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Bu3HauyeHHS1 YMHHUKIB PU3UKY
PO3BMTKY MeTabOAI4HO-aCOLLIHOBAHOI

XBOPOOU MeYiHKM B AiTeH,
XBOPUX Ha OXKMPIHHS

Identification of risk factors
for the development of metabolic-associated
liver disease in children with obesity

Merta po0OTH — OIIHUTH [IPOTHOCTUYHY 3HAYYIICTH Ta
iH(OPMATHBHICTD AKX KJIIHIKO-Ia00PaTOPHUX MOKA3HU-
KiB, 1110 BU3HAYAIOTH PU3UK PO3BUTKY METabOIYHO-aCOIiii0-
BaHoI xkuposoi xgopobu meuinku (MAKXII) y miteii, XBo-
PUX Ha OKUPIHHS, Ta PO3POOUTH MATEMATUUYHY MOJIEJb IIPO-
THO3YBAaHHS PO3BUTKY TATOJIOTI].

Marepiaau ta meromu. Ob6cresxeno 45 giteir Bikom
11—17 pokiB, XBOpUX HA OKUPIHHS, KX POIMOIININ HA
nBi Tpymi. B ocHOBHY TpyTIy 3aydeHo 22 ANTUHU 3 OKUPIH-
HsM, xBopux Ha MAJKXII, y rpyiy nopiBusguus — 23 aurtu-
Hu 3 oskupiraaM 6e3 MAKXII. KoHTposbHy Tpymy yTBOPH-
o 29 JiTeld, pelpe3eHTATUBHUX 3a BIKOM Ta CTATTIO 0e3
MOPYIIEHb BYIJIEBOAHOr0 0OMiHy. TUIl JKUPOBIIKIAIEHHS
AQHATI3yBAJIN 32 BiHOIICHHIMUI 0613011y Tajgil Ta CTErOH 1
06Boy Tasii Ta 3pocty. BioxiMiunuii anasiis Kposi nepeaba-
YaB BU3HAYECHHS PiBHS IJIIOKO3H, XOJIECTEPUHY, B-JIIONpo-
TeIHIB, 3araIbHOrO OLTpYGiHY, TUMOJIOBOI MPOOH, amaHiH-
aminorpancdepasy, acrmapraraminorpancdepasu 3 pospa-
XYHKOM IXHBOTO criBBifiHOIIeHHs (Koedirient e Pirica).
BusHaueHHs1 B cHpoBartili KpPOBI BMICTY 1HCYJIiHY, JIEIITHHY,
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Objective — to evaluate the prognostic significance and
diagnostic value of selected clinical and laboratory indi-
cators associated with the risk of developing metabolic-
associated fatty liver disease (MAFLD) in children with
obesity and to develop a mathematical model for predicting
disease development.

Materials and methods. A total of 45 children aged
11—17 years with obesity were examined and divided into
two groups.The main group consisted of 22 obese children
with MAFLD. The comparison group consisted of 23 obese
children without MAFLD. The control group consisted of
29 children, representative in terms of age and gender,
without carbohydrate metabolism disorders. The type of fat
deposition was analysed based on the waist-to-hip ratio
(WHR) and waist-to-height ratio (WHtR). Biochemical
blood analysis included determination of glucose, cho-
lesterol, B-lipoproteins, total bilirubin, thymol turbidity
test, alanine aminotransferase (ALT), aspartate amino-
transferase (AST) with calculation of the De Ritis ratio
(AST/ALT). The determination of insulin, leptin,
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QIUTIOHEKTUHY, OCTEOTIOHTUHY, PE3UCTUHY H aJIbJlOCTEPOHY
MIPOBOIMJIN 32 JIOTIOMOTOI0 iMyHO(EPMEHTHOTO aHasi3y 3
BUKOPUCTaHHSIM KOMePIiHHUX HabopiB. MaTeMaTuuHy MO-
nenb mporHodyBanHsa MAJKXII y miteit, xBopux Ha 05KUpiH-
Hs1, OyLyBaJIi 3a IOMOMOTOIO PIBHAHHS JIOTICTUYHOI perpecii
3 OIIHKOIO ii gKocTi 3 Bukopuctanuam ROC-anamisy.

Pesyubrati Ta 00TOBOPEHHSI. YCTAHOBJIEHO, 10 (hopMy-
Banust MAJKXII y miteit 3 OKUPIHHSAM CYIPOBOIKYBAIOCS
PO3BUTKOM abIOMIHAJIBHOTO THITY OKUPIHHSI, IHCYJIIHOPE3KC-
TEHTHICTIO, 3MeHIIleHHsAM Koedimienta jie Pitica, akTuBartiero
CHHTE3Y 1HCYJIiHY, aJIbIOCTEPOHY, JIEITUHY I OCTCOIIONTUHY Ta
3HUKEHHAM BMICTY a/IMIIOHeKTUHY. /L7191 Tporuo3yBaHHs po3-
BuTky MAYKXIT HalftGiIbITy MPOrHOCTUYHY 3HAYYIIICTD MAJTH
7 npenukTopis (iHaexc Macu Tisa, crisBignomients OT /3picr,
koeditient ne Pirica, ingekc HOMA-IR, QUICKI (Quanti-
tative Insulin Sensitivity Check Index), Bmict incyniny B
cupoBartiii kposi Ta jenTtuHy). [lepesipka SKoOCTI piBHSHHS JIO-
TICTUYHOI perpecii mTBepania BUCOKY 3HAYYIIICTh MOJIET Ta
MOJKJIMBICTD 1l 3aCTOCYBAHHS J/IJIs1 IIPOTHO3YBAHHS PO3BUTKY
MAJKXII y miteit, XBOPUX Ha OXKUPIHHSL.

BucHoBkH. 3anporioHOBaHa MaTeMaTHYHA MOJICJIb JIA€
3MoTy Biporigno cmporuosdyBatu po3sutok MAJKXII y
JiTel, XBOPUX Ha OJKUPIHHsI, Ta MOKe OyTU BUKOPHCTaHA B
panuiit giarnoctuiti MAYKXII, 110 gacts 3MOTy HifABUIIIUTY
e(eKTUBHICTD JiKyBaTbHO-TTPOQITAKTUIHUX 3aXO0/IiB [IiTSIM,
XBOPUM Ha O’KMPIHHS.

KimouoBi cioBa: oKupiHHS, MeTaboJiuHO-acoliiioBaHa
SKMPOBA XBOPOOa TEUYiHKH, AIarHOCTHKA, [IPOTHO3, PIBHSHHS
sorictnunoi perpecii, ROC-anasnis, kiactepuuii anasis, IiTu.

MeTa60JquHo—acouif/’IOBaHa JKHMPOBa XBOpoda Te-
ginkn (MAJKXII) cranma nHaimomupeHinmmm
XPOHIYHUM 3aXBOPIOBAHHAM II€UiHKU B JIiTell uepe3
3POCTAHHS YACTOTH AUTSIOTO OKUPIHHSA. XBOpoOa
Habysa riobanbHoro crarycy emigemii [13]. Hacrora
possutky MAJKXII y miteit cranoButs 5—10 %, ae
1eil okasHuk 3pocrae 10 50—80 % y mireit 3 merabo-
JIIYHUMU 3aXBOPIOBAaHHSAMU (HAJIMipHA Maca TiJia, O3Ku-
piHHsI, IyKpoBuil Aiabet 2 Tuity Ta/abo AUCIITizeMist)
[6, 23]. Ycranosseno snaunuii BrumB MAKXII ne
JIUIIIe Ha 3aXBOPIOBAHICTb i CMEPTHICTb, MMOB'A3aHi 3
XPOHIYHOIO TAaTOJIOTIEI0 TTeYiHKM, a I Ha TiABUIIIEHHS
PUBUKY PO3BUTKY CEPIEBO-CYMHHUX 3aXBOPIOBAHb,
I[YKPOBOTO [iabeTy 2 TUITY Ta TenaTOe0ISIPHOL Kap-
nmuHOMU B fopociomy Bimi [3, 20, 24]. Kpim Toro,
MAJKXII € apyroio TpOBIIHOIO TPUYUHOIO TPAHC-
MJIAHTAIl] TeYiHKy B 1opocaux [2]. Panus piarnoctu-
ka MAJKXII y miteit Mmae BupinaibHe 3HAUCHHS 171
3amobiraHHsT MTPOTPECYBAHHIO 3aXBOPIOBAHHS Ta MO-
JimiieHHst pe3ysbratis jgikyBanss. Huni Gioricist me-
YIHKU 3aJIUTIAETHCS 30JI0TUM CTAaHIAPTOM JiaTHOCTHU-
ku MAJKXII, ane ii 3acTocyBaHHSI B UTSIUOMY Billi
oOMeskeHe Yepe3 IHBa3UBHUN XapaKTep i MOTEHIITHO
MOZKJIMBI YCKJIQJIHEHHSI, TTOB’sI3aHi 3 IIUM MeTo10M [8].
Icuye morpeba y MOIIYKY TOYHUX, HEIHBA3MBHUX Ta
ITUPOKOJIOCTYTTHUX 1HCTPYMEHTIB K JIJIsI CKPUHIHTY,
Tak i juig giarnoctukn MAJKXII, gki MOKyTh 3aMiHu-
i Oiornciio neuinky B aiteil. Hespaxkaoun Ha Te, 110
OKUPIHHS € OCHOBHUM YWHHUKOM PHU3WKY, TTOB’S3a-
HuM i3 po3BuTKOM MAKXII, cTyminb OKUpiHHS He
3aBxau Kopemoe 3 TsukkicTio MAJKXIL y mursaomy
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adiponectin, osteopontin, resistin, and aldosterone levels in
blood serum was performed using enzyme-linked immu-
nosorbent assay with commercial kits. A mathematical
model for predicting MAFLD in obese children was const-
ructed using a logistic regression equation with quality
assessment using ROC analysis.

Results and discussion. It was established that the
formation of MAFLD in obese children was accompanied
by the development of abdominal obesity, insulin resistance,
a decrease in the De Ritis ratio, activation of insulin,
aldosterone, leptin, and osteopontin synthesis, and a
decrease in adiponectin content. Seven predictors had the
greatest prognostic significance for the MAFLD deve-
lopment: body mass index, WHtR, De Ritis ratio, HOMA-IR
index, QUICKI index (Quantitative Insulin Sensitivity
Check Index), serum insulin content, and leptin. Assess-
ment of the logistic regression model confirmed its high
predictive value and suitability for predicting MAFLD
development in children with obesity.

Conclusions. The proposed mathematical model allows
accurate prediction of MAFLD development in children with
obesity and can be used in early diagnosis of MAFLD, which
will improve the effectiveness of treatment and preventive
measures for obese children.

Keywords: obesity, metabolic-associated fatty liver
disease, diagnosis, prognosis, logistic regression equation,
ROC analysis, cluster analysis, children.

etabolic-associated fatty liver disease (MAFLD)

has become the most common chronic liver
disease in children due to the alarming increase in
childhood obesity. The disease has reached epidemic
proportions globally and has led to a significant
increase in the prevalence of MAFLD and its associ-
ated complications [13]. The incidence of MAFLD in
children is 5—10 %, but this percentage increases
significantly in children with metabolic diseases,
including overweight, obesity, type 2 diabetes melli-
tus and/or dyslipidaemia, with a prevalence of up to
50—80 % [6, 23]. MAFLD has been found to have a
significant impact not only on morbidity and morta-
lity associated with chronic liver disease, but also on
the increased risk of developing cardiovascular dis-
ease, type 2 diabetes mellitus and hepatocellular car-
cinoma in adulthood [3, 20, 24]. In addition, MAFLD
is currently known as the second leading cause of
liver transplantation in adults [2]. Early diagnosis of
MAFLD in children is crucial for preventing disease
progression and improving treatment outcomes. Cur-
rently, liver biopsy remains the gold standard for
diagnosing MAFLD, but its use in childhood is
limited due to its invasive nature and potential com-
plications associated with the procedure [8]. There is
aneed for accurate, non-invasive and widely available
tools for both screening and diagnosis of MAFLD
that can replace liver biopsy in children. Although
obesity is a major risk factor for the development of
MAFLD, the degree of obesity does not always cor-
relate with the severity of MAFLD in children. Not
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Binti. He B ycix miTeii 3 oxxupinnam suankae MAYKXII.
e cBiguuTh 1po Te, mo B narorenesi MAJKXII Gepe
YUACTh TIOEHAHHS KiJIbKOX YUHHWKIB, 30€peKeHHs
SIKUX THAYKYE 11 porpecyBanHst 710 (Hibpo3y mediHKu
3a BIJICYyTHOCTI BTOPDUHHUX IIPUYNH YPasKeHHs TediH-
KU Ta HAJIMIPHOTO CIOKUBaHHs ajikoroJio [16]. Tomy
HEeOOXiTHO TIOTINOUTY 3HAHHS [[0/I0 YHHHUKIB, TTOB’sI-
3anux i3 BunukaenaM MAJKXII y miteii, xBopux Ha
OJKVIPIHHS, /IS BUSIBJICHHST OCI0 3 PUBUKOM PO3BUTKY
1IbOTO 3aXBOPIOBAHHS TIEYiHKKM Ta BIPOBA/KEHHS
cTpaTeriii mpodiIakTUKN Ta PAHHBLOTO BTPYJYaHHS.

Mera po06OTH — OIIHUTH TPOTHOCTUYHY 3HAUY-
IIiCTh Ta iHQOPMATUBHICTD AESIKUX KJIIHIKO-Tabopa-
TOPHUX IMOKA3HUKIB, 1[0 BU3HAYAIOTH PU3NUK PO3BUTKY
MeTaboIIYHO-acOoiHOBaHOT XBOPOOU TIEUiHKH B AiTEH,
XBOPUX HA OKUPIHHSI, Ta PO3POOUTH MaTeMATUUHY
MO/1€JIb TTPOTHO3YBaHHS PO3BUTKY MATOJIOTI].

Marepianu Ta MeToau

ITizx HammM criocrepeskeHHaM epedyBai 45 aireit
Bikom 11—17 poxkis (cepenniii Bik —(13,4 + 0,3) poky),
XBOPUX Ha OKUPIHHS.

JliarHo3 oskMpiHHSA B JAiTeH i TKOBOTO BiKy BCTa-
HOBJTIOBa/IM 32 pekoMmenatisimu BOO3 npu BusHa-
yenni ingexcy macu tisia (IMT), mo nepesuiiyBaB
97-it neprienTub [ 17]. Tutt skupoBiiKIaieHHs BU3HA-
yaJIn 3a BigHOIeHHAMEU 0680y Tasil ta creron (OT/
OC) ta OT/3pict. Bepudikartiio giarnozy MAKXII
MIPOBO/IMJI 32 PEKOMEH/AIisIMU €BPOIEHCHKOTO Ta
[liBHIYHO- AMEPUKAHCBKOTO TOBAPUCTB AUTAINX
racTPOEHTEPOJIOTIB, TenaToJIoriB i HYTPHUILIOJOTIB
(ESPGHAN, NASPGHAN) [19, 21].

[iteit po3noaimman Ha ABi rpynu. B ocHOBHY TpyITy
3a7yd4eHo 22 NUTUHU 3 OKUPIHHSAM, XBOPHX Ha
MAJKXIIL, y rpytmy NOpiBHIHHS — 23 IUTWHY 3 OXKU-
pirsam 6e3 MAJKXII. KoHTposibHy IPyILy YTBOPIIN
29 pmiteii Ge3 MOpyIEeHb BYTJIEBOAHOTO OOMiHY. Yci
rpyIu OyJiu Penpe3eHTaTUBHUMIY 32 CTATTIO Ta BIKOM.

VeiM JiTsM TPOBOUIIOCS CTAHAAPTHE OOCTEKEHHS,
gaKke 1epenbadaso 36ip anHaMmHesy, (isukaibHe oocTe-
JKeHHs, OloXiMIYHMII aHali3 KPOBI 3 BU3HAYEHHSAM
PiBHSI TJIIOKO3M, XOJIECTepUHY, B-JIIMONPOTEiHiB, 3a-
raJibHOTO Oi1ipybiHy, THMOJIOBOI TPOOH, aJTaHIHAMIHO-
tpanchepasu (AJIT), acmaprataminoTpancdepasu
(ACT) 3 po3paxyHKOM iXHBOTO CITiBBi/[HONIEHHS
(xoeditient me Pitica).

3abip 3pasKiB KPoBi (CUPOBATKM) IS {OCJTI IKEHHS
npoBoamin i3 iepudepitinoi Benu Hatmie 3 08:00 xo
10:00. BuzisieHy asikBOTY CHPOBAaTKHU MOMINATA B
mikpotpobipku Tty Eppendorf ta 36epiranu B xoJ10-
nuiibHil Kamepi 3a Temreparypu —60°C. Aurpo-
MTOMETPUYHI BUMIPIOBaHHS TPOBOJUJIN TOTO CaMOTO
JTHSI, KOJTi GpaJii 3pa3oK KPOBi.

O1iHKy cTaHy iHCYJIHOPE3UCTEHTHOCTI Ta YyTJIH-
BOCTI /10 iHCYJIiHY TTPOBOJIMJIN 32 JIONIOMOTOI0 TOMEO-
CTaTUYIHOI MOzieNi 3 BusHaueHHaM injiexciB HOMA-IR
ta QUICKI (Quantitative Insulin Sensitivity Check
Index), siki po3paxoByBau 3a (HOPMYITAMIL
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all obese children develop MAFLD. This suggests
that the pathogenesis of MAFLD involves a combina-
tion of several factors, the persistence of which
induces its progression to liver fibrosis in the absence
of secondary causes of liver damage and excessive
alcohol consumption [16]. Therefore, it is necessary
to deepen knowledge about the factors associated
with the onset of MAFLD in obese children in order
to identify individuals at risk of developing this liver
disease and to implement prevention and early inter-
vention strategies.

Objective — to evaluate the prognostic significance
and informative value of certain clinical and laboratory
parameters that determine the risk of developing
metabolically associated liver disease in obese children,
and to develop a mathematical model for predicting
the development of pathology.

Materials and methods

We observed 45 obese children aged 11—17 years
(mean age 13.4 + 0.3 years). The diagnosis of obesity
in adolescents was established according to the
recommendations of the World Health Organisation
(WHO, 2016) when determining the body mass index
(BMI, kg/m?), which exceeded the 97t percentile [17].
The type of fat distribution was analysed based on the
waist-to-hip ratio (WHR) and waist-to-height ratio
(WHLtR). Verification of the diagnosis of MAFLD was
carried out according to the recommendations of the
European and North American Societies of Paediatric
Gastroenterologists, Hepatologists and Nutritionists
(ESPGHAN, NASPGHAN) [19, 21].

The children were divided into two groups.
The main observation group included 22 obese children
with MAFLD. The comparison group consisted of
23 obese children without MAFLD. All groups were
representative by gender and age of children.

All children had a standard check-up, which
included taking their medical history, a physical exam,
and blood tests to check their glucose, cholesterol,
B-lipoproteins, total bilirubin, thymol test, alanine
aminotransferase (ALT) and aspartate aminotransfe-
rase (AST) levels. Additionally, the De Ritis ratio
(AST/ALT) was determined.

Blood (serum) samples for testing were collected
between 08:00 and 10:00 from a peripheral vein on
an empty stomach. The separated serum aliquot was
placed in Eppendorf microtubes and stored in a
refrigerator at —60 °C. Anthropometric measurements
were taken on the same day as the blood was
collected.

Insulin resistance and insulin sensitivity were
assessed using a homeostatic model with the HOMA-IR
and QUICKI (Quantitative Insulin Sensitivity Check
Index) indices, calculated using the following
formulas:

HOMA-IR = fasting serum glucose level (mmol/L) x
x fasting serum insulin level (mU/L)/22.5.
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HOMA-IR = piBeHb TJIIOKO3U B CUPOBATIT KPOBi
HaTie (MMOJIB/JT) - PiBEHD iHCYJIiHY B KPOBi
natie (MxOm/m)/22,5.

QUICKT =1 /(log iacyuir, Mk MO /M +
+ log ruokosa, Mr/ ).

HocaikeHHs BMICTY iHCYJTiHY, IENTUHY, a/TUTTOHEK-
THUHY, OCTCONIOHTUHY, PE3UCTUHY I aTbIOCTEPOHY MTPO-
BOJIWJIN 3 BUKOPUCTAHHSIM KOMEPIIHHUX HAGOPIB 15t
imyHodepmentroro anamizy (Insulin ELISA (DRG,
Himeuunna), DRG Leptin ELISA ETA-2395 (Himeu-
gura), Human Adiponectin ELISA (BioVendor,
Himeuyunna), Osteopontin, ENZO LIFE SCIENCE
AG (IlIseiinapist), Human Resistin ELISA
RD191016100 (BioVendor, Yecbka Pecnybiika) Ta
Aldosterone (DRG, CIITA).

Binbip rpeanKTopiB, HAHOIIHIIOK MipOIO OB’ SI3AHUX
i3 pozButkoM MAJKXII y miteii, XBOPUX HA OKUPIHHSA,
TIPOBOIVIIN B /iBa eTamnu. Ha mepiiomy eTarri — morepes-
Hiit BigOip (Dizbrpaltist) yeix 03HAK 32 CTATUCTHYHUMU
kputepisiMu. Sk kputepiit digpTpallii 3acTocoBYBaIN
t-xpurepiit Crorogerta. Ha gpyromy erami moOynoBu
Mozesti (MeToz 0OropTKr) Bigbip o3HAK 3AiHCHIOBAIN
3a sioriomoroio Metory ROC-ananisy (Receiver Operator
Characteristic — orepariiiiHa XapakTepuCcTHKA MPUiiMa-
ya) 3 oninkoio o iz kpusoo AUC (Area Under
Curve) Ta il acIMITOMATIYHOT 3HAYYIIOCTI.

BixiGpani mokasHuku Gysin MpoTeCTOBAHI Ha MOJie-
JIi JIOTICTUYHOI perpecii:

p=1/(1 +exp(-2)),
ez =apt awxi+ axo+ ..+ an; X, ..., Xy — He3aJexK-
Hi 3MiHHI; Ay, ..., @y, — KoedillieHTn perpecii 2.

SAxmo pospaxoBane sHadeHHs p > (0,5, TO TaIi€eHTa
BigHOCKIN 710 TPy XBopux 3 MAJYKXII, gakiio pos-
paxoBasre 3HaueHHs p < 0,5, TO 110 TPyIU XBOpUX Oe3
MAJKXII. BiporigicTs mo0ymoBaHOT MOJIEI OTIiHIO-
BaJIn 3a ii uyTsmBicTio Ta cnenudivnictio [1]. Craruc-
TUYHY 3HAUYIIiCTh MOJIeJi PO3paxoByBaIu 3a JOI0-
moroto Omnibus Test (yHiBepcaibHUil KpUTEpiil Koe-
(hitienTiB) Ta po3paxyHKY MPOTHOCTUYHOI KaTETOPi-
aJIBHOI BaJiIHOCTI TecTy. SAKicTh oTprMaHOi Mojei
MIPOTHO3YBaHHA OIliHIOBaIM 3a ponoMmoroio ROC-
anayizy. 3uauenns moii AUC Bix 0,9 no 1,0 Biamo-
Bizae Biaminuiii sskocti mogesi; Bix 0,8—0,9 — mysxe
xopomiiit; 0,7—0,8 — xoporiit; 0,6—0,7 — cepenniii;
0,5—0,6 — HezamoBinbHiN [14]. [ast otiHkK AUCKpU-
MIHYIOUOl 37IJaTHOCTI MOJIeJIi PO3PaXOBYBATH 1HAEKC
Gini 3a ¢opmyJioro:

Gini=2-(AUC -0,5) - 10,
ne AUC — moma miy ROC-kpuBoio.

3uauenns ingexcy Gini > 40 % Bixmosinae gormyc-
TUMIH TKOCTI MeTOAMKY aHami3y; > 60 % — BiagmMiHHIT
skocri [18].

Jl1s BUSIBJICHHS CTIMKUX TPYT (haKTOPIB, 1O Xapak-
TepU3YIOThCS CHIIBHICTIO OCITI/KYBAaHNX TlapamMeTpiB
Juist Beiel BUOIPKH, MPOBOAMIIN KJIACTEPHUIT aHAJI3.
Kiacudikaniio 00'ekTiB 3iHCHIOBAIN 3a JOIOMOIOIO
iepapxiunoi kimacrepusartii (Hierarchical Cluster Ana-
lysis) MeTomom MizKrpyoBrx 38’s13KiB. [epapxiuHa Kiac-
Tepu3allis nojaraia B o6’€AHaHHI HAWOLIbII CXOKUX
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QUICKT =1 / (log insulin, mU/mL +
+ log glucose, mg/dL)

Insulin, leptin, adiponectin, osteopontin, resistin
and aldosterone levels were measured using commer-
cial enzyme-linked immunosorbent assay kits (Insulin
ELISA (DRG, Germany), DRG Leptin ELISA EIA-
2395 (Germany), Human Adiponectin ELISA
(BioVendor, Germany), Osteopontin, ENZO LIFE
SCIENCE AG (Switzerland), Human Resistin ELISA
RD191016100 (BioVendor, Czech Republic) and
Aldosterone (DRG, USA), respectively.

The selection of predictors most closely associated
with the development of MAFLD in obese children
was carried out in two stages. At the first stage,
preliminary selection (filtering) of all characteristics
was performed according to statistical criteria. Stu-
dent’s t-test was used as the filtering criterion. At the
second stage of model construction (wrapping method),
the selection of features was carried out using the ROC
analysis method (Receiver Operator Characteristic),
with an assessment of the area under the curve (AUC)
and its asymptotic significance.

The selected indicators were tested on a logistic
regression model:

p=1/(1+exp(-2)),
where z = ag+ awxy + awms + ... + anxn) X1, .o, Xn —
independent variables, ao, ..., a, — regression coef-
ficients 2.

If the calculated value of ‘p’ was equal to or greater
than 0.5, the patient was classified as having MAFLD.
If the calculated value of ‘p’ was less than 0.5, the
patient was classified as not having MAFLD. The
reliability of the constructed model was assessed by its
sensitivity and specificity [1]. The statistical sig-
nificance of the model was calculated using the
Omnibus Test (universal criterion of coefficients) and
the calculation of the prognostic categorical validity
of the test. The quality of the resulting prediction
model was assessed using ROC analysis. An AUC value
of 0.9 to 1 corresponds to excellent model quality,
0.8—0.9 to very good, 0.7—0.8 to good, 0.6—0.7
to average, and 0.5—0.6 to unsatisfactory [14]. To assess
the discriminatory ability of the model, the Gini index
was calculated using the formula:

Gini=2 - (AUC —0.5) - 100,
where AUC is the area under the ROC curve.

A Gini index value > 40 % corresponds to accep-
table quality of the analysis method; Gini > 60 %
corresponds to excellent quality of the analysis
method [18].

Cluster analysis was performed to identify stable
groups of factors characterised by common parameters
for the entire sample. The classification procedure was
carried out using hierarchical cluster analysis with the
intergroup connection method. Hierarchical clustering
consisted of combining the most similar objects and
was completed by constructing a dendrogram. Eucli-
dean distances were used as a measure of the distance
between the formed clusters [7].
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00’ekTiB i 3aBepIyBasacss MOOYIOBOIO JEHIPOTPAM.
Miporto BizcTani Mizk c(hOPMOBAaHUMU KIIACTEPAMU CJIY-
rysasia Eskiizosa Bigcrans (Euclidean distances) [7].

PesyuibraTu focuigsxkents 00pobJieHi i3 3acTocyBaH-
HsM JlilleHsiiiHOro makera nporpam Statistica for
Windows 13.0, cepiiinuii nomep JPZ8041382130
ARCN10-], ta SPSS 23.0 for Windows. /{151 Bcix BuziB
aHai3y CTAaTUCTUYHO 3HAUYYIIMMU BBAXKaJU BiAMIiH-
wocti ipu p <0,05.

Ha nposesennst nocstijpkKeHHsI OTPUMAHO JI03BiJ
KOMicii 3 mutanb GioeTHKH 3amopisbKoro JepsKaBHOTO
MeMKO-(hapMaIieBTUYHOTO YHIBEPCUTETY. ¥YCi TIPOIIe/y-
P4, BUKOHAHI B IOCTIKEHHSX 32 YYacCTIO JiTeH, Bimo-
BiJlaJTM €TUYHUM CTaHJapTaM iHCTUTYIIMHOTO i Hallio-
HAJIbHOTO KOMITETY 3 JIOCi/iKeHb 1 [ebCciHehKil ek-
gapartii 1964 p. Ta ii mi3HIIMM MONpPaBKaM i iHIIIM
eTUYHUM cTaHzapTam. [HhopmoBaHa 3rofa Oyia oTpuma-
Ha BiJI KOXKHOTO yJacHHKa abo IXHIX o(ilifiHIX OMiKyHiB.

Pe3y.TIbTaTI/I Ta Oﬁl’OBOpeHHﬂ

[TopiBHAHHS aHTPOITOMETPUYHUX TOKA3HUKIB TPYTI
criocrepeskents (tabJ. 1) mokasaJio, o B IpyIi aiteit
i3 MAJKXII IMT 6GyB cTaTHCTUYHO 3HAYYIIE BUILUM
3a nokasuuk y gireit 6es MAJKXII (p < 0,05).

36inpuendss IMT B OCHOBHIN TPyII CYyIPOBOIKY-
BaJIOCSl PO3BUTKOM abA0MiHAJIBHOTO (aHIPOILHOIO)
THITY OKUPIHHS, TTPO 110 CBITYUIIO Ti/IBUIIIEHHS BeJIH-
yunau criBigHomeHs OT/OC Ta OT /3picT (p < 0,05).
Mitu, xBopi Ha MAJKXTI, Masiu CTaTUCTUYHO 3HAYYIITY
pI3HMITIO Mixk 3HaueHHAMH Koedimienta ne Pitica
HOPiBHSHO 3 rpy1ioto aiteit 6e3 MAJKXII (p < 0,05).
3a TIOKa3HWKaMU XOJIECTEPUHY, PB-JIMOTPOTEIHIB i
TJIIOKO3U B CMPOBATILI KPOBi TPy CTATUCTUYHO 3HA-
gymio He Bigpisusmcs (p > 0,05).

Y nmiteit i3 MAJKXII 32 HOpMasbHUX TTOKa3HUKIB
TJIIOKO3M Cepe/iHl 3HAYeHHsI KOHIeHTpallil iHCyJiHy
Harmie ta ingekcy HOMA-IR mnepeBuimyBanmu B
1,8 pasy anasoriuHi MOKA3HWKHU [iTeil TPyNU MOPiB-
msnist (p < 0,05), 10 pa3oM 3 HIDKYUMU TTOKA3HUKAMU
QUICKI (p < 0,05) BkazyBaso Ha po3BUTOK iHCYJIi-
HOPE3NCTEHTHOCTI.

Amnaniz piBHS aIUTIOKWHIB 1TOKa3aB, MO0 PO3BUTOK
MAJKXII cynpoBoOKyBaBcs CTATUCTUIHO BUIUMU
MTOKA3HUKAMU JIENTUHY T OCTEOTIOHTUHY Ta 3HMKEH-
HSIM BMICTY QJIMIIOHEKTWHY B CHpPOBATIi KpOBi
(p < 0,05). 3a BMicTOM CTIE(ITHOTO CEKPETOPHOTO
(baxTopa KMPOBOI TKAHWHU — PE3UCTUHY TPYIU CYT-
TeBo He Bimpismsmes (p > 0,05). Y marmientiBi 3
MAJKXII Biji3gHaueHo akTUBAIliI0 CUHTE3Y aJbJ0CTe-
poiy, BMicT sikoro B 1,5 pasy mepeBUIIyBaB TaKuil
y gireit 6es MAJKXII (p < 0,05).

Ha niepiomy eTarti ocmipkeHHS METOZOM (hiTbTpa-
1T U1 TIOAJIBIIOTO aHasIi3y OyJio Bigiopano 11 mokas-
nukiB: IMT, OT/OC, OT /3picr, koedimient e Pirica,
ingekc HOMA-IR, ingekc QUICKI, incyin, jientu,
AJIMTTIOHEKTHH, OCTEOTIOHTHH, aJIb/IOCTEPOH.

[l OIiHKY AMCKPUMIHAIINHOI 3[ATHOCTI TOCTIi/T-
sxxeanx mapkepiB MAJKXII sacrocoByBamu ROC-

N? 4 2025

The research results were processed using the
licensed statistical software package Statistica for
Windows 13.0, serial number JPZ8041382130
ARCN10-]J, and SPSS 23.0 for Windows. For all types
of analysis, differences were considered statistically
significant at p < 0.05.

When planning the study, permission was obtained
from the regional bioethics committee of Zaporizhzhia
State Medical and Pharmaceutical University. All
procedures performed in studies involving children
complied with the ethical standards of the institutional
and national research committee and the 1964 Helsinki
Declaration and its subsequent amendments or
comparable ethical standards. Informed consent was
obtained from each participant included in the study
and their legal guardians.

Results and discussion

A comparison of the anthropometric parameters of
the observation groups, shown in Table 1, demonstrated
that the body mass index in the group of children with
MAFLD was significantly higher than the corresponding
parameter in the comparison group (p < 0.05).

As can be seen from the Table 1, the increase in BM1
in the main group was accompanied by the development
of abdominal (android) obesity, as evidenced by an
increase in the ratios of WHR and WHtR compared to
the children without MAFLD (p < 0.05). Patients with
MAFLD had a statistically significant difference in the
De Ritis ratio compared to the group of children without
MAFLD (p < 0.05). The observation groups were not
statistically different in cholesterol, B-lipoprotein and
glucose levels in blood serum (p > 0.05).

In children with MAFLD, with normal glucose
levels, the average values of fasting insulin concentra-
tion and HOMA index were 1.8 times higher than in
children from the comparison group (p < 0.05), which,
together with lower QUICKT index values (p < 0.05),
indicated the development of insulin resistance.

Analysis of the results of adipokine levels in children
from the observation groups revealed that development
of MAFLD was accompanied by statistically higher
levels of leptin and osteopontin and a decrease in serum
adiponectin (p < 0.05). The levels of another specific
secretory factor of adipose tissue, resistin, did not differ
significantly between patients with MAFLD and the
comparison group (p > 0.05). In the group of patients
with MAFLD, activation of aldosterone synthesis was
noted, the content of which was 1.5 times higher than
in the group of children without MAFLD (p < 0.05).

At the first stage of the study, 11 indicators were
selected for further analysis using the filtration
method: BMI, WHR and WHtR, De Ritis ratio,
HOMA index, QUICKI index, insulin, leptin, adi-
ponectin, osteopontin and aldosterone.

Subsequently, ROC analysis was used to assess the
discriminatory ability of the studied MAFLD markers,
determining the optimal cut-off point — the value of
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Tabamug 1
KAiHikO-Aa60paTOpHi XapaKTepUCTUKK Tpyrn
cnocrepexxeHHs1 (M + m)

Table 1
Clinical and laboratory characteristics of the observation
groups (M + m)

OXxMpiHHS OXUpiHHSA Obesity Obesity
MokasHuk 3 MAXXI 6e3 MAXKXI Indicator with MAFLD without MAFLD

(n=22) (n=23) (n=22) (n=23)
IMT, kr/m? 3445+1,05  29,86+0,80 BMI, kg/m? 34.45+1.05' 29.86+0.80
OT/0C, y.o. 0,97 40,02 0,93+0,01 WHR, c.u. 0.97+0.02 0.9340.01
OT/3picT, y.o. 0,67+0,01" 0,58+0,01 WHIR, c.u. 0.6740.01 0.5840.01
XoAecTepuH, MMOAB/A 4,47 +0,24 4,53+0,23 Cholesterol, mmol/I 4.47+0.24 4.53+0.23
B-AinonpoTeinn, MMOAB/A 42,69+2 4 41,73+2,33 R-lipoproteins, mmol/l  42.69 +2.4" 41.73+2.33
TAIOKO3a, MMOAbB/A 4,18+0,15 4,15+0,10 Glucose, mmol/L 4.18+0.15 4.15+0.10
KoediuieHT ae PiTica, y.o. 0,55+0,05' 0,88+0,05 De Ritis ratio 0.55+0.05" 0.88+0.05
IHaekc HOMA-IR 4,34+0,41 2,43+0,20 HOMA index 4344041 2.43+0.20
Iaekc QUICKI 0,31+0,041 0,34+0,007 QUICKI index 0.31+0.04" 0.34+0.007
IHCYAIH, MKMO/MA 23,25+£1,95"  13,11+1,05 Insulin, pU/ml 23.25+1.95' 13.11+1.05
AAbAOCTEPOH, MI/MA 540,77+68,91" 357,5+25,30 Aldosterone, pg/ml 540.77 +68.91" 357.5+25.30
AAMMOHEKTUH, MKI/MA 1,63+0,19 2,54+0,38 Adiponectin, ug/ml 1.63+£0.19 2.54+0.38
AeNTUH, HI/MA 43,734,041  22,17+3,20 Leptin, ng/ml 43.73£4.04' 22.17+3.20
Pe3nctuH, Hr/mMA 4,75+0,62 3,99+0,44 Resistin, ng/ml 4.75+0.62 3.99+0.44
OCTEOMNOHTUH, HI/MA 21,25+2,671 13,53+2,46 Osteopontin, ng/ml 21.25+2.67" 13.53+2.46

Mpumitka. ' p<0,05 — nopisHsiHO 3 naujieHTammn 6e3 MAXKXI.

amaJi3 i3 BU3HaYeHHAM ONTUMaJIbHOI TOYKHU Bi/[CiKaH-
Hs (optimal cut-off point) — 3HaueHHsT TOKa3HMKA
JUIS. TIPOTHO3Y, YYTIUBOCTI Ta crelnu@iaHocTi, 110
BiZITIOBIIaTOTh BU3HAUEHIN AMCKPUMIHAIINHIN TOYIT
(tabm. 2).

3a pesynsratramu ROC-anamisy, HalbiibImy 1mpo-
THOCTUYHY TiHHICTD JIJIs1 BA3SHAUEHHS PU3UKY PO3BUT-
Ky MAJKXII y nmiteif, XBOprX Ha OXUPIHHS, Maju
7 npenukropis: 3uaverns IMT > 32,08 kr/m?, Besinuu-
Ha criBBiznomenus OT /3pict > 0,62 y. 0., KoediltieHT
ne Pitica<0,73y.0, ingexkc HOMA-TIR > 2,78, QUICKI
<0,32, B™icT incyJtity B cupoBarii kposi Hatie > 18,75
MKMO /mu, entuny > 25,5 ur/mu. Otepartiiiini xapak-
tepuctukn 1ol mij; ROC-xkpuBumMu 1ux $haxkTopiB
HAOy/IM CTAaTUCTUYHO 3HauyIoro pisas (p < 0,05) —
0,752—0,879, 1110 3a 3arabHOTIPUIHSITOIO KiTacudika-
1i€o BKasye Ha 100py i myske 1o6py IXHIO TPOrHOCTHY-
HY [IHHICTD 11I0/10 TPOTHO3YyBaHHS PO3BUTKY MAKXII
y ZliTelt, XBOPUX HA OKUPIHHA. [HIITI YOTUPH MTOKA3HN-
ku (OT/OC, BMicT aIuTTIOHEKTUHY, OCTCOIOHTUHY T
AJTbIOCTEPOHY B CUPOBATII KPOBi) Ha JIPyroMy eTari
Biztbopy OyJivt BIJIyU€eH] SIK TaKi, 1[0 He MAIOTh CTATHC-
TUYHOI 3HAUYIIOCTI NCKPUMIHAIIIHOT 3/IaTHOCTI.

BixgiGpani dbakropu BUKOpHCTANU JJIsT TTIOOYIOBH
piBHSIHHS JloricTYHOI perpecii (Tabir. 3).

3a pe3yJibTaTaMu JIOTICTUIHOI Perpecii MoIesIb 1po-
rHO3Y iMoBipHOCTI po3BuTKy MAJKXII y miteii, xBo-
PUX Ha OKUPIHHS, Majla TAaKUI BUJL:
p=1/(1 +exp(—(—-39,133 + 0,261X1 + 33,406X2 —

—7,788X3 + 2,184X4 + 31,526X5 —
—-0,145X6 + 0,007X7))).

Knacudikariiina 37aTHiCTh MOJesTi BU3HAUYEHA 3a

JaHUMU HaBdasibHoi BUGipku —91,1 % (Tabir. 4).
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Note. 'p<0.05 — compared to patients without MAFLD.

the indicator for prognosis, sensitivity and specificity
indicators corresponding to the specified discrimina-
tory point (Table 2).

According to the results of ROC analysis, seven
predictors had the greatest prognostic value in
determining the risk of developing MAFLD in obese
children, namely: BMI of 32.08 kg/m? and above, waist-
to-height ratio of 0.62 standard units and above, De Ritis
ratio of 0.73 units and below, a HOMA index of 2.78 and
above,a QUICKI index of 0.32 and below, fasting serum
insulin levels of 18.75 pU /ml and above, and leptin levels
of 25.5 ng/ml and above. The operating characteristics
of the areas under the ROC curves of these factors
reached a statistically significant level (p < 0.05) and
ranged from 0.752 to 0.879, which, according to the
generally accepted classification, indicates their good
and very good prognostic value in predicting the
development of MAFLD in obese children. The other
four indicators (waist-to-hip ratio, serum adiponectin,
osteopontin and aldosterone levels) were excluded in
the second stage of selection as they did not have
statistically significant discriminatory power.

The selected factors were used to construct a logistic
regression equation (Table 3).

Based on the results of logistic regression, the model
for predicting the probability of developing MAZHP
in obese children was as follows:
p=1/(1+exp(—(-39.133 + 0.261X1 + 33.406X2 —

— 7.788X3 + 2.184X4 + 31.526X5 — 0.145X6 +

+ 0.007*X7))).

The classification ability of the model was deter-
mined based on the training sample data and amounted
to 91.1 % (Table 4).
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Tabanug 2
OuiHka AMCKPMMIHALLiMHOT 3AATHOCTI AOCAiAXKeHMX mapkepiB MAXKXIT 3a pesyAbTatamn ROC-aHaAisy

;A;l:;nlxlomamqﬂuﬁ Touxa '
o Ac o Moo BRA__ i e o

KaHHs

Mexa Mexa
IMT 0,752 0,062 0,001 0,630 0,875 32,08 733 71,9
OT/Ob 0,604 0,091 0,233 0,425 0,783 0,96 50,0 73,9
OT/3pict 0,879 0,055 0,0001 0,772 0,987 0,62 81,8 82,6
KoedpiuieHT ae Pitica 0,805 0,066 0,0001 0,676 0,934 0,73 86,4 73,9
HOMA-IR 0,818 0,094 0,017 0,633 1,000 2,78 72,7 77,8
QUICKI 0,834 0,061 0,0001 0,715 0,953 0,32 72,7 73,9
IHCYAIH 0,857 0,055 0,0001 0,749 0,965 18,75 72,7 87,0
AenTuH 0,834 0,061 0,0001 0,714 0,954 25,5 77,3 78,3
AAMMOHEKTUH 0,702 0,104 0,080 0,498 0,907 1,67 71,4 58,3
OCTeonoHTHH 0,695 0,092 0,056 0,514 0,875 16,05 64,7 68,7
AAbAOCTEPOH 0,635 0,122 0,311 0,395 0,874 370,0 53,8 62,5
Table 2

Discriminatory ability scores of the studied MAFLD markers based on the results of ROC analysis

Asymptotic 95 % CI

Standard Asymptotic

Indicator Area Error Significance, p Lower Upper Cut-off point Sensitivity, % Specificity, %
Bound Bound
BMI 0.752 0.062 0.001 0.630 0.875 32.08 73.3 71.9
WHR 0.604 0.091 0.233 0.425 0.783 0.96 50.0 73.9
WHtR 0.879 0.055 0.0001 0.772 0.987 0.62 81.8 82.6
De Ritis ratio 0.805 0.066 0.0001 0.676 0.934 0.73 86.4 73.9
HOMA 0.818 0.094 0.017 0.633 1.000 2.78 72.7 77.8
QUICKI 0.834 0.061 0.0001 0.715 0.953 0.32 72.7 73.9
Insulin 0.857 0.055 0.0001 0.749 0.965 18.75 72.7 87.0
Leptin 0.834 0.061 0.0001 0.714 0.954 25.5 77.3 78.3
Adiponectin 0.702 0.104 0.080 0.498 0.907 1.67 71.4 58.3
Osteopontin 0.695 0.092 0.056 0.514 0.875 16.05 64.7 68.7
Aldosterone 0.635 0.122 0.311 0.395 0.874 370.0 53.8 62.5

IMOBipHICTD BiIpHOTO TO3UTHUBHOTO PE3yJILTATY
(4yTJUBICTD MOJIEJi) TTPU BUKOPUCTAHHI MOJIEJi CcTa-
wosusa 90,9 %, BipHOTO HETATUBHOTO PE3YJIbTATy
(cnenudivnicts momeni) — 91,2 %. Orpumani pe3yib-
TaTW BKa3yIOTb Ha JIOCTATHIN CTYIiHb Y3TO/’KEHOCTI
PeaNbHOTO PO3MOJILITY CIIOCTEPEKEHD 1 PO3MOILITY Ha
mizcrasi MoOYA0BAHOTO PIBHAHHS JIOMICTUYHOL perpe-
cii. Orinka piBHAHHA JOTiCTUYHOI perpecii 3a pe3yJib-
tatamn Omnibus Test mokasana Horo ageKBaTHICTD,
OCKIJIbKM BU3HAYEHO CTAaTUCTUYHO 3HAUYIIUHN piBeHb
y-kBagpary (y? = 44,862; df = 7; p < 0,001). Koedi-
IIEHT ITPOrHOCTUYHOI KaTeropiaibHOI BaJi/THOCTI TECTy
craroBuB 0,858 (p < 0,01), koedittienT merepminariii
mozeai R? — 0,737, 110 cBiguuTh 1mpo Te, mo nodymo-
BaHe pPIBHSHHS JIOTICTMYHOI perpecii Mae 3HAYHY
MOSICHIOBAJIBHY CHUJIY TI0JI0 TPOTHO3Y PO3BUTKY
MAJKXII y mitelt, XBOPUX HA OKUPIiHHS.

At the same time, the probability of a correct positive
result (model sensitivity) when using this model was
90.9 %, and the probability of a correct negative result
(model specificity) was 91.2 %. The obtained results
indicate a sufficient degree of consistency between the
actual distribution of observations and the distribution
based on the constructed logistic regression equation.
The evaluation of the logistic regression equation based
on the results of the Omnibus Test showed its adequacy,
since a statistically significant y-squared level was
determined (y2 = 44.862, df = 7, p < 0.001) The coef-
ficient of predictive categorical validity of the test was
0.858 (p < 0.01), and the coefficient of determination
of the model R? was 0.737, which indicates that the
constructed logistic regression equation has significant
explanatory power for predicting the development of
MAFLD in children with obesity.
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Tabanug 3

O3HakM, 3aAy4eHi B MOAEAb NMPOrHo3y MmoBipHOCTI po3BuTKY MAXKXIT y Aiteii, XBOpMX Ha OXXMPiHHSA

Moxasin oma pepect - wancis T B%AL P
IMT X1 0,261 6,1 1,67-22,19 8,05 0,0046
OT/3pict X2 33,406 12,75 3,06-53,19 14,03 0,0002
KoediuieHT ae PiTica X3 -7,788 17,94 3,88—83,09 16,55 0,00001
HOMA-IR X4 2,184 7,77 204-59,54 9,91 0,0016
QUICKI X5 31,526 10,18 2,5—41,39 11,89 0,0006
IHCyAIH X6 -0,145 17,78 3,83—-82,43 16,42 0,0001
AenTuH X7 0,007 12,24 3,0—49,92 13,88 0,0002
KoHcTaHTa -39,133 — — — —
Table 3
Features included into the model of predicting the probability of developing MAFLD in obese children
Indicator IF eature Regrgssﬁon OR 95 % ClI X2 p

evel coefficient
BMI X1 0.261 6.1 1.67—22.19 8.05 0.0046
WHtR X2 33.406 12.75 3.06—53.19 14.03 0.0002
De Ritis ratio X3 —-7.788 17.94 3.88—83.09 16.55 0.00001
HOMA X4 2.184 7.77 2.04—59.54 9.91 0.0016
QUICKI X5 31.526 10.18 2.5—41.39 11.89 0.0006
Insulin X6 -0.145 17.78 3.83—82.43 16.42 0.0001
Leptin X7 0.007 12.24 3.0—49.92 13.88 0.0002
Constant -39.133 — — — —
Tabanus 4 Table 4

KaacudikauiiHa TabAmusi po3paxoBaHOi HMOBIPHOCTI
po3BuTky MAXXIT y AiTeit, XBOpUX Ha OXMPIHHS

Classification table of calculated probability
of development of MAFLD in children with obesity

MporHo3oBaHo Predicting with Percent
3a piBHSIHHAM perpecii 36ir, % a Regression Equation  Correctly
Tak Hi Yes No Classified
bes MAXXTT 21 2 91,2 Without MAFLD 21 2 91.2 %
3 MAXXT 2 20 90,9 With MAFLD 2 20 90.9 %
3araAbHa yacTka 91,1 Overall Accuracy 91.1 %

[logaTkoBO MPOBOAUIN OIIHKY MPOTHOCTUYHOI
TOYHOCTI PIBHSIHHS JIOTiICTUYHOI perpecii 3a (GopMoIio
ROC-kpuBoi Ta mioteio iz Heio (puc. 1).

[Mnoma mig ROC-kpuBoi0 PiBHAHHS JOTICTUYHOT
perpecii cranosuaa 0,970 = 0,020 (95 % nosipuwmii
intepBan (A1) 0,931—1,000; p < 0,0001). Ingexc
Gini — 94,0 %, 1110 CBiTYUTH PO BUCOKY IIPOTHOCTIY-
Hy cuity Ta epeKTUBHICTD 100y I0BAHOI MOJEJIL.

3a pe3yJIbTataMu i€papXivHOTO KJIACTEPHOTO aHaTi-
3y B IOCJIKYBaHIN BUOIpI HaTOreHeTUYHUX YNHHI-
kiB po3BuTKy MAJKXII y miteit, XBOpUX Ha OKUPIHHS,
BUJILJIEHO /1Ba KaacTepu (puc. 2).

Ipapxiunuii knacTepHUil aHaAi3 IEMOHCTPYE, 10 HA
MOYATKOBOMY eTari (GOPMYETHCSA aCOIiaTUBHUI
B3a€MO3B’5130K Mixk TokagHukamu IMT, incyminy ta
gentuny (kiaacrep 1), o cBiIYUTH IIPO IXHIO KJIIOYOBY
pouib y po3BuTky MAKXII.
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Additionally, the predictive accuracy of the logistic
regression equation was assessed using the ROC curve
and the area under it (Fig. 1).

It was determined that the area under the ROC
curve of the logistic regression equation was AUC =
= 0.970 = 0.020 (95 % CI 0.931—1.0, p < 0.0001).
The Gini Index was 94.0 %, indicating high prognostic
power and effectiveness of the constructed model.

Subsequently, based on the results of hierarchical
cluster analysis in the studied sample of pathogenetic
factors of MAFLD development in obese children, two
clusters were identified (Fig. 2).

The hierarchical cluster analysis clearly demonstra-
tes that at the initial stage, an associative relationship
is formed between BMI, insulin and leptin indicators
(cluster 1), which demonstrates their key role in the
development of MAFLD.
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Puc. 1. ROC-kp1MBa OTPMMAHOIO PIBHSIHHS AOTiCTUYHOT
perpecii
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Fig. 1. ROC curve of the obtained logistic regression
equation
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Puc. 2. AeHAporpama KAQCTepHOro aHaAidy npoBiAHMX
rnaToreHeTMYHMUX YMHHMKIB po3BuTKY MAXXIT y airtei,
XBOPUX Ha OXXMPiHHS (METOA MXXIPYNOBHUX 3B’SI3KiB)

Mpumitka. 1 — IMT; 2 — OT/3picT; 3 — koediuieHT ae PiTica; 4 — iHAEKC
HOMA-IR; 5 — QUICKI; 6 — iHCYAIH; 7 — AeNTUH.

pyruii xkmacrep ¢HOpMOBaHWI KOHTJIOMEPAITIEIO,
aky cranoBui inzieken HOMA-IR ta QUICKI, cmiB-
BigHomenuss OT/pict Ta koedimient ge Pitica. Ot-
pUMaHa KOHTJIOMepallis BiobpaskeHa B iepapXiuHOMY
JlepeBi pi3HUMU TiJTKaMH, a 3a3HaYeHUH KJacTep Iiji-
KPEeCJII0BaB iHilliaJbHy POJIb iHCYJIIHOPE3UCTEHTHOCTI.

Jl71s1 yTOuHEHHST CTPYKTYPHUX B3aEMO3B’SI3KiB /10C-
JIKYBAaHUX YMHHUKIB, SKi BIIMBAIOTH HA PO3BUTOK
MAJKXII y xmite#t 3 0:KUPIHHAM, TIPOBEICHO KOPEJIs-
MINHUI aHasi3 3MinHuX. Bigsnadeno HagBHICTD 3HA-
YYIUX KOPEJISITiH MiK yciMa BUIJIEHNMU YNHHUKAMU
it possutkom MAJKXII (Tabi. 5).

PamzxyBaHHS yCTaHOBJICHUX YMHHUKIB, 110 BILJINBA-
10Tb Ha po3BuTok MAJKXII, naBeneno na puc. 3.

Puc. 2. Dendrogram of cluster analysis of the leading
pathogenetic factors in the development of MAFLD
in obese children (method of intergroup relationships)

Note. 1 — BMI; 2 — WHtR; 3 — De Ritis ratio; 4 — HOMA index; 5 — QUICKI
index; 6 — insulin; 7 — leptin.

The second cluster is formed by a conglomerate
consisting of the HOMA and QUICKI indices, the
WHtR and the De Ritis ratio. The resulting conglo-
merate is reflected in a hierarchical tree of different
branches, and this cluster emphasised the initial role
of insulin resistance.

To clarify the structural relationships between the
studied factors that influence the development of
MAFLD in obese children, a correlation analysis of
variables was performed. Significant correlations were
found between all identified factors and the
development of MAFLD (Table 5).

The ranking of the established factors influencing
the development of MAFLD was as follows (Fig. 3).
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TabAmLg 5
KopeasiLiiliHa MaTpULLsi YMHHUKIB, LLLO BMAMBalOTb Ha po3BUTOK MAJKXIT y AiTeli, XBOPMX Ha 0XMPIHHS
YnHHMK MAXXI  IMT IHCYAIH Aentun HOMA-IR  QUICKI Koedpiuient
Ae Pitica
r 0,462
IMT
p 0,001
. r 0,569 0,245
IHCYAIH
p 0,0001 0,105
r 0,531 0,376 0,448
AenTuH
p 0,0001 0,011 0,002
0,533 0,228 0,951 0,414
HOMA-IR
p 0,0001 0,131 0,000 0,005
-0,476 -0,131 -0,779 -0,173 -0,782
QUICKI
p 0,001 0,390 0,000 0,256 0,0001
KoedbiieT r -0,566 -0,165 -0,320 -0,161 -0,283 0,345
Ae Pitica p 0,0001 0,279 0,032 0,291 0,060 0,020
. 0,631 0,505 0,532 0,587 0,453 -0,430 -0,299
OT/3pict
p 0,0001 0,0001 0,0001 0,0001 0,002 0,003 0,046
Table 5
Correlation matrix of factors influencing the development of MAFLD in children with obesity
Indicator MAFLD BMI Insulin Leptin HOMA QUICKI De Ritis ratio
r 0.462
BMI
p 0.001
. r 0.569 0.245
Insulin
p 0.0001 0.105
. r 0.531 0.376 0.448
Leptin
p 0.0001 0.011 0.002
r 0.533 0.228 0.951 0.414
HOMA
p 0.0001 0.131 0.000 0.005
r -0.476 -0.131 -0.779 -0.173 -0.782
QUICKI
p 0.001 0.390 0.000 0.256 0.0001
o -0.566 -0.165 -0.320 ~0.161 -0.283 0.345
De Ritis ratio
p 0.0001 0.279 0.032 0.291 0.060 0.020
WHIR r 0.631 0.505 0.532 0.587 0.453 -0.430 -0.299
p 0.0001 0.0001 0.0001 0.0001 0.002 0.003 0.046

CucTeMOyTBOPIOIOUNM YMHHUKOM Y KOPEJIAIIiHii
MaTpuiii € criBBigHomnenHs OT/3picT — MoKa3HUK, IO
BU3HAYAE THUI KMPOBI/IKIA/IEHH, SKMH Ma€ 3aKOHO-
MipHi B3a€MO3B’A3KH 3 yciMa iHIIUMU YUHHUKAMU.
[pyre Mmiclie 32 BeJIMYMHOIO BIUINBY Ha PO3BUTOK
MAJKXII mociB BMICT iHCYJIIHY B CHPOBATIli KPOBI,
TpeTe — piBeHb JIeNTUHY B CUPOBATII KPOBI, 1HIEKC
HOMA-IR ta QUICKI, uerBepre Ta m'site — Koedi-
nient ge Pitica ta IMT Bigmosizgxo.

Oo6rosopenHs

Maremarnynuii aHajis i3 IOKPOKOBUM BiZbopoM
3MIHHUX JIJIST TIOYATKOBOTO HAOOPY JaB 3MOTY BUI-
JINTHU 7 TIPOBITHUX YMHHUKIB, IO BJUBAIOTH HA PO3BU-
Tok MAJKXII y mitei, XBOpUX Ha OKUPiHHA. YcTa-
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The ratio of OT/growth acts as a system-forming
factor in this correlation matrix — an indicator that
determines the type of fat deposition, which has regular
interrelations with all other factors. The second most
influential factor in the development of MAFLD was
serum insulin content. The next three factors had the
same rank — serum leptin content, HOMA index and
QUICKT index — ranked third among the factors
determining the development of MAFLD. The fourth
and fifth were the De Ritis ratio and BMI, respectively.

Discussion

Mathematical analysis based on stepwise selection
of variables for the training set allowed us to identify
seven leading factors influencing the development of
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KoedpiujieHT
Ae PiTica

N? 4 2025

De Ritis

Puc. 3. Ajarpama 3B’s13KiB YMHHMKIB, LLLO BNAMBAIOTb
Ha po3BuToK MAXKXIT y AiTei, XBOpUX HA OXKMPIHHS

HOBJIEHO, 1110 abI0MiHaAJIbHE OKUPIHHS, TilepiHcyTiHe-
Mis, TifepJenTuHeMisl Ta iHCYJIIHOPEe3UCTEeHTHICTh €
KJTIOUOBUMM eJIeMEHTaMI TOIIKO/KeHHST MeYiHKN i1
posButky MAJKXII.

3pOoCTaHHs 1HIEKCY MacH TiJla TiCHO TIOB'S3aHO 3
MAJKXII nmo3o3aiekKHUM YWHOM: PU3UK PO3BUTKY
MAJXII migsuriyerbest mpubansHo Ha 20 % Ha KOXK-
Hy opuauIio 30ubiernst IMT [22]. ¥ po6ori S. Zhang
i criiBaBT. mokaszano, 1o 36ibuenas IMT 3a paxyHOK
HAJIMiPHOTO HAKOTIMYEHHS JKUPY B Opraxiami il Tun
POBIIOALITY KUPY B OPraHizMi MOKYTb OyTH IPOBIAHUMMU
gunHukamu pusuky po3sutky MAJKXIT [25]. Osxu-
PIHHSI COIPUUIHSIE TIEPIHCYITHEMITO Yepe3 301IbIeHHST
6a3aJbHOI Ta MOCTIPAHIAIbHOI CeKpPeLil iHCYIiHY, 110
MIPU3BOMUTDL 110 iHCyiHOpe3ucTeHTHOCTI [20]. BBa-
JKAETDCS, M0 1HCYJIIHOPE3NCTEHTHICTh BUHUKAE Tiepe-
BKHO Yepe3 HA/IXO/KEHHS JITi/iB Y TeYiHKY, M 131 Ta
IHIIII TKAHWHU 13 JKUPOBOi TKAHWHU, KA TICPEBUIITNIIA
3matHicTh 10 36epiranns [12]. Tinepincysinemis, mo-
B’si3aHa 3 1HCYJTIHOPE3UCTEHTHICTIO, TPUCKOPIOE JITIO-
aTloIITO3 TenaToIuTiB i (hibporeHes TiJ Yac PO3BUTKY
MAJKXII [5]. IomKkomsKeHHst TemaTonuTiB MPU3BO-
JIMTh JI0 HAJXO/DKEHHST (DePMEHTIB y KpoBOOOir. Ak
ACT, tak i AJIT € BaskyimBuMu Tectamu (DyHKITii nedin-
KW, ajie CrerudiuHimoto 1715 MOMKOKEHHS TeTiHKT
BBaykatoTh AJIT, OCKiJIbKM BOHA MiCTUTBHCS TIEPEBAYKHO
B neuinti [11]. Iigsumienns aktuBHOcTi AJIT cno-
cTepiraeThesd Ha panHix cragisgx MAKXII, tomy koe-
(dirient e Pirica moke Oytu menmum [15]. He-
3BayKalOuM HAa Yy TJIMBiCTD ITbOTO MapKepa, BUKOPUCTAH-
a1 e AJIT abo koedirtienTa e Pitica /ist CKpUHiH-
ry ¥ miarnoctuku MAJKXII ne pexomeHmyerbcs,
OCKIJIbKYM € KiJTbKa MpU4rH migBuiieHHs pisHsa AJIT,
OKPIM O;KMPiHHA Ta TinepincyJiineMii (BipycHi iHbexITii,
TOKCHUYHE MOIIKO/KEHHST TeYiHKu abo aBTOIMYHHI
saxpopioBanis) [10]. Ha ¢pibposHo-1iupornyHiii cramii
possutky MAJKXII koeditient ne Pitica mae tenien-

Puc. 3. Diagram of factors influencing the development
of MAFLD in obese children

MAFLD in obese children. It has been established that
abdominal obesity, hyperinsulinemia, hyperleptinemia,
and insulin resistance are key elements in liver damage
and the development of metabolically associated fatty
liver disease.

The increase in body mass index is closely related
to MAFLD in a dose-dependent manner. Moreover,
the risk of developing MAFLD rises by approximately
20 % for each unit of increase in body mass index [22].
In a study by S. Zhang et al., it was shown that an
increase in BMI due to excessive fat accumulation in
the body and the type of fat distribution in the body
may be leading risk factors for MAFLD [25]. In turn,
obesity causes hyperinsulinemia due to an increase in
basal and postprandial insulin secretion, which sub-
sequently leads to insulin resistance [20]. Tt is believed
that insulin resistance occurs mainly due to the influx
of lipids into the liver, muscles and other tissues from
adipose tissue that has exceeded its storage capacity
[12]. Hyperinsulinemia associated with insulin resis-
tance directly accelerates hepatocyte lipoapoptosis and
fibrogenesis during the development of MAFLD [5].
Damage of hepatocytes leads to the leakage of enzymes
into the bloodstream. Both AST and ALT are im-
portant tests of liver function, but ALT is considered
more specific for liver damage because it is found
mostly in the liver [11]. Tt is known that increased ALT
activity is observed in the early stages of MAFLD,
which is why the De Ritis ratio may be lower [15].
However, despite the sensitivity of this marker, the use
of ALT or the De Ritis ratio alone for screening and
diagnosis of MAFLD is not recommended because,
firstly, there are several reasons other than obesity and
hyperinsulinemia that can contribute to elevated ALT
levels, such as viral infections, toxic liver damage, or
autoimmune diseases [10], and secondly, in the fibro-
tic-cirrhotic stage of MAFLD, the De Ritis ratio tends
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11i10 /10 3pOCTaHHS Yepe3 PyWHYBaHHS KJITHUH TeYiHKI
it BuBinbuentst ACT i3 miToxonzapiii [15].

Ak KommeHcaTopHa peaxilist Ha TilepiHCyJTiHeMilo
Ta 1HCYJIIHOPE3UCTEHTHICTD BiflOYBa€ThC aKTUBALIis
CUHTE3Y JICITUHY 3 PO3BUTKOM TirnepsenTuHemii [4].
Axio y ¢i3iosoriyHuX yMOBax JIENTHH MAa€ aHTUCTE-
aTOTUYHY /1i10, TO 32 PO3BUTKY TilepJenTuHeMil 11ei
TOPMOH MOXKe CIIPUYUHUTH TIOTipIIeHHS CTeaTo3y
neuinku, po3sutok MAJKXII i ¢pibposy neuinku [9].

3 orJIsily Ha JIAaTHOCTIYHE 3HAYEHHST KOSKHOTO 3 6i0-
MapKepiB, Bifibpanux st mporuosysanass MAJKXIT y
JliTel, XBOPUX HA O5KUPIHHS, 3aIIPOTIOHOBAHO PiBHSHHS
JIOTICTUYHOI perpecii J7is1 BUSHAYeHHsI TPYIU PU3UKY U
MIarHOCTUKU I[bOTO MATOJOTIYHOTO CTaHy, 10 TPYHTY-
€THCS Ha OIlIHIN AK KIIHIYHUX O3HAaK, TaK i OKpPeMUX
IHTerpabHIX MOKA3HUKIB Ta 610XiMIUHIX MapKepiB, 110
3HAYHO ITIBUIILYE YyTIUBICTH OTPUMAHOI MOJIEJI.

Bucoka mporHoctTuyHa IiHHICTD 1 TPOCTOTA 3aCTO-
CyBaHHA 3aITPOIIOHOBAHOI MOIEI AAI0Th 3MOTY BUKO-
pUCTOBYBATH i1 B KJIIHIYHIN TPAKTUIL /1/1s1 BU3HAUEHHST
timoBipHOCTi po3Butky MAJKXII y miteil, XBopux Ha
oxkupinng. CrporrodysBatu po3suTok MAKXII 3
BUKOPHUCTAHHSIM PiBHSHHS JIOTICTUYHOI perpecii Mox-
Ha 3a fonomororo nporpamu MS Office Excel.

BucHoBku

Pozsutok MAJKXII y giTelt 3 0KUPIHHSIM acoIIio-
€TbCA 3 TAKUMU YnHHUKaME: HaaMipamM IMT (BII —
6,1; 95% I 1,67—22,19), 306iblIeHHAM BeJIUYUHI
crmiBBigaomentst OT/3pict (BT — 12,75; 95 % /11
3,06—53,19), rinepincyminemieio (BII — 17,78; 95 %
J11 3,83—82,43), rinepaentunemieio (B — 12,24; 95 %
JT 3,0—49,92), po3BUTKOM iHCYJIiIHOPE3UCTEHTHOCTI
(inmexc HOMA-IR) (BIII 7,77; 95 % /11 2,04—359,54),
nopymeraaM incyninocencutusHocTi (QUICKT) (BIII
—10,18; 95 % /1 2,5—41,39) ta 3meHmmeHHIM Koedi-
mienTa fe PiTica gk Mapkepa MOMIKOMKEHHS TeUiHKN
(BIII — 17,94; 95 % /1 3,88—83,09).

3arporoHoBaHa MaTeMaTUYHA MOJETh A€ 3MOTY
BipoTiZIHO criporuo3yBatu po3BuTok MAJKXII y mitei,
XBOPHX Ha OKUPIHHS, Ta MOKE OYTH BUKOPUCTAHA JIJIST
PaHHDBOI JIaTHOCTUKM I[i€] 1TAaTOJIOTI], 110 JACTh 3MOTY
MABUIATY e(PeKTUBHICTD JKYyBaTbHO-TIPODITAKTHY-
HUX 3aXO0/[iB y /IiTell, XBOPUX Ha OKMUPIHHS.

KoHAIKTY iHTepeciB Hemage.

Y4acTtb aBTOpIB: KOHUENLUis Ta AM3aliH AOCAIAXKEHHS, Kpu-
TUYHWUI NEPErAsiA CTaTTi, OCTaTOYHe 3aTBEPAXKEHHS CTaTTi —
I.O. AexeHKo; aHaAi3 Ta IHTeprpetauiss AaHUX, HarvCaHHS
crarti — O.€. [lawkoBa; 36ip Ta KOMIMOHYBaHHS AaHMX,
HanmcaHHs cTatti — K.B. Camoriauk.
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to increase due to the destruction of liver cells and the
release of AST from mitochondria [15].

As a compensatory response to hyperinsulinemia
and insulin resistance, leptin synthesis is activated,
leading to the development of hyperleptinemia [4].
And if under physiological conditions leptin has an
anti-steatotic effect, then in the case of hyperleptinaemia,
the hormone can contribute to the worsening of liver
steatosis, promoting the development of MAFLD and
liver fibrosis [9].

Thus, taking into account the diagnostic significance
of each of the biomarkers selected for predicting
MAFLD in obese children, a logistic regression
equation was proposed to determine the risk group and
diagnose this pathological condition, based on the
assessment of both clinical signs and separate integral
indicators and biochemical markers, which significant-
ly increases the sensitivity of the resulting model.

The high predictive value and ease of implementa-
tion of the proposed model allow it to be used in clinical
practice to determine the probability of developing
MAFLD in obese children. Calculations of the
prognosis for MAFLD development based on the
logistic regression equation obtained in our study can
be made on a personal computer using MS Office Excel.

Conclusions

The development of MAFLD in obese children is
associated with the following factors: excessive BMI
(OR 6.1,95 % CI 1.67—22.19), increased WC /height
ratio (OR 12.75,95 % CI 3.06—53.19), hyperinsuline-
mia (OR 17.78,95 % CI3.83—82.43), hyperleptinemia
(OR 12.24, 95 % CI 3.0—49.92), development of
insulin resistance (HOMA index) (OR 7.77, 95 %
CI2.04—59.54), impaired insulin sensitivity (QUICKI
index) (OR 10.18,95 % CI 2.5—41.39) and a decrease
in the De Ritis ratio as a marker of liver damage
(OR 17.94, 95 % CI 3.88—83.09).

The proposed mathematical model allows reliable
prediction of the development of MAFLD in obese
children and can be used in the early diagnosis of
MAFLD, which will increase the effectiveness of
treatment and preventive measures for obese

children.
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