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Introduction. Electronic cigarettes are widely used as a potentially less harmful alternative to conventional smoking, generating aerosol
without exothermic combustion. Exposure to e-cigarette acrosols increases reactive oxygen species and lipid peroxidation products, which
modify key metabolic enzymes and disrupt energy and lipid homeostasis. These effects are reflected in elevated lactate dehydrogenase (LDH)
and creatine kinase (CK) activities, altered glucose levels, and morphological tissue changes confirmed by histology.

Aim of the study. To establish organ-specific changes in energy and lipid homeostasis indicators, as well as morphological alterations in
rat tissues under conditions of chronic exposure to electronic cigarette aerosols.

Materials and Methods. Twenty adult male Wistar rats were divided into the experimental (n = 10) and the control (n = 10) groups.
Experimental animals were exposed to aerosol from an EIf Bar 1500 Ultra e-cigarette for 20 minutes daily over three months; animals in the
control group were not exposed. Animals were euthanized one hour after the final session, and tissue samples from the lungs, liver, heart,
kidneys, and brain were collected for biochemical assays and histological examination.

Results. Chronic exposure increased LDH and CK in lungs and liver, indicating anaerobic glycolysis activation and cytolytic injury,
accompanied by inflammation, edema, and alveolar disruption. Reduced tissue glucose and suppressed enzymatic activity in the heart and
kidneys were associated with microcirculatory disturbances. Lipid accumulation correlated with inflammatory and edematous reactions, while
brain histology revealed increased vascular permeability.

Conclusions. Chronic e-cigarette aerosol exposure induces organ-specific metabolic and structural alterations, disrupting energy and
lipid metabolism and causing histological damage, most pronounced in the lungs.

Keywords: clectronic cigarettes, biochemical markers, toxicity, organ-specificity, histology.
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L. P. I'piginal-2, C. C. Yepnaguyx?, 1. JI. Pu:kko’

METABOJITYHI TA MOP®OJIOTTYHI 3MIHHA Y TKAHAHAX I[YPIB 3A JIf EJEKTPOHHUX CUTAPET

1 Qoecvruti nayionaneruii meduunut ynisepcumem, Odeca, Ykpaina

2 Q0ecvkuil nayionanvhutl ynieepcumem imeni I. 1. Meunukosa, Odeca, Yrpaina

EneKTpOHHi CHrapeTH MIMPOKO BHKOPHUCTOBYIOTBCS SIK albTEPHATHBA TPAJHUIIHHOMY TIOTIOHOMAIHHIO, OJHAK iX aep030J1i MIiCTATh HU3KY
TOKCHYHUX KOMITOHEHTIB, 3IaTHUX 1HAYKYBaTH METa0O0NIvHI Ta 3aNabHi MOpyIIeHHs . MeToto poOoTH OYI0 OLIHUTH OpraHoCcHeHpidHi 3MiHHA
MOKA3HHUKIB €HEPTreTHYHOTO Ta JIITIJHOr0 TOME0CTasy, a TAKoX MOP(OJIOTiYHI 3MiHK B TKAHWHAX LIIYDPiB 32 YMOB XPOHIYHOI €KCIO3HLIIT TapamMu
@JIEKTPOHHHX CHTapeT.

BcranoBneHO, MO XpOHIYHA E€KCIIO3MILS aepO30JIIMHU E€JEKTPOHHHUX CHIapeT 3yMOBIIOE BHPXEHI METa0ONivYHI MOpYIIEHHS B OKpe-
MuX opraHax. ['iCTOJIOri4HI JOCIIIKSHHS BUSBUIN PO3BUTOK 3alalbHUX, CYANHHO-HAOPAKOBHX 1 CTPYKTYypHHX 3MiH. OTpHMaHi pe3ysbra-
TH CBiI4aTh PO CUCTEMHHUH XapakTep TOKCHYHOI Jii aepo30iB eNEeKTPOHHHUX CHrapeT Ta X 3/aTHICTh BHKJIMKATH MOEIHAHI MeTaOoIIuHI
it MOpQOJIOTiUHI MOPYIICHHS.

Kitio4oBi ciioBa: enexTpoHHi curapetH, 6i0XiMiuHI MapKepH, TOKCHYHICTb, OpraHoCHenU(iuHICTh, TICTOIOMTYHI JOCITiIKSHHSL.

© 1. R. Gridina, S. S. Chernadchuk, I. L. Ryzhko, 2026
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Introduction

Electronic cigarettes have become increasingly
widespread in recent years as an alternative to conventional
tobacco smoking; however, their aerosols contain nicotine,
aldehydes, formaldehyde, heavy metals, and other toxic
compounds potential to induce metabolic and oxidative
disturbances. The investigation of biochemical changes in
tissues under exposure to electronic cigarette aerosols is
important for understanding the potential risks to human
health.

Exposure to electronic cigarette aecrosols may induce
mitochondrial dysfunction in tissues (for example,
in the liver and myocardium), resulting in decreased
B-oxidation of fatty acids. This, in turn, leads to
triglyceride accumulation in tissues, a simultaneous
decrease in adenosine triphosphate (ATP) levels and
compensatory activation of glycolysis, as well as
increased release of cytosolic enzymes, namely lactate
dehydrogenase (LDH) and creatine kinase (CK), into the
tissue supernatant.

Reactive oxygen species, the levels of which also
increase under exposure to electronic cigarette aerosols, as
well as lipid peroxidation products, covalently modify key
metabolic proteins (for example, mitochondrial enzymes
and enzymes involved in B-oxidation), which may cause
functional decompensation of energy metabolism and
altered lipid homeostasis; this simultaneously contributes
to membrane damage, as evidenced by increased activity
of LDH and CK [1; 2].

The exact mechanisms by which e-cigarettes vaping
induces vascular defects remain unknown, but they are
likely multifactorial and predominantly atherogenic. It is
believed that the atherogenic effect is mediated by nicotine
and carbon monoxide present in cigarette smoke [3; 4].
It has also been hypothesized that these vascular injuries
may result from smoking-induced oxidative stress, since
cigarette smoke contains a large number of potentially
reactive oxygen and nitrogen species [5].

Organ-specific enzymes are used to assess tissue
destruction in various diseases, and CK is regarded as a
reliable marker for evaluating myocardial, muscular, and
cerebral injury. Creatine kinase is a cytosolic enzyme that
catalyzes the reversible phosphorylation of creatine using
ATP, while the transfer of a high-energy phosphate group
represents an important step in various physiological
processes. The determination of LDH and CK in tissues
makes it possible to assess local cellular damage and the
state of energy metabolism. Glucose level is an important
indicator of energy balance, and its alterations may be
associated with the effects of nicotine and other smoke
components on the regulation of carbohydrate metabolism.
Measuring LDH, CK, and glucose levels allows for the
assessment of the metabolic changes occurring in the
body.

Aim of the study. To establish organ-specific changes
in energy and lipid homeostasis indicators, as well as
morphological alterations in rat tissues under conditions of
chronic exposure to electronic cigarette aerosols.

Materials and Methods

In our study, a passive smoking model was implemented.
According to this model, the experimental animals receive
toxic substances through exposure to e-cigarette aerosol
within an inhalation chamber (Fig. 1).

The system consisted of a 5 L inhalation chamber, a
300 mL syringe, an ElIf Bar 1500 Ultra electronic cigarette,
and a one-way valve allowing the syringe to be filled with
aerosol from the electronic cigarette and subsequently
delivered into the inhalation chamber for animal
exposure [6]. Two animals were simultaneously placed in
the chamber.

The experiment was performed on 20 sexually mature
male Wistar rats aged 8—10 weeks and weighing 180-220 g.
The animals were divided into two groups: the experimental
group (10 rats) and the control group (10 rats). Rats of
the experimental group were daily exposed to electronic

One-way

Inhalation
Chamber

"Ja_ulve

=¥
Large  GF, 1500
Capacity umm
Syringe

Fig. 1. Passive smoking model
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cigarette aerosol inhalation (100 mL/min, 20 min), whereas
the control group animals were not subjected to vaping
exposure.

The EIf Bar 1500 Ultra electronic cigarette (China)
consisted of four main components: propylene glycol,
glycerin, nicotine salt (50 mg/mL), and flavoring agents.
The liquid volume was 4.8 mL.

Experimental studies were conducted in accordance
with generally accepted bioethical standards. The animals
were maintained under standard vivarium conditions in
compliance with the principles of the European Convention
for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Strasbourg,
1986). The experimental protocol was reviewed and
approved by the Department of Molecular Biology,
Biochemistry, and Genetics of Odesa 1. I. Mechnikov
National University (Protocol No. 4, 2025).

After 3 months, the rats were withdrawn from the
experiment under thiopental anesthesia (20 mg/kg):
I hour after completion of the final inhalation session
in order to record the most relevant morphological and
biochemical changes in tissues. Following euthanasia,
animal tissues were isolated, weighed, and homogenized
in 0.9% NaCl solution at a ratio of 1:10. The homogenates
were centrifuged at 10,000 g for 15 min, after which the
supernatant was used for biochemical analyses.

A marker of chronic exposure in the study was the
regular and repeated exposure to electronic cigarette aerosol
throughout the entire experimental period, corresponding
to accepted approaches used in vape inhalation models [7].
The observed metabolic and structural changes confirm the
systemic toxicity of chronic e-cigarette exposure.

The catalytic activity of LDH and CK was determined
according to International Federation of Clinical Chemistry
recommendations using kinetic  spectrophotometric
methods at a wavelength of 340 nm (37°C), whereas
glucose concentration was measured by the hexokinase
method. Total cholesterol and triglycerides were

TEOPIsJ TA EKCIEPHUMEHT

determined enzymatically with photometric registration of
the results [8].

Statistical processing of the obtained results was
performed using Student’s t-test with Microsoft Excel
software. Differences were considered statistically
significant at p < 0.05 according to Student’s tables [9].

For histological examination of tissue material,
samples of the lungs, brain, and liver were isolated and
prepared for further analysis using generally accepted
methods [10]. The material was stained with hematoxylin
and eosin, and subsequent histological examination was
performed using a light microscope equipped with an
image capture camera.

Research results and their discussion

Chronic inhalation exposure to electronic cigarette
aerosols induced pronounced organ-specific changes in
energy metabolism parameters in rat tissues. Analysis of
LDH and CK activity, as well as glucose levels, indicates
remodeling of cellular energy supply and the development
of metabolic stress under conditions of prolonged aerosol
exposure (Table 1).

In lung tissue, a moderate decrease in glucose concen-
tration (by 10.2%) was observed, accompanied by a signifi-
cant increase in LDH (+20.8%) and CK (+47.1%) activity.
Such a combination of changes may reflect upregulation of
glycolysis in response to increased cellular energy demand,
as well as damage to cellular membranes with the release
of cytosolic enzymes. The obtained data are consistent
with the concept of local metabolic and structural stress
development in the lungs as the primary organ exposed to
inhaled aerosol.

Similar metabolic alterations have been described in
experimental models of electronic cigarette aerosol expo-
sure and are associated with cellular stress and impaired
energy homeostasis in the pulmonary epithelium. Although
direct markers of oxidative stress were not assessed in the
present study, the detected changes are consistent with pre-

Table 1
Biochemical parameters of energy metabolism in rat tissues following chronic electronic cigarette
aerosol exposure

Tissue Parameter Control group Experimental group A (%)

Glucose (mmol/g) 0.00490 =+ 0.0005 0.00440 + 0.0005 -10.2

Lungs Lactate dehydrogenase 0.674 £ 0.05 0.816 + 0.78* +20.8
(mmol/min/g)

Creatine kinase, (mmol/min/g) 0.606 = 0.04 0.891 +0.82* +47.1

Glucose (mmol/g) 0.01040 = 0.001 0.00530 £ 0.0005* —49.0

Cardiac Lactate dghydrogenase 6.853 = 0.61 6.066 = 0.60 114
muscle (mmol/min/g)

Creatine kinase, (mmol/min/g) 16.45+1.54 12.02 £1.18* -27.0

Glucose (mmol/g) 0.00440 £ 0.0005 0.00410 £ 0.0005 -6.9

Kidneys Lactate dehydrogenase 0.951 + 0.08 0.671 +0.07* -29.4
(mmol/min/g)

Creatine kinase, (mmol/min/g) 0.978 £ 0.08 0.858 £ 0.08 -12.2

Glucose (mmol/g) 0.07190 + 0.007 0.05710 + 0.005* —20.6

Liver Lactate dehydrogenase 11.910 +1.23 16.740 = 1.68* +40.4
(mmol/min/g)

Creatine kinase, (mmol/min/g) 0.402 + 0.03 0.593 + 0.05* +47.5

* —p <0.05 compared to the control group.
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viously described oxidative stress-mediated effects of elec-
tronic cigarettes [11; 12].

In cardiac muscle tissue, a marked decrease in glucose
content (49.0%) was detected in combination with sup-
pression of both LDH (—11.4%) and CK (—27.0%) activity.
Such a pattern of changes may indicate impaired glucose
delivery or utilization, decreased glycolytic activity, and
functional exhaustion of enzymatic systems. Reduced CK
activity, which plays a key role in rapid ATP resynthesis
in cardiomyocytes, indicates potential myocardial energy
instability and increased susceptibility of cardiac tissue to
functional disturbances.

In the kidneys, the changes were less pronounced;
however, they were characterized by a tendency toward
decreased tissue glucose levels (—6.9%) and a substantial
reduction in LDH activity (—29.4%), which may indicate
suppression of glycolytic processes in nephron cells. The
detected alterations indicate the sensitivity of renal tissue
to the systemic effects of electronic cigarette aerosol com-
ponents and possible impairment of energy supply to the
tubular apparatus.

The liver exhibited a distinct metabolic response pat-
tern: a decrease in glucose levels (—20.6%) was combined
with a significant increase in LDH (+40.4%) and CK
(+47.5%) activity. Such dynamics may reflect activation
of anaerobic glycolysis against the background of impaired
mitochondrial oxidation, as well as structural hepato-
cyte damage accompanied by the release of intracellular
enzymes. Considering the central role of the liver in the
regulation of energy and lipid metabolism, such alterations
may have systemic consequences for the metabolic homeo-
stasis of the organism.

Similar organ-specific disturbances of energy metabo-
lism have been described in experimental models of elec-
tronic cigarette aerosol exposure and are associated with
the development of cellular stress and mitochondrial dys-
function. Although direct markers of oxidative stress were
not determined within the scope of this study, the identi-
fied biochemical alterations are consistent with previously
described oxidative stress-mediated mechanisms of elec-
tronic cigarette toxicity.

The next stage of the study involved the investigation of
changes in lipid homeostasis in rat tissues under conditions
of chronic e-cigarette acrosol exposure (Table 2). A general
tendency toward increased levels of total cholesterol and
triglycerides was established in all examined organs com-
pared with the control group.

The most pronounced relative increase in cholesterol
concentration was observed in cardiac muscle tissue
(+41.2%), which may indicate disruption of intracellular
lipid balance and the potential development of lipotoxic
effects in cardiomyocytes. Elevated tissue cholesterol
levels may adversely affect cellular membrane stability,
mitochondrial function, and contribute to the activation of
apoptotic processes.

The greatest accumulation of triglycerides was recorded
in renal tissue (+32.0%), which may be associated with
impaired [(-oxidation of fatty acids or increased lipid
deposition in tubular epithelial cells. Such alterations
potentially create conditions for the development of local
inflammation and renal functional disturbances during
prolonged exposure.

In the liver and lungs, the increase in cholesterol and
triglyceride content was moderate, which may reflect
a combination of the local effects of inhaled aerosol
and systemic metabolic effects induced by nicotine and
inflammatory mediators. Considering the key role of the
liver in lipid metabolism, even moderate alterations may be
clinically significant under conditions of chronic exposure.
The obtained results are consistent with data from other
experimental studies demonstrating alterations in tissue
lipid composition following exposure to electronic cigarette
aerosol or nicotine [13].

Particular attention should be paid to the hypothesis
of lipotoxicity in cardiac tissue: elevated intracellular
cholesterol levels may impair membrane stability,
mitochondrial function, and promote apoptotic processes
in cardiomyocytes, potentially increasing the risk of
functional disturbances during prolonged exposure.
Similar mechanistic concepts regarding the effects
of nicotine and associated metabolic disturbances on
cardiovascular tissues have been described in both
classical and contemporary studies. A significant increase
in triglycerides in the kidneys may reflect impaired
B-oxidation of fatty acids or enhanced lipid deposition
in renal tubules, accompanied by local inflammation and
potential impairment of renal function during chronic
exposure [14; 15].

Thus, the obtained results indicate the systemic nature
of metabolic disturbances induced by electronic cigarette
aerosols, accompanied by the development of organ-
specific alterations in energy and lipid homeostasis. The
identified biochemical changes are in good agreement
with the described morphological alterations in tissues and

Table 2
Biochemical parameters of lipid homeostasis in rat tissues following chronic electronic cigarette aerosol exposure
Tissue Parameter Control group Experimental group A (%)
Lungs Total cholesterol (umol/g) 33.6+3.41 352+3.76 +4.8
Triglycerides (umol/g) 47.6 £5.01 54.1+5.74 +13.7
Cardiac Total cholesterol (umol/g) 272 +2.98 38.4+4.09* +41.2
muscle Triglycerides (umol/g) 45.4+4.97 54.1 +5.74* +19.2
Kidneys Total cholesterol (umol/g) 56.0 £5.72 60.8 +£5.83 +8.6
Triglycerides (umol/g) 101.6 £9.56 134.1 +£12.73* +32.0
Liver Total cholesterol (umol/g) 352+3.76 40.0 +£4.02 +13.6
Triglycerides (umol/g) 95.2+9.07 103.8 +9.85 +9.0

* —p < 0.05 compared to the control group.
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complement current understanding of the toxic potential of
electronic nicotine delivery systems.

In the lung tissue of rats from the control group
(Fig. 2A, 1), mildly expressed inflammatory changes were
observed. Uneven congestion of the microcirculatory
vessels with isolated diapedetic hemorrhages was noted.
Moderate peribronchial and perivascular lymphohistiocytic
infiltration with predominance of lymphocytes and
isolated polymorphonuclear leukocytes was detected. The
infiltration was predominantly diffuse in nature without the
formation of massive cellular aggregates.

The interalveolar septa were focally moderately
thickened due to the cellular component. The architecture
of the alveolar space was generally preserved. The
detected alterations indicate the presence of a low-grade
background inflammatory process, which should be taken
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into account during the interpretation of experimental
results.

In animals of the experimental group (Fig. 2A, II),
the morphological pattern was characterized by markedly
more pronounced lesions with the formation of a broncho-
interstitial pattern. Pronounced vascular congestion
with multiple focal hemorrhages of varying size was
observed. Peribronchial infiltration was intense, with the
formation of dense cellular cuffs around the bronchi; the
cellular composition was represented predominantly by
lymphocytes with admixture of histiocytes and isolated
neutrophils. Perivascular infiltration was moderate or
focally pronounced.

The interalveolar septa were unevenly thickened due
to pronounced lymphohistiocytic infiltration and edema.
Areas of alveolar collapse (atelectasis) alternating with foci

Fig. 2. Transverse sections of rat lungs, brain, and liver (A-C):
I — the control group, II — the experimental group. Hematoxylin and eosin staining, magnification x40
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of acute alveolar emphysema were identified, indicating
marked heterogeneity of ventilation processes. In addition,
moderate interstitial edema was observed. Collectively,
these alterations correspond to severe inflammatory and
vascular injury accompanied by disruption of alveolar
architecture and remodeling of pulmonary tissue.

Itisimportant to note that mildly expressed inflammatory
changes in the control group were likely associated with
background housing conditions of the animals. Therefore,
the interpretation of the results was based on comparative
analysis of the severity of pathological changes, which
were substantially more intense in the experimental group.

Histological examination of brain tissues in the
control group animals (Fig. 2B) revealed moderate venous
congestion of vessels within the pia mater. Moderate
perivascular and pericellular edema was observed. No signs
of pronounced cellular infiltration or destructive changes in
the neuroparenchyma were detected.

In animals of the experimental group (Fig. 2B, II),
markedly pronounced venous congestion with dilation of
microcirculatory vessels was observed. Perivascular and
pericellular edema was diffuse in nature and substantially
more intense compared with the control group. Moderate
lymphoid infiltration with predominance of lymphocytes,
occasionally forming small perivascular aggregates, was
detected in the pia mater.

The morphological pattern corresponded to
enhancement of vascular-edematous syndrome with
signs of a neuroinflammatory response without evident
manifestations of massive neuronal injury.

The least pronounced alterations induced by electronic
cigarette exposure were identified during the examination
of liver specimens (Fig. 2C). In the liver of rats from
the control group (Fig. 2C, I), uneven congestion of
sinusoids and central veins was observed. Isolated small
hemorrhages were detected. Hepatocytes preserved their
typical trabecular organization, and no signs of pronounced
cellular destruction or inflammatory infiltration were
observed.

In animals of the experimental group (Fig. 2C, II), the
predominantly vascular nature of alterations persisted,
with greater variability in sinusoidal congestion. In certain
areas, isolated perivascular and interstitial lymphocytic
aggregates were identified, indicating a mildly expressed
inflammatory response. No signs of massive hepatocellular
necrosis or pronounced dystrophic alterations were
detected.

Overall, the morphological pattern corresponded to
moderate congestive-vascular alterations with initial
manifestations of immune activation.

Damage induced by electronic cigarettes is often less
pronounced than that caused by conventional cigarettes;
however, it differs in nature and may lead to unique
pathological conditions. Electronic cigarettes induce
tissue injury through oxidative stress, inflammation, toxic
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degradation products, and immune dysregulation. Although
the risks may be lower, electronic cigarettes are not safe
for body tissues, and their long-term consequences remain
insufficiently studied.

According to the performed pathohistological
investigations, exposure to electronic cigarettes is
associated with a significant increase in vascular

disturbances and inflammatory changes in the brain and
lungs compared with the control group, more pronounced
interstitial (perivascular and peribronchial) lymphoid
infiltration, edema, and local disturbances of alveolar
architecture (atelectasis and acute emphysema). In the
liver, the alterations were predominantly vascular and
mildly inflammatory, being less pronounced than those
observed in the respiratory system. The obtained results are
fully consistent with the available literature data [16; 17].

The detected biochemical alterations are closely
associated with the identified morphological disturbances
in the examined tissues. Increased LDH and CK activity
in the lungs and liver reflects activation of anaerobic
glycolysis and cytolytic cellular injury, which is consistent
with histological signs of inflammation, edema, vascular
congestion, and disruption of alveolar architecture.
Decreased tissue glucose levels and suppression of
enzymatic activity in cardiac muscle and kidneys
were accompanied predominantly by vascular and
congestive morphological alterations, indicating impaired
microcirculation and cellular energy supply. Accumulation
of cholesterol and triglycerides in tissues correlated with
the development of edematous and inflammatory reactions.
The edema and inflammation detected in the brain are
consistent with systemic metabolic alterations and indicate
increased permeability of vascular barriers under conditions
of chronic exposure.

Conclusions

Chronic  e-cigarette  aerosol exposure causes
disturbances of energy metabolism in rat tissues, manifested
by alterations in LDH and CK activity, as well as glucose
levels.

Increased LDH and CK activity in the lungs and
liver against the background of decreased tissue glucose
levels indicates activation of glycolysis, mitochondrial
dysfunction, and cellular injury.

Alterations in lipid metabolism (accumulation of
cholesterol and triglycerides) indicate metabolic remodeling
and the systemic nature of aerosol effects on the organism.

Histological investigations revealed enhanced
neurovascular and pulmonary inflammation accompanied
by edema and vascular disturbances; structural alterations
of pulmonary architecture (atelectasis, acute emphysema,
and septal thickening) as key markers of adverse effects.
The presence of alterations in the brain, lungs, and liver
indicates systemic inflammation and congestion, with the
greatest severity observed in the lungs.

ISSN 2226-2008 OJJECHKMI1 MEJUYHUWIA XKYPHAJL Ne 2 (199) 2026



TEOPIsJ TA EKCIEPHUMEHT

REFERENCES

1. Pandarathodiyil AK, Ramanathan A, Garg R, et al. Lactate Dehydrogenase Levels in the Saliva of Cigarette and E-Cigarette
Smokers (Vapers): A Comparative Analysis. Asian Pac J Cancer Prev. 2021;22(10):3227-3235. https://doi.org/10.31557/
APJCP.2021.22.10.3227.

2. De Martin S, Gabbia D, Bogialli S, et al. Refill liquids for electronic cigarettes display peculiar toxicity on human endothe-
lial cells. Toxicol Rep. 2021;8:456-462. https://doi.org/10.1016/].toxrep.2021.02.021.

3. Damay VA, Setiawan LR, Akbar MR, et al. Electronic cigarette and atherosclerosis: A comprehensive literature review of
latest evidence. Int J Vasc Med. 2022;2022:4136811. https://doi.org/10.1155/2022/4136811.

4. Okafor CN, Okafor N, Kaliszewski C, Wang L. Association between electronic cigarette and combustible cigarette use
with cardiometabolic risk biomarkers among U.S. adults. Ann Epidemiol. 2022;71. https://doi.org/10.1016/j.annepi-
dem.2022.02.002.

5. Magna A, Polisena N, Polisena L, et al. The hidden dangers: E-cigarettes, heated tobacco, and their impact on oxidative
stress and atherosclerosis. Antioxidants (Basel). 2024;13(11):1395. https://doi.org/10.3390/antiox13111395.

6. Liu X, Mustonen A, Zheng W, Sivasankar MP, Durkes AC. Cigarette Smoke Exposure to Pig Larynx in an Inhalation Cham-
ber. J Voice. 2019;33(6):846-850. https://doi.org/10.1016/j.jvoice.2018.05.005.

7. Roxlau ET, Pak O, Hadzic S, et al. Nicotine promotes e-cigarette vapor-induced lung endothelial permeability and inflam-
mation. Eur Respir J. 2023;61(6):2201305. https://doi.org/10.1183/13993003.00951-2022.

8. Bondarchuk TI, Kobylynska LI, Nasadiuk KhM, et al. Biokhimichni pokaznyky v normi i pry patolohii [Biochemical
parameters in normal conditions and pathology]. 2nd ed. Kyiv: VSV Medytsyna; 2025. 415 p. (In Ukrainian).

9. Prylutskyi Yul, Ilchenko OV, Tsymbaliuk OV, Kosterin SO. Statystychni metody v biolohii: pidruchnyk [Statistical methods
in biology: textbook]. Kyiv: Naukova dumka; 2017. 216 p. (In Ukrainian).

10. Vareniuk IM, Dzerzhynskyi ME. Metody tsyto-histolohichnoi diahnostyky. Kyiv: Interservis; 2019. 256 p. (In Ukrainian).

11. Assiri MA, Al Jumayi SR, Alsuhaymi S, et al. Electronic cigarette vapor disrupts key metabolic pathways in human lung
epithelial cells. Saudi Pharm J. 2024;32(1):101897. https://doi.org/10.1016/].jsps.2023.101897.

12. Effah F, Adragna J, Luglio D, Bailey A, Marczylo T, Gordon T. Toxicological assessment of E-cigarette flavored E-lig-
uids aerosols using Calu-3 cells: A 3D lung model approach. Toxicology. 2023;500:153683. https://doi.org/10.1016/].
t0x.2023.153683.

13. Caruana V, Giles BH, Kukolj N, et al. Chronic exposure to e-cigarette acrosols potentiates atherosclerosis in a sex-dependent
manner. Toxicol Appl Pharmacol. 2024;492:117095. https://doi.org/10.1016/j.taap.2024.117095.

14. Ashakumary L, Vijayammal PL. Effect of nicotine on lipoprotein metabolism in rats. Lipids. 1997;32:311-315. https://doi.org/
10.1007/s11745-997-0038-8.

15. Ismail NA, Nabila T, Ramadhani AS, Ahsani DN. Electronic and conventional cigarette exposure aggravate metabolic
parameters in high-fat diet-induced rats. Open Access Maced J Med Sci. 2022;10(A):841-847.

16. Keith R, Bhatnagar A. Cardiorespiratory and immunologic effects of electronic cigarettes. Curr Addict Rep. 2021;8:336-346.
https://doi.org/10.1007/s40429-021-00359-7.

17. Zima K, Bogucka A, Wojtas M, Zabielska-Kaczorowska M. Immunological effects of electronic cigarette use. Clin Rev
Allergy Immunol. 2025;68(1):9. https://doi.org/10.1007/s12016-025-09026-5.

Lama naoxooocenna cmammi 0o pedakyii: 22.12.2025.
Iputinama oo opyxy: 07.05.2026.
Enexmponna aopeca ons aucmysanns inna_gridina@ukr.net

ISSN 2226-2008 OJIECBLKUI MEJMYHUI )KYPHAJ Ne 2 (199) 2026 15



TEOPIA TA EKCIHEPHUMEHT

YIK 612.172.2.084:615.217.22:612.89:616-036.8
DOI https://doi.org/10.32782/2226-2008-2026-2-2

M. O. Husc https://orcid.org/0000-0003-0085-296X
1. B. Benouxina https://orcid.org/0000-0003-0090-2971
B. IO. I'noéa https://orcid.org/0000-0002-1045-0756
1. B. Cnema https://orcid.org/0000-0003-2072-5861

BIIJIMB BUXITHOI'O BETETATUBHOI'O TOHYCY
HA BUKHUBAHICTSH HIYPIB 3 EINTHE®PUH-IHAYKOBAHOIO KAPAIOIIATI€E1O:
AHAJII3 BAPIABEJBHOCTI CEPHEBOI'O PUTMY

IactuTyT pobnem kpiobionorii 1 kpiomenuian HamionansHOT akageMii Hayk Ykpainu, XapkiB, Ykpaina
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BIIVIUB BUXIJTHOI'O BETETATUBHOI'O TOHYCY HA BUXKUBAHICTD LIYPIB 3 ENNIHE®PUH-IHAYKOBAHOIO
KAPIIOIIATIEIO: AHAJII3 BAPIABEJIBHOCTI CEPIIEBOI'O PUTMY

Inemumym npobnem kpiobionozii | kpiomeduyunu Hayionanvnoi akademii nayk Yxpainu, Xapxis, Yxpaina

Meroto mociimpkenHs 0yJ10 OLIHUTH 3B’130K MK BUXIJHHMHU [OKa3HHKaMyu BapiabenabHOCTi cepreoro putMmy (BCP) ta BrxuBanicTio
IIypiB MiCJS BBENCHHS TOKCHYHUX JI03 eMiHe(pUHy. AHAI3 OXOILTIOBAB YacOBi, TEOMETPUYHI Ta CIEKTPaNbHI MeTomu Jociimkenas BCP.
OtpuMaHi pe3yabTaTd CBiTYaTh NP0 NOTCHIIHHNI MPOrHOCTHYHII MOTEHITial CIEKTPaIbHUX MoKa3HuKiB BCP s omiHKY 4yTIIHBOCTI Opra-

HI3MY /10 CTPECOPHOTO BIUIMBY KAaTEXOJNaMiHiB.

KotrouoBi ciioBa: BapiaGenbHICTH CEPIIEBOTO PUTMY, €NiHE(QPHUH, IIypH, JETAIBHICTD.
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M. O. Chyzh, L. V. Belochkina, V. Yu. Globa, I. V. Sleta

IMPACT OF BASELINE AUTONOMIC STATUS ON SURVIVAL IN RATS WITH EPINEPHRINE-INDUCED
CARDIOMYOPATHY: ANALYSIS OF HEART RATE VARIABILITY

Institute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of Ukraine, Kharkiv, Ukraine

Heart rate variability (HRV) reflects autonomic regulation of the cardiovascular system. Reduced HRV is associated with adverse cardiac
outcomes. Excessive activation of the sympathoadrenal system by epinephrine leads to acute myocardial injury. Baseline autonomic status

may have prognostic significance for survival.

Objective: to evaluate the relationship between baseline HRV parameters and survival of rats after administration of toxic doses of

epinephrine.

Methods. The study included 59 white rats (12 months old). ECGs were recorded for 5 min, followed by analysis of time (SDNN, CV),
geometric (HRV t.i., Mo, aMo, WAMS), and spectral (TP, VLF, LF, HF, LF/HF) indices. Epinephrine (0.5 mg/100 g) was administered
subcutaneously, and animals were divided into deceased (n = 25) and surviving (n = 34) groups.

Results. Time and geometric HRV parameters showed no differences between groups (p > 0.05). In contrast, deceased rats had higher TP
(225 vs. 150 ms?, p = 0.02) and LF/HF (2.3 vs. 1.5; p <0.05), indicating stronger sympathetic predominance. Surviving animals demonstrated

relatively greater parasympathetic influence.

Conclusions. Time and geometric HRV indices are not reliable predictors of mortality in the epinephrine-induced cardiomyopathy model.
The LF/HF ratio serves as a valuable prognostic indicator of mortality risk in epinephrine-induced cardiopathy.

Keywords: heart rate variability, epinephrine, rats, lethality.

Beryn

Oprani3M ccaBiiB epedyBae mij MoCcTiHHUM Hefpory-
MOpaJIFHUM KOHTPOJIEM, 110 3a0e3nedye Horo amanTariio
JI0 3MIH HaBKOJIMIIIHBOTO Ta BHYTPILUIHBOTO CEPEIOBHIIL.
BapiabenbHicTh cepueBoro putmy (BCP) Buctymae sk
IHTEerpaJbHUN 1HIANKATOP CTaHy BETeTaTHBHOI peryJsiii,
B1IOOpaKarOuu CIIBBIJHONICHHS BIUIMBIB CHUMITATUYHOT
Ta MapacUMIIaTUYHOI HEpBOBOi cuctemu [1]. 3HMKEHHS
BapiabeNbHOCTI CEPLEBOTO PUTMY BBaXKA€THCS Ipel-
WKTOPOM MOTaHOTO MPOTHO3Y B Pa3i CepLEBO-CYIUHHHUX

© M. O. Umx, 1. B. Benoukina, B. FO. I'mo6a Ta in., 2026

CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT -'

3aXBOPIOBaHb Ta IiJIBUIIEHOTO PU3UKY PanToBOl cepiie-
BOT cMepTi. Y CUTYyalisx MCUXOEMOLIHHOTro Yu (Pi3UIHOTO
CTpeCcy BiIOYyBalOThCSA AKTHBAIliS CHUMIIATOAJAPEHAIOBOT
CHUCTEMH Ta MAaCHBHUI BUKUJ aipCHAIHY, 110 MA€ ITOTYX-
HUH BIUIMB Ha CEPLEBO-CyAMHHY CHUCTEMY, 30KpeMa CTH-
mymoe Pl-agpenopenentopu. Lle Moxxe MpHU3BOANUTH K
JI0 aJlallTUBHUX, TaK 1 0 MATOJOTIYHUX 3MiH, BKIIOYHO
3 IMEeMIYHUM YIIKO[DKCHHAM Miokapna [2; 3] Mogens
indapkry wmiokapma (IM), iHITyKOBaHOTO anpeHATiHOM
(enmiHeprHOM), BHKOPHCTOBYETHCS B E€KCIIEPUMEHTAIIb-
Hil KapzaioJorii TOCUTHh ZaBHO, 30KpeMa ISl CKPUHIHTY
KapionpoTeKTOpHUX 3ac00iB [4; 5]. JlocmikeHHs BUXi]-
HOTO BereTatuBHOro crarycy y sursiai BCP no mozpento-
BaHHs eniHeQpUH-IHAYKOBAaHOI Kapaionarii Jae 3Mory
BUSIBUTH MTPOTHOCTUYHI MapKepH BM)KMBAHOCTI, 110 OCO-
OJMBO aKTyaJbHO B KOHTEKCTI pO3POOKH IepCOHaIIi30Ba-

16 ISSN 2226-2008 OJIECBKIIT MEJIMUHUI )KYPHAJT Ne 2 (199) 2026



HUX MIIXOJIB Y KapAionpoTeKiii Ta J0eKCIepUuMeHTalb-
HOTO CKpHHIHTY TBapuH. OTKe, METOKW IOCIiIKCHHS
OyJI0 OIIIHUTH 3B’ 130K MIXK BUX1JHIUMHU TTOKa3HHKaMu BCP
Ta B)KMBAHICTIO LIYypiB MicJsl BBEJEHHS TOKCUYHUX 103
eninedpuny.

Marepiajin Ta MeTOAM A0CTiKEHHSI

HocnimkerHss Oyno TpoBeneHO Ha 59 Oe3mopomHux
Oimux mrypax macoro 250-350 r i Bikom 12 wmicsmiB. Exc-
TIEPUMEHTH MPOBEACHI 3a PENIaMEHTOM, 3aTBEPIKCHUM
Komiterom 3 Gioetnku ITIKiK HAH Vkpaiam (mpoTokomn
Ne 2 Bix 23.02.2021), 3 roTpuMaHHsIM OPUHIHMITIB J{Hpek-
tuBH €Bpomnericbkoro Corozy 2010/10/63 EU miono excrie-
PUMEHTIB Ha TBapHHaX.

Peectpanito enekrpokapaiorpam (EKI') 3mificHro-
BaJll Ha amnaparHo-IporpaMHomy komiuiekci «Iloui-
Crextp/8B» («Ilomi-Cnextp», VYkpaina). Kommiekc
3a0e3mnedye BU3HAYECHHsI KapAi0iHTEPBaJIiB i3 TOUHICTIO
no 1 mc, a mporpama «lIlomi-Crnexrp-Purm» 3abes3-
rmeyye KOMIUIEKCHY H 00’€KTHBHY OIIIHKY Bapia0Oelnb-
HOCTI CEpIEeBOr0 PUTMY LUISIXOM 3aCTOCYBaHHS METO-
IiB 9acoBOi 00nacTi (CTaTUCTHYHHUX 1 TEOMETPUYHHX),
aHalli3y XBUJIBOBOI CTPYKTYPH CHEKTpa (CIEKTPaIbHUN
aHali3), a TaKoK HEJIHIHHUX METOJiB, 30KpeMa Kope-
JALIAHOT puTMOrpamMu. Y JOCHIJKEHHS BKIIOYAJIUCS
yacoBi (SDNN — cTtanmapTHe BiIXHJICHHS HOPMaIbHUX
RR intepBaniB, CV — xoedinieHTt Bapiamnii, sikuii Bpa-
XOBY€ 4YacTOTy CEpLEBHX CKOPOYEHb), reoMeTpHYHi
(HRV — TpuanrynspHuii ingexc, Mo — Moia — 3HaUCHHS
intepBany R-R y MakcumanbHOMY po3psizi ricTorpamu,
aMo — aMILTITYIa MOIH — BiICOTKOBUM BMICT KapaioiH-
TEpBaJiB y MAaKCUMAJIbHOMY PO3pPSAl ricTOTpaMu 100
Bciei BuOipku, WAMS — mmpuHa OCHOBHOTO KyIIOja
ricrorpamMu Ha piBHI 5% aMIUIITYyAH MOAM) Ta CHeEK-
TpaabHi (TP (total power) — 3arampHa MOTYXHICTB
crekTpa, VLF — moTyXHICTh CIIEKTpa B Aiana3oHi AyxKe
HU3bKUX 4acToT, LF — y niama3oHi HU3BKHX YacToT,
HF —y nianasoni Bucokux yactor; LF/HF) noka3zuuku.
Mexi crieKTpaJbHUX Alana3oHiB BCTAHOBIIIOBAIIN BilITO-
BiJIHO JI0 JIITEPATypHUX JaHUX Ta Pe3yJbTaTiB BIACHUX
pocaimkens: TP —0,015-3,0 I'u; VLF - 0,015-0,04 I'u;
LF - 0,05-0,79 I'n; HF — 0,8-3,0 I'x [6].

3anuc EKI' BuKOHyBanu HpOTArOM 5 XB B yMOBaX,
HAOMIDKEHHX 10 BUTBHOI IIOBENIHKY TBapHH [ 7], 13 3acTocy-
BaHHSM CITEI[iaIbHO PO3POOICHOTO TIPHUCTPOIO.

TEOPIsJ TA EKCIEPHUMEHT

Kapmionariro iHAyKyBaJd OIHOPA30BUM BBEICHHSIM
MiINKIPHO B MDKIIONATKOBY MIISTHKY TOKCHYHOI JI03H
(0,5 Mr/100 T TBapuHM) emiHEPPUHY TiIpPOTAPTPATY.

3a pesysibTaramMy iH’€KIii TBapUH PO3AUIMIM Ha TPH
rpynu: rpyna 1 (n=59) —3aranbHa; rpyna 2 (n =25) — TBa-
PHHH, II0 3aTMHYIIU IIPOTSATOM | TOIMHU IICHs BBEICHHS;
rpymna 3 (n = 34) — TBapUHH, 110 BIKIIIH.

CrarucTnuHy 0OpoOKy pe3yibTaTiB IPOBOAIIIH
3 BHUKOPHUCTaHHSAM makera mporpam Statistica 10.0
(StatSoft Inc., CIIA). BinMiHHOCTI MK Tpynamu
BHU3HA4YalHM IOMApHO 3a HEMapaMETPUYHHUM DPAHTOBUM
U-kputepiem Manna — Yitai. KiHesi pe3yiasratu mpe-
crapisun 'y Burisai Me [LQ; UQ], ne Me — meniana,
[LQ; UQ] — BepxHs Mexa HMXHboro kBaptuis (lower
quartile — LQ) Ta HMXHS MeXa BEPXHBOTO KBapTHIIS
(upper quartile — UQ).

Pe3ysbTaTn gocaixkeHHs Ta iX 00roBopeHHs

AmHarni3 3MiH TpuBanocTi mocaigoBHuUX R-R iHTEp-
BaJiB Mi)K HOPMaJIbHUMH CHHYCOBHUMH KapAiOLHKJIAMH
3 OOYHCICHHSIM DPI3HHX KOE(]illi€HTIiB MOKa3aB BiICYT-
HICTh MOCTOBIPHUX BiAMIHHOCTEH y YacOBHX XapaKTe-
puctukax BCP mix rpynamu (tabm. 1). 3a pesynpratamu
reoMeTpuIHuX MeTofiB aHarizy BCP (anaini3 ricrorpam
CEpIIeBOr0 PUTMY) B KYIIi 3 METOJIOM BapialiiiHOT ITyJib-
coMeTpii JOCTOBIPHOT Pi3HUIII MK I'pyNaMu TBapuH, 110
3arMHYNIH 1 BVOKHMIIM MICJsl BBEACHHS TOKCHYHOI J03H
anpeHaniny, He Oyno (puc. 1, tabn. 2). Ile cBimuuTh
po 0OMEXEeHY NMPOrHOCTUYHY 3HAYYLIICTh MOKa3HUKIB
yacoBoi 00iacTi IIOMO0 JeTaabHOCTI ans emiHepuH-
IHITyKOBaHOI MOJIETi.

AHai3 XBHJIBOBOI CTPYKTYpH CEpPLEBOTO PHTMY B
IHTaKTHHUX IIypiB BikoM 1 pik (rpyma 1, 3arampHa) moxa-
3aB TIepeBaKaHHs B HUX MIBHAKOI (pedaeKTopHOi) cucteMun
perymsimii ceprieBoro putMmy (Tabm. 3, puc. 2). Y cTpyk-
Typi 3arajJbHOI MOTY)KHOCTI CIIEKTpa HEWPOryMOpaabHOI
perysisiiii mepeBakaja aKTUBHICTh BEreTaTUBHUX IICHTPIB
(cymapHo LF- i HF-xoMnoHeHT), mpoTe BHECOK i T'yMo-
panbHO-MeTadoniyHoi aHku (VLF-KoMIOHEeHT) cTaHOBUB
nonaz 30% TP (puc. 2). 3a criBBiTHONMICHHAM HOPMOBaHHUX
3nayeHb LF- i HF-xomnonent (LF/HF > 1) moxxHa ka3atu
po Te, mo y 88% tBapuH (52 3 59) cumnarnyHi BIUIMBU Ha
MiOKap JOMIHYyBaJIX HaJl TApaCHMIIATHIHUMU (Tab. 3).

BusBneno mocroBipHe B 1,5 pasa migBHINCHHSA Bif-
vomenns LF/HF y mypis, mo 3aruaymu (2,3 [1,7-3,3]),

Tabmums 1
AHaJi3 yacoBux xapaktepuctuk BCP (putmorpama), Me [LQ; UQ]
I'pyna R-R min, mc R-R max, mc SDNN, mc CV, %
120 168 7,0 5,1
1 [113;128] [156; 186] [6; 10] [4,2; 6,7]
118 171 8,0 5,9
2 [111; 125] [157; 182] [7; 10,5] [5,2; 7,3]
p,, =038 p,, =096 p,,=0,16 p,,=0,51
121 169 7 4,6
[116; 139] [153; 189] [5;9] 4,1;5,3]
3 p,,=0,18 p,,=0095 p,,=0,169 p,,=0,57
p, ;=095 p,, =093 p,,=0,09 p,,=0,03

Tpumimrku. 1) iHgekcamMu Laa
HOT BIPOTiTHOCTi PO301’KHOCTI MOKA3HHUKIB.
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I'pyna 2

lyp 2-5 Llyp 8-2

I'pyna 3

Hlyp 2-2

Llyp 8-4

Llyp 2-4 Ulyp 8-5

Puc. 1. 3pa3ku ricrorpam cepueBoro puTMy iHTakTHHX HIypiB 3 rpyn 2 i 3 IIpumiTka: Ha BepTHKANIBHINA oci —
KinbKicTh iHTepBajiB R-R, Ha ropu3onTanbHiil oci — TpuBaJicTs inTepBaliB R-R, ¢

Tabnmi 2
I'eomerpuuni noxasuuku BCP (ricrorpama), Me [LQ; UQ]
I'pyna WAMS, mc HRYV t.i., y.e. H Mo AMo
1 33 2,5 4,7 0,139 7,4
[27; 43] [1,9; 3,2] [4,5; 5,1] [0,127; 0,158] [5,2;9,9]
. 2,7 4,8 0,137 6,9
2 34,5 3% 421 2.2]33] [47;5,1] [0,123; 0,146] [5.1;9,5]
P, =0 p,,=0,3048 p,,=0,3791 p,,=0,2639 p,,=0,4533
31 2,3 4,6 0,140 7,9
3 [26; 42] [1,9; 2,8] [4,4; 5,0] [0,128; 0,168] [6,1;10,2]
p,, = 0,3066 p, ;= 0,3598 p,, = 0,2445 p, ;= 0,4507 p, ;= 0,4832
p,,=0,1339 p, , = 0,0839 p, , = 0,0692 p, , = 0,1205 p,,=0,2271

Ipumimxu: 1) iHAEKCAMH L3
HOT BipOTiIHOCTi PO301KHOCTI ITOKAa3HUKIB.

nopiBHSHO 3 TUMH, xT0 BrxkuB (1,5 [1,0-2,2]; p < 0,05)
(tabmn. 3). ToOTO Y TBapHH, L0 3aTMHYJIH, CTYIiHb IIEpeBa-
YKaHHS CUMITaTUYHOTO BIUIMBY OyB JOCTOBipHO BHIIMM. Lle
Y3TOKYETHCS 13 Cy4aCHUMU YSBJIEHHSIMH PO POJIb AncOa-
JIAaHCY aBTOHOMHOT HEPBOBOI CUCTEMH B PO3BUTKY FOCTPHX
KOPOHAPHUX CHHIPOMIB.

Takox crocTepiranocs IMiABUINEHHAS 3araIbHOL TOTYX-
Hocti cnekrpa (TP) y rpymi 3arubmux (225 [155-263] mc?)
MOPIBHSAHO 3 Tpynoto, mo Bwkwmwia (150 [116-211] mc?;
p = 0,02) (tabm. 3).

BBaxkaeTncs, 1m0 3HWKEHHS 3Ha4eHb TP CBiT4UTH PO
3MEHIIICHHS aJanTalliiHuX MOXJIHBOCTEH opranizmy [1].
[Ipore anaii3 NOKa3HUKIB aOCOJIFOTHOI MOTYXHOCTI CKJIa-
nosux TP (Tadn. 3) Bka3ye Ha Te, 1o 3HmkeHHs: TP y rpymi
3 BizOyBanocs yepe3 OLIbII HU3bKUH TOHYC CUMITATHYHOTO
BiJIIy BEreTaTMBHOI HEPBOBOi CHCTEMHU i T'yMOpaJIbHO-
Metabosiynoi naHku peryssnii (LF- i VLF-komnonenr).
OTtxe, y rpymi 3 cepen TBapWH, IO BYDKWIIH, BiTHOCHUH
BHECOK IapacHMIIaTUYHUX BIUTMBIB TEPEBUINYE TaKUH Y
rpymi 2.

OTtxe, crocTepexeHe mMmigBUIIeHHS TP y 3armbmux
TBapWH, Ha TEPIIUIl MOIVIAN IapaxoKcalbHe, HMOBIpHO,
BimoOpaxkae TiNepaKTHBAIID CHMITATOAIPEHATIOBOI CHC-
TEMH Tepe]] JIeTaIbHUM PO3BUTKOM mofii. 3HmxkeHHs TP y
LIyPiB, [0 BHKKJIH, CYITPOBOPKYBAIOCS BiIHOCHAM JOMi-
HYBaHHSIM IapacUMIIaTHYHUX BIUIMBIB, 10 MOXE MaTH
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3axXHMCHE 3HAYEHHS B KOHTEKCTI aJanTaliifiHoOl pe3ucTeHT-
HOCTI 70 cTpecy [8].

OTpuMaHi pe3ynbTaTH CBifyarb, 1[0 BHUXIJHHH Bere-
TAaTUBHUK OajlaHC OpPraHi3My MOXKE iCTOTHO BIUIMBAaTH Ha
nepeOir eniHepHuH-iHIyKOBaHOI Kapaiomarii. HesBaa-
F0YHY Ha BiJICYTHICTh CTATHCTHYHO 3HAYYIIUX BiAMiHHOCTEH
y 4aCOBHMX Ta T'€OMETPHYHMX MOKA3HHKaX BapiaberIbHOCTI
CEpLIEBOTO PUTMY MIX IpyIIaMH, CHEKTPAJIbHUI aHAIII3 1aB
3MOTY BHSBHUTH CyTT€Bi 0COOIMBOCTI aBTOHOMHOI peryJs-
il y TBApHH 3 PI3HUM PE3YJIETaTOM €KCIICPUMEHTY.

YV Hamomy JOCHiIKEHH1 BCTAHOBIICHO T0CTOBIPHO BHIITI
3HaueHHs croiBBinHomenus LF/HF y mypis, mo 3arunynu
MICJISE BBEICHHS TOKCUYHOT 1031 eninedpuny. e cBimuntsh
npo OLbLI BUpa)KeHE JOMiIHYBaHHS CUMIIATUYHOTO BiJILTY
BEreTaTMBHOI HEPBOBOI CUCTEMH 11 A0 IHAYKIIIT Kapaiomna-
Tii. [TomiOHI 3MiHH PO3IISANAIOTHCS SIK MPOSB AHCOATAHCY
ABTOHOMHOI PETYJISLi{, IO aCOLIIETHCS 3 MiJBHIICHUM
PH3MKOM DPO3BUTKY CEpIEBO-CYIMHHUX YCKIAaIHEHb Ta
HECIPHUATINBOTO Mepediry maronorigaux mpormecis [9; 10].

Binomo, 110 HagMipHa aKTHBALlis CHMIIATOAIPEHAIOBOT
CHCTEMH NPU3BOIUTH A0 IMiABUIICHHS YacTOTH CEPLEBHX
CKOpOUYEeHb, 30UIBIICHHS MOTPeOM Miokapaa B KHCHI Ta
MMOCWJICHHS METa0O0JIYHOTO HAaBaHTAXXCHHS Ha KapIioMio-
IIUTH. 32 YMOB BHCOKHX KOHIIGHTpAIlill KaTeXoJIaMiHIiB Iie
MOXKE CIIPUYMHSATH KaJblLi€BE MEPEBAaHTAXKEHHS KJIITHH,
PO3BUTOK OKCHIATHBHOIO CTPECy M YIIKOMKEHHsS Mio-
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50,00
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35,00
30,00
X 25,00
20,00
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5,00

0,00
1 (3aranbHa)

VLF,% LF, %

2 (3arnHynu)
E1HF, %

3 (BMKKnAN)
Mpynu

Puc. 2. BitnocHuii BHecok (%) yactoTHux obaacreii VLF, LF, HF y 3aranbnuii cnektp BCP inTakTHHX 1m1ypiB

Kapaa. TakuM 9UHOM, TTOYaTKOBE NEpEBaKaHHS CHMITaTHY-
HUX BIUIMBIB MOXKE 3HIDKYBATH aJaNTaIliifHi MOXIHUBOCTI
CEpIIEBO-CYJHHHOI CHCTEMH JI0 TOCTPOTO aAPEHEPTiyHOTO
HaBaHTKCHHS Ta IiJIBUIYBaTH PU3MK JIETAIBHOIO Iepe-
6iry kapmionarii. ITomiOHI MexaHi3MU KapAiajbHOI JauC-
¢byHKLIT Ha TI1i TOPYIIEHHSI aBTOHOMHOTO OaJIaHCy ONHUCaHi
SIK y KJIHIYHHX, TaK 1 B EKCIIEPUMEHTAIBHUX JIOCHIPKEeH-
Hax [10; 11].

[ikaBol0 € Tako)X BHSBIEHA DI3HULA Yy 3HAYCHHAX
3aranbHOi TMoTyxHOcTi criektpa BCP. Bumii moxasHuKH
TP y rpymi 3aruOnux TBapuH MOXYTH BifoOpa)kaTdl Mif-
BUINEHY AKTHBHICTH PETYIATOPHUX CHCTEM OpraHi3My,
HacamIiepe]] CUMIIaTHYHOI Ta TYMOpPaJbHO-METaO0IigHOl
JIAaHOK. Y KOHTEKCTI CTpec-peaKilii Take MigBUIICHHS MOXe
pO3MIAIATHCS HE K O3HAKa KpaIloi aganTaiii, a K mposiB
rinmepakTuBamii HeWPOryMoOpaabHUX MEXaHi3MiB peryis-
ii. ExcriepuMeHTanbHi TOCIIPKCHHS Ha TBApUHAX IMOKa-
3yHOTh, WO IiJABUIIEHHS CUMIIATUYHOTO TOHYCY Ta 3MiHH
CIEKTpaJbHUX MoKa3HUKiB BCP MoXyTh CynpoBo/KyBaTH
PO3BHUTOK I'eéMOAMHAMIYHUX 1 METaOONIYHUX MOPYIIEHb Y
CTPECOBHX Ta MATOJOTIUYHUX cTaHax [11; 12].

HaBmaku, y mypiB, IO BYOKHIIHM, HWKYI 3HAYCHHS
TP cynpoBomxyBanucs BiJHOCHO OUTBIINM BHECKOM
BHCOKOYAaCTOTHOTO KOMITIOHEHTa CIIEKTpa, M0 BinoOpa-
JKa€ MiJBUIMIEHY AaKTHUBHICTh NapacHMIATHYHOTO Bij-
IiTy aBTOHOMHOI HepBOBOI cucTemu. [lapacummarnyni
BIUTMBH, SK BiJJOMO, MarOTh KapAiOMpOTEKTOPHI Biac-
THUBOCTI, CIPHUSIOTh 3HIDKEHHIO YaCTOTH CEPIEBUX CKO-
pOYeHb, 3MEHIIEHHIO METa0O0JIYHOI0 HABAHTAXXCHHS Ha
MiOKapj Ta MiABUINCHHIO HOr0 CTIHKOCTI 0 1IIeMIYHHUX

VIIKO/PKCHb. Y CYYacHUX IOCIHIDKCHHSX MOKa3aHo, 110
MiIBHUIEHA BaryCHa aKTHUBHICTh aCOIIIOETHCS 3 KPAIIOI0
aJanTaIi€lo OPra”i3My 0 CTPECOBHUX BIUIMBIB Ta O1IbII
CHOPHUATIMBUM TPOTHO30M Yy pasi cepueBo-CyInHHOT
naroJjorii [13; 14].

TakuM YMHOM, PE3yIBTaTh JOCIIPKECHHS MiATBEPIKY-
I0Th JIOUUIBHICTh BHKOPHCTAHHS CIIEKTPAIBLHOTO aHalizy
BCP s nonepenupoi OIiHKM (DYHKIIOHAJBHOTO CTaHy
BEreTaTuBHOI peryisuii y nabopaTopHux TBapuH. Buss-
JICHHSI TBApHMH 13 TEPEBAXAHHAM CHMIIATHYHOTO TOHYCY
MO)Ke OyTH KOPHUCHUM JUIsl IUTaHYBaHHS €KCIIEPUMEHTIB,
MOB’SI3aHUX 13 MOJICTIOBAHHIM KapiajbHOI MATOJOTIi, a
TaKoX U1 (POPMYBaHHS OUTBII OTHOPITHUX EKCIIEPUMEH-
TagpHHUX Tpyn. Lle, 31 cBoro GOKy, MOXKe MiABHIIHUTH Bif-
TBOPIOBAHICTh EKCIIEPUMEHTAILHUX MOJIEINIei Ta CIPHITH
OLITBII TOYHIHM OMIHIl e()EeKTUBHOCTI MOTCHIIIHHUX Kap/Iio-
MPOTEKTOPHHUX 3aCO0IB.

BucHoBku

VY3aralpHIOIOYM pE3yJIbTaTH IOPIBHAHHS TOKa3HHKIB
BPC y n1ypiB, siKi BHXKWJIM 1 3aTMHYJIH MICIIsI BBEAECHHS TOK-
CHYHHMX JI03 eMliHepHHY, MO’KHA KOHCTaTyBaTH, 10 YacoBi
Ta reoMeTpuyHi nokazHuku BCP He € uyTnuBuMM Mapke-
paMu UT TIPOTHO3YBAaHHS JIETaNbHOCTI. CITiBBiTHOIIICHHS
LF/HF BusBnserbcs iHPOPMATHBHUM NPOTHOCTUIHUM
IHAMKATOPOM Y pa3i emiHeppruH-IHIYKOBaHOI Kapaiomarii:
BIpPOTiIHICTH JIETAIFHOCTI €Taly MOZCIIOBAHHS ITiIBHILY-
€THCS Ha TJ1 301TbILICHHS CHIBBIIHOIIEHHS HU3bKOYACTOT-
HOT 1 BrcokouacToTHOI ckiiazoBux (LF/HF) criekrpa komm-
BaHb KapAiOpUTMY.
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KOE®IIIEHT CTPECOBOI I'MEPIJIIKEMII SIK NPEJUKTOP EGEKTUBHOCTI
KOMBIHOBAHOI'O JIIKYBAHHSI HEOBACKVYJISIPHOI INTAYKOMH
HA TJII HTPOJII®EPATUBHOI JIABETUYHOI PETUHOIIATII
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KOE®IIMIEHAT CTPECOBOI I'MIEPITIIKEMIT K IMIPEAUKTOP EGEKTUBHOCTI KOMBIHOBAHOI'O JIIKYBAHHSA
HEOBACKYJISIPHOI INTAYKOMM HA TJII IPOJII®EPATUBHOI JIABETUYHOI PETHHOIIATIT

! Kuiscoka meduuna axademisn nicasouniomnoi oceimu imeni I1. JI. Illynuxa Minicmepcmea oxoponu 300pog’s Yrpainu, Kuis, Yxpaina
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MeTa. OniHUTH IPOTHOCTHYHY poiib KoedimienTa crpecosoi rimepriaikemii (KCI') Ta edekTuBHICTS TpaHCCKIIEpATbHOT IUKIO(POTOKOATY-
il (TCK H®K) sk mepuroro eramy JikyBaHHS HeoBacKy/spHoi rmaykomu (HBI') Ha 111 mpomideparuBHoi aiabeTndHoi petnHOmarii. Mare-
piamu ta metoau. [IpocnektrBHO 00cTe)eHO 35 oucit 3 HBI'; pesynpraru ananisyBanu 3anexHo Biax KCI. IIpeaukropu Heycixy BH3HAYATH
3a perpecieio Koxca. Pesynbraru. Bucokuit KCI' migsummyBas pusuk Heycmixy B 4,1 paza (95% I 1,06-16; p = 0,04) Ta 3HmKyBaB edex-
THBHICTb JiKyBaHHA 10 51,8% mpotu 82,1% (p < 0,01). TCK LI®OK 3a6e3neunna xoutpons BOT y 87,5% Bunaxis, ycknaHEHHS CTAHOBIIN
12,5%. Kom6inosane mikyBanus (TCK @K + ITPJIK + anti-VEGF) 3mennrysano pusuk Heycmixy B 3,7 pa3a. BucnoBku. KCI' € 3HauyImum
nporaoctnaHEM MapkepoM, a TCK LK sk nepmmii eTan jikyBaHHS nokpairye koHTpois BOT i mporunos HBI.

Kuouosi cioBa: nponideparuBHa niabeTHyHA pETHHOMATIS, HEOBACKY/IApHa raykoma, aHTu-VEGF Teparmis, Xipypriude nikyBaHHS,
MIPOTHO3.
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STRESS HYPERGLYCEMIA RATIO AS A PREDICTOR OF THE EFFECTIVENESS OF COMBINED
TREATMENT OF NEOVASCULAR GLAUCOMA IN PROLIFERATIVE DIABETIC RETINOPATHY
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2 Odesa National Medical University, Odesa, Ukraine

3 State Institution “The Filatov Institute of Eye Diseases and Tissue Therapy of the National Academy of Medical Sciences of Ukraine”,
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Objective: To evaluate the prognostic role of the stress hyperglycemia ratio (SHR) and the effectiveness of transscleral laser
cyclophotocoagulation (TSCPC) as the first-line treatment of neovascular glaucoma (NVG) in patients with proliferative diabetic retinopathy.

Materials and Methods: A prospective study included 35 eyes with NVG. Clinical and surgical outcomes were assessed according to
SHR levels. Cox multivariate regression analysis was used to identify predictors of treatment success.

Results: High SHR was an independent predictor of unfavorable NVG outcomes, increasing the risk of treatment failure 4.1-fold
(95% CI: 1.06-16; p = 0.04) and reducing surgical success to 51.8% compared to 82.1% in patients with low SHR (p < 0.01). TSCPC
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as a preoperative step achieved intraocular pressure control in 87.5% of cases and decreased complication rates to 12.5%, with minimal
procedure-related complications (3—3.5%). The combined approach (TSCPC + panretinal laser photocoagulation + anti-VEGF) reduced
treatment failure risk 3.7-fold and improved surgical outcomes in patients with high SHR and angle-closure NVG.

Conclusions: High SHR is a significant prognostic marker of poor NVG outcomes. Implementing TSCPC as the first-line intervention in
patients with high SHR improves surgical efficacy, reduces complications, and optimizes prognosis.

Keywords: proliferative diabetic retinopathy, neovascular glaucoma, anti-VEGF, surgery, prognosis.

Beryn

HeoBackynspua rmaykoma (HBI') 3anumaerscst ogHuM
i3 HAUTSHKYMX YCKIIQJHEHb IIMPOKOTO CHEKTpa OpTaaIbMO-
JIOTIYHHMX Ta CUCTEMHHUX 3aXBOpIOBaHb. BoHa Xapakrepu-
3y€ThCS MPOTPECYIOUOI0 HEOBACKYISPU3ALIEI0 PAHTyKHOT
00OJIOHKM Ta ipiIOKOpHEANBHOTO KyTa, (POpPMyBaHHIM
¢$iOpoBacKkyIsIpHUX MEMOpaH 1 CTIMKUM IIiIBHIICHHSIM
BHyTpimHBb004HOTO THCKY (BOT). Emimemionoriuni maHi
cBim4aTh mpo 3pocranHs nommpeHocti HBI' mapanensHo
31 30UIBIIEHHSM KUIBKOCTI MAI€HTIB 13 MPoJTi)epaTHBHOO
niaberuuHoto peruHonariero (I1/1P), imeMiYHUMH OKITIO3i-
SIMU BEH CITKIBKH Ta IHIIMMH PETHHAILHUMH NaTOJIOTISIMH.

3 iHmoro OOKy, B yMOBaxX ChOTOJCHHS Ha YKpaiHi
0M3BbKO TPETMHM JIOPOCIHMX MaloTh KIIHIYHO 3HAYyIli
mpoOJsiemMH, TIOB’s13aHi 3 TPHUBOTOIO, TPAaBMAaTHYHUM CTpe-
COM, BTParTol0, MPUrHiYeHnM HacTpoeM [1]. ¥V nux ymoBax
B YKpaiHi Iemai gacTimie peecTpyeThes CTpEC-1HIyKOBaHA
rineprimikemisi (CII) [2] ax ¢isiomoriyaa peaxiiisi opra-
HI3My Ha TOCTPUH YX XPOHIYHHUNA CTPeC, IO IPOSBISAETHCS
TPAH3UTOPHUM TIABUINCHHSM pIiBHS IJIIOKO3H B KPOBI.
Bona criocTepiraerhbes sIK y MaIi€HTIB 13 IIyKPOBHUM Jiade-
TOM, TakK i 63 HbOr0, 0COOIMBO B 0CI0 13 TOCTPUMH Ta TSAK-
KUMHU comatnuHumu ctaHaMu. latorenes CII' mos’sa3aHuit
3 aKTHBAII€I0 CHMITATO-aJpEeHaIOBOi CHUCTEMH, ITiJJBHIICH-
HSIM CeKpellii KOPTH30Jly Ta BUBLIBHEHHSM MpPO3anaibHUX
LUTOKIHIB, II0 NMPHU3BOJUTH A0 CTUMYJLALIi INIFOKOHEore-
He3y Ta iHcymiHope3ucTeHTHOCTi [3]. [ ominky ii Bupa-
JKCHOCTI BUKOPHCTOBYETHCS KOE(DIIli€EHT CTPECOBOI Tirmep-
rikemii (KCI).

3aBASIKM JOCTYIHOCTI BHUMIpIOBaHHSA TJIIOKO3H Ta
HbA Ic mix gac rocmitamizanii CIT, 3 po3paxynkom KCT,
PO3MIAJAETHCS SIK MPAKTUYHUHM 1 IIHHUHA NPOTHOCTHY-
Hui mapkep [4]. 3rigHo 3 pexomennanismMu European
Society of Cardiology, CII" BH3HA4a€eThCsl SK PiBEHb
[JII0KO3HM ToHaJ 11 MMOib/ He3aleKHO BiJ HasBHOCTI
nykpoBoro niabery [5]. Bomnowac 1i kiiHiyHe 3Ha-
YEeHHsI € CKJIaJJHUM, OCKiJIbKH HEKOHTpOJIbOBaHa IJiKe-
Mis Ha TJIi XpOHIYHOTO AiabeTy TakoX BIUIMBA€E Ha MpO-
rHO3 1 BmwxkuBaHIicTh [6]. [Ipu mpomy poszpaxynok KCI'
€ TMPOCTUM, iHPOPMATUBHUM IHCTPYMECHTOM JIJISl OLIHKH
MeTaboIYHOI BIATIOBIAl HA CTpeC y MaIi€HTIB i3 IyKPo-
BHUM aia0eToM, ocKinbku BruCOKI 3HaueHHS KCI' marorh
HE3aJIe)XHY MPOTHOCTHYHY IIHHICTh AN PO3BUTKY
yCKIagHEeHb 1 cMepTHOCTi. PyTnHHe BH3HauenHs KCI
y XBOpHX 13 I[yKpOBUM JiabeToM Tij 4ac rocmiTaniza-
ii MOXke JOMOMOTTH IHAMBIAyasTi3yBaTH JIIKYBaHHS Ta
NOKpAaIIUTH KOHTPONb Tiikemii. HanMmipHa Ta TpuBana
rinepriikeMis TOCHIIIOE 3amalieHHs, OKCHIaTHBHUIM
CTpec 1 IOTipIIy€e MPOrHO3 nepediry KpUTHYHUX CTaHIB.
Ha Bigminy Bif aOCONIOTHOTO piBHS TIIFOKO3H, KOedilli-
ent crpecosoi rinepriikemii (KCI') BpaxoBye 6a3oBwuii
piBeHB TIIiKeMii Ta TOYHINIE BilOOpa)kae BiMHOCHE ITijI-
BHIICHHS, TIOB’A3aHE 31 CTPECOBOIO PEAKIIIEI0 OPTaHi3My.
IMigumennit KCI'(> 1.14—1.20 ) acoIito€ThCs 3 BUIIOIO

JETANbHICTIO, TSKYMMHU YCKIAJAHEHHSMH Ta TipIINMHU
micisonepaniiHuMy pe3yapTaramMu y namiesTis [7]. Ha
CBOTO/IHI 3araJbHONPHUHHATOI KIiHIYHOI Kmacudikamii
cryneHiB KCI' He icHye; y OUIBIIOCTI AOCITIIKEHb HOTO
OIIIHIOIOTH SIK Oe3NepepBHUN MOKA3HUK 13 BUKOPUCTaH-
HSM TOMYJISAIIHHO-CIeUIYHUX T[OPOrOBUX 3HAYCHb
200 po3MoAlTy 32 KBAPTHIISIMH YU MEJiaHOIO.

Taktuka xomOiHoBaHoro migxoay (anti-VEGF +
IITPJIK + TCK nazepna [{®OK + kinananna / pimsrpamiiina
Xipyprist) € OOIPYHTOBaHMM «30JIOTHM CTaHIApTOM» Yy
pasi TSDKKOTO HEOBACKYJISIPHOTO ITPOIIECY, 3aKPUTOKYTOBOT
¢opmu HBI, a Takok y Mali€eHTIB i3 CEPIEBO-CYTUHHUMHI
3aXBOPIOBAHHAMM, Yy SIKUX CTpEC-iHIyKOBaHa TiNepriike-
Mis TOJaTKOBO ITiABHUIY€ PU3UK YCKIaIHEHb. Y TaKUX KITi-
HIYHAX BHITQJKaX MOHOTepamis abo cTtanmapTHa (imsrpa-
HiffHa Xipypris IpOAEMOHCTPYBAIN HIDKIY €(EKTHBHICTH
1 BUIIIMHA PU3HUK HECTIPHUATINBOTO 1epediry, Toi SK eTarHe
KOMOIHOBaHe JIIKyBaHHs Ja€ 3MOTY JOCSITH OUIbII CTa-
6inbHOrO KOHTPOI0 BOT, 3HM3UTH 4acTOTy YCKJIAJHEHb i
MOKPAIMTHU JOBrOCTPOKOBUH nporHo3 [8—10].

OTxe, BUSIBIICHHS TiNEPIIIKEMIYHUX CTaHIB y rocIiTa-
nmi3oBanux nauicHTiB i3 HBI' Mae xirouoBe 3HaYeHHS IS
cTparudikanii pU3nMKy Ta IHAWBiAyamizamii JiKyBaJbHOI
TaKTHKH, [0 Y3TOUKYETHCS 13 CY4acCHHMH XipypriuHUMH
ANTOPUTMAaMH.

Merta. OuiHnTH BIITUB Koe(illi€eHTa CTPEeCcOBOi Timep-
rrikemii (KCT') Ha mepeOir i pesynsratu sikyBanas HBI Ha
T mpostihepaTHBHOI AiabeTHIHOT peTHHONATII Ta 0OTpyH-
tyBatu edextuBHicTh TCK nazepnoi L{OK y namienris i3
BucokuMm KCI' sik mepuioro eramy KOMOIHOBaHOI Teparii
JUIsl TABUIICHHS €()EeKTHBHOCTI XIpYpridHOTO JIKyBaHHS
Ta 3HWKEHHS PU3UKY YCKIIaIHEHb.

Marepiajiu Ta MeTOAM AOCTiIzKEHHS

Jn3aiiH J0CTiPKeHHS Ta KOHTHHTEHT Malli€HTIB

[IpoBeneHO MPOCIIEKTHBHE KIIHIYHE TOCITIIKCHHS, Y
sike OyIro BKItoueHo 35 mamieHTiB (35 oueit) 3 [1JIP ta HBT,
3 HuX 15 gomoBiku (43%). Po3noxin Ha rpymm 3miiicHro-
Bay BiamoBigHO 10 piBHA KCI': rpyma 1 — HU3bKMIA piBeHB
KCT (n = 13); rpyna 2 — Bucokwuii pisers KCI™ (n = 22).

Cmanoapmu 6e3nexu ma emudni acnexmu

JlocmipkeHHsT BIAMOBIAIO NMPHHIMIIAM [ elbCIHChKOT
nekraparii (2013) Ta HamioHAJILHUM CTHYHHUM BHMOTAM.
Ipotokon Ne 23 Bixg 01.05.2024 cxBajieHO JOKaJIbHUM
koMiTeTroM 3 Oioetuku. [larieHTH Hamamu iHPOpPMOBaHY
sromy. KouogineHmiliHicte 3a0e3medyBanacs BiJIOBiTHO
0 MEIUYHOI €THKU Ta 3aKOHONABCTBA. XipypriuHe abo
Ja3epHEe BTPYYaHHsS BHKOHYBAIOCS NOCBITYCHUMH Xipyp-
TaMH 3 JOTPUMAHHSM IPABUII aCETITUKU Ta aHTHCETITHKH.

Kpumepii exnrouenns: 1) Bik Big 40 mo 75 pokis; 2) mia-
TBep/UKEeHa TpoiideparnBHA Aia0eTHYHA PETHHOMATISA 3a
pe3ynbTaraMu 0QTaIbMOCKOIIT Ta (HIF0OOPECIIEHTHOT aHTi-
orpadii; 3) kniniuni o3naku HBT' (py6eo3 paitmyxkw, mia-
BuieHuit BOT).
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Kpumepii suxniouenns: 1) IepBUHHA BIIKPUTOKYTOBA
a00 3aKpUTOKYTOBa IVIayKOMa IHIIOT eTiOoNOorii; 2) TSKKI
CYIyTHI CHIOKPHHHI, OHKOJIOTiYHI a00 IHINI CHUCTEMHI
3aXBOPIOBAHHS, 1[0 MOXYTh BIUIMBAaTH Ha NIIKEMIYHUH
podib; 3) BiACyTHICTH MOBHUX JIaOOPAaTOPHUX Ta IHCTPY-
MEHTAJIBHUX JIaHUX.

O¢manvmonociune obcmedicents: BHYTPIITHbOOUHHN
THCK BHMIPIOBAJIH METOJOM allIaHaliiHOI TOHOMETpii 3a
TonmpamanoM; 6G10MIKPOCKOITISI IEPEAHBOTO Bifpi3Ka; TOHH-
ockorist [yt BuzHaueHHs ctanii HBI'; odramsmockormis.

JlabopamopHe obcmedcents: PiBEHb TIIOKO3H HATIIE;
HbAlc.

KoeoinienT crpecosoi rinepriikemii (KCI') obuuncio-
By 3a opmysoro[ 11]:

KCI' = piBeHb DIIOKO3M B KpOBI IpH TrocriTaliza-
uii / (1.59xHbAlc—2.59)

Crparundikauis mpoBoamiacs 3a menianoro KCI.

Xipypeiune ma meouxamenmosHe JiKy8aHHs

TpabekynekTomis BHKOHYBamacsi 3a CTaHIApPTHOIO
MeToauKomo [12].

TCK-LH®K — mioganm mazepom Iridex Cyclo G6 [13].

[ManpernaansHa nmazeprHa koarymmis (ITPJIK) — apro-
HOBHM J1a3epoM Nidek MC-500.

Anti-VEGF-tepaniss — iHTpaBiTpeaqbHe BBEICHHS
panidizymaby abo aduibepuenTy 3rigHO 3 KIIHIYHUMU
PEKOMEHIAIIISIMU.

[Ticnsioniepariiiiie BeeHHS niepeadavaio rinoTeH3uBHY
Tepartito, crepoiau Ta HI133.

Oyinxa eqpekmuerocmi iiKy8anHs uepes 6 Micayia niKy-
6aHHSL

Kpurepisimu ycmimaocTi ikyBaHHs Oymu: 1) 3HIKEHHS
BOT < 21 mm pT. cT. 6€3 10JaTKOBUX BTPYYaHb; 2) perpec
HEOBaCKYJISIpU3aIlil paliIy>KKH Ta ipiJOKOPHEATHHOTO KyTa;
3) 30epexeHHs (PYHKIIOHATBFHOTO 30py Ta BIIACYTHICTH
TSDKKHX yCKIIaJHEHb.

Cmamucmuunuil ananiz

CTaTUCTHYHUM aHAI3 310paHuX JaHUX OYJI0 MPOBEACHO
3a JIOMOMOTOI0 MPOrPAaMHOr0 3a0E3ICYCHHS 3 BiIKPHUTHM
konoM misi Windows [JASP Team (2024). JASP (Version
0.19.2) Computer software, https://www.jamovi.org/].
JaHi BUMIipIOBaHb, IO BiIMOBIIaIOTE HOPMATHLHOMY PO3-

noziiy, Oyiu BUpaXkeHi sik cepenHe 3HaueHHs1 (M) £ cran-
napTHe BiaxuiaeHHs (SD), a mopiBHAHHS MiX IpyIiaMH po-
BOZAMJIOCS 33 AONIOMOTOI0 t-KpuTepito CT’101eHTa A7 ABOX
He3aJIe)KHUX BHOIpoK. baratodakropHuil noricTnuHuiA
perpeciitauii ananiz ta perpecis Kokca 3actocoByBanucs
JUISL OLIHKU MpPEAUKTOpiB edexTuBHOCTI JiKyBaHHS. Cra-
THUCTHYHO 3HAYYLIMMH BBaXKaJHCs pe3ynsratd 3a p < 0,05.
IMporHocTraHy TOYHICTH omintoBanu 3a R? Nagelkerke Ta
HR 3 95% /L.

Pe3yabTraTu goc/iifkeHHs Ta iX 00roBopeHHs

VY nocmimxenHs Oyno BKIOYEHO 35 TmallieHTiB
(35 oueit) i3 I1JIP Ta HBI, sikux crparudikoBano Ha ABi
rpynu 3anexHo Big KCI': uusbkuii piBens KCI' (n = 13) Ta
Bucokuit pierb KCI' (n = 22). KuniHiuHI XapakTepHCTHKH
narfienTiB 13 [IJIP ta HBI 3anexno Bix pieas KCI' npen-
cTaBieHi B Tabmumi 1.

Pesynbratn, HaBeneni B Tabmumi 1, NEeMOHCTPYIOTh
9iTKI BIAMIHHOCTI MIJK ITAaIli€HTAaMH 3 HA3bKUM 1 BUCOKHUM
Koe(ilieHTOM CTpPEecOBOi TiMeprimiKeMii, IO IiITBEPIKYE
HOTO MPOTHOCTHYHE 3HAYCHHA B pa3i po3Butky HBI y xBo-
pux i3 IT1JIP.

[MamienTn 3 Bucokum KCI™ manu mocToBipHO Oinbinit
BiK (65,4 + 3,89 poky npotu 60,3 £ 6,74 poky; p =0,008) ta
TpHBaNiINK aHaMHe3 IyKpoBoro niadery (10,8 + 2,86 poky
mpotu 8,5 £ 1,61 poky; p = 0,013). Lle y3romkyeTbes 3
TUM, IO TPHUBANINIMK mepelir 3aXBOPIOBaHHS AacoLilo-
€TBCS 3 OUIBII BUPOKEHUMH META0OJIIYHUMH PO3JIafaMHu,
EHJIOTeIaTbHOI0 TUC(YHKIIEIO Ta MiABUIIEHHUM PHU3UKOM
0(TaIBEMOOTIYHUX YCKIIAIHEHb.

Xoua pisHmng B piBHAX HbAlc mik rpymamm He
Oyna cratuctuaHO 3Ha4ymow (p = 0,48), mokazauk KCT'
OyB CyTTEBO BHIIUM Y Tpymi 3 TsoxunM mepedirom HBT
(2,3 +£0,42 nporu 1,48 £0,18; p<0,001). Lle Bkazye Ha Te,
0 caMe TrocTpa MeTaboJivHa JEKOMIICHCAIIis, a He JIUIIe
XPOHIYHHI TIIIKEMIYHUI KOHTPOJIb, MOXKE BiAIrpaBaTH IMpo-
BiJIHY POJIb Y MATOT€HE31 CYAMHHHUX yCKIIaIHEHb OKa.

KITiHIYHO 3HAYyHIIMMH € TaKOXX MOKa3HUKH O(TanbMo-
ToHycy: cepenniii BOT y rpyni 3 Bucokum KCI™ OyB 3Ha-
9yHO BUIIUM (38,27 £ 8,48 MM PT. CT.) MOPIBHSHO 3 IPYIIOLO 3
Hu3bkuM KCT (25,46 + 1,27 mm pr. cT.; p < 0,001). e Bimo-

Tabmuis 1
Kainiuni xapakrepuctuxu nauienTis i3 IIJIP ta HBI' 3anexno Bin pisasa KCI'
1 rpyna — 2 rpyna —
Hoxasnuk HU3bKHH piBEle)lz,L KCT (n=13)| Bucokwuii piBep]ZL KCT (n =22) P

Bik, pokiB (M = SD) 60,3 +6,74 65,4+ 3,89 0,008*
Yo10BiKH / KIHKH 6 (46%) / 7 (54%) 8 (36%) / 14 (64%) 0,724¢
Tpuaiticts giabery, pokiB (M + SD) 8,5+ 1,61 10,8 +£2,86 0,013°
HbAlc, % 7,89 £ 0,53 8,02+ 0,53 0,48
KoediuieHt cTpecoBoi rinepriikemii 1,48 £0,18 2,3+0,42 <0,0017
(KCT)

BHyTpilIHE004HHiT THCK (MM PT. CT.) 25,46+ 1,27 38,27 +£ 8,48 <0,001?
Yacrora HBI 3akpurtokyToBoi craii (%) 29,6% 100% 0,001°
TIPJIK yio omepanii (%) 58% 31% 0,001°

Tpumimku. naHi npencTasieHi y BUDIAAL cepeanboro (M) Ta cranaaptaoro Biaxuienns (SD) abo aOComOTHOI KifbKOCTi (n) Ta
4acTKH Y %. p — piBeHb 3HAYYNIOCTI Pi3HUIN MiXK TOoKa3HuKamu | Ta 2 rpymamu: a — 3a t-kpurepiem Cr’ronenra, b — 3a x% i3 n (%),

¢ — TouHuH kputepii dimepa.

Ckopouenns: KCI' — xoedimieHT cTpecoBoi rimeprimikemii; HbAlc — rmiko3ynpoBanuii remorno6in; [1IP — mpomideparusHa mia-
Oernuna perunonaris; [IPJIK — manpeTnHanpHa na3epHa KOaryisist CITKiBKH.
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Opaskae OLIBIIT arpeCUBHUI MMepedir HEOBACKYIIIPHOTO IPO-
HeCy Ta HWK4y HMOBIpHICTb e(eKTHBHOTO KOHTpoimo BOT.

Kpim toro, y rpyni 3 Bucokum KCI' wactora HBI i3
3aKpUTOKYTOBOIO cTajiero cranoBmia 100%, Tomi sk y
rpyni 3 au3bkuM KCT™ — e 29,6% (p < 0,001). Lle Bka-
3y€ Ha TICHUH 3B’ 30K MiXK METabOJIIYHOIO HECTAOIBHICTIO
Ta TI3HIM BHSBJICHHSAM 1 TSOKYNM IEpeOiroM TIayKOMH.
Taxoxx wacrora nposenenns [IPJIK Oyma k4900 y mari-
erriB i3 BucokuM KCT' (31% mpotu 58%; p = 0,03), mo
MOYKE CBIUUTH IPO Mi3HIITY JiarHOCTUKY.

Mamientn 3 Bucokum KCI' mamm ripmii pesynsraTa
XIpyprivHOTO JIIKYBaHHS, BHUILY YacTOTy YCKIaJHEHb 1
noTpedy B JOAATKOBUX BTPy4YaHHsX. XipypriuHe BTpY-
YyaHHS (TpaOEeKyJIEeKTOMis) MepeBaXKHO e(hEeKTHBHE 3 HU3b-
kuM KCI y pasi BinkpurokyToBoi ¢popmu HBI' (31%), Toxi
SIK TpaHCCKJIEepajbHa Jla3epHa LUKIOPOTOKOAryIsLis — y
pasi 3akpurokyToBoi craznii 3 Bucokum KCI (tabdm. 2).

VY manientiB i3 HBI' Ha Timi JIPII Ta pisHuUM piBHEM
KCT cnocrepiramm cyTreBi BinminHOCTI noka3zHukis BOT.
[NouarkoBuii piers BOT OyB 10CTOBIpHO BHIIMM Y TPYIIi
3 BucokuM piaeM KCI' (39,2 + 6,8 MM pT. CT.) TOPiBHSHO
3 rpymoro 3 Hu3bkuM KCI (29,5 £ 5,3 mm pt. ct.; p<0,001).
AHanoriyHa TeHJCHIiA 30epiramacs i depe3 6 MicsIiB
micist Xipyprigydoro JjikyBaHus: 25,3 + 4,9 MM pT. CT. y
rpymi 3 BucokuM KCI™ nporu 18,1 £ 3,6 MM pr. cT. y rpymi
3 Hu3pkuM KCI' (p = 0,014).

3aranoMm XipypriuHe JiikyBaHHsS TpoBeneHo y 77,1%
oueit (27 i3 35). YemimHoro koHTpomo BOT Oyno nocsr-
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Hyto y 71,4% BunankiB (25 i3 35 oueil), npuuomy cra-
TUCTUYHO 3HAYyINOi PI3HUII MK IpylaMu 3a 4acTOTOIO
YCHINIHKUX omnepariii He BussieHo (p = 0,43). Yacrora mic-
JsionepaniiHuX yCKIIaJHeHb cTaHoBwia 42,9% 3araiom,
0e3 IoCTOBIpHUX MIXKIpyIoBUX BiaMiHHOCTEH (p = 0,18).

TCK nazepna LI®OK BrukoHyBasacs rmepeBakHO y Tarli-
eHTiB 3 BucokuM piBHeM KCI' (22,9% ycix oueit). ¥V miit
rpy1i Oyno nocsarayTo 87,5% yCHiIIHUX Pe3ynbTaTiB Micist
TCK nazepHuX BTpydYaHb, TOIi K y rpymi 3 Hu3pkUM KCT'
Takux orepaniii He mpoBomwmau. JlomarkoBa anTH-VEGF-
Teparmis 3actocoByBanaci y 42,9% Bumankis, uyacTime B
rpymni 3 Hu3bkuM piBHeM KCI (58%) nopiBHSHO 3 BUCOKUM
(31%).

VY nani€eHTiB koeilieHT CTPECcoBOi rinepriikeMii mpo-
JIEMOHCTPYBaB CHJIbHI TIO3UTHBHI KOpEJILiNHI 3B s3KM 32
[Mipconom (rp): KCI' &> BOT: 1, = 0,81 (p < 0,001); KCI" «
cramist HBI: 1, = 0,88 (p < 0,001); KCI" <> TpuBaunicts LI /1:
1, = 0,53 (p <0,01).

Jns momaneinoi ouinku BromiBy KCIT mpoBeneno Oara-
TO(aKTOPHUIA JOTICTUIHUHN perpeciitHuii aHami3, IKuil 1aB
3MOTy BU3HAuuTH 3B 530K MiXK piBHeM KCI' y marieHTiB
i3 ITIJIPIT 3amexxno Bix craxii HBI' (BigkpuTokyTOBOi UM
3aKPUTOKYTOBOI), 3 ypaxyBaHHSIM BIUTUBY BiKy Ta piBHSA
BOT (tabm. 3).

I'pyna edexruBHOCTI JikyBaHHst Mana b = 1,626 + 0,37,
p=0,000116, 110 CBiqYUTH PO BUCOKUH BILUIUB HOTO (hak-
TOpa Ha YCHINIHICTH JIIKyBaHHS. BHYTpIIIHBOOYHUIT THCK
no omeparii maB b = —0,03 £ 0,014, p = 0,047, o Takox

Tabmuusg 2
Yenimmnicrs JgikyBanas HBI' y nanienTis 3 JIPII Ta pisnum piBHeM koedinieHT cTpecoBoi rinepriikemii (KCI')
IMoka3Huk 1 rpyna — 2 rpyna - Yceboro p
Hu3bkuii KCI' (n = 13) | Bucoknii KCI' (n = 22) (n=35)

TMouarkouii BOT, MM pT. CT. 29,5+5,3 39,2+6,8 <0,001>
BOT uepes 6 mic. micist 18,1 £3,6 253+4,9 0,0142
oriepariii, MM pT. CT.
XipypridHe JTiKyBaHHS 13 oueti (37,1%) 14 oueit (40%) 27 oueit (77,1%) -
VYenimmni Xipypriusi oneparii 11 oueii (31,4%) 14 oueii (40%) 25 oueti (71,4%) 0,43
VekIaHeHHs I Xipyprii 5 oueii (14,3%) 10 oueii (28,6%) 15 oueii (42,9%) 0,18°
XipypriuHe JiKyBaHHS MiCIsI (0%) 8 oueit (22,9%) 8 oueit (22,9%) -
TCK nazeproi LHOK (n = 8)
VYexnaguennst miciast TCK (0%) 1 oxo (2,9%) 1 oxo (2,9%) —
nazepHoi HHOK
Jonarkosa anti-VEGF-teparnis (8 oueit) 61,5% (7 oueit) 31,8% 15 oueii (42,9%) —

Tpumimku: naui npeacTasieHi y BUILAL cepennsoro (M) Ta crangapraoro BinxuiieHHs (SD) abo abcomoTHOI KinbkocTi (n) Ta
9acTKu y %. p — piBEHb 3HAYYIIOCTI Pi3HHUII MiX MOKa3HUKaMu | Ta 2 rpymamu: a — 3a t-kpurepiem Ct’ronenra, b — 3a 2 i3 n (%).

Cropouennsi: KCI' — xoedirient ctpecoBoi rinepriikemii; BOT — BHyTpimHboounnii tuck; I1IP — nponideparnBra niabetndana
petunonaris; TCK nazepra LI®K — TpanckiepanbHa ga3epHa IUKI0()OTOKOATYIIAIIIS.

Tabmuus 3

PesynbraTn 6araro)akTopHoOro JIOriCcTHYHOro perpeciiinoro anaJisy 38’sa3ky pakropy KCI' y manienrin
3 IIJIP 3a/e:xHO Bix cTafii HEOBACKYISAPHOI NIAYyKOMH (BiAKPHTOBA TA 3aKPHUTOKYTOBA)

KoBapiatn B+tm p R? Nagelkerke
BinbHuii dneH —0,095 £ 0,47 0,842
I'pyna (ycriurHoCTI JTiKyBaHHST) 1,626 £ 0,37 0,0001 0.797
BHYTpilIHEOOYHUI THCK —-0,03 + 0,014 0,047 ’
Bik 0,009+0,008 0,244

IIpumimxu: 3Ha4eHHs koedilieHnta Moneni, b £ m — craHJapTHU30BaHU perpeciiHuil KoedillieHT PIBHSHHS 31 CTaHIAPTHUMH

. R2
nommikamu (Std.Err); R Nagelkerke
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BUSIBUBCSl CTAaTHCTHYHO 3HAYyIIuM ¢akropom. Bik He maB
CTaTHUCTUYHO 3Hauymoro BmuBy (p = 0,243862). Ilokas-
HUK JieTepMinanii mozeni perpecii R? Nagelkerke = 0,797,
110 BKa3y€ Ha BUCOKY NPOTHOCTUYHY 3/1aTHICTH MOJIE.

Jani npoBenenuii 6araroakTopHUi perpeciiHuii ana-
1113 3a Mozeiutro Kokca nmokasas, 1o B naiieHTis i3 TP Ha
3akpuTokyToBiil cranii HBI' migeumenns KCI™ acomiroBa-
JIOCSI 31 3POCTaHHSAM PU3UKY HEBJAIOTO XipYPridHOTO JIKY-
BaHHA B 4,1 pa3a MOPiBHAHO 3 MAIliEHTAMH Ha BiAKPUTOKY-
toBiit cranii HBI' (HR =4,1; 95% AI: 1,06-16,0; p =0,04)
(Tabm. 4).

VY perpeciitHy Momens Oyny BKIFOYCHI KIIHIYHO 3HA-
YyIli KOBapiaTd, 30KpeMa TPUBAIICTh IYKPOBOTO JiadeTy
noHax 10 poKiB, HasBHICTh CEpIEBO-CYJMHHHX 3aXBO-
proBaHb, a Takox (akt mposeacHHs TCK nasepna L[DK,
IPJIK citkiBku Ta antu-VEGF-Teparii.

Tpusamicts I/l monax 10 pokiB Oyna acoriiioBaHa
31 3HW)KEHHSM PHU3UKY HEYCHIIIHOTO JiKyBaHHS Ha 97%
(HR = 0,03; 95% AI: 0,002-0,35; p = 0,005). Bucoxwuii
KCT nmocToBipHO TiABHIIYBaB pPH3UK HEEPEKTUBHOTO
nikyBaHHSA B 4,12 paza (3poctaHHs pu3uKy Ha 312%; 95%
AL: 1,06-16; p = 0,04). KombinoBane 3actocyBanns TCK
nazeproi L{®K + [NITPJIK + anti-VEGF 3HMXYBasI0 pu3nKk
HeycminmHoro JiikyBanas Ha 73% (HR = 0,27; 95% I
0,09-0,81; p = 0,02).

OtprMaHi HaMU Pe3yJIbTaTH MiATBEPAKYIOTb, 1110 BUCO-
kuit KCI' € o1HUM 13 KITIOUOBHX MPEANKTOPIB HECIIPHUSITIIN-
Boro niepebiry HBI' y nanientis 3 I1JIP. [Tauientn 3 Buco-
kM KCT' Manm 10ocToBipHO BUIN TTOKa3HUKHU ITIOYaTKOBOTO
BOT - (39,2 + 6,8 MM pT. CT.) Ta HIKYY €PEKTUBHICTH
XipypriuHoro siikyBaHHs (63,6%) MOPIBHSAHO 3 Mali€eHTaMH
3 Hm3pkuM KCI™ (29,5 + 5,3 MM pT. cT. Ta eeKTHUBHICTH
84,6% BinmoBinHO). 30Kpema, MIiCHs XipypridHOTO JIKy-
BaHHA (n = 35 oyeil) yCHIIIHICT Onepariil y rpymi 3 Hu3b-
kuM KCI' cranosuna 84,6%, Toai sSIK y Tpymi 3 BUCOKHM —
63,6%, a yacToTa YCKJIQJIHEHb Y APYTiii rpyIi Oyna CyTTeBO
BULIO0 (45,5% mpotu 15,4%).

Ili maHi y3romKyrOThCcs 3 pe3yjibTaraMd 0araToleH-
TPOBOTO KJIIHIYHOTO JOCHTIKEeHHs, mpoBeneHoro Fang, C.
Ta cmiBaBt. (2025), y sikomy Oyno oOcTexxeHO monay 240
narfientiB 3 [I1IP [7]. ABropu mokasanu, IO IiABUICHUA
KCI' OyB He3ane:KHMM HpPEIUKTOPOM OibII IIBUIKOTO
PO3BUTKY HEOBACKyJsIpW3alii paiIyXKH, ITiJBHIICHOTO
PHU3HKY IEpexXony Bif BiIKPHTOKYTOBOi JO 3aKPHTOKYTO-
Boi opmu HBI' Ta 3HIKEHHS HMOBIPHOCTI TOCATHEHHS
uizpoBoro BOT micnst xipyprigHoro JikyBaHHS. Y HOCIHi-
mkeHHi Fang et al. cepenniit BOT y rpymi 3 Bucokum KCI'
repe; oneparieo craHnoBus 37,8 = 7,1 MM PT. CT., 1110 AyXKe

OMM3bKO 10 Hammx mokasHUkKiB (39,2 £ 6,8 MM pT. CT.).
Yepes 6 micsuis micis jgikyBanus BOT y rpyni 3 BUCOKUM
KCT 3anumaBcst CyTTEBO BUILUM, HIX y TPYIi 3 HU3BKUM
KCT" (24,6 = 5,1 MM prt. ct. ipotu 17,9 £ 4,2 MM pT. cT;
p < 0,001), mo TakoX y3TrOPKYETHCS 3 HAIIMMU TaHUMU
(25,3 £4,9 MM pt. ct. mpotH 18,1 & 3,6 MM pT. cT.) [7].

BararodakropHuii NOTICTHYHHMI perpeciiiHuil  aHa-
73 TMOKa3aB, M0 e(peKTUBHICTh JIKYBaHHA CYTTEBO 3aje-
*wuth Big piBaa KCT (b = 1,63 = 0,37; p < 0,001), Tomi
sk migsuineHnit BOT HeratmBHO BIUIMBa€e Ha pe3yibTar
(b =-0,03 £ 0,014; p = 0,047). Monens nosicatoe 79,7%
Bapiamii pesyasraris jikyBanus (R? Nagelkerke = 0,797).
Takum unnoMm, KCI' Ta piBers BOT mepen omepaii€ro €
KJIFOYOBUMH TPEIUKTOPaMHU e(EKTUBHOCTI XipypriuHOro
BTpy4anHs y nauientiB 3 HBI™ na toi IT/IP. Kpim Toro, Fang
Ta CIIiBaBT. IIPOJEMOHCTpYBany, mo Bucokuit KCI' acomi-
I0€THCS 31 301IBIICHHSM BiJHOCHOTO PU3UKY HEYCIIIITHOTO
mikyBaHHs y 3,2 pasa (95% [l: 1,8-5,6), mo mopiBHIO-
BaHO 3 HAIIMMU JITaHUMH 3a Mozeutio Kokca, e BUCOKHMIA
KCT 36inpmryBaB pusuk y 4,12 paza (95 % AI: 1,06-16;
p = 0,04). Lle cBiquuTh PO BUCOKY BiITBOPIOBAHICTH TPO-
rHocTigHOi 3HagymocTi KCI' m1st mporao3yBaHHs pesyinb-
tatiB nikyBanHs HBI y pisHux xoroprax marieHris [7].

JlonaTkoBO Cyd4acHi AaHi CBig4arh, IO IIiABUIICHUI
KCT acouito€eTbesi He JHIlIe 3 MPOrpecyBaHHAM Aia0eTHy-
HOi peTHHoOmarii, aje ¥ 3 TipmUM XIpypriyHUM MpPOTHO-
30M Y TAII€HTIB i3 I[yKPOBUM JAia0eTOM, IO MiATBEPIKYE
CUCTEMHUIl XapaKTep BIUIMBY CTPECOBOI rinepriikeMii Ha
nepedir MiKpOCYIMHHUX YCKIaTHEeHb [ 14].

Oco0nmuBy yBary B HAIIOMY ITOCIHIPKCHHI MPHIUICHO
nepenonepaniiHomy 3actocyBanHio TCK nazepnoi LHIOK y
narieHTiB i3 BucoknM KCI. BukopuctanHs 1[sOT0 METORY
JIasio 3MOTy A0CSTTH 87,5% yCHIHUX XipypriuHuX BTpY-
YaHb 1 3HU3UTH YacTOTy YCKIamHeHb 10 12,5%, mio € 3Ha-
YHO KpaIliM ITOKa3HUKOM NOpPiBHIHO 3 JanuMmu Fang et al.,
JIe 3arajibHa 4acToTa YCKJIaIHCHD MMiC/Is XipyPridHOTO JIiKY-
BaHHs y mamiedTiB 3 Bucokum KCI' cranosuna 38% [7].
Takum unnom, TCK nazepna L{OK sik yactina komOiHOBa-
HOI TaKTUKH JIKyBaHHS MOXX€ KOMIICHCYBaT HETaTHBHUM
BB Bucokoro KCI, mokpamryroun xontpoias BOT Ta
3MEHIIYIOYM PH3MK IHTpa- Ta MicsoNepaliiiHuX ycKia-
HEeHb. 3a JaHUMH JIITepaTypH, 9acToTa YCKJIQJHEHb MiCIs
camoi TCK nazepnoi LIOK we nepesumrye 3—3,5%, mo mia-
TBEPJUKY€E BUCOKHIA Ipodise O6e3mekn metony [15; 16].

3a JMaHUMH CHUCTEMATHYHUX OIVIAIIB 1 MeTaaHamli3iB,
TCK H®K nemonctpye crabinsHe 3HmwkeHHS BOT 1 mpu-
HHATHAN Tpodins 6e3mekn y marienTis 3 HBI i3 wacToToro
Cepio3HNX YCKJIaIHEeHb 3a3BHUail He BuIe 3a 3—5% [9].

Tabmuug 4

PesysbTaTn 0araropakropHoro perpeciiinoro anajizy Kokca B3aemM03B’s13KkiB He3a/1e:KHUX KOBapiaT nauieHTiB
3 II/IP 3ane:kHO Bix e(peKTHBHOCTI JiKyBaHHS

Kosapiatu B (SE) HR [95% A1] p
Tpusaicts 11/ > 10 pokis -3,54 (1,27) 0,03 [0,002; 0,35] 0,005*
KoedimieHt cTpecoBoi rinepriikemii 1,42 (0,69) 4,12 [1,06; 16] 0,04*
CeplieBO-Cy/IMHHI 3aXBOPIOBAHHS, TAK 0,68 (0,84) 1,98 [0,38; 10,3] 0,42
TCK nazepna [IOK, TITTPJIK Ta anti-VEGF —1,3 (0,56) 0,27 [0,09; 0,81] 0,02%*
EbexTuBHICTH JTiKyBaHHS, Hi —1,27 (0,38) 0,08 [0,02; 0,34] 0,006*

Tpumimku: B — xoedinient perpecii; SE — crannaprha noxubxka xoedimienra B; HR — Binnomenns pusukis, 95% II —95% mnosi-

pumii inTepBan, * — 3Hadyui BigMinaocTi (p < 0,05).
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3rigHo 3 pesyiasratamu 0arato(h)akTOPHOIro perpe-
ciitnoro anamizy Kokca, TpuBanicte IIJ] monan 10 pokis
JOCTOBIPHO 3HM)KyBajia IIAaHCH Ha e(eKTHBHE JIKyBaHHS
(HR = 0,03; 95% AI [0,002-0,35]; p = 0,005), Toxmi sik
Bucoknit KCI' mizBumtyBaB pusuk po3sutky HBI' Ginpm
Hix y 4,1 paza (HR = 4,12; 95% JI [1,06-16]; p = 0,04).
IHozutuBHuit BrmB mMano noeaHands TCK nazepuoi LHOK
3 [ITPJIK Ta 3 anti-VEGF-tepamieto (HR = 0,27; p = 0,02),
o0 MATBEpMKYye e(PeKTHBHICTP KOMOIHOBAaHUX IIiIXOIIB
JI0 JTIKyBaHHSL.

CyyacHi KJiHIYHI JOCHIDKEHHS MiATBEPIKYIOTH
BHCOKY e(exTHBHICTH pexxumy Slow coagulation mix uac
TPaHCCKIIEPAILHOT HUKIO(POTOKOATY/ISIIii Yy Mali€eHTiB 13
HEOBAaCKyJIsIpHOIO Tiaykomoro. Cepenne 3HmkeHHS BOT
micnst TpoUenypu CTaHOBUTH 35-45% Big BHXITHOTO
piBHS, a yactora gocsrHeHHs koHTpomo BOT mpotsirom
nepimx 6 micsnis csrae 70-90%, 3anexHO BiJ MPOTOKOITY
nikyBaHHs [15; 16].

Tak 1 B HamIiif KOTOPTi MAIiEHTIB TOMEPEIHE 3aCTOCY-
BanHA TCK nazepnoi LIOK nano 3mMory 3MeHIIUTH cepenl-
Hiit piBers BOT 3 38,4 £ 4,7 mM pt. cT. 10 24,6 £+ 3,8 MM
pT. cr. ympomorxk 7 muiB (p < 0,001); 3HE3UTH YacTOTy
iHTpaonepanifHuX ycKIagHeHb Ha 28% MOPIBHIHO 3 TPY-
oo 6e3 monepenHpoi [{PK; miaBuImuTi 9acTKy cTadiib-
HOTO 0(hTaIBMOTOHYCY Hicis onepariii 10 84%; 3MEHITUTH
notpe0y B JIOJATKOBI MeITUKaMEHTO3HIN Tepanii y paHHii
micnsionepaniiHuid  nepion. Yacrora ycCKIIaJAHEHb MICI
TCK nazepnoi II®K He nepesumnrysana 3,1%, mo Biamo-
BiJIa€ IaHUM IHIIUX aBTOPIB i MiITBEPIKY€E BHCOKHUI TIPO-
¢inp 6e3nexn Metony [15; 16].

HafiqacTimumy yCKIagHEHHSIMH TICIsA XipypridHOTO
nikyBauHs HBI' y namiit koropti 6ynu rinotosis (5,2%),
ripema (4,8%), ibposyBanHs (igBTpaAIiHHOI MOXYIIKH
(7,3%) Ta TpaH3WTOpHE IOTIPIIEHHA TOCTPOTH 30Dy
(9,1%). OgHak cBO€yacHE MOETHAHHS XipYPTidYHUX METO-
IiB i3 TazepHUMHU BTpydaHHIMH (30kpema, TCK nazepHOr0
[®K), naHpeTHHAIBHOIO Ja3epHOI0 KOATy/IsIli€ro Ta anti-
VEGF-tepanieto 3Ha4HO mijBHILy€E €()EKTHBHICTH KOHTP-
omo BOT i 3HWKye wactoTy nmx yckiamHeHs [17; 18],
BUCTYyMaouu (HakTopoM MOAYISLIl HepenornepaniiHoro
TeMOAIMHAMIYHOTO CTaTycy OKa.

Hami pesynbraty y3romkyloTbesi 3 JaHUMH MiXHa-
ponuux nociijukensb, y skux TCK mazepra LHOK posrs-
Ja€Thesl K €(PEKTUBHMUN IHCTPYMEHT AJIS Iiepeaonepanii-
HOi crabimizanii BOT i 3HIWKeHHS pU3UKY YCKIaTHEHb Y
xipypriuHomy nikyBanai HBI. Ha BinMiny Bing cranmapt-
HUX TiIxoxiB, 3actocyBanHs TCK mazeproi HOK mo ocHo-
BHOTO XipypridyHOro eTamy Aalo MOXJIUBICTh HOKPAIIUTH
koHTpos1b BOT, 3MEHIINTH aKTHBHICTh HEOBACKYIISIpU3aLlil
Ta ONTHMI3yBaTh Pe3yNIbTaTH MiCIs0NepaniiiHoro BiJIHOB-
nenHs. Fang ta cmiBasr. (2025) HaronoumyoTh Ha KIIIOUO-
Bill poisi cucTeMHHX (haKTOpiB puU3MKy B po3BUTKy HBI,
OJHaK y iX po0OOoTi BiJCYTHIil aKkIEHT Ha Ja3epHI METOIH
xonTpomto BOT [7]. Hami nani TOMOBHIOIOTH I pe3yiib-
TaTH, JeMOHCTpY1oun nepesary BkitodeHHs TCK nmasepHoi
H®K 1o koMOiHOBAaHOTO JIIKYBaJIBHOTO MTPOTOKOITY.

3acrocyBanns nepenonepariitaoi TCK mazeproi HOK
JIallo 3MOTY CYTT€BO TIOKPAIIUTH 3arajbHUN pPe3ynbTrar
nikyBaHHS [13], Tak, y rpymi 3 BucokuMm KCI micisa LOK
Oyno nocsrHyto 87,5% ycHilHUX omepaiiii 3a 4acToTH
yckiaaHeHs Jmme 12,5%, 1mo 3Ha4HO HIDKYe, HDK y pasi
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CTaHAAPTHOTO XipypriyHOro BTpy4aHHs Oe3 MonepeaHbol
K. Takuit migxin gae MOXKIHBICTh 3MEHIIUTH HEOBAC-
KyJISIpH3allito, CTadiIi3yBaTH TeMOIUHAMIYHIH CTaTyC OKa
Ta 3a0e3NeynTH OBl KOHTPOJILOBAaHMN mepedir micis-
omeparniiHoro mepiomy. Yacrora ycknamaens micisa [[OK,
3a TaHWUMH Pi3HUX TOCIIKeHb, He epeButye 3—3,5%, mo
MiATBEPIHKYE BUCOKHUI MPOQiIb Oe3MeKn 1I-Oro MeToxy [7;
16; 19; 20].

3 mo3umiii matogizionorii cTpec-iHIyKOBaHA Tileprii-
KeMisl € aJallTHBHOIO PEaKIi€lo, CIIPSMOBAaHOIO Ha eHepre-
TUYHE 320€3MEUEHHs TKAHUH B yMOBaX CHCTEMHOTO CTPECY,
OHAK 33 HAsSBHOCTI I[yKpOBOIO iabeTy BOHA ITOCHIIIOE
3analieHHsl, OKCHJATHBHHUI CTpec, CHAOTEeNialbHy JIHC-
(yHKIII0O Ta MIKPOCYIWHHI MOPYIIEHHS, IO CIIPHUSE MPO-
rpecyBaHHIO imeMii Ta HeoBacKymsipusanii [4; 14].

Ile mosicHIO€ Tipmuii mepedir HeOBAaCKYJSPHOI Iiay-
koMU y marienTiB i3 BucokuM KCT, mo Oyno mpomeMoH-
CTPOBAHO SIK y HAIIOMY JOCJiKeHH], Tak 1 B pobori Fang
Ta cmiBaBTOPIB [7].

V nmamiit xoropti KCI' MaB TicHUMiT MO3UTHBHUH KOpe-
nsmiani 38’530k 13 piBEeM BOT (r, = 0,81; p < 0,001)
ta crazgiero HBT (r, = 0,88; p < 0,001), a Takox momip-
HUH 3B 530K 13 TPUBAJIICTIO IyKpoBOTO miadery (r, = 0,53;
p < 0,01), mo cBiguuTh PO TiCHUH MaTO(}i310IOTIYHMI
B32€EMO3B’S30K MK CHCTEMHHMMH METa0OJIYHHMHU IOPY-
HMICHHSAMH 1 0 TaIbMOreMOIMHAMIYHIMH 3MiHAMH.

OTpuMaHi pe3yNnbTaTH y3ropKyIOThCs 3 JaHHUMU ITOTIe-
PeIHIX KIIHIYHUX JOCIIKEeHb, SKi BKa3yIOTh Ha CYyTTe-
BUI1 BIUTUB CTPECOBOI TrinepriikeMii Ha nepedir cyAnHHAX
yckinagHeHsb y narieHTis 3 [1JIP ta po3sutox HBI. 3okpema,
Fang C., Zhao J., & Lin Y. (2025) nponemMoHCTpyBau, 110
Bucokmii KCI' acorifioBanmii i3 OUTBII arpecHBHUM IIepe-
0iroM HeoBaCKyIIsIpHU3allii Ta TIPIITUMH Pe3yIIbTaTaMH JIiKy-
BaHHS, IO IIIKOM KOPEJIOE 3 HALIMMHU pe3yisTaraMu [7].
OCHOBHI KJiHIYHI TTapaMeTPH Ta PU3UKHU B HAIIK KOTOPTi
MPAaKTUYHO iMeHTHYHI 10 pe3yasrariB Fang et al. (2025),
10 MiJCHIIOE BATIIHICTh OTPUMAHKUX JaHUX Ta CBITYHUTH
npo BiaTBOpIoBaHicTh edekTy Bucokoro KCI sk He3anmex-
HOTO NpeIuKTOpa MOTaHUX pe3yibrariB JikyBaHHs HBI:
HR Bucoxoro KCI' y 060x BUOipKax KOJIMBA€ThCs B MEXax
3,8-4,1, mo Bka3ye Ha CTaOiTbHUI BIUTHB IbOTO YHHHUKA;
4acTOTa yCKJIaJHEHb Ta HEYCIIiXY JIKyBaHHS y IAIli€eHTIB 3
BucokuM KCI' € BiBiui OUIbIIO0, HIX Y TPYMi 3 HU3BKUM
KCT'; xom6inoBana tepamis (TCK mazepra II®OK + anti-
VEGF + nazepHa Koaryssmist) acomiiioBaHa 3i 3HIKCHHSIM
PHU3UKY HEBAadi JiKyBaHHS B 3—4 pa3u B 000X IOCIiIKEH-
Hsx; nepenonepaniitna TCK mazepna LIOK nemoncTpye
HU3BKY YacTOTy yckmamgHeHb (X 3,5%) He3anexHO BiX
JIOCITIJUKEHHSI.

VY noBrocrpokoBoMy aociimxenni Takihara, Y. ta crmi-
BaBT. (2020) moka3aHO, IO YACTOTAa YCKIIAJAHEHb IiCIs
TCK nazepnoi H®K ne mepesBumryBana 3,5%, uio kope-
JIFO€ 3 HAIIMMHU JaHUMH [16]. ABTOpH CyyacHUX OIVISLIOBHX
JIOCII/DKEHD MiIKPECTIO0Th, 10 MYIETHUMOAAIBHUHA Mij-
X1 70 JIIKyBaHHS HEOBAacCKYJISIPHOI IIayKOMH (IIO€HAHHS
anti-VEGF, naapeTnHanbpHOT Ma3epHOi KOArymsIil Ta aiek-
BaTHUX JIa3€PHO-XipyprivHUX BTPyYaHb) 3a0e3meuye cra-
OUTEHUI KOHTPOJIHh BHYTPIITHHOOYHOTO TUCKY B OLTBIIOCTI
MaIieHTiB mpoTsaroM 6—12 micsiiB cnoctepexenns [17].

OT1xe, TakTHKa KoMOiHOBaHOTO miaxoxy (anti-VEGF +
[ITPJIK + TCK nazepua LI®K + xipypriuHe BTpy4YaHHs)
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0co0MBO MoKa3ana B pasi Bucokoro KCI, Tspkkoro Heo-
BacKyJISIPHOTO Tpoliecy, 3akpuTokyToBoi ¢opmu HBI, a
TaKOXX y TaIl€HTIB i3 CepleBO-CYTUHHUMH 3aXBOPIOBAH-
HSIMH, Y SIKMX CTPEC-1HIyKOBaHa TilepIiIiKeMis IiBHILYE
PHU3MK yCKJIagHEeHb. Y IMX BHUIIAJKax MOHOTeparis abo
cTaHAapTHa QinbTpariifHa Xipypris MalTh HIKIY egek-
TUBHICTP 1 BUIIUH PU3UK HECTIPUATIMBOTO MIEpeoiry.
Obmesxcennss  Oocniddcenna.  Posmip — BHOIpKH
(n = 35 oueii) 0OMeXy€e CTAaTHCTUYHY TOTY>KHICTB i 9ac
aHaJi3y OKpEeMUX IMIATPYH i MOXKe MPU3BOTUTH 10 HECTil-
kux omiHok HR y momenmsx. PerpocrexTuBHHIA Au3aifH
JOCTIDKCHHST MO)KE TIOPOMKYBaTH 3MIIIEHHS BimOopy Ta
HEMOBHOTY JaHUX IOAO CYNyTHIX (hakTopiB (HANpHKIAL,
cryninb koHTposto HbAlc y waci; KCI' sk moka3Huk 4yT-
JIMBHH 10 4acy BHMIPIOBaHHS DIIIIOKO3U BITHOCHO €Ii30y
i 1o tounocti HbAlc), ToMy cranmaprTu3aiis MOMEHTY
3a00py i METOIMKH PO3PaXyHKY € Ba)KJIMBOIO ISl 30BHIII-
HBOI BaJIiIHOCTI, IO MOTPedye MOJATBIIOT0 YTOYHEHHS.

BucHoBknu

Bucoxwuii xoegirmient ctpecooi rinepriikemii (KCI') €
KITFOYOBUM TIPETUKTOPOM HECIPHUATINBOTO Tepediry Heo-
BackysipHOi maykomu (HBI'). ¥V marienTiB i3 BHCOKHM
KCT pisens BHyTpimHb00uHOTO THCKY (BOT) cTanoBHB
39,2+ 6,8 MM PT. CT., 1110 TOCTOBIPHO IMEPEBHIIYBAJIO [IOKA3-
HUKH y naunieHTiB i3 Hu3pkuMm KCT" (29,5 + 5,3 MM pt. cT.,
p < 0,001). Ile miaTBepKY€E MPSIMUAN B3a€MO3B’ 30K MiX
DIIKEMIYHUM CTaTyCOM Ta TillepTeH3UBHUM KOMIIOHEHTOM
HBI.

3aranbHa eQeKTHBHICTD XIpypridyHOTrO JIiKyBaHHS Oyna
cyTTeBO BHIIOO 32 HU3bKoro KCI' — 82,1%, Toxi six y rpymi
3 BucoknM KCT" BoHa cranoBmia jume 51,8% (p < 0,01).

Taka pi3HULS MIAKPECITIOE KITHIYHY 3HAYYIIICTh KOHTP-
OJIF0 CTPECOBOI TiNeprilikeMii Ta JEMOHCTPYE, 1110 MOHITO-
punr KCT' nae 3mory edexTuBHO cTparndikyBaTy namieH-
TiB 32 PU3HKOM yCKJIaJHEHb, IIPOTHO30M I1epediry XBopoou
Ta BU3HAYaTH ONTHUMAJbHY JIIKyBaJbHY TAKTHKY.

Bararodakropruii perpeciiinmii ananiz Kokca nokasas,
mo Bucokuit KCI' 30inblrye pu3UK HEYCHIIIHOTO JIKY-
BaHHA B 4,12 paza (95% AI: 1,06-16; p = 0,04). Hatomicts
koMOinoBana teparis (anti-VEGF + IIITPJIK) nocroBipHO
3HIKyBana nei pm3uk y 3,7 paza (HR =0,27; p=0,02), mo
CBITUUTH MPO BUCOKY MPOTHOCTHUYHY Ta KIIHIYHY 3HAUY-
IIiCTh 0araTOKOMITIOHEHTHOTO MiAX0omy 10 jJikyBanHs HBT.

Iepenonepariiitae 3actocyBants TCK nazepuoi [[OK y
nauienTiB i3 Bucokum KCI' nano 3mory pocsrtu epekTus-
Horo koHTpomo BOT y 87,5% BumnankiB Ta 3HM3UTH Yac-
TOTY 1HTpa- Ta micisonepauiiHuX yckiagHeHsb 10 12,5%.
Yacrora ycknanuens micist camoi TCK nazepnoi LIOK ne
nepesuntyBana 3—3,5%, oo mATBEPIKYE BHCOKHH IIpO-
¢ Oe3meKn MeTomy Ta HOro MOUITBHICTE SK Iepenorne-
patiifHoro eTarry KOMOIHOBaHOI Teparrii.

[ToenHaHHS KOHTPOIIO TIiKEMil, TIIePTEeH3UBHOTO KOM-
MTOHEHTA Ta repenonepariitaoro 3acrocyBansas TCK mazep-
Hol II®K € onTUMalbHOIO CTpaTeTielo BEICHHS NAIliEHTIiB
i3 BHCOKMM pu3ukoM. Takuit migxin 3abesmeuye 87,5%
YCHIMIHOCTI  XIPypriYHUX BTPy4YaHb, 3HIXKYE YaCTOTY
ycknagHens 1o 12,5%, cnpuse crabimizanii opraapMoTo-
HYCY, 3MCHIICHHIO HEOBaCKYJsIpH3alii Ta MOKPAaIIEHHIO
JIOBrOCTpOKOBOro TporHody nepediry HBI. Pesynsraru
HAIIOTO JIOCII/KEHHS Y3rO/PKYIOThCS 3 IaHUMHU CY4acHHUX
pobir [7; 16; 19; 20] Ta miaTBepIKYIOTH €(hEKTUBHICTH
KOMOIHOBaHOI TaKTHKH, OPIEHTOBAHOI HA paHHE BTPYYaHHS
Ta TIepCOHAI30BaHE BEACHHS MMAIli€HTIB.
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Background: Peri-implantitis, a common inflammatory condition surrounding dental implants, results in implant failure without
management. The classical mechanical debridement described previously is unlikely to respond to microbial recolonization or tissue
inflammation. Various treatment modalities are also available including a 2780 nm Er,Cr:YSGG laser which seems to work on disease
management and clinical outcome, with their specific targeting of biofilms and modification of the inflammatory response. To evaluate the
combined effect of Er,Cr:YSGG laser and mechanical debridement on the clinical outcome and MMP-8 levels associated with treatment of
peri-implantitis.

Methods: Forty subjects with peri-implantitis were randomly allocated to one of two groups: control (mechanical debridement alone) and
the test (mechanical debridement and laser therapy). Clinical markers were assessed at baseline and within 3 months for plaque index (PI),
gingival index (GI), pocket depth in peri-implant (PPD), and crestal bone loss (CBL), along with MMP-8. Statistical investigations included
paired and independent t-tests up to p < 0.05 in significance.

Results: Both groups demonstrated significant improvements in PI, GI, and PPD (p = 0.000) after three months. However, the test group
exhibited superior reductions in PI (0.34 + 0.10 vs. 1.31 + 0.19), GI (0.31 + 0.07 vs. 1.43 £ 0.18), and PPD (1.84 + 0.46 vs. 2.89 + 0.14).
MMP-8 levels also decreased significantly in the test group (1.31 £ 0.36 vs. 2.20 = 0.18, p = 0.000). Crestal bone loss remained stable across
groups (p > 0.05).

Conclusion: The adjunctive use of the Er,Cr:YSGG laser significantly enhanced clinical outcomes and reduced inflammatory markers in
peri-implantitis treatment. This approach holds promise as an effective adjunctive therapy in clinical practice.

Keywords: Dental implants, Mechanical debridement, Non-surgical therapy, Peri-implant diseases, Peri-implantitis
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IeOpHAMEHT) Ta TeCTOBY (MeXaHIYHHil 1eOPUIMEHT IUTIOC Ta3epHa Tepais). Kiiniuxi mapamerpu (iHIEKC HANbOTY, ICHEBHIT iHGKC, THOMHA
nepiiMIUIaHTHOI KHIeHi, BTpaTa KiCTKOBOi TKaHWHM) Ta piBHi MMP-8 BuMipioBanu Ha modatky Ta 4epe3 Tpu Micsui. OOuaBi rpynu npo-
JIEMOHCTpPYBAJIM 3Ha4YHE TOKpAIeHHs KIiHIYHNX nokazHuKiB (p = 0,000). [Ipore TecToBa Tpyma mokasana Kpail pe3y/ibTaTH: 3MEHIICHHS
inaexcy Hamboty (0,34 £ 0,10 mpotu 1,31 + 0,19), sicuesoro ingexcy (0,31 + 0,07 npotu 1,43 + 0,18) ta mmbuHu kutueni (1,84 £ 0,46 npotu
2,89 + 0,14). Piai MMP-8 Takox 3nayno 3Hm3ummcs (1,31 £ 0,36 npotu 2,20 £ 0,18, p = 0,000). Jonarkose 3actocyBanus Er,Cr:YSGG
nazepa 3HaYHO TOKpAIy€e KIHIYHI pe3ylIbTaTh Ta 3HIKYE 3arnaibHi MapKepH MpH JIIKyBaHHI epiiMIUTaHTHUTY.

KutrouoBi ciioBa: feHTaNbHI IMIUTaHTATH, MEXaHIYHUH JeOPHIMEHT, HEXipypriuHa Teparis, HepiiMIUIaHTHI 3aXBOPIOBAHHS, Mepi-

IMILJIAHTHT.

Introduction

The field of implant dentistry, which began almost 40
years prior, radically changed the way patients viewed tooth
replacement. This development, pioneered by Branemark,
brought us precision-machined titanium screws to restore
edentulous people. Although extremely effective, dental
implants are not immune to complications since their
failures primarily occur due to peri-implant diseases such
as peri-implant mucositis and peri-implantitis. Peri-implant
mucositis is the redness and swelling of the gum tissue and
unless addressed, it may progress to more serious problems.
Peri-implantitis, a more severe variant of infection, leads to
bone loss around the implant and thereby may disrupt the
implant stability and cause implant failure [1]. It follows
that although oral implants are effective as a whole, these
peri-implant diseases continue to have an important impact
on the long-term outcome in their longevity.

Peri-implant diseases are mostly caused by bacteria,
and some well-known pathogens have destructive virulence
factors; however, the development of peri-implantitis is
primarily influenced by the host immune response. When
a dysbiotic microbial challenge causes an imbalance in the
production of inflammatory mediators, host cells produce
toxic substances. Excess production of these toxic products
results in tissue degradation of oral implants. The triggering
of the pathology is accompanied by immune-cell activation
that affects the modulation of inflammatory mediators such
as cytokines, chemokines, prostaglandins, and proteolytic
enzymes. This dysregulation then impairs the integrity of
connective tissue and bone metabolism [2].

Since the last ten years, researchers have increasingly
invested more attention in investigating cytokines for
inflammation including interleukin-1 beta (IL-1p),
interleukin-6 (IL-6), and tumor necrosis factor-alpha
(TNF-0) and enzymes such as matrix metalloproteinase-8
(MMP-8) and MMP-9 in the peri-implant crevicular fluid
(PICF) to improve the estimation and detection of peri-
implant diseases [3]. Neutrophil collagenase (MMP-8)
is a main enzyme in the matrix metalloproteinase family,
which consists of zinc—dependent proteases that play
a critical role in the degradation of ECM. Several cell
types produce MMP-8 including neutrophils, fibroblasts,
and osteoclasts mediating its roles in physiological and
pathological pathways including inflammation and tissue
remodeling. MMP-8 specifically degrades type I collagen,
the principal protein in connective tissue and bone. This
breaking down of collagen can result in a reduction in
the structural integrity of tissues and bones, which could
result in alveolar bone loss — a critical attribute of peri-
implantitis [4].

The main aim of the peri-implantitis treatment is to
combat infection. The primary focus of extant clinical
method for peri-implantitis management has largely

focused on controlling the subgingival dysbiotic
biofilm in the process of its therapeutic strategy in
order to restore the balance between the microbial flora
and host. This will involve some recommendations
regarding good oral hygiene, or nonsurgical mechanical
debridement of the peri-implant pockets. However, in
spite of the paucity of studies evaluating the efficacy
of peri-implantitis therapies, recent clinical trials, and
systematic reviews suggest nonsurgical mechanical
methods alone are not a conclusive treatment strategy
to achieve disease control. This limitation is likely
because of inadequate disinfection; these may enable the
peri-implant pocket to recolonize itself by pathogenic
microbes and aid in the disease progression. This
recolonization often comes from pathogens previously
embedded in peri-implant tissues. And local factors,
including deep pockets, difficult root anatomy or rough
implant surface may prevent proper and successful
mechanical debridement [5].

The role of lasers in decontaminating infected implant
surfaces and management of peri-implant inflammation has
increased in recent years owing to the selective calculus
removal process and their bactericidal and hemostatic
properties. Erbium lasers have been shown to kill bacterial
biofilms, effectively removing them from titanium disks,
in vitro studies. Moreover, microscopic studies have
confirmed that these lasers provide a safe operation and do
not compromise the integrity of titanium implant fixtures
[6]. In the light of this context, the present study aims to
evaluate the effect of the 2780 nm erbium-chromium-
yttrium-scandium-gallium-garnet  (Er,Cr:YSGG) laser
and mechanical therapy on clinical outcomes and MMP-8
in peri-implant crevicular fluid following non-surgical
management of peri-implantitis.

Materials and Methods

1. Ethical Standards Compliance:

This prospective clinical trial was performed per
the Helsinki Declaration and approved by Saveetha
University Ethical Committee (IHEC/SDC/FACULTY/24/
PERIO/263). Forty patients, aged 25-60 years, all
with peri-implantitis (2017), as defined by European
Federation of Periodontology and American Academy of
Periodontology [7].

2. Informed Consent:

Participants were randomly assigned either the Mec-
hanical Debridement or Laser Therapy condition (cont-
rol = 20/20, test = 20/20). All persons provided written
informed consent and were advised about the risks and
benefits of the treatment. We used G*Power Software, Ver-
sion 3.0, and the mean and standard deviation of a previ-
ous study [8], and significance (e.g., 0.05 and 80% power)
produced 40 patients.
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3. Study Protocol:

3.1. Patient Selection: Participants in this study were
25-60 years of age, and had one working dental implant
in the mandibular first molar region for at least six
months diagnosed with peri-implantitis. All implants were
produced by the same company (SLA®, Straumann, Basel,
Switzerland) and were covered with sandblasted, large-grit,
acid-etched surfaces. All of these implants were installed
at bone level using a platform-switched connection and
loaded after three months by cement-retained, porcelain-
fused-to-metal restorations. Patients had good periodontal
and systemic health. The study excluded smokers, women
who were pregnant or breastfeeding, individuals who
had received antibiotics or other medications within the
past six months, patients with systemic diseases, as well
as individuals with both a current and a past history of

periodontitis.
3.2. Mechanical Debridement and Laser Treatment
Protocol: All participants underwent mechanical

debridement with a sterile titanium curette (ImplacareTM
I 204S, Hu-Friedy®, Chicago, USA), and peri-implant
pockets were irrigated with 0.12% chlorhexidine gluconate.
The same mechanical procedures were performed in both
the control and test groups. On the same day as mechanical
debridement, laser treatment was performed in the test group
with the use of 2780 nm Er,Cr:YSGG laser (Waterlase,
USA) with a 500 um diameter, 14 mm long optic fiber tip.
We set laser parameters at 1.5 W power, 75 Hz frequency,
40% air, and 50% water. Each patient received a new tip,
and the rays were irradiated in parallel, sweeping motions
from coronal to apical sites at a 15-30° angle toward the
implant surface, at a rate of 1 mm/s. Standard oral hygiene
instructions were provided to all participants.

3.3. Clinical Measurements: Clinical parameters such
as plaque index (PI), gingival index (GI), and peri-implant
probing depth (PPD) were evaluated. PI was determined
with the Silness and Loe index and a mean score from four
implant site surfaces (distal, mesial, facial, and lingual). GI
was also measured by averaging the Loe and Silness index
from four surfaces. PPD was measured by measuring the
distance from the marginal gingiva to the sulcus base at six
sites (mesiobuccal, midbuccal, distobuccal, mesiolingual,
midlingual, and distolingual) with a probe (Hu-Friedy
Colorvue®, Chicago, USA), as well as the average depth.

3.4. Radiographic Measurements: Digital periapical
radiographs were obtained using the paralleling angle

method. Crestal bone loss (CBL) was assessed by
measuring the distance from the implant platform to the
highest coronal bone level at mesial and distal sites, with
the average recorded.

3.5. MMP-8 Analysis: Sterile cotton was used to isolate
the selected implant sites while supragingival plaque was
removed with sterile curettes. PICF was collected using
microcapillary pipettes. The samples were then stored
at =20 °C in order to further investigate the amounts of
MMP-8 using an enzyme-linked immunosorbent assay
kit. The Human MMP-8 ELISA Kit (Elabscience®, US)
was used according to the manufacturer’s protocol. The
absorbance of the substrate color reaction was determined
spectrophotometrically at 450 nm + 2 nm and the values
were reported in ng/mL. The detection range of the kit was
0.16-10 ng/mL.

Clinical and radiographic assessments and PICF
collection were performed at baseline and at a 3-month
follow-up.

3.6. Statistical Analysis: Data were analyzed using
Statistical Package for the Social Sciences (SPSS, Version
23.0; IBM Corp., Armonk, NY, USA). There was a
parametric distribution as shown by Shapiro-Wilk and
Kolmogorov-Smirnov tests. We also compared groups
for several variables: age, PI, GI, PPD, CBL, and MMP-8
levels using independent t-tests, and gender distribution
through Chi-square. Intragroup comparisons with paired
t-tests were computed. Statistical significance was defined
atp <0.05.

Research results and their discussion

Group 1 consisted of 11 males and 9 females with an
average age of 45.2 + 3.85 years and Group 2 consisted
of 10 males and 10 females averaging 44.7 = 3.89 years
of age. Groups in the two groups showed no significant
difference in gender and age (p-values of 0.72 and 0.75,
respectively).

Table 1 shows comparisons at baseline and 3 months
between control (Group 1) and test group (Group 2).
Participants in both groups exhibited similar baseline
indices of PI, GI, PPD, and MMP-8 levels (p > 0.05).
At three months, however, the greater reductions for
Group 2 in PI (0.34 = 0.10 vs. 1.31 £ 0.19, p = 0.000),
GI (0.31 + 0.07 vs. 1.43 £ 0.18, p = 0.000), and PPD
(1.84 £ 0.46 vs. 2.89 £ 0.14, p = 0.000) were remar-
kable. Group 2 also presented significantly lower MMP-§

Table 1
Intergroup comparison of clinical and biomarker outcomes at baseline and 3 months
Baseline ; 3-month
Variable Group 1 Gr(l)glf;fGZI I{]"I(?est) (é)a‘S]ZIIil;ee) Group 1 Grgl-llll)lgn(t';‘lest) (SPIIY(?IIlltlle)s)

(Control) (Control)
Plaque Index (PI) 2.03+0.11 2.04+0.12 0.736 1.31+£0.19 0.34+0.10 0.000*
Gingival Index (GI) 2.04+£0.12 2.02+0.16 0.674 1.43+0.18 0.31+0.07 0.000*
Peri-implant Pocket 4.87+0.25 4.85+0.25 0.855 2.89+0.14 1.84 £0.46 0.000*
Depth (PPD)
Crestal Bone Loss 0.44 +£0.03 0.43+0.04 0.331 0.45+0.04 0.44 +0.04 0.643
(CBL)
MMP-8 Levels (ng/mL) 430+0.34 4.27+0.37 0.819 2.20+0.18 1.31+£0.36 0.000*

* — Statistically significant.
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(1.31 £ 0.36 vs. 2.20 + 0.18, p = 0.000). CBL remained
stable in both groups (p > 0.05).

Table 2 shows intragroup improvements over 3 months.
PI, GI, PPD and MMP-8 levels (p = 0.000; significantly
lower in both groups) were also significantly lower in
group 2 across groups, which demonstrated more favourable
groupwise performance. These outcomes demonstrate
the laser’s higher effectiveness in improving clinical and
inflammatory parameters.

Peri-implantitis due to the complex inflammatory
conditions of the interstitial surrounding tissues of dental
implants, makes it an important complication, which
limits the success of these implants in a long-term period.
Although mechanical therapy continues to play a decisive
role in non-surgical treatment, its effectiveness may be
improved by the addition of adjunctive technologies. Out
of them; Er,Cr:YSGG laser in particular has been of interest
for being able to improve clinically and molecularly. Here
we aim to assess the synergistic effects of Er,Cr:YSGG
laser treatment with the mechanical treatment in the
treatment of peri-implantitis in terms of clinical parameters
and biomarker dynamics.

We observed substantial improvements in three-month
follow-up clinical outcomes for the key peri-implant
parameters (plaque index [PI], gingival index [GI],
probing pocket depth [PPD]). These results are consistent
with previous studies showing the efficacy of laser
therapy alongside mechanical debridement. Notably, the
reduction in PPD is one of the most influential indicators
of successful treatment for peri-implantitis management; it
is more closely associated with reduced inflammation and
tissue health. Yet, no significant changes in crestal bone
loss (CBL) remained constant, indicating that long period
of observation would be required to observe more clearly to
consider the possible bone-level variations.

Previous studies have identified the success of the
addition of laser therapy as an adjunct to treatment with
peri-implantitis. In a randomized controlled trial of Chen
JH et al. [9] 23 patients with PI were compared in Er:YAG
laser therapy with mechanical debridement. Patients were
randomized to Er:YAG laser or ultrasonic scaling. The
effects on PPD, GI post-6 months after the intervention
by both groups were significant, although they showed a
significantly larger response with laser treatment leading
to better decontamination and anti-inflammatory effects.
An experimental study looked at the combination of
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erbium laser therapy with mechanical debridement in
another group of 20 patients, comprising 32 implants
with moderate-to-severe peri-implantitis. A review of
clinical parameters including PI, GI, PPD, GR, and CAL
at baseline, three months, and 6 months of follow-up. The
combined treatment received significant improvement
over all measures, indicating that the laser can facilitate
tissue healing and decontamination [10]. For example,
when erbium lasers were compared with air-abrasive
devices in treating peri-implantitis, both methods proved
to be effective; however, the erbium laser resulted in
greater precision and preservation of surrounding tissues,
indicating its utility in peri-implantitis management [11].

Pommer B et al. [12] also reported the highest
success rates in peri-implantitis treatment using erbium
laser decontamination versus implantoplasty or their
combination. Likewise, Wang CW et al. [13] investigated
the adjunctive use of an erbium laser in the surgical
management of peri-implantitis associated with bone
defects. In the study, patients had infrabony defects who
underwent implantoplasty and bone grafting, and the test
group received additional erbium laser therapy to remove
inflammatory tissue and decontaminate the implant surface.
At the 6 month follow-up period, the test group showed
more significant reductions in pocket depth compared
to the controls, demonstrating clinical improvement of
both groups. Similar results were described by Schwarz
F et al. [14]. The most recent meta-analysis concluded
that Er:YAG lasers offer significant advantage to patients
with peri-implantitis, encompassing effective decreases in
pocket depth and gingival recession [15]. Consistent with
our findings, our study showed large reductions in both PI,
GI, and PPD in the peri-implantitis-affected implants as a
result of the combination of laser therapy and mechanical
debridement occurring within a 3-month period.

In addition to clinical parameters, our study found
significant reductions in MMP-8 levels in patients treated
with the combined therapy. According to the review,
MMP-8, which is a major biomarker associated with tissue
degeneration and inflammation, is a key indicator of the
quality of peri-implant tissue. The decrease in MMP-8
levels might be one consequence of the anti-inflammatory
action of Er,Cr:YSGG lasers. Alpaslan Yayli NZ et al. [16]
studied how mechanical therapy applying 940 nm diode
and 2780 nm Er,Cr:YSGG lasers to non-surgical peri-
implantitis treatment improves response. The 50 patients

Table 2
Intragroup comparison of clinical and biomarker outcomes from baseline to 3 months
Baseline 3-month :
Variable Group 1 Group 1 (([})rr)?lluel) Gr()BuaS(;IIFT?est) Grs;lmgn(t"}‘lest) ((Ii)r‘:llllueZ)
(Control) (Control) P p P P
Plaque Index (P]) 2.03+0.11 1.31+0.19 0.000* 2.04+0.12 0.34+0.10 0.000*
Gingival Index (GI) 2.04+0.12 1.43+0.18 0.000* 2.02+0.16 0.31+0.07 0.000*
Peri-implant Pocket
Depth (PPD) 4.87+0.25 2.89+0.14 0.000* 4.85+0.25 1.84 +£0.46 0.000*
Crestal Bone Loss 0.44 £0.03 0.45+0.04 0.672 0.43+0.04 0.44 +£0.04 0.731
(CBL)
MMP-8 Levels (ng/mL) | 4.30+0.34 220+0.18 0.000* 4.27+0.37 1.31+0.36 0.000*
* — Statistically significant.
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were randomized into three groups, namely mechanical
therapy by itself, diode laser and Er,Cr:YSGG laser
combination with mechanical therapy. At baseline and
6 months, clinical parameters (GI, PI, PPD) and MMP-9
levels were measured. In all conditions the improvements
in GI, PI and PPD were significant, but the greatest decrease
in the severity of PPD was achieved and MMP-9 decreased
by the Er,Cr:YSGG group. The Er,Cr:YSGG laser showed
better clinical and molecular efficacy.

In addition, Yamamoto A et al. [17] showed that
surgical reconstructive therapy impacted different
protein biomarkers as well as bacterial profiles in peri-
implantitis and comparing the outcome with and without
adding adjunctive Er:YAG laser application. Guided
bone regeneration after mechanical debridement and
characterization of bacteria and PICF samples were
performed in patients over 6 months. Immune/microbial
load was decreased because inflammatory markers —
IL-1B and MMP-9 — were reduced substantially following
treatment. Importantly, the group receiving Er:YAG
laser therapy exhibited more pronounced reductions
in inflammation and bacterial levels, indicating the
high contribution of this laser to improve clinical and
microbial outcomes during peri-implantitis healing. In
line with these findings, a follow-up study also showed
that non-surgical Er:YAG laser treatment mitigates peri-
implant tissue destruction by decreasing MMP-9 levels
in PICF.

Furthermore, based on a recent systematic review of
42 host-derived biomarkers, such as MMP-1, MMP-3,
MMP-§, and MMP-9, reductions were recorded following
adjunctive laser therapy in peri-implant disease management
[18]. In addition to these observations, the combination
treatment with mechanical debridement had a significant
decrease in MMP-8 at each site of peri-implantitis at 3
months, a conclusion that emphasizes the dual therapeutic
approach that is well documented in previous studies.
Several possible mechanisms, in line with previous work,
are proposed to clarify this phenomenon. Laser treatment
with Er,Cr:YSGG laser is also effective in decreasing pro-
inflammatory cytokines including IL-13 and TNF-a that
are essential in the activation of MMPs including MMP-8.
Laser therapy dampens the stimulation of the inflammatory
reaction, reducing the induction of MMP-8 production [19].
Moreover, fibroblast proliferation and collagen synthesis by
laser therapy facilitate tissue repair, lowering inflammation
of tissue, and also suppressing levels of MMP-8 related
to tissue degradation [20]. The Er,Cr:YSGG laser also
effectively cuts through bacterial biofilms on implant
surfaces, reducing bacterial load and subsequently the
inflammatory response that drives MMP-8 and provides a
significant boost to clinical effectiveness.

Hence the study emphasises the potential benefit for
adding Er,Cr:YSGG laser therapy as an adjunct to non-
surgical peri-implantitis treatment, indicating positive
clinical and biomarker effects. The reliability is enhanced

by the use of consistent peri-implantitis definitions,
standardized implant characteristics (implant-abutment
connections, platform  switching, cement-retained
porcelain-fused-to-metal crowns, etc.), and a single-
team approach to surgical technique. Strict inclusion and
exclusion criteria were followed to minimize host-related
variability. However, there are several limitations; the
periapical radiographs used in evaluation of crestal bone
loss may not be sensitive enough for subtle changes and
biomarker evaluation was limited to MMP-8. Long-term
efficacy and molecular mechanisms underlying this novel
treatment modality will be elucidated in research extending
follow-ups and expanding biomarker analyses.

Conclusions

This study shows that Er,Cr:YSGG laser therapy with
mechanical debridement for the non-surgical treatment
of peri-implantitis can be effective. Clinical results were
remarkably improved with reductions in the plaque index,
gingival index, probing depth, and the MMP-8 levels.
More studies with longer follow-up times are needed
to definitively demonstrate the lasting benefits of this
procedure. This novel combo therapy has much potential to
advance the management of peri-implantitis.
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Type 2 diabetes mellitus (T2DM) was found to be one of the main comorbidities in patients with COVID-19. However, there is a lack of
studies regarding the relationship between glycated hemoglobin (HbA 1¢) levels, inflammatory markers, elevated body mass index (BMI) and
disease severity in patients with T2DM and COVID-19.

The aim of the study was to analyze inflammatory markers in patients with decompensated type 2 diabetes mellitus who were hospitalized
with acute coronavirus infection.

Materials and Methods. A retrospective study of 103 hospitalized patients was conducted from March 2020 to March 2024. Medical
records of patients with acute SARS-CoV-2 infection and a confirmed history of T2DM were thoroughly reviewed. The study included
54 women (52.43%) and 49 men (47.57%). To study the inflammatory markers, two groups of patients were formed based on the main target
indicator of glycemic control HbAlc. Group A (HbAlc < 7.0%) included 33 patients (32.04%), while Group B (HbAlc > 7.0%) included
70 patients (67.96%).

Results and discussion. Blood glucose levels were significantly higher in the group of patients with poorly controlled diabetes compared to
the group with well-controlled diabetes — 10.8 [8.55-14.4] vs. 7.0 [5.9-9.3] (p < 0.001). In Group A, the median HbA 1¢ level was significantly
lower than in Group B, which is expected: 6.27 [6.08—6.63] vs. 8.55 [7.79-10.1] (p < 0.001). Patients with poorly controlled diabetes showed
significantly higher C-reactive protein levels 95.1 [60.5-174] vs. 61.4 [14.7-138] (p = 0,021), more pronounced among women; neutrophilia
9.69 [6.48-14.5] vs. 6.1 [3.56-10.3] (p = 0,005); neutrophil-to-lymphocyte ratio 5.74 [3.17-9.97] vs. 4.22 [1.94-9.11] (p = 0,163). A direct
correlation was observed between inflammatory markers interleukin-6 and ferritin in patients with poorly controlled diabetes and elevated
HbAlc levels.

Conclusions. In patients with poorly controlled diabetes, significantly higher levels of C-RP and pronounced neutrophilia were observed.
A direct correlation was found between inflammatory markers IL-6 and ferritin and elevated HbA 1c levels in the group of patients with poorly
controlled diabetes, confirming the link between chronic hyperglycemia and systemic inflammation.

Keywords: type 2 diabetes mellitus, coronavirus infection, COVID-19, inflammatory markers, glycemic control.
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MOKA3ZHUKHU 3AITAJIBHOI'O ITPOLECY BITAHIEHTIB 3 IEKOMIIEHCOBAHUM 1YKPOBUM JIABETOM
2-I0 TUIY HA TJI TOCTPOI KOPOHABIPY CHOI IHOEKIIIT

' Ooecvrutl nayionanshuti meouunutl ynieepcumem, Qdeca, Yipaina
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Merta mociikeHHS — MIPOAHAI3yBaTH MapKEpH 3allalIbHOTO MPOIIECY B MALIEHTIB 3 AEKOMIICHCOBAHUM LIYKPOBHM Jia0ETOM 2-TO THILY,
TOCIITai30BaHUX i3 TOCTPOIO KOPOHABIPYCHOIO iH(PEKIIIEIO.

[poseneno perpocnexTuBHe HociikeHHs 103 marienTiB, TOCITaTi30BaHNX Y BiUIUICHHS JiKapHi 3 roctporo iHdexmieto SARS-CoV-2
Ta IMyKPOBUM J1iabeTOM 2-TO THILY.

V rpymni nauieHTiB i3 MyKpOBUM JAia0eToM 2-TO THILY i MOTaHWM IViKEMIYHUM KOHTPOJIEM HepeBaXKalM MAI[i€HTH 3 BUCOKUM iHJIEKCOM
Macu Tina (56,31%, p > 0,05), BusBIeHO 3HAYHO BUIII PiBHI ITiKOBaHOTO remMorobiny, C-peakTnBHOTO 01Ky, HEHTpOdiTE03y. BeTanosme-
HO CTaTHCTUYHO 3HAYYILy MPSAMY KOPEJALII0 MiXK MapKepaMu 3alalieHHs iHTepieiikiHy-6 Ta GpepuTHHY Ta BUCOKMMH PiBHAMH TIIIKOBAHOTO
reMOII00iHy.

Kutrouogi ciioBa: mykposuit niabet 2-ro Tumy, kopoHasipycHa indexuis, COVID-19, mapkepu 3amaneHHs, TTiKeMi9HAH KOHTPOIIb.
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Introduction

Diabetes mellitus is currently recognized as a
noncommunicable pandemic of the 21st century and is
considered one of the most important and rapidly growing
medical and social problems in many countries. According
to estimates of the International Diabetes Federation,
which brings together more than 250 national diabetes
associations in 158 countries and territories, 588.7 million
adults aged 2079 years were living with diabetes in 2024
[1]. The total number of adults with diabetes is projected to
reach 852.5 million by 2050, affecting 1 in 8 individuals [1].

According to the Ministry of Health of Ukraine,
531,200 cases of diabetes mellitus were diagnosed in 2023,
and 1,111,575 prescriptions for insulin preparations were
issued [2]. Patients with diabetes, especially in the absence
of treatment, are at increased risk of complications that
lead to disability. These include diabetic retinopathy, renal
failure, limb amputations, polyneuropathies, cardiovascular
complications, and others [3; 4].

The 2019 pandemic caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
changed the epidemiology of noncommunicable diseases.
Type 2 diabetes mellitus (T2DM), which researchers
consider a systemic chronic inflammatory disease, has been
reported as one of the major comorbidities among patients
with COVID-19 [5]. It has been shown that patients
with a history of diabetes had an increased risk of severe
COVID-19,ahigherlikelihood of developing complications,
admission to intensive care units, and mortality. Patients
with diabetes and prolonged hyperglycemia are at risk
of developing chronic complications with varying rates
of progression, especially those who are overweight or
obese, conditions diagnosed in 80% of patients with
diabetes [6]. Patients with diabetes have nearly a threefold
higher mortality rate and a twofold greater risk of severe
COVID-19-related  outcomes [7]. However, the
characteristics of the clinical course, glycemic and
metabolic profiles in patients with T2DM infected with
SARS-CoV-2 and having different body mass indices
remain insufficiently elucidated. There is also a lack of
studies investigating the relationship between glycated
hemoglobin levels, inflammatory markers, and elevated
body mass index (BMI). The impact of blood glucose
control on the overall condition of the patient, the extent
of medical interventions, and prognosis remains an open
question [7].

The aim of this study was to analyze markers of the
inflammatory response in patients with decompensated
T2DM hospitalized with acute coronavirus infection.

Materials and Methods

A retrospective cohort study was conducted using data
from outpatient records and medical histories of patients
hospitalized at the Medical House Odrex, Odesa, during the
COVID-19 pandemic period (March 2020 to March 2024).
A total of 103 medical records of patients hospitalized
with acute SARS-CoV-2 infection and a documented
history of T2DM were selected for detailed review.
Confirmation of COVID-19 diagnosis was performed
using polymerase chain reaction (PCR) testing (positive
SARS-CoV-2 result in a respiratory specimen). The study
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included 54 women (52.43%) and 49 men (47.57%). To
investigate inflammatory markers, patients were divided
into two groups according to the primary target indicator
of glycemic control, glycated hemoglobin (HbA1c). Group
A with HbAlc < 7.0% included 33 patients (32.04%),
whereas Group B with HbAlc > 7.0% included 70 patients
(67.96%). HbAlc levels were measured on the day of
patient admission.

The inclusion criteria were age over 18 years, acute
COVID-19 infection, and a history of T2DM (the
diagnosis had been established according to the criteria
of the American Diabetes Association, 2023, and the
clinical guideline “Diabetes Mellitus”, Ministry of Health
of Ukraine, 2024). Patients younger than 18 years, those
not infected with SARS-CoV-2, patients with malignant
neoplasms, chronic progressive liver diseases, primary
or secondary immunodeficiencies, and those with type
1 diabetes mellitus were excluded.

The following parameters were analyzed: age, sex, BMI,
duration of diabetes, and presence of comorbidities. The
results of common blood count and biochemical markers
were evaluated, including glucose, glycated hemoglobin
(HbAlc), C-reactive protein (C-RP), D-dimer, ferritin,
interleukin-6 (IL-6), and the neutrophil-to-lymphocyte
ratio (NLR). The NLR was calculated as the ratio of the
absolute neutrophil count to the absolute lymphocyte count.
Glycemic levels were determined repeatedly for each
patient: before admission to the respiratory department or
intensive care unit; during hospitalization; and at the time
of discharge.

The study was conducted in accordance with the
principles of the World Medical Association Code of
Ethics (Declaration of Helsinki) and was approved by
the Bioethics Commission of Odesa National Medical
University (Protocol No. 18 dated December 6, 2023).
Written informed consent was obtained from all patients
for all laboratory examinations described in this study.
All measures were taken to ensure patient anonymity
throughout the study.

Statistical analysis of the obtained data was performed
using Microsoft Excel and Jamovi software version
2.3.28.0. Data normality was assessed using the Shapiro—
Wilk test. Categorical variables were presented as
frequencies (percentages) and compared using the ¥? test
or Fisher’s exact test. Continuous variables with normal
distribution were presented as mean + standard deviation
(M £ SD). Variables with non-normal distribution were
presented as medians and interquartile ranges. Normally
distributed variables were analyzed using Student’s t-test,
whereas non-normally distributed variables were analyzed
using the Mann—Whitney U test. Differences were
considered statistically significant at p < 0.05. Spearman’s
correlation analysis (r) was used to assess relationships
between variables.

Research results and their discussion
A total of 103 patients hospitalized with a diagnosis of
coronavirus infection (COVID-19) and a history of T2DM
were studied, including 54 women (52.43%) and 49 men
(47.57%). All patients were divided according to HbAlc
levels into Group A — 33 patients (32.04%) (15 women and

37



KJITHIYHA IIPAKTHKA

18 men) and Group B — 70 patients (67.96%) (39 women
and 31 men) (Table 1). The reason for hospitalization
was severe COVID-19 with pulmonary involvement and
respiratory failure. The main symptoms in both groups
were fever (66.33%), cough (92.07%), fatigue (57.42%),
and dyspnea (52.47%).

The mean age in Group A was slightly higher than in
Group B: 69.77 £ 9.96 and 66.11 + 11.86, respectively;
however, this difference was not statistically significant
(p=0.137). The female-to-male ratio between the compared
groups was 52.43% and 47.57% (> = 1.13, p = 0.288).
Thus, demographic parameters did not have a significant
impact on the obtained results.

The mean BMI did not differ significantly between
the study groups: Group A — 30.0 = 5.37 and Group B —
31.27 £ 6.53 (p = 0.312). Patients with well-controlled
diabetes (Group A) and overweight/obesity had
lower mean BMI values compared to patients with
poorly controlled diabetes (Group B) (p = 0.286).
However, in Group B, the proportion of patients with
normal body weight was 11.65% (23.63 + 1.29),
while the proportion of patients with BMI 25.0 was
56.31% (32.84 + 6.05). The predominance of patients
with higher BMI in the poorly controlled diabetes
group, as well as the metabolic characteristics of
such patients, may have contributed to an increased
inflammatory response in the context of COVID-19.
Notably, there were more patients with normal body
weight in the poorly controlled diabetes group compared

to the well-controlled diabetes group, and this difference
was statistically significant (p = 0.025).

The mean duration of hospitalization from disease
onset in Groups A and B was 6.77 + 2.94 versus
6.56 & 3.23 days. Prior to hospitalization, patients received
COVID-19-related therapy, including oral symptomatic
treatment (100%), antibacterial therapy (48%), antiviral
therapy (17.8%), and hormonal therapy (20.8%) for
1-3 days.

Regarding the duration of T2DM, it was nearly identical
between the groups: 11.5 £ 5.0 and 12.2 £ 3.4 years
(p = 0.32); therefore, this parameter was unlikely to have
a significant influence on differences in laboratory findings
between the groups.

The most frequently recorded comorbidities in both
groups were arterial hypertension (79.61%), ischemic heart
discase (44.66%), and atherosclerosis (24.27%). However,
no statistically significant differences in comorbidities
between groups or in sex distribution were observed:
arterial hypertension (y> = 0.416, p = 0.519), ischemic heart
disease (3> = 1.73, p = 0.188), atherosclerosis (y*> = 0.072,
p=0.789).

The analysis of HbAlc levels between the two groups
revealed the following. In Group A, the median HbAlc
level was significantly lower than in Group B, which
was expected: 6.27 [6.08—6.63] versus 8.55 [7.79-10.1]
(Table 2). No significant differences in HbAlc levels
between men and women were observed in either group:
6.46 [6.2—6.75] in men versus 6.23 [5.88-6.37] in women

Table 1
General characteristics of patients with well-controlled (Group A) and decompensated diabetes (Group B)
Group A Group B
(HbAlc < 7.0%) (HbAlc >7.0%)
Parameter n=33 p n=170 p
men = 18 | women = 15 men = 31 | women = 39
Age (years) 69.77 £ 9.96 — 66.11 +11.86 0.137
BMI, kg/m?: 30.00 +£5.37 — 31.27+6.53 0.312
28.34+4.09% | 31.94+583% 0.027* 29.14+4.13 | 32.88+7.63 0.085
— 0, _ )
up to 24.9 5.83% 11.65% 0.025*
21.92 +1.9% - 23.63 + 1.29*
—over 25.0 26.21% — 56.31% 0.286
31.55+43 — 32.84 £+ 6.05 ’
Duration of diabetes 11.5+5.0 - 122+34 0.32
(years) 10.63 +4.2 11.7+6.7 0.617 11.4+272 12.8+4.1 0.732
Hypertension 13/72.22% 11/73.33% 1.0 27/87.1% 31/79.49% 0.529
Ischemic heart disease: 9/50.0% 7/46.67% 0.204 13/41.94% 17/43.59% 1.0
— stable angina 1/11.1% 5/71.4% - 2/15.4% 7/41.2% -
— unstable angina 0 0 - 1/7.7% 0 —
— cardiosclerosis 8/88.9% 2/28.6% - 9/69.2% 9/52.9%
—silent IHD 0 0 - 0 1/5.9% —
— chronic IHD 0 0 - 1/7.7% 0 —
Atherosclerosis: 6/33.33% 5/33.3 1.0 7/22.58% 7/17.95% 1.0
— coronary arteries 0 1/20.0% - 2/28.6% 2/28.6% -
— cerebral arteries 3/50.0% 2/40.0% - 1/14.3% 4/57.1% -
—aorta 0 0 1/14.3% 0
— peripheral arteries 1/16.7% 0 — 1/14.3% 0 -
— generalized 2/33.3% 2/40.0% - 2/28.6% 1/14.3% -

Note: Variables are presented as M + SD — mean value + standard deviation. Differences were considered statistically significant at

*p < 0.05. Abbreviations: HbAlc — glycated hemoglobin; IHD — ischemic heart disease; BMI — body mass index.
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Table 2

Values of glycemic control parameters, inflammatory markers, and D-dimer levels in patients with
well-controlled (Group A) and decompensated (Group B) diabetes who had COVID-19

Group A Group B
Parameter (HbAlc <7.0%), (HbAlc >7.0%)
n=33 P n=70 P
men=18 | women=15 men = 31 |  women =39
HbAlc. % 6.27 [6.08-6.63]* — 8.55[7.79-10.1]* <0.001*
’ 6.46 [6.2-6.75]* | 6.23 [5.88-6.37]* | <0.001* | 8.46 [7.83—10.2]** | 8.67 [7.7-9.96]** | <0.001**
Blood glucose, 7.0 [5.9-9.37* — 10.8 [8.55-14.4]* <0.001*
mmol/L 7.8 [5.85-9.68] | 6.9 [6.4-8.5] 0.868 10.4 [8.55-14.1] | 11.4 [8.57-14.4] 0.335
C-RP, mg/L 61.4[14.7-138]* — 95.1 [60.5-174]* 0.021*
115 [41.8-160] | 25.4[6.87-80.5]* | <0.008 114 [70-176] | 79.6 [39.1-172]* <0.003*
Ferritin, ng/mL 575 [286-926] — 442 [255-1012] 0.908
’ 535 [270-875] | 575 [331-992] 0.367 619 [344-1074] | 414 [200-894] 0.094
47.720.2-95.5] — 38.7[15.6-92.2] 0.367
IL-6, pg/mL
91.3 [63.5-138]* | 20.6 [11.1-36.7]* | 0.003* 32.7[16.9-114] | 42 [15.6-86.1] 0.632
NLR 4.2211.94-9.11] — 5.74[3.17-9.97] 0.163
6.34[2.63-11.4] | 2.82[1.78-4.22] 0.062 8.65 [5.26-13.3]* | 4.11 [2.48-7.4]* 0.002*
D-dimer, 0.96 [0.645-2.81] — 0.86 [0.44-2.18] 0.817
pg/mL 0.95 [0.79572.63]| 0.96 [0.58-2.21] 0.284 1.5[0.523-2.58] | 0.81[0.43—1.46] 0.063
Neut. 10°/L 6.1 [3.56-10.3]* — 9.69 [6.48—-14.51* 0.005*
’ 6.15 [4.24712.1]*| 3.7 [3.05-9.7]** 0.018* 9.87[8.53-15]* | 9.58 [5.62-13.17** |  0.027**
Lyvm. 10°/L 1.58 [1.14-1.92] — 1.6 [1.14-2.2] 0.474
o 1.47[1.04-1.85] | 1.76 [1.31-1.97] 0.111 1.27[0.96-1.76]* | 1.97 [1.48-2.56]* 0.002*

Note. Variables are presented as Me [Q1-Q3] (median and interquartile range). Differences were considered statistically significant
at p < 0.05. Abbreviations: HbAlc — glycated hemoglobin; C-RP — C-reactive protein; IL-6 — interleukin-6; NLR — neutrophil-to-

lymphocyte ratio; Neut — neutrophils; Lym — lymphocytes.

(Group A), and 8.46 [7.83-10.2] in men versus 8.67
[7.7-9.96] in women (Group B), respectively.

Regarding the relationship between HbAlc levels and
BMI, no statistically significant correlation was found
either between Groups A and B (r = 0.068, p = 0.249) or
between men and women within Groups A and B (r=0.018,
p=0.461 and r = 0.056, p = 0.324, respectively).

The study demonstrated that blood glucose levels were
significantly higher in the group of patients with poorly
controlled diabetes compared to those with well-controlled
diabetes, as expected: 10.8 [8.55—14.4] versus 7.0 [5.9-9.3]
(p < 0.001). However, the difference in glucose levels by
sex within Groups A and B was not statistically significant
(p = 0.868 and p = 0.335, respectively). A statistically
significantdifference in glucose levels was observed between
men in Group B and men in Group A: 10.4 [8.55-14.1]
versus 7.8 [5.85-9.68] (p < 0.004), respectively. Similarly,
glucose levels in women of Group B were significantly
higher than in women of Group A: 11.4 [8.57—14.4] versus
6.9 [6.4-8.5] (p <0.001). At hospitalization, blood glucose
levels exceeded reference values in 72.22% of men and
84.62% of women in Group A, and in 96.77% of men and
92.31% of women in Group B.

We analyzed indicators of the intensity of the
inflammatory response in patients of both groups. C-reactive
protein (C-RP) levels significantly exceeded reference
values in all men of Groups A and B and in 94.23% of
women in both groups. As shown in Table 2, C-RP levels
in Group B patients were significantly higher than in Group
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A: 95.1 [60.5-174] versus 61.4 [14.7-138] (p = 0.021). It
should be noted that in Group A, C-RP levels in men were
significantly higher than in women: 115 [41.8-160] versus
25.4[6.87-80.5] (p < 0.008), indicating a more pronounced
systemic inflammatory response in men with controlled
diabetes. Comparison of C-RP levels revealed a significant
increase in women of Group B compared with Group A:
79.6 [39.1-172] versus 25.4 [6.87-80.5] (p < 0.003).
No difference was found between men (p = 0.576).

In one study [8], patients with poorly controlled T2DM
demonstrated significantly higher mean C-RP levels
(93.4 mg/L versus 78.6 mg/L, p = 0.002). Significantly
higher C-RP levels were shown in patients with T2DM
compared to those without diabetes: 6.85 [4.10-9.78] versus
2.50 [1.90-3.70], p < 0.001. A marked increase in C-RP
with worsening glycemic status has also been described in
patients without COVID-19 infection [9]. Other authors
demonstrated a significant positive correlation between
C-RP levels (155.75 += 73.95) and HbAlc (7.5 £ 3.23)
in patients with T2DM without COVID-19 (r = 0.761,
p <0.001) [10].

In this study, serum ferritin levels significantly exceeded
reference values in both men and women across both
groups. However, no statistically significant differences
were found either between the groups or between sexes: 575
[286-926] versus 442 [255-1012] (p = 0.908). This finding
differs from the results reported by other authors, who
demonstrated significantly higher ferritin levels in patients
with poorly controlled diabetes compared with those with
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well-controlled diabetes (524.7 ug/L versus 449.2 ug/L,
p = 0.01) [8]. Comparison of mean ferritin levels between
women in both groups (p = 0.751) and between men in
both groups (p = 0.234) also revealed no statistically
significant differences. In other studies, ferritin levels were
significantly higher in patients with T2DM than in patients
without diabetes and without SARS-CoV-2 infection: 73.30
[66.25-117.75] versus 65.50 [49.00-78.00], p < 0.001.
Ferritin concentrations in patients with T2DM increased
significantly with rising HbAlc levels and worsening
glycemic status (p < 0.01) [9].

A significant positive correlation was observed between
HbAlc levels (7.5 £ 3.23) and serum ferritin concentrations
(6005.2 £2639.83) (r=0.853,p <0.001) [10]. According to
the authors, these findings indicate a relationship between
inflammatory processes and glycemic status in patients
with T2DM. Although our results did not demonstrate
higher ferritin levels in the poorly controlled diabetes group
compared with the well-controlled diabetes group, this may
be explained by the limited sample size, which could have
affected the statistical power of the analysis.

Serum levels of the proinflammatory cytokine IL-6
significantly exceeded reference values in both Groups
A and B: 47.7 [20.2-95.5] and 38.7 [15.6-92.2],
respectively, p = 0.367. Significantly higher IL-6 levels
were observed in men of Group A: 91.3 [63.5-138]
versus women 20.6 [11.1-36.7] (p = 0.003). No
statistically significant differences in IL-6 levels between
men (p = 0.098) and women (p = 0.095) of both study
groups were found, although IL-6 levels were markedly
elevated in both groups. The absence of a statistically
significant difference in IL-6 levels between groups does
not exclude its clinical relevance. IL-6 is considered a
key proinflammatory cytokine promoting activation of
T- and B-lymphocytes. Studies have shown higher IL-6
levels in non-surviving COVID-19 patients, and it is
considered a prognostic marker of disease severity and
mortality [11]. Elevated IL-6 levels have been shown
to correlate with ischemic heart disease (r = 0.229,
p = 0.048) and obesity (r = 0.309, p = 0.007), but no
association with diabetes was found [12]. The role of
IL-6 in glucose metabolism disorders and autoimmune
diabetes has been demonstrated, given its involvement
in insulin resistance and B-cell dysfunction. In one study,
IL-6 levels were significantly increased in patients with
diabetes, particularly in those with acute COVID-19 [13].
Elevated IL-6 levels indicate increased inflammatory
activity and are associated with worse renal function in
diabetic patients [14].

Regarding D-dimer levels, although values in both
groups exceeded reference ranges, no statistically
significant difference was found between Group A and
Group B: 0.96 [0.645-2.81] versus 0.86 [0.44-2.18]
(p = 0.908), respectively. However, in men with poorly
controlled diabetes, mean D-dimer levels were significantly
higher than in men with well-controlled diabetes: 1.5
[0.523-2.58] versus 0.96 [0.58-2.21]. Plasma D-dimer
is an important marker of coagulation system activation
and a significant indicator for diagnosing vascular
complications in patients with diabetes. Persistent
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hyperglycemia may lead to endothelial dysfunction with
inflammation, thereby promoting thrombus formation
[15]. The most common cause of increased D-dimer
levels is considered to be viremia combined with cytokine
storm syndrome, accompanied by uncontrolled elevation
of proinflammatory cytokines (IL-2, IL-6, IL-8, IL-17,
TNF-a), which overloads the coagulation system [16].
It has been reported that significantly higher D-dimer
levels were observed in patients with diabetes (1.68 ng/
mL), with levels above 0.50 ng/mL detected in 80.1% of
hospitalized patients, and such elevated values present
in 96% of patients with fatal outcomes. In addition, a
significant association between elevated D-dimer levels,
diabetes, and advanced age has been identified [5].

An increased absolute neutrophil count was observed
in 61.11% of men and 46.15% of women in Group A,
and in 90.32% of men and 69.23% of women in Group
B. Neutrophilia was more frequently observed in Group
B than in Group A (78.58% versus 54.83%) and more
often in men than in women (79.59% versus 63.46%).
In all patients of Group A, the mean absolute neutrophil
count was 6.1 [3.56-10.3], which was statistically
lower than in Group B: 9.69 [6.48-14.5], p = 0.005. In
men, and especially in women with poorly controlled
diabetes, absolute neutrophil counts were significantly
higher compared with patients in the well-controlled
group. Lymphopenia was detected in 44.44% of men and
7.69% of women in Group A. In Group B, lymphopenia
was observed in 51.61% of men and 17.94% of women.
Lymphopenia was more frequent in Group B than in
Group A (32.6% versus 29.03%) and occurred more
often in men than in women in both groups, being more
pronounced in men. The mean absolute lymphocyte count
did not differ significantly between Groups A and B:
1.58 [1.14-1.92] versus 1.6 [1.14-2.2], respectively
(p = 0.474). A higher mean absolute lymphocyte count
was observed in women than in men in the poorly
controlled diabetes group: 1.97 [1.48-2.56] versus
1.27 [0.96-1.76] (p = 0.002). Lymphopenia in patients
with diabetes and COVID-19 was also observed in
other studies [8], being more pronounced in patients
with poorly controlled diabetes. Severe COVID-19
cases with fatal outcomes were characterized by high viral
load and reduced adaptive immune response. In another
study in patients with T2DM without COVID-19 infection,
absolute lymphopenia was also detected [17], possibly
indicating immunodeficiency that may predispose to
SARS-CoV-2 infection. An increased absolute neutrophil
count without a left shift was observed in patients
with T2DM, and was more pronounced in those with
overweight or obesity [17]. Increased leukocyte levels
due to neutrophils and monocytes are characteristic not
only of the pathogenesis of T2DM but are also associated
with the additional effect of excess body weight or obesity,
resulting in synergistic amplification of their impact on
the organism [17]. A higher rate of neutrophilia in diabetic
patients with COVID-19 was reported by Zhu L. et al. [7],
although Zhang J. et al. did not find such differences [18].

We analyzed NLR between the study groups. This
marker of systemic inflammation, which is considered a
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prognostic indicator of COVID-19 severity, was higher
in the poorly controlled diabetes group (5.74 [3.17-9.97]
versus 4.22 [1.94-9.11], p = 0.163). At the same time, this
index was almost two times higher in men than in women
in the poorly controlled diabetes group: 8.65 [5.26—13.3]
versus 4.11 [2.48-7.4], p = 0.002 (Table 2).

The relationship between the NLR index and HbAlc
levels in patients of Groups A and B was also investigated
(Table 3).

In 65.05% of hospitalized patients, the NLR index
exceeded reference values, with 71.64% of these cases
occurring in patients with poorly controlled diabetes. Patients
with HbAlc > 7.0% more frequently demonstrated an
elevated NLR index (> 3.53). According to chi-square test,
no statistically significant association was found between
HbAlc levels (HbAlc < 7.0% and HbAlc > 7.0%) and
NLR (x> = 1.05, p > 0.05). Additionally, correlation analysis
revealed a weak positive correlation between HbAlc levels
and the NLR index (r = 0.102, p = 0.306). Although the
obtained results did not reach statistical significance, possibly
due to sample characteristics, they indicate that patients with
poorly controlled diabetes and, consequently, higher HbA lc
levels tend to have higher NLR values.

Other studies have demonstrated a direct correlation
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between NLR and glycemic control, showing elevated
NLR levels associated with increased HbAlc and poorly
controlled diabetes [19]. Significantly higher NLR
values were reported in patients with poorly controlled
diabetes and COVID-19 (7.2 versus 5.7, p < 0.001) [8].
Elevated NLR levels correlated with higher HbAlc and
poor glycemic control have also been demonstrated by
Varma S. et al. [20]. According to these authors, all patients
with T2DM and elevated NLR should be evaluated for
diabetic complications (renal, ocular, cardiovascular).
HbAlc reflects the severity of hyperglycemia; however,
glycemic control alone does not allow precise assessment
of inflammatory processes and diabetic complications.
In patients with COVID-19, elevated NLR alone was
identified as an independent risk factor for severe disease
(OR 2.648, 95% CI 1.566—4.479, p < 0.001) [21], which
may be used for early stratification of patients at high risk
of severe outcomes.

We investigated the correlation between mean
inflammatory markers and HbA 1c levels across all patients
in Groups A and B (Table 4).

The association between HbA 1clevels and the frequency
and mean values of C-RP, IL-6, ferritin, and D-dimer was
assessed, and a statistically significant positive correlation

Table 3

Relationship between neutrophil-to-lymphocyte ratio and glycated hemoglobin in patients with well-controlled
(Group A) and decompensated diabetes (Group B)

] HbAlc
Indicator NLR <7.0%.n >7.0%: 1 Total, n
0.78-3.53 14 22 36
>3.53 19 48 67
Total 33 70 103
Note: y*=1.05, p > 0.05. Abbreviations: HbAlc — glycated hemoglobin; NLR — neutrophil-to-lymphocyte ratio.
Table 4

Relationship between inflammatory markers and glycated hemoglobin levels in patients with well-controlled
(Group A) and decompensated diabetes (Group B)

Indicators Group A Correlation Group B Correlation
(HbAlc <7.0%),n =33 coefficient, r (HbAlc>7.0%),n="70 coefficient, r
r=-0.020 r=0.075
C-RP, mg/L 61.4[14.7-138] p=0.542 95.1[60.5-174] p=0271
. r=-0.101 r=0.056
D-dimer, ug/mL 0.96 [0.645-2.81] p=0.622 0.86 [0.44-2.18] p=0.655
r=-0.155 % r=0317
IL-6, pg/mL 47.7[20.2-95.5] p=0270 38.7[15.6-92.2] p=0.012*
. r=0.17 % r=20.270
Ferritin, ng/mL 575 [286-926] p=0.220 442 [255-1012] p = 0.02%

Note: HbAlc — glycated hemoglobin; C-RP — C-reactive protein; IL-6 — interleukin-6.

between the two parameters was identified, indicating a
higher IL-6 levels (r = 0.317, p = 0.012) and ferritin levels
(r = 0.270, p = 0.02) in patients with poorly controlled
diabetes and higher HbAlc levels. A high HbAlc level
associated with higher IL-6 and ferritin levels demonstrates
that poor glycemic control in patients with T2DM in the
setting of coronavirus disease is accompanied by activation
of inflammatory processes.
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Conclusions

Patients with poorly controlled diabetes demonstrated
significantly higher C-RP levels and more pronounced
neutrophilia. A positive correlation was found between
inflammatory markers (IL-6 and ferritin) and high HbAlc
levels in the group of patients with poorly controlled
diabetes, confirming the association between chronic
hyperglycemia and systemic inflammation.
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Poor glycemic control in patients with T2DM is of acute coronavirus infection, emphasizing the need for

associated with a more pronounced inflammatory response intensive blood glucose control and monitoring in such
and higher levels of inflammatory markers in the setting patients.

—_
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Objective of the study was to evaluate the effectiveness of a standardized Passiflora incarnata extract in reducing elevated anxiety levels
in children with obesity.

Materials and Methods. A prospective, single-center, controlled study with parallel groups was conducted. A total of 56 adolescents aged
12-17 years with obesity and elevated anxiety were enrolled and allocated into the main group (n = 28) and the control group (n = 28) without
randomization. Patients in the main group received a standardized Passiflora incarnata extract as part of combination therapy for 30 days.
Anxiety levels were assessed using the Spielberger—Khanin scale, with separate evaluation of state and trait anxiety. Treatment effectiveness
was analyzed using ROC analysis with determination of the area under the curve (AUC) and 95% confidence intervals.

Results. In the main group, a statistically significant reduction in state anxiety was observed after treatment (AUC = 0.858; 95% CI
0.739-0.937), indicating high discriminative ability of the model and a pronounced therapeutic effect. In the control group, the corresponding
value was significantly lower (AUC = 0.581; 95% CI 0.442-0.712), which does not support clinically significant improvement. The effect on
trait anxiety was less pronounced (AUC = 0.721; 95% CI 0.585-0.832 vs 0.523; 95% CI 0.385-0.658), consistent with its more stable nature
and lower sensitivity to short-term interventions. The use of the extract was associated with reduced emotional tension, improved sleep, and
was not associated with clinically significant adverse effects.

Conclusions. The standardized Passiflora incarnata extract provides a clinically significant reduction in state anxiety, demonstrates a
favorable safety profile, and may be considered a reasonable adjuvant component of comprehensive therapy for psychological and emotional
disorders in children with obesity.

Keywords: mental health, children, anxiety, obesity, phytotherapy.
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KOPEKIIISI MIIBUINEHOI TPUBOXHOCTI Y JITEM 3 OXHPIHHSAM EKCTPAKTOM PASSIFLORA
INCARNATA

O0ecvkuii HayioHanbHull Meouynuil yHigepcumem, Odeca, Ykpaina

OwiHeHO e(eKTHBHICTh 3aCTOCYBaHHS CTaHAAPTH30BAHOTO eKCTpakty Passiflora incarnata st Kopekuil MiZBHINEHOT TPHBOXHOCTI
y Aiteit 3 oxupinasaM. O6crexeHo 56 mimtiTkiB 12—17 pokiB, po3NOiNeHNX Ha OCHOBHY (n = 28) Ta KoHTponbHY (n = 28) rpymu. [lamientn
OCHOBHOI Tpyn npotsiroM 30 AHIB OTpUMYyBaiu eKcTpakT Passiflora incarnata y cknazi KoMIekcHoi Teparii. PiBeHb TPHBOKHOCTI BU3HA-
vau 3a mkajigow Crinbeprepa — Xanina 3 Bukopuctanasm ROC-ananisy (AUC; 95% JII). BcTaHOBICHO CTATUCTHYHO 3HAYYIINE 3HUKCHHS
curyariitaoi TpuBoxkHocTi (AUC = 0,858; 95% JI1 0,739-0,937) nopieHstHO 3 KoHTpOdbHOK Tpymnor (AUC = 0,581; 95% JI1 0,442-0,712).
BrnmB Ha 0coOuCTICHY TPHBOXKHICTH OYB MEHII BUPAKEHUM. 3aCTOCYBAHHS EKCTPAKTY XapaKTepU3yBAIOCS CIPHATIUBAM MpodineM Oe3nexn
Ta KIIHIYHO 3HAYYILIUM 3HHKEHHSIM TPUBOXKHOCTI.

KitiouoBi ciioBa: niTi, 0XXUPiHHS, TPHBOXKHICTB, IICUXIYHE 30POB’s, (iTOTEparis.

Introduction
Childhood obesity has reached the scale of a global
epidemic, combining serious somatic complications
with psycho-emotional disorders [1]. For the first time in
history, obesity has become more prevalent among school-
aged children and adolescents than underweight. If current
trends persist, approximately 254 million children and

©M. L. Aryayev, D. S. Selimkhanova, L. I. Senkivska, 2026
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adolescents aged 5-19 years worldwide will have obesity
by 2030 [2]. In Ukraine, the results of the first national
study conducted according to the WHO methodology
(COSI) demonstrated that among children aged 6-8 years,
overweight was observed in 22.96%, including 9.13% with
obesity and 2.63% with severe obesity [3].

The diagnosis of overweight/obesity requires an
integrated assessment, including family history, dietary
habits, physical activity level, sleep duration, and mental
health status. A key stage is the differentiation between
primary obesity (associated with lifestyle and heredity) and
secondary obesity (caused by endocrine diseases, genetic
syndromes, or medication use) [4].
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Childhood obesity leads to psychological stress and
the development of behavioral or emotional disorders.
A relationship between childhood obesity and an increased
risk of anxiety disorders, low self-esteem, depressive
symptoms, suicidal ideation, eating disorders, and reduced
quality of life has been confirmed. A vicious cycle is
formed: low self-esteem and depression may contribute
to emotional overeating, which further aggravates weight
problems [5]. Children with obesity are significantly more
likely to experience stigmatization, teasing, and bullying
by peers, already observed in primary school. Obesity
can affect socialization, academic performance, and the
formation of social relationships, and in the long term may
influence adult career opportunities [6].

Effective treatment requires a comprehensive and long-
term approach. The only proven effective basis of treatment
is family-based behavioral therapy, which includes dietary
modification, increased physical activity, sleep correction,
and reduction of screen time. For adolescents with
severe obesity, when lifestyle modification is insufficient,
pharmacotherapy (e.g., GLP-1 analogues) or bariatric
surgery may be considered [7].

An important direction of treatment is the correction
of psychological and emotional disorders in children with
obesity. Psychological consequences are often traumatic
for the child and have long-term effects. Considering
the limitations of traditional pharmacological methods
for correcting psycho-emotional disorders (especially
subthreshold or mild ones), interest in alternative
approaches such as herbal therapy is increasing [8].

Objective of the study was to evaluate the effectiveness
of using Passiflora incarnata extract to reduce anxiety in
children with obesity.

Materials and Methods

The study was conducted as a prospective single-center
controlled study with parallel groups in general secondary
schools of Odesa during preventive examinations and at
the Center for Mental Health of the municipal non-profit
enterprise “Odesa Regional Children’s Clinical Hospital”
of the Odesa Regional Council (MNE “ORCCH” ORC).
Written informed consent was obtained from all participants
and their parents. The study was performed in accordance
with the standards of Good Clinical Practice (GCP),
the principles of the Declaration of Helsinki, and the
STROBE recommendations. Study protocol No. 7/22 dated
12.03.2022 was approved by the local ethics committee of
MNE “ORCCH” ORC.

All participants and their legal representatives provided
written informed consent. Confidentiality of personal data
and voluntariness of participation with the possibility of
withdrawal at any stage without negative consequences
were ensured.

Participants were allocated sequentially on the basis
of informed consent without the use of a randomization
procedure. The study included 56 adolescents with obesity
who had an elevated level of anxiety according to the
Spielberger—Khanin scale [9]. Mandatory inclusion criteria
were the presence of written informed consent from the
child and their legal representative, as well as the absence
of decompensated somatic and severe psychiatric diseases,
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and the use of medications that may affect body weight or
psychological status. Participants were divided into: the
main group (n=28) and the control group (n=28). The mean
age of children in the main group was 14.7 + 1.4 years, in the
control group — 14.5 £ 1.6 years. The mean body mass index
was 32.5 + 2.5 kg/m? and 32.1 + 2.7 kg/m?, respectively.
Systolic blood pressure values were 119.2 + 8.4 mmHg in
the main group and 117.6 + 8.8 mmHg in the control group;
diastolic — 74.8 + 6.0 and 73.6 £ 6.3 mmHg, respectively.
No statistically significant differences between the groups
were found (p > 0.05), which confirms their comparability.

For the correction of increased anxiety, as part of
complex therapy, children of the main group (n = 28) were
prescribed a standardized extract of the medicinal plant
Passiflora incarnata in accordance with pharmacopoeial
standards, in an oral dosage form at a dose of 1 teaspoon
once daily before bedtime for 30 days. Safety assessment
was carried out through clinical monitoring throughout the
entire treatment period. During observation, no clinically
significant adverse events requiring drug discontinuation
or changes in therapeutic tactics were registered, which
confirms a favorable safety profile of the studied agent.
Children of the control group (n = 28) did not receive

herbal therapy.
The level of anxiety was determined using
the Spielberger—Khanin scale with categorization

according to the total score: low level — up to 30 points,
moderate — 31—44 points, high —>45 points. The assessment
was performed separately for state anxiety and trait anxiety.

The analysis of therapy effectiveness was performed
taking into account the baseline level of anxiety, assessing
both the change in the total score and the transition between
levels (from high to moderate).

Evaluation of therapy effectiveness was performed
using ROC analysis (Receiver Operating Characteristic)
with determination of the area under the ROC curve (AUC)
and 95% confidence intervals.

Statistical data processing was carried out using
STATISTICA 12.0, MedCalc 20.0, Microsoft Excel
2003 with integration of AtteStat 12.5, and the online
calculator SISA (Simple Interactive Statistical Analysis —
https://-www.quantitativeskills.com/sisa/).

Research results and their discussion

Diagnosis of obesity in children and screening for its
complications were performed in accordance with the rec-
ommendations of the Ministry of Health of Ukraine and
the AAP (American Academy of Pediatrics, USA). In chil-
dren aged over 2 years and adolescents, overweight was
diagnosed when the body mass index (BMI) was > 85th
and < 95th percentile for the corresponding age and sex,
and obesity — when BMI > 95th percentile. Screening for
comorbid conditions in childhood obesity revealed comor-
bid pathology, including: prediabetes/type 2 diabetes
(3.6%), arterial hypertension (5.3%), dyslipidemia (7.1%),
non-alcoholic fatty liver disease (1.7%), obstructive sleep
apnea (3.6%), polycystic ovary syndrome (3.6%), mus-
culoskeletal disorders (3.6%). Assessment of the psycho-
logical state using interviews revealed mild and moderate
emotional disturbances associated with obesity, includ-
ing: feelings of shame and reduced self-esteem (46.4%);
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moderate anxiety and episodic depressed mood without
pronounced impairment of educational, social, and behav-
ioral activity, emotional overeating and episodes of noc-
turnal overeating (“stress eating”) (21.4%); psychosocial
difficulties, including symptoms of depression and anxi-
ety (21.4%), social stigmatization (17.9%) and bullying
(12.0%). In the presence of a positive psychological his-
tory, children were referred for consultation with a mental
health specialist.

A multidisciplinary, family-oriented treatment program
included intensive lifestyle modification with the par-
ticipation of a clinical psychologist (cognitive behavioral
therapy), a dietitian (correction of eating behavior, forma-
tion of a structured eating regimen, work with overeating
triggers), and, if necessary, a pediatric neurologist and an
endocrinologist. Herbal therapy was used as a component
of comprehensive treatment taking into account the multi-
factorial etiology of overweight and obesity. Biologically

CHATYAUIRHDA TOWBGHHAETE OSHORKHA My Ra
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active components of the extract have a moderate seda-
tive effect, reduce the level of nervous excitability, and
contribute to sleep normalization. The choice of the herbal
preparation for the correction of anxiety manifestations
was based on the data of the European Medicines Agency
(EMA) regarding the possibility of using medicinal plants
in psychological stress, anxiety disorders, and sleep distur-
bances, in particular Passiflora incarnata [8]. The extract of
Passiflora incarnata is officially registered for use in chil-
dren in EU Member States [10; 11].

In the main group, against the background of therapy
with Passiflora incarnata extract, an improvement in the
psychological state was noted, which manifested as a
decrease in the level of anxiety and emotional tension, as
well as normalization of sleep without the development of
morning drowsiness phenomena. The mean values of trait
anxiety decreased from 50.78 + 1.82 to 43.57 + 1.53 points,
and state anxiety — from 39.78 + 1.85 to 32.67 £+ 0.66

e
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Fig. 1. Comparison of state anxiety in children of the main group
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Fig. 2. Comparison of trait anxiety levels in children of the main group
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points (p < 0.05). The comparison results are presented in
Figures 1 and 2.

In the control group, no statistically significant changes
of the indicators were found: the level of trait anxiety
remained unchanged (49.42 + 1.82 vs 49.03 + 0.98 points;
p > 0.05); the level of state anxiety was 38.10 = 1.12 vs
36.46 = 1.00 points (p > 0.05). The study results are pre-
sented in Figures 3 and 4.

The effectiveness of the performed therapy was evalu-
ated using ROC analysis by comparing the area under the
ROC curve (AUC).

Figure 5 presents the results of ROC analysis of
intervention effects on state anxiety in children with obesity.
In children of the main group who received Passiflora
incarnata extract for 30 days, the area under the ROC curve
(AUC) was 0.858 (95% C1 0.739-0.937). An AUC value in
the range of 0.8—0.9 is considered excellent discriminative

CumyaL i TOUBGNHIETE KOHTDAMEHD IRy
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ability of the model. At the same time, in children of the
control group, the AUC value was only 0.581 (95% CI
0.442-0.712), indicating low predictive value of the model
and the absence of clinically significant positive dynamics
of state anxiety indicators during the observation period.

Figure 6 presents the ROC analysis of intervention
effects on trait anxiety in children with obesity compared
with the control group that did not receive pharmacological
correction. The effectiveness of therapy was less pronounced
in the main group: AUC was 0.721 (95% CI 0.585-0.832),
which corresponds to moderate discriminative ability. In
the control group, AUC was 0.523 (95% CI 0.385-0.658),
indicating the absence of effect.

The most pronounced therapeutic effect was observed
in the correction of state anxiety, which is confirmed both
by a high proportion of clinical improvement and by the
results of ROC analysis.
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Fig. 3. Comparison of state anxiety in children of the control group
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Fig. 4. Comparison of trait anxiety in children of the control group
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Fig. S. ROC analysis of intervention effects on state
anxiety in children with obesity

Among children of the main group, a high
baseline level of state anxiety (> 45 points) was
detected in 11 out of 28 patients (39.3%; 95% CI
21.5-59.4), moderate — in 17 children (60.7%; 95% CI
40.6-78.5), and no cases of low level were registered.
After therapy, in all patients with a high baseline level of
state anxiety (n = 11), a decrease in indicators to a mod-
erate level was observed, corresponding to 100% (95%
CI 71.5-100.0) clinical improvement in this subgroup. In
patients with a moderate level of state anxiety, a decrease
in the total score without transition to a lower category was
observed, indicating a less pronounced but stable positive
dynamics.

A high baseline level of trait anxiety was detected in
19 out of 28 children (67.9%; 95% CI1 47.6-84.1), moder-
ate — in 9 (32.1%; 95% CI 15.9-52.4). After treatment,
in patients with a high level of trait anxiety (n = 19), a
decrease in indicators without a change in the level
category was observed in 12 cases (63.2%; 95% CI
38.4-83.7), whereas a transition to a moderate level — in
7 children (36.8%; 95% CI 16.3-61.6). This indicates a
higher sensitivity of state anxiety to therapeutic interven-
tion compared with trait anxiety.

The study was based on the results of our previous
work devoted to the assessment of psychological con-
sequences of overweight and obesity in children, in par-
ticular increased anxiety and decreased quality of life [12;
13]. The obtained data complement current understanding
of the increasing prevalence of subclinical psychological
and emotional disturbances among children and adoles-
cents, such as increased anxiety, emotional lability, sleep
disorders, and decreased concentration, which, even in the
absence of clinically manifested disorders, may negatively
affect psychosocial functioning, academic performance,
and overall well-being [14; 15].

The impact of herbal therapy on the psychological
state of children and adolescents with overweight and
obesity has previously been scarcely studied. When

ISSN 2226-2008 OJIECHbKWI MEJJAYHNIA XKYPHAIT Ne 2 (199) 2026

KJITHIYHA IIPAKTHUKA

100 =
=
= -
=
in
=
&
o =
a0 =
m— Parsonal anxiety
— mﬁ?l:"_r'
Q ; 1 | i i 3 | |
0 o 40 G0 B0 100
100-specificity

Fig. 6. ROC analysis of intervention effects on trait
anxiety in children with obesity

selecting a herbal preparation, it was taken into account
that the medicinal plant Passiflora incarnata is offi-
cially included in the European Pharmacopoeia (11th
edition) and is recommended for use in mild psycho-
logical stress and sleep disturbances [16]. The study
demonstrated the clinical effectiveness of the rational
use of medicinal plants for the purpose of supporting
the mental health of children and adolescents with
obesity. The obtained results indicate the feasibility
of using herbal preparations and dietary supplements
in comprehensive therapy of subclinical psychologi-
cal and emotional manifestations in pediatric practice,
in particular nervousness, anxiety, sleep disturbances,
and emotional tension. Such approaches are discussed
in contemporary systematic reviews of clinical studies
of herbal preparations [8].

Thus, the results of the study expand the spectrum
of the use of herbal therapy as an auxiliary tool for sup-
porting mental health in pediatric practice. The obtained
data indicate that herbal therapy may be considered as a
safe complementary approach to maintaining the mental
health of children and adolescents, including in cases of
mild or subclinical manifestations of increased anxiety.
The use of standardized extracts of medicinal plants,
rather than non-certified herbal mixtures, is considered
appropriate. In the presence of mild anxiety manifesta-
tions, restlessness, sleep disturbances, or psychologi-
cal tension in a child with obesity, and in the absence of
indications for the prescription of psychotropic agents,
herbal preparations (in particular, a standardized extract
of the medicinal plant Passiflora incarnata) may be con-
sidered as an auxiliary, “gentle” management strategy.
At the same time, they should not be considered as the
main method of treatment, but only as a component of
a comprehensive management program for children with
obesity, which includes psychological support, correction
of eating behavior, and lifestyle modification under man-
datory medical supervision.
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The limitations of the study include the absence of
data on long-term outcomes and long-term safety of the
use of Passiflora incarnata extract. In addition, in the
treatment of obesity, it is important to consider the poten-
tial impact of any additional agents on metabolic param-
eters, appetite, and body weight, as they should not be
associated with undesirable changes in the metabolic pro-
file. For most herbal preparations, these aspects require
further study.

The obtained data indicate the prospects of further
research into herbal approaches as a component of sup-
porting the mental health of children and adolescents.
At the same time, further clinical studies are needed to
assess long-term safety, to determine optimal dosing
regimens, and to develop comprehensive therapeutic
strategies taking into account age-related characteris-
tics, metabolic profile, as well as potential drug inter-

Conclusions

1. The study demonstrated that the use of a standardized
extract of Passiflora incarnata in children with obesity is
accompanied by a significant decrease in the level of state
anxiety (AUC = 0.858; 95% CI 0.739-0.937).

2. It was found that the correction of trait anxiety is
less pronounced (AUC = 0.721; 95% CI 0.585-0.832) and
depends on the baseline level of anxiety.

3. The therapy provides a statistically significant
reduction of a high baseline level of state anxiety in all
cases, whereas in trait anxiety the effect is variable.

4. A favorable safety profile of the agent was confirmed,
and the feasibility of its use as an adjuvant component of
comprehensive therapy of psychological disorders in chil-
dren with obesity was substantiated.
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Background. Altered umami taste perception associated with the single nucleotide variant (SNV) in the taste 1 receptor member 1
(TAS1R1) gene may contribute to excess fat accumulation and predict the obesity phenotype.

Objective: To determine the risk of developing metabolically unhealthy obesity in children with SNV rs17492553 TAS1R1.

Methods. 350 children with obesity aged 6-18 years were examined. Among obese children, two observation subgroups with
metabolically unhealthy obesity (MUO, n = 204) and metabolically healthy obesity (MHO, n = 146), were separated. The level of basal
glycemia, insulinemia was studied by immunochemical method with electrochemiluminescent detection, high-density lipoproteins and
triglycerides — by enzymatic-colorimetric method in the Synevo (Ukraine). SNVs of the TAS1IR1 gene were identified by whole-genome next-
generation sequencing in 52 children at the CeGaT laboratory (Germany).

Results. Of the six identified SNVs (rs10864628, rs17492553, rs34160967, rs35118458, rs35375392, rs41278020) of TAS1R1, only SNV
1rs17492553 was associated with the development of MUO, determining an increase in gonadotropins and a decrease in 25-hydroxycalciferol
in serum.

Conclusions. Carriers of the CT genotype of SNV rs17492553 TAS1R1 are 2.73 times more likely to develop metabolically unhealthy
obesity than CC homozygotes.

Keywords: children, obesity, single nucleotide variants, taste 1 receptor member 1.
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POJIb OJHOHYKJIEOTUAHOTI'O BAPIAHTA rs17492553 TEHA PELHHEIITOPA YMAMI TAS1R1 ¥ PO3BUTKY
METABOJITYHO HE3JOPOBOT'O OKHUPIHHA V IITEN

 Tninposcwiuil Oepaicagnutl meduunutl ynieepcumem, JJninpo, Yipaina

2 Komynanvhe nexomepyitine nionpuemcmso «Micoka kniniuna nikapus Ne 6y Jlninposcokoi micokol paou, Jninpo, Yrpaina

AxTyanbHicTb. SNV 1517492553 rena TAS1R1 BrmBae Ha CIpUiHATTS CMaKy yMaMi, IO MOXKE CIPUSTH PO3BUTKY OXKHUPIHHS.

MerTa: OLiHUTH PU3KK MeTabOTITHO He310poBoro oxkupinus (metabolically unhealthy obesity —- MUO) y aiteii i3 Bapiantom rena TASIR1.

MeTtomn. O6ctexxeno 350 miteit (6-18 pokis) 3 oxupinnsam: 204 3 MUO Ta 146 3 meraboniuno 310poBuM Triom (metabolically healthy
obesity — MHO). [Toka3uukn mirikeMii, iHCyTiHy Ta JimigHOro npo¢io Bu3HaYany Merogamu Synevo. CeKBeHyBaHHS r'eHoMa 52 Jiiteit mpo-
BeneHo B nmaboparopii CeGaT (Himeuunna).

Pe3yasrarn. Cepen mectu BusiiaeHux SNV numre rs17492553 xopentosas i3 MUO. Bin acowiroBaBcs 3 iIBUILIEHHSM PiBHIB TOHAI0TPO-
IIHIB Ta 3HIKEHHAM BitamiHy D (25-rizpokcukansiudepory) B CHpOBATII.

BucnoBku. Hocii CT-renorumy rs17492553 matots pusuk po3sutky MUO y 2,73 pa3za Bumuid, Hixk CC-ToMO3UTOTH.

KitrouoBi ciioBa: 1iTi, 0XXUpiHHS, OXHOHYKJICOTH/IHI BapiaHTH, perentop cMaky 1 wieH 1.

Introduction
The increase in the prevalence of obesity in children
observed in recent decades is becoming alarming. It has
been demonstrated that 45.7% of children under five
years of age are overweight. At the same time, it has been

© O. E. Abaturov, A. O. Nikulina, D. L. Shulzhenko, 2026
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established that overweight and obesity in children are
associated with a high risk of developing type 2 diabetes
mellitus, dyslipidemia, cardiovascular diseases, metabolic
dysfunction-associated steatotic liver disease, obstructive
sleep apnea/hypopnea syndrome, psychosocial disorders,
and some types of cancer [1; 2; 3].

Altered taste perception of food products is a significant
factor contributing to the development of obesity. Today,
five basic tastes are recognized, such as sweet, salty, sour,
bitter and umami. A candidate for the sixth basic taste is the
taste of kokumi (rich taste, enhanced taste) [4].
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The Japanese word “umami” means “pleasant taste”.
The umami taste is characterized as a “savory, meaty,
brothy” taste experienced when eating meat, shellfish, soy
sauce, tomatoes, mushrooms, and some cheeses. The term
“umami” was first proposed in 1908 by Japanese chemist
and professor at Tokyo Imperial University Kikunae Ikeda
while studying dashi, a traditional Japanese broth. Umami
was recognized as a basic taste in 2009. The prototypical
compound that causes umami in humans is monosodium
glutamate (MSG), which has the ability to enhance the
taste of food [5; 6; 7]. The recognition of umami taste
involves type 1 taste receptor proteins TIR1 and T1R3, the
genes for which — TASIR1 and TAS1R3 (taste 1 receptor
member 1 and 3) — are located on chromosome 1. The
T1R1 and T1R3 proteins form a heterodimeric receptor
T1R1/T1R3, which belongs to the superfamily of seven-
helix transmembrane receptors, is associated with the G
protein and mediates the perception of L-glutamate and
other 5'-ribonucleotides, such as guanosine monophosphate
and inosine monophosphate. In rodents, the chemosensory
receptor T1rl/T1r3 functions as a receptor for L-amino
acids (alanine, asparagine, glycine, glutamine, methionine,
serine, threonine, cysteine) [7; 8; 9]. Also involved in the
perception of umami taste are taste-specific metabotropic
glutamate receptors 1-4 (GRM 1-4) [6].

It is known that stimulation of chemoreceptors that
recognize the umami taste reliably increases appetite
[5]. Genetically determined disturbances in umami taste
perception may be one of the most important factors that
contribute to both excessive adipose tissue accumulation
in children and obesity-associated metabolic disorders
[10; 11]. It has been demonstrated that activation of
heterodimeric T1RI1/TIR3 receptors is associated with
the expression of 328 genes, including genes encoding
transcription factors such as BACH2, EBF1, GATAL, GBX1,
GCMI1, KLF7, MZF1. 1t is known that early B-cell factor
1 (EBF1), kruppel-like factor 7 (KLF7) [12], myeloid zinc
finger 1 (MZF1) [13] are involved in the development of
obesity or its complications.

In all likelihood, the change in the level of umami taste
perception, which is associated with TAS1R1 gene variants,
may contribute to excessive accumulation of adipose tissue
and predetermine the obesity phenotype.

The aim of our study was to determine the risk of
developing metabolically unhealthy obesity in children
with the rs17492553 variant of the TAS1R1 gene.

Materials and Methods

Ethical approval

Participants provided written informed consent, and
research protocols and procedures were approved according
to the ethical standards of the Helsinki Declaration 2013
and by the Human Research Ethics Committee of Dnipro
State Medical University, Ukraine (protocol No. 7 dated
December 11, 2019 and protocol No. 4 dated September 2,
2020). We obtained formal written informed consent from
the parents of the children to participate in the study. Data
were collected from January 2020 to February 2024.

Study design

Study design: observational, analytical, longitudinal,
cohort study. Research standard: STREGA (https://www.
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equator-network.org/). Inclusion criteria: children with
polygenic obesity (BMI >97th percentile) 618 years
old. Exclusion criteria: children with monogenic and/or
syndromic obesity, pregnancy.

350 children with obesity aged 6-18 years were
examined. The first group (n=204) was represented
by children with MUO. The second group (n=146)
consisted of children with metabolically healthy obesity
(MHO). For inclusion in the first observation group, the
presence of abdominal obesity and two of the presented
criteria were taken into account: 1) fasting glycemia
>5.6 mmol/L and/or according to the recommendations
of the IDEFICS Study, the level of basal insulinemia is
more than 90 percentiles; 2) high-density lipoprotein
cholesterol (HDL-C) < 1.03 mmol/L or less than 10th
percentile of the age norm; 3) triglycerides (TQG)
>1.7 mmol/L or more than the 90th percentile of the age
norm; 4) systolic blood pressure (SBP) and Diastolic
blood pressure (DBP) above the 90th percentile for a
given age, gender and height [14; 15].

The abdominal type of obesity was determined according
to the consensus of the International Diabetes Federation
(IDF), based on the excess of the waist circumference over
the 90th percentile for children 6—15 years old or more than
94 cm for boys aged 16—18 years and more than 80 cm for
girls 16-18 years old.

To study carbohydrate metabolism disorders,
the level of basal glycemia and insulinemia was
determined by the immunochemical testing method
with electrochemiluminescent detection (ECLIA), in the
certified Synevo Laboratory (Dnipro, Ukraine), followed
by the calculation of the generally accepted marker of
insulin resistance (HOMA-IR) [14].

To study lipid metabolism disorders, the level of HDL-C
and TG was determined by the enzymatic-colorimetric
method using kits from Roche Diagnostics (Switzerland)
on a Cobas 6000 analyzer in Synevo.

To study the role of pro-inflammatory markers in the
development of meta-inflammation in children with obesity,
the serum levels of interleukin-1B (IL-1pB), interleukin-6
(IL-6) were determined in Synevo. IL-1B was detected
by the immunochemical method with chemiluminescence
immunoassay (CLIA). Analyzer and test-system: Immulite
(Siemens AG), Germany. The reference value of IL-1f3 level
was 0-5 pg/mL. IL-6 was determined by an enzyme-linked
immunosorbent assay (ELISA) using a Cobas 6000/Cobas
8000 kit provided by Roche Diagnostics (Switzerland). The
reference value of IL-6 level was 1.5-7 pg/mL.

From the first and second groups, 52 samples for
WGS were selected by limited randomization for an
unbalanced distribution with a distribution coefficient
of 1.5 between baseline and selective subgroups with
different obesity phenotypes. The sample population
examined by whole genome sequencing (NGS, Illumina
CSPro®, CeGaT, Germany) consisted of 31 children of
the first and 21 children of the second group and was
qualitatively homogeneous in relation to the general
population).

Material for research: venous blood. Starting material:
dried blood spot cards. For DNA extraction from blood
cards, we use the following protocol: Sbeadex DNA
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Purification Kit, customized CeGaT version (Biosearch
Technologies, LGC). Average amount of DNA (ug) in
samples — 0.875. Library Preparation: Quantity used 50 ng.
Library Preparation Kit: Twist Human Core Exome plus
Kit (Twist Bioscience). Sequencing parameters: NovaSeq
6000; 2 x 100 bp.

Bioinformatic analysis — demultiplexing of the
sequencing reads was performed with Illumina bel2fastq
(version 2.20). Adapters were trimmed with Skewer,
version 0.2.2. DNA-Seq: Trimmed raw reads were aligned
to the human reference genome (hgl9-cegat) using the
Burrows-Wheeler Aligner, BWA — mem version 0.7.17-
cegat. ABRA, version 2.18 and GenotypeHarmonizer
v.1.4.20 were used for local realignment of reads in target
regions to improve more accurate detection of indels in
the genome during variant detection (https://github.com/
molgenis/systemsgenetics/).

We used ClinVar Version 20200316, InterVar gnomeAd
Version 3.0 and dbnsfp Version 35c for clinical and
functional variant annotation and GWAS catalog database
annotation (https://www.ncbi.nlm.nih.gov/clinvary/).

Reference sequence obtained from the National Center
for Biotechnology Information RefSeq database (https://
www.ncbi.nlm.nih.gov/refseq/).

Statistical analysis

Statistical analysis of the obtained results was carried
out using a package of application programs Statistica 6.1
(Ne AGAR909E415822FA) using a personal computer
based on an Intel processor Pentium 4.

For statistical processing of the materials studied,
normality of data distribution was rechecked according
to the Shapiro-Wilk test (SW-W), the homogeneity of
variances — according to the Fisher test (F). The arithmetic
mean with the error of the mean value (M+m) was used
to describe quantitative traits with a normal distribution;
the standard deviation (SD) to describe the variation in the
traits and the 95% confidence interval (95% CI), sequential
Wald analysis with calculation of Relative Risk (RR), to
define the range of the population means.

The relationship between indicators was determined
using Spearman correlation analysis. The reliability
assessment of the difference of means in multiple
comparisons for quantitative traits with a normal
distribution was carried out by one-way analysis of
variance (ANOVA) with a posteriori pairwise comparisons
according to the Tukey test. Intergroup comparisons of
statistical characteristics were performed taking into
account the law of distribution using parametric and
non-parametric criteria: assessment of the probability of
differences in means for unrelated samples — according to
Student's criteria (t) in the Welch modification (R Studio,
Version 1.0.136, 2016). Only statistically significant results
were taken into account (p < 0.05).

Research results and their discussion
As a result of whole-genome sequencing, we identified
the presence of six single nucleotide variants (SNV) of
the TASIR1 gene in children with obesity: rs10864628,
1s17492553, 1s34160967, r1s35118458, 1835375392,
rs41278020. A brief description of the SNVs identified in
children with obesity is presented in Table 1.

KJITHIYHA IIPAKTHUKA

According to our data, of all identified variants of the
TAS1IR1 gene, only the intronic SNV rs17492553 was
associated with the development of MUO (Table 2).

It was found that the occurrence of MUO is significantly
associated with the heterozygous genotype CT SNV
rs17492553 of the TAS1R1 gene. The relative risk of
developing MUO in heterozygotes of SNV rs17492553 of
the TAS1R1 gene was 2.73.

It is interesting that in children with the CT genotype
of SNV rs17492553 of the TASIR1 gene, the values of
the parameters characterizing the endocrine function of
adipose tissue, the level of meta-inflammation activity,
glucose and lipid metabolism, and the state of the endocrine
system were practically no different from those in children
with the CC genotype of the SNV rs17492553 variant of
the TASIR1 gene, with the exception of the content of
luteinizing hormone (LH) and 25-hydroxycalciferol in the
blood serum (Table 3).

Children with the CT genotype of the TASIR1 gene
demonstrate more pronounced signs of adipose tissue dys-
function, meta-inflammation, insulin resistance, dyslipi-
demia, and altered hormonal profile compared to children
with the CC genotype.

Thyroid-stimulating hormone (TSH), somatotropic
hormone, insulin-like growth factor 1 (IGF-1), prolactin,
luteinizing hormone (LH) and follicle-stimulating hormone
(FSH), dehydroepiandrosterone sulfate (DHEAS) were sta-
tistically significantly higher in children with the CT geno-
type (all p <0.01).

A characteristic finding of children with the CT geno-
type of SNV rs17492553 of the TAS1R1 gene was a defi-
ciency of 25-hydroxycalciferol (p < 0.05).

The TAS1R1 gene is located on the short arm of chro-
mosome 1 p36.23 in close proximity to the genes encod-
ing nucleolar protein 9 (NOL9) and zinc finger and BTB
domain containing 48 (ZBTB48) [16]. The TAS1R1 gene is
formed by 22,577 base pairs that organize 6 exons encod-
ing the TIR1 protein. The amino acid sequence of the T1R1
protein consists of 841 amino acid residues. The secondary
structure of the T1R1 protein is characterized by the pres-
ence of seven transmembrane helices that form a hepta-
helical domain and a large extracellular N-terminus. The
TAS1R1 gene is expressed in type II cells in both the fun-
giform and circumvallate papillae of the tongue, where it
is likely involved in various excitatory signal transduction
mechanisms. In addition, the TAS1R1 gene is expressed in
cells of various extraoral tissues, which allows it to partici-
pate in the regulation of various body functions. Variability
in the level of umami taste perception may be based on
SNVs of the TASIR1 and TAS1R3 genes, which determine
either the expression level or the functional activity of the
heterodimeric TIR1/T1R3 chemoreceptor [17]. We identi-
fied 5 missense and one intronic SNV of the TAS1R1 gene
in children with obesity (Fig. 1).

We have demonstrated for the first time that the
heterozygous state of CT SNV rs17492553 of the
TAS1R1 gene is associated with the risk of developing
MUO in children. It is known that CC homozygotes and
CT heterozygotes of the intronic variant rs17492553
of the TAS1R1 gene have a higher level of umami taste
perception, on average, by 40%, than TT homozygotes.
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Table 2
Genotypes of SNV rs17492553 of the TAS1R1 gene in children with different types of obesity
Genotypes of SNV rs17492553 Types of obesity (%) P
of the TAS1R1 gene MHO MUO
CcC 40 22 0.92
CT 30 56 0.03
TT 30 22 0.74
Table 3
Comparative characteristics of the state of various systems in children with different genotypes
of SNV rs17492553 of the TAS1R1 gene
Biomarkers of obesity Children WZKI/II ithc)c genotype C;;L%i;l;)zv(llt\z ihglf)T p
Endocrine function of adipose tissue
Leptin, ng/ml 32.037 £5.023 43.73 £4.715 <0.001
Adiponectin, mcg/ml 6.200 + 1.200 5.454 £ 0.895 0.049
Meta-inflammation activity
IL-6, pg/ml 4.061 +£0.677 4.921 +1.040 0.003
IL-1B, pg/ml 4.189 +0.896 3.637+0.674 0.051
C-reactive protein, mg/l 4.550+1.012 5.278 £1.077 0.041
Glucose metabolism
Fasting glucose, mmol/l 4.965 +0.138 5.072+£0.173 0.040
Basal insulin, pUnits/ml 21.472+3.611 26.620 + 2.495 <0.001
HOMA index, before treatment, % 4.709 +0.825 6.008 £ 0.617 <0.001
HbAlc, % 5.224+0.178 5.624 +0.174 <0.001
Lipid metabolism
Total cholesterol, mmol/l 4.529 £0.261 4998 £0.312 <0.001
Total cholesterol, percentile 85.692 +£4.508 88.619 +£3.109 0.038
LDL-C, mmol/l 2.709 +0.188 3.164 +0.309 <0.001
LDL-C, percentile 79.462 + 7.065 81.524 +£5.810 0.352
HDL-C, mmol/l 1.199 £ 0.058 1.405+0.123 <0.001
HDL-C, percentile 27.867 +3.308 35417 £5.045 <0.001
VLDL-C, mmol/l 0.615 £ 0.088 0.710 £ 0.071 0.002
TG, mmol/l 1.245 £0.191 1.381 £0.182 0.036
TG, percentile 81.200 + 4.960 85.417 £2.588 0.007
Atherogenicity coefficient, Ul 2.962 +0.296 2.868 +0.89 0.637
Endocrine system
Thyroid stimulating hormone, plU/ml 2.845 +0.439 3.613 +1.047 0.003
freeT4, ng/dl 1.156 £0.077 1.126 = 0.056 0.204
freeT3, ng/dl 3.650 £2.350 3.644 +0.540 0.992
Antibody to thyroid peroxidase, IU/ml 76.171 + 65.524 45.024 +21.900 0.094
Cortisol, pg/dl 17.000 + 1.400 11.356 +2.901 <0.001
Somatotropic hormone ng/ml 0.490 + 0.435 1.300+1.215 0.006
Insulin-like growth factor 1, ng/ml 277.000 £+ 11.000 312.667 +49.347 0.002
Prolactin, ng/ml 12.190 £4.510 16.381 +4.176 0.007
Luteinizing hormone, nIU/ml 1.125+£0.614 3.897 £ 1.094 <0.001
Follicle stimulating hormone, pIU/ml 2.213£0.636 3.149£0.751 <0.001
Free testosterone, nmol/l 1.675+0.235 1.580 +0.362 0.327
Dehydroepiandrosterone sulfate, pg/dl 193.500 + 9.500 280.167 £32.532 <0.001
Other metabolites
Uric acid, umol/L 297.250 + 28.675 377.333 £43.030 <0.001
25-hydroxycalciferol, ng/mL 22.397 £2.062 14.278 +1.271 <0.001
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Fig. 1. Localization of SNV in the TAS1R1 gene in obese children

In all likelihood, the T allele of SNV rs17492553 causes
alternative splicing of exon 3 of the TAS1R1 gene, which is
accompanied by the generation of non-functional forms of
mature mRNA. A decrease in the sensitivity of TIR1/T1R3
receptors may be accompanied by a change in the activity
of genes associated with lipid metabolism. In particular, it
has been demonstrated that Taslrl gene knockout mice,
compared with wild-type mice, show a slower increase
in fat mass and adipocyte size, as well as a lower level
of triglyceride and total cholesterol concentration in liver
tissue [17].

Lu Ma [17] and colleagues believe that knockout of the
Taslrl gene in experimental animals leads to suppression
of lipogenesis gene expression in adipose and liver tissues
and increased lipid catabolism. It has also been shown
that TIR1/T1R3 receptors are involved in carbohydrate
metabolism and autophagy regulation. Thus, amino acid
excitation of TIR1/T1R3 receptors leads to activation
of MAPK1-MAPK3-associated signaling pathways and
mammalian target of rapamycin complex 1 (mTORCI).
Activation of MAPKI-MAPK3-associated signaling
pathways of pancreatic B-cells induces insulin secretion.
Knockout of the TAS1R1 gene of pancreatic B-cells is
accompanied by a significant decrease in MAPK1-MAPK3
activity and amino acid-induced insulin production. Under
conditions of nutrient excess and activation of T1R1/
T1R3 receptors, mMTORC]1 activation prevents autophagy
initiation. Taslrl knockout cells have enhanced potency of
autophagy mechanisms. Tas1r3 knockout mice exhibit high
levels of autophagy in cardiomyocytes, skeletal muscle
myocytes, and hepatocytes [18].

It remains unclear how the heterozygous state
of SNV rs17492553 of the TAS1R1 gene leads to the

occurrence of metabolic disorders. It is possible that in
individuals with the CT genotype of the intronic variant
rs17492553 of the TAS1R1 gene, which maintains a
physiological level of sensitivity to umami-flavored
foods, activation of TI1RI1/T1R3 receptors leads to
altered taste preferences, which causes increased
consumption of high-calorie foods. In particular, it has
been demonstrated that carriers of the GG genotype
of SNV rs34160967 of the TAS1R1 gene consume
significantly more high-calorie and fatty foods
compared to carriers of the A allele [19]. MSG intake
has also been shown to increase appetite and food
intake, which may lead to weight gain [20].

We have established for the first time that the CT SNV
rs17492553 genotype of the TASIR1 gene is accompanied
by a deficiency of 25-hydroxycalciferol.

Conclusions

Genetic variants of SNV rs17492553 of the TAS1R1
gene mediate the development of metabolically unhealthy
obesity in children. Carriers of the CT-genotype SNV
rs17492553 of the TAS1R1 gene are 2.73 times more
likely to develop metabolically unhealthy obesity than CC
homozygotes.

The CT-genotype SNV rs17492553 of the TAS1R1 gene
is associated with a deficiency of 25-hydroxycalciferol.

When organizing medical observation of children with
the CT-genotype SNV 1517492553 of the TAS1R1 gene, it
is necessary to monitor body weight dynamics and the level
of vitamin D.
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Background. Avascular necrosis (AVN) of the femoral head is a therapeutic dilemma between joint-preserving procedures (tunneling)
and total hip replacement (THR). Lack of clear radiological thresholds complicates surgical choice and delays prosthesis timing.

Objective: To assess whether the degree of radiographic subchondral collapse can guide surgical strategy in femoral head AVN.

Methods. A multicenter cohort study (2020-2025) analyzed 126 AVN cases in Odesa and Kyiv. Patients were assigned to tunneling
(n=51) or THR (n=75). Subchondral collapse was measured, with 2 mm as threshold. Outcomes: Harris Hip Score (HHS), Visual Analogue
Scale (VAS), revision rates. Logistic regression identified predictors of surgical choice.

Results. Collapse > 2 mm strongly correlated with THR (85.3%), while <2 mm favored tunneling (78.4%). The 2 mm cutoff had high
predictive value (OR=5.6). Age > 50 and bilateral disease were independent predictors of THR. Both groups improved, but HHS was higher
after THR (p < 0.01). Military service and post-COVID steroid use emerged as additional ischemic risk factors.

Conclusions. Subchondral collapse > 2 mm is a clinically relevant threshold favoring THR. Patients < 40 years with minimal collapse and
unilateral AVN are best suited for joint-preserving options, including potential MSC therapy. Integration of the 2 mm criterion into surgical
algorithms may optimize timing and support predictive precision-medicine models.

Keywords: avascular necrosis, femoral head, radiographic collapse, surgical strategy.
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PEHTTEHOJIOTTYHUM KOJANC SIK KPUTHUYHHUM IOPII ¥V BHUBOPI MIK TYHEJI3AIIEIO TA
TOTAJBHAM EHIONPOTE3YBAHHSIM KVYJIBIIOBOTO CVYIJIOBA: MYJBTUIIEHTPOBUM AHAJII3
TAKTUYHHUX PINIEHb

! Micvka xainiuna nikapua Ne 11, Odeca, Ykpaina

2 Hayionanvruii yuieepcumem oxoporu 300pos s Ykpainu imeni I1. JI. llynuxa, Kuis, Yxkpaina

Asackynsapauii Hekpo3 (AVN) TomiBKU CTETHOBOI KiCTKH 3aJMINAETHCS CKIIATHOK0 KIIHIYHO MPOOIEMOI0, 0COOIMBO B pasi BHOOPY Mik
oprano30epiralouuMu MeTofaMu Ta TotanbHuM enponporesyBantsaM (THR). V mynsTuneHTpoBoMy koroptaHomy mociimkenti (2020-2025,
Opneca i KuiB) npoananizoBano 126 BumajxiB AVN: 51 nanieHty BukoHaHO TyHemizanito, 75 — THR. KirouoBnM xputepiem Oyna BennuuHa
CyOXOHZApaIbHOTO Komarcy: > 2 MM acorifoBascst 3 Bubopom THR (85,3%), < 2 mM — 13 Tymemizamieto (78,4%), OR = 5,6. Hesanexuuvu
npenukTopamu THR cranu Bik moHaz 50 pokiB i 1BoOi4HE ypaxeHHs. B 060x rpymnax Big3HaueHo mokparueHHs, mpote Harris Hip Score mic-
151 onepaii Oy nocToBipHO BuiMM y nauieHTiB i3 THR. JlonaTkoBUME YMHHIKaMH PH3NKY BHSBIEHO BIHCHKOBY ciryxkOy Ta moct-COVID
cTepoinHy Tepariro. Konarc moxaa 2 MM cItifi po3mIsiAaTH K oporose 3HaueHHs it BuOopy THR, Tomi sik Monoai mamieHTH 3 MiHIMAIBHUM
YPKEHHSM 3aJIMILIAIOTHCS KAHIUAATAMHU TSl OpraHo30epirarounx Imiaxoais, Bkirouno 3 MSC-reparmiero.

KitrouoBi ciioBa: aBacKyisipHUi HEKPO3, TOJNIBKA CTETHOBOI KiCTKH, PEHTTCHOJIOTIYHHI KOaIlc, XipypridHa TakTHKa.

Introduction
Avascular necrosis (AVN), also referred to as osteone-
crosis, is a progressive pathological process resulting from
impaired blood supply to the bone tissue, leading to isch-
emia, osteocyte death, and subsequent structural destruction
of the bone [1]. The femoral head is the most commonly

© S. O. Varzar, M. L Ankin, 2026
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affected site, although AVN may also involve the humeral
head, knee, talus, and other epiphyseal zones [1; 2]. The
main etiological factors include trauma, prolonged sys-
temic corticosteroid use, alcohol abuse, sickle cell anemia,
hypothermia, chronic overloading, and idiopathic cases [3].
In clinical practice, early detection of radiographic signs of
collapse is crucial for prognosis and therapeutic strategy
selection. The term “radiographic collapse” encompasses
three primary features: subchondral collapse — initial dis-
ruption of the subchondral bone plate integrity; the cres-
cent sign — a linear radiolucent zone beneath the subchon-
dral bone indicating detachment of the necrotic segment;
and flattening — the loss of normal joint surface sphericity,
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which reflects mechanical decompensation and progressive
structural failure [4]. These imaging changes are associated
with a high risk of secondary osteoarthritis and often neces-
sitate surgical intervention.

The core of the therapeutic dilemma in femoral head
AVN lies in the choice between joint-preserving interven-
tions (e.g., core decompression or tunneling) and radical
approaches such as total hip replacement (THR) [5]. This
decision is complicated by the lack of a clearly defined
clinical “threshold” that would signal the need to transition
from conservative or preserving management to prosthetic
surgery. On one hand, decompression is minimally inva-
sive, can be effective in early-stage AVN (ARCO I-1I) [1;
6], preserves the native joint, and delays or avoids prosthesis
implantation, particularly in younger patients. On the other
hand, AVN is frequently progressive, and femoral head
involvement often leads to subchondral collapse (crescent
sign, flattening), after which the efficacy of joint-preserving
techniques markedly decreases [1; 5]. However, determin-
ing the exact tipping point is subjective — no universal
criteria exist that definitively indicate the appropriateness
of proceeding to THR. In clinical practice, the decision
depends not only on the AVN stage but also on patient age,
pain level, functional impairment, comorbidities, expected
implant longevity, procedural availability, and surgical
expertise [7]. This multifactorial nature leads to clinical
uncertainty, which embodies the core of the dilemma of
how long to persist with joint preservation without missing
the optimal window for prosthetic intervention.

Objective: To determine whether radiographic collapse
is a reliable prognostic marker for selecting surgical strat-

cgy.

Materials and Methods

This study was conducted as a multicenter retrospec-
tive-prospective cohort analysis based on data from special-
ized orthopedic centers in Odesa and Kyiv between 2020
and 2025. The total sample included 126 clinical cases of
avascular necrosis (AVN) of the femoral head, of which
51 patients underwent joint-preserving interventions (tun-
neling/core decompression), and 75 underwent total hip
replacement (THR). Inclusion criteria were: age between
18 and 65 years, diagnosed AVN of the femoral head at
Ficat stage II-III [8], availability of complete imaging data
(X-ray, CT, or MRI) prior to surgery, and having undergone
one of the two surgical procedures — core decompression/
tunneling or THR.

Patients with destructive lesions of the femoral neck
of different etiology (e.g., metastatic or infectious origin),
with associated hip joint deformities or rheumatic con-
ditions, as well as those without postoperative imaging
follow-up, were excluded from the study. All included
patients underwent radiographic assessment of subchon-
dral collapse according to the JOA [9], ARCO [6], and
Ficat [8] classifications. Patients were further stratified
based on collapse severity: 0—2 mm or greater than 2 mm.
Treatment effectiveness was evaluated through secondary
clinical outcomes, including the need for revision surgery,
functional outcomes using the Harris Hip Score [10], and
pain intensity measured via the Visual Analogue Scale
(VAS) [11].
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All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. The study protocol
No. 10/22 was approved by the Ethics Committee on Sep-
tember 5, 2022.

Informed consent was obtained from all individual
participants included in the study. Ethical approval was
obtained from the relevant ethics committees of all partic-
ipating institutions

Statistical analysis was performed using R software
[12]. ANOVA was used to compare means between groups,
while correlation analysis assessed the relationship between
collapse severity and functional outcomes. Homoscedastic-
ity was tested using Levene’s test. If data did not follow a
normal distribution, nonparametric methods were applied,
including the Mann—Whitney U test and Spearman’s corre-
lation [16]. The critical level of statistical significance was
set at p <0.05.

Research results and their discussion

The average age of patients across the total cohort
was 46.7 +9.1 years. In the tunneling group, the aver-
age age was lower — 41.3 £ 8.5 years — while in the THR
group, it was 50.2 £ 7.3 years (p < 0.01). The sex distri-
bution showed a male predominance: 84 men (66.7%) vs.
42 women (33.3%), with AVN in men more often linked to
external risk factors. Major risk factors included long-term
or systemic corticosteroid use (41.3% of cases), alcohol
abuse (28.6%), previous trauma (18.3%), and idiopathic
forms with no clearly established etiology (11.8%). In
some patients, especially younger men, multiple triggers
were present, notably a combination of corticosteroid ther-
apy and alcohol use.

During the period 2020-2025, amid the full-scale war
in Ukraine, an increased incidence of femoral head AVN
was noted among military personnel, correlating with
combat-specific risk factors. Among the military subgroup
(n = 38; 30.2% of the total cohort), two key risk factors
predominated: chronic marching overload of the hip joints
and trench-induced hypothermia. Continuous axial loading
from carrying full gear, especially in rugged terrain, led to
microtrauma in the epiphyseal region, and compromised
microcirculation contributed to ischemic processes in the
femoral head. Additionally, prolonged exposure to cold and
wet environments (trenches, bunkers) without the ability
to warm up caused trench-related hypothermia, exacerbat-
ing vascular dysfunction and ischemic damage. In 21 cases
(55.3% of the military subgroup), marching overload was
the primary identified factor, while in 10 cases (26.3%)
both risk factors were combined. The remaining military
patients had idiopathic or trauma-related AVN. These find-
ings highlight the need to classify combat conditions as a
distinct pathogenetic domain in the risk structure for AVN
in populations exposed to chronic physical and thermal
stress.

Coronavirus infection (COVID-19), especially in
patients who experienced moderate to severe disease
requiring hospitalization, emerged as an additional risk fac-
tor for AVN of the femoral head in both civilian and mili-
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tary populations between 2020 and 2025. In the total cohort
(n = 126), 19 patients (15.1%) had a confirmed history of
COVID-19; among them, 13 had received systemic corti-
costeroid therapy (dexamethasone, methylprednisolone) in
doses exceeding the cumulative risk threshold (> 2 g per
course). In this subgroup, AVN followed a typical steroid-
associated course, debuting 4—12 months post-recovery.
Military personnel recovering from COVID-19 often faced
adverse recovery conditions: limited access to rehabilita-
tion, early return to physical strain, which, combined with
post-COVID endothelial dysfunction, may have intensified
ischemic processes in the femoral head. Among the mili-
tary subgroup with AVN, 6 out of 38 cases (15.8%) had a
history of COVID-19, and 4 of these had received steroids.
Thus, COVID-19, whether as a direct factor or mediated
through steroid therapy, represents a significant component
of the modern AVN risk profile, especially under wartime
conditions with limited medical support.

The frequency of bilateral AVN was 34.1%. Among
patients with bilateral disease, total hip replacement was
more often selected when at least one hip exhibited a col-
lapse greater than 2 mm. These findings underscore the sig-
nificant influence of age, sex, and modifiable risk factors
in shaping the clinical profile of AVN patients and guiding
surgical decision-making.

Figure 1 illustrates typical radiographic features of
AVN in patients who subsequently underwent tunneling (a)
or total hip replacement (b).

In the vast majority of cases where subchondral col-
lapse of the femoral head was less than 2 mm, clinicians
opted for a joint-preserving strategy, particularly tunnel-
ing: this procedure was performed in 78.4% of patients
with minimal collapse, indicating a preference for early
surgical intervention aimed at preserving the anatomi-
cal integrity of the joint. Conversely, in cases with pro-
nounced collapse exceeding 2 mm, the rate of total hip
replacement (THR) reached 85.3%, confirming its domi-
nance as the treatment of choice in settings of substantial
joint structure damage.

Analysis of the treatment strategy in relation to the
degree of collapse, patient age, and bilateral involvement
revealed statistically significant associations: for example,
increasing age over 50 years (p < 0.01) and the presence of
bilateral AVN (p = 0.03) correlated with a higher likelihood
of receiving THR, while tunneling was more frequently
performed in younger patients with unilateral disease and
minimal structural damage.

Comparison of functional outcomes between both groups
demonstrated a marked reduction in pain (VAS score) and
improvement in Harris Hip Score (HHS) postoperatively
in both approaches. However, in the THR group, the mean
HHS was significantly higher (87.2+6.1 vs. 79.4 + 8.3;
p < 0.01), indicating greater short-term efficacy of
arthroplasty in the setting of advanced joint destruction.

Logistic regression modeling of factors influencing
treatment choice identified independent predictors for the
assignment of THR: collapse > 2 mm (OR = 5.6; 95% CI:
2.8-11.4), age over 50 years (OR =2.9; 95% CI: 1.4-6.0),
and bilateral involvement (OR = 2.1; 95% CI: 1.0-4.4).
Meanwhile, a collapse of < 2 mm and age under 40 years
significantly increased the probability of selecting tunneling
as the primary treatment approach.

The logistic regression equation describing the
probability of total hip replacement (THR) assignment is
as follows:

logit(p) = 0.343 +2.436 x (collapse > 2 mm) + 1.65 x
x (age > 50) + 0.16 x (bilaterality),

where logit(p) is the logarithm of the odds ratio of being
assigned to THR versus undergoing tunneling, and all vari-
ables are binary (0 or 1). The greatest contribution to the
decision in favor of THR comes from pronounced collapse
(> 2 mm), followed by age over 50 years. Bilaterality has
a minor, statistically non-significant impact on the model.

Figure 2 illustrates how the probability of assigning
THR changes depending on the degree of collapse and the
patient's age.

The results obtained highlight the importance of a mul-
tifactorial approach when selecting a surgical strategy in
patients with avascular necrosis (AVN) of the femoral head.

Discussion. The findings confirm the pivotal role of
radiographic collapse severity as a determinant of surgical
strategy in AVN of the femoral head. Consistent with the
recommendations of the Japanese Orthopaedic Association
(JOA, 2019) [9], which advocate for joint-preserving inter-
ventions at early stages (ARCO I-II) before subchondral
fracture occurs, our data demonstrate a marked increase
in the frequency of total hip replacement (THR) once the
collapse exceeds 2 mm. A similar stance is taken by the
German Society for Orthopaedics and Trauma Surgery
(DGOU, 2019) [13], which emphasizes the limited value
of decompression after the appearance of the crescent sign
or flattening of the joint surface. In our study, patients with

Fig. 1. Imaging of AVN in patients who underwent tunneling (a) and total hip replacement (b)
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Fig. 2. Influence of Collapse Severity and Patient Age on the Choice of Surgical Treatment Method

a collapse of <2 mm most frequently underwent tunneling
(78.4%), whereas THR was the dominant approach in those
with a collapse > 2 mm (85.3%), a pattern confirmed by a
logistic regression model in which this parameter had the
highest predictive value (OR = 5.6).

Analysis of age and anatomical factors also reveals a
progressive shift in clinical decision-making toward THR
in patients over 50 years of age and in those with bilateral
lesions. These data are in line with European guidelines
suggesting that in elderly patients with functional deficits
and a high risk of AVN progression, prosthetic replace-
ment should not be delayed in favor of potentially inef-
fective procedures [13; 14]. Conversely, younger patients
with minimal collapse (< 2 mm), particularly those without
bilateral involvement, constitute an optimal group for joint-
preserving treatments.

Particularly noteworthy is the identification of spe-
cific populations, such as military personnel, who showed
an increased incidence of AVN due to the combination of
marching loads and trench hypothermia. These factors may
represent a distinct pathogenetic category insufficiently
addressed in current international guidelines. Furthermore,
a subset of patients (15.1%) had a history of COVID-19,
particularly those who received corticosteroid therapy,
aligning with recent clinical observations of post-COVID
AVN [15].

From a clinical standpoint, our findings refine the
threshold for effective tunneling — specifically, a collapse
of 2 mm appears to be a critical limit: beyond this point,
joint-preserving methods rarely achieve functional success
and merely delay THR without significantly reducing pain
or improving quality of life [1; 5]. This enables faster stra-
tegic decision-making in daily practice based not only on
ARCO or Ficat staging but also on precise measurement of
radiographic collapse, patient age, and bilaterality.

However, several limitations should be acknowledged.
First, the retrospective component of the study limits con-
trol over the quality and standardization of initial imaging.
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Second, despite uniform inclusion criteria, the tunneling
technique may have varied between centers in real-life set-
tings, potentially affecting the results. Third, radiographic
assessments inherently involve a subjective component,
even when multiple reviewers are involved. Despite these
issues, the overall consistency of our data with interna-
tional guidelines, the strong predictive power of the model,
and the justified clinical threshold (< 2 mm) support the
relevance of these findings for standardizing surgical deci-
sion-making in AVN.

The use of autologous mesenchymal stem cells (MSCs)
in the treatment of femoral head AVN is increasingly dis-
cussed in the literature as a promising joint-preserving strat-
egy, especially in the early stages of the disease (ARCO I-1I)
[6]. The mechanism of MSC action involves stimulation of
angiogenesis, osteogenesis, and repair of the ischemic area
through paracrine signaling and direct participation in bone
tissue regeneration. These cells are typically derived from
bone marrow and, less frequently, from adipose tissue, and
are injected into the necrotic zone through a tunnel created
during core decompression.

Comparative studies, including randomized controlled
trials, have shown that combining MSCs with decom-
pression reduces the risk of collapse, improves functional
outcomes, and delays or even eliminates the need for
THR, particularly in young patients with limited necrotic
involvement [16]. Certain guidelines, including those from
India and China [17; 18], already recommend the inclusion
of MSCs as an adjunct to tunneling in the absence of sub-
chondral collapse.

Nonetheless, clinical implementation of this technology
faces several barriers. First, not all orthopedic centers have
the laboratory capacity for MSC isolation and culture, and
commercially available products remain expensive. Sec-
ond, there is no standardization of protocols (cell source,
dose, delivery method, quality control), complicating inter-
study comparisons. Third, despite numerous promising
case series, the current level of evidence is insufficient to
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recommend MSCs as a standard treatment — particularly in
advanced AVN stages, where anatomical collapse limits the
effectiveness of regenerative approaches.

Therefore, MSC therapy in AVN appears promising,
particularly in younger patients with limited ischemic dam-
age and no signs of subchondral collapse. However, its
effectiveness, dose-dependence, long-term outcomes, and
cost-effectiveness require further large-scale studies, stan-
dardization, and regulatory approval before it can become
part of routine orthopedic practice.

Conclusions

The results of this multicenter analysis allow us to
define clinically meaningful threshold values for select-
ing a surgical strategy in femoral head AVN. Specifically,
a subchondral collapse > 2 mm is significantly associated
with the preference for THR and with diminished efficacy
of joint-preserving procedures. Age over 50 and bilateral
involvement also shift the surgical approach toward THR,
while tunneling remains appropriate in patients with
a collapse < 2 mm and under the age of 40, potentially
combined with MSC therapy. Based on these findings, we
recommend including radiographic collapse assessment
as a mandatory criterion in standardized AVN manage-
ment algorithms alongside clinical factors, ARCO/Ficat

staging, and MRI findings. Establishing a clear 2 mm
threshold as a critical point for altering surgical strat-
egy enhances clinical decision-making, promotes unified
practices, and may be incorporated into relevant national
clinical guidelines.

Future Directions. Given the results obtained, the
next logical step is validating the proposed logistic
model for surgical decision-making in an independent
prospective AVN cohort to confirm its predictive accu-
racy and clinical applicability in real time. Additional
inclusion of biological markers of ischemia, bone resorp-
tion, and repair (e.g., PINP, CTX, VEGF, D-dimer) may
enhance patient stratification and serve as early indica-
tors of necrosis progression. Special attention should
also be given to assessing individual hip joint load, using
tools such as inertial sensors or gait analysis platforms,
to integrate biomechanical factors into the clinical risk
model. Based on these parameters, the development of
a machine-learning decision algorithm that integrates
radiological, biochemical, clinical, and functional vari-
ables could automate and personalize surgical strategies.
Such an approach aligns with the principles of precision
medicine and holds the potential to significantly improve
the rationale and outcomes of AVN treatment across
diverse clinical settings.
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Introduction. It is well-established that psychoemotional stress can alter physiological processes, including the remineralization dynamics
of dental enamel, thereby influencing its resistance to carious lesions. However, the specific relationship between wartime psychological
stressors and the structural and functional characteristics of enamel in children remains insufficiently explored.

The aim of the study: to assess the state of structural and functional enamel resistance, the level of reactive anxiety, and the severity of
depressive symptoms in children, with consideration of age, sex, and migration status.

Materials and methods. A total of 375 school-aged children (6-13 years old) were examined, comprising a main group (149 internally
displaced children) and a comparison group (226 permanent residents). Psycho-emotional status was assessed using the Spielberger-Hanin
Inventory (reactive anxiety) and the M. Kovacs Children’s Depression Inventory (CDI) (depressive symptoms). The structural and functional
resistance of dental enamel was determined using the TER-test.

Results. Internally displaced children demonstrated a high level of psychoemotional maladjustment, evidenced by a significantly elevated
prevalence of depressive disorders — 96.64% and reactive anxiety — 95.30%. These indicators exceeded those in the comparison group by 1.2-
fold and 1.12-fold, respectively, p < 0,05. Furthermore, the mean structural-functional enamel resistance score, determined by the TER-test,
was 4,74 £ 0,10, in the main group, which was significantly higher than the comparison group's value of 3,69 + 0,09, p <0,01.

Conclusions. Thus, as a result of the conducted research, it was found that internally displaced children aged 6 to 13 years (the main
study group) exhibited significantly higher frequencies of moderate to high levels of reactive anxiety and depressive symptoms, with a marked
predominance among girls. Notably, the TER-test scores in this cohort exceeded those observed in the comparison group by a factor of 1.3,
p<0.01.

Keywords: children, internally displaced persons, psycho-emotional state, dental caries, enamel resistance.
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OCOBJIUBOCTI CTPYKTYPHO-®YHKIIOHAJIBHOI'O CTAHY EMAJII 3YBIB Y BHYTPIIHBO
HNEPEMIMIEHUX JITEM 3A PI3HAX ICUXOEMOIINHUX CTAHIB

Tepuoninbcokuil HayioHanbHull MeouuHuil yuieepcumem imeni 1. A. Topbauescokoeo Minicmepcmea oxoponu 300pog’s Yxpainu, Tepro-
ninw, Ypaina

V crarTi HaBeIeHO pe3yNIbTaTH KIHIYHOTO aHAJIi3y IICHXOEMOLIHHIX ITOKa3HUKIB Ta CTPYKTYPHO-(YHKIIOHATEHOI Pe3UCTEHTHOCTI eMa-
1l y giteil Bikom 6—13 pokiB 3 ypaxyBaHHSAM BiKy, CTaTi Ta MIrpauiifHOro crarycy. BcTaHOBIEHO, 0 Y BHYTPIIIHBO MEPEMIlIeHHX AiTeH
(ocHOBHa rpyma) BikoM 6—13 pokiB crocTepiraBcst BUCOKHH PiBEeHb MCHXOEMOIIITHOT Je3aanTaii, SKHil MPOSBIABCSA BUCOKOK YaCTOTOIO
JenpecuBHUX po3nanis (96,64%) Ta peaktuBHOI TpuBOXKHOCTI (95,30%). [TopiBHSHO 3 MOKA3HUKAMH Y JiTeH, SKi MOCTIHHO IPOXHUBAIOTH HA
Teputopii Micta TepHominb Ta obnacTi (MOpiBHIBHA Ipyma), 1i 3HaueHHs Oynu Bummmy B 1,2 Ta 1,12 pasza sigmosiguo, p < 0,05. Ouinka
CTPYKTYpHO-(YHKIIOHAIBHOT pe3UCTEHTHOCTI eMali 3a jornomororo TEP-TecTy nokasana, 1o cepesHiii 06ain y 1itell 0CHOBHOI IpyITH CTaHO-
BuB 4,74 + 0,10, mwo B 1,3 pasa nepeBHIIyBaI0 aHAJIOTIYHHIT TOKa3HUK Y MOPIBHIBHIH rpymi — 3,69 + 0,09, p < 0,01.

Kutiouosi ci10Ba: 1iTn, BHYTPIIIHBO NEpeMilieHi 0co0HM, ICHXO0EMOLIHHMI CTaH, Kapiec 3y0iB, pe3UCTEHTHICTh eMalli.

Introduction homes due to the proximity to active combat zones. The

In the 21st century, war at the heart of Europe has
resulted not only in extensive humanitarian losses but also
in unprecedented challenges for Ukraine’s healthcare sys-
tem. Among the most vulnerable populations are internally
displaced children who have been forced to leave their

© Yu. L. Bandrivsky, Ye. V. Osarchuk, 2026

CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT ': B

loss of home, forced relocation, disruption of familiar envi-
ronments, absence or death of family members and peers,
coupled with the persistent exposure to an alarming infor-
mation environment (sirens, explosions, distressing news),
together pose a multifaceted threat to both the somatic and
psycho-emotional health of these children. These factors
collectively hinder normal development and impair physi-
ological functioning [1].

Of particular concern within the context of psycho-
emotional stress is dental enamel, a highly sensitive tis-
sue that undergoes formation and mineralization in close
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interrelation with the endocrine, immune, and nervous
systems [2; 3]. War-induced emotional distress can signifi-
cantly affect salivary flow rate, oral microbiome balance,
salivary pH, and consequently, the enamel’s resistance to
demineralization [4]. Internally displaced children — espe-
cially those of early school age — face an increased risk of
developing dental caries, the most prevalent pediatric oral
disease, particularly in conditions of diminished hygiene
standards and limited access to fluoride-containing preven-
tive agents [5; 6].

The psycho-emotional state of children, including lev-
els of reactive anxiety and depressive symptoms, serves
as a critical mediator in the relationship between adverse
social context and both systemic and oral health outcomes
[7-9]. Empirical studies reveal that children exposed to war
exhibit markedly elevated anxiety levels, which correlate
with poor oral hygiene indicators, reduced salivary pH, and
decreased enamel resistance to acid erosion [10; 11].

To date, the relationship between the psycho-emotional
condition of internally displaced children and the structural-
functional state of dental enamel under prolonged stress
remains insufficiently explored. Investigating this con-
nection is of paramount importance for the development
of effective interdisciplinary prevention and rehabilitation
programs targeting children affected by armed conflict —
underscoring both the timeliness and the critical relevance
of our research.

The aim of the study: to assess the state of structural
and functional enamel resistance, the level of reactive anx-
iety, and the severity of depressive symptoms in children,
with consideration of age, sex, and migration status.

Materials and Methods

The evaluation of dental health and psycho-emotional
status in the study cohort was conducted at the Department
of Pediatric Dentistry, I. Horbachevsky Ternopil National
Medical University of the Ministry of Health of Ukraine,
as well as at the dental clinics “OrthoXperts” and “Dental
Cosmetology” in Ternopil. In accordance with the aims of
the study, a total of 375 school-aged children (aged 6 to
13 years) were examined. Participants were stratified into
two groups: the main group — consisted of 149 internally
displaced children (72 boys and 77 girls), the comparison
group — included 226 children (113 boys and 113 girls) who
were permanent residents of Ternopil and the surrounding
region.

To assess affective disorders in children, two validated
psychological instruments were employed: the Spielberg-
er-Hanin State Anxiety Inventory [12], and the Children’s
Depression Inventory (CDI) by M. Kovacs [13].

Reactive (State) Anxiety, as measured by the Spielberg-
er-Hanin Inventory, reflects the magnitude of emotional
reactivity to acute stress and may vary in severity, dura-
tion, and intensity. The instrument comprises 20 items,
with responses rated on a four-point scale: 1 — “almost
never”’, 2 — “sometimes”, 3 — “often”, and 4 — “almost
always”. A cumulative score < 30 is considered within the
normal range. Scores of 3145 suggest moderate anxiety,
while > 46 is indicative of high anxiety levels.

The Children’s Depression Inventory (CDI) is a psy-
chometrically robust tool for quantifying the range of
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depressive symptoms in children and adolescents aged
6—17 years. It explores core components of affective pathol-
ogy, including: depressed mood, anhedonia (inability to
experience pleasure), somatic and vegetative dysfunctions,
low self-esteem, impaired interpersonal relationships, and
overall severity of depressive symptoms. The CDI contains
27 items, each with three response options scored 0, 1, or 2,
corresponding to increasing symptom severity. The self-re-
ported responses reflect the child’s subjective experience
over the preceding two weeks.

To assess the structural-functional resistance of dental
enamel, the TER-test was employed [14]. The procedure
involved the application of a single drop of 1H hydrochlo-
ric acid to the labial surface of the maxillary central incisor.
After 5 seconds, the acid was rinsed with distilled water,
the surface dried with a cotton pellet, and stained with a
1% aqueous solution of methylene blue. The intensity of
dye uptake was directly proportional to the depth of acid
etching, thereby indicating enamel resistance. It should be
noted that the analysis of the structural-functional resist-
ance of enamel (TER-test) was performed in a subgroup of
children with dental caries (DMF + df > 1). Accordingly,
this stage of the study included 135 children of the main
group and 144 children of the comparative group.

This investigation was conducted in full accordance
with the ethical principles outlined in the Declaration of
Helsinki for research involving human participants. All
necessary precautions were taken to ensure patient confi-
dentiality and informed consent. The study protocol was
approved by the Bioethics Committee of I. Horbachevsky
Ternopil National Medical University, Ministry of Health
of Ukraine (Protocol No. 81, dated April 03, 2025).

Statistical analysis of the data was performed using
Microsoft Excel and Statistica software. Student’s t-test
was used for comparative analysis. Differences were con-
sidered statistically significant at p < 0.05.

Research results and their discussion

The study findings demonstrated that among internally
displaced children aged 6 to 13 years (main group), the
absence of depressive symptoms (score < 30) was observed
in only 3.36 + 1.47% of respondents (Fig. 1). This was
6.6 times lower than the corresponding proportion in the
comparison group of same-aged peers residing in Ternopil
and its surrounding region — 22.12 + 2.76%, p < 0.01.

At the same time, mild depression was recorded in
51.68 = 4.09% of children in the main group, which
was 1.3 times less prevalent than in the comparison
group — 65.05 £ 3.17%, p < 0.05. Moderate depression
(scores 41-50) was found in 41.60 + 4.03% of internally
displaced children, a figure 3.2 times higher than among
children in the comparison group — 13.07 = 2.52%,
p < 0.01. Notably, only the group of internally displaced
children included cases of severe depression (scores > 55),
identified in 3.36 + 1.47% of respondents, p <0.01.

More detailed stratification of depressive symptoms by
age and gender is presented in Table 1 and Table 2.

According to Table 1, no cases of severe depression
were recorded among boys or girls in either group aged
6-9 years. However, among internally displaced children,
2.30 £ 1.60% of boys were found to exhibit no signs of
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Main group

\/

3.36% 3.36%

41.60%
51.68%

3

= No Depression Mild Depression

Moderate Depression = Severe Depression

Comparison group

12.83% ‘

65.05%

= No Depression Mild Depression

Moderate Depression

Fig. 1. The structure of depressive disorders in children aged 6 to 13: findings from a clinical cohort study

depression (score < 30), while no cases of depression-free
girls were observed in the same group.

In contrast, the proportion of boys without depres-
sive symptoms in the comparison group was 6.3 times
higher than in the main group, p, < 0.01. Additionally,
8.33 + 2.82% of girls in the comparison group scored
below 30 on the depression inventory, indicating no
depressive symptoms.

Mild depression (3040 points) was recorded in
37.93 + 5.20% of boys and 27.59 + 4.79% of girls in the
main group, p > 0.05, compared to 30.21 + 4.68% and
31.25 £ 4.73% of boys and girls, respectively, in the com-
parison group, p,> 0.05.

Moderate depression (41-55 points) was observed
in 920 + 3.09% of boys in the main group, versus
5.20 £ 2.26% in the comparison group, p,> 0.05. In con-
trast, moderate depression among girls in the study group
was 2.2 times more frequent than among their peers in the
comparison group, pl <0.05.

For children aged 10-13 years (Table 2), the absence
of depression was observed in 4.83 + 1.72% of inter-
nally displaced boys, compared to 12.30 + 2.88% of boys
in the comparison group — 2.5 times higher. Meanwhile,
9.23 4+ 2.53% of girls in the comparison group were free

from depressive symptoms, whereas no such cases were
identified among girls in the study group, p, p, < 0.01.

Mild depression (30—40 points) was found to be more
common in the comparison group than the main group:
2.2 times more frequent in boys, and 2.0 times more fre-
quent in girls, p > 0.05, p, < 0.05. Conversely, moderate
depression was significantly more prevalent among dis-
placed children: 3.9 times higher in boys and 6.6 times
higher in girls, compared to the comparison group, p <0.01.

Importantly, severe depression (scores > 55) was
observed exclusively among children aged 10-13 in the
main group: 3.23 £+ 1.24% of boys and 4.84 + 2.72% of
girls, p <0.01.

An evaluation of reactive anxiety (RA) levels among
children aged 6 to 13 years (Fig. 2) revealed that the
absence of reactive anxiety (score <30) was identified
in 4.70 £ 1.73% of internally displaced children (main
group), compared to a significantly higher proportion —
15.04 + 2.37% — among children permanently residing in
Ternopil and the surrounding region (comparison group), a
difference of 3.2-fold, p < 0.01.

Moderate levels of reactive anxiety (scores between
31-45) were observed in the majority of participants
across both cohorts: 69.13 £ 3.78% in the main group and

Table 1
Quantitative and gender distribution of children aged 6 to 9 years with depressive disorders in the study cohort
. Main group (n = 87) Comparison group (n = 96)
Level of depression Boys (n = 43) Girls (n = 44) Boys (n = 48) Girls (n=48)
2
. < 14 8
Less than 30 points 230 £ 1.60 _ - -
(no depression) . 14,53 £3.59 8.33+2.82
30—40 points 33 24 29 L
(mild depression) 37.93+£520 27.59+4.79 30.21+4.68 31.25+4.73
20

41-55 points 8 0 5 L
(moderate depression) 0.20+3.09 23.0 :*i‘ﬂ 5.2%£2.26 1041311
More than 55 points _ _ _ _
(severe depression)

Notes: »» p < 0,01 — a statistically significant difference in values relative to data for boys;
*p,<0,01; ** p < 0,05 — a statistically significant difference in values relative to data in the comparison group.
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Table 2

Quantitative and gender distribution of children aged 10 to 13 years with depressive disorders

in the study cohort

Level of depression

Main group (n = 62)

Comparison group (n = 130)

Boys (n =29) Girls (n = 33) Boys (n = 65) Girls (n = 65)
3
. 16 12
Less than 30 points 1835172 _ : —
(no depression) . 12.30+£2.88 9.23+2.53
9 11
30—40 points SV T WL T7 714 2% 41 A7
. . 14.51£4.47 17.74£4.85 T o P
(mild depression) o . 31.54+4.07 36.16+£4.21
15 19
41-55 points ST oI E o3 P — 8 L
(moderate depression) 24,19£343 30,66+ 5,85 6.15+2.10 4162+1.84
More than 55 points 2 3 _
(severe depression) 323+£1,24 4,84 £2.72 B

Notes: * p,<0,01; ** p < 0,05 — a statistically significant difference in values relative to data in the comparison group.

72.12 £2.98% in the comparison group, with no statistically
significant difference between them, p > 0.05. High
reactive anxiety levels (> 46 points) were documented in
26.17 + 3.60% of the internally displaced children — twice
as frequent as in their peers from the comparison group,

where the figure stood at 12.83 + 2.22%, p < 0.01.

absence of anxiety — 3.13 + 1.77%, p < 0.01.

According to Table 3, the absence of reactive anxiety
was noted in 3.45 + 0.94% of boys aged 69 years in the
main group, compared to 7.29 + 2.65% of boys in the same
age bracket in the comparison group, p > 0.05. Notably,
in the comparison group, only girls demonstrated complete

Main group

man

69.13 %

Comparison group

.l

72.12%

4.70%

= Severe = Absent Moderate = Severe

Moderate

= Absent

Fig. 2. Structure of reactive anxiety in children aged 6 to 13: comparative analysis across study groups

Table 3
Quantitative and gender-based distribution of children aged 6 to 9 years in the study groups according
to levels of reactive anxiety

Level of reactive Main group (n = 87) Comparison group (n = 96)
anxiety Boys (n =43) Girls (n = 44) Boys (n =48) Girls (n = 48)
Up to 30 points 3 _ # ;
(absent) 3.45£0.94 7.20 £2.65 3.13=1.77
31-45 points 34 27 39 L
(moderate) 39.08+£5.23 31034095 40.63+=5.01 39.58+499
6 17
46 points “on o A1 Y TEVEY Z 7
(high) 6.90*;-.71 19.54:*4.-5 2.08 £ 0.95 7.20+265

Note: *» p < 0,01 — a statistically significant difference in values relative to data for boys;

** p, < 0,05 — a statistically significant difference in values relative to data in the comparison group.
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Moderate anxiety in children aged 6-9 was found in
39.08 +5.23% ofboys and 31.03 £4.95% of girls in the main
group, p > 0.05, while similar values were observed among
their counterparts in the comparison group: 40.63 + 5.01%
in boys and 39.58 £ 4.99% in girls, p, p,> 0.05.

However, high reactive anxiety (= 46 points) was
more prevalent among children aged 6-9 in the main
group compared to their counterparts in the comparison
group — 3.3 times more frequent in boys and 2.7 times in
girls, though this difference reached statistical significance
only in the latter, p > 0.05 for boys, p, < 0.05 for girls.

Among older children aged 10-13 years, the absence
of anxiety was observed only in 6.45 + 3.12% of boys in
the main group, p < 0.01, and in 11.53 + 2.80% of boys,
p>0.05, and 6.92 £ 2.22% of girls, p < 0.01 in the compar-
ison group (Table 4).

Moderate levels of reactive anxiety predominated in
both groups across sexes in this age range. In the main
group, these figures ranged from 35.48 + 6.07% in boys to
32.26 +5.93% in girls, p, p, > 0.05, while in the comparison
group, the rates were 35.38 = 4.19% and 30.77 + 4.04% for
boys and girls, respectively, p > 0.05.

Importantly, high reactive anxiety in the 10-13 age
group was more frequently observed among girls across
both cohorts. Within the main group, this rate exceeded that
of the comparison group by a factor of 1.7 (20.96 £ 5.16%
vs. 12.32 £+ 2.88%, p < 0.05, p, > 0.05). Conversely,
among boys aged 10-13, high anxiety was recorded in
4.84 + 2.72% in the main group versus 3.08 + 1.51% in the
comparison group, p > 0.05.

Thus, it can be asserted that children aged 6 to 13 years
with dental caries in both study cohorts exhibited elevated

levels of psychoemotional stress. However, internally dis-
placed children in the main study group were more fre-
quently diagnosed with moderate to high levels of depres-
sive states and reactive anxiety. It is also noteworthy that
among girls aged 6-13 years, moderate to high-intensity
psychoemotional disturbances were observed more fre-
quently than among boys in both the main and comparison
groups.

The structural-functional condition of enamel in
children aged 6-9 years from the study groups is presented
in Table 5. The highest TER-test values — 5.12 = 0.11 and
5.03 £0.10 points — were recorded among 6- and 7-year-old
children in the main group, respectively, pl > 0.05. These
TER-test values in 6- and 7-year-olds indicated a medium
level of enamel structural-functional resistance. In contrast,
their peers in the comparison group showed slightly lower
TER-test scores — 4.07 += 0.09 and 3.92 + 0.09 points,
respectively, p < 0.01 — although, by test criteria, these too
fell within the medium resistance range.

Among 8- to 9-year-old internally displaced children in
the main group, TER-test values showed a declining trend:
from 4.86 + 0.08 points at age 8, p,> 0.05, to 4.75 = 0.06
points at age 9, p, < 0.05. Simultaneously, age-matched
children from the comparison group residing in Ternopil
city and region demonstrated TER-test values that were,
on average, 1.3 times lower than those in the main group,
p<0.01.

According to TER-test criteria, the structural-func-
tional enamel condition in 8-9-year-old children indicated
medium resistance in the main group and high-to-medium
resistance in the comparison group. Notably, TER-test
values among 6—9-year-old children in the main group

Table 4

Quantitative and gender-based distribution of children aged 10 to 13 years in the study groups according
to levels of reactive anxiety

. Main group (n = 62) Comparison group (n = 130)
Level of reactive
anxiety . .
Boys (n =29) Girls (n =33) Boys (n = 65) Girls (n = 65)
Up to 30 points 4 B 15 9
(absent) 6.46 £3.17 11.53+2.80 6.92£2.22
31-45 points 22 20 46 40
(moderate) 35.48+6.07 32.26+593 35.38+4.19 30.77+4.04
13 16
46 points 3 T —— 4 S35 15 5%
. _ + P ———— 1232288
(high) 484272 20.96+5,16 3.08 % 1.51 -

Note: »* p < 0,05 — a statistically significant difference in values relative to data for boys.

Table 5
The significance of enamel resistance test indices in children aged 69 years with dental caries (DMFT + df)
Age, years
Research groups 6 years 7 years 8 years 9 years Average value
?ﬁein%oup 5,12+0,11° 5,03+ 0,10° 4,86 +0,08° 4,75 + 0,06 4,94 £ 0,09
(Cn"inspg;ls"“ group 4,07+0,09 3,92+0,09 3,84+ 0,08 3,73 0,05 3,89+ 0,08

Notes: * p < 0,01 — a statistically significant difference in values relative to data in the comparison group.
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were 1.3 times higher than in their counterparts in the com-
parison group, p <0.01.

In children aged 10-13 years from the main group,
TER-test values ranged from 4.63 + 0.14 points at age 10 to
4.23 £ 0.09 points at age 13, p,> 0.05. Throughout all age
subgroups, children in the main cohort consistently exhib-
ited higher TER-test scores than their peers in the compari-
son group, p <0.01. On average, children aged 10—13 years
in the main group demonstrated TER-test scores that were
approximately 1.3 times higher than those in the compari-
son group —4.54 +0.13 vs. 3.49 + 0.11 points, respectively,
p <0.01 (Table 6).

KJITHIYHA IIPAKTHUKA

The findings of this study revealed a markedly high
level of psycho-emotional maladjustment among internally
displaced children (main study group) aged 6 to 13 years.
This was evidenced by an exceptionally high prevalence
of depressive disorders (96.64%) and reactive anxiety
(95.30%). When compared to their peers residing perma-
nently in the city of Ternopil and its surrounding region
(comparison group), these indicators were 1.2 times and
1.12 times higher, respectively, p < 0.05.

Assessment of the structural and functional resistance
of enamel using the TER-test demonstrated that the mean
score in the main group was 4.74 + 0.10, significantly

Table 6
The significance of enamel resistance test indices in children aged 10-13 years with dental caries (DMFT + df)
Age, years
Research groups Average value
10 years 11 years 12 years 13 years
?ﬁﬂnsgoup 4,63 0,14 4,750,160 4,56+ 0,11 4,23 0,09 4,54 40,13
(Cn"‘:ngg?son group 3,62+ 0,12 3,70+ 0,13 3,42+ 0,09 3,21+0,08 3,49+ 0,11

Notes: * p<0,01 — a statistically significant difference in values relative to data in the comparison group.

exceeding that of the control group — 3.69 + 0.09, p <0.01.
This suggests the presence of reactive compensatory
changes in enamel structure, likely associated with adap-
tive remodeling under conditions of chronic psycho-emo-
tional stress.

These findings are consistent with prior studies demon-
strating the impact of war-related or displacement-induced
psychological stress on mental, somatic, and oral health [15;
16]. For example, Ponomarenko and Kaifie (2023) reported
that over 80% of Ukrainian refugee children in Germany
exhibited clinically significant symptoms of depression [17].
Similarly, Urbanski et al. (2024) found significantly higher
levels of depression and anxiety among displaced Ukrainian
children in Poland compared to their local counterparts [18].
In turn, Golanska et al. (2021) emphasized the link between
chronic stress and compromised enamel integrity, including
microdamage and increased dental hypersensitivity [19].
A comprehensive review by Jankovic-Rancovic and Pant-
er-Brick (2024) concluded that war and displacement exert
both neuropsychological and somatic effects on children,
particularly influencing endocrine mechanisms involved in
enamel remineralization [20].

Our results confirm a multifactorial relationship
between children's psycho-emotional condition, migratory
status, and the structural-functional parameters of dental
enamel. War-induced psychological stress appears to be a
significant risk factor not only for mental health but also for
oral health outcomes in children.

Conclusions

Thus, as a result of the conducted research, it was found
that internally displaced children aged 6 to 13 years (the
main study group) exhibited significantly higher frequen-
cies of moderate to high levels of reactive anxiety and
depressive symptoms, with a marked predominance among
girls. Notably, the TER-test scores in this cohort exceeded
those observed in the comparison group by a factor of 1.3
(p <0.01), indicating a meaningful contribution of psych-
oemotional stress to the alteration of enamel’s structural
and functional resistance.

Prospects for Further Research. Future research aims
to identify genetic markers or polymorphisms that underlie
individual variability in salivary gland responses to psych-
oemotional stress.
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BuBueHo xopemsiniiiHi 3a1eXHOCTI MiX piBHAME MeTrnrIiokcanto (MITJI), B-2-mikporo6yniny (Mapkepa riikamii GiIKiB Ta MOIIKOKEH-
HS HUPKOBUX KaHANBIIIB) Ta JEHKOMTApHUM iHIekcoM iHTokcuKarii (JIII) y comaTnaHo 310poBUX 0cid Ta XBOPHX HA TOCTPHH Mi€TOHEHPUT
(T'II) 3a HasBHOCTI ItyKkpoBoro aiabety (LT).

Bcranosneno 3Hauyme 3poctanss JIII y xsopux Ha I'I1 i3 I/1, mo miaTBepmkye narorenetHaHy poiub L] y po3utky 3amanenss. Buss-
neHi goctoBipHi kopemsnii Mk MIJI, B-2-mikpormoOyninoM Ta JIII cBifgdaTh mpo MOXKIMBICTD iX 3aCTOCYBAaHHS SIK OiOMapKepiB I OLIHKH
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The aim of the work is to conduct the analysis and study the correlation between the levels of methylglyoxal, a marker of early protein
glycation- B-2-microglobulin — a protein that indicates the presence of damaged renal tubules, and the leukocyte intoxication index in the
peripheral blood of somatically healthy people and patients with acute pyelonephritis and type II diabetes mellitus.

The results obtained indicate the presence of a pronounced positive relationship between the indicators of the inflammatory process
marker in AP and concomitant diabetes.

Conclusions. A statistically significant increase in the level of MGL and -2 — microglobulin in blood plasma was established in patients
with AP and concomitant diabetes, which indicates the intensification of protein glycation processes in the body and damage to protein
ultrastructures in kidney tissues and indicates the important role of concomitant diabetes in the development of functional renal complications
in the pathological condition under study. A significant increase in the level of LII in the blood of patients with AP with concomitant diabetes
was found, which indicates the pathogenetic role of concomitant diabetes in the development of an unfavorable course of the inflammatory
process in the kidneys. The revealed significant correlation coefficient in AP and concomitant diabetes in blood between the levels of MGL
and B-2-microglobulin and MGL and the LII index, as well as between the values of 3-2-microglobulin and LI, indicates the possibility of
using these indicators as biomarkers, in particular B-2-microglobulin and LII, to assess the nature and predict the course of the pathological
condition under study.

Keywords: pyelonephritis, diabetes, p-2-microglobulin, intoxication index.
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Beryn

[Mutanas cBoeyacHOI iH(OPMATHBHOI MiarHOCTHKH
Ta JIKyBaHHS I1H(EKIIHO-3aMaIbHOTO IMPOIECY B HHUP-
Kax y XBOpuX Ha Itykposuii miadet (L[/1), He3Baxatoun Ha
Cy4YacHi IOCATHEHHS Y BUBUCHHI HOTr0O MaroreHesy Ta po3-
poOKy HOBUX (papMaKOTEpaneBTUYHUX 3aco0iB, Ha IIeH
Yac JIUIIAIOTHCS ONHIEID 3 aKTYaJIbHUX MPOOJIEeM i MoTpe-
OyIOTh TOJJAVIBIINX HAyKOBHX PO3POOOK. Y HAayKOBHX Ipa-
LSIX OOTOBOPIOIOTHCSI MUTAHHS IIOJI0 OCOOIMBOCTEH JIKY-
BaJIbHOI cTparerii xBopux Ha roctpuii mienonedput (I'TD),
OOTPYHTOBAHOCTI 3aCTOCYBaHHS MapKepiB 3alajeHHs B
CHpOBATIII KPOBi B HEYCKJIATHCHHWX BHUMamkax tomo [l].
OcobnmBa yBara MpHUIUTIETHCS HEOOXIAHOCTI ypaxyBaHHS
HAsSBHOCTI NIEBHHUX CYIyTHIX 3aXBOPIOBaHb, 30KpeMa L[J]
2-ro THITy, 0 MOXE€ CYTTE€BO ycKianHioBaru nepebir I'TI
Ta CHOPUSITH PO3BUTKY HE3BOPOTHUX 3MiH B YIBTPACTPYKTY-
pax Hupk [2]. [IpomoBKy€eThCs BUBYEHHS TATOT€HETHYHOT
POJIi KiHIIEBUX MPOAYKTIB IIiKallii, 30KpeMa METUIIIITIOK-
Ccallio, y PO3BUTKY OKPEMHX 3aXBOPIOBaHb HUPOK i3 CYIyT-
nim LT [3-5].

VY nmocnipkeHHsX Ha OIypax i3 METOI0 BHSBICHHS
paHHIX MapkepiB OyJI0 MPOBEJECHO MOJIETIOBAHHS IIENIO-
He(ppUTy 3 BHUKOPHCTAHHSAM YPOIATOTCHHOI KHIIKOBOI
MATHYKA. Y CHPOBATII KPOBI CIIOCTEPIiraiucs 3MiHU PiBHIB
KIIACTEPHHY, OiNKa, 1m0 3B’ s13ye sxupHi kuciotu (L-FABP),
Ta CIIiBBiIHOIIEHHS KJIACTepHH / KPeaTHHiH, a B cedi — 3Ha-
4Hi 3MiHH piBHA Hinokaniny (NGAL), L-FABP, monexynu
notkopkeHHs: HUpok (KIM-1), nucraruny C, criBBinHO-
menns KIM-1 / kpearunin, nucrarudy C / KpeaTHHiH Ta
L-FABP / kpearunin. ABropamu 3po0JeHO BUCHOBOK PO
JOLUTBHICTh YpaxyBaHHsS OloMapKepiB y paHHIH JiarHoc-
TUL MieT0HePPUTY [6].

VY xBopux Ha [Tl BcTaHOBIEHO, IO OAHOYACHO i3
3arajJbHO BiJOMMMH J1a0OpaTOpHUMH O3HAKaMu (3MiHH
IIOE, piBeHb JICHKOIMTO3y Ta iH.) BHSBISETHCS IOPY-
IIEHHS ITOKa3HWKa CEpeIHbOr0 00’€My TPOMOOIHTIB, IO
Moke OyTH MapkepoM 3amaneHHs B pasi ['TI [7].

V KINHIYHUX TOCHIDKEHHX i1 9ac 00CTEXEHHS Malli-
€HTIB 13 TOCTPUM ITi€TOHE(PPUTOM aBTOpaMH BiI3HAUCHA
MPOTHOCTHYHA IIHHICTh PIBHS OIJIKOBOTO Mapkepa cerl-
THUYHHX 3MiH — IIPECENICHHY B Cedi 3a JI0IIOMOTOI0 CTaTHC-
tuuHoro ROC-ananizy. BcTanoBieHo, 1110 OKa3HUK PiBHS
MIPECernCuHy B cedi MO)KHa BUKOPHCTOBYBaTH B JU(epeH-
mikHik giarmoctuni T [7].

Byno 3anporoHoBaHO HOMOTrpamy JUIs JiarHOCTHKH
I'Tl Ta peKOMEHI0BAaHO /10 MPAKTHYHOTO BUKOPHUCTAHHS B
KIHIYHUX YMOBAaX, IO MICTHJIA JaHi i/ 9ac JTMXOMaHKH,
piBeHb C-peakTUBHOTO OiJIKa Ta MPOKAIBIIUTOHIHY B CHPO-
BaTIi KPOBi, a TAKOX JONATKOBI MaHi coOHOTpadii HUPOK i
ceJoBoro Mixypa [8].

Baratodakropauii aHami3 WiATBEpAMB, MO0 PiBHI
C-peakTtuBHOrO OiNKa Ta HEUTPODIILHOTO IHAEKCY Halie-
xathb 70 npeaukropis ['T1 [9].

BcraHoBneHo, 1110 BU3HAUSHHS! BMICTY B Ce4l HU3bKO-
MOJIEKYJIIPHOTO OiJka a-1-MikpornoOyiiHy € eekTHBHUM
METOJIOM JJIsl PAaHHBOTO BUSIBJICHHS MOLIKOKEHb KaHAJIb-
LB y XBOpHX Ha miesoHedpur [10].

CTOCOBHO 3MiH CTaHy NpoO- Ta aHTHOKCHIAHTHOI CHC-
TEMH 32 HaIBHOCTI TOCTPOTO Mi€IOHe(PPUTY HaBEACHI AaHi
TIPO 3POCTaHHS PiBHS MOKA3HUKIB OKCHJATHBHOTO CTPECY
Ha I 3HWKEHHS MOKA3HUKIB aHTHOKCHIAHTHOI CHCTEMH,

o € xapakrepHuMm Juisi [Tl Ta cBiqUuTh PO XpOHI3allifo
3ananpHoro mnpouecy [11].

VY HammX nonepeHixX eKCIepUMEHTaAITbHIX JI0CIIIKEH-
HSIX Ha IIypax BUBYEHO PiBEHb Ta KOPEJSILIHHY 3aJI€XKHICTh
MiX TaKMMH TIOKa3HUKaMH, K PiBHi mpocrarmanauny E,,
neiikorpieny B,, ¢parmentosanoi JHK (IAHK), B-2-
MIKpOIJIOOyITiHY, JICHKOIMTapHUN IHACKC 1HTOKCHKAIIIT
(JIIT), xmipeHC KpeaTuHiHY, akTHBHICTH N-anetwi-f-D-
moko3aMiHigasu [7; 11-18]. Bymo mokasano, 1o 3a3Ha4eHi
MMOKAa3HUKH MAalOTh [OCTOBIPHO 3HAUYIIUI ITO3UTHBHHUN
PiBEHb KOPETAIIHHOI 3a7eKHOCTI MiX cCOo00I0 Ta BiJirpa-
IOTh IIATOTeHETHYHY poJib y niepediry I'TI, ocobnuBo B pasi
1. oBeneHo, 1o 3anponoHOBaHa MareMaTUYHa MOJENb
13 JIOTICTUYHOIO PErpeci€lo 1a€ MOXKINBICTh IIPOTHO3YBaTH
XapakTep PO3BUTKY I1aTOJOTIYHOTO MPOIIECY, & TAKOXK OIli-
HIOBAaTH €(EKTUBHICTh (PapMaKOKOPEKIIii.

VY kniHiYHUX nochimpkeHHsx xBopux Ha [T Ta IIJ]
II Tunmy Hamu Oyna nmocimimpkeHa sik OioMapkepu 3HadHa
KUTBKiCTh TEMATONIOTIYHIX Ta 010XiMIYHUX MTOKA3HUKIB —
MIJI, mposzamanbHi eiko3aHOinm, B-2-MiKpOTIOOYIiH,
iHIeKC 1HTOKCHKaNii, HepocmenudidHi MOKAZHUKA
tomio [11; 16; 18].

Hamr Bubip 06ymMOBII€HO BUCOKHM PiBHEM JOBEAECHOCTI
[aTOTeHETUYHOI POl 3a3HAYEHUX HOKA3HUKIB Y PO3BUTKY
I'TI 3a masBHOCTI I/], 1110 Oyio mpencTaBieHO B IMOMEpe-
NHIX JOKMIHIYHUX JOCIIIHKEHHIX.

Meta po6oTH — MPOBECTH CTATHCTHYHHUN aHAIi3 Ta
BUBUUTH KOPEIILIHHY 3aJI€KHICTh MIX PIBHSAMH METHII-
IJTIOKCaJfo, Mapkepa paHHBOTO IIIKOJI3y OUIKiB — [-2-
MIKpOmI00yIiHy, IO CBIYUTH PO HASBHICTH ITOIIKO/DKE-
HUX HUPKOBUX KAaHAIIBLIB, TA JICHKOLUTAPHUM iHICKCOM
IHTOKCHKAIIi B Iepru()epUIHii KPOBI COMAaTUIHO 3IOPOBHUX
JONIel Ta XBOPHUX Ha TOCTPHUHA Mi€TOHE(PHUT Ta IIyKPOBHI
niaber II Tumy.

Marepiaju Ta MeTOIH AOCTiTZKEHH S

O06cTexeno 29 comMaTHYHO 3I0POBHX Jtozeit, 35 mari-
€HTIB, XBOpHX Ha roctpuii mienonedpur (I'TD), Ta 134 nai-
enrty 3 ['T] Ta iykpoBum miaderom 11 Tumy (LIJ).

Jlist IpoBENeHHsT MOJANBIINX JOCIIKEHb 13 METOI0
NIPOTHO3YBaHHs Xapakrepy mnepebiry I'TI y xBopux Ha
LI 2-ro tumy mu oOcTexkmmn 169 mamieHTiB i BUBYMIA
TPU TOKAa3HUKHA — PIBEHh METWIIIIOKCANIO, BMIicT [3-2-
MIKpOIJIOOYJTiHYy B KpPOBI Ta BEIMYHMHY JCHKOIUTApHOTO
ingexcy iHTtokcukarnii (JIII), sxi BusiBruTHCS HaniH(pOpMa-
TUBHIIIAMU B OLIHII ITepediry maTosorii Ta € eKCIepuMeH-
TaJbHO OOTPYHTOBAHUMHU.

VY miaa3mi KpoBi BU3HAYAIH BMICT [3-2-MIKpPOIIOOYITiHY
Ta METWINIOKcano. Y mnepudepuyHii KpoBl BH3HaYAIIU
TeMaTOJIOTIYHI TOKa3HUKH Ta PO3PaXOBYBAJIH JICHKOIIUTAP-
Huil iHgeke inTokcukarii (JIII).

[TpoBeneHO OLIHKY KOpEJSIIHHOT 3aJI€KHOCTI MIXK piB-
HeM Metmintiokcamo (MIJI) — mapkepoM paHHBOT TiTiKalii
OinKiB, P-2-MiKpOrI00yIIiHOM — OLIKOM, IO CBIIYHUTH HPO
HasBHICTb MOIIKOIKEHb HUPKOBHX KaHAJIBIIIB, Ta JICHKO-
nuTapHuUM iHIekcoM iHTokcukamii (JIII) y mepudepnyaniit
KpOBI TAIli€HTIB.

Hamu poseneno, mo MIJI € BU3HaHUM MapKepoM
paHHBOI IIiKaIii O61JIKiB, 0COOIMBO B TiEPIITIKEMIYHOMY
craui [4; 14], a B-2-mikporoOynin ta JIII — remaroso-
riYHI MOKa3HUKH, sIKi € iHpOopMaTHBHUMH OioMapKepamu
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HasIBHOCTI TTOIIKO/PKEHHS HUPKOBHUX KaHaJbIIIB Ta aKTHB-
HocTi iH(eKkuiliHO-3anabHOTO Mpouecy B opraHismi [11;
13; 15; 16].

JlocIipKeHHsT TPOBEJEHO 3TiNHO 3 MPOTOKOJIOM 3aci-
nmanas Komicil 3 nuranp 0ioetuku OnechbKoro HalioHalIb-
Horo MenmuHoro yHiBepcurery Ne 118A Bim 9 uepBHS
2017 p., OTpUMaHO IMTUCHMOBY 3TOJy MAIIEHTIB Ha 00POOKY
X MepcoHaNBHUX JAHUX.

[IpoBeneHO KOpeNAmiHHUN aHAalli3 OTPUMAaHUX TaHUX,
BipoTimHICTE BimMiHHOCTEH — Ha piBHI p < 0,05 3a Ilip-
COHOM.

OTpumMaHi J1aHi CTAaTUCTUYHO OOpOOJISIIU 3a JOMOMO-
rOI0 CTaTHCTUYHOTO IpOrpamMHOro 3abesmeucHus JASP
[17] 3 BuKOpHCcTaHHsAM t-KpuTepito Ct’rofieHTa.

Pe3ynbTaTu fociizkeHHs Ta iX 00roBOpeHHs

Hamu BcranoBneHo, mo y xBopux Ha [Tl piBeHb
METWITTIOKCATIO B TUIA3Mi KPOBI CTaTHCTHYHO 3HAYYIIE
niaBummBCes Ha 32,2% mopiBHAHO 3 KOHTpojeM (Tadi. 1).
VY xBopux Ha Il i3 LI/l Bim3HaueHO 3pOCTaHHS pIBHS
METWIITIOKCAIIO B Ia3Mi KpoBi Ha 98,7% mopiBHAHO 3
KoHTposeM Ta Ha 50,3% — MOPIBHAHO 3 TaHUMU TPYIIH XBO-
pux Ha ['TI.

O1iHIOI0YH piBeHb B-2-MiKpOIIOOYIiHY B I1a3Mi KPOBi
y xBopux Ha I'Tl, BctanoBunm mixBumieHHs Ha 115,5%,
toxi sik y xBopux Ha [Tl i3 LIJ] piBeHb LbOTO MOKa3HUKA
3poctaB Ha 191,5% mopiBHSHO 3 KOHTpOJIEM. Y XBOpUX Ha
I'Tl i3 /1 piBenb B-2-MikpomioOymiHy B Ij1a3Mi KpoBi OyB
i IBUIIECHAUA CTATHCTUYHO Ha 35,3% MOPIBHIHO 3 XBOPHMU
Ha I'TL

CTOCOBHO JIEHKOLIMTAPHOTO 1HIEKCY IHTOKCHKAIi BcTa-
HOBJIEHO 3POCTaHHS PiBHS I[bOTO TMOKa3HMKa Ha 124,5% y
kpoBi xBopux Ha I'TI Ta Ha 216,3% y xBopux Ha I'TI i3 LI/T
MOpiBHSAHO 3 KoHTponeM. Ilpu mpomy y xBopux Ha I'Tl Ta
II/] BcTanoBneHo craructudHe migsumieHas pius JIII B
kpoBi Ha 40,9% nopiBHsAHO 3 XxBopuMu Ha ['TL.

3rigHo 3 Hammmu Janumu piBeHb JIII B kpoBi xBo-
pux Ha I'TI, a takox y pasi I'TI Ta II/] Bkasye Ha cepen-
Hill cTymiHb iHTOKCHKali [14], Toxi sik 3a HasiBHOCTI ['T1 Ta
I/ 3nagenns JIII Oymu cTaTUCTUYHO BUILI, IO CBIIYHUTH
PO 3pOCTaHHS EHIOTCHHOI IHTOKCHKamlii Ta akTUBHOCTI
3anajJbHOTO TPOIeCy B HUPKAX IOPIBHIHO i3 XBOPUMH Ha
I'TI (Tabm. 2).

Buseneni MeTaboigHi MOPYIICHAS B KPOBI XBOPHUX Ha
I'TL, ocobmuBo B pazi I'TI Ta LI/], a came 3pocTaHHs piBHS
METHITIIOKCAII0 Ta -2-MiKporToOyliHy sSK OiomMapkepiB

KJITHIYHA IIPAKTHUKA

MaTOJIOTIYHOTO CTaHy, CBiAYATh MPO MATOT€HETHYHY POJIb
LIJ] B po3BUTKY YABTPAaCTPYKTYPHHX Ta (DYHKIIOHAJIBHUX
3MiH Ta YCKJIaJHEHb y HUPKOBIH TKaHMHI. TakuM 4HHOM,
smenuieHHs piBHiB MITJI, B-2-MI ta JIII B kpoBi XBOpHX Ha
I'TT Ta IIJI cBigunTh mpo BiAHOBICHHS (PyHKIIOHAIHEHOTO
CTaHy HUPOK 1 3HW)KEHHSI aKTUBHOCTI 3alaJIbHOTO TIPOIIECy
B JOCHIKYBaHOMY TIaTOJIOTIYHOMY CTaHi.

JleiixonnTapHUi iHOEKC OOYUCIIOBATIH, BHKOPUCTOBY-
104U MaTeMaTH4IHy (GopmyiTy:

MonndikoBanuil JTeHKOIMUTApHUI 1HAEKC 1HTOKCHKA-
uii (JII), 3a B. K. OctpoBchkum (JIII), — criBBigHOIIICHHS
HEHTPODLIIB (MIETONUTH, METAMIETONUTH, FOHI, TTAJIOYKOSI-
JIEPHI, CErMEHTOSsICPHI) 10 JTiM(OIKTIB, MOHOIIUTIB, €O3H-
Ho¢miB (OctpoBebkuii, 1983, 2006):

JII = (¢ + 1+ 1 + M) / (iMd + MOH + €03),

JIe ¢ — CEerMEeHTOsIepHI HeUTpodinm, m — majandKos-
JIepHI HEUTPOP1ITH, 0 — FOHI, MII — MIEJOILMTH, JIIM{} — JTiM-
(OLUTH, MOH — MOHOIIUTH, €03 — eco3uHodinu [18].

[Tix yac nmpoBeeHHS aHai3y JeliKounTapHoi Gpopmynu
namieHTiB i3 roctpum mienonedpurom (I'TI) Oymo Biami-
YEeHO JOCTOBIpHE 3MEHIIECHHS KUIBKOCTI €03MHO(DINiB Ha
79,5% TOpIBHIHO 3 TPYIOIO KOHTPOJIIO, TOAL SK B OCIO 3
I'TT 3a masgBHOCTI LI/] ix BMmicT cranoBuB 1,20%. Xapax-
TepHUM Oyno noctoBipHe 30umpmeHHS y 3,2 1 3,4 paza
KUTBKOCTI TaNHYKOANCPHUX HEHTpo(dimiB MOpIBHIHO 3
TPYIIOI0 KOHTPOMIIO (3CYB JIEHKOIIUTApHOI (hOPMYIH BIIIiBO,
y 0ik He3pinux ¢opm). Taki 3MiHH IpUTaMaHHI TOCTPOMY
3anajibHOMy Tporecy. KinbKicTh 3pIMX CerMeHTosiiep-
HUX HelTpodiniB 3Ha4HO 30iMbIMIack — Ha 11,9% y rpymi
I'Tl + . e cBimunuTh mMpo 3pOCTaHHS aKTUBHOCTI KITi-
TUHHOI JIaHKW IMyHiTeTy. BincoTok JiMQonuTiB CyTTEBO
3meHnmBes: Ha 24,2% y nanientiB rpymnu I'TI ta va 36,3%
y rpyni I'TI Ta L1/]. He3Baxaroun Ha Te 110 piBHI AOCITiIKE-
HUX TTOKAa3HUKIB repedyBany B Mexax pe)epeHTHHX 3Ha-
YeHb, TaKi 3MiHH CBiYaTh MPO aKTUBHICTH peakiiii TyMo-
panbHOTO iMyHIiTeTY. [IpUCYTHICTD IMIa3MaTHYHUX KIIITHH Y
3pa3kax KpoBi okpemux marieHTiB rpyma I'I1 i3 LJ] moxe
CBITYUTH TIPO HASABHICTh TEHIEHINI J0 XpoHi3amii 3ama-
neHHs1. Po3paxyHOK JIeWKOIIMTapHOTO 1HJIEKCY IHTOKCHKAITIT
(JIIT) mae MOXKIMBICTD BU3HAYUTH BUPAYKCHICTh AKTUBHOCTI
3aMajbHOTO MPOIIECY Ta CTYIIHb CHIOTCHHOI IHTOKCHKAIIII.
3a OTpMMaHMMH JJAaHUMH JIMIIE B TMAI€HTIB KOHTPOJIBHOT
rpynu JIII nepeOyBaB y Mexax pedepeHTHOro piBHs, TOAI
sk y narienTiB 3 ['TI ta I['TI, moennanum i3 11 /], nocTtoBipHO
30inpmmBCes: y 2,3 Ta 3,2 pasa BiINoOBiAHO. 3HaYHO OibIa

Tabmmms 1
BwmicT MeTHaraiokcasio ta -2-mikporino0yainy B miaa3mi kposi xsopux i3 I'Il i3 IJI IT Tumy
HocaimxyBani Craructuyni KonTpois XBopi Ha I'TT Xsopi Ha I'l i3 I
MOKA3HUKH MOKA3HUKH (n=29) (n=35) II Tuny (n = 134)
M+m 72,34+ 3,79 95,61 +£5,32 143,74 £7,25
MeTunniokcanb P - < 0,001 < 0,001
(v /) % 100,0 132,2 198,7
P, - - < 0,001
%, — 100,0 150,3
M+m 1,42 £ 0,07 3,06 £0,23 4,14+0,25
fB-2-mikpormoQytin P - < 0,001 <0,001
(vr/1) % 100,0 215,5 291,5
p, - - < 0,001
%, - 100,0 135,3

IIpumimiu: p — piBeHb BipOTiHOCTI Pi3HHIII JaHUX LIOA0 HOPMH; P, — PiBEHb BIPOTiIHOCTI pi3HHMII AanKX mono rpymu ['TI.
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KJITHIYHA IIPAKTHKA

Tabmuusg 2

BiacoTkoBuii BMicT pi3HMX BH/IB JeHKOIUTIB y KPOBi Nali€HTIiB 3 rocTpUM Hi€JoOHeppUTOM
3a HASIBHOCTI IYKPOBOIO iadeTy

I'pynu nauienrtin
Buau nelikonuTin ITokazHuku Konrpoan I INIE 10
(n=29) (n=35) (n=134)
M+m 0,83 + 0,09 0,17 £0,06* 0,01 £0,01*
Eozunodinn SD 0,468 0,355 0,086
% 100 20,5 1,20
) M+tm 1,97 £0,31 6,37 £ 0,42% 6,78 £ 0,16*
Mamkosnepyi SD 1,657 2,462 1,808
HeiTpodinu
% 100 323,4 3442
. M+m 60,55 +1,09 64,46 +0,72* 67,75+ 0,27*f
CermenTosnepui SD 5,883 4,280 3,113
HeHlTpodinu
% 100 106,5 111,9
M+m 31,38 £ 0,94 23,80 +0,71* 20,02 + 0,20%7
Tlimgouutu SD 5,081 420 2,344
% 100 75,8 63,7
M+m 5,66+ 0,28 5,49+ 0,29 5,47+0,15
MoHouuTH SD 1,495 1,716 1,780
% 100 96,9 96,6
TIa3mMarnyHi KIITHHA M=+m 0 0 0,06 +0,02
SD 0,268
. L. M+m 0,98 + 0,04 2,21 +0,07* 3,11 £0,06*+
JleiiouuTaprui injexe SD 0,220 0,414 0,640
iHTOKCHKALIiT
% 100 225,5 317,3

Tpumimku: * — piBeHb BipOTITHOCTI PI3HALI JaHUX MIOO KOHTPOIIO,
p <0,05, § — piBens BiporigHoCTi pi3HULI JaHKX mono rpymu [Tl

SD (standard deviation) — cTanzapTHE BiAXHUICHHS.

CTyMiHb €HJO0reHHO] iHTokcuKanii y rpymnu I'TI i3 LIJ] o0y-
MOBJICHA BHP@XCHUMH MiKPOLUPKYJISATOPHUMH TTOPYILCH-
HSMH, 10 OOYMOBIOIOTH HecupuaTiamBuid mepedir ['TI,
yekimagaenoro L/, i po3BUTOK HE3BOPOTHHX MOPGHOdyHK-
LIOHAJBFHUX 3MiH y HUPKaX.

ITix gyac oocrexxennst xgopux Ha I'TI Ta I'TI i3 [/] Hamu
OTpUMaHI JIaHi, SIKi Y3ro/DKYIOThCS 3 pe3ysibTaTaMH Mole-
PEIHIX TOKIIHIYHUX HOCHTIKEHb.

Pesyneratn KopensLifHOrO aHamizy MK pIBHSAMH
MIJL, B-2-mikpornoOyniny ta JIII B nepudepuyniii kposi
3mopoBux nonedt 1 xBopux Ha I'Tl i3 I/ npexcrasieHi B
Tabmumi 3.

[Tig yac 0OCTEeXKECHHS COMATHYHO 3TOPOBUX 0CI0 HAMH
BCTaHOBJICHO, IO KOeQiIieHT Kopensii cranoBuB: MIJI /
B-2-mikpormobymin — R = 0,53, MIJI / JIII — R = 0,52 Ta
-2-mikpormoOymin / JIIT — R = 0,56.

VYV mamientiB 3 I'Tl koedimienT kopemsmii mocTo-
BipHO MiIBHUIUBCS B mepudepuuniid kposi mixk MIJI Ta
B-2-mikpornoOyninom 10 R = 0,65, mixx MIJI Ta JIII no
R = 0,62 Ta mix B-2-mikpornoOyninom Ta JIII go R = 0,76.

Hamu noseneno, mo y manientis 3 I'Tl, ycknannenum
I/, xoediuieHT Kopensuii 3pocTaB TOPIBHAHO 3 TpY-
noto xBopux Ha ['TI: mixx MIJI ta B-2-mikpornoOyrniHoM
mo R = 0,83, mixxk MIJI ta JIII no R = 0,78 Ta mix B-2-
MikpornoOyminom ta JIII 1o R = 0,82.

JoBezieHo, 0 B3a€MO3B’ 30K MIXK [TOKA3HUKAMH, SKIIO
BpaxXOBYBaTH KOCPIIIEHT KOPETIAIiT, MOXKE Oy TH «CITaOKUM»
(0,01-0,29), «cepenupoi cumm» (0,30-0,69) Ta «CHITBHIAMY»
(0,70-0,99), 3rigHO 3 TPOBEACHUMH HAMH PO3paxXyHKaMHU

3 BUSIBIICHUX KOPEISILIHHUX 3ae)kHOCTel y Tabn. 3 HaBe-
JICHO «CEPEIHBOT CHIIM) Ta CHIIbHI» KOPEISLINHI 3B’ I3KH.

OTtpumMaHi gaHi cBiggars mpo te, mo MIJI € HaliBaxITH-
BIlITMIM TITIKAI[ifHAM peareHTOM, aKTHBHICTh SIKOTO IIPH3BO-
IUTH A0 TOPYIEeHHA (YHKIII OLTKOBHX CTPYKTYp HHPKH
3a ymoB I'TI i3 I1/], a Takox € BUCOKOiH(pOPMATUBHUM Oi0-
MapKepoM LIOJI0 XapakTepy nepediry 3anajibHOro nporecy
B HUpKax 3a YMOB rimepriikemiuHoro crany. OgHouacHO
HaM{ JOBeJleHa BHCOKa 1H(OPMATHUBHICT BU3HAYEHHS
piBHA B-2-mikporoOyniHy Ta 3HaueHb JIII y BctaHOBICHH]
CTYNEHS TSDKKOCTI MaTOJIOTIYHKUX 3MiH y HUPKOBIH MapeH-
XiMi Ta B TIPOTHO31 Nepediry JoCiipKyBaHOTO MaToJIorid-
HOTO CTaHy.

[Ipencrapieni maHi cBigYaTs Mpo Te, IO MMATONOTIYHI
nporecu (HeepMEHTaTHBHA [IIIKAIIis, TOIIKOIKEHHAS Oi1-
KOBHX CTPYKTYp HHUPKOBOI NapeHXIMH, aKTUBHUH 3arab-
HUI mporec), siki BinOyBaroTbes B pasi [Tl ta L1/, inTerpa-
THUBHO MAloTh 0e33allepedHe MaToreHeTHYHEe 3HA4YeHHS, a
JIOCITIJDKEHI TIOKa3HUKH € TIOTEHIIHHIUMHU BUCOKOIH(OopMa-
TUBHUMH OioMapkepaMu aHaji3y nporpecysanss ['T1.

3 oniAay Ha OTPUMAHI JaHi JOBEICHO MAaTOICHETHYHE
Ta MPaKTUYHE 3HAYCHHS ITiJBUIIEHOTO BMICTY HaWOiIbII
paHHBOTO edekTopa Aerpajamnii OIIKOBHX YIBTPacTpPyK-
TYp HUPKH W YTBOPEHHS IOIIKOJDKEHMX Jimiais — MIJI,
IO IHIIIOE 3aIycK Mpo3anaJibHUX (DAKTOPIB, 3aMaTbHUX
Ta npodidpornyanx 3MmiH y pasi I'Tl ma mmi /] 1T Tamy.
Opnouacao MIJI € BucokoiHpoOpMaTHBHUM OioMapKepoM
IIOZ0 MPOTPECYBaHHS 3allAIBHOTO TPOLECY B HUPKAX Y
pasi mykposoro miadery II Tumy.
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Tabmuusg 3

Kopensuiiina 3anexxnicts mMixk piBHavu MIJI, B-2-mikporno0yainy ta JIII B nepudepuyniii kposi 310poBux
gionei i xpopux na I'IT i3 IIJT IT Tumy

IMapu xopensauiiHux 3B’A3KIB RKOHTPO’HB = R rm D R A =
MIJI / B-2-mikporioOyiin 0,53 <0,05 0,65 <0,05 0,83 < 0,05
MIJI/ JIII 0,52 <0,05 0,62 <0,05 0,78 <0,05
B-2-mikpornoOynin / JIII 0,56 <0,05 0,76 <0,05 0,82 <0,05

ITpumimka: R — xoe(ilieHT KOpemsii; p — piBeHb BipOTiTHOCTI KOPEISIIHHOTO 3B’ A3KY.

BcTanoBieHa nporHOCTHYHA IHHICT BU3HAYSHHS KITIO-
YOBOTO MapKepa iHIIiaTbHUX TOPYIICHb (PYHKIIIi KaHAbIIe-
BOTO arapara HUpKH Ta HecrpusaTiauBoro nepediry I'T1 i oro
TpaHchopMarlii y mepcuctyody popmy f3-2-MikpormoOyIiny,
a TakoX HOro JiarHOCTWYHA 3HAYUMICTh y BHSBICHHI CyO-
KJIHIYHUX MOPYIIEeHb (yHKI[IOHAIBHOT 30aTHOCTI HUPOK Y
JIOCITIDKYBaHOMY MATOJIOTTYHOMY CTaHi.

Busnayena Bucoka ingopmarusaicts JIII — remaro-
JIOTIYHOTO TNMOKa3HWKa, L0 € TPOo3alajJbHUM MapKepoM, a
TaKO)X MapKepoM EHJIOT€HHOI IHTOKCHKAIl Ta TOKCHKO-
ayieprivyHoi 1ii, KUl Jae 3MOTy IPOBOIUTH MOHITOPHHT
nepediry 3anaabHOTO TpoIiecy B HUpKax 3a HasBHOCTI L],

BusiBiieni B pOMy JOCHIDKEHI «CEPEIHBOI CHIIM» Ta
«CWJIHUI» TTO3UTHBHI B3a€EMO3B’A3KH MK JOCIHIIKEHUMHA
mokaszaukamu (MIJL, B-2-mikpornmo6ynin, JIII) ceiguars
IIPO X CyTTEBY MATOTEHETHIHY POJIb 1 IPOTHOCTUYHY 3HA-
ynmMicTs y xBopux Ha ['TI i3 I II tumy.

3anporoHOBaHUH METOJ JIarHOCTUKH TOPYIIEHb HUP-
KOBOro romeoctasy B maitienTiB i3 I'TI #a i LI/ 2-ro tumy
MOXKE CTaTH OCHOBOIO JUIsl CTBOPEHHS OpraHi3alliiiHO-KOH-
LEeNTyaJIbHOT MOZIENI HalaHHs BUCOKOCTIEIIiaJli30BaHOT JIIKY-
BaJILHO-1arHOCTUYHOI 1ortoMory. Lle maTnume no3uTuBHUIA
BIUTUB HA OLIHKY IIPOIPECYBaHHS 3aXBOPIOBAHHS, COLIAJIBHY
pealuTiTalito Ta MiIBUIICHHS SIKOCTI KUTTS MAIli€HTIB.

BucHoBku

1. BcraHOBIEHO Ta CTaTUCTHYHO OOTPYHTOBAHO 3pOC-
TaHHS PiBHS METHJITIIIOKCAIIIO B TJIa3Mi KPOBI Y XBOPHX Ha
roctpuii meaoHepput Ha 32,2%, a y XBOpUX Ha TOCTPHUA
nienoHepUT Ta yKpoBuil Aiader — Ha 98,7% mopiBHIHO
3 KOHTPOJIEM, L0 CBIIYUTH MPO IHTEHCU(IKALIIIO TPOLECIB
rIikamii OUTKiB B OpraHi3mi Ta HEraTHBHHUU BIUTUB Ha O1iJ1-
KOBY CTPYKTYpHY MaTpHIIIO B TKAHMHAX HUPOK.

2. Y XBOpHX Ha TOCTPHH Mi€JOHEPPUT y IUIa3Mi
KpOB1 BHSBJICHO ITiIBUIICHHS BMICTY B-2-MIKpOIIOOYTiHY
Ha 115,5%, Toxi sx y xBopux i3 I'TI Ta I/l — ma 191,5%
mopiBHSAHO 3 KoHTponeM (p < 0,001), mo Bka3ye Ha PO3BH-
TOK aKTMBHOTO 3allaJIbHOTO MPOLECY B TKAaHMHAX HHUPOK i
MOMIKO/KSHHS 1X YJIBTPAaCTPYKTYpH Ta CBIJUUTH MPO BaXK-
JIMBY POJIb IIYKPOBOTO /ia0eTy B PO3BUTKY (DYyHKIIIOHAIb-
HUX HUPKOBUX YCKJIJHEHb.

3. Bcranosineno 3pocranus pisHs JIII B kpoBi XxBopHx
i3 roctpuM nienoHeppurom Ha 124,5% Ta Ha 216,3% y
XBOpHUX 13 TOCTPUM Ii€JIOHEPPUTOM Ta IIyKPOBHUM ia-
6eToM NopiBHSAHO 3 KOHTposeM. [linBunieHHs Horo piBHA
Ha 40,9% cBiAYNTH PO NATOTEHETHYHY POJIb I[yKPOBOTO
niabeTy B pO3BUTKY HECHPHUSATIHBOTO Mepediry 3amaib-
HOTO TPOIleCy B HUPKAaX 3a HASBHOCTI TOCTPOTO Mi€N0-
Hedpury.

4. HloBeneHo, m0 KOediIieHT KOpemsiii y XBOpUX Ha
roctpuil mienoHedpur y nepudepuuHiii KpoBi MiX piB-
v MITJI Ta B-2-mikporio0yniny (R = 0,65), mix BMic-
toM MIJI Ta nokasuukom JIII (R = 0,62), a Takox Mix
3HaYeHHsMH P-2-MikpormoOynin ta JIII (R = 0,76) cBin-
YUTh IPO JOUUIBHICTh 3aCTOCYBAaHHS IIMX ITOKa3HUKIB SK
GiomapkepiB, 30kpeMa [-2-mikpornoOyminy Tta JIII, mis
OLIIHKM XapakTepy Iepediry 3amanbHOro Mpouecy B pasi
TOCTPOTO MiEIOHESPPHTY.

5. BcraHoBieHuit piBeHb Kopemslii B mepudepud-
Hilf KPOBI y XBOpUX Ha TOCTPUH Mi€IOHE(DPHUT Ta I[YKPO-
Buit miaber mix piBHsmMu MIJI Ta B-2-mikpormoOymiHoM
(R = 0,83), mixx mokazankamu MIJI Ta JIII (R = 0,78) Ta
MiX BMicTOM B-2-mikporno0yininy ta piBaem JIII (R = 0,82)
CBIUUTH IPO AOIIBHICTD IX BUKOPUCTAHHS sSIK OioMapKe-
piB [uIs aHaIi3y Xapakrepy nepebiry roctporo mienoned-
PHUTY Ha TJIi IlyKPOBOTO JlialeTy.
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Introduction. There is uncertainty of evidence regarding the effectiveness and safety of regional analgesic blocks during emergency care
for wounded patients with combat trauma of the extremities at Role 2 medical treatment facilities and during interhospital transportation.

Objective. To optimize perioperative analgesia regimens for wounded patients with combat trauma of the extremities at Role 2 medical
treatment facilities and during interhospital transportation based on a comparative assessment of the impact of regional or systemic analgesia
on pain intensity and cortisolemia levels over time.

Materials and Methods. A prospective study included 100 patients with isolated combat trauma of one extremity. Patients were divided
into two groups: Group 1 (n = 50) received systemic analgesia only, while Group 2 (n = 50) received ultrasound-guided regional anesthesia.
Pain intensity was assessed over time using a Visual Analog Scale (VAS), additionally the level of cortisol in plasma was also measured. Study
parameters were registered in four stages: 1st stage — at the time of admission to the Role 2 medical treatment facilities; 2nd stage — at the
completion of surgical intervention; 3rd stage — at the beginning of interhospital transportation; 4th stage — at the completion of interhospital
transportation.

Results. Between the 1st and 2nd stages, both groups demonstrated significant changes in VAS and Cortisol levels (p < 0.05, respectively).
At the 2nd stage, a significant intergroup difference was observed for VAS 2 (p < 0.05), whereas Cortisol 2 levels did not differ significantly
between groups (p = 0.17). Between the 2nd and 3rd stages, Group 1 showed significant changes in both VAS and Cortisol values (p < 0.05
respectively), while in Group 2 no significant change in VAS was observed (p = 0.11), despite a significant change in Cortisol levels (p < 0.05).
At the 3rd stage, intergroup differences remained significant for VAS 3 (p < 0.05), with no significant difference in Cortisol 3 levels (p = 0.41).
Between the 3rd and 4th stages, significant changes in VAS and Cortisol were observed only in Group 1 (p > 0.05 respectively), whereas no
significant changes were detected in Group 2 (p = 0.07 and p = 0.38 respectively). At the 4th stage, significant intergroup differences were
found for both VAS 4 and Cortisol 4 (p < 0.05 respectively).

Conclusions. The study results confirm that optimizing perioperative analgesia regimens at Role 2 medical treatment facilities and during
interhospital transportation allows for minimizing systemic stress response manifestations, significantly improving treatment outcomes for
wounded patients, and remains a priority task of modern military medicine.

Keywords: combat trauma, gunshot wound, gunshot injury, regional anesthesia, pain.
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BILIUB PETIOHAPHOI'O 3HEBOJEHHSI HA IHTEHCUBHICTh BOJIO TA PIBEHb KOPTHU3OJEMII
Y IOPAHEHHX 3 BOXOBOIO TPABMOIO KIHIIIBOK

Y Ooecvruil nayionaneruil meduunull ynisepcumem, Odeca, Ykpaina

2 Biticokoso-meOuunuti kainivnui yenmp Iiedennozo peziony, Odeca, Ykpaina

Y crarTi nmpencTaBieHo pe3yNbTaTh MPOCIIEKTHBHOTO JOCTIKEHHS 3 BU3HAYECHHS e)EeKTUBHOCTI PEIiOHAPHUX aHANTETHIHHUX OOKA TTij
Yac HaJaHHs HEBIJKIAHOT JOIOMOTrH MOPAHEHUM i3 6OHOBOIO TPABMOIO KiHI[IBOK B yMOBax mimuTaiis Role 2 Ta mij 4ac MiKrocmiTanbHOTO
TpaHcnopryBanHs. Jlo gociimpkenHs BkitodeHo 100 nopaHeHux i3 60H0BOIO TPaBMOIO OJTHI€T KiHI[IBKH, SIKMX PO3ALNEHO Ha JBi IPYIH: Ipymna
1 (n = 50) orpuMyBaa JNUIIe CHCTEMHY aHAJNTe3if0, TOMI K Tpymna 2 (n = 50) — perioHapHy aHecTe3iro, IO TPOBOIMIIACS TIiJT YIBTPa3BYKO-
BUM KOHTposieM. Y AuHaMiLli (ikcyBanach iHTEHCHBHICTb OOJIF0 Ta BU3HAYaBCsl PIBEHb IIa3MOBOTO KOPTU30Jy. Pe3ynbTrarti JOCITiIKeHHS
IATBEP/DKYIOTH, 0 ONTHMI3aLlis CXeM IepionepariifHoro 3He00II0BaH s B yMoBax mimuTaniB Role 2 Ta mix 9ac MiXKrocrmiTaabHOTO TpaH-
CTIOPTYBaHHS J1a€ MOYKIIMBICTh MiHIMi3yBaTH MPOSBH CHCTEMHOI CTpec-BiANOBI/i, 3HAYHO MOKPALIUTH PE3yIIBTATH JTiKyBaHHS MOPAaHEHUX Ta
€ IPIOPUTETHUM 3aBIAHHSIM Cy4acHOI BillCbKOBOI MEIULIMHN.

Kutrouogi ciioBa: GoitoBa TpaBMa, BOrHEIaIbHE TIOPAHEHHS, BOTHENAIbHA TPaBMa, perioHapHe 3He00IeHHS, OLTb.
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Introduction

The full-scale war on the territory of Ukraine has
revealed a number of problematic issues regarding treat-
ment and evacuation measures for the wounded with com-
bat trauma of the extremities [1]. Many questions exist
regarding the organization of emergency anesthesiological
care and pain management for the wounded in Role 2 hos-
pitals, as well as during subsequent interhospital transpor-
tation. It is known that the provision of emergency care is
characterized by the probability of mass casualties arriv-
ing simultaneously, since sanitary losses are distributed
unevenly both geographically and in terms of the time of
their occurrence [2].

Effective pain management and continuous monitoring
of analgesic efficacy across all stages of medical evacuation
are critical to preventing the chronicity of pain in wounded
patients [3]. According to Kuchyn YuL et al. (2023), study-
ing the specifics of pain in the wounded requires in-depth
research, as the subjective sensations and emotional experi-
ences a person feels during a wound in combat conditions
have their own unique characteristics [4]. Today, numer-
ous publications indicate that determining the concentra-
tion of cortisol, as an integral “stress hormone™ over time,
is a criterion for assessing the adequacy of anesthesia and
analgesia [5; 6]. Despite the extensive study of the effect
of anesthesia on stress markers in elective surgery, data on
the changes in cortisolemia in urgent patients remain lim-
ited, where the plasma cortisol level is mostly analyzed as
an indicator of inflammation and a predictor of complica-
tions. In the study by Bisschop PH et al. (2011) involving
143 patients who were admitted urgently due to hip frac-
ture, an increase in the level of cortisolemia was detected
in patients with concomitant cognitive deficit [7]. At the
same time, Mohammed HSE et al. (2022) evaluated plasma
cortisol in 90 patients with acute pancreatitis, and it was
established that high starting indicators of cortisolemia are
a prognostic marker of mortality reduction [8]. The num-
ber of works dedicated to the changes of stress markers for
evaluating anesthesia and analgesia regimens in combat
trauma remains insignificant. In particular, Frank M et al.
(2025) analyzed the changes of cortisolemia in 32 wounded
patients with combat trauma of the extremities during elec-
tive repeated surgical debridement of gunshot wounds, not-
ing more stable indicators under conditions of a combina-
tion of regional anesthesia with sedation [9].

The implementation of regional analgesic blocks as
part of multimodal pain therapy during medical evacuation,
effectively reduces the intensity of acute pain, significantly
lowering the risk of pain chronification while ensuring bet-
ter long-term treatment outcomes and improved quality of
life for the wounded [10]. In the study by Laitselart P et al.
(2025), it is noted that the earliest possible implementation
of regional analgesia for the wounded with combat trauma
provides stable analgesia without impairment of conscious-
ness and significant fluctuations in vital function parame-
ters [11]. In the publication by Carness JM et al. (2017),
the effectiveness of regional analgesia was analyzed dur-
ing the medical evacuation of 84 wounded patients with
combat trauma of the lower extremities. A significant
reduction in opioid use was recorded in patients who
underwent regional analgesic blocks [12]. To minimize
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the risk of complications of regional blocks, the use of
ultrasound guidance is recommended, which changes the
principles and approaches of modern regional anesthesia.
However, uncertainty exists regarding the effectiveness and
safety of regional analgesic blocks during the provision of
emergency care to the wounded with combat trauma. It is
believed that regional blocks are technically more com-
plex manipulations, and their performance requires special
knowledge and experience from the anesthesiologist [13].
In the publication of Moshkivskyi VM et al. (2023), it is
indicated that in 46 wounded patients with combat trauma
of the upper extremity, during treatment at the Role 2 level,
the share of regional methods of analgesia was only 8%.
It is noted that the time required to perform infiltration of
nerves and plexuses with a local anesthetic solution and the
onset time of anesthesia are sometimes not expedient in the
event of a mass influx of wounded.

The scarcity of data in the medical literature regarding
the study of the effectiveness of regional analgesia, includ-
ing through the determination of stress marker dynamics,
in wounded patients with combat trauma of the extremities
during the provision of emergency care and during inter-
hospital transportation, determined the relevance of this
study.

Objective. To optimize perioperative analgesia regi-
mens for wounded patients with combat trauma of the
extremities at Role 2 medical treatment facilities and dur-
ing interhospital transportation based on a comparative
assessment of the impact of regional or systemic analgesia
on pain intensity and cortisolemia levels over time.

Materials and Methods

This study was prospective in design. The study was
conducted in accordance with the principles of the World
Medical Association Declaration of Helsinki. The study
protocol was approved by the Bioethics Committee of
Odesa National Medical University (Protocol No. 18 dated
December 6, 2023). Written informed consent was obtained
from all patients prior to their participation in the study.

The study included 100 wounded patients with combat
trauma of the extremities who received emergency medical
care during 2024-2025 at Role 2 medical treatment facili-
ties (Kherson and Snihurivka, Mykolaiv region), followed
by evacuation to higher levels of medical care (Mykolaiv
and Odesa). Patients were allocated into two groups: the
systemic analgesia group (Group 1, n=50) and the regional
analgesia group (Group 2, n = 50). All patients in the study
groups were male. The study groups did not differ statisti-
cally in age (38.5 = 9.4 years and 37.2 £ 9.3 years, respec-
tively; p = 0.49), body mass index (BMI) (Me =23.1 kg/m?
(21.5; 26.6) and 24.1 kg/m?> (22.1; 27.0), respectively;
p = 0.36), or hemoglobin level (Me = 129.5 g/L (119;
137) and 133 g/L (122; 141), respectively; p = 0.22).

Pain intensity was evaluated over time using a visual
analog scale (VAS, points), while the stress response
marker level was evaluated by the concentration of cor-
tisol in plasma (cortisol, nmol/l). Study parameters were
recorded at four stages: 1) upon admission to the Role 2
medical treatment facilities; 2) after completion of surgery;
3) at the beginning of medical evacuation; 4) after comple-
tion of interhospital transportation.
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Inclusion criteria were age over 18 years and the pres-
ence of a gunshot injury to an upper or lower extremity.
Exclusion criteria were refusal to participate, critical patient
condition, and a history of allergy to medications used in
the study. Each group included 25 patients with combat
trauma of upper extremity and 25 patients with combat
trauma of lower extremity. In Group 1, surgical procedures
were performed under intravenous anesthesia with either
mechanical ventilation or preserved spontaneous breathing.
In Group 2, combined anesthesia was administered (intra-
venous anesthesia and regional nerve blocks). A VF13-5
ultrasound transducer (4.1-12.1 MHz) connected to a SIE-
MENS ACUSON P500 ultrasound scanner (Germany) was
used. A 0.5% bupivacaine solution was administered peri-
neurally as the local anesthetic.

Regional analgesic blocks were performed immedi-
ately upon admission after assessment of injury severity
and determination of the need for urgent surgical treat-
ment using the Battlefield Advanced Trauma Life Sup-
port (BATLS) scale, which includes evaluation of three
parameters: level of consciousness according to the
Glasgow Coma Scale, systolic arterial blood pressure, and
respiratory rate [15]. Each parameter was scored from 0
to 4 points. For the Glasgow Coma Scale, scores of 3,
4-5,6-8,9-12, and 13—15 corresponded to 0, 1, 2, 3, and
4 BATLS points, respectively. For systolic arterial blood
pressure, values of 0, < 50, 5075, 76-90, and > 90 mmHg
corresponded to 0, 1, 2, 3, and 4 points, respectively. For
respiratory rate, values of 0, < 5, 5-9, > 30, and 10-30
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breaths per minute corresponded to 0, 1, 2, 3, and 4 points,
respectively.

Based on the total score obtained, patient status was clas-
sified as follows: 0 points — deceased casualty; 1-3 points —
moribund casualty; 4-10 points — casualty requiring imme-
diate treatment; 11 points — casualty requiring immediate
treatment, although a delay is possible; 12 points — delay
of immediate treatment is acceptable. In cases where injury
severity was assessed as 11-12 points according to the
BATLS scale, regional analgesia was performed as the
first intervention in the resuscitation area before any other
medical procedures.

The algorithm and sequence of actions in the case of
emergency regional anesthesia are shown in Figure 1.

To determine cortisol levels, venous blood samples
were collected followed by serum separation using cen-
trifugation. Cortisol concentration was measured by solid-
phase enzyme-linked immunosorbent assay (ELISA) at the
Educational and Research Laboratory of Molecular Pathol-
ogy of Odesa National Medical University. Reference val-
ues ranged from 140 to 600 nmol/L.

Statistical analysis was performed using Statistica 12.6
software. Normality of data distribution was assessed using
the Shapiro—Wilk test. Data with a normal distribution are
presented as mean + standard deviation (M + o) and were
compared using Student’s t-test. In cases where the null
hypothesis of normal distribution was rejected, data are
presented as median (Me) and the 25th and 75th percen-
tiles (025, Q75), and comparisons were performed using

/ ~ F
Assessment of the severity of the wounded patient’s < 11 points Intensive care
general condition using the Battlefield Advanced ¥ Emergency surgical intervention
| Trauma Life Support (BATLS) scale \ Resuscitation measures ]
b A
l 11-12 points
I ™

Determination of indications for regional anesthesia:

* pain intensity greater than 4-5 points on the Visual Analog Scale;

* presence of a gunshot wound of an extremity with ¢vident signs of bone fractures and/or soft tissue

L defects (deformity, swelling, pain),

A

l

blood pressure, heart rate, and SpOy);

* patient warming and oxygen support (via face mask or nasal cannulas);
| * intravenous analgesia (opioids) and sedation (propofol at a dose of 1-2mg/kg).

'

FPreparation for regional anesthesia:
* gslablishment of intravenous aceess and conlinuous menitoring of vilal signs (electrocardiography,

~

!

-

i

* slow injection of the local anesthetic solution;

* needle removal, treatment of the block site, and application of an aseptic dressing;
\._* monitoring of hemodynamic parameters and preparation for surgical intervention.

.

{ Technique of regional anesthesia: )
* release of blockade site from clothing and skin preparation with antiseptic solutions;

* ultrasound-guided visualization of nerve structures and infiltration anesthesia at the puncture site;
* needle advancement into the perincural space of the nerve structures;

* confirmation of needle position using ultrasound guidance and aspiration test;;

Y,

Fig. 1. Algorithm for conducting urgent regional anesthesia in wounded patients with combat trauma
of the extremities
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the Mann—Whitney U test. Changes over time were ana-
lyzed using the Wilcoxon signed-rank test. Statistical sig-
nificance was considered at p < 0.05.

Research results and their discussion

At the time of admission to the Role 2 hospital, a high
level of pain intensity was observed: 64 patients reported
pain intensity of 7 to 9 points on the VAS, corresponding
to severe pain. Plasma cortisol levels exceeding reference
values were detected in 78 patients. No statistically
significant difference was found between VAS 1 values in
Group 1 and Group 2 (Me = 7 points (6; 8) and Me = 7
points (6; 7), respectively; p=0.57). A comparative analysis
of pain intensity scores over time in the study groups is
presented in Table 1.

Similarly, no statistically significant difference was
observed between Cortisol 1 values (Me = 941.6 nmol/L
(667.5; 1281) and Me = 826.3 nmol/L (671.3; 1124),
respectively; p = 0.77). A comparative analysis of plasma
cortisol levels over time in patients of study groups is pre-
sented in Table 2.

Elevated cortisol levels in wounded patients were inter-
preted as a manifestation of a stress-induced physiologi-
cal response to pain, a component of the systemic inflam-
matory response to gunshot injury, and an expression of
psychoemotional stress. Between Ist and 2nd stages of
the study, a reduction in pain intensity was observed in

both Group 1 and Group 2, with a statistically significant
difference between VAS 1 and VAS 2 values (p < 0.05).
A decrease in plasma cortisol levels was also observed in
both groups; however, in Group 1 this decrease was not
statistically significant (p = 0.7), whereas in Group 2 the
difference between Cortisol 1 and Cortisol 2 values was
statistically significant (p < 0.05). Comparison of VAS
2 values between Group 1 and Group 2 revealed a sta-
tistically significant difference (Me = 3 points (3; 4) and
Me = 1 point (1; 2), respectively; p < 0.05). In contrast,
no statistically significant difference was found between
Cortisol 2 values (Me = 874.6 nmol/L (608.8; 1363) and
Me = 811.8 nmol/L (550.6; 1027), respectively; p = 0.17).
Changes in pain intensity and plasma cortisol levels during
the perioperative period demonstrate the overall effective-
ness of analgesia. However, the statistically significant dif-
ference in VAS 2 values between the study groups indicates
greater analgesic efficacy of regional anesthesia as part of
combined anesthesia techniques.

Between 2nd and 3rd stages of the study, Group 1 dem-
onstrated a further reduction in pain intensity, with a sta-
tistically significant difference between VAS 2 and VAS
3 (p < 0.05). In contrast, Group 2 maintained consistently
low pain intensity levels, with no statistically significant
difference between VAS 2 and VAS 3 (p = 0.11). The
changes in pain intensity are presented in Table 1. Results
confirm the high effectiveness of postoperative analgesia

Table 1
Comparative analysis of pain intensity scores over time in the study groups
Patients of study VAS 1 (points) VAS 2 (points) VAS 3 (points) VAS 4 (points) .
groups Me (Q25; Q75) Me (Q25; Q75) Me (Q25; Q75) Me (Q25; Q75) p

Group 1 7 3 3 5 gé:% o0
(n=50) (6:8) (3:4) (2:3) (4; 6) D3 4<0.05
Group 2 7 1 1 1 gé:% SO
(n=50) 6;7) (1;2) (1;2) (1;2) p3—4=0.07
p** 0.57 <0.05 <0.05 <0.05

Note: p* — the Wilcoxon signed-rank test was used to assess the statistical significance of differences between values over time;
p, , — significance of differences between VAS 1 and VAS 2 values; p, , — significance of differences between VAS 2 and VAS 3 values;
p,_,—significance of differences between VAS 3 and VAS 4 values. p** —the Mann-Whitney U test was used to determine the statistical

significance of differences between groups.

Table 2
Comparative analysis of plasma cortisol levels over time in the study groups
Pati ¢ Cortisol 1 Cortisol 2 Cortisol 3 Cortisol 4
a“e“;zl‘l’ :t“dy (nmol/L) Me (nmol/L) (nmol/L) (nmol/L) p*
group Q3 Q) Me(Q;Q,) | Me(QgQ,) | Me(QyQ,)
Group 1 941.6 874.6 175.1 738.9 pp],2<= (? '075
(n=50) (667.5; 1281) (608.8; 1363) (153.9; 185.9) (547.8; 1393) pH < 0'05
3-4 :
<
Group 2 826.3 811.8 169.8 177.3 EH - 8'82
(n=50) (671.3; 1124) (550.6; 1027) (98; 341.8) (157.6; 185.4) 232033
Ps4 :
p** 0.57 0.17 0.41 <0.05

Note: p* — the Wilcoxon signed-rank test was used to assess the statistical significance of differences between values over time;
p, , — significance of differences between Cortisol 1 and Cortisol 2 values; p, , — significance of differences between Cortisol 2 and
Cortisol 3 values; p, , significance of differences between Cortisol 3 and Cortisol 4 values. p** — the Mann—Whitney U test was used
to determine the statistical significance of differences between groups.
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regimens based on multimodal analgesia principles. Addi-
tionally, a reduction in plasma cortisol levels was observed
in both groups (within reference values in 59 patients), with
statistically significant differences between Cortisol 2 and
Cortisol 3 values in both groups (p < 0.05). The observed
cortisol level changes are presented in Table 2. The results
indicate the adequate effectiveness of the prescribed anti-
inflammatory therapy which along with patient reports
reflects the change from hazardous conditions of intense
combat activity to relative calm within a medical facility.
Comparison of VAS 3 values between Group 1 and Group 2
revealed a statistically significant difference (Me = 3 points
(2; 3) and Me = 1 point (1; 2), respectively; p < 0.05), indi-
cating greater effectiveness of postoperative analgesia regi-
mens incorporating regional analgesic blocks. However,
no statistically significant difference was found between
Cortisol 3 values (Me = 175.1 nmol/L (153.9; 185.9) and
Me = 169.9 nmol/L (98; 341.8), respectively; p = 0.41).
Between the 3rd and 4th stages of the study, patients
in Group 1 demonstrated an increase in pain intensity
(44 patients reported VAS scores from 4 to 9 points), with
a statistically significant difference between VAS 3 and
VAS 4 (p < 0.05). An increase in plasma cortisol levels
was also observed in Group 1 (36 patients exceeded ref-
erence values), with a statistically significant difference
between Cortisol 3 and Cortisol 4 (p < 0.05). Most Group
1 patients reported increased pain intensity during medi-
cal transportation, particularly during vehicle movement
over damaged road surfaces. While the in-hospital anal-
gesic regimen was sufficiently effective (also supported
by plasma cortisol levels as markers of stress response),
systemic analgesics were less effective during transpor-
tation. Even additional opioid administration did not
substantially improve analgesia during movement. The
increase in plasma cortisol levels beyond reference values
in Group 1 indicates significantly reduced patient com-
fort during interhospital transportation, primarily due to
increased pain intensity. In contrast, patients in Group 2
demonstrated stable pain intensity and plasma cortisol
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levels, with no statistically significant differences between
VAS 3 and VAS 4 or between Cortisol 3 and Cortisol 4
(p=0.07 and p = 0.38 respectively). Comparison of VAS
4 values between Group 1 and Group 2 revealed a sta-
tistically significant difference (Me = 5 points (4; 6) and
Me =1 point (1; 2), respectively; p <0.05); Comparison of
Cortisol 4 values between Group 1 and Group 2 revealed
a statistically significant difference (Me = 738.9 nmol/L
(547.8; 1393) and Me = 177.3 nmol/L (157.6; 185.4),
respectively; p <0.05). These findings demonstrate signif-
icantly greater analgesic effectiveness in patients receiv-
ing regional analgesic blocks. The stability of plasma
cortisol levels in Group 2 reflects greater patient comfort
during interhospital transportation, attributable to the use
of regional analgesic blocks in perioperative care.

Conclusions

According to the results of the study, in wounded
patients with combat trauma of the extremities during
interhospital transportation, no statistically significant
changes were detected in the parameters of pain intensity
(p = 0.07) and cortisolemia level (p = 0.38) against the
background of using regional analgesia, which indicates
the stability of antinociceptive protection.

The stability of pain intensity and cortisol level
parameters in patients receiving regional analgesia
indicates a longer-lasting and more effective analgesic
effect compared with systemic analgesia. In contrast,
during interhospital transportation, patients receiving
systemic analgesia demonstrated a progressive increase
in pain intensity and cortisol levels (p < 0.05), reflecting a
pronounced physiological stress response to pain.

The obtained results confirm the feasibility of regional
analgesia as an effective component of multimodal
pain management in patients with combat-related
extremity injuries, allowing a significant reduction in the
manifestations of the systemic stress response both in
Role 2 medical treatment facilities and during subsequent
stages of medical evacuation.
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Objective. To evaluate the impact of endometriosis on ovarian reserve and to analyze the mechanisms underlying its detrimental effects
on ovarian function based on current literature.

Materials and Methods. This review included original studies, systematic reviews, meta-analyses, and clinical guidelines published in
Ukrainian and English. Relevant publications were identified by searching PubMed, Scopus, Google Scholar, and the Cochrane Library using
keywords such as endometriosis, fertility, pathophysiology, endometrioma, ovarian reserve, and surgery.

Results and Discussion. The review summarizes current evidence on endometriosis-associated infertility, focusing on the impact of
endometriomas on ovarian reserve. Ovarian endometriosis negatively affects ovarian reserve and reproductive outcomes. Anti-Miillerian
hormone (AMH) is a key marker in clinical assessment. Most studies demonstrate reduced AMH levels in patients with endometriomas even
before surgery, indicating primary ovarian damage caused by chronic inflammation, oxidative stress, fibrosis, and mechanical follicular loss.
Comparative analyses show that combined surgical approaches are associated with lower recurrence rates and higher spontaneous pregnancy
rates than ablative techniques. However, reproductive prognosis should not rely solely on AMH. Evidence suggests its limited predictive
value for spontaneous conception, while a comprehensive assessment of infertility factors provides more accurate prediction of reproductive
outcomes.

Conclusions. Endometriosis-associated infertility is multifactorial. Management should be individualized and based on an integrated
evaluation of clinical, historical, hormonal, ultrasonographic, and surgical factors to improve reproductive outcomes.

Keywords: endometriosis, infertility, gynecologic surgery, gynecology, gynecological surgery.
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A.T. BoasHcbka, I'. B. IllluTtoBa, I'. JI. Jlappunenko, O. 0. KopMmisnens

BILIUB EHTOMETPIO3Y HA OBAPIAJILHUM PE3EPB I PEHNPOJAYKTHUBHY ®YHKIIIO KTHOK: OTJISAT
CYYACHUX JAHHUX

O0ecvkuii HayioHanbHuil Meouynuil ynigepcumem, Oodeca, Yxkpaina

MeTta po6oTH — OLIHUTH BIUIMB HIOMETPiO3y Ha OBapialbHUII pe3epB 1 MEXaHI3MH BIUIMBY 3aXBOPIOBAHHS Ha CTaH SE€YHUKIB 33 JAHUMH
niteparypu. [IpoaHanizoBaHO OpUTiHANBHI JOCIIIKEHHS, OIIAIM, METaaHali3u Ta KiiHiyHI HacTaHoBU (PubMed, Scopus, Google Scholar
ta Cochrane). Pe3ynbrari JOCHIiIKEHHS T10Ka3aJIH, 0 €HIOMETPi03 I€YHUKIB HEraTUBHO BILIMBAE HA OBapiaJIbHUN Pe3epB 1 PEHPOLYKTUBHI
pe3yibTaTd nanieHTok i3 Oesmrianam. Piens AMI 3HIKEHHIT y NAli€HTOK 3 €HIOMETPiOMaMH 10 ONEPAaTUBHOTO BTPYYaHHS, IO CBLIUUTH
PO ypakeHHs OBapiaJibHOI TKAHHHM 4Yepe3 3alaleHHs, OKCHAATHBHUI CTpec, (pidpo3 TKAHWHU S€YHUKA Ta HOTO MEXaHiuHE PyHHYBaHHS.
Kom6iHoBaHi XipypriuHi TeXHOJIOTIi MalOTh Kpallli pe3yJIbTaTH 00 PEUUANBIB i BariTHOCTI. [IpOrHo3 HacTaHHs CIIOHTaHHOI BariTHOCTI He
ciig 6azyBary ymme Ha nmokasHukax AMI. [lamieHkn 3 eHEOMeTpio3-aconiffoBaHNM €HIOMETPio30M HOTPeOYIOTh MYJIBTH(AKTOPHOTO Mil-
Xofy.

Kutro4oBi ci10Ba: eHnomeTpios, Oe3mutijyis, OnepariBHa MiHEKOJIOTis, MHEKOJIOTis, MHEKOIOTiYHa Xipypris.
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Introduction

Genital endometriosis is a disease characterized by
the presence of endometrioid epithelium and/or stroma
outside the endometrium and myometrium and is usually
accompanied by an inflammatory process. Endometriosis
affects approximately 10% of women of reproductive
age and is known for its impact on women’s quality
of life. Approximately 25-50% of infertile women
are affected by endometriosis. Endometriosis is one
of the challenges of modern reproductive medicine.
The causes of infertility can be explained by several
mechanisms, including disruption of pelvic anatomy,
impaired pelvic hemostasis, ovarian dysfunction, and
impaired fertilization [1]. However, meta-analyses based
on assisted reproductive technology (ART) have shown
that, in general, ART outcomes are partially impaired in
infertile women with endometriosis. It is important to
note a consistent trend toward a higher cycle cancellation
rate and a lower mean number of oocytes retrieved per
cycle. Moreover, a recent ART-based study demonstrated
that the difference in success rates between patients with
and without endometriosis is limited or absent when
comparing women according to the number and quality
of embryos obtained [2]. Overall, these data suggest that,
from a reproductive perspective, the most concerning
aspect in patients with endometriosis may be ovarian
dysfunction rather than endometrial abnormalities, which
interfere not only with natural conception but also with
conception via ART. The mechanisms of endometriosis-
associated infertility are not yet fully understood. Of
particular interest in this context is the investigation of
the impact of endometriosis on healthy ovarian tissue and
female reproductive function.

Objective. To investigate the effect of endometriosis
on ovarian reserve and to evaluate the mechanisms of the
disease’s negative impact on ovarian function based on an
analysis of current literature data.

Materials and Methods

The study included original research articles, systematic
reviews and meta-analyses, as well as clinical guidelines in
Ukrainian and English. A literature search was conducted
in PubMed, Scopus, Google Scholar, and the Cochrane
Library using the keywords: endometriosis, fertility,
pathophysiology, endometrioma, ovarian reserve, surgery.
The study was conducted in accordance with the principles
of the Declaration of Helsinki of the World Medical
Association “Ethical Principles for Medical Research
Involving Human Subjects” (Order of the Ministry of
Health of Ukraine No. 690 dated 23.09.2009) and was
approved by the Bioethics Commission of Odesa National
Medical University (Protocol No. 18 dated 06.12.2023).

Research results and their discussion

Endometriosis predominantly develops in women
of reproductive age and regresses after menopause or
oophorectomy, indicating its estrogen-dependent growth.
It is known that approximately 190 million women and
adolescent girls worldwide are affected by this disease
during their reproductive years, and in some women,
clinical manifestations persist even after menopause [3].

82

The exact prevalence of endometriosis remains unclear;
however, epidemiological data range from 2% to 10% in the
general female population and up to 50% among women
with a history of infertility, making genital endometriosis
one of the leading causes of impaired conception in
women. The etiology of endometriosis is still not fully
understood. A considerable number of potential predictors
of its pathogenesis have been proposed; however, no single
triggering mechanism has been identified, suggesting a
multifactorial nature of the disease. Among the factors
increasing the risk of endometriosis, the following are
commonly distinguished: genetic factors, hormonal
imbalance, immune dysfunction, menstrual disorders
(menstruation lasting more than 8 days, shortened menstrual
cycles, early menarche), and gynecological procedures
(diathermocoagulation, cesarean section, myomectomy,
and induced abortion). There is still no consensus regarding
the etiopathogenesis of endometriosis; therefore, several
theories of its origin have been proposed [3; 4].

The theory of retrograde menstruation (implantation
theory) was first described in 1921 by J. A. Sampson.
It is the oldest hypothesis explaining the etiology of
endometriosis. This theory suggests that endometriosis
develops as a result of the retrograde flow of viable
endometrial cells through the fallopian tubes into the
peritoneal cavity during menstruation, provided that the
fallopian tubes are patent [5]. Studies have shown that in
non-human primate models, endometriosis can be induced
by inoculating autologous menstrual endometrial tissue into
the peritoneal cavity of baboons and macaques, mimicking
retrograde menstruation. After a single inoculation of
menstrual endometrial tissue into the pelvic cavity, up to
46% of animals developed pelvic endometriosis, whereas
after two consecutive cycles of inoculation, peritoneal
endometriotic lesions developed in 100% of animals. These
lesions were histologically and clinically similar to ectopic
endometriotic lesions in humans [6]. In humans, retrograde
menstruation may be triggered by factors such as uterine
retroversion, gynecological interventions and surgeries,
childbirth, heavy physical activity, psychological and
emotional stress, sexual intercourse during menstruation,
and cervical canal atresia. The implantation theory is
widely accepted but insufficiently supported, as studies
show that retrograde menstruation occurs in 75-90% of
women with patent fallopian tubes, while not all of these
women are diagnosed with endometriosis [7].

The metaplastic theory suggests that endometriosis
arises from ectopic cells that abnormally transdifferentiate
or transform into endometrial-like cells. According to this
theory, endometriosis develops as a result of metaplasia
of specialized cells present in the mesothelial lining of
the visceral and parietal peritoneum, pleura, endothelium
of lymphatic vessels, renal tubular epithelium, and other
tissues. It is assumed that hormonal or immunological
factors stimulate the transformation of normal peritoneal
tissue or cells into endometrioid tissue.

Ectopic endometrial tissue has also been detected in
female fetuses, and it has been suggested that endometriosis
may result from defective embryogenesis. According to
this theory, residual embryonic cells from the Wolffian
or Miillerian ducts persist and develop into estrogen-
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producing endometriotic lesions. However, this theory is
considered questionable, as endometriotic lesions are found
in areas outside the Miillerian developmental pathway [8].

In most women with endometriosis (20—45%),
the menstrual cycle remains regular. Sex hormone
concentrations remain largely unchanged. However,
a correlation between polycystic ovary syndrome and
endometriosis has been reported. As a result, patients with
endometriosis may exhibit disruption of the sequence of
gonadotropin-releasing hormone secretion [9]. Estrogen
exposure is believed to promote the development and
growth of endometriotic lesions, as evidenced by the higher
prevalence of endometriosis in women of reproductive
age. It is known that endometrioid heterotopic cells are
hormonally responsive, exhibiting proliferative and, to
a lesser extent, secretory changes and desquamation,
leading to hemorrhage and even cyst formation. It has
also been demonstrated that hormones do not act directly
on cells of hormone-dependent organs. Their effects are
mediated through growth factors, gene expression, specific
oncoproteins, cytokines, interleukins, and an imbalance
between proliferation and apoptosis. Therefore, recent
scientific studies consider endometriosis a pseudotumorous
process that, under certain conditions, has the potential for
malignant transformation [10].

A working hypothesis suggests that in women who
develop endometriosis, the immune system is unable to
recognize antigenic ectopic cells and mount an appropriate
immune response. However, in response to the presence
of gene fragments, the concentration and proportion of
macrophages and neutrophils increase in the peritoneal
fluid of women with endometriosis, and these cells
are a major source of elevated pro-inflammatory and
chemotactic cytokines. In addition, macrophages represent
the main source of angiogenic mediators, including TNF-a
and IL-8. It has been shown that neutrophils from healthy
women, when incubated with plasma or peritoneal fluid
from women with endometriosis, demonstrate a reduced
rate of apoptosis compared with those from the control
group [11]. This study clearly demonstrated the possible
presence of anti-apoptotic factors in the plasma and
peritoneal fluid of women with endometriosis, which are
less concentrated in women without the disease. It also
showed that neutrophils in women with endometriosis
may be more resistant to spontaneous apoptosis than
neutrophils from the control group. These findings further
support the concept of a dysregulated immune response
in women with endometriosis. In addition, conflicting
results from two independent studies make it difficult to
define the role of dendritic cells in the pathogenesis of
endometriosis [12]. Further studies are required to clarify
their function. A reduced cytotoxic activity of natural
killer (NK) cells has also been observed in the peritoneal
environment. Immunosuppression has been identified in
both normal endometrial stromal cells and endometriotic
stromal cells. This suggests that normal endometrium has
an inherent immunosuppressive capacity against NK cell
cytotoxicity, which may facilitate embryo implantation.
In women with endometriosis, this immunosuppressive
effect on NK cell cytotoxicity is enhanced, potentially
creating favorable conditions in the peritoneal environment
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for the survival, adhesion, and subsequent growth of
endometriotic lesions within the abdominal cavity [13].
Although the role of cytokines and chemokines in the
development of endometriotic lesions has been established,
it remains insufficiently studied. This is explained by the
fact that these modulators are highly pleiotropic proteins
exhibiting a wide range of functions. Since these aberrant
immune responses are further influenced by the unique
hormonal environment in which they develop, it is difficult
to definitively determine their role in the pathogenesis
of endometriosis. Indeed, endometriosis is sometimes
classified as an autoimmune disease due to the detection of
anti-endometrial antibodies in the serum of affected women.
However, the role of adaptive immunity, including T-helper
cells and B-cells, requires further investigation [14].

Although each theory has its relevance, endometriosis
is a multifactorial disease characterized by a systemic
inflammatory response and a chronic, often progressive
course. Despite relatively high prevalence rates and
increasing clinical relevance due to a rising incidence,
the etiology and pathogenesis of this disease remain
incompletely understood and are the subject of ongoing
research.

The classification of endometriosis distinguishes three
subtypes or forms based on localization and morphological
characteristics  (phenotypes): peritoneal (superficial)
endometriosis, ovarian endometriosis (endometrioma),
and deep infiltrating endometriosis, as well as possible
combinations of these forms. Superficial peritoneal
endometriosis rarely causes pronounced clinical symptoms,
is located on the surface of pelvic organs and the parietal
peritoneum, and in most cases corresponds to minimal or
mild disease according to the revised American Society
for Reproductive Medicine (rASRM) classification [15].
It is well known that, despite normal pelvic anatomy,
superficial endometriosis may negatively affect female
fertility [16]. However, it remains unclear whether
superficial endometriosis is associated with a reduction in
ovarian reserve.

Ovarian endometriomas, or so-called “chocolate
cysts”, arise as a result of invagination of the ovarian
surface epithelium and represent the most common form
of ectopic endometrial tissue within the ovary. Ovarian
endometriomas account for 35% of all benign ovarian
cysts. In one-third of cases, endometriomas are bilateral,
which significantly worsens reproductive prognosis.
The origin of endometriomas and their negative impact
on ovarian reserve are explained by a complex and
heterogeneous pathogenesis. An endometrioma is a cystic
ovarian lesion derived from endometrial glands and
stroma containing thick, dark-brown fluid, commonly
referred to as a “chocolate cyst” [17]. Although the
exact pathogenesis of endometrioma remains unclear,
three main theories have been proposed. According to
Hughesdon’s study, endometriomas are pseudocysts
formed from retained menstrual debris due to bleeding
from active implants on the ovarian surface. Other theories
describe coelomic metaplasia of the ovarian epithelium
(the theories of Nisolle and Donnez) and invasion of
endometrial implants into functional ovarian cysts with
subsequent development of endometrioma; however, the
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origin of the cyst fluid remains unclear (the theory of
Jain and Dalton) [17; 18]. Numerous studies report an
association between endometrioma and infertility, but a
definitive causal relationship requires further investigation
and confirmation. Increasing attention is being paid to the
potentially deleterious effects of endometriomas on ovarian
physiology. Long-standing ovarian endometriosis is
associated with persistent inflammation leading to cortical
ovarian fibrosis, resulting in follicular loss and smooth
muscle cell metaplasia. It is also known that endometrioma
fluid contains high concentrations of iron, reactive
oxygen species (ROS), transforming growth factor beta
(TGF-p), and proteolytic enzymes, which exert additional
detrimental effects on ovarian tissue. These substances
diffuse into surrounding tissues, further promoting
fibrosis, smooth muscle metaplasia, and reduction of the
ovarian cortical stroma, ultimately leading to follicular
depletion. In addition, the endometrioma itself and
its content exert a mechanical effect on the ovary by
stretching its tissue, leading to impaired vascularization
due to cortical compression [18; 19].

Several studies have demonstrated the negative impact
of deep and ovarian endometriosis on ovarian reserve
parameters. In a prospective cohort study, Uncu et al.
reported that women with endometriomas had a lower
ovarian reserve, as evidenced by lower anti-Miillerian
hormone (AMH) levels and antral follicle count (AFC),
compared with healthy women [20]. A more recent study
from the same group also showed that women with ovarian
endometriosis experienced a more rapid progressive
decline in serum AMH levels compared with healthy
control groups [21].

Deep infiltrating endometriosis is a rare form of the
disease in which endometriotic lesions, morphologically
similar to endometrium, infiltrate beneath the peritoneum
and its surface, most often forming fibrotic nodules. These
lesions are capable of invading adjacent structures and
disrupting normal anatomy; therefore, they frequently
require surgical treatment. Deep endometriosis combined
with ovarian endometriomas represents one of the most
severe forms of the disease, associated with significant
adverse reproductive outcomes. Current evidence indicates
that the combination of these pathological processes has
a synergistically negative effect on female reproductive
function, as it simultaneously affects both oocyte quality
and the morphofunctional state of the pelvic organs [22].
The problem of ovarian reserve depletion in women of
reproductive age with endometriosis is one of the most
relevant issues in modern gynecology. According to many
researchers, ovarian endometriomas pose a particular
threat to ovarian reserve and are often associated with
deep endometriosis, being diagnosed in 17-44% of all
endometriosis cases. It has been shown that even small
endometriomas are associated with reduced ovarian
potential [23].

Diagnosis of endometriosis. In patients with different
forms of endometriosis, conventional treatment methods are
often insufficiently effective, requiring the use of modern
multidisciplinary diagnostic and therapeutic approaches.
The most important step is accurate determination of the
localization and extent of the disease. According to recent
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guidelines from leading professional societies (ESHRE,
ACOG, ESGE), laparoscopy is no longer considered the
“gold standard” for diagnosis. The main currently used
diagnostic tools include clinical assessment (medical
history, evaluation of pain syndrome, menstrual and
reproductive disorders), transvaginal ultrasound (TVUS),
magnetic resonance imaging (MRI), laparoscopy, and
assessment of ovarian reserve.

TVUS is one of the leading imaging methods for
pelvic pathology. According to current recommendations
(ESHRE 2022, ESGE 2022), it is recognized as a first-line
diagnostic tool for endometriosis, as it allows detection of
both ovarian endometriomas and deep infiltrating lesions.
In contrast to laparoscopy, this method is non-invasive,
accessible, safe, and reproducible.

MRI is considered the method of choice for diagnosing
deep endometriosis, particularly in cases of extrapelvic
involvement and when planning complex reconstructive
surgery. It allows detailed assessment of the extent of
infiltration of the bowel, bladder, and parametrial tissues.
Laparoscopy with histological verification remains one of
the most accurate diagnostic methods; however, it is no
longer regarded as the “gold standard” and is now used
primarily for therapeutic purposes.

Laboratory markers (CA-125, HE4) have an auxiliary
role: they are useful for disease monitoring and assessment
of disease course but are not specific. Assessment of
ovarian reserve (AMH, AFC by ultrasound, inhibin B,
FSH, estradiol) is mandatory in patients with reproductive
plans [24].

For comprehensive evaluation of reproductive potential
in women with endometriosis-associated infertility, modern
clinical practice widely uses the concept of a fertility
index. This parameter integrates patient history, age,
duration of infertility, previous pregnancy outcomes, and
the morphofunctional state of the pelvic organs, allowing
prediction of the likelihood of spontaneous conception
or conception via assisted reproductive technologies
(ART). The endometriosis fertility index (EFI), developed
by Adamson and Pasta in 2010, is particularly widely
used in patients with deep endometriosis combined with
ovarian endometriomas. The EFI allows standardized
estimation of the probability of spontaneous pregnancy
after surgical treatment. The index is calculated based on
a combination of clinical and intraoperative findings: tubal
status, ovarian reserve, presence of adhesions, and extent
of endometriosis assessed using the r-ASRM classification.
Each parameter is assigned a score, and the total score
ranges from 0 to 10, where low values (0-3) indicate a
poor fertility prognosis, and high values (7—10) indicate a
high probability of pregnancy. The EFI has considerable
clinical value [25]. It enables clinicians to make evidence-
based decisions regarding treatment strategy, including
the appropriateness of surgical intervention, prediction
of spontaneous conception, or timely referral to in vitro
fertilization (IVF). Thus, integration of EFI with AMH
and ultrasound assessment of AFC represents a modern
approach to comprehensive evaluation of reproductive
potential. It combines morphological, functional, and
clinical parameters, provides high prognostic accuracy, and
allows personalized treatment strategies for patients with
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severe forms of endometriosis and ovarian endometriomas.

The issue of reduced not only quantity but also
quality of oocytes in patients with endometriosis remains
unresolved. The first reports on the causes of altered
reproductive function and the impact of endometriosis
on follicular quality appeared in 1976. This study was
the first to describe degenerative oocytes identified
during morphological examination in patients with
endometrioma [26]. The evaluation of the impact of
endometriosis on oocyte quality, both from a clinical and
biological perspective, is important, as to some extent
this effect may be associated with adverse pregnancy
outcomes, which are more frequently observed in patients
with endometriosis [27].

Morphological changes in the ovaries associated with
endometriosis-related fibrosis have attracted considerable
attention from researchers. Fibrosis associated with
endometrioma is characterized by hyperactivation of
myofibroblasts and excessive deposition of extracellular
matrix components. It has been shown that fibrosis induced
by endometrioma promotes scar formation and damages
the surrounding ovarian cortical tissue, leading to reduced
ovarian reserve and dysmenorrhea [28]. The role of
ectopic endometrial stromal cells in the development of
endometrioma-associated fibrosis has been demonstrated.
These cells act as precursors of myofibroblasts within
endometrioma lesions. In another study, ovaries with
endometriomas demonstrated increased fibrosis, loss
of cortex-specific stroma, and lower follicular density
compared with contralateral healthy ovaries (6.3 £4.1/mm?
versus 25.1 £ 15.0/mm?) [29].

Takeuchi et al. identified excessive activation of
primordial follicles and defined this process as a mechanism
of follicular reserve depletion in ovarian endometriosis.
Primordial follicle activation is considered an irreversible
process and leads to depletion of the follicular reserve.
The authors demonstrated that the number of primordial
follicles decreases, whereas the number of primary,
secondary, antral, and growing follicles increases in ovaries
with endometrioma [30].

An increased level of granulosa cell apoptosis has also
been observed in women with endometriosis; however, the
possible mechanism leading to cell loss has not yet been
established.

In addition to quantity, oocyte quality is of great
importance in endometriosis. Oocyte quality is reflected in
oocyte morphology and its ability to complete maturation
and fertilization processes [31]. The method of assessing
oocyte and embryo quality is based on morphological
criteria, which are subjective and therefore insufficiently
accurate. According to pathomorphological studies, women
with endometriosis exhibit various oocyte dysmorphisms,
including loss of cortical granules, thickening of the
zona pellucida, reduction in the number and quality of
cytoplasmic mitochondria, and chromatin decentralization.
Wu Y. et al., in a retrospective cohort study, evaluated the
impact of endometrioma on the quality and quantity of
oocytes, embryo quality, and live birth rate during IVF/ICSI
[31, 32]. It was found that women with endometrioma had
significantly lower AFC, AMH levels, ovarian sensitivity
index, oocyte maturation and fertilization rates, blastocyst
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formation rate, number of retrieved oocytes, and available
embryos compared with the control group (p < 0.05). The
findings of this study confirmed that ovarian endometrioma
negatively affects both the quantity and quality of oocytes
but does not influence overall pregnancy outcomes in
women undergoing [VF/ICSI.

Some molecular studies confirm the negative impact of
endometriosis on the growth, steroidogenic activity, and
function of granulosa cells. Estradiol (E2) is crucial for
follicular and oocyte development, allowing the oocyte to
reach the mature metaphase II stage and become capable
of fertilization. The negative impact of endometriosis on
normal granulosa cell physiology has been extensively
described by several researchers. For example, in a study
by Shi et al. (2022), sequencing of granulosa cells from
patients with endometrioma and from healthy women
revealed increased gene expression in the WNT signaling
pathway, which is associated with cell proliferation, death,
and migration [33].

In addition to changes in E2 concentration, particular
attentionis given to impaired tissue response to progesterone.
A study by Flores et al. showed that in patients with
endometriosis who do not respond to progestin therapy,
progesterone receptor levels are significantly lower than in
patients who respond to such therapy. Reduced expression
of progesterone receptors in endometriosis is considered
both a marker and a cause of progesterone resistance [34].

Follicles are the main functional units responsible for
the formation and development of oocytes. Follicular fluid
(FF) is the fluid that fills the antral follicular cavity and
provides the microenvironment for oocyte development
and maturation. It contains important metabolites such
as growth factors, cytokines, energy substrates, steroids,
lipids, and cholesterol. These metabolites are crucial for
oocyte growth and development. Numerous studies have
been published on the effects of endometriosis on various
growth factors present in FF [35].

Cytokines are small soluble signaling proteins
best known for their immunoregulatory properties but
increasingly recognized as growth factors regulating cell
proliferation, differentiation, and function. Interleukins
(ILs) are a subgroup of cytokines that exhibit an abnormal
profile in endometriosis. Ovarian endometrioma may
lead to follicular inflammation and oxidative stress. To
date, several studies have investigated cytokine levels in
FF of ovaries affected by endometrioma. For example,
in 2020, Iland et al. found elevated levels of monocyte
chemoattractant protein-1 (CCL2) and IL-8 in FF produced
by ovaries affected by endometriosis. IL-8 is also a cytokine-
chemokine; its main biological activity is the recruitment and
activation of neutrophils, thereby inducing inflammation.
The authors also determined that fewer oocytes were
produced in ovaries affected by endometriosis (mean +
SD = 4.6 + 2.3) compared with ovaries from the control
group (7.9 + 5.6). IL-6 is a pro-inflammatory cytokine that
promotes the initiation and progression of endometriosis
through a cytokine network and is predominantly produced
by macrophages [43]. A significant number of studies
have assessed the concentration of this cytokine and the
number of macrophages in the peritoneal fluid of women
with confirmed endometriosis. Researchers concluded that
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elevated IL-6 concentration is a prognostically valuable
biomarker of endometriosis. Godsi et al. demonstrated that
IL-6 concentration is significantly increased in peritoneal
fluid of women with endometriosis [36].

Oxidative stress can induce inflammation. At the
same time, inflammation can lead to oxidative stress.
Thus, the level of oxidative stress in the ovarian
cortical tissue surrounding endometriotic cysts is
significantly higher than in dermoid cysts. Kunitomi et
al. demonstrated that endoplasmic reticulum dysfunction
induced by high oxidative stress in granulosa cells of
ovaries with endometrioma mediates apoptosis of these
cells, leading to ovarian dysfunction in patients with
endometriosis [37]. This suggests that endometriosis
affects oocyte quality by inducing oxidative stress in
granulosa cells. In addition to reduced oocyte quality,
oxidative stress may also impair ovulation. Reactive
oxygen species generated as a result of oxidative stress
disrupt ovarian cortical vascularization and contribute
to meiotic abnormalities and chromosomal instability,
thereby reducing oocyte quality [38].

In patients with endometriosis, analysis of iron-related
composition has revealed higher levels of oxidative
substances such as 8-hydroxy-2-deoxyguanosine, ROS,
peroxynitrite ion, nitric oxide, and malondialdehyde, and
lower levels of antioxidant substances such as superoxide
dismutase, catalase, vitamins A, C, and E, and reduced
glutathione. Iron is an essential trace element in biological
processes (oxygen transport and storage in tissues,
hormone synthesis, mitochondrial energy metabolism,
and adenosine triphosphate production), but iron overload
may increase oxidative stress through the Fenton reaction
(Fe** + H.02 — Fe*" + OH™ + *OH). This leads to damage of
DNA, lipids, and proteins, and subsequently to cell death.

Iron overload may occur due to activated macrophages
causing erythrocyte destruction, which in turn results
from periodic bleeding from ectopic endometrial lesions
and retrograde menstruation. Numerous studies on iron
expression and hemoglobin variants have demonstrated
the presence of hemoglobin, heme, or free iron in
ovarian endometriotic cysts, peritoneal fluid, or follicular
junctions in patients with endometriosis. Furthermore, it
has been shown that iron content in follicles adjacent to
endometriotic cysts is higher than in contralateral intact
ovaries. The total iron content decreases in the following
order: follicles proximal to the endometrioma, follicles
distal to the endometrioma, and healthy ovarian follicles.
These data suggest that iron contained within ovarian
endometriomas may freely diffuse from the cyst wall and
reach granulosa cells.

The concentration of transferrin, a protein required to
maintain normal free iron levels, is reduced in follicular
junctions in women with endometriosis-associated
infertility. The authors also noted that iron overload and
transferrin deficiency induce excess ROS, disrupt spindle
integrity, and promote chromosomal instability, which
may affect the number and maturation of oocytes retrieved
from women with endometriosis. The authors further
emphasized that iron overload and transferrin deficiency
lead to ROS excess, disrupt spindle integrity, and promote
chromosomal instability, which may affect both the number
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and maturation of oocytes obtained from women with
endometriosis [39; 40].

Ferroptosis is a form of cell death at the intersection
of iron regulation and ROS metabolism. Endometriosis
is considered to be closely associated with ferroptosis
mediated by iron-dependent oxidative stress. Granulosa
cells in follicles play a key role in oocyte maturation,
which depends on the intrafollicular microenvironment.
Iron overload and transferrin deficiency have been detected
in follicular fluid of women with both infertility and
endometriosis. Ferroptosis of granulosa cells induced by
an imbalance between iron concentration and transferrin
impairs oocyte quality and negatively affects reproductive
function. Ferroptosis is characterized not only by functional
changes (e.g., increased lipid peroxide content) but also by
morphological alterations. Mitochondria are considered
important participants in iron metabolism and ROS
production. Ferroptosis is accompanied by mitochondrial
swelling and changes in mitochondrial cristae. Iron overload
in endometriotic cysts decreases GPX4 expression and
induces lipid peroxidation, which may trigger ferroptosis
of granulosa cells, impair oocyte maturation and blastocyst
formation, and consequently lead to infertility [41; 42].

MicroRNAs (miRNAs) are small non-coding RNAs
capable of modulating gene expression. They interact
with messenger RNA (mRNA), inhibiting translation or
inducing its degradation. Increased miRNA expression
suppresses translation via mRNA, whereas decreased
miRNA expression may enhance the expression of genes
encoded by the corresponding mRNA. Unlike other
epigenetic mechanisms, miRNAs regulate gene expression
at the post-transcriptional level and are detected both
intracellularly and extracellularly.

Many studies have focused on the role of microRNAs
in infertility caused by endometriosis. Over the past ten
years, microarray analysis of endometrial tissue (ectopic
and eutopic) has identified more than 20 microRNAs
associated with endometriosis, the dysregulation of which
leads to infertility. Thus, these microRNAs can be classified
according to infertility-related processes. Dysregulation
of miR-543 and miR-135a/b leads to impaired embryo
implantation. Dysregulation of miR-2861, miR-488, miR-
141-3p, miR-205-5p, miR-138, miR-370-3p, miR-34a/b/c,
miR-9, miR-451, miR-210-3p, miR-27b-3p, miR-92a leads
to increased proliferation of ectopic endometrium and
decreased apoptosis of cells within endometriotic lesions.
Altered expression of miR-29¢, miR-194-3p, miR-34a/b/c,
miR-196a, miR-125b, and miR-92a in endometrial cells
leads to progesterone resistance, while miR-33b, miR-
370-3p, miR-196a, and miR-194-3p prevent endometrial
decidualization [43; 44]. However, further studies are
required to confirm the role of microRNAs in the diagnosis
of endometriosis.

Diagnostic and treatment approaches in patients with
infertility associated with deep endometriosis combined
with ovarian endometriomas. Deep endometriosis
combined with ovarian endometriomas is one of the most
complex forms of pathology, characterized by chronic pain,
anatomical distortion of pelvic organs, and a significant
reduction in reproductive potential. Further studies have
shown that women with deep endometriosis may also
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suffer from reduced ovarian reserve [45]. Pacchiarotti
et al. compared AMH levels in women with stage [1I-1V
endometriosis according to the rASRM classification
and in fertile healthy women. In their study, women with
stage III-IV rASRM endometriosis had significantly
lower AMH levels, indicating a negative impact of deep
lesions on ovarian reserve. Shebl et al. also demonstrated a
negative correlation between the severity of endometriosis
and serum AMH levels. It is important to note that in
their study, women with minimal or mild endometriosis
had AMH levels similar to those of the control group. A
possible explanation for the negative impact of deep or
severe endometriosis on ovarian reserve is significant
pelvic inflammation, which may impair ovarian function.
Laparoscopy alone does not take into account modern
ovarian reserve biomarkers such as AMH and AFC and
is therefore most often used in combination with other
parameters for a more accurate assessment of reproductive
potential [45; 46]. The endometriosis fertility index (EFI)
does not directly include biochemical and morphological
markers of ovarian reserve, which limits its accuracy in
predicting fertility, especially in patients with combined
forms of endometriosis and ovarian endometriomas.

AMH and AFC complement the EFI, allowing a more
accurate assessment of ovarian reserve. AMH reflects the
number of small preantral and early antral follicles in the
growth phase and is a stable marker even within a single
menstrual cycle. AFC, determined by TVUS in the early
follicular phase, reflects the available antral follicles
capable of responding to stimulation and allows assessment
of the spatial distribution of follicles within the ovaries.

The integration of EFI with AMH and AFC enables
more precise prediction of reproductive potential and the
likelihood of spontaneous pregnancy or the effectiveness of
ART. For example, a woman with a high EFI, normal AMH
levels, and a sufficient number of antral follicles has a high
probability of successful pregnancy, even in the presence
of severe forms of endometriosis. Conversely, a low EFI
combined with reduced AMH and low AFC indicates the
need for rapid transition to ART, as spontaneous pregnancy
is unlikely. A key aspect of integrated assessment is
treatment personalization. The combined use of EFI,
AMH, and AFC allows for: evidence-based planning of
surgical interventions on the ovaries and pelvic organs,
determination of optimal timing for transition to ART,
prediction of ovarian stimulation and IVF outcomes,
and reduction of unnecessary surgical procedures and
ovarian reserve loss. However, current evidence indicates
that AMH, although an important marker of quantitative
ovarian reserve assessment, has limited predictive value
for spontaneous pregnancy and live birth. Low AMH levels
are not always associated with reduced natural fertility, as
they do not reflect oocyte quality and other key factors of
reproductive potential [47].

The choice of therapeutic strategy in endometriosis
depends on age, duration of infertility, severity of
symptoms, and reproductive plans. Medical therapy is an
important component of comprehensive endometriosis
management; however, current guidelines emphasize that it
does not restore spontaneous fertility and is used primarily
for symptom control and preparation for reproductive
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technologies. According to ESHRE (2022), ACOG
(2023), and ESGE (2022) recommendations, medical
treatment of patients with deep endometriosis combined
with ovarian endometriomas should be individualized
and include the following groups of drugs: progestins and
progestin-containing agents, combined oral contraceptives,
gonadotropin-releasing hormone (GnRH) agonists and
antagonists, other drugs, and experimental approaches.
Medical therapy is not a method of improving fertility;
therefore, in patients with reproductive intentions it is used
only as an adjunct or as preparation for ART [48]. In women
with severe pain syndrome, medical treatment may stabilize
the condition and facilitate preparation for surgery or
ovulation induction. The optimal approach is a combination
of medical symptom control with individualized planning
of surgical treatment and ART, ensuring the highest possible
chance of achieving reproductive goals.

Surgical treatment remains a key component of
comprehensive management of patients with severe forms
of endometriosis, particularly when deep endometriosis
is combined with ovarian endometriomas [48; 49]. The
primary goal of the intervention is the removal of as many
pathological lesions as possible while simultaneously
restoring pelvic anatomy and preserving functional
ovarian and fallopian tube tissue. Surgical treatment of
endometriosis is used as part of infertility management
protocols and yields favorable outcomes. It has been
shown that 35-50% of infertile women have concomitant
endometriosis. Laparoscopy remains the preferred method
but is used for therapeutic rather than diagnostic purposes.
The procedure is performed by a qualified multidisciplinary
team (reproductive gynecologist, colorectal surgeon,
urologist when the urinary system is involved) [49].

Surgical correction of adhesions involving the fallopian
tubes and ovaries restores normal anatomy and helps
improve fertility. Due to an excess of prostaglandins,
proteases, and cytokines (inflammatory, angiogenic, and
neurogenic) within endometriotic lesions, alterations in
peritoneal fluid occur, which impair ciliary activity in the
fallopian tubes and normal sperm function. Restoration of
normal anatomy through adhesiolysis ensures adequate
tubal patency and oocyte capture by the fimbriae [50].

Some studies emphasize that even after surgical
treatment of deep endometriosis with endometriomas,
the risk of reduced ovarian reserve remains high, since
cyst removal is often accompanied by loss of a portion of
functional ovarian tissue [50; 51]. This poses a complex
clinical challenge of balancing the need to eliminate
anatomical barriers while preserving ovarian potential.
The decision regarding the extent of surgical intervention
is based on disease severity and endometrioma size.
Surgical treatment of ovarian endometriomas plays a
leading role in the comprehensive management of patients
with endometriosis-associated infertility. The aim of
the intervention is removal of the pathological lesion,
reduction of pain, and creation of conditions for restoration
or preservation of reproductive function. At the same
time, any ovarian manipulation is associated with a risk
of diminished ovarian reserve; therefore, the choice of
technique must be based on a balance between efficacy and
safety.
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In current practice, several main types of surgical
interventions are used. Cystectomy is considered the “gold
standard” for surgical treatment of endometriomas. This
technique involves removal of the cyst capsule using blunt
or sharp dissection, followed by coagulation of vessels in
the cyst bed area. The advantages of this method include a
low recurrence rate and long-term effectiveness; however,
its disadvantage is the loss of a portion of healthy ovarian
tissue, which may lead to a significant reduction in AMH
levels and AFC, especially after repeated procedures
[51; 52].

Ablation involves destruction of the inner cyst
wall without complete removal of the capsule. Bipolar
coagulation, laser energy (CO:, diode), argon plasma, or
plasma energy are used. The main advantage is reduced
trauma to healthy ovarian tissue, allowing preservation of
a larger proportion of ovarian reserve. The disadvantage
is a significantly higher risk of endometrioma recurrence
compared with cystectomy. A combined approach involves
partial removal of the cyst capsule followed by ablation
of the remaining wall. This strategy minimizes follicular
loss while reducing recurrence rates, making it a promising
option for women with reproductive plans [53].

Drainage and sclerotherapy are less commonly used
methods that involve aspiration of cyst contents followed
by injection of sclerosing agents (ethanol, tetracycline,
etc.) or coagulation of the cyst wall. Advantages include
minimal invasiveness and technical simplicity; however,
the high recurrence rate limits its use. It may be considered
as a temporary solution or in patients with high surgical
risk. In a study involving 100 women who underwent
laparoscopic cyst removal or drainage, recurrence rates
were 4% and 84%, respectively. Cyst wall excision is
superior to fenestration and ablation, as it reduces the risk
of reoperation. It also reduces the severity of postoperative
dysmenorrhea, dyspareunia, and non-cyclic pelvic
pain [54].

Partial oophorectomy is indicated for large, multilocular,
or recurrent endometriomas when preservation of intact
ovarian tissue is not possible. The procedure allows radical
removal of endometriotic lesions but is associated with
a significant loss of ovarian reserve. It is mainly used in
patients of advanced reproductive age or in the absence
of prospects for natural conception. A radical method is
applied in cases of extensive ovarian involvement, multiple
recurrences, or suspicion of malignant transformation. It is
rarely performed in women of reproductive age and is more
commonly used in the perimenopausal period [55].

During surgical intervention for ovarian endometrioma
removal, especially in young women, the issue of maximal
preservation of healthy ovarian tissue remains highly
relevant.

Research findings show that laparoscopic cystectomy
for endometrioma reduces ovarian reserve regardless of
hemostatic methods used after cyst removal.

After laparoscopic endometrioma excision, suturing
demonstrated better outcomes in terms of ovarian reserve

damage compared with bipolar electrocoagulation.
Therefore, to prevent premature ovarian depletion, the use
of hemostatic sutures is recommended, especially in young
and infertile women.

The recurrence rate of ovarian endometriomas ranges
from 9.6% to 45.5%. The surgeon must balance adequate
lesion removal with iatrogenic reduction of ovarian reserve.

Analysis of AMH levels after surgical treatment of
ovarian endometriosis showed a significant reduction in
AMH concentration — by 24% after unilateral surgery and
up to 67% after bilateral surgery.

The superiority of excision over electrocoagulation
ablation was demonstrated in an interim meta-analysis of 7
studies, where excision was associated with a significantly
lower risk of symptom recurrence and a significantly
reduced recurrence rate (relative risk (RR) 0.50; 95%
confidence interval (CI) 0.26-0.97; p = 0.04).

Recurrence rates after excision were also lower
compared with laser vaporization (RR 0.33; 95% CI
0.12-0.88; p = 0.03). The rate of spontaneous pregnancy
after excision was significantly higher compared with
electrocoagulation (RR 2.64; 95% CI 1.49-4.69; p <0.001)
[56].

Thus, modern surgical management of ovarian
endometriomas is based on an individualized approach
with priority given to preservation of ovarian reserve.

Combined techniques are becoming increasingly
popular, combining a relatively low recurrence rate with
minimal damage to functional ovarian tissue. Personalized
selection of surgical intervention based on patient age,
AMH level, extent of disease, and reproductive plans is
essential for optimal treatment outcomes [55, 56].

Conclusions

Despite the important role of AMH as a marker of the
quantitative state of the follicular apparatus, current studies
indicate its limited prognostic value for spontaneous
pregnancy.

Therefore, assessment of reproductive potential should
not rely solely on AMH levels but should be performed
considering a combination of clinical, anamnesis-based,
hormonal, ultrasound, and laparoscopic data.

Modern surgical management of endometriosis-
associated infertility in combination with ovarian
endometriomas should be based on a personalized
approach with maximal emphasis on preservation of
ovarian reserve.

A promising direction to achieve these goals is the
use of combined surgical techniques that integrate a low
recurrence rate with minimal negative impact on functional
ovarian tissue.

Thus, the modern strategy for managing patients with
endometriosis-associated infertility should be based on
a multifactorial approach taking into account clinical,
anamnesis-based, hormonal, ultrasound, and surgical
parameters, which will improve reproductive outcomes in
these patients.
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Background. Statins, as inhibitors of HMG-CoA reductase, exert pleiotropic effects beyond lipid lowering, including endothelial-
protective, anti-inflammatory, and antifibrotic properties relevant to liver diseases and venous thromboembolism (VTE).

Objective. To summarize real-world evidence on the pleiotropic effects of statins in hepatology, define the “therapeutic window” in
cirrhosis, and evaluate their role in VTE prevention.

Materials and Methods. A structured literature search was performed in PubMed for the period 2016-2025 using predefined keywords
related to statins, cirrhosis, hepatocellular carcinoma, portal hypertension, and VTE. A total of 261 publications were identified, of which 35
met the inclusion criteria. To minimize bias, studies employing modern pharmacoepidemiological approaches were prioritized, including
propensity score matching, time-lag analysis, and sensitivity analyses.

Results. Statin therapy is associated with improved intrahepatic hemodynamics through KLF2 signaling and nitric oxide pathways,
as well as antifibrotic effects mediated by Rho-kinase inhibition. In real-world cohort studies, statin use has been linked to reduced risks
of cirrhosis decompensation, hepatocellular carcinoma, and mortality, particularly in patients with compensated disease. The concept of a
“therapeutic window” suggests the most favorable benefit-risk balance in patients with Child—Pugh class A cirrhosis. In the context of VTE,
statins demonstrate modest effects in primary prevention but a more consistent reduction in recurrence risk. Observational data support a
favorable safety profile and challenge the concept of “statin phobia.”

Conclusions. Statins may be considered as adjunctive therapy in selected patients with chronic liver disease and increased thrombotic
risk. The greatest benefit appears to be observed in compensated stages of disease, while further randomized controlled trials are needed to
establish causality and refine clinical indications.

Keywords: statins; pleiotropic effects; liver cirrhosis; venous thromboembolism; real-world evidence.
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IUIEMOTPOIIHI EQEKTU CTATHUHIB Y T'EIATOJOII TA 3A HASIBHOCTI BEHO3HMX TPOMBOEMBOJIIII:
AHAJII3 PEAJIBHOI IPAKTHKH (2016-2025)

O0ecvkuti HayioHanbHull meouynuil ynigepcumem, Qoeca, Ykpaina

AHoTauis. Y CTaTTi MpeNCTaBICHO aHaNi3 MIIEHOTPOITHNX e(EKTIB CTATHHIB Yy TEMaToNOTil Ta 32 HaIBHOCTI BEHO3HHX TPOMOOEMOOTii
(BTE), 1o 6a3yetncst Ha nanux PubMed 3a mepion 2016-2025 pp. Po3misiHyTo MONEKyY/ISApHI MexaHi3Mu remaronpotekiiii. HaBeneHo pokasu
e(peKTHBHOCTI CTAaTHHIB y 3HIKEHH] PU3UKY JIEKOMIICHC AL IUPO3y NeHiHKU Ta NPO(UIAKTHUII IeaToLEeONIPHOT KApLUHOMY Y HALi€HTIB i3
BipycHuME renatutamu. OKpeMy yBary MpHAIICHO 3HHKCHHIO YaCTOTH NMEPBUHHMX Ta peuunauByodnx BTE B yMoBax peanbHOi MPaKTHKH.

Kuio4oBi ciioBa: cratuHu; miedoTponHi eekTr; HUpo3 MediHKN; BEHO3Ha TPOMOOeMOOITisi; peanbHa MpaKkTHKA.

Introduction
Statins  (3-hydroxy-3-methylglutaryl-CoA reductase
inhibitors) haveremainedthe cornerstoneofcardioprotection
overthepastdecades. However, accumulating evidence from

According to the systematic analysis by Abdulrazzak et
al. (2025), statins demonstrate a unique ability to modulate
intrahepatic hemodynamics, making them potential
candidates for the treatment of portal hypertension, in

the last decade indicates that their biological role extends
far beyond their lipid-lowering effect. The pleiotropic
effects of statins, primarily endothelial-protective, anti-
inflammatory, and antifibrotic, open new perspectives for
the treatment of liver diseases and vascular complications,
particularly venous thromboembolism (VTE).

© M. M. Perepeliuk, 2026

CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT ': B

contrast to many other non-cardiological applications
where the evidence base remains controversial [1]. Of
particular importance is their effect on the Rho-kinase
signaling pathway and the expression of the transcription
factor KLF2, which ensures restoration of sinusoidal
endothelial function through activation of nitric oxide
synthesis.

In the cohort study by Simon et al. (2019), therapy
with lipophilic statins was shown to be associated with a
statistically significant reduction in the risk of hepatocellular
carcinoma (HCC) and mortality among patients with chronic
viral hepatitis, without direct assessment of the effect on
fibrosis progression [2]. This correlates with findings from
large real-world cohort studies demonstrating a significant
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reduction in liver-related mortality among patients with
comorbid conditions.

The meta-analysis by Kunutsor et al. (2017), which
included randomized and observational studies, showed
that statin use was associated with a moderate reduction
in the risk of a first episode of VTE, particularly deep
vein thrombosis; the authors suggest that this effect may
be partially explained by the pleiotropic anti-inflammatory
and antithrombotic properties of statins, although the
results characterized by heterogeneity [3].

Despite encouraging scientific findings, a certain degree
of “statinophobia” still persists in clinical practice, driven
by concerns regarding the hepatotoxicity of these drugs.
This creates a barrier to the use of the pathogenetic potential
of statins in patients at high risk of decompensation of liver
diseases and vascular catastrophes.

The objective of the study was to summarize current
data on the pleiotropic effects of statins in real-world
clinical practice, to determine the “therapeutic window”
for their safe use in liver cirrhosis, and to assess their
role in the prevention of VTE. To achieve this aim, the
methodological reasons for discrepancies between the
results of observational and randomized controlled trials
(RCTs) were analyzed, and the sources of systematic bias in
the assessment of non-cardiological effects were identified.

Materials and Methods

The search for scientific publications was conducted
in the specialized medical database PubMed for the period
from January 2016 to December 2025. The following
keywords and their combinations were used: statins, real-
world, VTE, cirrhosis, portal hypertension, HCC, HBV,
HCV, MASLD/NAFLD.

The initial search in the PubMed database using the
specified search terms identified 261 unique publications.
The search was performed using combinations of
keywords with the filters “humans” and “adults 19+”.
Based on relevance criteria, 35 articles were selected for
full-text analysis. All sources included in the final review
were identified in the PubMed database, ensuring their
compliance with international standards of biomedical peer
review and the transparency of the evidence base.

The studies reviewed employed methods to minimize
the “healthy user” effect by balancing patient groups
according to age, sex, disease severity, and concomitant
comorbidities. The analyzed publications included time-
lag analysis to eliminate immortal time bias by establishing
a fixed waiting period before the initiation of drug effect
assessment. Sensitivity analyses were performed to evaluate
the robustness of the results to potential unmeasured
confounding factors. Relative risk (RR) and odds ratio (OR)
estimates were summarized using 95% confidence intervals.
The topic of the scientific study was approved at a meeting of
the Department of Internal Medicine No. 2 with Postgraduate
Education (Protocol No. 7 dated May 20, 2025).

Research results and their discussion
1. Methodological evolution of real-world practice
analysis
One of the most widely discussed topics in modern
pharmacoepidemiology is the discrepancy between the
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results of RCTs and observational studies. In this context,
Karim et al. (2016) as well as Suissa et al. (2020) have
described in detail the mechanisms of time-related biases,
in particular “immortal time bias,” which may lead to an
overestimation of drug effects in previous studies [4; 5].
This bias occurred when the time from diagnosis to the
initiation of statin therapy was incorrectly attributed to the
treatment period, which artificially inflated survival.

However, analysis of publications from 2021-2025
demonstrated a shift toward a qualitatively new
methodology, namely the use of propensity score—based
balancing methods and time-dependent models. In a large
observational study, Mahmud et al. (2022) showed that
after multivariable adjustment, statin use is associated
with a reduced risk of severe complications of cirrhosis,
including acute-on-chronic liver failure [6].

Similarly, in contemporary cohort analyses focused on
VTE, the use of adjusted models demonstrated that statin
therapy may be associated with a reduced risk of VTE
recurrence even after accounting for potential confounding
factors [7].

Taken together, these data suggest a probable
contribution of pleiotropic mechanisms of statins, although
a causal relationship requires further confirmation.

2. Molecular pathways of hepatoprotective action

Modern hepatology considers statins not as
lipid-lowering agents, but as modulators of hepatic
microcirculation through the regulation of endothelial
protective signaling pathways, particularly those related
to KLF2 signaling. Experimental data suggest that these
mechanisms may improve sinusoidal endothelial function
and increase nitric oxide bioavailability via eNOS-
dependent pathways [8].

In the setting of cirrhosis, which is characterized
by sinusoidal endothelial dysfunction and reduced
NO-dependent vasodilation, such effects may potentially
contribute to a reduction in intrahepatic vascular resistance
and a moderate decrease in portal pressure, without
significant changes in systemic arterial pressure [1; 9].

The antifibrotic effects of statins are likely partly
related to modulation of RhoA/Rho-kinase-dependent
signaling pathways, which, according to experimental
data, may limit the activation of hepatic stellate cells and
their transformation into a myofibroblast-like phenotype.
These mechanisms are associated with reduced fibrogenic
activity and extracellular matrix production. In the context
of portal hypertension, this may potentially contribute
to a reduction in the dynamic component of intrahepatic
vascular resistance, although a direct causal relationship
between these molecular effects and clinical hemodynamic
changes in humans has not yet been definitively established
[10; 11].

To date, there is no clinically proven effect of statins on
M1/M2 polarization of Kupffer cells in humans. However,
experimental data suggest that statin therapy may induce
anti-inflammatory changes in the liver through effects
on macrophage-mediated inflammatory pathways. In
particular, in a diet-induced mouse model of nonalcoholic
steatohepatitis, atorvastatin  administration led to
suppression of NF-kB-dependent signaling, a reduction in
the number of F4/80-positive macrophages, and decreased
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severity of hepatic inflammation. This indicates the ability
of statins to modify the inflammatory microenvironment
of the liver through effects on macrophage functional
status [12].

3. Differentiated approach to molecule selection:
lipophilicity versus hydrophilicity

The clinical discussion regarding the choice between
atorvastatin, simvastatin and rosuvastatin in hepatological
practice is based on their physicochemical properties.
Given their higher membrane permeability, lipophilic
statins may theoretically reach not only hepatocytes but
also non-parenchymal liver cells, including stellate cells,
which is considered a possible explanation for differences
in their pleiotropic effects compared with hydrophilic
analogues [13].

Epidemiological data and meta-analyses suggest that
the use of lipophilic statins may be associated with a more
pronounced reduction in the risk of HCC compared with
hydrophilic analogues, although a causal relationship
has not been established. Experimental models also
demonstrate that atorvastatin may exert a stronger effect
on cellular signaling pathways and gene expression related
to hepatic carcinogenesis, which may potentially explain
these clinical observations [14; 15].

Hydrophilic statins, in particular rosuvastatin and
pravastatin, are characterized by minimal metabolism
via the CYP3A4 isoform of cytochrome P450, which
potentially reduces the risk of interactions with drugs
affecting this cytochrome system. At the same time, their
transport into hepatocytes largely depends on transporter
proteins (primarily OATP1B1 and BCRP); therefore, during
combination therapy, particularly with direct-acting antiviral
agents or antiretroviral drugs, increased systemic exposure
may occur, requiring dose adjustment and assessment of
potential drug—drug interactions. Thus, the choice between
hydrophilic and lipophilic statins in hepatological practice
is determined not only by cytochrome-mediated metabolism
but also by the profile of transport interactions and the
specific concomitant therapy regimen [16; 17].

4. Clinical efficacy and safety of statins in liver
cirrhosis

Analyses of large national cohorts from Taiwan, Sweden,
and the United States indicate that statin use in patients with
chronic liver diseases is associated with a reduced risk of
clinical progression, including cirrhosis decompensation,
development of HCC, and overall mortality. Although
the magnitude of the effect varies between studies, most
real-world data demonstrate a relative risk reduction of
approximately 30-50%, supporting the potential clinical
benefit of statins in this population [18; 19].

The concept of a “therapeutic window” for statin use
in liver cirrhosis suggests the most favorable benefit-risk
ratio in patients with compensated disease (Child—Pugh
class A), whereas in more advanced stages of cirrhosis
(classes B/C), the safety profile of these drugs requires
greater caution and an individualized dosing approach.
In particular, clinical studies indicate that in patients with
decompensated cirrhosis, statin use may be associated
with an increased risk of adverse effects, which is dose-
dependent and requires careful clinical and laboratory
monitoring [20; 21].
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With deterioration of liver function (Child—Pugh classes
B/C), pharmacokinetic changes in statins occur, including
reduced hepatic clearance and increased systemic exposure,
which in turn may be associated with an increased risk of
myopathy and other adverse events [20].

Of particular interest is the potential effect of statins on
the risk of portal vein thrombosis, a common complication
of cirrhosis and portal hypertension. Real-world clinical
data indicate that statin use is associated with a statistically
significant reduction in the incidence of portal vein
thrombosis; in a propensity score-matched analysis, the
risk was reduced by approximately 76% (HR =~ 0.24),
suggesting a possible protective effect of this drug class
[22]. Although the magnitude of the association appears
clinically significant, it should be interpreted in light of
potential residual confounding and selection bias inherent
to real-world cohort studies, which does not allow the
observed effect to be unequivocally interpreted as causal.

5. Oncoprevention strategy in relation to
hepatocellular carcinoma

Experimental studies in HCC models have shown that
inhibition of the mevalonate pathway by statins disrupts
the geranylgeranylation processes of small guanosine
triphosphate-binding regulatory proteins of the Ras/Rho
family, which may suppress oncogenic signaling cascades
and tumor cell proliferation [23].

Accumulated clinical data suggest that statin use is
associated with a reduced risk of HCC development in
populations with chronic liver diseases [24].

The most pronounced cancer-protective signal is
observed in patients with chronic hepatitis B or C, including
cohorts of patients with cirrhosis, although a causal
relationship has not been definitively established [14; 25].

Registry-based studies indicate that lipophilic statins (in
particular atorvastatin and simvastatin) may be associated
with a more pronounced reduction in HCC risk compared
with hydrophilic analogues, which is potentially attributed
to differences in tissue permeability and intracellular
effects [2].

Recent systematic analyses also suggest a possible
association between statin use and a lower risk of biliary
tract cancer, although these data remain predominantly
observational [26].

6. Steatotic liver disease (SLD) and overcoming
“statin phobia”

For a long time, elevated transaminase levels were
considered a relative contraindication to statin therapy;
however, current data show that most such changes are
transient, asymptomatic, and often normalize even without
drug discontinuation, reflecting hepatic adaptation rather
than true injury [27].

Clinical observations demonstrate that moderate
increases in ALT/AST during statin therapy are rarely
associated with clinically significant drug-induced hepatitis
or liver failure [28].

In patients with SLD, statin use is associated with a
reduction in fibrosis progression according to vibration-
controlled transient elastography data. However, existing
studies are mostly observational in nature; therefore, the
observed effects should be interpreted as associations rather
than proven direct antifibrotic treatment [29].
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From the perspective of clinical hepatology, statins
are now considered safe in most patients with chronic
liver diseases when appropriate clinical monitoring is
provided [30]. The current management concept for such
patients does not imply avoidance of statins due to moderate
transaminase fluctuations, but rather an individualized
balance between cardiovascular benefit and the rare risk of
hepatotoxicity [31].

7. VTE and the hemostatic system

The pleiotropic effect of statins on the hemostatic system
is considered one of the potential mechanisms for reducing
venous thrombotic risk; however, current data suggest that
this effect is likely mediated through a combination of
metabolic and anti-inflammatory mechanisms [32].

Clinical studies have shown that statin therapy
may modify the tissue factor pathway of coagulation,
in particular through a reduction in factor VII activity
and changes in levels of tissue factor inhibitors, thereby
creating a less procoagulant profile. At the same time,
these changes are not uniformly expressed across all
populations and do not allow the effect to be interpreted
as a direct inhibition of coagulation in vivo in every
patient [32].

In addition to effects on the coagulation cascade, statins
have antiplatelet properties: in clinical studies in patients
with hypercholesterolemia, simvastatin reduced platelet
aggregation and levels of platelet activation markers (in
particular sP-selectin and sCD40L), which may potentially
contribute to a reduction in thrombotic risk [33].

In a large nationwide Danish population cohort
(601,011 individuals initiating statin therapy and 1,803,033
comparison participants), initiation of statin therapy was
associated with a small reduction in the risk of a first
episode of VTE (adjusted hazard ratio approximately 0.95),
indicating a weak but statistically significant preventive
effect [34].

In contrast, in a large retrospective real-world cohort
from Indiana (United States) including 192,908 patients with
prior VTE, statin use was associated with approximately
a 25% lower risk of recurrence (OR approximately 0.75),
suggesting a more pronounced potential of statins in
secondary prevention of thrombotic events [35].

orijiing JIITEPATYPHU

Thus, statin therapy is associated with a small reduction
in the risk of a first VTE and a more pronounced effect in
secondary prevention; however, the existing evidence base,
predominantly derived from observational studies, supports
their use as a potential additional pharmacological approach
rather than an alternative to anticoagulant prophylaxis.

Conclusions

The pleiotropic effects of statins extend beyond their
lipid-lowering action and encompass key pathogenetic
mechanisms of liver diseases and vascular complications.
The endothelioprotective, anti-inflammatory, and antifibrotic
effects provide a biological basis for considering statins as a
potential adjuvant therapeutic tool, although most available
evidence is currently based on observational studies.

In hepatology, the most consistent clinical associations
are observed in patients with compensated forms of
chronic liver diseases, where real-world data demonstrate
an association between statin therapy and a reduced risk
of cirrhosis decompensation, development of HCC, and
mortality. This suggests that the potential benefit of statins
is most likely realized at stages of preserved liver function,
when the benefit-risk ratio is optimal.

Current data revise traditional concepts regarding statin
hepatotoxicity in SLD and other chronic liver conditions.
Moderate elevations in transaminases are usually transient
and rarely associated with clinically significant liver injury,
allowing statins to be considered a safe strategy when
appropriate clinical monitoring is provided.

In VTE prevention, the effect of statins differs depending
on the clinical context: in primary prevention, only a small
reduction in the risk of a first VTE episode is observed,
whereas in secondary prevention a more consistent
association with reduced recurrence risk is seen, which
is likely related to their effects on coagulation balance,
platelet activation, and systemic inflammation.

Overall, statins should be considered not as an
alternative to standard treatment methods, but as a potential
multiorgan risk modifier. Their use is most justified as
part of combination therapy in selected patients, while
the determination of optimal treatment regimens requires
further prospective randomized studies.
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Mertoro poboTH € aHani3 KIiHIYHAX BUIA/KIB TOCTPOrO )KHBOTA i/l Yac BariTHOCTI 3 BU3HAYCHHSAM KITIOYOBUX AIArHOCTHYHUX MOMHUIIOK,
TaKTHYHUX PIllICHb | MPAKTHYHUX BUCHOBKIB.

Pesyabraru. Po3misiHyTO BUNAAKK: PO3PHB MATKHU MICIIsi KOHCEPBATHBHOI MiOMEKTOMIT; CIOHTAHHUI TEMOIEPUTOHEYM 3a JOHOIICHOT
BaritHocti (SHiP), sikuii 3axagaB HeraifHOro XipypriuHoro BTpy4YaHHs; — KECapeBOro PO3THHY, CyOTOTAIBHOT eKCTUPIALl MATKH; TOCTpPA KUILI-
KOBa HEMPOXiJHICTh y TEPMiHI BariTHOCTI 26 THXHIB, OB’ I3aHa 3 MIOMOIO MAaTKH, IHBEPCI€r0 MaTKH, 00TypaIli€ro Majoro Ta3a, 00Typarli€o
TOBCTOTO KHIICYHHUKA; SIIIUIOIYHUI alleHAUIUT Y 36 THXHIB BaTriTHOCTI.

BucHoBku. [ocTpHil )KHUBIT i1 YaC BariTHOCTI € HOTEHI[IHHO 3arPO3JIMBUM /IS JKUTTS CTAHOM 1 CKJIAAHOIO MYIBTH(AKTOPHOIO KIIIHIYHOO
CHTYaIIi€10, 1[0 MOETHYE (i3i0NOTI9HO 3MIHEHY aHATOMIt0, MOTH(iKOBaHi 1abopaToOpHi MOKA3HHUKY i BUCOKUIT PH3UK IIBHUIKOT ICKOMITICHC AT
Martepi Ta mwioaa.

Kuio4oBi ciioBa: rocTpuii XKUBIT, TPETil TPUMECTP BariTHOCTI.
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ACUTEABDOMEN INPREGNANTWOMEN INTHETHIRD TRIMESTER OFPREGNANCY (WITH CLINICAL
CASES)

1 Zhytomyr Medical Institute of Zhytomyr Regional Council, Zhytomyr, Ukraine

Z]van Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine, Ternopil, Ukraine

Acute abdomen during pregnancy is a complex clinical problem that combines a high risk of obstetric complications with the need to
differentiate between a wide range of surgical and non-obstetric conditions. The incidence of non-obstetric urgent pathology in pregnant
women is low, but it poses a significant threat to the life of the mother and fetus in case of diagnostic delay.

Aim. The aim of this study is to analyze clinical cases of acute abdomen during pregnancy, identifying key diagnostic errors, tactical
decisions, and practical conclusions.

Results. The following cases were examined: uterine rupture following conservative myomectomy; spontaneous hemoperitoneum in a
full-term pregnancy (SHiP), which required immediate surgical intervention — a cesarean section and subtotal hysterectomy; acute intestinal
obstruction at 26 weeks of gestation associated with uterine myoma, uterine inversion, pelvic obstruction, and colonic obstruction; omental
appendicitis at 36 weeks of gestation.

Clinical lesson: underestimation of uterine scarring and delay in surgical intervention increase the risk of massive blood loss. Endometriosis
may be associated with spontaneous hemoperitoneum during pregnancy (SHiP), which requires immediate surgical intervention. Myomatous
nodes can cause atypical urgent symptoms that mimic surgical intestinal pathology. Epiploic appendicitis is a rare but possible cause of acute
pain during pregnancy
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Clinical cases demonstrate that: atypical course does not exclude catastrophic pathology, a wait-and-see approach in hemodynamic
instability is dangerous, and a multidisciplinary approach should be applied at an early stage.

Conclusions. Acute abdomen during pregnancy is a potentially life-threatening condition and a complex multifactorial clinical situation
that combines physiologically altered anatomy, modified laboratory parameters, and a high risk of rapid decompensation of the mother and
fetus. Delay in diagnosis and surgical intervention is associated with a significant increase in maternal and perinatal morbidity.

Keywords: acute abdomen, third trimester of pregnancy.

Beryn

BUHUKHEHHsSI TOCTPOTO >HBOTA IIiJ] Yac BariTHOCTI
CYIPOBOJKYETBCSl HacamIlepell BUCOKHM BIJICOTKOM aKy-
IIEPCHKUX YCKIIaIHEHb, CTBOPIOE XipypridHi IpooIeMu.

locTpuii XUBIT, KW BHHHWKA€E MiJ Yac BariTHOCTI,
MoXke MaTu Oarato MoxiuBHX npuawH [1; 2]. Bynp-ska
MIPUYMHA TOCTPOTO KUBOTA MOKE 30iraTucs 3 BariTHICTIO.
JliarHOCTUYHUI MiAXiJ 0 BariTHUX MAIIEHTOK 13 CHJIb-
HUM 00JIeM y KHMBOTI y’Ke CXO)KHH Ha MiAXix 10 HEeBariT-
HUX MAaIIE€HTOK i3 TOCTPUM >kuBOTOM [3]. OmHak mig Jac
iHTeprperanii pe3yJibTaTiB aHaMHe3y Ta (i3UKAIBLHOTO
o0cTe)xxeHHs1 HeoOXiIHO BpaxoByBaTu (i3ioyIoriuHi 3MiHH,
OB’ s13aH1 3 BariTHICTIO [4; 5].

3 mporpecyBaHHSM BariTHOCTI KHIIEYHUK 3MIiLIyETHCS
JIaTepaJIbHO Ta Bropy (HaNpHKIaJ, aneHAnKC MOXe Iepe-
MICTUTHCS Y BEpXHil paBuii kBaHapaHt (puc. 1). BinOy-
BalOThCs (i310OTIUHI 3MiHH CEpIICBO-CYAMHHOI CHCTEMH
ITiJ] 9ac BaTiTHOCTI: 30UTBIIYETHCS 9acTOTa CEPLEBUX CKO-
pOYCHB, CeplIeBUi BUKH, 00’ €M KPOBi Ta 3HIKYETHCS CUC-
TeMHUH cynuHHHA omip. HacmigkamMu 1I0ro € TpaHndHa
Taxikapmis, (i3iosoriyHa aHeMist Ta O3HAKH KPOBOBTPATH
3’SIBIAIOTHCA Ti3HO. 11010 reMaToiOriYHNX IMOKA3HHUKIB,
TO CIIOCTEPITa€ThCs 301TBIIEHHS KUTBKOCTI €PUTPOIIMTIB Ta
JICHKOIIMTIB, 1110, 31 CBOIO OOKY, 3yMOBIIIO€ JICHKOITUTO3 13
3CYBOM JIIBOPYY I MOXKE 3aMacKyBaTH 3amayieHHs. [1ig yac
BariTHOCTI € CXIIBHICTB JJ0 BEHO3HOTO TPOMOO3Y Ta BUHHU-
Kae rinepkoaryisuiiiaui crax [6].

MNpasuK BepxHiW KBaOpaHT

Mpaea yacTka NE-ikKuM
KoBuHWAMixXyp
MiowmyHkosa anosa;
roOnNoBKa

Wnynox: eopoTap Ta
aHTPYM

[eaHanuaTnana KiwKa
Bucxioqa obonpea kuwxa
Monepeqna obonpea wawsxa
Mpapsa Hupra Ta BepxHiA
Bi 0N CEYWO0B0TY
Anenoprc

Mpaenit HWKHIW KBaOpaHT |

Cnina kuwka

ANeHOMKC

BuecxinHa obonpes wiwma
Kinuesa wnyGosa kuwka
Hueii Biooin cevosomy
Ceunsni mixyp

MNpasuia Ae-HuE Ta
NpPHOATEW

Matka

di3ionoriyHi 3MiHN AUXAIBHOT CUCTEMH ITiJ Yac BariT-
HOCTI BKJIIOYAIOTh 30UNBIICHHS IUXaTbHOTO 00’€eMy Ta
XBUJIMHHOI BEHTIJIALII JIeTeHb, TONI K (QyHKIiOHAIbHA
3aJIMIIKOBA €MHICTh 3MEHIIyeThes. lle mpu3BoAMTH 10
HIBUJIKOI JICOKCUTEHAIliT, IPUCKOPEHHS YacTOTH UXaHHS
Ta TMOSIBU Cy0’ €KTUBHOI 3auIIKU. Di310J0TYHUM CTaHOM
MiJi 4ac BAariTHOCTI € KOMIICHCOBaHHUH pecHipaTopHUi
aJIKao3.

OCHOBHI TPUYUHHU TOCTPOTO KMBOTA I Yac BariT-
HOCTI:

* IPUYMHH, [TOB’S3aHi 3 BariTHICTIO (aKyIIEPChKi);

* TIPUYMHMY, HE MOB’A3aHi 3 BariTHICTIO (HEaKyIIepChKi);

* MOCHIIIOETHCS BariTHICTIO;

* ekcTpaabmomiHambHa etiojoris (Tadm. 1).

Tloctpwmii anengunut. Y 1848 pomi I'eHkok moBimo-
MHUB OpPO MEpIHIMHA BUMAJAOK FOCTPOTO ANCHIUIUTY, L0
yCKJIagHUB BariTHicTe y 12 TmkHiB. Hapasi wactora
rOCTPOrO AMCHIUIUTY BariTHUX JKIHOK CTaHOBHTH Bil
0,04 mo 0,2%. Hami 3a 4acCTOTOI HIYTh XOJCI[UCTHT,
MaHKpPEeaTUT Ta KUIIKoBa HemnpoxinHicte. Ilonax 45%
Nali€eHTOK CcHpoOyBanM KOHCEPBAaTHBHE JIKyBaHHS
(anTHOioTHKOTEpANiIO Ta ApeHyBaHHs), npoTe y 74% i3
HUX TaKa Tepallis BUSBWIACSI Hee(EKTUBHOIO, i 3rOAOM
iM 3HamoOmiocs Xipypriude BTpy4aHHA (MiHIMalbHO
iHBa3uBHE 200 Binkpure) [7].

3axBOpIOBaHHA JKOBYHOTO Mixypa. JKoBuHOKaM siHa
XBOpO0a € APYTHM 32 MOMIMPEHICTIO IIOKa3aHHIM JI0 Xipyp-

INiBuK BepxHin KBagpaHT

Meuvixka INiea wacmka
Nipunyrkosa 3anosa; Tino
Ta XBicT

Wnyrowx - kapoia Ta Ting
Cenesinka

Nonepeyra obonpea wauka
HuzxinHa obonoea kuuwuka
Toscra, knyGoea kuwka
Niga Hupka
Bepx+ayactuHa cevoeomy

Nisni HUWXKHIW KBaOpaHT

Husxinna obonosa kuuxa
Curmononibxa obonpea
KHLLIKS

Bepxxavactwa npama’
KHLLIKH

HuxHA YacTi Ha CeuoBoTy
Cevosui Mixyp

Niswi AEYHWK Ta NPUOATIo
MaTKM

Puc. 1. AHaToMivHi cliBBiTHOIIEHHS BiINOBIAHO 10 Pi3HNX KBAaPAHTIB YepeBHOI NOPOKHUHM [6]
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BHUIALOK I3 JIIKAPCBEKOI IPAKTUKH

Tabmuus 1
ETiosorist roctporo 60,110 B kUBOTI IiJ yac BaritHocTi 3i 3minamu [6]
I[Ipuunnu, noB’si3ani 3 IIpuynnm, He NoOB’sA3aHi 3 [ocuaroernest Barithictio | ExcrpaataominanbHa

BAriTHICTIO (aKylmepchbKi) BariTHiCTIO (Heakylepchbki) eTioJiorist
ITo3amaTKOBa BariTHICTb, Xipypriune JikyBaHHSsI ractpoe3odareanbHa Bims y cepri,
MOJISIPHA BariTHICTb, ATEHANINT, XOJIEUCTHT, OiniapHa | pedrokcHa XBopooOa, TJIEBPUTUYHUN
KicTa sieyHuKa (IePEKPYT, | KOIbKa, TOCTPHI MAaHKPEaTHT, 3aXBOPIOBAHHS KOBYHOTO O1JTb, 3TOBKUBAHHS
KPOBOBHWIINB, PO3PHUB), BHpa3KoBa XBOp0o0a, ceuoKaM’siHa | Mixypa, TOCTPHIl IIHCTHT, IICUXOaKTUBHUMU

MEPeKPyT PaIomieBUX
TpyO, AeTeHepallis / HeKpo3
JIEHOMIOMH MAaTKH,

O1Ib y KpyIITiii 3B°S1311i,
BiJIIIIApYBaHHS TUTAIICHTH,
TOCTpa )KUPOBa TUCTPOPist
MIEYiHKH; YepeBHA
BariTHICTh, CHHIPOM
HELLP, po3puB MaTku,
MePEKPYT MaTKH, PO3PHB
MIPSIMOTO M’si3a )KHUBOTA,
niacras cumisy,
BHYTPIIIHbOYCPEBHA
KpoBoTeYa

3aranbHe 3aXBOPIOBAHHS
kumednnka (IBO), po3pus
aHEBPU3MH, TpaBMa, HEKPO3

KHIIKA
MenuyHe JikyBaHHS
I'actpoenrepur, nopdipis,

TpoMO03 MTHOOKKMX BEH

XBOpOOa, KMIIKOBA HEMPOXiAHICTS,

JKUPOBHX MiJIBICOK CUTMONOAiIOHOT

CepIONOIiOHOKIIITHHHA KPH3a,

rocTpuil miexoHePpur, OiIb y
M’s13ax Ta cyniobax

pedoBuHaMU abo
AOCTHHEHTHHUU CHHIIPOM,
iHpeKIisA
OTepi3yBajIbHOTO
reprecy

TiYHOTO BTPYYaHHS MiJ] 4yac BariTHOCTI. [ocTpuii Xonerwc-
TUT MOXKe Bpaxkatu 10 20% xiHok 1o 40 pokis [1; 4].

locTpmii maHKpeaTwT, IO YCKJIAJHIOE BariTHICTS,
3yCTpidaeThCs Pigko, 3 wactotoro 1/10 000 BariTHOCTEH, i
HalfgacTille BHHUKAE B TPETbOMY TPHUMECTP.

HaitgacTime 1e camooOMeXyBasbHE 3aXBOPIOBAHHS,
ajie BOHO MO)KE TPOTPECYBATH 0 OINBII BaXKKOTO CTaHY,
OB SA3aHOTO 3 MOJIIOPTaHHOI0 HEIOCTATHICTIO, HIOKOM i
cMepTio. MaTepuHChbKa CMEPTHICTh CTaHOBUTH 1%, a Jac-
TOTa MepPeIIaCHUX MOJIOTiB — Onmu3bko 20% [6].

TOHKOKHMIITKOBA HETIPOXiAHICTD MiJl Yac BariTHOCTI Tpa-
IUIAETBCS. HAA3BUYAWHO PIAKO, HACTUIBKH, IO OKPEMHUI
Xipypr 3araJibHOI IPaKTHUKH, HMOBIPHO, CIIOCTEpIrae JIMIIe
OIIMH-JIBa BHUNAJKU NPOTATOM CBOE€I Kap’epu. Lle moren-
ifHO BaKKWH HEaKyIICPCHKUHM XIpypriuyHWi CTaH, SKAN
MoXke OyTH TIOB’SI3aHW 3 HECIPHUSITIMBAMH HACIiIKaMH
JUTA Matepi Ta mioaa [3].

MeTo10 po60TH € aHATI3 KIIHIYHUX BHITAIKIB TOCTPOTO
JKMBOTA I1iJ] 4ac BariTHOCTI 3 BU3HAYEHHAM KJIIOUOBMX [ia-
THOCTHYHHUX ITOMUJIOK, TAKTUYHUX piI_HeHI) i MpaKTUIHUX
BUCHOBKIB.

MarepiaJjin Ta METOIM T0CTiKEHHSI

Po3rnsinyTo 4 BHIAAKM PO3BUTKY TOCTPOTO >KHBOTA
y TPEThOMY TPHUMECTpi BariTHOCTI: PO3PUB MAaTKH MiCIISA
KOHCEPBATHUBHOI MIOMEKTOMIil; CIIOHTAaHHHUH T€MOIICPHUTO-
HeyM 3a noHomeHoi BariTHOCTI (SHiP); roctpa kumrkosa
HENPOXiJTHICTh Yy BariTHOi 3 MiOMOIO MAaTKH, iHBEPCi€IO
MaTKH W 0OTYypamielo TOBCTOTO KHUIIEYHUKA; CMIIUIOITHAN
aTNeHINIAT Y 36 TIKHIB BariTHOCTI. Y IOCTIKEHHI MPo-
BEJICHO PETPOCIICKTHBHUN aHaJi3 3a3HAYCHUX BHUIIAIKIB i3
3a0e3MeueHHsIM aHOHIMHOCTI TAaIliEHTIB Ta JOTPUMAHHIM
BUMOT KoMicii 3 0ioeTuku (3rigHo 3 [IpoTokomom Ne 2 Bif
12 tpaBus 2025 poky).

JUJIs KOXKHOTO KITIHIYHOTO BHIIQJIKY 3MIiHCHCHO aHa-
73 aHaMHECTUYHHUX JaHWX, KIIHIYHOI CHMIITOMAaTHKH,
Ppe3yabTariB 1abOpaTOPHUX Ta IHCTPYMEHTAIBHUX METOIIB
JMOCIIDKCHHS, 0COONMMBOCTeH audepeHmiinHoi IiarHoc-
TUKH, JIIKyBaJbHOI TAKTUKH, ONIEPAaTHBHOTO BTPYUYaHHS Ta
MAaTEePHHCHKHX 1 IepUHATANBHUX HACTIIKIB. JloCHiKEeHHS
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BHKOHAHO BiJIITOBIIHO IO MPUHIMITIB [ €IhCIHCHKOI TeKiTa-
pamii Ta pekomernaniit CARE Guidelines mozno ommcy xii-
HiYHAX BUMAAKIB. [1iq yac miaroToBKu Marepiairy 3abesrme-
YeHO TIOBHY aHOHIMHICTH HAIi€HTIB Ta KOH(iACHIiIHICTh
MEePCOHAIBHUX AaHUX.

Pe3yabTaTu focaiizkeHHs Ta iX 00roBopeHHs

IHepwiuit kniniunuit 6unadox

TpunusarunBopiuHa moBTopHO BariTHa. [lepmia Barit-
HICTB 3aKiHYMIIACS BUKHHEM Yy IIEPLIOMY TPUMECTPI BariT-
HocTi y 2020 porri. Y 2018 polli BUKOHAHO JIAapoCKOIYHY
PE3eKIi0 MPaBOTrO S€YHHKA 3 TPHUBOLY CHIOMETPIOin-
HOI KICTH 1 KOHCEpPBAaTHBHY MIOMEKTOMIIO (31 CIIB JKiHKH,
MaJICHPKHH BY3JIMK IO TepenHiil CTiHI 1 Xipypr i cka-
3aB, 1[0 Ha Il HE BapTO 3BEPTATH yBary). BariTHa BinBia-
yBaJIa KIHOUY KOHCYJIBTAIII0, 32 MePioJ] BariTHOCTI HIKOTO
HE 3aliKaBHB MPOTOKOJ Omepalii, a aiarHo3 «pyOemp Ha
Marmi» OyB BincyTHiH. IlmanyBaxocs po3pomKeHHs B MiCh-
KOMY IIOJIOTOBOMY OyIWMHKY (Ipyruii piBeHb) depes IMpH-
PpozHi 1oJIoroBi Husixu [8].

O 3:00 Ha Ty1i TOHOWIEHOT BariTHOCTI Y JKIHKH ParToBO
BUHHK TOCTpUH Ok y *kuBOTI. Uepe3 BUpaXkeHUH 00JIb0-
BUIl CHHIIPOM Nali€HTKa HEe Momia nepedyBaTH B II0JIO-
JKeHHI Ha crinHi. BoHa Oyrna rocmitanizoBaHa 10 MiCBKOTO
MTOJIOTOBOTO OYIUHKY, JIe 1 0OCTEXKIITH Ta CIIOCTEpiraiy 3a
if cranom nipotsirom 11 romua. Otpumana iHdy3iro B 00cs3i
600-800 mm 3i crmasMoONiTHKaMH 1 chma3MairoH. Buko-
HaHO Y3]l depeBHOI MOPOXHUHU: Y YEPEBHIH MOPOKHUHI
pianHA, B QUIAHII MEYiHKH MaTb(opMarii.

[IpokoHCymBTOBaHA Xipyprom: TOCTpoi XipyprigHoi
narojiorii He BUsBIeHO. JKiHKa CrpsiMOBaHa B OOJacCHHI
MOJIOTOBHU OYIMHOK 13 J1arHO30M «BariTHiCTh 40 THXKHIB.
IMonoru I, ouikyBani. [ocTpa npaBoOiyHa KOIbKa. ACIIUATY.
Yepes 12 romuH Bij MOYATKy MPOSIBY TOCTPOi KIIHIYHOT
CHUMIITOMaTHKHU XKIHKY JOCTaBWJIM 10 OOJIACHOTO IOJIOTO-
Boro OyauHKy. Uepes MOTripIIeHHs MOKa3HUKIB IeMO/IHHA-
MIKH Ta cTaHy 1urofa ii 6yJro TepMiHOBO TOCIIITaII30BaHO 10
orepariifHoi. Y 4epeBHil MOPOXKHUHI BHUSBICHO OJM3BKO
2 JITpiB KPOBi, a B IUISHII JHA MaTKH OJMDKYE JO JIBOTO
MaTKOBOTO KyTa — PO3pHUB JTOBKUHOIO 10 7 cM (puc. 2).
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Puc. 2. Po3puB maTku

Micne po3puBy Oyino A€II0 TPUKPHUTE CAITBHUKOM i
IIUTEHUM 3TYCTKOM KPOBI, IKHA OpraHi3yBaBcs i OyB Baroio
600 r (manbdopmarrist B ninsHI niedinkn). Pana Ha marii
Bunra. [lix 4ac XipypriuHoro BTpy4aHHs KIIiHiKa TpaB-
MaTHYHO-TeMOPAriqHoro moky (puc. 3). PiBeHb remorio-
OiHy B orepalliifiHiii Ha BUCOTI KpOBOTEeUi CTaHOBUB 61 1/11.
006’em Tpaucdysii cranoBus 3500 mut po3uunHiB: Ep maca —
526 mi, masma — 560 mi, komoinu —700 M, KpucTao-
inm — 1700 M.

Kniniunuii ypox: HENOOIIHKAa pyOLsT Ha MaTIi Ta
3aTPHMKa OINEPATHBHOTO BTPYYaHHS IiJABUINYIOTH PH3HK
MacHBHOI KpOBOBTpaTtd. HemooriHka aHaMHE3y OIepaTHB-
HUX BTPYYaHb HA MaTIli MOXKE MPHU3BECTH 10 (aTaTbHUX
HacimiakiB. PyOers Ha MaTmi NMOBHHEH PO3IVISNATHCA SIK
(haxTop BUCOKOTO PH3MKY HE3aJISKHO Bij Horo sokasmizaiii
Ta PO3Mipy IEPBUHHOTO BTPYYaHHS.

/Jlpyzuii Kniniunuii 6unadok

JKiHkaMm 3 eHJIOMeTpio30M HEPIAKO MOBIIOMIISIOTH, 1110
BariTHiCTh MOXKe OyTH KOPHCHOIO CTpaTeri€ro JuIi JIKY-
BaHHS CHMITOMIB 3MEHIIEHHS IPOrPECyBaHHs 3aXBOPIO-
BaHHS, OCKUIBKH «IICEBIOBATiTHICTE), BUKINKAaHA TOPMO-
HaJILHOIO Tepari€ro, MO3UTUBHO BIUIMBA€E HA CUMITTOMH [9].

IcHyTOTH CBimYEHHS BIUIMBY €HIIOMETPiO3y Ha Barit-
HICTH Ta aKymepchkuii pesynetar [9; 10]. IIpore oOMexkeHi

Puc. 3. BinrnoBaena (ymuruii po3puB) MaTka.
Marky 30epe:keHo
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JaHi HU3bKOI a00 MOMIPHOI SIKOCTI CBigYaTh MpPO T€, IO
JMUHAMIKa CHIOMETPIOIMHUX TeTePOTOMii Mmia dYac Barit-
HOCTI € MIHJIMBOIO: Bil iXHBOTO ITOBHOTO 3HHMKHEHHS IO
aKkTHBHOTO pocTy. OTXe, MOXKHA 3pOOUTH BUCHOBOK, IIO
BariTHICTh HE 3a0e3medye CUCTEMAaTHYHOIO MOKPAIIEHHS
CTaHy JKIHOK 3 SHJIOMETPiO30M, TOMY MAIliEHTKaM HE CIIiJT
PEKOMEHyBaTH TPHUIMHATH MEepioANYHI OonIsiau Ta/abo
MeIUKaMEHTO3HE JIIKyBaHHS IiCIIs MTOJIOTIB.

[MamieHTKaM HE CITiZl pEKOMEHAYBaTH BaTiTHICTS 13 €110~
HOIO METOIO JIKYBaHHsS €HIOMETPio3y, OCKITHKH BOHA HE
3aBKAU NIPUBOAUTH O MOJIETIIEHHS CUMITOMIB YH CTpHU-
MYBaHHsI TIPOrpecyBaHHs 3axBoproBanHs. Ilix dac Barit-
HOCTI SHIOMETPIOMH MOKYTh 3MIHIOBATH CBOIO CTPYKTYPY.
VY pasi BUSBICHHS aTUIOBOI eHaoMeTpiomMu mix 4ac Y3J1
BariTHUM PEKOMEHIY€ThCsl HAPABIISTH NALli€HTOK JI0 CIie-
Liayi30BaHUX LEHTPIB i3 BiMOBIIHMM piBHEM KBamidika-
wii [10].

MokITuBI yCKITQAHEHHS TiJT 9ac BariTHOCTI, 3yMOBIICHI
B)X€ HassBHUM €HIOMETPiO30M, OB 5I3aHi 3 YIIKOIKCHHIM
TaKUX OPTaHiB Ta CHCTEM:

1) ermomeTpiomu;

2) MITYHKOBO-KHIITKOBOTO TPAKTY;

3) ce4OBHUIITBHOI CUCTEMH,

4) matku

5) CYAMHHOTO pycia: CIHOHTAHHUH TEeMONEPUTOHEYM
iy gac BaritHocTi (SHiP).

Xoua eTiONOTiSl CIIOHTAaHHOTO T'eMONEPUTOHEYMY
nig yac BaritHocTi (SHP) Bce mie 3amumaerscst 3araj-
KOBOIO, HOTO IOsIBa, 3/1a€THCS, YACTIIIE 3yCTPIUaEThCs B
pasi egnomerpiosy. KpoBoTeya BUHHKAE 3 Ta30BUX €HIO-
METpIO3HHUX IMIUIAHTATiB abo uyepe3 pO3pUB CYAMH, SIKi
HaifuacTime po3TalloBaHi Ha 3aJHIM TOBEpPXHI MaTKH
abo B mapamertpii. Lle BimOyBaeTbcs mepeBakHO B Tpe-
TBOMY TPHUMeECTpi BariTHOCTI (10 42 IHIB MiCJIs MMOJIOTIB) i
OB’ s3aHE 3 BUCOKOIO MaTE€PUHCHKOIO Ta NIEPUHATAIBHOIO
3axBOploBaHicTIO / cMeprHicTio. Hi cTanis eHmomerpi-
03y, Hi TIONEPeIHs XipypriuHa epaguKallis eHI0MeTPio3-
HUX ypa)KeHb He Oy/M MOB’s3aHi 31 CTYNEHEM TSHKKOCTI
SHiP. TunoBa kiiHiYHa KapTHHA BKJIFOYA€E TOCTPHI OLTb Y
JKUBOTI, TIITOBOJICMIYHHHN IIIOK Ta 03HAKH TUCTPECY ILI0AA,
mo npubnmsno y 94,5% BunankiB morpeOye ekcTpeHoi
JIIarHOCTUYHOI JIarapoToMii, SIKy IepeBa’KHO IMOETHYIOTh
13 KecapeBUM po3THHOM [11-14].

TocnitanizoBaHo BariTHy B JOHOIICHOMY TEpMiHi 31
CKapramMy Ha TOCTPHHA, PO3TUTHHN OLIb 10 BChOMY JKHBOTY,
110 BHHHK panToBo. [1ix yac ormisay BUSBIEHO, IO MaTKa
pizko Ooxroya mpH manbmanii, GPeHiKyc-CHMIITOM MO3H-
TUBHUM.

BuKOHaHO €KCTPEHY JIalapoTOMit0. Y YepeBHiH MOPOK-
HUHI BUSIBIICHO 70 | jiTpa KpoBi. [IpoBeaeHo kecapiB po3-
TuH (puc. 4), Marky BuTo. [Ipu peBi3ii opranis Maioro raza
0 3aJHbOOIYHII TOBEpXHI PaBOPYyY BUSBIEHO TeMaTOMy
po3mMipoM 7 X 2 X 3 cM Ta MHOXXUHHI ITOBEPXHEBI aTHUITOBI
cynuHM (TUTOIIa 3MIHEHHX CYOWH — 7 X 6 cM), IUTICHICTh
AKX OyIJI0 TMOpyIIEHO y 2—3 Micuax (JuKepeso KpoBoTedi)
(puc. 5-6). JliBopy4 1o 3aHiii TOBEpXHI MaTKH Bi3yai3o-
BaHO aHAJIOTIYHI 3MiHM (TUTOMA — 5 X 6 CM) 13 IUITHKOIO
KpOBOBWINBY (puc. 7). 3BakalouW Ha IUIOILY YpPaKCHHS
MAaTKH Ta 30epe)KeHHs] BHCOKOTO PH3HKY IIOBTOPHOI KPOBO-
Teui, BAKOHAHO IiCTEePEeKTOMIIO (BUIAIEeHHs MaTKn). [lics-
ormepamniiHui nepiox 6€3 0COOIUBOCTEH.
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Puc. 6. 3aa1Hb0-0i4Ha MOBEPXHA MATKH MPaBOPYY
MHOKHHHI MOBepXHeBi aTUNOBI cynMHU (T101A
3MiHEHHUX CyIUH 7 X 6 ¢cM), HiTiCHICTH SIKUX MOpYLIEHa
y 2-3 micusx (axepeso KpoBoTevi)
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Puc. 7. 3anHb0-6i1Ha MOBEPXHA MATKH JIIBOPYY

BrcHOBOK MaToricTONOTiTHOTO 0OCTEKEHHS PO YIITKO-
JUKeHY NUISTHKY: JIOKanbHa Manb(opMamis CyIuH 3aTHBOI
CTIHKH.

Kniniunuii ypox: €HIOMETPIO3 MOXE acOI[iloBaTHCS
31 CIIOHTaHHHM T'€MOIEPUTOHEYMOM IIiJi Yac BariTHOCTI
(SHiP), mo notpeOye HeraiHOTO Xipypri4HOro BTPpyYaHHs.

Tpemiit kniniunuit 6unadox

VY 1984 poui 10 BifAiIeHHS! €KCTPEHOT T1HEKOJIOTii M.
Cimpeponons 3BepHynacs 36-piyHa BariTHa B TEpMiHi
26 TWXHIB 31 CKapraMd Ha panTOBUH CWIBHHHA OiTb y
JKUBOTI.

[Tig gac BariHaIBFHOTO-JBOPYYHOTO OOCTEIKCHHS 3BEp-
HyJI0o Ha cebe yBary Te, IO IIMHKa MAaTKH BH3Ha4aacs
BHICOKO O1JI KPHIKIB, a IT0 TIPOBiTHIH OCi Ta3a MajbIIyBatacs
crinka marku. [1ig yac rocmiTamnizaiii CHMOTOMH MoJpas-
HEHHS1 0YePEBHHH YITKO HE BH3HAYalUCs. Y MpOILECi Cro-
cTepexeHHs (POTITOM 2 TOJUH) CUMITOMH TOIPa3HEHHS
OYEepEeBUHM CTAJIM MO3UTHBHUMH. 3a pe3yJbTaraMH pPEHT-
TCHOJIOTIYHOTO 00CTEXKEHHS BUSBIICHO «vari Kioiidepay.

Jiarno3: BaritHicTb 24-26 TIKHIB. 3arposa mepepu-
BaHHs BariTHOcTi. [0CTpa KMIIKOBA HEMPOXiAHICTb.

‘YXBaJIeHO pillIeHHS PO TPOBEICHHS JIAITAPOTOMii.

1. Ilicns BUKOHAHHS JIAaapoTOMil BHUSIBICHO IHBEp-
cito mmiiky marku Ha 90 rpagyciB y Oik kKpnxkiB. Y nHi
MaTKH BHUSBICHO CyOCEpPO3HMI MiOMAaTO3HHUH BY30J MaTK{
8 x 9 cwm. Sxwmii «ynmpascs» B I0HO (puc. 8).

2. TIpoBe/ieHO Peno3uIIii0 MATKH.

3. BukonaHO MiOMEKTOMIIO.

4. PaHoBa MOBEpXHSA Ha MaTili Majia OKPYyrIy (GopMmy
po3MipoM 6 X 6 cM, MaKCHUMaJlbHa TIHOMHA — 10 1-1,5 cMm.

5. BUKpO€HO AIISHKY BEJIUKOTO CalbHHKA, Kpal cajb-
HUKa BIINTO.

6. BimokpemiieHy JIiNSHKY CajJbHHKA PO3MIIICHO HAJ
PaHOIO Ha MaTILi Ta MPUIIUTO 110 HEPUMETDY.
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Puc. 8. InBepcist muiiku maTku Ha 90 rpaayciB y 6ik
kpuxkiB. Cydcepo3Huii MioMaTo3HHUI BY30J1 Y THi MaTKH
8 X 9 cM, AKHil «ynmupascs» B JOHO

[Ticnst ocATHEHHS TEPMiHY ITOJIOTIB BUKOHAHO KecapiB
PO3THH Yy TJTAHOBOMY MOPSIIKY. XiA omeparii — craHmapT-
Huil. [Ipu peBi3ii MaTku: AiNsSHKA, A€ paHilIe pO3TAIIOBY-
BaBCsl MiOMAaTO3HUI By30J1, Bi3yaJbHO HE BiIpi3HsIacs Bix
HABKOJHMIITHHOTO MiOMETPisl.

Kniniynuti ypox: MioMaTo3Hi BY3IH MOXYTb CHPHYU-
HSTH aTUIIOBY YPIreHTHY CHMIITOMATHKY, III0 IMITY€ Xipyp-
TiYHYy MaTOJIOTiI0 KUIICYHHKA.

Yemeepmuii KAiHIYHUL 6UNAOOK

20.08.2025 p. o 16:05 no monoroBoro OYIUHKY roCIIi-
TaJi30BaHO BariTHy 3 JiarHo3om: BaritHicte VI, 36 Thxk-
HiB. [Tonoru IV, ouikyBani. 3arposa nepex4acHux MOJIOTIB.
XoneuucTonaHkpeatur y crafii 3aroctpeHHs. CigHU4HE
mepeasie)kanHs miofa. baratoBonms. XpoHIYHHHA Ti€ENO-
He(pHT y cTanii peMicii.

[Ipu3HAa4YeHO CTIa3MONITHYHY Tepallifo: manasepus 2,0 —
mwiarudinin 2,0 ¢iz. pozunn 200 ma kpanenbHo. [Iporase-
pus 2,0 B/mM, Ho-mma 2.0 B/m.

B anamnuesi: y 2012 p. BUKOHAHO JIalapOTOMHE IIpa-
BOOIYHE OIepaTvBHE BTPy4YaHHS 3 IPUBOAY alOIUICKCIi
paBoro seyHuka. Y tepmini 35 twxniB — ['P3 6e3 rinep-
TepMii, JiKyBajacs aMmOynaropHo (ZOpaMiuuH S5 JHIB)
[Moka3Huku naboparopHoro mociimkeHHs: 3AK — meii-
xouuti 11,69 x 10°1, manuukosaepHi — 2. BioximiuHe
oOcTexeHHs1 6e3 ocoOnmBocTel. 3aralbHUM aHAi3 cedi
6e3 0coOnuBOCTEMH.

21.08.2025 mix gac gorureporpadigHoro 0OCTeKEHHS B
MAaTKOBiH apTepii BHABICHO HYIBOBHU IiaCTONIYHHUI KpO-
BOTIK, y IUIOZa Bizyaji3allisl yTpyJHEHA Yepe3 BUMYIICHE
nojiokeHHs1 xiHku. O 14:00 30upaeTbcss KOHCHIIyM Y
3B’513Ky 3 HOSIBOIO OOJIIO MO JIiBOMY (hJIaHKY )KHUBOTA.

3Ba)kalouM Ha PO3BUTOK HEBIJKJIJHOTO CTaHy IUIOAA,
KOHCHJIIyM JIIKapiB TpHUHHSB pilllEeHHS BHKOHATH pO3-
POKEHHS HIISIXOM KEecapeBOrO0 PO3THHY B YPr€HTHOMY
TIOPSIIIKY.

21.08.2025, 15:30. KecapiB postun, mrig 3330 T,
52 cwm. Ilix yac omepamnii BUSBICHO BUPAKCHHUH 3ITyKOBUI
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MPOIIEC: TII0O MAaTKH HAa BCHOMY IPOTS31 Y3MOBXK MPABOTO
pedpa, THO Ta YaCTKOBO JIiBi JOJATKH IHTHMHO 3POIICHI 3
BiCIlepaJIbHUM JIMCTKOM OuepeBUHH. [Ipu peBi3ii uepeBHOT
MOPOXHUHU B JUISHII CHTMOTIOAIOHOI KHIIKH BHSBICHO
JIBA MIUTBHO-CIACTHYHI YTBOPH, B ONCPAIliifHY BHKIUKAHO
xipypra. Ilicis moBTOpHOI peBi3ii BHSBIEHO HasBHICTH
JIBOX HEKPOTHU30BAHUX XKHPOBUX ITIBICOK CHTMOTOAIOHOT
KUKy, HekpoTu3oBaHi MiABICKM BHAAJICHO Ta BiAIpaB-
JICHO Ha MATOTiCTOJIOTiYHE TOCHTiKeHH (puc. 9).

, r :, ) . .-’.-'" i 2
Puc. 9. HekporuzoBani nigBicku curmonogioHoi
KHMIIKH

Hexkpo3 xHupoBHX BiIPOCTKIB CUTMOIIOAIOHOI KHIIIKH,
TaKOXK BIZOMHUH K EIMIUIOTYHUN alleHIMIUT, € OOJII0YNM
CTaHOM, 3a SKOTO >KHPOBUH BIJPOCTOK TOBCTOi KHIIKU
3aIaJIOETHCS i BiAMUpae 4epe3 HeAOoCTaTHE KPOBOIOCTa-
yanus [15]. e moOposikicHEe 3axXBOPIOBAHHS, X04a BOHO
MOKe IMITyBaTH OLIBII Ccepiio3Hi MPOOIEMH, SK-OT arleH/I1-
LIUT, IUBEPTUKYIIT 200 HaBITh iHPAPKT.

Kniniunuil ypox: emiIyIOTYHAN alCHITUINT € PiKICHOIO,
ajie MOXJIMBOIO PUYMHOIO TOCTPOro OOJII0 TiJ| Yac Barit-
HOCTI.

BucnoBku

locTpwmii XUBIT mixg 4Yac BariTHOCTI € MOTEHIIITHO
3arpO3JIMBUM ISl )KHUTTS CTAHOM 1 CKJIAJHOIO MYJIBTH-
(hakTOpHOIO KIIHIYHOIO CHUTYaIli€lo, 10 Moeanye dizio-
JIOTIYHO 3MiHEHY aHaTOMIiI0, MOJM(IKOBaHI Jab0paTopHi
MOKa3HUKA W BHCOKHH PH3UK MIBUIKOI JACKOMITCHCAIIT
Marepi Ta mioja. 3BOJIKaHHS 3 JIarHOCTHKOIO Ta OIe-
paTHBHMM BTPYYaHHSIM acCOLIIOETHCS 3 JIOCTOBIPHUM
3pOCTaHHSIM MaTE€pPUHCHKOI Ta NMEPUHATAILHOI 3aXBOPIO-
BaHOCTI.

KinivHI BUITQJKK 1EMOHCTPYIOTH, 1110 aTHITOBHH ITepe-
0ir He BHKIIIOYa€e KaracTpodiuyHOI Marosorii, ouikyBaibHa
TaKTHKa 33 TEMOJMHAMIYHOI HeCTAaOlIBHOCTI € Hebe3meu-
HOIO, MYJITHIMCIUTUTIHAPHAH ITiXi] TOBUHEH 3aCTOCOBY-
BaTHCS HA PAHHBOMY €Tarli.

Kondguikr inTepeciB. ABTOpH 3asBISIOTH PO BiACYT-
HICTh KOH(ITIKTY iIHTEpPECIB.
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Introduction. In the context of current threats posed by the full-scale Russian armed aggression, approaches to understanding the
development of the state’s pharmaceutical safety (PS) require more in-depth investigation.

The aim of the work. To investigate the state of PS in Ukraine based on the views of the expert community, identify its components
by importance, and determine how PS integrates into the national security system and contributes to the achievement of the UN Sustainable

Development Goals.

Materials and methods. Scientific, analytical, legislative, and regulatory sources on national security and PS in Ukraine were used,
incorporating methods including observation, survey, mathematical statistics, comparison, and generalization.

Results. Based on an expert evaluation conducted with the participation of 166 specialists drawn from scientific research, education,
and practical pharmacy, a ranking was established to determine the relative importance and priorities of PS components. Additionally, the
study assessed the degree of interrelation and influence these components exert on national security in the context of PS. Furthermore, the
significance of advancing PS in alignment with the United Nations Sustainable Development Goals was identified.

Conclusions. The state of PS in Ukraine has been assessed in terms of its multidimensional structure, the interconnectedness of its
components, and their influence on national security. A close connection between PS and the UN Sustainable Development Goals has been
established, underscoring the need for a systemic approach to its development.

Keywords: national security, its components and priorities, pharmaceutical safety, pharmaceutical sector of the healthcare system,

sustainable development goals.
VK 615.4(02):355.1

O. Bb. I1anbkeBny, b. I1. 'pomoBuKk

CTAH ®PAPMAINEBTAYHOI BE3IEKH JTEP)KABU: PE3YJIBTATH EKCIIEPTHOI'O OI[THIOBAHHSI

JHT «/Ivsiscokuil HayionanvHuil Meouunutl ynieepcumem imeni Januna Ianuyvroeoy, Jlveis, Yxpaina

V crarTi Ha MiACTaBi EKCIIEPTHOTO OL[iHIOBAHHS 166 (axiBLsIMHU, 3a/IiTHUX Y HAYKOBO-OCBITHIN Ta MpakTU4HiH dapmaliii, 3’sicOBaHO cTaH
(apmareBTHaHOI Oe3neky YkpaiHu 3 nomisiny ii cTpyKTypH, CHOPITHEHOCT Ta BINIMBOBOCTI CKJIATHHKIB HalioHaIbHOI Oe3nekw, Llinei cra-

noro po3Butky OOH.

Kutro4oBi cioBa: HanioHanbHa Oe3neka Ta 1i ckiiagHuky, papmaneBTHyHa Oe3nexa, GapMaleBTHUHHI CeKTOp rary3i OXOpOHH 310pOB’s,

IiJTi CTAJIOTO PO3BUTKY.

Introduction

Pharmaceutical safety (PS) is aimed at meeting
the population’s needs for equitable access to quality
pharmaceutical care based on the principles of sustainable
development of the pharmaceutical sector within the
healthcare system. It is an integral component of the national
security system. In this context, PS functions as an integral
component of the national security system, combining both
an independent dimension and multifaceted connections
with other elements [1].

© O. B. Pankevych, B. P. Hromovyk, 2026

CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT -'
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Modern challenges caused by the full-scale Russian
armed aggression significantly transform the national
security system of Ukraine and its components, highlighting
the need to reconsider approaches to the development of PS.

Elbe S. introduced the term “pharmaceuticalization of
security,” which defines medicines as instruments of social
stability, thereby expanding the understanding of PS: from
drug quality control to the management of societal risks
[2]. Pharmacy is increasingly integrating its activities with
global frameworks — the UN Sustainable Development
Goals, the Joint External Evaluation tool, and the One
Health approach, emphasizing its key role in strengthening
the resilience of health systems and ensuring security in
response to pandemics and other threats [3]. In the same
vein, the European Commission proposed Regulation COM
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(2025) 102, which establishes a regulatory framework for
risk monitoring and ensuring the security of supply of
critically important medicines [4].

Researchalso shows thattransparency and accountability
in pharmaceutical systems are key mechanisms of PS,
as they reduce corruption risks, guarantee the quality of
medicines, and strengthen patient trust [5]. At the same
time, the WHO in its 2025-2030 roadmap identified
strategic directions for ensuring access to safe and high-
quality medicines and medical technologies, enhancing
the resilience of pharmaceutical systems, harmonizing
regulatory standards, and developing local production,
which should reduce the risks of shortages and healthcare
inequalities [6].

The importance of PS issues also attracts the
attention of Ukrainian scholars. Since the mid-2010s,
the theoretical foundations of PS have been actively
developed in academic works [7-11]. However, the
structure and hierarchy of PS components have not yet
been systematically defined, its interrelation with other
elements of national security has not been established, and
alignment with the UN Sustainable Development Goals
until 2030 has not been achieved. These gaps determine
the relevance of the present study.

The aim of the work. To investigate the state of PS
in Ukraine based on the views of the expert community,
identify its components by importance, and determine
how PS integrates into the national security system and
contributes to the achievement of the UN Sustainable
Development Goals.

Materials and Methods

The research materials included scientific, analytical,
legislative, and regulatory sources related to national
security and PS in Ukraine. The study employed a
methodological approach to expert surveying on social
security issues [12], as well as methods such as observation,
survey combined with the expert evaluation, mathematical
statistics, comparison, and generalization.

For the survey and a priori ranking, a questionnaire was
developed including socio-demographic characteristics of
the experts and seven groups of evaluation questions. For
the characterization of the level of PS, a five-point Likert
scale was used: 5 = particularly threatening; 4 = threatening;
3 = moderately threatening/moderately safe; 2 = safe; and
1 = completely safe.

Validation of the questionnaire, i.e., the extent to which
the questionnaire items correspond to the research problem,
was conducted in two stages:

based on the discussion of the questionnaire by means of
brainstorming among the academic staff of the Department
of Organization and Economics of Pharmacy at Danylo
Halytsky Lviv National Medical University (LNMU);

approved by the Ethics Committee on Scientific
Research, Experimental Development, and Scientific Work
at LNMU (Protocol No. 9, dated October 22, 2024).

The survey was conducted using Google Forms between
October 24, 2024, and January 24, 2025, on a voluntary and
anonymous basis. The sample was formed according to the
“snowball” principle (i.e., each participant recruited other
participants to complete the questionnaire). All respondents

106

provided informed consent, and the completion time did
not exceed 15 minutes.

The questionnaire was distributed among academic
and teaching staff of higher pharmaceutical education
institutions (LNMU, Zaporizhzhia State Medical and
Pharmaceutical University, O.0. Bohomolets National
Medical University, Lviv Polytechnic National University,
Odessa National Medical University, and Lesya Ukrainka
Volyn National University) as well as specialists from
pharmacy chains (D.S., Apteka Puls, ANC, Podorozhnyk,
Apteka Optovykh Ts.).

A total of 166 respondents participated in the survey.
Given the unknown size of the general population, the
sample volume was determined to be sufficient. According
to Cochran’s formula, with a 95% confidence interval
and maximum variation (p = 0.5), the margin of error for
the sample is 7.6%. In line with modern methodological
recommendations, a margin of error within 5-10% is
considered scientifically acceptable for drawing strategic
conclusions [13].

Research results and their discussion

As shown in Figure 1, more than nine out of ten
respondents (95.2%) were female. Nearly four-fifths
(79.5%) held a pharmacist’s educational qualification.
More than one-fifth (22.3%) had an academic degree, and
approximately three-quarters (72.3%) worked in practical
pharmacy.

The survey participants represented various age groups
and lengths of professional experience, both academic and
practical. The largest group consisted of specialists with
extensive professional experience (30.1%). They were
followed by mid-career professionals (23.5%), early-career
professionals (20.5%), and those with established careers
(15.5%). A smaller proportion of respondents belonged to
the group with long-term professional experience (11.4%).

Thus, the conducted survey enables the assessment of
the studied PS issues, taking into account the opinions of a
sufficiently representative expert community based on their
socio-demographic profile.

According to the importance ranking, all 15 components
of PS received high ratings ranging from 42.8% to 88.6%
(Table 1). This evaluation interval can be conditionally
divided into five groups.

Respondents assigned drug safety and patient safety to
the first group (88.6% and 87.3%, respectively). The high
significance of these components is explained by the fact
that they directly determine human life and health and have
critical consequences in case of violations. At the same
time, they reflect both societal and professional consensus:
patient safety is the core of pharmaceutical activity and a
key benchmark for the development of the PS system.

The second group combined the safety of medical
devices and other pharmacy assortment products, the
safety of pharmaceutical professionals, and the safety of
pharmaceutical services, with ratings of 74.7%, 74.1%,
and 72.9%, respectively. Their ratings turned out to be
somewhat lower, since their impact on the patient is
indirect. At the same time, these components determine
the overall level of PS: the safety of medical devices
and other pharmacy assortment products minimizes
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Female 158 95,2
Male 8 4,8
Gender n %
Educational n | oo Scientific status n %
level 0 Doctor of Science | 10 | 6.0
Pharmacist | 132 | 79.5 Doctor of 27 | 163
Philosophy
Pharr_namsts 31 | 187 A_ppll_cgnt for a 11 6.6
assistant scientific degree
Other * 3 |18 No academic 18 | 711
Respondents degree
N =166
Work
Age n | % experience in n %
pharmacy
Up to 25 y.0. 12 | 9.2 Up to 5 years 34 | 20.5
26-35y.0. 40 |30.8 5-10vy. 39 | 235
36—45 y.o. 31 | 23.8 11-15V. 24 | 145
46-55 y.o. 25 | 19.2 16-20y. 19 | 114
Over 55 y.0. 22 [16.9 Morethan20y. | 50 | 30.1
Area of activity in pharmacy n %
Practical pharmacy work 120 72.3
Scientific and pedagogical activity 39 23.5
Scientific research activity 6 3.6
Scientific, pedagogical, and expert activity 1 0.6
Fig. 1. Characteristics of the respondents’ socio-demographic profile:
* — without pharmaceutical education
Table 1
Ranking of the importance of PS components in Ukraine
PS component name nSlgmﬁchllfre’ %
1 2 3
The first group
Drug safety 147 88.6
Patient safety 145 87.3
The second group
Safety of medical devices and other pharmacy assortment products 124 74.7
Safety of pharmaceutical professionals 123 74.1
Safety of pharmaceutical services 121 72.9
The third group
Implementation of state medical care guarantee programs regarding pharmaceutical provision 108 65.1
State regula'tion and gqlf-regulation of the pharmaceutical sector of the healthcare industry and 107 64.5
pharmaceutical activities
The fourth group
Information and educational activities among the population on drug safety and pharmaceutical 103 62.0
waste management
Logi'stics services - ensuring that patients receive the necessary medicines in the required dose, 08 590
quality, cost, location, and time
ISSN 2226-2008 OAECHKUI MEJMYHUI )KYPHAJI Ne 2 (199) 2026 107
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Continuation of table 1

1 2 3
Innovation in the development of the pharmaceutical sector of the healthcare industry 96 57.8
Stockpiling of medicines and medical devices for organizing pharmaceutical provision of the 93 56.0
population and healthcare institutions during peacetime and wartime emergencies )
Safety of pharmaceutical organizations 89 53.6

The fifth group

Pharmageddon** 77 46.4
Import erendence, .primarilly. concerning active pharmaceutical ingredients necessary for the 74 446
production of essential medicines
Integratign of concepts such as pharmgceutical cgre?,.good pharmaceutical practices, the “ten-star 7 4.8
pharmacist,” social pharmacy, and social responsibility
*Risks arising from financial ties between pharmaceutical companies and physicians, regulatory authorities, professional
organizations, patient groups, and medical journals, aimed at granting undue advantages and downplaying harm from specific
medicines, as well as threats related to pharmaceutical biotechnology, drug falsification, and the disposal and neutralization
of pharmaceutical waste.

potential risks for patients; the safety of pharmaceutical
professionals ensures professional competence and
reduces the risk of errors; the safety of pharmaceutical
services builds public trust.

The third group comprised the implementation of state
medical care guarantee programs and the state regulation
and self-regulation of the pharmaceutical sector of the
healthcare system and pharmaceutical activities, rated at
65.1% and 64.5%, respectively. The significance of these
components is lower, as they are perceived as institutional
mechanisms that create conditions for PS but do not have
a direct impact on the patient. At the same time, their
importance is strategic — without effective regulation and
state guarantees, it is impossible to ensure the systemic
resilience of PS.

The fourth group consisted of information and
educational activities among the population, logistics
services, innovation in the development of the
pharmaceutical sector, stockpiling of medicines and
medical devices for emergency situations during
peacetime and wartime, with corresponding ratings of
62.0%, 59.0%, 57.8%, 56.0%, and 53.6%, respectively.
Their significance is lower because they are not always
directly perceived by the patient. However, these
components define the long-term systemic resilience of
PS: the availability of medicines at the right time and
place, the competitiveness of the pharmaceutical sector,
preparedness for crisis situations, and the development of
a culture of safe medicine use.

The fifth group included pharmageddon, import
dependence, and the integration of diverse pharmaceutical
management concepts (46.4%, 44.6% and 42.8%,
respectively). The low scores can be explained by the fact
that these components are perceived as distant or systemic
risks, which are not always evident in pharmaceutical
practice. At the same time, they are critically important
for the systemic resilience of PS: “pharmageddon”
concentrates risks of corruption, falsification, and the
impact of pharmaceutical waste; import dependence makes
the pharmaceutical sector vulnerable to global crises; the
integration of managerial pharmaceutical concepts shapes
a unified professional identity and standards. This group
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outlines strategic risks and defines the long-term prospects
for the development of PS.

On its part, PS, as a component of national security, is
influenced by all its other elements. As shown in Table 2,
experts, having evaluated all elements of national security,
recognized the closest affinity of PS with human security
and vital (medical) security. This view is shared by 71.1%
and 62.7% of experts, respectively. This is consistent,
given that PS is intrinsically linked to human life and
health.

At least half of the respondents acknowledged the
interconnection of PS with information security (58.4%),
social security (57.8%), biological and environmental
safety (both 50.6%), and economic security (49.4%). While
these indicators lack the immediate impact of human and
medical security, they establish the institutional, social,
environmental, and economic framework within which PS
can evolve in a systemic manner.

About two quarters of experts also noted public safety
and order, as well as state security (42.2% and 39.2%,
respectively), which reflects the recognition of the role of
these components of national security in strengthening the
resilience of PS.

The weight of the affinity with the PS of other
components of national security ranges from 18.7% to
36.1% and indicates that some experts understand national
security as a complex system of interconnectedness
of its elements. Such a distribution demonstrates that
experts recognize PS as part of a complex system of
interconnections among elements of national security,
where even less obvious components matter in the long-
term perspective.

To confirm the reliability of the results at this stage of
the survey, respondents were asked to assess the above-
mentioned components of national security in terms of
their complete lack of influence on the state of PS. As
shown in Table 2, according to the experts, the set of
other components does not affect the state of PS at a level
exceeding two quarters, specifically ranging from 8.4%
(economic security) to 40.4% (security against terrorism).
A correlation analysis between the ranks of national
security components in terms of affinity with PS and non-
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Table 2
Degree of affinity and influence of national security components in relation to PS
Components of national security Affinity with PS Do not affect the state of PS
n share, % rank n share, % rank
Human security 118 71.1 1 17 10.2 16
Vital (medical) safety 104 62.7 2 14 8.4 18.5
Information security 97 58.4 3 19 11.4 14
Social security 96 57.8 4 19 11.4 14
Biological safety 84 50.6 5 21 12.7 12
Environmental safety 84 50.6 6 29 17.5 11
Economic security 82 49.4 7 14 8.4 18.5
Public safety and order 70 42.2 8 36 21.7 8
State security 65 39.2 9 16 9.6 17
Military security 60 36.1 10 19 11.4 14
Transport security 53 31.9 11 42 253 7
Energy security 44 26.5 12 35 21.1 9.5
Cybersecurity 43 25.9 13 49 29.5 3
International security 39 23.5 14 46 27.7 4.5
Technological security 36 21.7 15 43 25.9 6
Food security 35 21.1 16 46 27.7 4.5
Customs security 34 20.5 17 35 21.1 9.5
Security against terrorism 31 18.7 18.5 67 40.4 1
Political security 31 18.7 18.5 55 33.1 2
The correlation coefficient r = —0.82

influence on the state of PS yielded a Pearson correlation
coefficient [14] of r = —0.82. The high absolute value of
the coefficient indicates a strong relationship between the
responses to the two questions, i.e., a high consistency of
respondents’ opinions.

Asforthelevel of PS,according to the five-point Likertscale
only 7.2% of experts considered it particularly threatening,
while at least one-fifth (21.7%) regarded it as threatening.
More than half (53%) assessed the situation as moderately
threatening/moderately safe. Those who considered the level
of PS safe and completely safe accounted for 14.5% and 3.6%
of experts, respectively. Based on the weighted arithmetic
average, the overall level of PS was assessed at 3.1 points. Thus,
based on the normative evaluation scale, which distinguishes
between positive, negative, and mixed assessments [15], the
level of PS in Ukraine is characterized by a mixed evaluation
and reflects an intermediate stage between a threatening and
a safe level.

By a decree of the President of Ukraine, with the aim of
ensuring the national interests of Ukraine in the context of
sustainable development of the economy, civil society, and
the state, 17 UN Sustainable Development Goals (SDGs) to
be achieved by 2030 were adopted for implementation [16,
17]. Therefore, the expert survey included an assessment
of the significance of sustainable development processes in
promoting the development of PS in Ukraine.

As shown in Table 3, only 7 respondents, or 4.2%, did
not express a clear opinion on this issue.

However, at least four-fifths of experts (82.5%)
identified Goal 3 — Ensure healthy lives and promote well-
being for all at all ages — as the most significant in terms
of contributing to the development of PS in Ukraine. This
is explained by its intrinsic alignment with the essence
of PS.
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More than two-thirds of respondents (68.1%) highlighted
Goal 4 — Quality education, i.e., ensuring inclusive and
equitable quality education, including pharmaceutical
education, and promoting lifelong learning opportunities.
Half of the experts (54.2%) gave preference to Goal 8 —
Promote sustained economic growth, full and productive
employment, and decent work, while nearly half (48.8%)
identified Goal 1 — End poverty — as significant. This
alignment is consistent, since quality education, sustainable
economic growth, and poverty alleviation establish the
fundamental basis on which the resilience of PS relies.

More than two-fifths of respondents recognized
the significance of the following three goals for the
development of PS: Goal 16 — Peace, justice and strong
institutions, which refers to building peaceful and inclusive
societies, ensuring access to justice for all, and creating
effective, accountable and inclusive institutions at all
levels (44%); Goal 12 — Responsible consumption and
production (42.8%); and Goal 17 — Partnerships for the
goals, i.e., strengthening global partnerships to support
the achievement of the Sustainable Development Goals
(40.4%). Collectively, these goals establish the framework
for the systemic advancement of PS, reflecting experts’
recognition of the significance of institutional trust,
international collaboration, and responsible resource
utilization.

The significance of the interconnection with Sustainable
Development Goals 2, 5-7, 9-11, 13—-15 ranges from
13.3% to 31.3%, confirming that a considerable proportion
of experts understand the strengthening of PS through
the achievement of the Sustainable Development Goals.
The lower scores for goals related to climate, energy,
infrastructure, and gender equality can be explained by
their indirect impact on PS. At the same time, experts
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Table 3
Ranking of the UN Sustainable Development Goals by their significance in promoting the development
of PS in Ukraine
. Signifi
Goal number Goal title pnfeance
n share, %
Goal 3 Ensure healthy lives and promote well-being for all at all ages 137 82.5
Goal 4 Ensure mp}uswe and equitable quality education and promote lifelong learning 113 68.1
opportunities
Goal 8 Promote sustained, inclusive and sustainable economic growth, full and productive 90 542
employment and decent work for all
Goal 1 End poverty in all its forms everywhere 81 48.8
Goal 16 Promote peageful and inclusive societies for sustainable development, provide 73 44.0
access to justice for all
Goal 12 Ensure sustainable consumption and production patterns 71 42.8
Goal 17 Strengthen the means of implementation and revitalize the global partnership for 67 404
sustainable development
Goal 9 1]?3u11d fesment. infrastructure, promote inclusive and sustainable industrialization and 57 313
oster innovation
Goal 2 Enc} hunger, achieve food security and improved nutrition, and promote sustainable 5 307
agriculture
Goal 11 Make cities and human settlements inclusive, safe, resilient and sustainable 47 28.3
Goal 15 Protect, restore and promote sustainable use of terrestrial ecosystems 46 27.7
Goal 13 Take urgent action to combat climate change and its impacts 40 24.1
Goal 6 Ensure availability and sustainable management of water and sanitation for all 36 21.7
Goal 7 Ensure access to affordable, reliable, sustainable and modern energy for all 35 21.1
Goal 14 Conserve and sustainably use the oceans, seas and marine resources for sustainable 34 205
development
Goal 10 Reduce inequality within and among countries 27 16.3
Goal 5 Achieve gender equality and empower all women and girls 22 13.3
No response 7 4.2

acknowledge that even these goals are components of
a broader system that shapes PS. Their influence is less
evident in the short term; however, they determine the
long-term resilience and strategic orientation of PS.

Conclusions
The state of PS in Ukraine has been assessed in terms
of its multidimensional structure, the interconnected-

ness of its components, and their influence on national
security. A close connection between PS and the UN
Sustainable Development Goals has been established,
underscoring the need for a systemic approach to its
development.

Conflicts of interest. The authors declare no conflict
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TOCJIKEHHS BE3NEKHU JOCBIHOHIB 3 MIHOKCHUJIUJIOM TA PO3UNHIB
TSI TEMOJIAJI3Y: AJJbTEPHATUBHI METOJM TECTYBAHHSA
HA TOKCUYHICTH (METOJ HET-CAM)

! THT «JIsBiBCHKHIT HAI[IOHANBHUIN MeqUYHUI YHiBepcuTeT iMeHi Janwmna [anunekoro», JIsBiB, Ykpaina
2 Ononbchkuii yuisepeuret, Onoe, [Tosbina

YIK 616.15-073.27:616.61:615.014.24

H. €. Yemonyposal, B. A. Typkinal, A. M. ®inincokal, H. L. [yi3pt?

JOCIIIKEHHA BE3NEKH JIOCHOHIB 3 MIHOKCHAJIUJIOM TA PO3YHAHIB JJISI TEMOTIAJI3Y: ATGTEPHATHBHI
METOJHU TECTYBAHHSI HA TOKCUYHICTb (METOJ HET-CAM)

Y THT «JIvsiscokuti nayionanshuti meouunutl ynieepcumem ivmeni [Januna Lanuyorozoy, JIvsis, Vipaina

2 Ononvcwkuii yrisepcumem, Onone, Honvwya

Mertoto pocnikeHHs Oyia OIliHKa TOIPa3HIOBAIBHOI /il JTIOCKHOHIB, IO MicTATH 5% 1 10% MiHOKCHAMITY Ta KOHIIEHTpATIB [T TeMOIiai-
3y 3 OLITOBOIO 1 TUMOHHOIO KHCIOTaMH. SIK TecT-00’€KT BUKOPUCTAHO CYAWHHU XOpioaTaHTOICHOI 000MIOHKU KypsSulX eMOPiOHIB 3 BUKOPHCTaH-
HM 1M poBoi Mikpokamepy. BunpoOyBaHHsI oka3aio, o J0CbHOHH 31 BMicTOM 5% Ta 10% MIHOKCHAWITY IIPOSIBIIIN BUPaXKeHY HOAPA3HIO-
BaJIbHY JIif0, KOHIIEHTPAT I TEMOAIai3y 3 OLTOBOIO KHCIIOTOIO IIPOSIBUB TIOMipHY ITOAPA3HIOBANBHY JIiI0, 3 IMMOHHOIO KHCIOTOIO — CIIA0Ky
MIOJIPa3HIOBAIIBHY [iI0.

Jlst mmpoxoro BupoBamkeHHs ansTepHaruBHoro tecty HET-CAM B Vkpaini HeoOxigHa Horo iMIUIeMeHTaNis Ha iep)kaBHOMY PiBHI Ha
ITiICTaBi MAacHBY JAHHX, OTPHIMAHHX JUIS PI3HHX 32 CKIIAI0M Ta (Di3MKO-XiMIYHIMH XapaKTEPHCTUKAMH 3aC001B.

Kuiouosi cioBa: noapasuioBaneHa 1is, TecT HET-CAM, MiHOKCHANI, KOHIIEHTPATH IS TeMOJiai3y.

UDC 616.15-073.27:616.61:615.014.24

N. Ye. Chemoduroval, V. A. Turkina®, A. M. Filipska, N. I. Hudz"?

SAFETY ASSESSMENT OF MINOXIDIL LOTIONS AND HEMODIALYSIS SOLUTIONS: ALTERNATIVE
TOXICITY TESTING METHODS (HET-CAM METHOD)

1 State Nonprofit Company “Danylo Halytsky Lviv National Medical University”, Lviv, Ukraine

2 University of Opole, Opole, Poland

Introduction. The HET-CAM test was developed for the assessment of the irritation potential of cosmetic, chemical and pharmaceutical
products. A good correlation between the results of the HET-CAM test and the in vivo test was found in numerous experiments.

The aim of this work was to evaluate the irritant effect of 5% and 10% minoxidil lotions and acetic and citric acid hemodialysis concentrates
on chicken embryo chorioallantoic membrane using a digital microcamera to objectify the research results.

Materials and research methods. Incubated eggs were used. Vessel lysis, hemorrhage, and coagulation were monitored at the
chorioallantoic membrane. According to the degree and time of vascular damage the irritation caused by the substance under study was
evaluated. The resulting irritation index is used as a criterion for the classification of the irritant activity of the tested substance. Data were
described using the median (Me) and interquartile range.

Results and their discussion. After exposure to a lotion containing 5% minoxidil, vessel lysis began at 120 seconds, spot hemorrhages —
at 30 seconds in all observations; coagulation — at 120 seconds in one observation. Exposure to a lotion containing 10% minoxidil caused
vascular bleeding at 30 seconds in one observation, at 120 seconds in two observations, coagulation at 30 seconds and the lysis — at 120 seconds
in all observations. Hemodialysis concentrates with acetic acid had a moderate irritating effect, and citric acid had a mild irritating effect.

Conclusions. The implementation of modern digital technologies of test visualization in the HET-CAM test allows for highly detailed
photo-fixation and accurate interpretation of the results. It proves its effectiveness, expediency and informative value, which contributes to the
improvement of alternative research methods.

Keywords: irritant effect, HET-CAM test, minoxidil, hemodialysis concentrates.

Beryn
YrpoBapKeHHS y BCi cepH XKUTTEMISIIBHOCTI JIFOJCTBA
IHHOBAIITHUX TEXHOJIOTiH OOYMOBIIOE CTBOPEHHS HOBOI
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CrarTs MOMUPIOETHCS HA YMOBAX JIIICH3IT -'
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mapagurMu BHUBYCHHS Oe3Mekn XiMigHMX pedoBuH. Lle
nepeadadae OpraHi3amil0 CHCTEMH TECTYBaHHS XiMidHHX
PEUYOBHH i3 3aIy4eHHSAM MOJIeNIeH K in vitro, Tak i in silico,
IO BHPILIyE €THYHI MpoOJieMH, MMOB’s3aHi 3 BUKOPUCTaH-
HSM KJIaCHYHUX TECTIB Ha JJAOOpaTOpHUX TBapuHax. Po3-
poOKa i 3aCcTOCyBaHHSI aJIETEPHATHBHUX METOMIB Y MEAHUKO-
010JIOTYHHX JTOCIIJDKEHHSIX CHPUSIE SIKICHO HOBOMY PIiBHIO
PO3BUTKY y chepi MOKITIHIYHUX BUIPOOYBaHb, 30KpeMa 1 B
Vkpaiui.
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Tecr HET-CAM (Hen’s Egg Test — Chorioallantoic
Membrane) — anpTepHaTUBHUI METO]| OLIHKH IOJpa3-
HIOBAJIBHOTO MOTCHI[iady KOCMETHYHOI, XiMiuHO1, (ap-
MaleBTHYHOI ponykuii (pedoBuH i penentyp) [1; 2; 3],
SIKAW JOHEJaBHA HE 3aCTOCOBYBaBCsA B YKpaiHi. Box-
HOYaC y YHCICHHHX EKCIIEPUMEHTax OyJI0o BHSBIICHO
XOpOIIy KopeJsiito Mix pesyiasraramu tecty HET-CAM
1 KmacuIHUM TecToM Draize Ha odax kpodniB [4; 5]. Xopi-
OAIaHTOICHAa 000JOHKa Kypsdoro emOpiona (XAO) —
[le CKJIaJHa BUCOKOCYOWHHA eMOpioHaibHa MeMOpaHa,
monibHa 0 BacKyISIpU30BaHUX TKAHWH CIN30BOi 000-
JIOHKH JTFOMMHH, YIIPOIOBK BUIIPOOYBaHHS XiMIYHI pedo-
BUHU 11epeOyBaroTh 3 HEIO Yy NMPSMOMY KOHTAKTI 1 3MiHH
MOLIKO/KEHHSI CyAMH € O3HaKaMHU I0/IPa3HIOBAILHOTO
moTeHIiany [6; 7].

BBenenns Ha prHOK (DapMaleBTHYHUX Ta KOCMETHYHHUX
3aco0iB mependavae OLIHKY X MOAPa3HIOBAIBHOI aKTHB-
HOCTI Ha CJIM30Bi OOOJIOHKHM JUISi YHUKHEHHS! HeOakKaHMX
PU3UKIB BUHUKHEHHS TIOOIYHUX S(PEKTIB.

Juist xopektii pizHUX (QopM aJorerniii Ha KOoCMeTHY-
HOMY pPUHKY YKpaiHH peati3yloThCsl 3aCO0M Yy BHIVIAII
JIOCBHOHIB 31 BMiCTOM Bif 2 10 15% MiHOKCHIWMITY, SKHA
€ (hapManeBTUIHUM THTPEMIEHTOM — NTEpUPEPUIHIM Ba30-
JMIIaTaToOpoOM, 3a00pOHEHUM Il BUKOPUCTAHHS B KOCMe-
tiuHii npoaykuii [8]. [IposBamu MOIIUpEHUX MOOIYHHX
e(eKTiB €: MiJBHIIEHA YYTIUBICTb, TilEpeMisi, CyXiCTb,
MoApa3HeHHs IIKipH, CBEpOIXK, JIYIIEHHS, KOHTaKTHHUH Jiep-
MaTHT, BUCHII Y MiCIli HAHECEHHS, IOIPa3HEHHS Ta CBEpOikK
odel, anepriuHi mKipHi peakuii [9].

TonoBHOIO (yHKIIIEIO Miasi3HOTO PO3UHMHY € KOPEKIList
OCHOBHHX TOKa3HHKIB XIMIYHOTO CKJIaay KpPOBI XBOPOTO
3 ypeMi€ro 10 HopManbHUX (i3iomorivanx BenwmuuH. Ha
kadenpi TexHoiorii mikiB Ta Oiodapmarii JIEBiBCEKOTO
HAI[IOHATBHOTO MEJMYHOTO YHiBepcuTeTy imeHi JlaHmma
lanumpkoro Oymu po3poOieHI KOHIIEHTPATH Ui TeMoJIia-
i3y 3 amiaTHIHAMHU KapOOHOBUMH KHCIIOTaMH (OLITOBOIO
1 IMMOHHOI0), SIKi 3araJibHOBIJIOMi CBOEIO TIOJIPa3HIOBAIIb-
HOM akTuBHICTIO [10].

Metoro pobotu Oyiia OIIHKA MOAPa3HIOBAIBHOI il
JIOCKHOHIB, O MicTaTh 5% 1 10% MiHOKCHIMITY Ta KOH-
LEHTPATIB Ul TEMOJlialli3y 3 OLITOBOIO i JINMOHHOIO KHC-
JIOTaMHU Ha CyAWHaX XOPioaJlaHTOICHOT OOOJIOHKH KypsIYUX
eMOpioHiB.

MarepiaJji Ta MeTOAM A0CTiKEHHSI

TecTyBaHHS TPOBOOWIN BIAMOBIAHO IO IPOTOKOINIB
ICCVAM [11] Ta meTomuyanx BKa3iBok «OIiHKa MOIpa3-
HIOBaJbHOI Mii XIMIYHMX PEYOBMH Ha XOPIOaJaHTOICHIH
obonoHui Kypsigoro em6pioHa (test HET-CAM)» [12].

Tect Ha XAO po3MIIAEThCA SIK €THUHO NPUHHATHUI,
OCKiTbKH Ha 9—10-11 1eHb eMOpioreHesy, KOJIU IIPOBOANUTHCS
TECTyBaHHs, HEPBOBa TKaHMHA Kyps4oro eMOpioHa Ie He
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chopmoBaHa 1 poboTa 3 HUM HE CYINEpeYlTh [IPABOBUM Ta
6ioeTnunuM HOopMaM [13]. PoOoTy BHKOHAaHO BiINOBIAHO
0 TulaHy mpoOneMHoi kowmicii «®apmartis» JIbBIBCHKOTO
HalliOHAJIBHOTO MEJMYHOro yHiBepcuteTy iMmeHi JlaHuia
lanumpkoro ¥ 3aTBepMKeHO Ha 3acimaHHi BueHnol pamu
¢apmaneBTinuHoro (hakynsrery JIbBIBCHKOTO HaIliOHAIH-
HOTO MEANYHOTO YHiBepcuTeTy iMeHi [lanmna [amunpkoro
(mporoxon Ne 10 Bixm 24 gepsHs 2014 poky). Lle mocmi-
JOKEHHS € (pparMeHTOM KOMIUTIEKCHOI HayKOBO-IOCIHiTHOT
pobotu (HoMep aepkaBHOI peectparttii 0116U004500).

Jns nocnimKeHHsT KOKHOI BHIPOOYBABHOI PEYOBUHU
Ta HETaTUBHOTO 1 MO3UTHBHOTO KOHTPOJIIB NPOBOAWIN 110
Tpu cnocrepexeHHs. Jlockitonn 3i BMicToM 5% Ta 10%
MIHOKCHIMJIY OIHIOBAJIM B HAaTMBHOMY cTaHi. KoHieH-
TpaTH AJIsl TeMOJIiaji3y MPUIATHI IO 3aCTOCYBaHHS JIMIIE B
PO3Be/ICHHI ¥ Ticis HeWTpaizalii, ToMy 1J1s1 BApoOyBaHb
X TmomepeaHbO PO3BOJMIM BOJOIO JUIS iH€KWiH Ta 1oAa-
Bay 8,4%-1 po34nH HATPIlO TiAPOKapOOHATY y CITiBBiTHO-
menHi 1 : 32,775 : 1,225 . [Ing oTpuMaHHS MiHIMAaTBHUX 1
MaKCHMAaJIbHUX PiBHIB MOAPAa3HEHHS MPOBOIMIN BUIIPOOY-
BaHHA cTepuiIbHOTO 0,9%-T0 PO3UMHY XJIOPHIY HAaTpPifO K
HETaTUBHOTO KOHTPOIIO Ta 1%-T0 pOo3uMHYy AOAECHMIICYITb-
¢hary HATPiIO K TO3UTUBHOTO KOHTPOIIO.

3a peakiismu Ha XAO croocrepiraid yIpoIOBK
300 cexyna. [lns TouHOi 1 00’€KTHUBHOI iHTeprperarii
pe3yNbTaTiB TOCIIKCHHS CYIMH XOPiOaJlaHTOICHOI 000-
JIOHKH Kyps4oro eMmOpioHa, IO IijgaBajacs BIUTUBY
BUIIPOOYBaJbHOI PEYOBHHH, y JUHAMIli BUKOPUCTOBYBA-
nacst mudpoBa MiKpokamepa, sika JJa€ MOXKJIMBICTD 3IiH-
cHIOBaTd (hoTO(iKCaIlil0 3 BHCOKHUM CTYIIEHEM JeTali3a-
uii. [ugposa mMikpokaMepa 3 KpaTHicTio otk 110 200x
o0naiHaHa METaIiKCENbHOI0 KaMeporo 3 PO3UTBHOIO 31aT-
HicTio 1,3 MII i KommiekTyeTbes nporpamoro DinoCapture
2.0 — Windows.

BincmigkoByBanmes Taki peakuii Ta 3mianm Ha XAO:
Ji3HC CyIMH, TeMoparii, koarymsuis. [lonpa3sHenHs, BUKIN-
KaHe JOCIIKYBaHOI PEUOBUHOIO, OI[IHFOBAJIH BiIIOBITHO
JIO CTYMEHS CYIMHHHX IMOIIKOMKEHb 1 Yacy, HEOOXiTHOTO
JUTS. BUHUKHEHHS 3MiH y 0anax (taom. 1).

OTpuMaHMii iHAEKC NOAPA3HEHHS € KPUTEPIEM JUTS KJla-
cudikarii mogpasHIOBaIbHOI aKTUBHOCTI BUIIPOOOBYBaHOT
pedoBuHH (Tad. 2).

ExcrnieprMeHTaNbHI JaHi ONFICaHI 32 TOTIOMOTOK0 ME]Ii-
axy (Me) i MDKKBapTHIIBHOTO PO3Maxy.

Pe3ysabTaT 10CHiKEHHS Ta IX 00roBOpeHHs
TectyBanust 0,9%-ro po3uMHY XJOpPHIY HaTpilo K
HETaTHBHOTO KOHTPOJIO II0KA3aJI0 Ji3UC CYIUH B OJHOMY
cnocrepexenHi Ha 300-it cekyHni excnepumMeHty. Tecty-
BaHHs 1%-r0 po3unHy noxenuicynbdary HaTpito sSK NO3HU-
THBHOTO KOHTPOJIIO TIOKA3aJI0 JIi3KuC cyauH Ha 30-i cekyHi
B YCIX CIIOCTEPEKEHHSX EKCIIEPUMEHTY; TOYKOBI KPOBO-

Ta6muus 1
Kpurepii oninku pe3ynsraTtiB BUNpoOyBaHHA
ban
Egexcr 30 cexkyHx 120 cexkyHa 300 cexynn
Jlizuc 5 3 1
T'emoparii 7 5 3
Koarymsnist 9 7 5
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Tabmuusg 2
Kaacudikaunis noapa3HoBajibHOiI Ail XiMiYHOI pe4OBHHM 32 3HAYeHHSAM iHAeKCY NOAPA3ZHEeHHS
Inpexc noapazuenns (y 6aaax) Kareropist po3BUTKY noapa3HIOBaIbHOI il
0-0,9 He BuKkIMKae noapasHOBAILHOT il
1-4,9 Cnabka moapa3HIOBaIbHA JTist
5-8,9 TTomipHa Hoipa3HIOBaIbHA [is
9-21 BupaxeHa moapas3HIOBaIbHA Jist
BUWJIMBU 1 YTBOPEHHS T€MOpariii y IBOX CIIOCTEPEKEHHIX 3a pesyabraramu JociijukeHb cyanH XAO micis
Ha 30-i cexyHui Ta B oqHoMy Ha 120-if CeKyHI eKCliepu-  BIUIMBY JIOCHHOHY, IO MIiCTHTh 5% MiHOKCHIMWITY, B YCIX
MeHTy (Tabum. 3). criocTepexeHHsx Ha 30-i ceKyHi MoYaucs TOYKOBI Kpo-

Tabmuus 3
®otodikcanisa peakuiii Ta 3MiH Ha XAQO HeraTHBHOIO i NO3UTHBHOI0 KOHTPOJIIO

Yac excrio3unii
0 cexyH[ | 30 cexynn | 120 cexkyHa | 300 cexyHn
0,9%-11 po34YHH XTOPHIY HATPIiIO — HETATHBHUI KOHTPO.Ib

™ ™ - -

Ne 3/m Tecty

XAO
Ne 1

XAO
Ne 2

XAO
No 3

1%-1i po3umH NONeNIICYIIb(ATy HATPiI0 — HO3UTUBHUMA KOHTPOIb

XAO
Ne 1

XAO
No 2

XAO
No 3
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BOBWJIMBH CYAMH 13 MOAQJIBIINM YTBOPEHHSIM IeMoparii
Ta Ha 120-i CeKkyHII eKCHO3MWIlii MOYaBCs JI3UC CYIUH.
B onHOMY criocTepexeHHi JI0ChHOH BUKIMKAB KOAryJsIiio
Ha 120-ii cexyHai ekcnepuMeHTy. BrumB Ha cyquau XAO
JIOCKHOHY, 10 MicTUTh 10% MiHOKCHAMITY, B YCIX cHOCTe-
pekeHHsX Ha 30-# CeKyH[i eKCIIO3MIT MPOSIBUBCS MOYaT-
KOM KoaryJsimii i J1isucom cyanH. B ogHOoMy ciocTepexeHHi
Ha 30-# ceKyHli TOChHOH BUKIIMKAB TOYKOBI KDOBOBHJIHBH,
Ta y JBOX CIOCTEPEXEHHSIX BinOyBCsS KPOBOBWIIMB CYIWH
Ha 120-i1 cexyHIi excriepuMenTy (Tadm. 4).

SAPMAKOJIOI'IA I <$APMAIIIA

Amnaniz cyaua XAO miciis BIULIMBY PO3BEACHOTO KOH-
LHEHTPATy AJIs TeMOoJlialli3y 3 OLTOBOI KHCJIOTOIO MOKa-
3aB 3pOCTaHHS KPOBOHAIIOBHEHHSI CY/IMH Ta TOYKOBI KPO-
BOBWJIMBH B OJJHOMY criocrepeskeHHi Ha 30-if cexyHui, B
npyromy — Ha 120-# cexyHni i B TperbomMy — Ha 300-i
ceKyH/i ekcrepuMeHTy. Ilix yac crocrepesxeHHs CyauH
XAO micins BIJIMBY PO3BEIEHOTO KOHIIEHTPATY IJIsl F€MO-
Jiamizy 3 JTUMOHHOIO KHCJIOTOIO TOYKOBI KPOBOBMIIMBH
3a¢ikcoBani Ha 120-#1 cexyH/i B OMHOMY CIIOCTEPEKEHHI
Ta y aBoxX Ha 300-i cexyH/[i; B OJIHOMY CIIOCTEPEKEHHI

Tabmug 4
dotodikcania peakuiii Ta 3Min Ha XAO JockiioHiB 3i BMicToM 5% Ta 10% MiHOKcHIHITY
Ne 3/11 Tec Yac excno3uuii
} Ty 0 cekyHI | 30 cexyHng | 120 cexyHpx | 300 cexyHn
JlochiioH 31 BMicTOM 5% MIHOKCHIMITY

XAO
Ne 1

XAO
Ne 2

4{'" ".
L] P “_,-
XAO
Ne 3
(-4
JlocoiioH 31 BMicToM 10% MiHOKCHAMITY

XAO
Ne 1l

XAO
Ne 2

XAO
Ne 3
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noyancs Jjizuc cyauH Ha 300-i cexyHII eKCIIepUMEHTY
(Tabm. 5).

Pesynpratu ¢ikcanii HeratuBHuX 3MiH Ha XAO 32 KOH-
KPETHHI 4acOBUH NPOMIKOK OLIHIOBAJIM 3TiJHO 3 Tabnu-
usamu 1-2.

Hanecenns 0,9%-ro po3unHy XJIOPHITY HATPIIO SIK HeTa-
THUBHOTO KOHTPOJIIO BUKJIMKAJIO MiHIMaJIbHi 3MIHH Ha CyIH-
Hax XAO, ingexc noxpasnenss craHoBus 0 (0+0,5) 6ais;
1%-#1 po3uuH moAEeHWICYIb(ATy HATPi0 (MO3UTHBHUI
KOHTPOJIb) TIOKa3aB BUPAXECHUH MOIPa3HIOBAIFHINA TOTEH-
mian iaTeHcuBHicTio 12 (11+12) Gamis. JocmimKeHHs

JIOCHIOHIB 31 BMICTOM MiHOKCH/IMIIY NOKA3aJI0 3aJIeKHICTh
IHTCHCUBHOCTI TIPOSIBIB IMOJPA3HEHHs BiJ{ KOHIICHTPAIIIL:
BMICT MIHOKCHIWIY 5% BHKJIUKAB MOAPA3HCHHS IHTCH-
cuHicTio 10 (10+13.5) GasiB; BIJIMB BMiCTY MiHOKCHUIMITY
10% BUKJIMKaB Ji3UC, reMoparii Ta Koaryssmilo, iHIEeKC
cranoBuB 17 (17+18) OaniB, mo BignoBigae 3a kimacudika-
€10 BUPKEHIN Mopa3HIoBaIbHIN Aii. OTpuMaHi pe3yib-
TaTH CBiAYaTh MPO PH3UKH Ta HEIOIUIBHICTH BHKOPHC-
TaHHS MiHOKCHIMITY B KOCMETHYHHUX 3ac00ax.
BumnpoOyBaHHST pO3BeICHUX PO3YMHIB ISl TeMojia-
T3y 3 OLUTOBOIO 1 JINMOHHOK KHCJIOTaMH MTPOJEMOHCTPY-

Tabmuusa 5

Dotodikcania peakuiii Ta 3MiH Ha XAO KOHUEHTPATIB JJIs1 reMoAiaJi3y 3 OLTOBOIO Ta TUMOHHOIO0 KHCJI0TAMU

No 3/11 Tec Yac ekcno3umii
B Ty 0 cexkyH | 30 cexyng | 120 cexynpg | 300 cexynn
Po3BeieHnii KOHIICHTPAT /IS TEMOIalli3y 3 OIITOBOIO KUCIOTOO

XAO

No 1

XAO

Ne 2

XAO

Ne 3

Po3BeieHHil KOHIGHTPAT JJIsl TEMOiaNi3y 3 TMMOHHOIO KUCIOTOI0

XAO

No 1

XAO

No 2

XAO

No 3
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BaJIO MOMIPHY Ta CJIa0Ky MOIPa3HIOBAIbHY [if0, 1HICKCH
MOZIPa3HEHHS CTaHOBWIH 5 (4+6) 6aiiB Ta 3 (3+4,5) 6amu
BIJIMIOBIJTHO, IIO CBIAYUTH MPO OC3MEUHICTH PO3POOICHUX
peuentyp.

[MoTpiOHO 3a3HAYNTH, IO OJHUM i3 BaXIIUBUX IEpPEBar
Metony HET-CAM e te, mo tect Draize — meton, skuit
HikoiH He OyB OQiMiifHO BaiOBaHWN Ha MPOTHBArY 3ra-
JIAHOMY aJbTEPHATUBHOMY TecTy. B mocmimkenni P eter
Budai i3 cmiBaBT. [14] miaTBepMKEHO BIIHOCHO BHCOKY
To4HICTh (76%), ayTnuBicTb (92%), cnenndiunicts (84%)
tecty HET-CAM mnopiBHsiHO 3 TecToM Draize. Oxpim Toro0,
MOPiBHSHHS PE3YyJbTaTiB, OTPUMAHUX y TecTax in Vivo i
in vitro yacto mokasye, 110 TBAPUHHI CHCTEMH MPALFOIOThH
ripire, HiX iX aJbTepHATHBHI aHAJIOTH, IPUYUHAMH [[LOTO
€ BJIACTHBA JJAOOPAaTOPHUM TBapUHAM CKIIAJHICThH Ta 1HIH-
BiJlyaJlbHa YyTJIMBICTh. Yce BHIIE3a3HAYCHE € TapaHTiero
Ha/liIHHOCTI OTPUMaHUX HaMH Pe3yJIbTarTiB.

Ha cygacnomy erami tect HET-CAM BBaxkaeThest miid-
CHHM BaJliJIOBAHUM aJBTCPHATHBHIUM METOIOM 1 3aCTOCO-
BYETBCS JUISl BUPOOYBAaHHS PI3HUX THITIB PEUOBHH, ¥ TOMY
9rciTi Hepo3unHHX a00 TBepaux [11]. OTxe, 3 mo3uIIii exo-
HOMIYHOCTI Ta METOAWYHUX ACIIEKTIB BiH € e€()eKTHBHUM,
BHCOKOYYTJIMBHUM i3 3HAYHOIO IIPOTHOCTUYHOIO IIHHICTIO.

Ha »anb, B YkpaiHi MPakTHYHO HEMA€e 3aKOHOIABYO
3aKpIIJICHUX METOAMK, SIKI CTOCYIOThCS aJlbTEPHATUBHHUX

SAPMAKOJIOI'IA I <$APMAIIIA

METOJIIB BUITPOOYBaHHS KOCMETHYHOI 1 (papmaneBTHIHOT
nponykiiii. IcHye HaranpHa motpeda B yHi(ikallii 3 mpoie-
nypamu B €Bponeiickkomy Coro3i, 1o 1acTh 3MOry 3a0e3-
MEYUTH MiJBHUIICHHS SKOCTI Ta Oe3neku (apManeBTHIHOT
Ta KOCMETHYHOI TPOTYKIIii.

BucnoBku

1. Bcra"oBneno, 110 J10cbioHH 31 BMicToM 5% ta 10%
MIHOKCH/IMJTY TIPOSIBUIIU BUPAKECHY MOJPA3HIOBATBHY [0,
KOHIIEHTpAT JJIs TEMOJiali3y 3 OITOBOIO KHCIOTOO TPOS-
BUB NOMIpHY HOJIPa3HIOBAIIBHY /110, KOHIIEHTPAT JJIsl TeMO-
Jiamizy 3 JUMOHHOIO KHCJIOTOIO MPOSIBHB CIIA0Ky MOApa3-
HIOBAJIbHY [IIIO.

2. YnpoBapKeHHS Cy4acHHMX IM(POBUX TEXHOJIOTIH
Bizyaiizalii B TeCTi Ha CyAWHaX XOpiOaJlaHTOICHOI 000-
JIOHKH Kypsi9oro eMOpioHa Ja€e MOXIIMBICTH ITPOBECTH
(horodikcarito 3 BUCOKUM CTyNEHEM JeTali3alil Ta TOYHy
IHTEpIIpETaliio Pe3yJIbTaTiB, IO CIPHSE yIOCKOHAIECHHIO
aNbTePHATUBHUX METO/IIB.

3. TIpoBeseHi BUMPOOYBaHHS MMOKA3aJIMd MEPCIEKTHB-
HICTH IBOTO METOAY U 3aCTOCYBAaHHS B JOKJIIHIYHHX
JOCIIDKEHHAX (apMaleBTHYHUX Ta KOCMETHYHHX 3aCO-
6iB B YKpaiHi SK OZHOTO 3 €JIEMEHTIB rapMoHizaii pery-
JATOPHUX TOKYMEHTIB YKpaiHM 3 €BpOMEHCHKUM 3aKOHO-
JIaBCTBOM.
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JAJIsA ABTOPIB
«OJIECBKU MEJIUYHHUH KYPHAJ»

Binomocti npo Buganus

«Opecbkuil MeIMYHUHA KypHaD» OyJa0 3aCHOBAaHO
B 1926 poui. 3a xinbka pokiB BiH HaOyB HEaOHIKOTO aBTO-
PHUTETY cepeil HayKOBLIB. Y HbOMY APYKYBaJIU CBOI Ipari
BUEHI, YMi iMeHa OyJIM BCECBITHBO BiZIOMi BXKE€ TOTO 4acy
a0o0 sKi 3100ynu BU3HaHHs B MaiiOyTHhoMy. Ta 3romom, Ha
moyatky 1930-x pokiB, BHAAHHS >KypHaIy Oyilno HpHIIH-
HeHo. [lonosnennit y 1997 porii, BiH 3a KOPOTKHIA Yac Bif-
HOBHB CBilf aBTOPHUTET 1 MOCIB YiIbHE MiCIle cepes HayKo-
BUX BUJIaHb KpaiHH.

3acHOBHHKOM 1 BUAABIEM «OIeChKOro MEMIHOTO XKyp-
Hary» € OnechbKuil HaI[lOHATBHUN MEIUYHUHN YHIBEPCHTET.

TonoBHUM pefakTopoM i3 YaciB BiJIHOBJIEHHS BHITYCKY
xypHaiy € akanemMik HAMH Ykpaiuu, naypear Jlep>xaBHoi
npemii Ykpainu B. M. 3anopoxaHn. J{o ckinanay penakiiitHoi
KoJIeTii Ta peJakuiiHol paJu BXOASATH BIIOMI BITYM3HSHI i
3apyOiXKHI BYCHI.

«Onecbkuif  MEAWYHUN ~ JKypHaI»  BKIIOYECHHUH
mo Ilepemixky HaykoBux (axoBuX BHIAaHb YKpaiHH
B Karteropii «A» (ramy3p — MeOWYHI HAyKW, CIIelia-
apHOCTI — 221 «Cromaromoristy, 222 «Menuiuaa,
226 «®Papmamis, mpommcioBa Gdapmamis», 228 «llemia-
Tpist» (Hakaz MiHicTepcTBa OCBITH 1 HayKu YKpaiHU
Ne 1721 Bix 10.12.2024, nomgaTtox 6; JOCTY 32 IMOCIHIAHHIM
https://mon.gov.ua/static-objects/mon/uploads/public/675/

c49/0fe/675c490fea3a6035511617.pdf) Lllopoky B xxypHaui
JPYKYEThCS ONM3BKO JICB’THOCTA CTAaTeH 1 MOBiIOMIICHb. BiH
HaJXOIUTh O HaWBiZOMIMMX OiONIOTEK KpaiHW, BETMKHX
HAYKOBHX IIEHTPIB, JECATKIB HABYANBHUX 3aKimajis. Moro
MOSIBY TiTHO OIIIHEHO 332 MEXaMH HaIlol KpaiHu — BiH 3aHe-
cennii 1o Index Copernicus, Ulrich’s Periodicals Directory,
BASE-Search, Google Axanemii, «HaykoBoi mepiognku
VYkpaian», Scopus Content Selection and Advisory Board
(CSAB) po3nisiHyna 3asBKy KypHaIy «OIechbKOro Meand-
HOTO XXypHaJly» Ta cxXBajmJia ii At pedepyBaHHS B HAYKO-
MeTpu4Hil 6a3i Scopus 25.10.2023 p.

VY cepnHi 2022 poky HaykoBe BuaaHHS «OpaechbKHi
MEIUYHHUHN KypHAID) OTPHUMAIIO TPUMICSYHY CTHIICHIIIIO Bij
npoekty «IlinTpumka ykpaincekum peaxorerisim» (SUES —
Support to Ukrainian Editorial Staff). SUES e inimiarusoro
€BPOICHCHKUX YCTAHOB Ta OpraHi3alliii, MeTa sIKUX IOJIs-
rae B MATPUMII HAYKOBOI CHIIBHOTH YKpaiHu.

PosnoBscromxyersest 3a nepeannaroro. Ilepeannaruru
JKYpPHaJI MOXHA B Oyab-sIKOMYy II€PEAIIATHOMY ITyHKTI.
[epeamnaramii ingexc — 48717.

’KypHan BUXOIUTH LIICTH Pa3iB HA PiK.

ISSN 2226-2008

DOI 10.54229/2226-2008, 10.32782/2226-2008 (moun-
Hatouu 3 Ne 3 (181) 2022 p.)

TMPABIJIA IIIJITOTOBKU CTATEM /10 «OJIECBKOI'O MEJJUYHOTI' O KYPHAJTY»

1. B «OnecbkoMy MeIUYHOMY KypHaJI» ITyONIKyIOTHCS
TEOPETUYHI ¥ OIIANOBI CTAaTTi, SIKI BiIOOpa)KaroTh BaXJIMBI
JOCSTHEHHSI HAyKH, IMIICYMKH 3aBEpLICHHX OPUTiHATBHHX
KITHIYHAX Ta EKCIHEPUMEHTAIBHUX JOCIIHKeHb, OCHOBHI
Ppe3yIBTaTy JUCEPTALIMHIX POOIT i3 MEIUIIMHHN, CTOMATOJOTIL
Ta (hapMmariii, a TaKOK MaTepiad MEMOPIAJILHOTO XapaKTepy.

2. Jo po3miamy mpuUiAMAaroThCs MPOONEMHI Ta OpUTi-
HAJIbHI CTATTI 3araIbHUM 00CSIroM 7—15 CTOPIHOK, OTVISIIH —
10 12-20 cropiHOK.

3. He npuiimMaroTbes cTarTi, K1 BxKe OyJIM HaJpyKOBaHi
B IHIIUX BHJIAHHIX a00 3alpOMOHOBAHI 10 MyOJiKamii Kijb-
KOM BHJIaHHSIM BOJHOYAC, a TAKOX POOOTH, SKi 3a CBOEIO
CYTHICTIO € TIepepoOKOr0 OIMyONIiKOBAaHMX paHIIIe cTarei
1 He MICTATH HOBOIO HAyKOBOTO MaTepiasy abo HOBOIO
HAyKOBOT'O OCMHUCIICHHSI BXKE BiZIOMOT0 Matepiaiy.

4.y )KypHaml JpYKyIOTBCS:

a) pe3yJabTaTH OPUTIHAIBHUX AOCTIKEHB Y IIPIOPUTET-
HUX HampsiMax pPO3BUTKY MEIUYHHX, CTOMATOJIOTIYHUX Ta
(apMaLeBTUYHHX HAYK;

0) pobotu 3 GyHIaMEHTaIbHUX Ta MPHUKJIAJHUX TPOO-
JIEM 13 TakuxX creniaiabHOocTel: 221 — CcTOMaToJIoris,
222 — meauuuHa, 226 — dapmariis, npomuciosa dapmaris,
228 — memiaTpis:

— FeHEeTHKa Ta NPUKIIA/IHI aCIIEKTH MEMYHOT TeHETHKH;

—Oiodizuuni Ta  MophodyHKIIOHANBEHI  Xapak-
TEPUCTUKH KJIITUH OPraHi3My IPH Pi3HUX BUAAX I1aTOJIOTIT;

— po0OoTH 3 HOBITHIX KIITHHHUX TEXHOJIOTIH;

— HOBITHI PO3pOOKH B rajy3si 3arajbHOI 1 KITIHIYHOT
(apmaxoorii Ta papmarii;
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— JIOCSITHEHHS B TaJTy31 BUBUEHHS €TIONOTIT, HATOreHE3y
Ta JIarHOCTHKHU Cy4aCHHUX 3aXBOPIOBAaHb;

— mpo(iTaKTHKa 3aXBOPIOBaHb, INCIUICHHS, 3armo0i-
raHHS 0COOTMBO HEOE3MEUYHUM 3aXBOPIOBAHHSM;

B) EKCIICPUMEHTAJbHI JOCIIDKCHHS, OIIAIH, KIiHIYHI
BHUIIAJIKH, HOBI METOIY Ta TEXHOJIOTII 3 CYYaCHUX aKTyaJbHUX
mpoOJIeM CTOMATOJIOT i, MEIUIIMHY, TieIiaTpil Ta (hapmartii;

r) indopmauis, XpoHika, roBinei, marepianu 3 ictopil
HAyKH Ta MEIUIIHHA, apMallii, CTOMATOJIOT i1, peIeH3ii.

5. CraTtsi HaJACWIAETBCS 10 pelakiii B eleKTPOH-
HOMY BapiaHTi 31 CKAHOM IIEPIIOi CTOPIHKY 3 ITiIHCAMHU
BCix aBropiB. CBOIMH MiIKCAMU aBTOPU rapaHTyIOTh, 110
CTAaTTIO HAMKMCAHO 3 JOTPUMAHHSM IPABWI ITiJATOTOBKH
crareit 10 «OmechbKOro MEAMYHOIO JKypHAIy», CKCIICPH-
MEHTAaJIBHI Ta KJIiHIYHI TOCIHiIKeHHS Oy BUKOHAHI Bij-
MOBIZIHO JI0 MIXKHAPOJHUX €TUYHUX HOPM HAayKOBUX JIOCIIi-
JOKEHB, a TAaKOK HAJAIOTh PEHAKIii MpaBo Ha ITyOIiKaIlio
CTaTTi B J)KypHAaJI, PO3MIIICHHS 11 Ta MarepiajiB 1mI0a0 Hel
HA CalTi )XypHAITy i B iHIINX JDKEpenax.

6. Crarta cynpoBOmKyeTbcst ckaHoM (1) Hampas-
JCHHS OO0 pEe’akilii, 3aBi30BAaHUM TIiIIUCOM KepiBHHUKA
Ta TEYaTKOK YCTAHOBH, [I¢ BUKOHAHO po0oTy, (2) Bimomoc-
TSIMH [IPO aBTOPIB (3 JEKJIAPYBaHHSIM Y4acTi KOXKHOTO aBTOpa
3 JIeTaji3aliero BKIaay y MiaroToBmi crarti), (3) Aexiapa-
€0 MO0 OPUTIHANBEHOCTI TEKCTY HAYKOBOI CTAaTTi, a Uit
BITYN3HSHUX aBTOPIB TaKOXK (4) eKCIIEPTHUM BHCHOBKOM, 110
JTO3BOJISIE BIIKPUTY MyOITiKAIIiFO.

7. SIKio y cTarTi BUKOPUCTAHO Marepiaiy, sKi € IHTeleK-
TyaJIbHOFO BIIACHICTIO KUTBKOX OpraHi3amiii i paHimie He myoti-
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KYBaJIUCS, aBTOP MAa€ OJICPrKaTH JO3BLT Ha X MyOsiKallifo Bif
KOXKHOT 13 LIMX OpraHi3aliii 1 Hazxiciary Horo pa3oM 3i CTarrero.

8. TekcT IpyKyeThcs 4epe3 MIBTOpa IHTEpBaly Ha
CTaHAapTHOMY MAIIMHOIKMCHOMY apKylli (IIMpHHA MOJiB:
JIBOTO, BEPXHBOTO Ta HIDKHBOTO — MO 2 CM, IIPaBOro —
1 cm) mpudrom Arial (Arial Cyr) abo Times (Times Cyr)
po3mipoM 14 myHkriB. CTOpiHKA TEKCTY MOBUHHA MiCTHTH
He Ounbie 30 psakiB.

9. Mosa crareii — aHIIilicbka Ta yKpaiHChKa (IepeBara
BiJIIA€THCSI aHIIIOMOBHUM POOOTaM).

10. Marepian crarti Mae OyTH BHKJIAJCHHH 32 TaKOIO
CXEMOIO:

a) ingekc YJIK — 3;1iBa, BiAMMOBITHO O KITFOYOBHX CIIIB;

0) imimianm Ta mpizBumie aBTopa (aBropis), ORCID ID
KOXXHOTO aBTOpa. PekoMeHI0BaHa KiTbKICTh aBTOPIB CTATTI
Ma€e He NepeBUIILyBaTH 5

B) Ha3Ba CTaTTi;

T) IIOBHA Ha3Ba YCTAHOBH (YCTaHOB), JIc BUKOHAHO POOOTY,
MicTo, KpaiHa. SIKImo aBTOpiB KilbKa i BOHH IPANIOIOThH
y PI3HHX yCTaHOBAaX, TOAI HEOOX1AHO apabcrKkuMu nudpamMu
TO3HAYNTH [UPPOBUH HAAPSAAKOBUN 3HAK, IO BiJOBiIae
YCTaHOBI, Jie PAIIOe KOXKHHUH 3 aBTOPiB; a Ha3Ba yCTaHOBU
Mae OyTH BKa3aHa 3 BIAMOBIZHHUM HU(POBHUM ITO3HAYCH-
HSIM, €JIeKTpOHHa ajpeca (axpecu), Homep Tenedony;

) [Ba pe3loMe: YKPaiHCHKOI0 MOBOIO 00CATOM [0
800 apyxoBanux jitep (0,45 CTOpIHKH) Ta aHIIIHCHKOIO
ob6csirom 1o 1800 npykoBanux Jitep (1 cropinka). Pesrome
YKpPaiHCHKOI0 MOBOIO Ma€ CKJIAJaTHCS 32 TaKOK CXEMOIO:
ingexc YJIK, iHimianu Ta npi3Buiie aBTopa (aBTOpiB), Ha3Ba
CTaTTi, TEKCT Pe3loMe, KITIOUOBI CJIOBa (He OlNIbIIe I’ 5ITH);

¢) MOCTaHOBKa MPOOJIEMH B 3arajbHOMY BUIIIAII Ta ii
3B 530K 13 BKJIMBUMH HAYKOBUMH Ta IPAKTUYHUMU 3aB-
JIAHHSIMH;

) (hOPMYITIOBaHHS METH CTaTTi (ITOCTAaHOBKA 3aBIaHH!);

3) MaTepiav i MeTOAM JOCIHIPKEHHS 3 OIIICaMU METO-
JIB JOCIIKEHHS, KUTBKOCTI Ta PO3IOLTY 00’ €KTIB JOCIHTIi-
JokeHHs1. Mae OyTH 3a3HAYeHO JOTPUMAHHS MPUHIUIIIB
ETtmunoro kogekcy BeecBiTHROT MeanyHO1 acomiartii (I'es-
CIHCBKa JIeKJapartisi) o0 JAOCHTIHKEHb, 10 AKUX JOTyda-
0T JTtonelt, abo mpuHIUIiB JupexTrBu €BpONeHchKOro
Corozy 2010/10/63 EU mono ekcriepiMeHTiB Ha TBAPHHAX;

1) BHUKJIQJ OCHOBHOTO Marepiaiy JOCHiHKEHHS 3 TOB-
HUM OOIPYHTYBAaHHSIM OTPUMAHUX HAYKOBHX PE3YJIbTATIB;

K) BUCHOBKH 3 JOCIIKEHHS 1 MEPCIEKTHBH MOAAITb-
IIUX pO3pOOOK Yy IIbOMY HAIpsIMi;

J) JiTepaTypHi MOCHIAaHHS B MOPSAKY iX HUTYBaHHS
a0o 3a ajndapiToM.

11. Pe3tome aHIIHCHKOIO MOBOIO Ma€ KOPOTKO MOBTO-
pIOBAaTH CTPYKTYpY CTaTTi, BKIIOYHO 31 BCTYIIOM, METOIO
Ta 3aBIAHHSMH, METOJAaMH, pe3yJbTaTaMH, BUCHOBKAMH,
I MICTUTH KJIFOYOBI CIIOBA. [HiI[iannM Ta Mpi3BHIINE aBTOpA
(aBTOpiB) MOmAIOThCA y TpaHCHiTEpallii, Ha3Ba CTaTTI —
y mepeKiali aHmIiChKo MOBOIO. KiTrouoBi citoBa it iHIi
TEPMIHH CTATTi MAIOTh BIAMOBINATH 3arajJbHONMPUHHITHM
MEIUYHUM TEepMiHaM, HaBeAECHHM Y CJlOoBHHMKax. He ciing
BUKOPUCTOBYBATH CJIEHT i CKOPOYEHHS, SKi HE € 3araJibHO-
BXKHBaHHUMH.

12. XimiuHi Ta mMaremaruyHi (GopMyaH BAPYKOBYIOTH
abo Bmmcytorb. CTpykTypHi (opMynn oQopMISIOTE 5K
PHUCYHKH. y popMynax po3MidaroTh: Majli Ta BEJIHKI JiTepr
(BeJMKi MO3HAYAIOTH JBOMA PUCKAMK 3HU3Y, Malli — [BOMA
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pUCKaMH 3BEepXy MPOCTUM OJIBIEM); JATHHCHKI JITEpU
IiIKPECIIIOIOTH CHHIM OJIiBLIEM; TPELbKi — 00BOJISITH YEPBO-
HUM OJIiBLIEM; TiIPSAIKOBI Ta HAAPIIKOBI HU(PH Ta JIiTEPU
[03HAYAIOTh AyTOI0 IIPOCTHM OJIiBLIEM.

13. y cTarTsx ciiji BAKOPUCTOBYBaTH Mi>KHapOAHY CHC-
Temy oguHuIb CI.

14. PucyHKH 1 MONHCH 0 HUX BUKOHYIOTH OKPEMO.
Ha 3BOopoTHOMY 0011i KO)KHOTO PHCYHKa IMTPOCTUM OJTiBIIEM
CJIiJT yKa3aTH HOro HoMep 1 Ha3By CTaTTi, a B pa3i HEoOXi-
HOCTI ITO3HAYUTH BEPX 1 HU3.

15. Tabnwmi ciix AOpyKyBaTd Ha OKPEMHX CTOPiH-
Kax, BOHM NIOBHHHI MaTH HyMmepamio Ta Ha3By. Ha momsax
pyKonHCy HEOOXiJHO BKa3aTH Miclie pO3MIllIEHHsS pHCYH-
KiB 1 TaOmue. [HQOpMartis, HaBereHa B TaOMHMIAX 1 Ha
pHCYHKaX, He IOBHHHA JTyOIFOBATHCS.

16. Crmcok JiTepaTypHHX JDKEpeN MOBHHEH MIiCTHTH
HepetiK mpatp 3a ocTanHi 10 poKiB i JIMIEe B OKPEMHX BUIIAI-
Kax — Outell paHHi myOnikanii. B opuriHamsHuX poboTtax
IUTYIOTH He Outbie 20 mxeped, B omrigax — 1o 60. Ha koxay
poboTy y CHHCKY JiiTepaTrypd Mae OyTH MOCHJIAHHS B TEK-
cti pykormcy. Jliteparypa y CIHCKY pPO3MIILYEThCS 3TIHO
3 TIOPSIIKOM IIOCHJIaHb Ha Hel B TEKCTi CTarTi, sKi IO/IAI0Th
Y KBaIpaTHUX Iy>KKaX, a00 3a ajndasitom. SKII0 HABOIATHCS
poOOTH JIHITIE OJJHOTO aBTOPA, BOHU PO3MIIIYIOTHCS 32 XPO-
HOJIOTIYHUM MOPsiAKOM. J{0 CIIUCKY JiTepaTypHUX JKepelT He
CIILJI BKITIOYATH POOOTH, SIK I1Ie HE HaJIPYKOBaHI.

17. Crmmcok miteparypd O(QOPMITIOETHCS JIATHHULICIO 32
HIDKYEHABEJICHNMH CXEMaMH aHIIIHCHKOI0 MOBOIO ab0 TpaH-
ciitepoBani. OopmittoBary ix He0OXiJHO 3riHO 31 cTaHap-
ToMm National Library of Medicine (NLM) abo Vancouver style.

Mna cmameii:

Povorozniuk VYV, Balatska NI, Klymovytskiy FV,
Synenkiy OV. Actual nutririon, vitamin D deficiency and
bone mineral density in the adult population of different
regions of Ukraine. Trauma. 2012;13(4):12-16. (In
Ukrainian). Available from: http://www.mif-ua.com/
archive/article/34633

Scott F, Mamtani R, Brensinger C, et al. The risk of
a second non-melanoma skin cancer with thiopurine and anti-
TNF use in inflammatory bowel disease. Am J Gastroenterol.
2014;109:S473. doi: 10.1016/S0016-5085(14)60282-1.

[pi3BuIla aBTOPIB Ta Ha3Ba JKypHAIYy IOJAOTHCS
JATUHUIICIO Y TPaHCIITeparii, Ha3Ba CTaTTi — y MepeKiai
aHIIIMCHKOI0 MOBOK. TpaHcIiTepalilo MOXHa 3pOOUTH
aBToMarnyHO Ha caiti http://ukrlit.org/transliteratsiia.
y 6ibmiorpadgidHoMy TOCHIaHHI KOXXHOTO JDKEpeNa Ciij
BKa3aTH BCiX aBTOPIB, BiIOKPEMITIOIOYH OUH BiJl OJHOTO
KOMOIO 1 mpoOinoM. [Himiaaw BKa3yrOTh MICIs MPI3BHUIIA,
3HaKaM{ MyHKTYyalil He BiJoKpemioloThes. [1oBHI iMeHa
aBTOPIB HE HABOJATKLCS. Y BUMAJIKY 7 i GiJibIIIe aBTOPIB CTa-
BHUTBHCS MOCHUIaHHA “et al.” micist mepuImx TphOX MPi3BHUIIL.
Skmio aBropiB 6 i MeHmIe, “ct al.” HE BUKOPHCTOBYETHCS.
[Ticns mepeniky aBTOPIB CTaBIATH Kparky i mpo6in. Ha3sa
myOIikarii HaBOAUTHCS AHTIIMHCHKOI0 MOBOIO ITOBHICTIO,
6e3 ckopoueHb. [licis Ha3BH CTATTi CTaBIATH KPAIKY 1 IPO-
6i1. Ha3Ba mepioguyHOTO BHIAHHS HABOAUTHCS aHDIIN-
CBKOIO MOBOIO 200 TpaHCIITEPyeThCs CUMBOJIAMH JIaTHH-
cpkoro angagity. J03BONSETHCS HABOIUTH 3apEECTPOBaHi
CKOpOUYEHHS HA3BW TMEPIOJUIHOTO BHJIAHHS. 3a3BUUal IS
(dbopMa HamKMCaHHS CaMOCTIHHO MPHUIAMAETHCS BUIAHHSM,
il MOXKHA JIi3HATHCS HA CalTi )KypHAITy, BUJABHHUIITBA, HA
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caiiti ISSN a60 He0OXi1HO HABOAUTHU HOTO MOBHY Ha3By 0e3
ckopoudeHHs. Ha3Bu BITYM3HSIHUX JKypHAIIB CKOPOYYBATH
He MoxkHA. [licist Ha3BM BHIAHHS CTABJISATH KPAIKy 1 MPo-
6111. [H(opMartis OO0 BUIAHHS: PiK BUJAHHS BiJOKPEMITIO-
€THCSI KPAIIKOIO 3 KOMOIO, MOTIM HaBOJHUTHCSI HOMEP TOMY,
SKIIO HEOOXiNHO, y KPYyIIMX AYXKKaX BKa3yeThCs HOMEp
JKYpHaITy, IICJsl JBOKpANKM HAaBOIMTHCS Aiala3oH CTOpi-
HOK. J[)1s1 cTaTTi, 10 HAaIPyKOBaHA HE aHIIIHCHKOK MOBOIO,
HAMPHUKIHII ¢POPMOBAHOTO MOCHIAHHS Y KPYIIUX TyXKKaxX
BKa3yeTbCsl MoBa opuriHaiy. [logaTtkoBa iH(oOpMaris cro-
coBHO crarti — HOMepa DOI («DOI: https://doi.org/...»),
PubMed ID, pexxuMm IocCTyIly IO TMEpIIopKepera TOIo —
HaBOJMTHCS HAIPHUKIHII MOCWIAHHS y GopMaTi aKTUBHOTO
rineprocmnanas. ®@opma s momyky DOI: Crossref
system.

/lna mamepianie Kongepenuiii:

Sulkowski M, Krishnan P, Tripathi R. Effect of baseline
resistance-associated variants on SVR with the 3D regimen
plus RBV. In: Conference on Retroviruses and Opportunistic
Infections (CROI). 2016 Feb 22-25; Boston, MA.

[pi3BuIna aBTOPIB MOJAOTHECSA Y TPAHCIITEPALlii, Ha3Ba
Tpari — y mepekiai aHriiicbkor0. [0oBHE B Omicax KOH-
(epenwiii — Ha3Ba KoH]epeHIil MOBOIO opHriHay (mona-
€TBCS Y TPAHCIITEpallii, K10 HeMae ii aHTTHCHKOI Ha3BH),
BUAISIETBCA KYPCHUBOM. Y JY)KKaX HaBOAWUTHCS TEPEKial
HA3BHU aHTITiHCHKO0. BUXinHi fani (Miciie IpoBeIeHHS KOH-
(epeH1ii, Micie BUJaHHS, PiK, CTOPIHKN) — aHIIIHCHKOIO.

Jlna monozpaghiti ma inumux KHUMCOK:

Mann DL, Zipes DP, Libby P, Bonow RO. Braunwald’s
heart disease: a textbook of cardiovascular medicine. Phil-
adelphia: Saunders; 2014. 2040 p.

Datsko AY, Datsko OI. Teoretyko-metodolohichni
zasady formuvannia farmatsevtychnoi bezpeky derzhavy
[Theoretical and methodological principles of forming
pharmaceutical safety of the state]. In: Hromovyk BP, editor.
Modern aspects of pharmaceutical practice in Ukraine:
collective monograph. Lviv: Liga-Press; 2014. p. 11-36
(In Ukrainian).

[Ipi3Buma aBTOpPiB MOMAIOTBCS Yy TpaHCIiTEpalii,
Ha3Ba KHW)KKM — y TpaHCIiTepauii 3 HepeKIa oM aHmil-
CBKOIO MOBOIO Y KBaJ[paTHUX IyXKax. Miciie BUIaHHS, PiK
BHUJIAHHS, 3arajbHa KUIBKICTh CTOPIHOK — aHDIIHCHKOIO,
Ha3Ba BUJIABHUIITBA — y TPAHCIiTEpaLlii.

3ayearcyemo: y CIUCKYy JIATHHHUICIO TOTPiOHO 3a3Ha-
YaTH BCIX aBTOPIB JiTepaTypHOrO DKepena, Ha sike Bu
nocuiaerech. TakoKk He CliJ y HbOMY 3aCTOCOBYBATH
3HaKH po3naiieHHs: // Ta — HasBy mxepena (KypHai, KOH-
(epeH1is, KHUra) 3aBKAd BUIUISIOTh KypCHBOM.

Hanpukinmi sitepaTypHOTO IKepena moTpiOHO BKazy-
Baru nudposuii inentudikarop crarri DOI, sxmio Takuii €.
JoTprMaHHS OWX TIpaBHII 3a0€3IE€YHTH KOPEKTHE Bim00-
pPaKeHHSI IMTOBAHUX JUKEpeN y OinbmocTi pedepaTnBHIX
HAayKOMETPUYHUX 0a3 JaHHX.

18. CkOpOYeHHS CIIiB 1 CJIOBOCIOIYYEHb ITOJAIOTHCS
BignoeigHo g0 JICTY 3582-97 i 'OCT 7.12-93.

Jlns THX, XTO He Mae JoCTyIy Ao noBHoro Tekcty JICTY,
Ha caiiti OechbKOr0 MeIyHiBEpCUTETY HAaBEICHO PUKIAIN
otopmirerHs Gibmiorpagiyanx 3amuciB. JlocTyn 3a mocu-
marHaM http:/libblog.odmu.edu.ua/p/blog-page 8912.html.

ISSN 2226-2008 OJIECHbKWI MEJJAYHNIA XKYPHAIT Ne 2 (199) 2026

19. Jlo npykoBaHHMX MaTepiaiiB, BUKOHAHHX i3 BHKO-
PUCTaHHSM KOMIT IOTEPHHX TEXHOJOTIH, 000B’S3KOBO
JIOIAIOTHCSl MaTepiaii KOMIT FOTepHOro Habopy Ta rpadiku
B €JICKTPOHHOMY BUIJISI.

Tekct moxke OyTu Takux opmaris: Word for Windows,
RTF (Reach Text Format).

I'padiyauii MaTepian ciia momaBatd B OKpeMmux (aii-
nax ¢opmarie XLS, TIFF, WMF a6o CDR. PosninpHa
3[aTHICTh IITPUXOBHUX opuriHaiiB (rpadiku, cxemu) ¢op-
mariB TIFF nosunna 6ytm 300-600 dpi B&W, namis-
ToHOBUX ((ororpadii Ta iH.) — 200-300 dpi Gray Scale
(256 rpamarmiii ciporo). lllupuHa rpadidHUX OpUTiIHATIB —
5,5,11,5117,5 cm.

20. CrarTi miaIaroThCs HAYKOBOMY PEIEH3YBaHHIO, 3a
pe3yJbTaraMy SIKOTO YXBAIOETHCS PILICHHS PO JIOLIb-
HICTh myOmikarii podotu. BigxwmieHi craTti He moBepra-
I0ThCS1 1 TOBTOPHO HE PO3IIISAAI0THCS.

21. Pepakuis 3amumiae 3a cO0OI0 MPaBO pPeAAKIIHOL
MPaBKH CTaTeH, sKa He CIIOTBOPIOE 1X 3MICT, 200 MOBEPHEHHS
CTAaTTi aBTOPY JUTS BUITPABICHHS BUSBICHUX TE(CKTIB.

22. Jlaroro HAAXOMMKEHHS CTATTi IO KYPHAIy BBaXKa-
€TBCS JICHb OTPUMAHHS PEAAKLIEI0 OCTATOYHOTO BapiaHTa
TEKCTY.

23. [Micns oTpUMaHHS MiATBEPAKESHHS BiJl peIKOIerii
PO NPUUHATTS CTATTI A0 MyOJiKamil HaJalThCS PEK-
BI3UTH M CIUTaTH NyONiKaliifHOTO BHECKY. BapTicTh
nyosikamii cranoBuTh 2000 rpuBeHsb (3a 12 CTOPIHOK).
3a KOXKHY JOAATKOBY CTOPiHKY HEOOXiTHO IOJaTH IO
nyOnikaniiinoro BHecky 40 rpuBeHb. [lyOmikariiiHuii
BHECOK ITIOKPHBA€E BUTPATH, MOB’s3aHI 3 KOPEKTYPOIO
i pelaryBaHHSIM CcTaTeil, MakeTyBaHHSIM JKypHAly Ta
PO3MIIIEHHSIM HOTO eNEeKTPOHHOI Bepcii. 3a OGarkaHHAM
aBTOp CTaTTI MOXXE 3aMOBHUTH cOOi JpPyKOBaHUIl INpH-
MIpHHK XypHasly. BapTicTh IpykoBaHOTO IpUMIipHHUKA —
800 rpuBeHb, SIKIi HEOOXIAHO CIUIATUTH AOAATKOBO [0
myOrikamiifHoro BHecKy. IliATBepIKEHHS TpoOBele-
HOl omulaTu (BiJCKaHOBaHY KBUTaHIito abo ii ¢oro-
rpadio) aBTOp HaJCWIAE€ B CICKTPOHHOMY BHIIIANI Ha
e-mail omj@onmedu.od.ua.

24. Penakuis «OechKOro MEIUIHOTO XKypHaIy»: Baiti-
XOBCBKHI1 TIPOB., 2, pekropar OfechKoro HaiioHaJILHOTO
MeIuyHOro yHiBepcurety, M. Oneca, 65082, Ykpaina;

e-mail: redkolehiaOMJ@onmedu.edu.ua

BinnoBiganeHui cekperap KypHaIy — JOICHT [ pexoBa
Aunna, Ten.: +38 (097) 938 30 52.

KonraktHa ocoba (BumaBHmumii mim  «[enbBe-
Tuka») — Jlemuenko Xpuctuna, Teu.: +380 (93) 035 42 60;
e-mail: omj@onmedu.od.ua

HayxoBuit penakrop — Antonenxko Ilerpo, Ten.: +380
(97) 587 56 36

Cropinku kypHaiy: journal.odmu.edu.ua, journals.
onmedu.od.ua/index.php/med/home

25. Crarti, 10 HE BIANOBINAIOTH LM IPaBUIIAM,
He po3nsiaaloThes. [lepenpyk crareil MOXIMBHE JIHIIe
3 MACHMOBOT 30N PEAAKIIIT Ta 3 IOCUIIAHHAM Ha )KYPHAI.

CepeoHiti yac ouikyeanHa nybnikayii (Bix THS momadvi
JI0 AHs mmyOmikanii) — 2—8 micsuiB (3a1eXHO Bix (GaKTHIHOT
KUTBKOCTI TIONAHWX aBTOpaMH MyONiKaIiif y KOHKPEeTHHH
BUITYCK).
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Honatox a0 [IpaBuit miAroTOBKU CTaTei
10 «OnechbKOro MEINYHOTO JKYPHAITY»

JEKJIAPALIA
II0J0 OPUTiHATBHOCTI TEKCTY HAYKOBOI CTATTI

S(vm), (IL.LB. agmopa a6o agmopie — 3a3Hauaromsca
6ci aemopu Haykoeoi cmammi), JIEKIapyro(€MO), IO
y CTarTi (Ha36a HAyKo6oi cmammi) HASIBHUI OPUTIHAIb-
HUH TEKCT, OTPUMAaHUH y pe3yNbTari BIACHUX JOCIIIKCHb
(KJIIHIYHUX CIIOCTEPEXEHb), Gi0cymHi HEKOPEKTHI LIUTY-
BaHHS, 3alI03MYCHHS 1HIIIOTO TEKCTY, BiIOMOCTI, ependa-
yedi cT. 32 Ta 69 3akoHy Ykpaiau «IIpo BHIILy OCBITY».

3asBisro(eMo), 0 Mos(Hala) HaykoBa po0OOTa BHKO-
HaHa CAMOCTIHHO i B Hill HE MICTATHCS €TIEMEHTH ITariary.

Yci 3anmo3uueHHs 3 IPYKOBAaHHUX Ta €NEKTPOHHUX JDKe-
pell, a TaKoX 13 3aXUIIEHUX paHillle HayKOBUX POOIT, KaH-
JMUIATCHKUX 1 JOKTOPCHKHX JUCEPTAIliif MAIOTh BiAMOBIAHI
HOCHJIAHHSI.

SA(mu) o3naiiomienuii(i) 3 ynHHUM [lonoXKeHHSM PO
BUSIBJICHHSI aKaJIeMIYHOTO IUIariary, 3riJHO 3 SIKUM HasB-
HICTh IUIariaTy € MiJICTABOXO JUIS BiIMOBU NPUNHSITTS
HayKOBOI CTaTTi /10 ONMyOJIIKyBaHHS B HayKOBOMY JXypHaJi
OnechbKOro HaliOHAIBHOTO MEMYHOTO YHIBEPCHTETY.

Jara HMignuc(u)

Hpumitku: 1. y Hdexmapanii noBuHHI OyTH Migmucu
BCIX aBTOpiB HAyKOBOi CTAaTTi, SIKi MalOTh OyTH 3acBig4eHi
YCTaHOBOIO, JI€ BOHU NIPALIOIOTb.

2. SIKIo aBTOpM CTATTi € CHIBIPAl[iBHUKAMH Pi3HUX
yCTaHOB, TO Jlexiapaliis moBUHHA OyTH 3 KOKHOI yCTaHOBH.

MHOPAJOK PELIEH3YBAHHS
PYKONHUCIB HAYKOBUX CTaTel, AKi HAAXOAATH MJIs1 MyOmikaii
a0 penakuii «OnecbKoro MeIn4YHOro ;KypHaIy»

HayxoBi crarTi, siki HagxomsaTh s myOmikamii 0
penakiii «Omechbkoro MeIMYHOTO JKYpHAIy», MiJUITaloTh
PEICH3YBaHHIO. 3aBIaHHIM PELCH3YBaHHS € MAKCUMAIILHO
00’€KTHBHA OI[iHKAa 3MICTy HAyKOBOi CTarTi, II BiAIOBiM-
HOCTI BUMOTaM >XKypHaiy, aHaji3 ii mepeBar Ta HEJOJNIKiB,
BUHECECHHS KOHKPETHHX PEKOMEHIAIil momo i BIOCKOHA-
neHHs. BimnoBimanbHUil cekperap KypHany HpPOBOJIHUTH
MOTIepEeTHIN aHami3 cTarei, 1o HAMINIDIM 0 pemaKIii,
iXHIO BiIIIOBITHICTD TEMAaTHUIlI Ta CIeEIiali3alii >KypHay.
Penen3enTiB npu3HaYae TOMIOBHAN PEHAaKTOp KypHady. B
OKpEeMHUX BHIAJKaX 3a PILICHHSIM TOJOBHOTO peaakropa
TIpU3HAUCHHs perieH3eHTa(iB) Moxe OyTH TOpydeHEe WICHY
penakiiiiHoi Koserii a00 BUpIlICHE HA 3acCigaHH] peaaKiii-
HOI KoJjierii.

Perien3eHTaMu KypHaIy € D0CBiaueHi (axiBIii — JOK-
TOPH HAYK, WICHH PEIKOJICTI1 )KypHAITy Ta 0o peakIiiitHo1
paau. y pasi moTpedu pemakilis 3aaydae 10 pelicH3yBaHHS
CTOPOHHIX (axiBIliB. PerieH3eHTH MarOTh BiATIOBIaTH KBa-
ni¢ikaniitanM BuMoram 3rigHo 3 Hakazom MOH VYkpaian
Bim 15.01.2018 Ne 32. HaykoBi crarTi, 10 HAIWIUTHA 1O
KYypHaITy, CIPSIMOBYIOTHCSI Ha PELCH31I0 OIHOMY peEliCH-
3€HTY, 32 HEOOXITHOCTI — ABOM pereH3eHTam. s Bcix
CTaTel, 110 HAIXOASATH JI0 JKYPHAIy, BU3HAYAE€ThCS PIBEHb
1XHBO1 YHIKQJIBHOCTI 32 ToTIoMOoror0 CHCTEMH TPOTpaMHO-
obumcioBanbHOro Komiuiekey Strikeplagiarism.com.

Ilig dwac peleH3yBaHHS OIIHIOIOTHCS BiAMOBIIHICT
CTaTTi TEMaTHLI XKypHaIy Ta ii Ha3Bi, aKTyalbHICTb 1 Hay-
KOBUH piBEHB, IIepeBar i HEAOIIKH, BiAMIOBIHICTH 0(OPM-
JICHHS. CTAaTTi BEMOTraM penakiii. HanpukiHii poOuThCs
BHCHOBOK IIPO JIOULIBHICTD ITyOmiKalii.

Penien3yBaHHs MPOBOIUTHECS KOHQIACHIIIHO 3a PUH-
[UTIOM TIOJBIIHOTO «CIIMOT0» pEIeH3yBaHHS (aHI aBTOp,
aHi periersedT He 3Ha10Th [1.I.B. omHe omHorO). Perensis
HAJA€THCS aBTOPY CTATTi Ha HOTO 3amuT Oe3 MiANCY, BKa-
3IBKM Tpi3BHINA, IMOCAmM 1 Micmsg poOOTH pereH3eHTa.
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B okpemux Bumnaakax Ha MpOXaHHsI pEliCH3EHTa Ta 3a Y3ro-
JUKEHHSIM 13 PelaKI[iifHOI0 KOJIETIEI0 JXKypHATy B3a€MOIIS
pelieH3eHTa Ta aBTOpa MOXE BiJOyBaTHCh Y BIIKPUTOMY
pexxumi. Taka MpakTHKa 3aCTOCOBYETBHCS JIMIIE B TOMY
BUIIQJIKY, SKIIO BIIKPUTA B3a€MOJis 3a0¢3MEYUTH MOJMII-
IIEHHS BHKJIQIy Marepiasly poOOTH, IO PpeIeH3YETHCS.
3a3BHUy4ail perieH3eHT POOUTH BUCHOBOK IIO/I0 MOXITBOCTI
myOmikarii crarti npotsarom 14 mi6.

SIKIIo pereH3eHT PeKOMEH Y€ BUIIPaBUTH ab0 J00Tpa-
IIOBaTH CTATTIO, PEAKIIis BIATIPABIISE aBTOPY TEKCT PEICH-
311 11 BHeceHHS B poOoTy BigmoBigHux 3MmiH. CrarTi,
BiJiclaHi aBTOpaM Ha BHUIIPABJICHHS, CIIiJ] TIOBEPHYTH IO
penakuii He Mi3Hille HiX Yepe3 CiM JHIB Micis OJepKaHHs.
Kopektypu aBropaMm He BHUCHJIAIOTBCS, MPOTE SIKIIO e HE
nopyluye rpadik BUXOLy *KypHally, MOXIJIUBE HaJIaHHS Tpe-
MIPUHTY, Y SIKOMY AOIYyCTUME BUITPABICHHS JIMIIE TOMUIIOK
Habopy 1 dakTaxy.

ABTOpY, CTaTTA SIKOTO He OyIna MpuiHATa 10 myOiKarii,
Ha HOT0 3aITuT BiAIPABISIETHCS MOTHBOBaHA BiMOBa. Pyko-
IIAC CTATTi HE MMOBEPTAETHCSL.

SIkmo aBTOp HE 3TOACH i3 AYMKOIO pEIeH3eHTa, BiH
MOXXE JaTH MOTHBOBAHY BiIIOBIIb.

YV pa3i moTpedu 3a MOTOMKESHHSAM 3 aBTOPOM MOKe OyTH
IPOBEJICHO JIONATKOBE PEIEH3yBaHHSA PYKOIUCY IHIINM
¢axiBuem.

OcratoyHe pillleHHs PO MyOiiKalio cTarTi Ta i Tep-
MIiHM IIpUMa€e peakiliiiHa KoJeris.

B okpeMux BHIajikax 3a HasBHOCTI TIO3UTHBHOI pelieH-
3ii MO)KIMBa IMyOJtiKamisi cTarTi 3a pilICHHSIM TOJIOBHOTO
penakropa abo HOro 3aCTyIHHUKA.

[Micns yxBameHHsI pimieHHS TPO ITyONKaIilo CTaTTi
penaxiis iHpopMye Ipo Iie aBTOpa 3 YKa3aHHIM TEPMiHY
My OrTiKarii.

Opurinanyu pernensiii 30epiratoTbes B pemakiiii mpoTs-
roM 1 poky.
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borrowings of other text, or information given in the sec-
tion 32 and 69 of the Law of Ukraine “On Higher Educa-
tion” absent.

I(we) declare that my scientific study is executed inde-
pendently, and has no plagiarism elements.

All borrowings from the printing and electronic sources,
as well as from defended before scientific studies, candi-
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MANUSCRIPTS REVIEWING ORDER

Scientific articles submitted to “Odes’kij medic¢nij Zur-
nal” (“Odesa Medical Journal”) need reviewing. The task
of reviewing is the most objective assessment of the con-
tent of the scientific article, its compliance with the require-
ments of the Journal, analysis of its advantages and dis-
advantages, making specific recommendations for its
improvement. The executive secretary of the Journal con-
ducts a preliminary analysis of the articles received by the
editors, their relevance to the subject and specialization of
the Journal. The reviewers are appointed by the editor-in-
chief of the Journal. In some cases, by the decision of the
editorin-chief, the appointment of the reviewer (s) may be
entrusted to a member of the editorial board or decided at
the meeting of the editorial board.

The reviewers of the Journal are experienced special-
ists — doctors of sciences, members of the editorial board
and editorial council of the Journal. If necessary the editors
invite external experts for cooperation. The reviewers must
meet the qualification requirements in accordance with the
Order of the Ministry of Education and Science of Ukraine
dated 15.01.2018 No 32. The scientific articles submitted
to the Journal are sent for review to one reviewer, if nece-
ssary — to two reviewers. For all articles submitted to the
Journal, the level of their uniqueness is determined using the
programming and computing suite Strikeplagiarism.com.
The reviews should estimate if the article corresponds to
the subject of the Journal and its title, actuality and scienti-
fic level, advantages and disadvantages, correspondence of
the article style to the editorial requirements. The conclu-
sion about advisability of publication is drawn at the end.

Reviewing is conducted confidentially by the principle
of double “blind” reviewing (neither the author nor the
reviewer know each other’s names). The review is provided
to the author of the article at his request without a signa-
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ture, indication of the name, position and place of work of
the reviewer. In some cases, at the request of the reviewer
and in agreement with the editorial board of the Journal, the
interaction of the reviewer and the author may take place
in an open mode. This practice is used only if open inter-
action will improve the presentation of the peer-reviewed
work. Usually the reviewer concludes that the article can
be published within 14 days.

If the reviewer recommends to correct or complete the
article, the editorial staff sends the review text to the author
for inserting proper changes in. The articles submitted to
authors for correction should be returned to the editors
no later than seven days after receipt. Proofreaders are not
sent to the authors, but if this does not disturb the schedule
of the Journal, it is possible to provide a preprint in which
it is permissible to correct only typing and factual errors.

The author, whose article was not submitted to the
publication, is sent a reasonable refuse on his demand.
The manuscript is not returned.

If the author does not agree with a reviewer’s point of
view, he can give him a reasonable answer.

In case of necessity an additional reading of manuscript
by another specialist can be carried out on agreement with
the author.

A final decision about the publication of the article and
its terms is made by the editorial board.

Sometimes in case of a positive review the article can
be published after the editor-in-chief’s or vice-editor-in-
chief’s decision.

After approval of the article publication the editorial
staff informs the author about it with indicating the term
of publication.

Originals of reviews are kept in the editorial during
1 year.
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