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Summary

Preterm infants are a special cohort of newborns that require long-term treatment in the neonatal intensive care unit
(NICU). NICU stay, accompanied by numerous excessive stimuli, painful procedures, and separation from parents leads
to a high risk of chronic pain and stress.

The aim of research was to study the level of chronic pain and pain-related stress markers in preterm infants with
a gestational age of less than 34 weeks, and their associations with various factors.

Materials and methods. The study involved 104 preterm infants with gestational age (GA) less than 34 weeks
who were treated in the NICU. The level of chronic pain and pain-related stress markers (dopamine, p-endorphin,
serotonin) in urine samples was determined by an enzyme-linked immunosorbent assay using kits for the quantitative
determination of dopamine (Dopamine Elisa kit, Elabscience, Wuhan, China), f-endorphin (f-endorphin Elisa kit,
Elabscience, Wuhan, China), serotonin (Serotonin Elisa kit, Elabscience, Wuhan, China). Samples were analyzed in
duplicate, and assays were performed using provided controls according to the manufacturer’s instructions.

Ethics approval was obtained from the appropriate local ethics committee and research was conducted under the
World Medical Association’s Helsinki Declaration. Informed consent was obtained from all the participants who took
part in the study.

All computations were performed using StatSoft STATISTICA Version 13 (Tulsa, OK). Quantitative data are presented
as the median and interquartile range (IQR; 25th to 75th percentiles). For qualitative parameters, absolute and relative
frequencies are presented. The Mann-Whitney U-test (for two independent groups) and Kruskal-Wallis test (for three
groups) were used to compare numerical data. Significance was assumed at p<0.05. Correlations were analyzed using
Spearman’s rank correlation coefficient.

The study is a part of the scientific research: Implementation of the neuro-developmental care elements for preterm
infants and their follow-up observation (0120U104281, 01.01.2020-12.31.2022).

Research results and their discussion. Dopamine level in the urine of preterm infants was 132.20 [104.80; 183.70]
pg/ml. It was significantly higher in children who underwent mechanical ventilation compared to non-ventilated
neonates (164.60 [110.00; 253.70] pg/mL vs. 123.20 [98.65; 158.70] pg /ml), p=0.030, and was associated with the
severity of respiratory disorders (H=5.84; p=0.049). Dopamine level was significantly lower in twins compared to
singleton infants (113.70 [78.75; 164.70] vs. 145.10 [111.80; 208.50], p=0.017.

p-endorphin level in the urine of preterm newborns was 29.87 [20.61; 46.94] pg/ml. It was significantly higher
in twins compared to singletons (38.30 21.97; 59.61] vs. 27.80 [19.66; 39.16], p=0.046). [-endorphin level was
significantly lower in children with neonatal seizures (p=0.039).

Serotonin level in the urine of preterm infants was 23.49 [16.13; 32.19] pg/ml. It was significantly higher in neonates
born by caesarean section compared to those born naturally (25.62 [18.87; 38.53] ng/ml vs. 17.41 [13.36; 27.89] ng/
ml, p=0.017), and it was higher in twins compared to singletons (27.19 [18.87; 41.75] ng/ml vs. 21.98 [14.41; 29.70]
ng/ml), however, with no statistical significance (p=0.073).

The study revealed the positive correlation between serotonin and fp-endorphin levels (r=0.68; p<0.001) in infants
who required mechanical ventilation and in newborns with neonatal seizures (r=0.59; p<0.001). Positive correlation
between f-endorphin and serotonin levels in twins also was found (r=0.72, p<0.001).

Conclusion. This prospective cohort study showed that severe respiratory disorders in preterm infants were
associated with decreased dopamine level, while serotonin and f-endorphin levels were correlated in this case. Neonatal
seizures were associated with decreased [-endorphin level, while a positive correlation was found between f-endorphin
and serotonin levels. Dopamine levels were significantly lower and f-endorphin levels significantly higher in twins
compared to singleton preterm neonates. Serotonin level was significantly higher in neonates born by caesarean section.
Gestational age, birth weight, gender, early-onset sepsis, and intraventricular hemorrhage were not associated with
increased or decreased levels of pain and pain-related stress markers in preterm infants.

Key words: Chronic Pain, Pain-related Stress, Preterm Infants; Dopamine; B-endorphin; Serotonin.

Introducion accompanied by numerous excessive stimuli, painful
Preterm infants are a special cohort of newborns procedures, and separation from parents leads to a
with functional immaturity, multisystem disorders high risk of chronic pain and stress. The International
and high morbidity that require long-term treatment Association for the Study of Pain defines pain as
in the neonatal intensive care unit (NICU). NICU stay, "an unpleasant sensory and emotional experience
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associated with, or described in terms of, actual or
potential tissue damage." Because the basis of this
definition is the subjective assessment and reporting
of pain sensations, it has long been considered
impossible to assess the severity of neonatal pain.
However, the inability to communicate verbally does
not negate the possibility that the infants feel pain
and require appropriate pain management [1, 2, 3].

The perception of pain and the response to stress
in preterm infants can be even more pronounced than
in full-term babies. This is due to the fact that the
ascending nociceptive pathways are formed and begin
to function fully from the 24th week of pregnancy,
while the descending inhibitory pathways are still
immature. In this regard, preterm neonates, on the
one hand, have a lower threshold of pain sensitivity,
poor localization of the pain stimulus, which leads to a
diffuse distribution of pain sensation, and on the other
hand, the pain modulation and overcoming processes
are insufficient and immature [4, 5, 6, 7]. In addition,
preterm infants experience long-term hyperalgesia and
allodynia after tissue damage or another painful event,
which leads to chronic pain and pain-related stress [7].

Recently, more and more attention has been paid
to the research of pain that persists after an acute
painful procedure in neonates 8, 9]. To date, there is
no clear and unambiguous definition of chronic pain
in infants [2]. The International Association for the
Study of Pain defines chronic pain in adults as pain
that persists or recurs for more than 3-6 months after
an injury [10]. However, this definition of chronic
pain in newborn infants cannot be used in neonatal
practice [8], and a specific time criterion cannot be
applied to newborns [2].

Thus, the purpose of our research was to study the
level of chronic pain and pain-related stress markers in
preterm infants with a gestational age (GA) of less than
34 weeks, and their associations with various factors.

Materials and methods

Single-center, cohort and prospective study was
performed at the level III NICU of the Ternopil
regional perinatal center. The research included
140 preterm infants with GA of less than 34
weeks. Newborns with the chromosomal disorders,
congenital malformations, and surgical pathology
were excluded from the research. A laboratory study
of pain in preterm infants in the NICU included
determination of markers (dopamine, serotonin, and
B-endorphin) associated with chronic pain and stress.

Sample collection and urinary dopamine,
serotonin, and B-endorphin assay. Urine was collected
using cotton sponges, after that was extracted from
the sponges by centrifugation (2 minutes at 2000xg).
After extraction, urine samples were centrifuged for
20 min at 1000xg at 2-8°C and after that were frozen
and stored at -80°C. Enzyme immunoassay kits for the
quantitative determination of dopamine (Dopamine
Elisa kit, Elabscience, Wuhan, China), B-endorphin
(B-endorphin Elisa kit, Elabscience, Wuhan, China),
serotonin (Serotonin Elisa kit, Elabscience, Wuhan,
China) were used to analyze the levels of pain and
pain-related stress markers in the urine samples.
Samples were analyzed in duplicate, and assays were
performed using provided controls according to the
manufacturer’s instructions.

Ethics approval was obtained from the appropriate
local ethics committee and research was conducted
under the World Medical Association’s Helsinki
Declaration. Informed consent was obtained from all
the participants who took part in the study.

All computations were performed using StatSoft
STATISTICA Version 13 (Tulsa, OK). Quantitative data
are presented as the median and interquartile range (IQR;
25th to 75th percentiles). For qualitative parameters,
absolute and relative frequencies are presented. The
Mann-Whitney U-test (for two independent groups)
and Kruskal-Wallis test (for three groups) were used to
compare numerical data. Significance was assumed at
p<0.05. Correlations were analyzed using Spearman’s
rank correlation coefficient.

The study is a part of the scientific research:
Implementation of the neuro-developmental care
elements for preterm infants and their follow-up
observation (0120U104281,01.01.2020-12.31.2022).

Research results and their discussion

A total of 19 extremely preterm infants (13.6%),
52 very preterm (51.4%), and 49 moderate preterm
infants (35%) were included in the study. There were
74 boys (52.9%) and 66 girls (47.1%), fig. 1. The
mean GA was (31.1+£2.4) weeks. There were 54 twins
(38.6%) and 86 singletons (61.4%).

The mean maternal age was (29.5+5.5) years, with
no significant difference depending on the GA of the
children (p=0.25). There was no significant difference
in history of pregnancy and delivery in newborns of
different GA groups. Only gestational hypertension
and preeclampsia were more often observed in mothers
of moderate preterm neonates compared to extremely
and very preterm (48.98% compared to 21.05 % and
18.06 %, x2=14.18; p<0.001), and anemia was present
more often in mothers of extremely and very preterm
infants (47.37% and 47.22 % vs 24.49 %, x2=6.92;
p=0.031). One hundred one child (72.14%) was born
by cesarean section, with no difference depending on
the gestational age.

Seventy-four (52.85%) and twenty-one (15.00%)
children had Apgar scores of less than 7 points at the 1st
and 5th minutes respectively. The mean birth weight was
(1591.46+439.51) grams, birth length - (39.96+4.25)
cm, head circumference (HC) - (28.92+2.37) cm.
Fourteen (10%) infants were born small for gestational
age. Anthropometric indicators of the study population
depending on the GA are presented in the table. 1.
Enteral nutrition was started on average on the first day
of life in all newborns. All children received parenteral
nutrition from the first hours of life.

80%
68%

70% 65%
61%
60% 53%
50% 47%
39%
40% 32% 35%
30%
20%
10%
0%
Total Extremely Very preterm Moderate

preterm infants infants preterm infants
M Males M Females

Figure 1. Gender distribution of the study
population
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Table 1
Anthropometric indicators of the study population
Indicator S.tat.istical E;:;tte;r:_?r:y Yery preterm I\I’I)c:gteer:r:‘e p
indicator infants, n=19 infants, n=72 infants, n=49
Birth weight g Mean+SD 917.37 £ 207.14(1559.72 £281.42 | 1899.49+384.58 p,,<0.001%
p,,<0.001*
p,.<0.001*
percentile Mean+SD 53.68+27.93 59.17+25.43 44.314£29.51 p,,=0.715
p,,=0.410
p,.=0.009*
Birth length cm Mean+SD 33.47+3.5 39.5£3.0 43.2+2.5 p,,<0.001%
p,,<0.001*
p,.<0.001*
percentile Mean+SD 42.11+29.86 40.29+24.31 42.35+26.69 p,,=0.916
p,,=0.999
p,.=0.905
Birth head cm Mean+SD 25.4+1.6 29.0£2.0 30.2+1.6 p,,<0.001*
circumference p,,=0.0042*
p,,<0.001*
percentile Mean+SD 78.81+24.79 64.24+24.95 48.38+25.05 p,,=0.791
p,,=0.006
p,,<0.001*
Note. * — statistically significant results

Respiratory disorders of varying degrees were
diagnosed in all infants. Thus, severe respiratory
disorders predominated in extremely preterm infants,
moderate and severe respiratory disorders - in very
preterm infants, and moderate respiratory disorders
in moderate preterm neonates. Surfactant replacement
therapy was performed in 43 (30.71%) newborns. A
total of 45 children required mechanical ventilation,
with a significant predominance in the group of
extremely preterm infants (p<0.001).

Respiratory distress syndrome (71.43 %), early-onset
neonatal sepsis (23.57 %), intraventricular hemorrhages
(23.57 %), hypoxic-ischemic encephalopathy (22.14 %)
were the most frequent diseases of the study population.
Twenty-six infants (18.6%) had neonatal seizures.

The dopamine level in the urine of preterm infants
was 132.20 [104.80; 183.70] pg/ml. It was significantly
higher in children who underwent mechanical
ventilation compared to non-ventilated neonates
(164.60 [110.00; 253.70] pg/mL vs. 123.20 [98.65;
158.70] pg /ml), p=0.030. The level of dopamine was

associated with the severity of respiratory disorders
(H=5.84; p=0.049). It was found that high levels of
dopamine were associated with severe respiratory
disorders in preterm infants (Table 2, Fig. 2). The
dopamine levels in the study population depending on
neonatal diseases are presented in Table 3.

Dopamine level in urine, pg/ml

164,6

Severe respiratory
disorders

180,0 118,0 124,4
160,0

140,0
120,0
100,0
80,0
60,0
40,0
20,0

Mild respiratory
disorders

Moderate
respiratory
disorders

Figure 2. The level of dopamine in urine in preterm
infants depending on the degree of respiratory
disorders
Note. * — statistically significant results

Table 2
Pain and pain-related stress markers in preterm infants depending on the severity of respiratory
disorders
Mild respiratory Mot!erate Se_vere Kruskel-Wallis
Index disorders (n=18) respiratory respiratory test P
disorders (n=77) |disorders (n=45)
Dopamine 118,00 124,35 164,60 H=5,84; P00
, P9 (110,40; 185,00) (95,26; 156,95) (110,90; 264,65) p=0,049* ;’13 0.047*
22=0,
-Endorphi = ; 1,000
> Srine. pg/mi 37,10 28,96 85,15 E':S’é’?é 21 °=1.000
’ (15,75;52,10) (20,74; 46,77) (19,66; 59,05) ’ s
p,..=1,000
iel;‘r’lt:é“r; i 42,46 23,17 23,23 H=0,85; ?-2:1’888
- N9 (12,38; 57,85) (18,22; 31,65) (14,41; 33,32) p=0,654 -3
P,.=1,000
Note. * — statistically significant results
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Table 3

Pain and pain-related stress markers in preterm infants depending on diseases

Neonatal disease Dopamine in urine, pg/ml B-Endorphin in urine, pg/ml Serotonin in urine, ng/ml
Me (Lg; Uq) p Me (Lq; Uq) p Me (Lq; Uq) p
Respiratory + 125.50 28.99 22.30
104.80; 165. 20.47; 45.7 15.13; 30.1
distress (104.80; 165.30) 0.209 (20.47, 45.79) 0.607 (15.13; 30.15) 0.188
syndrome - 156.55 30.09 27.19
(91.87; 269.30) (21.50; 52.10) (16.13; 44.48)
+ 124.90 32.04 16.81
Early-onset (91.43; 209.50) (17.27; 65.31) (14.41; 33.32)
f 0.994 0.715 0.509
sepsis - 132.20 29.87 23.75
(107.20; 183.70) (21.12; 45.19) (18.22; 32.08)
+ 164.85 24.88 22.18
Neonatal (107.40; 264.65) (15.61; 35.15) . (13.82; 29.55)
seizures - 127.70 0.174 32.80 0.039 25.50 0.239
(101.60; 165.10) (21.97; 54.78) (17.41; 34.72)
+ 136.10 28.88 22.30 (17.41;
(105.10; 253.70) (21.50; 37.10) 29.70)
IVH 0.497 0.664 0.910
- 128.25 30.60 24.03
(101.60; 170.00) (20.47; 47.11) (16.13; 32.19)
Note. * — statistically significant results

It was found that dopamine level was significantly
lower in twins compared to singleton infants (113.70
[78.75; 164.70] vs. 145.10 [111.80; 208.50], p=0.017,
Fig. 3. There was no difference in dopamine level

depending on gender (p=0.331), mode of delivery
(p=0.424), gestational age (H=3.44; p=0.179), and birth
weight (H=0.26; p=0.877). Dopamine levels in preterm
neonates of different GA are presented in Table 4.

Table 4.
Pain and pain-related stress markers in preterm infants depending on the severity of respiratory
disorders
GA GA GA .
Index 24-28 weeks 29-32 weeks 33-34 weeks | (ruskel-Wallis p
(n=19) (n=72) (n=49)

Dopamine 136.10 121.80 159.55 H=3.44; SEN
. P9 (111.80; 163.90) (91.43; 165.20) (112.50; 238.90) p=0.179 E1 0216

2:-3 =
?n"i?i‘:]‘;rpg‘é?ml 26.48 32.80 23.80 H=2.06; P 2;] '888

' (14.23; 44.60) (21.99; 50.95) (18.94; 37.81) p=0.357 Pyt
p,.=0.594
Serotonin in urine, 297 24 03 18.76 H=0.68: P1_2i1.000
ng/m| (14.77; 26.73) (17.55; 32.08) (14.26; 36.31) p=0.712 P,4=1.000
P,.=1.000

Note. * — statistically significant results

Dopamin levelin urine, pg/ml

1451
113,7*

Singletons Twins Singletons

B-endorphin level in urine, pg/ml

Serotonin level in urine, ng/ml
383+ 27,2

30 219

Twins Singletons Twins

Figure 3. Dopamine, B-endorphin and serotonin levels in twins and singleton infants

Note. * — statistically significant results

The B-endorphin level in the urine of preterm neonates
was 29.87 [20.61; 46.94] pg/ml. It was significantly
higher in twins compared to singletons (38.30 21.97,;
59.61] vs. 27.80 [19.66; 39.16], p=0.046, Fig. 3). It was
found that the B-endorphin level was significantly lower
in children with neonatal seizures (p=0.039, table 3),
and was not associated with gender (p=0.650), mode of
delivery (p=0.136), mechanical ventilation (p=0.780).
The level of B-endorphin in urine depending on neonatal
diseases are presented in Table 3. The B-endorphin level
did not depend on the GA (H=2.06; p=0.357, Table 4)

and birth weight (H=4.42; p=0.100).

The serotonin level in the urine of preterm infants
was 23.49 [16.13; 32.19] pg/ml. It was not associated
with gestational age (H=0.18; p=0.913, Table 4) and
birth weight (H=0.21; p=0.901). It was found that
neonates born by caesarean section had significantly
higher levels of serotonin compared to those born
naturally (25.62 [18.87; 38.53] ng/ml vs. 17.41 [13.36;
27.89] ng/ml, p=0.017). Serotonin level was higher in
twins compared to singletons (27.19 [18.87; 41.75] ng/
ml vs. 21.98 [14.41; 29.70] ng/ml), however, statistical
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significance was not established (p=0.073), fig. 3. It was also
higher in females (27.54 [19.58; 34.72] ng/ml) compared
to males (21.79 [14.05; 28.82] ng/ml, p=0.054. Serotonin
levels in urine depending on neonatal diseases did not differ
significantly (p>0.05), and are presented in Table 3.

The study revealed the positive correlation between

Mechanical ventilation +
Correlation: r = 0,68; p<0,001

8 ® 8 & 8 4

B-Endorphin in urine
»
®

8
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Serotonin in urine oy 95% confidence

serotonin and B-endorphin levels (r=0.68; p<0.001)
in infants who required mechanical ventilation and in
newborns with neonatal seizures (r=0.59; p<0.001),
Fig. 4. It was also found a positive correlation between
B-endorphin and serotonin levels in twins (r=0.72,
p<0.001), Fig. 5.

Seizures +
Correlation: r = 0,59; p<0,001

B-Endorphin in urine

0 10 20 30 40 50 60 70 80

Serotonin in urine Mo, 95% confidenc e

Figure 4. Correlation between B-endorphin and serotonin levels in preterm infants who required
mechanical ventilation and in case of neonatal seizures

Twins +
Correlation: r = 0,72; p<0,001

8

8

8 3
°

B-Endorphin in urine
8 & 8

Serotonininurine

50

60 70 80 0 100

Mo 95% confidence

Figure 5. Correlation between B-endorphin and serotonin levels in twins

This is the first national and international research
that studied the level of pain and pain-related stress
markers in premature infants during their treatment in
the intensive care unit, depending on various factors. We
found that such factors as severe respiratory disorders
and the need for mechanical ventilation in preterm
infants were more often associated with elevated levels
of dopamine as one of the pain markers. B-endorphin
and serotonin levels were not significantly different in
infants who required mechanical ventilation compared
to non-ventilated patients, however, these analgesic and
anti-stress markers were interrelated (r=0.76; p<0.001)
in children who required mechanical ventilation.

All infants with severe respiratory disorders required
mechanical ventilation. Elevated levels of dopamine and
positive correlations between analgesic and anti-stress
markers in ventilated infants laboratory confirm that
mechanical ventilation is stressful for preterm neonates
and accompanied by pain. Whit Hall R. et al. noted that
mechanical ventilation is a stressful experience for
newborns, which leads to neuroendocrine disorders, pain,
and changes of physiological reactions [11]. There are no
data on how painful and stressful invasive ventilation is, but
itis clear that it is accompanied by a huge number of painful
interventions, such as intubation, reintubation, frequent
endotracheal aspirations, skin damage during the changes
of adhesive materials [12]. Assisted lung ventilation in
neonates is thought to lead to chronic recurrent pain, which
is associated with adverse long-term outcomes [11]. In

8

addition, different modes of ventilation can potentially
increase stress levels. In particular, mandatory modes can
lead to patient-ventilator asynchronies, when infants need
to “fight the ventilator” [13].

Our study showed that the B-endorphins level was
associated with the neonatal seizures, indicating that
neuropeptide systems play a crucial role in modulating
neuronal excitability [14, 15] in addition to its direct
analgesic and sedative effects [16]. The level of
serotonin was not associated with the neonatal seizures,
however, it was found the positive correlation between
serotonin B-endorphin levels (r=0.60; p<0.001) in
preterm infants who had it. According to the literature,
natural opioid peptides have both proconvulsant and
anticonvulsant effects, participating in spontaneous
seizures. Anticonvulsant action is described more
often [17, 18]. Since the seizure phenomenon is often
associated with severe electrical discharges in the brain,
it is believed that most neurohumoral transmitters play
a role in the events before or after the seizure [19].
A significant increase in B-endorphin level in plasma
was found in adults with convulsive syndrome, and it
was also proved that its level was associated with the
frequency of convulsive attacks and the duration of the
disease [19]. At the same time, when studying the level
of B-endorphin in the cerebrospinal fluid of children
with infantile spasms (West syndrome), the authors
found its significant decrease [20].

The level of pain and pain-related stress indices
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significantly differed in twins compared to singletons.
So, the dopamine levels were significantly lower, and
the B-endorphin level was significantly higher in the
twins. Serotonin level was also slightly higher in twins
with no statistical significance (p=0.073), however,
there was a positive correlation between B-endorphin
and serotonin levels in twins (p<0.001).

Our data are consistent with the results of Badiee’s
et al. study, which showed that cobedding of twins was
associated with a significant reduction in neonatal pain.
The authors showed that acute pain scores checked with
Premature Infant Pain Profile scale and salivary cortisol
levels during the heel lance were significantly lower
in the cobedding group [21]. Cobedding is thought to
improve twins’ co-regulation, improve physiologic
stability, reduce oxygen demand, improve growth and
development, and reduce the duration of hospital stay
[22]. In addition, cobedding provides tactile, olfactory,
and auditory stimulation and may reduce pain responses
in preterm infants [23, 24]. We did not aim to study
the effect of cobedding on pain and pain-related stress
markers in our research, however, the twins were often
together, which likely influenced the intensity of chronic
pain and stress. During the fetal life twins share a small,

Reference

comfortable intrauterine space where their bodies are
very close to each other. Thus, having a co-twin nearby
can have a calming effect on the preterm infants [21].

Conclusion

This prospective cohort study showed that severe
respiratory disorders in preterm infants were associated
with decreased dopamine level, while serotonin and
B-endorphin levels were correlated in this case. Neonatal
seizures were associated with decreased fB-endorphin
level, while a positive correlation was found between
B-endorphin and serotonin levels. Dopamine levels were
significantly lower and B-endorphin levels significantly
higher in twins compared to singleton preterm neonates.
Serotonin level was significantly higher in neonates
born by caesarean section. Gestational age, birth
weight, gender, ecarly-onset sepsis, and intraventricular
hemorrhage were not associated with increased or
decreased levels of pain and pain-related stress markers
in preterm infants.
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OCOBJUBOCTI MAPKEPIB XPOHIYHOTI'O BOJIIO TA CTPECY
Y IIEPEJYACHO HAPOJAXKEHUX HEMOBJIAT

I'A. lIagnuwun, I.M. Capanyk, K.B. Ko3zak, T.1O. 3aiiyeea

TepHoninbcbKUii HALIOHATBHUI MeIMYHUIT
yniBepcuter imeni I.5I. Fop6aueBcskoro MO3 Ykpainu'
(m.Tepnominb, Ykpaina)

Pesiome

IepexuacHO HApODKEHI AITH — I1€ 0COOIMBA KOTOPTa HOBOHAPO/UKEHNUX 13 (DYHKI[IOHAIEHOIO HE3PLTICTIO, MyIFTHCUCTEMHUMH 110~
PYIICHHSMH Ta BUCOKOIO 3aXBOPIOBAHICTIO, K MOTPEOYIOTh TPUBAJIOTO JIKYBaHHS Y BIIAUICHH]I IHTEHCUBHOI Teparii HOBOHAPOIKEHUX
(BITH). ITepeGyBanns y BITH, 1m0 cynpoBoIKyIOTbCS YHCICHHUMH HAAMIPHUMH CTHMYJIaMH, OOJTIOYMMH MPOLELYPaMH Ta BiIOKpEM-
JIeHHS B1J] 0aTbKiB IIPU3BOAUTS JI0 BUCOKOTO PU3UKY XPOHIYHOTO GO0 Ta CTpEcy.

MeToro 1ociizkeHHs OyI0 BUBYUTH PiBEHb MapKepiB XpOHIYHOTO OO0 Ta CTPECy y MepeAdacHO HAPOKCHUX HEMOBIIAT i3 TecTa-
LIHHAM BikoM MeHIe 34 THKHIB, @ TAKOXK iX 3B’30K 3 pi3HUMH (aKTOpaMH.

Marepiaau Ta MeTonu. Y JOCHiKEHHI B3sU1H y4acTh 104 HEOHOIICHUX HOBOHAPOKCHUX i3 rectaniitnum BikoMm (['B) menme
34 TmxHIB, sKi nepeOyBaiu Ha JiKyBaHHI y BiIIIJICHH] iHTEHCUBHOI Teparii. PiBeHp MapKkepiB XpoHIYHOTO OO0 Ta cTpecy (IodamiH,
B-ennopdin, cepoToHiH) y 3pa3kax cedi BU3HAYaIM 3a JOMOMOTOI0 iMyHO(EPMEHTHOTO aHaJli3y 3 BAKOPHCTAHHSIM CTaHAAPTHUX HAOOPiB
(Dopamin Elisakit, Elabscience, M. Yxanb, Kutaii; Serotonin Elisakit, Elabscience, m. ¥Yxanb, Kuraii; B-endorphin Elisakit, Elabscience,
M. YxaHb, Kutaif). 3pa3ku anamizyBanu B qyOmikaTax, a aHalIi3d MPOBOIMIN 3 BUKOPHCTAHHAM HATaHUX KOHTPOJIB BiAMOBIAHO 10 iH-
CTPYKIiil BAPOOHUKA.

JocnimkerHs: Oyao mpoBeneHo BiMmoBigaHO 10 [enbcinchkoi neknapaiii BececBiTHROI MequyHOT acolianii Ipo eTHYHI TPUHIUITN
MPOBEACHHS HAyKOBUX MEIMYHUX JOCITIDKEHb 33 Y4acTIO JIoAWHU. Ha mpoBeeHHs JOCHTiPKeHb OTPUMAHO JI03B1T 610€THYHOI KOMicii
TepHOMINBCHKOro HaliOHAIBHOTO MeANYHOro YHiBepcutery imeHi 1.51. T'opOaueBchkoro. InpopMoBana 3roga Oyna oTpuMaHa Bij ycix
0aTbKIB, IiTH SKUX Opajy y4acTb y DOCIIKEHHI.

CraTUCTHYHHHI aHaJi3 JTaHUX MPOBOAMIN 3a gornoMororo nporpamu ,,STATISTICA 13.0. FOR WINDOWS?” (Tulsa, OK). Pe3ynsrati
JOCITIUKEHHS MPEJCTABIISIN Y BUNISII aOCONIOTHUX Ta BiHOCHUX 3Ha4YeHb. KiNbKiCHI MOKAa3HUKM MPEACTABICHO Y BUINISAI MeliaHu
(Me) Ta MixkBapTHIIBHOTO Aiana3ony (HikHBOrO (Lq) Ta Bepxuboro (Uq) kBapTuiiB). i1 MOPIBHSAHHS YHCIOBUX XapaKTEPUCTHK BUKO-
pucroByBanu U-tect ManHa-YiTHI (JUI ABOX HE3aJIEKHUX IpyI), TecT Kpyckana-Yomrica (A1 TpbOX He3aJdeKHUX Tpyn). BimmiaHOCTI
MiX rpylaMy BBaKaJIl CTaTHCTUYHO JocToBipHUMHE 11pH p<0,05. CTymniHb B3a€MO3B’ 3Ky MiXK KIIbKICHUMH ITOKa3HUKaMHU BH3HAYaJIH 32
JornoMorolo koedinienta kopessnii Criipmena (r).

JocnimkeHHs € GpparMeHTOM HayKOBO-IOCHITHOI poboTH Ha TeMy: «BrmpoBaIKeHHS eJIeMEHTIB HeHPO-pO3BUTKOBOTO JOTIIALY 32
nepeaYacHO HAPOUKEHUMHM AITbMM Ta iX KaraMHecTH4He crocrepexeHHs» (mudp 0120U104281, tepminn Bukonanus 01.01.2020-
31.12.2022).

Pe3yabraTu gociaigxkeHHs Ta ix 00ropopenHsi. PiBeHp njonamidy y cedi HemoBnsT craHoBuB 132,20 [104,80; 183,70] nr/miu. Bin
OyB 3HAYHO BHIMM Y JiTei, skuM nposoauiacs L1IBJI nopiBHsAHO 3 THMH, sKi HE TOTPeOyBaIM iHBA3MBHOT BEHTHIIALINHOT MIATPUMKH
(164,60 [110,00; 253,70] nr/ma mporu 123,20 [98,65; 158,70] nr/mi), p=0,030, Ta acowiroBaBcs i3 CTyNEHEM TSKKOCTI JTUXAIbHHX
poznaznis (H=5,84; p=0,049). BusBneno, 1mo moka3HUKH AOMaMiHy OyiM 3HaYHO HWKYi y OBIMHAT y TOPIBHSAHHI 13 HEMOBIATAMH, IO
HapoAunucs Bij ogHorutiiHo1 BariTHocTi (113,70 [78,75; 164,70] nir/mn npotu 145,10 [111,80; 208,50] ir/mi), p=0,017.

PiBens B-ennopdiny y cedi nepeayacHo HapOIKEHUX HEMOBIIAT cTaHOBHB 29,87 [20,61; 46,94] nir/mut. J[lannii moka3Huk OyB 3HAYHO
BUILUM Y IBIHHAT y MOPIBHAHHI i3 HEMOBIATaMH, SKI HAPOIHMIIHCS BiJ OqHOIUTiHOI BaritHOCTI (38,30 [21,97; 59,61] nir/mun potu 27,80
[19,66; 39,16] nir/mi), p=0,046. PiBens B-ennopdiny OyB 3HAYHO HWKUUM Yy JiTei i3 cynomuum curapom (p=0,039).

PiBeHb cepoTOHIHY y cedi IepeJuyacHO HapoMKEeHHX HeMOBIAT craHoBuB 23,49 [16,13; 32,19] ur/mn. Hemosinsra, HapoJDKeHHI
IIIAXOM KECapChKOTO PO3THHY, MajJM 3HAYHO BHII MOKA3HUKH CEPOTOHIHY MOPIBHAHO 3 THMH, XTO HAPOAMBCSA MPHPOTHIM ILIIXOM
(25,62 [18,87; 38,53] ur/ma npotu 17,41 [13,36; 27,89] ur/min, p=0,017). PiBenb cepoToHiHy OyB AeI0 BUIIUM Y JBIHHAT y HOPiBHAHHI
i3 HEMOBJISITAMH, SIKI HAPOJMIIUCS BiJ OMHOILIAHOI BaritHOCTI (27,19 [18,87; 41,75] ur/mu npotu 21,98 [14,41; 29,70] ur/mi), onHak
CTaTHCTHYHOI TOCTOBIpHOCTI HE BcTaHOBIeHO (p=0,073).

JlocnifkeHHs BCTAHOBMJIO MO3MTUBHI KOPEJNALiiHI 3B S3KNM MiX pIBHEM CepOTOHIHY Ta P-enpopdiHy y amiTeil, siki morpeOyBanu
MexaHigHoi BeHTMLIT (1=0,68; p<0,001) Ta npu HasBHOCTI HeoHaTtanbHKUX cynoM (r=0,59; p<0,001). Takox BHUSBICHO MO3UTUBHUH
KOpeJALIHHAI 3B’ 130K MK PiBHAMH B-eHIOp(hiHY Ta CEpOTOHIHY y MepeuyacHo HapomKeHux IBiiHAT (1=0,72, p<0,001).

BucnoBku. Ile mpocnekTHBHEe KOTOPTHE JOCIIKEHHS MOKA3aJo, 0 BaXKKi JUXalbHI PO3TaAn y MepeadacHO HapOMKEHUX JiTeil
ACOLIIOBAINCS 31 3HWKEHHSAM DIBHS JIOTIAMiHY, TIPH [IbOMY PiBHI cepoToHiHy Ta B-eHnop¢iny Oyin Bzaemonos’si3anuMu. Heonaranbhi
cynomu Oynu TOB'sI3aHi 31 3HIKEHHSIM PiBHS J-eHA0pQiHY, IpH oMY OyB BHSABICHHI O3UTHBHHUN KOPEIAIHHIIA 3B'130K MK piBHEM
B-ennopdiny Ta ceporoHiny. [TokasHuky Jonaminy Oy 3HAYHO HUKYi, @ piBeHb €HAOP(IHY BIPOTiZHO BULIMM y JBIHHAT MOPIBHAHO
3 HEMOBJISITAMHU, HAPO/DKCHUMH BiJl OJHOILIIAHOT BariTHOCTI. PiBeHb cepoTOHIHY OYB 3HAQYHO BHIIUM Y JiTCH, HAPOIKCHUX ILIIXOM
KecapeBoro po3TuHy. ['ecTaniiiHuii Bik, Maca Ipyu HaApOMKEHHI, cTaTh, panHiil cencuc Ta BILK He Oynu mos’s3aHi 3 migBHIIEHHIM a00
3HIDKEHHSIM PIBHIO MapKepiB XpOHIYHOTO OO0 Ta CTPeCy y MepedacHO HapOMIKEHUX HEMOBIIAT.

Kuro4oBi ¢j10Ba: xponiusnuii 6ib; cTpec; nepeuacHo HapOIKEHi HEMOBIATA; 1odaMiH; B-eHaophiH; CEPOTOHIH.
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