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Summary

Metabolic syndrome is considered to be a cluster of disorders that directly contribute to the development of cardiovascular
disease and are characterized by chronic systemic inflammation. Numerous epidemiological data indicate that an adverse
intrauterine environment, caused by the peculiarities of the nutritional status or placental insufficiency in a woman with metabolic
syndrome, can “program” the susceptibility of the fetus to further development of cardiovascular and metabolic diseases, has
an impact on cognitive and behavioral development. Nitric oxide (NO) plays a critical role in the pathogenesis of components of
the metabolic syndrome. Children born prematurely have a high incidence of brain damage, which can lead to motor, cognitive,
behavioral, social and sensory disorders.

The purpose the research was the study of the effect of the eNOS gene polymorphism and indicators of nitric oxide
metabolism on the neonatal consequences in prematurely born children from mothers with metabolic syndrome.

Material and methods. A study was conducted in which 100 premature infants were included. Two groups were formed. the main
group (n=34), which included preterm infants (birth weight 2145.29+148.19 g and gestational age 33.18+0.55 weeks) of mothers
with metabolic syndrome, and the comparison group (n=66), which included preterm infants (birth weight 2295.99+101.45 and
gestational age 34.03+0.45 weeks) of mothers without metabolic syndrome. The children underwent a genetic study—determination
of the polymorphism of the eNOS gene, as well as the level of nitrites, nitrates and nitrosothiols in the urine.

By decision of the bioethics commission No. 217 dated 12.06.2023, the materials of the scientific work comply with the Rules
of Humane Treatment of Patients.

Traditional methods of parametric and nonparametric statistics were used, nonparametric methods were used to analyze
qualitative characteristics expressed mainly in percentages. The methods of parametric statistics were used to check the normality
of the distribution of quantitative characteristics using the Kolmogorov-Smirnov criterion.

Statistical processing of the obtained results was carried out using the package of application programs EXCEL-2003® and
STATA version 11 for Windows (StataCorp, Texas, USA).

The work was carried out as part of the scientific and experimental work of the Department of Pediatrics #1 with Neonatology
of the Poltava State Medical University “To develop clinical and laboratory criteria, methods of predicting and preventing
metabolic disoders in young children (state registration number 0120U102856).

Results. The most common diseases in the infants of the studied groups were the consequences of intrauterine hypoxia
(44.1%) and respiratory failure requiring artificial lung ventilation (50.0%), although no significant differences were found
in the prevalence of these conditions. We identified the presence of significant associations between the consequences of
intrauterine hypoxia and the levels of nitrates (OR 1.19; 95% CI 1.01-1.40; p=0.042), nitrosothiols (OR 1.19; 95% CI 0.99-1.42;
p=0.050) and the polymorphic genotype 4aa/ab of the eNOS gene (OR 0.28; 95% CI 0.12-0.67,; p=0.004). Analysis of systemic
hemodynamics revealed no significant differences in baseline values between preterm infants with and without intrauterine
hypoxia, but we did observe an association with urine output on day 3 of life.

To finally clarify the complex influence of indicators of nitrate metabolism on the development of intrauterine hypoxia and
to predict the development of consequences of this condition in premature infants, the following indicators are included in the
regression prognostic model: the level of nitrates, nitrites, 4aa/4ab genotype and urine output on the third day of life. As the
research results show, there is a direct reliable relationship with nitrates and an inverse relationship with nitrites, 4aa/4ab
genotype and urine output. This prediction model has high operating characteristics — the area under the ROC curve is 0.8168.

Some mechanisms of the influence of maternal metabolic syndrome on the development of relevant disorders in newborns are
known, including disorders of nitric oxide synthesis, endothelial dysfunction, and oxidative stress. In our study, the consequences
of intrauterine hypoxia were reliably associated with an increase in the concentration of urinary nitrates and a decrease in
nitrites, as well as the absence of the 4aa/ab genotype, which is associated with reduced release of nitric oxide. There is evidence
that nitric oxide can have both protective and deleterious effects, depending on factors such as nitric oxide synthase isoform and
duration of exposure to hypoxia.

Conclusions. In preterm infants born to mothers with metabolic syndrome, elevated urinary nitrate levels and the absence
of the eNOS 4aa/ab genotype increase the likelihood of suffering the consequences of intrauterine hypoxia.

Key words: Premature Babies; Mothers with Metabolic Syndrome; eNOS Gene, Nitric Oxide Metabolism, Systemic He-
modynamics; Morbidity.

Introduction characterized by chronic systemic inflammation. Numerous
The metabolic syndrome (MS) is considered epidemiological data indicate that an adverse intrauterine
to be a cluster of disorders that directly contribute to environment, caused by specific nutritional status or
the development of cardiovascular disease and are placental insufficiency in a woman with MS, may ““program”
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the susceptibility of the fetus to further development of
cardiovascular and metabolic diseases, and has an impact
on cognitive and behavioral development [1, 2]. Pregnant
women with MS are at increased risk for eclampsia, preterm
delivery and other complications [3-5]. Nitric oxide (NO)
plays a critical role in the pathogenesis of MS components
and is involved in several mitochondrial signaling pathways
that control cellular respiration and apoptosis. Children
born prematurely have a high rate of brain damage, which
can lead to motor, cognitive, behavioral, social and sensory
disorders. The increase in the number of children who
survive despite small gestational age is accompanied
by an increase in suboptimal results of nervous system
development [6]. Among the most frequent factors causing
damage to the nervous system in the perinatal period is
hypoxia as a result of an unfavorable course of pregnancy
and childbirth [7]. The frequency of adverse neurological
consequences varies: up to 17% of premature babies have
severe anomalies, and in extremely low-birth-weight infants,
only 42% of developmental deviations can be defined
as moderate [8]. Most of the pathological phenomena
underlying hypoxic lesions are the result of impaired
cerebral perfusion and oxygen transport to the brain.
However, the pathophysiological consequences of hypoxic-
ischemic “stroke” (this is the term used in most foreign
sources) are complex and develop gradually over a period
of time, which makes it difficult for medical professionals to
determine timely and adequate treatment options [9]. There
is an increasing number of publications on energy deficits
at the neuronal level in infants with asphyxia and hypoxic-
ischemic encephalopathy [10]. Currently, the options for
timely diagnosis and treatment of premature infants with
hypoxic lesions of the central nervous system are limited.
Many studies point to mitochondrial dysfunction and
activation of autophagy [11]. In the search for methods for
early diagnosis of the consequences of intrauterine hypoxia
(IUH) in premature infants, we focused on indicators
of nitrate metabolism. Nitric oxide (NO) is one of the
universal regulators of physiological functions of the body
with a wide range of action. The vasodilatory effect of
NO, combined with the effect of cGMP on decreasing the
concentration of Ca2+ in the cytosol of muscle cells and
increasing Na+, has been studied in detail. There is also
an effect of NO on the calcium transport systems of the
mitochondria, which in case of imbalance quickly leads
to energy deficit and activation of free radical oxidation
processes. Excessive NO, which can be produced by iNOS,
on the other hand, plays a key role in neuronal damage by
disrupting mitochondrial function and contributing to the
accumulation of mitochondrial substrate [12].

NO is the end product of l-arginine conversion by
constitutive and non-constitutive isoforms of NOS. To
date, 3 isoforms of NOS are known: neuronal or neural
(nNOS), endothelial (eNOS) and inducible (iNOS). nNOS
and eNOS are constitutional types of enzymes and ensure
the synthesis of nitric oxide under normal conditions; iNOS
is activated in response to pathogenic stimuli and produces
significantly higher levels of NO, playing an important role
in tissue inflammation and body defense [13]. Changes
in the expression of different NOS isoforms, absence or
overproduction of NO lead to an imbalance of active forms

of nitrogen and oxygen. The main links of NO conversion
are protein nitrosylation with formation of S-nitrosothiols,
NO oxidation to NO2- and NO3-. Nitrosothiols are one of
the forms of NO deposition and an important source of
NO under physiological conditions. Therefore, the cellular
level of NO depends on the activity of NO synthases, the
activity of nitrite and nitrate reductases, and the presence
of a sufficient pool of deposited NO. There are studies
showing that NO is produced in higher intravascular
levels in neonates than in adults [ 14]. A decrease in nitrate
and nitrite levels due to NO deficiency may indicate
vascular ischemia and vasospasm [15]. Endothelial
dysfunction, manifested by the loss of neurovascular
protective functions of NO, may contribute significantly
to the development of cognitive dysfunction [16].

The purpose of the research was the study of
the effect of eNOS gene polymorphism and indicators
of nitric oxide metabolism on the course of the neonatal
consequences in premature babies born from mothers with
metabolic syndrome.

Material and methods. A study was conducted in
which 100 premature infants were included. Two groups
were formed: the main group (n=34), which included
preterm infants (birth weight 2145.29+148.19 g and
gestational age 33.18+0.55 weeks) of mothers with MS,
and a comparison group (n=66), which included preterm
infants (birth weight 2295.99+101.45 and gestational age
34.03+0.45 weeks) of mothers without MS. Exclusion
criteria were the presence of congenital malformations,
genetic pathology, parental refusal to participate in the
study. The premature infants included in the study were
cared for and treated in hospitals of the Poltava region. The
results of clinical examination, hemodynamic parameters
(heart rate, blood pressure), urine output level on the Ist
and 3rd day of life were recorded in the medical record of
the inpatient. The conditions in the pathogenesis of which
the vascular component plays an important role were se-
lected as neonatal consequences, in particular respiratory
failure (RF) requiring the use of artificial lung ventilation,
intraventricular hemorrhage (IVH), early consequences of
intrauterine or intranatal hypoxia (consequences of IUH),
and food intolerance.

All children underwent a genetic study — determination
of the rs61722009 polymorphism of the eNOS gene to
account for possible genetically determined variations
in NO concentration. Two alleles were identified in the
27 bp repeat of intron 4 of the eNOS gene, the larger
of which, eNOS-4b, has 5 of the 27 bp tandem repeats
(GAAGTCTAGACCTGCTGC(A/G)GGGGTGAG) and
the smaller of which, eNOS —4a, has 4 repeats and is
associated with reduced NO production [17].

The material for the study was the peripheral blood
of newborns. Blood samples were collected in a volume
of 0.25 ml. After receiving the samples, they were stored
at a temperature of —20°C until the study was conducted.
Isolation of DNA samples from the obtained material was
carried out using a commercial kit of reagents “Quick-
DNAUniversalKit”, then molecular genetic research was
carried out by the method of polymerase chain reaction (PCR).
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The subject of the biochemical research was urine.
The concentration of low molecular weight nitrosothiols
was determined by calculating the difference in the
concentration of nitrites (NO2-) before and after the
oxidation of nitrosothiol complexes (S-NO) to nitrites
with a solution of mercuric chloride (HgC12). A 0.2 ml
aliquot of urine was collected for the study [18]. The
concentration of nitrites was determined by determining
the content of diazo compounds formed in the reaction
with sulfanilic acid, and then the reaction was carried out
with a-naphthylamine (Griess-Ilosvay reagent), resulting
in the formation of red derivatives (azo dyes) [19]. The
concentration of nitrates was determined by the increase
in the concentration of nitrites after reduction of nitrates
to nitrites with sulfurous hydrazine. Aliquots of 0.2 ml of
urine were used to determine the concentration of nitrates
and nitrites.

Traditional methods of parametric and nonparametric
statistics were used; nonparametric methods were used
to analyze qualitative characteristics expressed mainly
in percentages. The methods of parametric statistics
were used to check the normality of the distribution of
quantitative characteristics using the Kolmogorov-Smirnov
criterion.

In case of normal distribution of the data, the main
statistical characteristics were used: the mean (M) to
determine the central tendency, the standard error of the
mean (m) to determine the accuracy of the mean estimate,
the confidence interval (CI)—to determine the 95% interval
of the mean.

The hypothesis of equality of general means was tested
by means of two-sample t-test.

For non-normal distributions, the median (Me) and
interquartile range (Q) were used to determine the central
tendency.

Relative values or values expressed as percentages were
compared using the 2 (chi-squared) test, and quantitative
indicators with non-normal distributions in unrelated
samples were compared using the Wilcoxon run-sum test.

Simple and multiple logistic regression analysis
was used to prove the relationship between individual

indicators, odds ratios (OR), predictive coefficients (f3)
and their confidence intervals were calculated. After
identifying reliable risk factors, prognostic models were
developed using multiple logistic analysis with further
evaluation of the operational characteristics of the specified
models and identification of the model with the largest C
coefficient (area under the ROC curve) using the STATA
14.0 application package.

Statistical processing of the obtained results was
performed using the EXCEL-2003® application package and
STATA version 11 for Windows (StataCorp, Texas, USA).

According to the decision of the Bioethics Committee
217 dated 12.06.2023, the materials of the scientific work
comply with the rules of humane treatment of patients in
accordance with the requirements of the Tokyo Declaration
of the World Medical Association, the International
Helsinki Recommendations, the Declaration of Human
Rights, the Convention of the Council of Europe on
Human Rights and Biomedicine, the laws of Ukraine,
the regulations of the Ministry of Health of Ukraine and
the requirements of the Code of Ethics of a Physician in
Ukraine.

The work was carried out as part of the scientific and
experimental work of the Department of Pediatrics #1
with Neonatology of the Poltava State Medical University
“To develop clinical and laboratory criteria, methods of
predicting and preventing metabolic disoders in young
children (state registration number 0120U102856).

Results and their discussion. Babies born to
mothers with MS were significantly more likely to be born
by cesarean section (CS) than were babies born to mothers
without MS —44.1% versus 10.6%, p=0.0002. We found no
significant differences between the groups in the number of
neonatal conditions studied, particularly the consequences
of acute respiratory distress syndrome, RF requiring the
use of ALV, IVH, and food intolerance (Table 1). The most
common conditions in the infants of the studied groups
were the consequences of [UH and RF requiring ALV. In
the majority of cases, intrauterine hypoxia of the fetus was
the reason for CS.

Table 1

Neonatal consequences and indicators of nitric oxide metabolism in children of the examined groups

(P 20.9), n (%)

Indicators Main group, n=34 Comparison group, n=66 p
RF, that required ALV, n (%) 17 (50.0) 23 (34.8) 0.143
Food intolerance, n (%) 4 (11.8) 6 (9.1) 0.317
IVH, n (%) 4 (11.8) 13 (19.7) 0.673
Consequences of intrauterine hypoxia 15 (44.1) 35 (53.1) 0398

Nitrates (nmol/l), Me (Q,-Q,) 3.95 (2.12-5.78) 4.86 (2.43-6.08) 0.587
Nitrites (nmol/l), Me (Q,-Q.) 1.22 (0.91-2.13) 1.52 (0.92-2.73) 0.418
Nitrosothiols (umol/l), Me (Q,-Q,) 2.89 (2.61-4.70) 2.82 (2.61-5.7) 0.950
4aa/4ab genotype, n (%) 13 (38.2) 23 (34.8) 0.738

Note: RF — respiratory failure, ALV — artificial lung ventilation, IVH — intraventricular hemorrhage

The study of nitric oxide metabolism showed no
significant differences in the levels of nitrites, nitrates, and
nitrosothiols between the studied groups of children born
to mothers with and without MS. Also, no differences were
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found in the distribution of children into groups depending
on the 4aa/ab polymorphism of the eNOS gene. Therefore,
the presence of maternal MS does not affect the nitrate
metabolism of preterm infants immediately after birth.
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According to numerous studies, the presence of
maternal MS causes intrauterine hypoxia of the fetus
[7], which is an indication for cesarean section, which in
turn worsens the infants’ adaptation to extrauterine life
after birth. Therefore, we investigated the existence of
a relationship between neonatal outcomes and indicators
of nitric oxide metabolism levels (nitrates, nitrites, and
nitrosothiols) in preterm infants.

We found the presence of reliable associations between
the consequences of IUH and the levels of nitrates,
nitrosothiols and the polymorphic genotype 4aa/ab of the
eNOS gene (Table 2). As for other neonatal conditions,

no reliable relationship was found between them and the
levels of nitrates, nitrites and nitrosothiols. The presence
of the 4aa/ab polymorphic genotype of the eNOS gene
was reliably associated with the development of clinical
manifestations of [IUH in a premature infant, i.e. it reduced
the probability of the infant having clinical consequences
of intrauterine hypoxia, and was not associated with the
development of other neonatal conditions. A reliable direct
relationship between the development of IUH in preterm
infants and the levels of nitrates and nitrosothiols was
found according to a simple logistic regression analysis
(Table 2).

Table 2

The relationship between the eNOS gene polymorphism and indicators of nitric oxide exchange with neonatal
outcomes according to simple logistic regression analysis

Nitrates in urine Nitrites in urine Nitrosothiols in urine 4aa/4ab genotype
OR 1.06 OR 1.13 OR 1.03 OR0.93
RF 95% C1 0.91-1.24 95% Cl 0.81-1.57 95% CI 0.90-1.19 95% Cl 0.40-2.14
p=0.422 p=0.464 p=0.651 p=0.865
OR 0.96 OR0.76 OR 1.03 OR 1.2
IVH 95% C10.78-1.18 095% CI 0.39-1.33 95% CI1 0.90-1.19 95% Cl1 0.29-2.54
p=0.766 p=0.434 p=0.651 p=0.781
Consequences OR 1.19 OR1.23 OR1.19 OR0.28
of IUH 95% Cl 1.01-1.40 95% C1 0.87-1.72 95% Cl 0.99-1.42 95% Cl 0.12-0.67
p=0.042 p=0.236 p=0.050 p=0.004
Food intole- OR1.2 OR 0.85 OR 0.9 OR 0.85
rance 95% Cl 0.32-4.6 95% Cl 0.46-1.56 95% Cl 0.66-1.23 95% Cl 0.46-1.56
p=0.781 p=0.593 p=0.503 p=0.593

Note: RF — respiratory failure, IVH — intraventricular hemorrhage, IUH — intrauterine hypoxia

At the same time, we did not find any relationship
between the 4aa/ab genotype and indicators of nitric oxide
metabolism, in particular nitrates (OR 1.08, p= 0.318),
nitrites (OR 1.11, p=0.548) and nitrosothiols (OR 1.07,
p=0.352).

Furthermore, the peculiarities of nitric oxide exchange
in premature infants were analyzed according to the
presence or absence of [UH. The median values of nitrates,
nitrites and nitrosothiols in premature infants with [UH
were significantly higher than those in infants without

IUH. Since one of the most important functions of NO
in the human body is the regulation of blood flow by
influencing vascular tone and the state of the endothelium,
we studied the peculiarities of hemodynamic indicators
and renal function in this cohort of patients (Table 3).
Analysis of systemic hemodynamics showed no significant
differences in the baseline values of preterm infants with
and without IUH, but we noted a <0.1 association with
hourly diuresis on day 3, although this value remained
within the normal range.

Table 3

Indicators of nitric oxide exchange and systemic hemodynamics among children depending on the presence or
absence of intrauterine hypoxia consequences

. . Newborns with IlUH, | Newborns without o
Prognostic variables n=50 IUH, n=50 OR 95% CI p
Nitrates in urine (nmol/l) Me (Q,-Q.) 4.86 (3.95-4.08) | 3.04 (1.8-6.08) 1.19 (1.00-1.4) 0.017
Nitrites in urine (nmol/l) Me (Q,-Q.) 1.82 (1.22-2.18) | 0.22(0.61-2.74) | 1.22(0.87-1.72) | 0.031
Nitrosothiols in urine (umol/l) Me (Q,-Q,) 3.92 (2.75-5.94) 2.75 (2.61-3.47) 1.19 (0.99-1.42) 0.020
Heart rate, 1%t day after birth (per min.) Mtm 148.08+1.91 150.78+1.65 0.98 (0.95-1.01) 0.287
Heart rate, 3™ day after birth (per min.) Mtm 149.12+1.86 151.24+1.93 0.99 (0.95-1.02) 0.426
st H
Mean blood pressure, 1 day after birth 33.92+1.06 33.06+1.01 102 (0.96-1.07) | 0555
(mmHg) M+m
- .
Mean blood pressure, 3¢ day after birth 35.24+0.92 35.26+0.92 0.99 (0.94-1.06) | 0.988
(mmHg) M+m
- — .
mrr‘:' output, 1 day after birth (mi/kg/h) 2.07+0.25 2.3:0.2 0.92(0.72-1.19) | 0535
. - .
m’:f output, 3* day after birth (mi/kg/h) 3.03£0.16 3.5:0.18 0.72 (0.51-1.02) | 0.067
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In order to finally clarify the complex influence of
nitrate metabolism indicators on the development of ITUH
and to predict the development of its consequences in
premature infants, the following indicators are included
in the regression prognostic model: the level of nitrates,
nitrites in urine, the 4aa/4ab genotype and hourly urine

output on the third day of life. As the research results show,
there is a direct and reliable relationship with nitrates and
an inverse relationship with nitrites, the 4aa/4ab genotype
and urine output (Table 4)

This predictive model has high operational
characteristics — the area under the ROC curve is 0.8168.

Table 4

Odds ratio and prognostic coefficients of the prognostic model regarding the development of the consequences
of intrauterine hypoxia

OR (95% Cl) B (95% Cl) P
Nitrates (nmol/l) 4.75 (2.05-10.99) 1.56 (0.72-2.39) 0.000
Nitrites (nmol/l) 0.06 (0.01-0.32) 2.79 (~4.43-(—1.14) 0.001
4aa/4ab genotype (yes) 0.11 (0.03-0.37) -0.43 (=0.082-(~0.99) 0.000
Urine output (ml/kg/h) 0.65 (0.17-5.68) -0.42 (=0.82-(—0.02) 0.037
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Area under ROC curve = 0.8168

Fig. 1. ROC-curve for predicting the development of clinical manifestations of the
intrauterine hypoxia consequences in premature infants

As a result of the research conducted, no association
was found between maternal MS and indicators of nitrate
metabolism in preterm infants. However, a recent meta-
analysis showed the programming effect of maternal
MS during pregnancy on the metabolic conditions of
newborns [20], and a number of earlier cohort studies
analyzed the risks of developmental disorders in children
of mothers with MS [21, 22]. Some mechanisms of the
influence of maternal MS on the development of relevant
disorders in newborns are known, including disorders
of NO synthesis, endothelial dysfunction and oxidative
stress [23, 24]. In particular, the influence of very-low-
density lipoproteins (VLDL) on NO bioavailability,
redox homeostasis, and mitochondrial function has been
experimentally demonstrated [25]. High serum glucose
concentrations cause vascular endothelial dysfunction
leading to decreased activation of endothelial nitric oxide
synthase (eNOS) and increased reactive oxygen species,
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which explains the decreased synthesis and bioavailability
of NO and increased NO consumption [26]. And the work
of Grasemann C demonstrated the influence of intrauterine
exposure to maternal hyperglycemia and a high-fat diet on
changes in the pulmonary metabolism of L-arginine/NO
in the offspring [27]. Although we did not find significant
differences in nitric oxide metabolism disorders in preterm
infants depending on the presence of MS in their mothers,
we believe that further studies of this plan in a larger cohort
of patients are needed. In our study, the consequences of
IUH were significantly associated with an increase in the
concentration of nitrates in the urine, and a decrease in
nitrites, and the absence of the 4aa/ab genotype, which is
associated with reduced NO excretion. There is an evidence
that NO can have both protective and deleterious effects
depending on factors such as NOS isoform and time after
the exposure to hypoxia [28]. Immediately after hypoxic-
ischemic brain injury, the release of NO from eNOS is
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protective, mainly promoting vasodilation; therefore, NO is
of particular importance for the autoregulation of cerebral
vascular tone. However, NO produced by inducible nitric
oxide synthase (iNOS) may have neurotoxic effects to
which the immature brain is particularly sensitive. It
should be noted that iNOS is more easily and intensively
expressed in neonates after the hypoxic event, in addition,
this category of patients has reduced reserves of the
antioxidant system [29]. Probably, the increased level
of nitrates in the urine of newborns, which significantly
increases the chances of having the consequences of
intrauterine hypoxia, is a confirmation of this fact.

An example of the application of our research can be
not only the prediction of the development of IUH, which
may be insignificant according to clinical manifestations,
but also to find out the status of the child regarding the
exchange of NO, since more and more works are appearing
that prove the effectiveness of the use of NO modulators,
such as inhaled nitric oxide (iNO) and sildenafil are
clinically used for the treatment of pulmonary hypertension
in premature infants [30, 31], with caveats regarding
the lack of clear indications. There are concerns about
side effects in small-for-gestational-age preterm infants
and in mothers who receive nitric oxide donors during
pregnancy, whose efficacy in prolonging pregnancy has
been demonstrated in a recent meta-analysis [32].

Conclusions. Among the premature infants born to
mothers with MS, such pathological conditions as the
consequences of intrauterine hypoxia (44.1%) and RF
requiring mechanical ventilation (50.0%) were the most
common, although no significant differences in their
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prevalence were found. Significant associations were
found between the outcomes of intrauterine hypoxia and
levels of nitrates (OR 1.19; 95% CI 1.01-1.40; p=0.042),
nitrosothiols (OR 1.19; 95% CI 0.99-1.42; p=0.050),
and polymorphic genotype 4aa/ab of the eNOS gene
(OR 0.28; 95% CI 0.12-0.67; p=0.004). Analysis of
systemic hemodynamics showed no significant differences
in the baseline values of preterm infants with and without
IUH, but we noted a p <0.1 association with urine output
on day 3 after birth, although this value remained within
the normal range. According to the results of the multiple
logistic regression analysis, in preterm infants born to
mothers with MS, an increase in the level of urinary nitrates
and the absence of the eNOS 4aa/ab genotype increased
the likelihood of having the consequences of intrauterine
hypoxia.

Prospects for further research. Considering the
complexity and the lack of a complete diagnostic algorithm
for the possible effects of hypoxia on the central nervous
system in premature infants, it is hypothetically possible,
after conducting studies on a larger sample of patients,
to consider the determination of urinary nitrates and
nitrosothiols as a minimally invasive screening method.
In addition, the effect on the expression of different
isoforms of NOS may be an option for the development of
neuroprotective therapy in neonates with the consequences
of intrauterine hypoxia.
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BIIJIUB MMOJIMOP®I3MY I'EHY ENOS TA IOKA3HUKIB OBMIHY OKCUAY A30TY HA HEOHATAJIbHI
HACJIJIKHA Y HEPEJYACHO HAPOJKEHUX AITEM BIJI MATEPIB 3 METABOJIIYHUM CUHAPOMOM

0. M. Koganvoea, I0. 1. Yepusaescvka, B. I. Iloxunvko, O. €. Akimos, A. B. Cniocapesa

[onTaBcbKuii Aep:kaBHHIT MeIUYHUI YHIBEepCUTET
(m. ITonTaBa, Ykpaina)

Pesiome

MeTaboni4HIi CHHAPOM PO3IIAAETHCS SK KIACTED MOPYLIEHb, SKi 0e3M10CepeHbO CIPHUSAIOTh PO3BUTKY CEPLEBO-CYIMHHUX 3a-
XBOPIOBaHb 1 XapaKTEPU3YIOTHCSI XPOHIYHUM CHCTEMHHM 3anaieHHs M. YHCIIeHH] eMiieMioNoriyHi JaHi CBi[4aTh Mpo Te, U0 HECIIPH-
STIMBE BHYTPIIIHbOyTPOOHE CEPEeOBHUILE, CIPUUYMNHEHE 0COOIMBOCTSAMH HYTPITHBHOIO CTAaTyCy abo IUIalieHTapHOI0 HEIOCTATHICTIO
y KIHKH 3 METa0O0II4YHUM CHHIPOMOM, MOXE «IIPOrpaMyBaTH» CIPUHHATIMBICTD 1101 O MOJAJIbIION0 PO3BUTKY CEPLIEBO-CYIHHHUX
Ta MeTaboIIuYHUX 3aXBOPIOBAHb, MA€ BILUTHB HAa KOTHITHBHUM 1 mOBeAiHKOBHIA po3BuToK. Okcnz azoty (NO) Bigirpae BUpiniagbHy poib
y HaroreHe3i KOMIOHEHTIB MeTaboIiuHOro cuHaApoMy JliTH, HApOKEHI IepeaYacHO, MAlOTh BUCOKY YacTOTY MOLIKOKEHb MO3KY, 110
MOXKE ITPU3BECTH 10 MOTOPHUX, KOTHITUBHHX, IIOBEAIHKOBHX, COLIANIbHHUX, CECHCOPHUX PO3JIaIiB.

Mera i 3aBaanHs qocizkennsi. Busuenus BBy nosimMopdizmy reny eNOS Ta OKa3HHKIB 0OMiHY OKCHITY a30Ty Ha HEOHATalbHi
HACJIKH y TIepeAYacHO HAPODKEHUX JITeH BiJl MaTepiB 3 METa0OIIYHIM CHHIPOMOM.

Marepian Ta MeToau gocaizkenHs. byio nposeaeHe nociikeHHs, 10 sikoro yBiiinum 100 nepenqyacHo HAPOIKEHUX AiTeil.
st nocsirueHHst MetH 0yiio copMOBaHO /B rpyIii: OCHOBHY (n=34), B sIKy YBIHIIUTH IepeyacHO HapOPKeHi AiTh (Bara nmpu Hapoj-
seHHi 2145,29+148,19 r ta recrauiitnum BikoM 33,18+0,55 TikHIB) Big MaTepiB 3 MeTabONIYHUM CHHAPOMOM, Ta IPYILy [OPiBHSIHHSI
(n=66), B sIKy yBIHIILIIM IepeIuacHO HAPOKEHI AiTH (Bara npy HapomkenHi 2295,99+101,45 ta I'B 34,03+0,45 TixH) Bix MatepiB 0e3
MeTabosiuHoro cunapomy. Jitsim Oysio npoBeaeHe reHeTHYHE J0CIIPKeHHs — BU3HaueHHs! nojiMopdismy reny eNOS, a Takox piBHs
HITPHTIB, HITPATIB Ta HITPO30TIOJIB CeHi.

Pitrennsm komicii 3 6ioetnku Ne 217 Bix 12.06.2023 ninTBeppkeHo, 110 MaTepiain HaykoBoi poboTH BianosiawTs [IpaBunam
I'YMaHHOTO HOBOJKEHHS 3 TALli€HTaMU

BukopucToByBan TpaauLiiiHi METOIH MapaMeTPHYHOI Ta HeMapaMeTPUYHOI CTaTUCTUKH. J[1ist aHani3zy sSIKICHUX O3HaK, II10 BHUpa-
XKaJUCs B OCHOBHOMY Y BiJICOTKaX, OyJIM 3aCTOCOBaHI HellapaMeTpU4Hi METOH. 3a JOIIOMOTOK METOJIIB MapaMeTPHYHOT CTATUCTUKU
3/iCHIOBAIIMCH [TEPEeBipKa HOPMAIBHOCTI PO3MOALTY KiIbKICHUX O3HAK 3 BUKOpUCTAaHHM KpuTepito Konmoroposa-CumipHosa. Craruc-
THYHa 00pOOKa OTPUMAHUX PE3yI/IBTaTiB POBOAMIIACS 32 IOMOMOrolo nakera npuknaaaux nporpam EXCEL-2003® i STATA sepcii 11
st Windows (StataCorp, Texac, CIIIA).

Po6ora Bukonana y mexxax HJIP xadenpu nemiarpii Ne 1 Ta Heonarosnorii [TontaBchkoro JAep:kaBHOIO MEANYHOIO YHIBEPCHTETY
«Po3pobuty KiiHiK0-1a00paTOpHI KpUTEPii, METOIH IIPOTHO3YBaHHS Ta 3art00iraHnHs MeTa0oIuHUX TOPYLICHb Y JiTei paHHbOTO BiKy»
(neprxaBHuit peectpauiituuit Homep 0120U102856).

Pesyabrarn nociigkenHs. HalinommpeHimmumMy 3aXBOPIOBAHHAMHI CepeJ] HEMOBIIAT 0OCTEKEHUX I'PYIl BUSBUIINCH HACIIJIKU
BHYTPIIIHBOYTPOOHOT rinokcii (44,1%) Ta anxanbHa HEAOCTATHICTb, 110 MOTPeOyBala WITY4YHOT BeHTHIALIT Jierens (50,0%), xo4a
JOCTOBIPHUX BiIMIHHOCTEH y MOLIMPEHOCTI LIUX CTaHiB 3HaleHO He Oyi10. Mu ieHTH(IKyBaIy HAsIBHICTD JOCTOBIPHUX acomialiil Mix
HAaCJIiIKaMK BHYTPILIHBOYTPOOHOI rinokcii Ta piHem Hitparis (BII 1,19; 95% I 1,01-1,40; p=0,042), nitposotionis (BII 1,19; 95%
1 0,99-1,42; p=0,050) ta nonimopduum renorurnom 4aa/ab reny eNOS (BIII 0,28; 95% I 0,12-0,67; p=0,004). Anaini3 cucteMHol
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TeMO/IMHAMIK1 BHSIBHB BiJICYTHICTB JJOCTOBIPHHX BiIMIHHOCTEH y 6a30BHX ITOKa3HUKAX MepeTdacHO HApOHKSHIX HEMOBIIAT 3 HACIIiIKaMU
BHTYPINIHBEOYTPOOHOT Tinokcii Ta 6e3 Hel, ajie MU 3BEepHYJIH yBary Ha HAsBHICTB 3B’s13Ky 3 IIOTOJJMHHHM Jiype30M Ha TPETIO 100y.

JI71st 0cTaTovHOTO 3’sICYBaHHS KOMITIEKCHOTO BIUTUBY ITOKAa3HHKIB HITPaTHOTO 0OMiHY Ha PO3BHTOK BHYTPIITHBOYTPOOHOI TiMOKCIT Ta
MIPOTHO3YBaHHS PO3BUTKY HACHIKIB JAHOTO CTAaHY Y IepeI4acHO HAPOPKEHNUX JITEH B perpeciiiHy IpOrHOCTHIHY MOJIETb BKIIOYECHO
TaKi MOKA3HUKN: pIBEHb HITPATIB, HITPUTIB, TCHOTHUIT 4aa/4ab Ta MOTOAWHHUIH Aiype3 HA TPETIO OO KHUTTA. SIK CBiAYaTh pe3ysIbTaTi
JIOCIIIJDKEeHb, ICHY€ TIPSIMHI JTOCTOBIPHUI 3B’SI30K 3 HITpaTaMy Ta 3BOPOTHII 3 HITPHUTaMH, TEHOTUIIOM 4aa/4ab Ta IOTOMUHHUM Jlype30M.
JlaHa IpOrHOCTHYHA MOZIENb M€ BUCOKI ONepariiHi xapakrepucTuku — mioma mig ROC kpusoro cranoButs 0,8168.

Jlesiki MexaHi3MU BIUIMBY METa0OIIYHOTO CHHAPOMY y MaTepiB Ha PO3BUTOK BiJITOBIHUX IOPYIICHb Y HOBOHAPO/DKEHUX BioM,
1 cepest HUX NOPYIICHHS CHHTE3y OKCHTY a30TY, €HI0TeialbHa JUCOYHKILST, OKACIIOBAIBHHUIT cTpec. Y HaIIoMy JOCIIKEHHI HACTI KK
BHYTPIMIHBOYTPOOHOI T1MOKCIT TOCTOBIPHO acOLiIOBAIICE 31 301IBIIIEHHSIM KOHIIEHTPAII] HITPATiB y cedi, Ta 3MEHIIeHHSIM HITPHTIB,
1 BIJICYTHICTIO TCHOTHITY 4aa/ab, sIKWii TIOB’I3aHUH 31 3MEHIICHUM BUIUICHHSM OKCHIY a30Ty. € CBIIYCHHS MPO TE, IO OKCUJI a30Ty
MOKE€ MaTH SIK 3aXHCHY, TaK 1 IIKI/UTUBY MiI0 3aJIEKHO BiJ TAKUX (AaKTOPIB, SIK 130()0pMa CHHTA3U OKCUJTY a30Ty 1 4ac BILIMBY TiITOKCIl.

BucnoBku. Y nepequacHO HapOPKEHUX JIITEH BiJ MaTepiB 3 METaOOIIYHUM CHHIPOMOM IiIBUIIEHHS PIiBHS HITpaTiB cedi Ta BiJ-
cyTHicTb reHotHury eNOS 4aa/ab 301nbIrye nIaHCH MaTH HACIiJKH BHYTPIITHEOYTPOOHOT TiMOKCIi.

Kurouosi ciioBa: MepeT9acHO HapOIDKEHI JiTH; Marepi 3 MeTabomidHuM cuHApoMoM; TeH eNOS; MeTaboImi3M OKCHIY a30Ty;
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