), stroke volume (SV, ml), cardiac
output (CO, ml/min), ejection fraction (EF, %)) and para-
meters of myocardial contractile function of the left
ventricle (percent systolic thickening of the interventri-
cular septum (STIVS, %), percent systolic thickening
of the posterior wall (STPW, %), fractional shortening
(FS, %), relative wall thickness (RWT), left ventricular
mass (LVM, g)).

Digital data are presented as «M = m» (M = SE),
where M is the arithmetic mean value, m (SE) is the
standard error of the arithmetic mean. Differences
between groups were analyzed pairwise using
Student’s t-test for normally distributed independent
variables. For non-normally distributed variables in at
least one group, differences were determined using
the non-parametric Kruskal-Wallis test or pairwise
using the non-parametric Mann—-Whitney U test.

RESULTS AND DISCUSSION

Based on the screening electrocardiographic study
on the model of epinephrine-induced myocardial injury,
we selected two observation time points that would
reflect the processes of functional heart load at different
stages of organ damage. During the acute stage of
epinephrine-induced heart injury, ultrasound examination
was conducted on the 7th day, when echocardiographic
parameters reflected the myocardium’s adaptation to
functional load. The second observation was made on
the 30th day of the experiment, at a stage when patholo-
gical changes in the myocardium had become definitive.
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ExokapaiorpadpivyHi nOkasHuku cepus LypiB

Ha 7-My AOGy eKCNepPUMEHTAALHOTIO

eniHecpbpMHOBOro ypaxeHHs Miokapaa

Mpu npoBeneHHi Y3-gocnioXeHHs LWypiB BCTaHOB-
MEHO, WO B HOPMi MOPOXHMHA MiBOrO LUMYHOYKa Mae
oBarnbHy (koHyconofibHy) dopMy, pyX MDKLLITYHOYKOBOT
neperopogkM Ta 3afHbOi CTIHKM B CUCTONY B3aEMHO
crnpsiMOBaHi, nepegHa i 3agHsA CTYNKM MiTpanbHOro
KnanaHa pyxatTbcsi B npotudasi [7] (puc. 1).

OCHOBHI ynbTpasBYKOBi MOKa3HWKM BUMIpIB npea-
cTaBneHi B Tabnuui 1.

Echocardiographic parameters of rats’ hearts
on the 7th day of experimental
epinephrine-induced myocardial injury
During the ultrasound examination of the rats, it
was established that under normal conditions, the left
ventricle cavity has an oval (cone-shaped) form, and
the movement of the interventricular septum and the
posterior wall in systole is mutually directed. The anterior
and posterior cusps of the mitral valve move in opposite
phases [7] (see Figure 1).
The main ultrasound measurement parameters are
presented in Table 1.

Puc.1. Exokapgiorpama uiypa 8 HopMi. B i M — pexum.
1-KAA; 2 -KCA; 3-TMMA; 4 — TMINC; 5-T3C[; 6 — T3CC
Fig. 1. Echocardiogram of a rat under normal conditions. B and M modes.
1 - LVEDD (Left Ventricular End-Diastolic Diameter); 2 — LVESD (Left Ventricular End-Systolic Diameter);
3 — IVSd (Interventricular Septum thickness in diastole); 4 — IVSs (Interventricular Septum thickness in systole);
5 — LVPWd (Left Ventricular Posterior Wall thickness in diastole); 6 — LVPWs (Left Ventricular Posterior Wall thickness in systole)

Ta6nuus 1. O6’eMHO-LIBUAKICHI XapaKTEPUCTUKN FiBOTO LUYHOYKa LWypiB Ha 7-My fo6y
nicnsa eniHedpUHOBOTO YPaXKeHHs Miokapaa
Table 1. Volumetric and velocity characteristics of the left ventricle of rats on the 7th day
after epinephrine-induced myocardial injury

Moka3nuk / Parameters Hopwma / Normal EninedpuH / Epinephrine | Eninedpun + ECul / Epinephrine + ESCp
KOO, mn / EDV, ml 0,99+0,08 1,44+0,14" 1,60+0,18!
KCO, mn / ESV, ml 0,40+0,04 0,65+0,07" 0,67+0,08'
YO, mn/ SV, ml 0,67+0,05 0,79+0,08 0,93+0,11
XO, mn/ CO, ml/min 276,5+£18,3 319,6+28,0' 379,00+45,4"
®B, % / EF, % 64,4+1,4 54,1+1,1" 59,5+1,2"2

lMpumimku:

BigmiHHoCTI cTatncTyHo focToBipHi (p < 0,05): 1 — y NOPIBHSAHHI 3 iIHTAKTHUMK TBapuHamu;

2 — y NOPIBHSIHHI 3 KOHTPOMbLHOI IPYMOH0.
Notes:

Statistically significant differences (p < 0.05): 1 — compared to intact animals; 2 — compared to the control group.

KniHiyHe 3Ha4yeHHA Ma€ Pi3HMUS MK CUCTONIMHUMU
Ta fJiacToniyHUMKM po3mipamMu CTPYKTYp cepus, Lo
B nofanbLioMy Bigirpae ponb npu ob4uncneHHi ob’emis
Ta Ginbl iHTErpaTMBHUX MOKa3HMKIB (DYHKLiOHANbLHOIO

The clinical significance lies in the difference bet-
ween systolic and diastolic dimensions of cardiac
structures, which subsequently plays a role in calcu-
lating volumes and more integrative indicators of left
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ctany J1LW: dppakuii BUKnAy, dpakLii CKOpoYEHHS, a TakoX
NPOLEHTY  CUCTOMIYHOrO  MOTOBLUEHHS  MiKLUSYHOY-
KOBOI neperopogkun Ta 3agHboi cTiHku JILW Ta BigHOCHOI
TOBLUMHW CTiHKM J1LL.

MokasHuk ®B J1LU B HOpMi y AOpoCcnuX TBapuH OOpiB-
HioBaB 64,4 + 1,45% i ®C J1lLU — 30,59 + 1,14%, wwo cBia-
YUTb NPO AOCUTb BUCOKiI MOXITMBOCTI CKOPOTNAMBOI (PyHKLT
cepuesoro M’siza J1LU y wypis, WO Maixe Ha O4HOMY PiBHI
3 aHanoriYyHMM NokasHUKOM Y nioavHu (ame. Tabn. 1).

3a MopdonoriYHMMK gaHUMKU cepLeBoro M'sisa npu
eniHedpMHOBOMY TMOLUKOZXXEHHI B Miokapai BiabyBsa-
IOTbCA 3MiHW, WO NpU3BOAATbL OO0 MOSIBM OCOGNMBOCTEN
BHYTpILLUHbOCEPLEBOI reMOAMHaMIKKM, NOB’A3aHOT 3 06’em-
HUM NepeHaBaHTaXeHHAM [4].

Y KOHTPOnbHIW rpyni ue nigTBepaXysanocb TUM, LIO
Ha 7-My poby eKcrnepuvMeHTy Bigmiyanu CTaTUCTUYHO
3HaudyLle 36inblieHHst BigHocHo Hopmw KOO Ta KCA,
Wwo BigbuBanocb Ha 3pOCTaHHi 06’€MHO-LUBUAKICHUX
xapaktepuctuk JIL: KOO i KCO Ha 45 i 62% BignosigHo
Ta iHWMx nokasHukis (YO, XO) (tabn. 1).

Cnig 3asHauMTh, WO He3Baxaluu Ha MiaBULLIEHHS
yoapHoro o6’emy Ha 17% dbpakuis BMKMAY CTAaTUCTUYHO
BiporigHo 3meHwwunace Ha 16%. Lle BinbyBaeTbca
3a paxyHOK HaaMipHOro 306inblUeHHS KiHLEBOro CUCTO-
niyHoro o6’emy (Ha 62% BiQHOCHO rpynu Hopmu). Y pasi
nopisHioBaHHs cnieBigHoweHHst KOO/KCO B Hopwmi
i KOHTPOMbHIN rpyni BigMiYeHO, LLO BOHM AOPIBHIOKTb
2,47 ta 2,21. Lle B cBOW 4Yepry cBigunThb, Wo ob’em JILL
SIK B CUCTONY, Tak i B giacTony 36inblmMBCs, NpoTe cuna
M’S130BOrO CKOPOY€EHHS (IHOTPOMHUI edPEKT) 3BMEHLUMMNACh.

Mpu BukopucTaHHi ECUl Takox BigMivyanocb 3poc-
TaHHA MOKa3HMKIB KiHLEBOro CUCTOMNIYHOro Ta Aiacto-
niyHoro pgiameTpiB, WO NPUBOAMMO OO0 3pOCTaHHS
o6’eMHo-WwBMAKICHUX xapakTepuctuk JW: KOO, KCO,
YO, XO. Cnig 3asHaunty, Wo 3aBasky 3poctaHHio KOO
no 1,6+0,18 mn, 36inbwmBes i ynapHuin o6’em, skuii 6yB
Ha 38% O6inblie, B NOPIBHAHHI 3 BiANOBIAHUM MOKAa3HK-
KOM iHTakTHMUX TBapwWH, Ta Ha 18% Oinblue B NOPIBHSAHHI
3 KOHTPOIbHOK FPYMO LibOro TEPMiHY CMOCTEPEXEHHS,
WO TakoX nigkpecnoe ob’eMHe nepeBaHTaxeHHst JILL.
MpoTe, 3pocTaHHsA yoapHOro Ta XBUIMMHHOTO o6’emy [0
0,93 + 0,11 ta 379,00 + 45,48 mn, BignoBigHO, CBIAYNTb
NpPO MOCUIEHHS IHOTPOMHOIO Ta XPOHOTPOMHOrO edekTy
Ha Tni npunomy ECul. Lli amiHn BigGbuBanucb Ha Komn-
NIeKCHOMY MNOKa3HWKY dpakuii BukMay, sika B UK rpyni
cknagana 59,5%, wo Ha 8% MeHle, HiXX NOKasHUK
iHTaKTHUX TBapwH, Npu LbOMYy BOHa Oyna Ha 8% BuLLOO
No BiAHOLUEHHIO 0 rPynu KOHTPOSIHO.

Y KOHTPOMbHIN rpyni TOBLWMHA 3aA4HbLOI  CTiHKM
Mana TeHaeHUilo [0 30inblueHHs, siK B giacTtony, Tak i B
cuctony. Lle BigbvBanocb Ha nokasHWKax CKOPOTMMBOI
yHKUIT Miokapga: nNpoueHT CUCTOMIYHOrO MOTOBLUEHHS
MiXLLYHOYKOBOT neperopogku (CIMIM); npoueHT cucto-
NiYHOro MOTOBLUEHHST 3aAHboi cTiHkm JIW (CN3CLU);
dpakuiss ckopoveHHsa (PC); BigHOCHA TOBLUMHA CTiHKU
JilW (BTC); maca JW (MJILW) i cBig4mMno npo 3HWXKEHHSI
cucToniYHOT cpyHKLUiT cepus (Tabn. 2).

Y TBapuWH, SKMM BBOAWUNN EKCTPaKT cepusi MOPOCST,
TakoxX crnocrtepirany 36inblIeHHs BigcoTKa CUCTOMIYHOrO
NoTOBLUEHHS 3adHbol CTiHkM JILU, npoTe B MeHLomy
CTYNEHi, HiXX Yy KOHTpOMbHiA rpyni (Tabn. 2). dpakuis
CKOpOYEeHHs 3HM3unacb o 28,36%, ane Gyna cratuc-
TUYHO [OCTOBIPHO BMLLOK MO BIQHOLUEHHO [0 rpynu
6e3 yBeeHHs KpioeKkcTpakTy (Tabn. 2).

ventricular (LV) functional status: ejection fraction (EF),
fractional shortening (FS), as well as the percentage
of systolic thickening of the interventricular septum
and LV posterior wall, and relative wall thickness.

In normal conditions in adult animals, LV EF was
64.4 + 1.45% and LV FS was 30.59 *+ 1.14%, indicating
relatively high contractile function of the LV myocardium
in rats, almost comparable to that in humans (Table 1).

Morphological changes occur in the myocardium
during epinephrine-induced damage, leading to
alterations that result in intracardiac hemodynamic
changes associated with volumetric overload [4].
In the control group, this was evidenced by statistically
significant increases in LVEDD and LVESD relative
to normal on the 7th day of the experiment, which ref-
lected increases in LV volumetric indices: LVEDV
and LVESV by 45% and 62%, respectively, and other
parameters (SV, CO) (Table 1).

It should be noted that despite the increase in stroke
volume by 17%, the ejection fraction statistically likely
decreased by 16%. This occurred due to excessive
enlargement of the end-systolic volume (by 62% com-
pared to the normal group). Comparing the ratio of
end-diastolic volume to end-systolic volume in the
normal and control groups, they were found to be
247 and 2.21, respectively. This indicates that the
volume of the left ventricle in both systole and diastole
increased, but the strength of myocardial contraction
(inotropic effect) decreased.

When using ECsP, increases in end-systolic and
diastolic diameters were also noted, leading to incre-
ased volume-speed characteristics of the left ventricle:
EDV, ESV, SV, CO. It should be noted that due to the
increase in EDV to 1.6+0.18 ml, stroke volume also
increased, which was 38% higher compared to the
corresponding indicator in intact animals and 18% higher
compared to the control group at this observation
term, emphasizing left ventricular volume overload.
However, the increase in stroke and minute volumes
to 0.93 + 0.11 ml and 379.00 + 45.48 ml, respectively,
indicates an enhancement of the inotropic and chrono-
tropic effects in the context of ECsP administration.
These changes were reflected in the comprehensive
indicator of ejection fraction, which in this group was
59.5%, 8% lower than the indicator in intact animals,
yet 8% higher than the control group.

In the control group, the thickness of the posterior
wall tended to increase in both diastole and systole.
This was reflected in myocardial contractile function
indicators and indicated a decrease in cardiac systolic
function (Table 2).

In animals administered with porcine heart extract,
an increase in the percentage of systolic thickening
of the left ventricular posterior wall was also observed,
albeit to a lesser extent than in the control group (Table 2).
The fractional shortening decreased to 28.36%, but
was statistically significantly higher compared to the
group without cryoextract administration (Table 2).

It should be noted that the left ventricular mass in the
experimental groups did not statistically differ from the
corresponding indicator in intact animals.

Thus, on the 7th day of observation, both experi-
mental groups showed an increase in volume-
velocity characteristics, indicated by the increase
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Cnig Big3HauMTW, WO Maca niBOro LUNyHo4Ka
B EKCMpUMEHTamnbHUX rpynax CTaTUCTUYHO He Biapis-
HANachb Bif, BiANOBIAHOrO NOKa3HMKa IHTAKTHUX TBAPWH.

TakMM 4MHOM, Ha 7-My [oby crnocTepexeHHs B 060X
eKCcrnepyvMeHTanbHNX rpynax BigMiyanu  3poCTaHHS
00’€EMHO-LUBMAKICHUX XapaKTEPUCTMK, MPO WO CBiAYUTb
3pOCTaHHS KiHLEBOrO CMCTOMIYHOrNO Ta KiHLEBOro AiacTto-
niyHoro o6’emy JIW. Binbw BUpasHille NOPYLUEHHSI
CUCTONIYHOI PYHKUiT BigMiYanu B KOHTPOMbHIA rpyni,
WO nigTBEPXYBANoOCb BULLUMM MOKA3HUKOM KiHLEBOIO
cuCTOmMiYHOro ob6’eMy, i SIK HaAcnigoOK, 3HWXKEHHSIM CniB-
BigHoweHHs KOO/KCO po 2,21 (npu Hopmi 2,47)
Ta dpakuii Bukmay oo 54,1%.

lMokasHukn ckopoTnMBol OYHKUiT Miokapga niBoro
LUMYHOYKa Y Tpyni nicrns BBeOEHHS KPIOEKCTPaKTy cepus
nopocaT Ha Tni eniHedpUHOBOro ypaxeHHs Miokapaa
Oynn CTaTUCTUYHO OOCTOBIPHO BULLMMU MO BiAHOLLEHHIO
[0 KOHTPOIbHOI rpynu.

in end-systolic and end-diastolic volumes of the left
ventricle. More pronounced systolic dysfunction was
observed in the control group, confirmed by a higher
end-systolic volume and consequently a decrease
in the stroke volume/end-diastolic volume ratio to
2.21 (against a norm of 2.47) and an ejection fraction
of 54.1%.

The indices of myocardial contractile function of the
left ventricle in the group after administration of porcine
heart cryoextract against the background of myocardial
epinephrine injury were statistically significantly higher
compared to the control group.

Tabnuua 2. Noka3HMKM CKopoTNMBOI PYHKLIT MiOKapaa MiBoro LWNyHoYKa y Wwypis Ha 7-my [o6y

nicnsi eniHepUHOBOTIO YPaXKeHHs Miokapaa

Table 2. Indices of myocardial contractile function of the left ventricle in rats on day 7 after myocardial epinephrine injury

MokasHuk / Parameters Hopma / Normal EninedpuH / Epinephrine | EniHedpuH + ECul / Epinephrine + ESCp
CNMn, %/ FS, % 37,29+54 37,91+3,84 39,41+5,63
CN3CLL, % / CN3CLW, % 29,03+1,48 39,41+2,13" 33,942,172
®C, % / LVWT, cm 30,59+1,14 25,02+0,97" 28,36+0,932
BTC/LV mass, g 0,34+0,02 0,20+0,02" 0,25+0,01"
MW, r/ MLSh, g 1,02+0,03 0,9810,02 1,02+0,03

lMpumimku:

BigMiHHOCTI Ha cTaTuCcTUYHOMY 3HavyLomy piBHi (p < 0,05): 1 — y NOPIBHSIHHI 3 IHTAKTHUMUW TBapUHaMU;

2 — y NOPIBHSIHHI 3 KOHTPOMBHOO FPYNOH0.
Notes:

Statistically significant differences (p < 0.05): 1 — compared to intact animals; 2 — compared to the control group.

ExokapaiorpadbidyHi nokasHuku cepus LLypiB

Ha 28-My A0Gy eKCNepPUMEHTAAbHOTO

eniHecppMHOBOro ypaXKeHHs MiokapAa

Ha 28-my noby ekcnepumeHTy peecTpyBanu BifHOB-
NeHHs1 06’EMHO-LLBUAKICHUX XapaKTEPUCTUK NIiBOroO LUny-
Houyka B 006OX ekcrnepvMeHTanbHWx rpynax. Hambinbu
BMpasHilWi 3MiHM BigbyBanucek y rpyni nicns npuiomy
EeKCTpakTiB cepusa nopocat. KiHueBuii cuctonivHmni Ta gia-
CTONiYHMI 06’EMU CaTUCTUYHO BipOriAHO He BiOPI3HANMCH
BiZ BiANOBIOHMX NOKA3HMKIB iHTaKTHUX TBapuH (Tabn. 3).

Echocardiographic indicators of rat hearts

on the 28th day of experimental

myocardial epinephrine injury
By the 28th day of the experiment, restoration of
volume-velocity characteristics of the left ventricle was
recorded in both experimental groups. The most
pronounced changes occurred in the group after the
administration of porcine heart extracts. End-systolic
and end-diastolic volumes did not statistically differ from

the corresponding indicators in intact animals (Table 3).

Tabnuusa 3. O6’eMHO-LUBUAKICHI XapaKTEPUCTMKM MIBOrO LUMyHOYKA LLypiB Ha 28-my [oby
nicnsi eniHedpUHOBOTIO YPaXKeHHs Miokapaa

Table 3. Volumetric and velocity characteristics of the left ventricle in rats on the 28th day
after epinephrine-induced myocardial injury

MokasHuk / Parameters Hopma / Normal EnitedpuH / Epinephrine | EniHedpuH + ECUI / Epinephrine + ESCp
KOO, mn / EDV, ml 0,99+0,08 1,21£0,15' 1,01£0,12
KCO, mn / ESV, mi 0,40+0,04 0,47+0,03 0,350,052
YO, mn/ SV, ml 0,67+0,05 0,75+0,09 0,66+0,08
XO, mn / CO, ml/min 276,5+18,3 305,0+31,21 269,00+22,11
®B, %/ EF, % 64,4+1,4 60,7+0,4" 64,7+0,5?

lMpumimku:

BigmiHHOCTI cTatucTnyHo gocToBipHi (p < 0,05): 1 — y NOPIBHAHHI 3 iIHTAKTHMMW TBapUHaMK;

2 — y NOPIBHSIHHI 3 KOHTPOMbBHOIO IPYMOH0.

Notes:

Statistically significant differences (p < 0.05): 1 — compared to intact animals; 2 — compared to the control group.
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Y NopiBHSAHI 3 NnonepeaHiM CTPOKOM CMOCTEPEXEHHS
KOO 3meHLwmBes Ha 37%, a KCO Ha 47%.

Lli 3miHn BigGuBanuck i Ha po3paxyHKOBKX MOKa3HW-
kax cucTonivyHoi dyHkuii JIW. YgapHuii Ta XBURMHHWUIA
o6’em, a Takox dpakuisa Bukuay Ha 28-my noby Gynum
Ha piBHi HopmMu (Tabn. 3).

[MpoTe, B KOHTPOMbHIA rpyni MOBHOrO BiOHOBMEHHS
00’€EMHO-LUBMAKICHUX XapaKkTEPUCTMKUX He BiaMivanu.
Ak Hacnigok, dpakuis Bukuagy 6Gyna MeHworw Ha 6%
Nno BIiOHOLWEHHID [0 HOPMW Ta Trpynu 3 BBEOEHHSAM
ECul (tabn. 3).

MokasHukn ckopoTnuBoi yHKUii B 060X ekcnepu-
MEHTarnbHKX rpynax Habnmwkanuce Ao HopMu (Tabn. 4).

Compared to the previous observation period,
the end-systolic volume (KOO) decreased by 37%,
and the end-diastolic volume (KCO) by 47%. These
changes were reflected in the calculated indices of
systolic function of the left ventricle. Stroke volume,
minute volume, and ejection fraction on day 28 were
within normal range (Table 3).

However, in the control group, complete restoration
of volume-speed characteristics was not observed.
As a result, the ejection fraction was 6% lower compared
to the normal and the group receiving ECufT (Table 3).

Indices of contractile function in both experimental
groups approached normal levels (Table 4).

Ta6nuus 4. [Moka3HUKM CKOPOTNMBOI (PYHKLi Miokapaa MiBoro LyHOYKa Yy LWypiB Ha 28-my goby
nicns eniHedPUHOBOIO ypaXkeHHs Miokapaa
Table 4. Indices of myocardial contractile function of the left ventricle in rats on the 28th day
after myocardial epinephrine exposure

MokasHuk / Parameters Hopma / Normal EniHedopuH / Epinephrine | EniHedpuH + ECull / Epinephrine + ESCp
CMNMN, % / SPMP, % 37,2954 34,4612,96 39,9915,62
CMN3CL, % / SPZSH, % 29,03+2,48 22,24+1,79" 29,502,202
®C, %/ FS, % 30,59+1,14 29,38+1,59 30,11+1,35
BTC/VTS 0,34+0,02 0,26+0,01" 0,320,022
MW, r / MLSh, g 1,02+0,03 1,04+0,05 1,02+0,04

Mpumimku:

BigmiHHOCTi cTaTncTnyHO focToBipHi (p < 0,05): 1 — y NOPIBHSAHHI 3 iHTAKTHUMW TBapUHaMu;

2 — y NOPIBHSAHHI 3 KOHTPOILHOIO FPYMOIO.
Notes:

Statistically significant differences (p < 0.05): 1 — compared to intact animals; 2 — compared to the control group.

BigmiHoCTi cTOCyBanuch nuile BigcoTka CUCTOMIYHOro
NOTOBLUEHHS 3adHbOI CTiHKM Miokapga Ta noxigHoi
LbOro MnoKasHuMka — BIOHOCHOI TOBLUWHWM CTiHkmM J1LU
KOHTPONbHOI rpynu. BigcoTok CUCTOMIYHOIO NOTOBLLEHHS
3agHboi cTiHkm JIW 6yB Hwxuye Ha 24% Big Bignosia-
HOrO MOKasHWKa IHTaKTHUX TBapWH i, £K HaCNigoK,
BigHOCHa ToBLWMHA cTiHku J1LU Takox Ha 24% Byna meHLwe
HOPMW, WO CBiAYUTL MNPO HEAOCTaTHE BiAHOBMEHHSA
cucTonivHol dpyHkuit N y win rpyni.

OG6GroBopeHHs

OTpumaHi pesynstati gawTb MigcTaBy NpUNyCcTUTH,
Wo Ha 7-my foby ekcnepumeHTy BigbyBaeTbCA BUCHA-
XKEHHS1 KOMMEeHCcaTOpHUX MexaHi3MmiB Miokapga. Bigomo,
Lo HopaZpeHaniH € MeTaboniyHO MEeHLU aKTUBHUM, HiX
agpeHaniH, ToMy MOro nepeBaXKeHHs1 B yMOBax akTusaLlii
cuMnaToagpeHanoBoi CUCTEMWU MPU eMOLINHOMY CTpeci
Moxe 3abesneuntun Ginblw TpuBane 3b6epiraHHSA KOMMEeH-
CaTOPHO-MPUCTOCYBaNbHNUX MOXNMUBOCTEN cepusa 6e3
BUCHaXeHHA pe3epsiB Miokapaa [3].

MpoTe, BBEOAEHHS BEMUKMX A03 aapeHarniHy pisko
3MIiHIOE CNIBBIAHOLWIEHHS HOopaapeHaniH/agpeHaniH y
M’I30Bil TKAHWHI cepus Ha nepesary octaHboro. Cnasm
apTepianbHUX CYAWH, SKUA peecTpyBanu 4Yepes roguHy
nicna BBEAEHHA agpeHaniHy, 3a [oby 3MmiHeTbCcA na-
pesoMm apTepianbHUX CyaouH, LWO BUKAMKaNo MosBy
He TiNbKN BUPaXEHNX 0CepeaKoBmUX AECTPYKTUBHUX 3MiH
y KapgiomioumTax Ta cygumHax (nikHo3 saep kapgiomio-
uMTIB Ta eHgoTeniouuTiB, ocepedkoBa [AeckBamallis
eHOoTenilo CyauH), a W Mirpauilo NemkouuTiB 3a MexXi
CYAMHHOI CTiHkM [4]. Ha 7-my foby BMABNSAOTLCA O3HAKM
penapaTMBHOrO npouecy Yy BUrMAdi MakpodaranbHoi

The differences were related only to the percentage
of systolic thickening of the posterior wall of the myo-
cardium and the derivative of this indicator — the relative
thickness of the LV wall in the control group. The percen-
tage of systolic thickening of the LV posterior wall
was 24% lower than the corresponding indicator in intact
animals, and as a result, the relative thickness of the LV
wall was also 24% below normal, indicating insufficient
restoration of LV systolic function in this group.

Discussion

The obtained results provide grounds to suggest
that by the 7th day of the experiment, exhaustion of
myocardial compensatory mechanisms occurs. Itis known
that norepinephrine is metabolically less active than
adrenaline, so its predominance in conditions of sym-
pathetic-adrenal system activation during emotional
stress can ensure longer preservation of cardiac com-
pensatory-adaptive abilities without exhausting myo-
cardial reserves [3]. However, the administration of large
doses of adrenaline sharply alters the ratio of norepine-
phrine/adrenaline in the myocardial tissue in favor of
the latter. Arterial vessel spasm, which was recorded
one hour after adrenaline administration, is replaced
within a day by arterial vessel paresis, leading to the
appearance of not only pronounced focal destructive
changes in cardiomyocytes and vessels (pyknosis of
cardiomyocyte nuclei and endotheliocyte nuclei, focal
desquamation of vessel endothelium) but also migration
of leukocytes beyond the vessel wall [4]. Signs of
a reparative process are detected by the 7th day in the
form of macrophageal resorption, affecting necrotized
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pe3opbuii, ki nigaaBanucs HeKPOTU30BaHI  kapgio-
MiounTn. Y nepiapTepianbHUX NpocTopax CnoCcTepiralTb
ocepepkoBy npornidepadito gibpobnacTis 3 dopmyBaH-
HAM ocepefKiB NyXKOi rpaHynsaLinHOl TKaHWHK [4].

Moka3HWKM ynbTpa3ByKOBOIO AOCHIIAXEHHS HiTKO kKope-
NoTb 3 MOPAONOriYHOK KapTUHOI, sika Ha 7-My O00y
JEeMOHCTpyBarna HasBHICTb BUPa3HOro 3ananbHOro npo-
uecy B Miokapdi. Takum 4uHOM, Audpy3Ha [pibHo-
ocepegkoBa [OeCcTpyKuis KapgiomiouuTiB 3 nepiapTepi-
anbHO NenkouMTapHO-MakpodaranbHOL iHdinbTpaLieo
Bio3epkantoeTbc B 06’eMHOMY nepeHaBaHTaxeHHi JILL.
Yepe3 acenTuyHe 3anasrieHHs MOLUKOMKEHUN Miokapa
MOXXe MOTOHLUYBaTUCH, a 06’eM NOPOXHWH cepus 36inb-
wyBaTucs, WO cnpuse pemogentoBaHHio JIW i, sk
Hacnigok, MOpyLUEHHIO AiacToniyHoro po3cnabneHHs
i cucToniyHol doyHkuii JLL.

3 niTepaTypHux [Xepen BiAOMO, WO ajpeHaniH
Yy BUCOKMX KOHLEHTPALiAX TakoX MpOBOKye MeTabo-
nivyHMA gucbanaHc, 30KkpemMa aKTUBYE CUCTEMY MEpPEKUc-
HOro OKMCHEHHS NiniaiB, BUKMMKAE NOsIBY akTUBHUX POpM
KMUCHIO, 30iMblUye HAaKOMWYEHHs1 iOHIB KamnbLjto Ta iH.
Mpo ue cBiguMTb akTMBaUig npoueciB ninonepokcu-
Jauii nicnsa ypaxeHHs Miokapga nigsuweHuMy aosa-
MU ajpeHaniHy, LWo npu3BOAUTL A0 TOKCUYHOI Ail
NPOMDKHUX MPOAYKTIB MeTaboniamy Ha epuTpoumTapHi
MemMbpaHM Ta nnasmatudHi MembOpaHu  KapgiouuTiB
i BUKMMKaE 3MiHY X NPOHMKHOCTI. Ha ue Bkasye niaBu-
WeHHA akTuBHOCTI ACAT y cupoBatLi KPOBi i 3HUXEHHSA
il y cepui, WO MOXe CBIiguATM NPO PO3BUTOK Yy LEW
nepiog iwemii miokapga [1].

3a pesynbraTtaMun Hawwmx pobiT, NpoBeeHUX paHille,
BCTaHOBIEHO, WO cucTteMHe BBeaeHHs ECull TBapuHam
3 rioKanbHUM KpiOHEKPO3OM Cepus 3MEHLLYE BUpaxe-
HiCTb UUTONI3y Ta cnpusie Ginbl paHHLOMY BifHOBIEHHIO
nevikounTapHoi YOPMYyNn KPOBi Ta 3HWKEHHIO eHOOreH-
HOI iHTOKCMKaLii opraHiamy [8]. B gaHOMy KOHTeKCTi
nokanbHUIA KpiOHeKpOo3 cepus cnig BBaXkatu sik Mogenb
HeKpo3y Miokapaa, B PO3BUTKY SIKOrO MOLLKOKYHYOH
Ji€eto BUCTYNakTb HU3bKI TeMnepaTypuy, Npuyomy 3ananb-
HUA npouec, WO BUHUKAE nicnsa OecTpykuii cepueBoro
M’si3a, BiOPI3HSAETbCA Big Moaeni iHapkTy Mmiokapga —
nepB’si3KM KOpPOHApHOI apTepii, BiACYTHICTIO iLueMi4yHOT
dasn 3axsoptoBaHHs [9, 10]. Yepes 7 gi6 nicns novartky
eKkcnepuMeHTy akTuBHICTb ACAT y cupoBartLi KpoBi Hal-
GinblLUe BUPaXeHOo 3HWXKyBanacsi y TBapvH, SKUM BBOAWIU
Ecull Ha Tni nokanbHoOro KpioHekposy cepusi.

Y TBapuH 3 KpiogecTpyKuielo cepus, SKum BBOAWUMU
ECull, iHTEHCMBHICTb BiNbHOpPaAAMKANbHOTO OKUCHEHHS
ninigis Ta koHueHTpauis TEKAI y cupoBartLi KpoBi 3MeH-
WwytoTbca OinblW  WBUAKUMKA TEMMNaMu, Yy MOPIBHSAHHI
3 TBapuHamu 3 KOHTpomnbHoi rpynu [9]. lpun ubomy
cnocrepiraeTbCsl  30iNbLUIEHHS MOKa3HMKa MOTYXXHOCTI
CMeKTpy HemporymopanbHoi perynsuii B yCiX YacTOTHUX
JianasoHax [o piBHA HOPMM Ta BiQHOBMEHHs GanaHcy
BKNagie CMMNaTMYHOrO Ta napacuMMmnaTudHOro BigAinis
BereTaTMBHOI HEpBOBOI CUCTEMW Yy perynsuilo cepue-
BOro putmy [9].

MoxHa npunycTuTi, WO MEXaHiaMm MeTabonivyHoi
aHTUCTpecoBOi kapaionpoTtekTopHoi Aii ECull npu Tok-
CWYHIN Aaii eniHedppuHy Ha cepue peanisyeTbcs, y TOMy
yncni, Yyepes BIiQHOBMNEHHS GanaHcy OKCUAAHTHO-aHTU-
OKCWAAHTHOI cUCTEMM, WO 36inbluye BUTPUBANICTb Mio-
Kapaa npuv Noro TOKCUYHOMY YPaXKEHHI.

cardiomyocytes. Periarterial spaces exhibit focal fibro-
blast proliferation forming areas of edematous
granulation tissue [4].

Ultrasound study indicators clearly correlate with the
morphological picture, demonstrating on the 7th day the
presence of a pronounced inflammatory process in
the myocardium. Thus, diffuse focal cardiomyocyte
destruction with periarterial leukocytic-macrophageal
infiltration is reflected in left ventricular volumetric
overload. Due to aseptic inflammation, damaged myo-
cardium may become thinner, and the volume of
heart cavities may increase, promoting LV remodeling
and consequently impairing LV diastolic relaxation and
systolic function.

From the literature, it is known that adrenaline at
high concentrations also provokes metabolic imbalance,
particularly activating the lipid peroxidation system,
generating active oxygen forms, increasing calcium ion
accumulation, etc. Evidence for this includes lipid
peroxidation process activation after myocardial injury
with elevated doses of adrenaline, leading to the toxic
effect of intermediate metabolism products on erythro-
cyte membranes and cardiomyocyte plasma membra-
nes, causing changes in their permeability. This is indica-
ted by increased AST activity in serum and its decreased
activity in the heart, possibly indicating myocardial
ischemia development during this period [1].

Based on our previous studies, systemic admi-
nistration to animals with local cryonecrosis of the heart
by ESCP reduces the severity of cytolysis and promotes
earlier restoration of blood leukocyte formula and reduc-
tion of endogenous intoxication [8]. In this context,
local cryonecrosis of the heart should be considered
a model of myocardial necrosis, where low temperatures
act damagingly, with the inflammatory process following
myocardial destruction differing from the myocardial
infarction model — coronary artery ligation, due to the
absence of the ischemic phase of the disease [9, 10].
By the 7th day after the start of the experiment, AST
activity in serum decreased most significantly in animals
injected with ESCP against the background of local
cryonecrosis of the heart.

In animals with heart cryodestruction treated with
ESCP, the intensity of lipid free radical oxidation and
the concentration of TBKAP in serum decrease at a faster
rate compared to animals in the control group [9].
Additionally, there is an increase in the power spectrum
index of neurohumoral regulation in all frequency ranges
to normal levels and a restoration of balance in the
contributions of the sympathetic and parasympathetic
divisions of the autonomic nervous system in regulating
heart rhythm [9].

It can be assumed that the mechanism of meta-
bolic anti-stress cardioprotective action of ESCP under
the toxic effect of adrenaline on the heart is realized,
in part, through restoration of the balance of the
oxidant-antioxidant system, increasing myocardial
endurance under its toxic damage.

According to the results of the cardiac morphological
study [4], by the 30th day after adrenaline administration,
more pronounced diffuse intermuscular and perivas-
cular cardiosclerosis is observed with unevenly expre-
ssed hypertrophy of cardiomyocytes and perivascular
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3a gaHumMmu mopdonoriyHoro AOoCHigKeHHs cepus
Ha 30-Ty poby nicns BBeOeHHA afpeHaniHy cnocrte-
piraeTbcs Binbly BUMpaxeHWn ANMY3HUIA MiKM S30BUIA
Ta nNepuBacKynsipHUA Kapgiocknepo3 3 HepiBHOMIPHO
BMpaXKeHoI rinepTpodieto KapaioMiounTis, nepmBacky-
NAPHI MPOCTOPY PO3LUMPEHi 32 paxyHOK HaANWULIKOBOIO
PO3BUKY B HUX PYKCUHOMIMBbHUX  CMOMYYHOTKAHWH-
HWUX BOSOKOH [4].

B Hawomy pocnigkeHHi BigHOCHe BiOHOBMEHHS
00’€EMHO-LUBMAKICHUX  XapaKTepUCTUK Ta MNOKa3HWUKIB
CKOPOTNMBOI (hyHKLUIT NiBOro LwnyHouka, ske Bigbyeanocs
Ha 28-my [O00y eKcnepumeHTy, WMOBIpPHO, 3yMOBMEHO
3aBEpLUEHHSIM aKTUBHOIO 3ananbHOro npouecy, 3ami-
LWEHHAM YpaXeHWX KapZioMioUMTIB CMOMy4HOK TKaHW-
HO, penapaTUBHOK pereHepauieto kapgiomioumTis, WO
3anunnucs, Ta aganTauieto cepueBoro M's3a 4o HOBUX
YMOB reMoAVHaMiKu.

B ymoBax poO3BMTKY KOPOHapHOIO CUHAPOMY MNpwu
iHdbapkTi Miokapga y nogen, Konv HagMipHe BUAINEeHHS
agpeHaniHy nig 4ac emouiiHoro cTpecy («BigyyTTs
CTpaxy CMepTi») crnpusie akTuMBaLii cumnaToagpeHano-
BOI CUCTEMM, i $K Hacnigok, MNOCUNEHHIO PO3BUTKY
3ananbHOro npoLecy B CepueBoMy M’3i, npeactasns-
€TbCA [OCTaTHbO BUMpPaBAaHMM BMKOPUCTaHHS Mpena-
paTiB 6ionoriYyHo-aKTUBHMX PEYOBWH, SKi OyayTb ranbmy-
BaTW NaTonoriyHi MmetabonivHi 3aMiHM B Miokapai.

BUCHOBKHU

OTxe, 3a pesynbratamu YynbTpacoHorpadivyHoro
OOCNioKEeHHs1 cepus LWypiB BCTAHOBMEHO, WO B nepioj
pO3ropHyTOro 3anarnsHoro npouecy (7-ma goba), BUknu-
KaHoro eniHedprvHOBUM ypaxeHHsM, BiAbyBaeTbCs nopy-
LUEHHS CUCTONIYHOT hyHKLUIT Miokapaa, noB’sidaHe 3 06’em-
HUM NepeHaBaHTaXXEHHSIM, MPO WO CBigYUTb 3POCTaHHSA
KIHLLeBOrO CMCTOrMIYHOrO 06’eMY i, SIK HACNIOOK, 3HMKEHHS
dpakuii Buknagy Ha 16% Big Hopmu. Ha Tni wopeHHoro
BBegeHHs ECUl 3pocTaHHs yaapHOro Ta XBUIMHHOIO
o6’emy no 0,93 + 0,11 Ta 379,00 + 45,48 mn, BignoBsigHo,
CBiQYMTE NPO MO3UTUBHWUIA IHOTPOMHUIN Ta XPOHOTPOMHUI
ecpekt ECuI. dpakuis BUKMAY, SK KOMNEKCHWUIA NOKa3HWK,
y rpyni 3 BBegeHHaM ECul cknana 59,5%, wo Ha 8%
nepesuLLy€ BiANOBIAHUA NOKA3HUK HENIKOBaHUX TBapPWH.

BigHocHe BigHOBMEHHS 06’€MHO-LLIBUAKICHUX Xapak-
TEPUCTUK Ta MOKa3HWKIB CKOPOTNMBOI YHKLii niBoro
WyHoYka Ha 28-my [o0y 3yMOBMEHO 3aBepLUEHHSAM
aKTMBHOrO 3ananbHOro Mnpouecy Ta ajanTauielo cepue-
BOrO M'si3a [0 HOBMX YMOB remoavHamiku. Hanbinblu
BMpas3HiLi 3MiHM BiabyBanucb y rpyni 3 WOAEHHUM BBe-
OEeHHAM eKCTpaKTy cepusi nopocaT. KiHLeBUiA CUCTORNIYHNIA
Ta piactoniyHmMn o6’eMn CTaTUCTMYHO BipOrigHO He Bia-
Pi3HANMCH Big BiANOBIOHUX NOKA3HUKIB IHTAKTHUX TBAPWH.
Lli 3mMiHn BigGuBanuck i Ha poO3paxyHKOBMX MOKa3HMKaXx
cucToniyHoi dyHkuii JILW. Y rpyni 3 BBegeHHam ECull
YOAPHUIA Ta XBUNWHHWUIA 00’eM, @ TakoX dppakLis BuUKMay
Ha 28-my noby 6ynu Ha piBHi HOpMU.
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spaces expanded due to excessive proliferation of
fuchsino-philic connective tissue fibers.

In our study, the relative recovery of volume-speed
characteristics and indices of left ventricular contractile
function, occurring by the 28th day of the experiment,
is likely due to the completion of active inflammatory
processes, replacement of affected cardiomyocytes
with connective tissue, reparative regeneration of
remaining cardiomyocytes, and adaptation of cardiac
muscle to new hemodynamic conditions.

In the context of coronary syndrome development
during myocardial infarction in humans, when ex-
cessive adrenaline release during emotional stress
(«fear of death») promotes sympathetic-adrenal system
activation, and consequently intensifies inflammatory
process development in cardiac muscle, it seems
justified to use biologically active substances that would
inhibit pathological metabolic changes in the myocardium.

CONCLUSIONS

Therefore, according to the results of the ultrasound
study of rats’ hearts during the period of pronounced
inflammatory process (7th day) induced by adrenaline
exposure, there was impairment of myocardial systolic
function associated with volumetric overload. This is evi-
denced by an increase in end-systolic volume and,
consequently, a decrease in ejection fraction by 16% from
normal. Against the background of daily administration
of ESCP, an increase in stroke volume to 0.93 + 0.11 ml
and minute volume to 379.00 + 45.48 ml indicates
a positive inotropic and chronotropic effect of ESCP.
The ejection fraction as a comprehensive indicator in
the ESCP group was 59.5%, which exceeds the corres-
ponding indicator in untreated animals by 8%.

Relative recovery of volumetric-speed characteristics
and indices of left ventricular contractile function by the
28th day is attributed to the completion of active inflam-
matory processes and adaptation of the myocardium
to new hemodynamic conditions. The most pronounced
changes were observed in the group receiving daily
administration of pig heart extract. End-systolic and
end-diastolic volumes did not statistically differ from
the corresponding indicators in intact animals. These
changes were also reflected in the calculated indices of
LV systolic function. In the ESCP group, stroke volume,
minute volume, and ejection fraction on the 28th day
were within normal range.
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Prospects for further research

Perspective further research would involve clinical and
biochemical studies of rat serum following adrenaline-induced
heart damage.
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PE3IOME

AkTyanbHicTb. 3 MOMEHTY BOrHenanbHWX MopaHeHb MikpobionoriyHui nensax
3anexuvTb Bi4 HagaHHA MeauYHOI OOMOMOrM Ha KOXHIM naHui eBakyauii. Ycnix
aHTUbakTepianbHOI Tepanii B neplly Yepry 3anexuTb BiA npaBunbHOrO BUGOPY
aHTUBIOTMKA, 3 ypaxyBaHHAM YyTNMBOCTI 4O HbOrO 30yAHMKA, L0 € METOo 3anobiraHHs
pO3BUTKY HMEKUIAHNX YyCcKnaaHeHb OOWOBOI TpaBMM, a Le MOXMIMBO MpW MOCTik-
HOMY MiKpOBionoriYHOMY MOHITOPUHTY LIMPKYIHOKOYMX LUTaMiB MiKpOOpraHi3MiB.

Meta po6oTu — BUBYATU MpOdinb MiKPOOPraHiamiB, i30MbOBaHWMX NpU MiHHO-BUOY-
XOBMX MOPAaHEHHSX KiHLIBOK NauieHTiB, SKi NOCTynanM Ha OCTaHHIO MaHKy HafgaHHs
MeOU4YHOI OOMOMOrK B perioHanbHUA MeanyHun LeHTp Micta JlbBoBa. BusHauuTn
aHTUBIOTMKOYYTNUBICTb  i30/1bOBAHOrO  Ho30KOMianbHoro natoreHy C.jeikeium po
NPOTMMIKPOBHUX XiMiOoTEepaneBTUYHMX Npenaparis.

Marepianu Ta metoam. [locnigxysanu LwTamm MiKpOOpraHiamiB, i30nboBaHi 3 BOrHe-
nanbHUX paH KiHuiBok 20 nopaHeHux 4onosidoi ctati, Bikom Big 20 go 50 pokis
npw iX HAAXOMKEHHI B perioHanbHUi MeguyHuin 3aknag M. Jibeosa B 2024 poui.

3abip Mmatepiany npoBoAMNM CTEPUMBHUMMK TaMMOHaMW B TPaHCMOPTHE MOXWBHE
cepepoBue. Martepian 3aciBanM Ha KpoB'dAHMMA arap, cepegosuwe EHAOo,
CHROMID® P. aeruginosa Agar, MIMA Ta iHkyGyBanu 3a Temnepatypu 37°C ynpo-
noBx 24 ropa. bioxiMiyHy igeHTuUdiKauilo NpoBOAMNKM 3a [OMOMOro TeCT-CUCTEM
Enterotest 24 ta Nefermtest 24 (Lachema, Yexis). KynstuyBaHnHs C. jeikeium npoBo-
OVWMM Ha arapi 3 OBEYOK KPOB't0, 3 METOK MPUCKOPEHHSI POCTY BMKOPUCTOBYBanu
Tween 80; igeHTUdikyBanM 3a MOPMOTMHKTOPIanbHUMK, KynbTypanbHUMKW BrAacTu-
BOCTAIMW, BiOXiMiUHY aKTMBHICTb BMBYanNu 3a hepMeHTauielo IMKo3M Ta ranakrosu.
3Baxaroun Ha Te, Lo OOMiHYIUYMMKN KOHTamiHaHTamu GoioBux paH Gynu 8 wTamis
C.jeikeium, npoBeAeHO BWU3HAYEHHSI YYTNMBOCTI AaHWX i30MATIB OO NPOTUMIKPOBHMX
XimioTepaneBTUYHMX NpenapaTiB 3a AONOMOro AUCKO-AUGY3IMHOTO METOAY 3 BUKO-
PUCTaHHAM CcTaHAapTHUX Auckis 3rigHo EUCAST. YyTtnumBicTb BULLE3a3HaYeHUX i30NSTiB
BM3Ha4yanu 3a JOMOMOrol AWCKO-AMGY3iHOrO MeTody 3 BUMKOPUCTaHHSM CTaHAapT-
Hux guckis. Mpw ouiHui NpodiniB peancTeHTHOCTI kepyBanucsa ctaHgaptom EUCAST.
PesynbraTi Ta ix o6roBopeHHs. B pesyneraTi pobotu BUainunu Ta igeHTudikysanu
24 yuctux kynetypu go sugy. Ha piBHi 100% BCTAHOBMEHO YyTNMBICTL BUAINEHUX
isonsaTie C.jeikeium OO BaHKOMIiUMHY Ta niHe3onigy. YyTnuBicTe OO0 TeTpauukniHy
ctaHoBuna 25%, reHTamiuuHy Ta kniHgamiumHy — no 12,5%. 3Baxatoun Ha Te, Wo
YyTnuBicTb BocbMU i3omsATiB C.jeikeium BusiBUNacb cxoxow, a BinblicTb BMNagkis
iH(piKyBaHHSA AaHUMM MIKPOOPraHi3aMOM HOCUTb BUPaXEHWUIN rocniTanbHUA XapakTtep,
MW NpUNycKaemo, Lo BMAINUAN HO30KOMianbHWUIA NaToreH.

BucHoBku. [ligcymoByloun pesynbtatv AOCRIMKEHHA Ta MOPIBHIOKYM 3 AaHUMU
iHLIMX aBTOPIB LLOAO MOHITOPUHIY MiKpobionoriyHoro nensaxy nopaHeHb KiHLiBOK,
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AAS UUTYBAHHS:

KOHCTaTyeMO, LU0 B HalOMy AOCHiXKeHHI YacToTa BUSIBNEHHs1 P.aeruginosa cTaHo-
Buna 8,3%, K.pneumoniae — 20,8%, >xogHoro Bunagky isonsuii A.baumanii. Hai-
YacTiwe isontoBanu MikpoopraHismu: C.jeikeium — 8 wramie (33,3%) 3i cxoxoio
YyTNMBICTIO OO NPOTUMIKPOBHMX XiMiOTepaneBTUYHUX MpenaparTis, L0 MOXe CBigunTU
npo i30M5Lit0 HO30KOMianbHOIO NAToreHy.

Mpenapatamun BuGopy Ans enimiHauii C.jeikeium € BaHKOMIUMH Ta niHe3onia.
Micna oTpuMaHHsi pesynbTaTy aHTUGIOTUKOYYTNIMBOCTI MOXIMBE MPU3HAYEHHS TeTpa-
LMKIiHY, reHTaMiLmMHy, KriHgamiunHy.
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ABSTRACT

Background. From the moment of gunshot wounds, the microbiological landscape
depends on the provision of medical care at each evacuation link. Effective antibacterial
therapy relies on choosing the right antibiotics based on the pathogen’s sensitivity
to them. This approach aims to prevent infectious complications of combat trauma,
and it requires continuous microbiological monitoring of circulating microbial strains.
Purpose — to study the profile of microorganisms isolated from mine-explosive
injuries of the limbs of patients who were admitted to the last stage of medical care
in the regional centre of the city of Lviv. To determine the antibiotic susceptibility of the
isolated nosocomial pathogen C. jeikeium to antimicrobial chemotherapeutic agents.
Materials and Methods. The strains of microorganisms isolated from gunshot wounds
of the limbs of 20 male casualties, aged 20 to 50 years upon admission to the Lviv
Regional Medical Facility in 2024, were investigated.

The collection of material was carried out using sterile swabs in a transport
nutrient medium. The material was inoculated onto blood agar, Endo medium,
CHROMID® P. aeruginosa Agar, MPA, and incubated at 37°C for 24 hours.
Biochemical identification was carried out using the Enterotest 24 and Nefermtest
(Lachema, Czech Republic). The cultivation of C.jeikeium was carried out on sheep
blood agar, with the purpose of accelerating growth, Tween 80 was used. It was
identified based on morpho-tinctorial and cultural properties, and its biochemical
activity was studied through the fermentation of glucose and galactose. Considering
the fact that the predominant contaminants of combat wounds were 8 strains of
C.jeikeium, the sensitivity of these isolates to antimicrobial chemotherapeutic
agents was determined using the disc diffusion method with standard discs EUCAST.
The sensitivity of the above-mentioned isolates was determined using the disc
diffusion method with the use of standard discs. At evaluation of resistance profiles
was guided by the EUCAST standard.

Results. As a result of the operation, 24 pure cultures were isolated and identified
to the species level. The sensitivity of selected isolates of C.jeikeium to vancomycin
and linezolid was set at 100%. Sensitivity to tetracycline was 25%, gentamicin and
clindamycin — 12.5% each. Given that the sensitivity of 8 isolates of C.jeikeium
turned out to be similar; that the majority of cases of infection with this micro-
organism have a pronounced hospital character, we assume that we have isolated
a nosocomial pathogen.

Conclusions. Summarizing the results of the study and comparing with the data
of other authors, regarding the monitoring of the microbiological landscape of
wounds of the limbs, we state that in our study the frequency of detection of
Paeruginosa was — 8.3%, K.pneumoniae — 20.8%, not a single case of isolation
of A.baumanii. The most frequently isolated microorganisms were: C.jeikeium —
8 strains (33.3%) with similar sensitivity to antimicrobial chemotherapeutic drugs, which
may indicate the isolation of a nosocomial pathogen.

The drugs of choice for C.jeikeium elimination are vancomycin and linezolid.
After obtaining the result of sensitivity to antibiotics, it is possible to prescribe tetracy
cline, gentamicin, clindamycin.

Burova LM, Nahreba O-OO. Profile characteristics of sensitivity to antimicrobial chemotherapeutic drugs of
Corynebacterium Jeikeium isolated in explosive mine injuries of the limbs. The Journal of V.N. Karazin Kharkiv
National University. Series Medicine. 2024;32(2(49)):198-206. DOI: https://doi.org/10.26565/2313-6693-2024-49-07
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BCTYN

BorHenanbHi nopaHeHHs 3aBXau € NepBMHHO MiKpo6o-
3abpygHeHUMN. 3 MOMEHTY NMOPaHEHHS KinbKiCTb 6akTepil
36inbLIyeTbCA B reOMETPUYHIN Nporpecii, a nepwi 6 roa.
€ OCHOBHMM nepiogom koHTamiHauii [1, 2]. Mikpobiono-
riYHWI Nen3ax nopaHeHb HanpsMy 3anexuTb Big HagaH-
HS NepLuUoi NiKapCcbKoi AONOMOrn, Noganbluoi Keanidiko-
BaHOI MeAMYHOI JOMOMOrn B MOMbOBOMY rochitani Ta B
perioHanbHKX BiiCbKOBMX rocnitansx. CnekTp AOMiHYy4MX
naToreHiB 3MiHIOETbLCSA 3 YaCOM i Pi3HUTBLCHA 3anexHo Big
posTalwlyBaHHsA TeaTpy GOWOBMX i, TOMY HEMOXIUBO
BU3HAYUTN EOMHWUIA CTaHOAPTHUN pEXUM aHTubakTepi-
anbHoi Tepanii, akui 6y 61 OouiNnbHUM ONS BCiX Takux
nopaHeHunx y ManbytHoomy [3].

JocnigxeHHs, npoBeaeHi 3 METOK MOHITOPUHTIY MiKpO-
OpraHi3miB, WO KOHTaMiHylOTb GOMOBI paHWu, BNPOLOBX
2014-2022 pp., NiaTBEPAMNM 3aranbHOCBITOBY TeHOEH-
Lito: Tak, OOMiHyluYMMM Oynu rpamHeratuBHi Hedep-
MeHTytodi kapbaneHempesancTeHTHi Acinetobacter spp.
Ta Mertanoberanaktamasonpoaykytodi  Pseudomonas
aeruginosa [4, 5].

3rigHo 3 Hakasom MiHicTepcTBa OXOpPOHW 340POB’A
Ykpainn Big 27.02.2023 p. Ne 403 «[Mpo 3aTBepOKeHHS
Mopsgky npoBedeHHA MNOCUNEHOro  enigemionoriyHoro
Harnsgy 3a NPOTUMIKPOOHOK PE3UCTEHTHICTIO  MiKpo-
OpraHiamiB, O CNPUYMHSAIOTbL THiIKHO-3ananbHi iHekLuiT
paH y nopaHeHux BHacNigok 6oroBmx giny [6], Baxnueum
€ npoBefeHHs GakTepionoriYyHoro AOCNIMKEeHHs1 3paskiB
GionoriyHMx MaTepianie nauieHTiB, BUAINEHHS Ta ioeHTU-
dhikauis MmikpoopraHiamiB, BU3HAYEHHSI Ta OLiHKa 4yTnu-
BOCTi MiKpoopraHiaMiB 40 NpOoTMMIKPOOHUX NpenaparTiB Bia-
NnoBiAHO OO0 BUOOBOI HaNeXHOCTi MIKpOOpraHiamy 3rigHo
3 MeToaonorielo €BpoNencbKoro KOMITETY 3 BU3HAYEHHSI
YyTNMBOCTI 4O aHTMMikpoBHMX npenapartis (EUCAST).

Ycnix aHTMbakTepianbHOi Tepanii B nepLly 4epry
3anexuTb Bi4 MpaBunbHOro BUOOpPY aHTMGIOTUKA,
3 ypaxyBaHHSIM 4yTNMBOCTI OO HbOro 30yaHuka, Lo
€ MeTolo 3anobiraHHs Po3BUTKY IHPEKLIMHNX yCKNaaHEHb
6oroBoi TpaBmu [1], a Ue MOXNMBO MNpU MNOCTIKHOMY
MiKpOBIONOriYHOMY MOHITOPUHTY LMPKYIIOYMX LUTaMIB
MiKpOOpraHiamiB.

MeTta po6oTn — BUBYMTK NPOQifib MiKpOOpraHiamis,
i30MbOBaHMX MPU MiHHO-BMOYXOBUX MOPaAHEHHSIX KiHLIBOK
nauieHTiB, sKi NocTynanyu Ha OCTaHHI NaHKy HafaHHSA
MELMYHOI [OMOMOrM B perioHanbHUA LEHTp MicTa
JlbBOoBa. BusHauutn aHTMBIOTMKOYYTNMBICTL i30NbOBa-
HOro Ho3okoMianbHoro natoreHy C.jeikeium po npoTu-
MiKpoBHMX xiMioTepaneBTUYHUX NpenaparTi..

MATEPIAAU TA METOAU AOCAIAXXEHHSA

JocnigxyBanu wWTamu MiKpOOpraHiamiB, i30nbOBaHi
3 BOTrHenmanbHUX paH KiHUiBOK 20 nopaHeHuX, BiKOM
Big 20 go 50 pokiB npw ix rocnitanisauii B perioHanb-
HUIA MeanyHui 3aknag M. JleBoBa B 2024 poui. B cepegn-
HbOMY eTan eBakyalii, 3 MOMEHTY MOpaHEHHs, Tp1BaB
Tpu TuxHI. [Npwn 3abopi maTtepiany 6panu NMcbLMOBY 3rogy
Ha NpoBeAeHHA OOCTEXEHHs! BiAMOBIOHO OO0 MPUHLUMNIB
lenbciHcbKOi aeknapadii npae nognHu, KoHeeHuii Pagn
€Bponu Npo npaea MNoavHY i 6iomeguumHy, BigNOBIOHNX
3aKOHIB YKpaiHu Ta MiXKHapOOHWX aKTiB.

INTRODUCTION

Gunshot wounds are always primarily microbially
contaminated with microbes. From the moment of
injury, the number of bacteria increases in a geometric
progression, and the first 6 hours are the main period
of contamination [1, 2]. The microbiological landscape
of wounds directly depends on the provision of first aid,
further qualified medical care in the field hospital,
and in regional military hospitals. The spectrum of
predominant pathogens changes over time and varies
depending on the location of the theatre of operations,
so it is impossible to establish a single standard regimen
of antibacterial therapy that would be appropriate for
all such future casualties [3].

Research conducted to monitor microorganisms
contaminating combat wounds from 2014 to 2022 con-
firmed a global trend: the dominant microorganisms
were carbapenem-resistant, non-fermenting, gram-
negative  Acinetobacter spp. and metallo-beta-
lactamase-producing Pseudomonas aeruginosa. [4, 5].

In accordance with the order of the Ministry of
Health of Ukraine No. 403 dated February 27, 2023
«On approval of the Procedure for conducting enhanced
epidemiological surveillance of antimicrobial resistance
of  microorganisms causing purulent-inflammatory
infections in wounds of the wounded as a result of
hostilities» [6], it is important to conduct bacteriological
examination of samples of biological materials from
patients, isolation and identification of microorganisms,
determination and assessment of microorganism
sensitivity to antimicrobial agents in accordance with
the species affiliation of the microorganism according
to the methodology of the European Committee on
Antimicrobial Susceptibility Testing (EUCAST).

The success of antibacterial therapy primarily
depends on the correct choice of antibiotics, taking
into account the sensitivity of the pathogen, which is
aimed at preventing the development of infectious
complications of combat trauma [1], and this is possible
with constant microbiological monitoring of circulating
strains of microorganisms.

Objective — to study the profile of microorganisms
isolated from patients’ limb injuries caused by mine
explosions, who were admitted to the final stage of
medical care at the Lviv regional centre. To determine
the antibiotic susceptibility of the isolated nosocomial
pathogen C.jeikeium to antimicrobial chemotherapeutic
agents (ACA).

MATERIALS AND METHODS

The strains of microorganisms isolated from
gunshot wounds of the limbs of 20 male casualties,
aged 20 to 50 years upon admission to the Lviv Regional
Medical Facility in 2024, were investigated. The evacu-
ation stage from the moment of injury lasted on average
three weeks. According to the patients, during medical
care, they underwent surgical treatment and administ-
ration of antimicrobial chemotherapeutic drugs (ACD).
Data on the number of sanitizations and antibacterial
therapy were not available to us for verification. When
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3abip marepiany npoBogunu CTEPUMbHUMWU TaMmmo-
HaMu B TpaHCNOpPTHE MOXWBHe cepeposuwe. MaTepian
3aciBann Ha KpoB'sHWA arap, cepegosuwe EHgo,
CHROMID® P. aeruginosa Agar, MINA Ta iHkyOyBanu
3a Temnepatypu 37°C ynpogox 24 roa. bioximiuHy igeH-
Tudikauito npoBogunM 3a  AOMNOMOrOK  TeCT-CUCTEM
Enterotest 24 Ta Nefermtest 24 (Lachema, Yexis).
KynetnyBaHHA C.Jeikeium npoBoaunu Ha arapi 3 ose-
YOK KPOB't0, 3 METOK MPUCKOPEHHS POCTY BUKOPUCTO-
ByBanun Tween 80; igeHTudikyBanu 3a depmeHTauieto
IMOKO3N Ta ranaktosv. 3Baxaruu Ha Te, WO AOMiHyto-
YMMK KOHTaMiHaHTamu 6oroBux paH Oynu 8 wTamis
C.jeikeium, npoBeoeHO BWM3HAYEHHSI YYTNUBOCTI OaHMX
i30nSTiB OO MPOTUMIKPOOHMX XimMioTepaneBTUYHUX Mpe-
napartie (MXIM). YytnueicTb BuMLLE3a3HAYEHNX i30NATIB
BM3Ha4anu 3a [JOMoMOrow AUCKO-ANGY3iHOro MeToay
3 BUKOPWCTaHHSAM CTaHOapTHUX AuckiB (Haka3 MiHic-
TepcTBa OXOpOoHW 3g0poB’s Ykpainu Big 05.04.2007 p.
Ne 167 «[lpo 3aTBepAXEeHHs METOAMYHUX BKa3iBOK
BM3HaAYeHHS YyTNMBOCTI MiKpoopraHiamis o aHTubak-
TepianbHMx npenapaTiB». [Npu ouiHui npodinis peswnc-
TEHTHOCTi kepyBanucs ctaHgaptom EUCAST [7].

3a ponomoroto nporpamu Excel ans nepcoHansHoro
KoMm'loTepa NpoBOAWUMM  CTATUCTMYHE  OrMpaLtoBaHHSA
pesynbraTiB. 3HaYyLWiCTb Pi3HMLI MK ABOMa MOKa3HU-
Kamu ouiHoBanu 3a kputepiem CrtbiogeHTa. PisHuuto
BBaXxanu 4ocToBipHoto 3a p < 0,05.

PE3YABTATU TA iX OBrOBOPEHHS

Y pesynbrati pobotn BuAinunM Ta igeHTudikysanu
24 yuctux KyneTypu o Buay, a came: Paeruginosa —
10° KYO/mn (2 wramu — 8,3%), K.pneumoniae -
10*-105 KYO/mn (5 wramiB — 20,8%), S.aureus -
10% KYO/mn (4 wtamu — 16,7%), S.B-haemolyticus —
10-10° KYO/mn (2 wtamu — 8,3%), C.jeikeium -
10° KYO/mn (8 wramiB — 33,3%), E.faecium — 10° KYO/mn
(3 wramn — 12,5%) (puc.1).

Y 4oTUpbOX naLieHTiB MIiKpoopraHiamu isontoBanu
B JAwucouiauii, a came: Paeruginosa + S.aureus;
K.pneumoniae + E.faecium; S.aureus + C.jeikeium;
C.jeikeium + E.faecium.

3 ornsigy Ha gocnigXeHHs woao Bepudikauii Mikpo-
opraHiamiB npu 6oKOBIN TpaBMi MOXHa BBaXaTu, LLO
Ha 3-Tio foby B Mikpodnopi paHu nepeBaxanu yMOBHO-
naToreHHi  MikpoopraHiamu:  E.coli, S.haemolyticus,
Pmirabilis. 0o 7-i pobw BigbyBanaca KoHTaMmiHauis
paHu rocnitanbHol nopot Ha ¢oHi ycniwHoi eni-
MiHauii BuxigHoi cnopw: A.baumanii, P.aeruginosa,
S.haemolyticus. Ha 10-Ty po0y, He3Baxaw4un Ha aHTu-
bioTMKoTepanito, rocnitanbHa dropa npogoBXyBana
3pocTaTu, i y nepeBaxHoi OinblIOCTi NopaHeHWX BUSIB-
nanu A.baumanii, Paeruginosa [8]. AHania HaykoBuX
JocnigXeHb 3 OaHOI TeMaTUMKM 3a OCTaHHI POKW BM3Ha-
yae, Wo HedpepMmeHTytodi rpamHeraTuBHi GakTepii 3anu-
LWaTbCA MNPOBIAHMMW MaToreHamMmy B PO3BUTKY HO30-

collecting material, written consent of patients for
examination was obtained in accordance with the
principles of the Helsinki Declaration of Human Rights,
the Convention of the Council of Europe on Human
Rights and Biomedicine, relevant laws of Ukraine and
international acts.

The collection of material was carried out using
sterile swabs in a transport nutrient medium. The material
was inoculated onto blood agar, Endo medium,
CHROMID® P. aeruginosa Agar, MPA, and incubated
at 37°C for 24 hours. Biochemical identification was
carried out using the Enterotest 24 and Nefermtest 24
(Lachema, Czech Republic). The cultivation of C.jeikeium
was carried out on sheep blood agar, with the purpose
of accelerating growth, Tween 80 was used. It was iden-
tified based on morpho-tinctorial and cultural properties,
and its biochemical activity was studied through the
fermentation of glucose and galactose. Considering
that the predominant contaminants of combat wounds
were 8 strains of C.jeikeium, the sensitivity of these
isolates to antimicrobial chemotherapeutic agents was
determined. The sensitivity of the above-mentioned
isolates was determined using the disc diffusion method
with the use of standard discs (order of the Ministry
of Health of Ukraine No. 167 of April 5, 2007 «On Appro-
val of Methodological Instructions Determination of
Sensitivity of Microorganisms to Antibacterial Drugs»).
When assessing resistance profiles, the EUCAST
standard was used as a guideline. [7].

Statistical processing of the results was carried out
using the Excel program for a personal computer.
The significance of the difference between the two
indicators was assessed using the Student's t-test.
The difference was considered significant if p < 0,05.

RESULTS AND DISCUSSION

As a result of the operation, 24 pure cultures were
isolated and identified to the species level, namely.
As a result of the work, 24 pure cultures were isolated
and identified to species, namely: Paeruginosa -
10° CFU/ml (2 strains — 8.3%), K.pneumoniae
10*-10° CFU/ml (5 strains — 20,8). %), S.aureus
10° CFU/ml (4 strains — 16.7%), S.B-haemolyticus
10-10° CFU/ml (2 strains — 8.3%), C.jeikeium
103 CFU/ml. ml (8 strains — 33.3%), E.faecium
10% CFU/mI (3 strains — 12.5%) (Fig. 1)

In four patients, microorganisms were isolated
in diasociation, namely: Paeruginosa + S.aureus;
K.pneumoniae + E.faecium; S.aureus + C.jeikeium;
C.jeikeium + E. faecium.

Referring to the study on the verification of micro-
organisms in combat trauma, it is observed that on the
3rd day, the microflora of the wound was predominantly
represented by opportunistic pathogens: E.coli,
S.haemolyticus, P.mirabilis. Over the course of seven
days, wound contamination with hospital flora occurred
against the background of successful elimination of the
initial flora: A.baumanii, P.aeruginosa, S.haemolyticus.
On the 10th day, despite antibiotic therapy, the hospital
flora continued to grow, and the vast majority of the
wounded showed signs of A. baumanii, P.aeruginosa [8].
Analysing scientific research on this topic in recent
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KOMianbHMx iHdekuin. 36inbwunaca i nutoma Bara
Oaktepii pomy Klebsiella y mikpoGHOMY —cnekTpi
KOHTaMiHaHTIB BorHenanbHoi paHu 3 9,4 go 30% [9, 10].

E. faecium
12.5%

Faeruginosa
83%

years it is possible to conclude that non-fermenting
gram-negative bacteria remain leading pathogens
in the development of nosocomial infections. The specific
gravity of Klebsiella bacteria in the microbial spectrum
of contaminants has increased from 9.4 to 30% [9, 10].

K preumoniae
20.8%

Cjeikeium
31.3%

S pf-haemolvticus
83%

S.anreus
16.7%

Puc.1. MikpobionoriyHuin nensax i3onATis, BUGINEHNX 3 BOrHeNanbHUX paH KiHLiBOK
Fig. 1. Microbiological landscape of isolates extracted from gunshot wounds to the extremities

Mun 4yacto 3ycTpiyanu BU3HAYeHHs aHTUBIOTMKO-
YyTNMBOCTI BULLE 3ragaHux MikpoopraHiamis [4, 11-14]
i 30BCiM He 3ycTpivyanu pesyneratie wopo C.jeikeium,
AKWA MU HanyacTiwe i3omoBanu (33,3%), came Tomy
3BY3UNM Hali [OCHIAXEHHS BUKMIOYHO Ha JaHOMY
MiKpOOpraHi3aMi, OCKiflbkW He cnif HeJoOoLiHoBaTN Moro
3HaYeHHs NpuW ycKNagHeHHi iHekuiiHoro npotecy.

BBaxaeTbcs, WO iHdeKuia po3BMBaETLCS MpWU Npo-
HUKHeHHI C.jeikeium 4epes po3puBK Cnn3oBoi 060NOHKN.
MikpoopraHiam nepefyBae B I'pyHTi, BOAI Ta € YaCTUHO
HOpMarnbHOI MIKpOnopy LWKIPHUX MNOKPUBIB NOAWMHW.
lMepeBaxHO MOro BUAINAIOTb Y YOMOBIKIB, LLO, CKOPILL
BCbOrO, 3YMOBIIEHO HasIBHICTIO Ha LUKIpi BEMMKOI Kinb-
KOCTi BIiNIbHUX >XMPHUX KUCIOT, HeoOXigHUX Ansi Koro
PO3MHOXEHHA. Lle MikpoopraHiam BUKNMKAE  LLKIPHI
YypaXXeHHsl, MHEeBMOHIi, eHAOoKapauTh, MEepuUTOoHITU Ta
iHpikye paHu; GinbLiCTb BUNAAKIB 3apaXeHHs HOCUTb
BMPaXeHW rocnitanbHWM xapakTtep, ocobnuso B oci6
3 MOpPYLUEHHAMW IMYHITETY, Ta Yy TUX, XTO OTpUMYE
Garatopasosuii abo TpuBanum Kypc(M) aHTMBIOTMKO-
Tepanii aHTnbioTnkamu Wwnpokoro cnektpa Aii [15, 16].

C.jeikeium — Hepyxoma rpamMmnosuTMBHa nNanuyka,
sika MOXe BUMsaaTh sk kokobakTtepia. Came Taky Mikpo-
CKOMiYHY KapTUHY MW crocTepirany y TpbOX BUNagkax:
3a MOPEONOriYyHNMKM BNACTUBOCTAMU MIKpPOOPraHiamMu
mManu kokonoAibHy copmy. OKpiM KynbTypanbHUX Ta
OioxiMiyHMX BRacTMBoCcTen igeHTUdIkalia yacto nig-
TBEPLKYETbCS Ha NiAcTaBi CTIMKOCTI Ao GaraTbox aHTu-
OioTukiB, BKMOYAOUM B-nakTamHi, aMiHOMiko3nau, eput-
POMILMH i TeTpaumkniH. BaHkoMiLuH, ik npaBuno, € Han-
aKTMBHIWMM aHTWBioTUKOoM | npenapatoM BuGopy npu
iHcpekuisix. JliHesonig mae Xxopoly akTUBHICTb in Vitro.

We often encountered definitions of antibiotic suscep-
tibility of the mentioned microorganisms [4, 11-14]
and did not encounter any results regarding C.jeikeium,
which we most frequently isolated, (33,3%), that is why
we narrowed down our research exclusively on this
microorganism, as its significance should not be unde-
restimated in complicating the infectious process.

It is considered that the infection develops when
C.jeikeium penetrates through the ruptures of the
mucous membrane. The microorganism is present in
the soil, water, and is part of the normal microflora
of human skin coverings. It is mainly allocated to men,
which is most likely due to the presence of large amounts
of free fatty acids on the skin, necessary for their
reproduction. It causes humans skin lesions, pneumonia,
endocarditis, peritonitis, and infects wounds; most
cases of infection have a pronounced nosocomial
character, especially in individuals with immune system
disorders and in those who receive repeated or pro-
longed courses of antibiotic therapy; broad-spectrum
antibiotics [15, 16].

C. jeikeium is a nonmotile, gram-positive bacillus that
may appear to be coccobacillary. We observed just such
a microscopic picture in three cases: according to the
morphological properties, the microorganisms had
a cocoon-like shape. In addition to cultural and bio-
chemical characteristics, identification is often confirmed
by resistance to many antibiotics, including B-lactams,
aminoglycosides,  erythromycin, and tetracycline.
Vancomycin is generally the most active antibiotic and
the drug of choice for infections. Linezolid demonstrated
in vitro activity. Determination of the sensitivity pheno-
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BusHauyeHHa eHoTMNIB  YyTAMBOCTI
wTamie oo wupokoro kona MXIM nogaHi B Tabnumui 1.

JocnigaxXyBaHUX

Ta6nuus 1. YyTtnusicTb idonsTiB C. jeikeium [o npoTUMIKpOBHMX XiMioTepaneBTUYHWUX NpenaparTis

Table 1. Susceptibility of 20 isolates of C.jeikeium to antimicrobial chemotherapeutic drugs

types of the studied strains to a wide range of antimicro-
bial chemotherapeutic drugs are presented in Table 1.

KinbkicTb 4yTnuemx wramis
(yacTka yyTnuemx wramiB y %)/ | Yytnueictb
lpynu i Ha3BM NPOTUMIKPOBHMX XiMiOTEPaANEBTMYHMX Npenaparis NMOMIPHO YyTNUBI LUTamMn LwTamis
Groups and names of antimicrobial chemotherapeutic drugs Number of sensitive strains Strain
(share of sensitive strains in %)/ | sensitivity
moderately sensitive strains
6eHavnneriumnid (10 mkr/aunck) o _
I'IeHiLWIJ'IiHVI benZyIpeniCi”in (10 ng/diSC)
- i enicillins i
B-nakramHi p amMOKCMLMAIH (10 MKF/',EI,VICK) 0/3 4294016
B-lactam amoxicillin (10 mcg/disc)
LedanocnopuHn uedotakcum (30 MKr/Aunck) 0 _
cephalosporins cefotaxime (30 mcg/disc)
amiHOMMIKO3MAK | FeHTaMILH (10 MKr/ﬂlfICK) 1(12,5%) /2 6,75+ 0,54
aminoglycosides | gentamicin (10 mcg/disc)
rﬂlKOﬂBHT!AL]VI BaHKOMIl_lV!H (30 MKF/LWI'CK) 8 (100%) / 0 23.38 £0,16
glycopeptides vancomycin (30 mcg/disc)
OKcaSO.J'II.,Cl,I/IHOHI/I JTIIHe30f'II,CI, (10 MKr/p.lI/ICK) 8/100% / 0 38,50 + 0.14
oxazolidinones linezolid (10 mcg/disc)
kapbaneHemu MeponeHem (10 MKr/guck)
) 0 -
carbapenems meropenem (10 mcg/disc)
JTIIHKO3aM.IHVI KJ'.IIH,ElaMILl.VIH (10 MKr/,qt_/lCK) 1(12,5%) 1 2 6.0+0,33
lincosamines clindamycin (10 mcg/disc)
p_mcban{lr_uu,MHM p_Mq)an_/lr!luMH 5 MKI'./,D,I/ICK) 0/3 6.75+ 0,53
rifampicin rifampicin (5 mcg/disc)
TeTpaumKniHn TeTpauumkriH (30 MKr/guck) o
tetracyclines tetracycline (30 mcg/disc) 2 (25%) 12 8,75+0,68
uunpodpnokcaumH (5 Mkr/auck) 0 _
(hTOPXIHOMOHM ciprofloxacin (5 mcg/disc)
fluoroquinolones
q MOK(;VId)J‘IO!(CE\LWIH (5M|fr/p,MCK) 0/2 3.50 0,23
moxifloxacin ( 5 mcg/disc)
cynbgoHinamigu | sulfamethoxazole/ 0 _
sulphonylamides | trimethoprim (25 mcg/disc)

lMpumimka: 0* — BCi 4OCNiAXYBaHi LWUTaMy BUSIBUNW PE3UCTEHTHICTb.

Note: 0* — all tested strains showed resistance.

B xoai aHani3y oTpymaHux pesynbraTiB 40CHigKEeHHS
(Tabn. 1 Ta 2) BCTAHOBMNEHO BUCOKY YyTNMBICTb BUAINEHUX
isonaTiB C.jeikeium no BaHkoMiumMHy, niHesonigy (100%),
TeTpaumkniHy — 2 wramu (25%), reHTamiuuHy Ta KniHga-
MiumHy — no 1 wramy (12,5%). Y Tpbox wramis nposisu-
nacb NOMipHa YyTnuMBICTb 4O aMOKCULUMIiIHY Ta pudam-
niyuHy, No ABa WTaMy OO reHTaMmiuuHy, KniHaamiuuHy,
TeTpauukniHy, MokcudnokcaumHy. LWtamu 3 nomipHoto
YyTMMBICTIO 3rigHO 3 pekoMeHAauissiMu E€BpPONenNCcbLKOro
komiTeTy (Bepcia 13.0) i3 BM3HAYEHHA YyTNMBOCTI
[0 aHTUBIOTKKIB BiOHOCWUM OO PE3NCTEHTHUX [7].

Analysing the obtained research results (Table 1 and 2),
a high sensitivity of the isolated C.jeikeium strains to
vancomycin, linezolid (100%), tetracycline — 2 strains
(25%), gentamicin and clindamycin — 1 strain each
(12.5%) has been established. Three strains showed
moderate sensitivity to amoxicillin and rifampicin, while
two strains showed moderate sensitivity to gentamicin,
clindamycin, tetracycline, and moxifloxacin. Strains with
moderate sensitivity were classified as resistant according
to the recommendations of the European Committee
on Antimicrobial Susceptibility Testing (version 13.0) [7].

Tabnuusa 2. Xapaktepuctuka npodinis aHTubioTnkodytnmeocTi wramis C.jeikeium
Table 2. Characteristics of antibiotic susceptibility profiles of C. jeikeium strains

Ne Mpodini wyTnueocTi go MXIM / Sensitivity profiles to ACD KinbkicTb 4yTnuemx wramis / Number of sensitive strains
1 V*L 4
2 VLTe 2
3 VLK 1
4 GVL 1

lMpumimka: *kop, aHTUbioTUKa: G — reHTamiumH, V — BaHKOMIUMH, L — niHe3onig, K — kniHgamiuunH, Te — TeTpaumkniH.
Note: *antibiotic code: G — gentamicin, V — vancomycin, L — linezolid, K — clindamycin, Te — tetracycline.
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MigcymoBytoun pesynstati AOCHISKEHHs Ta Mopis-
HIOIOYM 3 [JaHUMWU iHWKWX aBTOPIB KOHCTATYeEMO, LIO
B HallOMy BuUMagKy 4vacToTa BusIBNeHHs P.aeruginosa
ctaHoBUTb — 8,3%, K.pneumoniae — 20,8%, >ogHoro
BUNagky isonsuii Acinetobacter baumanii. Lle cBiguuTb
nNpo BUCOKUI NpodbecioHaniam Halumx BiNCbKOBMX Megu-
KiB Y HagaHHi nepLuoi i noganbLoi MeguyHoi AonoMOoru.

Ockinbkn 4yTnmBicTb BocbMu i3onsaTiB  C.jeikeium
BMSIBUNACb CXOXOK (OuB. Tabn. 2), Mu npunyckaemo,
WO BUAINUIN HO30KOMianbHUI naToreH. Yum ue Tak, 4m ue
CYNYyTHE KOHTaMiHyBaHHS PaHW — MUTaHHSA 3anuLLaeTbes
BigkpuTUM. Mu Bigbupanu maTepian Ha eTani Hagxon-
XKEHHS NauieHTiB Ha OCTaHHI0 NaHKy HafjaHHSA MeauyHOl
ponomoru i MikpobHUIA nensax Giomatepianis, kWA onu-
canu, CTOCyeTbCH, No CyTi, NPOMKHOrO nepiogy eBakyadii
nopaHeHux 3 NofIbOBOro rocniTasnto 4o perioHanbHoro.

3 MeTol npodinakTMka HO30KOMianbHOI nepegadvi
C.jeikeium, koHTamiHaLii paHW SaHUM/YX HLIMMU MIKpO-
opraHiamamu cnig OOTPYMYBaTUCb OCHOBHMX MONOXEHb
woao npodpinakTukM - iHPEeKUinHUX  ycknagHeHb npu
6onoBux TpaBmax [1].

CrtaHpapTHi 3axogu:

— ririeHa pyk (3a HacTaHoBamu BcecBiTHLOI opraHisa-
LiT OXOpOHU 300pOB’s1):

— BWKOPUCTaHHS BOAM 3 MUIOM abo pAesiHdikyto-
Yyoro 3acoby Ha ChMPTOBIA OCHOBI Nepes KOHTaKTOM
i3 naLieHToMm;

— BUKOPUWCTaHHSA BoAau 3 Muriom abo aesiHdikyo4oro
3acoby Ha CnMpTOBiIA OCHOBI Nepen acenTU4HUMU
npoueaypamu;

— BUKOPUWCTaHHSA BoAau 3 MUriom abo aesiHdikyo4oro
3acoby Ha CnupTOBiIA OCHOBI Nepen KOHTaKTOM i3
GionorivyHMMK pignHamu;

— BUKOPUCTaHHSA Boau 3 Muriom abo aesiHgikyo4oro
3acoby Ha CMPTOBI OCHOBI MiCNsI KOHTaKTY i3 XBOPUM;

— BUKOPUCTaHHSA Boau 3 Muriom abo aesiHgikyo4oro
3acoby Ha CNUPTOBI OCHOBI NICMA KOHTAKTY 3 OTOYEHHSAM
navujieHTa, HaBiTb AKLIO Byny BUKOPUCTaHI PyKaBUYKU;

— BMWKOPUCTaHHS i30MI0YMX XanaTiB; 3aXMCHUX
MaCOK; 3aXMCHUX OKynspiB abo NUUbOBUX LLMTKIB.

BUCHOBKHU

BuBYeHO i oxapakTtepn3oBaHO MiKpOBHUI nensax npu
MiHHO-BUBYXOBMX MOPaHEHHAX KiHLBOK NauieHTiB npu ix
HaOXOMXKEHHI B  perioHanbHUA  MeOMYHWUMA  3aknajg
M. JlbBoBa. HawvyacTiwe i3ontoBanu MiKpoopraHiamu:
C.jeikeium — 8 wTtamiB (33,3%) Ta K.pneumoniae —
5 wramis (20,8%).

Mpenapatamn BuGopy aAns enimiHauii C.jeikeium
€ BaHKOMIUMH Ta niHe3onia. llicna oTpumaHHA pesynb-
Taty aHTUBIOTMKOYYTNMBOCTI MOXNMBE MPU3HAYEHHS
TeTpaUMKIiHy, reHTaMiLnHy, KniHAaMiLuHY.

CMNUCOK BUKOPUCTAHOI AITEPATYPU

1. TNockytoB O.A. MikpoGionoriyHuin nemsax Ta HTUGIOTMKOTEpanis
npu  MiHHO-BMOYXOBI TpaBmi. TemamuyHuli Homep «Xipypaisi.
Opmonedisi. Tpasmamonozis. IHmeHcusHa meparnisy. 2022. Ne 52(5).
7 c¢. URL: https://health-ua.com/article/72244-mkrobologchnij-pej-
zazh-taantibotikoterapya-pri-mnnovibuhovj-travm

Summarizing the research results and comparing
them with the data of other authors, we can state that
in our case, the detection frequency is: Paeruginosa
constitutes 8,3%, K.pneumoniae — 20,8%, and no
isolation case Acinetobacter baumanii. This demonstrates
the high professionalism of our military medical personnel
in providing initial and subsequent medical assistance.

As the sensitivity of 8 isolates of C.jeikeium was found
to be similar (table 2), we assume that a nosocomial
pathogen has been isolated. Whether this is so, or
whether it is a concomitant contamination of the wound —
the question remains open.

We selected material at the stage of admitting patients
to the final stage of providing medical assistance, and
the microbial landscape of biomaterials described essen-
tially related to the intermediate period of evacuating
the wounded from the field hospital to the regional one.

In order to prevent nosocomial transmission of
C.jeikeium, contamination of the wound with these
and/or other microorganisms it is necessary to adhere
to the basic principles of preventing infectious compli-
cations in combat injuries [1].

Standard measures:

— hand hygiene (according to the guidelines of the
World Health Organization):

— use of water with soap or an alcohol-based disin-
fectant before contact with the patient;

— use of water with soap or alcohol-based disinfectant
before aseptic procedures;

— use of water with soap or alcohol-based disinfec-
tant before coming into contact with biological fluids;

— use of water with soap or alcohol-based disinfec-
tant after contact with a sick person;

— use of water with soap or alcohol-based disin-
fectant after contact with the patient's surroundings,
even if gloves were used;

— use of protective suits; safety masks; safety goggles
or face shields.

CONCLUSIONS

The microbial landscape in patients’ limb injuries
caused by mine and explosive devices upon admission
to the Lviv regional medical facility has been studied
and characterized. The most frequently isolated micro-
organisms were: C.jeikeium — 8 strains (33,3%) and
K.pneumoniae — 5 strains (20,8%).

Drugs of choice for C.jeikeium elimination are vanco-
mycin and linezolid. After obtaining the result of sensitivity
to antibiotics, it is possible to prescribe tetracycline,
gentamicin, clindamycin.
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Prospects for further research

As we assume that the nosocomial pathogen C.jeikeium
has been isolated, which is an uncommon and poorly studied

microorganism, it

is advisable to continue the research.

We plan to: conduct material sampling in cases of limb mine-blast
injuries not only from male patients, but also from female ones;
compare the frequency of isolation of this microorganism
relative to the season; perform sensitivity testing of pathogens

YeHHs 4yTnMBOCTi maTtoreHiB Ao Oimbwoi kinbkocTi npotu-  to a wider range of antimicrobial chemotherapeutic agents.
MiKpOOHUX XiMiOoTEpaneBTUYHMX Npenaparis.
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PE3IOME

AKTyanbHicTb. EXiIHOKOKO3 — Lile XpPOHiYHE MapasnTHe 3axBOPIOBaHHS, LLIO HaNexuTb
[0 300aHTPONOreNbMIHTO3IB i XapakTepu3yeTbCst PO3BUTKOM COMiTapHNX abo MHOXWH-
HMX KICTO3HMX YTBOPEHb B MeEYiHLi, NIereHsix, Mo3Ky 1 iHwux opraHax. CborogHi 4actota
3axBOPIOBAHOCTI Pi3KO 3pOCTAE B TUX KpaiHax, SKi He Hanexatb A0 eHAEMIYHMX,
i nowupeHHs xBopobu 3aebinbLIoro Nos’sizaaHe 3 rnobanbHO Mirpalieto HaceneHHs.
Meta po6oTu — npoaHanizyBatM natomopdonoriyHi Ta craTeBo-BikOBi OCOGNMBOCTI
npoonepoBaHnx NauieHTiB 3 eXiHOKOKO30M neviHku 3a nepiog 2011-2021 pp.
Marepianu Ta MeToau. PeTpocnekTBHO Byno npoaHanisoBaHO MeanyHy AOKYMEHTaLjto
Ta aBTONCIMHWIA MaTepian ycix BUNaAkKiB Xipypri4HOro BTPYYaHHs Y MauieHTiB 3 exiHo-
KOKO30M MeuviHku Ha 6asi naTtonoroaHaTOMiYHOro BigAineHHs [epxaBHOi ycTaHOBU
«IHCTUTYT 3aranbHoi Ta HeBigknagHoi xipyprii im. B.T. 3anuesa HauioHanbHoi akagemii
MeauYHUX Hayk YkpaiHun» 3a nepiog 2011-2021 pp. BuB4eHo ctaTeBo-BikOBi 0COBNMBOCTI
XBOPUX Ha exiHOKoko3. [poBeaeHo naTtomopdonoriyHe AoCnigAXeHHa nicnaonepawdin-
HOro matepiany 3 ypaxyBaHHSIM PO3Mipy W TUMYy KiCT, i nokauin X yTBopeHHs. lNpena-
paTtu 3abapenoBanncs reMaTokcuniHoM i eo3vHoMm i 3a metogom BaH lMizoHa.
Pesynbratn Ta ix o6roBopeHHs. 3a nepiog 2011-2021 pp. 6yno 3adikcoBaHo
36 npoonepoBaHMX MaLieHTIB 3 exXiHOKOKO30M. 34ebinbLioro exiHOKOKO3 MNediHKu
BUABNANM y 4onosikis — 52,8% (p < 0,05), cepegHii Bik nauieHTiB cknagas
46,9 + 3,1 poku. Cepeq npoonepoBaHux nutoma Bara ocib go 50 pokiB cknagana
69,4%, 3 nepeBaxaHHAM 4omMoBikiB (52%).

Y pasi NepBUHHOTO W PeLnanBHOIO €XiHOKOKO3Y MEeYiHKU BUSBMASANW OOWMHWYHI KiCTW
y GinblocTi nauieHTiB, a came y 26 (72,2%) 3 nepeBaxHOIO nokanisawieto y npasin
yactui (88,5%). MHoxMHHI kicTh BusBunu y 10 nauieHTiB (27,8%); ypaxeHHs npasoi
YyacTku nediHkm — 70,0%, nisoi — 10,0%, o6ox yacTtok — 20,0%.

BcTaHoBneHo, WO AiaMeTp exiHOKOKOBMX KIiCT y cepefHboMy cknagas 13,8 £ 2,5 cm,
OoKpemi Kictu caranu 17 cm. ToBLYMHA BCiX LWapiB CTiHKK KicTu cknagana 1,3 + 0,3 cwm.
SB0BHILLHI auentonsapHui wap cTiHku kictn — 0,8 £ 0,1 cm.

Y 6inbwocTi Bunagkis (61,1%, p < 0,05) napasuT GyB XMBWMM, MpPO WO cBig4una
npo3opa, 6e3konbopoBa pigMHa KiCTU 3 HasIBHICTIO MOOAMHOKMX LOYIpHIX KiCT giameTt-
pom Big 0,1 40 2 cM, siKi Manu aHanoriyHy MaTepUHCBKIN KiCTi Makpo- i MiKpOCKONiYHY
cTpykTypy. Konip Bciei MembpaHu napasvta 6yB 6ino-poxeBuit.
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BucHoBku. 3a 10-piyHnii nepiog Gyno 3adhikcoBaHo 36 npoonepoBaHuX MauieHTiB
3 npuBody €XiHOKOKO3y nediHku, OGinblicTb BunNagkiB cknaganu  YoroBiku
(52,8%, p < 0,05).

Y pasi NepBMHHOTO W PeunaMBHOIO €XiHOKOKO3Y MedviHKM BUSBUNW OOUHWUYHI KiCTW
y GinbluocTi nauieHTiB, a came y 26 (72,2%), 3 nepeBaxHOI0 Nokanisauicto y npasin
yactui (88,5%). MHoxwuHHI kictT BusiBunu y 10 nauieHTiB (27,8%); ypaxeHHS
npaB.oi YacTku neviHkn — 70,0%, nisoi — 10,0%, o6ox yactok — 20,0%.

[iameTp exiHOKOKOBMX KIiCT y cepeaHboMy ckragas 13,8 £ 2,5 cm, okpeMi KicTu caranu
17 cm. ToBWMHA BCiX LWapiB CTiHKK KicTu cknagana 1,3 £ 0,3 cMm. 30BHILLHIN auento-
NApHUA wap cTiHku kictn 6y 0,8 + 0,1 cM. Y GinbwocTi BMNagkis napasut 6yB
xusum (61,1%, p < 0,05).
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ABSTRACT

Background. Echinococcosis is a chronic parasitic disease that belongs to
zooanthropohelminthosis and is characterized by the development of solitary or
multiple cystic formations in the liver, lungs, brain and other organs. Today, the inci-
dence is increasing dramatically in non-endemic countries, and the spread of the
disease is largely linked to global population migration.

Purpose — To analyze the pathomorphological and sex-age characteristics of
operated patients with echinococcosis of the liver for the period 2011-2021.

Materials and Methods. Medical documentation and autopsy material of all cases
of surgical intervention in patients with liver echinococcosis at the pathology depart-
ment of the State Institution «Zaycev V.T. Institute of general and urgent surgery of
the National Academy of Medical Sciences of Ukraine» for the period 2011-2021.
Sex-age characteristics of patients with echinococcosis were studied. A patho-
morphological study of the postoperative material was carried out, taking into account
the size and type of cysts, and the location of their formation. The preparations
were stained with hematoxylin and eosin and by the Van Gieson method.

Results. During the period 2011-2021, 36 operated patients with echinococcosis
were recorded. Liver echinococcosis was mostly detected in men — 52.8% (p < 0.05),
the average age of patients was 46.9 + 3.1 years. Among the operated, the percen-
tage of people under 50 was 69.4%, with a predominance of men (52%).

In the case of primary and recurrent echinococcosis of the liver, single cysts were
found in most patients, namely in 26 (72.2%) with predominant localization in the
right lobe (88.5%). Multiple cysts were found in 10 patients (27.8%); lesions of
the right lobe of the liver — 70.0%, left — 10.0%, both lobes — 20.0%.

It was established that the average diameter of echinococcal cysts was 13.8 + 2.5 cm,
individual cysts reached 17 cm. The thickness of all layers of the cyst wall was
1.3 £ 0.3 cm. The outer acellular layer of the cyst wall was 0.8 + 0.1 cm.

In most cases (61.1%, p < 0.05), the parasite was alive, as evidenced by the clear,
colorless cyst fluid with the presence of single daughter cysts with a diameter
of 0.1 to 2 cm, which had the same macro- and microscopic characteristics as the
mother cyst structure The color of the entire membrane of the parasite was white-pink.
Conclusions. Over a 10-year period, 36 patients operated on for echinococcosis
of the liver were recorded, the majority of cases were men (52.8%, p < 0.05).
The average age of the patients was 46.9 + 3.1 years and ranged from 26 to 69 years.
Among those operated on, the percentage of people under 50 was 69.4%, with
a predominance of males in the gender structure.

In the case of primary and recurrent echinococcosis of the liver, single cysts were
found in most patients, namely in 26 (72.2%) with predominant localization in the
right lobe (88.5%). Multiple cysts were found in 10 patients (27.8%); lesions of the
right lobe of the liver — 70.0%, left — 10.0%, both lobes — 20.0%.

The average diameter of echinococcal cysts was 13.8 + 2.5 cm, individual cysts
reached 17 cm. The thickness of all layers of the cyst wall was 1.3 + 0.3 cm. The outer
acellular layer of the cyst wall was 0.8 £ 0.1 cm In most cases, the parasite was
alive (61.1%, p < 0.05).

Tkachenko NO, Protsenko OS, Remnyova NO, Chumak LI, Omelchenko VF. Pathomorphological and gender-age
aspects of echinococosis of the liver. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2024;32(2(49)):207-213. DOI: https://doi.org/10.26565/2313-6693-2024-49-08
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BCTYN

EXiHOKOKO3 — Ue XpoHiYHe napasuTHe 3axBopto-
BaHHS, LWO HanexuTb [0 300aHTPOMNOrerbMiHTO3iB
i XapakTepusyeTbCs PO3BUTKOM COMiTapHUX ab0 MHOXWUH-
HUX KiCTO3HUX YTBOPEHb B MeviHUi, NereHsx, Mosky 0
iHWKnX opraHax [1, 2]. €sponelicbke GaraTtoueHTpoBe
OOCNiOXeHHs, ke Tp1Bano Tpy PoKW, BUSBUIO enigemio-
noriyHi  0cobnmMBOCTi  EXIHOKOKO3Yy B PI3HUX KpaiHax
€Bponn, a TakoX BCTAaHOBWUIO, LUO MOKa3HMK 3aXBOPHO-
BaHOCTi B 4OTMPW pasu NepeBULLMB MOKa3HWUKN E€BpoO-
nencbKoi cuctemu enigHarnsay, a eniueHTpoM LUCTHOro
exiHokokody B €Bponi ctanu kpaiHun BankaHcbkoro
nisocTtposa [3].

OpHak, BigHegaBHa YacToTa 3axBOPIOBAHOCTI noyana
pi3kO 3pocTaTu i B KpaiHax, siki He HanexaTtb A0 eHAe-
MiYHUKX, i MOLUMPEHHS XBOPOOW nepLu 3a BCe MOB’sA3aHe
3 rmobGanbHol Mirpauieto HaceneHHs [4, 5]. Y niognHu
L0 MaTomnorilo CApuUYMHSE NUYMHKOBA CTafia Luin'ska
Echinococcus granulosus, a iHdikyBaHHs BiabyBaeTbca
nig Yac KOHTakTy 3 XBOpUMW TBapvHamu, 36upaHHsa arig
i TpaB, nuTTa 3abpyoHeHoi AWusMUM renbMiHTa BOAM
3 pisHOMaHITHUX gxepen Towo. Wkianuea gis napasuta
Ha OpraHiamM MANHN 3YMOBMEHa TOKCUYHUMU NPOJYK-
Tamnm Noro OBMiHYy i MeXaHiYHMM TUCKOM €eXiHOKOKOBOI
KICTV Ha HaBKOMNULLHI TKAHWHW 1 OpraHu; CTyMiHb TAXKOCTI
nepebiry exiHOKOKO3y 3anexuTb Big Micus nokanisadil
i po3Mmipy kictu [5—7]. HanuacrTiwe 3ycTpiyaeTbcsa exiHo-
Koko3 nediHkn (50-70% Bunapkis). 34e6inbLIOro XBOpO-
6a BMABNSETLCS BWUMNAOKOBO, MEpPEBaXHO MiCrs MosiBu
yckrnagHeHb i3 Ooky renatobiniapHoi cuctemn abo
XOBTSHUUI HeBigomoro reHesy [8—10]. OcTaHHIM Yacom
exiHokok0o3 HabyBae akTyanbHOCTi B YKpaiHi, WO nos’s-
33aHO 3 POCTOM 3aXBOPIOBAHOCTI M PO3BUTKOM Pi3HO-
MaHITHUX YCKNaAHEeHb 3aXBOPIOBaHHS.

MeTta po6oTu — npoaHaniayBatu natoMopdonoriyHi
Ta CTaTeBO-BiKOBi 0COBNMBOCTI NPOONEPOBaHUX NaLiEHTIB
3 exiHOKOKO30M MeviHkn 3a nepiog 2011-2021 pp.

MATEPIAAU TA METOAU AOCAIAXEHHSA

PetpocnektvBHo ©6yno npoaHanizoBaHO MeauyHy
OOKyMeHTaUjlo Ta aBTOMCINHWMIA MaTepian ycix Bunagkis
XipypriYHOro BTpy4YaHHs y NauieHTiB 3 eXiHOKOKOM MeYiHKn
Ha 6asi naTtonoroaHaToMiyHoro BigaineHHs [depxaBHol
ycTaHoBU «IHCTUTYT 3aranbHOI Ta HeBigknagHoi Xipyprii
im. B.T. 3anueBa HauioHanbHOi akagemii mMegu4yHUX
Hayk VYkpaiHu» 3a nepiog 2011-2021 pp. BwuBueHo
cTaTeBO-BiKOBI 0COGNMBOCTI XBOpPUX 3 €XiHOKOKO30M.
lMpoBegeHo naTomopdonoriyHe [OCNIgXEHHs  nicns-
onepauinHoro matepiany 3 ypaxyBaHHSIM po3Mmipy 1 Tuny
KicT, i nokauii iX yTBOpeHHs. [ns BM3HAYEHHsI CTaHy
napeHxiMy nediHkn Opanu dparmeHTn ibpo3Hoi kan-
cynm 1 GionTtatM napeHxiMu MNeYviHKM MOLUKOMKEHOT
yacTku. Mig yac gocnigxeHHsa napasuTHUX KICT peecTpy-
Banu iXHin giameTp, TOBLUMHY CTiHKWU, NPO30PICTb BMICTY,
Konip mem6paHu napasuta (KyTUKYNspHUIA i repMiHanb-
HU). LWImaToukM TKaHMHM nediHkn Ta dparMeHTn
ibposHoi kancynu dikcyBanu B 10% po3vmHi HeWTparb-
Horo cbopmaniHy; nicns uboro BiabyBanocst ctaHgapTHe
NpoBedeHHA Matepiany W BUrOTOBMEHHS napagiHOBMX
OnokiB; 3 roToBux OMOKIB OTpMManu CcepiiHi  3pi3n

INTRODUCTION

Echinococcosis is a chronic parasitic disease that
belongs to zooanthropohelminthosis and is characterized
by the development of solitary or multiple cystic forma-
tions in the liver, lungs, brain, and other organs [1, 2].
The European multicenter study, which lasted 3 years,
revealed the epidemiological features of echinococcosis
in various European countries, and also established
that the incidence rate exceeded the indicators of the
European surveillance system by 4 times, and the
epicenter of cystic echinococcosis in Europe became the
countries of the Balkan Peninsula [3]. However, recently,
the frequency of the disease is increasing sharply in
countries that are not endemic, and the spread of the
disease is primarily associated with global population
migration [4, 5]. In humans, this pathology is caused
by the larval stage of Echinococcus granulosus, and
infection occurs during contact with sick animals,
picking berries and herbs, drinking water contaminated
with helminth eggs from various sources, etc. The harmful
effect of the parasite on the human body is due to the
toxic products of its metabolism and the mechanical
pressure of the echinococcal cyst on the surrounding
tissues and organs; the degree of severity of the course
of echinococcosis depends on the location and size
of the cyst [5—7]. Liver echinococcosis is the most
common (50-70% of cases). In most cases, the disease
is detected accidentally, mainly after the appearance
of complications from the hepatobiliary system or
jaundice of unknown origin [8-10]. Recently, echino-
coccosis has gained relevance in Ukraine, which is
connected with the growth of morbidity and the develop-
ment of various complications of the disease.

The purpose of the work is to analyze the patho-
morphological and sex-age characteristics of opera-
ted patients with echinococcosis of the liver for the
period 2011-2021.

MATERIALS AND METHODS

Medical documentation and autopsy material of
all cases of surgical intervention in patients with liver
echinococcosis at the pathology department of the
State Institution «V.T. Zaitsev Institute of General and
Urgent Surgery of the National Academy of Medical
Sciences of Ukraine» for the period 2011-2021. Sex-age
characteristics of patients with echinococcosis were
studied. A pathomorphological study of the postoperative
material was carried out, taking into account the size
and type of cysts, and the location of their formation.
To determine the state of the liver parenchyma, frag-
ments of the fibrous capsule and biopsies of the liver
parenchyma of the damaged part were taken. During
the study of parasitic cysts, their diameter, wall thick-
ness, transparency of contents, color of parasite mem-
brane (cuticular and germinal) were recorded. Pieces of
liver tissue and fragments of the fibrous capsule were
fixed in a 10% solution of neutral formalin; after that,
the standard processing of the material and the produc-
tion of paraffin blocks took place; serial sections with
a thickness of 4-5 ym were obtained from the finished
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ToBWMHOO 4-5 MkM. [lpenapatu 3abapsrnioBanuvcs
reMaTokCUniHOM i eo3nHoM i 3a mMetogom BaH [Mi3oHa.
CTtaTuCTUYHUIA aHani3 maTtepianiB OOCNIMQKEeHHS MpoBO-
ounn 3a pgonomoroto nporpamu  «STATISTICA 10.0»
(Stat Soft, Inc., CLLUA) meTogamu onucoBoi CTaTUCTUKU
3 pO3paxyHKOM CepefHbOol BEMNWYMHWU Ta i NOXMOKM
Ta U-kputepito MaHHa—YiTHi (MY).

PE3YABTATU TA iX OBFOBOPEHHS

3a nepiog 2011-2021 pp. 6yno 3adikcosaHo 36 npo-
OonepoBaHMX NaUiEHTIB 3 €XiHOKOKO30M neYiHkn. ExiHo-
KOKO3 MEYiHKW BUSBMANU Y YOMOBIKIB 4acTile, HixX
y XiHoK, BignosigHo y 52,8% (p < 0,05). CepepHin Bik
nauieHTiB cknagas 46,9 + 3,1 poku. B cTpykTypi npo-
onepoBaHux nutoMa Bara ocid go 50 pokiB cknagana
69,4%, 3 nepeBaxaHHAM 4YonoBikiB (52%), a ocib
crapwe 51 poky — 30,6%, Takox i3 nepeBaxaHHAM
yonosikiB (54,5%). Hawnbinbwa kinekicTe npooneposa-
Hux 6yna B 2017 poui, 39,0% i3 3aranbHoi KiNnbKoOCTi.

Y pasi nepBMHHOrO 1 pPEeLUanBHOIO EXiHOKOKO3Y
NEYIHKM BUSBUINU OOMHWYHI KICTU Y BiNbLIOCTI NauieHTiB,
a came y 26 (72,2%) 3 nepeBaxHOK nokanisawieto
y npasin vactui (88,5%). MHOXUHHI KiCTU BUSBUAK
y 10 nauientiB (27,8%); ypakeHHA npaBoi 4acTku
neviHkn — 70,0%, nisoi — 10,0%, o6ox yactok — 20,0%.
MepeBaxHy mnokanisauilo exiHOKOKOBUX KiCT B npa.i
YyacTui NedviHkM BigMivatoThb 1 iHWI gocnigHuku [4, 7].

EXiHOKOKOBI KiCTM BM3Ha4yanacs pi3HOro po3Mipy.
Ix piameTp y cepeaHbomy cknanas 13,8 £ 2,5 cM, oKpeMi
KicT caranm 17 cm. ToBwMHA BCiX LWAPiB CTiHKM KiCTW
cknagana 1,3 £ 0,3 cm. 30BHIWHIA auenionapHUn wap
CTiHkmM KicTn cknagas 0,8 £ 0,1 cm.

330BHi €XiHOKOKOBI KiCTV Bynn oToYeHi LWinbHow dib-
PO3HOI Karncyrnow, ska LWiNbHO npundrana o napeH-
XiMW neviHkm (puc. 1).

BwmicTom kictm 6yB cam napasut i MOro TKaHWHW
(puc. 2).

blocks. The preparations were stained with hemato-
xylin and eosin and according to the Van Gieson method.
Statistical analysis of research materials was carried
out using the program «STATISTICA 10.0» (Stat Soft,
Inc., USA) using methods of descriptive statistics with
calculation of the average value and its error and
the Mann—Whitney U-criterion (MU).

RESULTS AND DISCUSSION

During the period 2011-2021, 36 operated patients
with echinococcosis of the liver were recorded. For the
most part, echinococcosis of the liver was detected
more often in men than in women, respectively in 52.8%
(p = 0.05). The average age of the patients was
46.9 + 3.1 years. In the structure of the operated persons,
the specific weight of persons under 50 years of age
was 69.4%, with a predominance of men (52%), and
persons over 51 years of age — 30.6%, also with a predo-
minance of men (54.5%). The largest number of operated
patients was in 2017, 39.0% of the total number.

In the case of primary and recurrent echinococcosis
of the liver, single cysts were found in most patients,
namely in 26 (72.2%) with predominant localization in the
right lobe (88.5%). Multiple cysts were found in 10 patients
(27.8%); lesions of the right lobe of the liver — 70.0%,
left — 10.0%, both lobes — 20.0%. Other researchers
also note the predominant localization of echinococcal
cysts in the right lobe of the liver [4, 7].

Echinococcal cysts were determined in different
sizes. Their average diameter was 13.8 + 2.5 cm, indivi-
dual cysts reached 17 cm. The thickness of all layers
of the cyst wall was 1.3 + 0.3 cm. The outer acellular layer
of the cyst wall was 0.8 £ 0.1 cm.

From the outside, the echinococcal cysts were

surrounded by a dense fibrous capsule that closely
adjoined the liver parenchyma (Fig. 1).

The contents of the cyst were the parasite itself
and its tissues (Fig. 2).

Puc.1. ExiHOKOKOBa KiCcTa NeyviHKW, MakpOCKOMiYHWUI BUIMAS,.
Kicta napasuTa LWinbHO npunsrae 4o napeHxiMu neviHku
(Bua 3 oKy neviHku)

Fig. 1. Echinococcal liver cyst, macroscopic view.

The cyst of the parasite tightly adheres to the parenchyma
of the liver (view from the side of the liver)

Puc. 2. ExiHOokoKOBa KiCcTa neviHku Ha po3pisi,
MaKpOCKONIYHMIA BUMNSA.
CdopMoBaHa kancyna 3 TKaHMHamu napasuta BcepeauHi
Fig. 2. Echinococcal liver cyst on section, macroscopic view.
A capsule is formed with parasite tissues inside
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Axkwo napasut ByB XMBUIN HA MOMEHT BMOANEHHS,
TO BMICT KicTu OyB Mpo3opui, SKWO 3armbnum — BMICT
OyB MYTHWUI 3 MNacTiBUSIMU BHACMIOOK HEKPO3Y TKaHWH
napasuta. 3aebinbLioro napasuT 6yB XUBUM HAa MOMEHT
BuaaneHHsi (61,1%, p < 0,05), npo wo ceig4una nposopa,
6e3KonbopoBa piAMHa KIiCTW, 3 HasIBHICTIO OOUHWUYHUX
JouvipHix kicT giametpom Big 0,1 go 2 cm, siki Manm
aHanoriyHy MaTepUHCbKI MaKpo- i MIKpOCKOMIYHY CTPYK-
Typy. Konip Bciei membpaHu napasuta 6yB 6ino-poxeBui.

[Mpy nepBMHHOMY EXiHOKOKO3i MeYiHKM MaKpOCKO-
niyHo pibposHa Kancyna 3cepeguHu rmagka 3 Grnuvcky-
YMM BiOTIHKOM, M’SIKO-enacTUYHOI KOHCUCTEHLil, Marxke
PiBHOMIPHOI TOBLUMHMK, 3 HasIBHICTIO CYAWHHOI Mepexi
pisHoro cTyneHs BupaxeHocTi. MikpockoniyHo ¢i6b-
poO3Ha kancyna npeacTaBneHa MyxKo, Crofy4YHoK TKa-
HMHO Ta (PiIOPO3HOD TKAHMHOW, 3 HASABHUMM KOnareHo-
BMMU BOJIOKHAMMW, BUPAXXEHOK CYLOMHHOK MeEpexero Ta
MI3EPHUM KNITUHHUM KOMMOHEHTOM. [py peunanBHMUX
eXiHOKOKOBMX KiCTax MaKpocKoniyHo (pibpo3Ha Kan-
cyna Oyna pi3HOi TOBLUMHU, MIiCUSMU 3 BUP@KEHUMMU
CKNEPOTUYHUMWN  MOBEPXHEBMMU  BMpaskamu, Mikpo-
CKOMIYHO — MiCTMNa ocepedku rpaHynauiiHoOl TKaHWUHK
N YNCIEHHI €03UHOdINN.

MakpoCKOMiYHO E€XiHOKOKOBI ypaXKeHHs1 MediHku Gynu
npeacrasneHi sk knacnyHui Echinococcus granulosus:
BOHU Manu cdpepuyHy ¢opmy, IXHin cepedHin giameTp
cknagas 13,8 + 2,5 cm, BoHM manu pibposHy kancyny
N MICTUNM ekKinbKa SOYipHIX KIiCT.

MiKpOCKONIYHO CTiHKM €XiHOKOKOBUX KiCT Manu Tpu-
WapoBy CTPYKTYpY. 3O0BHIWHIA auentionspHun  wap
B cepegHbomy 6yB 3aBTtoBlwkM 0,8 + 0,1 MM, cepegHii
repmiHanbHUN Wap MaB BUMMSL MNpPO30pPOI  TOHKOI
BUCTINKA 3 TiNOXPOMHUMM siApamu, BHYTPIWHIA Lwap
(npoTockonekc) MiCTMB oparMeHTU TKaHWHW NapasuTa.

BaxnMBMM MOKA3HUKOM >KUTTE3OATHOCTI nNapasvTa
€ CTaH Moro repMiHaTMBHOI MeMbpaHu, sika € OCHOBOH
ans pemynbstunnikaudii napasuTta. CtaH repmiHaTUBHOI
MeMOpaHM BM3HA4Ya€E MaKpPO- i MIKPOCKOMIYHMIA Xapak-
Tep 3MiH y MOro KyTUKYNsIpHii MeMGpaHi.

Yce ue, pa3oM 3i CTPYKTYpHUMKU OCOBNUBOCTSIMU
OyooBM nepunapasuTHoi Karncynu, Bu3Hadae OGiono-
riYHy aKkTMBHICTb MapasvTa Ta exiHOKOKOBOI KicTu
neviHku [6] i noTpebye nornnbneHoro OCNIAKEHHS.

BUCHOBKHU

3a pecatupiyHmi  nepiog  Oyno  3adhikcoBaHO
36 npoonepoBaHMX NauiEHTIB 3 MNpPUBOOY EXiHOKOKO3Yy
neviHky, GinblwicTb BUMNagkie cknanu 4Yonosikn (52,8%,
p < 0,05). CepeqHin Bik xBopux cknagas 46,9 + 3,1 poku
i konueaBecs Big 26 go 69 pokie. Cepen npoonepoBaHuX
nutoma Bara oci6 go 50 pokiB cknagana 69,4%
3 NepeBaXKaHHAM YOMOBIKIB.

Y pasi nepBuMHHOro ” peumamBHOIO EXiHOKOKO3Y
NeYiHKM BUSIBUNMU OAMHWUYHI KiCTW Y BinbLlIOCTi NaujieHTiB,
a came y 26 (72,2%) 3 nepeBaHOW roKanisaujieto
y npasin vactui (88,5%). MHOXMWHHI KicTu BuABUNK
y 10 nauieHTiB (27,8%); ypaeHHA MpaBoOi 4acTku
neviHkn — 70,0%, niBoi — 10,0%, o6ox 4actok — 20,0%.

[liameTp exiHOKOKOBUX KiCT y cepedHbOMY CKnaaaB
13,8+2,5 cm, okpeMi kicTu caranu 17 cm. ToBLLMHA BCiX LWa-
piB CTiHkK KicTu cknagana 1,3 £ 0,3 cm. 30BHiWHIN aue-
NONAPHWIA Wap CTiHkK KicTh cknagase 0,8 £ 0,1 cMm. Y Ginb-
wocTi BunaakiB napasut 6ys xumeuM (61,1%, p < 0,05).

If the parasite was alive at the time of removal,
the contents of the cyst were transparent, if dead, the
contents were cloudy with flakes due to necrosis of
the parasite’s tissues. The parasite was mostly alive
at the time of removal (61.1%, p < 0.05), as evidenced
by a clear, colorless cyst fluid, with the presence of
single daughter cysts with a diameter of 0.1 to 2 cm, which
had a similar macro- and microscopic structure. The color
of the entire membrane of the parasite was white-pink.

In primary echinococcosis of the liver, the macro-
scopically fibrous capsule is smooth from the inside
with a shiny shade, soft-elastic consistency, almost
uniform thickness, with the presence of a vascular
network of varying degrees of severity. Microscopically,
the fibrous capsule is composed of loose, connective
tissue and fibrous tissue, with collagen fibers present,
a prominent vascular network, and a scant cellular
component. In case of recurrent echinococcal cysts,
macroscopically, the fibrous capsule was of different
thickness, in places with pronounced sclerotic surface
ulcers, and microscopically, it contained cells of granu-
lation tissue and numerous eosinophils.

Macroscopically, the echinococcal lesions of the
liver presented as classical Echinococcus granulosus:
they were spherical in shape, their mean diameter
was 13.8 + 2.5 cm, they had a fibrous capsule and
contained several daughter cysts.

Microscopically, the walls of echinococcal cysts had
a three-layered structure. The outer acellular layer was
on average 0.8 £ 0.1 mm thick, the middle germinal
layer had the appearance of a transparent thin lining
with hypochromic nuclei, the inner layer (protoscolex)
contained fragments of parasite tissue.

An important indicator of the viability of the parasite
is the state of its germinal membrane, which is the basis
for the remultiplication of the parasite. The state of
the germinal membrane determines the macro- and
microscopic nature of changes in its cuticular membrane.

All this, together with the structural features of the
structure of the periparasitic capsule, determines the
biological activity of the parasite and echinococcal
liver cyst [6] and requires in-depth research.

CONCLUSIONS

Over a 10-year period, 36 patients operated on for
echinococcosis of the liver were recorded, the majority
of cases were men (52.8%, p < 0.05). The average
age of the patients was 46.9 + 3.1 years and ranged
from 26 to 69 years. Among those operated on, the
percentage of people under 50 was 69.4%, with
a predominance of men.

In the case of primary and recurrent echinococcosis
of the liver, single cysts were found in most patients,
namely in 26 (72.2%) with predominant localization
in the right lobe (88.5%). Multiple cysts were found
in 10 patients (27.8%); lesions of the right lobe of the
liver — 70.0%, left — 10.0%, both lobes — 20.0%.

The average diameter of echinococcal cysts was
13.8 £ 2.5 cm, individual cysts reached 17 cm. The thick-
ness of all layers of the cyst wall was 1.3 + 0.3 cm.
The outer acellular layer of the cyst wall was 0.8 £ 0, 1 cm.
In most cases, the parasite was alive (61.1%, p < 0.05).
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MepcnekTMBM MOAQABLUMX AOCAIAXEHD

HeobxigHe nopanblle npoBeAeHHS MNPOCMEKTUBHOMO naTo-
MOPONOriYHOro i KriHiko-eniaemionoriyHoro  AOCHiAXEHHs
iHWOT MeaunyHOI AOOKyMeHTauii Ansi nornmmbneHoro BUBYEHHS
eTionaTtoreHesy exiHOKOKO3y W BCTaAHOBMEHHSI KOPensuinHo-

perpecuBHOro 3B’A3Ky 3 AaHVMU iMyHODEPMEHTHOTO aHarniay.

KoHdAIKT iHTEepecis

ABTOpPY pyKONMUCy CBiAOMO 3aCBig4vy0Th BiACYTHICTb (haKTUYHOIO
abo noTeHUiHOro KOHNIKTY iHTepeciB LwWoOo0 pesynbraTiB
uiei pobotn 3 cdapmMaueBTUYHUMU KOMMAHIAMU, BUPOGHMKaMM
bioMeanyHMX NPUCTPOIB, IHWMMK OpraHizauismun, Yni NpoayKTy,
nocnyru, diHaHcoBa nigTpUMKa MOXYyTb OyTu NOB’A3aHi
3 NpegMeToM HagaHux martepianis.

IHdpbopmalis npo doiHaHCYBAHHS

®iHaHcyBaHHS BuaaTkamu [epxkaBHoro BromkeTy YkpaiHu.
HocnigkeHHs He € 4acTMHOK HayKkoBOi nporpamu. Temy
OocnifpkeHHst BUOpaHO 3 ypaxoBYBaHHSIM aKTyamnbHOCTi, poOCTy
3aXBOPOBAHOCTI i 3pOCTaloYOl KiNlbKOCTi OnepaTUBHUX BTpy4YaHb
Ha fgaHy naTonorito B M. XapkoBi Ta obnacri.

REFERENCES

1. He W, Wang LY, Yu WJ, Zhang GJ, Zhong B, Liao S et al. Prevalence
and spatial distribution patterns of human echinococcosis at the
township level in Sichuan Province. Infectious Diseases of Poverty.
2021;5;10(1):82. DOI: 10.1186/s40249-021-00862-z

2. Casulli F, Abela-Ridder B, Petrone Dstat D., Fabiana Dstat M.,
Bobic B et al. Unveiling the incidences and trends of the neglected
zoonosis cystic echinococcosis in Europe: a systematic review from
the MEmE project. The Lancet Infectious Diseases. 2023;23(3):e95—
107. DOI: https://doi.org/10.1016/S1473-3099(22)00638-7

3. Hogea MO, Ciomaga BF, Muntean MM, Muntean AA, Popa MI,
Popa GL. Cystic Echinococcosis in the Early 2020s: A Review.
Tropical Medicine and Infectious Disease. 2024;9:36. DOI:
https://doi.org/10.3390/tropicalmed9020036

4. Tamarozzi F, Deplazes P, Casulli A. Reinventing the Wheel
of  Echinococcus  granulosus sensu lato  Transmission
to Humans. Trends in Parasitology. 2020;36(5):427-34. DOI:
https://doi.org/10.1016/j.pt.2020.02.004

5. Mahmoudi S, Mamishi S, Banar M, Pourakbari B, Keshavarz H.
Epidemiology of echinococcosis in lIran: a systematic review
and meta-analysis. BMC Infectious Diseases. 2019;19(1):929. DOI:
https://doi.org/10.1186/s12879-019-4458-5

6. Manukyan A, Avetisyan L, Sahakyan G, Jimenez AP, Paronyan L,
Gevorgyan K, Vanyan A et al. A review of human alveolar
echinococcosis in the Republic of Armenia from 2008 to 2020.
Parasite  Epidemiology and Control. 2022;17:€00246. DOI:
https://doi.org/10.1016/j.parepi.2022.e00246

7. PaduraruAA, Lupu MA, Sima L, Cozma GV, Olariu SD, Chiriac SD et al.
Cystic Echinococcosis in Hospitalized Adult Patients from Western
Romania: 2007-2022. Microorganisms. 2023;11(10):2388. DOI:
https://doi.org/10.3390/microorganisms11102388

8. Pokidko MI, Formanchuk TV, Voznyuk OV, Vovchuk IM,
Formanchuk AM. A case of echinococcal bone with localization
in the gate of the disease and the development of acute
noncalculous cholecystitis. Bulletin of the Vinnytsia National
Medical  University. 2020;24(1):92-97. (In  Ukrainian). DOI:
https://doi.org/10.31393/reports-vnmedical-2020-24(1)-17

9. Romig T, Deplazes D, Jenkins D, Giraudoux P, Massalo A et al.
Chapter Five-Ecology and Life Cycle Patterns of Echinococcus
Species. Advances in Parasitology. 2017;95:213-314. DOI:
https://doi.org/10.1016/bs.apar.2016.11.002

10. Shumuye NA, Ohiolei JA, Gebremedhin MB, Yan HB, Li L,
Li WH et al. A systematic review and meta-analysis on
prevalence and distribution of Taenia and Echinococcus
infections in Ethiopia. Parasit Vectors. 2021;14(1):447. DOI:
https://doi.org/10.1186/s13071-021-04925-w

Prospects for further research

It is necessary to conduct a prospective pathomorphological
and clinical-epidemiological study of other medical documen-
tation for an in-depth study of the etiopathogenesis of echino-
coccosis and to establish a correlation-regression relationship
with the data of enzyme immunoassay.
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PE3IOME

nnogn, HoBoHa-  AKTyanbHiCTb. EkcTpareHiTanbHa naTtonoris mMatepi MoXe BUKNMKATW PiZHOMaHITHI
3MiHM B OpraHiamMi HOBOHAPOMKEHOro, ki B MawbyTHBOMY € MPUYMHOK MOPYLUEHb
y isnyHOMYy i pO3ymMOBOMY PO3BUTKY, @ TakOX BVKIMKAE MiABULLEHHS COMaTUYHOI
Ta iHPEKLiHOI 3aXBOPIOBAHOCTI y Takux AiTen. Tox CBOe4yacHa AiarHOCTMKa 3axBOpio-
BaHb MEYiHKN y HOBOHapPOMXKEHVX Ta AiTel paHHbOro BiKYy 3anMULIAETbCA aKTyarnbHO
npo6nemor Ha CbOTOAHILLHIN AEeHb.

3omoea Anna bopucieHa MeTta po6oTn — BUBYEHHS MOPEONOriYHNX 0COBNMBOCTEN CTpOMarbHO-MapeHxiMa-
XapKiBCbKW HaLiOHaNbHUA YHIBEPCUTET  TO3HOMO KOMMOHEHTa MEYiHKM NMO/iB Ta HOBOHAPOMKEHMX, LLO PO3BMBAMNNCA B YMOBax
imeHi B.H. KapasiHa MiHicTepcTBa OCBITU  MaTEPUHCBLKOI FiNepTOHIYHOT XBOPOGU.

i Haykn YKkpainu, kadeapa HopmanbHOi  Martepianu Ta metoau. [OCRiMKeHHs NpoOBOAWNM Ha npenapartax nediHku nnoais
aHaTomii Ta disionorii nioanHu; Ta HOBOHAPOMKEHMX, K 3arMHyNM y Billi 37 TWXHIB rectauii — 1-wa goba noctHararnb-
mangaH Csobogu, 6yd. 4, M. Xapkis, Horo xuTTsi. Bech JocnimkyBaHuii maTepian 6yno noaineHo Ha Agi rpynu. o rpynu

Ykpaina, 61022;

KoHTporto (rpyna K) yBiiwnu nnogn Ta HOBOHAPOMKEHI BiA 340pPOBUX MaTepis

e-mail: zotova@karazin.ua (18 BWnagkiB), ski MOMepnu Yepes rocTpe MOPYLUEHHS MYMNOBUHHO-NMALEHTapHOMo

KpoBOObGiry Ta popoBoi TpaBmu. [pyny nopiBHAHHA (rpyna [1) cknanu 36 nnopis
© 3omosa A.b., Llepcmiok C.O., Ta HOBOHAPOMKEHWX BiA MaTepiB 3 rinepToHiyHOW xBopoGow |l cragii. OTpumani
Xpamosa T.0., HakoHedHa C.A., 2024 MikponpenapaTti 3abapBrioBanucsi remMaTtoKCUMIHOM | €03MHOM, MIKPOdYKCUHOM

3a metogom BaH Ti3oHa, Ta 3a metogom Mannopi. lNMigpaxoByBanu napeHxiMaTos-
HWIA, CTPOManbHWA Ta CYAUHHWA KOMMOHEHTM Y MPOLEHTHOMY CriBBiAHOLLEHHI,
a noTiM ob4mcnoBany CTpoOMarnbHO-NapeHXiMaTo3HUIA KoediLlieHT.

Pesynbrati Ta ix o6roBopeHHs. OTpumaHi Hamun pesynsTaTv nig 4ac nNpoBeAeHoro
OOCMiPKEHHS BKasyBanu Ha Te, LUO BMMMB XPOHIYHOI BHYTPILLUHbOYTPOOHOI riMOKCii,
siKka posBuBanacsa Ha (oHi rinepToHiyHOI xBopobu |l cTagii y matepi npussoauTb
[0 PO3BUTKY AECTPYKTUBHO-ANCTPOMIYHMX 3MiH B TKaHWHI MEYiHK1 Nropgis i HOBOHa-
pomxeHnX. XpoHiyHa BHYTPILLHbOYTPODOHA FinoKkcis Ha ¢OHI MaTepuHCBHKOI apTepianb-
HOI rinepTeHsii Npu3BoANTbL A0 MapeHXiMaTo3HUX BTpaT Ta Mae BUPAXEHUA CTUMYIO-
HOUN ePEKT HA CTPOMAnbHUIN KOMMOHEHT MEYiHKK, i Lie MOXe NPUBECTMU, Nif i€ NEBHNX
TpurepiB, A0 3HAYHOTO 3HWKEHHS (PYHKUIOHANbHOI aKTUBHOCTI MeYiHkM Ta niaBuLlye
PU3NK PO3BUTKY MEYiHKOBOI HEAOCTATHOCTI Ta LMPO3y MEYiHKA B MaibyTHbOMY.
BucHoBku. llig yac npoBegeHoro [ocnigkeHHs Oyno BCTAHOBMEHO, LIO XPOHiYHA
BHYTPILLHbOYTPOOHa TiNOKCid, fka PO3BMBAETbCA Ha (POHI FNEepTOHIYHOI XBOpOOM
Il cTagii y matepi, Npu3sBoaMTe OO PO3BUTKY 3HAYHWX AECTPYKTUBHO-AUCTPOMIYHMX
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AAS LUTYBAHHS:

3MiH y TKaHWHI NeYviHkM nnogiB Ta HoBOHapodkeHux. BinbyBaeTbcsi 3HUXKEHHS 06’emy
napeHximu 3a paxyHok 06’eMy renaTouuTiB Ta NiABULLEHHSI 06’EMYy CTPOMM 3 CyAMHaMU
3a paxyHok o6’emy noprtanbHux TpakTiB (11,2 + 2,2% y MOpPIBHAHHI 3 KOHTpoOnem —
3,4 + 0,3%), o6’emy ueHTpanbHux BeH (12,9 + 1,3% y NOPIBHAHHI 3 KOHTponem —
9,4 £ 0,4%), 06’emy cuHycoigis (13,3 + 1,1% y nopiBHsAHHI 3 KoHTponem — 11,3 + 0,8%).
BctaHoBneHo, wWo onucaHi HamuM  MopcponoriyHi - 3MiHM B NediHui  nnoais
Ta HOBOHapPOMXXEHVX Yy MoAanbLUOMy OHTOreHesi MOXyTb CTaTu NepeaymMOBOH pO3-
BWUTKY naTtonorii renatobiniapHoi cucteMu y Takux giten.

3otoBa A.B., WepcTiok C.O., Xpamosa T.0., HakoHeuHa C.A. MopdonoriyHi ocobnmBocTi cTpomaribHO-NapeHxiMaTos-
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ABSTRACT

Background. Extragenital pathology of the mother can cause various changes in the
body of the newborn, which in the future are the cause of violations in physical and
mental development, and also causes an increase in somatic and infectious diseases
in such children. Therefore, timely diagnosis of liver diseases in newborns and young
children remains an urgent problem today.

Purpose — the article is devoted to the study of the morphological features of the
stromal-parenchymal component of the liver of fetuses and newborns that develo-
ped under conditions of maternal hypertension.

Materials and Methods. Research was conducted on liver preparations of fetuses
and newborns who died at the age of 37 weeks of gestation — the 15t day of postnatal life.
All the studied material was divided into two groups. The control group (group K)
included fetuses and newborns from healthy mothers (18 cases) who died due to acute
disruption of umbilical-placental circulation and birth trauma. The comparison group
(group C) consisted of 36 fetuses and newborns from mothers with stage Il hyper-
tension. The obtained micropreparations were stained with hematoxylin and eosin,
picrofuchsin according to the van Gizon method, and according to the Mallory method.
The parenchymal, stromal, and vascular components were calculated as a percentage,
and then the stromal-parenchymal ratio was calculated.

Results. The results we obtained during the conducted research indicated that the
influence of chronic intrauterine hypoxia, which developed against the background
of stage Il hypertensive disease in the mother, leads to the development of destruc-
tive-dystrophic changes in the liver tissue of fetuses and newborns. Chronic intrau-
terine hypoxia with maternal arterial hypertension leads to parenchymal losses and
has a pronounced stimulating effect on the stromal component of the liver, and this
can lead to a significant decrease in the functional activity of the liver under the
influence of certain triggers and increases the risk of developing liver failure and
liver cirrhosis in the future.

Conclusions. During our research, it was established that chronic intrauterine hypoxia,
which develops against the background of stage Il hypertensive disease in the mother,
leads to the development of significant destructive-dystrophic changes in the liver
tissue of fetuses and newborns. There is a decrease in the volume of the paren-
chyma due to the volume of hepatocytes and an increase in the volume of the stroma
with vessels due to the volume of the portal tracts (11.2 + 2.2% compared to the
control — 3.4 + 0.3%), the volume of the central veins (12.9 + 1.3% compared to the
control — 9.4 + 0.4%), the volume of sinusoids (13.3 + 1.1% compared to the control —
11.3 + 0.8%). It was established that the morphological changes described by us
in the liver of fetuses and newborns in the subsequent ontogenesis may become
a prerequisite for the development of hepatobiliary system pathology in such children.

Zotova AB, Sherstyuk SO, Khramova TO, Nakonechna SA. Morphological features of the stromal-parenchymal
component of the liver of fetuses and newborns that developed under conditions of maternal hypertension.
The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2024;32(2(49)):214-221.
DOI: https://doi.org/10.26565/2313-6693-2024-49-09

BCTYN

INTRODUCTION

Ha cborogHilHin OeHb BCTAHOBMEHO, L0 €eKcTpa- To date, it has been established that maternal extra-
reHitanbHa natonoria MaTepi, ceped €koi BuanswTbL  genital pathology, including hypertension in pregnancy,
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rinepTeHsito BariTHUX, NPU3BOAUTbL OO PO3BUTKY BTOPUH-
HOI nnaueHTapHOi HedoCTaTHOCTI, sika B CBOK 4epry
Bee [0 XPOHIYHOI BHYTPiWHLOYTPOOHOI rinokcii (XBI)
Ta rinoTpodii nnoga Ta HOBOHAPOAXKEHOrO, @ B TSHKKMX
BMNagKax 4o nepuHaTtanbHOI CMEPTHOCTI. TakoX ekcTpa-
reHiTanbHa naTonoria mMaTtepi BUKIWKAE YUCIEHHI 3MiHN
B OpraHiami QUTUHK, AKi BNPOOOBX NEPLUMX POKIB XUTTA
€ MPUYMHOK nopyLleHb Y Ti i3n4HOMYy i po3yMOBOMY
pO3BMTKY, Ta BWKMMKAE MNiOBMLLIEHHS COMaTWM4YHOI Ta
iHdbeKLUiHOT 3axBoptoBaHOCTI y Takux giten [1]. Ha xanb,
CBOevyacHa fJiarHocTvka 3axBOploBaHb MEYiHKM Yy HOBO-
HapOMKEeHNX Ta AiTed paHHbOro BiKYy 3anuULaeTbCcH
aKTyanbHOW MNpobnemMol Ha CbOrOAHi, OCKIMbKU Pi3HO-
MaHiTHi MOPYLWEHHA YHKUIT NeviHkM YacTo MaloTb
[OCUTb CXOXi MovaTKoBi KMiHiYHI nposiBu, abo B3arani
MalTb NnaTeHTHUI nepebir. Cnig 3a3HaynMTK, WO paHHE
BUSIBMEHHA nartonorii Aae MOXMMBICTb noyatn niky-
BaHHS sIKOMOra LUBMALLE Ta 3HAa4YHO MOKpaLUTX NPOrHO3
y Takux giten [2, 3]. OiarHocTuka 3axBOpoBaHb MediH-
Kn y AdiTed npoBOAUTBCS 3a [AOMOMOrOK  KMiHIYHO-
nabopaTopHMX AaHUX Ta HePigKo Mae He JOCUTb TOYHWUI
xapakTtep. Tomy NporHo3 3axBOPOBaHb NeviHkn notTpedye
[ocnigaXeHHs 6inbl TOYHUX MOPAONOriYHMX AaHuX, i ue
Hacamnepes CTOCYeTbCS OLiHKM CTpoMaribHO-NapeHxima-
TO3HOMO KOMMOHEHTA neviHku [4].

MeTa po6oTn — BUABUTM MOPdONOrivHi 0cobnmnBocCTi
CTPOMarbHO-NapeHXiMaTo3HOr0  KOMMOHEHTa  NeYiHKu
nnoaiB Ta HOBOHAPOOXXEHUX, LLIO PO3BUBANNCS B yMOBaXx
MaTEepPUHCLKOI FinepToHIYHOI XBOpOOMW.

MATEPIAAU TA METOAU AOCAIAXXEHHA

[ocnigXeHHss NpoBoAMnM Ha mnpenapaTtax MeYiHKku
NnoaiB Ta HOBOHAPOMXKEHUX, AKi 3arvHynu y Bidi 37 Twx-
HiB rectauii — 1-wa pgoba noCcTHATanbHOIO KUTTS.
Mpenapatn Gynu OoTpuMMaHi nig Yac CekuiiHMx pocnig-
XeHb, BMKOHaHUX Ha 6asi KomyHanbHOI yCTaHOBM
OXOPOHW 340POB’'A «XapKiBCbKMI MiCbKMI NepuHaTanb-
HUI LEHTP».

YBecb [pocrnigkyBaHuin MaTepian Oyno nogineHo
Ha gBi rpynu. [o rpynu koHTpomto (rpyna K) ysinwnm
nnoau Ta HOBOHAPOMKEHi y Biui 37 TWXHIB recrtauii —
1-wa poba nocTHaTanbHOro XWUTTSA Bif 300POBUX Mate-
piB (18 BMnNagakiB), Aki NnomMepnu Yepes roctpe MopyLleH-
HA NYNOBMHHO-MNMNALEHTAPHOIO KpOBOOOIry Ta poaoBoi
TpaBmu. [pyny nopiBHAHHA (rpyna 1) cknanm 36 nnoais
Ta HOBOHApPOMXKEHUX, BiA MaTepiB 3 TriNepTOHIYHO
xBopoboto (MX) Il cragii y Biui 37 TwxkHIB recrauii —
1-wa poba nocTtHatanbHoro *utTtA. [iarHo3 X BcTa-
HOBMEHO 3rigHo 3 Haka3om MiHicTepcTBa OXOPOHU
3gopoB’s Ykpainn Ne 384 Big 24.05.2012 p. 3 icTtopin
XBOpOO i monoriB aHanisyBanu KriHiYHi AaHi martepis
i3 X: Bik, Maca Tina, KniHi4Hi NPOSABM OCHOBHOIO 3aXBO-
plOBaHHs, AaHi nabopaTtopHux Ta iHCTPyMEHTanbHWX
AocnigXeHb, NiKyBaHHSA, paHille nepeHeceHi 3axBopio-
BaHHS, KiNbKiCTb MONEPEeAHiX BariTHOCTEN Ta ix pe3ynbrar,
nepebir i pesynbraT OCTaHHiX nonorie. Lle ©ynu XiHkn
HM3BbKOrO COLjianbHO-EKOHOMIYHOIO PiBHA, SKi HE NnaHy-
BanM BariTHICTb, Ta €Ki BiOMOBUINMCS B3aEMOAIATU
3 NikyBanbHUMK yCTaHOBaMM Mif Yac BariTHOCTI.

3 icTopinn xBOpo6 i MoOMnoriB TakoX aHanisyBanu Kri-
HiYHi JaHi NnodiB Ta HOBOHAPOMKEHUX Big MaTepiB i3 [X:

leads to the development of secondary placental
insufficiency, which in turn leads to chronic intrauterine
hypoxia (CIH) and fetal and neonatal hypotrophy, and
in severe cases, perinatal mortality. Also, maternal
extragenital pathology causes numerous changes in the
child’s body, which during the first years of life cause
disorders in his or her physical and mental development,
and causes an increase in somatic and infectious morbi-
dity in such children [1]. Unfortunately, the timely diag-
nosis of liver diseases in newborns and young children
remains an urgent problem today, as various liver dys-
functions often have quite similar initial clinical mani-
festations or even a latent course. It should be noted
that early detection of pathology allows to start treatment
as soon as possible and significantly improve the prog-
nosis in such children [2, 3].

Diagnosis of liver diseases in children is based on
clinical and laboratory data and is often inaccurate.
Therefore, the prognosis of liver diseases requires the
study of more accurate morphological data, and this
primarily concerns the assessment of the stromal-paren-
chymal component of the liver [4].

Objective — to determine the morphological features
of the stromal-parenchymal component of the liver of
fetuses and newborns developing under conditions
of maternal hypertension.

MATERIALS AND METHODS

The study was conducted on liver preparations of
fetuses and newborns who died at the age of 37 weeks
of gestation — the 1%t day of postnatal life. The prepa-
rations were obtained during sectional studies performed
at the Kharkiv City Perinatal Center.

All the study material was divided into two groups.
The control group (group K) included fetuses and
newborns at the age of 37 weeks of gestation — the 15t day
of postnatal life from healthy mothers (18 cases) who
died due to acute umbilical cord-placental circulation
disorder and birth trauma. The comparison group
(group C) consisted of 36 fetuses and newborns from
mothers with stage Il hypertension (HD) at the age of
37 weeks of gestation — the 1st day of postnatal life.
The diagnosis of hypertension was established in
accordance with the Order of the Ministry of Health
of Ukraine Ne 384 of May 24, 2012. Clinical data of
mothers with hypertension were analyzed from the
medical and delivery histories: age, body weight, clinical
manifestations of the underlying disease, laboratory
and instrumental studies, treatment, previous diseases,
number of previous pregnancies and their outcome,
course and outcome of the last delivery.

Clinical data of fetuses and newborns from mothers
with HD were also analyzed from the medical and deli-
very histories: body weight, height, weight-for-height
ratio, life expectancy, and cause of death.

In all cases, the fetuses died antenatally (fetus without
maceration) or intranatally as a result of acute utero-
placental circulatory disorders (premature detachment
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Maca Tina, 3picT, Maco-poCcToBU KoediLieHT, TpuBanicTb
XWUTTS, NPUYMHA CMEpTi.

B ycix Bunagkax nnogu 3arvHynu aHTeHaTanbHo
(nnip 6e3 mauepauii) abo iHTpaHaTanbHO BHacCMiOOK
rOCTPOro MOpPYLUEHHS1 MaTKOBO-MIaLeHTapHOro KpoBo-
o6iry (nepegyacHe BigwapyBaHHS HOPMarbHO PO3TaLLO-
BaHOi NnawueHTn), NynoBMHHOIO KpoBoobiry (o6BMBaHHSA
nynoBMHWM HaBkono Tina abo wwui nnoaa, iCTUHHI By3nu
nynoBWHW, KOpPOTKa NynoBuHa) abo Big poooBOi TpaBMW.
HoBoHapogXeHi rpynu nOpiBHAHHA 3arvMHynu Big MOCT-
HaTasnbHOI acdikcii BHaCNIgOK  iLeMi4YHO-FiINOKCUYHOIo
YPaXXeHHs1 LeHTpanbHoi HepsoBoi cuctemun (LHC),
TpuBanicTb >XUTTS B YCiX BuUNagkax AOChigKeHHs
He nepeswuyBana 24 roguH. MpuynHOO cMmepTi nNnoais
i HOBOHAPOOXKEHUX IPYMNK KOHTPOIIO CTana Tshkka pogosa
YepernHo-Mo3koBa TpaBMa, MepeayacHe BidllapyBaHHs
HOpMarbHO PO3TaLlOBaHOI NNaLUeHTy.

FicTonoriyHi 3pisan 3abapentoBanu remaTokCuniHoM
i eo3nHOM, niKpodykcMHOM 3a metogom Bad [i3oHa,
a Takox 3a Metogom Mannopi. Ons ouiHkn cTaHy
CTPOMarbHOro, NapeHxiMaTo3HOro Ta CyauHHOro KOMMo-
HEHTIB MeyYiHK1 BUKOPUCTOBYBANM MIKpOCKOMivYHY Mopdo-
MeTpu4Hy ciTky ABTaHgunosa [5]. Yci rictonoriyHi Ta
MOPGOMETPUYHI OCNIAXKEHHS NPOBOAMIMM Ha MiKpocKoni
Olympus BX-41 (AnoHis) 3 umdposoto hoTokamepoto Ta
BMKopucTaHHsm nporpam Olympus Db-soft (Version 3:1).

PE3YABTATU TA IX OBTOBOPEHHS

[NeyviHka rpynu KOHTPOM Marna noMipHO PO3BUHEHY
CTPOMY TMepeBaXHO B [AiNgHUi nopTanbHUX TpPakTiB.
Ctpoma Gyna npeacraBrneHa MyxKMMu nyvkamu Kona-
reHOBMX BOSIOKOH 3 MOMIPHOK niMdoricTioLMTapHO
iHginbTpadieto.

Y nedyiHUi rpynu nMOpiBHAHHS 3BepTano Ha cebe
yBary 3HayHe pO3pOCTaHHsi CTPOMW, OCOGNMBO B AiNsiH-
Ui nopTanbHUX TPakTiB Yy BUMA4I LWiAbHUX MyYKiB
KonareHOBUX BOJSIOKOH 3 MOMIpHOK nimdorictioumntap-
HOMO IHQDINbTpaLieto.

3MiHK Macu Ta po3MmipiB NeYiHKM MOXYTb BiabyBaTUCA
3a paxyHOK napeHximu, CTpoMu, 3oKkpema cyavH. [ns ge-
TanbHOro 3'CyBaHHA xapakTepy 3miH Oyno npoBegeHo
MOpP(OMETPMYHE [JOCMiAKEHHA O00’€eMHMX napaMeTpiB
napeHximn, CTpoMM 3 CyOuMHaMu MevdiHkn Yy nnoais
Ta HOBOHapOMXEHWX BiJ 300pOBMX MaTtepiB Ta martepis
i3 X Il ctagii (tabn. 1).

of a normally located placenta), umbilical circulation
(umbilical cord wrapping around the fetal body or neck,
true umbilical cord knots, short umbilical cord), or birth
trauma. Newborns died of postnatal asphyxia due to
ischemic-hypoxic CNS damage, and life expectancy
in all cases of the study did not exceed 24 hours.
The cause of death of fetuses and newborns in the
control group was severe birth trauma or premature
detachment of a normally located placenta.

Histologic sections were stained with hematoxylin
and eosin, and picrofuchsin using the van Gieson
method and the Mallory method. To assess the state
of the stromal, parenchymal, and vascular components
of the liver, the Avtandilov microscopic morphometric
grid was used [5]. All histological and morphometric
studies were performed on an Olympus BX-41 micro-
scope (Japan) with a digital camera and using
Olympus Db-soft software (Version 3:1).

RESULTS AND DISCUSSION

The liver of the control group had a moderately
developed stroma mainly in the area of portal tracts.
The stroma was represented by loose bundles of collagen
fibers with moderate lymphohistiocytic infiltration.

In the liver of the comparison group, a significant
proliferation of stroma was observed, especially in the
portal tracts in the form of dense bundles of collagen
fibers with moderate lymphohistiocytic infiltration.

Changes in liver weight and size can occur due to
parenchyma, stroma, and vessels in particular. To clarify
in detail the nature of the changes, a morphometric
study of the volumetric parameters of the parenchyma,
stroma and liver vessels in fetuses and newborns from
healthy mothers and mothers with stage Il HD (Table 1).

Tabnuusa 1. CTpomarnbHo-napeHxiMaTo3He ChiBBiAHOLIEHHS NeYiHKM NIOAiB i HOBOHAPOAKEHUX
Big matepiB 3 X Ta rpynu koHTporito (M + m)
Table 1. Stromal-parenchymal ratio of the liver of fetuses and newborns from mothers with HD and control group (M + m)

MokasHuk / Indicator

pyna K / Group K pyna M / Group C

O6’em napexximu / Parenchyma volume, % 73,1182 60,2 + 4,5*
O6’em ctpomm 3 cyamHamm / Volume of stroma with vessels, % 26,9+6,4 39,8 £ 3,4
CTtpomanbHo-napeHxiMaTo3Hum koediuieHT / Stromal-parenchymal coefficient 0,36 £ 0,04 0,66 + 0,04*

lMpumimka:

* p < 0,05 y nopiBHSHHI 3 rpynoto K.
Note:

*p < 0,05 compared to the group K.

Mig vac aHanisy gaHnx o6’eMHMX MapamMeTpiB na-
peHXiMW, CTPOMW Ta CyAWH MediHkM Oyno BCTaHOBEHO,
wo B rpyni N goctoBipHo 3HMXyBaBcs (p < 0,05) 06’em

After analyzing the data of volumetric parameters
of the liver parenchyma, stroma and vessels, it was
found that in group C the volume of the parenchyma
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napeHximMu Ta goctoBipHo nigsuwysascs (p < 0,05) 06’em
CTPOMM MEYiHKN 3 CyOuHaMU Y MOPIBHSAHHI 3 KOHTpOrnem
(tabn. 1). OocTtoBipHe 36inblUeHHs1 BiAHOCHOrO 06’emy
CYOVHHO-CTPOMAribHOrO KOMMOHEHTA MOXOAWMOo 3a paxy-
HOK PO3pPOCTaHHS CTPOMM MOpTanbHMX TPakKTiB, MiaBK-
WeHHs ob’emy cuHycoifiB i 06’eMy LeHTpanbHUX BeH
(Tabn. 2), Wo gae HaMm MOXNMBICTb NPUMYCTUTU 3HAYHWNA
MOLUKOXKYOUMIA BMAMB XPOHIYHOI BHYTPILLUHLOYTPOOHOT
rinokcii (XBI'), ockinbku nporpecyBaHHsi CKneposy B Ha-
CTiNMbKU paHHbLOMY Bili, 3a AaHuMK GaraTbOx aBToOpIB,
HamyacTille noB’'si3aHe i3 BNAMBOM camMe  LbOro
naronoriyHoro ¢akrtopa [6, 7].

significantly decreased (p < 0.05) and the volume of
the liver stroma with vessels significantly increased
(p < 0.05) compared to the control (Table 1). A significant
increase in the relative volume of the vascular-stromal
component was due to the proliferation of the portal
tract stroma, increased volume of sinusoids and central
veins (Table 2), which allows us to assume a significant
damaging effect of chronical intrauterine hypoxia, since
the progression of sclerosis at such an early age, accor-
ding to many authors, is most often associated with the
influence of this pathological factor [6, 7].

Tabnuusa 2. MopoMeTpUYHi NOKa3HWMKN NEYIHKN Ta il KOMMOHEHTIB NNOAIB | HOBOHAPOMKEHMX
Big matepiB 3 X Ta rpynu koHTpornio (M £ m)
Table 2. Morphometric parameters of the liver and its components of fetuses and newborns
from mothers with HD and control group (M £ m)

MokasHuk / Indicator

Ipynn / Groups

Ipyna K / Group K Ipyna I / Group C
O6’em ycix komnoHeHTiB neviHku / Volume of all liver components, % 100 100
O6’em renatoumTiB / Hepatocyte volume, % 73,1+8,2 60,2 + 4,5%
O6’em ueHTpanbHux BeH / Central vein volume, % 94+04 12,9 £1,3*
O6’em cuHycoigie / Volume of sinusoids, % 11,3+0,8 13,3+1,1*
0O6’em xoB4HUX NpoTokiB / The volume of the bile ducts, % 2,8+0,2 2,4 +£0,1*
O6’em noptanbHux TpakTie / Volume of portal paths, % 34+03 11,2+22*
lMpumimka:
* p < 0,05 y nopiBHsIHHI 3 rpynoto K.
Note:
* p < 0,05 compared to the group K.
TakMM 4YMHOM, TKaHMHA MEeviHKM NnogiB Ta HOBO- Thus, the liver tissue of fetuses and newborns

HapomkeHux Big matepiB i3 X Il cTagii 3a3Hae 3MmiH
y BUIMAAI peaykuii napeHxiMy (3a paxyHOK 3HWXKEHHS
0o6’emy renaToumTiB), Ta PO3POCTaHHS CTPOMMU. Taki 3MiHK
MOXHa MOACHMTY nponoHrosaHoto aieto XBI™ [8, 9].

XBI' npu MaTepuHCbKiIN apTepianbHin  rinepTeHsii
npu3BoAMTbL A0 MNapeHXiMaTo3HWX BTpaT Ta Mae Bupa-
XEHWI CTUMYNIOYNI eDEKT Ha CTPOMAarbHUIN KOMNOHEHT
neviHkW, i ue MoXe MNpMBECTU A0 3HAYHOrO 3HWDKEHHS
PYHKLIOHanNbHOI akTUBHOCTI NeYiHK1 Ta NiABULLYE PU3NK
PO3BUTKY MEYiHKOBOI HEAOCTaTHOCTI Ta LMPO3Y MNediHKn
B ManbytHeomy [10].

OueBMAHO, WO BCi AiTW, HapogKeHi Ha ¢oHi mate-
puHcbkoi X, matoTb ByTW BigHECEHi A0 rpynu BMCOKOrO
PW3UKY LLIOAO PO3BUTKY Y HUX B NMOAANbLLUIOMY OHTOreHesi
pi3HMX naTonoriyHmx npouecis. HeobxigHO Bia3HauuTw,
LLIO NpOBeAEeHHS1 CBOEYACHMX | ageKkBaTHUX NpodoinakTny-
HWX 3axodiB Yy rpynax HOBOHApOMKEHWX BiA4 MaTtepis
3 X possonuTb 3anobirt po3BUTKY yCKNagHeHb, Y TOMY
yncni i 3 6oKy neydiHkn.

Omxe pesynbratv, wo 6ynum oTpMMaHi B Halomy
AOCMIOXEHHI, PO3WNPIOIOTL 3HAHHA MPO  CTPYKTYPHY
peopraHi3aito nedviHkM Ta MexaHi3Mu KNiTUHHOI pereHe-
pauii y nnogie Ta HOBOHAPOMKEHWX, KOTpi 3a3Hanu
BMMMBY XPOHIYHOI BHYTPILUHLOYTPOBHOI FiNOKCIi Ha OHi
MaTEPUHCLKOI rinepTOHIYHOT XBOPOOU.

BUCHOBKHU

XpoHiYHa BHYTpILLHBOYTPOBHA FiMOKCis, WO po3BuBa-
€TbCsl Ha hoHi rinepToHiYHOT xBopoOwM |l cTagii y matepi,

from mothers with stage Il HD undergoes changes in
the form of parenchymal reduction (due to a decrease
in hepatocyte volume) and stromal proliferation. These
changes can be explained by the prolonged effect
of chronical intrauterine hypoxia [8, 9].

Chronical intrauterine hypoxia in maternal hyper-
tension leads to parenchymal losses and has a pro-
nounced stimulating effect on the stromal component
of the liver, and this can lead to a significant decrease
in liver function and increases the risk of developing
liver failure and cirrhosis in the future[10].

Obviously, all children born against the background
of maternal HD should be classified as a high-risk group
for the development of various pathological processes
in their further ontogeny. It should be noted that timely
and adequate preventive measures in groups of new-
borns born to mothers with HD will prevent the develop-
ment of complications, including those from the liver.

Thus, the results obtained in our study expand
the knowledge about the structural reorganization of
the liver and the mechanisms of cellular regeneration
in fetuses and newborns exposed to chronic intrauterine
hypoxia in the setting of maternal hypertension.

CONCLUSIONS

Chronic intrauterine hypoxia developing on the back-
ground of stage Il hypertension in the mother leads to
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NPU3BOAUTL A0 PO3BUTKY 3HAYHUX OECTPYKTUBHO-ANCTPO-
diYHUX 3MiH Y TKAHMHI NEYiHKM NIOAIB Ta HOBOHAPOIKEHNX.

BcTtaHoBNEHo, WO npu MaTepUHCHKIN riNepTOHIYHIN
xBopobi Il cTagii BionbyBaeTbca 3HMKEHHSA 06’'eMy NapeH-
XiMM 3a paxyHok o6’emy renatoumTiB Ta NigBULLEHHS
ob’eMmy cTpomMu 3 cyaMHamu 3a paxyHok o6’emy mnop-
TanbHMX TpakTiB (11,2 + 2,2% Yy NOPIBHSHHI 3 KOHTPO-
nem - 3,4 +0,3%), 06’eMy ueHTpanbHux BeH (12,9 + 1,3%
y NOPIBHSIHHI 3 KOHTponeM — 9,4 + 0,4%), 06’emy crHycoi-
aiB (13,3 £ 1,1% y nopiBHsiHHI 3 koHTporem — 11,3 £ 0,8%).

Y xopi npoBedeHOro AOCHIAXEHHS ONUCaHi Hamu
MOPJOSOriYHi 3MiHX B NeYiHLi B NoA4anbLUOMY OHTOreHesi
MOXYTb CTaTu nNepegymoBOK  PO3BUTKY  MnaTonorii
renatobiniapHOi CUCTEMU y TaKuX OiTen.
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nepCI'IeKTMBM MOAQABLUUX AOCAIAXEHD

[MepcnekTMBHUM € BUBYEHHS iMYHOrICTOXIMiYHUX ocobnuBoc-
Tell CTPOManbHOTO KOMMOHEHTa MeYviHKU MnoAiB Ta HOBO-
HapomKeHWX, LWO po3BMBaNMCS B YMOBaX MaTepPUHCHKOT
rinepToHi4YHOT XBOPOOGU.

the development of significant destructive and dystrophic
changes in the liver tissue of fetuses and newborns.

It has been established that in maternal hypertension
of the second stage there is a decrease in the volume
of parenchyma due to the volume of hepatocytes and
an increase in the volume of stroma with vessels due
to the volume of portal tracts (11,2 + 2.2% compared to
control — 3.4 + 0.3%), central vein volume (12.9 £ 1.3%
compared to control — 9.4 + 0.4%), sinusoidal volume
(13.3 £ 1.1% compared to control — 11.3 + 0.8%).

In the course of the study, the morphological chan-
ges in the liver described by us in the further ontogeny
may become a prerequisite for the development of
pathology of the hepatobiliary system in such children.
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Prospects for further research

It is promising to study the immunohistochemical features
of the stromal component of the liver of fetuses and newborns
developing under conditions of maternal hypertension.
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KoHdAIKT iHTepecis

ABTOpPY pyKONWUCY CBIAOMO 3acBig4vyI0Tb BiACYTHICTb (PAKTUYHOIO
abo noTeHUiNHOro KOHNIKTY iHTepeciB LWOAO pesynbraTiB
uiei pobotn 3 chapmMaLeBTUYHMMU KOMMAHIAMWU, BUPOGHMKaMU
6iomMeanyYHUX MPUCTPOIB, IHLUMMW OpraHisauisiMy, Yni NpoayKTy,
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KAto4oBi cAoBa: PE3IOME

HecTabinbHWIN Nepenom TasoBOro Kinblus,  AKTyanbHIiCTb. DyHKLUiOHaNbHWUIA pesynsTaT XipypriYyHOro nikyBaHHA HecTabinbHWX
YLWKOKEHHSI HUXKHIX KiHLiBOK, XipypriyHe  meperioMiB Ta3oBOro KifbLiA 3HAYHOK MipO 3anexuTb Bif, paHHbOI aKkTuBi3aLii naui-
nikyBaHHS, paHHs peabiniTauis. €HTIB 1 CBOEYaCHOrO [030BaHHOIO HaBaHTaXeHHA 3 ypaxyBaHHAM MOeAHaHUX
YLUKOPKEHb HUXKHIX KiHLiBOK.

MeTta po60Tu — po3pobuTy Nporpamy paHHbLOI peabiniTauii nauieHTiB 3 HecTabinbHUMK
nepenoMamu Ta30BOrO KiNbUA W MNOEAHAHUMM  YLLKOMKEHHAMU HWXKHIX  KiHLIBOK
Ta Jocnigntu pe3ynsTaTy ii 3aCTOCyBaHHS.

JKypaenboe BaneHmuH bopucosuy Martepianu Ta metogm. MaTtepian — NpPOTOKOMM KMiHIKO-PEHTrEHOMOrYHOro obcTe-
XapKiBCbKUN  HALOHANbHWA  MeOWYHWUIA  KeHHst 42 XBOpUX 3 HecTabinbHUMU neperiomamu Ta3oBoro kinbus (Tvnu B i C),
yHiBepcuTeT MiHicTepcTBa OXOpPOHM 300- sk AOMIHAHTHOK TPaBMOK 3 MOEAHAHUMM YLUKOMKEHHSIMU HUXKHIX KIHLIBOK, SiKi
poB’st YKkpaiHu, kadegpa TpasBmaTtonorii - cknanu ocHoBHy rpyny A (n = 25) Ta koHTponbHy rpyny B (n = 17). Bcim nauieHtam

AAA KOpeCnoHAEHLLi:

Ta opToneg;; NpoBOAUNOCHL XipypriyHa crabinisauis nepenomiB B TpaBMaToforiYHOMY BiAAiNeHHi
npocn. Hayku, 6yn. 4, m. XapkiB, YkpaiHa, KomyHanbHOro HekomepuinHoro nignpuemctesa «Micbka KriHiYHa NiKapHS LWBMAKOT
61022; Ta HeBigknagHoi MegmyHoi gonomoru iM. npodp. O.l. MewaHiHoBa» XapkiBCbKOI
e-mail: oksanamail2013@gmail.com MiCbKOi pagu, i B paHHbOMY mnicrnsionepauiiHoMy nepiofi 3acToCOBYBanucb Nporpamu

peabinitauii: B rpyni B — 3aranbHonpuiiHATa B AaHoOMy niKyBanbHOMY 3aknagi,
© Xypasnbos B.b., 2024 B rpyni A — HOBa, 5iKa BiApi3HANacsa HasiBHICTIO HaBYanbHUX Gecia, i30MeTpUYHNX BNpas

ONs napaBepTebpanbHUX, CiOQHUYHMX M'S3iB, iIEOMOTOPHMX BMpaB Ta penakcauiiHnx
TEXHIK MaHyanbHOi Tepanii Ans M’'A3iB HOrM Ha 6Goui aueTabynspHoro neperomy,
nepenoMiB CTErHOBOI KiCTKM Ta KiCTOK FOMINKWU, CTaTWUYHi BNpaBu A5l M'si3iB TA30BOO AHA.
MeTtoam: KmiHiYHWMIA, B TOMY YMCni 3 OLHKOIO OOomMio 32 LMGPOBOK PENTUHIOBOMKD LUKa-
noto (NRS); dyHKUiOHanbLHOro cTaHy nicns nepernomMis Tasa 3a Wwkanot Majeed, ouin-
Koo KiHesiogobii 3a wkanoto Tamna TSK; a Takox peHTreHONOriYHUA Ta CTaTUCTUYHUIA.
Pe3synbraTty Ta ix o6roBopeHHs. Pesynsratom 3acTocyBaHHS po3pobneHoi nporpamu
paHHbOI peabiniTauii cTana akTvBHa yCBiJOMIIEHa y4acTb Maui€EHTIB OCHOBHOI rpynu
y npoueci niKyBaHHS, MO3UTMBHWIA EMOLIAHUIA HacTpii, BICYTHICTb CTpaxy pyxy
B KiHUiBKax nig Yac BukoHaHHs JI®K (TSK ans rpymm A (31,7 £ 10,6) 6anis; ansa rpynu B
(46,6 + 13,2) 6aniB), cyTTeBe 3HWXKEHHSA iHTeHcuBHOCTI 6onto (NRS (3,6 £ 2,4) Ta
(4,8 £ 1,8) baniB BignoBigHO). Lli YMHHMKM CNpusnu paHHi akTuBi3auii nauieHTiB
3 poctoBipHUM (p < 0,05) 3HWXKEHHAM CcepefHbOro TepMiHYy MOCTINBHOIO PEeXUMY
y rpyni A.

BucHoBku. 3acTtocyBaHHsi po3pobrieHoi nporpamu paHHbOi peabiniTauii 4aHoro KoH-
TUHIEHTY XBOPUX BUSIBUINO 3HaYHe MpeBarnioBaHHSA BiAMIHHMX Ta XOpPOLUMX pe3ynbsTaTiB
rpyni A, nopiBHsiHO 3 rpynoto B (61,8 i 72,6% BignoBigHo), Ta 3MEHLLEHHA HE3a0BINb-
HuX pesynetaTis (14,2 i 7,4% BignosigHo).

AAS UUTYBAHHS:

XKypaenboB B.B. Pesynbratv paHHbOi peabinitauii XBopyx 3 HecTabinmbHUMM YLUKOMXEHHAMW Tas30BOMO KinbLis
i NOEQHAHNM YLLKOMKEHHSIM HUXKHIX KiIHLIBOK. BicHUK XapKiecbKo20 HayjioHarnbHo20 yHisepcumemy imeHi B.H. KapasiHa.
Cepia Meduyura. 2024. T. 32. Ne 2(49). C. 222-229. DOI: https://doi.org/10.26565/2313-6693-2024-49-10
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ABSTRACT

Background. The functional outcome of surgical treatment of unstable fractures
the pelvic ring largely depends on the early activation of patients and timely dosed
load taking into account concomitant injuries of the lower extremities.

Purpose — to develop a program of early rehabilitation of patients with unstable
fractures of the pelvic ring and combined injuries of the lower extremities and to
investigate the results of its application.

Materials and Methods. The material is clinical and radiological examination protocols
of 42 patients with unstable fractures of the pelvic ring (types B and C) as a dominant
injury with combined injuries of the lower extremities, which made up the main group A
(n = 25) and the control group B (n = 17). All patients underwent surgical stabilization
of fractures in the trauma department of the «City Clinical Hospital Of Emergency And
Urgent Medical Care Named After Prof. O. |. Meshchaninov, Municipal Non-Profit
Enterprise Of The City Council Of Kharkiv», and in the early postoperative period,
rehabilitation programs were used: in group B — generally accepted in this hospital,
in group A — a new one, which was distinguished by the presence of educational
program, isometric exercises for the paravertebral and gluteal muscles, ideomotor
exercises and relaxation techniques of manual therapy for the muscles of the leg
on the side of the acetabular fracture, fractures of the femur and tibia, static exercises
for the muscles of the pelvic floor. Methods: clinical, including pain assessment
using a numerous rating scale (NRS); functional status after pelvic fractures according
to the Majeed scale, assessment of kinesiophobia according to the Tampa TSK scale;
radiological; statistical.

Results. The result of the application of the developed early rehabilitation program
was the active and conscious participation of patients of the main group in the
treatment process, a positive emotional mood, the absence of fear of movement in
the limbs during exercise therapy (TSK for group A (31.7 = 10.6) points; for group B
(46.6 + 13.2) points), a significant decrease in the intensity of the pain syndrome
(NRS (3.6 + 2.4) points and (4.8 £+ 1.8) points, respectively). These factors contributed
to the early activation of patients with a significant (p < 0.05) decrease in the average
duration of bed rest in group A.

Conclusions. The application of the developed early rehabilitation program for this
contingent of patients revealed a significant prevalence of excellent and good
results in group A compared to group B (61.8 and 72.6%, respectively) and a decrease
in unsatisfactory results (14.2 and 7.4%, respectively).

Zhuravlov VB. Results of early rehabilitation of patients with unstable injuries of the pelvic ring and combined
injuries of the lower extremities. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2024;32(2(49)):222-229. DOI: https://doi.org/10.26565/2313-6693-2024-49-10

BCTYN

INTRODUCTION

Mepenomu kicTok Ta3a, ocobnMMBO TaA30BOrO KinbLis,
€ ofHielo 3 cknagHux npobnem TpaBmaronorii. YacTtoTa
Takmx nepenomis cknagae 3—-10% Big ycix yLKOOXeHb
OMOpPHO-PYX0BOi cucTemun [1], ogHak, 4epes BUCOKO-
eHepreTMyHin mexaHisam Tpasmu, mamxe 70-90% nepe-
noMiB Tasa CynpOBOAXKYKTbCA CYMYTHIMU  YLUKOOXEH-
HSMM iHLWIMX OpraHiB i cuctem [2] 3 piBHEM neTanbHOCTI
no 10-18% [3].

OCHOBHVMM METOAOM nNiKyBaHHA HecTabinbHuX nepe-
nomiB Tasa € onepatuBHUN. XipyprivHa PEKOHCTPYKLis
aHaToMii Tasa € CcKnagHow 3ajadeto, 0cobnvMBo B
ymMOBax noniTpasmMu, i nuwe nepmMmM etanom TpuMBanoro
BIOHOBMEHHSA  (DYHKLiOHANbHMX MOXIMBOCTEW MOSCY
HVDKHIX KiHLIBOK i OMOPHO-PYXOBOI CUCTEMW B LiNOMY.
HeycyHeHe 3MmilLleHHs KICTOK Ta3a € [OCTOBIPHUM hakTo-
pPOM PO3BUTKY HE3aAO0BINbHUX PYHKLIOHANBHUX pe3ynb-
TaTtiB 3 piBHeMm iHBanigHocTi 30-50% [4]. EdekTuBHicTb
NiKyBaHHA [aHOi KaTeropii MauieHTIB 3HAYHOK MIpOHD
3anexuTb BiA ageksBaTHoi peabiniTauii, ka B paHHbOMY
nicnsonepauinHomy nepiogi CrnpsMoBaHa MNepeBaxHO
Ha npodinakTMky M’A30BOI aTpodpii Ta KOHTpaKTyp

Fractures of the pelvic bones, especially of the pelvic
ring, are one of the complex problems of traumatology.
The frequency of such fractures is 3—10% of all injuries
of the musculoskeletal system [1], however, due to the
high-energy mechanism of injury, almost 70-90%
of pelvic fractures are accompanied by concomitant
injuries of other organs and systems [2] with a mortality
rate of up to 10-18% [3].

The main method of treatment of unstable pelvic
ring fractures is operative. Surgical reconstruction of the
anatomy of the pelvis is a difficult task, especially in
conditions of polytrauma, and only the first stage of
a long-term recovery of the functional capabilities
of the lower limb girdle and the locomotor system as
a whole. Uncorrected displacement of the pelvic bones
is a reliable factor in the development of unsatisfactory
functional results with a disability level of 30-50% [4].
The effectiveness of the treatment of this patients
category largely depends on adequate rehabilitation,
which in the early postoperative period is aimed mainly
at the prevention of muscle atrophy and contractures
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y cyrnobax HwxHix KiHUiBok [5, 6]. Mun BBaxaemo, Lo
iCHYE MOXMNMBICTb | HaBiTb HEOOXiOAHICTb PO3LUMPEHHSA
3acobiB peabiniTauii B paHHi TepmiHM nicnsa onepauii
3 METOK MOKPALLEHHsT (PYHKLiOHaNbHOrO CTaHy OMOpPHO-
pyXoBOI CUCTEMU B TpMBanui nepiog BiACYTHOCTi NOBHO-
UiHHOrO HaBaHTaXEHHsI 4epe3 3pOCTaHHS Mepernomis
Ta30BOrO KiNnbus.

Meta po6otu — po3pobuTtM nporpamy paHHbOI
peabinitauii nauieHTiB 3 HecTabinbHUMK NeperoMamu
Ta30BOro KinbUsi MW CYNYTHIMU YLIKOMKEHHAMMU HUXKHIX
KiHLiBOK Ta gocnianTu pesynbTaTtu il 3acToCyBaHHS.

MATEPIAAU TA METOAU AOCAIAXEHHSA

MaTtepian [ocnigXeHHss — MPOTOKOMNW KITiHIKO-PEHT-
reHonoriYyHoro obcTexeHHs 42 xBopux 3 HecTabinbHUMK
nepenomMamm Ta3oBoro KinbLs, K AOMiIHAHTHOK TPaBMOO
Ta MOEAHAHUMW YLUKOMKEHSAMM HWXKHIX KiHUIBOK, SIKi
cKkranu ocHoBHy rpyny A (n = 25) Ta KoHTponbHy rpyny B
(n = 17). CepepHivi Bik nauieHtiB — (34,5 = 14,9) Ta
(38,8 + 18,2) pokis BignosigHoO. Bcim nauieHTam nposo-
avnack xipypriyHa ctabinisauis nepenomis y TpaBmaro-
noriyHomMy BigAineHHi KomyHanbHOro HeKkoMepLinHOro
nignpuemctea «Micbka KniHi4Ha nikapHA LWBMAKOI Ta
HeBigknagHoi megmyHoi gonomoru iM. npod. O.1. Mewa-
HiHOBa» XapkiBCcbKoi Micbkoi paau. Y rpyni A 11 (44%) 4o-
nosikiB, 14 (56%) xiHOK) 3acTocoByBanacb po3pobrneHa
nporpama peabinitauii B paHHbOMY nicrisionepavinHoMy
nepiodi, sika BKMNoyana Hae4anbHi Oecign wopgo otpu-
MaHOoi TpaBMu Ta il BNNMBY Ha OMOPHO-PYXOBY CUCTEMY,
0COONMBOCTEN OPTOMEAMYHOIO pexumy y nicnaonepa-
LitHOMY nepiofi; NpoginakTnKy KOHTPaKTyp y cyrnobax
HWXKHIX KiHUIBOK, Mpodinaktuky artpodii napasepTtes-
panbHUX M’A3iB, M'sI3iB Ta3a Ta HWXKHIX KiHUIBOK 3acoba-
MU @isnyHOi peabinitadii. B rpyni B 6 (35%) 4onosikis,
11 (65%) xiHok BmkopucToByBanu nporpamy JN®K, 3a-
ranbHOMpPUNHATY B KOMyHanbHOMY HeKoMepLinHOMY
nignpuemcTsi «Micbka kniHiYHa nikapHsa LWBWMAKOI Ta
HeBigknagHoi megnyHoi gonomoru iM. npod. O.1. Mewa-
HiHOBa» XapKiBCbKOI MICbKOI pagw, Ana npodinakTuku
KOHTPaKTyp cyrnobie Ta atpodii M’A3iB HWKHIX KiHLIBOK.
MeToan gocnigKeHHs: KNiHIYHUIA, Y TOMY YUCTTi 3 OLIHKO
iHTEHCMBHOCTI GOm0 32  UMPPOBOID  PENTMHIOBOIO
wkanoto (NRS) Big 0 go 10 (0 — BigcyTHicTb 60nt0; 10 —
HecTepnHui 6inb); dyHKUIOHANbHOro CTaHy nicnsa nepe-
nowmis Tasa 3a wkanot Majeed [7], ouiHKow KiHe3iodobil
3a opgHommeHHow wkanow Tpamna TSK [8] Big 17
(BigcyTHiCTE @bo HesHayHuM CTyniHb KiHe3iodobii) fo
68 (MakcumanbHWUI CTpax pyxy); PEHTrEeHONOriYHWI; CTa-
TUCTMYHMI. BpaxoByum ToW hakT, WO OuiHKa (yHKUiO-
HanbHOro CTaHy MPOBOAMNACH Y paHHbOMY nicrsionepa-
LitHOMY nepiofi, Konv nauieHTM XoauWnu 3a JOMOMOro
00AaTKOBOI Onopy 3 O030BaHUM HaBaHTAXEHHAM, Taki
po3ginn wkanu Majeed, sk xogbba 6e3 CTOPOHHLOI
[0MoMOru, He OLjiHIoBaBCA.

KpuTepii BKMOYEHHA B AOCHIMXEHHSA: 3aKpuTi HecTa-
GinbHi nepenomm Ta3oBoro KinbLs K AOMiHAHTHA TpaBma.

KpuTepii BUKMOYEHHSA 3 JOCNIOKEHHS: BigKpUTi nepe-
nomu Ta3a; HecTabinbHi nepenomu Tasa, NoegHaHi 3 TSX-
KOK 4epenHo-MO3KOBOK TpaBMok, abo TpaBmow rpya-
HOi KNiTkn 3 nepenomammn pebep Ta reMonHeBMOTOpPaK-
com, abo TpaBMOK YepPEeBHOI MOPOXHUHW 3 BHYTPILUHLO-
YepeBHOK KpOBOTeYetl, abo BigKpUTUMK nepernoMamu
KiHUiBoK Il Tuny.

in the joints of the lower extremities [5, 6]. We believe
that there is a possibility and even a need to expand
the means of rehabilitation in the early days after sur-
gery in order to improve the functional state of the
locomotor system during a long period of absence
of full load due to the increase in pelvic ring fractures.

Objective — to develop a program of early rehabili-
tation of patients with unstable fractures of the pelvic
ring and accompanying injuries of the lower extremities
and to investigate the results of its application.

MATERIALS AND METHODS

The material of the study is the clinical and radiolo-
gical examination protocols of 42 patients with unstable
fractures of the pelvic ring as a dominant injury and
combined injuries of the lower extremities, which made up
the main group A (n = 25) and the control group B (n = 17).
The average age of the patients is (34.5 + 14.9) and
(38.8 £ 18.2) years, respectively. All patients underwent
surgical stabilization of fractures in the trauma depart-
ment of the «City Clinical Hospital Of Emergency And
Urgent Medical Care Named After Prof. O.l. Meshcha-
ninov, Municipal Non-Profit Enterprise Of The City
Council Of Kharkiv». In group A 11 (44%) of men,
14 (56%) of women, a developed rehabilitation program
was used in the early postoperative period, which
included educational program about the received injury
and its impact on the musculoskeletal system, the
peculiarities of the orthopedic regime in the postope-
rative period; prevention of contractures in the joints
of the lower limbs, prevention of atrophy of paravertebral
muscles, muscles of the pelvis and lower limbs by
means of physical rehabilitation. Group B 6 (35%) of men,
11 (65%) of women used the physical therapy program
generally accepted in the «City Clinical Hospital Of
Emergency And Urgent Medical Care Named After
Prof. O.l. Meshchaninov, Municipal Non-Profit Enter-
prise Of The City Council Of Kharkiv», for the prevention
of joint contractures and muscle atrophy of the lower
extremities. Research methods: clinical, including
assessment of pain intensity on a numerous rating scale
(NRS) from 0 to 10 (0 — no pain; 10 — unbearable pain);
functional state after pelvic fractures according to the
Majeed scale [7], kinesiophobia assessment according
to the Trump TSK scale [8] from 17 (absence or slight
degree of kinesiophobia) to 68 (maximum fear of
movement); radiological; statistical. Given the fact that
the assessment of functional status was performed in
the early postoperative period, when patients were
walking with the help of an additional support with dosed
loading, such sections of the Majeed scale as walking
without external assistance were not evaluated.

Criteria for inclusion in the study: closed unstable
fractures of the pelvic ring as the dominant injury.

Exclusion criteria from the study: open pelvic frac-
tures; unstable pelvic fractures combined with severe
head trauma, or chest trauma with rib fractures and
hemopneumothorax, or abdominal trauma with intra-
abdominal bleeding, or type Il open limb fractures.
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PE3YABTATU TA IX OBFOBOPEHHS

OcHoOBHWIA MexaHi3aM TpaBmu B 06ox rpynax A i B —
OOpPOXHbO-TpaHcnopTHi npurogun (OTM) (76 i 71% cno-
cTepexeHb BianoBiaHo). B iHWMxX BuNagkax B 060x rpynax
crnotepiranace katatpaeva (24 i 29% BignosigHo).
3a knacudikauieto AO/ASIF B ocHOBHIl rpyni poTtauinHo
HecTabinbHi nepenomn Tuny B BusiBneHo y 19 (76%)
nocTpaxaanux, poTauiliHO Ta BepTMKanbHO HecTabinbHi
nepenomun Tuny C —y 6 (24%) nauieHTiB. B KOHTpoOnbHin
rpyni 3apeectpoBaHo 12 (71%) ta 5 (29%) Bunagkis
BignosigHo. Ha Hawomy matepiani HecTabGinbHi nepe-
nomu Tasa 3 pospuom KK3 Oynu gomiHaHTHOW Tpas-
MOIO | Han4yacTile noegHyBanucs 3 neperioMamm iHWnx
CerMeHTiB OMOPHO-PYXOBOI cuctemn — 72 n 76% Bigno-
BigHO. Hampigle cnocTepirany YLWKOMDKEHHS OpraHis
NPOMEXMHN Ta CE4OBOro Mixypa (Tabn. 1).

RESULTS AND DISCUSSION

The main mechanism of injury in both groups A and B
is road traffic accidents (RTA) (76 and 71% of obser-
vations, respectively). In other cases, catatrauma was
observed in both groups (24 and 29%, respectively).
According to the AO/ASIF classification, in the main
group, rotationally unstable fractures of type B were
found in 19 (76%) victims, rotationally and vertically
unstable fractures of type C — in 6 (24%) patients. In the
control group, 12 (71%) and 5 (29%) cases were regis-
tered, respectively. In our material, unstable fractures
of the pelvic ring as a dominant injury were most often
combined with fractures of other segments of the
musculoskeletal system — 72 and 76%, respectively.
Damage to the organs of the perineum and bladder
was observed most rarely (table. 1).

Ta6nuusa 1. Yactota noegHaHoi TpaBMK Y XBOPUX 3 HECTabinbHMMU NepenomMamMu Ta3oBoro KinbLs
Table 1. Frequency of combined trauma in patients with unstable fractures of the pelvic ring

. . L I'pyna / Groups
MoenHaHi ywkomkeHHs / Combined injuries

A (n = 25) B (n=17)
MoeaHaHa yepenHo-mo3koBa TpaBma / Combined craniocerebral injury 22 (88%) 12 (71%)
MoenHaHa TpaBma rpyaHoi knitkn / Combined chest injury 9 (36%) 5 (29%)
MoepgHaHa Tpasma xwuBota / Combined abdominal trauma 12 (48%) 8 (47%)
MoegHaHa TpaBma onopHo-pyxosoi cuctemn / Combined injury of the musculoskeletal system 18 (72%) 13 976%)
MoenHaHa TpaBma cevoBoro mixypa / Combined bladder injury 4 (16%) 2 (12%)
MoenHaHa TpaBma opraHiB npomexuHn / Combined trauma of the perineal organs 3 (12%) 1(6%)

HecTtabinbHi nepenomn Tasa € pesynsratoMm Aii
TPaBMYHYOro areHTa 3i 3HaYHOI KIHETUYHOK EHEpriEto
i Hepiako CynpoOBOOXKYKTbCA MNOELHAHUMU YLLKOOKEH-
HaMu. OgHUMKM 3 HayacTiwmx € auetabynspHi nepe-
noMn, NepenoMn HWXKHIX KiHUIBOK, YLUKOMKEHHSI BHYT-
PilLHBOTA30BMX OpraHiB, xpebTa, YepenHo-MO3KOBi TpaB-
MW, TpaBMU FPyOHOI KNITKM W >XWMBOTa Pi3HOro CTyneHs
TspkkocTi [9, 10]. BpaxoBytoum KpuTepii BKMOYEHHA OO0
[aHoro JOoCNigKEHHS — HeCcTabinbHUIA Nepenom Ta3oBoro
KinbUs SIK AOMiHaHTHa TpaBMa, Ha Halwomy martepiani
HanvacTilwe noegHyBaBcA 3 aueTabynspHum nepeno-
MOM — MaWxXe TPeTUHa CrocTepexeHb Y KOXHiA 3 rpyn.
3a knacudikauieto AO/ASIF auetabynsapHuin nepernom
TMny A1 BugBneHo y 5 Bunagkax B OCHOBHIM rpyni
i y 3 — B KOHTPONbHIK; nepenom tuny A2 — no ogHoOMy
CMOCTEPEXEHHI0O B KOXHi i3 rpyn. Takox BigmiTUMO
noefHaHHA nepenomMy Tas3a 3 neperioMamu CTerHoBoOi
KICTKW 1A KICTOK rominku (taén. 2).

Unstable fractures of the pelvis are the result
of the action of a traumatic agent with significant
kinetic energy and are often accompanied by combined
injuries. One of the most frequent are acetabular
fractures, fractures of the lower extremities, injuries of
intrapelvic organs, spine, craniocerebral injuries,
thoracic and abdominal injuries of varying degrees of
severity [9, 10]. Considering the criteria for inclusion
in this study — an unstable fracture of the pelvic ring
as a dominant injury — in our material, it was most often
combined with an acetabular fracture — almost a third
of the observations in each of the groups. According to
the AO/ASIF classification, an acetabular fracture of
type A1 was found in 5 cases in the main group and
in 3 cases in the control group; type A2 fracture —
one observation in each of the groups. Also note the
combination of a pelvic fracture with fractures of the
femur and tibia (table. 2).

Tabnuus 2. YacTtoTa yLKOoKEHb CErMEHTIB ONOPHO-PYXOBOI CUCTEMM Y XBOPUX 3 HECTaBINbHUMU Nepenomamy Ta3oBoro Kinbus
Table 2. The frequency of damage to segments of the musculisceletal system in patients with unstable fractures of the pelvic ring

. .. . I'pyna / Groups
MoenHaHi yLukogKeHHs1 onopHo-pyxoBoi cuctemu / Combined damage of the musculoskeletal system
A(n=25)|B(n=17)
AueTabynapHuii nepenom / Acetabular fracture 6 (24%) 4 (24%)
Mepenom npokcrmManbHOro BiaAiny crerHosoi kictkn / Proximal fracture of the femur 2 (8%) 1(6%)
Mepenom giadisy crerHooi kictkn / Fracture of the diaphysis of the femur 3 (12%) 2 (12%)
Mepenom kictok rominku / Fracture of the tibia 3 (12%) 2 (12%)
Mepenom nneyosoi kictkn / Fracture of the humerus 1(4%) 2 (12%)
lMepenom npomeHeBoi KicTku B TnosBomy micui / Fracture of the radius in a typical site 1 (4%) 1(6%)
Mepenom cpananr kucti / Fracture of the phalanges of the hand 1(4%) -
Mepenom 30BHiWHBLOI KicToukn / External ankle fracture 1 (4%) 1 (6%)
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MoegHaHHA neperomy Tasa W aueTabynsipHoro
nepenomy npeacTaBnsie MNeBHi TPyAHOWi £K nig 4ac
XipypriyHOT Kopekuii, Tak i BNpogoBX mnicnsonepauinHol
peabinitauii. OgHielo 3 OCHOBHMX MpPOGNEM € TepMiHu
noyaTky i CTYNeHsi HaBaHTaXeHHS HWXHbOI KiHLIBKY,
incunatepaneHoOi A0  auetabynsipHoro  nepernomy,
OCKifIlbKM CTPOKM  3pOLLUEHHS OCTaHHbOrO BapilolTb
Bio 12 00 22 TWXKHIB, 3pOLLEHHS NepenoMiB Ta3a Bigody-
BaeTbCA npotarom 12—-18 TWXKHIB, a CTaH KoHconigauii
nepenomy 3a AaHWMK 3aranbHOMPUAHATOrO PEHTIEHOMO-
rYHOro KOHTPOMIO Yy [EsiKMX BUMagKax BU3HAYAETLCHA
HepocToBipHO [11, 12]. Takox neBHOI KopekLii noTpeby-
BanuM TEpPMiHM HaBaHTaXEHHS1 HWXHIX KiHUIBOK Yy pasi
nepenomiB CTErHoBOi KiCTKM Ta KICTOK roMinku Ha OGoui
nepenomy Tasa.

3 ypaxyBaHHAM BMLLEHABELAEHOrO, a TakoX 3 METO
MoKpaLLeHHs1 YHKUIOHanHOro CcTaHy OMOpPHO-PYXOBOT
cucTeMuM B paHHbOMY nicnsionepauiiHomy nepioai,
O6yna po3pobneHa nporpama paHHbOI peabiniTauil
nauieHTiB 3 HecTabinbHMMM nepernomMamy Ta3oBOro
Kinbus TpMBanicTio 4 TWXHI. Y Xofi 3acTocyBaHHSA HOBOI
nporpamu  paHHbOI  peabinitTauii  BMKOpMCTOBYBanu
NpuHUMN ©6e3nepeBHOCTI BiLHOBMIOBIILHOIO NiKyBaHHS,
[030BaHOCTI MikyBanbHMX 3acobiB 3 ypaxyBaHHAM hyHK-
LioHanbHOro CTaHy naujieHTa, NMocTynoBoro 36inbLUEHHS
nikyBanbHWX HaBaHTaXeHb.

Y  HaWbnwxk4omy  nicnsionepauiiHoMmy — nepiogi
(10-12 pi6 nicns onepauii) nporpama peaGinitauii
Oyna cnpsiMoBaHa Ha NpodinakTuKy nicnsonepauiiHux
yCKnagHeHb, akTuBi3auito nauieHTiB, NokpalleHHs pena-
patuBHMX npoueciB. [poBogunu HaB4anbHi OGecian
oo OoTpumaHoi TpaBMu Ta 1i BNAMBY Ha OMOPHO-
PyXOBYy CMUCTEMY, OCOBMMBOCTEN OPTONEAUYHOIO PEXUMY
y nicnsonepawinHomy nepiofi; BUKOPUCTOBYBanu 3acobu
nikyBanbHoi isnyHoi  kynbtypu (JIOK) — amxansHi,
3aranbHOPO3BUBatoMi, iIEOMOTOpPHI (YSBHE BiATBOPEHHSI
pyxiB) BrpaBW, i30METpUYHi BnpaBu Ans napaBepTes-
panbHUX, CigHUYHUX M’A3iB, M’A3iB-3rMHa4YiB Ta poO3ru-
HadiB cTerHa, rominku, akTMBHI pyxu cyrnobamu BepxHix
KiHLiBOK, manbusMu cTton. Y pasi aueTtabynspHoro
nepenomy Ta MepenoMy HWXHbOI KiHUiBKM fiKyBanbHi
BMpaBu BUKOHYBaNWCHA Ha iHTaKTHIN HO3i, a Ansg Mm’asiB
onepoBaHOi  KiHUiBKM  3aCTOCOBYBanu  i4€OMOTOPHiI
BMpaBu, a TaKOX M’SKi TexHiku MaHyanbHoi Tepanii,
crnpsiMoBaHi Ha po3cnabneHHs chnasmMoBaHUX M’si3iB
(nocTpeuunpokHa penakcauif) Ta npodinakTuky nicns-
onepauiHmx cnanok (po3TsryBaHHs, abo pepnpecadis
dacuint). MauieHTn BUKOHYBany YacTti MOBOPOTU Y TKKY
ONs NPOMINakTUKN NPONEXHIB.

Ha BigMiHy Big po3pobneHoi nporpamy paHHbOI
peabiniTauii NS OCHOBHOI rpynu, B KOHTPOIbHIN rpyni
Oynu BigcyTHIMKM HaB4yanbHi 6ecian, i30MeTpuYHI Bnpasu
aons napaBepTebpanbHUX, CIOHUYHUX M'S3iB, igeomo-
TOPHi BMpaBuM Ta penakcauiiHi TexHiKM MaHyarnbHol
Tepanii ons M’a3iB Horv Ha Goui aueTabynapHoro nepe-
niomy, nepenomMiB CTErHOBOI KICTKM Ta KICTOK FOMIMKM,
CTaTU4Hi BNpaBu 4nsi M’A3iB Ta30BOro AHa.

Y Mipy nokpalleHHs 3aranbHOro CcTaHy naudieHTa
M pyHKUiOHaNbHOro CTaHy OMOPHO-PYXOBOI CUCTEMU
PYXOBWIA pPEXWM PO3LLIMPKOBanNu 3 LWaaHoro A0 Hanie-
LaaHoro, NOCTynoBo 3pocTano isnyHe HaBaHTaXEHHSA
3 godaBaHHSIM aKTMBHMX MOMEPEeMIHHUX Ta O4HOYaCHUX
pyxiB y cyrnobax HWXHiX KiHLiBOK 3 MacuMBHUM, a MOTiM
i aKTMBHMM OMOPOM, OOTSKEHHAIM, CTaTWYHI BRpaBu

The combination of a pelvic fracture and an aceta-
bular fracture presents certain difficulties both during
surgical correction and during postoperative rehabili-
tation. One of the main problems is the timing of the
onset and degree of loading of the lower limb, ipsilateral
to the acetabular fracture, since the timing of the union
of the latter varies from 12 to 22 weeks, the healing
of pelvic fractures occurs within 12-18 weeks [11],
and the state of consolidation of the fracture on X-ray
control in some cases is determined unreliably [12].
Also, a certain correction required the timing of the
loading of the lower extremities in the case of frac-
tures of the femur and tibia bones on the side of the
pelvic fracture.

Taking into account the above, as well as with the aim
of improving the functional state of the musculoskeletal
system in the early postoperative period, a program of
early rehabilitation of patients with unstable pelvic ring
fractures lasting 4 weeks was developed. When applying
the new early rehabilitation program, we used the
principle of continuity of rehabilitation treatment, dosage
of therapeutic agents taking into account the func-
tional state of the patient, and a gradual increase in
therapeutic loads.

In the immediate postoperative period (10-12 days
after surgery), the rehabilitation program was aimed
at preventing postoperative complications, activating
patients, and improving reparative processes. Conducted
educational conversations regarding the injury and its
impact on the musculoskeletal system, features of the
orthopedic regimen in the postoperative period; used
means of therapeutic physical culture (physical therapy) —
breathing, general developmental, ideomotor (mental
reproduction of movements) exercises, isometric exer-
cises for paravertebral, gluteal muscles, flexor and
extensor muscles of the hip, lower leg, active move-
ments of the joints of the upper extremities, toes. In the
case of an acetabular fracture and a fracture of the
lower limb, therapeutic exercises were performed on
the intact leg, and ideomotor exercises were used
for the muscles of the operated limb, as well as soft
manual therapy techniques aimed at relaxing spas-
modic muscles (post-reciprocalrelaxation) and
preventing postoperative adhesions (stretching or fascial
redress). Patients performed frequent turns in bed
to prevent bedsores.

In contrast to the developed early rehabilitation
program for the main group, the control group did not
have educational conversations, isometric exercises
for the paravertebral and gluteal muscles, ideomotor
exercises and relaxation techniques of manual therapy
for the leg muscles on the side of the lower limb injury,
and static exercises for the pelvic floor muscles.

As the general condition of the patient and the
functional state of the musculoskeletal system improved,
the motor mode was expanded from gentle to semi-
gentle, physical activity gradually increased with the
addition of active alternating and simultaneous move-
ments in the joints of the lower extremities with passive
and then active resistance, weights, static in the muscles
pelvic floor. After the patient was transferred to an upright
position, learning to walk began with the help of crutches
with a dosed load on the operated limb in case of
an acetabular fracture or a fracture of the lower limb.
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Ons M’asie TasoBoro gHa. llicna nepeBegeHHs nawieHTa
y BEpPTUKanbHE MOMOXEHHS MOYMHANM HaB4aHHSA XxoAbbi
3a [JOMOMOrol MUNULb 3 [A030BaHUM HaBaHTaXXEHHAM
Ha onepoBaHy KiHLiBKY y pasi aueTabynsipHoro nepernomMy
ab0o nepenomMy HUXHbOI KiHLiBKM.

OuiHka eeKTMBHOCTI MporpaMm paHHbOI peabiniTauii
B rpynax A i B BusiBuna take: pe3ynsratom 3acTocyBaHHSA
HaB4yanbHMX Becin cTana akTMBHa yCBigOMIEHa yyacTb
nauieHTiB OCHOBHOI rpynu y npoueci nikyBaHHs, no3u-
TUBHWUIA eMOLHUIA HacTpii, BIiCYTHICTb CTpaxy pyxy B
KiHUiBKax nig 4ac BukoHaHHA JIOK (TSK ans rpynu A
(31,7 £ 10,6) Ganis; gna rpynu B (46,6 + 13,2) 6anis),
CYTTEBE 3HWXKEHHSI IHTEHCUBHOCTI ©ONBOBOrO CUHAPOMY
(NRS (3,6 £ 2,4) Ta (4,8 + 1,8) 6anis BignosiaHo). MeHLwue
BUpaxeHi 6onboBi Big4yTTHA, 36inNblUeHHA amnnitTyam
6e3bonicHMX pyxiB y cyrnobax HWXHIX KiHLiBOK, nepLu
3a BCce Ha 0oL yLWKOMKEHb, CNPUSNM PaHHii akTusisauil
nauieHTiB 3 MOXNMBICTIO BCTaBaTh 3 OMOPOK Ha MUK
Ha 3-To — 4-Ty poby nicnsa onepadii. CepegHin TepmiH
NOCTINbHOIO PeXxumMy y nauieHtiB cknas (8,2 + 3,7) ni6
Ta (16,9 + 10,2) #i6 BignosigHo; p < 0,05.

AHania  pyHKUiOHaNbHUX pe3ynbTaTiB  NiKyBaHHSA
3a wkanow Majeed BMABMB 3HayHe npeBantoBaHHS
BIOMIHHMX Ta XOpoLUMX pesynbraTiB B rpyni A NOpiBHAHO
3 rpynoto B (61,8 Ta 72,6% BignoBiaHO), Ta 3MEHLUEHHSI
He3afoBiNbHWUX pesynerartis (14,2 Ta 7,4% BignosigHo).

CyvyacHe BigHOBMOBanNbHe INiKyBaHHA MaLieHTIB
3 HeTabiflbHUMKW TpaBMaMWu Ta30BOro KifbUs CRApPsSIMO-
BaHe Ha paHHI0 aKTuBi3auilo nauieHTiB y nicnsonepa-
UinHOMYy nepiodi 3 BWKOPWUCTAHHSAM pi3HMX 3acobis
peabinitauii: JIOK, disionikyBaHHs, nikyBanbHoro maca-
XKy, MexaHoTepanii, 4030BaHOr0 HaBaHTaXEHHSA Ha KiH-
LiBKY 3 yLUKOKEHOro OOKy BXe 3 NepLuMx KpoKiB xoabbu
3 BUKOPUCTaHHAM gofatkoBoi onopu [13, 14]. Taka ak-
TMBHA TaKTMKa [03BOMSiE NOKpawmuTh dyHKUiOHAMNbHI
pe3ynsTaT NiKyBaHHA XBOPUWX, CMPUSIE MOKPALLEHHIO
aKocTi X xuTTa [5, 13, 14]. Y pocTynHi nitepatypi mu
He 3yCcTpinu BiQOMOCTEN NpO 3acTOCyBaHHSA penakca-
LiMHUX TexHiKk MaHyanbHOI Tepanii Ans onepoBaHol
KiHUiBKM. Ha Hawomy maTepiani 3acToCyBaHHSI TaKuxX
NPUMOMIB HE BWABWIIO HEraTMBHUX peakuin 3 OGoky
nauieHTiB, a MNEBHOK MiPO CNPUANO BigHOBNEHHIO
YHKLiOHaNbHMX MOXXITMBOCTEN HUXKHIX KiHLiBOK
y nicnsionepadinHomy nepioai.

BUCHOBKHU

HecTtabinbHi nepenomu Tas3oBOro Kinbus, SK LOMi-
HaHTHa TpaBMa CyMpOBOAXYKTbLCA MOEAHAHUMMW YLLKOA-
KEHHAMW, HalyacTilMMM 3 SKUX € YepernHo-MO3KOoBa
TpaBma (88% B rpyni A Ta 71% B rpyni B), yLwKOmKeHHs
OMOPHO-PYx0BOI cuctemMun (72 Ta 76% BignosigHO) Ta
TpaBma xuBoTa (48 i 47% BignoBiaHo).

Cepenl yLWKOMKEHb OMOPHO-PYXOBOI CUCTEMM HecTa-
GinbHi Mepenomy TasoBOro KinbLUS HawyacTile cynpo-
BOMXYIOTb aueTabynapHi nepenomu (no 24%) Ta
nepernomu cterHoBoi kicTku (20 i 18% BignosigHo).

Po3pobneHo nporpamy paHHbOiI peabinitauii xBopux
nicnsa XipypriyHoro nikyBaHHA HecTabinbHWUX nepenomis
TaA30BOr0 KiNblUA 3 MOEAHAHWM YLUKOOXKEHHSM HVDKHIX
KIHLIBOK, Ky BIiApi3HAE€ 3aCTOCYBaHHS HaBYarbHUX
6ecig Wwoao oTpMmMaHoi TpaBmu Ta i BMNMBY Ha OMOPHO-
pyXOBYy CMCTEMY, OCOBMMBOCTEN OPTONEANYHOMO PEXUMY

Evaluation of the effectiveness of early rehabilitation
programs in groups A and B revealed the following.
The result of the use of educational program was the
actively conscious participation of patients of the main
group in the treatment process, a positive emotional
mood, and the absence of fear of movement in the limbs
during exercise therapy (TSK for group A (31.7 + 10.6)
points; for group B (46,6 + 13.2), a significant decrease
in the intensity of pain (NRS (3.6 + 2.4) and (4.8 + 1.8),
respectively). Less severe pain, increased range of
painless movements in the joints of the lower extremities,
primarily on the side of the injuries, contributed to the
early activation of patients with the ability to stand
with support on crutches on 3-4 days after surgery.
The average period of bed rest in patients was (8.2 + 3.7)
days and (16.9 + 10. 2) days, respectively; p<0.05.

Analysis of the functional results of treatment accor-
ding to the Majeed scale revealed a significant preva-
lence of excellent and good results in group A compared
to group B (61.8 and 72.6%, respectively) and a decrease
in unsatisfactory results (14.2 and 7.4%, respectively) .

Modern rehabilitation treatment of patients with
unstable injuries of the pelvic ring is aimed at early
activation in the postoperative period using various
means of rehabilitation: physical therapy, therapeutic
massage, mechanotherapy [13], dosed load on the
limb from the damaged side already from the first steps
of walking with the use of additional support [14].
Such an active tactic makes it possible to improve the
functional results of the treatment of patients, contributes
to improving the quality of life [5, 13, 14]. In the available
literature, we did not find information about the use of
relaxation techniques of manual therapy for the opera-
ted limb. In our material, the use of such techniques
did not reveal any negative reactions from the patients,
and to a certain extent contributed to the restoration
of the functional capabilities of the lower limbs in the
postoperative period.

CONCLUSIONS

Unstable pelvic ring fractures as a dominant injury are
accompanied by associated injuries, the most common
of which are traumatic brain injury (88% in group A
and 71% in group B), damage to the musculoskeletal
system (72 and 76%, respectively) and abdominal trauma
(48 and 47%, respectively).

Among injuries to the musculoskeletal system,
unstable fractures of the pelvic ring most often accom-
pany acetabular fractures (24% each) and fractures
of the femur (20 and 18%, respectively).

A program of early rehabilitation of patients after
surgical treatment of unstable fractures of the pelvic
ring with concomitant injuries of the lower extremities
has been developed, which is distinguished by the use of
educational conversations regarding the injury received
and its effect on the musculoskeletal system, features
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y nicrnsonepauiinHoMmy nepiogi, i3oMeTpuyHi Bnpasu
aons napaBepTtebpanbHUX, CIOHUYHUX M'S3iB, igeomo-
TOPHi BMpaBuM Ta penakcauiiHi TexHiKM MaHyarnbHol
Tepanii gns M's3iB Horm Ha OGoui auetabynspHoro
nepenomy, nepenomiB CTErHOBOI KiCTKM Ta KiCTOK romin-
KW, CTaTUYHI BNpaBu AN M’s3iB Ta30BOro gHa.

AHania pesynbraTiB  3acTOCyBaHHS  po3pobneHoi
nporpamun paHHbOi peabiniTauii nokasas, WO B OCHOBHIl
rpyni, NOPIBHSAHO 3 KOHTPOSbHO, BigMivyanocs cyTTese
3HUKEHHS iHTEeHCcMBHOCTI ©0onbLoBOro CUHOpPOMY
(NRS (3,6 + 2,4) i (4,8 £ 1,8) 6aniB BignoBigHO), piBHSA
KiHesiogobii 3a wkanow Tamna (TSK (31,7 + 10,6) i
(46,6 + 13,2) GaniB BiONOBIOHO), OOCTOBIpPHE 3MEH-
WEeHHA TepMiHy nocTinbHoro pexumy (8,2 + 3,7) Ta
(16,9 £ 10,2) ni6 BignosigHo; p < 0,05), 3Ha4He NpeBanto-
BaHHS BigMiHHMX Ta XopoLuux pe3ynsratiB (61,8 Ta 72,6%
BiAMOBIAHO) Ta 3MEHLUEHHS HEe3aJ0BINbHUX pe3yrnbTaTiB
(14,2 Ta 7,4% BignosigHo) 3a wkanoto Majeed.
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of the orthopedic regime in the postoperative period,
isometric exercises for paravertebral, gluteal muscles,
ideomotor exercises and relaxation techniques of manual
therapy for the leg muscles on the side of the acetabular
fracture, fractures of the femur and shin bones, static
exercises for the pelvic floor muscles.

Analysis of the results of applying the developed
early rehabilitation program showed that in the main group,
compared with the control group, there was a signi-
ficant decrease in the intensity of the pain syndrome
(NRS (3.6 + 2.4) and (4.841.8) points, respectively),
the level of kinesiophobia on the Tampa scale
(TSK (31.7 £ 10.6) and (46.6 + 13.2) points, respectively),
significant decrease in the period of bed rest
(8.2 £+ 3.7) and (16.9 % 10.2) days, respectively;
significant prevalence of excellent and good results
(61.8 and 72.6%, respectively) and a decrease in
unsatisfactory results (14.2 and 7.4%, respectively)
on the Majeed scale.
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MepcnekTUBU NOAQABLLUMX AOCAIAXEHb

Moganbwi [OCniMKeHHS NPeaCcTaBnsAlTbCA NEepPCneKTUBHUMUN
B HamnpsiMKy po3pobku nporpamu peabinitauii gns nauieHTiB
3 HecTabinbHUMM Neperiomamu Ta3oBoro KinbLs Ta NOeAHAHUMU
YLLUKOPKEHHAMU HVDKHIX KiHLLIBOK HAa ambynaTopHoMmy etari.
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Prospects for further research

Further research is promising in the direction of development
of a rehabilitation program for patients with unstable fractures
of the pelvic ring and combined injuries of the lower extremities
at the ambulatory stage.
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KAlo4oBi cAoBa: PE3IOME

pak rpygHoi 3ano3u, Heoan'loBaHTHa  AKTyanbHiCTb. Y CTPYKTYpi Cy4acCHWX OHKOJOFMYHMX 3axBOPKOBaHb OJHiE i3
noniximiorepanisi, iMyHHWUI cTaTyc. akTyanbHUx npobnem oHkonorii € pak rpyaHoi 3anosu (PI3), skwin nocigae apyre
Micle cepep OHKOMOriyHOI maTonorii y BCbOMy CBiTi. He3Baxatoum Ha npodinakTuyHi
3axogm Ta ycmixu, WO AocsArHyTi y Tepanii PI3, piBeHb 3axBOPOBaHOCTI HEBMWHHO
3pocTae. AHani3 gaHux BcecBiTHbOI opraHisauii oXopoHW 3mopoB’'st gosis, wo PI3
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XapKiBCbKMIN  HALiOHAmNbHUA  yHIBEpCMTET — MOKAa3HWK WWoAo Oyab-AKOro iHWOro BUAy paky y iHok. PI3 sycTpivaeTbes B yCix
imeHi B.H. KapasiHa MinicTepcTBa ocBiTn  KpaiHax CBIiTY y XiHOK OyAb-AIkoro BiKy MiCnsi [OCArHeHHs cTaTeBOl 3pinocTi, oAHak
i Hayku Ykpainu, kadpegpa iHGEKUiHMX Y CTapLIOMYy Billi piBeHb 3aXBOPIOBAHOCTI 3pOCTaE.
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[0 ximioTepaneBTUYHUX 3acobiB, BUSIBUTM MPOTHO3YKOYi «MapKepu», «3MEHLUNTU»
© OmueHaw H.M., 2024. CTaflito OHKOIOriYHOro MPOoLEeCy | BUKOHATU opraHo3GepiranbHe ornepaTMBHE BTPYYaHHS

y AaHoi kateropii xsBopux. OpHak, 3actocyBaHHsA noniximiotepanii (MXT) npu PIr3
MOXe MpU3BOAMTU A0 MOsBU MNOBIYHMX edeKTiB, HasfABHICTb SKUX 3anexuTb Big
TNy npenapaTty, [03W [ilo4oi pPeYoBMHM, TpUBAmnocTi mikyBaHHS i ocobnusocTen
iMyHHOrO CTaTycy XBOPOI.

Meta po6oTM — BMBYEHHSI Ta aHamni3 AaHuxX MOKa3HWKIB iMyHOrpamMm Yy XBOPWX
Ha PI3, ki 3Haxogunucsa Ha nikyBaHHi y KomyHanbHOMY HeKoMepLinHOMY nianpu-
eMcTBi XapkiBcbkoi obnacHoi pagn «O6nacHuWin LEHTP OHKOMOrii», NMpu MpOBEAEHHI
Kypcy Heoag'toBaHTHOI MXT.

Marepianu Ta metoam. IMyHonoridyHe gocnimpkeHHs O6yno npoBefeHo y 42 XBOpUWX
Ha pak rpygHoi 3ano3u Bikom 32-58 pokiB. CepegHil Bik NauieHTOK cknagas
44,8 + 12,4 pokn. KoHTponbHy rpyny cknanu 20 3gopoBux ocib 6e3 o3Hak sBHOI
rOCTpOI Ta XPOHIYHOT COMaTUYHOI NaToONOrii.

CTtaH cucTeMHoOi iMyHHOI BignoBigi 6yB ouiHeHWI 3a nonynsAuUiiHUM Ta CyOKNITUHHUM
cTaHoM niMdpouunTiB nepudepunyHoi kposi. JocniaxeHHs 6yno npoBegeHo y AVHaMIL
nikyBaHHs Ao noyatky 1-ro kypcy (I nepioa), nicns octaHHboro kypcy (Il nepioa) HAMXT.
Martepianom ans pocnigkeHHs Gyna cupoBaTka kpoBi xBopux Ha PI3, sika Gyna
JocnimpkeHa B AMHamiui nikyBaHHs. KpoB ans pocnigkeHb 3abvpanu HaTtwe i3
NiKTEOBOI BEHW Y KinbkocTi 10 M y ctepunbHy npobipky Tuny «EneHgopd».
BusHayeHHs deHoTMNY NiMAOUMTIB KPOBI MPOBOAMIOCHA 3a [OMOMOrOH MPOTOYHOI
nasepHoi uUMTOMeTpii 3 BuMKOpUCTaHHAM anapata FACS-Calibur (CLWA) Ta
MOHoOKMNoHanbHux anTuTin (MAT). Ons ineHTudikadii Ha knituHax CD3*, CD4*, CD8",
CD16*, CD20*, CD2°%, CD8*CD28*, CD8*CD28- BMKOPWUCTOBYBanu BiOMOBIAHi
aHtuTina, nomiveHi FITC. Onsa igeHTudikauii B umTtonnasmi T-nimdouunTie IHDy
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AAS LUTYBAHHS:

(Th1-knituHu), -4 (Th2-knituHm) TOPB1 (Th3-kniTHW) BMKOPMUCTOBYBanu MOHO-
knoHanbeHi aHtutina IH®y — PC-5, IN-4 — PE, T®PB — FITC (eBioscience, Beckman
Caulter, R&D System). Yci ctagii nigrotoBku npo6 ans nasepHoi uuTogntopomeTpil
npoBoAuIM BiANOBIAHO 4O NPOTOKONIB BUPOBHMKA.

CratnuctuyHy o6pobky AaHuMX MpOBOAWMM 3 BUKOPUCTAHHAM MPOrpaMHOro nakerta
«Statistica 10.0 for Windows». [ns koxHoro BapiauiiiHoro psioy po3paxoByBanu
cepegHio apudmetnyHy (M), cepegHe KkBagpaTuyHe BigxuneHHs (0), cepepHio
NoMWUIKy cepefHboi apudmeTnyHoi (m). Ons BUSIBNEHHS BiporigHWX BiAMiHHOCTEN
BMKOpucTOBYBann t-kputepin CTblogeHTa. BigMmiHHOCTI BBaxanu BiporigHMMK npu
piBHi 3Ha4YeHb p < 0,05. Takox BUKOPWUCTOBYBanNUCs METOAN NapameTpuyHOI 1 Henapa-
METPUYHOI CTaTUCTUKM.

Pe3ynstratm Ta ix 06roBopeHHs. [OCnimkeHHs OUHaMIKM OCHOBHMX MOKa3HMKIB
KNITUHHOI Ta rymoparnbHOi NaHOoK iMYHITETY y XBOpuX Ha (OHi Heoap toBaHTHOI
ximioTepanii 4O3BOMNMNO BCTAHOBUTW Pi3Ke MPUrHIYEHHS BifHOCHOIO BMICTY OCHOBHMWX
cybnonynsauin nimdgouuntie 3 deHotunom CD3*, CD4*, CD8*, CD16*, CD20* Ta
CD8'CD28-kniTuH, wo, 6e3ymMOoBHO, CBiAYUTbL MPO BUPaXEHWA iIMYHOCYNPECUBHWI
edekT ximiotepanii. Bmict LIIK ym.0a. y xBopux nicna nposegeHHs kypcy HAMXT
MaB TeHAEeHLil0 A0 NiABWLLEHHS, MOPIBHAHO 3 MOKa3HWKaMW KOHTPOMbHWUX 3HaYeHb,
Ta [O MoYaTKy MPOBeAEHHS Kypcy miKyBaHHS, LIO 3YMOBMEHO peakuielo iMyHo-
KOMMETEHTHUX KNITUH LLOAo eniMiHauii NpoayKTiB po3nagy nyxnuHu Ha doHi HAMXT.
BucHoBkuW. [locnigxeHHs CTaHy KNiTUHHOI Ta rymMoparnbHOi NaHKu iMyHiTETY BUSIBUIIO
BiporigHi 3miHu y xBopux Ha PI'3 Ha doHi npoBeaeHHs HATMXT.

[ns npodinaktukn ycknagHeHb npu nposefeHHi HAMXT moxe OyTu BMKOpUCTaHO
OUHaMiYHe CroCTepPEeXEHHS 3a MOKa3HMKaMu iMyHHOTO CTaTycy Ta iX Kopekuis.

OTtyeHaw H.M. BuBYeHHS AuHaMIiKM MOKa3HWKIB iIMYHHOrO CTaTyCy y XBOPWMX Ha pak rpygHoi 3amno3u Ha doHi
Heoap'toBaHTHOI  XimioTepanii. BicHuk Xapkigcbko2o HauioHanbHO20 yHigepcumemy imeHi B.H. KapasiHa.
Cepis Meduyura. 2024. T. 32. Ne 2(49). C. 230-237. DOI: https://doi.org/10.26565/2313-6693-2024-49-11

Key words:

breast cancer, neoadjuvant polychemo-
therapy, immune status.

For correspondence:

Otchenash Natalya Mykolayivna

V.N. Karazin Kharkiv National University
of the Ministry of Education and Science
of Ukraine, Department of Infectious
Diseases and Clinical Immunology;

4 Svobody Sq., Kharkiv, Ukraine, 61022;
e-mail: nat.otchenash@gmail.com

© Otchenash N.M., 2024

ABSTRACT

Background. In the structure of modern oncological diseases, one of the actual
problems of oncology is breast cancer (BC), which ranks second among oncological
pathologies in the world. Despite the preventive measures and successes achieved
in the therapy of BC, the incidence rate is constantly increasing. Analysis of data
from the World Health Organization proved that BC is the most common cancer
in the world. The number of healthy life years (DALYs) lost to women with this
diagnosis is greater than that of any other type of cancer in women worldwide.
BC occurs in all countries of the world in women of any age after reaching puberty,
but the incidence rate increases in older age.

Today, modern treatment of BC remains a staged, multi-component process that
requires an individual approach. Neoadjuvant polychemotherapy (NAPCT) is the main
standard for locally advanced BC. Carrying out neoadjuvant systemic therapy
allows in vivo determination of tumor sensitivity to chemotherapeutic agents,
identification of prognostic «markers», «reduction» of the stage of the oncological
process and organ-sparing surgical intervention in this category of patients. However,
the use of polychemotherapy (PCT) in BC can lead to the appearance of side effects,
the presence of which depends on the type of drug, the dose of the active substance,
the duration of treatment and the characteristics of the patient’s immune status.
Purpose — of the work is to study and analyze the data of immune parameters in
patients with BC during a course of NAPCT, who were being treated at the Communal
non-profit enterprise of the Kharkiv Regional Council «Regional Center of Oncology».
Materials and Methods. An immunological study was conducted in 42 breast cancer
patients aged 32-58 years. The average age of the patients was 44.8 + 12.4 years.
The control group consisted of 20 healthy individuals without signs of obvious acute
and chronic somatic pathology.

An immunological study was conducted in 42 breast cancer patients aged 32-58 years.
The average age of the patients was 44.8 + 12.4 years. The control group consisted
of 20 healthy people without signs of obvious acute and chronic somatic pathology.
The state of the systemic immune response was assessed by the population and
subcellular state of peripheral blood lymphocytes. The study was conducted in the
dynamics of treatment before the beginning of the 1st course (I period), after the
last course (Il period) of NAPHT. The material for the study was the serum of patients
with BC, which was studied in the dynamics of treatment. Blood for research was
taken on an empty stomach from the elbow vein in the amount of 10 ml in a sterile
Eppendorf tube.

Determination of the phenotype of blood lymphocytes was carried out with the help
of laser flow cytometry using the FACS-Calibur machine (USA) and monoclonal
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antibodies (MAT). For identification on CD3*, CD4*, CD8*, CD16*, CD20*, CD25*,
CD8*CD28*, CD8'CD28- cells, appropriate FITC-labeled antibodies were used.
To identify INFy (Th1 cells), IL-4 (Th2 cells), TFRB1 (Th3 cells) in the cytoplasm
of T-lymphocytes, monoclonal antibodies INFy — PS-5, IL-4 — PE, TFRp — FITC
(eVioscience, Beckman Coulter, R&D System). All stages of sample preparation for
laser cytofluorimetry were performed in accordance with the manufacturer’s protocols.
Statistical data processing was carried out using the software package
«Statistica 10.0 for Windows». For each variation series, the arithmetic mean (M),
the mean square deviation (o), and the mean error of the arithmetic mean (m)
were calculated. Student’s t-test was used to detect probable differences. Differences
were considered probable at the level of values p<0.05. The methods of parametric
and non-parametric statistics were also used.

Results. The study of the dynamics of the main indicators of the cellular and humoral
links of immunity in patients on the background of neoadjuvant chemotherapy made
it possible to establish a sharp suppression of the relative content of the main
subpopulations of lymphocytes with the phenotype of CD3*, CD4*, CD8*, CD16",
CD20* and CDB8*CD28- cells, which certainly indicates about the pronounced
immunosuppressive effect of chemotherapy. The level of the CIC in conditional
units in patients after a course of NAPHT had a tendency to increase compared
to the indicators of control values and before the start of the course of treatment,
which is due to the reaction of immunocompetent cells to the elimination of tumor
decomposition products against the background of NAPHT.

Conclusions. The study of the state of the cellular and humoral link of immunity
revealed probable changes in patients with RHZ against the background of NAPHT.
Dynamic monitoring of immune status indicators and their correction can be used
to prevent complications during NAPHT.
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BCTYN

Y CTpyKTypi Cy4acHMX OHKOSOriYHMX 3axBOPHOBaHb
ofHieto i3 akTyanbHUX nNpobrem OHKOMorii € pak rpygHol
3ano3m (PI3), akvn nocigae gpyre micue cepen OHKO-
noriyHoi naronorii y BcboMy cBiTi [1]. He3Baxatoum Ha
npodinakTnyHi 3axoam Ta ycnixu, Lo AOCArHYTI y Tepanii
PIr3, piBeHb 3axBOpHOBaHOCTI HEBMWHHO 3pocTae [2].
Y 2023 poui B cBiTi PI'3 6yno giarHoctoBaHO Maiixe
y 2,3 MIH XiHOK, npu ubomy Oyno 3apeecTpoBaHO
666103 netanbHux Bunagkis [1, 3]. 3a nonepeaHimu
OuiHKaMn HauioHanbHOro HCTUTYTY paky OpiEeHTOBHA
KinbkicTb HoBUX Bunagkis PI3 Tinbkn y CLA y 2024 poui
Oynoe 3apeectpoBaHa y 310720 >iHOK i npubnnsHo
42250 oci6 nompyTb Big uiei xBopobu. Tak, npoTarom
2023 p. cepeq HaceneHHa CLUA ouvikyBaHa 3axBoptoBa-
HicTb Ha PI'3 Ta netanbHicTb cknagana 297790 Bunagkis
Ta 43170 BiANOBIQHO, LIO CBIAYUTbL NPO TEHAEHUil A0
3pocTtaHHsa [4, 5]. 3a gaHumu HauioHanbHOro peectpy
paky y 2020 p. B YkpaiHi 3apeecTtpoBaHo 12824 Bunagkis
PIr3 (12736 xiHok Ta 88 yonosikiB), a 4998 oci6 nomep-
nv BHacnigok uiei Hegyrm (4960 xiHok i 38 yonosikiB) —
6e3 ypaxyBaHHs faHux JoHeubkoi, JlyraHcbkoi obnacTen,
AP Kpum Ta m. Cesactonons. To6T1o Ha koxHi 10 HoBUX
BMMNaKiB 3aXBOPIOBaHHSA B YKpaiHi peecTpytoTb 3 cmepTi
Big Hboro [6]. AHania paHux BcecBiTHbOI opraHisadii
OXOPOHM 300pOB’st AosiB, Wo PI3 e HannowwmpeHiwmnm
OHKOIOriYHNM 3axBOPIOBaHHSAM Y CBITi. KinbkicTb BTpade-
HUX pokiB 3gopoBoro xutta (DALYS) XiHOK i3 UMM
[iarHo30M Yy CBIiTi NepeBuULLYE aHanoriYHWM MNOKa3HUK
wono Oyap-aKoro HWOro BWAy paky Yy XiHok. PI3
3yCTpiYaeTbCs B YCiX kpaiHax CBITY Yy XiHOK Oyab-sikoro
BiKy Micns JOCArHEeHHs1 cTaTeBoi 3PinocTi, ogHaK y cTap-
LIOMY BiLi piBeHb 3aXBOpOBaHOCTI 3pocTac [1, 4, 6].

INTRODUCTION

In the structure of modern oncological diseases,
one of the urgent problems of oncology is breast
cancer (BC), which ranks second among oncological
pathologies worldwide [1]. Despite the preventive
measures and successes achieved in the therapy of BC,
the incidence rate is constantly increasing [2]. In 2023,
almost 2.3 million women were diagnosed with BC in
the world and 666,103 deaths were registered [1, 3].
According to preliminary estimates by the National
Cancer Institute, the estimated number of new cases
of BC in the United States alone in 2024 will be
310,720 women and approximately 42,250 people will
die from this disease. Thus, for the year 2023, among
the USA population, the expected morbidity and mortality
due to BC was 297,790 cases and 43,170, respectively,
which indicates an upward trend [4, 5]. According
to the National Cancer Registry, in 2020, 12,824 cases
of cancer were registered in Ukraine (12,736 women
and 88 men), and 4,998 people died as a result of this
disease (4,960 women and 38 men) — excluding data
from the Donetsk and Luhansk regions, Autonomous
Republic of Crimea and the city of Sevastopol. That is,
for every 10 new cases of the disease in Ukraine,
3 deaths from it are registered [6]. Analysis of data
from the World Health Organization proved that BC
is the most common cancer in the world. The number
of healthy life years (DALYs) lost to women with this
diagnosis is greater than that of any other type of
cancer in women worldwide. BC occurs in all countries
of the world in women of any age after reaching puberty,
but the incidence rate increases in older age [1, 4, 6].
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JlikyBaHHsi PI'3 Ha cborogHi NUIIAETbCA eTanHuMm,
6araToKOMMNOHEHTHUM  npouecoMm, SKui  nepenbadvae
iHouBigyansHun nigxig. MNpy micueBo-nowmpeHomy PIr3
OCHOBHMM CTaHAapTOM € Heoag'toBaHTHa nomixiMio-
Tepanisa (HAMXT). MpoBeaeHHst Heoaa ' toBaHTHOT CUCTEM-
HOI Tepanii O03BOMSE in VivO BU3HAYUTU YYTRMBICTb
NyXNYHKW O XiMioTepaneBTUYHMX 3acobiB, BUSABUTY NpOr-
HO3yIoui «MapKepuy, «3MEHLUNTUY CTafil0 OHKOMOFYHOro
npouecy i BUMKOHATU oOpraHosbepiranbHe onepaTuBHe
BTPYYaHHSA y AaHOI KaTteropii xsopux [7-9].

OpHak, 3acTtocyBaHHs noniximiotepanii (MXT) npwu
Pr3 moxe npussoautn Ao nosiBM MnobivyHMX edekTis,
HasIBHICTb SIKMX 3anexuTb Big TNy npenapaty, O03u
Jil0Y0i pevyoBUHW, TPUBANOCTI NiKyBaHHA i ocobnueocTewn
iMyHHOro ctatycy xsoporo [10, 11]. HannowwupeHiwmmn
i3 MOXnMBMX MNOBIYHMX edbekTiB € MNocT-ximioTepanes-
TUYHa anonevwis, PO3BUTOK TSDKKOTO BMPA3KOBOro CTOMa-
TMTYy, BTpata anetuty abo 3MiHa Macu Tina, HygoTa
i 6nioBaHHA, AdiapeNHWn CUHAPOM, MOPYLUEHHS KOrHi-
TMBHOI (DYHKLii, nomiHenponartii, MPUrHiYeHHs QYyHKLUiT
KPOBOTBOPEHHHS Ta Garato iHwmx. MobivHi edpektn MXT
MOXYTb MPU3BECTM L0 MOSABM THXKKUX iMyHOCYnpecuB-
HWX CTaHiB, SKi, B CBOIO Yepry, acouinoBaHi 3 po3BUTKOM
BTOPUHHUX GakTepianbHUX iHMEKLiNn, KpoBoTed, Bupa-
XeHoi aHemii [12, 13].

MeTa po6OTU — BMBYEHHS Ta aHani3 gaHWx Mnokas-
HVKIB iMyHOrpamu y xBopux Ha PI3, aki 3Haxoaunuca
Ha nikyBaHHi y KOMyHanbHOMY HekomepuinHoMy nignpu-
emcTBi XapkiBcbkoi obnacHoi pagn «O6nacHuin UeHTp
OHKOnorii», Npu NpoBeAeHHi Kypcy Heoaa ' toBaHTHOI MXT.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

[ocnigXeHHs BMKOHAHO Ha KIiHiYHIN Gasi kadenpu
iHcpekUiiHMX xBOpo6 Ta KniHiYHOT iMyHOoMorii MeguyHoro
akynbTeTy XapKiBCbKOro HauioHanbHOro yHiBepcutety
imeHi B.H. KapasiHa i KomyHanbHOro HekomepuiHOro
nignpuemcTtea XapkiBcbkoi obnacHoi pagn «Ob6nacHuit
LeHTp oHkonorii» (aupektop JiuxmaH B.M.)

Y pocnigkeHHss Oyno BknodeHo 46 kiHok A
Ta llIB cragii (T1-3N0-3MO cTtagii) PIr3. BkntoyeHHs
nauieHTiB 4O NporpaMu OBCTEXEHHS Ta NiKyBaHHSA Npo-
Bogurnocs  nicns  nigTBepmkeHHs  giarHody  PIr3.
MauieHTkam, 3rigHo 3i cTaHgapTamuy, 6yno npusHayeHo
Kypc nepegonepadinHoi XximioTepanii 3a cxemow AC
(mokcopy6iumH 60 mr/m?, engokcaH 600 Mr/m? oguH pas
y 2 abo 3 TvxHi 4 Kypcu, nicns uiei cxemu — naknitakcen
175 mr/m? oguH pa3 y 3 TwxHi 4 BBegeHHs). IMig yac
JOCrifXXeHHa OoTpuMyBanucsa nonoxeHb [enbCiHCbKOI
[eknapauii BceciTHboi MeanyHoi Acouiauii [14].

DocnigxeHHst iMyHHOro ctatycy 6yno npoBeneHo
y 46 xBopux Ha PI'3 Bikom 32-58 pokiB. CepefHin Bik
nauieHTok cknae 44,8 + 12,4 poku.

KoHTponbHy rpyny cknanu 20 3gopoBux ocit 6e3
O3HaK sIBHOI NaTonorii.

CrtaH cucTemHoi iMyHHOI Bignosigi 6yB oLuiHEHWI
3a nonynsuiiHuM Ta CyGKNiTUHHUM cTaHoM niMdouuTiB
nepudepnyHoi kposi. [ocnimkeHHss Oyno npoBeaeHo
y OuHamiui nikyBaHHS go no4atky 1-ro kypcy (I nepiog),
nicna octaHHboro kypcey (Il nepiog) HAMXT. MaTtepianom
Ans gocnigxeHHs 6yna cupoBaTka KpoBi XxBopux Ha PI'3,
sika Oyna pocnigxeHa B AvHawmiui nikyBaHHs. KpoB ansi
JocnigkeHb 3abupanu HaTule i3 NiKTbOBOI BEHU Y Kifb-
kocTi 10 mn y cTepunbHy npobipky Tuny «EneHpopd».

Today, modern treatment of BC remains a staged,
multi-component process that requires an individual
approach. Neoadjuvant polychemotherapy (NAPHT)
is the main standard for locally advanced BC. Carrying
out neoadjuvant systemic therapy allows in vivo
determination of tumor sensitivity to chemotherapeutic
agents, identification of prognostic «markersy,
«reduction» of the stage of the oncological process
and organ-sparing surgical intervention in this category
of patients [7-9].

However, the use of polychemotherapy (PCT) in BC
can lead to the appearance of side effects, the presence
of which depends on the type of drug, the dose of the
active substance, the duration of treatment and the
characteristics of the patient's immune status [10, 11].
The most common of possible side effects are post-
chemotherapy alopecia, development of severe
ulcerative stomatitis, loss of appetite or weight change,
nausea and vomiting, diarrheal syndrome, impaired
cognitive function, polyneuropathy, suppression of
hematopoietic function and many others. PCT side
effects can lead to severe immunosuppressive conditions,
which are associated with the development of secondary
bacterial infections, bleeding, severe anemia [12, 13].

Purpose of the work is to study and analyze the
data of immune parameters in patients with BC during
a course of NAPCT, who were being treated at the
Communal non-profit enterprise of the Kharkiv
Regional Council «Regional Center of Oncology».

MATERIALS AND METHODS

The study was performed at the clinical base of
the Department of Infectious Diseases and Clinical
Immunology of the School of Medicine of V.N. Kharkiv
National University communal non-profit enterprise
of the Kharkiv Regional Council «Regional Center
of Oncology» (director V.M. Lykhman).

The study included 46 women of IIA and IlIB stages
(T1-3NO-3MO stages) of BC. Inclusion of patients
in the examination and treatment program was carried
out after confirmation of the diagnosis of BC. Patients,
according to the standards, were prescribed a course
of preoperative chemotherapy according to the scheme
patients, according to the standards, were prescribed
a course of preoperative chemotherapy according
to the AC scheme (doxorubicin 60 mg/m?, endoxan 6
00 mg/m? once every 2 or 3 weeks 4 courses, after
this scheme — paclitaxel 175 mg/m? once every 3 weeks
4 administrations). During the study, the provisions
of the Helsinki Declaration of the World Medical
Association were followed [14]. An immunological
study was conducted in 42 breast cancer patients
aged 32-58 years. The average age of the patients
was 44.8 + 12.4 years. The control group consisted
of 20 healthy individuals without signs of obvious acute
and chronic somatic pathology.

The state of the systemic immune response was
assessed by the population and subcellular level of
peripheral blood lymphocytes. The study was conducted
in the dynamics of treatment before the beginning
of the 1%t course (I period), after the last course (Il period)
of NAPHT. The material for the study was the serum
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BusHaveHHs ceHoTuny nimdoumnTiB KpoBi npoBoau-
nocst 3a 4ONOMOroK MPOTOYMHOI fa3epHoi LMTOMETPIl
3 BuKOpuCTaHHsM anapata FACS-Calibur (CLUA) Ta
MOHOKNoHanbHnx avtutin (MAT). Onsa igeHTudikauii
Ha kniTnHax CD3*, CD4*, CD8*, CD16*, CD20*, CD25*,
CD8*CD28*, CD8*CD28~ BuKopucTOBYyBanu BignoBigHi
aHTuTiNa nomideHi FITC. Ana ineHTudikadii B yutonnasmi
T-nimpoumTtie IHPy (Th1-knitunHn), 111-4 (Th2-kniTnHK)
TOPB1  (Th3-kNiTMHW)  BMKOPUCTOBYBanM  MOHOKIIO-
HanbHi aHTuTina IHPy — PC-5, I1-4 — PE, TOPB — FITC
(eBioscience, Beckman Caulter, R&D System). Yci cTagii
nigrotoBkn npo6 Aans nasepHoi  uMTodnoopoMeTpil
NpoBOAWIM BiANOBIAHO 4O NPOTOKOSIB BUPOOHMKA.

CratuctuyHy o6pobKy AaHnX NPOBOAUMMN 3 BUKOPUCTaH-
HSIM nporpamMHoro naketa «Statistica 10.0 for Windows».
[nsa koxHoro BapiauiiHoro psgy pospaxoByBanu cepegn-
Hi0 apudpmetmuny (M), cepegHe KBaapaTU4He BiOXu-
NeHHs1 (0), cepefHI0 MOMWUIIKY cepenHboi apudmeTny-
HOi (m). [Ons BWABMEHHS BipOriAHUX BiAMIHHOCTEN
BuKopucToByBanu t-kputepin CTblogeHTa. BigmiHHOCTI
BBaXkanu BiporigHUMM npu piBHi 3HadveHb p < 0,05.
TakoX BMKOPUCTOBYBanuMcs METOAM NapamMeTpUYHOT
1 HenapameTpUYHOT CTaTUCTUKN.

PE3YABTATU TA IX OBrOBOPEHHS

HocnigxkeHHsa 6yno npoBegeHoO 3 METOK OLiHKU CUC-
TEMHMX Ta AUWHAMIYHMX MOPYLUEHb IMYHHWUX MOKa3HUKIB,
noes’asaHnx 3 npoeefeHHam HATMXT y xBopux Ha PI3.
AHania gnHamikn gaHux iMmyHorpamu 0O3BONMB BCTaHO-
BUTK, LLO abComoTHA KinbKiCTb NenkoumTie Ta nimdouu-
TiB y xBopux Ha PI'3 go nposegeHHs HAIMXT He mana
BIpOrigHWX BiAMIHHOCTEW, MOPIBHSAHO 3 KOHTPOMbHUMU
naHumn: 5,48 £ 1,81 npotn 5,35 £ 1,47 x 10%n (p > 0,05)
Ta 2,74 + 0,63 npotn 2,78 £ 0,19 x 10%n (p > 0,05).

BigHocHui BMmicT nokasHukis CD3*, CD4*, CD8*,
CD16*, CD20*, CD8*CD28*, CD8*CD28~ Ta ix cnisBigHO-
weHHa CD8*CD28*/CD8*CD28-, CD25*, Th1 (IHDy"),
Th2 (1J1-4*) ta cniBBigHoweHHa Th1/Th2, smict LK,
ym.og. oo noyatky nposegeHHa HAMXT He BigpisHanvcs
BipOrigAHMMWN  3MiHaMW, MOPIBHAHO 3 MOKa3HWKaMu
KOHTponbHoi rpynu (p > 0,05) (puc.1).

OpHak, cnig 3asHaunTu, Wo nicns 3aBepLUEHHSs
Kypcy TiKyBaHHS Yy nNaui€eHTOK rpynu CMOCTEPEXEHHS
BM3HAYanucs BUpaXeHi 3MiHM OinblIOCTi AocnimxyBa-
HUX MOKa3HWKIB iMyHOrpamu. Tak, abCcomnTHa KinbKicTb
nemkoumTiB Ta nimdoumnTie y xBopux Ha PI3 nicns
nposefeHHa HAIMXT mana TeHOeHUilo 00 3HWKEHHS,
ane BIipOrigHUMK  BIOMIHHOCTAMM MiXK MOKa3HUKaMM
00 noyaTtKky niKyBaHHA Ta AaHUMW KOHTPOMbHOI rpynu
He Big3Hayanachb (p > 0,05) (puc. 2).

BigHocHuin BmicTt CD3*-kniTuH nicns  nNpoBedeHHs
kypcy HAMXT ©OyB BiporigHO 3MeHLIeHUM i cknagas
49,2 + 4,81 npotn 66,48 * 3,8% NOKa3HWKIB KOHTPOIb-
Hoi rpynn Ta 69,67 + 4,51% y uiei rpynu xBopux Ao
novatky nikyBaHHa (p < 0,01). [ocnigjkeHHs BMICTY
T-xennepie CD4* Takox BCTaHOBUNO iX BIipoOrigHe 3MeH-
LLEHHS, MOPIBHAHO 3 MOKA3HMKAMMN KOHTPOITbHUX 3HaY€eHb,
Ta go nikyeaHHa — 30,1 = 4,08 npotn 42,4 + 1,39
Ta 41,58 + 3,07% (p < 0,01), wo cBig4uMTL Npo BUpa-
XKEHUN iMyHOCynpecuBHM edeKT npenaparTie, LWO
3actocoByoTbesa Anga nposegeHHss HATMXT. AHanoriyHi

of patients with BC, which was studied in the dynamics
of treatment. Blood for research was taken on
an empty stomach from the elbow vein in the amount
of 10 ml in a sterile Eppendorf tube.

Determination of the phenotype of blood lympho-
cytes was carried out with the help of laser flow
cytometry using the FACS-Calibur machine (USA)
and monoclonal antibodies (MAT). For identification on
CD3+, CD4", CD8*, CD16*, CD20*, CD25*, CD8*CD28",
CD8*CD28- cells, appropriate FITC-labeled antibodies
were used. To identify INFy (Th1 cells), IL-4 (Th2 cells),
TFRB1 (Th3 cells) in the cytoplasm of T-lymphocytes,
monoclonal antibodies INFy — RS-5, IL-4 — PE, TFRp —
FITC (eBioscience, Beckman Coulter, R&D System).
All stages of sample preparation for laser cytofluoro-
metry were performed in accordance with the manu-
facturer’s protocols.

Statistical data processing was carried out using the
software package «Statistica 10.0 for Windows». For each
variation series, the arithmetic mean (M), the mean
square deviation (o), and the mean error of the arithmetic
mean (m) were calculated. Student’s t-test was used to
detect probable differences. Differences were considered
probable at the level of values p < 0.05. The methods of
parametric and non-parametric statistics were also used.

RESULTS AND DISCUSSION

The study was conducted with the aim of evaluating
systemic and dynamic disorders of immune indicators
associated with NAPHT in patients with BC. The analysis
of the dynamics of the parameters of immunogram
made it possible to establish that the absolute number
of leukocytes and lymphocytes in patients with BC before
NAPHT had no significant differences compared to the
control data: 5.48 +1.81 versus 5.35+1.47 x 10%1 (p > 0.05)
and 2.74 + 0.63 versus 2.78 £0.19 x 10%1 (p > 0.05).

The relative content of indicators CD3*, CD4*, CD8*,
CD16*, CD20*, CD8*CD28*, CD8*CD28- and their ratio
CD8*CD28*/CD8*CD28-, CD25*, Th1 (INFy*), Th2 (IL-4")
and their ratio Th1/Th2, CIC cont.un. before the start
of NAPHT, did not differ by probable changes compared
to the indicators of the control group (p > 0.05) (Fig. 1).

However, it should be noted that after the completion
of the course of treatment, pronounced changes in
most of the investigated indicators of the immunogram
were determined in the patients of the observation group.
Thus, the absolute number of leukocytes and lympho-
cytes in patients with BC after NAPHT had a tendency
to decrease, but there were no significant differences
between the indicators before the start of treatment
and the data of the control group (p > 0.05) (Fig. 2).

The relative content of CD3* cells after the course
of NAPHT was probably reduced and amounted to
49.2 £ 4.81% against 66.48 + 3.8% of the indicators
of the control group and 69.67 + 4.51% in this group of
patients before the start of treatment (p < 0.01). The study
of the content of CD4* T-helpers also established their
likely decrease compared to the indicators of control
values and before treatment — 30.1 + 4.08 against
42.4 £1.39 and 41.58 + 3.07% (p < 0.01), which indicates
a pronounced immunosuppressive effect of the drugs
used to perform NAPHT. Similar changes were found
in the study of the relative content of CD8* cells —
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3MiHM Gyno BCTAHOBMEHO i NPV AOCHiAXEHHI BifHOCHOIO
BmicTy CD8*-knituH — 19,8 + 2,42% (p < 0,001), ki nicna
Kypcy Tepanii 6ynu CTaTUCTUYHO HWKYMMU, MOPIBHSHO
3 KOHTPOMNbHUMK gaHumn — 29,7 + 1,81%, Ta [o noyartky
nikyBaHHa — 24,26 * 2,75%. Bwmict CD16*-kniTvH
nicna nposegeHHa HAIMXT Takox xapaktepusyBaBcs
BipOrigHUM 3HWXeHHaM — 12,79 + 0,6% (p < 0,05),
MOPIBHAHO 3 AAHMMK KOHTPOMbHOI rpynu Ta 4O no4aTtky
Tepanii, sk i piBHi CD20*-knituH — 9,17 + 1,8% (p < 0,05).

=i 10 NiKYBIHHA

19.8 + 2.42% (p < 0.001), which after the course of
therapy were statistically lower compared to the control
data — 29.7 + 1.81% and before the beginning treat-
ment — 24.26 + 2.75%. The content of CD16* cells after
NAPHT was also characterized by a probable decrease —
12.79 = 0.6% (p < 0.05) compared to the data of the
control group and before the start of therapy, as well as
the level of CD20* cells — 9.17 + 1.8% (p < 0.05).
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Cnig 3a3HaunTw, Wo BigHOoCcHWM BMicT CD8*CD28* -kni-
TUH XapaKTepusyBaBCsl TEHOEHUIE A0 3HWXEHHs, ane
He MaB BIipOrigHMX BiAMIHHOCTEN 3 MOKa3HUKaMu
KOHTPOSbHOI rpynyu Ta [o no4vaTky Tepanii (p > 0,05).
B Toih xe uyac, BigHocHui BMmicT CD8*CD28-KniTuH,
HaBMakW, BIOPI3HABCS CTaTUCTUYMHO Bi4 MOKa3HWUKIB

It should be noted that the relative content of
CD8*CD28* cells was characterized by a downward
trend, but had no significant differences with the
indicators of the control group and before the start
of therapy (p > 0.05). At that time, the relative content
of CD8*CD28- cells, on the contrary, differed statistically
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rpynu KoHTponto, Ta go nodatky HAMXT - 8,4 £ 0,5
npotm 53 + 0,3% T1a 5,5 + 0,3%, nepesuLLytoun ix
y 16 ta 1,5 pasm (p < 0,001). CniBBigHOLEHHS
CD8*CD28*/CD8*CD28~ y nauieHTiB nicnsi NpoBedeHHs
HAMXT cknagano 1,36 + 0,9, wo He Bigpi3Hanocs crta-
TUCTUYHOK BIPOTAHICTIO 3 MOKa3HWKaMW KOHTPOSIbHOT
rpynu, Ta o novatky Tepanii (p > 0,05).

Bwmict CD25*-kniTuH, BiACcOTOK y xBopux Ha PI'3 npwu
nposegeHHi HAMXT He BiApi3HABCHA CTaTUCTUYHOIO BIpO-
MigHICTIO 5K 4O, TaK i nicnsi 3akiHyeHHs Kypcy (p > 0,05).

Mpw aHanisi gnHamikn BIGHOCHOIO BMICTY MOKa3HWUKIB
Th1 (IH®y*) npu npoepeHHi HATMXT BiporigHux Bia-
MiHHOCTEW BCTaHOBMEHo He Byno (p > 0,05). OgHak Bia-
HocHuI BMicT Th2 (1J1-4*), BioCOTOK y XBOpKX nicns npose-
aenHa HATMXT BigpisHABCA CTaTUCTUYHOK BipOriaHICTIO,
MOPIBHAHO 3 KOHTPOSIBHUMMW LAHUMWU, Ta MOKa3HUKaMu
[0 novaTky nikyBaHHA 6,5 + 2,38 npotn 12,3 + 1,4 Ta
11,9 + 1,12%, BignosigHo (p < 0,05). HocnigxeHHs
cniBBigHoweHHA Th1/Th2 He BUABUNO CTATUCTUYHOT
pi3HML MiX BignoBiAHVMM CMIBBIOHOLIEHHSAM cepepn rpyn
OOCTiIXKEHHA Ta KOHTPONbHUMM nokasHukamu (p > 0,05).

Cnig 3asWaunty, wo Bmict LIK ym.og. y xBopwux
nicna nposegeHHa kypcy HAMXT, maB TeHaeHUito A0
NigBULLEHHS, MOPIBHAHO 3 MOKa3HUKaMW KOHTPOSbHMUX
3HayeHb, Ta OO NoyaTKy NPOBEAEHHS Kypcy NiKyBaHHSA —
16,73 = 2,19 npotn 12,0 + 1,5 Ta 13,99 + 1,82 ym.oa.
(p > 0,05), wWo Ha Hawy AYMKY 3yMOBIIEHO peakLieto
iIMYHOKOMMNETEHTHUX KNITUH WOoAO eniMiHauii npoaykTiB
posnagy nyxnuHu Ha doHi HAIMXT.

BUCHOBKHU

[ocnigkeHHs CcTaHy KMITMHHOI Ta ryMoparsbHOi
NaHKM IMYHITETY BWABMMO BIpOrigHi 3MiHM Yy XBOPUX
Ha PI'3 Ha coHi npoBeaeHHsa HATXT.

Ons npodinakTuku ycknagHeHb Mpu MNPOBEAEHHI
HAMXT moxe OyTu BMKOPUCTAHO AMHAMIiYHE crnocTepe-
)KEHHS 32 NMoKasHWKaMM iIMyHHOrO CTaTycy Ta iX KOpekKuisi.
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from the indicators of the control group and before
the start of NAPHT — 8.4 + 0.5 versus 5.3 + 0.3 and
55 + 0.3%, exceeding them by 1.6 and 1.5 times
(p < 0.001). The ratio of CD8*CD28*/CD8*CD28- in
patients after NAPHT was 1.36 + 0.9, which did not
statistically differ from the indicators of the control group
and before the start of therapy (p > 0.05).

The content of CD25* cells, rate in patients with BC
during NAPHT did not differ by statistical probability
both before and after the end of the course (p >0.05).

When analyzing the dynamics of the relative content
of Th1 indicators (INFy*) during NAPTH, no significant
differences were found (p > 0.05). However, the relative
content of Th2 (IL-4*), rate in patients after NAPHT differed
by statistical probability compared to control data and
indicators before the start of treatment 6.5 £ 2.38 versus
123 + 1.4 and 11.9 + 1.12%, respectively (p < 0.05).
The study of the ratio of Th1/Th2 did not reveal a statis-
tical difference between the corresponding ratio among
the study groups and control indicators (p > 0.05).

It should be noted that the content of the Central
Technical University in patients after the course of
NAPHT had a tendency to increase compared to the
indicators of the control values and before the start
of the course of treatment — 16.73 £ 2.19 units against
12.0 £+ 1.5 and 13.99 = 1.82 units (p > 0.05), which,
in our opinion, is due to the reaction of immunocompe-
tent cells to the elimination of tumor decay products
against the background of NAPHT.

CONCLUSIONS

The study of the status of the cellular and humoral
link of immunity revealed probable changes in patients
with BC against the background of NAPHT.

Dynamic monitoring of immune status parameters
and their correction can use to prevent complications
during NAPHT.
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3 METOK HiBEMOBaHHS HeratmBHWX edekTiB, € BenbMu
aKkTyanbHUMK Ta NepcnekTUBHUMM.

KoHAIKT iHTepecis

ABTOpU pyKOnuUCy CBiAOMO 3acCBiAvytoTb BiACYTHICTb hakTM4HOro
abo noTeHUuinHOro KOHMMIKTY iHTepeciB LWoOo pe3ynbraTiB
uiei pobotn 3 hapmaueBTUYHMMM KOMMAHIAMKU, BMPOOHUKaMMn
BbioMeanyHMX NPUCTPOIB, IHWMMK OpraHi3auisMu, Yni NPOAYyKTH,
nocnyru, iHaHcoBa nigTPMMKa MOXyTb OyTM noB’a3aHi
3 npegMeToM HagaHux MmatepianiB abo siki cnoHcopyBanwu
npoBeAeHi AOCMIAXEHHS.

IHdbopMmaluis npo cbiHAHCYBAHHSA

diHaHcyBaHHS BuaaTkamu [lepxxaBHoro GromxkeTy Ykpainu.

BIAOMOCTI NPO ABTOPIB

OtuyeHaw Harana MukonaiBHa — acnipaHTka kadegpwu
iHdbekUinHMx xBOpo® Ta  KNiHIYHOI iMyHOMorii  Megu4Horo
dakynbTeTy  XapKiBCbKOrO  HauioHanbHOro  yHiBepcuTeTy
imeHi B.H. KapasiHa MiHicTepcTBa OCBiTM i Hayku YKpaiHu;
mangaH Csoboaw, 6ya. 4, m. Xapkis, YkpaiHa, 61022;

e-mail: nat.otchenash@gmail.com

mob6.: +38 (050) 302-17-77

BHecok aemopa: aHaniz 0aHux nimepamypu, ¢hopMynio-
8aHHs 3a80aHb pobomu, rpoeedeHHsT OOCiOKEeHb,
aHaniz ompumaHux OaHuUx ma ix cmamucmuyHa

9. Konovalenko VF, Garashchenko OO, Konovalenko SV. Current
approaches to the diagnosis and treatment of breast cancer
patients.  Oncology. 2021;23(1-2):1-9. (In  Ukraine). DOI:
https://doi.org/10.32471/oncology.2663-7928.1-23-1-2021-9.9320

10. Cheung KL. Treatment strategies and survival outcomes
in breast cancer. Cancers (Basel). 2020;12(3):735. URL:
https://www. mdpi.com/2072-6694/12/3/735/htm

11. Zarcos-Pedrinaci |, Redondo M, Louro J, Rivas-Ruiz F. Téllez T,
Pérez D et al. Impact of adjuvant chemotherapy on the survival of
patients with breast cancer diagnosed by screening. Cancer Medicine.
2019;8(15):6662—70. DOI: https://doi.org/10.1002/cam4.2488

12. Hennigs A, Riedel F, Marmé F, Sinn P, Lindel K, Gondos A et al.
Changes in chemotherapy usage and outcome of early breast cancer
patients in the last decade. Breast Cancer Research and Treatment.
2016;160(3):491-9. DOI: https://doi.org/10.1007/s10549-016-4016-4

13. Haidinger R, Bauerfeind |. Long-term side effects of adjuvant
therapy in primary breast cancer patients: results of a webbased
survey. Breast Care (Basel). 2019;14(2):111-16. DOI:
https://doi.org/10.1159/000497233

14. Official website of the Parliament of Ukraine. Declaration of Helsinki
of the World Medical Association «Ethical principles of medical
research with the participation of a person as an object of research».
(In Ukraine). URL: https://zakon.rada.gov.ua/laws/show/990_005#Text

Prospects for further research

The dynamics of changes in immunological indicators and
the depth of disorders that occur in patients with RHZ during
NAPHT require further study in order to prevent complications
and negative consequences of treatment. The need to find
therapeutic measures for the correction of violations that occur
during chemotherapy with the aim of leveling negative effects
is very relevant and promising.
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KAo4oBi cAoBa: PE3IOME

OXMPiHHSA, MeTaboniyHO 300poBe OXMPiH-  AkTyanbHicTb. OXUPiHHS Nocigae ogHe 3 NPOBIAHUX MiCUb Y CTPYKTYPi HeiHdEKUiAHNX
Hsl, MeTaboniyHO HEe3[OopOBe OXMWPIHHS,  3aXBOPIOBaHb i, 3@ Cy4aCHUMW MOMMSAaMU, € TPUrepHUM DaKTOPOM ANt BUHUMKHEHHSI

OCTE0apTPUT, MeTasananeHHs. CyNyTHbOI NaTonorii, 3oKpema ocTeoapTpuTy. PyLUiHOK CKNOK naToreHedy OcCTeo-
apTpUTY € He TiNbkn 30iNbLUeHHS MeXaHiYHOro HaBaHTaXeHHsI Ha cyrnobu, a i npo-
AAS KOPECMOHAEHL: OYKLUiS KMPOBOK TKAHWHOK MediaTopiB 3anarieHHs Ta ropMOHIB, LU0 3rodoM MNpuU3BO-

OnTb A0 MeTaboniyHMX MopylleHb Y KiCTKOBO-CYrnoboBi cucTemi. Y 3B'si3Ky 3 KOH-
Lenujielo reTepOreHHOCTi OXUPIHHA BaXKITMBUM 3aBOaHHSAM € BUBYEHHS B3aEMO3B’A3KY
FONY§KiHa 63339"”'{7 OﬂeKcaf’api?Ha NaToreHeTUYHMX OCOBMMBOCTEN PI3HUX (DEHOTUMIB OXUPIHHA 3 PO3BUTKOM OCTEO-
XapKiBCbKMIA HaUiOHaNbHNA YHIBEPCUTET  aprputy. OpHak, He3Ba@iouM Ha SWCIEHHI [JOCHIMKEHHS,, 3anmuLacTbes Garato
imeHi B.H. KapasiHa MiHicTepcTBa OCBITU  epypileHX NUTaHb | CyNEepEsnMBIX TOHOK 30Dy Ha LIt0 MPOGreMy.
i Haykn YkpaiHu, kadenpa BHYTPIWHBOT  Meta po6OTH — Ha OCHOBI BUBYEHHS NITEPATYPHUX [KEPEN, MEPEBAXKHO 3a OCTaHHI

MeONLHI; 10 pokiB, NpoaHanisyBaTu NaToreHeTUYHi OCOGMUBOCTI (DEHOTUMIB OXMPIHHS Ta iX

maiinan CeoGoaw, Oya. 4, M. XapKiB, 35’30k i3 BUHUKHEHHSM | NporpecyBaHHAM OCTE0apTPUTY, a TaKoX BWU3HAYUTU POfb

Ykpaina, 61022; 3ananeHHs B CTPYKTYPi LIMX NOPYLUEHb.

e-mail: eugenia.golubkina@karazin.ua Matepianm Ta MeToaM. Byno BMBYEHO Ta NpoOaHani3oBaHO AaHi niTepaTypy,
oTpUMaHi B pe3ynbTaTi eneKTpoHHoro nolwyky B 6asax gaHux MEDLINE/PubMed,

© lony6kiva €.0., TuxoHoea T.M., 2024 Google Scholar i Web of Science 3a TakMMu KIIlO4OBUMMW CMOBaMU: «OXUPIHHSY,

«MeTaboniyHo 340pPOBE OXMPIHHAY, «MeTaboniYHO HEe34OPOBE OXUPIHHSA», «OCTEO-
apTpUT», «MeTasananeHHs».

PesynbtatM Ta ix o6GroBopeHHs. OXWPIHHA XapakTepusyeTbCst Pi3HUMU deHo-
TMNamu, TakMMu §K: MeTaboniyHO He3[opoBe OXWPIHHA, MeTaboniyHo 3g0poBe
OXWPIHHA, MeTaborniyHe OXMPIHHA 3 HOPMarnbHO Macoo Tina. Y Tou Yac sik meTabo-
NiYHO 340pPOBE OXMPIHHA Mae Oinbll  CAPUSTAMBI  KNiHIYHI  O3HAKKW, MOPIBHSAHO
3 MeTaboniyHO HEe3dOopPOBMM OXMPIHHAM Yepes BiACYTHICTb MeTaboniyHux posnagis
i GinbWw HM3BbKMIA piBEHb MapKepiB 3amnaneHHsi, horo Bepudikauis ycknagHeHa
BIACYTHICTIO €AMHUX AiarHOCTUYHUX KpwuTepiiB. [laToreHes ocTeoapTpuTy TiCHO
MOB’sI3aHNIN 3 OXMPIHHAM: CKMagHa B3aemopis KOMMOHEHTIB MeTabomniyHoro CMHAPOMY
npu3BOAWTbL OO PO3BUTKY XPOHIYHOro 3ananeHHs. Lli npouecu cnpusioTb NOPYLUEHHIO
KPOBO- i HEPBOBOIO MOCTaYaHHs cyrnoba, CUHOBIITY i pyMHYBaHHIO XpALLa, O CNpUse
BUMHWKHEHHIO | MporpecyBaHH0 ocTeoapTpuTy. MauieHTn 3 MeTaboniyHo 340pPOBUM
OXMPIHHAM | MeTaboniYHUM OXMPIHHAM 3 HOPMarbHOK Macok Tifla MalTb MeEHLLY
OCTE0apTpUTY, NOPIBHAHO 3 MeTaboniYHO HE3A0POBUM OXMPIHHSAM.

BucHoBKuM. YuacTb 3ananbHuX hakTopiB y naToreHesi ocTeoapTpuUTy Ta Moro acouiauis
3 OXWUPiIHHAM i MeTaboniyHMM CMHOPOMOM CBigYaTb MPO aKTyamnbHICTb BUBYEHHS
B3aEMO3B’A3KY MiXX OXXMPIHHSIM Ta ocTeoapTputoMm. OfHaK, He3BaXaroun Ha pe3ynbraTi
YMCNEHHMX AOCHNiOXeHb, NOB’'A3aHUX i3 BNMMBOM MeTaboniyHoro CMHApPOMY Ha po3-
BWUTOK OCTE0apTPUTY, HEAOCTaTHLO AOCIAXKEHb LLOAO 3B’s13KY OCTE0apTPUTY 3 iHLIMMU
(HEHOTMNAMMU OXUPIHHSA, TakMMK sik MeTaborniyHO 300poBe OXUPIHHA Ta MeTaboniyHe
OXMPIHHA 3 HOpMarnbHOW Macol Tina. MoxnueicTb nepexopy Big MeTaboniyHo
300poBOro A0 MeTaboniyHo He3[qopOBOro OXWPIHHSA BM3Ha4Yae meTaboniyHo 3gopose
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ABSTRACT

Background. Obesity occupies one of the leading places in the structure of
non-communicable diseases and according to modern views it is a trigger factor for
the occurrence of concomitant pathology, in particular, osteoarthritis. The driving force
in osteoarthritis pathogenesis is not only an increase in mechanical load on the
joints, but also the production of inflammatory mediators and hormones by adipose
tissue, which subsequently leads to metabolic disorders in the osteoarticular system.
In regard of the heterogeneity concept of obesity an important task is to study the
relationship between the pathogenetic features of various obesity phenotypes and
osteoarthritis development. However, despite numerous studies, there are many
unresolved questions and controversial points of view on this problem.

Purpose — based on the study of literary sources, mainly over the last 10 years,
to analyze the pathogenetic features of obesity phenotypes and their relationship
with the occurrence and progression of osteoarthritis, as well as to determine the role
of inflammation in the structure of these disorders.

Materials and Methods. Literature data obtained as a result of an electronic search
in the MEDLINE/PubMed, Google Scholar and Web of Science databases using
the following keywords: «obesity», «metabolically healthy obesity», «metabolically
unhealthy obesity», «osteoarthritis», «meta-inflammation» was studied and analyzed.
Results. Obesity is characterized by a variety of phenotypes, such as: metabolically
unhealthy obesity, metabolically healthy obesity, metabolic obesity with normal body
weight. While metabolically healthy obesity has more favorable clinical features
compared to metabolically unhealthy obesity due to the absence of metabolic
disorders and lower levels of inflammatory markers, its verification is complicated
with the absence of unified diagnosis criteria. The pathogenesis of osteoarthritis
is closely related to obesity: the complex interaction of the metabolic syndrome
components leads to the development of chronic low-level inflammation. These pro-
cesses contribute to disruption of the blood and nerve supply to the joint, synovitis
and cartilage destruction thus promoting osteoarthritis onset and progression.
Patients with metabolically healthy obesity and metabolic obesity with normal
body weight have a lower prevalence of osteoarthritis in comparison with meta-
bolically unhealthy obesity.

Conclusions. Involvement of inflammatory factors in the pathogenesis of osteoarthritis
and its association with obesity and metabolic syndrome favor the relevance of
studying the relationship between obesity and osteoarthritis. However, despite the
results of numerous research works related to the influence of metabolic syndrome
on the development of osteoarthritis, there is lack of studies on the relationship of
osteoarthritis with other phenotypes of obesity, such as metabolically healthy
obesity and metabolic obesity with normal body weight. The potential for transition
from metabolically healthy to metabolically unhealthy obesity defines metabolically
healthy obesity as a transient condition. Regarding this, further study is needed
to develop unified and adequate criteria for obesity phenotypes to determine
adequate management tactics and prevent the development of its complications
and associated musculoskeletal system pathology.

Holubkina YeO, Tykhonova TM. Pathogenetic features in patients with various phenotypic forms of obesity and
osteoarthritis: focus on meta-inflammation. The Journal of V.N. Karazin Kharkiv National University. Series Medicine.
2024;32(2(49)):238-255. DOI: https://doi.org/10.26565/2313-6693-2024-49-12

BCTYN

OxupiHHa — rnmobanbHa npobrnema cyyacHoi meau-
OCKINbKM € (PakTOpOM pU3NKY 3axBOPIOBaHb

LUHW,

INTRODUCTION

Obesity is a global problem of modern medicine,
being a risk factor for the cardiovascular, nervous,
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cepLueBO-CyaANHHOI, HEPBOBOI, TPaBHOI Ta E€HAOKPWHHOI
CMUCTEM, @ TaKOX MaTornorii onopHO-pyxXOBOro anapary.
HasiBHICTb OXWPIHHA Yy CTPYKTYpi pi3HUX KOMOPOigHMX
CTaHiB Npu3BOAMTL [0 PO3BUTKY HebesneyHux ans
XWUTTS YCKNagHeHb, pPaHHbOI BTpaTW npauesnaTHocCTi
Ta iHBaniguaauii xsopux [1- 4].

3a Bu3HaveHHsM BOO3, HagmipHa maca Tina Ta
OXUPIHHA — Ue naTonoriyHi CTaHW, WO BMHMKAOTb
BHACNiOOK YTBOPEHHS aHOManbHWX abo HagMipHMX
XUPOBUX BigKNadeHb, SKi MOXyTb OyTu LWKignMBUMun
ans 3pgopos’s [5]. CtatucTuka nokasye, wo y 2016 poui
noHag 1,9 mnpg gopocnux Bikom cTapwe 18 pokis
(39% Big 3aranbHOi KiNbKOCTI HaceneHHst) mManu Haga-
nuwkoBy Macy Tina; 3 Hux noHag 650 mnH (13%)
cTpaxganu Ha oxupiHHa [5]. A B 2019 poui rmobanbHa
MOLLUMPEHICTb OXWUPIHHSA ceped [opocnux 3pocna A
o 15,5% [6]. B YkpaiHi, 3a pgaHuMun OocChigKeHHS
STEPS, ske 6yno npoegeHo y 2019 poui, OXMpiHHSA
cnocrepiranocs 'y 24,8%, a HagmipHa maca Tina —
y 59% popocnoro HaceneHHs [7]. lNMocTiHe 3pocTaHHsi
MOLUMPEHOCTI OXUPIHHSA Yy BCbOMY CBIiTi  BUKMUKae
ceprnosHe 3aHenoKOEHHs: 3a nporHo3amu go 2030 poky
Bi, OXWPiIHHA CcTpaxgatume noHag 1 mnpg nwogen
(6nnsbko 25% HaceneHHs). Y 3B’A3Ky 3 UMM Byrno 3anpo-
NMOHOBAHO PO3rMs4aTM  OXUPIHHA  SIK  MPIOPUTETHUN
HanpsIMOK Y CBITOBI CUCTEMiI OXOPOHW 300pOB’s [6].

OXMPiHHA € XPOHIYHUM GaraTodakTOPHUM 3axBOpPIo-
BaHHAM. OfHMM i3 OCHOBHWMX YMHHUWKIB PU3UKY KOro
BMHWKHEHHSI Ta NPOrpecyBaHHs BBaXkaeTbcs aucbanaHc
MK €HEprocrnoXxvBaHHsM Ta €eHeproBuTpaTtamu, Lo
BVMHWKAE 3a HasiIBHOCTI MaropyxiMBOro crnocoby >XutTs,
norpiluHocTen Ta /abo LWIKIANMBMX 3BUYOK Yy Xapuy-
BaHHi [3]. BaxnuBy ponb Yy naTtodisionorii OXMpPiHHA
Bigirpae UeHTpanbHa perynsuis xapyoBoi NoBefiHKu
3a yyacTio sigep rinotanamyca, Lo BignosigaTb 3a cTaH
ronofly-HaCM4eHHsi, a TaKoX rOpMOHarnbHa aKTMBHICTb
BicLiepanbHOi XunpoBoi TkaHuHK (XKT), sika npogyKye pisHi
TUNW agunokKiHiB, HEOAHOPIAHI 3a CBOEK CTPYKTYpPOLO
Ta QyHKUiaMW. Ha cborofgHilwHii OeHb BiAOMO noHag
100 agumnokiHiB, HaMGINbLl BUBYEHI 3 SAKUX: NEnTUH,
afVMNOHEKTWH, Pe3nCTWH, BicaTuH, aKTop HeKposy
nyxnuH-o. (TNF-a)), ninonpoteiHninasa Tta pgesiki iHLWi.
Lli ropmoHonogibHi pevoBMHM BNNMBalOTb Ha  Pi3Hi
disionoriyHi  Ta naTtodisdionoriyHi  npouecun, Taki SK
ninigHUn obMiH, romeocTas rnioKo3n, NPOLIEeCH 3ropTaHHs
KpoBi, aHrioreHe3, OPMYBaHHSA KICTKOBOI TKaHWHW,
3ananbHi npouecu [8, 9].

YncneHHi OocnigpkeHHs 0OBOAATb PONb afuMMoKiHIiB
Yy BUHUKHEHHI Ta NpOrpecyBaHHi OXMPIHHSA, IO NoB’s3a-
HO 3 iX BMMMBOM Ha uUeHTpu perynsuii anetuty [10-13].
OpOHVMM i3 OCHOBHUMX pErynaTopiB aneTuty € JenTuH,
SAKUA Qi€ Ha piBHI rinoTanamyca, NPUrHivyr4n HEMpoOHMU,
SIKi €KCMpecyloTb OPEKCUrEHHWUIA (CTUMYIIOYUIA aneTuT)
Herponentng AGPR (agouti-related peptide); i B Tol xe
Yyac nenTuUH CTUMYIIOE HEWPOHU, $IKi  eKcrnpecyTb
AHOPEKCUIEHHWI (MPUrHIYYOYUA aneTuT) HerponenTug
POMC (npooniomenaHokopTuH). Takum 4uHOM, disio-
noriyHi edpekT nNenTuHy nNpU3BOAATL OO0 NPUrHIYEeHHs
aneTuTy Ta 3MeHLUEHHS cnoXxusaHHs ixi [10].

OpHak 3a HasBHOCTI OXWPIHHA YHKUiT NenTuHy
MOpyLUYIOTbLCS BHacMigoK BTpaTM YyTNMBOCTI peuen-
TOpiB rinotanamyca [0 NENTVHY Ta MOPYLUEHHS1 TpaHC-
nopTy nenTuHy 4epe3 rematoeHuedaniyHmn 6Gap’ep.
Llen naTtonoriyHWin cTaH, AKWA Ha3MBaETbCA NENTUHO-

digestive and endocrine diseases, as well as the mus-
culoskeletal system pathology. The presence of obesity
in structure of various comorbid conditions leads to the
development of life-threatening complications, early loss
of working capacity and disability of patients [1-4].

According to the WHO definition, overweight and
obesity are the pathological states resulting from the
formation of abnormal or excessive fat deposits, which
can be harmful to health [5]. Statistics show that in 2016,
more than 1.9 billion adults over 18 years of age
(39% of the total population) were overweight; of these,
over 650 million (13%) were obese [5]. And in 2019,
the global prevalence of obesity among adults increased
to 15.5% [6]. In Ukraine, according to the STEPS study
conducted in 2019, obesity was observed in 24.8%,
and overweight — in 59% of the adult population [7].
The steady increase in the global prevalence of obesity
is causing serious concern: it is predicted that by 2030,
more than 1 billion people will suffer from obesity
(about 25% of the population). In this regard, it has been
proposed to consider obesity as a priority area in the
global healthcare system [6].

Obesity is a chronic multifactorial disease. One of the
main risk factors for the onset and progression of obesity
is considered to be an imbalance between energy
consumption and energy expenditure, which occurs in
the presence of a sedentary lifestyle, dietary mistakes
and bad eating habits [3]. An important role in the patho-
physiology of obesity is played by the central regulation
of eating behavior with the participation of the hypo-
thalamic nuclei responsible for the state of hunger-
saturation, as well as the hormonal activity of visceral
adipose tissue (AT), which produces different types of
adipokines, heterogeneous in their structure and
functions. To date, more than 100 adipokines are known,
the most studied of which are: leptin, adiponectin,
resistin, visfatin, tumor necrosis factor — a (TNF-a),
lipoprotein lipase and some others. These hormone-like
substances influence various physiological and patho-
physiological processes, such as: lipid metabolism,
glucose homeostasis, blood coagulation processes,
angiogenesis, bone tissue formation, and inflamma-
tion processes [8, 9].

Numerous studies prove the role of adipokines in the
onset and progression of obesity, which is associated
with their influence on appetite regulation centers [10—-13].
One of the main appetite regulators is leptin, which
exerts its effects at the level of the hypothalamus,
suppressing neurons that express the orexigenic
(appetite-stimulating) neuropeptide AGPR (agouti-related
peptide); and at the same time, leptin stimulates neurons
that express the anorexigenic (appetite-suppressing)
neuropeptide POMC (proopiomelanocortin). Thus, the
physiological effects of leptin lead to suppression of
appetite and decreased food intake [10].

However, in the presence of obesity the functions
of leptin are impaired due to the loss of sensitivity
of the hypothalamic receptors to leptin and disruption of
leptin transport across the blood-brain barrier. This patho-
logical condition called leptin resistance is characterized
by inability of leptin to reach the target cells and
exert its actions. This leads to a decrease in the
anorexigenic effect of leptin thereby contributing
to the progression of obesity [11]. Leptin resistance is
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PE3NCTEHTHICTIO, XapaKTepu3yeTbCs He3[aTHICTI0 nen-
TUHY Jocaratu KniTUH-MileHen | 34iACHIBaTU CBOKO
Lit0. JlenTUHOPE3NCTEHTHICTb NPU3BOAUTL A0 3HMKEHHSA
AHOPEKCUIEHHOro edeKTy NenTuHY, Lo Cnpusie npo-
rpecyBaHH0 OXWUPiHHA [11]. PesucTeHTHiCTb A0 nen-
TUHY TaKOoX TICHO MOB’si3aHa 3 KOMMEHCAaTOPHO rinep-
nenTUHeMielo, sika, Yy CBOK 4epry, Crnpusie aktusauii
npoaykuii  nposananbHUX UWUTOKIHIB i  dOpMyBaHHIO
XPOHiIYHOro 3ananeHHsa [12].

[Mpy OXUPIHHI cnocTepiraeTbCa 3HWKEHHS CUHTe3y
AOUMOHEKTUHY, SIKMA Mae 3axMCHi BMacTUBOCTI MpoOTU
PO3BUTKY aTepOCKNepo3y Ta iHcyniHope3ncTeHTHocTi (IP).
MigBMLWEHHA PIBHA PE3UCTWHY, aHTaroHicTa aaunoHek-
TUHY, TaKoX noB’sa3aHe 3 po3suTkom IP [11, 13].

Ha cborogHi oTpMMaHO nepekoHNMBI OKa3u yyacTi
agunoKiHIB  y (OPMYyBaHHI XPOHIYHOrO  3ananeHHs,
Lo MOB’A3aHO fK 3 rinepnenTUHEMIEl0, TakK i 3 HU3bKUM
piBHEM agunoHekTMHy. OCTaHHIN po3rMsAdaeTbcs  sK
3axXMCHUN hakTop LWOAO PO3BUTKY 3ananeHHs [14—16].

OxupiHHA TiCHO noB’sA3aHe 3i MopdodyHKLUioHanNb-
HAMKU  nopyweHHamn KT Ta, 3okpema, 3i 3MiHOW
po3MipiB, KINbKOCTI Ta (PyHKUiOHaNbHUX BRacTUBOCTEWN
agunoumuTie. Tak, Npu rinepTpodiyHOMY TUMi OXMUPIHHSA
crnocTepiraetbcal  30iNblUEHHA  po3MipiB  agunoumTiB
NpWY HE3MIHHIN KiNbKOCTI UMX KMITWH; rinepniacTtuyHe
OXWPIHHA  XapakTepu3yeTbCA ManvMuM napameTpamu
agunoumnTiB  3i 36inbweHHAM ix kinbkocTi [14, 17].
Mpn LUbOMY TakoOX 3MIHIOETLCS (OYHKLUIOHanbHa akTuB-
HicTb KT — pemogentioBaHHS TKaHWHU MNPU3BOAUTL
no ibpoay, iHdinbTpauii HerTpodinamm i M1 Makpo-
aramu. Lli natonorivHi 3MiHM XxapakTepuayloTbCs CTaHOM
XPOHIYHOro 3ananeHHsi HU3bKOro PIBHA 3 NiABULLEHHSIM
npogykuii uutokiHiB 3ananeHHs (TNF-a, IL-6, IL-18)
Makpodaramu Ta agunoumtamm [17— 19].

[eTeporeHHIiCTb NAaTOreHETUYHNX i KMiHIYHMX NpOosBIB
OXWPIHHA BNNMBae Ha nepebir i TKKICTb CynyTHIX
3axBOpOBaHb. Baxnueum 3aBoaHHAM Anst AOCMiOHMKIB
€ BWBYEHHS OXWPIHHS 3anexHo Big MeTaboniyHoro
cTaTycy MauieHTiB, a TaKOX BUSABMNEHHS Pi3HUX eHo-
TUNIB OXWPIHHA, TakuxX K MeTaboniyHo Hesgopose
oxupiHHa (MH30), wWo xapakTepu3yeTbCs HasBHICTHO
cneundivyHnx MetaboniyHmx posnagis y dopmi meTa-
6oniyHoro cuHgpomy (MC), oxupiHHs 6e3 MC - Tak
3BaHe MeTaborniyHo 3a0poBe 0XMPiHHS (M3O0) i 0XXMpiHHS
3 HOpMarnbHOK Macol Tina, ske sBnsie cobow noea-
HaHHst MC i HopmanbHoi macu Tina (OHMT) [20, 21].

BaratbmMa pocnigXeHHsMM O0OBeAeHO 3B’SI30K Mk
OXWUPIHHAM | 3axBOPIOBaAHHAMW OMOPHO-PYXOBOr0 ana-
paTy, 3okpema octeoaptpuTtoM (OA) [22—24]. MpoTe nuwe
Jeski 3 HMx Oynu npucBsYEHi BNMMBY Pi3HUX (DEHO-
TMNOBMX (POPM OXMPIHHSA Ha po3BUTOK | Nepebir OA,
a oOTpuMaHi f[aHi nNpoOEeMOHCTPyBanuM HeOAHO3HAYHI
pesynsTat. TakuM YMHOM, MUTaHHS OO0 BNNMBY ETiO-
NaTOreHETUYHNX YUHHWKIB OXWUPIHHA Ha BWHUKHEHHSA
Ta nporpecyBaHHa OA, a TakoX 3B'si3Ky (heHOoTuniB
OXMPIHHA 3 PO3BUTKOM Pi3HMX KMiHiYHUMX dopm OA
3anunwaTbCs HEAOCTAaTHLO BUBHEHUMM.

MeTa po60TU — Ha OCHOBI BMBYEHHS NiTEpaTypHUX
Dxeper, nepeBaxHo 3a ocTaHHi 10 pokiB, npoaHanisy-
BaTU MNaTOreHeTU4YHi ocobnuBOCTi DEHOTUMIB OXMPIHHA
Ta IX 3B'A30K i3 BWHMKHEHHAM i nporpecyBaHHAM
OCTEOAPTPUTY, @ TaKOX BU3HAYUTM pONb 3anasrieHHsi
B CTPYKTYPi UNX MNOPYLUEHD.

closely associated with the compensatory hyper-
leptinemia which, in turn, contributes to the activation
of the proinflammatory cytokines production and the
formation of chronic inflammation [12].

In obesity is observed a decrease in the production
of adiponectin, which has protective properties against
the development of atherosclerosis and insulin resis-
tance (IR). An increase in the level of resistin, an adipo-
nectin antagonist, is also associated with the deve-
lopment of IR [11, 13].

To date, convincing evidence has been obtained
of the participation of adipokines in the formation of
chronic inflammation, which is associated with both
hyperleptinemia and low levels of adiponectin, which
is considered as a protective factor in relation to the
development of inflammation [14—16].

Obesity is strongly associated with the structural
and functional disorders of the AT and, particularly,
with the change of the size, number and the functional
properties of adipocytes. Thus, with the hypertrophic
type of obesity, an increase in the size of adipocytes
is observed while the number of these cells remains
unchanged; hyperplastic obesity is characterized by small
adipocyte size with an increase in its number [14, 17].
At the same time, the functionality of adipose tissue
is also transformed — remodeling of AT leads to fibrosis,
infiltration by neutrophils and M1 macrophages. These
pathological changes are characterized by a state of
chronic low-level inflammation with an increase in the
production of inflammatory cytokines (TNF-a., IL-6, IL-18)
by macrophages and adipocytes [17—-19].

The heterogeneity of pathogenetic and clinical
manifestations of obesity influences the course and
severity of associated diseases. An important objective
for researchers is to study obesity depending on the
metabolic status of patients, as well as to identify different
phenotypes of obesity such as: metabolically unhealthy
obesity (MUO), characterized by the presence of
specific metabolic disorders in the form of metabolic
syndrome (MS), obesity without MS - the so-called
metabolically healthy obesity (MHO) and normal weight
obesity, which represents a combination of MS and
normal body weight (MONW) [20, 21].

Many studies have proven the connection between
obesity and diseases of the musculoskeletal system,
and in particular osteoarthritis (OA) [22—-24]. However,
only few of them were dedicated to the impact of
various phenotypic forms of obesity on the development
and course of OA, and the obtained data have shown
ambiguous results. Thus, issues related to the influence
of etiopathogenetic components of obesity on the
onset and progression of OA and also connection of
obesity phenotypes with the development of different
clinical forms of OA still remains poorly understood.

Objective — based on the study of literary sources,
mainly over the last 10 years, to analyze the patho-
genetic features of obesity phenotypes and their
relationship with the occurrence and progression of
osteoarthritis, as well as to determine the role of
inflammation in the structure of these disorders.
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MATEPIAAU TA METOAU AOCAIAXEHHSA

Byno BuBYeHO Ta npoaHanisoBaHO AaHi nitepartypw,
OTpMMaHi B pe3ynbTaTi eneKkTPOHHOro noLwyky B 6asax
pannx MEDLINE/PubMed, Google Scholar i Web of
Science 3a Takumy KMOYOBMMMW CIIOBaMU: KOXUPIHHAY,
«MeTaboniyHo 340pOBE OXWPIHHA», «MeTaboniyHo He-
300pOBE OXKMUPIHHA», KOCTEOAPTPUT», «MeTabornivyHe Oxu-
PiHHA», «3ananeHHs».

PE3YABTATU TA iX OBFOBOPEHHS

BcTaHoBNeHHss okpemnx OpPM  OXMPIHHS BW3Ha-
YMNo [OUIMbHICTL Ppo3rnsdy OcobNMBOCTEN NaToreHe-
TUYHUX MEXaHi3MiB 3anexHo BiA (EHOTUNOBMX O3HaK
uiei natonorii.

MeTab60oAi4HO He3popoBe OXUPiHHSA (MH3O0)

MH30 xapakTtepuayeTbcsa HassHicTio MC i npusepTae
BENVKy yBary Yyepes oro 3pocTaroMy MOLUNPEHICTb Y BCbO-
My CBIiTi Ta 3B’A30K i3 MiABULLEHMM PU3NKOM CepLieBO-
CYAUHHUX, LiepebpoBacKynsapHMX 3aXBOPIOBaHb 3 BULLIMMU
nokasHukamu cMmepTHocTi [25, 26]. ETionoria i natoreHes
MC pocutb gobpe BuBYeHi. binblictb gocnigHukis Bea-
XaloTb, WO Kno4oBy pornb y natoreHesi MC BigirpatoTb
IP Ta cynyTHE OXWpPIHHA, OCKiNbKM BOHW HanvacTile
NoeaHyTbLCA 3 apTepianbHoto rinepTeHsieto (Al), rinep-
TpUrniuepuaemieto, rinepxonecrepuHemielo Ta rinep-
rnikemieto [25]. OxwupiHHa npu MC xapaktepusyetbcs
LUeHTpanbHUM  TUMNOM  PO3MOZINYy KMPOBOI  TKaHWUHW
3 nepeBaXHUM HAKOMUYEHHAM XWpY B AiNSHKaxX XuMBOTa
Ta BepxHbOi YacTuHu Tina. BcrtaHoBneHo Takox kope-
nauito Mk KomnoHeHTamum MC i rinepypukemieto:
piBEHb CEYOBOi KMCMOTU B CUPOBATLi KPOBi KOPEME
3 gucninigemieto, ocobnueBo 3 rinepTpurnilepuaemieto,
Takox i3 ctyneHem IP Ta rineprnikemieto [27].

BignoeigHO po kpuTepiiB, wWwo 3atBepaxeHi IDF
((International Diabetes Federation, MixHapogHa pgia-
b6etnuHa depepauis) Ta AHA/NHLBI (American Heart
Association / National Heart, Lung and Blood Institute;
AmepukaHcbka acouiauis cepud / HauioHanbHWUM iHCTUTYT
cepusi, nereHis i kposi) [26], BU3Ha4yeHO Taki mMapkepwu
MC: 36inblueHHs obcary Tanii (3 ypaxyBaHHAM nonyns-
LinHMX ocobnueocTewn); NiOBWLLEHHS PiBHA Tpurniuepw-
ais (Tr) = 150 mr/gn (1,69 mMmonb/n); 3HMXKEHHS PiBHA
ninonpoteiHiB Bucokoi wineHocTi (JINBLW) < 40 mr/gn
(1,0 mmonk/n) y vonosikie Ta < 50 mr/an (1,3 mmonb/n)
y XiHOK abo HasBHICTbL cneumdivyHOi  NiniJo3HNXKY-
BanbHOI Tepanii; NiABWLLEHHS PIBHS [NIOKO3WM B nnasmi
HaTwe = 110 mr/gn (5,6 mmonbk/n) abo HasBHICTL Aiar-
HOCTOBAHOMO LYKPOBOro AiabeTy; a TakoX MiABULLIEHHA
apTepianbHoro Tmcky (cuctoniyHuin AT = 130 mm pT. abo
AiacTtoniyHui aptepianbHun Tuck =2 85 mm Hg) abo meau-
KaMeHTO3He NnikyBaHHS paHiwe BusierneHoi Al HasBHicTb
TPbOX 3 MepeniyeHnx BuWLlEe KpUTepiiB CBiAYMTbL Npo
HassHicTb MC. TouHa ouiHka IP Bigirpae Baxnusy pornb
y BCTaHOBMeHHi AgiarHody MC, i HanbinbL TOYHUM MoKas-
HUKOM AnA noro Bepudikauii BBaXaeTbCs BU3HAYEHHA
rinepiHcyniHemiyHoro eyrnikemiyHoro knemny [28, 29].
MpoTe, Ha npakTuui 4Yepe3 eKOHOMiIYHy AouinbHicTb IP
HanyacTille BM3Ha4valoTb HENPSMUMKU MeTo4aMu 3 BUKO-
pUCTaHHAM PIi3HUX KoediluieHTiB, Hanpuknag, iHOeKCy
HOMA (Homeostasis Model Assessment) [28, 29].

MATERIALS AND METHODS

Literature data obtained as a result of an electronic
search in the MEDLINE/PubMed, Google Scholar and
Web of Science databases using the following keywords:
«obesity», «metabolically healthy obesity», «metabolically
unhealthy obesity», «osteoarthritis», «meta-inflammation»
was studied and analyzed.

RESULTS AND DISCUSSION

The establishment of separate forms of obesity
determined the expediency of considering the features
of pathogenetic mechanisms depending on the pheno-
typic signs of this pathology.

Metabolically unhealthy obesity (MUO)

MUO is characterized by the presence of MS and
has been receiving great attention due to its growing
prevalence worldwide and association with an increased
risk of cardiovascular, cerebrovascular diseases and
higher mortality rates [25, 26]. The etiology and patho-
genesis of MS are quite well studied. Most researchers
believe that the key role in pathogenesis of MS is
played by IR and accompanying obesity, since they are
most often combined with arterial hypertension (AH),
hypertriglyceridemia, hypercholesterolemia and hyper-
glycemia [25]. Obesity in MS is characterized by
a central type of adipose tissue distribution with predo-
minant fat accumulation in the areas of abdomen and
upper body. A correlation has also been established
between the components of MS and hyperuricemia:
the uric acid level in the blood serum correlates with
dyslipidemia, especially with hypertriglyceridemia, and
also with the severity of IR and hyperglycemia [27].

According to the criteria developed by the IDF
(International Diabetes Federation) and AHA/NHLBI
(American Heart Association / National Heart, Lung and
Blood Institute) [26], the following markers of MS have
been defined: the presence of an increase in waist
circumference (taking into account population charac-
teristics); increased triglyceride (TG) levels = 150 mg/dL
(1.69 mmol/L); a decrease in high-density lipoprotein
(HDL) levels < 40 mg/dl (1.0 mmol/l) in men and
< 50 mg/dl (1.3 mmol/l) in women or the presence of
specific lipid-lowering therapy; an increase in fasting
plasma glucose = 110 mg/dL (5.6 mmol/L) or the
presence of diagnosed diabetes mellitus; as well as
increased blood pressure (systolic BP = 130 mmHg)
or diastolic blood pressure = 85 mm. Hg or drug treat-
ment of early detected AH. The presence of 3 positive
criteria from the listed above corresponds to the
presence of MS. The precise IR estimation plays
an important role in the establishment of the diagnosis
of MS and the most accurate indicator for its verification
is considered to be the determination of a hyper-
insulinemic euglycemic clamp. [28, 29]. However, in
practice, due to economic feasibility, IR is most often
determined by indirect methods using various coeffi-
cients, for example, the HOMA (Homeostasis Model
Assessment) index [28, 29]. Patients with the metabolic
type of obesity also have increased levels of inflamma-
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Y naudieHTiB 3 MeTaboniyHMM TUMOM OXMPIHHSA TaKOoX
CnoCTepiraeTbCA MNIABMLLEHHA piBHA MapkepiB 3ana-
nenHs: TNF-a, IL-6, IL-18, CPB (C-peakTtuBHuMIi 6inok),
Wwo Moxe OyTM BUKOPWUCTAHO K [OOATKOBUA KpuTe-
pin MC [19, 29, 30].

MeTa6oAi4HO 3a0pOBe 0XHUPiIHHA (M30)

lMpoTe y OesikMx MauieHTIB 3 OXUPIHHAM BiOCYTHI
MeTaboniyHi NOpYLUEHHS, O A03BOMAWMIO BUAINUTA MOro
okpemy dopMy — MeTabomniyHO 340pOBE OXMPIHHSI.
®eHoTmn xBopux Ha M3O xapakTepusyeTbcs NepeBaxHO
NigWKIPHUM PO3MOAINOM XUPOBOI TKAHWHW; MPU LbOMY
BicLeparibHe BiOKMAAEHHA >KMPOBOI TKAHWUHW 3HAYHO
mMeHwe, Hik npu MH3O; dyHKUiOHanbHa aKkTUBHICTb
XUPOBOI TKAHMHU TaKOX 3anuWaeTbCsl  MpPakTUYHO
He3amiHHOW [20, 30, 31]. M3O u4acrTiwe 3ycTpivyaeTbca
y Monoamx niogew i 4YacTiwe y XiHOK; 3 BiKOM 3axBoOpto-
BaHicTb Ha M3O 3HmxyeTbcs [20].

M3O po3rnagaeTbcs sk OXUPIHHA 33 BiACYTHOCTI
meTaboniyHux nopylleHb, ane Knoro Bepudikauisa
ycKknagHeHa HEOAHOPIOHICTIO  iCHYIUMX  MOKa3HWKIB
MeTaboniyHoro 340poB’s; HWHI ix 6nmnabko 30 [18, 20,
32, 33]. YHicikoBaHux mapkepie M3O Ha gaHUin MOMEHT
He iCHye, a BM3Ha4eHHs Habopy AiarHOCTUYHWUX Knac-
TepiB ans BcTtaHoBneHHs M3O € ogHuM i3 HanbinbLu
OVNCKYCIMHUX MuTaHb Ans gocnigHukie. 3rigHo 3 none-
penHiMu gocnigkeHHamu, M30O Bu3HavaBcs y nauieH-
TiB i3 HEAOCTATHBLOIO KinbKicTHo KpuTepiiB MC (MeHLwe 2—3)
Ta IMT = 30 «kr/m? [29, 34]. MpoTe 3rogom Ui TBepa-
XeHHs1 6ynn nepernsiHyTi: 6arato aBTOPIB HArONOLLYHThb,
WO nuwe noBHa BiACYTHICTbL MapkepiB MC possonsie
Hanbinbw TouHo nigTBepantn M30 [35, 36].

[ocnigkeHHa nokasyloTb BIAMIHHOCTI WOAO MOLWK-
peHocti M3O 3anexHo Big kpuTepiiB, obpaHux nOo-
cnigHnkamun [20, 35, 37, 38]. Hanpwuknag, pesynbratu
meTaaHanisy, nposegeHoro The BioSHaRE-EU Healthy
Obese Project 3 BukopuctaHHsM paHux 10 pi3HUX
JocnigkeHb y 7 €Bponencbkux kpaiHax (n = 163517),
nokasanu HEOAHOpIAHI  pe3ynbraTu:  MOLUMPEHICTb
M30O B pi3HMX rpynax CMNOCTEPEXEHHS KonvBanacs
Bio 7 oo 28%, Ta ui gaHi 6e3nocepenHbO 3anexanu Big
obpaHux pocnigHukamn kputepiie M3O [35]. Y 3B’asky
3 umm kputepii M3O, WO 3acTOCOBYHOTbLCS, YMOBHO
po34inunM Ha «CyBOpi» Ta «MeHLW CyBOpi»: 3MiHU
cTocyBanucsi B OCHOBHOMY BW3HA4YeHHSA apTepianb-
HOro TUCKY Ta piBHIB rmikeMil y nauieHTiB. Hanpuknag,
NPUAHATHUIA pPIBEHb [NIOKO3M B KPOBi HaTLiecepue
B Pi3HMX OOCHiOXEHHSAX KonueaBcs Big < 6,1 mmonb/n
no < 7,0 mmonb/n. BukopucTaHHs «CyBOpUX» KpUTeEpiiB
NpU3BENO 00 HWXKYMX MOoKasHWKIB nowmpeHocti M30,
NOPIBHAHO 3 pesynbTaTtaMmy JOCNiSKEeHb, B SKMX BUKO-
pucToBYyBanuM «MeHLI CyBOpi» KpuTepii Ans BCTaHOB-
NEHHs1 3a3Ha4YeHoT HOPMU OXKUPIHHS.

[aHi HauioHanbHOro gocnigXeHHs 340poB's Ta
xapuyBaHHs (National Health and Nutrition Exami-
nation Survey, CLLUA) Takox nokasanu, L0 NOLUMPEHICTb
M30O 3a pisHUMK KPUTEPISMU 3HAYHO  pis3HUNAcs.
Hanpuknag, 3a kputepismu ATP 111 (3BiT 1l rpynu Komicii
3 NUTaHb NikyBaHHA Aopocnux HauioHanbHOI OCBITHBLOI
nporpamu LWIOAO XONecTepuHy) BcTaHOBMNEHO 47%;
3a pJonomorot napametpie IP  (noporoBe 3HaYeHHsi
HOMA-IR-2,5) npogemoHcTpyBanu nowmpeHicte M30
y 32%, a 3a noBHOI BigcyTHoOCTi kKoMnoHeHTiB MC M30
6yno BusieneHo nuwe y 10% nauieHTis [32]. Takum YnHOM,

tory markers: TNF-a, IL-6, IL-18, CRP (C-reactive
protein), which may be used as an additional criterion
for MS [19, 29, 30].

Metabolically healthy obesity (MHO)

However, a number of patients with obesity do not
have metabolic disorders, which made it possible to
identify its separate form — metabolically healthy obesity.
The phenotype of patients with MHO is characterized
by a predominantly subcutaneous distribution of adipose
tissue; at the same time, the visceral deposition of adipose
tissue is significantly lower than with MUO; the func-
tionality of adipose tissue also remains virtually
unchanged [20, 30, 31]. MHO occurs more often in
young people and is more common in females; with
age the incidence of MHO decreases [20].

MHO is considered as obesity in the absence of
metabolic disorders, but its verification is complicated
by the heterogeneity of existing definitions of metabolic
health; currently there are about 30 of them [18, 20,
32, 33]. At the moment there are no unified criteria
for MHO, and the determination of a set of diagnostic
markers to define MHO is one of the most controversial
issues for researchers. According to earlier studies,
MHO was determined in patients with an insufficient
amount of MS criteria (less than 2-3) and BMI
230 kg/m? [29, 34]. However, later these statements
were revised: many authors argue that only the
complete absence of MS criteria makes it possible to
confirm MHO most accurately [35, 36].

Studies show differences in the assessment of
the MHO prevalence depending on the criteria chosen
by the researchers [20, 35, 37, 38]. For example, the
results of a meta-analysis by The BioSHaRE-EU Healthy
Obese Project using data from 10 different studies in
7 European countries (n = 163,517) showed hetero-
geneous results: the prevalence of MHO in different
study groups varied from 7 to 28%, and these data
directly depended on the MHO criteria chosen by the
researchers [35]. In this regard, the used MHO criteria
were conditionally divided into «strict» and «less strict»:
the changes mainly concerned the determination
of blood pressure and glycemia levels in patients.
For example, the acceptable fasting blood glucose
level in different studies ranged from < 6.1 mmol/L
to < 7.0 mmol/L. Usage of «strict2 criteria led to lower
MHO prevalence rates in comparison with the studies
that used 2less strict» criteria for MHO.

Data from the National Health and Nutrition Exa-
mination Survey (NHANES, USA) showed that the
prevalence of MHO using different criteria varied
significantly: for example, while using the ATP Il criteria
(National Cholesterol Education Program’s Adult
Treatment Panel Il report) it was 47%; using IR para-
meters (cutoff value HOMA-IR-2.5) demonstrated MHO
prevalence of 32%, and in the complete absence of
MS components MHO was found only in 10% of pati-
ents [32]. Thus, these data support the need to develop
standardized criteria for MHO.

Many researchers also recommend using additional
criteria to determine MHO (definition of IR, hyperuri-
cemia and markers of inflammation, as well as functional
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Ui gaHi nigTBEpPOXKYHTb HEOOXiOHICTb 3aTBEpOKEHHS
CTaHOapTU30BaHMX KpUTepIiB Woao BctaHoBneHHs M30.

Barato pocnigHUKIB TakoX peKOMeHAyTb BUKO-
puctoByBaTM [0AAaTKOBi KpuTepii Bu3HavyeHHs M30
(Bu3HayeHHs IP, rinepypukemii, MapkepiB 3ananeHHs,
a TakoX (PYHKLOHANbHUX i CTPYKTYPHUX 3MiH Yy nediHLi)
[29, 34, 39, 40]. BcraHoBneHo, wo M3O «kopentoe
3 Hu3bkuMmu piBHaMu CPB, TNF-a Ta iHTepnelkiHy IL-6,
Todi sk y nauieHtiB 3 MH3O cnocTepiraetbcs nigBu-
LWeHnn piBeHb MapkepiB 3ananeHHsa [30, 31, 34, 40].
Migkpecnioetbess pone CPB Ak Hanbinbll  3py4yHOro
nokasHWka [Anst OUiHKM TSXKKOCTI CyAMHHOro 3anarneH-
Hs, MC Ta acouifoBaHMX CcepLeBO-CYOUHHUX 3aXBO-
ptoBaHb [30, 40].

CraBneHHss go M3O € cynepeqnvBuMM, OCKiNbKU
NneBHi AOCNIAHUKA CKENTUYHO OLiHIoTL BuaineHHs M30
K OKPeMOI KIiHiYHOI dbopMu OXMpiHHA [41]. Moxnueo,
ue noB’si3aHO 3 BIACYTHICTIO eaunHux KpuTepiiB M30
Ta HENOBHOH OLLIHKOK BCiX NapaMeTpiB uiei hopmu.

OTpvMaHo UikaBi AaHi, WO BKa3ylTb HA MOXIUBICTb
nepexogy M30 B MH30 [20, 31, 42—-44]. o dakTopiB,
O CNpusoTb 3MiHaM MeTaboniyHOro craTycy, Ha OyMKy
aBTopiB [45, 46], Hanexatb Taki, sik 30inblweHHst IMT, 06-
cary Tanii (OT), cniBBigHOWeEHHA obcary Tanii oo obcsary
cteroH (OTC), a Takox XiHo4a cTaTb Ta HU3bKWUIA PiBEHb
JINBL,. TMiaTpymaHHA BUCOKOrO piBHSA (Di3NYHOI aKTMB-
HOCTI, BiAMOBa Bif NaniHHA, 300poBe Xap4yyBaHHS BiA3Ha-
vyalTbCca AK akTopu, WO nepeLukogKaTb nepexony
Big M30O go MH3O0 [31]. 3 ornsgy Ha BuLe3a3HadeHe,
ouyeBuaHo, wo M30 e gnHamiyHum ctaHom. Barato go-
cnigHukiB onucytoTe M30O sk NPOMiDKHUI CTaH | NpeankTop
BVHWKHEHHs1 MmeTaboniyHux nopyweHs [20, 30, 47-50].

YacTMu cynyTHUKamMu OXUpIHHA € KomopbigHi 3a-
XBOPIOBaHHS!, 30KpeMa 3axBOPHBaHHS OMOPHO-PYXOBOMO
anapaty, Hanpuknag octeoaptput (OA). BogHouac
BaXNVBUM 3aBAaHHSM [ANs  [OCMNIOHWKIB € BCTaHOB-
NEHHS NAaTOreHEeTUYHOTO 3B’sI3KY Mi>Xk BUHUKHEHHSM i nepe-
6irom OA Ta pi3HUMKU heHOTUNAMUN OXKUPIHHS.

OcTeoapTpumT i pisHi popmu OXMpPiIHHSA

OA nepBiCHO BM3HaYann siK 3axBOPHOBAHHSA BUK-
MOYHO [JereHepaTMBHOIO XapakTepy 3 MNpOrpecyymm
XPOHIYHUM nepebirom, Lo NpU3BOAUTL OO0 CTPYKTYpPHO-
dyHKUiOHaNbHNX MOpYLUEHb KiCTKOBO-CyrnoboBoi cuc-
Temn. [MatoreHeTuyHoto ocHoBoto OA TpuBanui 4ac
BBaXanu Teopil0 MEXaHIi4HOro 3HOLUYBaHHSA Xpswa
(Tak 3BaHUN MEXaHI3M «3HOCY») 3 nodanbWnMy 3MiHaMu
cybxoHapanbHOi  KiCTKM, naTtomnoriyHow nepebyaoBor
Ta pgedopmauieto cyrnobiB. 3asHadeHi 3cyBuM MOB’s3y-
Bann 3 HWU3bKOK METabOoNi4yHOK aKkTUBHICTIO XOHAOpPO-
UMTIB | MEXaHiYHUM nepeBaHTaXeHHaAM xpswa [51].
OpHak nisHiwe 6yno BM3HavyeHo O6inblw cknagHy Ta
pisHomaHiTHy npupogy OA, Ta BWAiINeHi Woro pisHi
deHoTunosi opmun [51-54]:

1. OA, noB’A3aHuUi 3 BIKOBUMU 3MiHAMMW.

2. Cnagkosun OA.

3. MocTttpaBMaTnyHuin OA.

4. MetaboniyHun OA, acouirioBaHuin 3 MeTabonivyHum
CUHOPOMOM.

OTpumaHi gaHi ceigyatb NpPo ponb 3ananbHUX i anc-
meTaboniyHux mexaHriamiB y natoreHesi OA [52, 54, 55].
3ananbHa Teopia po3sutky OA niaTBEpOXyeTbCA
HasBHicTIO y xBopux Ha OA CUHOBITY, SIKMIA Bce 4acTi-
e BUABNAETBCA NPW 3acTOCyBaHHI  BidyanisauinHux

and structural changes in the liver) [29, 34, 39, 40].
MHO has been found to correlate with low levels
of CRP, TNF-a and interleukin IL-6, while MUO patients
have increased levels of inflammatory markers [30, 31,
34, 40]. The role of CRP is emphasized as the most
convenient indicator for assessing the severity of
vascular inflammation, MS and associated cardiovas-
cular diseases [30, 40].

Attitudes towards MHO are controversial, as some
researchers are skeptical about the possibility of identi-
fying MHO as a separate clinical form of obesity [41].
This may be due to the lack of unified criteria for MHO
and incomplete assessment of all MHO parameters.

Interesting data have been obtained indicating
the possibility of transition of MHO to MUO [20, 31,
42-44]. Factors contributing to changes in metabolic
status according to the authors [45, 46] are defined
as an increase in BMI, waist circumference (WC), waist-
to-hip ratio (WHR), female gender and low HDL levels.
Maintaining a high level of physical activity, quitting
cigarettes and a healthy diet are noted as factors
preventing the transition from MHO to MUO [31]. Regar-
ding the above, it is obvious that MHO is a dynamic
state. Many researchers describe MHO as an inter-
mediate state and a predictor of the occurrence of
metabolic disorders [20, 30, 47-50].

Comorbid conditions, and in particular diseases
of the musculoskeletal system, such as OA, are frequent
companions of obesity. At the same time, an important
task for researchers is to determine the pathogenetic
relationship between the occurrence and course of OA
and various phenotypes of obesity.

Osteoarthritis and various forms of obesity

OA was at first defined as a disease of an exclusi-
vely degenerative nature with a progressive chronic
course, leading to structural and functional disorders
of the osteoarticular system. For a long time, the patho-
genetic basis of OA was considered to be the theory
of mechanical wear and tear of cartilage (the so-called
«wear and tear» mechanism) with subsequent
changes in the subchondral bone, pathological remo-
deling and deformation of joints, which was associated
with low metabolic activity of chondrocytes and mecha-
nical overload of cartilage [51]. However, later the more
complex and diverse nature of OA was determined,
highlighting its various phenotypic forms [51-54]:

1. OA associated with age-related changes;

2. Hereditary OA;

3. Post-traumatic OA;

4. Metabolic OA associated with metabolic syndrome.

Data have been obtained indicating the role of
inflammatory and dysmetabolic mechanisms in the
pathogenesis of OA [52, 54, 55]. The inflammatory
theory of OA development is confirmed by the presence
of synovitis in patients with OA, which, due to the
optimization of imaging techniques for studying joints,
is being detected with increasing frequency. Recent

Ornsp nitepatypu

244

Literature review



BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepist MegnumHa. 2024. T. 32. Ne 2(49). C. 238-255
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2024;32(2(49)):238-255

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

fiarHocTnyHMX 3acobiB. OcTaHHi OOCnigXeHHS nigkpec-
MOTb POrb CUHOBITY Ta XPOHIYHOrO 3ananeHHsa sk
Krno4oBMX KoMNoHeHTiB natoreHedy OA [54, 55].

IcHye Kinbka Teopil, siki NOACHIOWTb PO3BUTOK CUHO-
BiTYy y nauieHTiB 3 OA. 3aranbHONpUIHATOK Teopieto
€ Te, WO CUHOBIT PO3BMBAETLCH BHACMIOOK MOLLKOA-
KEHHS1 CUHOBIanNbHOI OOONMOHKM AerpagoBaHUX OiNsIHOK
Xpsilla, Lo, Y CBOK 4Yepry, NMPOBOKYE NOApasHEHHS Ta
3anarneHHs CMHOBianbHOI OBGOMOHKM 3 MPOAYKLiE Npo-
3ananbHUX areHTiB CUHOBIaNbHUMK Makpodaramu [54].
MpoTe iHWIi TKaHWHKW, 30Kpema >XUpoBa, MOXyTb OyTu
pKepernomM megiatopie 3ananeHHsi. OxupiHHA Bigirpae
BaXNuMBYy Ta HeoAHO3HadyHy pornb Yy nartoreHesi OA.
3 opHoro 60Ky, OXWPIHHA NpU3BOAMTE A0 36iNblUEHHS
MEXaHI4YHOro HaBaHTaXeHHS Ha cyrnobu, 3 iHWoro BGokKy,
XWpoBa TKaHWHA € TOPMOHANbHO aKTMBHUM OpraHoM,
sSKkMn Bepe ydacTb y pO3BUTKY Ta MpOrpecyBaHHi Xpo-
HIYHOro 3anarneHHst HU3bKOro piBHA Ta AMcMmeTaboniy-
Hux 3cysiB [51, 53, 56]. Llem Tvn 3ananbHoi peakuil
TaKOX Ha3MBalwTb MeTasananeHHsaMm abo XonogoBuM
3ananeHHsIM, SIKUA XapakTepuayeTbCH NaTEeHTHUM Xpo-
HiYHMM nepebirom 3a BiACYTHOCTI TaKMX KMACUYHUX
CMMMNTOMIB rOCTPOro 3ananeHHs, sik 6inb, NOYEPBOHIHHS,
Habpsik, ANCcdyHKLiA, NMxoMaHka. BpaxoBytoun HeogHo-
PigHICTb PEHOTUNIB OXMPiIHHS, 3aKOHOMIPHO MOCTae
NUTaHHS MPO OCOBNMBOCTI ypaxeHHs CyrnobiB 3anexHo
Bif, oro popmu.

OA Ta MH30

MaTtoreHe3 OA 3a HasiIBHOCTI OXWPIHHA $IK KOMMO-
HeHTa MC TicHO noB’si3aHWin i3 pemoaentoBaHHSAM
XMPOBOI TKAHWHW, MOPYLUEHHAMM MiMigHOro obMiHy i, sK
Hacnigok, i3 3ananbHOKW Aicto agunokiHiB, WO AaHow
TKaHWHOI npoaykytoTbea [51-53, 56-58]. lMpu ubomy
agunoKiHW BigirpalTe pofb He TifNbkM Yy NigTPpUMLUI
XPOHIYHOro 3ananeHHs, ane v BNnMBalTb Ha NOCUNEHHS
KkaTaboniyHux 3MiH Yy XpsWOBIA TkaHuHi. [JoBeaeHo
ponb NenTWHY $K KaTamnisatopa pyWHyBaHHS Xpswa
3aBASKM WMOro 3AaTHOCTI MigBMLLYyBaTW piBEHb MeTarno-
npoteiHas (MMP-1, -3, -9, -13) [52, 53]. JlenTuH Takox
€ Mpo3ananbHUM FOPMOHOM, SIKUIA MNIATPUMYE XPOHiYHE
3ananeHHs WnaxoMm 36inblWeHHs NpoayKyBaHHSA LUUTO-
kiHiB (TNF-a, iHTepnenkinis IL-1B, IL-6, IL-8). Aguno-
HEKTWH, HaBMnaku, NMpUrHidye 3ananbHy peakuito, nocnab-
NOYM  4ito  Npo3ananbHUX LMTOKIHIB, @ TakoX Moau-
TMBHO BMMMBA€E Ha YyTNMBICTb iHCYNIHOBUX peLenTopis,
OCKiNIbKM € MpPOTEKTOPHUM (PaKTOPOM MPOTM  BUHMK-
HeHHA LU 2 Tuny [24, 52, 58, 59].

Ona metaboniyHoro OA, kpiMm rinepnentuHemii Ta
HMU3bKOIO PIBHSI aAMMNOHEKTUHY, XapaKTepHa TaKoX HasiB-
HicTb rineprnikemii Ta IP, aki BigirpatoTb BaXKnuBy porb
y nartoreHesi OecTpykTuBHMX 3MiH npu OA. XpoHiyHa
rineprnikemis Npu3BoguTb A0 nporpecykyoro  36inb-
LWEHHS KiHueBux npoaykTis rnikauii (KINI) 3 HakonnyeHHAM
X Yy XPALWOBIA TKaHWHI, WO 3pELUTO MOTEHLIIE CTPYK-
TYPHi 3MiHM Ta 3HWXEHHA CTIMKOCTI Xpsla A0 MeXxaHiy-
Horo BMNNMBY. Hacnigkom CTiKOro nigBULLEHHS PiBHA
rnioko3n Ta KIIT € okcMaaTuMBHWIA CTPEC, BUCOKWUN
piBEHb LMTOKIHIB i NPOTEONITUMHUX (PEPMEHTIB, a TakoX
HeponaTu4Hi Ta CyOuHHI posnagu, sKi, NOCUnoKYn
3ananeHHs, nNpu3BOAATb A0 MOripWeHHs HepBOBOI
Tpodpikm Ta kpoBonocTavaHHa cyrnobis [51, 52, 60].

[HWNM YMHHUKOM, SIKMIA HEeraTMBHO BMNMBAE Ha MoOp-
dodyHKUiOHanNbHUIA cTaH cyrnoba, 3a OTpUMaHUMK BYe-

studies emphasize the role of synovitis and chronic
inflammation as important components of OA patho-
genesis [54, 55].

There are several theories explaining the deve-
lopment of synovitis in patients with OA. A common
theory is that synovitis develops as a result of the
damaging effect on the synovial membrane of degra-
ded areas of cartilage, which, in turn, provokes irritation
and inflammation of the synovium with the production
of pro-inflammatory agents by synovial macro-
phages [54]. However, other tissues, in particular
adipose tissue, can also be a source of inflammatory
mediators. Obesity plays a significant and controversial
role in the pathogenesis of OA: on the one hand, obesity
leads to an increase in the mechanical load on the
joints, on the other hand, adipose tissue is a hormonally
active organ that takes part in the development and
progression of chronic low-level inflammation and
dysmetabolic changes [51, 53, 56]. This type of inflam-
matory response is also called meta-inflammation or
cold inflammation, and is characterized by a latent
chronic course in the absence of classic symptoms of
acute inflammation, such as pain, redness, swelling,
dysfunction, fever. Taking into account the heterogeneity
of the obesity phenotypes, the question naturally arises
about the characteristics of damage to the joints
depending on the form of obesity.

OA and MUO

The pathogenesis of OA in the presence of obesity as
a component of MS is closely related to the remodeling
of adipose tissue, disorders of lipid metabolism and,
as a consequence, to the inflammatory effects of adipo-
kines produced by the adipose tissue [51-53, 56-58].
At the same time, adipokines play a role not only in
maintaining chronic inflammation, but also influencing
the enhancement of catabolic changes in cartilage
tissue. The role of leptin as a catalyst for cartilage de-
struction has been proven due to its ability to increase the
level of metalloproteinases (MMP-1, -3, -9, -13) [52, 53].
Leptin is also a pro-inflammatory hormone, supporting
chronic inflammation by increasing the production of
cytokines (TNF-q, interleukins IL-18, IL-6, IL-8). Adipo-
nectin, on the contrary, inhibits the inflammatory res-
ponse, weakening the effects of pro-inflammatory
cytokines, and also has a positive effect on the sen-
sitivity of insulin receptors, being a protective factor
against the occurrence of type 2 diabetes [24, 52, 58, 59].

Metabolic OA, in addition to hyperleptinemia and
low levels of adiponectin, is also characterized by the
presence of hyperglycemia and IR, which play an impor-
tant role in the pathogenesis of destructive changes
in OA. Thus, chronic hyperglycemia leads to an increase
in advanced glycation end products (AGEs) with its
accumulation in cartilage tissue, which potentiates struc-
tural changes and a decrease in the resistance of
cartilage to mechanical stress. The consequence of
a persistent increase in glucose and AGE levels is
oxidative stress, high levels of cytokines and proteolytic
enzymes, as well as neuropathic and vascular disorders,
which, aggravating inflammation, lead to deterioration
of nerve and blood supply to the joints [51, 52, 60].

Another factor that negatively affects the morpho-
functional state of the joint, according to the results
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HUMKM pesynbtatamu, € Al 3a gaHnmn Hashimoto K et al.,
Al cynpoBoOoXYy€ETbCS AUCperynauieto peHiH-aHrioTeH3nH-
anb4OCTEPOHOBOI CUCTEMU 3 NOAANbLUUM MiABULLEHHSAM
PiBHS @aHriOTEH3uHy |l i CTiikolo Ba30KOHCTPUKLIEIO 3 NOPY-
LWEHHAM KpOBOMOCTa4YaHHsl cybxoHapanbHoi KicTku [60].
ABTOpM TaKoX Bif3Ha4YalTb BaXMUBICTb Mpo3ananbHUX
UMTOKIHIB, Takux K IL-6, AKMIA € BaxXNIMBOK aHKOW
B natoreHesi sik Al, Tak i OA [61].

Okpemy pornb y natoreHesi OA Bigirpae aucninigemis.
3rigHO 3 OTPMMaHMMK JAaHVUMU, NAUEHTW 3 NiABULLEHUM
piBHEM 3aranbHOro XONecTepUHy Ta Tpurmniuepugis Ma-
I0Tb BULLMIA pu3nk po3sutky OA, MOPIBHAHO 3 nauieH-
Tamu 6e3 rinepninigemii [60, 62]. Kpim Toro, Ha ekcnepu-
MeHTanbHMx Mmogensx OA Ha muwax 6yno goseaeHo, Lo
BMCOKMI piBeHb NiNonpoTeifis HM3bKoi WinsHocTi (JITTHLL)
KOperntoe 3 NigBu1LLIEHO NpoayKLieo CMHOBIanbHOW 06o-
NOHKOK npo3ananbHux uuTokiHiB [60]. [esiki aBTOpuM
NoB’A3yl0Tb NaTtoreHeTu4Hi 3miHM npu OA 3 npouecom
OKMCHEHHS NIiNoNpoTeigiB; 30KpemMa, 3 OKUCNEHO Moan-
ikoBaHO (HOPMOIO  MINONPOTETHIB  HU3BKOI  FYCTUHM
(ox-LDL) Ta 1oro cneundiyHumm peuentopamm (LOX-1).
Byno BusieneHo ekcnpecito peuentopis LOX-1 Ha noBepx-
Hi xoHgpouuTiB. 3B’A3yBaHHSA ox-LDL 3 LOX-1 npusso-
avno Ao 36inblieHHs npoayKuii akTMBHUX (HOPM KUCHIO
(A®PK) xoHapouuTamn. [OCHIOHUKM TakoX BUSBUIN
Kopensuito M piBHeM OX-LDL i 3HWXEHHAM XuTTe3gat-
HocTi xoHapouwuTie [60]. Takum 4YMHOM, B3aemogis MixX
ox-LDL ta LOX-1 € ogHUM i3 perynatopHux MexaHi3miB
aerpagauii xpsilia ta 3ananbHux 3miH npu OA.

MaTodbizionoris MH3O, nopsg 3 rineptpodieto aguno-
uuTiB, nepenbadaEe 3HWXKEHHS aHrioreHesy Yy >XWpPOBI
TKaHWHI 3 pPO3BUTKOM iLLEMIYHMX 3MiH, WO 3rogom
npu3soauTb Ao 3arnbeni agunounTiB Ta iHQInNbTpauii
i Makpodaramu. [locrnigkeHHs Big3HavaTb posib Makpo-
daris M1 y po3BuUTKy 3ananeHHs, a TakoX Y NPUrHiYeHHi
cuHTesy konareHy Il Tuny, akTuBauii meTanonpoTeiHas:
MMI-1, -3, -9, -13 Ta npoueci AeCTPYKTUBHUX 3MiH
cyrnoboBoro xpsiwa [55]. Makpodarn M2, Ha BigmiHy
Big mMakpodbaris M1, matoTb NnpoTusananbHi BacTUBOCTI
3a paxyHOK CWUHTe3y npoTu3ananbHUX UWTokKiHIiB (IL-10)
i NoB’a3aHi 3 penapaTMBHUMM MNpoLecamMu B XPsILLOBIN
TKaHuHI. Tpyn  OXWpIHHI crnocTepiraeTbea  aucbanaHc
M1/M2 wmakpodparis 3 nepeBaxaHHAM npoaykuii M1
MakpodariB, WO MNOTEHLIIE XPOHIYHE 3ananeHHs Ta
pO3BMTOK CUHOBITY (puc. 1). [22, 55].

TakMM 4MHOM, MeTasananeHHst 6e3nocepegHbLO Mo-
B’fi3aHe 3 KaTaboniyHMMM npouecaMmM B XPSILLOBIA
TKaHWHI. BogHoyac npoaykTu po3nagy XpsiLoBOi Tka-
HVHU MOTEHLiIOITL PO3BUTOK XPOHIYHOMO 3ananeHHsi
Ta CUHOBITY, WO (QOPMYE MOPOYHE KOMO MNaToONOriyYHUX
3MiH y xBopux Ha OA.

Yactum cynytHukom MH30 Tta OA € rinepypukemis,
sika TakoX pobuTb 3HAYHWIA BHECOK Y MNIATPMMKY 3ana-
neHHs. TMigBYLWEHHA pIBHA CEYOBOI KUCMOTU aKTUBYE
Kackag NaTonoriyHMX peakui 3 noganblunMM BUBINIbHEH-
HAM npo3ananbHux uuTokiHiB (IL-1B, IL-18, TNF-a)
[27, 63]. KniHiyHO BMpaxeHa nogarpa Npu3BOAUTbL A0
BVMHWKHEHHSI [ECTPYKTMBHMX 3MiH y cyrrnobax, nopyLleH-
HSIM KOHIPYEHTHOCTI CyrnoboBMX NOBEPXOHb, LLIO, Y CBOO
yepry, o6Tsxye nepebir OA. OgHak HaBiTb 3a BiACYTHOCTI
B aHaMHes3i nogarpu HasiBHICTb ©e3cMMNTOMHOI rinep-
ypUKeMii, sik ogHoro 3 komnoHeHTiB MC, € caktopom,
wo cnpusie nporpecyBaHHio OA [64]. Tak, npu gocnia-
)eHHi xBopux Ha OA BikoM Big 35 go 80 poki (n = 91)

obtained by the researchers, is arterial hypertension (AH).
According to Hashimoto K et al., AH is accompanied
by dysregulation of the renin-angiotensin-aldosterone
system with a subsequent increase in the level of angio-
tensin Il and persistent vasoconstriction with impaired
blood supply to the subchondral bone [60]. The authors
also note the importance of pro-inflammatory cytokines,
such as interleukin-6, which is an important link in the
pathogenesis of both AH and OA [61].

Dyslipidemia plays a separate role in the pathoge-
nesis of OA. According to obtained data, patients with
increased levels of total cholesterol and triglycerides
have a higher risk of developing OA compared to
patients without hyperlipidemia [60, 62]. Also, in experi-
mental OA models in mice, it was proven that high level
of low-density lipoprotein (LDL) correlated with increased
production of proinflammatory cytokines by the syno-
vium [60]. Some authors associate pathogenetic
changes in OA with process of lipoprotein oxidation;
in particular, with the oxidized modified form of LDL
(ox-LDL) and its specific receptors (LOX-1). The expre-
ssion of LOX-1 receptors on the surface of chondrocytes
was discovered, and the binding of ox-LDL to LOX-1
was associated with an increase in the production of
reactive oxygen species (ROS) by chondrocytes.
Researchers also found a correlation between the level
of ox-LDL and a decrease in chondrocyte viability [60].
Thus, the interaction between ox-LDL and LOX-1 is one
of the regulatory mechanisms of cartilage degradation
and inflammatory changes in OA.

Pathophysiology of MUO, along with adipocyte hyper-
trophy, involves a decreased angiogenesis of adipose
tissue with the development of ischemic changes, which
subsequently leads to the death of adipocytes and in-
filtration by macrophages. Studies note the role of
M1 macrophages in the development of inflammation,
as well as suppression of type Il collagen synthesis,
activation of metalloproteinases: MMP-1, -3, -9, -13 and
destructive changes in articular cartilage [55]. M2 macro-
phages, unlike M1 macrophages, have anti-inflamma-
tory properties due to the synthesis of anti-inflammatory
cytokines (IL-10) and are associated with reparative
processes in cartilage tissue. In obesity, there is
an imbalance of M1/M2 macrophages with a predo-
minance of production of M1 macrophages, which
potentiates chronic inflammation and the development
of synovitis (see Fig. 1) [22, 55].

Thus, meta-inflammation is inextricably linked
with catabolic processes in cartilage tissue. Moreover,
the breakdown products of cartilage tissue potentiate
the development of chronic inflammation and synovitis,
which forms a vicious circle of pathological changes
in patients with OA.

A frequent satellite of MUO and OA is hyperuricemia,
which also makes a significant contribution to the
maintenance of inflammation. An increase in uric acid
levels activates a cascade of pathological reactions with
the subsequent release of proinflammatory cytokines
(IL-1B, IL-18, TNF-a) [27, 63]. Clinically manifested
gout leads to destructive changes in the joints, disruption
of the congruence of articular surfaces, which, in turn,
aggravates the course of OA. However, even in the
absence of a history of gout, the presence of asympto-
matic hyperuricemia as one of the components of
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rinepypuvkemia 6yna BusBneHa y 60,4%, Takox cno-
cTepiranocst 36inbweHHs IMT (y rpyni 3 OA 6e3
rinepypukemii — 30,28 + 1,03 kr/m?, y rpyni 3 OA Ta
rinepypukemieto — 33,21 + 0,81 «kr/m?). doBegeHo, Lo
OA y xBopux 3 rinepypukemieto BepuikyeTbCa paHille
i YacTo xapakTepu3yeTbcs noniapTpMToM Ta GinbL Bupa-
KEHUMM  KMiHIKO-PEHTIEHONOMYHUMM  3MiHAMK  MOPIB-
HSIHO 3 nauieHTamu, y siIKUX BU3HaAYaeTbCA HOpMarnbHWUIA
piBEHb CEYOBOI kMcnoTu [63].

MH30 / MUO

Pemopensosanur MT / AT remodeling

IHHMEHNA BHFIOTEHETY
WT [ Decreased
angiogenesis in - AT

FMinepTpodia aannouwtie/
Hypertrophy of adipocytes

Npopysyia agunoxivin,
MPOEANAALHMK UWTOHIHIE
Production of adipokines,
proinflammatory
cytokines

Minowcin, luesiuHni

HERpo3 M, sarmbenn
agmnounTie / Hypoxia,
ischemic necrosis of AT,

death of adipocytes

IndinsTpayin manpodaramn, npesanosannn M1
mampodarie [ Macrophage infiltration, prevalence of
M1 macrophages

MS is a factor contributing to the progression of OA [64].
Thus, when studying a group of patients with OA aged
35 to 80 years (n = 91), hyperuricemia was found
in 60.4%, and an increase in BMI was also observed
(in the group with OA without hyperuricemia -
30.28 + 1.03 kg/m?, in the group with OA and hyperurice-
mia — 33.21 + 0.81 kg/m?). It has been proven that OA
in patients with hyperuricemia is verified earlier and is
often characterized by polyarthritis and a more
pronounced clinical and radiological changes compared
to patients with normal uric acid level [63].

oA
Herpagauin xpawa f Cartilage degradation 4\\
\'\u
\'\:ﬁ
TArCLMTOI NPOAYHTIE pOINAAY KPRALLD CHHOBIANLHMME

knitwHamm | Phagocytosis of cartilage breakdown products

by symovial cells \

|
Xpowiune sananeqnn [ Chronic inflammation

Cwnosiir [rinepnaasia Ta rineprpoddin cwmonianswol [
obanosrn, indinsTpauin makpodarame, j
HeoBackyaapriayin) / Synovitis [hyperplasia and
hypertrophy of the synovium, macrophage infiltration,
neovascularization ) |

MpoayKuin ApO3ANAALHKK MEQIATOPIE, kaTaboniuHux
exnavwmie /Production of proinflammatory mediators, -
catabolic enzymes

Puc. 1. Ponb 3ananeHHs B natoreHesi MH30 ta OA:
MH30 — meTabonivyHo He3nopoBe 0XMPiHHS, KT — xunposa TkaHuHa, OA — ocTeoapTpuT
Fig. 1. Role of inflammation in pathogenesis of MUO and OA:
MUO — metabolically unhealthy obesity, AT — adipose tissue, OA — osteoarthritis

BaxnuBy pomnb y po3BuTKy Ta nporpecyBaHHi OA
y MauieHTiB 3 OXMPiHHAM Bidirpae piBeHb BiTamiHy D.
BitamiH D mae 3axucHi BnacTtMBoCTi, 3anobiratoumn pos-
BUTKY 3ananeHHsi, PemMOAEntOBaHHIO XMPOBOI TKaHWHU
Ta ii HagMipHOMY Hakonu4yeHHo [65]. OXuMpiHHA TiCHO
noB’sA3aHe 3i 3HKEHHsIM piBHA BiTamiHy D, wo nigTBepa-
KEHO YMCNEeHHUMK pocnigkeHHsmun. [oBegeHo, WO
36inbweHHs IMT Ha 1 kr/mM? noe’si3aHe 3i 3HWXEHHSAM
piBHa 25(0OH)D y cwuposatui kposi Ha 1,15% [65].
Lli opani nigTBEpOXKYOTh TAKOX iHLWI AOCNIAHUKM [66].

BignoBigHO [0 OTpMMaHux pesynbTaTtiB HU3KU O0-
cnipkeHb, OA nos’si3aHuii i3 36inbLUeHHAM ekcnpecii
cneumdivHnx peuenTtopie BiTamiHy D (VDR) y xpsLiosin
TKaHWHI, ToAi 9K Y HOpManbHOMY XpsLLUi Li peuenTopu Bu-
paxeHi cnabo. Byno Big3HayeHo, Lo NiaBULLEHA eKcrpe-
cia VDR-peuentopis y cyrnobi npu OA noegHyeTbCA
3 BWCOKMMW PIBHSMW MaTPUKCHUX MeTanonpoTeiHas
MMP-1, -3 -9, aki cnpustoTb eposii cyrnobosoro xpsiwa
Ta perpagauii cybxoHapanbHOI KiCTKM. TakuM 4YMHOM,
[OCTaTHIN piBeHb BiTamiHy D MoXHa BBaXXaTn YMHHUKOM,
Lo 3anobirae po3BUTKY AECTPYKTUBHMX 3MiH Y XpsLLi [67].

Takox Oyna BusABNEeHa 3BOPOTHA KOpemnsauia Mk
3HWXKEHHAM piBHA BiTamiHy D Ta nigBuLIEHHSM piBHS
TNF-a, nenTuHy Ta pesucTuHy y nauieHtis 3 MC. BogHo-
yac koHueHTpauia 25(0OH)D nosuTuBHO KOpenioBana
3 piBHAMW agunoHekTuHy [68, 70]. Bnnue 3HwxeHoro
piBHa BiTamiHy D Ha paucperynsuiio piBHS agunokiHy
3 MOTEHLUiOBaHHAM 3anarnbHOI BianoBigi € oaHMM i3 chak-

The level of vitamin D plays an important role in the
development and progression of OA in patients with
obesity. Vitamin D has protective properties, preventing
the development of inflammation, as well as the remo-
deling of adipose tissue and its excessive accumu-
lation [65]. Obesity is closely associated with a decrease
in vitamin D levels, which is confirmed by numerous
studies: for example, it has been proven that an increase
in BMI by 1 kg/m? is associated with a decrease in
serum 25(OH)D levels by 1.15% [65]. These data are
also confirmed by other researchers [66].

According to the studies, OA is associated with
an increase in the expression of specific vitamin D recep-
tors (VDR) in cartilage tissue, while in normal cartilage
these receptors are poorly expressed. It was noted that
increased expression of VDR receptors in the joint with
OA is combined with high levels of matrix metallopro-
teinases MMP-1, -3 -9, which contribute to the erosion of
articular cartilage and degradation of subchondral bone.
Thus, a sufficient level of vitamin D can be considered
a factor preventing the development of destructive
changes in cartilage [67].

An inverse correlation was also found between
decreased levels of vitamin D and increased levels
of TNF-a, leptin and resistin in patients with MS. At the
same time, 25(OH)D concentration was positively
correlated with adiponectin levels [68, 70]. The effect of
reduced vitamin D levels on dysregulation of adipokine
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TOpIB, IO CMNpUsIOTb PO3BUTKY MeTabormniyHMX NopyLleHb
i dopmyBaHHiO MC y nauieHTiB 3 OXMpiHHAM [68].
Y cBoto Yepry, HasBHICTb MC € YMHHMKOM, LLIO NPU3BOAUTL
00 PO3BUTKY XPOHIYHOIO 3amnaneHHs, fke € MyCKOBUM
MEeXaHi3aMOM Ansi NaToNorivyHMX 3MiH y cyrnobax (puc. 2).

levels with potentiation of the inflammatory response
is one of the factors contributing to the development of
metabolic disorders and the formation of MS in patients
with obesity [68]. In turn, the presence of MS is
a factor leading to the development of a chronic inflam-
mation, which is a trigger for pathological changes in
the joints (see. Figure 2).

Mowanune
Oommpisime, Il apapain makpodiarasn, Npagygin nepesaHTamessa cyraoba
asclasamc MISME A
pEMafEnaanHEn BT . Mechanical overload
Obesity. AT ré eling Macrophage infiliration, Adipokine of the Joint
L nbalamce M1WE production
BHmstsHm CHHTERY
1 [ o
Hepocramwicrs nit D Decreased proteaghycan EhCaT
Vit D deficiency wyrithesls Synovitis
Tinepy pedemia ieCTpyHUER xpALL
Hyperuricemia " Cartilage destruction
1L-8, TNF MipoAyKTH poBNagy
Owenini pensin O menni evpee Kpilald
L Crnidative stress Cartilage breakeown
products
1P, rinepraikesin Hasamaenra AGE
- £ Moprmcans 1 i P I
IR, hyperghycemia AGE sccumulation : - hm.,.u.....m-.x. MOAEMOBAHHA
Hedponarin, ' impaired supgly of cy BxoHARAAEHDT
ApTepiansma finepTEHIin AxTHBanin PAAL BaACKynonaria subchondral bone: KICTEW, DeTEodiToa

Arterial hypertension RAAS sctivation

Neuropathy,
vasoulopathy

Subchondral bane
remadeling,
osteophyte formation

A

Puc. 2. MNMatoreHetnyHi 38’a3kn Mmix MH30 Ta OA:
KT — xupoBa TkaHuHa, BiT D — BiTamiH D, IP — peancTeHTHiCTb A0 iHcyniHy, AGE — KiHLeBi NpoayKTu Nporpecyoyoi riikauii,
OA - octeoaptpwuT, IL — inTepnevikiH, MMP — meTanonpoTeiHasa
Fig. 2. Pathogenetic relationship between MUO and OA:
AT — adipose tissue, vit D — vitamin D, IR — insulin resistance, AGE — advanced glycation end products,
OA - osteoarthritis, IL — interleukin, MMP — metalloproteinase

3a paHuMn pgocnigXeHb, 3B’'A30k Mk MC ta OA
3anuwaetbca cyTTteBMM. Tak, MC ©0yB BusiBneHui
y 59% nauieHtiB 3 OA [69]. Zhang et al. BusBunK,
wo MC Ta 110ro KOMNOHEHTUN MOB’A3aHi 3 BUCOKUM pU3K-
kom OA, ocobnuBo y nauieHTiB i3 nigsuweHnm CPB,
y Ui rpyni nauieHTiB HasiBHicTe MC noTeHujtoBana puank
po3suTky OA po 35% [70]. LikaBum caktom € Te, o
38’a30k Mixk MC ta OA 6yB 6inbll BUpaXEHUM Yy MOIO-
Ovx naudieHTiB, cnabwatoun 3 Bikom. oaibHi pesynsraTtn
6ynn oTpumaHi Askari et al. y gocnigpxeHHi Fasa osteo-
arthritis (n = 392): HasBHicTL MC 6yno BussneHo y 82,4%
nauieHTiB 3 OA, Toai sik y rpyni nauieHTiB 6e3 OA MC
cnocrepiraBcst nuwe B 40,8% BunagkiB [69]. OaHi npo
acouiadito MC i OA niaTBepmpkeHi baraTbMa aBTOpamu
[24, 56, 57, 61, 71]. Pesynsratn Meta-aHanisy Jiang L.
et al. gemoHcTpytoTh, Wwo pusnk OA 3poctae Ha 35%
npu 36inbLenHi IMT Ha 5 kr/m2 [72].

MowKomkeHHs KicTkoBO-cyrnoboBoi cucTtemMu y naui-
EHTIB i3 OXMPIHHAM He 0OMeXxyeTbcsl cyrnobamu, Ha sk
nepenagae MakcyMarbHe HaBaHTaXeHHs (Hanpwuknag,
KOMiHHi Ta Ta3oCTEerHoBi); B NaTonoriYHui npouec BTAry-
I0TbCSl TAKOX CYrnodu iHWoi nokanisayii. Takum 4YmMHOM,
y MauieHTiB i3 OXWUPIHHAM puank po3Butky OA KuCTI
nigBuLLYeETbCA YABIYi, MOPIBHAHO 3 nauieHTamu 3 Hop-
MarbHOK Macoto Tina, LWo NigTBEPAXKYE Porb 3ananbHNUX
i meTaboniyHux mexaHiamiB y opmysaHHi OA [72].

Baxnueum acnektom € Te, wo MC BnnuBae He Tinbku
Ha po3BUTOK, ane i Ha nporpecyBaHHs OA. [oBeneHo,
wo MC nocunioe natonoriyHi 3miHM B cyrno6ax i npu-
3BOAWTL [0 NOripLIeHHsT TX YHKLIT, a TakoX nocunioe
piBeHb ©onto [71]. MMpu npoBeneHHi MPOCNEKTUBHOIO

According to studies the link between MS and OA
remains significant: thus, MS was detected in 59%
of patients with OA [69]. Zhang et al. have found that
MS and its components are associated with the high
risk of OA, especially in patients with increased CRP —
in this group of patients presence of MS potentiated the
OA risk up to 35% [70]. An interesting fact is that the
association between MS and OA was more pronounced
in young patients, weakening with increasing age. Similar
results were obtained by Askari et al. in the Fasa osteo-
arthritis study (n = 392): the presence of MS was found
in 82.4% of patients with OA, while in the group of
OA free patients MS was observed only in 40.8% of
cases [69]. Data on the association of MS and OA are
confirmed by many authors [24, 56, 57, 61, 71]. The re-
sults of a meta-analysis by Jiang L et al. demonstrate
that the risk of OA increases by 35% with an increase
in BMI of 5 kg/m2 [72].

In addition, joint damage in obese patients is not
limited to weight-bearing joints (e.g., knees and hips);
joints of other locations are also involved in the patho-
logical process. Thus, in obese patients, the risk of
hand OA is 2 times increased compared to patients with
normal body weight, which confirms the role of inflam-
matory and metabolic mechanisms in the formation
of OA[72].

An important note is that MS affects not only the
development, but also the progression of OA. It has
been proven that MS aggravates pathological changes
in the joints and leads to a deterioration in their functions,
as well as increased level of pain [71]. When conducting
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koropTHoro pgocnigxeHHs The Melbourne Collaborative
Cohort Study (n = 20430) 6yno BCTaHOBMNEHO, LU0 TSX-
kKictb OA KoniHHoro cyrno6a kopentoe 3i 36inbLIeHHAM
KinekocTi kputepiis MC y nauieHTiB, He3anexHo Big IMT:
y rpyni B NaUieHTIB i3 HASBHICTIO TPbOX i GinbLue KoMmno-
HeHTiB MC cnocTepiranacsi Hanbinblua KinbkicTb 3Bep-
HeHb LOAO0 3aMiHM KomiHHOro cyrnoba Ta BWNagkis
Tskkoro OA [73]. |HWi gocnigHMKK TakoxX MigKpecnoTb,
Wwo ockinbku MC mae 6GaraTOKOMMOHEHTHY NpUpoay,
MOro KOMMOHEHTU B3AaEMHO MOTEHLIIOIOTb HeraTuBHWUN
BNNMB Ha cyrnobu, a 36inbLUeHHs KiNbKOCTi KnacTepis
MC acouitoeTbcsi 3 BGiNbUIMM PU3MKOM BUHWKHEHHSI Ta
nporpecyBaHHsi OA [74, 75]. Y Benvkomy nonynsiyinHoMy
pocnigxkeHHi LleHTpy ynpaBniHHA 340poB’aM  fikapHi
Xiangya (n = 5764) 6yno BusBneHo, Wo HagMmipHa mMaca
Tina, Al, gucninigemis Ta nNoOpyLeHHs TOnepaHTHOCTI
0O rmoko3n Gyny MoB’si3aHi 3 HasiBHICTIO CyrnoboBumx
ocTeodpiTiB, ane 3B'I30k MK KomnoHeHTamn MC
i 3BY>XEHHSIM cyrnoboBoi WinuHu 3a HassHocTi OA npwu
LubOMYy He ByB BCTaHOBMeHWN [73].

O6MmexeHHs pyxnuBocTi, Binb i ckyTicTb y cyrnobax
4acTo MNpu3BOAATb OO0 3HMXKEHHS DI3MYHOI aKTMBHOCTI
y nauieHTis 3 OA, wWo, y cBoto 4epry, noripwye nepebir
OXMPIHHA Ta 3HWXKYE SKICTb XUTTA. Takum YMHOM,
dopMyeETLCSI MOPOYHE KOMO, SIKe HEeraTMBHO BMNIMBaE
Sk Ha TshkkicTb MC, Tak i Ha OA [75].

OA T1a iHWi dopMMU OXUPIHHSA

MauieHTn 3 M30O MalTb BUWMIA piBeHb i3N4YHOT
aKTUBHOCTI, NopiBHAHO 3 xBopumn Ha MH3O, wo mMoxe
OyTn ogHUM i3 chakTopiB, WO BMMMBAOTbL Ha MoOLUMpe-
HicTb OA y L€l KOropuTN XBOPUX.

[aHi pocnigxeHb cBig4aTb NPO MeHLY MOLWMPEHICTb
OA B rpyni xBopux Ha M3O nopisHsiHo 3 MH3O [53, 76].
Y wMeTta-aHanisi [1'atoro Kopencbkoro HauioHanbHOro
OOCNiQKEHHs1 300pOB’'A Ta XapyyBaHHS, CNpsIMOBAHOIO
Ha BuBYeHHS OA Ta pisHUX EHOTUNIB OXMPIHHA
y XiHok (n = 1549), 6yno BM3HaA4YeHO TaKi rpynu 3anexHo
Big dopmmn oxupiHHa, a came: M30, MH30, MOHMT
(meTaboniyHe OXMPiHHA 3 HOPManbHOK Macotk Tina),
a TakoX rpyna meTtaboniyHO 300pOBMX MAUEHTIB 3 HOp-
MarnbHOI Macoto Tina. B pesynerati npoBeaeHoro nopis-
HSINMbHOTO aHanisy Oyno BCTAHOBMEHO, IO MOLUMPEHICTb
OA koniHHoro cyrnoba 6yna GinbLuoto B rpyni nawieHTiB
3 MH3O, nopisHsaHO 3 M30, a Takox binbLUoto y naiieH-
TiB 3 MOHMT, nopiBHsAHO 3 MeTabomniYHO 340pPOBMMM
nauieHTamy 3 HopmarbHo Macoto Tina. NpoTe y nauien-
TiB rpynu M30O OA «koniHHOro cyrnoba BWABNANW
yacriwe, Hix y xBopux 3 MOHMT Ta metaboniyHo 340-
poBux 0cib 3 HopmarbHO Macoto Tina [76].

Monpwu BenuKy KinbkicTb pobiT, NpucBaAYeHMX acoliaLii
OA ta MH3O0, gocnigkeHb, CNpsiMOBaHMX Ha BMBYEHHS
38’a3ky M30 T1a OA, 6e3nepeyHo HegoCTaTHLO.

TepaneBTU4HUM NIAXIA

AO AiKyBAHHSA Ta npodirnakTuku OA

Y XBOPUX 3 OXXUPIHHAM

CyvacHi nigxoan po nikyBaHHs OA BpaxoByHTb
mMeTaboniyHUi cTaTyc nauieHTiB Ta HasiBHICTb CYMyTHiX
3axBOploBaHb. TepaneBTUYHUIA BMAMB Ha KOMMOHEHTU
MC, WO cnpsiMOBaHUI Ha 3HWKEHHS Macu Tina, Kopek-
uito MetabomniyHMX NOopyLUEHb, 3HMXKXEHHSA aKTUBHOCTI
3ananbHUX peakuiil, NpMBOAMTbL OO0 MOKpaLLeHHs1 nepe-
6iry OA Ta niaBULLEHHS SKOCTI XWUTTS nauieHTiB [77, 78].

a prospective cohort study, The Melbourne Collaborative
Cohort Study (n =20,430), it was found that the severity
of knee OA correlates with an increase in the number
of MS criteria in patients, regardless of BMI: thus, in
the group of patients with the presence of 3 or more
MS components, was observed the largest number
of knee replacement requests and cases of severe
OA [73]. Other researchers also emphasize that since
MS has a multicomponent nature, its components
mutually potentiate the negative effect on the joints and
an increase in the number of MS criteria is associated
with a greater risk of the OA occurrence and progre-
ssion [74, 75]. In a large population-based study,
the Xiangya Hospital Health Management Center Study
(n = 5764), it was found that excessive weight, AH,
dyslipidemia, and impaired glucose tolerance were
associated with the presence of articular osteophytes,
but the association between MS components and
joint space narrowing in OA was not identified [73].

Limited mobility, pain and stiffness in the joints
often lead to decreased physical activity in patients
with OA, which in turn worsens the course of obesity
and reduces quality of life. Thus, a vicious circle is
formed that negatively affects both the severity of MS
and OA[75].

OA and other forms of obesity

Patients with MHO have a higher level of physical
activity compared to patients with MUO, which may be
one of the factors influencing the prevalence of OA
in this group of patients.

Research data show a lower prevalence of OA
in the group of patients with MHO compared with
MUO [53, 76]. In a meta-analysis of the Fifth Korean
National Health and Nutrition Examination Survey
targeted on study of OA and different phenotypes of
obesity in females (n = 1549), the following groups
were identified: MHO, MUO, MANW (patients with
metabolic abnormalities and normal body weight),
as well as MHNW (a group of metabolically healthy
patients with normal body weight). The results of this
study, when compared between groups, demonstrated
that the prevalence of knee OA was greater in the group
of patients with MUO compared with MHO, and in
patients with MANW compared with patients with
MHNW. However, in patients in the MHO group,
knee OA was detected more often than in the MANW
and MHNW groups [76].

Despite the large number of works devoted to
the association of OA and MUO, there is lack of
research works aimed at studying the connection
between MHO and OA.

Therapeutic approach

to the treatment and prevention of OA

in obese patients
Modern approaches to the OA treatment take into
account the metabolic status of patients and the pre-
sence of comorbid conditions. The therapeutic effect
on the components of MS, aimed at reducing body
weight, correcting metabolic disorders, reducing the
activity of inflammatory changes leads to an improve-
ment in the OA course and an increase of patients’
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3a pesynsratamy JocnigXeHb, Teparnisi MEerloKCUKaMoM
y koMGiHaLii 3 meTcopmiHoM y nauieHTiB 3 OA KoniHHOro
cyrnoba npusBoguna OO0 3HWXKEHHS CMPOBATKOBWX PiB-
HiB TNF-a, IL-1B, IL-8, a TakoX 3HAYHOro 3MeHLUEHHS
6ono Ta nokpaleHHs yHkuii cyrnobis [79]. B iHwomy
pocnigkeHHi nauieHtn 3 OA Ta OXuUpiHHAM Gynu pos-
nogineHi Ha OBi rpynu 3anexHo Bifg HasiBHOCTI abo Big-
CYTHOCTi MeTdOpMiHYy B cxeMi nikyBaHHs. Pesynbratu
NPOAEMOHCTPYBanu, Lo LBUAKICTb BTPATU MeaianbHOro
Xpsla y XBOpux, SIKi npunumanu MeTdgopmiH, OGyna
HWXYO0, HDK y rpyni nauieHTiB, fki Uen npenapaTr He
3acTtocoByBanu. Mpuiiom meTdopMiHy Takox OyB nos’s-
3aHUI 3i 3HAYHUM 3HWXKEHHAM PU3NKY XipypriYHOro niky-
BaHHs y nauieHTiB 3 OA (NoBHa 3aMiHa KoniHHOro cyrnoba)
NpOTAroM HACTYMNHUX 6 POKIB cnocTepexeHHsi [78].

[MpoBogATbCA TaKOX OOCHIMLKEHHA LWoao edeKkTus-
HOCTi CTaTWHIB, BiTaMiHHMX MpenapariB, a TakoX aHTu-
unToKiHOBOI Tepanii Ha nepebir MC Ta acouiioBaHoro
3 Hum OA [77].

lMpu BMBYEHHI 3acTocyBaHHs BiTamiHy D ans
Kopekuii meTaboniyHux nopylweHb i npodinaktukn OA
oTpumaHi cynepeunusi AaHi. [eski AocnigxeHHa [Oo-
Benu, WO 3acTocyBaHHs BiTamiHy D y xBopux Ha MC
NMO3MTUBHO BMNIMBaNO Ha BUpPaXeHICTb MeTabonivyHmMx
3CyBiB Ta NPU3BOAMMO [0 3HWXKEHHS pPIiBHA rRiKeMmil
Ta IP, a Takox Hopmanisauii ninigHoro AmncbanaHcy.
OpgHak aeski JOCNiAHUKM He 3HaWLWWNM XOoOHUX [oKasiB
3MiHM meTaboniyHoro crartycy nauieHTiB, Ski npuimanu
BitamiH D [80]. Lle moxe OyTu noe’sizaHO 3 pi3HUMMU
pexvMmamyn Oo3yBaHHA BiTamiHy D, gosamm Ta Tpusa-
nicTio nikyBaHHA. 3actocyBaHHsA BiTaMiHy D y nauieHTiB
3 OA, 3a gaHuMun GaraTbOox [OCNiOKEeHb, HE 3MEHLUy-
Bano nporpecyBaHHa OA. OpgHak cnig 3as3HaunTu, LWo
y GinblocTi unx cnocTepexeHb npenapatu BiTamiHy D
npusHayanu nauieHTam i3 BiAHOCHO BWCOKUM WMOro piB-
HeMm (25(OH)D > 50 Hmonb/n) [81]. BogHovac kopekuist
HU3bKMX piBHIB BiTamiHy D (< 50 Hmonb/n) y XBOpUX
Ha OA npusBoauna o 3MeHLUEHHS BUPaXXeHOCTi Gonto
Ta nokpalleHHs dyHKuUii cyrnobis [81]. Benvke 3Ha4YeHHs
Mae B3aemMogis BiTamiHy D 3 iHWMMK NOXMBHUMU pevo-
BMHamMn. Shea et al. BuaABUNK, LLO AOCTaTHIA NOYaTKOBUIA
piBeHb BiTamiHy D abo poctatHa gobaBka BiTamiHy D
i BiTamiHy Ky nauieHTiB 3 OA koniHHoro cyrnoba noe’si3aHi
3 Kpawum yHKUIOHANbHUM CTaHOM CyrrobiB NpoTsrom
HacTynHux 4-5 pokiB, nopiBHAHO 3 nauieHTamu 3 OA,
AKi Manu gediunT ogHoro abo 060X LMX NOXUBHUX peyo-
BUH [82]. TakuM umHOM, ponb BiTaMiHy D y 3anobiraHHi
BUMHWKHEHHIO Ta nporpecyBaHHi OA y naujieHTiB i3
OXUPIHHAM 3annIaeTbCs HESICHOK Ta NoTpebye noaans-
LLIOrO BUBYEHHS.

BUCHOBKHU

Mpobrnema BMBYEHHS MexaHi3MiB naTtoreHedy OA Bce
e 3anuliaeTbCsl akTyarnbHOK, Hacamnepen Yy 3B'si3Ky
3 OCTaHHIMM JdaHuMK, SIKi OOBOAATb ponb  dhakTopis
3ananeHHs B natoreHesi OA Ta Noro 3B’30K 3 OXKMPiIHHAM
Ta MC. lNpoTe, He3Baxatun Ha pesynsrtatv YUCNEHHUX
nocnigxeHb, nos’sdaHux i3 BnnvBoM MC Ha nepe6ir
Ta nporHo3 OA, HegocTaTHbO AOCHIMKEHb LIOAO 3B’A3KY
OA 3 iHWKMK beHoTUNaMn OXMPIHHSA, Takumu gk MH30
Ta MOHMT. [MoTeHuianbHa MOXNMBICTbL Nepexoay Bif
MeTaboniyHo 340poBoro Ao MeTaborniyHo He3nopoBOro

quality of life [77, 78]. According to studies, therapy with
meloxicam in combination with metformin in patients
with knee OA led to a decrease in serum levels of
TNF-a, IL-1B, IL-8, as well as a significant reduction
in pain and improvement in joint function [79]. In another
study, patients with OA and obesity were divided into
2 groups depending on the presence or absence of
metformin in the ftreatment regimen: the findings
demonstrated that the rate of medial cartilage loss in
patients taking metformin was lower than in the group
of patients taking no metformin. Metformin use was
also associated with a significant reduction in the risk
of surgical treatment in patients with OA (total knee
replacement) over the next 6 years of follow-up [78].
Research is underway on the effectiveness of
statins, vitamin preparations, as well as anti-cytokine
therapy on the course of MS and associated OA [77].
Conflicting data have been obtained when studying
the use of vitamin D for the correction of metabolic
disorders and the prevention of OA. Some studies have
proven that the use of vitamin D in patients with MS
had a positive influence on the severity of metabolic
disorders: decrease in the level of glycemia and IR,
as well as normalization of lipid imbalance. However,
some researchers have found no evidence of changes
in metabolic status of patients taking vitamin D [80].
This may be due to different vitamin D dosage regimens,
doses, and duration of treatment. The use of vitamin D
in patients with OA, according to many studies, did not
reduce the progression of OA; however, it should be
noted that most studies with the prescription of vitamin D
preparations was carried out in patients with its relatively
high levels (25(OH)D > 50 nmol/l) [81]. At the same time,
correction of low levels of vitamin D (< 50 nmol/l)
in patients with OA, led to a decrease in the severity
of pain and improvement in joint function [81]. Of great
importance is the interaction of vitamin D with other
nutrients. Shea et al. have found that a sufficient
initial vitamin D level or sufficient supplementation of
vitamin D and vitamin K in patients with knee OA was
associated with the better functional state of the joints
over the next 4-5 years compared with patients having
OA combined with a deficiency of one or both of
these nutrients [82]. Thus, the role of vitamin D in
preventing the onset and progression of OA in obese
patients remains unclear and requires further study.

CONCLUSIONS

The problem of studying the pathogenesis mecha-
nisms of OA is still very relevant, primarily due to the
recent data proving the role of inflammatory factors in
the pathogenesis of OA and its association with obesity
and MS. However, despite the results of numerous
research works related to the influence of MS on the
course and prognosis of OA, there is lack of studies
on the relationship of OA with other phenotypes of
obesity, such as MHO and MONW. The potential for
transition from metabolically healthy to metabolically
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HepcneKTuBu MOAQAbLUMX AOCAIAXEHD

3 ypaxyBaHHSIM TeTepOreHHOCTi OXMUPIHHS Ta 4acToro noea-
HaHHA 1Oro 3 YPaXXeHHAM KiCTKOBO-CyrnmoboBoro anapary,
HeJOCTaTHOCTI Ta CynmepeynvBIiCTIO AaHUX NPO OCHOBHI maTto-
reHeTUYHi NaHKNU PO3BUTKY OCTE0apTpUTY Npu pi3HWUX dhopmax
OXMVPIHHSA NePCrneKTVBHUMM € AOCNIAKEHHS B JAHOMY HanpsiMKy.
OTpumaHi pesynbrat MOXyTb CTaTu OOrpyHTYBaHHSAM LLOAO
po3pobkn MeTodiB NpodinakTVKM Ta MiKkyBaHHA OCTE0apTpuUTy
B OCi0 3 pi3HNMU hOpMaMmn OXMPIHHS.

KOHdAIKT iHTEepeciB

ABTOpPY pyKONUCYy CBIAOMO 3acBig4vy0Tb BiACYTHICTb (DAKTUYHOIO
abo noTEeHUiNHOro KOHNIKTY iHTEepeciB LWOAO pesynbraTiB
uiei pobotn 3 chapMauUeBTUYHUMU KOMMNAHiSMK, BUPOGHUKamMu
GioMeouyHMX MPUCTPOIB, IHWMMKM oOpraHisauisMu, uui npo-
OyKTW, nocnyru, diHaHcoBa MigTpMMKa MOXyTb OyTu MoB’si3aHi
3 MNpeaMeToM HagaHux MaTtepianis abo ski cnoHcopysanv
npoBeeHi AOCHiMKEHHS.

IHdbopMmaluis npo cbiHAHCYBAHHSA

diHaHcyBaHHS BuaaTkamu [lepxxaBHoro 6rompkeTy Ykpainu.
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Prospects for further research

Considering the heterogeneity of obesity and its frequent
combination with damage to the osteoarticular system, the
insufficiency and contradictory data on the main pathogenetic
links in the development of osteoarthritis in various forms of
obesity, research in this direction is promising. The results
obtained may serve as a basis for the development of methods
for the prevention and treatment of osteoarthritis in people
with various forms of obesity.
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PE3IOME

AkTyanbHicTb. bninssko 60% cmepTei Big cTaHiB, O MiAAATLCS NiKYBaHHIO, Cnpu-
YMHEHi HESIKICHOK MeOMYHOK JOMOMOrolo, Todi SiK peluTa CMepTeln € pe3ynsTaTtoM He-
BMKOPVICTaHHSA CUCTEMU OXOPOHMW 3[0POB’'si. BUCOKOSIKICHI cMCTEMU OXOPOHM 34,0POB’SA
MOXYTb 3anobirtm 2,5 MinblioHam cmepTel BiA CcepueBO-CYOMHHMX 3aXBOPHOBaHb,
1 MinbioHy cmepTen HoBoHapomxeHux, 900 Tuc. cmepTen Big Tybepkynbo3dy Ta nomno-
BVHi BCiX MaTEPUHCBLKNX CMepTen LWopokKy. MapHOTpaTCTBO pecypciB Ta KaTacTpodiyHi
BUTPATU € €KOHOMIYHUMU MOBIYHUMN edPeKkTaMmn HU3BKOSIKICHNUX CUCTEM OXOPOHU 3[0-
poB’s. Y pesynbraTi Liboro nviie ogHa YBepTb NIOAEN Y KpaiHaXx i3 HU3bKUM i cepefHim
piBHEM [0OXOAY BBaXaloThb, LLO iX CUCTEMW OXOPOHM 300POB’A NpaLoloTb Aobpe.

Meta poboTu — y3saranbHUTM Cy4yacHi BiJOMOCTI LOAO MiAXOAIB A0 iHOWKATUBHOI
OLIiHKM SIKOCTi MEAMYHOT JOMOMOTH.

Martepianu Tta Metoam. Migbip nybnikauin BukoHaHo 3a 6Gaszamm gaHux PubMed,
Clinical Key Elsevier, Cochrane Library, eBook Business Collection, Ta Google
Scholar, y skux BUCBITMIOBaNMCb BiAOMOCTiI NPO OLiHKY SKOCTi MeAW4HOi 4OMOMOrK.
Ha nepliomy etani npoBoaMnu NoLyK MiTepaTypHUX JKepen 3a KIio4oBUMMW CroBaMu:
AKICTb MeanYHOI AOMOMOrY, BUMIPIOBAHHS SIKOCTI, iHAMKaTopu sikocTti. Ha apyromy —
BMBYaNMCb pesioMe cTaTel Ta BuKNodanucb nybnikauii, ski He Bignoeiganu kpu-
Tepiam pocnimkeHHs. Ha TpeTboMmy eTani BMBYanNM MOBHi TEKCTW BigibpaHux
cTaTe Ha BIANOBIAHICTL KPUTEPIAM BKIIOYEHHS [0 CMAMCKY niTepatypu Ta pene-
BaHTHICTb JOCHIXEHb.

Pesynbrat Ta ix obroBopeHHA. KniHiyHa sKicTb MeAanyHOi Jomomorn noe’asaHa
i3 B3aemopielo Mix nocrtayanbHUKaMyM MeauyYHUX NOCnyr i nauieHTamu, Ta cnocobamu,
3a [OMOMOrOI0 SIKMX [aHi CUCTEMM OXOPOHW 3[0POB’'Sl MEPETBOPIOIOTECA Ha pesyrb-
Tatm gna 3pgopoe’s. OcobnvMBo roctpo npobnema HemocTaTHbOi  edeKTUBHOCTI
nocTavanbHUKIB MEAUYHMX MOCMYT, Ta, SK HACMifOK, HEAOCTAaTHE OXOMMEHHS BUCOKO-
AKICHOIO MELVYHOI AOMOMOrOH, BIAMIYAETBCA Y KpaiHax 3 HU3bKUM i cepeaHiM piBHEM
poxogis. 3a gaHnmm OpraHisaLii eKoHOMiYHOro cniBpoGITHULTBA Ta PO3BUTKY, cepef
KpaiH 3 HU3bKUM i cepefHiM goxogom YKpaiHa HanexuTb A0 KpaiH 3 JOXOOOM HWXKYe
cepepgHboro. LleHTpanbHVMM oOpraHoM BUKOHaBYOi Bragu, WO pearnisye AepXaBHy
nonitTmky y cdpepi AepkaBHUX DiHAHCOBMX rapaHTii MeauM4HOro 06CnyroByBaHHS
HaceneHHs 3a Mporpamold MeAWYHWX rapaHTid, BucTynae HauioHanbHa cnyx6a
300poB’s YkpaiHu, siky 6yno cTBopeHo y rpyaHi 2017 p. IHAMkaTopm SKOCTi — Lie iHCTpY-
MEHTU BMMIPIOBAHHS, SIKi BUKOPUCTOBYIOTbCH AN KiNbKICHOI OLHKM edeKTUBHOCTI,
6es3neyHoCTi Ta/abo nauieHTOOPIEHTOBAHOCTI. B)vBaHHA TepMiHiB  «iHOMKaTOp»
Ta «MOKa3HWK» HEPIAKO BWKOPUCTOBYKOTbCH SIK CUHOHIMW, MPOTE B KOHTEKCTi SKOCTI
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AAS LUTYBAHHS:

AOpeyHille 3acTocoByBaTU TEPMIH «iHOUKATOP SKOCTI» AN 3aXOAiB, SKi CynpOBOAXY-
I0TbCS OLjHKOl. Barato cuctem BMMIPIOBaHHS SKOCTI (DOPMYIKOTb BENWKY KifbKiCTb
iHOMKaTOpiB AKOCTi, WO BUKIMKArNo HeoOXigHICTb po3pobku MeTodiB 06’egHaHHS
Pi3HUX NOKAa3HWKIB Y Tak 3BaHi «iHTerpanbHi iHaMkaTopu sikocTi» (lif). HanBaxnusiwwoto
CKINafoBOK YCMILUHOTO CTBOPEHHSI BUMCOKOTOYHOMO Ta CTaTUCTUYHO MPUAHSITHOMO
lirl BUCTYyNae yHOPMyBaHHS OKpPeMMUX iHOMKATUBHUX MOKa3HWKIB, siki BXOAATb 4O MOro
ckragy LUNSAXOM 3aCTOCYBaHHSi BaroBUX KoediLieHTiB.

BucHOBKW. IHTerpanbHi iHOMKATOPM SKOCTI CNpsiMOBaHi Ha 3BEOEHHSI OKpeEMUX
NOKa3HWKIB SKOCTI OO0 €AMHOro MiACYMKOBOro iHAukaTopa. KnouvoBe npunyLeHHs,
sIke NEeXWTb B OCHOBI BWKOPUCTaHHSI iHTErpanbHWUX iHAMKaTOpiB, MOMsirae B TOMY,
LLIO CKIafoBi YacTMHKU pa3oM AatoTb CrpaBeasiuBe pestomMe Linoro.

magkux ®.B. IHTerpanbHi iHOMKATOpPU SIKOCTI MeAWMYHOI JOMOMOrM — LWNsiX MOBydOBWM BUCOKOSIKICHOI cUCTEMM
OXOPOHM 300pOB’st YKpaiHM Ta iMnnemMeHTalii Kpalimx CBITOBMX MPaKTUK OLiHKM edeKTUBHOCTI 340pOoB’sa3bepiratoumnx
TexHonori. BicHuk Xapkiecbkoeo HauioHanbHo20 yHigepcumemy imeHi B.H. KapasiHa. Cepis MeduyuHa.
2024. T. 32. Ne 2(49). C. 256—-272. DOI: https://doi.org/10.26565/2313-6693-2024-49-13
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ABSTRACT

Background. About 60% of deaths from treatable conditions are caused by poor
health care, while the remaining deaths result from failure to use the health care
system. High-quality health systems can prevent 2.5 million deaths from cardio-
vascular disease, 1 million newborn deaths, 900,000 deaths from tuberculosis and
half of all maternal deaths each year. Wasting resources and catastrophic costs
are economic side effects of low-quality health care systems. As a result, only
one quarter of people in low- and middle-income countries believe their health
systems are working well.

Purpose — to summarize the current information on approaches to the indicative
assessment of the quality of medical care.

Materials and Methods. Publications were selected based on the databases
PubMed, Clinical Key Elsevier, Cochrane Library, eBook Business Collection, and
Google Scholar, which covered information on the assessment of the quality of
medical care. At the first stage, literature sources were searched for keywords: quality
of medical care, quality measurement, quality indicators. At the second stage,
summaries of articles were studied and publications that did not meet the research
criteria were excluded. At the third stage, the full texts of the selected articles
were studied for compliance with the criteria for inclusion in the literature list
and research relevance.

Results. Clinical quality of care is related to the interactions between health care
providers and patients and the ways in which health system data are translated into
health outcomes. The problem of insufficient efficiency of medical service providers,
and as a result insufficient coverage of high-quality medical care, is particularly acute
in low- and middle-income countries. According to the Organization for Economic
Cooperation and Development, among low- and middle-income countries, Ukraine
is one of the countries with a below-average income. The National Health Service
of Ukraine, which was established in December 2017, acts as the central executive
body that implements state policy in the field of state financial guarantees of medical
care for the population under the program of medical guarantees. Quality indicators
are measurement tools used for quantitative assessment of effectiveness, safety
and/or patient orientation. The terms «indicator» and «indicator» are often used
interchangeably, but in the context of quality, it is more appropriate to use the term
«quality indicator» for measures that are accompanied by evaluation. Many quality
measurement systems form a large number of quality indicators, which made it
necessary to develop methods of combining various indicators into the so-called
integral quality indicators (IQl). The most important component of the successful
creation of a highly accurate and statistically acceptable liY is the normalization
of individual indicative indicators that are part of it by applying weighting factors.
Conclusions. Integral quality indicators are aimed at reducing individual quality
indicators to a single final indicator. A key assumption underlying the use of integral
indicators is that the component parts together provide a fair summary of the whole.

Hladkykh FV. Integral indicators of the quality of medical care — the way to build a high-quality health care system
of Ukraine and the implementation of the best global practices for evaluating the effectiveness of health care
technologies. The Journal of V.N. Karazin Kharkiv National University. Series Medicine. 2024;32(2(49)):256-272.
DOI: https://doi.org/10.26565/2313-6693-2024-49-13
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BCTYN

AKiCTb MeANYHOI 4ONOMOIM Ma€e LieHTparibHe 3Ha4YeH-
Hs1 Onsi 3aranbHOr0 OXOMMEHHS MeAWYHUMU Nocryramu,
OCKifMIbKM HU3bKa SKICTb, He3anexHo Bif AOCTYMHOCTI,
MoXe DyTV nepeLuKkoaoro Ans cTpaterii BceocskHOCTi [1].
HeskicHa gonomora 3apa3s € 6inbLUoo nepeLwlkoao ans
3HWXKEHHSI CMEPTHOCTI, HiXX HegocTaTHIn goctyn [2].

bnusbko 60% cmepTel Big cTaHiB, WO NigaalTbes
NiKyBaHHIO, CMPUYMHEHI HEsKICHOI Megu4HOo AOorMo-
MOroto, Todi SK peluta cMepTelt € pe3ynbTaToM HEBUKO-
PUCTAHHA CUCTEMM OXOPOHM 300pOoB’S. BUCOKOSKICHI
CUCTEMM OXOPOHM 340POB’St MOXYTb 3anobirtu 2,5 minbio-
HaMm cMepTel BiA CepueBO-CYAVHHUX 3aXBOPHOBaHb,
OfHOMY MiNbNOHY cMepTen HoBoHapoaXeHux, 900 Tuc.
cmepTen Big TyGepKynbo3y Ta MOMOBMWHI BCIX MaTepuH-
CbKMX CMepTen LWopoky [2]. MapHoTpaTcTBO pecypciB Ta
kaTtacTpodiyHi BUTpPaATU € EKOHOMIYHUMU MOBIMHUMYK
edeKkTaMn HU3BbKOSIKICHUX CUCTEM OXOPOHW 300pPOB’sl.
Y pesynbrati Lboro nvie ogHa YBepTb NoAden y KpaiHax
i3 HU3BbKMM i cepefHiM piBHEM O0XO4Y BBaXaloTb, LUO iX
CUCTEMM OXOPOHU 340POB’A NpaLtooTb Aobpe [2].

Hanpuknag, wopiyHi BUTpaTn Ha gogaTtkoBe nepe-
OyBaHHA B nikapHi Ta MOBTOPHY rocniTanisauito Ans
nikyBaHHS iHeKUin nicna XipypriyHOro BTpyYaHHs oui-
HIOITbCSA B pAianasoni Big 3,5 go 10 mnpg gonapis
y Cnonyuyenux LWTatax Amepukn (CLA) Ta Big 1,47
no 19,1 mnpg espo B €poni [3]. MogidbHUmM YnHOM rno-
GanbHi eKoHOMIYHI HacnigkM pe3anCTeHTHOCTI 40 MpoTu-
MiKpOGHMX NpenaparTiB 3anuwiaTbcs B OCHOBHOMY HEBi-
oomumu, ane Tinbkn B CLUA wopivHi BUTpaTK ans cuc-
TEMW OXOPOHM 3[00POB’A CTaHOBNATL Big 21 oo 34 mnpa
ponapis CLUA [4]. HapewTi, cBiTOBa BapTiCTb HEMOTPIO-
HUX KecapeBWX PO3TUHIB, $IKi NPOBOAATLCS  LLOPOKY,
ouiHoeTbest B 2,32 mnpg gonapie CLUA, wo 3HavHO
nepeBULLYE BapTiCTb HEOOXIOHMX KecapeBmX po3TUHIB [5].

Ha »anb, noniTuka nokpalleHHs1 300pOB’st HaCceneHHs!
4YacTo 30CepemKyBanacs BUKMHOYHO Ha PO3LUMPEHHI
poctyny 1o 6a30BUX MEAMYHUX MOCHYT, HEXTYIOUM SKICTHO
Mean4yHoi pgonomorn [6]. MeToto 6Garatbox cTpaTerin
ONs1 NOKPALLEHHsT SIKOCTI MeauyHOoi gornomorn Gyno 3a-
6e3neveHHs HasiBHOCTI HEOOXiAHUX pecypciB, Hanpuknag,
TEeXHomori, onepauiiHux 3acobiB, dapMaueBTUYHUX
BUPOGIB Ta NIAroTOBNEHUX MEAMYHUX npauiBHUKIB [7].
Ounema, 3 SIKOK CTUKAKOTLCA KEPIBHUKM 3aKnafgiB OXo-
pOHU 300pOB’sA, Nonsrae B TOMy, W06 3HaTW, SAKi SKiCHI
MEXaHi3M1 MeaU4yHOI 4OMOMOrM MaTUMYTb HaWbinbLIWiA
BMMMB Ha CUCTEMY OXOPOHM 300pOB’S Ta Komu iX
BUKopuctoBysaTy [1].

Ocobnueo roctpo npobnema HegoCTaTHLOI €PEKTMB-
HOCTi nocTayarnbHWKIB MeanyHUX NOchnyr, Ta, SK Hacrnigok,
HeJoCTaTHE OXOMNMEHHS BUCOKOSIKICHOK MeaNYHO A0Mo-
MOrOI0, BiAMIYa€ETbCA Y KpaiHax 3 HU3bKUM i CepeHiM piB-
Hem pgoxopiB [8]. 3a gaHumm OpraHiszauii eKoHOMIYHOro
CniBpoGITHMLTBaA Ta PO3BUTKY cepes KpaiH 3 HA3bKUM i ce-
penHiM goxodom YKpaiHa HanexuTb OO0 KpaiH 3 [4OXO-
OOM Hwxk4e cepedHboro. LieHTpanbHUM opraHoMm BUKO-
HaBYoi BNagu, Wo peanisye gepxasHy NOmniTUKY y cdepi
JepxaBHUX hiHAHCOBUX rapaHTiiA, MeanyYHoro obcryroBy-
BaHHSA HacCerieHHs1 3a MporpaMor MeaWYHUX rapaHTin
BucTynae HauioHanbHa cnyx6a 3gopoB’st YkpaiHu, Ky
6yno cteopeHo y rpyaHi 2017 p. Y kpaiHax 3 BUCOKUM
piBHEM Joxo4y OTpMMaHe MiKyBaHHS MOXHa MOpPIBHATU

INTRODUCTION

Quality of care plays a pivotal role in achieving
universal health coverage, as accessibility alone is
insufficient if the care provided is of poor quality [1].
In fact, poor quality care is now recognized as a greater
barrier to reducing mortality rates than inadequate
access [2].

Approximately 60% of deaths due to treatable con-
ditions stem from poor healthcare delivery, highlighting
the critical impact of quality in healthcare outcomes [2].
Conversely, effective healthcare systems have the
potential to prevent millions of deaths annually from
conditions such as cardiovascular diseases, tubercu-
losis, newborn complications, and maternal mortality [2].
Beyond health outcomes, low-quality healthcare systems
also incur significant economic costs, including resource
wastage and catastrophic healthcare expenses. This con-
tributes to a general dissatisfaction, with only a quarter
of individuals in low- and middle-income countries
perceiving their health systems as functioning well [2].

For instance, in high-income countries like the United
States and Europe, the additional costs attributed to
hospital stays and readmissions due to post-surgical
infections amount to billions annually [3]. Similarly, anti-
microbial resistance poses substantial global economic
burdens, estimated to cost the US healthcare system
billions of dollars annually [4]. Furthermore, unnecessary
cesarean sections globally incur costs exceeding
$2.32 billion annually, far surpassing the costs of essen-
tial procedures [5].

Unfortunately, efforts to enhance population health
have historically focused predominantly on expanding
basic healthcare access, often overlooking the critical
aspect of care quality [6]. Many strategies aimed at
improving healthcare quality have centered on ensuring
adequate resources such as technology, equipment, phar-
maceuticals, and trained healthcare professionals [7].
However, the challenge for healthcare managers lies
in identifying which quality improvement mechanisms
will yield the most significant impacts on healthcare
systems and when to implement them effectively [1].

The issue of insufficient efficiency among medical
service providers, leading to inadequate coverage
of high-quality medical care, is particularly acute in low-
and middle-income countries [8]. Ukraine, classified
among countries with below-average income by the
Organization for Economic Cooperation and Develop-
ment, faces similar challenges. The National Health
Service of Ukraine, established in December 2017, serves
as the central executive body responsible for imple-
menting state policies on healthcare financial guarantees
and medical care under the medical guarantee program.

While high-income countries often adhere closely
to national treatment guidelines, many low- and
middle-income countries lack such guidelines or
struggle with their implementation. Moreover, defining
what constitutes excessive care remains ambiguous,
necessitating careful evaluation [6].

In the absence of clear guidance on optimizing the
use of quality assurance mechanisms, commonly
employed tools such as fee-for-performance, audit
and feedback, and clinical protocols and guidelines
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3 nikyBaHHAM, 3a3Ha4YeHWM Yy HauioHaNbHUX PEKOMEH-
pauisix. OgHak y 6araTbox kpaiHax i3 HU3bKMM | cepefiHiM
piBHEM goxogy Taki pekoMeHgauii abo HegocTynHi, abo
noraHo BMKOHYKOTbCA. HaBiTb 3a HasABHOCTI TakuMx BKasi-
BOK OUiHKa TOro, WO € HaaAMIpHUM HagaHHSAM AOMOMOru,
He € 4iTKkolo Ta NnoTpebye peTenbHOro oLiHBaHHS [6].

3a BigcyTHOCTI BKasiBOK LOAO TOro, SIK OMNTUMI3y-
BaTU BUKOPWUCTAHHS MexaHi3MmiB 3abe3neqYeHHs SKOCTi
Mean4HOi OOMNOMOru, MONynspHi MexaHi3mMu, Taki K
onnarta 3a BUKOHaHHS, ayauT i 3BOPOTHIl 3B’130K, a TaKOX
KNiHIYHI NpOTOKONM Ta pekoMeHaalii, 4acTo 3acToco-
BYIOTbCSl Ha MpakTuUi SK iHAMBIAYyanbHi, BCEOXOMNMOYi
3acobu 3abesneveHHst sKocTi. Hacnigkom € Heedbek-
TMBHE BWKOPWUCTAHHS MEXaHi3MiB MOKpaLLEHHs1 SIKOCTI
Mean4yHOI OONOMOrvM Ta 3aranbHoro ctaHy 3gopos’s [1].
Llen npouec notpebye BWKOPUCTAHHS Pi3HMX MeXaHi3-
MiB, TakuX K KNiHIYHWIA Harnagd, KoOMaHgu NoKpalleHHs
SKOCTi Ta iHcnekuii ycTaHoB. AKyMynboBaHa iHpopmaLis
Ma€e CrnpuUATU MOKPALLEHHIO 3aranbHOl SKOCTi MEeAUYHOI
[OMoMOru LUNSXOM 3BOPOTHOMO 3B’AI3KY AN BU3HAYEHHSA
MabyTHIX npiopuTeTIB Ana po3pobku nparMaTu4Hol
cTpaterii aHanisy Ta BWMIPIOBaHHS SKOCTi Megu4Hol
gonomorn. Baxnueo, WO Lel LMK 3acTOCOBYETLCHA
0O KOXHOrO KOMMOHEHTA, $IKUA CTaHOBUTb CUCTEMY
OXOPOHW 300pOB’A — Big BXIOQHWX pecypciB, TakuMX K
poboya cuna Ta 3aknagu, OO HagaHoi MeguyHoi Jorno-
MOTU, SIK-OT KIiHIYHI Ta eKCTpeHi cnyxow, i nepenbadvyBaHi
KOpUCTYBauYi, SIK-OT rPOMaACbKiCTb i nauieHTn [1].

KnacuyHa koHuenuia SKocTi MeguyHoi 4onomMoru, pos-
pobrieHa nikapem niBaHCLKOrO NOXOMKEHHSA Ta gocnia-
HWUKOM MOSiTUKM OXOPOHM 340poB’s B LLkoni rpomaacbkoro
300poB’ss MiynraHeekoro yHiBepcuteTy ABegicom [JoHa-
6ensHom (Avedis Donabedian), po3pi3Hsie CTpyKTypy,
npouec Ta pesyneratu [9].

IHcTuTyT MeguumHmn B CLUA rmnblie po3kpmB KoHLUEN-
Lit0 Ta 3anpornoHyBaB 30CEPEnUTH 3yCUNNS LWOAO NoKpa-
LLEHHS AKOCTi Megu4HOi JONOMOrM HaBKOMO LUETU Linen:

1) edpeKTUBHICTb,

2) pe3ynbTaTUBHICTb,

3) cnpaBeanuBIcTb (piBHUIA OCTYN A1s1 piBHKX NOTpeb),

4) opieHTaLia Ha nauieHTa,

5) 6esneka Ta

6) cBoevacHicTb [10].

MeTta po6oTu — y3saranbHUTM Cy4YacHi BiJOMOCTi
Wwoao nigxodiB 40 iHOMKATUBHOI OLLHKM AKOCTI MeANYHOI
[onomoru.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Mipbip ny6nikauin BuKOHaAHO 3a ©0aszamu [aHWX
PubMed (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary.com/), eBook Business
Collection (https://www.ebsco.com/), Ta Google Scholar
(https://scholar.google.com/), y sknx BUCBITIIOBanNuch Bifo-
MOCTi MPO OLHKY SAKOCTi MeauyHoi gonomoru. Ha nep-
LWoMYy eTani nNpoBOAUNM MOLUYK NiTepaTypHUX mkepen
33 KMYOBMMW CIOBaMM: SIKICTb MeaWYHOi [A0MOMOrN,
BMMIpIOBaHHSA SAKOCTI, iHOuKaTopu sikocTi. Ha apyromy —
BMBYaNuCb peslome cTaTell Ta BUKMYanucb nybnikadii,
SKi He BignoBiganu KpuTepiam AocnigpkeHHs. Ha Tpe-
TbOMY €Tani BMBYanu MOBHi TEKCTW BigibpaHux crarten
Ha BIOMNOBIAHICTb KPUTEPISAM BKMAOMEHHSA 00 CrUCKY
niTepaTypu Ta peneBaHTHICTb AOCNIAKEHb.

often function independently, lacking comprehensive
integration. This fragmented approach results in ineffi-
cient mechanisms for enhancing medical care quality
and overall health outcomes [1]. Effective management
of this process necessitates employing diverse mecha-
nisms such as clinical surveillance, quality improvement
teams, and facility inspections. Aggregated data derived
from these activities should inform ongoing efforts to
enhance overall medical care quality by providing
feedback that guides future strategic priorities in analy-
zing and measuring quality of care. Crucially, this iterative
process is applicable across all facets of a healthcare
system — from essential resources like workforce and
facilities, to clinical and emergency services, and the in-
tended beneficiaries, including the public and patients [1].

The foundational concept of medical care quality,
articulated by Avedis Donabedian, a Lebanese physician
and health policy researcher at the University of Michigan
School of Public Health, distinguishes between structure,
process, and outcomes [9].

Building upon this frame-work, the Institute of
Medicine in the United States elaborated on six core
goals to guide efforts in improving medical care quality:

1) efficiency,

2) effectiveness,

3) equity (equal access for equal needs),

4) patient-centeredness,

5) safety, and

6) timeliness [10].

Objective — to consolidate current knowledge
on approaches to the indicative assessment of medical
care quality.

— ~— — ~—

MATERIALS AND METHODS

Publications were selected based on PubMed data-
bases (https://pubmed.ncbi.nim.nih.gov/), Clinical Key
Elsevier (https://www.clinicalkey.com), Cochrane Library
(https://www.cochranelibrary. com/), eBook Business
Collection (https://www.ebsco.com/), and Google Scholar
(https://scholar.google.com/), which covered information
on health care quality assessment. At the first stage,
literature sources were searched for keywords: quality
of medical care, quality measurement, quality indicators.
At the second stage, summaries of articles were
studied and publications that did not meet the research
criteria were excluded. At the third stage, the full texts
of the selected articles were studied for compliance
with the criteria for inclusion in the literature list and
research relevance.
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PE3YABTATU TA TX OBFOBOPEHHS

CucteMn OXOpOHM 3[40POB’St B KpaiHax i3 HU3bKUM
i cepedHiM piBHEM [OXOAIB MOBINbHO 3MiHIOBaNM CBOI
YHKUIT, 30cepemkeHi Ha iH(PEKUINHNX 3aXBOPIOBAHHAX
i 3gopoB’i mMaTepi Ta OWTUHM, ane noTpebu Ta ouiky-
BaHHS LLUOAO OXOPOHW 340POB’st 3MiHWOWTLCA [2]. Binb-
WicTb ypaaiB PO3BUHYTUX KpaiH nparHyTb 3abesnevnTu
CBOEMY HACEMNEHHI [OCTYMNHY Ta BUCOKOSIKICHY Me-
avyHy  pornomory. Pospobka komnnekcHoi  cTparerii
cknagHa, ane ii peanisauis Moxe OyTu Le ckNagHiwow,
BPaxOBYUM ICTOPUYHMUI KOHTEKCT, aKTUBU Ta CTPYKTypwu
Brnagu BcepeauHi kpaiHu, wob gocartu abo nopywmTu
nporpec. [esikum kpaiHaMm Bpakye CnpoMOXHOCTI 3aiic-
HUTU HeoOXigHi 3MiHW, OCKiNbkWM Bnaga Hag pisHUMUK
BaXKENsIMN LUMPOKO pPO3NodineHa MiX pPisHUMU CTOpO-
Hamu abo pi3HUMU PIBHSMU CUCTEMWU — TOMY MOTrOAMTU
Ta peanisyBaTu HauioHanbHy CTpaTerilo MOXNUBO, ane
3Ha4HoO cknagHiwe [11].

Molloy A. Ta cniBaBT. (2021 p.) [12] 3anponoHyBanu
MOZENnb HauioHanbHOI CcTparterii AKOCTi, sKka BKN4Yae
4OTUPW piBHi:

1 — HauioHanbHU — OPMyBaHHS MNONITUKK, 3a6e3-
neyeHHs pecypcamu, iHpacTpykTypa Ta nia3BiTHICTb
rPOMaacbKOCTi;

2 — perioHanbHUI / MicLEBUIA — NEPETBOPEHHS HaLlio-
HanbHOI NOMITUMKW B MICLEBUA KOHTEKCT, Makpoynpas-
NiHHSA Ta MOHITOPWHT;

3 — IHCTUTYUIiHUMN — HanexHe ynpaeniHHSA, KoMne-
TEHTHe onepauiiHe ynpaBsriHHA Ta MOCTiHe mokKpa-
LLEHHS SIKOCTI;

4 — iHnguBigyanbHUM — Ue piBeHb 3YCTpidi MiX nai-
€HTaMM Ta MEeAUYMHUMW MpauiBHUKaMK, A€ KIHYOBI
aTpubyTn SKOCTi MalTb OyTM akTyanisoBaHi 4epe3
iHOMBIQyanbHY NOBEaiHKY.

KniniyHa skicTb MeOuyHoOi Jonomorn nos’A3aHa
i3 B3aeMogieto MiX noctadanbHUKaMyM MeauyHuUX nocnyr
i mauieHTamMu, Ta cnoco6amu, 3a JOMOMOro AKUX AaHi
CMCTEMM OXOPOHU 3[00POB’S NEPETBOPIOOTHLCS HA Pe3yrib-
TatM ana 3gopoB’ss. HapgaHa ponomora mae  6Gytum
eheKkTMBHO, I'PYHTYBaTMCA Ha [oOKa3ax i He BUKOPUC-
TOBYBaTUCS Hi HedocTaTHbO, Hi HaamipHo. KoHuenuis
KNiHIYHOT eEeKTUBHOCTI Mae TeHAEHLi nepeknoyaTn
yBary 3 Takux akTopiB, SIK nikn Ta obnagHaHHs,
Ha npouec HagaHHsA gonomoru. KnidivHi npouecn G6esno-
cepeaHbOo NOB’A3aHi 3 NOBEAIHKOK MocTadanbHUKIB Me-
OWYHUX NOCAYT, i IX BUMIPIOBaHHS MOXE CTaTu KPUTUYHOIO
BiQNpaBHOI TOYKOW B Po3pobLui MeToAiB NOKpalLeHHS
gonomoru nauieHtam [6].

Cdepa BMMIpIOBaHHST SKOCTi B OXOPOHi 340pOB’sA
3HaYyHO PO3BMHYNAacb 3a OCTaHHI Kifbka 4ecAaTUniTb i Npu-
BepHyna Aepani Ginbluvi iHTepec cepen OOCNIOHUKIB,
noniTMKiB i LUMPOKOT rpomaacbkocTi. Y Garatbox Kpai-
Hax, Bkmodatoum Asctpanito, Benbrito, Kanagy, Itanito,
Mekcuky, IcnaHito, Hinepnanau Ta GinbLuicTb ckaHaWHaB-
CbKMX KpaiH, SKiCTb MeaW4HOi LOMOMOrM CUCTEMaTUYHO
3BITYETbCA K YacTWHa 3ararnbHuX 3BiTiIB NPO edeKTUB-
HICTb CUCTEMW OXOPOHM 300poB’si. BogHouac nocunto-
I0TbCS MiXKHAPOAHI 3yCnnns WoA0 NOPIBHAHHS AKOCTI Me-
OWYHOI JonoMorn B pisHMX KpaiHax. OpraHisauiss ekoHo-
MiyHoro cniBpobiTHMUTBa Ta po3suTky (OECP) i Komicis
€C po3wmpunu cBoi 3ycunns 3 OUiHKM Ta MOPIBHAHHSA
SIKOCTi OXOPOHU 3A0POB’A Ha MiXXHapoaHOMY piBHi [13].

RESULTS AND DISCUSSION

Health systems in low- and middle-income countries
have been slow to shift their functions to focus on
infectious diseases and maternal and child health, but
health care needs and expectations are changing [2].
Most governments of developed countries strive to
provide their population with affordable and high-quality
medical care. Developing a comprehensive strategy
is difficult, but implementing it can be even more difficult
given the historical context, assets and power structures
within a country to make or break progress. Some count-
ries lack the capacity to make the necessary changes,
because power over different levers is widely distribu-
ted between different parties or different levels of the
system — so agreeing and implementing a national
strategy is possible, but much more difficult [11].

Molloy A. et al. (2021) [12] proposed a model of
the national quality strategy, which includes 4 levels:

1 — national — policy formation, provision of resources,
infrastructure and public accountability;

2 — regional / local — transformation of national
policy into the local context, macro-management
and monitoring;

3 — institutional — proper management, competent
operational management and continuous quality
improvement;

4 — individual is the level of the encounter between
patients and healthcare professionals, where key
attributes of quality must be actualized through indivi-
dual behavior.

Clinical quality of care is related to the interactions
between health care providers and patients, and the
ways in which health system data are translated into
health outcomes. The care provided must be effective,
evidence-based, and neither underutilized nor over-
utilized. The concept of clinical effectiveness tends
to shift the focus from factors such as drugs and
equipment to the process of care. Clinical processes
are directly related to the behavior of healthcare
providers, and their measurement can be a critical
starting point in developing methods to improve
patient care [6].

The field of quality measurement in health care has
developed significantly over the past few decades and
has attracted increasing interest among researchers,
policymakers, and the general public. In many
countries, including Australia, Belgium, Canada, ltaly,
Mexico, Spain, the Netherlands and most of the Nordic
countries, quality of care is systematically reported
as part of overall health system performance reports.
At the same time, international efforts to compare
the quality of medical care in different countries are
increasing. The Organization for Economic Cooperation
and Development (OECD) and the EU Commission
have expanded their efforts to assess and compare
the quality of health care at the international level [13].

The growing interest in quality measurement has
been accompanied and supported by the growing
ability to measure and analyze the quality of health care,
caused, among other things, by significant changes
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3pocTatounii iHTepec A0 BUMIpHOBaHHS SIKOCTi Cynpo-
BOKYyBaBCS Ta MiATPUMYBaBCSI 3pOCTalYOl0 30aTHICTHO
BMMIptOBaTK Ta aHanisyBaTu SKiCTb Megu4HOI AONOMOrY,
WO BWKNMKAHO cepen iHWOro, 3Ha4YHMMKM 3MiHaMu
B iH(popMaUiMHMX TEXHONOrIAX, Ta MNOB’A3AaHUMM 3 HUMM
OOCATHEHHAMM B METOAONOrii  BMMIiptOBaHHS. Hauio-
HanbHi NOMITUKN BU3HAOTb, WO 6e3 BUMIiptOBaHHSI BaXKO
3a6e3neunT BUCOKY SIKICTb HafaHHs Mocnyr y KpaiHi,
OCKifIbKM HEMOXNNBO BU3HAYUTM XOPOLUMX | MoraHux
nocravanbHuKiB abo XOopoLlumMx i moraHMX NpakTukiB Ges
HagivHOI iHdopMauii Npo SAKICTb MeAMYHOI OO0MOMOrN.
BuMmiptoBaHHA SKOCTIi MeOQMYHOI 4ONOMOrM € BaXKIIMBOK
ONSi HU3KM Pi3HUX 3auikaBneHWx CTOpiH y cucTemax
OXOpOHM 30poB’a [13].

MocTtaHoBoto KabiHeTy MiHicTpie Ykpainn (KMY) Big
17 xoBTHs 2023 p. Ne 1093 6yno BHeceHO 3MiHM A0
MocTtaHoBu KabiHeTy MiHicTpiB YkpaiHn Big 25 kBiTHA
2018 p. Ne 410 3 meTolo 3abe3neveHHsi 34iNCHEeHHSs
MOHITOPVMHIY ~ AOTPUMaHHSA  HajaBadYamMu  MeOUYHUX
nocnyr ymMoB [JOroBopiB Npo MeauyHe o6cnyroByBaHHSA
HaceneHHs YkpaiHu. 3asHaveHol [locTaHOBOW 3anpo-
BaPKEHO TMOHATTA «PUNK-OPIEHTOBaAHUM nigxig», $K
OLliHKa 3aMOBHWKOM BWKOHAHHS HaJaBadYemM Mean4yHuX
nocnyr yMoB [JOrOBOPY, sika MPOBOAMTLCS LUNAXOM 3BipKu
NOBHOTWU Ta [AOCTOBIPHOCTI iHdopMaLii, WO BHeceHa
y 3BIT NP0 Meau4Hi Nocnyrn 3a AOroBopoM, 3 iHdopma-
uieto, WO MIiCTUTbCA B CUCTEMi, MeOW4HOI [AOKYMEH-
Tauiel Ta iHWUMKM daHMMWK, WO CBigYaTb NpO HadaHHS
nocnyr 3rigHO 3 UMM [OrOBOPOM, Ta sika Aa€ 3Mory
B pamKax aBTOMaTU4HOrO MOHITOPUHIY OUIHWTU HasB-
HICTb HM3bKOro, CEepefHbOro YM  BUCOKOTO  PU3UKY
(Hn3bkMn — Big 1 po 3 nopylleHb; cepefHin — Big 4
00 7 nopylleHb; BUCOKMIA — Big 8 i Ginblue nopyLueHb)
MOXIMBMX NOpPYLUEHb HaJaBa4YeM YMOB LibOrO JOrOBOPY,
BUSIBMIEHHSA SIKMX € MNigcTaBolo  Ans  NPU3HaYeHHs
30iNCHEHHS PaKTUYHOIO MOHITOPUHTY.

MeToto npoBegeHHs MOHITOpUHry HauioHanbHo
cnyxboto 3g0poB’s YkpaiHm [loctaHoBa KabiHeTy
MiHicTpiB YkpaiHm Ne 1093 Bu3sHavae:

1) nokpalleHHs1 [isnbHOCTI HagaBayiB  MeanYHMX
nocnyr (oani — Hagaead) y Mexax peanisauii nporpammu
MELMNYHUX rapaHTii;

2) nigBuULLEHHA edeKTUBHOCTI BUKOPUCTaHHSA KOLUTIB
3a Nporpamoto MeAUYHUX rapaHTil;

3) nigBULLEHHSA NPO30POCTi BIAHOCUH MK 3aMOB-
HMKOM Ta HagaBavYamu;

4) BUSIBNEHHS, YCYHEHHS Ta 3anobiraHHs MOXIMBUM
NOpYLLEHHSIM YMOB [1OrOBOpPY;

5) nigBuWLLEHHST SAKOCTi, MOBHOTU Ta [OCTOBIPHOCTI
iHbopMaUii B €neKTPOHHIN CUCTEMi OXOPOHWU 300POB’S
Ta iHbopMaLinHi cuctemi 3amoBHMKA.

[MoHATTS AKocTi Megu4HO! AONOMOrY €BOSOLIOHY-
Basio Bifl NOHATTA NIOACLKOI NOMUIKU Ta HeadanocTi, Lo
Nnpu3Beno [0 KynbTypu 3BUHYBa4YeHb, [0 3aranbHo-
NPUAHATOrO PO3YMiHHS TOrO, WO SIKICTb € CYKYNHWUM pe-
3ynbTatoM YHKUIM cucTeMnm Ta BMMarae 3arafibHo-
cucTeMHoi peakuii [1]. Bu3HaHHS GaraTorpaHHOro xapak-
Tepy AKOCTi MeAUYHOI 4ONOMOrM Mae NpoBigHe 3HaYeHHs
ONa po3LUMPEHHS MPIOPUTETHUX 3MiH Y cdbepi OXOpoHU
3nopoB’st [6]. O6rpyHTOBaHa ouiHKa SKOCTi Mae BUpi-
WanbHe 3Ha4YeHHs ANs MOHITOPUHIY, OLiHKM Ta nokpa-
LWEHHS SIKOCTi Megu4yHMX nocnyr. lHauMkaTtopu SIKOCTi —
ue iHCTPYMEHTM BUMIpIOBaHHSA, SKi BMKOPUCTOBYHOTLCHA

in information technology and related advances in
measurement methodology. National policy makers
recognize that without measurement, it is difficult
to ensure high quality service delivery in a country, as
it is impossible to identify good and bad providers or
good and bad practitioners without reliable information
about the quality of care. Measuring the quality of care
is important to a number of different stakeholders in
health care systems [13].

By the Cabinet of Ministers of Ukraine Resolution
No. 1093 dated October 17, 2023, amendments were
made to Cabinet of Ministers Resolution No. 410 dated
April 25, 2018, aimed at ensuring monitoring compliance
by providers of medical services with the terms of
contracts for medical servicing of the population
of Ukraine. The Resolution introduces the concept
of «risk-based approach», which assesses the pro-
vider’'s fulfilment of contract terms by comparing the
completeness and accuracy of information reported
on medical services under the contract with data con-
tained in the healthcare system, medical documentation,
and other data indicating service provision according
to the contract. This approach enables automatic
monitoring to assess the presence of low, medium,
or high risk (low — 1 to 3 violations; medium — 4 to
7 violations; high — 8 or more violations) of potential
breaches by the provider of contract terms, identification
of which warrants actual monitoring.

The objectives of conducting monitoring, as defined
by Cabinet of Ministers Resolution No. 1093 and over-
seen by the National Health Service of Ukraine, include:

1) improving the performance of medical service
providers within the framework of implementing the
medical guarantees program;

2) increasing the efficiency of funds utilization under
the medical guarantees program;

3) enhancing transparency in relations between
the principal and providers;

4) identifying, correcting, and preventing potential
breaches of contract terms;

5) improving the quality, completeness, and accuracy
of information in the electronic healthcare system and
the principal’s information system.

The concept of the quality of medical care has
evolved from the concept of human error and negligence,
which led to a culture of blame, to the generally accepted
understanding that quality is a cumulative result of
system functions and requires a system-wide res-
ponse [1]. Recognition of the multifaceted nature of the
quality of medical care is of leading importance for the
expansion of priority changes in the field of health care [6].
Sound quality assessment is crucial for monitoring,
evaluating and improving the quality of health services.
Quality indicators are measurement tools used to quantify
efficacy, safety, and/or patient-centeredness [13, 14].
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Ons  KinbkicHOI  ouiHKM  edbekTUBHOCTI, 6e3nevHocTi
Ta/abo nauieHToopieHToBaHoCTi [13, 14].

IHOMKaTOpU MOXHa KracudikyBaTu pisHUMK CMOCO-
6amu, npMyYoMy HanbinbL YacTo BUKOPUCTOBYBaHUM Mia-
XOOOM € Knacudikalisi NOKasHWUKIB CTPYKTypw, mpouecy
Ta pesynbraty (tabn. 1) [15]. IHgukaTopu CTpyKTypu
3a3BUYali BMKOPUCTOBYIOTBCA AMNS OLiHKA MOXIMBOCTEN
abo 3acobiB, JOCTYNHUX ANst HadaHHsi Nocnyr, ToAi sk
iHOMKaTOPW MpOLIeCy OLiHIOTL, Hackinbku nobpe Haga-
I0TbCS1 MOCAyrM, TOMY HajawTb CYTTEBY Ta BaXknuBy
iHbopMaLito A4ns NOKpaLLEHHs SKOCTI. IHOMKaTopam pes-
ynbTaTy HaJaeTbCs X NEpLUOYEepProBe 3HaYeHHSs, OCKinb-
Kv BOHM BigobpaxkatoTb edpekT MeanyHoi gonomoru [16].

Indicators can be classified in various ways, with
the most commonly used approach being the classifi-
cation of structure, process, and outcome indicators
(table 1) [15]. Structure indicators are generally used
to assess the capacity or means available to provide
services, while process indicators assess how well
services are provided, and therefore provide essential
and important information for quality improvement.
Indicators of the result are given primary importance,
as they reflect the effect of medical care [16].

Ta6nuus 1. Mpuknaau iHaMKaTopiB SIKOCTI, NoAiNeHi B rpynu 3a mopennio Asegica JoHabeasHa [16]
Table 1. Examples of quality indicators, divided into groups according to the model of Avedis Donabedyan [16]

IHOQVKaTOpPU CTPYKTYpY
Structure indicators

IHaMKkaTopu npouecy
Process indicators

IHAvKkaTopu pesynbraTty
Result indicators

1. KinbkicTb cepTudikoBaHux nikapis
Number of certified doctors

2. CniBBigHOLLEHHSA MeacecTep/nixKok
Ratio of nurses/beds

3. Bigcotok nikytounx nikapis, 3aiHATMX
NOBHUI pobo4mnii AeHb

Percentage of attending physicians
employed full-time

4. CepegHin gocsif poboTtn
Ans nepcoHany (B pokax)

Average work experience for staff
(in years)

1. CepeaHs KinbKiCTb NikapHAHWX OHIB
Ons cTauioHapHUX NaLieHTiB

Average number of hospital days
for inpatients

2. KinbkicTb xipypriyHux onepauin
The number of surgical operations

3. BanHATICTb NiXXOK ANs cTauioHapHOro
obcnyroByBaHHs
Occupancy of beds for inpatient care

4. Yactora TpomboniTnyHoi Tepanii
ONs NauieHTiB 3 roCTPUM iLLEMiYHUM
iHCynbTOM

Frequency of thrombolytic therapy
for patients with acute ischemic stroke

5. YacToTta kopoHapHUX BTpy4YaHb

npu roctpomy iHapKTi Miokapaa
Frequency of coronary interventions

in acute myocardial infarction

6. AgekBaTHUI Yac Ans NpodiNakTUYHMNX
aHTUBIOTUKIB Nepen onepaldieto

Adequate time for prophylactic
antibiotics before surgery

7. Yacrota rocnitanisauii yepes
BiQAiNeHHs HEBiAKNaAHOT 4ONOMOrn

Frequency of hospitalization through
the emergency department

8. YacToTa 3aBepLUEHHS] BUMUCKU
Frequency of statement completion

1. PiBeHb cmepTHOCTI ANns BCiX
CTauioHapHMX NauieHTiB
Mortality rate for all inpatients

2. PiBeHb CMepTHOCTI ANsa naujieHTIB
y BiAAiNeHHi iHTeHCcMBHOI Tepanii

Mortality rate for patients in the
intensive care unit

3. XipypriyHa cMepTHICTb
Surgical mortality

4. MNMosTopHa rocnitaniaauis NPoOTArom
14 pHiB nicns BUNMCKM AN CTalioHapHMX
nauieHTiB
Re-hospitalization within 14 days
after discharge for inpatients

5. MNoBepHeHHs y BiaAiNeHHs iIHTEHCUBHOIT
Tepanii npotarom 48 roguH

Return to the intensive care unit
within 48 hours

6. MoBTOpHE BiABiQyBaHHA BiAAINEHHs
HEBIAKNagHOT onomoru Yepes 72 roguHu
nicns BUMNUCKK

Repeat visit to the emergency
department 72 hours after discharge

7. PiBeHb BHYTpILLHbOMNIKAPHAHNX
iHdpekuin
Level of nosocomial infections
8. KinbkicTb noBigomneHb Npo BUNagku
nobiYHMX peakuin Ha MeanKameHTH
Number of reports on cases of adverse
reactions to medications

9. 3a40BoONeEHICTb NaLjeHTIB
Patient satisfaction

OCHOBOMOMOXHUM MPUHLMUNOM Yy po3pobui edek-

The fundamental

principle in the development

TUBHUX iHOMKATOPIB SIKOCTi MOXXHA BU3HAYUTU KOHLLENLi0
«SMART» (S — specific, M — measurable, A — achievable,
R — relevant, T — time specific) [17], ska nepenbavae
Taki BUMOrn:

1) KOHKPETHICTb — BUMIpPIOBaHHSA/OLHKA Ma€e CTo-
CyBaTUCsl KOHKPETHOI Uini abo etany npouecy Ta GyTtu
sIKOMOra BY3bKOH. Takmm YMHOM, METpUKa NpoLecy no-
BMHHA MparHyT! OXOMUTWU OOUH KPOK Yy MPOLECi, Hanpuk-
naa, npoBedeHHs iMyHi3auii auTuHKU. BumiptoBaHHsS
KiHLEBOro pesyneraTy 3asBuyan Luplle, ane, sk npa-

of effective quality indicators can be defined as the
«SMART» concept (S — specific, M — measurable,
A — achievable, R — relevant, T — time specific) [17],
which provides for the following requirements:

1) specificity — the measurement/assessment
should relate to a specific goal or step in the process
and be as narrow as possible. Thus, a process metric
should aim to capture a single step in the process, such
as administering a child’'s immunization. Outcome
measures are usually broader, but are typically designed
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BWNO, MNpu3HaYeHe NS KifbKICHOI OLiHKWU BaXnnBoro
pesynsTaty [OOMmsay, Hanpuknag, MOoBEPHEHHS [0
NMOBHOLIIHHOIO BUKOHAHHSI NOBCAKAEHHMX 3aBAaHb;

2) BUMIpHICTb — METPWKA MOBMHHA MaTn poboye BU3Ha-
YeHHs1, sike YiTKO BM3Ha4ae OaHi, ski noTpibHo 3ibGpatwy,
i Te, SK Ui gaHi aHani3ylTbCa ANA CTBOPEHHS OCTaTou-
HOro nokasHuKa. FAKWOo pAaHi BiACYTHI, Uen KpuTepin
He Moxe 6yTV BUKOHaHWN;

3) pocskHicTb — Oyab-skui 3axig NOBUHEH Matu
OOCSKHUI piBeEHb eEeKTUBHOCTI. AKWO nocTavanbHUKN
He KOHTPOJOTb NEeBHUIA NpoLec, TO AN HUX 3axid i no-
B'i3aHi 3 HUM Uini edeKkTUBHOCTI MOXyTb OyTW Heno-
CSDKHMMM, O nNpu3Bede nuwe [0 po3dapyBaHHS
Ta Big4yTTSa HecnpaBeasiMBOCTi;

4) peneBaHTHICTb — iHAMKATOPM, LIO BMKOPUCTOBY-
I0TbCSl ANs MOKpaLeHHs edEKTUBHOCTI, MawTb OyTn
aKkTyanbHUMK ons Tux, xTo 6epe yvacTb y NpoLeci, Haw-
yacTilwe gnsa nikapsa Ta nadieHta uu cim’i. Akwo 3aui-
KaBMneHi CTOPOHM BBaXalTb LEN 3axig TpusianbHWM,
BMCOKa MMOBIPHICTb TOrO, O BiH Oyae mpoirHopoBaHuiA
nocrtadanbHUKamMu Ta nalieHTamu;

5) uJacocneuudiyHiCTb — 3axoguM MOBUHHI  MaTtu
po3yMmHi 4acoBi obmexeHHsi. Hanpuknap, 3axig, skuii
notpebye poky Ans 360py AOCTaTHBOI KiNbKOCTI AaHWX
ONnsi aHanisy, nvoBipHO, Byae NpoirHopoBaHW 3auikas-
NEHNMN CTOPOHaMW, TOAI SK TOW, SKUA MOXHa BUKOpUC-
TOBYBaTW LWOAHS ab0 HaBiTb LLOTUXHSA, NPUBEPHE YyBary,
HeoOXiaHY ANs CNPUSHHS BOOCKOHATEHHIO.

HesanexHo Big Toro, ski iHgukatopu OGynu obpaHi,
30iACHEHHICTb | BanigHicTb iHAMKaTopiB € HanbinbL
dyHOoameHTanbHMMKM  Ta  iCTOTHUMW  KOMMOHEHTaMMU.
Kpim Toro, BanigHicTb i HaginHicTb iHOMKaTopa € ABOMa
KMHOYOBMMM acrnekTaMm KniHiYHOro BUMiptoBaHHS [16].

OnepauioHaniszauis TeopeTuyHoi KoHuenuii sKocTi
winsixom i nepeknagy Ha Habip iHOuKaTopiB AKOCTI BUMa-
rae 4iTkoro po3yMiHHS METU Ta KOHTEKCTY BMMIipHOBaHHS.
Moka3HWKM AKOCTi NOBUHHI 3abe3nedyBaTu:

1) uinb wWopo sAKocTi, TOGTO YiTke opMynOBaHHs
HamideHoT MeTn abo 3aBOaHHs, HaNpuknaga, crauioHapHa
CMEpPTHICTb MaLuieHTiB, rocniTaniaoBaHunx i3 MHEBMOHIEH,
mae ByTu sikomora HUXYOLo;

2) KOHUEenNuis BUMiptoBaHHS, TOGTO BU3HaYeHWIN MeToq
300py AaHWX Ta po3paxyHKy MOoKa3HuKa, Hanpuknag,
YacTKM CTalioOHapHMX NauieHTiB 3 NepBMHHMM giarHo-
30M MHEBMOHIs, fKi nomepnu nig 4ac nepebyBaHHs
B CTaujioHapi;

3) KoHuenuis ouiHKK, TOBTO OMMC TOrO, SIK OYIKYETHCS
BUKOPUCTaHHS NoKasHWKa Ans OLiHKM SIKOCTi, Hanpuknaa,
SIKLWO CTauioHapHa cMepTHICTb Hmkve 10%, Ue BBaXa-
€TbCS XOpOoLUOH sAKicTHo [13].

BXMBaHHA TepMIiHIB «iHOMKATOP» Ta «MNOKa3HMK»
HepigKO BUKOPUCTOBYIOTLCS K CMHOHIMW, MPOTE B KOH-
TEKCTi AKOCTi JOopeyHille 3acTOCOoBYBaTM TEPMIH «iHAMKa-
TOP AKOCTi» ANS 3ax0AiB, SKi CYNPOBOAXKYHOTHCS OLIHKOL.
Lle nosicHioeTbCcs TMM, WO BUMIpHOBaHHS 6e3 OUuiHKK
He MOXYTb BKasaTW, Y/ BUMIPSHI 3HAYEHHs] MpeacTaB-
NATb XOPOLUY YU MOraHy SKiCTb MeAWYHOI 4OMOMOTMU.
Hanpuknag, piBeHb peagMmicii € MOKasHMKOM KiflbKOCTI
NOBTOPHUX rocniTanisauin. OgHak ue ctae iHOUKaTopoM
SIKOCTi, SIKLLO BM3HAYeHO MOpIr, KM BKa3ye Ha NMOBTOPHY
rocnitTanisauito «BuLLE 3a HOPMY», LLIO, Y CBOKO Yepry, MoXxe
BKa3dyBaTW Ha HN3bKY AKiCTb MeanyHoi gonomoru [13].

to quantify an important care outcome, such as returning
to full performance of daily tasks;

2) measurability — a metric should have a working
definition that clearly defines the data to be collected
and how that data is analyzed to create the final
measure. If data is missing, this criterion cannot be met;

3) reachability — any measure should have an attain-
able level of effectiveness. If suppliers do not control
a certain process, the measure and the associated
performance targets may not be achievable for them,
which will only lead to frustration and a sense of injustice;

4) relevance - indicators used to improve perfor-
mance should be relevant to those involved in the
process, most commonly the physician and the pati-
ent or family. If the measure is seen as ftrivial by
stakeholders, it is likely to be ignored by providers
and patients;

5) time specificity — measures should have reason-
able time limits. For example, a measure that takes
a year to collect enough data to analyze is likely to be
ignored by stakeholders, while one that can be used
daily or even weekly will attract the attention needed
to drive improvement.

Regardless of which indicators were chosen, the
feasibility and validity of the indicators are the most
fundamental and essential components. In addition,
indicator validity and reliability are two key aspects
of clinical measurement [16].

Operationalizing the theoretical concept of quality
by translating it into a set of quality indicators requires
a clear understanding of the purpose and context
of measurement. Quality indicators should ensure:

1) a quality goal, that is, a clear statement of the
intended goal or task, for example, the in-patient
mortality of patients hospitalized with pneumonia
should be as low as possible;

2) the concept of measurement, that is, a defined
method of data collection and calculation of an indicator,
for example, the share of hospitalized patients with
a primary diagnosis of pneumonia who died during
their stay in the hospital;

3) the concept of assessment, i.e. a description
of how the indicator is expected to be used to assess
quality, for example, if in-patient mortality is below 10%,
it is considered good quality [13].

The terms «indicator» and «indicator» are often
used interchangeably, but in the context of quality,
it is more appropriate to use the term «quality indicator»
for measures that are accompanied by evaluation.
This is because measurement without evaluation
cannot indicate whether the measured values repre-
sent good or bad quality of care. For example, the
readmission rate is an indicator of the number of
re-hospitalizations. However, it becomes a quality
indicator if a threshold is defined that indicates «higher
than normal» rehospitalization, which in turn may
indicate poor quality of care [13].
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Y poboti Dudley L. ta cniBaBT. (2022 p.) [18]
npeactaBneHo M'ATb  KPOKIB  po3pobKM  iHOuKaTopiB
AKOCTiI MEANYHOI JOMOMOTU:

1 — dopmyntoBaHHS KOHUENTyanbHOI OCHOBU — KOH-
uenTyarnbHi paMKu po3’ACHIOTb MeTY Ta (pokyc iHaMKa-
TOpiB SAKOCTi 0GCNyroByBaHHS, BM3Ha4YalouW, SKi KOH-
uenuii Ym napameTpm SKOCTi Meau4yHol OOMOMOrn crnig
BUMIpIOBaTK Ta K, B MPUHLMNI, iX CMig BUMIpHOBaTK;

2 — BW3HAYEHHs! NOTEHUMHMX iHOMKaTOpiB HA OCHOBI
OaHux abo KniHiYHMX pekomeHaaLii;

3 — BW3HayeHHs kpuTepiiB Bigbopy iHAMKaTopiB,
WO BKMKOYaOTb BaXNUBICTb MOKa3HWKIB, X [OKa30BY
NPUAHATHICTL (HA OCHOBI BanigHOCTI Ta HaAiNHOCTI),
3pYYHICTb  BMKOPWUCTaHHA, [OOUIMbHICTE  BUMIpIOBaHHS
Ta HasABHICTb OYAb-AKNX KOHKYPYIOUMX NMOKA3HUKIB;

4 — KOHCEeHCYC eKcnepTiB i KOHCynbTauii i3 3auikas-
NEeHMMM CTOpOHaMU;

5 — TecTyBaHHA Ta BNpOBaAXeHHS BKMtOYae MiNoTHi
JocnigKeHHst B ymoBax, Ae OyayTb BMKOPUCTOBYBaTUCHA
NMOoKa3HMKWN AKOCTI.

BpaxoBytoun cknagHiCTb HagaHHA Megu4HOlI AOono-
MOrM Ta LWMPOKMIA CMEKTP Bi4MNOBIgHMX aCMNEKTIB SIKOCTI,
6arato cuctem BUMIPIOBAHHSI AKOCTi (DOPMYIOTb BEMUKY
KiNbKICTb iIHOMKATOPIB SKOCTI, 0QHAK Lie MOXe YCKrnagHUTu
BUOIp naujieHTiB, sKi Halkpalwe BignoBigalTb I1XHIM
notpebam, a ocobam, siki po3pobnATb NOMITUKY, BaXKO
3HaTW, 4YM MOKpaLLyETbCS 3aranbHa SKICTb HadaHHs
meamdHux nocnyr [13]. Y Bignosigb Ha Ui npobnemu
GaraTo iHiLiaTMB 3 BUMIpPIOBaHHSA SIKOCTI po3pobunu
MeToaM OO’€eQHaHHSA pPi3HUX MOKa3HWKIB Yy TakK 3BaHi
«iHTerpanbHi iHgukaTtopu sikocTi» (liFd) [19]. liA y3arane-
HIOKOTb IHGOPMAL0 3 MOTEHUIMHO LUMPOKOro Aiana3oHy
iHOMBIigyanbHUX  iHOWKaTopiB, 3abe3neuyroun  Takum
YMHOM KOMMIIEKCHY OLIHKY SIKOCTi. 3BedeHi NokasHUKu
MOXYTb CHyXuTu 6araTbOM UinsM: NauieHT MOXYTb
obupaTM nocTayanbHUKIB Ha OCHOBI 3BedeHux 0Ganis,
KEPIBHMKM NiKapeHb MOXYTb BMKOPUCTOBYBATU 3BEAEHI
NOKa3HMKN A5 NOPIBHAHHSA CBOIX JliKapeHb 3 iHLWMMMW,
NONiTUKN MOXYTb BWKOPUCTOBYBATU 3BEEHi MOKa3HWKN
ONsi OUiHKM nporpecy 3 4YacoMm, a AOCMIOHUKN MOXYTb
BMKOPUCTOBYBATU 3BEAEHI MNOKa3HWKM Ans  nopanb-
LWOro aHanidy, Hanpuknag, Ansg BUSBMAEHHSA akTopis,
NoB’A3aHMX 3 BUCOKOIO SIKICTIO MeguyHoi gonomoru [13].

OcHogHi Hegoniku liAl BkMoYatoTh Te, L0 iCHYOTh Pi3Hi
nigxoan 4O arperyBaHHSA OKpeMux iHOuKaTopiB y 3BeAeHi
iHOMKaTopu Ta Te, WO MEeToAOsorYHNA BUOIp, 3pobneHunii
nig Yac nobynoBu iHouKaTopa, BNNMBaTUME Ha BUMIPSIHY
npoaykTUBHICTb. KpiM TOro, 3BeAdeHi NOKasHUKM MOXYTb
Npu3BecTM [0 CMpOLLEHMX BWCHOBKIB i 3amackyBaTu
Cepno3Hi HeJonikn B AeAKUX napameTpax. ToMy BaXnueo,
wob po3pobka iHomkaTopa 6yna npo3opoto, a MeToaono-
riyHuiA BMGIp | OOrpyHTYBaHHA OynM 4iTKO NOSICHEHI
Onsa nonerweHHs po3yMmiHHA. Kpim Toro, pisHi BapiaHTu
3abe3nevyBaTMyTb Pi3Hi CTUMYNKX ANsi BOLOCKOHANEHHS,
i e noTpibHO BpaxoByBaTK Nig Yac po3pobku liA [13].

Axictb MOXHa KOHUenTyanisyBaTu $K HeBig’€MHyY
abo npuxoBaHy xapakTepucTMKy opraHisauii, sika Bigob-
paXkaeTbCsl B KOHKPETHMX NoKasHMKax sikocTi. Shwartz M.
Ta cniBaBT. [19] BMOKpeMunM Ta oOxapakTepusysanu
OBa ansTepHaTUBHMX crnocobu koHuenTtyanisauii lifd —
pednekTMBHUMA Ta dopManbHuii. [NogibHo [o  y4Hs,
skMn fobpe Bornogie mMateMaTukol (OCHOBHA XapakTe-
pucTuka noguHKn) i gobpe cknagae TecT 3 mateMaTuku,
opraHi3auisi, ska Hagae BUCOKOSIKICHY [A0MOMOry, TaKoX

In the work of Dudley L. et al. (2022) [18] presents
5 steps in the development of indicators of the quality
of medical care:

1 — formulation of the conceptual framework —
the conceptual framework clarifies the purpose and
focus of service quality indicators, determining which
concepts or parameters of the quality of medical care
should be measured and how, in principle, they
should be measured;

2 — determination of potential indicators based on
data or clinical recommendations;

3 — determination of criteria for selecting indicators,
including the importance of indicators, their eviden-
tiary acceptability (based on validity and reliability),
ease of use, feasibilty of measurement, and the
presence of any competing indicators;

4 — expert consensus and consultations with inte-
rested parties;

5 — testing and implementation includes pilot studies
in conditions where quality indicators will be used.

Given the complexity of care delivery and the
wide range of relevant aspects of quality, many quality
measurement systems produce a large number of
quality indicators, but this can make it difficult to select
patients who best meet their needs, and it is difficult
for policymakers to know whether the overall quality
of care is improving of medical services [13]. In response
to these problems, many quality measurement initia-
tives have developed methods for combining various
indicators into so-called «integral quality indica-
tors» (QlIs) [19]. R&l summarize information from
a potentially wide range of individual indicators, thus
providing a comprehensive assessment of quality.
Composite scores can serve many purposes: patients
can choose providers based on composite scores,
hospital managers can use composite scores to
compare their hospitals with others, policy makers
can use composite scores to measure progress over
time, and researchers can use composite scores for
further analysis. for example, to identify factors asso-
ciated with high quality medical care [13].

The main weaknesses of R&D include that there
are different approaches to aggregating individual
indicators into composite indicators and that methodo-
logical choices made during indicator construction
will affect the performance measured. In addition,
aggregate indicators can lead to simplified conclusions
and mask serious deficiencies in some parameters.
It is therefore important that indicator development
is transparent and that methodological choices and
rationales are clearly explained to facilitate under-
standing. In addition, different options will provide
different incentives for improvement, and this needs
to be taken into account when designing the M&I [13].

Quality can be conceptualized as an inherent or
hidden characteristic of an organization that is reflected
in specific quality indicators. Shwartz M. et al. [19]
singled out and characterized two alternative ways of
conceptualizing El — reflective and formal. Like a student
who is good at math (a basic human characteristic) and
does well on math tests, an organization that provides
high-quality care also does well on empirical measures
of quality. In this sense, quality is a reflective construct.
In the case of the formal conceptualization of El,
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nobpe cnpaBnsieTbCsl 3 eMMiPUYHUMKU  NMOKa3HUKaMu
AKOCTi. Y TakoMy pO3yMiHHI SKICTb € pedneKkTUBHO
KOHCTpYKUieto. Y BUNaaKy dopmanbHoi kouenTtyanisauil
lil KOHCTPYKT He iCHye He3anexHo Big eMnipu4HuX
BMMIipIOBaHb, i 3HAYEHHSI KOHCTPYKTY 3MiHUTbCSH, SIKLLO
BinOyayTbca Oyab-aKi 3MiHM B MOKa3HWMKax, MOB’SI3aHUX
3 KOHCTpykTOM. Ockinbkun Habopu MOKa3HMKIB SKOCTI
3a3BMYall He CUNbHO KOpeniowTb, 0COBNMBO Konu no-
KasHuKn BMGipaloTbCA 3 Pi3HMX ranysen, Hanpuknag,
npouecis, pesyneraTiB, 3a40BOMEHOCTI NauieHTiB, edek-
TUBHOCTI; (POPMYIOYi  KOHCTPYKLII BUKOPUCTOBYHOTHCS
Habarato wupwe Ons KOMMMEKCHUX BUMIptoBaHb, HiX
pedrekcuBHi KOHCTPYKLUIT [19].

Ha cborogHi niogxogn o pospaxyHky lifd 3nebine-
LWOro BiAPI3HATLCA 3@ NPUHUMMNOM  KOMOGIHYBaHHSA
OKPEMWX MOKa3HWKIB Ta 3a 3HaA4YeHHsIM BaroBux koedi-
uieHTiB. Y Tabn. 2 HaBegeHi HaMnoLlUMpeHili npuknaan
METOZIB OLiHKWN iHAMKAaTOPIB AKOCTI.

the construct does not exist independently of empir-
ical measurement, and the value of the construct
will change if any changes in the measures associated
with the construct occur. Because sets of quality
indicators are usually not highly correlated, especial-
ly when indicators are drawn from different domains,
eg processes, outcomes, patient satisfaction, efficiency;
formative structures are used much more widely for
complex measurements than reflective structures [19].
Today, the approaches to the calculation of liY
mostly differ according to the principle of combining
individual indicators and the value of the weighting
coefficients. In the table 2 shows the most common
examples of quality indicator assessment methods.

Tabnuusa 2. XapakrepucTuka MeTOAONOrT OLiHKM iHOUKATOPIB AKOCTI MeanyHoi gonomorn [18]
Table 2. Characteristics of the methodology for evaluating indicators of the quality of medical care [18]

MeTtogonoriyHmi nigxig
Methodological approach

XapakTtepuctuka
Characteristic

BigcoTkoBa 4acTka
(ouiHka moxnumBocCTeW)
Percentage share
(capability assessment)

Po3paxoByeTbcs Sk 3aranbHa KinbKicTb NpoLUeciB, HaAaHWX ycim nauieHTam, nogineHa
Ha 3aranbHy KinbKicTb BiANOBIAHWMX NPOLECIB.

Calculated as the total number of processes provided to all patients divided by the total
number of eligible processes.

CepefiHe 3Ha4YeHHs Ha nalieHTa
(ouiHka moxnmBocTew)

Average value per patient
(capacity score)

Po3paxoByoTbCsl ANs KOXHOMO NauieHTa sk KinbKiCTb HagaHuX NpoueciB MeanyHol
[0MoMOru nogineHa Ha KinbKiCTb MOXIMBUX NPOLECIB MeAUYHOI 4ONOMOTY

OnA KOHKPETHOro nauieHTa.

Calculated for each patient as the number of provided medical care processes divided
by the number of possible medical care processes for a particular patient.

CepefHilt nokasHuk
Average indicator

[nsa koXHoOro iHankaTopa po3paxoBYETLCS BiCOTOK BUKOHAHHS LIbOTO iHAMKaTopa,

a noTiM yCepeaHIETLCS 3a BCiMa iHaAMKaTopaMu (EKBiBanNeHTHO BUKOPUCTAHHIO
piBHMX BaroBux KoeilieHTiB).

For each indicator, the percentage of implementation of that indicator is calculated
and then averaged across all indicators (equivalent to using equal weighting factors).

«Bce abo Hivoro»

. € OOHAKOBO BaXINMBUM.
«All or nothing» A

Po3paxoByeTbCs Ha piBHi MauieHTa — KoXeH nauieHT oTpumye «1» (akwo 100% HeobxigHmMx
npoLeciB MEANYHOT AOMOMOrM BUKOHaHO) abo «0» (SKLLO NpuMHanMHI 1 i3 npoueciB
aonomorn He BukoHaHo (< 100%)). MpunyckatoTb, WO KOKEH KOMMOHEHT NpoLecy

Calculated at the patient level — each patient receives a «1» (if 100% of the required
care processes are completed) or «O» (if at least 1 of the care processes is not completed
(< 100%)). It is assumed that each component of the process is equally important.

Moporosuin nokasHuk (Moaudikauis
mMeToay «Bce abo Hivoro»)
Threshold indicator (modification

of the «All or nothing» method)

Llen nigxig nomibHuit Ao ouiHOBaHHS 3a npuHLUMNOM «Bce abo Hidoro»,
ane 3 BUKOPUCTaHHAM Hux4oro nopory (70% Ta iH.).
This approach is similar to All or Nothing scoring, but using a lower threshold (70%, etc.).

IHAMkaTopu «Bce abo Hivoron

[ns inocTpadii po3rnsaHeMo NEBHUIN MEANYHUIA CTaH,
Ona aKkoro icHye 4 [oKa3oBMX MNPOLIECU, MOB’A3aHMX
3 BUCOKOSIKICHUM TliKyBaHHsiM. 3aMicTb Toro, o6 BuKo-
pucToByBaTK K Mipy eeKTUBHOCTI YacTKy ocib, siki nig-
X0OATb AN KOXHOro BMMIpPIOBaHHSA npoLlecy i siki oTpu-
MYIOTb BTPyYaHHSl, MOXHa B3ATU TOYKY 30pYy MNaLiEHTIB
i 3anuTaTn: «fKa YacTka nauieHTiB oTpumana Bei 4 BTpY-
YaHHSs1, Ha siki BOHM Manu npaeo?» [19-21]. Hanpwuknag,
npu po3poOLi KOMMNEeKCHOro nokasHuka edeKTUBHOCTI
A0PTOKOPOHAPHOTO LLYHTYBaHHA poboda rpyna 3 ynpas-
niHHa skicTio ToBapucTBa TopakamnbHWUX XipypriB BWKO-
puctana nigxig «yce abo Hi4oro» Ans po3paxyHKy 3Be-
OEHOro nokasHuka 3 4 nokasHuKiB nepionepawifiHoro
pornagy [22]. Wrat MiHHecoTa BUKOPUCTOBYE KOMMIEKCHI
NoKasHUKM «Bce abo HiYoro» AnA NauieHTiB  KMiHiK,

All or nothing indicators

To illustrate, consider a particular medical condition
for which there are 4 evidence-based processes asso-
ciated with high-quality care. Rather than using the
proportion of individuals eligible for each process
measure who receive an intervention as a measure
of effectiveness, one can take the patient perspective
and ask, «What proportion of patients received all
4 interventions for which they were eligible?» [19-21].
For example, when developing a comprehensive
index of coronary artery bypass graft performance,
the Quality Management Working Group of the Society
of Thoracic Surgeons used an all-or-nothing approach
to calculate a composite index of 4 indicators of peri-
operative care [22]. The state of Minnesota uses
all-or-nothing composite scores for clinics that require
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AKi NOTPeOyIoTb NEBHMX TUNIB JOMMAAY: NiKyBaHHA XBOPMX
Ha giabet (5 KOMNOHEHTIB), CyANHHY NaTonorito (4 kKomMno-
HeHTK), acTMy (3 KOMMOHEHTH), CepLeBy HegoCTaTHICTb
(3 KOMMOHEHTM), NHEBMOHIIO (2 KOMMOHEHTH) [23].

MoTpiGHO BIOPI3HATU BU3HAYEHHSI MOHATTA «Bce abo
Hi4oro» Big 6inbLL 3aranbHOro TeEpMiHy «nakeT». Y Toh Yac
K NeplMn TEepMiH 30CEpedXyeTbCAd Ha KOHKPETHOMY
npoueci 3axodiB 3 OOrMsay 3a NauieHTOM, OCTaHHIA €
rpynoto «HankpaLmx NpakTuKky, sKi iHanBiAyanbHO Nokpa-
WYOTb TNiKyBaHHA, ane Konu 3acTOCOBYHTbLCH Pa3oM,
NPV3BOAATL 4O 3HAYHO BiNbLLIOro NoKpaLlleHHs [24].

Y Tom xe 4vac nigxig «Bce abo Hiyoro» mae BnacHi
obmexeHHs woao 3actocyBaHHs. Kolfschoten N.E. Ta
cnigaBT. [25] onucanu Tak 3BaHuMn «Pesynbtar nigpy4-
HUKa»: KOMW nauieHT Mae igeanbHi pesynbratv nicns
peseKLii LWNyHKa TO BUCTABMSIETLCS OLiHKA «1», AKLWO Mae
Oyab-aKi ycknagHeHHs (TpvBane nepebysBaHHSA B nikapHi,
XipyprivHe — ycknagHeHHs,, MOBTOpHa rocnitanisauis,
CMepTb TOLLO) TO BUCTaBNSETLCS ouiHKa «0». B HaBege-
HOMY MpuWKnagi, O4YeBMOHO HEBMNPaBOAHO HagaBaTu
0QHaKOBOro 3Ha4YeHHS TpMBanomMy nepebyBaHH!0 B NikapHi
Ta cMmepTi. HatomicTb niaxig mae BigobpaxaTtu BigHOCHY
BaXINMBICTb KOXXHOIO pesynberary, Hanpuknaz, paHxylum
Pi3Hi MOXNWBI pe3ynsTaT 3 TOYKM 30pYy CTYMNeHd
MOTEHLINHOT KMiHiYHOT WwKoaun abo nepesar naujieHTa [26].

HaliBaxnuBiwow CKknagoBOK YCMILLHOrO CTBOPEHHS
BMCOKOTOYHOrO Ta CTaTUCTUYHO NpuiiHATHOTrO liA BUCTYnae
YHOPMYBaHHS OKPEMWX iHOWKATUBHWX MOKa3HWKIB, SKi
BXOAATb A0 MOro cknagy LUNsSXOM 3aCTOCYBaHHS BaroBux
KoediuieHTiB. Ha cborogHi icHye Hu3ka nigxodis Ao
BM3HAYEHHSI BaroBnx KoeqilieHTiB OKpeMmnm iHgukaTopam
nepen ob’eAHaHHAM iX y iHTerpanbHi (tTabn. 3).

certain types of care: diabetes (5 components), vas-
cular pathology (4 components), asthma (3 compo-
nents), heart failure (3 components), pneumonia
(2 components) [23].

It is necessary to distinguish the definition of the
concept «all or nothing» from the more general term
«package». While the former term focuses on a speci-
fic process of patient care interventions, the latter
is a group of «best practices» that individually improve
care, but when applied together lead to significantly
greater improvement [24].

At the same time, the all-or-nothing approach has its
own application limitations. Kolfschoten N.E. et al. [25]
described the so-called «Textbook Score»: when a patient
has perfect results after gastric resection, a score of «1»
is given, if there are any complications (long hospital
stay, surgical complication, re-hospitalization, death, etc.)
then a score is given «0». In the given example, it is
obviously unjustified to give the same importance to
a long hospital stay and death. Instead, the approach
should reflect the relative importance of each outcome,
for example by ranking different possible outcomes
in terms of the degree of potential clinical harm or
patient benefit [26].

The most important component of the successful
creation of a highly accurate and statistically acceptable
liY is the normalization of individual indicative indicators
that are part of it by applying weighting factors.
Today, there are a number of approaches to deter-
mining weighting factors for individual indicators before
combining them into integral ones (Table 3).

Tabnuusa 3. XapaktepucTuka MeToAoNorii BU3HaYeHHs1 BaroBux koedilieHTiB iHOMKaTUBHUX NoKasHuKiB [18]
Table 3. Characteristics of the methodology for determining the weighting coefficients of indicative indicators [18]

MeTtogonorivyHun nigxig
Methodological approach

Xapaktepuctuka
Characteristic

PiBHO3HauHi BaroBi koedilieHTn
Equivalent weighting factors

Bci nokasHukn oTpuMyoTb OAHaKOBY Bary (0QHAKOBI BaroBi KoedilieHTw).
Takun nigxig 3aranom cCBigYUTb NPO Te, WO BCi NOKa3HWKN OOHAKOBO BaXXNuBi
y cKnagi iHTerpanbHOro nokasHuka.

All indicators receive the same weight (the same weighting coefficients).
This approach generally indicates that all indicators are equally important

as part of an integral indicator.

EkcnepTHi Barosi koedilieHTn
Expert weighting factors

[pyna ekcnepTiB Npu3Havae Barosi KoeiLieHTN OKPEMUM iHAMKaTOpaMm 3anexHo

BiJ, KpUTEPIIB rpynu, Takmx sk BXSIMBICTb iHAMKATOPIB, BMNMB, OLjiHKa [OKa3iB,
30IACHEHHICTDb | HAAINHICTb.

The panel of experts assigns weights to individual indicators based on the panel’s criteria,
such as indicator importance, impact, evidence assessment, feasibility, and reliability.

Perpeciini Barosi koediuieHTn
Regression weights

KoxeH iHankaTop 3BaXXeHWUI BiANOBIAHO A0 CTYNEHS MOro 3B’A3Ky 3 pe3ynsraTtoMm,
Hanpuknag, 30-aeHHa cMepTHiCTb. BrkoprcToBytoun Barosi koedpillieHTH perpecii,
NOKa3HWK i3 HANCUIBHILLMM 3B’A3KOM i3 pe3ynbTatoM OTPUMYE HanBULLY Bary.

Llen nigxig moxe OyTW KpaLLmM, SKLLO iCHYE KiHLIeBa TOYKa 30/10TOro CTaHaapTy.
Each indicator is weighted according to its degree of association with an outcome,
such as 30-day mortality. Using regression weights, the indicator with the strongest
association with the outcome receives the highest weight. This approach may be

preferable if there is a gold standard endpoint.

Barosi koediLieHTN Ha OCHOBI aHanidy
OCHOBHWX KOMMOHEHTIB

Weighting factors based

on principal component analysis

Baru Ha ocHOBI aHani3y OCHOBHMX KOMMOHEHTIB MOXYTb ByTu KpalumMm, SKLLO OKpeMi
NOKa3HMKM CUINBbHO KOPEntoTb. Y LbOMY NiAXOAi KopenboBaHi MOKa3HWKN rpynyoTbes,
OCKIfTbKW BOHM MOXYTb MaTy ChifibHi OCHOBHI XapaKTepUCTUKKN. Y LibOMY NiOXOAi KOXeH
NoKa3sHWK 3BaXXyETbCS BiAMOBIAHO A0 MOro NponopLinHOro hakTOPHOTrO HaBaHTaXXEHHS.
Lle He cnig nnyTat 3 MeTogamu, y Sikux hakTOpHMIA aHani3 BUKOPUCTOBYETLCS

nuLle siK YacTuHa npoLiecy BUBOPY OKpEMMUX NMOKa3HMKIB.

Weights based on principal component analysis may be better if individual measures are
highly correlated. In this approach, correlated measures are grouped because they
may share basic characteristics. In this approach, each indicator is weighted according
to its proportional factor loading. This should not be confused with methods in which
factor analysis is used only as part of the process of selecting individual indicators.
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3 meTolo intcTpauii pisHMxX nigxoaiB 40 3aCTOCYBaHHS
BaroBux KoedilieHTiB Npu CTBOPEHHI
MOKa3HMKIB pPO3rMsSIHEMO NPWKNag TPbOX HECnpusT-

nvBKX nogin (tabn. 4).

iHTerpanbHmx

indicators,

In order to illustrate different approaches to the
application of weighting factors when creating integral

consider the example of three adverse
events (Table 4).

Tabnuusa 4. Bnnme pi3HNX CUCTEM 3BaXyBaHHS Ha iHTErpanbHWUN iHAMKaTOP NPU 3HKEHHI YacToTy nogdin (moandikoBaHo 3a [19])
Table 4. The influence of different weighting systems on the integral indicator when reducing the frequency of events

(modified according to [19])

Hecnpuatnuea nogis

Hecnpuatnuea nogis

Hecnpuatnuea nogis

Weighting factor based
on the numerator

Cyma
Iy «A» Tmny «B» Tmny «C» Sum
Adverse event of type «A» | Adverse event of type «B» | Adverse event of type «C»
KinbKicTb HECNPUATMBMX
nogin (4McenbHUK)
Nmber of adverse 15 25 35 75
events (numerator)
3aranbHa KinbKicTb
XBOPUX (3HAMEHHWK)
Total number of patients 30 70 50 150
(denominator)
Barosun koeilieHT
Ha OCHOBI YNCerbHIKa 15/75 = 0,200 25/75 =0,333 35/75 =0,467

Barosui koediuieHT
Ha OCHOBI 3HaMeHHMKa
Weighting factor based
on the denominator

30/150 =0,200

70/150 = 0,467

50/150 = 0,500

OuiHka nogii
Evaluation of the event

15/30 = 0,500

25/70 = 0,357

35/50 = 0,700

IHanKaTop nogin

3a piBHO3HAYHUM BaroBUM
koediuieHTom (0,33)
Event indicator by
equivalent weight factor
(0.33)

0,33x%(15/30) = 0,167

0,33%(27/70) = 0,119

0,33%(35/50) =0,233

IHTerpanbHWM iHAnKaTop
noain = 0,519
Integral event indicator
=0.519

3MEHLLYEMO KinbKiCTb
nogin Tuny «A» Ha 10
We reduce the number of
events of type «A» by 10

0,33%(5/30) = 0,055

0,33%(27/70) = 0,119

0,33%(35/50) =0,233

0,407

3MEHLLYEMO KirnbKiCTb
nogin Tuny «B» Ha 10
We reduce the number
of type «B» events by 10

0,33x%(15/30) = 0,167

0,33%(17/70) = 0,080

0,33%(35/50) =0,233

0,480

3MEHLLYEMO KinbKiCTb
nogin Tuny «C» Ha 10
We reduce the number of
events of type «C» by 10

0,33x%(15/30) = 0,167

0,33%(27/70) = 0,119

0,33%(25/50) =0,165

0,451

IHamKaTop noAin Ha
OCHOBI YMCenbHNKa
(Ha OCHOBI KinbKOCTi
HECTNPUSTIIMBUX NOAIN)
A numerator-based
event indicator

(based on the number
of adverse events)

(15/75)*(15/30) =0,100

(25/75)%(25/70)=0,119

(35/75)%(35/50)=0,326

IHTerpanbHWM iHanKaTop
nogin = 0,546
Integral event indicator
=0.546

3MEHLLYEMO KinbKiCTb
nogin Tuny «A» Ha 10
(cyma nogivi: 75—-10=65)
We reduce the number
of events of type «A»
by 10 (sum of events:
75-10=65)

(5/65)x(5/30) =0,013

(25/65)%(25/70)=0,137

(35/65)*(35/50)=0,377

0,527

3MEHLLYEMO KinbKiCTb
nogin Tuny «B» Ha 10
We reduce the number
of type «B» events by 10

(15/65)x(15/30) =0,115

(15/65)%(15/70)=0,049

(35/65)*(35/50)=0,377

0,541
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MponoBxeHHst Tabnuui 4
Continuation of Table 4

Hecnpusatnuea nogis
TIny «A»
Adverse event of type «A»

Hecnpuatnuea nogis

Hecnpuatnuea nogis

3MEHLLYEMO KinbKiCTb
nogin Tuny «C» Ha 10
We reduce the number of

(15/65)%(15/30) =0,115

Cyma

Tiny «B» iny «C» Sum
Adverse event of type «B» | Adverse event of type «C»

(25/65)%(25/70)=0,137 | (25/65)%(25/50)=0,192 0,444

events of type «C» by 10

IHavKaTop nogin Ha
OCHOBi 3HAMEHHMKa

(Ha ocHOBI 3aranbHol
KiNbKOCTi XBOPUX)
Indicator of events based
on the denominator
(based on the total
number of patients)

(30/150)x(15/30) =0,100

(70/150)%(25/70)=0,166

IHTerpanbHWI iHOnKaTop
nogin = 0,499
Integral event indicator
=0.499

(50/150)x(35/50)=0,233

3MEHLLYEMO KiNnbKiCTb
nogin Tuny «A» Ha 10
Indicator of events based
on the denominator
(based on the total
number of patients)

(30/150)x(5/30) =0,033

(70/150)x(25/70)=0,166

(50/150)*(35/50)=0,233 0,432

3MEHLLYEMO KiNnbKiCTb
nogin Tuny «B» Ha 10
We reduce the number
of type «B» events by 10

(30/150)x(15/30) =0,100

(70/150)x(15/70)=0,099

(50/150)*(35/50)=0,233 0,432

3MEHLLYEMO KinbKiCTb
nogin Tuny «C» Ha 10
We reduce the number of
events of type «C» by 10

(30/150)x(15/30) =0,100

(70/150)x(25/70)=0,166

(50/150)*(25/50)=0,166 0,432

PiBHO3HQ4HI BaroBi koediLieHTn

PiBHO3HauHi BaroBi koediUieHTN npusHavaloTb Bary
B OOHY TPETUHY KOXHOMY 3 TPbOX TUMIB HECMPUSITIIMBUX
nogin (0,33), Wo nNpu3BoAUTL A0 OTPUMAHHS 3HAYEHHSA
iHTerpanbHoOro iHaukatopa nogin, wo aopisHoe 0,519.
Takvin nigxig Mae CcunbHy IHTYITUBHY nNpuBabnuBICTb,
KON Hemae nigctaB Aans  pPoO3pi3HEHHs  pi3HMUI
B CEepMO3HOCTi BMNMBY Ha nauieHTiB Big 3 TuUNiB
HecnpuaTnneMx nogin [19].

Poarnspgatoum Hacnigky BAnMBY Ha 4acTtoTy i, Bigno-
BiOHO, KiNMbKICTb HECNpUATAMBUX MOAIA KOXHOro Tumy,
6yno NpoAEMOHCTPOBAHO, WO PiBHO3HAYHE 3MEHLLEHHS
KOXHOro Tuny HecnpuatnMeBux nogin Ha 10 noain
Npu3BOAMTL A0 OTPUMAHHS Pi3HMX 3HAYEHb iHTerpanb-
HOro iHaukatopa nogin, BignosigHo — 0,407; 0,480
Ta 0,451 (ouB. Tabn. 4). TakMM YMHOM, BMKOPUCTaAHHSI
piBHO3Ha4HMX BaroBux KoediuieHTiB (0,33) cTBOplOE
CTMMYN 30CcepeauTucs Ha nogiax tuny «A» (iHTerpanb-
HUA iHamkaTtop nogii = 0,407), OckinbkM Ue npu3se-
[e 00 Hanbinbloro 3HWXEHHS iHTerpanbHoro iHauka-
TOpa nogin.

MpunycTumMo, WO [OOCATHEHHS1 3MEHLUEHHS Ha
1 HecnpuATNMBY MO ANS KOXHOro 3 TPbOX TUMIB He-
CMpUATNMBKX NOAIN Mae ogHakoBYy BapTiCcTb. Lle no3so-
nsie 3pobuTM BUCHOBOK, LO BUKOPUCTAHHSA PiBHO-
3Ha4YHMX BaroBUX KoeqiUieHTIB CTBOPKE HEOOHAKOBI
CTUMYNM  ANsi  3MEHLUEHHS OKPEMMX iHAMKaTOpIB.
Llen npuknag OeMOHCTPYeE, ik MOXHa BBECTU B OMaHY,
SAKWO  BaroBi  KoediUieHTM  BUKOPUCTOBYHOTbCS  SK
OCHOBa [Arfsi BCTAHOBMEHHSI MpPIOPUTETIB  BTPYy4YaHb,
a He BNNMB Ha iHTerpanbHui ingukatop [19].

Equivalent weighting factors

Equal weighting coefficients assign a weight
of one-third to each of the three types of adverse
events (0.33), resulting in an integrated event indicator
value of 0.519. This approach has strong intuitive
appeal when there is no reason to distinguish between
differences in the severity of patient exposure to
the 3 types of adverse events [19].

Considering the consequences of the impact on
the frequency and, accordingly, the number of
adverse events of each type, it was demonstrated
that an equal reduction of each type of adverse event
by 10 events leads to different values of the integral
indicator of events, respectively — 0.407; 0.480
and 0.451 (see Table 4). Thus, the use of equal weights
(0.33) creates an incentive to focus on type A events
(integrated event indicator = 0.407), as this will lead to
the largest reduction in the integrated event indicator.

Assume that achieving a reduction of 1 adverse
event for each of the three types of adverse events
has the same cost. This allows us to conclude that
the use of equal weighting factors creates unequal
incentives to reduce individual indicators. This example
demonstrates how it can be misleading if weighting
factors are used as a basis for prioritizing interventions
rather than the impact on an integrated indicator [19].
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BaroBi koedilLiEHTU HO OCHOBi YYCEABHUKA

IHOMKaTOp Ha OCHOBI YMCEMbHUKA PO3PaXOBYETLCS
SAK KiNbKIiCTb NauieHTIB, SKi 3a3HanM KOXHOro TUMy He-
cnpuaTtnmeoi nogii («A» abo «B» abo «C»), nogineHa
Ha CyMy KinbKOCTi MNoAen, siki 3a3Hany KOXHOI 3 Hecrnpu-
atnmBux nogdii («A» + «B» + «C»). Y HaBegeHomy
B Tabn. 4 npuknagi iHTerpanbHWiA iHOUKATOP Ha OCHOBI
yucenbHuka crtaHosuTtb 0,546. Ha BigmiHy Big BW3Ha-
YeHHs1 iHTerpanbHOro iHgukKatopa 3 BUKOPUCTaHHAM
PiBHO3HAYHMX BaroBMx KoedilieHTIB po3paxyHOK iHTer-
panbHOro iHAMKaTOopa Ha OCHOBI 4McenbHUKa 34aTeH
NPU3BECTU A0 HEIHTYITUBHUX AiN — Tak Ha TNi 3HWXEHHS
KiNnbKOCTi HecnpuaTnuemx nogin Tuny «B» Ha 10 noain
(15 nogin 3amicTb 25 nopgin) cymapHun iHguKaTop 3anu-
WMBCA NPaKTUYHO HE3MIHHUM  (3MEHLUMBCA MeHLle
HiX Ha 1%) Ta ctaHoBuB BignosigHo 0,541, xo4ya Kinb-
KicTb nogii Tuny «B» 3Hu3unacb Ha 40% (15 nogin
3amicTb 25 nopin). HaBegeHe BulLe iMOCTPYE AK Baro.i
KoeiLieHTW, 3aCHOBaHi Ha YMCENbHUKY, MOXYTb CTPUMY-
BaTM CTUMYNW 30CEpPEedXyBaTUCA HA MEHLU MOLUMPEHUX
TMnax nogin [19]. B Tom xe yac BaroBi koedilieHTH,
3aCHOBaHi Ha u4UCENbHUKY, KOPWUCHI AONsi CTBOPEHHS
CUIMbHUX CTMMYIIB 30CEPEeaNTUCS Ha MOKa3HMKax BUCO-
Koi nowmpeHocrTi [14].

BaroBi koedilLliEHTU HO OCHOBi 3HAMEHHUKA

IHAMKaTOp Ha OCHOBI 3HAMEHHMKA LLie Ha3MBatoTb iHAW-
KaToOpOM MOXXIMBOCTEWN, OCKIiNbKM OBYMCIIIOITLCSA K Kin-
bKICTb XBOPUX, SKi BiANOBIAATb KPUTEPIAM OS5 KOXHOIo
TUMNY HECMPUSTNINBOI Nogji (TOBTO KiNbKICTb MOXIMBOCTEN
ONs HeCnpuATNAMBOI Mogii), mogineHa Ha Cymy nauieHTIB,
AKi BiANOBIAAOTb KPUTEPIAM ONS KOXHOro TUNy Hecnpwu-
SATNMBOI NoAii. Y HaBegeHoMy BuLLe Npuknagi (ous. Tabn. 4)
iHOMKATOp Ha OCHOBI 3HamMeHHuka cTaHoBuTb 0,499.
IHTerpanbHUIM iHOUKaTOP Ha OCHOBI iIHAMKATOPIB HA OCHOBI
3HaMEHHVIKa MOXHa po3paxyBaTu He nuLle 3a HaBegeHUM
y Tabn. 4 BapiaHToM, a N y CNpoLIEHOMY BUMMAAi — K
CYMY KinbKOCTi HECMPUATIIMBMX NOAIN 3a Pi3HUMM TUNaMW,
NoAineHy Ha cymy, LLO BiANOBIAAE KpUTEPISAM AN KOXHOro
TMNy NobivHOI Nogii (Ha 3aranbHy KinNbKiCTb NALEHTIB, ska
y HaBeZeHoMy npuknagi gopisHioe 150), TobTo cymy —
(30/150)%(15/30) + (70/150)%(25/70) + (50/150)%(35/50)
MOXHa CMPOCTUTU SIK —

(15+25+35)/150 = 0,500
(y TabrnmyHomy pospaxyHky — 0,499).

TakMM YMHOM, 3MEHLLEHHSI KOXXHOTO TUMY HECnpusaT-
nmBux nogin Ha 10 mae TOYHO Taku camMmuin BMNUB Ha
3BeOeHUNn nokasHuK. Barosi koediuieHTM Ha OCHOBI
MOXXIMBOCTEN CTBOPIOKOTb OAHAKOBUIA CTUMYIN 30Ccepeam-
TUCA Ha KOXHOMY Tuni Hecnpusatnueoi nogii. Kpim Toro,
BaroBi KoeqiuieHTM Ha OCHOBI MOXIMBOCTEW BpPaxo-
BYIOTb BiAMIHHOCTI B TMNax Naui€eHTiB, 3a SKUMU MOXe
HagaBaTy OOMOMOry MocTavanbHUK, TiEl Mipot, SK Ui
BiAMIHHOCTI BigoGpaXkeHi B KinbKOCTi ntogen, ski MatoTb
npaBo Ha KoxeH nokasHuk [19]. 3 paHumu Kara P.
Ta cniaBT. (2022 p.) [14] iHOMKaTOPX MOXNMBOCTEN €
OOHVMM 3 HaWbINbLL BUKOPUCTOBYBAHUX METOLIB OLLHKN.

Barclay M. Ta cnisaBT. (2019 p.) [26] 3BepTatoTb yBary,
wo 6GaraTo iHTerpanbHUX iHOWKATOPIB 3aCTOCOBYHTb
npasuna Knacudikauii Ha OCHOBI MOPOroBUX 3Ha4YeHb
Ansa cTaHpapTMaauii pisHopigHUX iHOUBIAyanbHUX NOKas-
HVKIB B y3rogeHomy MacwTabi. Mipu, ski npupogHo
Oe3nepepBHi, BigobpaxalTbCA Ha KaTeropianbHi Aia-
nasoHn nepen o6'€AHAHHAM Yy 3aranbHUA KOMMO3MT.

Weighting factors based on the numerator

The numerator-based indicator is calculated as the
number of patients who experienced each type of
adverse event («A» or «B» or «C») divided by the
sum of the number of people who experienced each
of the adverse events («A» + «B» + «C»). In example
in the table 4, the integral indicator based on the
numerator is 0.546. In contrast to the definition of the
integral indicator using equal weighting factors, the
calculation of the integral indicator based on the nu-
merator can lead to counterintuitive actions — for
example, against the background of a decrease in
the number of adverse events of type «B» by 10 events
(15 events instead of 25 events), the total indicator
remained practically unchanged (decreased by less
than 1%) and was 0.541, respectively, although the
number of type «B» events decreased by 40% (15 events
instead of 25 events). The above illustrates how
numerator-based weights can discourage incentives to
focus on less common types of events [19]. At the same
time, numerator-based weights are useful for
creating strong incentives to focus on high-prevalence
indicators [14].

Weighting factors based on the denominator

The denominator-based indicator is also called
the opportunity indicator because it is calculated as
the number of patients who meet the criteria for each
type of adverse event (ie, the number of opportunities
for an adverse event) divided by the sum of patients
who meet the criteria for each type of adverse event.
In the above example (see Table 4), the indicator based
on the denominator is 0.499. The integral indicator based
on indicators based on the denominator can be calcu-
lated not only according to the table. 4 variant, but
also in a simplified form — as the sum of the number
of adverse events of different types, divided by the
amount that meets the criteria for each type of
adverse event (for the total number of patients, which
in the given example is equal to 150), i.e. the sum —

(30/ 150)%(15/30) + (70/150)*(25/70) + (50/150)*(35/50)
can be simplified as —

(15+25+35)/150 = 0.500
(in the table calculation — 0.499).

Thus, reducing each type of adverse event by 10
has exactly the same effect on the composite score.
Capability-based weights create an equal incentive
to focus on each type of adverse event. In addition,
capacity-based weights account for differences in the
types of patients a provider can serve, to the extent
that these differences are reflected in the number
of people eligible for each measure [19]. With the data
of Kara P. et al. (2022) [14] capability indicators are one of
the most widely used evaluation methods.

Barclay M. et al. (2019) [26] point out that many
integral indicators apply classification rules based
on threshold values to standardize disparate individual
indicators on a consistent scale. Measures that are
naturally continuous are mapped onto categorical
ranges before being aggregated into an overall compo-
site. For example, when determining the integral
indicator of the quality of medical care for patients with
acute cerebrovascular accident, all individual indicators

BesnepepBHa MegmyHa ocsiTa
Ta opraHi3aLlisi OXOPOHW 300pOB’s

269

Continuing medical education
and health care organization



BicHuk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuTteTy imeHi B.H. KapasiHa.

Cepis Megnumna. 2024. T. 32. Ne 2(49). C. 256-272
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2024;32(2(49)):256-272

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

Hanpuknag npu BM3HA4YeHHi iHTerpanbHOro iHamMkaTopa
SIKOCTi MeOWMYHOT [JOMOMOrM XBOPUM Ha rocTpe nopy-
LWEHHA MO3KOBOro KpoBOOOIry yci OKpemi iHOoukaTopwu
BigobpaxatoTbes 3a wkanoto Big 0 oo 100. be3nepeps-
HUA NOKa3HWK «CepedHii Yyac MK 3amnyCKOM roavHHUKa
Ta Tpombonisncom» 3icTaBnseTbCsi 3 ouiHkoto 100,
Akwo < 30 xB.; ouiHkoto 90, skwo mik 30 Ta 40 xB
Towo [26, 27]. Uen nigxig nopywye 3aranbHun cTa-
TUCTMYHMIA MPUHUMM, 3rigHO 3 SIKMM Taka KaTeropmaauis
3MEHLLY€E CTaTUCTUYHY MOTYXHICTb i NOTEHUINHO npuxo-
BYe BaXnuBsi BigMiHHOCTI [26, 28]. JlikapHi 3 cepegHim
Yacom go Tpomboniaucy 29:59 poarnagatumyTbes SK Taki,
WO MatTb CYTTEBO BiAMIHHY NPOAYKTUBHICTb BiA nika-
peHb i3 cepeaHim Yacom 30:01. Lli BiaMiHHOCTI HaBpsag un
BignosigatTb AiNCHOCTI. [loporoBi 3HaAYeHHS, sKi BUKO-
PUCTOBYHOTLCSI AN PO3nodiny NpoayKTUBHOCTI, SIK npa-
BWIO, € AOBINMbHUMU, ane KOHKPeTHUIA BUOIp NOporoBoro
3HA4YEHHsT MOXEe MaTW CEepPUO3HUA BMNNNB Ha OLIHKK
eeKTUBHOCTI opraHisauii [26, 29].

BukopuctaHHA npaBun NPUAHATTA pilleHb Ha MeXi
0o6pvBy € 0CcObNMMBO HEBAANWUM, BPaXOBYHYW, LU0 iHLUI
crnocobu crtaHgapTu3auii BumiptoBaHb 6e3 Tux cammx
obmexeHb nerko gocTynHi [26, 30], Bknovar4m npocte
3aCTOCyBaHHSA  NiHIMHOT  iHTepnonsauii MK Tovkamu
BifCiYeHHs1, HaNpuKnag;

MegpiaHa 30 xBunuH abo meHwe otpumye 100 Gani..

MegiaHa 40 xBunuH To4Ho otpumye 90 Ganis.

MegiaHa 37 xB OTPUMYE OL|iHKY

100 - (100 - 90) x ((37 — 30) / (40 — 30)) = 93.

BUCHOBKHU

IHTerpanbHi iHOMKaTOPWM SKOCTI CNpPAMOBaHi Ha 3Be-
OEeHHS OKpeMUX MOKa3HWKIB SIKOCTi O €ANHOrO MiACYMKO-
BOro iHaukaTtopa. KnioyoBe MpUNyLLEHHS, SiKe NeXuTb
B OCHOBi BWKOPWCTaHHSA iHTerpanbHUX iHOUKaTopiB,
nondrae B TOMy, LUO CKMajoBi 4acTWMHM pa3oM AaloTb
cnpaBegnuee pestoMe Linoro.
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are displayed on a scale from 0 to 100. The continuous
indicator «average time between starting the clock and
thrombolysis» is compared with a score of 100 if < 30 min.;
a score of 90 if between 30 and 40 minutes, etc. [26, 27].
This approach violates the general statistical principle
that such categorization reduces statistical power
and potentially obscures important differences [26, 28].
Hospitals with a mean time to thrombolysis of 29:59
would be considered to have significantly different
performance than hospitals with a mean time of 30:01.
These differences hardly correspond to reality.
Thresholds used for performance distributions are
generally arbitrary, but the specific choice of the
threshold can have a major impact on the evaluations
of organizational performance [26, 29].

The use of cutoff decision rules is particularly
unfortunate given that other ways of standardizing
measurements without the same limitations are readily
available [26, 30], including the simple application of
linear interpolation between cutoff points, for example:

A median of 30 minutes or less gets 100 points.
A median of 40 minutes exactly gets 90 points.
The median of 37 min gets a score of

100 - (100 - 90) x ((37 — 30) / (40 — 30)) = 93.

CONCLUSIONS

Integral quality indicators are aimed at reducing
individual quality indicators to a single final indicator.
A key assumption underlying the use of integral indica-
tors is that the component parts together provide
a fair summary of the whole.
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Prospects for further research

The above recommendations serve as a basis for the
development and implementation of national integrated
indicators of the quality of medical care in Ukraine with the aim
of building a high-quality health care system in Ukraine and
implementing the best global practices for evaluating the
effectiveness of health care technologies.
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