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[porHo3yBaHHs BapiaHTa nepeoiry
AiabeTnuHol nepudepuuHoi

NOAIHeMponartil B AlTen,
XBOPUX Ha LIYKpoBUiM Alabet 1 Tuny

Prediction of the course variants
of diabetic peripheral polyneuropathy
in children with type 1 diabetes

e

Mera po60oTH — PO3POOUTH MATEMATHYHY MOJIE/b
[IPOTHO3YBAHHS CTYIIEHSI BUPA3HOCTI HEBPOJIOTIYHOTO
nedinuTy B AiTel, XBOPUX Ha IyKpoBuil aiaber 1 Tu-
My, 3 ypaxyBaHHsIM BMICTy B CHPOBATIi KPOBi 6ioxi-
MIYHUX MapKepiB HEPBOBOTO MOTIKO/[KEHHST.

Marepiaau ta Mmetoau. O6¢resxkeHo 63 aiteii, XBo-
pux Ha 1ykposuii giaber 1 tumy (I1/11), Bikom Big 10
no 17 poxkis. TlamienTiB po3nmominan Ha JBi TPYITH:
26 xBopux 6e3 o3HaK HeiiponaTii Ta 37 i3 AiabeTUHUHOIO
nepudepuynoto nosireiipomnartiero (JIIIT). Kont-
posibHa TpyTia — 29 fiTeit 6e3 MopyIeHb BYTJIEBOTHO-
ro oOMiHY, pelpe3eHTaTHBHUX 3a BIKOM 1 CTaTTiO.
Y cuposarili KpoBi BuzHauajsu piBeHb deryiny A,
y-aminomacagHoi kucaotn (GABA), Ginka S100 ta
KOIENTUHY METO/IOM iMyHO(hEpPMEHTHOTO aHami3y 3
BUKODPHUCTaHHSIM KOMepIiiiHuX Habopis. MaremaTid-
HY MOJIEJIb TIPOTHO3YBAHHS CTYTIEHS BUPA3HOCTI HEB-
POJIOTIYHOTO JIeDilIUTY Y /liTeli, XBOPUX HA IIYKPOBUil
miaber 1 Tumy, moOYZ0BAHO 3a JOINOMOIOI0 MHOZKIH-
HOTO PErpeciiiHOTO aHai3y.

I.O. Aexenko, M.C. CriiAbHUK

3anopi3bkuin Aep>kaBHUIN MeAMKO-(hapMaLLeBTUYHWIA
yHiBepcuTeT

H.O. Lezhenko, M.S. Spilnik

Zaporizhzhia State Medical and Pharmaceutical
University

Objective — to develop a mathematical model for
predicting the severity of neurological deficit in children
with type 1 diabetes mellitus, considering considering
serum biochemical markers of nerve damage.

Materials and methods. A total of 63 children with
type 1 diabetes mellitus (T1DM), aged 10 to 17 years,
were examined. Group 1 included 26 patients without
signs of neuropathy, and Group 2 consisted of 37 pa-
tients with diabetic peripheral polyneuropathy. The
control group consisted of 29 children, representative
of age and gender, without carbohydrate metabolism
disorders. Serum levels of fetuin A, gamma-aminobu-
tyric acid (GABA), S100 protein, and copeptin were
determined using an enzyme-linked immunosorbent
assay (ELISA) with commercial kits. Multiple regres-
sion analysis was used to construct a mathematical
model for predicting the severity of neurological defi-
cit in children with type 1 diabetes mellitus.

Results and discussion. It was found that in
children with type 1 diabetes mellitus, with the
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PesysbraTu Ta 06rOBOpPEHHSI. YCTaHOBJIEHO, 10 Y
niteit, xgopux Ha [[/[1, 3a ymos pozsutky /IIIT1, piBni
deryiny, GABA, 6inka S100 Ta KomenTuHy B CUpO-
BaTIli KPOBi CTATUCTUYHO 3HAYYIIO BiIPI3HSIUCS Bifl
AHAJIOTIYHUX IOKA3HUKIB K KOHTPOJILHOI IPYIIH, TaK
i mireit Ges JITTIT Ta 3ajiekaiiu Bijl CTYIICHS BUPA3HOC-
Ti HeBpostoriunoro gedinuty (p < 0,05). I3 6iomapke-
piB HEPBOBOTO MONIKOKEHHS JIJIs TIPOTHO3YBAHHS
CTYTIEHST BUPA3HOCTI HEBPOJIOTIYHOTO JieiluTy Ha-
Giabiny sHauymiicts Maiu Oimok S100 ta GABA.
[IepeBipka SIKOCTi OTPUMAHOTO PiBHSIHHSI MHOXUHHOI
perpecii miaTBepANnIa BUCOKY 3HAUYIIICTh MO Ta
MOXKJTUBICTD 1i 3aCTOCYBaHHS [IJII TPOTHO3YBaHHS
crynens: supasnocti {1

BucHoBku. 3anpornonoBana MaTeMaTUYHa MOJIEJIb
JIa€ 3MOTY TIPOrHO3yBaTH cTyMinb Bupasnocti I y
niteit, xgopux Ha II[/[1, 3a paxyHOK 3acTOCyBaHHS
TaKUX TPEIUKTOPIB, sIK CHPOBATKOBUII piBeHDb Gika
S100 i GABA, sxi € BucokoedekTuBHUMU OioMapKe-
pamu nig giarmoctuku JIIII Ta ominku crynens
BUPA3HOCTI HEBPOJIOTIYHOTO JIePIIINTY.

Kiouosi cioBa: 1ykposuii aiaber, HeBpoOJIOTiuHi
YCKJIQ[HEHHS, iabeTiyHa Heliporaris, porHos, pis-
HSIHHS MHOKWHHOI perpecii, TiTH.

YKPOBHUIA [iiabeT € HAfMOMUPEHI IO TPUINHOIO
]:[HeﬁponaTii ( 3a pizunMu ganumuy, Big 3 10 62 %),
30KpeMa B JIiTel, MOpsi]| i3 peTuHomnarieio, Hedpoma-
tieto, anrionartieio [5]. Halinommupenimoio Ta tuto-
Bot0 opmoto JiabeTruHOl Helpomatii € aucTanbHa
CHMeTpUYHA CEHCOMOTOpHA ¥ BereTaTuBHA Helpomna-
Tist, Ha SIKY cTpakaaoTb 63bko 90 % marientis [6].
Ha pannix cragisx y 6;mspko 50 % BuIankis jgiabde-
tnuHa nepudepuyna Heitponaria ([I1H) moxe matn
6escummtoMunil iepebir [15], ase ii po3BUTOK MOXKe
TIPU3BOIUTH JI0 TSKKUX TOPYIIEHb i HU3BKOI SKOCTI
JKUTTS HALiE€HTIB, 0COOJUBO B MoJoAUX ocib [4, 7.
Towmy panns piarnoctuxa /IITH, yrmpoBajskenHs 3axo-
B J171st 3ar06iraHHs 11 mpoOTpecyBaHHIO Ta BUOIp Bij-
TTOBIIHOI TepaeBTUYHOI TAKTUKHU 3HAYHO TOTITIIATD
pe3yabTaTh JKYyBaHHSA. 30JOTUM CTAaHAAPTOM ISt
miarnoctukn /[ ITH BBaskatoTh AOCTIKEHHS HEPBOBOI
TTPOBIZAHOCTI NIJISIXOM BUMIiPIOBaHHS 3/1aTHOCTI Mepu-
(beprunoTO HEpBa JTOMWHU TOCUJIATH €JIECKTPUYHI
CUTHAJH, aje el TecT € JIOPOruM, TPYJAOMICTKUM i
norpebye mpodeciiinoi ekcreprusu [19]. 3amporo-
HOBAHO 0arato KJIiHIYHUX MPOTHOCTUYHUX TITKAJ PO3-
sutky JIITH. Tpusae 06roBOpeHHSs e(heKTUBHOCTI IUX
CKPUHIHTIB, TOMY 1110 TIOPYIIIEHHS PYXOBUX, CEHCOP-
HUX i BereTaTuBHUX (DYHKIIIH, moB’g3anux i3 /JIITH, ne
MOJKYTb OYTH BipOTiHO OI[iHEH] 32 J[OIIOMOTOIO JIUIIE
KJiHivHUX MeTouK [7, 13].

TakUM YIHOM, TPUBAE MOMIYK HOBUX Yy TJIUBUX 0i0-
MapkepiB /i1 paHHboi giarnoctuku JJITH, siki B moen-
HaHHI 3 KIIHIYHUMU CUMIITOMAMHU Ta pe3yabTaTamMu
HEBPOJIOTIYHUX 00CTEKEHD Ja/yTh 3MOTY BUSHAUUTU
TSKKICTB 200 CTailo 3aXBOPIOBAHHSL.

Merta po6oTH — pO3POOUTH MaTEMATHYHY MOJIEIb
MIPOTHO3YBaHHS CTYIEHS BUPA3HOCTI HEBPOJIOTIUHOTO
nediruTy B iTel, XBOPUX Ha I[yKPOBUii miadet 1 Ty,
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development of DPN, the levels of fetuin, GABA,
S100 protein, and copeptin in the blood serum were
statistically different from similar indicators in both
the control group and the group of children without
DPN and depended on the severity of neurological
deficit (p < 0.05). It was found that among the stud-
ied biomarkers of nerve damage, the S100 and
GABA indicators, included in the developed mathe-
matical model, had the greatest significance for pre-
dicting the severity of neurological deficit. Quality
testing of the resulting multiple regression equation
confirmed the high significance of the model and the
possibility of its application for predicting the seve-
rity of DPN.

Conclusions. The proposed mathematical model
makes it possible to predict the severity of diabetic
peripheral polyneuropathy in children with type 1
diabetes mellitus by using predictors such as serum
levels of S100 protein and GABA, which are highly
effective biomarkers for the diagnosis of diabetic
peripheral deficiency.

Key words: diabetes mellitus, diabetic neuro-
pathies, neurological complications, prognosis, mul-
tiple regression equation, children.

Diabetes mellitus is the most common cause of
neuropathy, including in children, with preva-
lence according to different authors from 3 to 62 %,
along with retinopathy, nephropathy and angiopathy
in various clinical studies [5]. The most common and
typical form of diabetic neuropathy is distal symmetric
sensorimotor and autonomic neuropathy, which affects
approximately 90 % of patients [6]. In the early stages,
about 50 % of all diabetic peripheral neuropathies
(DPN) may be asymptomatic [15]. However, its deve-
lopment can lead to severe disorders and low quality of
life for patients, especially in young people [4, 7].
Therefore, early diagnosis of DPN, the implementa-
tion of measures to prevent its progression, and the
selection of appropriate therapeutic strategies will
significantly improve treatment outcomes. The gold
standard for diagnosing DPN is nerve conduction tes-
ting, which measures the ability of a person’s periphe-
ral nerve to send electrical signals. However, this test
is expensive, labor-intensive, and requires professional
expertise [19]. In this regard, many clinical prognostic
scales for the development of DPN have been propo-
sed. Nevertheless, there is controversy regarding the
effectiveness of these screenings, as the motor, sensory,
and autonomic dysfunctions associated with DPN
cannot be reliably assessed using clinical methods
alone [7, 13].

Thus, new sensitive and relevant biomarkers are
needed for the early diagnosis of diabetic peripheral
neuropathy, which, in combination with clinical symp-
toms and neurological examinations, will determine
the severity or stage of the disease.

Objective — to develop a mathematical model for
predicting the severity of neurological deficit in chil-
dren with type 1 diabetes mellitus, taking into account
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3 ypaxyBaHHSIM BMICTY B CUPOBATIIi KPOBi GioXiMIuHUX
MapKepiB HEPBOBOTO MOIIKO/KEHHSI.

Marepianu Ta MmeToau

ITix criocTepekertsiM riepedyBaiu 63 IUTHHM, XBO-
pi ma I/ 1 tumy (I1/11), Bikom Bix 10 mo 17 pokis
(cepenuiit Bik — (13,52 + 0,26) poxky. [lamientiB pos-
nofinuan Ha ABi rpynu: 1-ma (26 xBopux, cepeaHiit
Bik — (13,24 £ 0,37) poky) — 6Ge3 o3HaK Heiipomnarii,
2-ra (37 xBopux, cepeaniii Bik — (14,19 + 0,35) po-
Ky) — i3 JIITH. KouTposbha tpyma — 29 xiteit Ge3
MOPYIIEHb BYTJIEBOLHOTO OOMIHY, pElTPe3eHTaTHBHUX
3a BIKOM Ta CTaTTIO.

Kpurepii 3asyuenss naii€eHTiB y A0CHiKEHHS:

3T0jIa MalicHTa Ta Horo 6aThKiB Ha y4acTh y JOCJI]-

JKEeHHI,

BIJICYTHICTH KeTOalua03y ab0 O3HAK TilloriKemii

(MakcUMaJIbHUIN piBeHb TJIiKeMii HaTile B JIeHb

nociipkenns ne nepesuiryBas 10,5 MMoib/i1, a

MiHIMaJTBHUHN piBeHb — 5,7 MMOJID/JT).

Kpwurepii BusryueHHs:

BiZICYTHICTD 3TO/IN HA yYaCTh Y NOCTIKEHHI;

HAsIBHICTDH TOCTPUX 3alIAJIHUX MPOIECIB a00 BPOJI-

JKeHWX BaJl PO3BUTKY B CTaJIii IEKOMITEHCATTil.

Jliarnoctuky Ta Bepudikarito KJIiHIYHOTO AiarHo3y
I/11 nmpoBoanu BignosiHo 10 CTanaapTiB MenIHOT
noromoru «IlykpoBuii miaber y miteits (Hakaz MO3
Yipainm Ne 413 Big 28.02.2023 p.) [2]. lsig BusiBsien-
HS CEHCOPHMX, MOTOPHUX Ta BETETATUBHUX PO3JIAIIB
ycix fiTelt TectyBasn 3a ornoMoro Moaudikosanoi
neiiaTpuaHOi 3arasibHoi kasm Hetiporatii (MIT31ITH)
[9]. iabeTtuuny mepuepudHy moJiHENPOIATiiO Tia-
THOCTYBAJIH, SIKIIO cyMa GaJiiB 3a MIKAJI0K0 CTAHOBUJIA
> 3 [11]. Cryniab BUpa3HOCTI HEBPOJIOTIYHOTO medi-
1uTy (1—3) yCcTaHOBIIIOBAIN 3AJI€KHO Bijl BUSBICHIX
THUIB HEBPOJIOTIYHUX PO3JaiiB (0auH, KOMOIHAIIisg
IBOX ab0 TPHOX THUIIB po3jaiiB). Yci JOCIIKEeHHS
OPOBOJUJIM B TUXOMY TIPUMIIIEHHI 31 CTaOLILHOMO
TemrepaTypoio ioBitps (20—22 °C).

O1iHKy BMICTY B CHPOBATIli KPOBi Y-aMiHOMACISTHOT
kucaotn (FAMK, GABA) ipoBo/iuiy 3 BAKOPUCTaH-
HSIM KOMEPIITHOTO HabOpy Jist iMyHO(MDEPMEHTHOTO
anayay in vitro (GABA ELIZA supo6uurrea Immun-
diagnostik AG, Himeuunna). Bmict (eryiny A BuBua-
JIM METOJIOM TBepAo(da3zHoro iMyHohepMeHTHOTO
aHaJi3y 3 BUKOPUCTAHHAM KOMEPIIHHOTO Habopy
(Elabscience@HumanFETUA(FetuinA) ELISA Kit
(Elabscience, CIITA). BusHaueHHsT B CHPOBATIli KPOBi
piBHiB KomenTuHy Ta Gijaka S-100 Takox MPOBOAUIIM
METOZIOM TBep0(hazHOTo iMyHO(DEPMEHTHOTO aHAIi3Y
3 BUKOPHUCTaHHsSM Biamoigaux wabopis: Copeptin
(Human) ETA Kit (Phoenix Pharmaceuticals, Inc,
CIIA) ta CanAg S100EIA (Fujirebio Diagnostic,
Inc. Sweden) BignosigHo. J{ociKeHHST TPOBOIUIIN
Ha 6a3i HABYAJILHOTO MEIUKO-TA00PATOPHOTO TIEHTPY
3aropi3bKoro ep:KaBHOTO MeINKO-(hapMaIleBTUIHOTO
yHiBepcurety (kepiBuuk LlenTpy — . Men. H., ipod.
P.O. Illepbuna).

N¢ 3 2025

the content of biochemical markers of nerve damage
in the blood serum.

Materials and methods

The study included 63 children with type 1 diabetes
mellitus (T1DM) aged 10 years to 17 years, with an
average age of (13.52 + 0.26) years, who were divided
into 2 groups: Group 1 (26 patients, mean age
(13.24 = 0.37) years) — children without signs of
neuropathy, Group 2 (37 patients, mean age
(14.19 £ 0.35 years)) — children with DPN. The con-
trol group consisted of 29 children, representative in
terms of age and gender without carbohydrate meta-
bolism disorders.

Criteria for involving patients in the study:

consent of the patient and his parents to participate

in the study;

the absence of ketoacidosis or signs of hypoglycemia

(the maximum fasting blood glucose level on the

day of the study did not exceed 10.5 mmol/l, and

the minimum blood glucose level was 5.7 mmol /1).

Exclusion criteria:

lack of consent to participate in the study;

the presence of acute inflammatory processes

or congenital malformations in the stage of

decompensation.

Diagnostics and verification of the clinical diagno-
sis of TIDMwas carried out in accordance with the
Standards of Medical Care «Diabetes Mellitus in
Children» (Order of the Ministry of Health of Ukraine
No. 413 dated 02/28,/2023) [2]. To identify sensory,
motor, and autonomic disorders, all children were
tested using the Modified Pediatric General
Neuropathy Scale (MPGNS) [9]. DPN was diagnosed
if the total score on this scale was 3 or more [11]. The
severity of neurological deficit (1—3) was determined
based on the identified types of neurological disorders
(one, two, or three types of disorders combined). All
studies were conducted in a quiet room with a stable
temperature. (20—22 °C).

Serum y-aminobutyric acid levels were assessed
using a commercial in vitro enzyme-linked immuno-
sorbent assay kit (GABA ELIZA, manufactured by
Immundiagnostik AG, Germany). Fetuin A levels were
studied using a solid-phase enzyme-linked immu-
nosorbent assay (ELISA) using the following com-
mercial kit — (Elabscience@HumanFETUA (FetuinA)
ELISA Kit, manufactured by Elabscience, USA.
Determination of the levels of Copeptin and S-100
protein in blood serum was also carried out by the
method of solid-phase enzyme-linked immunosorbent
assay using the following kits: Copeptin (Human) ETA
Kit manufactured by Phoenix Pharmaceuticals, Inc,
USA and CanAg S100EIA, supo6uuirrea FUJIREBIO
Diagnostic, Inc Sweden. All of the above-mentioned
enzyme-linked immunosorbent assay methods were
carried out at the educational medical laboratory cen-
ter of the Zaporizhzhia State Medical and Pharma-
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3abip 3paskiB KPoBi (CUPOBATKM) IS {OCTIIKEHHS
nposoamin 3 08:00 mo 10:00 i3 mepudpepiiinoi Benn
Hattie. Bumijsieny anmikBOTYy CUPOBATKU TOMIIIATN B
mikpotpobipku Tumy Eppendorf i 36epiraiu B x0J10-
JIMJIbHIN Kamepi 3a Temmepatypu —60 °C.

MaremaTuHuil aHaxi3 i craTUCTUYHY O00POOKY
JIAHUX TIPOBOJIMJIN 3 BUKOPUCTAHHSM JIIIEH31HOTO
nakera mporpam Statistica for Windows 13.0 (cepiii-
nuii Homep JPZ8041382130ARCN10-]) i3 nepesip-
KOIO Bi/IMOBIJTHOCTI BUY PO3MOJIJy O3HAK 3aKOHY
HOPMaJIBHOTO po3moisy 3a Tectom acumetpii [lla-
nipo—Binka. ¥ pasi HOpMaJIbHOTO PO3MOJIIY O3HAK
PO3paxoByBaJu cepeiHE aprudmMeTnuHe 3HaueHHS (M),
CepeiHE KBaJIpaTUYHE BiXuaeHHS (G), CTaHIAPTHY
MOXUOKY CepPeHBOr0 apu(hMETHUHOTO 3HAYEHHST (M)
i HOpMOBaHe BiZIXUJICHHS. 3B’SI30K Mi’K TOKA3HUKAMU
OIIHIOBAJIH 32 JIOTIOMOTOI0 METO/[iB OGUUCIIEHHST KOe-
(imienra xopensamii Ilipcona. CraTucTuyHy 3Havy-
IiCTh BIAMIHHOCTEH OTPUMAHUX Pe3yJbTaTiB [JId
Pi3HMX TPy BU3HAYAIH 32 KpuTepieM CThioieHTa.

Jlyisg BU3HaueHHs JIIHIHHOTO 3B’SI3KY MiXK JOCJIi/I-
JKyBaHUME OloMapkepaMu Ta CTYIEHEM BHUPa3HOCTI
HEBPOJIOTIYHOTO eillUTy BUKOPUCTOBYBATH PiB-
HSHHS JIiHIWHOI perpecii, CTaTUCTUYHY 3HAYYIIICTh
SIKUX OIiHIOBAMM 3a gomomoro kputepito Dimepa.
IMo6ymoBy MareMaTHYHOI MOJEJi MPOTHO3YBAHHS
CTYTICHSI BUPA3HOCTI HEBPOJOTIUHOTO AediluTy B
niteit, xgopux Ha II/[1, mpoBoanIN 3a 0MOMOTOIO
MHOKUHHOTO perpeciiinoro anamisy. Oiinka sikocTi
perpeciiiHoi Mojiesri TPyHTYBasIacs Ha aHasi3i koedi-
mienTa gerepminariii (R?) i 3anminkis, sSiki nepesipsaamn
Ha HOPMaJIbHICTh PO3IOIITY Ta AUCIIEPCII0 B yChOMY
nianasoHi 3HaYeHb 3MiHHUX. /[ BU3HAueHHS, Ha-
CKIJIBKM TOYHO 0OpaHi HaMU YUHHUKU [AI0Th 3MOTY
nporHo3yBatu BapianT mepebiry JIITH y xpiteii, xBo-
pux nHa IJI1, BUKOpUCTOBYBAIN MHOXKXUHHWI [THC-
kpuminantHuil aHaniz Dimepa. s Binbopy Haii-
iH(GOPMATUBHININX O03HAK BUKOPUCTAHA TPOIEIYPa
TTOKPOKOBOTO BKJIIOUEHHS 3MiHHUX. /(719 BCiX BUMIB
aHaJi3y CTAaTUCTUYHO 3HAYYIIUMU BBAKAJIHU BiIMiH-
mocti mpu p < 0,05 [1].

[Ipy nnanyBaHHI JOCITI/IKEHHST OTPUMAHO JI03BiJI
KOMicii 3 muTaub 6i0eTHKN 3aropi3bKoro Jep;KaBHOTO
MeIMKO-(hapMaIeBTUIHOTO YHIBEPCUTETY. YCi mpotie-
ypH, TPOBEIeH] 32 yIaCTIO AiTel, BIATIOBIIagn eTHY-
HUM CTaH/apTaM IHCTUTYIITHOTO Ta HallilOHAJbHOTO
KOMITETy 3 MOCJiIKeHb, leqbCiHChKIN AeKaaparrii
1964 p. Ta mompaskaMm 10 Hei ab0 IHIIMM ETUYHUM
craugaptam. [HdopmMoBany 3ro/ly OTPUMAaHO BiJl yCix
YYACHUKIB TOCTIPKEHHS Ta IXHIX OIIlIHHUX O KYHiB.

Pe3y.TII)TaTI/I Ta Oﬁl’OBOpeHHﬂ

Hocaimpkennst Bmicty deryiny, GABA, 6inka S100
Ta KOIENTHUHY TI0Ka3aJlo, o 3a yMoB po3Butky /[ITH
MOKa3HUKHU yCixX 6GioMapKepiB CTATUCTUYHO 3HAUYYIIO
Bi/IPI3HAINCS BiJl aHAJOTIYHUX TTOKA3HUKIB IK KOHT-
posbHOI rpymu, Tak i miteit 6es JITH (p < 0,05)
(tabm. 1).
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ceutical University (head of the Center, Doctor of
Medical Sciences, Professor R.O. Shcherbyna).

Blood (serum) samples for the study were collected
from a peripheral vein between 8:00 and 10:00 AM on
an empty stomach. The isolated serum aliquot was
placed in Eppendorf microtubes and stored in a refrig-
erator —60 °C.

The results of the study were processed using the
statistical licensed software package Statistica for Win-
dows 13.0, serial number JPZ8041382130ARCN10-],
and SPSS 23.0 for Windows with verification of the
conformity of the type of distribution of features to
the law of normal distribution using the Shapiro-Wilk
asymmetry test. With a normal distribution of features,
the arithmetic mean (M), standard deviation (o), aver-
age errors (m) and standardized deviation were deter-
mined. The relationship between the indicators was
estimated using the methods for calculating the
Pearson correlation coefficient. The statistical signifi-
cance of the differences in the results obtained for
different groups was determined by the Student’s
t-test.

To determine the linear relationship between the
biomarkers studied and the severity of neurological
deficit, linear regression equations were used, the
statistical significance of which was assessed using
Fisher’s exact test. A mathematical model for predict-
ing the severity of neurological deficits in children
with type 1 diabetes was developed using multiple
regression analysis. The quality of the regression model
was assessed by analyzing of the coefficient of deter-
mination (R?) and the residuals, testing their normal
distribution and variance across the entire range of
variable values. To determine how accurately the
selected factors predict the development of DPN in
children with type 1 diabetes, we used Fisher’s mul-
tiple discriminant analysis, which involved a stepwise
inclusion of variables to select the most informative
features. For all analyses, differences with p < 0.05
were considered statistically significant [1].

When planning the research, permission was
obtained from the regional commission on bioethics of
the Zaporizhzhia State Medical and Pharmaceutical
University. All procedures conducted with children
were in accordance with the ethical standards of the
institutional and national research committee, the
1964 Declaration of Helsinki and its amendments, or
comparable ethical standards. Informed consent was
obtained from all study participants and their legal
guardians.

Results and discussion

The conducted study of fetuin, GABA, S100 protein
and copeptin showed that in the conditions of develop-
ment of DPN, all studied biomarkers had statistical
differences from similar indicators of both the control
group and the group of children without DPN
(p <0.05) (Table 1).
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Tabanug 1
BmicT 6ioxiMiuHMX MapKepiB y CUpOBaTLLi KPOBI AiTel, XBOPUX Ha LIyKPOBMI AiaGeT 1 Tuny, 3aAeXHO BiA, HasIBHOCTI
AlabeTnuHoi nepmcpepmuHoi noaiHerponarii (M + m)

Moka3Huk LLA, 6e3 Heliponarii (n=26) LIA i3 HeiiponaTielo (n=37)  KoHTpoAbHa rpyna (n=29)
S100, Hr/A 41,31+5,38 57,69+2,21#* 42,20+4,70

KonenTtuH, Hr/MA 0,12+0,01 0,23+£0,02#* 0,14+0,01

DeTyiH A, HI/MA 201,38+16,182 143,68 +2,96#* 128,13+2,31

GABA, pmol/L 1,00+0,082 0,60+0,03#* 0,42+0,03

Mpumitka. PisHmug cratucTnuno 3Havyia (p < 0,05): #nopiBHAHO 3 AiTbMM, XBOprMM Ha LLA, 6e3 Heponartii; * MOpPiBHAHO 3 KOHTPOALHOIO FPYMOIO.

Table 1
The content of biochemical markers in the blood serum of children with type I diabetes mellitus,
depending on the presence of diabetic peripheral polyneuropathy (M +m)

DM without neuropathy

Indicator (n=26) DM with neuropathy (n=37) Control group (n=29)
$100, ng/L 41.31+5.38 57.69+2.21"2 42.20+4.70
Copeptin, ng/ml 0.12+0.01 0.23+0.02"2 0.14+0.01

Fetuin A, ng/ml 201.38+16.182 143.68+2.96" 2 128.13£2.31

GABA, umol/L 1.00+£0.082 0.60+£0.03"2 0.42+0.03

Note. 'p<0,05 compared to children with DM without neuropathy; 2p < 0,05 compared to children in the control group.

Kopessitiiithuii anasiis BUSBUB HasBHICTD CTATHC- The conducted correlation analysis established the
TUYHO 3Hauymux 38’a3KiB (p < 0,01) mixk mocaimky- presence of statistically significant relationships
BaHMMU GioMapkepamu Ta cymoro 6amis 3a MIT3TIH  (p < 0.01) between the studied biomarkers and the

(puc. 1). total score on the MPGNS (Fig. 1).

OtpumaHi JaHi MATBEPKYIOTH POJIb TOCTIKYBa- The obtained data confirm the role of biomarkers in
HUX OioMapKepiB y po3BuUTKY giabetnunoi Heiiponatii  the development of diabetic neuropathy in children.
B MiTe. At the next stage, a linear regression equation was

PiBHsiHHSI JiHINHOT perpecii miarBepanin HasiBHicTh — constructed, which confirmed the presence of a statis-
CTaTUCTUYHO 3HAYYIIOTO JiHIITHOTO 383Ky Mix Gio- tically significant linear relationship between the
MapKepaMu Ta CTyIlleHeM BupasHocTi HeBposioriunoro — indicated biomarkers and the severity of neurological
nedimury (tabu. 2). deficit (Table 2).

Scores
for the MPGNS

GABA S100

-

AN o

> <

o
KonentuH Copeptin
-0.31

Puc. 1. KopeAsiLiiHi 38’913kM MiXk cymoto 6aniB Fig. 1. Correlations between the Modified Pediatric
3a MoaAMiKOBaHOIO NEeAIaTPUHHOIO 3araAbHOIO LLKAAOIO General Neuropathy Scale score and serum biochemical
HeKponarii Ta piBHem 6iomapkepiB y cMpoBarLii KpoBi markers in children with type 1 diabetes mellitus

AiTei, XBOPUX Ha LlyKpOBMi AiabGeT 1 Tuny
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TabAmLg 2

PiBHSIHHS AiHIMHOI perpecii B3aEMO3B’3Ky MiDK AOCAIAXKYBaHMMM MOKa3HMKaMM Ta CTyreHeM BMPa3HOCTI AiaGeTuyHOi

nepudyepmyHOi noAiHelponarii

IMoka3Huk Kpurepii ®iwepa PiBHSIHHS AiHiMHOI perpecii p
S100, Hr/A (x1) 86,07 y=—0,735+0,046 - X1 0,0001
KonentuH, Hr/MA (x2) 12,08 y=0,245+6,47 - x2 0,001
detyiH, Hr/MA (x3) 22,49 y=2,846 — 0,008 - x3 0,0001
GABA, MKMOAb/A (x4) 25,99 y=2,811-1,915 - x4 0,0001
Table 2

Linear regression equation for the relationship between the studied indicators and the severity of diabetic peripheral
polyneuropathy

Indicator Fisher’s F test Linear regression equation p
S100, Hr/A (x1) 86.07 y=-0.735+0.046 - x1 0.0001
Copeptin, ng/ml (x2) 12.08 y=0.245+6.47 - x2 0.001
Fetuin A, ng/ml (x3) 22.49 y=2.846 — 0.008 - x3 0.0001
GABA, umol/L (x4) 25.99 y=2.811-1.915 - x4 0.0001

MeTonoM MHOXKUHHOTO PErpeciiiHOro aHaji3y
o6y I0BaHO MOJIeJIb BUSHAUEHHSI CTYTIEHST BUPA3HOC-
i ITTH (Tabm. 3).

3acTocyBaHHS METOLY MHOKMHHOI perpecii aano
3MOry oTpuMaTi (hOpMyJIy TPOTHO3YBAaHHS CTYTIEHS
BupasHocti JITH:

x=0,4+0,033-S100 + 1,725 - xonentux —
- 0,001 - dperyin — 0,876 - GABA (1).

Koeditient kopesiiii mokaznukis i3 MmaTeMaTuy-
moio mozesio (R) — +0,84, kpurepiit Dimepa — 22,85
(p < 0,0001), o cBiYUTH PO BUCOKY 3HAUYIIIICTD
mogesi. Koeditient gerepminartii mozeni (R?) — 0,731,
110 JIA€ 3MOTY 3 TOYHICcTIO 73,1 % BU3HAYNUTH CTYIiHb
Bupasuocti /IITH y giteit, xBopux na I1/11.

Tabanug 3

Using the method of multiple regression analysis, a
model for determining the severity of DPN was con-
structed (Table 3).

As a result of applying the multiple regression
method, a formula for predicting the severity of DPN
was obtained:

x=0.4+0.033 - S100 + 1.725 - copeptin —
0.001 - fetuin — 0.876 - GABA (1).

Correlation coefficient of indicators for this mathe-
matical model (R) — +0.84; Fisher's F test — 22.85
(p <0.0001), which indicates the high significance of the
model. The coefficient of determination of the model (R?)
— 0.731, wich allows to determine with 73.1 % accuracy
the degree of severity of DPN in children with T1DM.

Pe3yAbTaTu po3paxyHKy PiBHSIHHSI MHOXKMHHOI perpecii AASl 3aAeXKHOI 3MiHHOI «CTyriHb Bupa3HocTti AIMH» (moaeab 1)

95 % AOBipuMii iHTepBaA AAs B

Moaenb KoedpiuieHT (B) 3HauyLicTb R? p
HuxHsa mexa BepxHs mexa

KoncraHTa 0,527 0,328 -0,548 1,602

S100 0,032 0,0001 0,019 0,045

KonenTuH 1,627 0,203 -0,914 4,168 0,731 0,0001

DeTyiH -0,001 0,404 -0,004 0,002

GABA -0,879 0,004 -1,489 -0,291

Table 3

Results of calculating the multiple regression equation for the dependent variable «severity of DPN» (model 1)

95.0 % confidence interval for B

Model Coefficients (B) Significance — — R? p
Lower limit Upper limit

Constant 0.527 0.328 —-0.548 1.602

S100 0.032 0.0001 0.019 0.045

Copeptin 1.627 0.203 -0.914 4.168 0.731 0.0001

Fetuin -0.001 0.404 -0.004 0.002

GABA -0.879 0.004 —-1.489 -0.291
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Puc. 2. KopeasiLiisi Mk po3paxoBaHMmMu 6aramm 3riaHO
3 MaTeMaTM4HOI MoaeAAaio 1 Ta 6arnamm 3a Moaumdpiko-
BaHOIO MEAIATPMYHOIO 3araAbHOIO LLIKAAOKO Heiponartii

Ha puc. 2 mpe/icTaBieHo KOPENAIiHY 3aI€KHICTD
(r = +0,85; p < 0,01) mix pospaxoBanuMu OajaMu
(3rimHO 3 MareMaTHYHOIO Moje/ 0 1) Ta Gamamu 3a
MIT3UIH.

OckisibKu cepeji TPeInKTOPIB, 3aJlyYeHUX Y 3aIpPo-
[IOHOBAaHY MOJIeJIb, HalOiIbINy 3HAUYNICTh MaJu
nokasuuku S100 ra GABA, 1151 3MeHIIIeHHS KIJIBKOC-
Ti IPEINKTOPIB IIPU TTPOTHO3YBAHHI CTYIIEHS BUPa3-
nocti JITTH 6yJ710 mpoBeieHo TOKPOKOBE BUKJIIOUEHHS
MaJoiH(OPMATUBHUX 3MIHHUX, & caMe — KOTCTITUHY
ta eryiny (Tabiu. 4).

Ha migcraBi manmx MeTOmAy MHOXKHUHHOI perpecii
oTpuMas (hOpMyJTy TPOTHO3YBaHHS CTYTIEHS BUPA3-
wocti JJITH:

x=10,394 + 0,036 - S100 — 0,972 - GABA (2).

YacToTHa ricTorpamMa 3aJIMIIKOBUX Bi[IXUJIEHDb HA0-
JIMKAETBCS 710 KPUBOI HOPMAJIbHOTO PO3TIO/ILITY 3aJTHIII-
KiB, Ma€ A3BOHONOAIOHY (hOPMY 3 LIEHTPOM HOOJU3Y
HYyJsI, TOMY TiloTe3a MpO PO3MNOJIJI 3aJUIIKIB, sKi
BiZITOBIZAIOTh HOPMAJBLHOMY 3aKOHY PO3MOIiTY, He
BIIXUJISETHCA 1 BKAa3y€ Ha Te, 1[0 OTPUMaHa MaTeMa-
TUYHA MOJeJb a00pe Mpaiioe, a MOXUOKM MaioTh
BUINAIKOBUIT XapakTep (puc. 3).

Tabanugs 4

Puc. 2. Correlation between the calculated scores
according to mathematical model 1 and the scores
on the Modified Pediatric General Neuropathy Scale

Figure 2 shows the correlation (r = +0.85, p < 0.01)
between the calculated scores (according to the
mathematical model 1) and the scores on the
MPGNS.

Considering that among the predictors included in
the proposed model, the S100 and GABA indicators
had the greatest significance, in order to reduce the
number of predictors when predicting the severity of
DPN, a step-by-step exclusion of uninformative vari-
ables was carried out, namely, copeptin and fetuin
(Table 4).

Based on the data from the multiple regression
method, the following formula (formula 2) was
obtained for predicting the severity of DPN:

x=10.394 +0.036 - S100 — 0.972 - GABA (2).

The constructed frequency histogram of residual
deviations approaches the curve of normal distribution
of residuals, has a bell-shaped form with the center
near zero, therefore the hypothesis about the distribu-
tion of residuals corresponding to the normal distribu-
tion law is not rejected and indicates that the obtained
mathematical model works well, and the errors are
random in nature (Fig. 3).

Pe3yAbTaTu po3paxyHKy pPiBHSIHHSI MHOXXMHHOI perpecii AASl 3aAeXHOT 3MiHHOT «CcTyniHb BUpa3HocTi AIMH» (moaeab 2)

95 % AOBipuMii iHTepBaA AAst B

Moaenb KoedpiujieHT (B) 3HauyLictb R2 p
HuxHsa mexa BepxHs mexa

KoHcTaHTa 0,394 0,250 -0,288 1,086

S100 0,036 0,0001 0,028 0,045 0,817 0,0001

GABA -0,972 0,0001 —-1,457 —-0,488

Table 4

Results of calculating the multiple regression equation for the dependent variable «severity of DPN» (model 2)

95.0 % confidence interval for B

Model Coefficients (B) Significance — — R? p
Lower limit Upper limit

Constant 0.394 0.250 -0.288 1.086

S100 0.036 0.0001 0.028 0.045 0.817 0.0001

GABA -0.972 0.0001 -1.457 -0.488
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Puc. 3. YacToTHa ricrorpama 3aAMLLKOBUX BiAXMAEHb
OTPMMAHOIO PiBHSIHHS MHOXKMHHOT perpecii
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of the obtained multiple regression equation
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Puc. 4. Ajarpama po3citoBaHHSI CTaHAQPTU30BaHUX
3aAMLLKIB OTPMMAHOIO PIBHSIHHA MHOXXMHHOT perpecii

Jluist iepeBipKu HastBHOCTI ab0 BiZICYTHOCTI 3aJI€K-
HOCTI 3aJIUIIKIB Bi/l TPOTHO30BaHUX 3HAYEHD TTOOY /10~
BAHO Jliarpamy po3ciloBanHg (puc. 4).

SJINIIKN BiTHOCHO MPOTHO30BaHUX 3HAYEHB PO3-
CiHI XaOTMYHO Ta He MalOTh BHU3HAYEHOI CHUCTeMH
TOYHOCTI TIOJIO’KEHb TOYOK Y BCbOMY Jlialla30Hi 3HaUYeHb
3MIHHUX. AHAJII3 OTPUMaHOI perpeciiinoi Moesi BKa-
3y€ Ha BIICYTHICTH 3aJI€;KHOCTI 3aJINTIIKIB Bifl TPOTHO-
30BaHUX 3HAUYEHbD.

Koeditient xopensiii MixK CIPOrHO30BAaHUM Ta
ICTUHHUM CTYTI€HEM HEBPOJIOTIYHOTO /IeDilluTy CTaHO-
BuB T =+0,905 (p < 0,001). KoedirtieuT koiHeapHoC-
Ti Jlapbina— Yorcona — 0,851 (dL = 1,22; dU = 1,44;
p < 0,05), 1110 BKa3ye Ha HasIBHICTD TTO3UTUBHOI aBTO-
KOpeJIAIlii Mixk slanumu mokasuukamu. OTike, 3a1po-
MOHOBaHa MOJIEJIb € TOOPOTO Ta aJIEKBATHOIO JIJIST TIPO-
THO3YBAHHS CTYIIeHsI BUPA3HOCTI HEBPOJOTIYHOTO
nedinuty B miTeit, xgopux Ha /11

JLJ1s1 OIIIHKY SIKOCTI MaTeMaTUIHOI MOJIE i PO3paxy-
Basn Koeditient nerepminarii mozeni (R?). Bin cra-
nosus 0,817. Otke, 81,7 % daxkTopiB ypaxoBaHo B

22

Fig. 4. Scatter plot of standardized residuals
of the obtained multiple regression equation

To test the presence or absence of a dependence of
the residuals on the predicted values, a scatterplot was
constructed (Fig. 4).

The residuals are scattered randomly relative to the
predicted values and do not have a defined pattern of
point positions across the entire range of variable
values. Analysis of the resulting regression model
indicates a lack of dependence of the residuals on the
predicted values.

The correlation coefficient between the predicted
and true degree of neurological deficit was r = +0.905
(p <0.001). The Durbin—Watson collinearity coeffi-
cient was 0.851 (dL = 1.22, dU = 1.44, p < 0.05), sug-
gesting to a positive autocorrelation between these
indicators. Therefore, the proposed model is valid and
demonstrates its adequacy for predicting the severity
of neurological deficits in children with TIDM.

To assess the quality of the mathematical model, the
coefficient of determination of the model was calcu-
lated (R?) — 0.817. Consequently, 81.7 % of the factors
were considered in the model for assessing the severity
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Prognosis of the severity of neurological deficit

Puc. 5. KopeasiLisi Mi>k MporHo3om cTyneHsi BUPa3HoOCTi
HEBPOAOTiYHOTo AedpiLMTY y AiTei, XBOPUX HA LlyKPOBHHM
Aiaber 1 T1ny, 3riAHO 3 MAaTEMATUYHOIO MOAEAAIO 2,

Ta 6aramm 3a MoAMiKOBAHOIO MEAIaTPUUHOIO 3araAbHOKO
LUKaAOIO Helponartii

MO/ieJIi OIIHKM CTYTIeHsI BUPA3HOCTI HEBPOJOTIUHOTO
nedinuty B giteil. Koeditient kopesisitii noka3HuKiB
3 MojiesiTio 2 ctaHoBuB +0,852, 1110 CBIAUNTH TIPO Te,
1[0 MOJIeJIb € BiPOTiJIHOIO Ta SIKICHO OMHUCYE 3B’SI30K
MizK 0OpaHUMU 3MiHHUMHU. Bricoke 3HaueHHST KpUTEPIIO
Dimepa (89,51), 1m0 B 3,9 pasy mepeBUITyBaIO KPUTE-
piit Dimepa mozmemi 1, Ta 3HAUYIICTD Mozesmi 2
(p <0,0001) cBiuaTh PO BEIUKY 3HAYYIIICTH MO
Ta MOJKJIMBICTD ii 3aCTOCYBaHHS JIJIs1 TPOTHO3yBaHHS
crynenst Bupasnocti JITH.

Kopemamiitny 3amnexuicts (r = +0,74) mixk pospa-
XOBaHUMH GajiaMu (3TiZIHO 3 MATEMATUIHOK MOJIEJI-
o 2 ta 6asamu 3a MII3IITH npexcrasieno Ha puc. 5.

Takum 4UHOM, PO3pOOJEHA MaTEMATUIHA MOJIENb
Jla€ 3MOTY 3 JIOCTATHBOIO TOYHICTIO CIPOTHO3YBaTH
cryminb Bupasznocti AITH y miteit, xBopux na I1/11,
BUKOPHUCTOBYIOUH JIBA 1ipeaukTopu (BmicT Gika S100
ta GABA B cupoBariii Kposi), BimiGpani meromom
MTOKPOKOBOTO BUKJIIOUEHHS TIPU PO3PAXyHKY PiBHSAHHS
MHOKHUHHOI perpecii.

Anaiiz oTpuMaHUX JaHUX 1B 3MOTY BCTAHOBUTH,
0 BCl JOCT/KYyBaHi GioMapKepy € KOPUCHUMHE JIJIst
miarnoctukn JIITH i criocrepeskents 3a il nepebirom,
ajie iXHST TIPOTHOCTUYHA 3HAUYIIICTh OyJia HEOIHAKO-
BOI0. 3a JIOMOMOTOI0 TTIOOY/I0BU PIBHSIHHS MHOKUHHOT
perpecii BCTaHOBJIEHO, 1[0 BU3HAYEHHS PiBHS Oinka
S100 Ta GABA € kpaiiiim BapianTOM JIJIS OLIHKH CTY-
TIeHST BUPA3HOCTI HEBPOJIOTIYHOTO JIe(illuTy B IiTEi,
xBopux Ha [1/[1, mOPiBHAHO 3 KONENTHUHOM Ta (DETYTHOM.

binok S100, sxuit Hamzesxuts 10 cimeiictBa Ca*-38'4g-
3yBaJbHUX OIJIKiB, Bi[irpa€ BasKJIHWBY POJIb Y TaKUX
KJITUHHUX TIPOTlecax, K rpodiidepaitis, nudepenitia-
1is, arornto3 [8]. Bonu excnpecyioThes B pi3HUX KOM-
MTOHEHTAX HEPBOBOI CUCTEMU, 30KPEMa B IIEHTPATHHITX
i mepueprnyHUX HEHPOHAX, a TAKOXK Y THAIbHUX KJTi-
trHax [3]. Edexru 6ika S100 3amexats Bij Horo piBHSL.
Y hiszionorivHUX KOHIIEHTPAITiAX BiH MOYKe TOJITIITUTH
BW)KMBAHHSI HEHPOHIB 1 CTUMYJTIOBATH PiCT HEHPUTIB Y
HelfpoHaxX KOPU TOJIOBHOTO MO3KY. SIKIIIO KOHIIeHTpallis
6inka S100 nepesuiye (hisiosoriydi 3HaYEHHS, TO
BUHUKAIOTh HEUPOTOKCHUHI epeKTH, SIKi 0rocepeIKo-

Fig. 5. Correlation between the prognosis of the severity
of neurological deficit in children with type 1 diabetes
mellitus, according to mathematical model 2, and scores
on the Modified Pediatric General Neuropathy Scale

of neurological deficit in children.. The correlation
coefficient of the indicators with Model 2 (R) — 0.852,
indicating that the model is reliable and adequately
describes the relationship between the selected vari-
ables. The high value of the Fisher’s F criterion (89.51),
which was 3.9 times higher than the Fisher’s F crite-
rion for Model 1, and the significance of Model 2
(p < 0.0001) indicate the high significanc e of the
model and its applicability for predicting the severity
of neurological deficit.

The correlation dependence (r = +0.74) between
the calculated scores (according to mathematical
model 2) and the score on the MPGNS is presented
in Fig. 5.

Thus, the developed mathematical model allows us
to predict with sufficient accuracy the severity of DPN
in children with type 1 diabetes mellitus, using two
predictors (the content of S100 and GABA in the
blood serum), selected by the stepwise elimination
method when calculating the multiple regression
equation.

Analysis of the obtained data revealed that all four
biomarkers investigated in the study are useful for
diagnosing DPN and subsequently monitoring its
progression. However, the prognostic ability of each
varied. Using a multiple regression equation, it was
found that measuring S100 and GABA protein levels
was superior to copeptin and fetuin for assessing the
severity of neurological deficits in children with
T1DM.

S100 proteins, a family of Ca2+-binding proteins,
play numerous roles in cellular processes, including
proliferation, differentiation, and apoptosis [8]. They
are expressed in various components of the nervous
system, including central and peripheral neurons, as
well as glial cells [3]. The effects of S100 are closely
dependent on its levels. At physiological concentra-
tions, it can improve neuronal survival and stimulate
neurite outgrowth in neurons of the cerebral cortex.
However, when S100 concentrations exceed physio-
logical values, neurotoxic effects occur, mediated by
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BYIOTBCSI iHAYKITIE€IO alloNTO3y B HEHPOHAX 1 CTUMYJIS-
IIEI0 eKCITPeCii Mpo3anajbHuX IUTOKIHIB [16].

Y nonepefHixX JOCTIIKEHHSIX YCTAHOBJIEHO, IO Ti-
ButeHHs BMicty 6iska S100 ticHo 1moB’si3aHe 3 Helipo-
3aTaJIeHHSM [TPU TAKUX HEHPOJIETeHEPATUBHIX 3aXBO-
PIOBaHHSX, sIK XBOpoOa Auibiireiimepa, xBopoba ITap-
KiHCOHa, aMioTpodhiuHuil GiUHII CKIIEPO3, & TAKOXK MTPU
Pi3HUX THIAX PaKy Ta IHITUX 3aXBOPIOBAHHSX MO3KY,
1110 JIa€ 3MOTY BUKOPUCTOBYBATH HOro sIK paHHiil 6io-
Mapkep 1mx natosoriuaux cranis [10]. Bigomo, 1o
cekpertig 6ika S100 nepedysae i konrposem TAMK-
epriunoi cucremu. 3a ganumu A.FK. Vizuete Ta cmiB-
aBT., GABA Mo’ke miJIBUTIYBATH BHYTPIITHBOKJIITHH-
Huii piserb Na*, 1110 criprsie 3pocTaHHIO KOHIIEHTpaIlil
Ca?" i sumkennio cexpertii 6isika S100 [18]. ToseneHo,
1o 6isku S100 MoKy TH Ge3mocepesHbO BILIMBATU HA
edexruHicTh iHTiOyBasbHOI TAMK-epriunoi Heiipo-
TpaHcMicii [14]. ¥ Hamomy gocipkeHHi BCTAHOBJICHO
3BOPOTHUI KOPEJISAIiliHII 3B’SI30K Mi)kK BMIiCTOM Yy
cuposarii kposi O6iska S100 ta GABA (r = —0,54;
p <0,05). Bimomo, 1o GABA € ocHOBHUM rasibMiBHUM
HeUpOMeiaTOpOM y TeHTPAIbHIN HEPBOBIHN cucTeMi
[12]. 3a nammMu 1aHUME, PO3BUTOK i TPOrpecyBaHHSA
JiabernyHoi HeiiponaTii B AiTell CyNpPOBOIKYBAINUCS
saskeHHaM piBasad GABA B cuposariii kposi. OTpumani
Pe3yJIBTaTH Y3TOKYIOTHCS 3 THIMMMU JOCTIKCHHIMH,
AKi MoKa3ayin acorialiio aHu3bkoro piBass GABA 3i
3HIKEHHAM HelipoHarbHOI dyHKITl [17].

BucHoBku

3alporoHoBaHa MaTeMaTUYHA MOJIE]Db JIA€ 3MOTY
BIpOTi/{HO TIPOTHO3YyBaTH CcTyMiHb BupasHocTi JITH y
niteit, xgopux Ha I1/[1, 3aBisiku 3acTocyBaHHIO TAKMX
MPEIUKTOPIB, SIK CHPOBATKOBUII piBeHb Giika S100 Ta
GABA.

Binok S100 ta GABA ¢ BucokoedekruBaumu 6io-
Mapkepami i giarnoctuku J[ITH Ta orinku cTynens
BHUPA3HOCTI HEBPOJIOTIYHOTO JeiluTY.

KOHAIKTY iHTEpeciB Hemae.

YuacTb aBTOpIB: KOHUEMNUIS Ta AM3akiH AOCAIAXKEHHS, KPpUTNY-
HUI MeperasA CTatTi, OCTaTOYHe 3aTBEPAXKEHHS CTaTTi —
I.O. AexxeHko; 36ip Ta KOMINOHYBaHHS AaHMX, aHaAi3 Ta iHTep-
npertauis AaHvx, HamvcaHHs ctatti — M.C. CriiAbHUK.
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the induction of apoptosis in neurons and the sti-
mulation of the expression of proinflammatory cyto-
kines [16].

Previous studies have found that elevated S100
protein levels are closely associated with neuroinflam-
mation in several neurodegenerative diseases such as
Alzheimer’s disease, Parkinson’s disease, amyotrophic
lateral sclerosis, as well as various types of cancer and
other brain diseases, making it suitable for use as an
early biomarker [10]. Tt is currently known that the
secretion of S100 protein is under the control of the
GABAergic system. According to data A.EK. Vizuete
et al., GABA can increase intracellular Na* levels,
which in turn increases Ca?* levels, which in turn
leads to decreased S100 secretion [18]. At the same
time, it has been proven that S100 proteins can have
a direct impact on the efficiency of inhibitory
GABAergic neurotransmission [14]. We found an
inverse correlation between serum levels of S100
protein and GABA (r = —0.54, p < 0.05). It is known
that GABA is the main inhibitory neurotransmitter
in the central nervous system [12]. According to our
data, the development and progression of diabetic
neuropathy in children was accompanied by a
decrease in serum GABA levels. These results are
consistent with other studies showing an association
between decreased GABA levels and decreased neu-
ronal function [17].

Conclusion

The proposed mathematical model makes it possible
to predict the severity of DPN in children with T1DM
by using such predictors as serum levels of S100 pro-
tein and GABA.

S100 protein and GABA are highly effective bio-
markers for the diagnosis of peripheral diabetic poly-
neuropathy and assessment of the severity of neuro-
logical deficit.
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