PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-0OCIIAHUX POBIT

PE3YNNbTATU OUCEPTALINHUX
TA HAYKOBO-OoCnIAHUX POBIT

UDC: 618.4/.5:612.015.2:616.831-005-053.2 PREDICTORS OF THE DEVELOPMENT

DOI: 10.24061/2413-4260. X V.2.56.2025.5 OF HYPOXIC-ISHEMIC ENCEPHALOPATHY
IN FULL-TERM AND PREMATURE INFANTS
BORNFROM MOTHERS WITH METABOLIC
SYNDROME IN THE EARLY NEONATAL
PERIOD

A. Davydenko', V. Pokhylko',

0. Kovalova®, Yu. Cherniavska',

S. Tsvirenko', B. Soloviova'

Poltava State Medical University' (Poltava, Ukraine),
Department of the Strategy for Universal Coverage

of the Population with Medical Services of the National
Health Service? (Kyiv, Ukraine)

Summary

Recent studies have demonstrated a direct association between hypoxic-ischemic encephalopathy (HIE) and maternal
overweight or obesity. HIE remains one of the leading causes of neonatal mortality and long-term neurological impairment in
newborns. It represents a systemic condition affecting not only the central nervous system but also multiple peripheral organs,
including the liver. One of the indirect biochemical indicators of hypoxic injury is elevated hepatic transaminase activity —
specifically, alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Particular emphasis has been placed on
the involvement of nitric oxide (NO) in the pathophysiology of HIE

Objective: to analyze and identify risk factors for hypoxic-ischemic encephalopathy in full-term and premature infants born
to mothers with metabolic syndrome, to build clinical prognostic models.

Materials and methods. The study cohort consisted of 125 neonates. The study cohort consisted of 125 neonates. Group 1 included
infants born to mothers with metabolic syndrome who were diagnosed with HIE (n = 45), while Group 2 included infants born to mothers
without metabolic syndrome and without clinical manifestations of HIE (n = 79).). Nitrite concentrations were measured by quantifying the
diazo compounds formed via reaction with sulfanilic acid, followed by a subsequent reaction with the Griess-llosvai reagent. The bioethical
principles of the study were confirmed by the Commission on Ethical Issues and Bioethics of Poltava State Medical University (protocol
No. 233 dated 21 December 2024). Statistical analysis was conducted using the STATA 14.0 software package. Statistical analysis was
performed using the STATA 14.0 sofiware package. The work was carried out within the research project of the Department of Paediatrics
No. 1 with Neonatology of Poltava State Medical University “’To develop clinical and laboratory criteria, methods for predicting and
preventing metabolic disorders in young children” (state registration number 0120U102856, term of completion 2020-2024).

Results of the study and their discussion. /nitial clinical assessments were performed immediately postnatally. Among term
infants, the most frequently diagnosed conditions included neonatal depression syndrome, respiratory distress syndrome, heart failure,
seizures, and muscular dystonia. In preterm infants, depression syndrome, muscular dystonia, and seizures were the predominant clinical
manifestations. HIE in term neonates is typically characterized by multisystem involvement, whereas in preterm infants, clinical signs are
predominantly neurological. A metabolic profile analysis confirmed the multisystemic nature of HIE. On day one of life, AST and ALT levels
in preterm infants with HIE were significantly elevated compared to preterm infants without HIE (p = 0.055 and p = 0.049, respectively).
The urinary nitrite level in preterm infants with HIE was significantly higher compared to that in preterm infants without HIE (p = 0.025).
Similar findings were observed in term infants, where those with HIE exhibited elevated urinary nitrite levels (p = 0.042). Based on these
data, we developed predictive models for the early neonatal onset of HIE. After adjusting for gestational age and ALT or AST activity,
urinary nitrite concentration proved to be a reliable prognostic marker for HIE in both preterm and term neonates. The areas under the
ROC curves for models incorporating urinary nitrite levels, gestational age, and either ALT or AST were 0.9952 and 0.9279, respectively.

Conclusions. HIE in neonates is associated with multisystem involvement, affecting various organs in addition to the central
nervous system. In light of the systemic nature of the condition, potential metabolic biomarkers were evaluated. Among these,
serum ALT and AST levels, as well as urinary nitrite concentration, emerged as significant risk factors for early neonatal HIE
in infants born to mothers with metabolic syndrome. Due to the heterogeneity of the cohort in terms of gestational age, multiple
logistic regression analysis with obligatory adjustment for gestational age was employed to ensure accurate interpretation of
the findings. A predictive model for HIE development was constructed, incorporating urinary nitrite and ALT levels. Newborns
diagnosed with HIE and born to mothers with metabolic syndrome require close monitoring of ALT and AST levels during the
early neonatal period. Furthermore, urinary nitrite concentration serves as an optimal biomarker for predicting HIE onset.

Keywords: Metabolic Syndrome, Hypoxic-Ischemic Encephalopathy, Newborns, Predictors of Hypoxic-Ischemic
Encephalopathy, ALT, AST, Urinary Nitrites.

Introduction index is correlated with an increased risk of intrauterine fetal

Maternal obesity represents a significant prenatal risk
factor for obstetric complications, preterm birth [1], neonatal
morbidity associated with asphyxia [2], and potentially for
cognitive and behavioral disorders in offspring [3]. Robust
evidence indicates that an elevated maternal body mass

demise, stillbirth, and neonatal mortality [4]. Recent research
has established a direct association between hypoxic-ischemic
encephalopathy (HIE) and maternal overweight or obesity [5].
HIE is one of the primary causes of neonatal mortality and
long-term neurological disability. Approximately one-third
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of infants diagnosed with HIE go on to develop neurological
impairments such as psychomotor developmental delays,
epilepsy, or cerebral palsy, and nearly 25% die within the
first two years of life [6]. Despite the use of therapeutic
hypothermia — whose efficacy is constrained by a limited
therapeutic window and the severity of injury — there remains
a critical need for early identification of biomarkers capable
of accurately predicting both immediate and long-term
adverse outcomes associated with HIE. HIE is systemic in
nature, affecting not only the central nervous system but also
other organs, including the liver. One indirect biochemical
marker of hypoxic injury is the elevated activity of hepatic
transaminases, specifically alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) [7].

Furthermore, multiple studies have demonstrated
significantly elevated ALT and AST levels in neonates
with HIE, with these elevations correlating with the
severity of encephalopathy. In the study by Choudhary et
al., mean ALT and AST levels were significantly higher in
newborns with HIE compared to controls, with enzyme
activity increasing proportionally to the severity of HIE [8].
Similar findings were reported by Elsadek, who observed
significantly elevated ALT and AST levels in neonates with
perinatal asphyxia, again showing a strong correlation with
the severity of encephalopathy [9].

It is well established that newborns, particularly preterm
infants, exhibit a deficiency of L-arginine — the primary
substrate for nitric oxide (NO) synthesis. Additionally,
they present with elevated concentrations of asymmetric
dimethylarginine (ADMA), an endogenous inhibitor of
NO synthase, which further impairs nitric oxide production
[10, 11]. Consequently, the role of nitric oxide (NO) in the
pathogenesis of hypoxic-ischemic encephalopathy (HIE)
warrants special attention. NO is a critical vasoactive
mediator involved in the regulation of vascular tone,
the permeability of the blood-brain barrier, and plays
a significant role in neuroinflammation and apoptosis [12].
Alterations in NO metabolite levels — specifically nitrates
and nitrites in urine — are considered markers of endothelial
dysfunction and the extent of ischemic tissue injury [13, 14].
Nitrites, as intermediate products of nitric oxide metabolism,
possess high biological reactivity and accumulate rapidly
in response to ischemia-reperfusion injury. Unlike nitrates,
nitrite concentrations are more sensitive to acute fluctuations
in nitric oxide metabolism, particularly in the context of
inducible NO synthase activation triggered by hypoxia
and inflammation [15]. The measurement of urinary nitrite
levels represents a non-invasive diagnostic approach that
can be adapted for neonatal monitoring. Nevertheless,
there remains a paucity of comprehensive studies in both
domestic and international scientific literature evaluating
nitrite concentration as an independent predictive marker
for the development of HIE.

Objective: To analyze and identify risk factors for
hypoxic-ischemic encephalopathy in term and preterm infants
born to mothers with metabolic syndrome during the early
neonatal period and to develop clinical prognostic models.

Materials and methods. The study enrolled 125
neonates born at the Poltava Regional Clinical Hospital

34

named after M. V. Sklifosovsky. The cohort included both
preterm and term infants, as existing evidence indicates
that women with metabolic syndrome (MS) have a higher
incidence of preterm birth [16]. Two primary groups were
defined: the first group included infants born to mothers
with MS who developed HIE (n = 45), and the second
group comprised infants born to mothers without MS and
without clinical manifestations of HIE (n = 79). Group 1
was further stratified into two subgroups: Subgroup 1A
(30 infants) consisted of preterm newborns with HIE, and
Subgroup 1B (15 infants) included term newborns with
HIE. Group 2 was divided into Subgroup 2A (19 infants),
comprising preterm infants without HIE, and Subgroup
2B (60 infants), consisting of term infants without HIE.

The criteria for classifying mothers into the MS group were
the presence of three or more of the following criteria: elevated
blood pressure (>130/85 mm Hg), hypertriglyceridemia
(>1.7 mmol/L), reduced HDL cholesterol (<1.3 mmol/L),
obesity, or elevated fasting glucose (>5.5 mmol/L) [17].

Diagnostic criteria for the HIE group of newborns were:
moderate or severe birth asphyxia, including Apgar score <7
at 1 minute and <5 minutes, and/or umbilical artery acidemia
(pH <7.0); neurological symptoms persisting beyond 24
hours, including altered muscle tone, abnormal primitive
reflexes, seizures, or signs of brainstem dysfunction.

Criteria for including children in the study: maternal
metabolic syndrome, fulfillment of HIE diagnostic criteria,
and admission to the post-intensive care unit.

The exclusion criteria were as follows: severe cardiac,
hepatic or renal dysfunction at birth; hematological or
congenital disorders; seizures attributable to electrolyte
disturbances (hypocalcemia, hypoglycemia), birth trauma,
intrauterine infections, inherited metabolic diseases or other
congenital anomalies; previous therapeutic hypothermia.

Method of determining nitrates and nitrites in urine.
Nitrite concentration was assessed by measuring diazo
compounds formed in the reaction with sulfanilic acid,
followed by coupling with a-naphthylamine (Griess
reagent), producing red azo dyes with color intensity
proportional to nitrite concentration. Nitrate concentration
was determined by measuring nitrite after enzymatic
reduction using hydrazine sulfate. For analysis, 0.2 mL
urine aliquots were used [18, 19].

All studies were conducted in compliance with patient
safety and ethical standards, following the principles of
ICH Good Clinical Practice (1996), the Council of Europe
Convention on Human Rights and Biomedicine (1997), the
Declaration of Helsinki (1964/2000), and the Order of the
Ministry of Health of Ukraine No. 690 (23.09.2009). The
study protocol was approved by the Ethics and Bioethics
Commission of Poltava State Medical University (Protocol
No. 233, 21.12.2024).

Statistical analysis. For processing quantitative
values, traditional methods of parametric and nonparametric
statistics were employed. Qualitative characteristics,
primarily expressed as percentages, were analyzed using
nonparametric methods. For normally distributed data, the
following statistical parameters were applied: mean (M)
to determine central tendency; 95% confidence interval
(CI) for the mean. Hypotheses regarding equality of
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population means were tested using two-tailed Student’s
t-test. Comparisons of relative values (percentages) were
performed using Fisher’s exact two-tailed test. Relationships
between count variables were assessed through binary and
multiple Poisson regression analyses. All statistical analyses
were conducted using STATA 14.0 software package.

The work was performed as part of the research project
of the Department of Pediatrics No. 1 with Neonatology at
Poltava State Medical University titled «Development of
Clinical and Laboratory Criteria, Methods for Prediction
and Prevention of Metabolic Disorders in Young Children»
(state registration number 0120U102856, implementation
period 2020-2024).

Research results and their discussion

Initial analysis focused on the clinical condition of
neonates. The frequency of principal clinical symptoms
and syndromes associated with asphyxia showed minimal
variation between term and preterm infants. In term infants
of Group 1, the most frequently observed conditions were

depression syndrome, respiratory distress syndrome, heart
failure, seizures, and muscular dystonia. Among preterm
infants, depression syndrome, muscular dystonia, and
seizures predominated (Table 1).

The clinical picture of HIE was multiorgan in both
term and preterm infants, though with some differences
in the frequency of the identified conditions between
these groups. As expected, the most common pathology
involved nervous system manifestations. It is quite logical
that the most common pathology was manifestations
from the nervous system. The frequency of depression
syndrome and seizures was nearly identical in both term
and preterm infants. Neurosonographic studies revealed
that periventricular edema occurred significantly more
frequently in term infants (Table 2).

Additionally, analysis of the resistance index (RI) of
the anterior cerebral artery (ACA) showed that in preterm
infants, RI values tended toward either extreme (0.8 or
0.6), while in term newborns these values clustered around
median levels (Fig. 1)

Table 1

Frequency of the main clinical symptoms and syndromes associated with asphyxia among children
of the examined groups, n (%)

Indicators First group
Group 1A (n=30)] Group 1B (n=15) P
Seizures 6 (20,0) 5(33,3) 0,464
Depression 22 (73,3) 9 (60,0) 0,362
Muscular dystonia 12 (40,0) 4 (26,7) 0,514
Heart failure 4 (13,3) 7 (46,7) 0,026
Respiratory disorders 22 (73,3) 9 (60,0) 0,497
Oliguria 3 (10,0) 3 (20,0) 0,384
Food intolerance 6 (20,0) 3 (20,00) 0,998
Table 2
Rate of neurosonographic changes among infants of the examined groups, n (%)
] First group
Indicators Group 1A (n=30)| Group1B (n=15) P
Periventricular edema 6 (20,0) 8 (53,33) 0,067
Subepyndema cysts 9 (30,0) 3 (20,0) 0,510
Ventriculodilatation 3 (10) 1(6,67) 0,593
Hydrocephalic syndrome 4(13,3) 2 (13,3) 0,429
IVH I-11 6 (20,0) 2(13,3) 0,458
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Fig. 1. Distribution of the IR index of the anterior cerebral artery in full-term and premature children with HIE
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The frequency of respiratory disorders showed no
significant difference between term and preterm infants
(p=0.497, Table 1). Cardiovascular failure was diagnosed
significantly more often in term infants compared to preterm
infants (46.7% vs 13.3%, p=0.026, Table 1).

The obtained data suggest that HIE in term infants
involves multiple organ system injuries, while in preterm
infants most clinical manifestations primarily affect the
nervous system. We propose that when such symptoms
appear in preterm infants, their hypoxic origin should be
primarily considered rather than attributed solely to organ
system immaturity, as delayed detection and correction

of early manifestations may lead to long-term adverse
consequences.

To address one of our study objectives — developing
a predictive model for HIE progression in term and preterm
infants — we analyzed their metabolic profiles, which further
confirmed the multiorgan manifestations of HIE.

Our findings showed that on the first day of life, preterm
infants with HIE had significantly higher AST and ALT
levels compared to preterm infants without HIE. In contrast,
term infants demonstrated nearly identical ALT and AST
levels regardless of HIE presence, with no statistically
significant differences (Table 3).

Table 3

Mean values of metabolic indicators reflecting internal organ damage associated with asphyxia in study group
infants on the first day of life, M (95% CI)

First group Second group
Indicators Group 1A Group 1B Group 2A Group 2B p
(n=30) (n=15) (n=19) (n=60)

LDH. U/l 914,7 776,1 1408,7 1029,5 0,412
' (771,7-1057,7) (707,84-844,37) (241,3-3058,8) (676,8-8824,7) 0,751%
AST UIL 66,84 72,89 39,13 47,66 0,055
’ (39,09-94,6) (30,91-114,87) (31,35-46,91) (38,94-56,39) 0,220*
ALT U/n 31,92 32,04 17,2 37 0,049’
' (17,68-46,16) (7,17-58,57) (12,95-21,45) (5,28-68,71) 0,767*
Creatinine, 67,83 73,2 67,62 50,33 0,971
mmol/| (58,51-77,15) (58,56-87,83) (59,85-75,39) (33,42-67,24) 0,011#
Glucose. mmol/l 3,70 4,31 3,93 4,58 0,677
’ (3,00-4,4) (3,21-5,41) (3,19-4,67) (3,39-5,51) 0,251%

Note: *— p between groups 1A and 2A; # — p between groups 1B and 2B

However, on day 6 of life, significantly higher AST levels
were observed in term infants with HIE compared to those
without HIE (p=0.034). This finding suggests prolonged
effects of hypoxic damage and reduced compensatory
capacity against hypoxia (Table 4).

Given the multiorgan nature of HIE-associated injuries,
we focused on investigating nitric oxide’s role in asphyxia
pathogenesis and clinical manifestations, since vascular
remodeling at birth requires interaction of multiple vasoactive
mediators, with nitric oxide being predominant. Furthermore,
this metabolite — along with others (interleukins, tumor

necrosis factor alpha [TNF-a], free radicals) — plays a key
role in blood-brain barrier permeability during hypoxia [20].
Therefore, we examined urinary nitrate/nitrite levels in the
study groups (Table 5).

Urinary nitrite levels were significantly higher in preterm
infants with HIE compared to those without HIE (p=0.025).
Similar findings were observed in term infants — higher
nitrite levels in HIE cases (Table 5). Regarding nitrates,
levels were significantly elevated in preterm infants with
HIE versus those without HIE. However, no such differences
were found among term infants.

Table 4
Mean values of metabolic indicators reflecting internal organ damage in study group infants on day 6 of life,
M (95% CI)
First group Second group
Indicators Group 1A Group1B Group 2A Group 2B p
(n=30) (n=15) (n=19) (n=60)
776,1 1029 .
LDH, UA (707,8-844,37) ) (854,3-1234,1) ) 0,751
AST UIL 60,7 72,73 43,83 44,0 0,130"
' (50,09-71,3) (48,37-97,09) (21,45-66,21) (22,34-65,65) 0,034#
ALT U/n 16,67 42,86 22 35 0,419
' (13,52-18,81) (1,57-87,3) (5,74-38,25) (28,43-41,57) 0,711#
Creatinine, 72,26 62,22 77 67,33 0,698
mmol/| (61,53-82,99) (48,32-76,11) (52,28-101,7) (33,33-168,0) 0,850*
Glucose, mmol/l 3,66 (3,07-4,26) 3,99 (3,34-5,63) 3,96 (3,39-4,53) 3,65 (3,3-4,09) 8’235#

Note: *— p between groups 1A and 2A; # — p between groups 1B and 2B
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Table 5
Average urinary nitrate levels in study group infants, Mtm
First group Second group
Indicators Group 1A Group 1B Group 2A Group 2B p
(n=30) (n=15) (n=19) (n=60)
Nitrates, nmol/l 3,95+0,72 3,44+0,31 2,16+0,17 1,970,456 8?:233#
- 0,025
Nitrites, nmol/l 1,76+0,35 1,62+0,10 0,80+0,06 0,760,152 0. 0424

Note: *— p between groups 1A and 2A; # — p between groups 1B and 2B

Nitric oxide serves as a crucial regulator in multiple
systems, including vascular endothelium, smooth muscle
cells, macrophages, and neurons [21]. Diminished NO
production contributes to persistent pulmonary hypertension
in newborns [22], while excessive NO is associated
with septic shock [23]. The observed low plasma nitrite
concentrations during the initial postnatal period may
result from several factors: preterm infants frequently
exhibit L-arginine deficiency, impairing NO synthesis,
and demonstrate elevated asymmetric dimethylarginine
(ADMA) levels — an endogenous NOS inhibitor — compared
to adults [24]. Consequently, reduced L-arginine availability
combined with increased ADMA may suppress eNOS
activity in neonates, potentially explaining diminished
plasma nitrite levels postnatally. Depressed nitrate/nitrite
concentrations resulting from NO deficiency may indicate
vascular ischemia, vasospasm, and oxidative stress severity.

Furthermore, endothelial dysfunction characterized by
impaired NO-mediated neurovascular protection may
substantially contribute to cognitive impairment development.
Experimental evidence confirms NO’s pivotal role in
neonatal hypoxic-ischemic brain injury pathogenesis [25].

The combined analysis of urinary nitrite with ALT/AST
levels may enhance HIE prediction accuracy in neonates.
This approach holds significant clinical relevance by
enabling early identification of high-risk patients and
facilitating timely preventive interventions. Our data
facilitated development of predictive models for early
neonatal HIE. After adjusting for gestational age (GA)
and ALT/AST activity, urinary nitrite emerged as a robust
predictive marker for HIE in both preterm and term infants.
The corresponding areas under ROC curves for models
incorporating urinary nitrite, GA, and ALT or AST reached
0.9952 and 0.9279, respectively (Table 6., Fig. 2).

Table 6
Prognostic models of the development of HIE based on the determination of nitrate in urine
Indicators | OR (95% Cl) | B (95% CI) | p | Area under ROC curve
I model
Nitrites, nmol/l 1,86 (1,80-1,92) 157,2 (129,5-184,8) 0,000 0,9952
0,0002
GA, weeks (0.00018-0.0003) -8,23 (-8,61-(-7,85) 0,0001 0,411
0,0004 -7,67
ALT, UN (0.000061-0.0035) (-9,69-(-5,63) 0,00006 0,1923
Il model

Nitrates, nmol/l 3,18 (1,09-9.266 4,64 (1,17-8,10) 0,009 0,9279
GA, weeks 0,98 (0,95-1.02) -0,19 (-061-0,23) 0,381 0,411
AST, U/l 0,95 (0.71-1.27) -0,006 (-0,05-0,04) 0,765 0,3678

= o

— 2 el

z B £l
31| Model 1 3| Model 2
g 4 2 |
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T E T TR Specificity e v igwscsa R4 Specificity

Fig. 2. ROC curves of predictive models for HIE development in neonates during

the early neonatal period.
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If we analyze the operational characteristics of the
predictive models, then, as shown by the data presented
in Table 7, the best sensitivity, specificity, positive and

negative predictive value were found in the first predictive
model, which contains the following criteria: urinary nitrite
levels, GA and ALT.

Table 7
Operational characteristics of predictive models for HIE development (%)
Indicators 1 model 2 model
Sensitivity 93,75 75,0
Specificity 92,31 76,92
Positive predictive value 93,75 80,00
Negative predictive value 92,31 71,43
Correctly classified 93,10 75,86

Conclusions

HIE in neonates is associated with multiorgan system
involvement. Considering this multiorgan pathology, we
identified reliable metabolic markers for HIE risk during
the early neonatal period in infants born to mothers with
metabolic syndrome: serum ALT/AST levels and urinary
nitrites. Given gestational age (GA) heterogeneity within
our cohort, we employed multiple logistic regression
analysis with GA adjustment for proper data interpretation.
We developed a predictive model incorporating urinary
nitrite and ALT levels. The elevated ALT levels may
reflect maternal metabolic syndrome, as recent studies
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HIE and its complications identification, future studies with
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among metabolic markers.
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IMPEIAKTOPH PO3BUTKY I'MMOKCUYHO-IMEMIYHOI EHIIEPAJONATII V TOHOIMEHUX
TA NEPEJYACHO HAPOJKEHUX AITEM BIJ MATEPIB 3 METABOJIIYHUM CUHAPOMOM Y PAHHbOMY
HEOHATAJIBHOMY IEPIOAI

A. B. lasuoenxo', B. I. Iloxunvko', 0. M. Kosanvosd®, IO. I. Yepnaecovka',
C. M. I[gipenxo', I O. Conosiioga’

TonraBebkuii qep:xkaBHuii Mmeanunuii ynisepcurer' (M. IlonraBa, Yikpaina),
JlenapraMeHT cTparerii yHiBepcaibHOro oXomjieHHsi HaceJeHHs mequuHumMu nocayramu HC3Y? (m. Kuis, Ykpaina)

Pesiome.

OcraHHI JOCHTIPKSHHsI CBiT4aTh Mpo MPsSMUH 3B’s30K MiX rinmokcuuHo-imemivnow eniedanonariero (I'1E) Ta HaamipHOIO Macoro
Tiza a6o oxupinuasam y marepi. I'lE € oqHi€ero 3 npoBiJHNUX MPUYMH HEOHATAIBHOI CMEPTHOCTI Ta JOBrOTPUBAJIO] HEBPOJIOTIUHOT iH-
Banigu3anil HoBoHapomkenux. I'IE Mae cucTeMHHI XapakTep i OXOILUIIOE HE JIMIIE LEHTPalbHy HEPBOBY CHCTEMY, a i iHILI OpraHy,
30Kpema nedinky. OnHUM i3 HenpsMHUX 0i0XiMiYHHX MapKepiB FiMOKCHYHOIO YIIKOKEHHS € IiJABUIICHHS aKTUBHOCTI MEYiHKOBUX
TpaHcaMiHa3 — ajaHiHaMiHoTpaHcdepasu (AJIT) ta acnapraraminorpancdepasu (ACT). Oxpemy yBary npuBepTa€e y4acTb OKCHIY
azoty (NO) y marorenesi I'[E.

Mera: npoanaitizyBarH i BUSIBUTH (paKTOpH PU3MKY TIIOKCHYHO-IIIEMiYHOI eHledaIonarii y JOHOIEHUX Ta MepeIuyacHO Hapo/-
JKEHHX JiTel Bix MaTepiB 3 MeTabOMIYHUM CHHAPOMOM, OOYyBaTH KIiHIYHI IPOrHOCTHYHI MOJIETI.

Marepianu i Mmeroan. Y mociimkenHs Oysa0 BKIOYEHO 125 HOBOHAPOPKCHHX: Y TEpLLy IPYITy BBIIIUTH HEMOBJIATA, HAPOHKEHI
MarepsiMH 3 MeTabOoNiIYHUM CHHAPOMOM, i siki Manu ['IE (n=45), y npyry rpymy — HeMOBIISITa, sIKi HAPOIMIIUCE BiJ MaTtepiB 6e3 me-
Taboniunoro cunapomy i 6e3 mposisiB I'IE (n=79). KoHueHTpauito HITPUTIB AOCTI/HKYBAIH IUIIXOM BU3HAYCHHS 1ia30CHONYK, 110
YTBOPHIIKCS y peakiii 3 cynb(haHiJIOBOIO KUCIOTOIO, 3 OAANBIINM MPOBEACHHIM peakuii 3 peaktuBoM [ 'picca-linocas). bioetnuni
MPUHLUIY BUKOHAHHS JOCIIDKEHHS MiATBEP/KEHI KOMICIEI0 3 eTUYHUX MUTaHb Ta OioeTHku [10ATaBChKOro AepyKaBHOTO MEJUIHOTO
yHiBepcutety (mpotokos Ne 233 Bin 21.12.2024 p.). CraTuCTUYHUIA aHAai3 TPOBOJUIIM 32 JOMOMOIOI0 MAaKeTy MPUKIAIHUX IPOrpam
STATA 14.0. Pobora Bukonana y mexax HJIP kabenpu neniarpii Ne 1 i3 Heonarosorieto [1oaTaBChKOTro A€pKaBHOTO MEANYHOTO
yHiBepcutery «Po3po0uTH KiIiHIKO-Tab0paTopHi KpUTEpil, METOAN MPOTHO3YBaHHsI Ta 3aM00iraHHs MeTabOIiYHIX MOPYLICHb Y TiTei
paHHBOTO BiKy» (IepxaBHuil peecTpauiiinuii Homep 0120U102856, repmin BukoHanus 2020-2024 pp.).

PesynbraTn nocaaizkeHHs Ta ix o6roBopennsi. Ha mouarky nocimimpkenHst Oyio mpoBeIeHO aHali3 KIiHIYHOTO CTaHy JiTel micis
HapomkeHHs. Haifuacrile y JOHOLIEHNX HEMOBIIAT JIiarHOCTYBAJIMCS CHHIPOM IPUTHIYEHHS, CHHAPOM JMXaJIbHUX PO3JIaJiB, CEPLEBY
HE/IOCTaTHICTb, CyIIOMH Ta M’s13€BY IUCTOHII0. Cepesl epe1yacHO HapOPKEHUX HAMIOIMPEHI MU CTaHaMH OYJIM CHHIIPOM IIPUTHIYEHH,
M’s13eBa aucToHis Ta cynomu. I'lE y 10HOLIEHUX HEMOBIIAT CYIPOBOIUKYETHCS KOMIUIEKCOM YPaXKeHb IHILMX OPraHiB Ta CUCTEM, Y TOH Yac
SIK Y TIepeA4acHO HAPODKEHHUX AiTeil OUIBIIICTh KIIHIYHUX HPOSIBIB CTOCYETHCSI HEPBOBOI CUCTeMH. ByIto mpoBeeHe A0CiIKeHHs MeTa-
6omigHOro npodinto, sikuil marBepKye Mysapruopranti nposisu I'1E. BussieHo, 1o Ha nepiiy 100y XHTTS y HepeaI4acHo HapoKeHHX
nemoBit 3 I'IE pisens ACT ta AJIT 6yB 10CTOBIpHO BUILIMM 3a HiepeauacHo HapomkeHux nemosisit 6e3 I'IE (p=0,055 ta p=0,049). Pisenn
HITPUTIB B cedi y nepeayacHo HapomkeHux HeMoByiT 3 ['1E OyB JOCTOBIpHO BUILIMM 3a PiBEHb HITPHTIB [EPeI4acHO HAPOMKCHHX HEMOBJIAT
6e3 I'lE (p=0,025), noxibHi 3MiHM HaMK OTPUMAHO i AJIs1 JTOHOIICHHX HEMOBIIIT — BUIIHIA piBeHb HiTpUTiB y HemoBit 3 ['IE (p=0,042).
[pyHTYHOUKCh HA OTPHMAaHUX JAHHX, MH PO3POOHIIM MPOrHOCTHYHI Moziesi po3Butky ['1E B paHHbOMY HeoHaraapHOMY mepiomi. Tlicis
Kopekuii Ha recrauiitnui Bik Ta akTuBHICTE AJIT a60 ACT piBeHb HITPHUTIB B Cedi € JOCTOBIPHUM MPOrHOCTUYHUM MapKepPOM PO3BHTKY
I'lE 5K y nepeayacHO HapOIPKEHHX, TAK i y JOHOIIEHUX HEMOBIIAT, Iy 1boMy ruioni it ROC kpHBHUMU B MOJIEIISIX, 1110 BKJIIOYAIOTh TaKi
3MiHHI IIepeMiHHi sIK piBeHb HITPHUTIB B ceui, recrauiinuii Bik ta AJIT abo ACT cranomsts 0,9952 10,9279 BianosigHo.
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Bucnoskn. I'lE y HOBOHapomKkeHNX CyIPOBOKYETHCS KOMIUIEKCOM YPa)KeHb IHIIIMX OPraHiB Ta CHCTEM. Bpaxosytoun noniopraHHicTb
narosorii, 6yN0 BUBYEHO MOXKINBI METAbONIYHI MapKepU | cepes, HUX BUABNEHO AOCTOBIPHI GaKTopu pusmnKy po3suTky MEy paHHbOMy
HeOHaTa/IbHOMY NepioAj y HOBOHAPOAXKEHMX Bif, MaTepis 3 MeTaboniuHUM CUHAPOMOM, a came piBeHb AJIT Ta ACT cMpoBaTKM KpoBi
Ta HITPUTIB ceyi. 3Ba)KatouM Ha HEOAHOPIAHICTb rpyny AiTel 3a recTauitHUM BiKOM, AN KOPEKTHOI iHTepnpeTaLii OTPUMaHUX AaHUX
6Yy/10 3aCTOCOBAHO MHOMWHHMIA NOFICTUMHWUIA perpeciiHnii aHanis 3 060B’A3KOBOIO KOPEKL,ito Ha recTauiliHuii Bik. Byno nobygosaHo
nporHocTuuHy mozenb possuTky I'lE, sika Bkimouae piBeHs HiTpUTIB Ta piBeHb AJIT. HoBonapomxkeHi, siki Hapoguiucs 3 ['IE Bixg ma-
TepiB 3 MeTabONIYHUM CHHAPOMOM NOTPeOyroTh 000B’s13k0Boro KoHTpoio AJIT Ta ACT min yac paHHEOIO HEOHATAJIBLHOTO IIEPioaY,
a BU3HAYCHHS HITPHUTIB B Cei € ONTHMAJIBHUM 0ioOMapKepoM II0J0 MPOTHO3yBaHHs po3BHUTKY ['1E.

Kuro4oBi ci1oBa: mera6oniunuii cuHapoM, MiMoKCHUHO-ilTeMiuHa eHIedanonaris, HOBOHAPOKEH], MPETUKTOPH MiMOKCHYHO-

imemivnoi ennedanonarii, AJIT, ACT, nitputu ceui.

Contact Information:

Alina Davydenko — assistant professor of the Department of
Anesthesiology and Intensive Care of Poltava State Medical
University (Poltava, Ukraine)

e-mail: roha21@ukr.net

ORCID ID: https://orcid.org/0000-0002-4042-644X

Valerii Pokhylko — Doctor of Medical Science, Full Professor,
Professor of the Department of Pediatrics No. 1 with Neonatology
of the Poltava State Medical University (Poltava, Ukraine).
e-mail: v.i.pokhylko@gmail.com

ORCID ID: http://orcid.org/0000-0002-1848-0490

Researcher ID: http://www.researcherid.com/rid/HGU-3751-2022
Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=16245511700

Olena Kovalova — professor of the department of Pediatrics #1 with
neonatology (Poltava State Medical University), Chief Specialist
of the Unit for Development Medical Guarantee Program of the
Department Universal Health Coverage Strategy Development of
National Health Service of Ukraine (Kyiv, Ukraine)

e-mail: slcogor@yandex.ua

ORCID ID: http://orcid.org/0000-0002-2458-6865

Scopus ID: https://www.scopus.com/authid/detail.
uri?authorld=57204652374

Researcher ID: http://www.researcherid.com/rid/H-6559-2017
Scopus author ID: https://www.scopus.com/authid/detail.
uri?authorld=57204652374

Yuliia Cherniavska — PhD, Associate Professor of the Department
of Pediatrics No. 1 with Neonatology of the Poltava State Medical
University (Poltava, Ukraine).

e-mail: ycherniavska32@gmail.com

ORCID ID: http://orcid.org/0000-0002-4522-7538

Researcher ID: http://www.researcherid.com/rid/IAP-0661-2023
Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=57031925700

Svitlana Tsvirenko — PhD, associate professor, head of
Department of Pediatrics No. 1 with Neonatology of Poltava State
Medical University (Poltava, Ukraine)

ORCID ID: https://orcid.org/0009-0005-8062-057X

Researcher ID: https://www.webofscience.com/wos/author/
record/31234731

Scopus author ID: https://www.scopus.com/authid/detail.
uri?authorld=6602431937

Halyna Soloviova — PhD, Associate Professor of the Department
of Pediatrics No. 1 with Neonatology of the Poltava State Medical
University (Poltava, Ukraine).

e-mail: h.soloviova@pdmu.edu.ua

ORCID ID: https://orcid.org/0000-0002-0779-0610

Scopus author ID: https://www.scopus.com/authid/detail.
uri?authorld=57205561500

KoHTakTHa iHcbopmauin:

OaBuaeHko A. B. — acucteHT kadegpu aHectesionorii Ta
iHTeHCUBHOI Tepanii MNMonTaBCbKOro AepXxaBHOro MegU4HOro
yHiBepcuTeTy (M. MonTtaBa, YkpaiHa)

e-mail: roha21@ukr.net

ORCID ID: https://orcid.org/0000-0002-4042-644X

Moxunbko B. |. — nokTop MegnyHux Hayk, npodecop, npodecop
kadenpu negiatpii Ne 1 i3 HeoHaTonorieto [NonTaBcbkoro
[epXaBHOro MeM4Horo yHisepcuteTy (M. MNonTasa, YkpaiHa).
e-mail: v.i.pokhylko@gmail.com

ORCID ID: http://orcid.org/0000-0002-1848-0490

Researcher ID: http://www.researcherid.com/rid/HGU-3751-2022
Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=16245511700

KoBanboBa O. M. — npodecop kadeapu negiatpii Ne 1 i3
HeoHatonorieto (MonTaBcbkni AepXXaBHUIN MEAVYHWIA YHIBEPCUTET),
rONoOBHUI cnewjianicT Bigainy crpateriyHoro po3BuTKy nporpamu
MEeONYHUX rapaHTii ynpaBniHHA po3pobku nporpamMum MeamyHuX
rapaHTiv [lenaptaMeHTy cTpaTerii yHiBepCanbHOro OXOMNeHHs
HaceneHHs MegnyHumm nocnyramu (M. Kuis, Ykpaina)

e-mail: slcogor@yandex.ua

ORCID ID: http://orcid.org/0000-0002-2458-6865

Researcher ID: http://www.researcherid.com/rid/H-6559-2017

YepHascbka 0. |. — kaHongatT MegnyHnx Hayk, OOLEHT, AOLEHT
kacegpu neaiatpii Ne 1 i3 HeoHaTonorieto lonTaBCcbKOro
OepXXaBHOro MeM4Horo yHiBepcutety (M. MNonTaga, YkpaiHa).
e-mail: ycherniavska32@gmail.com

ORCID ID: http://orcid.org/0000-0002-4522-7538

Researcher ID: http://www.researcherid.com/rid/IAP-0661-2023
Scopus Author ID: https://www.scopus.com/authid/detail.
uri?authorld=57031925700

LiBipeHko C. M. — kaHaMaaT MeanyHUX Hayk, [OLIEHT, 3aBigyBayka
kadeapu negiaTtpii Ne 1 i3 HeoHaTonorieto lMonTaBcbkoOro
AepXaBHOro MeaM4Horo yHisepcutety (M. MNontasa, YkpaiHa)
e-mail: s.tsvirenko@pdmu.edu.ua

ORCID ID: https://orcid.org/0009-0005-8062-057X

Researcher ID: https://www.webofscience.com/wos/author/
record/31234731

Scopus athor ID: https://www.scopus.com/authid/detail.
uri?authorld=6602431937

Conosuoga I. O. — kaHAMAAaT MeaNYHNX HayK, AOLEHT, OOUEHT
kadeapu negiatpii Ne 1 i3 HeoHaTonorieo [lonTaBcbkoro
OepxaBHOro Mean4Horo yHisepceutety (M. MNonTasa, YkpaiHa).
e-mail: h.soloviova@pdmu.edu.ua

ORCID ID: https://orcid.org/0000-0002-0779-0610

Scopus athor ID: https://www.scopus.com/authid/detail.
uri?authorld=57205561500

Received for editorial office on 24/04/2025
Signed for printing on 20/06/2025

40

KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)
ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)



	DOI: 10.24061/2413-4260. XV.2.56.2025.5

